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Presentation OUTLINEPresentation OUTLINE

Define the Problem:Define the Problem:
Invasive Species and PathwaysInvasive Species and Pathways

Provide a Solution: ISRAPProvide a Solution: ISRAP

••ISRAP and HACCP History and ISRAP and HACCP History and 
OverviewOverview
••ISRAP Forms and FunctionISRAP Forms and Function



NonNon--target species (NTS) target species (NTS) –– any species of plant, any species of plant, 
animal, disease, pathogen, or parasite that may be present animal, disease, pathogen, or parasite that may be present 
in the action area but is not the species for which an action in the action area but is not the species for which an action 
was initiated; synonymous with hazards in the industrywas initiated; synonymous with hazards in the industry’’s s 
application of HACCP planning. application of HACCP planning. 

Target Target –– Whatever is intentionally being moved from place to Whatever is intentionally being moved from place to 
placeplace

Define TerminologyDefine Terminology



The problem with nonThe problem with non--native invasive speciesnative invasive species……

Worldwide Cost = $1.4 trillionWorldwide Cost = $1.4 trillion
U.S. = $138 billion U.S. = $138 billion 
(International Congress on (International Congress on BioinvasionsBioinvasions 2009)2009)

2nd leading cause of native species2nd leading cause of native species’’
endangerment/extinctionendangerment/extinction
((WilcoveWilcove, 1998), 1998)



NonNon--target Vertebrates target Vertebrates 

Fish Fish 
ReptilesReptiles
AmphibiansAmphibians
OtherOther



NonNon--target Invertebratestarget Invertebrates

QuaggaQuagga and Zebra musselsand Zebra mussels
CrayfishCrayfish
New Zealand New Zealand mudsnailmudsnail
Chinese mitten crabChinese mitten crab
Asian clamAsian clam



NonNon--target Plantstarget Plants

Eurasian water milfoil
Curly leaf pondweed
Salt cedar, tamarisk
Water hyacinth
Giant salvinia
Arundo
Hyrilla



Other NonOther Non--target Biologicstarget Biologics

DiseasesDiseases
ParasitesParasites
Fungus (SOD, Fungus (SOD, ChytridChytrid))
BacteriaBacteria
Viruses (Whirling disease)Viruses (Whirling disease)



List of Invasive Species from List of Invasive Species from 
www.invasivespeciesinfo.govwww.invasivespeciesinfo.gov

AlligatorweedAlligatorweed ((AlternantheraAlternanthera philoxeroidesphiloxeroides) ) 
Brazilian Waterweed (Brazilian Waterweed (EgeriaEgeria densadensa))
CaulerpaCaulerpa, Mediterranean Clone (, Mediterranean Clone (CaulerpaCaulerpa taxifoliataxifolia))
Common Reed (Common Reed (PhragmitesPhragmites australisaustralis))
Eurasian Eurasian WatermilfoilWatermilfoil ((MyriophyllumMyriophyllum spicatumspicatum))
DidymoDidymo ((DidymospheniaDidymosphenia geminatageminata))
Giant Reed (Giant Reed (ArundoArundo donaxdonax))
Giant Giant SalviniaSalvinia ((SalviniaSalvinia molestamolesta))
HydrillaHydrilla ((HydrillaHydrilla verticillataverticillata))
MelaleucaMelaleuca ((MelaleucaMelaleuca quinquenerviaquinquenervia))
Purple Loosestrife (Purple Loosestrife (LythrumLythrum salicariasalicaria))
Water Chestnut (Water Chestnut (TrapaTrapa natansnatans))
Water Hyacinth (Water Hyacinth (EichhorniaEichhornia crassipescrassipes))
Water Lettuce (Water Lettuce (PistiaPistia stratiotesstratiotes))
Water Spinach (Ipomoea Water Spinach (Ipomoea aquaticaaquatica))
Alewife (Alewife (AlosaAlosa pseudoharenguspseudoharengus))
Asian CarpsAsian Carps
Asian Swamp Eel (Asian Swamp Eel (MonopterusMonopterus albusalbus))
Bullfrog (Bullfrog (RanaRana catesbeianacatesbeiana))
Chinese Mitten Crab (Chinese Mitten Crab (EriocheirEriocheir sinensissinensis))
Clubbed Tunicate (Clubbed Tunicate (StyelaStyela clavaclava) ) New(JunNew(Jun 16, 2009)16, 2009)
Eurasian Eurasian RuffeRuffe ((GymnocephalusGymnocephalus cernuuscernuus))
European Green Crab (European Green Crab (CarcinusCarcinus maenasmaenas))
Flathead Catfish (Flathead Catfish (PylodictusPylodictus olivarisolivaris))
Lionfish (Lionfish (PteroisPterois volitansvolitans))
Northern Snakehead (Northern Snakehead (ChannaChanna argusargus))
New Zealand Mud Snail (New Zealand Mud Snail (PotamopyrgusPotamopyrgus antipodarumantipodarum))
Nutria (Nutria (MyocastorMyocastor coypus)coypus)
QuaggaQuagga Mussel (Mussel (DreissenaDreissena bugensisbugensis))
Round Goby (Round Goby (NeogobiusNeogobius melanostomusmelanostomus))
Rusty Crayfish (Rusty Crayfish (OrconectesOrconectes rusticusrusticus))
Sea Lamprey (Sea Lamprey (PetromyzonPetromyzon marinusmarinus))
Sea Squirt (Sea Squirt (DidemnumDidemnum vexillumvexillum))
Spiny Water Flea (Spiny Water Flea (BythotrephesBythotrephes longimanuslongimanus))
Veined Rapa Whelk (Veined Rapa Whelk (RapanaRapana venosavenosa))
Zebra Mussel (Zebra Mussel (DreissenaDreissena polymorphapolymorpha))
Air Potato (Air Potato (DioscoreaDioscorea bulbiferabulbifera) ) New(MayNew(May 26, 2009)26, 2009)
Autumn Olive (Autumn Olive (ElaeagnusElaeagnus umbellataumbellata))
Beach Beach VitexVitex ((VitexVitex rotundifoliarotundifolia))

