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1. Project Title: Using an aggregation compound formulation to strategically focus Diorhabda 

carinulata (Desbrochers) on Tamarix spp.:  Enhancing the impact of a defoliating herbivore 

while improving the operational efficiency of monitoring and diverting establishment and 

population expansion  
 

2. Principal Investigator:  

David Weaver, Department of Land Resources and Environmental Sciences, Montana State 

University, P.O. Box 173120, Bozeman, MT 59717-3120 

Tel: (406) 994-7608; Fax: (406) 994-3933; weaver@montana.edu 

 

3. Cooperators, Collaborators, and Other Participating Institutions: 

 Tom Dudley, Marine Science Institute, University of California, Santa Barbara, CA 

   Justin Russak, Chemistry Department, University of California, Santa Barbara, CA 

 Dan Bean, Colorado Department of Agriculture – Palisade Insectary, Palisade, CO 

 Agenor Mafra-Neto, ISCA Technologies, Inc., Riverside, CA 

 Alexander Gaffke (graduate student) – LRES Department, MSU, Bozeman, MT 

 Sharlene Sing – USDA FS, RMRS, Bozeman, MT  

 Liz Hebertson (BCIP contact) – USDA FS, FHP, Ogden, UT 

 

4. Amount Requested, Project Leveraging: 

      Annual request- $71,700; matching funds- $23,898 (25%) 

      Match: $14,340 - foregone 20% F&A (IDC) charges; $9,558 (Weaver) salary + benefits;      

            This project leverages an additional $9,300 to Dudley’s subcontract with another 10-15%  

 anticipated from other land management agencies and landowners.  

 

5. Project Goals and Supporting Objectives: 

 Our goal is to optimize the deployment of male-produced aggregation pheromone of the 

tamarisk leaf beetle, Diorhabda carinulata (Dc), introduced for the biological control of Tamarix 

spp., to better develop, implement and assess the biocontrol program in western North America.  

By doing this we hope to strategically reduce any impact on threatened or endangered species  
  

 The project directly addresses two of the Priorities for the 2015 FHP/FHTET Biological 

Control of Invasive Native and Non-Native Plants program, specifically to: 1. Develop improved 

rearing, distribution and post-release monitoring techniques for a biological control agent; 

and 2. Develop and implement technologies for rapid quantitative assessment of biological 

control impacts. It also indirectly addresses the final FHTET Priority, 3. Integrated weed 

management with a biological control component that is part of a methods development 

approach to determine efficacy and is not considered an operational treatment. 
 

 Elements of the project are again directed at enhancing the effectiveness of Tamarix 

biocontrol programs in FS Regions 1, 2, 4 and 6 where Dc has been historically released, and to 

continue to evaluate its dispersal and establishment in FS Regions 3 and 5, and specific areas of 

Region 4, where population expansion is occurring and federally listed wildlife populations are 

potentially at risk via defoliation of nesting habitat. 
 

 The project once again combines the efforts of two research programs into a unified 

theme of optimizing efficacy of biocontrol of Tamarix spp. by Dc and by readily monitoring its 

continued expansion and establishment. We are proposing an expanded area for targeted 
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herbivory in the summer of 2015, using a strategic deployment protocol.  We will also expand 

objectives to include using commercial pheromone formulations to direct DC population 

establish away from sensitive locations, particularly where Southwestern Willow Flycatcher 

(SWFL) has nesting sites.  Finally, we will explore the use of Dc produced compounds in 

formulations targeting other Diorhabda spp. that have established in southern areas impacted by 

Tamarix  spp. The core component of this is greater strategic use of commercially formulated 

aggregation pheromone (in SPLAT™). The following objectives are centered on this technology. 
 

1. Produce the alcohol component of the aggregation pheromone, (2E, 4Z)-2,4-heptadien-

1-ol (“pheromone”) first reported in Cossé et al (2005) in large quantities (175 g) 

suitable for an expanded strategic focus and to develop methods for ramping up  

production of  the aldehyde component of the Dc pheromone,  (2E-4Z)-2,4-heptadienal 

(75g)  that are highly suited for field longevity and storage; 
 

2. Expand field trials exploring increased efficacy using pheromone formulations to: 

 a) specifically target heavy defoliation of Tamarix spp. by Dc populations  at four 

 sites in WY, and at an array of sites within the Arkansas Basin, CO where Dc is 

 beginning  to establish westward from KS 

b) facilitate retention of northern Dc populations in areas experiencing heavy 

pheromone-mediated defoliation the previous year, and 

c) further assessing Dc establishment at historical and new release sites using 

pheromone-baited sentinel trees,  

d)  determine whether passive Delta traps facilitate better assessment on sentinel 

trees or whether detection of adults and larvae can be accomplished using sweep 

nets and visual rating of damage; 
 

3. Implement a pheromone-mediated procedure using sentinel trees for monitoring 

dispersal and establishment of Dc in the U.S. southwest to: 

  a) yield an early detection tool for tracking population expansion into  

 tributaries of the lower Colorado River to the Mexican border, including  

 several adjacent drainages, and 

  b) to work closely with local cooperators to establish sentinel tree   

 stations using pheromone formulations for detection of new colonization  

 into regional watersheds such as the Verde/Salt/Gila system, Mojave and  

 Owens, or upper Rio Grande; 

  c) use alcohol and aldehyde components in Dc pheromone that are also present

 in behaviorally active collections from the three other Diorhabda species present 

 in North America - these are active when presented in different ratios than for Dc 

 (Allard Cossé, unpublished data); 
 

   4.  Evaluate use of pheromone formulations to direct attention of Dc away from sensitive  

        locations where Tamarix defoliation may be undesirable, especially where protected 

   wildlife species, specifically SWFL, are nesting.  
  

5.  Ultimately provide an enhanced operational framework for future application to other  

   systems by land managers using a familiar technology for deployment while 

   maintaining a low level of environmental risk to sensitive riparian areas. 
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 6.   Project Justification/Urgency 

 The invasion of western landscapes by non-native tamarisk or saltcedar, Tamarix spp., 

constitutes one of the most extensive and damaging changes to riparian and wetland ecosystems. 

Its biology and impacts are well-known and controversial (Busch and Smith 1995, Dudley et al. 

2000, Shafroth et al. 2005), including displacement of native riparian vegetation and riparian-

dependent wildlife species (Ellis 1995, Dudley and DeLoach 2004), alteration of flood and 

erosion dynamics (Graf 1978, Manners et al. 2013), depletion of groundwater resources 

(Shafroth et al. 2005), poor forage quality for livestock (Lesica and Miles 2001) and increased 

frequency and extent of wildfire (Drus et al. 2012). 
 

 In response, specialist agents to suppress Tamarix spp., including Dc, were approved for 

release in heavily-invaded riparian locations (DeLoach et al. 1996). At the same time the 

Southwestern Willow Flycatcher (Empidonax traillii extimus) was designated an Endangered 

Species that was known to use tamarisk as breeding habitat (Sogge et al. 2008). While not 

unexpected given its dominance within structural elements of riparian woodlands, the risk of 

Tamarix spp. defoliation and subsequent nest exposure during breeding season raised concerns 

that biocontrol could result in deleterious outcomes for the threatened species (Dudley and Bean 

2012). After federal consultation, Dc was permitted for release in sites beyond 200 miles from 

known nesting sites in Tamarix spp., and in 2001 it was open-released in seven states (Dudley et 

al. 2001).  
 

