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Introduction:
Enhanced Hazard Identification involves criteria-based ranking.  The process is useful for identifying important risk-related criteria and for ranking any number of pests, situations, or activities according to the primary criteria defined by the assessor and specific subjective judgments based on available information.  This process offers a quick and readily transparent method to determine which of many risk items are most important.  Enhanced Hazard Identification is also useful as a "filter" to screen risk items in order to be able to focus more detailed risk assessment work on the highest risk items. 
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Objective:
The objective of this exercise is to provide experience and understanding associated with the task of characterizing pest risk for policy, pathway, and commodity decision making.  It is important to imitate reality by recognizing the limitations of time, resources, and information.

The exercise may be accomplished by individuals or small groups.  An hour or more hour of uninterrupted time should be provided and an experienced risk assessment "coach" available to help resolve awkward issues and ensure that work is directed toward a timely conclusion.    

There is no right or wrong answer, only differences in judgment that result in different conclusions.  The value of this exercise is not in the conclusions, but in the experience associated with the systematic thought processes and judgments involved in pest risk assessment.  

Preparation
There would be no risk involved with a decision if the decision maker had complete and perfect knowledge.  The fundamental premise behind risk assessment - the reason that risk assessment is necessary - is that decisions must be made with incomplete information.  Risk assessment does not legitimately focus on filling the information gaps, but rather on making a decision in the absence of information.  This could mean that it is not possible to gain the needed knowledge, or that the knowledge is not attainable within the restraints of time and available resources.  Therefore, a completed product with an honest assessment of its shortcomings should be considered successful. 

It is best to achieve a conclusion, even if the process and conclusions become uncomfortable. 
Scenarios:
The scenarios are hypothetical, but each is designed to represent potentially realistic situations.  Actual pests and data are used to characterize pest risk in response to needs defined by each scenario.  Specific assumptions are made in order to establish practical limits around the exercise and to help define pseudo-realistic situations.

Assumptions to begin include:

1.  Pest data summaries are as complete as possible given the time and resources      available.  Additional research or consultation is not an option.  The risk assessment 
 should be concluded within the allotted time.

2.  The identification of the pests of concern and the determination that these organisms are quarantine significant has been made.  Other organisms are not to be considered and the pest status of the listed organisms is not open to debate.

3.  The assessor has a fundamental understanding of biology and agriculture as well as a working understanding of plant quarantine, including some familiarity with plant pathogenic nematodes.

Procedure
1.  Preparation  

a) Become familiar with the pest information (pages 6-13).

b) Choose one of the three scenarios and carefully review the task with respect to the available information.

2.  Enhanced Hazard Identification  

a) Select a few criteria for ranking the pests based on objectives extracted from the task.

b) Create a worksheet table for organizing information (see examples on page 15). 

c) Perform the ranking and critically review the results - repeat steps 2a & 2b with new or modified criteria when the combined results for all criteria do not provide a ranking that is consistent with the assessors judgment of relative pest risk based on known information. 

d) Add notes about uncertainty and assumptions.

3.  Generic Process  

a. Identify the highest risk organism and carefully determine if it is (or can be)

b. representative of the risks presented by the other organisms.

c. Evaluate the highest risk organism(s) for the probability of establishment.

d. Evaluate the same organism(s) for the consequences of establishment.

e. Complete a worksheet recording results and uncertainty.  Add any notes about

f. rationale that may not be clear or assumptions that are not obvious. 

g. Formulate conclusions, recommendations, or options consistent with the results and

h. tailored to the needs identified by the requestor.

4.  Discuss the experience, including problems with the processes, information, or scenarios and        the benefits gained by the experience.  

	Scenario A:  
Plant quarantine programs on the Mexican land border are being scrutinized for adjustments in staffing and budget.  Arguments are concerned with balancing pest risk and resources.  Agreement has been reached concerning what are believed to be the important risks and the resources needed to manage these risks at defined levels.  However, certain managers are reluctant to agree that nematodes from Mexico are a significant problem.  There is some concern that the nematode risk is being overstated in order to justify additional resources.  Management has reached a stalemate and tabled the issue until better information about the risks can be considered. 

