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STATUS OF SUBJECT SPECIES: native
PROJECT OBJECTIVES:  The primary objective of this study is to determine the spatial relationship among Douglas-fir beetle (DFB) infestations from year to year at the landscape level and how these infestations interact with stand conditions and hazard classifications.  This information will be useful for a variety of purposes including refining existing hazard/risk rating systems, developing efficient ground-based sampling procedures, and designing mass-trapping and other management programs.  In addition, we intend to develop a method for monitoring and forecasting current and future year Douglas-fir beetle population trends using pheromone-baited traps.

BRIEF DESCRIPTION OF THE PROJECT:  

       We have made significant progress in two of the three objectives for this STDP grant.  The focus of research for this year (year 2) has been on determining the spatial relationship of DFB infestations from year to year over a landscape.   The following outline details some of the accomplishments to date and plans for next year.

Year 2001-2002

· Acquired spatial data with aerial survey information and stand hazard ratings for the Salmon Ranger District, Nez Perce National Forest, ID.

· Organized data into ArcView to allow further analysis of hazard model.

· Analyzed DFB infestations with regard to stand hazard ratings for the Salmon River Ranger District.  

· Determined that the hazard model is helpful for predicting DFB infestation given certain stand conditions.

· Figure 1 shows a summary of the number of infestations, trees killed, and acres infested by DFB from 1996-1999.  

· For all years, the highest amount of acreage infested occurred on the moderate or high hazard class (Figure 2)

· Greater than 70% of trees killed occurred in moderate to high hazard stands in all years analyzed (Figure 3).

· A trend of increased tree mortality in high hazard stands as DFB populations reached epidemic levels was seen.  A similar trend was seen for the number of acres affected.

· Manuscript submitted to the Western Journal of Applied Forestry (see attachment 1)

Year 2002-2003

· DFB movement was analyzed for multiple years on a landscape scale on the Salmon River Ranger District, ID.
· Aerial detection survey maps were used along with GIS to measure distances between DFB infestations occurring within the same year and also between years.
· Nearest neighbor estimates for within year DFB populations.
· Figure 4 shows the distribution of within-year nearest neighbor estimates.
· Nearest neighbor analysis determined a significantly clumped spatial pattern for all 4 years sampled.
· Nearest neighbor estimates for between year DFB populations.
· Figure 5 shows the distribution of between-year nearest neighbor estimates.
· Nearest neighbor distances dropped from 1915 m (endemic populations) to under 450 m (epidemic populations).
· Applications of this data to management scenarios.
· The distribution of between-year nearest neighbor estimates allows for the development of a risk model for DFB in the Interior West.
· Figure 6 demonstrates the use of the nearest neighbor estimates for developing the risk model.  Three risk classes were created using nearest neighbor distance that showed a 50, 75, and 90% chance of an infestation occurring the following year.  If a 100% infestation chance is used, the distances covered are often over 2 km.
· Combining the risk model with other landscape features (e.g., endangered species distributions, riparian buffers, etc.) in a GIS will allow managers to prioritize management activities.  
· Pheromone-baited traps could be used to possibly reduce DFB populations in areas where tree mortality would interfere with management objectives.
· Changes/problems.
· Nearest neighbor analyses were substituted for wildlife dispersal models because nearest neighbor estimates were more useful in developing a risk model.
· Dispersal models may be used in the future to gain a more detailed understanding of dispersal behavior of DFB.
· If complete hazard rating coverage (i.e., GIS layers) is available for more forested areas, a resource-utilization study will be undertaken.  This type of investigation should provide some evidence as to whether or not DFB actually “prefer” or search out certain forest types or hazard classes.
· Field experiments were conducted on the interactions of tree physiology, brood lipid levels, and subsequent adult dispersal capabilities.  
· DFB colonized trees were intensively sampled at various heights along an infested tree bole before the spring flight period.
·  Collected beetles were measured, weighed, and underwent lipid extraction.
· Percent lipid levels provide insight into dispersal capability of DFB brood adults.
· Results are currently being analyzed and future experiments are planned to determine the influence of forest structure (i.e., canopy classes) on lipid levels and subsequent bark beetle dispersal capabilities.
· Potential use of pheromone-baited traps for monitoring DFB populations.
· Traps were placed in four locations in Montana.
· DFB were collected weekly to determine the number of beetles captured from traps at each location.
· Trap samples are currently being processed.
· Trap catches will be correlated with local tree mortality estimates from aerial detection surveys.
Year 2003-2004