 Results from initial releases were mixed (DeLoach et al. 2004, Dudley et al. 2012). In 

some sites populations established and within two to four years defoliated several thousand 

hectares of tamarisk (Pattison et al. 2010, Meng et al. 2012). Groundwater savings (Pattison et al. 

2010), improved wildlife food resources (Longland and Dudley 2008) and target mortality along 

with evidence of a recovery process (Hudgeons et al. 2007, Bean et al. 2012) were documented, 

but establishment failed at most sites (Bean et al. 2007, Dudley et al. 2012).  These need to be 

re-evaluated for locations which have not been visited in nearly a decade.  It is possible that low 

level survival of the species was not observed and then sites were no longer visited. 
 

 Reasons for failures included avoidance of some host taxa that were not sympatric in 

locations of origin (Dudley et al. 2012) and predation by ants and other generalist predators 

(Strudley and Dalin 2013). Developmental synchrony with climate and host plants was also a 

key factor in establishment success or failure of southern releases (Bean et al. 2007).  Critical 

day length that triggered diapause before the overall metabolic capacity to survive the prolonged 

interval before new vegetation was available initially prevented adult survival at southern 

latitudes and populations could not establish (Dalin et al. 2010).  This biological safeguard 

against overlapping with Southwestern Willow Flycatcher habitat has faltered due to selection 

for a shortened critical day length in Dc (Bean et al. 2012).  This forces an immediate need to 

effectively and strategically monitor expansion of Dc populations over a larger area southward: 

with no reason to assume that the risk of Dc utilizing an even larger area of critical habitat is 

unreasonable if the critical day length requirements of Dc continue to become shorter (McLeod 

and Koronkiewicz 2009).   

  

 There remains serious concern by wildlife managers that Tamarix spp. defoliation could 

have negative impacts to the federally listed species (SWFL), which is known to nest in 

tamarisk-dominated vegetation in the Lower Colorado River and its tributaries, and to a lesser 

extent, the upper Rio Grande. The Bureau of Reclamation and other land management agencies 

are mandated to protect ‘Critical Habitat’ of this species, which is only at risk during the brief 
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nesting period of early summer when temperatures are high and sudden canopy loss could result 

in detrimental thermal exposure nestling birds. Methods have been proposed to exclude Dc from 

nest sites by using insecticides, but would pose and additional threat to SWFL, whereas the 

capacity to divert herbivore activity from nest locations offer safer means of avoiding local 

defoliation. Thus, the pheromone, which should pose no chemical risk to wildlife, may offer a 

safe and effective method for temporarily delaying herbivore impacts during the nesting period.  

We require strategic capacity and protocols using pheromones for this. 
 

Recent findings using controlled release formulations. In 2012, we began the practice 

of using sentinel plants (Britton et al. 2010) to better assess Dc establishment and more readily 

measure impact by using trees baited with lures releasing species-specific aggregation-

stimulating compounds in Tamarix spp. stands in WY. In 2013, both pheromones and host plant 

attractants were deployed using a commercially available sustained-release formulation 

(SPLAT™). The results were very encouraging, but the aggregation pheromone worked better 

than the reported aggregation-facilitating plant compounds (Cossé et al. 2006), their combination 

or a control at a pair of fully replicated, randomized complete block sites. These sites were 

located along the Big Horn River southwest of Lovell, WY and received Dc from Fukang, China 

in 2001 that were initially successful until populations crashed due to heavy flooding in 2008.  A 

2012 marginal population of Dc created surrogate ‘initial release’ sites in 2013 and for follow up 

experiments in 2014.   
 

 Greater beetle capture in sweep nets and more rapid defoliation occurred quite 

rapidly on all pheromone treated trees again in 2014, while the enhanced longevity of 

formulations was also replicated.  In the summer of 2014 we were able to assess die-back due to 

the 2013 treatments. Die-back for pheromone treated trees across sites was more than double (> 

50%) that for control or plant compound treated trees (< 25%).   In 2014, greater cumulative 

adult captures, greater larval feeding and earlier defoliation again occurred on pheromone treated 

trees relative to those treated with  blank or plant compounds.  Heavy feeding caused total 

defoliation on pheromone treated trees and again caused larvae to displace to the less successful 

treatments, which were defoliated to a lesser degree at the end of the feeding period. Once again, 

the numbers on the less successful treatments became inflated due to the success of the 

pheromone treatments!  We believe that this carryover feeding may have been responsible for the 

lesser, but significant die-back we saw in these treatments in early summer of 2014.   
 

Due to the longevity of the pheromone product in the SPLAT™ formulation, we 

strategically applied 4g “dollops” (from Lapointe et al. 2011) as were used for mass trapping of 

other species (Vargas 2009), but only at the time of overwintering adult Dc emergence, 

emergence of 1
st
 generation Dc adults and when the 2

nd
 generation Dc adults in reproductive 

diapause fed before winter dormancy.  These new ‘land manager friendly’ treatments at two new 

sites showed much greater adult densities and feeding on treated trees for each Dc generation, 

essentially changing weekly application strategies to three per season in WY.  The concentrated 

feeding by overwintered and late season adults was not expected, because previous reports 

suggested no pheromone response would occur in these adults. This is an obvious benefit to 

a land manager, who can focus monitoring on several strategic target dates. 
  

 Thus, deployment of these 4g formulations can be used to monitor and control 

subsequent dissemination and spread of biological control agents throughout a release location 

by targeting specific sentinel plants to measure spread or to focus herbivory. It has also become 

apparent that the use of this technology in monitoring is quite critical, especially when tracking 
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of populations provides critical environmental benefit.  This past summer these formulations of 

pheromone in SPLAT were adopted mid-season with the concomitant use of sticky traps in large 

area monitoring in southern populations.  Pheromone baiting to focus herbivory was also begun 

in CO. Finally, the potential for monitoring of other established Diorhabda spp. is very 

fortuitous because of the recent discovery (Allard Cossé, unpublished) that these use different 

ratios of the same aldehyde and alcohol components. We have also demonstrated that 

pheromone treated sentinel trees draw beetles in so that they can be captured in passive 

commercial delta traps hung near the treated tree, but we propose to evaluate this further 

for strategic monitoring by land managers.  

 

7.   Approach:  
 I.  Pheromone Synthesis – production of gram scale amounts.  A challenge for this 

project is the amount of costly pheromone needed – driven by synthesis components and 

reaction rate. The published synthesis of (2E, 4Z)-2,4-heptadien-1-ol and (2E,4Z)-2,4-

heptadienal (Petroski 2003) has been modified to be more than twice as efficient by changing 

reaction conditions, more rapid addition of a catalyst and increased mixing rate. This scale-up 

by the organic chemist will yield at least 175 g of (2E,4Z)-2,4-heptadien-1-ol and 75g of (2E-

4Z)-2,4-heptadienal. This is a direct funding line in the budget.  
 