A risk assessor has been called to provide an objective characterization of the pest risk associated with nematodes from Mexico.  Unfortunately, the issue must be resolved in management discussions the following day.  However, the assessor has at his/her disposal some recent summary information on the nematodes.  The assessors task is to provide a risk-based recommendation (or options) based on rationale that can be communicated easily, quickly, honestly, and understandably to managers. 


	

	Scenario B: 
The Border Cargo Release Program (BCR) is considering the status of several fresh commodities that are believed to present a low pest risk.  One of the items proposed for listing as "low risk" is fresh onions from Mexico.  Records show that very few significant pest interceptions are found with fresh onions.  Soil (as a contaminant) is a common interception on onions, but soil is not routinely examined for specific pests.   

Recognizing that many different risks are presented by soil, the BCR Review Team decides that the onion issue might require closer scrutiny.  The BCR Review Team is not aware of any interception data indicating that nematodes are carried by onions or by soil that may be associated with onions, but they decide that nematodes should be a concern because onions are a root crop and are commonly grown in rotation with other root crops (such as potatoes) in Mexico.  After a short discussion, the BCR Review Team decides that there is no significant risk associated with other pests, but they are uncertain about the nematode threat.  They request an urgent risk assessment.

The risk assessor knows from experience that onions from Mexico are characterized by frequent large shipments with a long history of pest freedom but relatively common interceptions of small quantities of soil attached to bulbs and roots.  So far as is known, no new pest introductions in the U.S. have been linked to onions from Mexico.  The task is to rapidly develop a specific recommendation for the risk category to be assigned to fresh onion shipments from Mexico.  The process, rationale for judgments, and the resulting recommendations need to be clearly documented in case disputes arise as a result of changes in the cargo inspection procedures. 




	Scenario C:  
The Officer in Charge (OIC) at a Mexican border port is concerned with conveyances (cars, trucks, and railcars) crossing the border contaminated with varying amounts of mud and dirt attached.  Some officers reject any vehicle with the slightest amount of soil while others must see large quantities of soil before taking action.  It is not uncommon for officers to waste valuable inspection time arguing with angry commuters whose vehicles are refused entry because of soil contamination while railcars with varying amounts of soil cross the border without much problem. 

Beyond this, the OIC has been told that some border ports have very liberal policies, allowing any amount of soil contamination unless the soil is determined to be "agricultural" in nature.  Other ports have reported intercepting quarantine significant nematodes by intensely inspecting and closely examining all soil.  

The OIC is concerned with the possible presence of nematodes in the soil, but the inspection staff does not support stricter inspection and rejection criteria.  The ensuing arguments hinge on whether there is sufficient risk to justify very strict policies towards soil contamination on conveyances.  After much debate, the astute OIC decides that a risk assessment is necessary to determine if an intense soil inspection protocol is justified and the inspection staff agrees.

The risk assessor is tasked with reporting the conclusions of a pest risk assessment for nematodes in soil contaminating conveyances from Mexico. 



Data Summary for Nematodes of Potential Quarantine Concern from Mexico 
Nematodes:

1.  Punctodera chalcoensis - (a cyst nematode of corn)

2.  Globodera rostochiensis - Golden nematode

3.  Meloidogyne chitwoodi - Columbia root-knot nematode

4.  Ditylenchus destructor - potato and bulb nematode

5.  Radopholus similis & R. citrophilus - burrowing nematodes

6.  Cactodera / Heterodera spp. - cyst nematodes

7.  Bursaphelenchus cocophilus - red-ring of palm nematode

8.  Ditylenchus dipsaci - stem and bulb nematode

Factors considered:

a.  Distribution in the U.S. and Mexico

b.  Survival Potential

c.  Pathways

d.  Favorable Areas for Establishment in the U.S. 

e.  Hosts, and Vector Status

f.   Impact of Introduction/Control Potential

1.  Punctodera chalcoensis
(no common name)

Distribution:  Apparently only occurs in limited areas within Central Mexico; not known to occur in the United States. 

Survival Potential:  Able to survive for many years and severely adverse conditions as eggs in a cyst.