· Further Spatial Analysis
· Increase number of landscapes to sample and compare different regions to determine if DFB behaves different in various areas.
· Increased sample size (number of areas) will increase the precision of the risk model being developed and increase its scope of inference.
· More thoroughly investigate dispersal distances in endemic and epidemic populations.
· Investigate the effects of buffer size on nearest neighbor estimates and spatial pattern detection.
· Investigate the validity of using year “x” to year “x + 2” nearest neighbor estimates for a more pragmatic approach for managers.

· Reasoning:  Douglas-firs killed by bark beetles are not detected by aerial survey mapping until the year after they are killed.  Therefore, it might be more feasible to develop a risk model that is based on nearest neighbors of year “x” and year “x + 2”.  With the two-year estimates, managers would be able to detect infestations by aerial surveys and then manage the surrounding areas for possible infestations occurring in year two.

· Mass trapping program will continue to allow for determination of DFB population trends and associated tree mortality.

· A method based on trapping experiments will be developed to predict the level of tree mortality expected locally, based on pheromone-baited catches of DFB.

· A final report will be completed.

CHANGES TO ORIGINAL PROJECT SCOPE OR OBJECTIVES:  None

ADDITIONS TO ORIGINAL PROJECT SCOPE OR OBJECTIVES:  None
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PRODUCTS AND DUE DATES: Project reports will be prepared at the end of FY2001 and FY2002.  The final report including the validated hazard rating model and pheromone monitioring system will be prepared by the end of FY2003.  A publication (s) reporting the results of this project will be submitted by January 2004.  

STATUS OF PRODUCTS/PRESENTATIONS: 

ACCOMPLISHMENTS TO DATE:  


Products:  

1.  A validation of the hazard-rating model used by the USFS in the Interior West.  

2.  Determination of methods and procedures needed for development of a DFB risk rating model.

Publications: “Validation of a Douglas-fir beetle stand hazard rating system using geographical information systems” has been submitted for publication to Western Journal of Applied Forestry.  
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Figure 1.  Number of infestations, trees killed, and acres infested by Douglas-fir beetle from 1996-1999 on the Salmon River Ranger District, ID.
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Figure 2.  Number of acres infested by the Douglas-fir beetle/ac in each hazard class from 1996-1999.  


[image: image2.wmf]0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

Extremely Low

Low

Moderate

High

Hazard Class

Proportion acres infested

1996

1997

1998

1999


Figure 3.  Number of trees killed by the Douglas-fir beetle/ac in each hazard class from 1996-1999.
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Figure 4.  Distribution of within-year nearest neighbor estimates for DFB infestations occurring on the Salmon River Ranger District, ID between 1996-1999.

Figure 5.  Distribution of between year nearest neighbor estimates for DFB infestations occurring on the Salmon River Ranger District, ID between 1996-1999.

[image: image8.wmf]Distance Class (m)

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400

2600

2800

3000

3200

3400

3600

3800

4000

4200

4400

4600

4800

5000

Over

# of infestations

0

10

20

30

40

50

60

70

80

90

96-97 

97-98 

98-99 


Figure 6.  Portion of an ArcView map used in the spatial analysis of DFB infestations.  Nearest neighbors were determined for all infestations.
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Attachment 1:  Submitted Manuscript

Technical Note

Validation of a Douglas-Fir Beetle Stand Hazard Rating System Using Geographical Information Systems

