
1

BiodiversityBiodiversity MonitoringMonitoring

ProgramProgram

StepsSteps andand ToolsTools

David H. David H. GreegorGreegor, , JrJr..
EcologistEcologist

SEMARNAT QuerSEMARNAT Queréétaro taro 
y Cuerpo de Pazy Cuerpo de Paz



2

Purposes of  this Monitoring WorkshopPurposes of  this Monitoring Workshop

1.1. Present Present process stepsprocess steps for for 
implementing a biodiversity implementing a biodiversity 
monitoring programmonitoring program

2.2. Provide examples of Provide examples of monitoring monitoring 
toolstools

3.3. Use Use ParqueParque NacionalNacional CimatarioCimatario as as 
proposed monitoring projectproposed monitoring project
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NossNoss identifies 4 levels of biodiversity identifies 4 levels of biodiversity 
organization and complexityorganization and complexity::

1.1. Genetic**Genetic**

2. Population 2. Population -- SpeciesSpecies

3. Community 3. Community -- EcosystemEcosystem

4. Watershed 4. Watershed -- RegionalRegional

****WeWe willwill discussdiscuss thethe lastlast threethree onlyonly
becausebecause thethe GeneticGenetic levellevel isis notnot reallyreally
applicableapplicable toto thisthis discussiondiscussion
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Levels of Biodiversity Organization

Population-Species

Community-Ecosystem

Watershed-Regional
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Process for Biodiversity Monitoring Process for Biodiversity Monitoring 
(basically, this is scientific method)

1.1. Scoping Scoping (problem and goals)(problem and goals)

2.2. Inventory Inventory (gather & integrate existing data)(gather & integrate existing data)

3.3. Experimental Design Experimental Design (involves 3 facets):(involves 3 facets):

–– IndicatorsIndicators

–– DesignDesign

–– Thresholds Thresholds 

4.4. SamplingSampling ((monitoringmonitoring))

5.5. ValidationValidation ofof ModelModel ((researchresearch))

6.6. Data Analysis and Management  Data Analysis and Management  
(adjustments)(adjustments)
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1. Scoping 1. Scoping 

�� ProblemProblem

�� GoalsGoals-- 2 2 typestypes; ; bothboth essentialessential

1.1. MonitoringMonitoring goalsgoals ((sciencescience))–– specific; specific; 
quantifiable (e.g., population abundance, quantifiable (e.g., population abundance, 
sedimentation rate)sedimentation rate)

2.2. ManagementManagement goalsgoals ((policypolicy) ) –– general; may general; may 
notnot be quantifiable but understandable; be quantifiable but understandable; 
based on science (e.g., maintain viable based on science (e.g., maintain viable 
population, water quality)population, water quality)



Examples of GoalsExamples of Goals

�� MonitoringMonitoring
�� Maintain brown pelican population in Gulf of Maintain brown pelican population in Gulf of 
Mexico at a viable population level of 100 Mexico at a viable population level of 100 
individuals/ sq. km.individuals/ sq. km.

�� Maintain sedimentation rate in Rio Maintain sedimentation rate in Rio QueretaroQueretaro
below 1000 below 1000 ppmppm/year/year

�� ManagementManagement
�� To keep the pelican population above the To keep the pelican population above the 
endangered specieendangered species status in Gulf (Endangered s status in Gulf (Endangered 
Species Act definition)Species Act definition)

�� To keep the Rio To keep the Rio QueretaroQueretaro drinkable and drinkable and swimableswimable
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2. Inventory2. Inventory
(gather & integrate existing data)(gather & integrate existing data)

�� EstimateEstimate baseline conditions baseline conditions 

�� DetermineDetermine hotspots of high species hotspots of high species 
richnessrichness

�� SummarizeSummarize historical data (literature, historical data (literature, 
museums, herbariums)museums, herbariums)
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3. 3. ExperimentalExperimental DesignDesign
(involves 3 facets)(involves 3 facets)

�� Indicators Indicators 

�� DesignDesign

�� ThresholdsThresholds



A. A. IndicatorsIndicators

�� Often surrogates of actual biodiversity Often surrogates of actual biodiversity 
because biodiversity cannot be measured because biodiversity cannot be measured 
directlydirectly