Pathways:  Soil (with or without plants) from infested areas.  The greatest risk is associated with plants from corn growing areas in Central Mexico.  

Favorable Areas for Establishment in the U.S.:  Cool areas with corn,  including most of the temperate areas where corn is grown.

Hosts, and Vector Status:  Teosinte and corn are the only known hosts.  P. chalcoensis is not a pathogen vector nor is it vectored by other pests.

Impact of Introduction/Control Potential:  60% yield loss or more in unfertilized, untreated corn; causes stunting and necrosis.  The most injurious pest of corn in Central Mexico.  No resistance has been identified in host plants.  Seed treatment has been found somewhat effective in control.  

Insecticide treatments currently used for corn in the U.S. provide varying degrees of nematicidal benefit.  However, this pest (like the corn cyst nematode) is less likely to be effected by these treatments.  Therefore, expensive additional treatments and severe modifications of cultural practices would be necessary to control damage by this pest.  P. chalcoensis should be considered a very serious threat to U.S. corn.

2.  Globodera rostochiensis
Golden nematode

Distribution:  Limited distribution in the U.S. (NY); also found in two small areas in Canada, throughout Europe, the Andes regions of South America, in some areas of Africa, India, and the Far East.  Distribution in Mexico is patchy; mainly limited to higher, cooler areas where potatoes are grown.

Survival Potential:  Able to survive for many years and severely adverse conditions as eggs in a cyst.

Pathways:  Soil (with or without plants) from infested areas.  Greatest risk is associated with potatoes and plants or soil from potato growing areas in Mexico.  Garlic and onions are crops commonly cultivated in the same areas as potatoes.  Either commercial or personal shipments of these admissible commodities may can provide a very favorable pathway if contaminated with soil.  Past introduction(s) into the U.S. are not believed to have come from Mexico. 

Favorable Areas for Establishment in the U.S.:  Temperate areas, particularly where potatoes are grown.

Hosts, and Vector Status:  Solanaceous plants are likely to be hosts, including tomato, potato, and eggplant.  Solanum spp. are by far the major hosts.  G. rostochiensis is not a pathogen vector nor is it vectored by another pest.

Impact of Introduction/Control Potential:  Yield losses can be 70% or more after populations build up.  Above ground symptoms may not be obvious, but yield losses may be in the range of 20% when populations are low.  The range of weed hosts increases the likelihood that reservoir populations would be maintained in wild conditions.      

Control through long-term rotation is most effective when combined with host resistance.  Rotation is most effective in warmer areas.  Resistance is problematic because at least four pathotypes of the nematode have been reported.    

3.  Meloidogyne chitwoodi
Columbia root-knot nematode

Distribution:  Found throughout the Pacific Northwest, including California and Nevada; probably also occurs in the Eastern U.S., but this has not been confirmed.  Historically and commonly was misidentified as M. hapla.  Presence in Mexico is based on the identification of a single male.  Distribution in Mexico is unknown.

Survival Potential:  Can easily survive two or more years in soil or in tubers.

Pathways:  Potatoes from infested areas present the major pathway.  However, the pest appears to have a wide host range including grains, tomato, sugarbeet, and other wild and cultivated plants.  

Given the gaps in information concerning this pest, it is difficult to characterize pathways and risk.  Fortunately, the mitigation measures necessary to guard against the entry of other nematode pests will probably be sufficient to address concerns related to this pest.

Favorable Areas for Establishment in the U.S.:  The nematode is better adapted to low soil temperature and is most likely to be favored by cool, temperate conditions found where potatoes are grown in the United States.

Hosts, and Vector Status:  Host range is wide, including 53 of 68 plant species tested in one study.  Peanut is not a host of M. chitwoodi but is a host of M. hapla.  This difference is sometimes used to distinguish the two species.  Corn provides a good medium for culture.  
M. chitwoodi is not a pathogen vector, nor is it vectored by other pests.

Impact of Introduction/Control Potential:  This nematode is an important concern for potato certification in the Pacific Northwest.  Serious economic losses in potato are possible due to galling and necrosis in the pith of the tuber.  Crops are generally considered un-saleable when waste due to the nematode exceeds 10%.  This nematode is an import issue for Canada, although the status of the pest in Canada is unclear.