Kevin J. Dodds, Darrell W. Ross, Department of Forest Science, Oregon State University, Corvallis, OR 97331; Carol Randall, USDA Forest Service, Forest Health Protection, Coeur d’Alene, ID 83815; and Gary E. Daterman, USDA Forest Service, Pacific Northwest Research Station, Corvallis, OR 97331
Note: Kevin J. Dodds is the corresponding author and can be reached at (541) 737-8509; Fax (541) 737-1393; and Email: Kevin.Dodds@oregonstate.edu.  This research was supported by a USDA Forest Service Special Technology Development Program Grant (R1-2001-03).  Megan Moyniham (Slate Creek Ranger Station, Idaho Panhandle National Forest) provided help in obtaining data and Kenneth E. Gibson (USDA Forest Service, Forest Health Protection) reviewed and earlier draft of this work.

Validation of a Douglas-Fir Beetle Stand Hazard Rating System Using Geographical Information Systems

ABSTRACT:  A geographical information system (GIS) and historical infestation data were used to validate a Douglas-fir beetle hazard rating system currently in use by the USDA Forest Service in parts of the West.  This hazard rating system is based on stand characteristics including percent Douglas-fir basal area (BA), stand BA, average Douglas-fir dbh, and stand age.  To validate the hazard rating system, stand information and aerial detection survey maps from 1996-1999 were combined in a GIS.  Analyses determined that the highest amount of acreage infested and highest tree mortality occurred in moderate and high hazard stands, although the total area of these stands was less than that in other hazard classes.  Further, as beetle populations shifted from endemic to epidemic population levels, more acres were infested and tree mortality was greater in high hazard areas.  The use of spatial technologies and aerial detection survey maps provided a novel alternative for validating a forest insect hazard rating system.
Key Words: Dendroctonus pseudotsugae, Pseudotsugae menziesii, hazard rating, tree mortality, validation.

Hazard and risk rating systems have been used to predict and estimate damage caused by various pest insect species.  Hazard rating systems are used to determine insect infestation potential and where heaviest damage is expected to occur given certain biotic/abiotic conditions (Hicks et al. 1987).  In comparison, risk is the likelihood that an insect infestation will occur in a given area and depends upon both stand hazard and insect population densities.  For perspective, high hazard stands may be low to moderate risk for infestation if local insect populations are low, while low to moderate hazard stands may be high risk for infestation if local insect populations are high.  While risk ratings are more difficult to develop, hazard rating systems have been created for some North American bark beetle species including spruce beetle (Dendroctonus rufipennis) (Reynolds and Holsten 1994), mountain pine beetle (D. ponderosae) (Amman and Anhold 1989, Stuart 1984), roundheaded pine beetle (D. adjunctus) (Negron et al. 2000) and southern pine beetle (D. frontalis) (Hicks et al. 1980, Billings et al. 1985).  


Several regional hazard rating systems have been developed to aid land managers in predicting consequences of Douglas-fir beetle (DFB), Dendroctonus pseudotsugae, outbreaks in North America (Furniss et al. 1981, Negron 1998, Shore et al. 1999) and one was developed specifically for the Inland Northwest (Randall and Tensmeyer 1999).  Stand characteristics including density, age, proportion Douglas-fir, average Douglas-fir diameter, and various other tree and stand characteristics have been used to predict stand hazard.

The Douglas-fir beetle colonizes Douglas-fir (Pseudotsugae menziessii), throughout much of western North America.  While endemic populations typically colonize windthrown, damaged, or dying trees, epidemic populations often attack and kill apparently healthy trees.  While DFB is a natural component of a functioning ecosystem, outbreaks often interfere with management objectives, causing considerable economic losses and impacting other resource concerns.  Management tactics and systems are needed to help reduce undesirable impacts of DFB outbreaks.


Currently, there are several alternatives for managing DFB.  Pheromone-baited traps (Ross and Daterman 1997, Dodds et al. 2000, Dodds and Ross 2002) and anti-aggregation pheromones (McGregor et al. 1984; Ross and Daterman 1994, 1995) can be used as part of integrated management plans to reduce the impact of DFB outbreaks.  Also, silvicultural approaches such as thinning and sanitation/salvage harvesting can be used to reduce the susceptibility of trees to infestation and to reduce the impact of outbreaks on resource values (Furniss 1959, Schmitz and Gibson 1996).  

