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Proposal Title: Biological Control of Saltcedar (Tamarix spp.) and Giant Reed (Arundp
in the Cache Creek drainage.
Applicant Name: Raymond 1, Carruthers
Mailing Address: USDA-Agricuitural Regearch Sgrwce 800 Buchanan St.. Albany, CA 94710
Telephone: {510) 539-6127
Fax: {510) 559-6123 .
Email:_ric@pw.usda.goy

Amount of funding requested: ca. § 250,000/ year for 4 years and a total request of $1,042,885

Indicate the Topic {or which you are applying {check only one box).

| Fish Passage/ Fish Screens W Introduced Species
Qa Habitat Restoration a Fish Management/ Hatchery
Q Local Watershed Stewardship a Environmental Education

a Water Quality
Does the proposal address a specified Focused Action?  yes no
What county or counlies is the project located in? Yolo, County although it relates to wider areas.

Indicate the geographic area of your proposal {check only one bex):

Qa Sacramento River Mainstrem ] Bast Side Trib:

Qa Sacramento Trib: Q Suisun March and Bay

a San Joaquin River Mainstem u] North Bay/ South Bay

i} San Joaquin Trib; Q Landscape (enrire Bay-Delta watershed)
a Deita: B Other: Cache Creck
Indicate the primary species which the proposal addresses (check all that apply}:
0 San Joaguin and East-side Delta tributaries fall-run chinook salmon

Q Winter-run chinook salmon 0o Spring-run chinock salmon
a Late-fall run chinook salmon 0 Fall-run chinook salmon

Qa Delta smelt G Longfin smelt

a Splittail a Steclhead trom

a Green sturgecn g Striped bass

d Migratory birds 0 All chinook species

= Qther: X All anadromons salmonids

Specify the ERP sirategic objective and target(s) that the project addresses. Include page number
from January 1999 version of the ERP Volume I and II:
Thi a 25 {0 various gbjectives and targets as_many species are impacted

the ecosystem changes caysed by the target invasive species Tamarix spp. and Arundg donax,
However, this project most ¢closely corresponds to Goal 5; Introduced Species. Objective: Halt

the introduction of invasive aguatic and terrestrial plants into Central California {page 43), It aiso

is linked with Goal 2: Ecosystem Process and Biolic Communpities, through several objectives that

help maintain water flow (page 41}, and with objectives in Gosl 1 Endangered Specjes (page 38).
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Indicate the type of applicant (check only one box):

] State agency H Federal agency
a Public/ Non-Oprofit joint venture 0 Non-profit

Q Local government/ district Qa Private Party

Q University 0 Other:

Indicate the type of project (check only one box):

a Planning 0 Implementation
Q Monitoring ] Education

h=3 Research

By signing below, the applicant declares the following:

- The truthfulness of all representation in their proposal;
- The individual singing the form is entitled to submit the application on behalf of the

applicanl (if Ihe applicant is an entity or organization); and

- The person submitting the application has read and understood the conflict of interest

and confidentiality of the proposal on behalf of the applicant, to the extent as
provided in the Section.
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Biological Control of Saltcedar (Tamarix spp.y _and Giapt Reed (Arundo donax) in the
Cache Crecls drainage.

Executive Summary

Saltcedar and giant reed are two of the most destructive exotic invasive plant species that affect
riparian areas in California and other stales. They both cause significant damage in the areas of
interest to CalFed and are continuing to spread at very high rates within 2nd between many
fiparian ecosystems. These invasive species are known to out compete native vegetation and
commonly form monotypic stands. They provide poor habitat for other flora and fauna,
including fish as they cause increased siltation of stream and riverbeds and alter channels in
ways thal eliminate valuable habitats. They are both excessive water consumers, they increase
the likelihood of fire, and most importantly, they alter ecosystern dynamics that further favor
their growth and development at the expense of other native species. Together, they are called
the ““deadly duo™ and are thought to be the two most serious exotic plant invaders in California
riparian habitats. Their presence and expanding populations clearly threaten other aguatic and
serni-aquatic organisms including many Threztened and Endangered Species. This proposal
seeks funding to support research on the devetopment of biological control technology for these
two species. Biological control has been a very effective method in controlling a number of
exotic and invasive plant species In the western states including problematic plants such as
purple loosestrife. In regard to this proposal, USDA has already identified and tested biological
control agenis for saltcedar, but not for giant reed.

This proposal is aimed at three primary tasks,
1} conducting biological release and ecological assessments for saltcedar natural enemies
and determining weed contrel impact,
2) conducrting foreign exploration and host-specificity testing for natural enemies of giant
reed and introducing appropriate beneficial agents, and
3) developing new benefit/ risk evaluations for the use of exotic hiological control agents
in sensitive environment areas such as along riparian corridors .

A team approach that includes scientists from a number of state and federal agencies is planned
within this proposal that links the expertise of several different groups from areas of basic
research o full-scale project implementation. The process will be managed by USDA-ARS but
with cooperation from USDI-FWS, UC Berkeley, and USDA-APHIS. Two local groups, Team
Arunde dej Norle and the Cache Creek Conservancy are implementation partners in the propesed
program and will facilitate interactions with the local land owners and county governments. The
project requests $1,042,885 for a pericd covering four vears. Overall, this project will field test,
evaluate and recommend management options tor local groups intercsted in using biological
control as part of an integrated approach to managing these invasive plants, Task 1 of this
project will specifically deliver new biological control agents, implement fieid releases of
approved agents, and conduct evaluations of all biological control agents for Tarmarix spp. that
are appropriate to the Cache Creek environment. Task 2 will conduct foreign exploration for
potential biclogical control agents of glant recd (Arundo donax), 1t will provide the necessary
host specificity testing of both Tamarix and Arundo agents (both overseas and in US quarantine
facilities) and will monitor population and community leve resparises to biclogical control
implementation, and Task 3 will deliver benefit/risk assessments technologies for usc of these
agents that have been developed from a multi-agency perspective.
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Praject Description

This proposal seeks funding for the development, environmental risk assessment, testing and
eviluation of biological control' programs for salt cedar (Tamarix parviflora and T,
ramosissima) and giant reed (Anmdo donax). These invasive plant species are problemailic in the
Sacramento/ San Joaguin River Delta area and tributaries as well as in many other locations
throughout California and adjacent states. These two invasive plants (saltcedars and giant reed)
are being evaluated together as (hey often oceur in the same habitats and have been characterized
as the "Deadly Duc” (Bell 1999). Individually and in combination, they out compete native
vegelation often forming monotypic stands; they provide poor habitat for other flora and fauna;
they cause increased siltation of stream and riverbeds and alter channels in ways that eliminate
valuable fish habitats; they are excessive water consumers, they increase the likelthood of fire;
and most importantly, they alter ecosystem dynamics that further favor their growth and
development at the expensive of other native species (Bell 1997 and 1999). Together, they are
thought to be the two most serious exotic plant invaders in California riparian habitats (Bell
1999). Further information or the ecosystem impact of these invasive species can be found in
the CalFed proposals that were submitied by Team Arndo del Norte and the Cache Creek

Conservancy.

In this project, several private, state and federal groups plan to work as & team through all phases
of this effort (o belter characterize the development and use of biclogical control in & manner that
is environmentally compatible and effective in managing these invasive plants. Tn addition, this
proposal is being developed in combination and in cooperation with two other efforts 1o manage
sallcedar and giant reed. One of these activities is being headed by Team Arundo del Norle, and
as the name implies is focused on establishing a regional approach to the conirel of giant reed
throughout northern California; and the other group is headed by the Cache Creek Conservancy
which is focused on Famarix and Arundo removal in the Cache Creek drainage in Yolo County,
CA. Both teams will be putting forward CalFed proposals to implement action programs to
manage these species in specific areas while the goal of this proposal is aimed at developing
biologically-based tools, primarily classical biological cantrols, for these and other groups to use
in addition to chemical control and physical removal of these pest plants.

Although these two invasive plants will both be included in this effort from project initiation, the
associated efforts are in different stages of development. The Tamarix effort has already had
exlensive work conducted by USDA overseas labs and in US quarantine facilitics. Based on this
work, two biological control agents have been approved by the Culifernia Department of Food
and Agriculture (CDFA), the USDA-Animal and Plant Health Inspection Service { APHIS)
Technical Advisory Group and the US Fish and Wildlife Service (FWS) for environmental
release at selected sites, The Cache Creek drainage in Yol County is one of the sites that was
granted approval for agen: release in the summer of 1999 (see attached letter from FWS dated
12/28/98 {Appendix A}, DeLouch und Gould 1998). Finul regulatory approval for the field
release s expectad this spring when the National Environmental Policy Act (NEPA)
documentation is to be completed by APHIS. Since these releases have already been approved

I Biological corirol as defined in this propasal. is the use of co-evolved matural encmies {primarily insect hetbivores)
that are collected from the sites of origin of the exotic pest plant. After extensive host-speciticity testing and
regulutory approval, these agents are released ilo the environment where they are expected 1¢ establish, increase in
population size, and then impact the targer phast through their teeding activities, This is commenty alied classical
bivtogical control, an approach that has provided effective management of many exotic invasive plants throughout
the world in both a highly sustainable and economically efficicnt manner.
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by the CDFA under their biological control permiiting autherity, no further California
Environmental Quality Act (CEQA) approvals are required.

Research on Tamarix biological control will focus on experimental field release. agent
establishment, biological characterization of the agents under North American conditions, their
impact on individual Famarix plants, and the population and community level affects produced
in the local flora. A detailed prospectus has been developed by USDA (DeLoach and Gould
1998) that cutlines a three-phase operation for cage testing, open field evaluation and full
implementation of approved biological control agents in a seven state area which includes parts
of California, We are specifically proposing in this document that Cache Creek be considered as
the primary research site in the western US where the impact of these agents would be
considersd in detail on T. parviflora and the associated ecosystem. We are particularly interested
in how biclogical control of Tamarix will affect the growth, development and recovery of
willows and other nalive plant species in Cache Creek. We are also interested in the effects of
gradual Tamerix removal on the exotic invader, Arundo donay that is currently spreading
throughout the Cache Creek drainage and other adjacent areas in northern California,

It is expected thai Arundo donax may replace the Temariz thal would be removed rapidly
through physical removal while the Tamarix that is eliminated more slowly through biclogical
control may allow native species (o be reestablished more effectively through managed
revegelation processes. We are interested in the dynamics of these interactions and in
understanding how we can better control the succession of plants in this replacement process.
Due to the slow acting nature of biological controls, it is hvpethesized that native species may be
better able to compete with Arundo denax under a biological control program then if the Tamarix
were to be physically or chernically removed over a shorter time period. Current data suggests
that native species can cffectively compete with sahweedar if they become established before
Tamarix. However, saltcedar, being an aggressive early competitor often colonizes ateas prior to
willow and cottonwoods. Natural enemies may be able to alter these dynamics through
herbivory on saltcedar during early periods of colonization and thus all the native species to be
more competitive during this critical establishment period,

To further aid native plant species in competing with these exotics, we will explore developing
bialogical control methads for Arunde donax as well, The introduetion of herbivorous insect
that attack giant reed is alse expected to favor the competitive ability of desirable native species
over exotic invaders. The Arundo donax project, however, 1s still in early stages of development.
Work in this proposal will focus on identifying and testing new biological control agents from
the geographic areas of origin of this species. This will include foreign exploration and testing
of potential natural enemies using the expertise of two USDA biological control laboratories (the
European Biological Control Lat and the Sino-American Biclogical Control Lab) and
cooperators located overseas, Planned explorations will focus primarily on the Indian
subcontinent, southern China and other locations in South East Asia. Preliminary assessments
have determined that giant read natarally occurs in these areas where it is commonly found but is
not considered problematic or invasive (C. Bossard, persenal communicalion), These two
USDA Laboratories will assist in this exploration and will conduct firsi-tier host specificity
testing, once appropriate agents have been identified.

Based on the informaticn collected through biological control agent host-specificity testing, a
detailed environmental benefit/ risk assessment will be conducted. In the past, risk assessments
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have been primarily based on qualitative assessments conducted as part of the regulatory process.
In this proposal, we prepose to form a new cross-agency team between USDA-ARS, USDA-
APHIS, the USDI-EF'WS, the University of California, and several privale groups such as the Nature
Conservancy and others Lo develop and evaluate both improved qualitative and new quantitative
methods of evaluating benefits and risks of introducing biological control agents into US
ecosystems. As currently documented, Tamarix biological control presents 2 minimal
environmental hazard as no North American native plants are known from the Tamaracae. The
Nature Conservancy has stated that:

“Tamarisk is probably the most suitable of “ecclogical weeds™ for investigation
of biocontrol. Tt belongs to a family not native to North America and has only
marginal economic use. s costs, in terms of tloodplain management and water
consumption, are high, and as will be discussed below, biocontrol agents may
be available, However, the U.S, Department o Agriculture must be lobbied to
undertake the Ieng and expensive task to developing a biocontrol strategy.
Since ramarisk is not an agricultural pest, THE USDA must be specifically
encouraged to commit resources” (The Nature Conservancy, Elements of
Stewardship Abstract for Tamarix spp.. http:/tncweeds.ucdavis.edu/
esadocs/documents/tamaram, htrm).

Based on an effective lobhying campaign from many quarters, USDA took up the task of locaring
and testing Tamarix agents and thus the first tools for biglogical control of this exotic pest plant
have now been made available.

Building upon several vears of on-going USDA activities, this proposal will support 3 tasks:

- Task 1- the implementation and evaluation of Tamarix biological control in one
riparian ecosystem, Cache Creek, Yolo County, CA.

- Task 2- the development of a parallel Arnde donax biological control program
including a population level evaluations on the dynamics of these two invasive
species (Twmeorix and Arundo) in a single ecosystem, and

- Task 3- the improvement of benefit/risk assessment methods for evaluaring the actual
use of biological control agents in environmentally sensitive areas,

Implementation of this biological conirol effort and an assessment of its effectiveness on the
target pest species will be linked with detailed environmental menitoring procedures that will
further characterize both the positive and negative effects that may be exerted in the local
environment, Although no negative effects are unticipared, resent concerns about non-target
effects of biological control need to be addrassed head-on and with appropriate scientific data.

The USDA Agricultural Research Service { ARS), Exotic and Invasive Weed Research Unit has
agreed to serve as the Principal Contracting Agency and Dr. Raymond 1. Carruthers will serve as
the Principal Investigator and Projeet Coordinator. Dr. Carruthers is housed at the USDA-ARS
Western Regional Research Center that maintains the Agency’s largest and most advanced
biclogical control of weeds quarantine facility which will serve as the primary receiving and
testing site for all incoming binlogica! control agents for both Temarix and Arunde. Dr.
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Carruthers will take primary responsibility for both project coordination and for testing,
monitoring and evaluating all biclogical control agent introductions. In addition, a cross-agency
tearn including university and feders! plant ecologists, overseas binlogical control specialists,
biological control entomologists, and USDI-FWS IPM specialists will be directly involved with
the overall evaluation of all biological control agents, assessment technologies to evaluare their
impact, and benefit/ risk characterizations of all agents prior to environmental release. Dr. Tom
Dudiey of UC Berkeley will serve as the cocrdinator of plant population and community
assessments, Dr, Lloyd Wendel of USDA-APHIS will oversee all gnarantine operations and
agent redistribution, Mr. Scott Stenquist of the U'S FWS will provide input from the perspective
of a conservation agency, and Alan Kirk of the USDA-ARS European Biological Control
Laboratory will provide coordination of the foreign exploration for natural enemies of Arundo
donax in Europe and Asia.

To summarize this overview,

Task 1 of this project will specifically:

- deliver new biological control agents,

- implement field releases of approved agents, and

- conduct evaluations of all biological control agents for Tamarix spp. that are
appropriate to the Cache Creek environment.

Task 2 will:

- provide foreign exploration for potential biclogical coptrel agents of giant reed,

- it will provide the necessary host specificity testing of both Tamarix and Arundo
agents (hoth overseas and in US quarantine facilities), and

Task 3 will:

- provide benefit/risk assessments for use of these agents that have been developed
from a multi-agency perspective and

- will use this information to suppart regulatory oversight of future intreductions.

Overall, this project will field test, evaluate and recommend management eptions for those
interested in using biclogical control as part of an integrated approuch to managing these
invasive plants. Such an approach has worked extremely well for other exotic pests including
several weed species such as purple loosestrife, tansy ragwort, leafy spurge, Klamath weed and
others. This effort will be jointly funded through this Cal Fed proposal and thraugh several cost
shared prajects including funds from the USDA-ARS. USDA-APHIS, the Bureau of Land
Management, and the US Fish and Wildlife Service. This project will work directly with both
Team Arundo del Norte and the Cache Creck Conservancy to transfer new technology to local
action programs. It will also cooperate with a variety of public and private organizations in other
areas to help additional groups use this new technology at locatians both in California and in
adjacent states where these exotic species are significant pests.

We feel thart the entire set of three project tasks (Task - Tumarix biological control, Task 2 -
Arunde biclogical contrel, and Task 3- environmental benefit/ risk assessment) are important to
develop in parallel. However, [or funding purposes these three compenents could be scparated, if
necessary, and only one or more aspects of the project could be funded I inadequate resources
are available. It would be a shame, however, to implement a successful biological control
program for Tamarix only to find that Arunde quickly fills its niche rather than the desired
beneficial native plant specics.
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Eeological/ Biological Benefits

The overarching gral of this proposal is to conduct research in support of the development of an
effective biclogically-based management program for saltcedar and giant reed. The goal relates
to various ERP goals, objectives and targets as many species within the affected ecosystems ars
impacted by the environmnental changes cansed by Tamarix spp. and Arunde donax. In that
regard, this project most closely corresponds to the CalFed Ecosystems Restoration Project Goal
5: Introduced Species and the Objective: Halt the introduction of invasive aquatic and rerrestrial
plants into Central California. It also is linked with Geal 2: Ecosystem Process and Biotic
Communities: through several Objectives that help maintain water flow, and with Cbjectives in
Goal | Endangered Species: several Objectives including those that address migrarory birds,
steelhead and various salmon, pond turtles, and red-leg/ yellow-leg frogs.

It is hypothesized that biological control will help to reduce the population densities of these
invasive plant species to levels where both economic and environmental insults caused by their
presence have been eliminated or reduced to an acceptable level, Total eradication of these
damaging species (the current approach o management) is estimated (o cost well over 5100
million and probably is not even feasible due to reinvasions. Biological control offers and
alternative approach where host-specitic natural enemies reproduce, spread, and damage these
pest plants on their own. In this way they can reduce pest populations to below critical action
thresholds yielding sustainable pest management at affordable costs. The biclogical control of
purple loosestrife and other exotic weeds provide good examples of how this has been achicved
in other similar ccosystems. The three primary subgoals of this praposal include: 1) the long-
term sustained management of these two inter-related and competing invasive weed species
(saltcedar and giant reed) within a single riparian habitat using bioclogical control technelogies;
2} the integration of biological control technologies with other maethods of invasive species
management; and 3) the development and assessment of new methods to help in improved
benetit/ risk assessment for biological control programs in ecologically-sensitive areas.

Our overall hypotheses 18 that the identification and establishment of effective biological control
agents for these two plant pests will be a key factor in reducing their populations in a sustained
manner. We also hypothesize that this will allow native species to revegetate and further aid in
restoration of other attributes of this and similar ccosystems that are alfected by these exotic
species. We believe that this reduction of detrimental exotic species and the restoration of native
plant species will ald all wildlife in impacted areas, including several important fish species and
other threatened and endangered species.

To accomplish these goals, several project objectives have been developed that include a series
of specific scientific hypotheses that address a hierarchy of related questions. These hypotheses
included detailed questions on the biology and populiation dynamics of both the target plants and
the proposed natural enermies (some of which have to be addressed in the countries of origin
where the pests evolved); the interaclions of the target plant and natural enemies with the abiotic
and biotic environment that help to regulate both temporal and spatial synchronies and
population abundance; insect! host plant interactions including feeding dynamics, plant damage
impacts, and host plant growth and reproductive responses; and finally inter-plant plant
community intersctions such as competition for space, resources and other factors that affect
changes in the plant community dynamics. A detailed monitoring plan (65 pp) has been
developed by USDA (PecLoach, Gould and Carruthers, 1999, Appendix B) that outlines all
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aspects of the general release and monitoring plan for insect/ plant populalion assessment to be
conducted through this program.