�� Indicators usually involve Indicators usually involve compositioncomposition, , 
structurestructure & & functionfunction characteristics of a characteristics of a 
populationpopulation--species, a communityspecies, a community--
ecosystem,  or a watershedecosystem,  or a watershed--region region 



Monitoring Tools Monitoring Tools 
(e.g., for species(e.g., for species--population level)population level)

Must be able to monitor for:Must be able to monitor for:
�� Composition (e.g., relative abundance)Composition (e.g., relative abundance)

�� Structure (e.g., age class ratios)Structure (e.g., age class ratios)

�� Function (e.g., population survivorship)Function (e.g., population survivorship)

Can include:Can include:
�� CensusCensus

�� Habitat Suitability Index Habitat Suitability Index 

�� Remote sensingRemote sensing

�� Population viability analysisPopulation viability analysis
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Criteria for IndicatorsCriteria for Indicators
�� Need to be a good measure Need to be a good measure (e.g. age class (e.g. age class 
ratios) ratios) for element of biodiversity of for element of biodiversity of 
concern concern (population viability)(population viability)

�� Able  to detect problem before too late Able  to detect problem before too late 
(e.g., population at critical low)(e.g., population at critical low)

�� Experimental control should be available Experimental control should be available 
(e.g., area where population not threatened)(e.g., area where population not threatened)

�� Change in indicator below biological Change in indicator below biological 
threshold  should change management threshold  should change management 
practices practices (see (see ThresholdsThresholds later)later)

�� Cost effective Cost effective 
�� If problem and goals are clear, then If problem and goals are clear, then 
indicators should be clearindicators should be clear



IndicatorsIndicators forfor MonitoringMonitoring atat PopulationPopulation--
SpeciesSpecies LevelLevel

CompositionComposition StructureStructure FunctionFunction

��AbundanceAbundance

��FrequencyFrequency

��PlantPlant covercover

��BiomassBiomass

��DensityDensity

��DispersionDispersion

��RangeRange

��Sex & Sex & ageage ratioratio

��SurvivorshipSurvivorship

��MortalityMortality

��PhenologyPhenology

��GrowthGrowth raterate

��LifeLife historyhistory

��AdaptationAdaptation

��AcclimationAcclimation



MonitoringMonitoring ToolsTools atat PopulationPopulation --SpeciesSpecies
LevelLevel

��CensusCensus ((observationsobservations, , countscounts, , signssigns, , 
radiotelemetryradiotelemetry))

��Remote Remote sensingsensing ((satellitesatellite data)data)

��HabitatHabitat SuitabilitySuitability IndicesIndices (HSI)(HSI)

��PopulationPopulation viabilityviability analysisanalysis ((dependentdependent onon
ratio ratio ofof ageage classesclasses, etc.), etc.)



IndicatorsIndicators forfor MonitoringMonitoring atat CommunityCommunity--
EcosystemEcosystem LevelLevel

CompositionComposition StructureStructure FunctionFunction

��RelativeRelative
abundanceabundance

��FrequencyFrequency

��RichnessRichness

��ProportionsProportions
ofof endemicsendemics, , 
exoticsexotics, , T&ET&E, , 
etc. etc. 

��SoilSoil--waterwater
variablesvariables

��StreamStream gradientgradient

��VegetationVegetation
((biomassbiomass, , densitydensity,,

patchinesspatchiness))

��Pool, Pool, riffleriffle, , runrun
ratiosratios

��PhysicalPhysical featuresfeatures

��WaterWater qualityquality

��ProductivityProductivity

��ParasitismParasitism

��HerbivoryHerbivory

��PredationPredation

��ColonizationColonization

��ExtinctionExtinction ratesrates

��NutrientNutrient cyclingcycling
ratesrates



MonitoringMonitoring ToolsTools atat CommunityCommunity--EcosystemEcosystem
LevelLevel

��AerialAerial photosphotos

��Remote Remote sensingsensing datadata

��PhotoPhoto stationsstations

��HabitatHabitat SuitabilitySuitability IndicesIndices (HSI)(HSI)

��SpeciesSpecies diversitydiversity indicesindices

��Natural Natural resourceresource inventoriesinventories

��SamplingSampling methodsmethods ((transectstransects, , quadratsquadrats, , trappingtrapping))