The DFB hazard rating system developed by Randall and Tensmeyer (1999) is currently used to classify forest stands in central and northern Idaho based on potential for DFB infestation.  This model utilizes Timber Stand Management Record System (TSMRS) data or R1-Edit data.  TSMRS data is gathered from several sources including stand exams and aerial survey maps with limited ground sampling, while R-1 Edit data is gathered from stand inventory surveys.  Consequently, TSMRS data is not as accurate as R-1 Edit data.  Although R-1 Edit data contain more precise tree level stand information, complete coverage is not currently available for all stands in the Interior West.  Stand characteristics (e.g., percent BA of Douglas-fir, stand BA, average Douglas-fir dbh, stand age) obtained from these two data sets have been used to classify stands into 12 hazard classes, ranging from extremely low to very high hazard.  

Validation is an integral step in developing a reliable hazard rating system.  While the DFB hazard rating system described above has been in use for several years in the Interior Northwest, the model has not been validated.  Spatial technologies such as GIS, along with historical data offer a novel approach for validation of the hazard rating system.  The combination of stand survey information and aerial detection survey maps provided information needed for a GIS-based validation of this model.  

The USDA Forest Service conducts annual aerial detection surveys to determine the location and extent of tree mortality attributed to insects and some disease.  In addition to recording the spatial location of mortality on maps, the number of trees affected and the estimated size of the area affected (( 2 ac) are recorded.  Since the purpose of these surveys is to detect general trends in the occurrence and abundance of insects and disease, the error that is considered acceptable to meet that objective may not be acceptable for other uses.  Anyone using these data for purposes other than determining general pest trends must recognize the inherent variability associated with numbers of affected trees, size of affected areas, and location of affected trees as obtained by aerial sketch-mapping.  

The objective of this study was to determine if spatial technologies could be used in concert with aerial detection surveys to validate a hazard rating system used in the Interior Northwest.  

Methods


Analyses were completed using ArcView 3.2 and data from the Salmon River Ranger District, Nez Perce National Forest.  ArcView layers containing stand information and hazard classes were obtained from the USDA Forest Service Forest Health Protection and used along with digitized aerial detection surveys.  The aerial detection surveys (scale = 1:100,000) were digitized into an ArcView layer for the analyses.  Aerial detection survey maps from 1996, 1997, 1998, and 1999 were used to validate the hazard rating system.  Because it takes up to a year for DFB-killed trees to change color detectable by aerial observers, maps actually represent trees killed the previous year (i.e., 1995, 1996, 1997, 1998).  Of the 352,659 ac within the sample area, 107,846.6 ac were hazard rated.


To validate the hazard rating system, 12 classes described by Randall and Tensmeyer (1999) were combined into 4 classes:  0 = extremely low (class 0 in original model); 1 = low (classes 1, 2, 3, and 4 in original model); 2 = moderate (classes 5, 6, 7, and 8 in original model); and 3 = high (classes 9, 10, and 11 in original model).  Two assumptions were also necessary to conduct the analysis.  First, if the edge of an infestation touched federal land that was hazard rated it was counted as occurring in the given hazard class.  Second, if an infestation occurred between two or more hazard classes it was recorded as occurring in the highest hazard stand that it touched.  


For each survey year, insect mortality attributed to DFB was tallied for each hazard class.  The amount of acreage infested and the number of trees killed were determined for each hazard class.  Acreage infested and number of trees killed in a hazard class were divided by the total amount of area found in that class to standardize the data for comparison.  
Results

Seventy-two percent of the hazard rated acreage occurred in the extremely low hazard class, while only 7.9% occurred in the high hazard class (Table 1).  Acreage infested increased steadily from 193 ac in 1996 to a high of 2,298 ac in 1999 (Figure 1).  Total number of DFB-killed trees also increased over the 4-yr period, from a low of 560 trees in 1996 to 6,401 trees killed in 1999 (Figure 1).  Number of infestations increased from 26 in 1996 to 237 in 1999 (Figure 1).  For all years, 79-92 % of infestations were less than 10 ac in size (Table 2).  During the four-yr period, the majority of infestations (30-49%) contained less than 10 trees (Table 3).