Control is through rotation and the quarantine of affected fields combined with rigorous certification in affected areas.

4.  Ditylenchus destructor
Potato rot nematode

Distribution:  Known to occur in several States in the U.S., but probably occurs in others because it is difficult to detect and identify; probably not in Florida.  Known to occur in Mexico and believed to be widely distributed in that country.

Survival Potential:  Survives well in healthy host tissue and may feed on fungi in suitable soil.  Pest does not form a resistant resting stage.  It is most likely to enter in potato, ornamental bulbs, onion, garlic, unroasted peanuts, or rhizomatous weed hosts.

Favorable Areas for Establishment in the U.S.:  The best opportunities for establishment exist in cooler, temperate areas.  The nematode does not resist desiccation well; therefore it is less likely to be a problem in warm and/or dry areas.

Hosts, and Vector Status:  Over 70 crops and weeds, and a number of fungi are known hosts, but most frequently found associated with hosts having bulbs or rhizomes.  D. destructor is not a pathogen vector nor is it vectored by other pests.

Impact of Introduction/Control Potential:  Economic impact is primarily associated with potato and the potential for damage (up to 100%) in this crop.  Fumigation of the soil is effective, but cost prohibitive.  Rotation has little effect because of the facultative abilities of this pest.  Seed certification is the most important control tool for potato.

5.  Radopholus similis & Radopholus citrophilus
Burrowing nematodes

Distribution:  Occurrence in the U.S. is currently limited to Florida.  R. similis is reported to be widely distributed in Mexico.

Survival Potential:  Survive well in living plants, but not dead plants or soil alone.

Pathways:  Primary pathway is with ornamental plants, as well as citrus, and banana plants.

Soil alone is not a pathway.  

Favorable Areas for Establishment in the U.S.:  Most likely to establish in tropical and some subtropical areas; prefers warm temperatures and low elevations.  Areas at risk would be the Gulf coast, South Texas, and Southern California.

Hosts and Vector Status:  The host range for R. similis is over 250 species.  The primary host of economic importance for R. citrophilus is citrus, but the existence of this nematode in Mexico has not been verified.  Neither nematode is known to vector pathogens or be vectored by other pests.

Impact of Introduction/Control Potential:  R. similis is a serious pest of citrus, avocado, banana, plantain, and ornamentals, causing decline diseases which require the destruction of  plants and treatment of the soil.  Infestations may move from 25 to 200 ft/yr in the soil.  Areas infested with either nematode must be fallow or be rotated with non-hosts for two or more years for effective treatment.  Resistant varieties are being researched.

6.  Heterodera spp. & Cactodera spp.
(various species of each genus)

Distribution:  Both genera have species which occur in both the U.S. and Mexico, primarily at low elevations and in warmer areas.  A few species are reported to occur in Canada.  Some Heterodera species do not occur in the U.S. and others have limited distribution in the U.S. while others seem well distributed in both the U.S. and Mexico.  There is one species of Cactodera from Mexico which probably does not occur in the United States.

Survival Potential:  Able to survive for many years and adverse conditions as eggs in cysts.

Pathways:  Soil (with or without plants) from infested areas.  Greatest risk is associated with cactus and ornamentals from warm, low areas of Mexico.

Favorable Areas for Establishment in the U.S.:  Favor warmer areas, but many species thrive in temperate climes as well.

Hosts, and Vector Status:  Wide host range; including cactus, corn, sorghum and various other crops of economic importance.  Neither genus is known to vector pathogens, or be vectored by another pest.    

Impact of Introduction/Control Potential:  Serious losses in crops of economic significance are not evident from the current literature related to species from Mexico, but the potential for serious problems certainly exists given the nature of cyst nematodes in general.  

7.  Bursaphelenchus cocophilus
Red ring nematode 

Distribution:  Not known to occur anywhere in the U.S. (including Hawaii, Puerto Rico, and the Virgin Islands), although its primary vector (Rhyncophorus palmarum) occurs in Southern California.  Both the nematode and its primary vector are found in most areas where palms grow in Mexico.