 II.  Formulation. We will provide pheromone compounds to ISCA Technologies, Inc., 

Riverside, CA to produce a 2.5% formulation in a specifically designed matrix. This will 

require product formulation costs that are also a direct funding line in the budget. 

Development costs will be mitigated by our field and laboratory experiments, specifically 

with the aldehyde pheromone component. 
 

 III.  Field studies, type one – Deploying Product to Focus Herbivory – “Land 

 Manager Friendly”. We will target two sites in the area near Lovell, WY (44°46’30”, 

108°11’8”)  and two near the Boysen Reservoir (43°17’12”, 108°12’16”) again. At each site, 

an existing array of trees will be divided into 3 blocks, each containing at least 20 trees. Tree 

positions within each block will be randomized and UTM coordinates of each tree will be 

logged using a GPS. Within these blocks, there will be three treatments with 5 trees for each 

treatment.  Treatments will be 1) SPLAT with aggregation pheromone, 2) SPLAT as a blank 

formulation and 3) a random untreated tree. Temperature and weather data will be monitored 

on-site using 3 HOBO dataloggers per block.  Categorical data will be taken at the time of 

first deployment of lures, as will pre-counts. We will take weekly sweep counts and measure 

defoliation, but SPLAT™ products will be deployed only at the time of emergence of 1) 

overwintering, 2) F1, and 3) reproductive diapause adults based on temperature records and 

development rates first reported by Herrera et al. (2005), but now modified using our current 

data. The experiments will be a CRD design with the three treatments. Analysis appropriate 

for comparing local abundance of insect numbers, density, life stage and damage will be used. 

A mixed-model MANOVA will be used to quantify overall effects. The data collected will be 

part of a Ph.D. student project and will be published in scientific journals and in FHP 

numbered publications, where appropriate. This experimental design, with at least 4 

replicate sites, will also be implemented strategically in the Arkansas Basin in 2015.   
 

 IV.  Field studies, type two – Monitoring and Dc Displacement. 
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    Monitoring. The distribution of Dc in North America has numerous geographic 

inconsistencies; (http://www.tamariskcoalition.org/BeetleMonitoring), owing to ineffective 

survey methods for early detection when initial populations are small.  Proposed surveys 

using the pheromone formulation associated with delta traps are intended not simply to 

fill gaps, but to target systems south, west and east of the mapped area that are likely 

avenues of beetle dispersal. In 2015, a strategic network of pheromone based sentinel trees 

established in 2014 will be used to track dynamics of colonizing insects. Because dispersal 

occurs following epidemic population increases at sites where high Tamarix biomass supports 

high population growth rates, we will be especially vigilant during such periods based on 

routine inspection of currently established monitoring locations such as dense growths near 

Big Bend State Park (NV).  
 

 With this sentinel monitoring system, particular attention will be directed to dispersal 

pathways toward, and locations inhabited by SWFL in the Gila/Verde/Colorado system as 

well as the Rio Grande, in response to concerns regarding potential risk to nesting birds 

(Sogge et al. 2008). We work closely colleague Matthew Johnson, who has previously been 

supported by FHP for Tamarix spp. biocontrol in relation to SWFL critical nesting habitat. 

Similarly, we will work closely with Bureau of Reclamation biologists charged with assessing 

impacts to SWFL populations in the Lower Colorado, including identification of locations 

where restoration efforts should be focused. This will be coordinated with our restoration 

efforts for SWFL habitat, supported by the Walton Family Foundation and Clark Co., NV 

(Dudley and Bean 2012).  
 

 Recent research by Allard Cossé (unpublished data), shows that the known alcohol and 

aldehyde components in Dc pheromone are also present in pheromone samples collected from 

the three other Diorhabda species found in North America, however at different proportions 

than  for Dc.  These species are primarily in Texas and adjacent areas. Limited volumes of 

species-specific proportions of these in SPLAT will be sent to long-established cooperators in 

these areas to evaluate effectiveness. At each site three replicates of formulations for Dc, D. 

elongata, D. sublineata and D. carinata, plus untreated SPLAT will be deployed using baited 

delta traps.  Adult counts will be made after 2 weeks of field deployment.  From this, we hope 

to be able to develop tools suitable for effective monitoring or, potentially, exploiting these 

species as per Dc. 
 

    Displacement. A series of sites outside SWFL Critical Habitat where Dc is well-

established but has not caused major dieback of host plant foliage will be identified. Each site 

would consist of a patch of 10 Tamarix trees to simulate a SWFL nesting site intended for 

protection, while a series of SPLAT dollops would be placed in different configurations in 

Tamarix vegetation at 50 m distant from the ‘nest’ site. The experiment configurations, 

replicated by at least 3 times for each configuration, would include one array downwind of the 

proxy nest site; another array 50 m to either side of the protected site; and another with 

treatments in each cardinal direction will be used to determine the best approach to distracting 

Dc away from protected SWFL sites. This would occur in early summer when the birds would 

be nesting, and patches monitored frequently to count number of beetles and assess whether 

defoliation had occurred.  
 

 If successful, we would immediately coordinate with the Bureau of Reclamation, US Fish 

& Wildlife Service, State wildlife management agencies and others tasked with wildlife 

habitat protection to ensure that sufficient SPLAT pheromone product, and instructions on 

http://www.tamariskcoalition.org/BeetleMonitoring
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deployment of pheromone in known nesting locations within SWFL Critical Habitat 

potentially exposed to defoliation. From our prior work at other locations where SWFL are 

present within our study areas, the short duration period for implementing and monitoring 

near nesting sites are highly unlikely to disrupt SWFL behavior. 
 

  A Rapid Assessment approach (Dudley and Brooks 2011, Bateman et al. 2010) will also 

be applied to monitor condition of Tamarix plants in relation to insect herbivory, including 

multiple Diorhabda spp. (Dc, D. elongata, D. sublineata, D. carinata; Tracy & Robbins 

2009). Data from this approach, already in use at sites in western states for several years, plus 

geographic information on plants and herbivores will be logged into a GIS base map to be 

maintained on a project website (http://RIVRLab.msi.ucsb.edu/). Numerous managers and 

researchers have expressed need for formulated pheromone and a protocol for its use. 
Incorporating this as part of a dedicated research program will allow us to maintain cohesion 

for recording results from our own work and those of other stakeholders across the western 

states. 

 

8.  Expected Products and Outcomes: (products and how they will be used) 
  

 Demonstration that controlled release technology is readily implementable for weed 

biological control applications using sentinel trees and semiochemicals. Specific products: 
 

I. Aggregation pheromone thoroughly tested in controlled release formulation for use by 

researchers, land managers and other stakeholders 
 

II. Strategy for deployment of formulations to: 1) direct, 2) retain, 3) monitor and 4) 

potentiate biocontrol agents in targeted locations or across large landscapes.  
 

III. Incorporation of facile monitoring and displacement of Dc expanding into critical habitat 

that builds on existing infrastructure available to disseminate information to stakeholders. 
 

IV. Strategic field demonstration using a model weed biocontrol system that could be 

developed for other target weed biological control systems. 
 

V. Future development of the commercial potential of the technology by seeking grants 

supporting small business development for this specific technology. 
 