Common Teasel (Common Teasel (DipsacusDipsacus fullonumfullonum))
Dalmatian Toadflax (Dalmatian Toadflax (LinariaLinaria dalmaticadalmatica))
Diffuse Knapweed (Diffuse Knapweed (CentaureaCentaurea diffusadiffusa))

Downy Brome (Downy Brome (BromusBromus tectorumtectorum))
Fig Buttercup (Ranunculus Fig Buttercup (Ranunculus ficariaficaria) Garlic Mustard () Garlic Mustard (AlliariaAlliaria petiolatapetiolata))

Giant Hogweed (Giant Hogweed (HeracleumHeracleum mantegazzianummantegazzianum))
Hairy Hairy WhitetopWhitetop ((LepidiumLepidium appelianumappelianum))
HoundstongueHoundstongue ((CynoglossumCynoglossum officinaleofficinale))

Japanese Stilt Grass (Japanese Stilt Grass (MicrostegiumMicrostegium vimineumvimineum) ) 
Japanese World Climbing Fern (Japanese World Climbing Fern (LygodiumLygodium japonicumjaponicum) ) 

Japanese Honeysuckle (Japanese Honeysuckle (LoniceraLonicera japonica)japonica)
Japanese Knotweed (Japanese Knotweed (FallopiaFallopia japonica)japonica)

Japanese Japanese SpiraeaSpiraea ((SpiraeaSpiraea japonica) japonica) New(JunNew(Jun 25, 2009)25, 2009)
JohnsongrassJohnsongrass (Sorghum (Sorghum halepensehalepense))

Kudzu (Kudzu (PuerariaPueraria montanamontana var. var. lobatalobata))
Leafy Spurge (Euphorbia Leafy Spurge (Euphorbia esulaesula))

MedusaheadMedusahead ((TaeniatherumTaeniatherum caputcaput--medusaemedusae))
MileMile--AA--Minute Weed (Minute Weed (PersicariaPersicaria perfoliataperfoliata))

MultifloraMultiflora Rose (Rosa Rose (Rosa multifloramultiflora))
Musk Thistle (Musk Thistle (CarduusCarduus nutansnutans))

Old Russian Olive (Old Russian Olive (ElaeagnusElaeagnus angustifoliaangustifolia))
SaltcedarSaltcedar ((TamarixTamarix spp.)spp.)

