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Review and synthesis of the Review and synthesis of the 
MAP literature:MAP literature:

1)   I1)   Illustratellustrate patterns in the ways in which MAP harvest patterns in the ways in which MAP harvest 
can have impacts at different ecological scalescan have impacts at different ecological scales

2)2) IIdentifydentify the range of ecological methodologies used to the range of ecological methodologies used to 
make these assessmentsmake these assessments

3)3) PProviderovide some thoughts for discussion on potential some thoughts for discussion on potential 
appropriate and affordable methodologies for assessing appropriate and affordable methodologies for assessing 
MAP harvest sustainabilityMAP harvest sustainability



Ecological Implications of MAP Ecological Implications of MAP 
CollectionCollection

1) I1) Illustratellustrate patterns in the ways in which MAP patterns in the ways in which MAP 
harvest can have impacts at different ecological harvest can have impacts at different ecological 
scalesscales

Review of MAP Review of MAP andand NTFP literature: NTFP literature: 
quantitative ecological studies that assess the quantitative ecological studies that assess the 
ecological effects of harvestecological effects of harvest

~84 case studies~84 case studies



Effects on Individuals and Effects on Individuals and 
PopulationsPopulations

•• Most direct ecological consequence:Most direct ecological consequence:

–– VITAL RATES: growth, survival, VITAL RATES: growth, survival, 
reproductionreproduction



Effects on Individuals and Effects on Individuals and 
PopulationsPopulations

•• Most direct ecological consequence:Most direct ecological consequence:

–– VITAL RATES: growth, survival, reproductionVITAL RATES: growth, survival, reproduction

–– POPULATION DENSITY, STRUCTURE and POPULATION DENSITY, STRUCTURE and 
DYNAMICSDYNAMICS



Focus of Studies that Assess the 
Ecological Implications of Harvest

84TotalTotal

3Nutrient, organic matter 
cycling

EcosystemsEcosystems

11Interactions, structure, 
composition

CommunitiesCommunities

51Structure and dynamicsPopulations and Populations and 
IndividualsIndividuals

19Vital ratesIndividualIndividual

Number of Number of 
StudiesStudies

Type of Type of 
AssessmentAssessment

LevelLevel



Tropical evergreen

Tropical deciduous

Tropical deciduous

Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen

Temperate deciduous

Temperate deciduous

Temperate deciduous 

Heathland

Temperate prairie

Temperate deciduous

Evergreen Cape 
forest 

Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen

Environment Environment 

Zuidema 20000Palm, SCEuterpe precatoria

Olmstead & Alvarez Buylla
19960Palm, CCoccothrinax readii

Olmstead & Alvarez Buylla
199640/ha Palm, CThrinax radiata

Soerhartano et al. 20010 (>30 cm dbh every 15 yrs)Tree, CAquilaria microcarpa
Soerhartano et al. 2001>10cm dbhTree, CAquilaria malaccensis

Stewart 20000 (on 8-10 yr rotation)Tree, CPrunus africanus
Ticktin  et al. 200235HerbAechmea magdalenae

Christensen and Gorchov<10HerbHydrastis canadensis

Charron & Gagne 1993;
Nantel et. al. 19965-15HerbPanax quinquefolium

Nault & Gagne 1993; 
Nantel et. al.  19960-16HerbAllium tricoccum

Whole Whole 
PlantsPlants

Witowski et al. 1994~20 (once established after 
fire)

ShrubBanksia hookerianaFlowersFlowers

Price 1999~5HerbEchinaceae angustifoliaRootsRoots
Bergeron 2000<50FernMattecuia struthiopteris

Geldenhuys 199850FernRumohra adiantiformis
Ticktin et al. 200075HerbAechmea magdalenae

Zuidema 2000On 16  yr rotationPalm UGeonoma deversa
O’Brien & Kinnaird, 1996<20Palm, C?Livingstonia rotunidifolia

Ratsirarson et al. 199625Palm, CNeodypsis decaryi

LeavesLeaves

Zuidema & Boot 200393Tree, CBerthollia excelsa
Peters 199180Tree, C?Grias peruviana
Peters 199295Tree, CBrosiumum alicastrum

Ratsirarson et al. 199695Palm, CNeodypsis decaryi

Bernal 199886Palm, UPhytelephas seemanii

Seeds/Seeds/
FruitsFruits

Reference Reference 
Max. Annual Max. Annual 
Sustainable Sustainable 
Harvest (%) Harvest (%) 