Survival Potential: Good potential for survival in infected plant tissue (may survive up to 16 weeks in coconut husks and 90 weeks in infected palm seedling tissues), but does not survive more than 2 or 3 days in soil alone.    

Pathways:  Infected plant material, including green coconuts, provides one pathway.  The entry of the vector as a hitchhiker provides the other important pathway for introduction.

Favorable Areas for Establishment in the U.S.:  Anywhere palms are grown.

Hosts, and Vector Status:  Hosts include a number of palms, including ornamental, oil, and coconut palms.  In addition to R. palmarum, a number of other insects may serve as alternate vectors.  The nematode is not a pathogen vector.

Impact of Introduction and Control Potential:  Principal impact would be on the ornamental palm industry in palm growing areas.  Damage is considered serious because mature as well as seedling trees are killed.  Treatment for the insect vector has not proven effective except to slow the rate of infection.  Seednut certification and tissue culture have helped ensure clean stock material.  

8.  Ditylenchus dipsaci
Stem and bulb nematode

Distribution:  Nearly worldwide.  Fairly widely distributed in the U.S. but not yet found in Florida.  Reported to occur in Sonora, Mexico but its actual distribution in Mexico is believed to be greater.

Survival Potential:  Survives well in host plant tissue and is very resistant as a quiescent fourth stage juvenile in seeds, bulbs, and tubers.  Females lay hundreds of eggs which may be moved for some distance in irrigation water.  The nematode does not survive well under hot, dry conditions and will not survive in soil alone.

Pathways:  Propagative plant parts, especially bulbs, but also seeds.  The nematode can enter with admissible commodities such as onions, garlic, and bulbs, and admissible or prohibited plants from Mexico.

Favorable Areas for Establishment in the U.S.:  The nematode is favored by wet, mild weather and adversely affected by dry conditions and low or high temperatures.  It enters a resistant stage under adverse conditions.  Populations fall and rise in colder areas, but thrive nonetheless.  The nematode is probably able to establish and spread in most areas of the U.S. but would be most damaging in areas where wet, mild conditions predominate.

Hosts, and Vector Status:  Major hosts include cultivated bulb and tuber forming plants, but also corn, oats, peas, rye, strawberry, sugarbeet, vetch, and many more.  The nematode is not a pathogen vector nor is it vectored by other pests.  

Impact of Introduction /Control Potential:  Damage can be serious, especially to bulb crops.  Wide distribution of the pest in the U.S. means the major impact of new introductions would be on Florida where the pest would probably only do well during the winter months.

Control requires rotation with non-host crops, certification of new planting stock, and  may include soil treatment for small areas (when feasible).
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A Demonstration of Enhanced Hazard Identification 

Using Nematodes of Quarantine Concern from Mexico
I.  Criteria - Assume that each criterion is equally important.  Design criteria to reflect the most important aspects of evaluating risk against a defined scenario.  Three common criteria are used here.

Criteria #1 - Survival Potential

H = 
High; cyst former, survives with or without host

M = 
Medium; survives in soil without host

L = 
Low; survives only with host

Criteria #2 - Host Range

H = 
High; many commercial hosts

M = 
Medium; 2-4 commercial hosts

L = 
Low; 0-1 commercial hosts

Criteria #3 - Distribution

H = 
High; wide distribution in Mexico

M = 
Medium; limited distribution in Mexico

L = 
Low; found in U.S.
II.  Ratings - use expert judgment to critically evaluate the available information and develop estimates for each of the nematodes against the three criteria defined above.  Note that number values may be used instead of letters if it is clear that the numbers do not represent an absolute measurement of risk but rather a relative means for comparison.