St. St. JohnswortJohnswort ((HypericumHypericum perforatumperforatum))
Scotch Broom (Scotch Broom (CytisusCytisus scopariusscoparius))

Scotch Thistle (Scotch Thistle (OnopordumOnopordum acanthiumacanthium))
Spotted Knapweed (Spotted Knapweed (CentaureaCentaurea stoebestoebe))
TreeTree--ofof--Heaven (Ailanthus Heaven (Ailanthus altissimaaltissima))

Tropical Soda Apple (Tropical Soda Apple (SolanumSolanum viarumviarum))
WhitetopWhitetop ((LepidiumLepidium drabadraba))

WitchweedWitchweed ((StrigaStriga asiaticaasiatica) ) New(AprNew(Apr 9, 2009)9, 2009)
Yellow Star Thistle (Yellow Star Thistle (CentaureaCentaurea solstitialissolstitialis))

Yellow Toadflax (Yellow Toadflax (LinariaLinaria vulgarisvulgaris))
Africanized Honeybee (Africanized Honeybee (ApisApis melliferamellifera scutellatascutellata))

Asian Citrus Asian Citrus PsyllidPsyllid ((DiaphorinaDiaphorina citricitri))
Asian LongAsian Long--Horned Beetle (Horned Beetle (AnoplophoraAnoplophora glabripennisglabripennis))

Asian Tiger Mosquito (Asian Tiger Mosquito (AedesAedes albopictusalbopictus))
Cactus Moth (Cactus Moth (CactoblastisCactoblastis cactorumcactorum))

ChillipChillip ThripsThrips ((ScirtothripsScirtothrips dorsalisdorsalis) ) New(JulNew(Jul 30, 2009)30, 2009)
Citrus Citrus LonghornedLonghorned Beetle (Beetle (AnoplophoraAnoplophora chinensischinensis))

Emerald Ash Borer (Emerald Ash Borer (AgrilusAgrilus planipennisplanipennis))
European Gypsy Moth (European Gypsy Moth (LymantriaLymantria dispardispar))

European Spruce Bark Beetle (European Spruce Bark Beetle (IpsIps typographustypographus))
Formosan Subterranean Termite (Formosan Subterranean Termite (CoptotermesCoptotermes formosanusformosanus))

Giant African Snail (Giant African Snail (AchatinaAchatina fulicafulica))
GlassyGlassy--Winged Sharpshooter (Winged Sharpshooter (HomalodiscaHomalodisca coagulatacoagulata))

Hemlock Woolly Hemlock Woolly AdelgidAdelgid ((AdelgesAdelges tsugaetsugae))
Light Brown Apple Moth (Light Brown Apple Moth (EpiphyasEpiphyas postvittanapostvittana))

Mediterranean Fruit Fly (Mediterranean Fruit Fly (CeratitisCeratitis capitatacapitata))
Mexican Fruit Fly (Mexican Fruit Fly (AnastrephaAnastrepha ludensludens))

Pink Hibiscus Pink Hibiscus MealybugMealybug ((MaconellicoccusMaconellicoccus hirsutushirsutus))
Red Imported Fire Ant (Red Imported Fire Ant (SolenopsisSolenopsis invictainvicta))

Russian Wheat Aphid (Russian Wheat Aphid (DiuraphisDiuraphis noxianoxia))
SilverleafSilverleaf Whitefly (Whitefly (BemisiaBemisia argentifoliiargentifolii))

SirexSirex WoodwaspWoodwasp ((SirexSirex noctilionoctilio))
Soybean Cyst Nematode (Soybean Cyst Nematode (HeteroderaHeterodera glycinesglycines))

Brown Tree Snake (Brown Tree Snake (BoigaBoiga irregularisirregularis))
Cane Toad (Cane Toad (BufoBufo marinusmarinus))

European Starling (European Starling (SturnusSturnus vulgarisvulgaris))
Wild Boar (Wild Boar (SusSus scrofascrofa))

Avian Influenza (Avian Influenza (OrthomyxoviridaeOrthomyxoviridae))
Exotic Newcastle Disease (Exotic Newcastle Disease (ParamyxovirusParamyxovirus))

FowlpoxFowlpox ((AvipoxvirusAvipoxvirus))
Viral Hemorrhagic Septicemia (Viral Hemorrhagic Septicemia (NovirhabdovirusNovirhabdovirus))

West Nile Virus (West Nile Virus (FlavivirusFlavivirus))
Whirling Disease (Whirling Disease (MyxobolusMyxobolus cerebraliscerebralis))

Citrus Canker (Citrus Canker (XanthomonasXanthomonas axonopodisaxonopodis))
Citrus Greening (Citrus Greening (LiberibacterLiberibacter asiaticusasiaticus))