Life Life 
History History Species Species 

Part
Harvested



Tropical evergreen

Tropical deciduous

Tropical deciduous

Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen

Temperate deciduous

Temperate deciduous

Temperate deciduous 

Heathland

Temperate prairie

Temperate deciduous

Evergreen Cape 
forest 

Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen

Environment Environment 

Zuidema 20000Palm, SCEuterpe precatoria

Olmstead & Alvarez Buylla
19960Palm, CCoccothrinax readii

Olmstead & Alvarez Buylla
199640/ha Palm, CThrinax radiata

Soerhartano et al. 20010 (>30 cm dbh every 15 yrs)Tree, CAquilaria microcarpa
Soerhartano et al. 2001>10cm dbhTree, CAquilaria malaccensis

Stewart 20000 (on 8-10 yr rotation)Tree, CPrunus africanus
Ticktin  et al. 200235HerbAechmea magdalenae

Christensen and Gorchov<10HerbHydrastis canadensis

Charron & Gagne 1993;
Nantel et. al. 19965-15HerbPanax quinquefolium

Nault & Gagne 1993; 
Nantel et. al.  19960-16HerbAllium tricoccum

Whole Whole 
PlantsPlants

Witowski et al. 1994~20 (once established after 
fire)

ShrubBanksia hookerianaFlowersFlowers

Price 1999~5HerbEchinaceae angustifoliaRootsRoots
Bergeron 2000<50<50FernMattecuia struthiopteris

Geldenhuys 19985050FernRumohra adiantiformis
Ticktin et al. 20007575HerbAechmea magdalenae

Zuidema 2000On 16  yr rotationOn 16  yr rotationPalm UGeonoma deversa
O’Brien & Kinnaird, 1996<20<20Palm, C?Livingstonia rotunidifolia

Ratsirarson et al. 19962525Palm, CNeodypsis decaryi

LeavesLeaves

Zuidema & Boot 20039393Tree, CBerthollia excelsa
Peters 19918080Tree, C?Grias peruviana
Peters 19929595Tree, CBrosiumum alicastrum

Ratsirarson et al. 19969595Palm, CNeodypsis decaryi

Bernal 19988686Palm, UPhytelephas seemanii

Seeds/Seeds/
FruitsFruits

Reference Reference 
Max. Annual Max. Annual 
Sustainable Sustainable 
Harvest (%) Harvest (%) 

Life Life 
Form Form Species Species 

Part
Harvested



Tropical evergreenTropical evergreen

Tropical deciduousTropical deciduous

Tropical deciduousTropical deciduous

Tropical evergreenTropical evergreen

Tropical evergreenTropical evergreen
Tropical evergreenTropical evergreen
Tropical evergreenTropical evergreen

Temperate Temperate 
deciduousdeciduous

Temperate Temperate 
deciduousdeciduous

Temperate Temperate 
deciduous deciduous 

Heathland

Temperate prairie

Temperate deciduous

Evergreen Cape 
forest 

Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen

Environment Environment 

ZuidemaZuidema 2000200000Palm, SCPalm, SCEuterpeEuterpe precatoriaprecatoria

Olmstead & Alvarez Olmstead & Alvarez BuyllaBuylla
1996199600Palm, CPalm, CCoccothrinaxCoccothrinax readiireadii

Olmstead & Alvarez Olmstead & Alvarez BuyllaBuylla
1996199640/ha 40/ha Palm, CPalm, CThrinaxThrinax radiataradiata

SoerhartanoSoerhartano et al. 2001et al. 200100 (>30 cm (>30 cm dbhdbh every 15 yrs)every 15 yrs)Tree, CTree, CAquilariaAquilaria microcarpamicrocarpa

SoerhartanoSoerhartano et al. 2001et al. 2001>10cm >10cm dbhdbhTree, CTree, CAquilariaAquilaria malaccensismalaccensis

Stewart 2000Stewart 20000 0 (on 8(on 8--10 yr rotation)10 yr rotation)Tree, CTree, CPrunusPrunus africanusafricanus
Ticktin  et al. 20023535HerbHerbAechmea magdalenaeAechmea magdalenae

Christensen and Gorchov<10<10HerbHerbHydrastisHydrastis canadensiscanadensis

Charron & Gagne 1993;
Nantel et. al. 199655--1515HerbHerbPanaxPanax quinquefoliumquinquefolium

Nault & Gagne 1993; 
Nantel et. al.  199600--1616HerbHerbAlliumAllium tricoccumtricoccum

Whole Whole 
PlantsPlants

Witowski et al. 199420ShrubBanksia hookerianaFlowersFlowers
Price 1999~5HerbEchinaceae angustifoliaRootsRoots

Bergeron 2000<50FernMattecuia struthiopteris

Geldenhuys 199850FernRumohra adiantiformis
Ticktin et al. 200075HerbAechmea magdalenae