BUDGET 

 

o Salary - Graduate student (0.4 FTE) -                 $13,600 

o Benefits @ 10% -              $1,260 

o Undergraduate student @ $10.50/hr x 300 hr       $3,150 

o Benefits @ 10%             $315 

o Pheromone synthesis-  total 250 g @ $165/g                 $23,750 

o Pheromone Formulation-  80 syringes with 60g @ 2.5%               $4,995 

o Subcontract – Dudley (Itemized below)                 $11,632 

o Supplies - Field items -                 $1,400 

o Supplies - Lab items -                      $4,600 

o *Travel (CO)-                   $2,000 

o **Travel (Project vehicle)-              $4,998 
 

TOTAL REQUEST                    $71,700         
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*Travel Details  
 

   Dan Bean, Manager, Palisade Insectary, Palisade, CO 
 

   CDOA vehicle use                  $1,600 

     Palisade to Arkansas River Basin (La Junta, CO) 

     (4 trips @ 800 mi/trip = 3200 mi @ $.50/mi)  

   Per diem             $400 

          (1 person, 4 trips @ 3 d/trip = 12 person days @ $33.33/day)  
 

           Sub-total             $2,000 
 

  

**Travel Details 
     

   Montana State University         

  Fuel –           $1,950 

  (650 mi @ 13 mpg X $3.25 gal) - $162.50 (12 trips) 
    

    Lodging –                       $1,080 

  $90/night for 2 per room (12 trips) 
 

      Per diem (meals per day trip @ out-of-state rate) –       $1,968 

    ($41/person X 2 days X 2 people - $164 (12 trips)    
 

           Sub-total     $4,998 

Subcontract Details - Dudley  

o   Salary - Co-PI -  (0.05 FTE)          $4,000  

o   Benefits @ 28% -             $1,120  

o   Technical assistant (0.25 FTE for 4 mo. @ $15/hr)       $2,400  

o   Benefits @ 18%                $432        

o   Supplies - Field items -                $500  

o   Supplies - Lab items -            $300  

o   *Travel (Private vehicle)-           $2,880  

TOTAL REQUEST                                        $11,632  
 

*Travel Details 
 

         Vehicle – (800 mi @ $0.44 per mile) - $352/trip (6 trips)   $2,112  
 

         Lodging – (rental house or camping expense – Contributed)          $0  
 

       Per diem (meals per day trip @ out-of-state rate) –         

       ($32/person X 24 days X 1 person – for 6 trips)      $768  

               Sub-total               $2,880  
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TIMETABLE 

April - November 2015:    Delivery of pheromone; formulation  

May - September 2015:   Field trials on large-scale targeted herbivory in WY 

May - September 2015:   Field trials on large-scale targeted herbivory in CO 

April- September 2015:   Laboratory trials - longevity, release rates (new) 

May - November 2015:   Field monitoring -large scale in the Southwest 

June – August 2015:              Field assessment - longevity, release rates (new) 

May – September 2015:   Field monitoring - formulations (other Diorhabda) 

October 2015 - May 2016:             Analyze data, prepare reports and publications 
 

Literature Cited 
 

Britton, K.O., P. White, A. Kramer and G. Hudler. 2010. A new approach to stopping the spread 

of invasive insects and pathogens: early detection and rapid response via a global 

network of sentinel plantings. New Zealand Journal of Forestry Science 40: 109-114. 

Bateman, H.L., T.L. Dudley, D.W. Bean, S.M. Ostoja, KR. Hultine, and M.J. Kuehn. 2010. A 

river system to watch: documenting the effects of saltcedar (Tamarix spp.) biocontrol in 

the Virgin River Valley. Ecological Restoration 28:405-410. 

Bean, D.W., T.L. Dudley and J.C. Keller. 2007. Termination of diapause in the leaf beetle 

Diorhabda elongata deserticola (Coleoptera: Chrysomelidae) a biological control agent 

for saltcedars (Tamarix spp.). Environ. Entomol. 36:15-25  

Bean, D.W., T.L. Dudley and K. Hultine. 2012. Chap. 22. Bring on the beetles: The history and 

impact of tamarisk biological control. P. 377-403 In: Sher, A. and M. Quigley (eds). 

Tamarix: A case study of ecological change in the American West. Oxford Univ. Press. 

Busch, D.E. and S.D. Smith. 1995. Mechanisms associated with decline of woody species in 

riparian ecosystems of the southwestern U.S. Ecological Monographs 65(3):347-370. 

Cossé, A.A., R.J. Bartelt, B.W. Zilkowski, D.W. Bean and E.R. Andress. 2006. Behaviorally 

active green leaf volatiles for monitoring the leaf beetle, Diorhabda elongate, a 

biocontrol agent of saltcedar, Tamarix spp. Journal of Chemical Ecology 32: 2695-2708. 

Cossé, A.A., R.J. Bartelt, B.W. Zilkowski, D.W. Bean and R.J. Petroski. 2005. The aggregation 

pheromone of Diorhabda elongata, a biological control agent of saltcedar (Tamarix 

spp.): identification of two behaviorally active components.  Journal of Chemical 

Ecology 31: 657-670. 

Dalin, P.,  D.W. Bean,  T.L. Dudley, V.A. Carney, D. Eberts, K.T. Gardner, E. Hebertson, E.N. 

Jones, D.J. Kazmer, G. J. Michels, Jr.,4 S.A. O’Meara and D.C. Thompson. 2010. 

Seasonal adaptations to day length in ecotypes of Diorhabda spp. (Coleoptera: 

Chrysomelidae) inform selection of agents against saltcedars (Tamarix spp.) Environ. 

Entomol. 39:1666-1675. 

DeLoach, C.J., R.I. Carruthers, T.L. Dudley, D. Eberts, D.J. Kazmer, A.E. Knutson, D.W. Bean, 

J. Knight, P.A. Lewis, L.R. Milbrath,  J.L. Tracy, N. Tomic-Carruthers, J.C. Herr, G. 

Abbot, S. Prestwich, G. Harruff, J.H. Everitt, I. Mityaev, D.C. Thompson, I. Mityaev, R. 

Jashenko, B. Li, R. Sobhian, A. Kirk, T.O. Robbins and E.S. Delfosse (2003). “First 

results for control of Tamarix (Tamarix spp.) in the open field in the western United 

States.” Proceedings of the XI International Symposium on Biological Control of weeds 

Australia 11: 505-513. 



10 

 

Drus, G.M., T.L. Dudley, M.L. Brooks, J.R. Matchett. 2012. Influence of biological control on 

fire intensity profiles of tamarisk (Tamarix ramosissima Lebed.). Internat. Journal of 

Wildland Fire 22:446-458.  

Dudley, T.L., C.J. DeLoach, J. Lovich and R.I. Carruthers. 2000. Saltcedar invasion of western 

riparian areas: Impacts and new prospects for control. Pp. 345-381. Trans. 65
th

 No. Amer. 

Wildlife & Nat. Res. Conf., March 2000, Chicago. 

Dudley, T.L., C.J. DeLoach, P.A. Lewis and R.I. Carruthers. 2001. Cage tests and field studies 

indicate leaf-eating beetle may control saltcedar. Ecol. Restoration 19:260-261. 