��PhysicalPhysical habitathabitat measurementsmeasurements

��InstreamInstream flowflow measurementsmeasurements

��SedimentSediment transporttransport

��ChannelChannel stabilitystability



IndicatorsIndicators forfor MonitoringMonitoring atat WatershedWatershed--
Regional Regional LevelLevel

CompositionComposition StructureStructure FunctionFunction

��Species Species 
distributionsdistributions

��Landscape Landscape 
typestypes

��HeterogeneityHeterogeneity

��PatchinessPatchiness

��FragmentationFragmentation

��PerimeterPerimeter--area area 
ratiosratios

��Habitat layer Habitat layer 
distributiondistribution

��Disturbance Disturbance 
processesprocesses

��Nutrient cycling Nutrient cycling 
ratesrates

��Erosion ratesErosion rates

��Hydrologic & Hydrologic & 
geomorphic geomorphic 
processesprocesses

��Land use trendsLand use trends



MonitoringMonitoring ToolsTools atat WatershedWatershed--Regional Regional 
LevelLevel
��Remote sensing dataRemote sensing data

��Aerial photosAerial photos

��GIS/Google EarthGIS/Google Earth

��Mathematical indices of patterns, vertical layering, Mathematical indices of patterns, vertical layering, 
diversity, connectivity (corridors, etc.), edge, diversity, connectivity (corridors, etc.), edge, 
spatial heterogeneity, etc. spatial heterogeneity, etc. 
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B. B. DesignDesign

�� Statistics importantStatistics important

�� Control area desirableControl area desirable

�� If no control area, extrapolate from If no control area, extrapolate from 
existing conditions and use intuition and existing conditions and use intuition and 
common sensecommon sense
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C. C. ThresholdsThresholds (2 types)(2 types)

�� BiologicalBiological –– point where point where irreversibleirreversible
change may occur in population, change may occur in population, 
ecosystem (e.g., African elephants, China ecosystem (e.g., African elephants, China 
pandas are close)pandas are close)

�� ManagementManagement –– point where point where 
management must change management must change to avoid to avoid 
biological thresholdbiological threshold (e.g., ESA species (e.g., ESA species 
listing); design must focus on this before listing); design must focus on this before 
too latetoo late
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4. Sampling 4. Sampling 

�� The sampling The sampling isis the the monitoringmonitoring in realityin reality

�� It is critical to have steps 1It is critical to have steps 1--3 (scoping, 3 (scoping, 
inventory, & experimental design) inventory, & experimental design) 
accomplished or accomplished or monitoring is a waste of monitoring is a waste of 
timetime
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5. Validation of Model5. Validation of Model

�� Test how well indicators of the model Test how well indicators of the model 
correspond to real ecological phenomena: correspond to real ecological phenomena: 

Example modelExample model: Rising average daytime : Rising average daytime 
temperatures  are impacting the temperatures  are impacting the 
composition, structure and function of composition, structure and function of 
lizard populations in lizard populations in ParqueParque CimatarioCimatario

�� Models are dynamic and almost always Models are dynamic and almost always 
need adjustingneed adjusting
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6. Data Analysis and Management6. Data Analysis and Management

�� Periodically data need to be analyzed & Periodically data need to be analyzed & 
management practices adjusted management practices adjusted 

�� Level of human impacts determines Level of human impacts determines 
difficulty of adjustment. Examples:difficulty of adjustment. Examples:

–– Rio Rio QueretaroQueretaro water quality water quality vsvs.. Gulf Oil SpillGulf Oil Spill

–– Sierra Sierra GordaGorda deforestation deforestation vsvs. global climate . global climate 
changechange



25

ExampleExample ofof ProposedProposed
BiodiversityBiodiversity MonitoringMonitoring

ProgramProgram
((atat PopulationPopulation--SpeciesSpecies LevelLevel) ) 

LizardLizard BiodiversityBiodiversity andand PopulationPopulation
StabilityStability in in Parque Parque NationalNational
CimatarioCimatario, , QueretaroQueretaro, Central , Central 

MMééxicoxico
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SceloporusSceloporus serriferserrifer has has gonegone locallylocally
extinctextinct in in certaincertain central Mcentral Mééxicoxico sitessites