Zuidema 2000On 16  yr rotationPalm UGeonoma deversa
O’Brien & Kinnaird, 1996<20Palm, C?Livingstonia rotunidifolia

Ratsirarson et al. 199625Palm, CNeodypsis decaryi

LeavesLeaves

Zuidema & Boot 200393Tree, CBerthollia excelsa
Peters 199180Tree, C?Grias peruviana
Peters 199295Tree, CBrosiumum alicastrum

Ratsirarson et al. 199695Palm, CNeodypsis decaryi

Bernal 199886Palm, UPhytelephas seemanii

Seeds/Seeds/
FruitsFruits

Reference Reference 
Max. Annual Max. Annual 
Sustainable Sustainable 
Harvest (%) Harvest (%) 

Life Life 
Form Form Species Species 

Part
Harvested



Tropical evergreen

Tropical deciduous

Tropical deciduous

Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen

Temperate deciduous

Temperate deciduous

Temperate deciduous 

Heathland

Temperate prairie

Tropical evergreen

Evergreen Cape 
forest 

Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen

Environment Environment 

Zuidema 20000Palm, SCEuterpe precatoria

Olmstead & Alvarez Buylla
19960Palm, CCoccothrinax readii

Olmstead & Alvarez Buylla
199640/ha Palm, CThrinax radiata

Soerhartano et al. 20010 (>30 cm dbh every 15 yrs)Tree, CAquilaria microcarpa
Soerhartano et al. 2001>10cm dbhTree, CAquilaria malaccensis

Stewart 20000 (on 8-10 yr rotation)Tree, CPrunus africanus
Ticktin  et al. 200235HerbAechmea magdalenae

Christensen and Gorchov<10HerbHydrastis canadensis

Charron & Gagne 1993;
Nantel et. al. 19965-15HerbPanax quinquefolium

Nault & Gagne 1993; 
Nantel et. al.  19960-16HerbAllium tricoccum

Whole Whole 
PlantsPlants

Witowski et al. 1994~20 (once established after 
fire)

ShrubBanksia hookerianaFlowersFlowers

Price 1999~5HerbEchinaceae angustifoliaRootsRoots
Ticktin et al. 200640FernSphenomeris chinensis

Geldenhuys 19982+ yr rotationFernRumohra adiantiformis
Ticktin et al. 200075HerbAechmea magdalenae

Zuidema 2000On 16  yr rotationPalm UGeonoma deversa
O’Brien & Kinnaird, 1996<20Palm, C?Livingstonia rotunidifolia

Ratsirarson et al. 199625Palm, CNeodypsis decaryi

LeavesLeaves

Zuidema & Boot 200393Tree, CBerthollia excelsa
Peters 199180Tree, C?Grias peruviana
Peters 199295Tree, CBrosiumum alicastrum

Ratsirarson et al. 199695Palm, CNeodypsis decaryi

Bernal 199886Palm, UPhytelephas seemanii

Seeds/Seeds/
FruitsFruits

Reference Reference 
Max. Annual Max. Annual 
Sustainable Sustainable 
Harvest (%) Harvest (%) 

Life Life 
Form Form Species Species 

Part
Harvested



Effects on Individuals and Effects on Individuals and 
PopulationsPopulations

Effects vary with:Effects vary with:

•• Plant part harvestedPlant part harvested
•• Life historyLife history
•• Environment (biotic, Environment (biotic, abioticabiotic))



Tropical evergreen
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Tropical deciduous

Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen

Temperate deciduous

Temperate deciduous

Temperate deciduous 

Heathland

Temperate prairie

Temperate deciduous

Evergreen Cape 
forest 

Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen

Environment Environment 

Zuidema 20000Palm, SCEuterpe precatoria

Olmstead & Alvarez Buylla
19960Palm, CCoccothrinax readii

Olmstead & Alvarez Buylla
199640/ha Palm, CThrinax radiata

Soerhartano et al. 20010 (>30 cm dbh every 15 yrs)Tree, CAquilaria microcarpa
Soerhartano et al. 2001>10cm dbhTree, CAquilaria malaccensis

Stewart 20000 (on 8-10 yr rotation)Tree, CPrunus africanus
Ticktin  et al. 200235HerbAechmea magdalenae

Christensen and Gorchov. 2002<10HerbHydrastis canadensis

Charron & Gagne 1993;
Nantel et. al. 19965-15HerbPanax quinquefolium

Nault & Gagne 1993; 
Nantel et. al.  19960-16HerbAllium tricoccum

Whole Whole 
PlantsPlants

Witowski et al. 1994~20 (once established after 
fire)