In 1996 and 1997, the highest density of acres infested occurred in the moderate hazard class with slightly lower levels in the high hazard class (Figure 2).  However, in 1998 and 1999 the highest levels of acres infested shifted to the high hazard class (Figure 2).  For trees killed, the highest numbers in 1996 and 1997 occurred in the moderate hazard class, with very few trees killed in extremely low hazard (Figure 3).  In 1998 and 1999, the highest number of trees killed occurred in the high hazard class (Figure 3).      

Discussion


Hazard rating systems are important tools in the development of integrated insect management plans.  The ability to predict and determine where severe insect outbreaks could potentially occur offers natural resource managers a powerful tool.  With a better understanding of the relationship between insect behavior and stand conditions, actions to reduce or mitigate severe ecological and economical impacts in susceptible areas are feasible.  


There was an increase in acreage infested and DFB-caused tree mortality over the time period sampled.  While acreage infested (< 250 ac/yr) and numbers of trees killed by DFB were low in 1996 and 1997 (< 1,000 yr), numbers more than doubled in 1998 and then continued to increase in 1999.  Similar trends were found for the same period of time on the Idaho Panhandle National Forest, Clearwater National Forest, and the Nez Perce National Forest (C. Randall, USDA Forest Service Forest Health Protection).  This switch from endemic populations to epidemic levels is likely attributed to severe snow, ice, and wind caused damage that affected many parts of northern Idaho during winter 1996-1997.  Damaged and downed material provided resources needed for DFB populations to increase regionally to epidemic populations.

Most forested areas on the Salmon River Ranger District that have been hazard rated for DFB occurred in the extremely low hazard class, while the smallest amount of total area occurred in the high hazard class.  However, when standardized data are considered for all years, over 75% of infested acreage occurred in moderate or high hazard classes.  Similarly, 70% of tree mortality occurred on moderate or high hazard sites.  

Several behavioral patterns were exhibited in the data.  While beetle populations increased through the 4-yr period, mortality shifted from moderate and high hazard classes to primarily high hazard areas.  As population levels increased, beetles may have been more successful in high hazard classes due to stand conditions favorable for successful attack and colonization.  Conversely, during periods of endemic population levels, beetles are more often found in areas where a stand disturbance has occurred resulting in favorable conditions for successful bark beetle reproduction (i.e., dying, damaged, or stressed trees), regardless of hazard rating.  Living trees that were attacked in low hazard stands may have occurred as a result of spillover effects from pheromones emanating from the initial attacked tree or downed material.  Finally, some level of DFB activity should be expected in stands containing susceptible Douglas-fir regardless of hazard class.

While acreage infested and numbers of trees killed were reported, several limitations of this data should be noted.  First, the number of acres infested could be a somewhat misleading estimate due to the process of aerial survey mapping.  While the survey is being conducted, observers may map a large area that incorporates several small infestations that contain relatively few DFB-killed trees.  Conversely, a small mapped area could have a high density of tree mortality.  However, an examination of infestation size (total acres) and number of trees killed in each stand suggests that this type of error is minimal.  For trees, 42% of infestations had < 10 trees killed, while 70% of infestations had < 20 trees killed.  Because the majority of infestations were < 20 trees, it seems likely that acreage estimates are adequate for use in this project.  Also, inaccurate estimates are likely consistent over all hazard classes, thus minimizing the effect.