Dogwood Anthracnose (Dogwood Anthracnose (DisculaDiscula destructivadestructiva) ) 
Gladiolus Rust (Gladiolus Rust (UromycesUromyces transversalistransversalis) (Jun 11, 2009)) (Jun 11, 2009)

Late Blight (Late Blight (PhytophthoraPhytophthora infestansinfestans) (Jul 9, 2009)) (Jul 9, 2009)
Laurel Wilt (Laurel Wilt (RaffaeleaRaffaelea lauricolalauricola) (Aug 13, 2009)) (Aug 13, 2009)

Plum Pox (Plum Pox (PotyvirusesPotyviruses: : PotyviridaePotyviridae))
Southern Bacterial Wilt (Southern Bacterial Wilt (RalstoniaRalstonia solanacearumsolanacearum))

Soybean Rust (Soybean Rust (PhakopsoraPhakopsora meibomiaemeibomiae))
Sudden Oak Death (Sudden Oak Death (PhytophthoraPhytophthora ramorumramorum))
White Pine Blister Rust (White Pine Blister Rust (CronartiumCronartium ribicolaribicola))

Brazilian Peppertree (Brazilian Peppertree (SchinusSchinus terebinthifoliusterebinthifolius) ) 
Canada Thistle (Canada Thistle (CirsiumCirsium arvensearvense))

Chinese Tallow (Chinese Tallow (TriadicaTriadica sebiferasebifera))
CogongrassCogongrass ((ImperataImperata cylindricacylindrica))



Pathways of IntroductionPathways of Introduction
How do they get here:How do they get here:

Aquaria Aquaria 

AquacultureAquaculture

BallastBallast

Intentional StockingIntentional Stocking
RecreationalRecreational
EnvironmentalEnvironmental
Food (seafood)Food (seafood)

LandscapingLandscaping



A single pathway may have many nonA single pathway may have many non--target  target  
vertebrates, plants, invertebrates, microbes, vertebrates, plants, invertebrates, microbes, 
and othersand others……

Natural Resource Management ActivitiesNatural Resource Management Activities
Fire ManagementFire Management
Restoration, Construction, Utilities, etcRestoration, Construction, Utilities, etc
Outdoor Recreation (hiking, fishingOutdoor Recreation (hiking, fishing……))
Recreational Watercraft and TrailersRecreational Watercraft and Trailers
Assisted Migration Assisted Migration 

Pathways of Introduction/VECTORS Pathways of Introduction/VECTORS 
How they are spread once there are here:How they are spread once there are here:



Natural Resource Management ActivitiesNatural Resource Management Activities

Fisheries SurveysFisheries Surveys
RestorationRestoration
HatcheriesHatcheries
Water MonitoringWater Monitoring
Terrestrial SurveysTerrestrial Surveys



Fire ManagementFire Management



Restoration, Construction, and UtilitiesRestoration, Construction, and Utilities



Outdoor RecreationOutdoor Recreation



Recreational Watercraft and TrailersRecreational Watercraft and Trailers



Assisted MigrationAssisted Migration





What can you do?What can you do?

Identify the NonIdentify the Non--targetstargets

Determine the Determine the Pathway(sPathway(s))

Assess Invasive Species Risk Assess Invasive Species Risk 

Identify, Implement, and Evaluate controlsIdentify, Implement, and Evaluate controls

Risk Assessment and HACCP = ISRAPRisk Assessment and HACCP = ISRAP



History, Value, and OverviewHistory, Value, and Overview



What is ISRAPWhat is ISRAP
Invasive Species Risk Assessment and PlanningInvasive Species Risk Assessment and Planning

Assess risk of activity to spread nonAssess risk of activity to spread non--targets targets 

Planning tool to remove nonPlanning tool to remove non--targets (HACCP)targets (HACCP)

Focuses attention on critical control points Focuses attention on critical control points 
where nonwhere non--targets can be removed.targets can be removed.