ShrubBanksia hookerianaFlowersFlowers

Price 1999~5HerbEchinaceae angustifoliaRootsRoots
Bergeron 2000<50FernMattecuia struthiopteris

Geldenhuys 199850FernRumohra adiantiformis
Ticktin et al. 200075HerbAechmea magdalenae

Zuidema 2000On 16  yr rotationPalm UGeonoma deversa
O’Brien & Kinnaird, 1996<20Palm, C?Livingstonia rotunidifolia

Ratsirarson et al. 199625Palm, CNeodypsis decaryi

LeavesLeaves

Zuidema & Boot 200393Tree, CBerthollia excelsa
Peters 199180Tree, C?Grias peruviana
Peters 199295Tree, CBrosiumum alicastrum

Ratsirarson et al. 199695Palm, CNeodypsis decaryi

Bernal 199886Palm, UPhytelephas seemanii

Seeds/Seeds/
FruitsFruits

Reference Reference 
Max. Annual Max. Annual 
Sustainable Sustainable 
Harvest (%) Harvest (%) 

Life Life 
Form Form Species Species 

Part
Harvested



Effects on Individuals and Effects on Individuals and 
PopulationsPopulations

Sustainable harvest for any one species  Sustainable harvest for any one species  
varies with: varies with: 

•• EnvironmentEnvironment
Resource availability Resource availability 
Climatic, soil gradients Climatic, soil gradients ((ShaankarShaankar et al. 1996; et al. 1996; 
Paoli et al. 2001; Siebert 2000a; Siebert 2000b; Paoli et al. 2001; Siebert 2000a; Siebert 2000b; SvenningSvenning and and MaciaMacia
2002).2002).

Plant Plant commcomm ((hemiparasiteshemiparasites))
(Sinha & Bawa 2002)

O. Gaoue



Invasive 
species

Ecological 
Sustainability

Of Harvest

Life histories; 
Distribution patterns 
Habitat type:community
structure, composition, 
diversity; 

Elevation, slope, 
climatic and 
edaphic conditions, 
temporal variation 
in climate

Biotic resources available: 
pollinators, dispersers, 
herbivores, seed predators 
etc.…

Abiotic resources 
available: light, 
water, nutrients, 
minerals..etc

MAP 
Harvest

Fire 
Regimes



Effects on Individuals and Effects on Individuals and 
PopulationsPopulations

Effects vary with:Effects vary with:

•• Plant part harvestedPlant part harvested
•• Life historyLife history
•• EnvironmentEnvironment
∗∗ Collection practicesCollection practices



Effects on Individuals and Effects on Individuals and 
PopulationsPopulations

Management PracticesManagement Practices
–– Socioeconomic, political, cultural factors, Socioeconomic, political, cultural factors, landtenurelandtenure

(1) Harvest methods(1) Harvest methods

(2) Additional management practices(2) Additional management practices

(3) Land(3) Land--use contextuse context



Management PracticesManagement Practices

(1)(1) Harvest methodsHarvest methods
•• Seasonal timing of harvest Seasonal timing of harvest (Anderson and (Anderson and RowneyRowney 1999)1999)

•• Intensity Intensity (Price 1999; Anderson and (Price 1999; Anderson and RowneyRowney 1999; 1999; GhirmireGhirmire et al et al 
20052005))

•• Frequency Frequency ((GeldenhuysGeldenhuys and and MerweMerwe 1988; 1988; NantelNantel et al.1996; et al.1996; EndressEndress

et al. in Press; et al. in Press; ZuidemaZuidema 2001)2001)

•• Size classes Size classes ((NantelNantel et al. 1996; Ticktin et al. 2002)et al. 1996; Ticktin et al. 2002)

•• Type of harvest Type of harvest (Flores and Ashton 2000; Ticktin, Johns, 2002)(Flores and Ashton 2000; Ticktin, Johns, 2002)

•• Spatial pattern Spatial pattern (Ticktin, unpublished data)(Ticktin, unpublished data)



Effects on Individuals and Effects on Individuals and 
PopulationsPopulations

Management PracticesManagement Practices
–– Socioeconomic, political, cultural factorsSocioeconomic, political, cultural factors

(1) Harvest methods(1) Harvest methods

(2)(2) Additional management practicesAdditional management practices

(3) Land(3) Land--use contextuse context



Management Practices that Management Practices that 
Stimulate Population GrowthStimulate Population Growth

PracticePractice ReferenceReference
SparingSparing JoyalJoyal 1996, 1996, GhirmireGhirmire et al. 2006et al. 2006

Thinning &/or weedingThinning &/or weeding TicktinTicktin 2002,2002, TickinTickin et al. 2006et al. 2006