The number of trees killed in each class was reported because they follow similar trends as acreage infested.  Although comparisons involving number of trees killed would be preferable to acres infested, issues of scale make it difficult to use trees killed.  Because the hazard model was developed for forest stands based on averaged tree measurements and not individual trees (i.e., an individual tree within a stand is not hazard rated), comparing numbers of trees killed/ac is not appropriate.  If trees killed are used for comparisons among hazard classes, the research scale changes from stand to individual tree level.  Data used in this research did not contain information on the total number of trees or the number of potentially suitable trees for DFB attack and brood development (i.e., preferred size for DFB, condition, etc).  Consequently, using trees killed/ac as a comparison between hazard classes could be misleading because it is unknown how many trees were suitable for DFB in a given stand.  To successfully use trees/ac as a comparison it would be necessary to know how many suitable DFB trees were in each stand, not just stand averages.

Although the combination of aerial detection survey maps and GIS technologies has limitations in this type of a validation project, the results provided an answer to our research objective.  Overall, the DFB model validated during this study was effective at determining which stands were more likely to come under attack by DFB.  Stands with moderate or high hazard ratings had higher levels of acres infested and tree mortality for the years 1996-1999.  Stands rated as extremely low hazard suffered minimal effects from DFB over the 4-yr period.  Our analyses demonstrate that spatial technologies can provide a cost effective method to validate hazard-rating systems.  
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Table 1.  Total area in each hazard class on the Salmon River Ranger District, 

Nez Perce National Forest, Idaho.
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Table 2.  Number of infestations occurring between the years 1996-1999 by size class of number of acres in each infestation.  Note: a portion of these infestations occurred on non-hazard rated forests.






          Number of Infestations

	No. Acres
	1996
	1997
	1998
	1999

	
	
	
	
	

	2-10
	47
	83
	242
	357

	11-20
	0
	4
	15
	47

	21-30
	0
	0
	15
	19

	31-40
	2
	4
	5
	5

	41-50
	0
	1
	1
	7

	51-60
	1
	0
	2
	3

	61-70
	1
	1
	2
	0

	71-80
	0
	0
	3
	1

	81-90
	0
	0
	3
	2

	91-100
	0
	0
	1
	1

	101-110
	0
	0
	2
	0

	111-120
	0
	0
	1
	0

	121-130
	0
	0
	0
	0

	131-140
	0
	0
	0
	0

	141-150
	0
	0
	0
	1

	151-160
	0
	0
	1
	0

	161-170
	0
	0
	1
	1

	171-180
	0
	0
	0
	1

	181-190
	0
	0
	0
	0

	191-200
	0
	0
	0
	0

	201+
	0
	0
	1
	1

	Total infestations
	51
	93
	295
	448


Table 3.  Number of infestations occurring between the years 1996-1999 by size class of number of trees in each infestation.  Note: a portion of these infestations occurred on non-hazard rated forests.






          Number of Infestations

	No. Trees
	1996
	1997
	1998
	1999

	
	
	
	
	

	2-10
	25
	40
	129
	135

	11-20
	14
	29
	76
	129

	21-30
	5
	13
	31
	69

	31-40
	2
	5
	17
	45

	41-50
	1
	3
	16
	26

	51-60
	1
	1
	9
	13

	61-70
	0
	0
	0
	1

	71-80
	2
	1
	5
	15

	81-90
	0
	0
	0
	0

	91-100
	0
	0
	3
	4

	101-110
	0
	0
	1
	0

	111-120
	1
	1
	2
	4

	121-130
	0
	0
	0
	0

	131-140
	0
	0
	0
	0

	141-150
	0
	0
	3
	2

	151-160
	0
	0
	0
	0

	161-170
	0
	0
	0
	0

	171-180
	0
	0
	0
	0

	181-190
	0
	0
	0
	0

	191-200
	0
	0
	1
	2

	201+
	0
	0
	2
	3

	Total infestations
	51
	93
	295
	448


Figure Captions

Figure 1.  Number of infestations, trees killed, and acres infested by Douglas-fir beetle from 1996-1999 on the Salmon River Ranger District, ID.

Figure 2.  Number of acres infested by the Douglas-fir beetle/ac in each hazard class from 1996-1999.  

Figure 3.  Number of trees killed by the Douglas-fir beetle/ac in each hazard class from 1996-1999
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