Technical Feasibility and Timing

Both Tumarix and Arunde can be controlled through 4 combination of physical removal,
chemical control applications, and/ or altering discharge regimes to favor native species. These
approaches, however, are costly and are short-term in that the duration of control is largely
dependent on the regrowth and reinfestation rates within the Jocal area. To be effective over the
leng run, removal projects need to begin upstream in infested tributaries and continue down
toward and through the mainstream course. If this is not done, reinfestation in the lower reaches
of any riparian habitat quickly erases costly eradication efforts through rapid downstream
movement of vegetative fragments and in the case of Tamarix. seed. The Bureau of Land
Management cites Tamarix removal costs at just over 315,000 per acre based on several vears of
treatment (Ann Knox, personal communication). The Nature Conservancy, Team Arundo and
Team Arundo del Norte, cite similar figures for Arundo removal in both southern und Northern
California sites. Although the benefits of this removal are significant. both economic and
environmental (e.g. remaval and disposal of the cut vegetation) problems arise in attempting 1o
conduct massive removal programs,

Biological control, if suceessful, may provide a long-term and sustainable method to assist in
controlling these problems with a minimum of both economic input and collateral environmental
damage (disposal of vegetative waste and little or no non-target damage). Once initial
investments have been made in Lthe development, testing, release and redistributicn of effective
natural enemies, the biclogicul conirol agents have the potential to increase in number and spread
throughout the range of their hosts, even to areas that are practically inaccessible to human lund
managers. Their population numbers are expected to keep increasing as long as these host plants
are available for attack and like other host-specific natural enemies, when the host is depleted,
large population levels then recede to fower levels and eventuaily become in dynamic balance
with a reduced level of the host plant population. Although some generalized natural enemies
have been used in biological control programs in the past (e.g. Rhinocyilus conicus for Musk
Thistle), the regulatory oversight process and good biolegical control practices assure a very low
probability of unknown side effects from natural enemies released in this program. It is also
often difficult to locate and control small founder pepulations of such plants in remote upstream
areas that are often inaccessible. These area are problematic as they provide a source of
continual reinvasion of these aggressive plants.

The introduction of biological control agents for both Tamarix and Arunde are under direct
regulatory oversight by the CDFA, USDA-APHIS and USDI-FWS. Two agents have already
been approved by CDFA for potential introduction into California and are awaiting final
approval by APHIS through the final steps of the NEPA process. An interagency Technical
Advisory Group (TAG) of APHIS recommended that these agents be released intc the
environment. Tha US Fish and Wildlife Service has written a letter of concarmrence in December
of 1998 stating that they agreed that these agents should be released following a derailed plan
formulated by USDA-ARS and APHIS, In support of these regulatory clearances, a draft
Biological Assessment was developed (DeLeach 1997) for the FWS and a finul NEPA EA and
FONSI are under final review. Release permits are expected in May of 1999 that will allow
releases to be made in seven western states. The Cache Creek drainage of Yolo County, CA was
accepted as a release site in the FWS approval letter. Onece bath CDFA and NEPA
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documentation are complete, no olher environment regulations need to be met before

environmental releases of these agents can be conducted. CEQA requirements are all handled

through an exclusionary clause linked to CDFA approval that was granted with the original .
request to release which was made on USDA-APHIS Form-526.

No ather issues are expectad 1o limit the use of these binlogical control agents in the Cache
Creek area of California except lack of funding to implement the project. Implementation
funding for each of the 13 proposed release site across the 7 state area where Tamarix is a major
pest, are being scught jointly though both federal and local funds. Although some of the
resources are availuble to conduct Lhis program in Cache Creek {see cost share information),
additional resources are required to accelerate this program to a level where valuable tols could
be provided to local groups within a 4 year time horizon, Additionally, no funds are currently
available to support foreign exploration efforts for Arunde donax or Lo expand benefit/ risk
evaluations using new technology.

Monitoring and Data Collection Methodology

Two inseot specics, Diorhabda elongata and Trobutina mannipare have both been tentative
wpproreoyed.ond senbheingsonsicde wed fon intzoduction inta North dmerieans hiplneical.contral \
-—-agenfvol sardcewd? thokdapdawrongind s wesifih cunnddio-flab alan i@ rn W i snaitare :

climatically similar to central and northern California. Trabusing mannipara, however, can not

survive freezing conditions and thus would not be appropriate for release into the Cache Creek

arca of Yolo County. Tn the first year of release, D. elongata eggs will be transferred {rom

guarantine into release cages cstablished in the lower reaches of Cache Creek. Two proposed

field research sites have been identified, one located on Yole County Flood Control property

near the intersection of Cache Creck with Interstate 505, and the other on private land owned by

Jan Lowery near Rumsey, CA (sce atlached map, Appendix C). A proposed future site has been

sugzested farther north along the drainage near the confluence of Cache and Bear creeks,

however, this will not be used in conjunction with this proposal as additional MOUs need to be

developed between the Bureau of Land Management and USDA, Similar programs and BLM

funding have been acquired to implement a similar saltcedur biological control effort in the

Walker River area of Nevada on Tamarix ramosissima. In future years, USDA and BLM heope

to expand this zetivity 1o several additional locations, including the upper reaches of Cache and

Bear crecks.

A detailed insect release and monitoring plan has been established for Task 1 (Appendix B that
will coincide with a lureer-scale extensive cffort to release and evaluate Trmarix natural
enemies. However, a more detailed evaluation s proposed for the Cache Creek release site so
that we can better understand the mechanisms associated with biclogical contrel of this pest and
its interactions with other plant species including both beneficial species and other exotics such
as Arundn donax. This plan will be further outline in a following table. During the first season,
the newly released biclogical control agents will be monitored on a twice a week basis 1
determine their survival, developmental and reproduction rates within release cages. Population
increase and impuct on the associated target plants will also be assessed. In addition, important
non-target species that have already been tested under quarantine conditions will be placed inside
these cages and evaluared for any feeding damage under mere natural outdoor conditions. In the
second vear cf study, the cages will be removed and the monitoring will continue to assess D.
¢longata survival, development and reproduction in the open environment as well as dispersal
rates along the riparian corridor. In covperaticn with the Cache Creek Conservancy, delailed
aerial photographic dara acquired during Tamarix bloom (several years of photos already
available) will be evaluated to derermine the full extent of the existing Tumariv infestation, Both
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Intensive and extensive ground-truthing of plant population densities will be made at and around
the original release sites to provide base-line vegetation information for future comparisons with
areas where the biological control agents are released. Control sites will be maintained and
manitored in areas adjacent to the release sites until the beetles have spread into these areas. We
expect several years of comparative data before beetles spread naturally throughout the entire
riparian habitar, If appropriate to maintain uninfested control sites in a restricted area,
insecticides could be used to climinate these beetles from a small area. Detailed monitoring will
be conducted throughout the experimental area to estimate stage-specific natural enemy
population density and growth, natural enemy survival under differing abiotic and biotic
conditions, spatial dispersion, and the impact exerted on the target planr,

In addition, more detailed experimentul teats will be conducted to evaluate the plant growth and
reproduction rates associated with different densities of D, elongatg infestation. Actual
limitations on plant growth caused by beetle feeding will require conducting controlled
experiments with several different densities of beetles over a multi-year period. Several
additional biological control agents that alfect Zamarix are known and several are near
regulatory approval. 1f biologically appropriate, these agents could also be introduced into the
Cache Creck area. However, the need for additional agents will be evaluated by the entire multi-
agency team and only used if necessary, Ouwr goal is to control these exotic pest plants with the
smallest tumber of natural enemies that are possible to use, thus minimizing unneeded
introductions. However, it typically requites a complex of natural enenies to control exotic and
invasive pests rather than a single agent,

Foreign exploration and faunistic studies to determine the specific biceoenoses of Arunde donax
in its areas of origin will require extensive-survey to locate narural populations of giant reed.
Following these initial surveys, more intensive studies will then be conducted to evaluate these
sites through time to characterize the potential natural enemy fauna on cll stages and
morphelogical parts of these plants, and at different times during the growing season. This
intensive monitoring is typically conducted hy local cooperators in areas wherc the target plant is
found 10 be naturaily growing without dominating other natural vegetation in the arca. This
work will be conducted under the oversight of two ARS Foreign Biological Control Laboratories
that specialize in this line of research, the Buropean Bieological Coatol (EBCL) in Montpellier,
France, and the Sino-American Biological Cantrol Laboratory (SABCL) in Beijing, China,
EBCL will focus it initial exploration into Pakistan and India while the SABCL will explore
southern China and other parts of Southeast Asia. Giant reed is known from this entire region
which is thought to be the area of origin of Arunde denax. In addition to collecting data on the
organisms thar attack A. donay directly, local cooperators will examine other native and
introduced plant species (crops, horticulmiral plants, etc.) t help determing the ecological host
range of natural enemies that affect A. dorax, Once candidate natural enemies have been
identified in the field, they will be colenized and returned (o the laboratories in France and China
where initial host-specificity testing will be conducted under highly controlled conditions. This
Is the first controlled experimental step in the evaluation process and will include both choice
and non-choice feeding tests. Agents that show high degrees of host-specificity in these tests will
then be transferred to the USDA quarantine facility in Albany, CA. Here, they will be further
tested against members of a host-plant list that will be developed and approved by Inter-Agency
review groups such as the APHIS Techaical Advisory Groups, CDFA and the U5 FWS. As
discussed in the Project Description, expanded Benefit/ Risk Evaluations will then be conducted
to determine which agents are appropriate to release into the North American environment. This
assessment would then be used as the basis for any regulatory evaluation and permit request
from the oversight Agencies. Foreign explorations will also be conducted in cooperation wirh
other interested groups it Europe and North America that are also interested in locating natural
enemies of the pest plant (e.g. [IBC and Comell University).
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Yonitoring and Data Collection Information

Hypothesis Monitoring [ Data Evaluation Commments/ Data
Parameters { Approach Prurity

Task 1

Envircnmental Temperature, Field data loggers Necessary for nearly

Monitoring moisture {vapor with appropriate all aspects of the

pressure deficit,
rainfall, dew
formation), solar
radiation and wind
specd/ direction

instrumentation

program, high priority

Population
Development and
Reproductive Rate

Stage specific
population density
estimates

Visual, stem and
sweepnet counts in
cages and open field
sitnations

Necessary to assess
potential insect
establishment and
growth potential

Natural enemy

Spring pepulation

Emergence trapping

Mecessary o
determine successtul

establishment density estimates of spring adult
following populations establishment
overwinlering

impact on Individual
Plants

Defoliation rate on
individual test plants

Combination of

i consumplion

evaluation studies and
digital analysis of
photographic/ scanned
plant images

Will require
individually
manipulated
controlled studies 10
be conducted in
parallel with general
release assessement

Population Level
Impacts

Field [evel evaluation
of Tamarix population
level reduction in
plant size and vigor
linked with decreases
in numbers and/ or
recrultment

Marked plant
assessment of plant
growth characteristics
and an annual
assessment of aerjal

- pholographs across

the release sites

Will be combined
with general
monitoring of release
site and control site
flora.

Community Level
Impacts

Field level evaluation
of vegetation type and
cover through time
along fixed wansects
linked with direct
assessments of beetle
densities and
competition with
other plant species

Marked plant
assessment of fixad
tarnsets and an annual
assessment of aerial
photographs across
the release sites

These effects may not
be detectable in the
four year period
associated with this
grant, however, bass-
line plant data musl be

¢ collected within the

first year of this study

 for Jong-term

comparison

Task 2

Occurrence of Arundo
in Proposed Areas of
Origin

Presence of absence
surveys in habitats
expected to support

Conducted through
assessments of
hotanical records and

First step in locating
relevant populations
of the target pest and

I —0 20
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Task 2
{cont,)

giant reed

[ throngh site visits by

project personnel and
cooperatcrs, detected
population will be
genetically
characterized for
cormpatison with US
populations

important in
determining if
biotypes and or other
taxonomic differences
may exist between the
plant at it origin and
the introduced

genotype

Characterization of
Biocoenoses

Assessment of natural
encmies that occur on
the target planr in it
country of origin and
an biologically rated
plant species in the
surrounding area

Typically conducted
through visual

| monitoring, sweepnet
sampling and other

labor intensive
methods. Also highly
dependent upon
accurate taxononic
assessments,

High priority in
determining if
potential natural
enermies are available
and if they show
reasonable degrees of
host-specificity under
natural condirions.

Open-field host-
specificity testing

Target plants of
interest (both pest and
nen-pest plants)
exposed 1o natural
populations of natural
enemy under field
conditions in country
of origin

Typically conducted
through visual
maniloring, sweepnet
sampling and other
labor intensive
methods. Test plants
may also be seeded
with test insects.

High priority in
determining if
potential natural
encmijes are available
as this can be done at
relatively small costs
when compared to

| quaranting tests

No-choice host-
specificity testing

Potential benefical
agents are forced to
feed upon non-typical
heost plant or die of
starvalion, Provides
WOTSE Case SCenario on
host-specificity.

Outlines potentiul risk
by defining the
physiological host
range of the
organisms under
evaluation.

Can be done either in
the country of host
plant origin or under
quarantine conditions

US based quarantine
evaluation

Highly screened
agents are brought
into US quarantine
where they are further
tested under US
procedures and
oversight to verify
host-speciticity,

Conducted via both
choice and no-choice
feeding tests based on
a critical host plant
list developed by
outside cooperators.

Extremely important
as the regolalory
approval to release
potential natural
enemies into the
environment is based
on these data.

Task 3

Synthesis effort no
monitoring required

Task 4

Management effort no
monitoring required

Il —02006 3
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Lucal Involvement

This proposed research on the biological control of both salicedar and giant reed is being
conducted directly in cooperation with local graups or through other groups that provide direct
linkage 1o local property owners, county governments and other local groups, Specifically, we
are working with the Cache Creek Conservancy and Team Arundo del Norte. Both ol these
organizations have submitted CalFed proposals (Planning and Iinplementation Proposals) that
mention and support the funding of this Research Proposal in helping to produce new
biologiczlly-based technologies to supplement their chemical and physical removal programs,
The Cache Creek Censervancy is focused directly on the Cache Creek drainage where their
mission Is to promote the restoration, enhancement and wise management of the stream
envircnment along Cache Creek from Capay to the Seutling Basin. They assist in the
management of both private and county lands along Cache Creek and are involved in 2 number
of restoration prajects important for the furtire of this area. Both Tamarix and Arundo are the
two most invasive exotic plant species along the waterway and are one of the largest problems
that the Conservancy has in conducting restoration efforts along Cache Creek. Although they are
beginning to implement a physical removal program in the area, the cost of removing these two
species throughout the entire drainage is prohibitive and thus they face continual reinfestation.
They are interested in biological control as it may provide them with another method that they
can use 1o lower the negative impact of these specics and that hepefully will reduce the
reinvasion of these exotic species through snstained biological pressure on these plants. Dr.
Carruthers is currently scheduled to speak to the full membership of the Conservancy in May 1o
discuss the logistics of biological control for both Tamarix and giant reed,

Team Arundo del Norte works across 4 much wider area of influence in the Northernt California
area with the goal of assisting others in obtaining bath the knowledge and resources to control
Arundo dongy in many different riparian areas. They work with a variety of local groups
including property owners, various slate and local government agencies, and non-profit
environmental groups to help coordinatle the rermoval of this pest plant, In October 1966, Team
Arundo del Norte was formed as 2 way to coordinate glant reed research and control efforts in
northern California. The teain is comprised of representatives from several public agencies,
private organizations, and academia. Among the entities represented in the group are the San
Francisco Estuary [nstitute, the California Depariment of Warer Resources, the

Sonoma Ecology Center, the U.S. Environmental Protection Agency, and the California
Departmenl of Fish and Game. The tcam identified several arcas of focus including public
education efforts, the development of scientific and technieal information related to giant reed
spread and control, and the need for coordinated eftorts related 1o funding and information
exchange between various agencies and local groups. Biological control of Arunde donax was
onc of the group’s high priority areas of interest. USDA-ARS became involved with this group
in March of 1999 to assist in research on Arundo reproductive biology (D). Spencer), and
binlogical control potential (R. Carruthers).

Yolo County Flood Control is also a major cooperator on this project (see attached letter,
Appendix D).
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Cost

Task Direct | Direct Service [ Material and | Misecllaneous | Overhead | Total
Labor | Salary and | Contracts  § Acquisition | and other and Costs
Houvrs | Benefits Costs Direct Costs Indirect
Costs
Year 1
Task 1 S 61,500 $ 20,000 $30.000 S 111,600
Salicedar 2 Research Resources lu Environmental
bielagical Teachnicians UC Berkeley ta | manitering
control | condust equipment, field
vegetation cages, sampling
SUrVEYS materials,
' genets reagents,
i__ ste.
Task 2 360,000 ! $60,000
Arundo Fareign y
foreign exploraiion
explorntion resources [or
and hast- EBCL and
specificity SABCL .
lcsting !
Task 3 [ 556,400 $ 56,400
Benefiv/ 1 Fost Doctoral
Risk | Res. fsst,
Evaluation
| Task 4 jo 30 $0 $0 B $22,800 $ 22,800
Project :
Munagement
First year $ 250,800
S request
Year 2
Task 1 $ 64,064, 320,000 55000 $ 89,064
Salicedar 2 Research Resources to Miscellanzous |
hiological Technicians UC Berkeley o | Suppies and
control conduct Materials
‘ vegetation
SUrVEYs
Task 2 $60,000 $ 20,000 $ 80,000
Atundo Foraign Experimental
foreizn exploration testing ot new
cxploration rescurces for ! agenls overseas
and host- EBCL and !
speciticity SABCL
12sting i
Task 3 3 38,650 F10,000 $ 68.656
Benefit/ I Post Doctersl Economic
Risk Res. Assl. computational
Evaluation assessmant
Task 4 s0 0 50 50 50 $23,77C §2377¢ |
Project
Managertient
Second $ 261,490
yeur i
reguest

I —020065

16

|-020065



Year 3

Task 1 5 66,626 $ 20,000 5 3,000 $ 91,626
Saltcedar 2 Research Resources ta Misczllaneous
biological Technicians UC Berkeley to | Suppics and ;
conteol conguct Materials ‘

vegetation |

AITVOYS :
Task 2 | 560,000 $ 20,000 580,000
Arundo Foreign Experimental
foreign expluration testing of new
cxploration resources for agents overseas
and host- EBCL and
specificity SABCL
testing
Task 3 $aL002 $10,000 $ 71002
Benefitf 1 Post Doctaral Cconomie
Risk Res. Asst. computationul
Evaluation assessmMeEnt
Task 4 $0 0 F0 30 %0 $24,262 $ 24062
Project '
Management
Third $ 266,890
year
request
Yeard
Task 1 § 34,645 520,000 £ 5,000 53509645
Saltcedar | Research Resourees o Miscellaneous
biological Techniciun UC Berkeley to | Suppics and
contol canduct Materials

vegelation

survevs
Task 2 534,643 540,000 $ 20,0000 $114.645
Arunda 1 Rescarch Forelgn Experimenta)
forcign Techniciun exp-orition testing of new
explaration © resources for ngents OVerseas
and host- EBCL ard and
specibicity SABCL U8 quarantine
testing evaluations
Task 3 $ 63,442 $ 2.000 S 63,442
Benefiv 1 Post Docioral publication costs
Risk Res. Aasst,
Evaluation
Task 4 $0 S0 $0 $0 50 $23.973 $23973
Project
Management
Fourth $26:3,705
year
request
Grand $1.042 885
Total
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Quarterly Budget for Project Year |

| Task Oct-Dec 99 | JanMar 00 | Apr-Jun 00 | Jul-Sep 00 | Total j
| Task | $ 36600 |3 25000 [§ 25000 |§ 25000 |$111,600
Task 2 § 60,000 $ SR 0 |8 G |$ 60.000
Task 3 5 14,100 $ 14000 |% 14100 |s 12100 [$ 56400
Task 4 $ 11,070 |3 3910 [s 3910 [§ 3910 [§ 223800
Total PBI21.770 1S 43010 (8 43010 [§ 43010 1§250800

Cost Sharing(estimated based on current commitments)

| Asency Salaries Operating Resources | Total

USDDA-ARS $ 45000 % 120,000 $ 165,000
USDaA-APHIS % 25000 $ 8,000 $ 33,000

[JS FW5 $ 0 S 12,000 $ 12,000 :
UC Berkeley 16,000 & 0 § 16,000 !
EBCL and SABCL $  25.000 5 25,000 S 50,000

Total §  11Lo00 $ 163,000 $ 276,000

Citations

Bell, C. 1997. The Saltcedar Management Workshop, Procecdings from 2 Workshop, Rancho
Mirage, CA, June 1996, 61pp.

Bell, C. 1999, Arundo and saltcedar: The Deadly Due. California Exotic Pest Plant Council.
Proceedings from a Workshop, Ontario, CA, June 1998, 138pp.

Bell, G. 1993, Biology and growth habits of giant reed (Arundo donax). Arundo donax
Workshep Proceedings, Ontario, CA November 1993, pp 1-6.