Parque Nacional Parque Nacional CimatarioCimatario
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ParqueParque CimatarioCimatario OfficesOffices
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Parque Nacional de Parque Nacional de CimatarioCimatario
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Parque Nacional de Parque Nacional de CimatarioCimatario
Natural Natural AreaArea ofof ProtectionProtection
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TwoTwo DominantDominant VegetationVegetation
CommunitiesCommunities in Parque in Parque CimatarioCimatario

Matorral Matorral CrasicauleCrasicaule
ShrubsShrubs

Ave. Ave. Less than 4 m. highLess than 4 m. high

6.2% park area6.2% park area

Bosque Tropical Bosque Tropical CaducifolioCaducifolio
TreesTrees

Ave. 4Ave. 4--12 m. high12 m. high

77% park area77% park area
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Typical BosqueTypical Bosque--MatorralMatorral Vegetation Vegetation 



SceloporusSceloporus sp. sp. in Natural Areain Natural Area
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Lizard Habitat in Natural AreaLizard Habitat in Natural Area
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GrasshopperGrasshopper BiodiversityBiodiversity in Parque in Parque 
CimatarioCimatario –– 10 families, 38 species10 families, 38 species



BurseraBursera isis MostMost AbundantAbundant ofof 9 9 TreeTree SpeciesSpecies
ofof ImportanceImportance in in ProtectedProtected AreasAreas
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Process for Biodiversity Monitoring Process for Biodiversity Monitoring 

1.1. Scoping Scoping 

2.2. Inventory Inventory 

3.3. Experimental Design Experimental Design 
4.4. SamplingSampling

5.5. ValidationValidation ofof ModelsModels

6.6. Data Analysis and Management Data Analysis and Management 
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1. Scoping 1. Scoping (problem, goals)(problem, goals)

ProblemProblem

�� LizardLizard populationspopulations andand biodiversitybiodiversity
aroundaround thethe worldworld are are deterioratingdeteriorating atat anan
unprecedentedunprecedented raterate, , includingincluding Central Central 
MexicoMexico. . 

�� WhatWhat are are factorsfactors in Parque in Parque CimatarioCimatario: : 
–– TemperatureTemperature increaseincrease??

–– FoodFood decreasedecrease??

–– CoverCover reductionreduction??



Monitoring GoalsMonitoring Goals

�� GoalGoal 1: 1: MonitorMonitor relationshiprelationship betweenbetween lizardslizards
andand temperaturetemperature increasesincreases in Parque in Parque CimatarioCimatario

�� GoalGoal 2: 2: MonitorMonitor changeschanges in in grasshoppergrasshopper
biodiversitybiodiversity andand abundanceabundance in Parque in Parque CimatarioCimatario

�� GoalGoal 3: 3: MonitorMonitor BurseraBursera plantplant covercover changeschanges
overover timetime
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Management Goal Management Goal 

�� Goal 4Goal 4: : ManagementManagement of of ParqueParque
CimatarioCimatario to enhance biodiversity and to enhance biodiversity and 
abundance of lizards by a) increasing abundance of lizards by a) increasing 
areas of complete protection from grazing, areas of complete protection from grazing, 
wood cutting; and b) increasing wood cutting; and b) increasing 
abundance of better cover species than abundance of better cover species than 
BurseraBursera, e.g., Acacia sp. (, e.g., Acacia sp. (huizachehuizache))



2. 2. InventoryInventory-- somesome currentcurrent

articlesarticles onon lizardslizards andand climateclimate changechange

�� Global Global WarmingWarming BlamedBlamed forfor PatternPattern ofof
LizardLizard DeathsDeaths ((Washington PostWashington Post))

�� Are Are LizardsLizards ToastToast ((ScienceScience))

� Erosion of Lizard Diversity by Climate

� Change and Altered Thermal Niches
(Science)

� Mass Lizard Extinctions Looming; Global 
Warming Blamed (National Geographic)
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3. 3. ExperimentalExperimental DesignDesign

�� Indicators Indicators 

�� DesignDesign

�� ThresholdsThresholds



SomeSome IndicatorsIndicators forfor MonitoringMonitoring lizardslizards, , 
grasshoppersgrasshoppers, , BurseraBursera plantsplants