Evaluates control measures Evaluates control measures 



ISRAP and HACCPISRAP and HACCP

ISRAP couples Risk Assessment with Risk Planning (HACCP)ISRAP couples Risk Assessment with Risk Planning (HACCP)

HACCP HACCP -- ASTM standard and a recognizable brandASTM standard and a recognizable brand

ISRAP = Invasive Species Risk Assessment and PlanningISRAP = Invasive Species Risk Assessment and Planning

HACCP = Hazard Analysis and Critical Control Point PlanningHACCP = Hazard Analysis and Critical Control Point Planning



Origin of HACCPOrigin of HACCP

30 years ago30 years ago——”…”…a program for the astronauts focuses on a program for the astronauts focuses on 
preventingpreventing hazards that could cause foodhazards that could cause food--borne illnesses by borne illnesses by 
applying scienceapplying science--based based controlscontrols, from raw material to finished , from raw material to finished 
products.products.”” U.S. FDA websiteU.S. FDA website
http://http://www.cfsan.fda.gov/~lrd/bghaccp.htmlwww.cfsan.fda.gov/~lrd/bghaccp.html



HACCP for NRMHACCP for NRM

Sea Grant develops ANSSea Grant develops ANS--HACCP (wild bait fish)HACCP (wild bait fish)

USFWS modified HACCP (Inks Dam)USFWS modified HACCP (Inks Dam)



USFWS ExampleUSFWS Example
Inks Dam National Fish HatcheryInks Dam National Fish Hatchery

NFH located in TX near the CO NFH located in TX near the CO 
RiverRiver

Raises and stocks bass Raises and stocks bass 
(Target)(Target)

Gizzard shad abundant in water Gizzard shad abundant in water 
used by NFH used by NFH 
(Non(Non--Target)Target)



Inks Dam NFHInks Dam NFH

Provides largemouth bass fingerlings to Provides largemouth bass fingerlings to 
New MexicoNew Mexico’’s Morgan Lakes Morgan Lake Gizzard ShadGizzard Shad



How not to run a media campaign:How not to run a media campaign:

Gizzard shad reported in Gizzard shad reported in 
Lake Powell in 2000Lake Powell in 2000

Likely from Morgan Lake Likely from Morgan Lake 
population.population.

Bad PressBad Press



2000
2002

2003

2004

Phaedra 
Budy
Utah State University



Five EASY Steps of ISRAPFive EASY Steps of ISRAP

Step 3 Step 3 –– Activity Flow ChartActivity Flow Chart

Step 5 Step 5 –– Non Target Risk Assessment Plan Non Target Risk Assessment Plan 
(NTRAP)(NTRAP)

Step 2 Step 2 –– Identify Potential NonIdentify Potential Non--TargetsTargets

Step 1 Step 1 –– Activity DescriptionActivity Description

Step 4 Step 4 –– Risk Assessment Matrix, Decision Tree, Non Risk Assessment Matrix, Decision Tree, Non 
Target Assessment WorksheetTarget Assessment Worksheet



NonNon--target species (NTS) target species (NTS) –– any species of plant, any species of plant, 
animal, disease, pathogen, or parasite that may be present animal, disease, pathogen, or parasite that may be present 
in the action area but is not the species for which an action in the action area but is not the species for which an action 
was initiated; synonymous with hazards in the industrywas initiated; synonymous with hazards in the industry’’s s 
application of HACCP planning. application of HACCP planning. 

Target Target –– Whatever is intentionally being moved from place to Whatever is intentionally being moved from place to 
placeplace

Define TerminologyDefine Terminology



Step 1 - Activity Description





Step 2 – Identify Potential Hazards=Non-targets





Step 3 – Activity Flow Chart





Step 4 Step 4 –– NonNon--Target Analysis WorksheetTarget Analysis Worksheet







•• The level of risk, of a task together with the potential nonThe level of risk, of a task together with the potential non--
targets, is determined by reasonable significance of risk; provitargets, is determined by reasonable significance of risk; provide de 
a justification.  a justification.  

•• Remember what Risk is in this caseRemember what Risk is in this case…… ItIt’’s is the risk of moving s is the risk of moving 
species from one place to anotherspecies from one place to another

•• Is the Risk Level is high enough that Is the Risk Level is high enough that control measures control measures are are 
needed to reduce risk to an acceptable level. needed to reduce risk to an acceptable level. 

ISRAP and RiskISRAP and Risk





Critical Control Point Decision TreeCritical Control Point Decision Tree

Control point Control point -- Any step or task Any step or task 
at which potential hazards can at which potential hazards can 
be controlledbe controlled

Critical control point Critical control point -- (CCP) (CCP) 
The best point, step, or The best point, step, or 
procedure at which significant procedure at which significant 
hazards can be prevented or hazards can be prevented or 
reduced to minimum riskreduced to minimum risk









QuestionsQuestions