DeLoach, J. 1997. Effects of Biological Control of Saltcedar on Endangered Species: A
Biological Assessmeant for the US Fish and Wildlife Service, non-published document, 535 pp.
DeLoach, J, and J. Gounld. 1998, Biological Control of exotic, invading saltcedar by the
introduction of Tamgrix-specific Conirol Insects from Eurasia, Proposal to the Endangered
Species Office of the US Fish and Wildlife Service, 59 pp.

DeLcach, I, J. Geuld and R. Carruthers. 1992, Release and Monitoring Plan for Insect Control
Agents for Biological Controt of Saltcedar, USIDA-ARS, non-published document.

Applicant Qualifications

Dr. Ravmond 1. Carruthers (Supervisory Research Ecologist, GM-15) is the Research Leader of
the Exotic and Invasive Weed Rescarch. Dr. Carruthers has a BS (1975) in Biolegy from
California Pelytechnic State University, San Luis Obispo and MS (1978)/ PhD (1981) from
Michigon State University in Entomology and Systems Ecology. He has been involved with
insect population ecology and biological control of invasive species research for over 20 years.
He served on the faculty of the Department of Entomology at Corneil University as the Field
Crops IPM Specialist before joining USDA-ARS also at Cornell University. At Cornell, Dr.
Carruthers studied the impacts of phytophagous insects on crop plants such as corn, alfalfa and
small grains. He also conducted research on the use of fungal pathogens to control several
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different insect pests that attacked these crops. While working for USDA at Cornell, Dr.

Carruthers was stationed in Boyce Thompson Institate for Plant Research where he focused his

research on understanding nalural discase epizootiology and related this understanding to the use

of pathogens as manipulated biclogical control agents for insect pests such as rangeland
grasshoppers, gypsy moths, leafhoppers, and whiteflies. He served USDA-ARS as a Research

Leader in Weslaco, TX working on the biological control of Bemisia spp. and most recently as

the National Program Leader for Biological Control in Washington DC. Dr. Carruthers has

reccived several citations of merit from USDA-ARS and the Entomological Scciety of America.

He is the author of 130+ publications on insect biology, insect pest managemenl, biologicul

control and other related topics.

Recent relevant publications:

Carruthers, R, 1., T. 8. Larkin, H. Firstencel and Z. Feng. 1992. Influence of thermal ecology on
the mycosis of a rangeland grusshopper. Ecology 73: 190-204.

Carruthers, R. L and J. A. Qusager. 1993, Perspectives on the use of cxatic natural enemies for
biologiczl control of pest grasshoppers. Environ. Entomal. 22: 885-903,

Hajek. A.E., T. 5. Larkin, R. [. Carruthers and R. S. Soper. 1993 Modeling the dynamics of
Entomaphaga maimaiga epizootics in gypsy moth populations. Environ. Entomel. 22: 1172-
1187,

Lacey. L. A, J. J. Fransen and R. . Carruthers. 1995. Global distribution of naturally occurring
fungt of Bemista, their biologies and use as biological control agents. pp. 401-433 in, Gerling
and Mayer (Eds.), Bemisia, Andover Press. 702pp.

Larkin, T. 5., A. W, Sweeney and R. I Carruthers. 1995, Simulalion of the dynamics of a
micresporidian pathogen of mosquitoes. Ecol. Medelling, 77: 143-165.

Legaspi, B. C., R. I. Carruthers, and J, A. Morales. 1996, Functional response as a compponent of
dynamic simulation models in biological control: the Catolaccus-boll weevil system. Ecol.
Modclling 89: 43-37,

Curruthers, R. I, and J. K. Petroff. 1997, Proceedings of the invitational workshop on USDA
activitics in biciogical control, USDA-ARS. 1691-01, 109pp.

Carruthers, R. I, M. E. Ramaos, T. §. Larkin, D. L. Hostetter and R. 8. Soper. 1997. The
Entomophaga grylli species complex: its biology, ecology, and use for biological control of
pest grasshoppers. Mem. Entomel. Sec. Canada 171: 329-353.

Legaspi, B. C., R. [ Carruthers, and T, $. Larkin. 1997, New graphical modeling environments;
time to reconsider simulation modeling? Amer. Entomol. 43; 105-116.

Wraight, $. P.and R. L Cartuthers. 1998, Production, delivery, and use of myeoinsecticides for
control of insect pests of ficld crops, pp 233-269, in Hall and Menn (Eds.), Methods in
Biotechrology, Vol. 5, Blopesticides, Humana Press.

Wraight, §. P, R. L. Carruthers, C. A. Bradley, 8, T. Jaronski, L. A, Lacey, P. Wood, and S.
Galaini-Wraight. 1998. Pathogenicity of the entomopathogenic fungi Paecifomyces spp. and
Beanveriy bussiona against the silverleal whitefly, Bemisia agrentifolii. 1 Inverte. Pathol. 71:
217-226,

DelFosse, E. §. and R. L. Carruthers. 1999. Roles of the USDA-ARS Foreign Biological Control
Laboratories, Proceedings of the Microbial Biological Control Weorkshop. Feb. 1999, Orlando,
FL (in press).

Wraight, S. P., R. L. Carruthers, S. T. Juronski, C. A, Bradley, C. J. Garza, and S, Galaini-
Wraight. 1999, Evaluations of the entomopathogenic fungi Beauveria bassiana and
Paecilomyces fisnoscroseus for microbial control of the silverleaf whitelly, Bemisia
argentigolii. Biological Control. {in press).
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United States Department of the Interior 5

FISH AND WILLLIFE SERVICE .
Washingien, D.C. 0240 NRAE N

In Repry Refx To
FWS/TE
DEC 28 K58

Dr. Corl Bangch
Deputy Director
Exnvirotmereal Anabysis and Documentation

Policy and Program Development/ APHIS
4700 River Raad

Riverdale, Maryland 26737
Drear D, Bausch:

This responds b your request of Decemsber 9, 1998, for our ravisw and eoncuirence With

D, Jack Deloach’s proposed experimenttal telease of hiclogical contrnl agenta on galicedsr of
Amgust 28, 1998 Seltcedar infestations have significamly diminished fieh and wildlif2 hahitat
ecological value in the Western United States, particulurty riparinn ecagystems. The Fish and
Wildlife Service is supportve of the utilimtion of approprints wchnigues to desl with this non-
native invasive species. Biclogical control ia ome technique that when developed and utifized with
APpropriste sefegudrds can sud hay ia some insences provided 2 vishle cost sffective and effcient
weisd conirol.

We bave reviewed your propossl 10 releass 2 inserrs (euf beetle (Dinriszhdn elongmia) and
menalybog { Trabuting momiparayy on 13 sites in the Western United States to determina the
effectiveness of these inzects m controlling saltcadsr and measire the respansc fiom Dative
ripatian vegelation after release from saltcedar ecroachment. ¥our proposal coptains a mumher
of yafegumrds that will ensure adequste development of sefficient data o mulee 3 determination on
the larger-gcale {entire saltoedar range) in the fifnra and ministize ary potential impacts fom this
experimetal releimse.on the endangered southwedorn willow fiycatcher (Fopidena irallid
SxFMS), Mcusnesmﬂasdetmedmmtomgeﬂhempaﬁscfhmmnnﬂhm s well
as an native vegetation, geographical isolation of rebease sites, and distance from any fiycatchers
oceupying sshtcedar stands (3 Jeast 200 miles) wars incorporated into your propagal.

Fhe Service hag consderad all of the avaiishle imfbrmarion regarding the hoet wperificity of these
w0 segts, the potcntial mpacts to the Jycatcher, and the monitoring protocols melnded in your
propoxal and wﬂmmﬁm@ﬂmmwwmﬂm
sfversely sffiect the southwestern willow fivcatcher,

Wemmmﬁm&meﬁbmwmt&esmummd
recommandaticas in the development of thiz propozsl and we loak forward o contiue warking
with you in the development of the large-seale biological control program on saltcedar. The
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Ty, Corl Hansch 2

potential for the ultimats recovery of not only the fiyeatcher, but of our western riparian
eﬂwynmvﬁﬂdepmdmgm:ﬁpmmnmmnﬂmddﬁnmwmdmwm&eﬁm
the roeatabhshment. of assive viparizn species. 1f you hawe any questions pleass feel to contace
the Iivision of Endangered Species {Attention: B. LaVerne Smith or Jim Kruus 703/358-2171),

Sineerely,
GERRY . . ...

ASSISTANT DRECTOR

col  3012-MB-FWEDrectorste: RF
3242-MIB-FWS/AES RF (2)
452-ARLSQ-FWS/TE (L.Smith)
452-ARLSQ-FWS/TE (IKrans)
453-ARLSQFWEE RE ( PIEFF-e353)
FWS/TE: T rus/cgl | 2/14/98:703-358-2106 S D TEBROAGENCIESAPHISDELCACHLTR
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4700 Fivar Roed
Thvaceioie, WY 20737

BT03 338 r17as BIY GBS
USDA-APALS-PPN-BAT

USDA
=

Dacember 02, 1553

. E. LaVerne Smith

Chief, Divizion of Endengered Species
Fish and $rldfide Sapvice

4401 Nocth Falrfax Drive

Artingion, Vieghls 22203

Dot Ms. Smith:

Thr Animal end Plwnt Hodtth barpection Service {(APHIS), om behalf of 2
applicsat Dir. . Jock Delosch fiom the Agricultare Research Service, is
foquesting the cinctirebes: of the Fish sod Wildlife Sarvics on the rovised
sxlteedar proposa! sebvaitted 0o August 28, 1998,

The proposal is 10 relesse a leaf beetle, Diorhalid alongoges, a0 » meabying,

Trubusian mevodpora, o 13 sites da the westom United States to reduce the
ebadanes of xitcedat, Tavgrir romesityima.

APHIS approciates you cooporaiivn in this 1aatter, 1f yoo have any questions,
plesse give me » ol m301.734-B555,

Sincowsiy,

O

Dty Drinector
Policy and Program Dxvelopment

.

“.‘ APt - Demamidg Amarcan agmites
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ReoeenvDix B

RELEASE AND MONITORING PLAN FOR INSECT CONTROL AGENTS:
The leafbectle, Diorlabda efongata, and the mealybug, Trabutina mannipara,
for Biological Control of Saltcedar

(Research at 13 Approved Sites During 3 Years)

By:

C. Jack DeLoach?, Juli R. Gould® and Ramond 1. Carruthers®

Reviewed by Insect Monitoring Sub-Committee

Saltcedar Biological Control Consortium

7 April 1999

~Research Entomologist, Grassland, Soil and Water Research Laboratory, USDA-Agricultural
Research Service, 808 E. Blackland Road, Temple, TX 76502

YSupervisory Entomologist, Phoenix Plant Protection Center, USDA, APHIS, PPQ,
4125 E. Broadway Road, Phoenix, AZ 85040

“Research Leader, Exotic and Invasive Weed Research, Western Regional Research Center,
USDA, ARS, 800 Buchanan St., Albany, CA 94710
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a. Diorhabda cages

b. Trabutina cages

c. Leafthoppers and spidets
12,  Number of cages per site

13.  Size and number of plants in cages
14,  Location of cage

SO RNAL A LN~

[l =1

IV.  Release and Monitoring of Diorhabda elongata in Field Cages (Year 1)

A,

B.

Objectives

Method of Releasing Diorhabda Inside the Field Cages

1. Releasing Diorhabda in sleeve bags inside the big cages
a. Releasing egps
b. Mark branches for feeding measurements
c. Releasing larvae or adults
2. Releasing Diorhabda free inside the big cage
sra. Releasing eggs
b. Marking the branch
c. Releasing larvae or adults

Monitoring Diorhabda Inside the Field Cages

1. Monitoring schedule
2. Monitoring inside the sleeve-bags
a. Survival, development, net reproduction rate, Jength of

generation, behavior
(1 Egg survival
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(2)  Larval survival and development 29

{(3)  Pupal survival 29

{4)  Adult survival, oviposition, age-specific fecundity 29

(5)  Monitoring 2nd and subsequent generations 30

b. Other insects and spiders 30

C. Measure feeding on saltcedar 31

ER Monitoring inside big cages (but outside the sleeve-bags) 32

a. Larval survival, development and dispersal {1st generation) 32

b. Papulation increase of all stages of Dierhabda 32

c. Measure preference for different parts of the plant 33

d. Document pupation 34

e. Document overwintering 4

f. Quantify feeding damage to saltcedar 35

(13  Takesamples . 35

(2)  Measure dry weight 35

(3)  Visually estimate “damage categories™ 33

: (4)  Leafarea meter 35

g. Estimate population of other arthropods k[

(1) ' Visually examine the plants in the cage 36

(2)  Shake 50 cm-long terminals into a sweep net 36

h. Record damage to non-target plants inside the big cage 37

V. Release and Monitoring of Trabuting in Field Cages 38
A Objectives a8
B. Methods of releasing Tradutina in field cages 39
1. Release in sleeve-bags 39

a. Releasing egg sacs 39

b. Releasing crawlers 40

2. Releasing free (not in sleeve-bags) inside the big cage 40

C. Monitoring Traburina in field cages. 40
1. Schedule of monitoring 40

2 Monitoring inside the sleeve-bags 41

a. Development: crawlers 10 epg sacs 41

b. Generation time, reproduction rate 42

c. Other arthropods in the sleeve-bags 42

d. Transfers after first generation a2

3. Monitoring in big cages (but cutside the sleeve-bags) 43

a. Survival, dispersal and development of nymphs 43

b. Preference for different parts of the plant 44

c. Overwintering 44
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Mutualism between Trabuting and ants

Quantify damage caused to saltcedar by Trabutina
Estimate populations of other arthropeds in the cage
Record damage to non-target plants inside the big cage

m e o

Monitoring in Nature of Dispersal, Populations and Behavior of Liberated

Control Insects in Nature
A, Objectives
1. Determine establishment
2. Quantify reproduction, development, mortality and population
increase
3. Describe behavior
4, Determine the seasonal cycle, number of generations,

« overwintering
5. Quantify distance of dispersal

Method of Liberation

1. Diorhabda elongata (leaf beetle)
a Transfer 1o uncaged trees
b. Transfer to another big cage
c. Remove first cage
d. Stage to transfer

2. Trabuting mannipara (mealybug)
a. Transfer to uncaged trees
b. Transfer to another big cage
c. Remove first cage
d. Stage to transfer

Schedule of Monitoring Control Insect Dispersal and Population
Increase

Sampling of Control Insects Placed in Sleeve-bags on Plants in Nature
1. The leaf beetle, Diorhabda ciongata
2. The mealybug, Trabutina mannipara

Sampling Liberated, Uncaged Control Insects in Nature
1. The leaf beetle, Diorhabda elongata

a Visual examination
b. Sweep-net sampling
<. Exarnination of plant terminals
&
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2. The mealybug, Trabutina mannipara 54

VI. Monitoring Effects on Vegetation 55
A, Damage to Saltcedar in Nature 55

1. Direct measurement of foliage consumed and killed 55

2. Visual assignment to damage categories 55

3. Dicback of branches 56

4. Reduction in density and size of living trees 56

5. Remote sensing 56

B. Damage to Non-target Vegetation in Nature 57

1. ‘Visual examination 57

VIII. Climate and Physical Environment Monitoring 57
A Temperature and Humidity 58

B. Precipitation 58

C. Soil Type 59

D. Salinity: Soil and Groundwater 59

E. Depth to Groundwater 59

IX.  Plan for Suppression or Elimination of Control Insects if Effects are Detrimental 59

A Criteria for Declaring Effects to be Detrimental 60
B. Action 1o be Taken 60
APPENDIX A. Photographs and sketches 62-65
-
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RELEASE AND MONITORING PLAN FOR INSECT CONTROL AGENTS:
The leatbeetle, Diorkabdz elongota, and the mealybug, Trabutina mannipara,
for Biological Control of Saltcedar'?

(Research at 13 Approved Sites During 3 Years)

1. LIFE CYCLE AND BEHAVIOR OF THE CONTROL INSECTS
A. The leafbeetle, Diorhabda elongata, from western China and eastern Kazakhstan.
1. Biology and behavior. Both larvae and adults feed on the foliage of saltcedar, their only
known host plant (see Figure 1, Appendix A). Larvae have 3 instars. Mature third instars crawl
down or fall ﬁ‘omr the plant and pupate under or within litter on the soil surface or sometimes ¥
to 1 inch deep in loose soil, or in cracks in the soil. The pupae are bright yellow. Pupae may
drown if submerged for very long afer rains or high water from streams or lakes. Some papers
from Asia indicate that the adults overwinter and others report that large larvae overwinter. This
beetle is the most consistently corunon and most damaging natural enemy of Tamarix across
Asia, and both adults and larvae may completely defoliate the plant. However, high populations
and heavy damage are very sporadic in Asia, reminiscent of insects that are only rarely able to
escape their own natural enemies. If not attacked by North American parasitoids or predators,
we expect widespread and continuous heavy feeding on Tamarix. Host range testing at Temple,
TX revealed that survival and damage was much lower on Tamarix from some locations than
1See Monitoring Plan Qutline prepared by Juli Gould, Appendix of 28 August 98 “Proposal” to
U.S. Fish and Wildlife Service.

2 Information from rearing in outdoor cages at Pueblo, CO was provided by Debra Eberts,
USDI-Bureau of Reclamation, Denver, CO.
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from other locations. The released insects may behave similarly, with the insect being more

effective in some areas of the U.S. than in other areas. Climate and other factors also may affect

establishment and the amount of control in different areas.

2. Life cycle. The entire life cycle in the laboratory at Temple, TX, at a constant temperature of

ca. 25°C, required an average 41 days. Generation time outdoors in midsummer required only

20 days. Duration of the different stages was:

Duration Head Capsule
Stage (Days) Width (mm) Notes
(%£3D) {n) (range)
Egg Ca. 7-10 Tan, globular; single or in
masses of 2-20 on leaves
1% Instar Larvae 4.9x1.0(52) 0.49+0.03(13) Ca. Imm long and yellow at
(4-8) (0.45-0.53) hatching, tuming black
2" Instar Larvae 4.8+1.0{39) 0.6810.04(58)  Gray-black with two indistinct
{3-1) (0.58+0.75) yellow lateral stripes
3™ Instar Larvae 7.441.7(28) 1.01£0.05(50)  Gray-black with two distinct
(3-11) (0.88-1.10) longitudinal yellow stripes on
sides of abdomen, reach ca. 8
mm in length
Prepupa 4.821.5(18) Drop to ground, may burrow;
(3-8} adopt C-shaped position
Pupa 7.120.8(13) Yellow
(3-8)
Adult pre-oviposition ca.3tod
Entire Life Cycle ca, 41
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3. Seasonal cycle. Eggs placed in field cages at Temple, TX, on 29 May preduced subsequent
generations of adults on 22 June, 10 July, 30 July, and 2 September, for a total of 4 generations
during the year. Those placed in cages at Pueblo, CO on 25 June 1997 and 30 May [998
produced 2 generations a year. One more generation may develop when adults emerge at their
natural time, instead of developing from egg shipments later in the season, At Ashghabat,

Turkmenistan, overwintering adults emerged in late April.

4, Critical stages in life and seasonal eyele. The experience of biocontrel workers indicates
that leafbeetles or mealybugs usually transfer readily from one plant to another and establish
readily on plants in cages or in the field. However, our experience with these species indicates
that establishment may be difficult and may require careful attention to discover interfering
factors and 1o overcome them. Observations by both our overseas cooperators and by us in
quarantine at Temple indicate several stages in the life and seasonal cycle where special attention

and special techniques may be required to obtain establishment,

a. Oviposition in captivity. The numbers of eggs laid has varied preatly between

shipments received from both China and Kazakhstan, for reasons not well understood. This can
affect the number of'eggs available for release. Sometimes, adults collected from the field in
China oviposited well during the 2-4 days before being packaged and hand-carried to the U.S.,
then oviposition declined drastically after receipt into quarantine at Temple. However, in other

shipments, the adults oviposited well for several weeks, especially when verv young adults were

shipped. In 1998, adults in field cages at Pueblo, CO oviposited well for several weeks.
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b. Neonate larvae. Establishrent and the beginning of feeding by neonate 1st instar
| larvae on the plant was a serious problem in quarantine when egg masses were allowed to hatch
on potted plants in cages. Establishment seemed much bet_ter in small nylon bags over a branch
or when hand-fed in vials. Larvae in outdoor cages seemied to establish more readily than those
. in quarantine. In 1997 at Pueblo, 65% of the eggs produced larvae 1hat established on the
foliage. Eggs that are pulled loose from the bag ar foliage on which they were laid have a low

survival rate.

¢. Pupation. In nature in Kazakhstan, we found numerous pupac on the soil surface
underneath litter under infested saltcedar plants. These probably would drown if floaded.

Chinese workers are able to control Diorfabda by flooding infested areas during the winter.

Rearing methods for pupae in the [aboratory has not been perfected. However, if this is needed

at some time during the program, the following may serve as a guide.