Transplanting Transplanting Ticktin 2002Ticktin 2002

OverstoryOverstory mgt (light)mgt (light) Ticktin 2002Ticktin 2002

CoppicingCoppicing Anderson 1991Anderson 1991

Replanting plant Replanting plant propagulespropagules (Anderson and (Anderson and RowneyRowney 1999; 1999; 
Martinez Martinez BallesteBalleste et al. 2002)et al. 2002)



Effects on Individuals and Effects on Individuals and 
PopulationsPopulations

Management PracticesManagement Practices
–– Socioeconomic, political, cultural factorsSocioeconomic, political, cultural factors

(1) Harvest methods(1) Harvest methods

(2)(2) Additional management practicesAdditional management practices

(3) Land(3) Land--use contextuse context

Interactions..Interactions..



Aechmea
magdalenae
harvest



Maximum sustainable fiber yield Maximum sustainable fiber yield 
estimates for ixtleestimates for ixtle populations populations 

under different harvest strategiesunder different harvest strategies

No additional mgtNo additional mgt Additional managementAdditional management
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Effects on Individuals and Effects on Individuals and 
PopulationsPopulations

Management PracticesManagement Practices
–– Socioeconomic, political, cultural factorsSocioeconomic, political, cultural factors

(1) Harvest methods(1) Harvest methods

(2) Additional management practices(2) Additional management practices

(3) Land(3) Land--use contextuse context



Management PracticesManagement Practices

Land Use ContextLand Use Context
–– Different stages of succession Different stages of succession ((SvenningSvenning 2002;  Siebert 2000b; Ticktin 2002;  Siebert 2000b; Ticktin 

et al. 2003; et al. 2003; TicktinTicktin &&NantelNantel 2004; 2004; EscalenteEscalente et al. 2004)et al. 2004)

–– Fire regime: frequency, intensity, time since Fire regime: frequency, intensity, time since ((SinhaSinha 2001; 2001; 
((PlowdonPlowdon et al. 2003; et al. 2003; SinhaSinha &&BawaBawa 2005) 2005) 

–– Logging activities Logging activities ((PlowdonPlowdon et al. 2003) et al. 2003) 

–– AgroforestryAgroforestry systems systems ((TicktinTicktin et al. 2003, et al. 2003, VelaquezVelaquez--RunkRunk 1998) 1998) 

–– Enhancement plantings Enhancement plantings 
–– HomegardensHomegardens (Martinez(Martinez--BallesteBalleste et al. 2002, 2005)et al. 2002, 2005)



Harvest Specific 
Practices
Amount harvested
Timing of harvest
Frequency of harvest
Part(s) Harvested
Spatial patterns of harvest
at local and landscape level
…etc

Additional Management
Practices

Light manipulation
Thinning, Weeding
Understory clearing
Transplanting 
Planting, Replanting
Coppicing, Pruning
Fire manipulation, Sparing
Fertilization….etc

Land-Use Practices
Livestock Grazing
Logging
Agricultural practices
Fire management
Hunting
Agroforestry
Homegardens…etc

Socio-economic and Cultural 
Factors

Land-tenure, Socioeconomic status
Government policies

Local institutions that govern resource use
Cultural factors and perceptions

TEK, Population pressure
Education .…etc



Methods to assess impact of MAP 
collection at the individual level

Experimental harvests Experimental harvests 
Comparisons of effects of actual harvest Comparisons of effects of actual harvest 
patterns on vital ratespatterns on vital rates



Impacts of MAP collection at the 
individual level

Effects vary with plant part harvestedEffects vary with plant part harvested

Fruit/seed/FlowerFruit/seed/Flower growthgrowth
Leaves Leaves reproductionreproduction
ResinResin survivalsurvival
RootsRoots
BarkBark
Whole plantWhole plant



Methods to assess impact of MAP 
collection at the individual level

Considerations:Considerations:

Difficulty in controlled experiments: Difficulty in controlled experiments: 
comparing harvest comparing harvest vsvs non harvest non harvest 
Most studies are short term ( 2 yrs)Most studies are short term ( 2 yrs)
Do the effects scale up?Do the effects scale up?