Dudley, T.L. and C.J. DeLoach. 2004. Saltcedar (Tamarix spp.), endangered species and 

biological weed control – can they mix? Weed Technology 18:1542-1551. 

Dudley, T. and M. Brooks. 2011. Effectiveness monitoring of springfed wetlands and riparian 

restoration treatments: progressive management of invasive tamarisk in the southern 

Nevada Region. Final report, Clark County Desert Conservation Program, Project 2005-

UCSB-552-P.  

http://www.clarkcountynv.gov/Depts/dcp/Documents/Library/dcp%20reports/2011/Effec

tivenessOfWetlandAndRiparianRestoration_UCSB-552_Rpt_Jun2011.pdf 

Dudley, T. L. and D.W. Bean. 2012. Tamarisk biocontrol, endangered species risk and resolution 

of conflict through riparian restoration. BioControl 57:331-347. 

Dudley, T.L.,  D.W. Bean, R.R. Pattison, A. Caires. 2012. Selectivity of a biological control 

agent, Diorhabda carinulata (Chrysomelidae) for host species within the genus Tamarix. 

PanPacific Entomol 88:319–341. 

Ellis, L.M. 1995. Bird use of saltcedar and cottonwood vegetation in the Middle Rio Grande 

Valley of New Mexico, U.S.A. Journal of Arid Environments 30:339-349. 

Graf, W.L. 1978. Fluvial adjustments to the spread of tamarisk in the Colorado Plateau region. 

Geological Society of American Bulletin 89:1491-1051.  

Hatten, JR  and CE Paradzick. 2003. A multiscaled model of southwestern willow flycatcher 

breeding habitat. J Wildlife Mgt 67:774-788.  

Herrara, A. M., D. D. Dahlsten, N. Tomic-Carruthers, and R. I. Carruthers. 2005. Estimating 

temperature-dependent developmental rates of Diorhabda elongata (Coleoptera: 

Chrysomelidae), a biological control agent of saltcedar (Tamarix spp.) Environ. Entomol. 

34: 775-784 

Hudgeons, J.L., A.E. Knutson, K.M. Heinz, C.J. DeLoach, T.L. Dudley, R.R. Pattison and J.R. 

Kiniry. 2007. Defoliation by introduced Diorhabda elongata leaf beetles 

(Chrysomelidae) reduces carbohydrate reserves and regrowth of Tamarix 

(Tamaricaceae). Biol. Control 43:213-221. 

Hultine, K. and T. Dudley. 2012. Chap. 9 Tamarix from organism to landscape . P. 149-167 In: 

Sher, A. and M. Quigley (eds). Tamarix: A case study of ecological change in the 

American West. Oxford Univ. Press. 

Lapointe, S.L., L.L. Stelinski, and R.D. Robinson. 2011. A novel pheromone dispenser for 

mating disruption of the leafminer Phyllocnistis citrella (Lepidoptera: 

Gracillariidae)." Journal of Economic Entomology 104: 540-547. 

Lesica, P. and S. Miles. 2001. Tamarisk growth at the northern margin of its naturalized range in 

Montana, USA. Wetlands 21: 240-46. 

Longland, W.S. and T.L. Dudley. 2008. Effects of a biological control agent on use of saltcedar 

habitat by passerine birds. Great Basin Birds 10:21-26. 
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Loring, D. A. 2007. Competitive testing of SPLAT-RB (Oryctes rhinoceros) male aggregation 

pheromone-mass trapping in oil palm and coconut estates. Planter 83: 657-666 

Manners, R.B., J.C. Schmidt and J.W.M Wheaton. 2013. Multi-scalar model for the 

determination of spatially explicit riparian vegetation roughness. J Geophysical Research 

(in press). 

McLeod, M.A., and T.J. Koronkiewicz. 2009. Southwestern willow flycatcher surveys, 

demography, and ecology along the lower Colorado River and tributaries, 2008. Annual 

report submitted to U.S. Bureau of Reclamation, Boulder City, NV by SWCA 

Environmental Consultants, Flagstaff, AZ. 153 pp. 

Meng, R., P.E. Dennison, L.R. Jamison, C. van Riper, P. Nagler, K. Hultine, D.W. Bean and T. 

Dudley. 2012. Detection of tamarisk defoliation by the northern tamarisk beetle based on 

multitemporal Landsat 5 Thematic Mapper imagery . GIScience and Remote Sensing 

49:510-537. 

Moran, P.J., C.J. DeLoach, T.L. Dudley, and J. Sanabria (2009). “Open field host selection and 

behavior by tamarisk beetles (Diorhabda spp.) (Coleoptera: Chrysomelidae) in biological 

control of exotic saltcedars (Tamarix spp.) and risks to non-target athel (T. aphylla) and 

native Frankenia spp.” Biological Control 50: 243-261.  

Pattison, R.R., C.M. D’Antonio, T.L. Dudley, K.K. Allander and B. Rice. 2010. Early impacts of 

biological control on canopy cover and water use of the invasive saltcedar tree (Tamarix 

spp.) in western Nevada, USA, Oecologia 165:605-616 

Petroski, R.J., 2003. Straightforward preparation of (2E-4Z)-2,4-Heptadien-1-ol and (2E-4Z)-2,4-

Heptadienal. Synthetic Communications. 33: 3233–3241. 

Shafroth, P.B., J. Cleverly, T.L. Dudley, J. Stuart, C. Van Riper and E.P. Weeks. 2005. Saltcedar 

removal, water salvage and wildlife habitat restoration along rivers in the southwestern 

U.S. Environmental Management 35:231-246. 

Sher, A. & M. Quigley (eds.) Tamarix: a Case Study of Ecological Change in the American 

West. Oxford University Press. pp. 207-224. 

Sogge, M.K., S.J. Sferra and E.H. Paxton. 2008. Tamarix as habitat for birds: implications for 

riparian restoration in the southwestern United States. Restoration Ecology. 16: 146-154. 

Stromberg, J.C., M.K. Chew, P.L. Nagler and E.P. Glenn. 2009. Changing perceptions of 

change: the role of scientists in Tamarix and river management. Restoration Ecology 17: 

177-186. 

Strudley, S. & P. Dalin (2013) Tamarix as invertebrate habitat. In: A. Sher & M. Quigley (eds.) 

Tamarix: a Case Study of Ecological Change in the American West. Oxford University 

Press. pp. 207-224. 

Taylor, J.P. and K.C. McDaniel. 1998. Restoration of Tamarix (Tamarix spp.)-infested flood 

plains on the Bosque del Apache National Wildlife Refuge.” Weed Technology 12: 345-

352.  

Tracy J.T. and T.O. Robbins. 2009. Taxonomic revision and biogeography of the Tamarix-

feeding Diorhabda elongata (Brullé, 1832) species group (Coleoptera: Chrysomelidae: 

Galerucinae: Galerucini) and analysis of their potential in biological control of Tamarisk. 

Zootaxa 2101:1-152. 

Vargas, R.I., J.C. Piñero, R.F.L. Mau, J.D. Stark, M. Hertlein, A. Mafra-Neto, R. Coler and A. 