CompositionComposition StructureStructure FunctionFunction

��AbundanceAbundance

��RichnessRichness

��PlantPlant covercover

��GrasshopperGrasshopper
biomassbiomass

��DispersionDispersion

��Sex & Sex & ageage
ratiosratios

��SurvivorshipSurvivorship

��MortalityMortality

��AcclimationAcclimation



Monitoring tool Monitoring tool 
examplesexamples for lizards, for lizards, 
grasshoppers, and grasshoppers, and 
BurseraBursera plantsplants



Lizard Population Monitoring ToolsLizard Population Monitoring Tools

�� TransectsTransects: walking censuses along : walking censuses along 
permanent lines (observations, noosing) permanent lines (observations, noosing) 

�� TrappingTrapping: lizard fences and pitfall traps: lizard fences and pitfall traps



Grasshopper Population Monitoring ToolsGrasshopper Population Monitoring Tools

�� TransectsTransects: Census using sweep nets : Census using sweep nets 

�� TrappingTrapping: funnel, pitfall traps, etc.: funnel, pitfall traps, etc.



Plant Population Monitoring ToolsPlant Population Monitoring Tools

�� TransectsTransects (cover, (cover, recolonizationrecolonization))

�� PointPoint--quarterquarter oror QuadrantQuadrant (diversity, (diversity, 
density, composition)density, composition)

�� QuadratsQuadrats (diversity, composition)(diversity, composition)

�� Photo StationsPhoto Stations (cover, growth rate, (cover, growth rate, 
recolonizationrecolonization))
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Transect for lizard fences, grasshopper Transect for lizard fences, grasshopper 
netting, netting, BurseraBursera photo stationsphoto stations



49

3. 3. ExperimentalExperimental DesignDesign

�� Indicators Indicators 

�� DesignDesign

�� ThresholdsThresholds



SomeSome Design ComponentsDesign Components

�� Establish Establish ParqueParque CimatarioCimatario as a global as a global 
Long Term Ecological Research Long Term Ecological Research ((LTERLTER) ) 
sitesite

�� Establish population baselines now and Establish population baselines now and 
begin monitoring lizards, grasshoppers, begin monitoring lizards, grasshoppers, 
and cover plants this fall and cover plants this fall 

�� Set up weather/climate monitoring Set up weather/climate monitoring 
stations within natural areastations within natural area
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3. 3. ExperimentalExperimental DesignDesign

�� Indicators Indicators 

�� DesignDesign

�� ThresholdsThresholds



SuggestedSuggested ThresholdsThresholds

�� MonitoringMonitoring –– when when 
lizards are not lizards are not 
reproducing reproducing 
successfully successfully 

�� ManagementManagement –– a a 
20% decrease in 20% decrease in 
lizard abundance over lizard abundance over 
next 5 yearsnext 5 years



The Future: August 2010 The Future: August 2010 -- ? ? 

4.  4.  SamplingSampling (actual (actual monitoringmonitoring))

5.  5.  ValidationValidation ofof ModelsModels

6.  6.  Data Analysis and Management Data Analysis and Management 



HomeworkHomework: : 

DevelopDevelop a a BiodiversityBiodiversity
MonitoringMonitoring ProgramProgram

forfor thethe
GulfGulf ofof MexicoMexico
OilOil SpillSpill DisasterDisaster



1.1. Scoping ?Scoping ?

2.2. Inventory ? Inventory ? 

3.3. Experimental Experimental 
Design ?Design ?

4.4. SamplingSampling ??

5.5. ValidationValidation ofof
ModelsModels ??

6.6. Data Analysis and Data Analysis and 
Management ?Management ?



A A FewFew QuestionsQuestions toto AskAsk

�� WhatWhat would your would your monitoring & monitoring & 
management goals management goals be?be?

�� WhereWhere are the are the species hotspotsspecies hotspots now?now?

�� WhatWhat organizational organizational level(slevel(s)) would would 
you study (speciesyou study (species--population, population, 
communitycommunity--ecosystem, watershedecosystem, watershed--
regional)?  All levels?regional)?  All levels?



�� How (or could)How (or could) you find a you find a control control 
areaarea??

�� HowHow would you determine would you determine 
management & biological management & biological 
thresholdsthresholds??

�� WhatWhat monitoring toolsmonitoring tools would you use would you use 
to evaluate populations, ecosystems, to evaluate populations, ecosystems, 
regions?regions?

�� WhenWhen would you begin would you begin sampling or sampling or 
monitoring monitoring (now, after oil stops)?(now, after oil stops)?
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