Impacts of MAP collection at the 
individual level

Effects vary with plant part harvestedEffects vary with plant part harvested

Fruit/seed/FlowerFruit/seed/Flower growthgrowth
Leaves Leaves reproductionreproduction
ResinResin survivalsurvival
RootsRoots
BarkBark
Whole plantWhole plant

Rijkers et al. 
2006 in Press

www.homestead.com

Boswellia
papyrifera



Methods to assess impact of MAP 
collection at the individual level

Considerations:Considerations:

Difficulty in controlled experiments: Difficulty in controlled experiments: 
comparing harvest comparing harvest vsvs non harvest non harvest 
Most studies are short term (< 2 yrs)Most studies are short term (< 2 yrs)
Do the effects scale up?Do the effects scale up?
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Tropical deciduous

Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen

Temperate deciduous

Temperate deciduous

Temperate deciduous 

Heathland

Temperate prairie

Temperate deciduous

Evergreen Cape 
forest 

Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen

Environment Environment 

Zuidema 20000Palm, SCEuterpe precatoria

Olmstead & Alvarez Buylla
19960Palm, CCoccothrinax readii

Olmstead & Alvarez Buylla
199640/ha Palm, CThrinax radiata

Soerhartano et al. 20010 (>30 cm dbh every 15 yrs)Tree, CAquilaria microcarpa
Soerhartano et al. 2001>10cm dbhTree, CAquilaria malaccensis

Stewart 20000 (on 8-10 yr rotation)Tree, CPrunus africanus
Ticktin  et al. 200235HerbAechmea magdalenae

Christensen and Gorchov<10HerbHydrastis canadensis

Charron & Gagne 1993;
Nantel et. al. 19965-15HerbPanax quinquefolium

Nault & Gagne 1993; 
Nantel et. al.  19960-16HerbAllium tricoccum

Whole Whole 
PlantsPlants

Witowski et al. 1994~20 (once established after 
fire)

ShrubBanksia hookerianaFlowersFlowers

Price 1999~5HerbEchinaceae angustifoliaRootsRoots
Bergeron 2000<50FernMattecuia struthiopteris

Geldenhuys 199850FernRumohra adiantiformis
Ticktin et al. 200075HerbAechmea magdalenae

Zuidema 2000On 16  yr rotationPalm UGeonoma deversa
O’Brien & Kinnaird, 1996<20Palm, C?Livingstonia rotunidifolia

Ratsirarson et al. 199625Palm, CNeodypsis decaryi

LeavesLeaves

Zuidema & Boot 200393Tree, CBerthollia excelsa
Peters 199180Tree, C?Grias peruviana
Peters 199295Tree, CBrosiumum alicastrum

Ratsirarson et al. 199695Palm, CNeodypsis decaryi

Bernal 199886Palm, UPhytelephas seemanii

Seeds/Seeds/
FruitsFruits

Reference Reference 
Max. Annual Max. Annual 
Sustainable Sustainable 
Harvest (%) Harvest (%) 

Life Life 
History History Species Species 

Part
Harvested



Methods to assess effects of Methods to assess effects of 
MAP collection on Individuals MAP collection on Individuals 

and Populationsand Populations

Population structure (age, size)Population structure (age, size)

Age class or size -class

No. of 

individuals

Seedlings Adults



Methods to assess effects of Methods to assess effects of 
MAP collection on PopulationsMAP collection on Populations

Population structurePopulation structure
Snapshot: low time and cost Snapshot: low time and cost 
Can be hard to interpretCan be hard to interpret

without without ‘‘unharvestedunharvested’’ comparisonscomparisons
varies across lifevaries across life--historieshistories
how much is sustainable?how much is sustainable?



Cycas circinalis
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Cycas circinalis
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Canarium strictum

Population under differing harvests
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Methods to assess effects of Methods to assess effects of 
MAP collection on PopulationsMAP collection on Populations

Population structurePopulation structure
Snapshot: low time and cost (one time census)Snapshot: low time and cost (one time census)
Can be hard to interpretCan be hard to interpret
How much harvest is sustainable??How much harvest is sustainable??
Does not necessarily predict dynamics Does not necessarily predict dynamics 
(Condit et al. 1998)(Condit et al. 1998)



Methods to assess effects of Methods to assess effects of 
MAP collection on individuals MAP collection on individuals 

and populationsand populations

Population structurePopulation structure

Population dynamicsPopulation dynamics
(matrix population models)(matrix population models)



Methods to assess effects of Methods to assess effects of 
MAP collection on Individuals MAP collection on Individuals 

and Populationsand Populations
Population dynamicsPopulation dynamics

Can be powerful tools to assess sustainable harvest Can be powerful tools to assess sustainable harvest 
rates under differing contextsrates under differing contexts
Large investment of time and effortLarge investment of time and effort
Can lead to erroneous conclusions if interpreted Can lead to erroneous conclusions if interpreted 
withoutwithout
Can be selectively chosen to fill in gaps in current Can be selectively chosen to fill in gaps in current 
knowledge (e.g. certain lifeknowledge (e.g. certain life--histories and plant part histories and plant part 
combinations)combinations)