Getchell. 2009. Attraction and mortality of oriental fruit flies to SPLAT‐MAT‐methyl 

eugenol with spinosad. Entomologia Experimentalis et Applicata131: 286-293. 
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Curriculum Vitae: David K. Weaver 
Department of Land Resources and Environmental Sciences, Montana State University, P.O. Box  173120,    

              Bozeman, MT 59717-3120 Tel: (406) 994-7608; Fax: (406) 994-3933; weaver@montana.edu 

Education: Ph.D., Entomology, McGill University, Montreal, Québec, Canada, 1990, B.S., Chemistry, Dalhousie  

 University, Halifax, Nova Scotia, Canada, 1984 

Professional Experience 

 Professor of Entomology 2014 -, Associate Professor (Entomology) 2002 – 2014, Research Associate   

 Professor (Entomology) 1999 – 2002, Research Assistant Professor (Entomology) 1997 – 1999; all at 

 Montana State University  

 Research Entomologist (Post-doc), USDA-ARS, CMAVE, Gainesville, FL, 1994 – 1997, Research 

 Entomologist (Post-doc),  USDA-ARS, SPIRDL, Savannah, GA, 1992 – 1994, Postdoctoral Research 

 Associate, Department of  Entomology, Montana State University, 1990 – 1992 

Publications (of >100) 

D. Piesik, D. Pańka, M. Jeske, A. Wenda-Piesik, K. J. Delaney, and D. K. Weaver. 2013. Volatile induction of 

infected (Fusarium spp.) and neighboring uninfected barley and wheat may influence attraction/repellence 

of a cereal herbivore. Journal of Applied Entomology. 137: 296-309. 

Buteler, M. and D. K. Weaver.  2012. Host selection by the wheat stem sawfly in winter wheat and the potential role 

of semiochemicals mediating oviposition preference. Entomologia Experimentalis et Applicata. 143: 138-

147 

D. Piesik, D. Pańka, K. J. Delaney, A. Skoczek, R. Lamparski, and D. K . Weaver. 2011. Cereal crop volatile 

organic compound induction after mechanical injury, beetle herbivory (Oulema spp.), or fungal infection 

(Fusarium spp.). Journal of Plant Physiology. 168: 878-886. 

Buteler, M., D. K. Weaver, P. L. Bruckner, G. R. Carlson, J. E. Berg, P. F. Lamb. 2010. Identification of winter 

wheat cultivars suitable as trap crops for the wheat stem sawfly based on screening using agronomic traits 

and semiochemical production. Canadian Entomologist 142: 222-233. 

Piesik, D., A. Wenda-Piesik, D. K. Weaver, T. B. Macedo, and
 
W. L. Morrill. 2009. Influence of Fusarium infection 

and wheat stem sawfly infestation on volatile metabolites collected from wheat plants.  Journal of Plant 

Protection Research. 49: 167-174. 

Weaver, D. K., M. Buteler, M. L. Hofland, J. B. Runyon, C. Nansen, L. E. Talbert,  P. Lamb, and G. R. Carlson. 

2009. Cultivar preferences of ovipositing wheat stem sawflies as influenced by the amount of volatile 

attractant.  Journal of Economic Entomology. 102: 1009-1017. 

Pariera Dinkins, C. L., R. K. D. Peterson, J. E. Gibson, Q. Hu, and D. K. Weaver. 2008. Glycoalkaloid responses of 

potato (Solanum tuberosum) to Colorado potato beetle defoliation. Food and Chemical Toxicology. 46: 

2832-2836. 

Piesik, D., D. K. Weaver, J. B. Runyon, M. Buteler, G. E. Peck , and W. L. Morrill. 2008. Behavioural responses of 

wheat stem sawflies to wheat volatiles. Agricultural and Forest Entomology. 10: 245-253. 

Piesik, D., A. Wenda-Piesik, D. K. Weaver, and
 
W. L. Morrill. 2007.  Influence of Fusarium crown rot disease on 

semiochemical production by wheat plants. Journal of Phytopathology. 155: 488-496. 

Piesik, D., D. K. Weaver, G. E. Peck, W. L. Morrill. 2006.  Mechanically injured wheat plants release greater 

amounts of linalool and linalool oxide. Journal of Plant Protection Research. 46: 29-39.   

Baker, J. E., R. W. Howard, W. L. Morrill, S. B. Meers, and D. K. Weaver. 2005. Acetate esters of saturated and 

unsaturated alcohols (C12 to C20) are major components in Dufour glands of Bracon cephi and Bracon 

lissogaster (Hymenoptera: Braconidae), parasitoids of the wheat stem sawfly, Cephus cinctus 

(Hymenoptera: Cephidae).  Biochemical Systematics and Ecology. 33: 757-769. 

Bartelt, R. J., A. A. Cossé, R. J. Petroski, and D. K. Weaver. 2002.  Cuticular hydrocarbons and novel alkenediol 

diacetates from wheat stem sawfly (Cephus cinctus): Natural oxidation to pheromone components. Journal 

of Chemical Ecology. 28: 385-406. 

Cossé, A. A., R. J. Bartelt, D. K. Weaver, and B. W. Zilkowski. 2002.  Pheromone components of the wheat stem 

sawfly: Identification, electrophysiology, and field bioassay. Journal of Chemical Ecology. 28: 407-423. 

Daisy, B. H., G. A. Strobel, U. Castillo, D. Ezra, J. Sears, D. K. Weaver, and J. B. Runyon. 2002.  Naphthalene, an 

insect repellent, is produced by Muscodor vitigenus, a novel endophytic fungus.  Microbiology. 148: 3737-

3741. 
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Curriculum Vitae: Tom L. Dudley 

Marine Science Institute, University of California, Santa Barbara, CA 93106-6150 

 Phone:  805-893-2911; Fax:  805-893-8065; E-mail:  tdudley@msi.ucsb.edu 

Degrees: B.A – U.C. Santa Barbara, 1975 (Envir. Biology);  M.S. Oregon State Univ, 1982 (Aquatic 

 Entomology);  Ph.D. U.C. Santa Barbara,  1989  (Aquatic and Population Biology) 

Positions: 

      Assoc. Researcher, Marine Science Institute, University of California, Santa Barbara, 3/05-present. 

Assoc. Research Professor, Natural Resource & Environ. Science, Univ. of Nevada, Reno, 7/02-3/05.  

Lecturer, Environmental Sciences & Research Associate, Integrative Biology, U.C. Berkeley; 7/96-6/02. 

Senior Researcher & Director, Western water policy; Pacific Institute, Oakland, CA. 10/92-3/95. 

Faculty Research Associate & Lecturer;  Zoology Dept., Arizona State Univ.; 8/89-6/92. 

Biologist, U.S. Geological Survey, Mammoth Lakes, CA;  5/80-11/80. 

Relevant Publications (of  >90): 

Dudley, T.L., C.J. DeLoach, J. Lovich and R.I. Carruthers. 2000. Saltcedar invasion of western riparian areas: Impacts 

and new prospects for control. Pp. 345-381. Trans. 65
th
 No. Am. Wildlife & Nat. Res. Conf., Chicago. 

Dudley, T.L. and C.J. DeLoach. 2004. Saltcedar (Tamarix spp.), endangered species and biological weed control – 

can they mix? Weed Technology 18:1542-1551. 