Large larvae collected near Urumgi, China in 1993 pupated well in plastic boxes in the lab at
Beijing. Full grown larvae were placed with foliage in plastic boxes over saltcedar litter ca 1 cm
deep, spread over slightly moist soil ca 2 cm deep. Some larvae pupated in the litter, some at the
litter-soil interface, and some in the loose soil. Most larvae formed loose cells in the litter and
soil that could be picked out or scparated by sifting. However, after being hand carried ta
Temple, very few of those pupae produced healthy adults. We speculate that pupae so produced

would produce normal adults if the pupae remained completely undisturbed where they formed

.
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their cells. Full-grown larvae eventually will pupate on filter paper in petri dishes or in nylon
bags on the plants but those rarely produce healthy adults if they are disturbed or pulled loose

from nylon bags if they pupate there.

The best method known s0 far for producing healthy adults from large larvae in the field cages
may be to remove the bags and let the larvac pupate where they like. However, research by
Debra Eberts in field cages at Pueblo, CO indicated that pupae produced in nylon bags survived
well and produced normal adults if they were not disturbed. Probably, the soil under the cages
should be covered with 1-2 inches of litter from under other saltcedar trees if sufficient litter is

not already present, or with 3-4 inches of wheat straw, etc.

d. Qverwintering. The overwintering stage is not known with certainty. Different
reporis from China mention either pupae or adults as overwintering. Maybe both stages may
overwinter or maybe it varies in different areas. Probably, the addition of litter from under
saltcedar trees or other litter or straw into the cages and maintaining natural moisture levels, may
enthance overwintering. We have not yet obtained overwintering in our field cages in the U.S.
B. The Mealybug, }'rabutifza mannipara.

1. Biology and behavior. Mealybugs, in the order Homoptera, have incomplete
metamorphosis, where development occurs from the egp stage, through several nymphal stages,
to the adult stage. The nymphs resemble the adulis except for being smaller; only the adult

males have wings (see Figure 2, Appendix A).
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Stages of the manna mealybug, Trabutina mannipara (ca. 25°C)%/

Entire life cycle: Ca.
12 weeks

Winged Adult &

height and diam.;
adult ¢ 1.2-5.3x
0.9-3.6

L0-1.2% 03

Stage Duration Length x Width
{mm) Notes

Esg Ca, 7-11days 046x0.175 Owal and light yellow-cream, found
only inside the ovisacs

1* Instar-Active crawlers  Ca. 1 week 0.5x02-03 Pink to white, dorso-ventrally
flattened; highly motile; generally
scttles among bracts at ends of
branches; survive 1-2 days wfo
food

2™ Instar-Settled crawlers, Ca. | week 0.7-1.1 x 0.4-0.6 Settled into feeding, motility

w/o white wax reduced

2™ (o 37 Instar nymphs - °  Ca. 5 weeks 3rds: 1.1-1.5x Nymphs appear to be non-motile; a

covered with cottony wax 0.8-1.0 (8); 0.9- small droplet of honeydew often

filaments 1.0 x04-05 (& occurs exterior to cottony filaments

prepupa)

Small to Medium £ Ca. 3 weeks Ovisac 1-3mmin 2 hidden in ovisac; some eggs may

Ovisacs height and diam.  be found in medium ovisacs

Mature ¢ Ovisac Ca. 2 weeks Ovisac 3-4 mmin  New generation crawlers seen ca. 2

weeks after mature ovisacs, orat 12
weeks from start of development of
parent females; large ovisacs
averaged 300 eggs each, witha
maximum of 785 eggs; females
removed from ovisacs lay up to 25
eggs per day;  rotund, pink to
blue-gray

Emerge from 4th instar & “pupa”,
greenish, w/3 long caudal filaments

£/Data from observations in quarantine at Temple, TX. See Danzig, E.M., and D.R. Miller (1996). A
systematic revision of the genus Traburina (Homoptera: Coccoidea: Pseudococcidze). Tsrael Journal of
Entomology 30:7-46 for the published description and more information on the different instars,
distribution, host range and other species of the genus.
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Trabutina mannipara was redescribed and all stages were illustrated by Danzig and Miller
(1996}. The species has three nymphal instars. The first-instar nymphs (called “crawlers”) crawl
tapidly over the plant. Mealybugs damage the planis by sucking out the sap and sometimes also
by injecting chemicals into the plant that alter the plant metabolism or kill plant tissue. Several
of these groups are either without males entirely, or without males during several all-female

generations during part of the year,

Trabutina mannipara is different from most other mealybugs in that the young females secrete a
tough, waxy egg sac that encloses her as it grows; when it is complete, she lays her eggs inside
the sac. The eggs hatch and after several hours the first-instar nymphs emerge from an orifice in
the end of the egg sac and crawl over the plant foliage and to other saltcedar plants. The method
of dispersal is not known, but in some mealybug species the first-instar nymphs are wind-blown.
The second-instar nymphs have shorter legs, move only short distances, and begin to “settle™ on
the plant foliage, and begin to secrete white, waxy filaments. The third-instar nymphs remain
fixed in their “settled” location and produce large amounts of wax filaments that cover their body
giving them their white, waxy mealybug appearance. These colonies of nymphs can become
very dense, completely covering the plant terminals; they killed several of our potted test plants

in the quarantine studies at Temple. With T, mannipara, the females are wingless.

Males of the species were unknown to science until found flying around plants in quarantine at

Temple during our tests. They are greenish, winged, with 3 leng caudal filaments.

;iﬁiﬁ
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2. Life cycle. The complete life cycle of 7. manripara required about 12 weeks in our

quarantine greenhouse studies. The duration of the various stages has not yet been measured.

3, Seasonal eycle. We expect 7. mannipara to produce about 2 to 3 generations a year in the

_ ficld. In Israel, Prof. Dan Gerling stated that egg sacs with dead females are found in the field
after October. The new generation starts to appear in January as scale-like spots on young
branches. They are more apparent during February and reach maturity in April or May.
Therefore, they apparently overwinter as crawlers or young 2nd-instar nymphs. In Israel mature
egg sacs can be collected during the last week in May. These produced crawlers in quarantine at
Temple on 25 May. The next generation of crawlers was produced on 23 August (59 days)and a
second generation of crawlers on 22 Nov (91 days), for a total of 3 generations a year in the

warmest climates.

4, Critieal stages in the life-seasonal history. In our experience to date, laboratory rearing of
these insects has been difficult during certain stages. Rearing in the field also may be difficult

during these stages and may require careful attention to be successful,

a. Neonate gy, mphs. Transferring first-instar nymphs to other plants has proven to be
very difficult in the laboratory, a procedure that was expected to be very easy. In Israel, the
technician worked all one summer atlempting to transfer nymphs by allowing them to emerge
from the egg sacs into a vial, then inserting the vial over a branchlet of growing Tamarix, but was

never successful. At Temple, we allowed the crawlers to emerge from the egg sacs onto a square

il
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of black paper so they could be counted, then we placed the paper on potied saltcedar plants;
howevef, of several hundred eggs, only a few established. In both Isragl and Temple, when egg
sacs with eggs inside were tied to branches of living saltcedar plants the crawlers established
relatively easily. A second gensration was then produced on the same plants without further

manipulation,

b. Tending by ants. In Israel, 7. mannipara is heavily tended by the weaver ant,
Polyrhachis simplex. These ants construct a “tube” of loosely woven litter from the flowers etc.
around the twigs on which the egg sacs are attached; I have never observed the egg sacs in nature
in Israel that were not covered by the trash tubes. I did not observe nymph infestations and don’t
know if they also are covered. In quarantine at Temple, development through the entire life

cycle took place with no ants present.

The need for ants in the field in the U.S., whether native ants will tend them, and the
consequences of whether they are tendered or not (or in what manner) are questions that should
be carefully cbserved in these ficld releases. Predaceous ants (fire ants in southern Texas) and
other predators may severely reduce or eliminate T. mannipara if they are not tended by ants.

They do produce honeydew, which should attract some types of tending ants,
II. SOURCE OF INSECTS

A. Diorhabda elongata Leaf beetles.

1. Qverseas source. Diorhabda elongata are obtained from two locations in Asia: 1} western
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China in Xinjiang province, at several locations between Turpan and Urumgi and from a location
north of Urumgi near Fukang, 2} southeastern Kazakhstan, from sites northeast of Almaty.
These insects are shipped (or hand camried) to the ARS quarantine facility at Temple, TX or

Albany, CA.

2. Production of clean cultures. “Clean” cultures are produced in quarantine that are free of
parasitoids, pathogens or other living organisms. Eggs from the adults received are free of
parasitoids. Surface-borne pathogens are eliminated by surface sterilization with chlarine bleach

or other similar disinfe¢tant.

Internal pathogens are eliminated by saving the eggs, then examining the females thar laid them;
if the fernales are pathogen-free, the epps may be released or used to produce larvae, or adults of
the next generation that may be released. Eggs, larvae or aduits are suitable for field release.
Pupae appear difficult to culture and probably would not survive if released. Clean cultures also
may be maintained in outdoor nursery cages if authorized by APHIS-PPQ). Clean cultures from
these outdoor nursery cages also may be used for release at the various field sites. However,
subsamples from the outdoor nursery cages should be examined for local parasitoids and

pathogens and only shipped to other sites if shown to be free of these.

Insects for release should be either hand carried or shipped overnight. Shipping should be in
double-walled containers (as specified by USDA-APHIS-PPQ), with fresh food inside. Copies

of proper release permits from APHIS-PPQ and Form AD-942 should be included with each

T
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container. The receiver should complete the form and return a copy to the facility that made the
shipment. Proper permits must be obtained from the Department of Agriculture in each state

before releasing in that state.

B. Trabutina mannipara Mealybugs.
1. Overseas source. Trabutina mannipara are obtained from beside the Dead Sea in [srael,
mostly from Tamarix jordanis or T. nilotica. Egg sacs of these mealybugs are shipped to the

quarantine facility at Temple, TX.

2. Production of clean cultures. “Clean™ cultures are produced in quarantine that are free of
insect parasitoids, pathogens, predators or other living crganisms. The egg sacs received from
overseas may be infested with predaceous larvae of a drosophilid fly but none of them attack
first-instar nymphs; therefore, emerging nymphs will immediately be separated from the egg-sac

cultures, and can be used to start clean colonies.

At present, the neonate nymphs {crawlers) appear difficult to transfer from one plant to another,
and later instar nymphs are largely immobile, Therefore, clean colonies will be maintained in the
greenhouse until egg‘sacs with eggs of the next generation are produced. These egg sacs will be
hand carried or shipped ovemight to personnel at the release sites. Shipping should be in double-
walled containers (as specified by USDA-APHIS-PPQ) with proper release permits and

completed AD-942. The receiver should complete the form and return a copy to the facility

making the shipments,

Ty
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Outdoor, caged nurseries of clean cultures have not been produced and to date have not been
authorized by APHIS-PPQ. If authorized in the future, insects from such cultures also could be

used to establish colonies at the various release sites.

III. RELEASE SITES AND RELEASE CAGES
A. Criteria for Selection of Release Sites.
The criteria were listed in the “Proposal” to Fish and Wildlife Service of 28 August 1998, as

follows:

1. Site isolation. A distance of at least 200 miles from the nearest location where the sw-WIFL
is nesting in saltcedar, and isolated from such areas by ecolegical barriers (desert or mountain

ranges) with no connecting strips of saltcedar along which the control insects can migrate.V

Vwhen the “Research Proposal” was submitted on 28 August 1998, all proposed sites were
further than the 200 mile limit, the nearest area to the New Mexico site being on the lower San
Pedro River, AZ. However, recent surveys by the NM Natural Heritage Program in the San
Marcial area just north of Elephant Butte Reservoir on the Rio Grande, NM revealed 4 of the 7
nests of the sw-WIFL to be in saltcedar, and 3 in willow. The three New Mexico sites now are
less than 200 miles - Bosque del Apache only ca. 20 miles, Holloman AFB ca. 65 miles, and
Artesia ca. 165 miles. The Bosque del Apache site has been given up because of being too near
to the sw-WIFL. Hopefully, Holloman and especially Artesia will be retained but these issues
have not yet been resolved. Both are isolated from the San Marcial area by deserts, mountain
ranges, and both are downwind, all factors making dispersal to San Marcial highly unlikely.
Also, the value of saltcedars to sw-WIFL nesting at San Marcial is uncertain. Apparently, beth
willows and saltcedar occur in dense stands, the sw-WIFL is nesting in both, and nests only in
willows in other areas of the middle Rio Grande, including probably also at the Bosque del
Apache (some territories found in willows). 1t would appear likely (although unproven) that the
sw-WIFL would nest readily in willows al San Marcial 1f the saltcedar were controlled, with no
reduction in total nesting.

s
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2. Sufficient saltcedar. Stands sufficiently dense and extensive that the control insect

populations can increase to large numbers and that dispersal can be monitored meaningfully

3. Soil conditians. The leafbaetle, D. elongata, probably requires well drained areas. It pupates
on the ground under litter and may drown if submerged for more than several hours. The
mealybug spends its entire life ¢ycle on the plant, so soil conditions are assumed to be

unimportant,

4. Presence of native vegetation. A major objective of the research releases is to determine the
degree of natural revegetation of saltcedar infested sites by native plants, especially by
cottonwoods and willows, that occurs following biological control. Therefore, the release sites
preferably should contain sufficient remnants of those native trees to provide a seed source so

that natural revegetation can occeur.

5. Climate. Release sites in different climatic areas are needed to determine the climatic range
in which the contro! insects can be expected to establish and increase. 0ld World distribution
indicates that the leafbeetle D. elongata will be effective from northern Texas or New Mexico to
as far north as saltcedar grows, but may not be so effective in the more southern areas. The
mealybug 7. mannipara is expected to be most effective in the hottest, most southern areas and

may not be sufficiently cold tolerant to survive in the northern areas.
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6. Protection. Sites should be located in areas where the released control insects will not be
destroyed by insecticides, fire, herbicidal or mechanical treatments that destroy their food supply,
or by vandalism. A written agreement will be obtained from the land owner - manager that he
will not intenticnally apply insecticides, herbicides, mechanical controls, fire, or other harmful
procedures to the vegetation in the release area. A standard form will be prepared by the
Saltcedar Consortium (?) for this purpose. The cages should be protected from livestock and
wildlife (see Figure 3, Appendix A). The larger area within the boundaries of the release s-ite
should have at least some areas where the native vegetation is protected from overgrazing or
browsing by livestock or wildlife so that the return of native vegetation can occur and can be
documented. Cages should be located so they are not visible from public roads or areas
commonly utilized by the public. The specific location of the cages should not be made
available to the general public. This is to prevent unscrupulous dealers from collecting and
selling the control agents, to prevent opponents of biological control from destraying the site, or
to prevent those wanting control from collecting the control insects and releasing them on their
own lands. All of these actions would destroy the site and prevent obtaining the data needed to
obtain authorization for further distribution of the control insects or for understanding their

control potential and effects in the ecosystem.
7. Accessibility, The release sites require intensive monitoring for at least 2 or 3 years and less

intensive monitoring for a longer period. The sites should be reasonably accessible so that

monitoring personnel do not have to walk long distances to reach the sites.
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B. Location of Release Sites.

16

Locations of the 13 release sites, and the insects to be released at each site, are as follows:

Location
Laredo, TX (Rio Grande)
Seymoure, TX (Wichita River)
Big Bend National Park, TX

Artesia-Bitter Lake NWR, NM
(Pecos River)

Holloman AFB, NM (Tularosa Basin)
Socorro, NM (Rio Grande)

Puebla, CO (Arkansas River)

Lovell, WY (Big Hom River)

Delta, UT (Sevier River)
Lovelock-Stillwater-Walker River, NV
Independence, CA (Owens River)
Clearlake, CA (Cache Creek}

Hunter Liggett Military Res., CA
(Nacimiento Creek)

Land Owner
Private
Private
NPS
Private, FWS

DOD

FWwS

BR

NPS, WY Fish & Game
BLM

Private, FWS§, Bl

LA Dept. of Power & Water
BLM Land

DOD, FS

Insect to be released
T. mannipara
D. elongata
T. mannipara & D. elongata

D elongata & T. mannipara

D elongata & T. mannipara
D. elongata & T. mannipara
D. elongata
D. elongata
D, elongata
D, elongata
D. elongata
D, elongata

D. elongate

C. Specifications for Release Cages.

The big cages for the experimental field releases should be large enough to enclose 2 to 4

medium-sized saltcedar bushes and if possible other smaller plants, and tall enough to allow

normal growth of the plants. Big cages should be constructed of a sturdy frame covered with

20-mesh plastic screening, anchored securely against the wind, and buried around the edges to

prevent escape of the control insects. Big cages in northern areas must be designed to withstand
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snowfall without collapsing. One or 2 big cages should be constructed at each site for initial
releases of the control insects, with an additional 1 or 2 reserve cages 1o escape from leathoppers.
Ten to 20 small, nylon-plastic sleeve-bags will be used to place some of the insects released

inside the cages. Cages should have approximately the following specifications:

1. Cage size. Approx. 12 x 12 fi x 8 fi high, to cover 2 to 4 medium sized saltcedar plants plus

some smaller ones and tall enough to allow 1 year of shoot growth after being pruned off.

2. Cage frame. Metal or other framework easy to assemble that will support the cage during the
most adverse conditions of wind and winter snowfall expected. The cage frames and fences may
be installed before the control insects arrive, possibly in May. The annual report by Debra Eberts
gives construction details for her 12 x 12 x 6 ft cages (see Figure 3). Also, David Kazmer has
provided speciﬁcaﬁon; for his arched-topped cages that are more suitable in areas with snowfali.
Recommendations on cage construction are under review and will be supplied in the near future

as an addendum te this monitoring plan.

3. Cage material. Approx. 20 x 20 mesh screening with zippered doorway with a velcro sealed
flap over the zippers. Bottom of cage should be fastened 1o a board or sandwiched between two
boards and buricd 4 to 6 inches decp on all sides and backfilled with dirt to prevent escape or
entry underneath the sides. The Lumite Saran® screen cages can be ordered from Lumite
Company (formerly Chicopee), Gainesville, GA {Tel. 770-532-9756) or Pak Unlimited, Inc.,

Narcross, GA (Tel. 770-448-2369) in sizes to fit the cage frames, either square, flat-topped or the

I —020095

|-020095



18

arched topped styles, with zippered doors,

4. Sleeve-bags. Ten to 20 or more sleeve-bags will be needed at cach site. These bags are made
of nylon organdy (or similar material) and clear plastic, 2-liter soda-pop bottles. The plastic
bottle is cut in half, both ends cut off_', and the organdy is glucd_to both ends of the bottle
segment, making a sleeve on both ends. The bags will be slipped over the terminals of branches,
the insects placed inside, and the cloth sleeves tied around the stem with string or twist-ties. The
advantage over all-organdy bags is that the clear visibility through the scda bottle allows
examination of the insects without removing the bag. The sleeve-bags should be covered with 12
X 18 inch sheets of semi-flexible, reflective insulation to prevent rainfall from soaking the bags
and their contents. These sheets can be fastened to the foliage over the sleeve-bags with clothes

pins (see Figures 4 and 5, Appendix A).

5. Guying. Cages should be securely guyed to prevent collapse or overturning in the wind.

6. Protection from snowfall. Cages should be constructed to withstand or protect against
accumulated snowfall. In southern areas with little or no snowfall, ¥ or % inch conduit frames
and flat tops are acc;ptable. In northern areas, heavier frames, such as chain-link fence pipes are
necessary. Cages used at Pueblo, CO are protected from snowfall by a carport overhead which is
removed during the growing season. Cages used in Wyoming are of arched chain-link fence top

' rail, anchored at both sides, making a quonset-shaped cage that sheds snow and deflects the

wind.,

I —020096
|-020096



19

7. Protective fence. Cages should be surrounded by barbed-wire or other sturdy fence to
prevent damage by cattle or wildlife. If feral hogs inhabit the area, sturdy livestock panels will
be needed. The area between the fence and the cage should be kept mowed or mostly free of
vegetation; this will discourage redents and make any attempts to burrow under the cage easily
visible. The fence should be constructed of wooden or metal drive-down posts, with 4-6 strands
of barbed wire, 5 ft high, braced or guyed at the corners, with a gate for entry, or another
construetion providing equivalent security. The fence should be set 3 to 5 ft away from the cage

on all sides.

8. Sigms. Conspicuous signs should be posted on the fence with the words *“1J.8. Government
Property: Do not open, do not enter or disturb fence or cages - for further information contact

. Weed Control Experiments in Progress, to benefit wildlife, native

plants and agriculture for information call Tel: . Do not advertise

that the cage contains beneficial insects.