Aechmea magdalenae

55%
POPULATION 
GROWING (λ >1)

35%

Actual harvest ratePredicted max sustainable 
harvest based on 
nonharvested populations

Ticktin et al. 2002



Methods to assess effects of Methods to assess effects of 
MAP collection on Individuals MAP collection on Individuals 

and Populationsand Populations
Population dynamicsPopulation dynamics

Can be powerful tools to assess sustainable harvest Can be powerful tools to assess sustainable harvest 
rates under differing contextsrates under differing contexts
Huge investment in time and effortHuge investment in time and effort
Can lead to erroneous conclusions if interpreted Can lead to erroneous conclusions if interpreted 
withoutwithout
Can be selectively chosen to fill in gaps in current Can be selectively chosen to fill in gaps in current 
knowledge (e.g. certain lifeknowledge (e.g. certain life--histories or plant parts) histories or plant parts) 



NTFP for which Ecological NTFP for which Ecological 
Studies have been carried outStudies have been carried out

211BranchesBranches

792320243030TotalTotal

13262 (1 
cycad)

Whole Whole 
plantplant

44ResinResin

44BarkBark

624Roots/Roots/
bulbsbulbs

222267LeavesLeaves

14141216Fruits/Fruits/
seedsseeds

7435FlowersFlowers

TotalTotalBryophytesBryophytesVines or Vines or 
LianasLianas

HerbsHerbsTrees and Trees and 
ShrubsShrubs

PalmsPalms



Focus of Studies that Assess the 
Ecological Implications of Harvest

84TotalTotal

3Nutrient, organic matter 
cycling

EcosystemsEcosystems

11Interactions, structure, 
composition

CommunitiesCommunities

51Structure and dynamicsPopulations and Populations and 
IndividualsIndividuals

19Vital ratesIndividualIndividual

Number of Number of 
StudiesStudies

Type of Type of 
AssessmentAssessment

LevelLevel



Tropical evergreen

Tropical deciduous

Tropical deciduous

Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen

Temperate deciduous

Temperate deciduous

Temperate deciduous 

Heathland

Temperate prairie

Temperate deciduous

Evergreen Cape 
forest 

Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen
Tropical evergreen

Environment Environment 

Zuidema 20000Palm, SCEuterpe precatoria

Olmstead & Alvarez Buylla
19960Palm, CCoccothrinax readii

Olmstead & Alvarez Buylla
199640/ha Palm, CThrinax radiata

Soerhartano et al. 20010 (>30 cm dbh every 15 yrs)Tree, CAquilaria microcarpa
Soerhartano et al. 2001>10cm dbhTree, CAquilaria malaccensis

Stewart 20000 (on 8-10 yr rotation)Tree, CPrunus africanus
Ticktin  et al. 200235HerbAechmea magdalenae

Christensen and Gorchov<10HerbHydrastis canadensis

Charron & Gagne 1993;
Nantel et. al. 19965-15HerbPanax quinquefolium

Nault & Gagne 1993; 
Nantel et. al.  19960-16HerbAllium tricoccum

Whole Whole 
PlantsPlants

Witowski et al. 1994~20 (once established after 
fire)

ShrubBanksia hookerianaFlowersFlowers

Price 1999~5HerbEchinaceae angustifoliaRootsRoots
Bergeron 2000<50<50FernMattecuia struthiopteris

Geldenhuys 19985050FernRumohra adiantiformis
Ticktin et al. 20007575HerbAechmea magdalenae

Zuidema 2000On 16  yr rotationOn 16  yr rotationPalm UGeonoma deversa
O’Brien & Kinnaird, 1996<20<20Palm, C?Livingstonia rotunidifolia

Ratsirarson et al. 19962525Palm, CNeodypsis decaryi

LeavesLeaves

Zuidema & Boot 20039393Tree, CBerthollia excelsa
Peters 19918080Tree, C?Grias peruviana
Peters 19929595Tree, CBrosiumum alicastrum

Ratsirarson et al. 19969595Palm, CNeodypsis decaryi

Bernal 19988686Palm, UPhytelephas seemanii

Seeds/Seeds/
FruitsFruits

Reference Reference 
Max. Annual Max. Annual 
Sustainable Sustainable 
Harvest (%) Harvest (%) 

Life Life 
History History Species Species 

Part
Harvested



Ecological SustainabilityEcological Sustainability

Community level effects:Community level effects:

•• PlantPlant--animal interactionsanimal interactions
•• Competitors with humans: Competitors with humans: frugivoresfrugivores, herbivores , herbivores 

((MoegenburgMoegenburg 2002; 2002; FreckletonFreckleton et al. 2003; et al. 2003; SouymaSouyma et al. 2006)et al. 2006)

•• Necessary for production of desired part Necessary for production of desired part ((PlowdonPlowdon
2002; Paoli et al. 2001; 2002; Paoli et al. 2001; MustartMustart et al.1992)et al.1992)

•• DispersorsDispersors? Pollinators?? Pollinators?