Shafroth, P.B., J. Cleverly, T.L. Dudley, J. Stuart, C. Van Riper and E.P. Weeks. 2005. Saltcedar removal, water 

salvage and wildlife habitat restoration along rivers in the southwestern U.S. Envir. Management 35:231-246. 

Bean, D.W., T.L. Dudley and J.C. Keller. 2007. Termination of diapause in the leaf beetle Diorhabda elongata 

deserticola (Chrysomelidae) a biological control agent for saltcedars (Tamarix spp.). Envi. Entom. 36:15-25  

Hudgeons, J.L., A.E. Knutson, K.M. Heinz, C.J. DeLoach, T.L. Dudley, R.R. Pattison and J.R. Kiniry. 2007. 

Defoliation by introduced Diorhabda elongata leaf beetles (Chrysomelidae) reduces carbohydrate reserves and 

regrowth of Tamarix (Tamaricaceae). Biol. Control 43:213-221. 

Dalin, P.,  D.W. Bean,  T.L. Dudley, V.A. Carney, D. Eberts, K.T. Gardner, E. Hebertson, E.N. Jones, D.J. Kazmer, 

G. J. Michels, Jr.,S.A. O’Meara and D.C. Thompson. 2010. Seasonal adaptations to daylength in ecotypes of 

Diorhabda spp. (Coleoptera: Chrysomelidae) inform selection of agents against saltcedars (Tamarix spp.) 

Environ. Entomol. 39:1666-1675. 

Bateman, H.L., T.L. Dudley, D.W. Bean, S.M. Ostoja, KR. Hultine, and M.J. Kuehn 2010. A river system to watch: 

documenting the effects of saltcedar (Tamarix spp.) biocontrol in the Virgin River Valley. Ecological 

Restoration 28:405-410. 

Pattison, R.R., C.M. D’Antonio, T.L. Dudley. 2011. Biological control reduces growth, and alters water relations of 

the saltcedar tree (Tamarix spp.) in western Nevada, USA. J. Arid Environments 75:346-352. 

Dudley, T. and M. Brooks. 2011. Effectiveness monitoring of springfed wetlands and riparian restoration treatments: 

progressive management of invasive tamarisk in the southern Nevada Region. Final report, Clark County Desert 

Conservation Program, Project 2005-UCSB-552-P.   

Bean, D., P. Dalin and T. Dudley. 2012. The evolution of diapause and diapause induction in the tamarisk leaf 

beetle, Diorhabda carinulata. Evolutionary Applications 5:511–523. 

Dudley, T. L. and D.W. Bean. 2012. Tamarisk biocontrol, endangered species risk and resolution of conflict through 

riparian restoration. BioControl 57:331-347. 

Drus, G.M., T.L. Dudley, M.L. Brooks, J.R. Matchett. 2012. Influence of biological control on fire intensity profiles of 

tamarisk (Tamarix ramosissima Lebed.). Internat Journal of Wildland Fire 22:446-458..  

Bean, D.W., T.L. Dudley and K. Hultine. 2012. Chap. 22 Bring on the beetles: The history and impact of tamarisk 

biological control. P. 377-403 In: Sher, A. and M. Quigley (eds). Tamarix: A case study of ecological 

change in the American West. Oxford Univ. Press. 

Conrad, B., K. Acharya, T.L. Dudley and D.W. Bean. 2013. Impact of episodic herbivory by the tamarisk leaf 

beetle on leaf litter nitrogen and stem starch content. J. Arid Envir.  94:76-79. 

Hultine K.R., T.L. Dudley and S.W. Leavitt. 2013. Herbivory-induced mortality increases with radial growth in an 

invasive riparian phreatophyte. Annals of Botany 111:1197-1206. 

Acharya, K., S. Sueki, B. Conrad, T.L. Dudley, D.W. Bean and J.C. Osterberg. 2013. Life history characteristics of 

Diorhabda carinulata under various temperatures. Envir. Entomol. 42:546-571. 

Drus, G.M., T.L. Dudley, C.M. D’Antonio, M.L. Brooks, T.J. Even & J.R. Matchett. 2014. Synergistic interactions 

between leaf beetle herbivory and fire enhance tamarisk (Tamarix spp.) mortality. Biol. Control 77:29–40. 
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Curriculum Vitae: Dan W. Bean 

Colorado Department of Agriculture, Palisade Insectary, 750 37.8 Rd., Palisade, CO 81526  

Phone: (970) 464-7916 E-mail: dan.bean@state.co.us 

Ph.D.,1983, M.S. 1978, University of Wisconsin, Madison, Entomology 

B.A. 1975, University of California, Santa Cruz, Biology 

2005-present State Biological Control Specialist, Manager, Palisade Insectary and Director, Biological Pest 

Control Section, Colorado Department of Agriculture.  Affiliate Faculty, Dept. Bioagricultural 

Sciences and Pest Management, CSU, Ft. Collins 

2000-2005 Research Associate, Department of Vegetable Crops, UC Davis  

1988-2000 Research Associate and Lecturer, Department of Biology, UNC-CH 

1986-1988 Research Associate, USDA ARS, Insect Attractants, Behavior and Basic Biology Research 

Laboratory, Gainesville, FL 

1983-1986 Research Associate, Depts of Ag Chem and Entomology, OSU, Corvallis, OR 

Recent Select Publications 

Dudley TL, Bean DW, Pattison RR, Caires A (2012)
 
Selectivity of a biological control agent, Diorhabda carinulata 

(Chrysomelidae) for host species within the genus Tamarix.  Pan Pacific Entomologist (in press) 

Bean, D.W., D.J. Kazmer, K. Gardner, D.C. Thompson, B. Reynolds, J.C. Keller and J.F. Gaskin (2012) Molecular 

genetic and hybridization studies of Diorhabda spp. released for biological control of Tamarix. Invasive Plant 

Science and Management (in press) 

Bean, D.W., P. Dalin and T.L. Dudley (2012) Evolution of critical day length for diapause induction enables range 

expansion of Diorhabda carinulata, a biological control agent against tamarisk (Tamarix spp.).  Evolutionary 

Applications 5: 511-523 

Meng, R., P.E. Dennison, L.R. Jamison, C.C. van Riper III, P. Nagler, K. Hultine, D.W. Bean and T. Dudley (2012) 

Detection of tamarisk defoliation by the northern tamarisk beetle based on multitemporal Landsat 5 Thematic 

Mapper Imagery. GIScience and Remote Sensing (in press for July-August issue). 

Dudley, T.L. and D.W. Bean (2012) Tamarisk biocontrol, endangered species risk and resolution of conflict through 

riparian restoration. BioControl 57: 331-347 

Nagler, P.L., Brown, T., Hultine, K.R., van Riper, C. III, Bean, D.W., Dennison, P.E., Murray R.S., and E.P. Glenn 

(2012) Regional scale impacts of Tamarix leaf beetles (D. carinulata) on the water availability of western U.S. 

rivers as determined by multi-scale remote sensing methods.  Remote Sensing Env. 118: 227-240   

Bateman, H.L., T.L. Dudley, D.W. Bean, S.M. Ostoja, K.R. Hultine and M.J. Kuehn (2010) A river system to 

watch: documenting the effects of saltcedar (Tamarix spp.) biocontrol in the Virgin River valley. Ecological 

Restoration 28: 405-410 

Dalin, P., D.W. Bean, T.L. Dudley, V.A. Carney, D. Eberts, K.T. Gardner, E. Hebertson,  E.N. Jones, D.J. Kazmer, 

G. J. Michels, S.A. O’Meara , and  D.C. Thompson. (2010) Seasonal adaptations to day length in four ecotypes 

of the leaf beetle Diorhabda elongata inform selection of biocontrol agents against saltcedar (Tamarix spp.). 