9. Litter. Mature larvae of Diorhabda pupate in or under litter on the soil surface. This litter
may provide needed protection from either high temperature during the summer or extreme cold
during winter (especially since snow is excluded from the cage). Unless already present, or if
removed for leathopper control, litter from under nearby saltcedar thickets, or if not available
then other leaves, straw, etc., should be placed under plants inside the cage to cover half to three
fourths of the soil surface inside the cage to a depth of 4-6 inches. Also, weeds or grass may be

allowed to grow but should be trimmed periodically and this litter left inside the cage.
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Litter probably is not necessary far the mealybug, Trabuting mannipara, since all stages develop

on the plants.

10. Walkways. Walloways should be constructed between or around the plants inside the
Diorhabda cages by placing 8 to 12" wide boards on concrete blocks, so that examinations can
be made without walking on the pupae. Another, perhaps better, option would be to place boards
or metal lattice on bricks, 2 x 4's etc. on the ground, leaving more headroom inside the cage.

Walkways are not needed in the Trabutina cages since all stages develop on the plamt.

11. Predators, competitors, mutualists. Predators and competitors have seriously damaged the
salteedar plants and possibly the control insects in our nursery cages during 1997 and 1998.
Rodents or insectivorous mammals found within the cages should be captured and held in a
freczer until they can be identified locally. Mutualistic ants may be beneficial to T. mannipara.
Any insects, spiders or other arthropods found inside the cages, other than the biocontrol insects,
should be placed in vials of ethyl alcohol and sent to the Insect Monitoring Team or to taxonomic

authorities for identification and recommendation for contral, if needed.

Insects sampled from within the cages should be collected in a container with 70-75% ethyl
alcohol. After sampling is completed, each sample should then be processed to ensure that the
insects and spiders arrive in good condition for identification. After several hours, but not more
than 12 hours, the specimens should be poured onto some filter paper or tissue (ensure that the

specimens remain on the paper and don’t float away with the alcchol), and the liquid discarded.
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Large, soft-bodied specimens such as spiders and lepidopteran larvae should be separated out and
put into leak-proof vials with fresh 75% ethyl alcohel. The remaining insects can remain on the
paper, however remove most of the liquid. The paper with insects can then be wrapped and
placed into a specimen tin or similar container, labeled and mailed. Fisher Scientific sells 4 oz

tin specimen boxes (cat. #03-490D) in packs of 36 for around $50.

a. Diorhabda cages. Before releasing the control insects inside the cages, ensure that
predators such as mice, voles and predaceous ants are not in the cage. Ant mounds inside the

cage and within the foraging range of the ants should be treated with appropriate insecticides.

b. Trabuting cages. Mutualistic ants may tend these mealybugs, as they always do in
Israel. This may or may not be important, but may be very imnportant in protecting them from
predators. Only fire ants or other known ants that are predaceous on mealybugs should be
centrolled around the Trabuting cages in order to be able to observe the relationship established

with native ants.

c. Leafhoppers and spiders. In nursery cages at both Pueblo, CO and Temple, TX,
populations of both tll'le exotic Tamarix leathopper (Opsius stactogalus) and spiders have
increased to very high populations. The leafhoppers completely defoliated the caged saltcedar
plants at Temple, and destroyed 90% of the foliage in one of the cages at Pueblo, CO, depriving
the Diorhabda beetles of their food supply. At Pueblo, in 1998, leafthopper eggs were hatching

on 22 June, foliage was significantly damaged by 7 July, and 90-95% of the foliage had been
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killed in one cage by 15 July. Effects within the sleeve-bags are even more extreme and
important damage can oecur there while the plants in the big cage show little damage; foliage in
the sleeve-bags should be examined frequently. The spiders, which probably were feeding on the

leafhoppers, probably also preyed on the Diorhabda adults and larvae.

We have not been able yet to devise a satisfactory sclution to these problems that does not also
kill the Diorfiabda beetles. The best solution we can suggest at this time is that the control
insects should be transferred to an adjacent cage when leafhopper or spider populations rise to
threatening levels. This method was effective at Pueblo, CO. The use of yellow sticky traps
inside the cages could help reduce adult leathopper populations, but at Pueblo, this was not
sufficient to prevent severe damage. The plants in the cages may be infected in the spring from
teafhopper eggs in the leaf litter that has fallen to the ground. An attempt at prevention should be
made by removing all leaf litter within the cage aren, pruning back the salicedar branches, and
spraying the stems with dormant oil before bud development in the spring, and erecting the cage
to prevent reinfestation. The effectiveness of this has not yet been demonsirated. Leafhopper

eggs likely are also laid in stems of saltcedar.

The most satisfactory method of eliminating or controlling leafhoppers has not yet been
determined. Methods being discussed are 1) trim back stems and remove all litter from inside
the cage, 2) spray remaining stems with dormant oil, 3) cover the plant (cage) with airtight

plastic and furnigate with methyl bromide or phostoxin, ete.
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12. Number of cages per site. A minimum of two, and better four, cages should be established
at each site. One alternate cage will almost certainly be needed for each working cage to escape
leathopper damage. The screen covers should be left off these alternate cages until needed to
prevent a buildup of leathoppers there. A second working eage at each site is destrable to
produce more insects for open-field release during the second year or to provide different plants

and environmental conditions in case establishment fails in onc cage,

13. Size and number of plants in cages. Each cage should cover a variety of saltcedar plants
so the control insects éan select the best physiological plant variafion for their optimum
develepment. For each cage, 2 to 4 medium-sized plants 8-10 ft tall, should be selected (pruned
back o a height of 3 to 4 fi to fit inside the 6 ft or 8 ft high cage) plus a variety of smaller plants.
Both old foliage and young foliage should be left intact and new sprouts allowed to grow. The
pruning should be done during the dormant season to allow the sprouts to re-grow in time for the
springtime releases of control insects in the cages. Optimum habitat conditions for the cages are
not known at present. The selection of two different habitats at each site (if more than one

working cages are used) would help to answer these questions.

14. Location of cage. Cages should be situated within a stand of saltcedar, on sandy, well-
drained soil, in an area unlikely to be flooded, and in an area out of sight of the public, or where

the public can be prevented from molesting the cage.

€3

Il —020101

[-020101



24

IV. RELEASE AND MONITORING OF Diar!mbda elongata IN FIELD CAGES
(YEAR 1)
A. Objectives:
1. Establish the control insects in field cages and monitor their populations, behavior and effects

on salteedar and native plants.

a. Document behavior, survival and development throughout the growing season. The
duration of each stage, plus the temperatre data recorded and the base developmental
temperature determined in separate laboratory experiments, will allow calculation of day-degrees

required for completion of a generation, and overwintering at each site.

b. Measure net reproduction rate inside the big cage, both inside and outside the sleeve
bags. This will be influenced by climatic and edaphic factors and possibly by arthropod

competitors and/or predators, which also must be monitored.

¢. Document amount of feeding and ovipesition (if any) on selected non-target plants

placed inside the big cages.

L

d. Quantify feeding damage to salicedar by the control agents inside the big cage.

e. Measure dispersal rate of larvae in the big cages, outside the sleeve bags.

£

Il —020102
|-020102



25

B. Method of Releasing Dioriabda Inside the Field Cages.

The first releases will be made as soon as suitable insects are available, which probably will be
during May. We expect to release eggs, but larvae or adults could also be released, especially
later in the season. We expect to ship a minimum of 100 or 200 eggs to each site for the initial
releases, but if the females in culture reproduce well more could be sent. Additional shipments
could be sent to the sites later in the season if available from the laboratory colonies. The insects
will be shipped by the fastest means and so that tracking is possible if the package is lost. The
insects should be released at the site as soon 2s possible after being received. Personnel at each

site will be netified by telephone or E-Mail several days before the insects are shipped.

1. Releasing Diarhiabda in sleeve bags inside the big cages. We expect that the initial releases
will be of eggs since they ship well and large numbers of *clean” eggs nsually can be obtained.

Adults and/or larvae also may be shipped to the release sites, especially later in the season.

a. Releasing eggs. Eggs will be shipped still attached 1o the twigs or to the nylon bags
where laid by the adult females. Eggs laid in culture sometimes fall off with handling. The
twigs and any loose eggs should be transferred with a camel-hair brush and glued to Nalgene®
paper ﬁsing Elmers glue and a toothpick. By this method, eggs may be counted in the laboratory,
and the number written on the paper, before going to the field. These papers with eggs may be
laid on the foliage inside the sleeve-bags or securely attached to the foliage (such as with staples
or spring-type clothes pins or paper clips) if released outside the sleeve-bags. Place 10 eggs in

each sleeve-bag, 5 bags in each big cage. If eggs are plentiful and more than 100 can be shipped

ry
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to each site, up to 10 sleeve-bags (100 eggs) should be established in each cage.

As soon as the eggs are fastened to the new terminal foliage, the sleeve-bag should by slipped
over the terminal and the sleeve tied around the stem. The sleeve bags are ca. 12 inches long and
only about this much terminal should be covered by the slecve-bag. Do not force much larger
amounts of foliage into the sleeve bag, as this is likely to both raise the humidity inside the bag

and make the larvae more difficult to find.

b. Mark branches for feeding measurement. If 100 eggs are available, select 20 stems

that are approximately equal in size and shape. Measure the distance from the tip of the terminal
to where the sleeve is to be tied (12 inches) and mark this area of the twig. Ifa portable leaf area
meter is available, measure the amount of foliage from the 12 inch mark to the tip of the branch.
Place a sleeve over each terminal. Randomly select half of the sleeves (10) to receive beetle
eggs. Place a tag on each branch that records the date, stem number, leaf area (if applicable) and
whether or not beetles were placed in the bag. Monitor the larvae, pupae and adults, as per
section C that foliows. When new adults emerge, remove them from the sleeve and clip the stem
off at the 12 inch mark. Collect the control stems also. If you have a leaf area meter, measure
the foliage area of all stems (those with and without beetles). Calculate the dry weight of all
stems. Also record the number of beetles that survived in each sleeve. We will compare the
initial leaf are of each individual leaf and the final combined weights of stems with and without
beetles to estimate the amount of foliage consumed in each cage. Knowing the number of

beetles that survived in each cage will allow us to estimate foliage consumption on & leafl by leaf
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basis per beetle during its development.

c. Releasing larvae or adults. These stages may be released into the big cages, either free

or in sleeve-bags. The sleeve-bags are useful for establishing the larvae on a branch or for

obtaining eggs at a specific location. The sleeve-bags may then be removed after 2 or 3 days.

2. Releasing Diorirabda free inside the big cage.

a. Releasing eggs. Egps should be placed on terminals and covered with sleeve bags as
in paragraph IV.B.1.a above. The purpose is to prevent eggs from falling from the plant and the
larvae becoming lost on the ground, and also to confine the larvae initially to small areas on the
branches. Once the eggs hatch, the sleeve-bags should be removed and larvae allowed to move

about freely.

b. Marking the branch. The branch should be marked with a ribbon or string where the
sleeve was tied. This ribbon should be tied to the nearest side branch, not on the main branch, in
case the ribbon itself might interfere with larvae moving down the branch. This locates the

starting point for larval dispersal monitoring.

¢. Releasing larvae or adults. Larvae received should be released into larger sleeve-bags
(10 x 20 in.), up to 30 larvac per bag. After a few days, when they appear to be well established
and feeding on the branch, the bags may be removed. This is a precautionary measure to insure

that they do not fall from the plant before becoming established. No experiments are planned for
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these larvae.

Adults received may be released free inside the cage immediately. They should be placed on the
foliage rather than being dumped on the ground. They also could be released into the large
sleeve-bags for a few days to determine if they survive and ovipesit before retnoving the bags

and setting them free.

C. Monitoring Diorhabda Inside the Field Cages.

1. Monitoring schedule. The life cycle of D. elongata is expected to vary from 20 to 40 days in
the field, depending on temperature. Therefore, frequent monitoring will be needed to closely
determine its phenology in the field. Twice-weekly manitoring is preferred at the more
accessible sites and weekly monitoring is permissible at more distant sites. During the winter,
monitoring may be done only monthly, and only 1o collect the weather data and confirm security
of the cages and fences. Monitoring should resume bi-weekly in the spring to record the date of
emergence from overwintering quarters and of reproduction. The Dierfiabda may be released
from the cages into nature as described in paragraph VI below. On cach date, the following

factors should be monitored, and in the indicated manner:

2. Monitoring inside the sleeve-bags,

(1) Eggsurvival. After the eggs have hatched, open the sleeve-bag, remove all

eggs (bold a pan underneath to catch any that may fall), place in a vial with the number of the
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bag, and return to the laboratory and record the number hatched or unhatched.

(2) Larval survival and development. Record the number of each stage or larval

instar present in each sleeve-bag. Note whether dead or alive and behavior. Any manipulation
of the larvae should be done with a small, soft, wet brush. The bags may need o be moved to a
fresh terminal after some days, if the larvae have eaten a substantial amount of foliage. [fthe

bags are opened, the larvae may drop, so a pan should be held underneath to catch them.

{3) Pupal survival. Allow larvae to pupate inside the sleeve-bags and record the
number. Do not disturb the pupae! Pulling them [oose if they are stuck to the bag or foliage
will probably cause them o die. Even manipulating them with a small paintbrush may cause

them to be deformed.

{4) Adult survival, oviposition, age-specific fecundity. Adults that emerge from

pupae in the sleeves may be used to measure fecundity. Estimate when you expect the adults to

begin emerging and begin monitoring the sleeves as frequently as possible. As adults emerge,
carefully untie the sleeve at the free end (the end not tied around the branch). Aspirate to remave
all adults from the sleeve, being careful not to disturb unemerped pupae. Repeat this procedure
for more sleeves until you have 10 adults collected. Establish a new sleeve with these 10 newly
emerged adults. Repeat the procedure until all adults have been removed from the old sleeves.
More adults wiil appear over time and they will need to be coilected and placed in new sleeves,

Collect these adults as often as possible (daily is best if you are close to the site). When there are
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1o more adulf to collect from a given sleeve, remove the sleeve and count any eggs that were laid
" (given the 3-4 day pre-oviposition period, few eggs should have bee laid). Also, take leaf area
and dry weight measurement of the remaining stem. When the adult beetles have been in the -
new sleeves for 3-4 days, open the sleeves, remove any dead adults, and move the new sleeve
and the adult beetles to a clean branch. Count the number of eggs laid inside the sleeve every
time you move the sleeve. Place collected dead adults in a vial, record the bag number and date
of death, return them to the laboratory, determine the sex under a microscope, and record that

information. Repeat the above procedure until all adults have died.

(5) itoring of 2 d subsequent generations. Seclect 50 eggs and place 10
in each of 5 sleeve bags. The best procedure is to leave 10 in place on a terminal, cover with the
sleeve hag, and remove the remainder to other branches for liberation in the big cage, first
covering them until the larvae hatch as in paragraph IV.C.2.2.(1)-(4) above. Repeat monitoring
of the 2nd generation as above for the 1st generation. Repeat this procedure for each generation
throughout the growing season. After 50 eggs have been so established, the remainder produced
by the 1st generation females may be left on the branches; these do not need to be covered with a
sleeve-bag until hatching because, since they were laid under natural cenditions in the field, thev

are not expected to fall off.
b. Other insects and spiders. Record any other insects or spiders present in the sleeve

bags and remove them if practical and if they are preying on the control insects or damaging the

plant. Make subjective estimates of numbers and damage caused, and move the sleeve-bag to a

Il —020108

|-020108



31

different terminal if damage is severe. (See paragraph IV.C.3.g below).

c. Measure Feeding on Saltcedar. Feeding by the larvae should be measured each time

the sleeve-bag is moved, but probably only at the end of the larval development period when ajl
larvae have become pre-pupae or have pupated. If populations of ). elongata are at a low level |
during the first generation after release in the cages, measuring feeding damages should not be
attempted, to reduce the risk of damaging the insects in the process. In that case, damage
measurements could wait until the second generation. The slecve-bag then should be carefully
removed so as not to disturb the pupac. Most larvae probably will pupate in the top of the bag
where it is tied to the stem. The sleeve-bag should be cut off before the tie, leaving the tie and
pupae undisturbed. The terminal just distad of the tie should be cut off for measurement of
feeding. A new sleeve-bag should be placed over the cut terminal, with the tied part of the old
bag {with pupae) in place, and including enough foliage for adult food afier they emerge. Any
pupae found on the foliage of the old terminal, or on parts of the old bag, should be cut off still
attached to a tiny part of the old terminal or bag and placed in the new sleeve-bag for emergence
of adults. The paired control terminal should also be cut at the ribbon tie, placed in a plastic or
paper bag, and both returned to the laboratory, dried, and dry weight of each recorded, The
difference between control and the fed-on terminal wilt estimate the amount of feeding during

the tarval stage.

The effects of leathopper feeding {if any) should be differentiated from Diarhabda feeding.

Diorhabda chew the foliage and leafhoppers suck the sap, but the effects may not be easily
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distinguished. (Hopefully, more information on this will be obtained as the season progresses).

3. Mouitoring inside big cages (but outside the sleeve-bags). Larvae liberated inside the big
cage during the first generation were from eggs placed in sleeve-bags until they hatched;
therefore, the larvae begin their development clustered on the terminal 12 inches of the branches,
Larvae of subsequent generations will be mostly from eggs laid by adults free in the cage and

will not be clustered,

a. Larval survival, development and dispersal (1st generation). Record the number of

each instar on the terminals of 5 branches and record the distance from the original location of
the sleeve-bag. This will estimate larval dispersal and larval survival and development outside
the sleeve-bags. The accuracy of the survival measurement will depend on whether the larvae

crawl too far to be found or fall from the plan, factors not known at this time.

b. Population increase of all stages of Diorhabda. After egg laying by the first

generation of adults is complete, randomly select and mark 10 to 20 50 cm long terminals
(including flowers). Count the number of eggs on each terminal. When egg hatch is complete,
remove these eggs from the terminals. After egg laying is complete for the next generation,
again randomly select 10-20 50 em-long terminals in the cage (it doesn’t matter if the same
terminals are randomly selected again) and count the number of cggs on each terminal. The
number of eggs in generation 3 divided by the number of eggs in the previous peneration will

give us an estimation of population increase (net reproductive rate). Use the life table below to
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LIFE TABLE:

33

Stage (%)

Number dying
during the stage
(dJ

Percentage
surviving at beginning
of stage (1.}

Number of eggs
laid {m,)

Egg

Larva

Pupa

Adult Ferale
Days 0-3

Adult Female
Days 4-6

Adult Female
Days 4-6

Adult Female
Days 4-6

Adult Female
Days 4-6

Eggs

‘The net reproductive rate is ¥ 1,m, or the number of eggs in generation 2 divided by the number

of eggs in generation 1.

asurc

ference fo

the ptant. Examine as in paragraph b above

and record all stages on a 50-cm section of old growth on the bottom half of the plant. The

quality of the old growth will change throughout the season. Also, briefly examine the plant and

record where the most larvae eggs and adults occur - on young terminals or cld growth; on top,

middle or lower parts of the plant; north, south, east and west sides of the plant; on flowers; on
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older planfs or young plants in the cage, on the periphery or the interior of the plant, etc. Count
eggs or larvae on two 30-cm terminals in each of these categories without disturbing them or

removing them from the plant.

d. Docwment pupation. At the end of each larval generation, examine visually and record
the number of pupae found in two transects under a larger tree. Transects should be 25 cm wide
and extend outward from the base of the trees for a distance of 2 m. Record pupae found in each
25 cm section from the tree base outward. Pupae are bright yellow and a}e expected to be found
under litter on the soil surface under infested trees. They may form a loose ball of litter around
themselves. They may pupate in cracks in the soil or 1to 2 cm deep in loose soil. Great care
should be taken to search for the pupae gently and to cause them the least disturbance possible.
Our experience shows that disturbance may cause the pupae te die or that weak adults may
emerge. These observations should not be attempted until the 2nd or 3rd generation, and until
the beetles are reproducing well, 5o as not to deplete the population if the observation method

reduces pupal survival.

e. Document gverwintering. In late winter or early spring, examine 25 cm? areas under
infested trees and record the overwintering stage of Dierhabda, which could be mature larvae,
pupae or adults. In the spring, when maximum daily temperatures rise above 10°C (50°F) begin

weekly or twice weekly monitoring to detect the first adults or other active stages. Also record

bud-break and shoot elongation.
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f. Quantifv feeding damage to saltcedar. All damage estimates will include damage by

other insects, most probably by leafhoppers. Therefore, an attempt should be made fo judge the
effects of Diorhabda separately from that of the other insects and to estimate the populations of

all insect species (see g. below).

(1) Measure damage to the plants at the end of each larval generation, inside the

big cages.

(2) Measure dry weight of 10 each 10-cm long lateral terminals cut from plants
inside the big cage that represent average damage conditions within the cage. Also, cut 10
similar 10-cm long lateral control terminals from outside the big cage, also measure dry weight.
The difference in dry weight between control and inseet damaged terminals estimates dry weight

consumed by the insects.
(3) Visually estimate “damage categories™ that represent damage inside the big
eage. Categories are: no apparent damage, 5 to 10% damage, 10-35% damage, 35-70% damage,

70-90% damage, 90-100% damage.