Ecological SustainabilityEcological Sustainability

Community level effects:Community level effects:

•• PlantPlant--animal interactionsanimal interactions
•• PlantPlant--plant interactionsplant interactions

–– Invasive species Invasive species ((TicktinTicktin et al. 2006a 2006b)et al. 2006a 2006b)



Ecological SustainabilityEcological Sustainability

Community level effects:Community level effects:

•• PlantPlant--animal interactionsanimal interactions
•• PlantPlant--plant interactions plant interactions 
•• Community structure and composition Community structure and composition 

((UmaUma ShankarShankar et al. 1998; et al. 1998; GhirmireGhirmire 2005; 2005; DovieDovie 2006)2006)



Uma Shankar et al. 1996



Methods to assess impact of MAP 
harvest at community level

• Assess rates and patterns of 
herbivory/frugivory

• Quantify population size of 
herbivores/frugivores

• Experimental manipulations (plant-plant)
• Transects for community structure 

composition



Ecological SustainabilityEcological Sustainability

Ecosystem level effectsEcosystem level effects

•• Nutrient cycling Nutrient cycling ((Witowski & Lamont 1996, O’Hara 1999)

--varies with part pickedvaries with part picked
--varies over spacevaries over space

•• ErosionErosion

Thompson-morgan



Individuals
Vital rates

Physiological 
processes

Populations
Population structure and 

dynamics
Population genetics

Communities
Community structure, 

diversity, composition (of 
plants, animals, insects, 

fungi...)

Plant-animal interactions 
(pollination, dispersal, 
herbivory, frugivory, 

granivory..) 

Plant-plant interactions 
(competition: 

hemiparasites, invasive 
species..)Ecosystems

Nutrient dynamics
Soil erosion processes

Ecological 
Impacts of 
MAP harvest



EEcological impacts of MAP harvestcological impacts of MAP harvest

MAP collection affects ecological processes from the MAP collection affects ecological processes from the 
level of the individual to the ecosystemlevel of the individual to the ecosystem

TThe effects he effects –– and therefore sustainable harvest limits and therefore sustainable harvest limits 
-- for any one species can vary greatly over space and for any one species can vary greatly over space and 
time, and according to human management practices. time, and according to human management practices. 

Efficient and cost-effective methods?



Efficient and cost effective 
monitoring?

Patterns and trends from “high input”
studies can help identify methods for lower 
cost, time effectives studies

Identify the ecological, socioeconomic, 
cultural and political potential for 
sustainability first



1. Participatory monitoring with 
incorporation of traditional knowledge 

and management practices

local measures of productivity
local indicators of health, quality
local experimentation
documentation of harvest practices
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using transects vs visual estimation of harvesters



1. Participatory monitoring with 
incorporation of traditional knowledge 

and management practices

local measures of productivity
local indicators of health, quality
local experimentation
documentation of harvest practices

Monitoring over spatial variation & 
differing types of contexts



2. Monitoring at multiple 
ecological levels

• Qualitative monitoring at community and 
ecosystem levels

• Population/patch counts; presence & 
absence



2. Monitoring at multiple 
ecological levels

• Qualitative monitoring at community and 
ecosystem levels

• Population/patch counts; presence & 
absence
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Population dynamics over a 
landscape

Ticktin 2005
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3. Adaptive management



4. Ecological monitoring at 
different levels along the 

market chain

• Where is most cost-effective
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The most prevalent stem diameter size-classes sold in the 
markets in 1995 and 2001 – estimated from bark thickness 
records and regressions

15 – 19 cm> 40 cmWarburgia salutaris

10 – 19 cm40 – 49 cmElaeodendron 
transvaalense

40 – 49 cm60 – 69 cmBalanites maughamii

20 – 29 cm50 – 59 cmAlbizia adianthifolia

Faraday

2001

Muti shops 

1995

Species

Williams 2006



Adding to methods for assessing 
sustainable harvest…

• ID patterns and trends from literature, and the 
ecological, socioeconomic, political & cultural 
potential for sustainability 

• Include participatory monitoring with 
incorporation of traditional knowledge and 
management practices

• Assessments at multiple ecological scales
• Adaptive management
• ‘Ecological’ monitoring at different stages along the 

market chain

which methods?