	Nematode
	Criteria 1
	Criteria 2
	Criteria 3

	P. chalcoensis
	H
	L
	M

	G. rostochiensis
	H
	M
	M

	M. chitwoodi
	M
	H
	L

	D. destructor
	M
	H
	L

	R. similis
	L
	L
	L

	Hetero. & Cacto.
	H
	M
	L

	B. cocophilus
	L
	M
	H

	D. dipsaci
	L
	H
	L


III.  Possible combinations of ratings for any one nematode - listed by descending relative risk.

	                                                                            HHH


HHM, HMH, MHH

HHL, HLH, LHH, HMM, MMH, MHM


HLM, MHL, HML, LMH, MLH, MMM, LHM

HLL, LHL, LLH, MML, LMM, MLM

MLL, LML, LLM

LLL

                                                                          
	Greatest Risk

Least Risk


IV.  Rank according to descending relative risk and ranked in subjective clusters.

	Nematode
	Rating
	Ranking



	G. rostochiensis
	HMM
	Greatest Risk

	Hetero. & Cacto.
	HML
	Moderate

Risk

	M. chitwoodi
	MHL
	

	P. chalcoensis
	HLM
	

	D. destructor
	MHL
	

	B. cocophilus
	LMH
	

	D. dipsaci
	LHL
	Least

Risk

	R. similis
	LLL
	


V.  Add Criteria - based on expert judgment concerning the accuracy of risk ranking using the initial criteria.  

In this case, the assessor believes that P. chalcoensis is ranked too low because the economic importance of the host is not addressed in the criteria.  A fourth criterion is added to more accurately reflect the assessor’s rationale for ranking.

Criteria #4  -  Economic value of the hosts:

H = 
High; effecting major U.S. crop(s)

M = 
Medium; effecting U.S. crop(s), but not major U.S. crops 

L = 
Low; not effecting crops of strong economic significance
VI.  New Combined Rating
	Nematode
	Criteria #4 Rating
	New Combined Rating

	G. rostochiensis
	H
	HMMH

	Hetero. & Cacto.
	L
	HMLL

	M. chitwoodi
	H
	MHLH

	P. chalcoensis
	H
	HLMH

	D. destructor
	M
	MHLM

	B. cocophilus
	M
	LMHM

	D. dipsaci
	H
	LHLH

	R. similis
	H
	LLLH


VII.  New Ranking
	Nematode
	New Combined Rating
	New Ranking

	G. rostochiensis
	HMMH
	Greatest

Risk

	M. chitwoodi
	MHLH
	

	P. chalcoensis
	HLMH
	

	Hetero. & Cacto.
	HHLL
	Moderate

Risk

	D. destructor
	MHLM
	

	B. cocophilus
	LMHM
	

	D. dipsaci
	LHLH
	

	R. similis
	LLLH
	Least Risk


VIII.  Comments
It can be tempting to continue adding criteria to further increase the precision of the ranking.  Ideally, criteria would address all the important rationale and essential components of a risk assessment.  However, each additional criterion causes dramatic increases in the complexity of the process.  A "manually operated" process (such as this) becomes cumbersome and time consuming with more than four criteria.  An automated system could conceivably manage any number of criteria and pests, but would nonetheless require expert review and judgment concerning the results.  

The Enhanced Hazard Identification process requires the assessor to identify those critical components of pest risk most relevant to a particular situation.  The criteria defined by the assessor then become transparent rationale supporting judgments made to quickly rate and rank pests based on the available information.

The process can have great utility.  When used properly and carefully, it can become a valuable tool for handling large numbers of pests associated with a single situation.  However, the process is not without its drawbacks.  

Fundamental problems occur when:

· the criteria do not reflect the components of risk deemed to be most important to a particular situation;

· pests of concern from widely differing groups are treated equally;

· the assessor lacks the experience or background to provide expert judgment, and

· the criteria are designed around non-pest risk issues (such as politics).

For example, Criteria #2 may be useful for at least two reasons.  The host range is an important component of colonization potential as well as the economic impact of establishment.  The criteria could be redesigned to specifically reflect how widespread the host is.  It could also be modified to indicate how much of the commercial host material is planted rather than the number of hosts.  In each case, the criteria would be adjusted to reflect a more specific indicator of risk.     

Experience with the process and some thought concerning underlying assumptions and an understanding of real-world applications can help assessors to become proficient with the use of Enhanced Hazard Identification.  Review by other experts is also recommended for identifying weaknesses and determining where additional clarity is needed.      
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