{4) Use of an electrenic leaf area meter is being investigated. If this method

appears feasible, monitaring persannel at the various sites will be notified.
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g. Estimate population of other arthropods. Our past experience in caging saltcedar, and

the work of others (Liesner 1971) indicates that the exotic leathopper, Opsius stactogalus, and
various spider species may rapidly increase to very high levels inside cages. The leathoppers
may kill all the foliage on the saltcedar plants, which then will deprive Dicriabda beetles of their
food resource and cause their death. The spiders probably feed an the leafhoppers but also may
prey on the Diorhabda larvae and adults. Sometimes, the tiny, white, exotic, scale insect,
Chiagnapsis eutrusca, also may attain populations sufficient to kill the foliage and small branches.
Other predacecus and phytophagus insects may enter and increase within the cages. While these
insects seldom increase to high populations in nature, they can sericusly compromise our
attempts to establish Diorhabda and 1o monitor its populations and effects on saltcedar in cages.

Populations of the arthropods in the Jarge cages should be manitored as follows:

{1) Visually examine the plants in the cage and determine areas with leathoppers,

spiders or other insects.

{2) Sample four terminals each week (or each 2 weeks) that represent population
levels in the cage. Sample the insects by shaking 50 cm-long terminals into a sweep net. Then
dump the insects an:i spiders into a transparent plastic bag, collect all insects and spiders with an
aspirator (omitting the plant trash and the Diorkabda). Remove the Diorhabda larvac and adults
and place them back on the growing plants. Quickly open the aspirator and dump the insects

into a small glass killing jar. The jar can be made with ca % inch of plaster of Paris in the

bottom, onto which ethyl acetate has been poured and scaked into the plaster, and the bottle

T
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closed with a large cork (not rubber) stopper. After the insects die (a few minutes) they may be
left in the killing bottle, or transferred to a vial or small metal sample box, covered with tissue
paper, labeled and returned to the laboratory for identification. Immature insects must be rapidly
transferred to alcohol or other appropriate fluids according to standard entomelogical procedures.
Alternatively, all insects may be dumped from the aspirator into a vial of 70% ethanol in the
field, then those to be pinned should be removed that night and stored drv or pinned for
identification, counting, and recording. More than a few hours in alcohal will destroy certain
insects (such as leathoppers) for identification. More detailed insect collecting and preserving

techniques will be furnished by the Insect Monitoring Team.

h. Record damage to non-target plapis inside the big cage. At each site, non-target

species of importance in riparian areas may be established in the big cages for a field host-range
test. These species could include willows, cottonwoods, seepwillow baccharis or other species.
The plants could be planted in the soil or placed in pots inside the big cage; they must be watered
frequently until well established; “Dri water” could be used at remote sites. These species

already have been tested extensively in quarantine at Temple, TX but not under field conditions.

On each monitoring date, these plants should be carcfully examined visually and the numbers of
each stage (adults, epgs, larvae) of Diorhabda recorded. If larvae or adults are feeding on the
plants the amount of feeding should be recorded. If oviposition or feeding is discovered on these
plants, the Chairman of the Insect Monitoring Team of the Saltcedar Consortium must be

notified immediately. In the history of biological control of weeds, non-target feeding by the
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control agents sometimes has occurred when the control agents reach high populations, then eat
most of the target weed and spill over onto nearby non-target plants. This almost never
continues after peak population passes but such an occurrence must immediately be analyzed
carefully by the Insect Monitoring Team.

V. RELEASE AND MONITORING OF TRABUTINA IN FIELD CAGES
A. Objectives:
1. Establish reproducing and overwintering colonies of Trabuting on saltcedar plants in field

cages.

2. Document behavior, survival, reproduction, and development throughout the growing season

and time required for completion of a generation.

3. Measure population increase between generations.

4. Document dispersal by crawlers inside the cage.

5. Quantify damage to saltcedar inside the cages.

6. Document infestation of and development on non-tarpet plants jnside the cages.
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B. Methods of Releasing Trabuting in Field Cages.

The first releases will be made as soon as suitable insects are available, which probably will be
during May or June. We expect to release egg sacs, but crawlers could also be released,
especially later in the season. We expect to ship a minimum of 10 to 15 egp sacs to each site for
the initial releases, but if the females in culture reproduce well more could be sent. Additional
shipments could be sent to the sites later in the season if available from the laboratory colonies.
The insects will be shipped by the fastest means and should be released at the site as soon as
possible after being received. Personnel at each site will be notified by telephone or E-Mail

several days before the insects are shipped.

1. Release in sleeve-bags. Egg sacs most likely will be shipped for release at the sites.
Crawlers may be sent on some occasions, depending on availability and timing of the nursery

cultures,

a. Releasing egg sacs. Egg sacs should be released as soon as possible after being
received at the release site (cither the same day or the next day), before the neonate nymphs
emerge. The egg sacs will arrive attached to a small section of stem. This stem with attached
egg sacs should be tied to the stem of a terminal branch of a saltcedar plant growing in the big
cage, then covered with a nylon-plastic sleeve-bag, and the sleeve tied around the branch. From
3 to 5 egg sacs should insure strong establishment. Establish 5 such sleeve baps in the big cage,
each on different branches and some on different plants in the cage. Each sleeve-bag should be

marked with a numbcred tag.
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b. Releasing crawlers. Sometimes, crawlers may be shipped or hand carried to the sites,
These probably will be on growing, potted plants. Past attempts at establishing crawlers has
been mostly unsuccessful, but if received, an attempt should be made to establish them. If some
crawlers have emerged in the shipment of egg sacs received, these could be released in the field

cages also.

Probably, the best way to establish crawlers is as follows: Cut the potted stem with crawlers
attached, intertwine it with foliage from a terminal of a plant inside the big cage, tie the entwined

branches together loosely with string, and either enclose it in a sleeve bag or leave it unbagged.

2. Releasing Free (Not in Sleeve-bags) Inside the Big Cage. Follow the same procedures as
above for either egg sacs or nymphs. Part of the egg sacs received should be released free in the
big cages as above, but not covered with a sleeve bag. If two big cages are available at the
release site, the epg sacs in sleeve bags should be placed in one cage and the unbagged releases
made in the other big cage. In this way, dispersal of the crawlers could be measured inside the
cage without interferring with the population monitoring of the sleeve-cage, fixed-location

monitoring.

C. Monitoring Trabuting in Field Cages.

1. Schedule of Monitoring. The life cycle of T. marnipara is expecied o vary from 30-40 days

in midsummer to 20 days or more during the cooler seasans. Therefore, weekly monitoring

i
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during the first growing season probably will be sufficient to determine its phenology in the
field. More frequent monitoring probably is not necessary because a) the crawlers are unlikely to
be found, b) settled nymphs become easily visible only after they begin secreting wax, which
requires se;veral days, ¢) and development through the nymphal stage is slow and instars are
diﬁ'lcult to distinguish. During the winter, monitoring needs to be done only ménthly, to
determine the condition of the cage, to download the weather data, and to confirm the condition
of the overwintering stages of Trabutina. Monitoring should resume each week in the spring to
record the date of emergence from overwintering quarters and of reproduction. The Trabwing

may be released from the cages into nature after overwintering is demonstrated.
2. Monitoring Inside the Sleeve-bags.

a. Development: crawlers to egg sacs. On each sampling date, record the number of

crawlers (if they can be found), small nymphs without wax, nymphs with a small amount of wax,

nifrﬁphs with much wax, small egg sacs, and large egg sacs.

Establish the colonies in sleeves (one egg sac per sleeve), with multiple stems in each sleeve (as
many as practical). Remove the sleeve after the crawlers sefile. It will be much easier to count
and monitor them without the bag and the insects should stay in place. At the end of the

generation the number of egg sacs can be counted for a calcutation of the net reproductive rate.
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b. Generation time, reproduction rate. These parameters may be estimated for the period

from mature egp sacs released, to mature egg sacs of the next peneration. Size of egp sacs
should be measured to obtain an estimate of numbers of eggs (already known for different sizes
of egg sacs). However, losses probably will be so great, and nymphs so difficuit to count, that
rate of increase will be most closely estimated from egg sacs of each generation, possibly with a
welghing factor for sizes of egg sacs. These monitoring and population estimates may be

repeated for each generation produced.

c. Other arthropods in the gleeve-bags. Numbers of spiders, leafhoppers and other
insects in the sleeve-bags, and notes on the amount of damage to the plant, should be recorded on
each monitoring date. In the previous field nursery cages at Pueblo and Temple, large
populations of leafhoppers have developed inside the bags that killed all the foliage. Unlike
Diorhabda, the Trabuting cannot be moved to a fresh terminal because only the crawlers are
mobile. Attempting to move later stages, either directly or by cutting off sections of stems, will
probably kill the nymphs or adults in the egg sacs. At the present time, we cannot suggest a
reliable method for preventing damage from leathoppers. The best (but untried) method may be
to remove the sleeve-bag, catch the leafhopper adults with an aspirator, brush off or mash the

:

nymphs, and either replace the bag or leave it off.

d. Transfers after first generation. Past experience in the quarantine greenhouse at
Temple {on uncaged, potted plants) indicates that more than one generation probably cannot be

maintained in a sleeve-bag. If several 2nd generation egg sacs are produced, the number of

Il —020120

|-020120



43
nymphs produced probably would rapidly kill the terminal and the nymphs would alsa die.
However, since both nymphs beyond the crawler stage and adults are immobile, little is to be
gained from holding them in sleeve-bags. A better concept is to remove the sleeve-bags as soon
as the small, white nymphs become visible, and continue to monitor the population that, although
uncaged, will remain fixed at the same location on the terminal. To measure population increase,
ali mature egg sacs produced by the 1st generation nymphs should be transferred to new sleeve-
bags, a few in each bag, and recorded all together for the 2nd generation total. If many egg
masses were produced by the 1st generation nymphs, then a subsample of 5 or 10 egg sacs could
be used in a similar manner. Apain, the sleeve-bags should be removed when the small-white
nymphs become visible, and monitoring of the 2nd generation should continue as described

above for the 1st generation.

3. Monitoring in big cages (but outside the sleeve-bags). The nymphs free in the big cage
will have developed from crawlers that dispersed from the egg sacs tied to the saltcedar
terminals; they may be restricted to a small area on the original release branch or they may have
dispersed throughout the cage. In Israel, egg sacs are found mostly on twigs 1/8 to 1/4 inch
diam; in quarantine at Temple, nymphs were found mostly on tender, young terminals. Males
have only been found in quarantine at Temple, TX (see Sectien LB.1). Observe and record their

presence (if any) in the cages.

a. Survival, dispersal and development of nymphs. Visually examine all (or most) of the

foliage inside the big cage 1o locate areas where the white nvmphs have established. Then,
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permanently mark 10 representative 20-cm-long terminals and record weekly the number of
small and large nymphs, and small and large egg sacs. Attempt to determine if neonate nymphs
are, or can, crawl through the 20 x 20 mesh screening of the big cage and become windblown or

otherwise escape from the cage. Observe any attack by predators or ether mortality factors.

b. Preference for different parts of the plant. Record the part of the plant {top, bottom,

foliage, flowers, stems, north, south, east, west, old foliage-stems, new foliage-stems) on which

nymphs and egg sacs are found.

¢. Overwintering. Document the stage of the mealybugs and the location on the plant
where overwintering occurs. Resume weekly monitoring in the spring to document the date of

emergence from overwintering quarters and the beginning of reproduction.

d. Mutualism between Trabuting and ants. In Isragl, egp sacs are always tended by ants,
which feed an honeydew produced by the mealybugs and that build protective webs of salicedar
litter over the mealybugs. In quarantine at Temple, Trabufing developed well through 2
generations without ants, Careful observations should be made in the cages to document any

relationship between ants and the Trabuting,

e. Quantifv damage caused to saltcedar by Trabuting. The most easily measured damage

produced by Trabutina is likely to be dieback of infested twigs. Other, more extensive damage

may be chlorosis of the foliage and wilting of tender terminals. If such damage is found, 410 6
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terminals, each 50 cm fong, should be selected and the damage quantified and recorded monthly
throughout the remainder of the growing season and that of the following year. Paired
undamaged terminals should be measured in a similar manner. If all ferminals in the cage are

damaged, then paired terminals cutside the big cage may be selected.

f. Estimate populations of other arthropods in the cage. This may be estimated in the

same manner as for Diorhabda (see Section IV.C.3.g).

g. Record damage to non-target plants inside the big cage, At each site, non-target

species of importance in riparian areas may be established in the big cages for a field host-range
test. These species could include willows, cottonwoods, seepwillow baccharis or other species.
The plants could be planted in the soil or placed in pets inside the big cage; they must be watered
frequently until well established. These species already have been tested extensively in

quarantine at Temple, TX but not under field conditions.

On each monitoring date, these plants should be carefully examined visually and the numbers of
each stage (adults, eggs, larvae) of Trabuting recorded. If developing nymphs or egg sacs are
discovered on these plants, the Chairman of the Insect Monitoring Team of the Saltcedar
Consortium must be notified immediately. In the history of biological control of weeds, non-
target feeding by the control agents sometimes has occurred when the control agents reach high
populations, then eat most of the target weed and spill over onto nearby non-target plants. This

almaost never continues after peak population passes but such an occurrence must immediately be
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analyzed carefully by the Insect Monitoring Team.

VI. MONITORING IN NATURE OF DISPERSAL, POPULATIONS AND BEHAVIOR
OF LIBERATED CONTROL INSECTS

(ZND AND 3RD YEARS)

The procedures described in this section are suggestions only and may be modified following the
first year’s experiences in the cages. Site personnel should make suggestions for improvements

to the Insect Monitoring Team.

A. Objectives:
1. Determine establishment (development of self-sustaining, year-round populations) of control

insects on growing saltcedar plants in nature.

2. Quantify reproduction, development, mortality {parasitism, predation, disease), and

population increase of the control insects in nature.

i

3. Describe behavior [mating, oviposition, feeding by immatures and adults, and part of plant {or

off-plant areas) utilized] for feeding and development of immatures and adults.

4. Determine the seasonal cycle, number of generations, overwintering.
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5. Quantify distance of dispersal of the control agents over time.

B. Method of Liberation.

A stepwise method of liberation of the control insects into nature (uncaged conditions) is
recommended t‘c;r two purposes, 1) to determine the effect of the natural enemies in nature (in
paired caged and uncaged releases), and 2} to conserve a population of the control insects in
nursery cages for additional release attempts in case the first attempts fail. If the large,
overwintering cages were simply removed, allowing the control insects to disperse naturally, the
control insects most probably could not be found again making monitoring uncertzin; also, if
they did not establish, the reasons could not easily be determined and numbers would not be
available for another attempt. If permission is obtained from FWS and APHIS, the big cages
should be removed in the fall after movement by Dicrhabda has ceased, and replaced in the
spring before movement begins again. This is to allow natural moisture and snow cover for the
overwintering stages. If permission is not obtained, the overwintering cages should remain
closed until overwintering is demonstrated and “establishment™ in these cages (ovipesition by
overwintering adults and reproduction sufficient to maintain a population) is demonstrated in the

spring.

The procedures described for the open-field monitoring may be modified after data from the year

1 releases in field cages is analyzed.

1. Diorhabda elongata (leaf beetle). The stepwise procedure for liberating the Diorhubda
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beetles involves transferring some beetles to trees in the open, and transferring some to a new big

cage to preserve a population in case the first attempt fails.

a. Transfer to uncaged trees. Transfer some eggs, larvae and/or adults to uncaged

saltcedar plants in nature. A paired test should be made in which half of the control insects are
placed on unbagged branches and half on branches covered by a sleeve-bag, 5 to 10 or more
branches (replications) of each, each replication on a different tree. Additional control insects (if
available) could be liberated on branches of other trees that are not part of the paired test. The 12
X 18" flexible insulafion sheet should be placed over the sleeve-bag only, as previously done

inside the big cages (see Section I11.C.4).

This test is an attempt to measure reproductive rate in the field, with various predators present,
that can be compared with reproduction in the cages without predators. The test may fail if the
larvae disperse, or fall from the plant, and cannot be found. The effects of predation on eggs can
be measured by allowing females to oviposit in sleeve-bags, then removing half the bags and

retaining the other half, then counting remaining eggs over time in both treatments.

b. Transfer to another big cage. Transfer some eggs, larvae or adults as above, 1o

saltcedar trees in another nearby large cage. A paired test of bagged and unbagged branches

could be made inside the large cages as above.

c. Remove first cage. After establishment in the new large cage. the old cage may be

fa
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removed, allowing any other control insects to disperse.

d. Stage to {rapsfer. Transfers of Dierkabda should be made using eggs, larvae or adults.
The large cages should be opened (if this is desired and the nursery cages are no longer needed)

before the adult Diorkabda beetles emerge, since only the adult stage is capable of dispersal.

New sleeve bags may be established for the next generation (if desired) using adults emerged in

the large cages or collected in the field.

2. Trabutina mannipara (mealybug). The most successful method of manual transfer that we
have found to date is to transfer mature epg sacs before the neonate crawlers emerge. The
procedure is to cut off twigs with the egg sacs attached and tie them to a fresh, growing terminal
branch of another saltcedar plant, Care should be taken that most of the eggs have been laid
inside the egg sac, because detaching the twig, and stopping the sap flow, will likely starve and
kill the female. A strong colony may be established with 3 or 4 good egg sacs. Attempts to
transfer crawlers after emergence from the egg sac have consistently failed in our laboratory
studies, although thereotically this should be a successful method. The most probable reason for
failure is that the crawlers are short lived and did not find a branch cn which to feed until their
energy was exhausted. To be successful, small twigs probably should be cut from the infested
branch and quickly tied to a new branch. Very small twigs should be transferred so the crawlers
don’t have to move far to find the new branch. Liberation of Trabutina is very similar to that of

‘ Diorhabda, described above:

u
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a. Transfer to uncaged trees. Transfer mature egg sacs of 7. mannipara (before the

crawlers emerge) to branches of salicedar trees, both bagged and unbagged, to establish the

paired tests as for Diorhabda.

b. Transfer to another big cage. Transfer some egg sacs, as above, to salicedar trees in

another nearby large cage. A paired test of bagged and unbapged branches could be made inside

the larpe cages.

¢. Remove first cage. After establishment in the new large cage, the old cage may be

removed, allowing any other control insects to disperse.

d. Stage 1o transfer. Transfers of Trabuting should be made using mature egg sacs before
the crawlers emerge (ot crawlers if this method can be developed), since the crawlers are the only
stage that are mobile and able to establish on a new branch. The large cage should be opened (if
this is desired and it is no longer needed as a mursery) at the same time during the life eycle, i.e.

before the crawlers emerge from the egg sacs.
The sleeve bags should be opened each generation before the crawlers emerge, and new .sleevé

bags established by transferring egg sacs to a fresh branch and recovering with the sleeve bag, so

that sufficient foliage of good quality is available for another generation.
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C. Schedule of Monitoring Control Insect Dispersal and Population Increase,

Sampling frequency will depend on the occurrence of the dispersal life stages of the control
insects: of adults for Diorhabda and of crawlers for Trabutina. Dispersal is projected to take
place at discrete intervals, only when these stages are present, and theoretically, sampling needs
to be done only during this period, or once each generation. However, in practice, discovery of
the control insects in the field probably will be delayed, depending on how long the new

immigrants must grow to be readily detectable.

The dispersing adults of Diorhabda may be easily discovered by sweeping with a net, or by
collecting in light traps or by chemical attractants (however, their attractance to lights presently

is unknown and no chemical attractants have yet been developed).

The dispersing crawlers of Trabutina probably cannot be found in nature. The first stage that can
be detected probably will be the medium-sized nymphs (mid-to late 2nd instars or early 3rd
instar) after they begin producing the white, waxy filaments that cover their bodies; this probably
will occur 3 to 4 weeks after the nymphs have dispersed. The dates when sampling should be
done can be determined by the appearance (visibility) of the nymphs still maintained in the

sleeve-bags, or in other known infestations at the relzase site.

Initial establishment, feeding and development of the first generation outside the field cages is

critical. The released eggs andfor larvae should be examined twice weekly during this peried to

determine establishment.
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D. Sampling of Control Insects Placed in Sleeve-bags on Plants in Nature.
1. The leaf beetle, Diorfiabda elongata. If the larvae are in nylon sleeve-bags with insulation
“roofs”, they should be transferred to fresh terminals and re-caged if their feed'ing has damaged
so much foliage inside the bag that their food supply may be endangered before the next

examination.