Environ. Entomol. 39: 1666-1675 

Herr, J.H., R.I. Carruthers, D.W. Bean, C. Jack DeLoach and J. Kashefi (2009) Host preference between saltcedar 

(Tamarix spp.) and native non-target Frankenia spp within the Diorhabda elongata species complex 

(Coleoptera: Chrysomelidae).  Biological Control 51: 337-345 

Dalin, P., M.J. O'Neal, T. Dudley & D.W. Bean (2009) Host plant quality of Tamarix ramosissima and T. parviflora 

for three sibling species of the biocontrol insect Diorhabda elongata (Coleoptera: Chrysomelidae) Environ. 

Entomol. 38:1373-1378 

Bean, D., A. Norton, R. Jashenko, M. Cristofaro and U. Schaffner (2008) Status of Russian olive biological control 

in North America. Ecological Restoration 26:105-107 

Bean, D.W., T. Wang, R.J. Bartelt and B.W. Zilkowski (2007) Diapause in the leaf beetle Diorhabda elongata 

(Coleoptera: Chrysomelidae), a biological control agent for tamarisk (Tamarix spp.). Env. Entomol. 36:531-540 

Bean, D.W., T.L. Dudley and J.C. Keller (2007) Seasonal timing of diapause induction limits the effective range of 

Diorhabda elongata deserticola (Coleoptera: Chrysomelidae) as a biological control agent for tamarisk (Tamarix 

spp.) Environ. Entomol. 36:15-25 

Cossé, A.A., Bartelt, R.J., Zilkowski, B.W., Bean, D.W. and Andress, E.R. (2006) Behaviorally active green leaf 

volatiles for monitoring the leaf beetle, Diorhabda elongata, a biocontrol agent of saltcedar.  J. Chem. Ecol. 32: 

2695-2708 

Cossé, A.A., Bartelt, R.J., Zilkowski, B.W., Bean, D.W. and Petroski, R.J. (2005) The aggregation pheromone of 

Diorhabda elongata, a biological control agent of saltcedar (Tamarix spp.): identification of two behaviorally 

active components.  J. Chem. Ecol. 31:657-670 
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Curriculum Vitae: Justin A. Russak 
Department of Chemistry, California State University San Luis Obispo 

San Luis Obispo, CA 93407 Email: jrussak@calpoly.edu  Phone: 805-720-0007 
 

Affiliation:  Marine Sciences Institute, University of California at Santa Barbara 

Santa Barbara, CA 93106-9510 
 

Professional Experience 

2014-present Lecturer, Department of Chemistry, California State University San Luis Obispo 

2013-present Research Associate, Marine Sciences Institute, University of California Santa Barbara 

2013-present Research Affiliate, Department of Chemistry, University of California Santa Barbara 

2010-2013 Lecturer, Organic Chemistry, University of California Santa Barbara 

2009-2011 Lecturer, General and Organic Chemistry, California State University San Luis Obispo 

2005-2009 Teaching Associate, Organic Chemistry, University of California Santa Barbara 

2003-2005 Teaching Associate, General and Organic Chemistry, University of Colorado at Colorado Springs 

1996-2004 Medic, U.S. ARMY 

 

Education 

 

Ph.D. 2010 University of California at Santa Barbara, Organic Chemistry 

B.A. 2004 University of Colorado at Colorado Springs, Chemistry 

 

Publications: 

 

Gerfaud , T., Y.-L. Chiang, I. Kreituss, J.A. Russak and J.W. Bode. 2012. Enantioselective, chromatography-free 

synthesis of β3-amino acids with natural and unnatural side chains. Org. Process Res. Dev.16: 687–696 

Carillo, N., E.A. Davalos,  J.A. Russak and J.W. Bode. 2006. Iterative, aqueous synthesis of β3-oligopeptides without 

coupling reagents. J. Am. Chem. Soc. 2006, 128, 1452-1453 
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Curriculum Vitae: 

Agenor Mafra-Neto, Ph.D. POSITION TITLE: President & CEO, ISCA Technologies 

INSTITUTION AND LOCATION DEGREE YEAR(s) FIELD OF STUDY 

Universidade Estadual de Campinas, Campinas, SP Brazil B.S. 1982-85 Biology 

Universidade Estadual de Campinas, Campinas, SP Brazil  M.S. 1985-88 Biology 

University of Massachusetts, Amherst, MA  Ph.D. 1988-93 Entomology 

Iowa State University, Ames, IA Postdoctoral 1993-96 Entomology 

A. RESEARCH AND PROFESSIONAL EXPERIENCE 

Professional Positions 1996-present President & CEO, ISCA Technologies, Inc., Riverside, CA; 1997-present 

Founding Partner, ISCA Tecnologias, Ltda., Ijui, RS Brazil; 2007-present President of Red Habitat, LLC., 

Riverside, CA  

Academic Positions 

1987-1988 Assistant Professor, Ecology, Universidade de Alfenas, Brazil; 1996-2000 Research Associate, 

Entomology, University of California, Riverside; 1999-present Invited Professor, Entomology, Universidade Sao 

Paulo, Brazil; 2001-2005 Research Associate, Envir. Sciences, University of California,-Riverside; 2004-present 

Adjunct Professor, Chemistry & Physics, Western Carolina University; 2008-present Research Associate, 

Entomology, University of California, Riverside 

Honors 

2005 Innovation Entrepreneur of the Year, College of Engineering, University of California, Riverside; 2008 

Technology Entrepreneur of the Year, Spirit of the Entrepreneur Award; 2012 First Prize in the Wireless Innovation 

Project of the Vodafone Americas Foundation: “Wireless Bug Sensor” 

B. PUBLICATIONS (from 49) 

1.  Ye, L.; Wang, X.; Keogh, E. J.; Mafra-Neto, A. 2009. Autocannibalistic and Anyspace Indexing Algorithms with Application 

to Sensor Data Mining. In: Proceedings of the SIAM International Conference on Data Mining. April 30 - May 2, 2009. Sparks, 

NV SDM 2009: 85-96. 

2.  Lapointe, S. L.; Stelinski, L. L.; Evens, T. J.; Niedz, R. P.; Hall, D. G.; Mafra-Neto, A. 2009. Sensory Imbalance as 

Mechanism of Orientation Disruption in the Leafminer Phyllocnistis citrella: Elucidation by Multivariate Geometric Designs and 

Response Surface Models. J. Chem. Ecol. 35: 896-903. 

3.  Vargas, R. I.; Pinero, J. C.; Mau, R. F. L.; Stark, J. D.; Hertlein, M.; Mafra-Neto, A.; Coler, R.; Getchell, A. 2009. Attraction 
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