Procedures are similar to those described in Section IV.B.1 above. Twice weekly, the following
counts should be made inside the sleeve-bags: a) number of eggs hatched (if eggs were placed in
the cages), b) number and instar of living or dead larvac present, ¢) amount of feeding on the
plant, d) number of other insects and spiders present, and ¢) plant condition. Data may be

recorded on Form Al, also used for insects monitored inside the field cages.

2. The mealybug, Trabutina mannipara. For the paired sleeve-bagged and unbagged tests,
conduct the monitoring as in Section V.D.1-6, except that monitoring of mealybugs liberated in
nature will be similar to that for mealybugs in cages as described in Section V.D. and as for

Diorhabda, paragraph VI.D.1 above.

E. Sampling Liberated, Uncaged Control Insects in Nature.

On each sampling date, careful visual surveys should be made at increasing distances away from
the release site, until the limit of dispersal has been determined. These surveys should be made
both upstream and downstream from the release site, or if the site is within a broad, large

saltcedar infestation, then along four directions from the release site. Once the limits of
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dispersion are determined, population estimates of the contrel agents and the amount of damage

to saltcedar shou!d be measured at appropriate distances along the dispersal gradients.

1. The leaf beetle, Diorhabda elongate. These beetles may be adults released from the

overwintering or secondary field cages or reared from eggs or larvae that were liberated, and the
eggs, larvae and adults that develop from them in subsequent generations in the field. During the
first growing season after release from the overwintering eages, conduct sampling and behavicral

observations every two weeks.

a, Visual examination. Carefully examine saltcedar trees in the area near the cage and at
increasing distances from the cage to determine the area in which the control insects have moved.
Brief sweep samples may also be taken to determine presence or absence in an area. Adults and
large larvae of Diorhabda will be the easiest to find. If the plants arc much damaged, this may
be seen first. Cast first-instar larval skins often remain attached to the plant (if not too windy)
and can be seen easily if backlighted in the sunlight. The best location on the tree in which to
search for the insects should be determined from the results of behavioral studies conducted in

the big cage during vear | (Section V.B.2.b above).

b. Sweep-net sampling. When the distribution of the insects is determined by the above
methods, populations may be measured by shaking the saltcedar branches inte a sweep net: shake
5 branches from each large tree or fewer branches from multiple smaller trees to make a total of 5

branches, and count the numbers of each stage of the beetles. This will give relative populations
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along the gradient of dispersal.

¢. Examination of Plant Terminals. By this method, estimates of absolute populations
can be obtained that can relate insect numbers to saltcedar foliage volume, area infested, etc.

Samples can be taken by:

Counting the numbers of each stage of the beetles per 50 cm of terminal branch. Samples may
be taken from top and lateral terminals on each tree, on 2 to 4 trees at each distance interval, at
distance intervals such as 20, 50, 100, 300 m etc. from the release site, both upstream and
downstream, or along transects in 4 directions within a large, broad infestation. If the results
from year 1 in the big cages indicate a preference of the beetles for a part of the tree (Section
V.B.2.b above) the samples should consistently be from the sarne part of the tree to avoid biasing

the data.

2. The mealybug, Trabutina mannipara. These mealybugs may be egg sacs released from the
overwintering or secondary field cages or reared from egg-sacs that were liberated, and nymphs
or egg sacs that develop from them in subsequent generations in nature.

During the first growing season after release from the overwintering cages, conduct sampling and
behavioral observations every two weeks., Carefully examine saltcedar trees in the area near the
cage and al increasing distance frem the cage to determine the area in which the mealybugs have

moved. The white masses of nymphs and the egp sacs should be readily visible on the plants.
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VIL MONITORING EFFECTS ON VEGETATION
A. Damage to Saltcedar in Nature.
Damage caused by the control insects should be quantified in nature along the same dispersal
gradients where control-insect populations are monitored. Damage evaluation of saltcedar is
particularly difficult because of the growth form of the plant foliage, making the direct
measurement of the amount of feeding virtually impossible. Also, the measurement of feeding is
insufficient for measuring damage, Observations of heavily damaged plants in Turkmenistan,
Kazakhstan and China reveal that, in addition to the foliage consumed, much foliage had died
and remained hanging on the plant, apparently the result of the beetles feeding on small stems

which had then caused the death of the foliage distad of that point.

1. Direct measurement of foliage consumed and killed. In practice, this is very difficult to

measure.

2. Visual assignnient to damage ¢categories. This method will depend on the skill of the
person making the assignments in the field, and the use of guideline photographs obtained from
the field cages during year 1 (which are likely to be influenced by leathopper damage).
Evaluation will depend on the visual summation of the foliage consumed, and the foliage killed
but remaining on the plant or already fallen off, compared with healthy foliage remaining on the
plant. Suggested categories are: no apparent damage, 5-10%, 10-35%, 35-70%, 70-90%, 90-

100% damage.

Cu
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3. Dieback of branches. Select trees of different sizes at different distances from the release
site and measure the length of dead branches on each tree. Sample 30 small plants {1 to 4 ft
high}, 10 medium-sized plants (6 to 10 ft high, 3 to 6 ft canopy diameter) and 3 large plants (10
to 25 ft high and 10 to 30 ft canopy diameter) at each distance from the release site. Measure the

same trees repeatedly, in June and September of each year.

4, Reduction in density and size of living trees. Establish three permanent transects, each 3 m
wide and 50 m long at different distances from the release sile. Measure height, number and size
of stems, and canopy diameter of each saltcedar plant along the transect. Locate transects with a
variety of sizes of saltcedar plants, rather than locating them randomly. The transects at the
release site will be established and counted at the end of the first year (before insects are released
from the big cages) to obtain baseline data, and annually in June thereafter. Location of more

distant transects will be determined from the data on the dispersal of the control agents.

5. Remote sensing. During the first or second year, baseline remote sensing data will be
obtained at each site, by high resolution, 9" aerial photography film, flown from 5,000 ft, with
the release cage located in the center. This resolution can detect the size and shape of individual
medium-sized trees. The sites should be flown in late fall, when the saltcedar trees have tumed a
golden-orange color just before leaf fall. Re-flights will be made when damage and expansion of

damaged areas becomes apparent from the ground surveys.
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B. Damage to Non-target Vegetation in Nature.
Damage to non-target plants in nature is not expected, based on laboratory tests perfonn-cd
during the quarantine studies, testing and surveys done overseas, and literature and museum
* records. The additional data from the big sleeve cages at each release site, under very high
population pressure to feed and oviposit, also should be lcvaluatcd. The proof of all these
observations and experiments will lie in whether the control insects oviposit, feed, or complete
their development on non-target plants in nature, uninfluenced by any previous cage artifacts that

sometimes predict feeding that does not oceur in nature.

1. Visual examination. Non-target plants should be examined visually in areas near the reiease
site and in areas into which the control insects have dispersed, especizlly in areas where control
insect populations on saltcedar are high. These examinations should search for adults, eggs,
larvae and feeding damage on the plants. Adults on a plant means little uniess feeding and
oviposition are ocourring, and feeding alone means little. Oviposition also means little unless the

larvae feed and complete their development on non-target plants.

VIII. CLIMATE AND PHYSICAL ENVIRONMENT MONITORING
Most of the paran’;clers to be monitored that relate to the control insects and their effect on
saltcedar, will be strongly influenced by the physical environment. These include whether or not
the control insects become established, their survival, rate of development, number of

generations, seasonal occurrence, behavior, dispersal rate, and amount of damage to salicedar.

For example, preliminary information indicates that high relative humidity or excessive moisture
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may be harmfisl to the Diorhabda inside the sleeve-bags and may favor the leafhoppers inside the
big éages. Flooding may drown Diorhabda pupae and excessively high or low temperatures may
limit control insect establishment and/or population levels. Some of these physical factors are
scheduled for monitoring by the Abiotic Factors Monitoring Team. However, since a knowledge
of these factors is essential to the Insect Monitoring Program, monitoring of some of these
factors (temperature, humidity, rainfall) are included here. Other factors (soil type, soil salinity)
should be measured at the beginning of the insect program. All data on these abiotic factors will
be shared between all the monitoring programs. These abiotic factors should be meonitored as

follows:

A. Temperature and Humidity,

These parameters should be monitored continuously inside the sleeve-bags, inside the big cages
but cutside of the sleeve-bags, and outside the big cages. Monitoring should be with an
automatic data logger such as the “Hobo™ brand, set to record each 15 min. These recorders
should be shielded from direct suntight mdemeam the slzeve-bag insulation board shields and
under a similar shield outside the cage. Data sh_ould be downloaded at each monitoring date so it
will not be lost in case the recorder malfunctions or is damaged cr stolen.

B. Precipitation.

A continuously recording gauge to measure rainfall and snowfall should be established at each

site.
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C. Soil Type.
Soil type should be determined at each site, to include percent sand, clay, ete. as well as organic

matter and nutrients, This should be measured at the 0-2 inch and at the 12 inch levels.

D. Salinity: Soil and Groundwater,
Salinity of the surface soil may influence pupation by Digrhabda, and should be analyzed at the
beginning of the monitoring program. Information on groundwater salinity should be obtained

from the Abiotic Factor Monitoring Team.

E. Depih to Groundwater,

This factor should be measured monthly to obtain seasonal variation between the wettest and the
driest limes of year. Hourly diurnal variation also may be recorded at critical times during the
year. This menitoring will require recording gauges in wells and should be performed by the

Abiotic Factor Monitoring Team.

IX. PLAN FOR SUPPRESSION OR ELIMINATION OF CONTROL INSECTS IF
EFFECTS ARE DETRIMENTAL
Both the 28 August “Proposal to Fish and Wildlife Service” and the Environmental Assessment
require a contingency plan for the use of insecticides to suppress or eliminate the control insects

if they cause or threaten harm to the ecosystem.

£a
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A, Criteria for Declaring Effects to be Detrimental.
1. Research data reveals that the control insects are able to complete their life cycle and
repreduce in sufficient numbers to damage non-target native species or other moderate or highly

beneficial plants.

2. The control insects quickly kill saltcedar trees at the release sites and give indications of rapid

movement away from the sites.

B. Action to be Taken.
Immediate notification will be forwarded to the Chairman of the Saltcedar Consortium, who will
immediately notify the Chairman of USDA-APHIS-TAGIBCAW, and to appropriate personnel

of USDI Fish and Wildlife Service.

1. [fthe control insects cause important damage to non-target plants, the Saltcedar Consortium
and the concerned Agencies will consider, and require if justified, that applications of
insecticides and/or other appropriate controls be made to eradicate the control insects at all sites.
It is important that such action be initiated quickly, before the control insects disperse beyond the

i
area where control is possible.

2. If the control insects quickly kill saltcedar trees at the release sites and give indications of
rapid dispersal away from the sites, the Saltcedar Consortium and the concerned agencies will

consider, and require if justified, that insecticides and/or other appropriate controls be applied in

€y
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sub-lethal doses to slow the effects or dispersal to acceptable levels. This, in itself, will include

various research treatments to determine proper materials, dosages and methods.

2]
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APPENDIX A 62
Photographs and Sketches

Figure 1. Saltcedar leaf beetle adults and 1* and 3 instar larvae feeding on Tamarix.
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. Figure 2ZA-C. The manoa mealybug, Frahuting mannipara. A) Colony of adult mealybugs
on Tumarix. By Closc-up of two adult females exuding honeydew from within ovisacs.
» C) Nymphs of 7. mannipara developing on Tamarix,
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Figure 3. Field cage with gated fence at Pueblo, Colorado.
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1 Figure 4. Sleeve cage for monitoring insect development.

. Cut center out of 2 liter coke hottle (37).
Muke sure to cut off the rounded portions
and the lop and bettom - H a rim is left the
plastic will collapse.

—— 2. Cul two pieces of orcandy {12"x[3"} and
fashion them into cylinders using a sewing
machine wilh a fine stitch length or glue

s them together with DAP (siliconc type
product that scts fast.

_ 3. Auach the organdy cyvlinders 1o each side
of the plastic eylinder using DAP or similar
product, Hot glue does not work (melts in
the sunh)

Figure 5. Protective roofs for sleeve bugs 1o protect smali larvae from rain,

.-iuﬁi
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Avreupix D)
USDA
|

United States Department of Agriculture
Ressarch, Education and Economics
AP“] 13, 1599 Agricultural Research Service

Mr. David Morrison

Resource Manager

Planning and Public Works Deparunent
Yolo County

292 W. Beamer St

Woodland, CA 95695

Dear Mr. Morrison:

The US Department of Agriculwure, Agriculiural Research Service is working with a
number of different public and private groups to develop new methods to control invasive
plant species such as saltcedar and giant reed. Both of these species are invading the
Cache Creek riparian area in your county. We are currently working with the Cache
Creek Conservancy, Team Arunde del Norte, the US Fish and Wildlife Service and the
University of California in evaluating the use of biclogical control to help reduce the
impact and spread of these detrimenral plants throughout the state of California and in
other states in the west. We have been in communication with others in your department
about this project but now want to formally announce our intention ro submit a CalFed
proposal to acquire funding to implement a research and implementation project for this
effort that specifically addresses funding for a program along Cache Creek.

Currently, I have an appointment 1o meet with some of yowr staff next week out in the
Woodland office in conjunction with Jan Lowery of the Cache Creek Conservancy. 1
also plan to provide an overview presentation 10 the entire membership of the Cache
Creek Conservancy at their May 24 meeting. I would liks to personally invite you to
attend either, or both of these meetings to find cut moere ahout our proposed progran.
You may also contact me directly [(5103 559-6127} at any time for more detailed
informaticn. Once completed, T will be forwarding you a copy of our CalFed propesal.

Thank you very much for you time and interest in our project. Hopefully, this effort will
be successful and we will be able to save you great time and expense in reducing these
pest plant populations te non-significant problems.

%relv
ymond 1. Carragiels cc County Board of Supervisors
Research Leader aa
Pacific West Area - Western Regional Research Center
Exotic and Invasive Weeds Research
200 Buchanan Street » Albany, CA 54710-1105
Voice: 510 558-6127 » Fax: 510 559-6123 » E-mail: ric@pw.usda.gov

Agricultural Research - Investing in Your Future
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USDA
|
United States Department of Agriculture

Research, Education and Eecnomics
Agricultural Research Service

April 13, 1099

Delta Protection Commission
14215 River Road

PO Box 330

Walnut Grove, CA 93690

Dear Sirs:

The US Depariment of Agriculture. Agricultural Research Service is working with a
number of diffevent public and private grovps to develop new methods 1o control invasive
plant species such as salicedar and giant reed. Both of these species arc invading the
Cache Creek riparian area in your area. We are currently working with the Cache Creek
Conservancy, Team Armindo del Norte, the US Fish and Wildlifz Service and the
Unijversity of California in evaluating the use of biological centrel to help reduce the
impact and spread of these denimenial plants througheut the state of California and in
other states in the west. We have been in communication with Y¢lo Ceunty Planning and
Public Works Department about this project but now waat to formally anncunce our
intention to vou in regard to your submission of a CalFed proposal to acquire funding to
implement a research and implementaticn praject lor this effert that specifically
addresses Cache Creck.

Currently, I have an appointment 10 meet with some of the Courty staff next week cutin
their Woodland office in conjunciion with Jan Lowery of the Cache Creek Conservancy.
I also plan to provide an overview presentation to the entire merbership of the Cache
Creek Conservuncy at their Muy 24 meeting, [ would like to personally invite vou to
attend either, or both of (hese meetings to find cut more about our proposed progran.
You may also contact me directly [{510) 559-6127} at any time for more detailed
information. Once completed, I will be forwarding you a copy of our CalFed proposal.

Thank you very much for you time and interest in our project. Hopetully, this effort will
be successful and we will be abie to save the County and local landowners greal time and
expense in reducing these pest plant populations to nen-significant preblems.

Sin ly,
~ i _
Research Leader aa

Pacific West Area - Western Regional Research Center
Exoctic and invasive Weeds Research
800 Buchanan Strest » Alzany, CA 34710-1103
Voice: 510 £59-6127 « Fayx: 570 559.5123 « E-mail: nc@pw usda.gov

Agricufiural Research - Investing in Your Future

i
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CAEVINCTH O,

T Exitibit

-

STANDARD CLAUSES -
SERVICE & CONSULTAN ‘a‘ER\ ICE CONTRACTS FOR 82,000 & OVER WITH NONPUBLIC ENTITIES

“Workers' Compensatien Clause. Conrzctor alfinms that it is aware of the provisions of Sectian 3700 of the Californin Laber Code which requirg e
emplover o be insured against hzbits for workers' compensation or 1o widertake salfinsurance in aceordance with the pravisions of thut Code, and Contrucio
affirms that it will comply with such provisions before commencing the performanse of the work under this contsacl

-

{ational Laber Reletiens Boad Clause, in aceordence with Pulfic Contract Code Seetten 10286, Contractar deslares under penalty of perjury bl no mened]
atio bel |
than one final, tnappealabls Ending ol contrmp of couri by a [ederal court has beeir tssued apainst the Conragtos within the pnmediately proceding 1\\'0-)'cnr§”
period becauss of Conteasior's fadure i comply wilh an order of a foderel court which orders Contractor io vomply willr ar order of the national Labor R«:Iations ]

Bourc.

Nondiseriminution Clavse, During the perfonnance of this contac:, the recipient,Ceonractor and s subcomragters shali not deny. the contrasd's benelits 1o
any persan o the basis of rehigion, celer, cthnie grovp ienyfication, sex, age, physieal or mena! dxsabuir}', nor ghat! Crey diseriminate wylasfully agnins shy
empioves of applicant for employment beease of rae, religion, enlor, national origin. wngestry, pliysical bandicup, menind disability, medical conditian, inarital
sure that the c\.mmu‘n d trealment of employees and applicans lor emplovinene are free of such diserincination.
st and [lowsing Act [Government Code Section 12008 ot seq. . the regulations promulgied 4
thereunder (Cafifomia Adivinistrtive Zode, Tile 2, Secdena 2550 o seq.3, the provisions of Articis Chapter Divivior 2 Tiilke 2 of the Govenmment -
Code (Ciovemment Code Seations § 1135 - 1113955 and ihe regulitions or siandascs adopled by the awaiding Stite ugeray © implement such atlicle. Conltaclor
1 shall potaat accoss by reproseniaiives ef e ‘DU'“-nmm of Fair Lieplovment aad Houring and the avarding Stule ageaey upen sensona e nohies
e during the normal Business liours, oLt ih 0o case Tess dhan 24 haurs” notice, to such of its hooks, reoids, rezounts, olivwr seurevs of infor
iy as said Deparunent or Agency shal] requine (o oscertan compliange with tis duuse. Reoipiont, Contraztor and ns subcontraclors shs
natice ' thelr obligations under thes davse to labar orpaniz itions with whigh they have a collestive bargaining or ather agregment. The Cantracior s
the nondiseriminaticn and compliance provisions of this clausc in all subezniralls 1o perfonn work Under the con

d
!
|
i
\

starus, age (over 407, or sex. Coniractor shall {
Conernector shali camply with the provisians of e Fair Tmplavn

vol peguny under the laws ol the

Sl;nem':ni of Compliance. The Contracior's signaiure rilixed hereen end duted shall vonstiute i cent a2
Sule of Californig that the Contractor has, unless ex $aa izl the nerdiscrimination prowram wguitements of Government Cade Section 13990

pied. compiicd wil
.'.md Tale 2. Caiifornia Code of Reguis

tions. Section SEHO3,

Coraraciors peripmones wpder s cuniract will be evaluated alier completivn. A megaive

Performance Evaluation. For consuling sevied ugreems
evalyation will be Gled with the Departimeni of Genesal Senvices.

wd under this eontret is subject to avaabiliny ol Tunds heaugh the Stads normad budget process.

Availability uf Funds, Work 1o be perfor

Audit Clanse. For comracts in aweess o 510,000, the caniracling pastics shall be a.nb_;eh o the eamniation amd et of the Siate Aoditor {or s peried of theee
vears afler final payment under the contract. (Government Code Seriien, 8534057,

Payment Retention Clause. Ten perzent of any progrese payments that may be provided for under this cantraet shall be witltheld per Pubic Conrracs Code

Seetions 10346 and 10579 pending satisfactony completion of all serviess under the couniract.

Reimbursement Clause. I applicchle, travel and per dicm expeises o be reimbursed under this contract sha!] be af the semwe rates the State provides for
wnrepresenter emplovees (t accordance with the provisions of Title 2, Chapter 3, of the Caiifornia Code ol Reeulations. Contractor's designated headquariers
for the purpose of computing such expensss shall e .

‘Disabled Veteran Dusiness Enterprise Participation Requirement Audit Chause, Contracior or vendot agrees that the avarding
department o its delegates will have the rigit o feview, obnain, and copy all records perianing to pesforeuree <5 ihe contraer. Contractor or vendor agrees (@
provids the awarding deparimen: or ite dslcgatee aceess Lo its premises, vpan reasopsble poties, during rermal husiness bewrs for the purpase of sterviewing
empleyees and inspeeting and copying such books. records, accounts. and aiiver nemerial that may he relevant W a siatier vnder investigation for the pupose of
determining egrapitance with Public Contract Code Section 10113 of seq. Contragler or vendor [urther dgroes 1o wvinisin sach recoreés for o periad of three (3}
rears alter final payment under the centract. Title 2 CCR Section 18%6.71

Priurity Hiring Considerations. Far contracls in excess of 5200 000 the Cantmalor shall giee My vonsideriban i filfing vacaneies in posiliens funded
by he costract ro qua'lified secipienss of wd under Weilare and Institwions Code Seation 1200, {Dubire Contrast Cede Seclion 10353),

DWR 4089 {Rev. /35) SIDE A
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Drug-Free Workplace Certilication. By signing this contract. the Contractor or grantes hercby certifies under penalty of perjury under the laws of the Ste
of California thar the Contractor or grantee will comply with the requirements of the Drug-Free Workplace Act of 1533 (Government Code Section 8330 et 580}
and will provids & drug-res workplace by taking the following actiens:

Publish a statement notifvirg employees that unlewful manulacture, disiribution, disacnsation, possession, or uss of a eontrolled substance is prohibited and

1.
specifying actions to be iaken against employees for viclations
.
2. Establish a Drug-Fres Awarensss Program o inform emplovees about all ef the following:
{a) The dangers of drug abuse ir the workalace,
{by Ths person's or organization's palicy of maintaining 3 drug-tree warkplace,
{¢) Anyavailabls counseling, rehabilitation and employee assistance programs, and
(d} Penaltics thar may be impescd upen enyplovees for drog abuse vialations
3. Every emploves who works on the proposed conleact or grant

ta) Will reeeive & copy of the company’s drup-lree poliey suremert, and
(h) Will agree 1o gbide by lerms ol the company’s statement as & candition of employment on the cantract ar prant.

This contract or graat may be subject to suspension of payments or terminztian, or both, aad the Corractor or grantee may be subject to debarment if the
department detzrmines that (1) 1he Contracter or grantee has made a false certification, or (2) the Contraclor o grantec vielates the certification by failing 1o

carry oul the requirements noted above.

Antitrust Claims. [n submifting 2 bad to a pubiic purchasing bods, the bidder ofTers and agress that if the bid is accepted, it will assigh 10 the purchasing body
all rights, tide, and interest in and to alf causes ofastion it may have under Soctien 4 of the Clayion Act (15 11.5.C. Sec. 15) or under the Cartwright Azl (Chapier
2 (commencing with Section 16700} Part 2 of Division 7 of the Business and Professions Code), arising from purchases of goods, materials, or serviees by the
bidder fer sale to the purchasing Sedy pursuam: to the bid. Such assignment shall be made and bezom= effeetive al the tme ihe purchasing body tenders final
payment Lo the bidder. Sex Government Coce Seclion 4552,

If an awarding body or pubiic purehasing bedy rezeived, ¢t Fraugh judgment or setilement, 2 meonetary coovery for a cause of actian assigned under this
chapter, the assignor shall be entitled te roeeive reimbursement for actual legal costs incurred and may, vpen demand, recover from the public body any portion
af'the recovery, including reble damages, attribuable to overchacges that were paid by the assignor bu? were not paid by the public body as part ef the bid price,

iess Uit expenses incumed in obtaining that porticn of the recovery. Se2 Gevernment Code Secticon 4553,

Upon dernand in writing by the assignar, the assianee shall, within one year ‘tom such demand, reassign the cause of action assigred under this part if the assigaor
has been or may bave bezn injured by the viclation oflaw for which the cavse of action arose and (a) the assignes has not been iniured thereby, or (b) the assignee

declines to {ile a court action for the cause of action. Ss2 Government Code Section €554,

Americans With Disabilities Act. By sigring this contract, Contracior assurss the state thal it complies with the Americans With Disabilities Act {ADA) of
1990,{42 U.S.C. 12101 et seq.), which prohibils discimination en he basis of disability, as well as all applicable reguiations and puidelines issued pursuant to

the ADA.

=55 101 Ceiifornia as defined by the Revenue &

Corperate Qualifications To De Business in California. Contractor mus! be currertly qualifizd 1o do susin
Taxation Code, Section 23101 uniess exempted. Both domestic and fore:gr Sorporaticns (1hose incorporated owside of California) must be in good standing

in ardee 1o be qualifizd to do business in California.

Former State Emplovees: 8} For the two-vear perioc from the date he or she Tefi Stalz empieyment, no former State officer or empioyee may enter inio a contract
in which he of she cngaged in any of the negclistions, trarsactions, planning, arrangements or any pan of the decision-making process relevant o the contract
whils employed in ey eapacity by any State ageney. by Far the twelve-month pericd from the date e or st ieft State emploviment, no fermer State offiosr or
etnploves may enl into a contract with zny Siate ageney 1t he or she was emploved by that State ageney In a pelicy-naking positien in the saine general subiset
dred e the praposed contract within the rwelve-mantic period pricr to his or her leaving Siate service

(MA#/V

DWR 4099 (Rev. 9/95] SIDE B

!
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State of Catifornia DEPARTMENT OF WATER RESQURCES The Rescurces Agency h

Agrzement No.

Exitit

ADDITIONAL STANDARD CLAUSES

Recycled Materials, Contractor hereby certifies under penafty of perjury that (enter value ar "0 here) percent of
the materials, goods and supplies offered or products used in the performance of this Agreement meets or exceeds the
minimum percentage of recycled malerial as defined in Sections 12161 and 12200 of the Public Contract Code.

Severability. |l any provision cf this Agreement is held invaild or unenforceatle by any court of final jurisdiction, it is
the intent of the parties that all ather provisions of this Agreement be censtrued to remain fully valid, enforceable, and

binding on the paries.

Governing Law. This Agreement is governed by and shall be inferpreled in accordance with tha laws of the Slate of
California.

¥Y2K Language. The Centractor warrants and reprasents that the goods or services sold, leased, or licensed to the State
of Califernia, its agencies, or its political subdivisions, pursuant to this Agreament are “Year 2000 compliant.” For
purposes of this Agreement a good or service is Year 2000 compliant if 1 will sontinue to fuily function before, at, and
after the Year 2000 without interruption and. if apglicable, with full ability to accuratsly and unambiguously process,
display, compare, calculate, manipulate, and otherwise utiize date information. This warranty and representation
supersedes all waranty disciaimers and imilztions and all imitations on lability provided by or thraugh the Contractor.

Chlld Support Campllance Act. For any Agreement in excess of $100,000, the Contractsr acknowiedges in

accordance therewiih, that;

1. The Contractor recoghizes the importance of child and family suppont cbligations and shalt fully comply with all
applicable state and federal laws relating to child and family support enforcement, including, but not limited to,
disclesure of information and comphiance with earnings assignment orders. as pravided in Chapter 8 (commencing
with Section 5200) of Part 5 of Division D of the Family Cade; and

2. The Contracior, to the best of its knowledgs, is fully complying with the earmnings assignment orders of all empioyees
and is providing the names of all new employses 1o the New Hire Registry malntained by the Califomnia Employment

Development Department.

DWR 2099A (Rev.1/99)
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.S, Degariment of the Interior

Certifications Regarding Debarment, Suspension and
) Other Respaonsibility Matters, Drug-Free Workplace
. Requirements and Lobbying

Persons signing this form should refar fo the regulations Certificalion Regarding Oehamment, Suspension. Ineligibility
refarenced below for complele instructions: and Volunlary Exclusion - Lower Tier Covared Transactions »
o ) . (See Agpendix B of Subparl U of 43 CFR Part 12)
Certification Regarding Cebarmant, Suspension, and Other

Responsibility Mattars - Primary Covered Transactions - The Certificalien Regarding Drug-Free Workplace Requirements -
prospective  primary  participant further agrees by ternate |. (Granteas Other Than Individuzis) and Alternate
submitting this proposal that it will Include the glause Il. (Granlees Who are Individuals) - (See Appendix C of
titled, “Certification Regarding Debarment, Suspension, Subpart D of 43 CFR Part 12)

Ineligibility and Voluntary Exclusion - Lower Tler Coverad
Transaction," provided by the department or agency
entaring into .this covered transaction, without
modification, in all fower{ier covered transactions and in
all solicitations for lower tier covered transactions. Sse
below for language lo be wsad; use this form for certification
and sign; or use Department of the Interier Form 1954 (DI-
1954). (See Appendix A of Subpart O of 43 GFR Part 12}

Signature on this form provides for compliznce with
cerlification requiremants under4JCFR Parts 12 2nd 18, The
certificelions shall be treated as 5 material representation of
fact upon which relianee will be plscas when the Depanment
of the Interior determines o award the covered transaclion,
grant, cooperstive agreement or [pan.

PART A Certificatlon Regarding Dekanment, Suspension, and Other Responsibility Matters -
Primary Covered Transactions

CHECK J/IF THIS CERTIFICATION 1S FOR A PRIMARY COVERED TRANSACTIGN ANC (S APPLICASLE.
{1} The prospeclive pimary paricipant certifies to the best of its knowledge and bafied, that il and its pringipais:

(a)  Ars nol presently debamed, suspended, proposed for debarment, dediared ingligitie. or voluniarily excluded from
covered Iransaclions hy any Federal department er agency;

()  Have notwithin a thrae-year padod preceding this preposal been convicted of or fiad 2 oivil judgment rendered against
them for commission of fraud or a criminal offense in connection with obtaining, attempling tc obtain, or performing
a putlic (Federal, State or local) transaction or centract under a public transacticn; violstian of Federal or State
antitrust statutes or commission of embezzlemant, theft, forgery, bribary, falsificztion ot destruction of records, making
falsz stalements, or receiving stolen property:

Y Arenct presenﬂy_indicied for cr othenvise sriminzlly o civilly charged by a governmental entity (Federal, Stale or
local) with commission of any ef the offenses enumergled in paragraph (1)/6) of this cerlificaiion; and

(&) Have nol within & thres-year period preceding this application/propasal Fad ana or more public ransactions (Federal,
State or local) terminated Tor cavse or default.

2} Whgr_e the prospective primary paricipant is unable 10 cerdify 10 any of tre statements in this certfizg’ion. such prospective
participart shali siisch an explznation 12 this proposal.

PART B: Cerification Regarding Debarment, Suspensian, Ineligibility and Voluntery Exclusion -
Lowar Tier Covered Transactions

.

CHECK __IF THIS CERTIFICATION 18 FOR A LGWER TIER COVERED TRANSAL TN AND IS ASPLICABLE
(1) The prospective lower lier participant cerifies, by submission of this propesal, that meilher & aar it pringicgls s presently
debarrac'!, suspanded, preposed for debarment. dedlarcd inefgible, or volunlarily excludsd from paicipaiien i ihis
transaction by any Federal department or agency,

@) W’I‘)'?:r? ther prospeciive lower tier participan! is unable to cerify Lo any of Ine slalemenis in tais cenificalion, such prospective
participant shall attach an explanation to this praposal.
[T
earek 1945

FThis Teew esauslidarns B4 1952, B1 1354
BL1AS d6 7458 and &I TTED
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pART C: Certification Regarding Drug-Frae Wbrkaace Requirements

CHECK__IF THIS CERTIFICATION 1S FOR AN ARFPLICANT WHC IS NOT AN INDIVIDUAL.

Alternate 1. (Grarteas Qther Than Individuals)

A The grames certifies that i will or continue to provide a drug-lrze workalzce by

)

(&)

(=]

(d}

(e)

@)

Publishing a statement notifying em ployees that the unlawiul manufaciure. distibution, cispensing, possession, or use
of a controlled substance is prohibited in the grantes's workplace and speciiying lhe aclions that will be taken against
emptoyees for victation of such prohibition;

Es!ablishing an mgomg drug-iree avareness program 1o infare empicyees abaut-

(1) The cangers cf drug abuse in the woarkplace; .

{2) The grantee’s policy of maintaining a drug-free workplace,

(3) Any available drug counseling, rehabilitation, and emglayes assistanca pragrams; and

(4} The penalies that may be imposed vpon employees for drug abuse v'mai.‘ions accurring in the workplace;

Making it a requirement that each emplayze lo be engaged in the pedormance of the grant be given a copy of the
slaternenl required by paragraph (2);

Notifying the empleyes in the stzlement required by paragraph (a) that, as a conditon of employmeat under the grant,
the employee will —

(1) Abide by the terms of the statement; and

(2) Nalify the emaloyer in wiiting of his or her cenviclion for a violation of 2 ciminat drug statite oceurming in the

workplace no later than five calendar days sfier such conviction;

Notifving the agency in wriling, within ten calendar days after receiving nctice under subparagragh ({2} from an
employea or otherwisz recelving actus! notice of such convigtion. Employers of convicied employees awst provide
ralice, including positicn title, lo every grant officer on whose grant aztivity the canvicled employea was working,
unless the Federal zgency has designated a centfal point for the recaipt of sush notices.  Matice shall include the
idgentificalion numbers(s) of each affected grant;

Taking one of the following aclions, within 30 ¢alendar days of rezeiving nclice under subparagranh (92}, with

respect to any employee who is s¢ convicled -

(1) Taking approprizte persennatl action ageinst such an amgioyee. up Lo and induding termination, consistznt with
the reguiremants of the Fehabiliialion Acl of 1673, as amended; or

{2y Reqguiring such employes to padicipate salisfactodly in a crug abuse assisience or rehzbiiitation program
approved for such purposes by a Fedacal, State, or local hesith, law enforcement, or other appropriate agency;

Making a good faith effort to continue to maintain a drug-free workplaca through implementation af paragrzphs (2)
by, {c), (), (&) and {i). .

B. The grantee may insert in the space provided below tha sits(s for the performance of work dona in connection with the
specific grant:

Place of Performance (Streeléddress, city, counlty, state, zip code)
LA AR

sShe <

XS0 Bucumaan ST

fegany Ch 5410

Creck

if there are workplacss on fie tha; zre nol icentifiad here.

PART D:

Certification Regarding Drug-Free Werkplace Requirements

CHECA__IF THIS CERTIFICATION 15 FOR AN APPLICANT ¢WHO (5 M INDIVIDLAL,

’

Allernate ll. {Granle=s VWho Are Individusls)

(al

o)

The arantzs cerilies thal, as & conditicn of the grant, he or she will not engage in the unlawiul manufacture,
distribution, dispensing, pessession, of use of a conirelled substznce in canduding amy aciivity wilh the grant:

If convicted of a sriminal crug ofense resulling from 2 wiolslion oocurring during the conducl of any grant activity, he
of she will report the canviction, in writing. within 10 calerdar dave of the conviction, to the granl pfficer or other

designee, uniess the Federal agency designales a cenlra point for the raceini of such nolices. When nolice is made
(o such a central poind, o shalfi inc'ude 1he icentifinatan number{sy of each alieded gram
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PART E: Certification Regarding Lobbying ;
Cerlification for Contracts, Grants, Loans, and Cooperative Agreements

) .
——

CHECK__IF CERTIFICATION 15 FOR THE AWARD OF ANY OF THE FOLLOWING AND
THE AMCUNT EXCEEDS $100,000; A FEDERAL GRANT OR COOFPERATIVE AG‘?E':M..M
SUBCONTRACT, OR SUBGRANT UNDER THE GRANT OR COOPERATIVE AGREEMENT.

CHECK __IF CERTIFICATION IS FOR THE AWARD OF A FEDERAL
LOAN EXTEEDING THE AMOUNT OF $150,060, OF A SUBGRANT DR
SUBCONTRACT EXCEEDING $100,000, UNDER THE LOAN.

The undersigned cerifies, io the best of his or her knowiedge and befief, that:

(1} Mo Federal approprialed funds have been pald or will be pzid, by or on behall of the undersigned, to any person for
' influencing or altempting ta inflvence an officer or employee of an agency, 2 Member of Cangrass, and officer or employee
of Congress, or an employee af a Membar of Congrass in connection with the awarding of zny Federal conlracl, the making
of zny Federal grant, the making of any Federal loan, the entering inig of 2ny cocperative agreemsnt, and the extension,
continuation, renewal, amendment, or modification of any Federal contract, grant, lozr, or cooperative agreement.

2) If any funds other than Federal appropriated funds have bzen paid of wili be paid to any person for influencing or altempling
to influence an ofiicer or employes of any agency, a Marnber of Congress, an officer or employee of Congress, or an
employee of a Member of Cangress in connection with this Federal conlract, grant, ipan, or czoperative agreement, the
undefsignzd shall complste and submit Standard Forn-LLL, "Disclosure Ferm 1o Report LoSbying,” in accardance with fts
instructions.

The undersigned shall require thal the language of this cenificatinon be Included in the award documents for all subawards
a1 all tiers {including subcontrazis, subgrants, and contracts under grants, 102ns, and cooperative agresments) and that ail
subracipients shalk cenify accerdingly.

3

—

hig certification is a material representation of fact uzon which reliance was placed when this transaction was made or enterad
to. Submission of this certification is a prereguisite for mzking or entering inta lhis transaciion imposed by Section 1352, tille
1, U8, Code, Any parsen who fails to file the required certification shall be subjest to a civil pena'ty ¢f not lass than $10,000
7d not more than 100,000 for ezch sueh failure. ’

3 the authorized certifying official, i hersby certify thal the above speacifisd cenifications =re irue.

SNATUREOFAUTHOREEDCERHFWNCEOFHCMLr/:;;;Df/;Z;éjzzﬁi:/
o4 A

ED NAME ANC TITLE Reavymouy . Carputusss . Ressaecr Lempee
-

IE APriL 'Y 1999
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FEDEHAL ASSISTANCE

2, DATE SURMITTED

04/1./39

apphicant idantlies

1. TYPE OF SUBMISSION:
Preapplicaton

2. DATE RECEIVED BY STATE

| State Application dentifier

Application
Constructian

B Non-Constructicn

] Construction
[} Men-Construction

4, DATE AECEIVED BY FEQERAL AGENCY l.:a:«'eral ldenttfier

|

TPAEPLICANT INFORMATION

Legal Name: "D o ynrow o . C'Anzﬂ.u-'r‘ueag

Crganizztional Unit:
USPA-ANLS » E¥oric aws [Nyasur e

A
Adoress (pive ohy, courly, Stale, and Iip cedgk
USDm- MRS
e Bucwmnesd BT

Pgomr, CA 44750 Atnmena Co

Mame &nd tejephone numper of persed to ba contacted on matlers in
this application (give are2 coost

Sio §859-6127 i

6. EMPL.DYER IDENTIFICATION NUMBER /E/k

e AR E =R

7. TYPE OF APPLICANT: fenfer goprooqals lelar in box)

|

8. TYBE OF APPLICATION:

[X] New

K Revision, erter appropniate letters) in box{es]

[ Revision

0

C. Increase Duration

D Conlinuation

A Increase Awarc B. Dacrease Award
i © D.Degregse Duration  Otherispacifi;

1 A Sate H. InZepandent School Dist, :
B. Caunty i. Gtate Cantralled Institution of Higher Leaming ‘
C. Municipal J. Private Uriversity
D, Tewnship K. Indian Tribe
E. Intarstare L. Individua!

K. Prefit Organizat:on

N. Oter {Specrty) Eedered  CauT,

8. NAME QF FEDERAL AGEMCY:
Lﬂl S Dt‘g\r . A “Qv\c-
g-f)“ 2w bdasad QC_ECMI:}!\ s‘ru\c_c,

F, Intermunicigal
G. Special Distric

"10, CATALOG OF FEDERAL DOMESTIC ASSISTANCE NUMEBER:

TITLE:

LT -CE

1, DESCRIPTIVE TITLE OF APPLICANT'S PROJECT:

12, ARCAS ATFECTED BY PROJECT (Cities, Cowntias, Stales, efc )

YO Y ] Cou.u-'rj_._ c P\

3. FROPOSED FROJECT  [14. CONGRESSIONAL DISTRICTS OF:
an Dale Encing Date  la. Applicant . Projest
1 10/ifqe | Ya2/es
| 5. ESTIMATED FUNDING: 16. IS APPLIGATION SUBJECT TO REVIEW BY STATE EXECUTIVE
‘ ORDER 12372 PAGCESS?
Fedaral 3 =
1,042, 885 2 YES. THIS PREAPPLICATISNAPPLICATION WAS MADE
Appiicant 5 il K AVAILABLE TO THE STATE EXECUTIVE ORDER 12372
PROCESS FOR REVIEW ON:
! State g ks
i CATE
M ocat S =
b No. EPI0GRAN IS NCT GOVERSD BY E. O. 12372
} her S 2 0 OR PAQERANM HAS NOT SESN SELECTED BY STATE
FOR REVIEW
-agram Inceme l 3 A
il 17.1S THE APPLIGANT DELINGUENT ON ANY FEDERAL DEBT?
3 OTAL =
i E \ Q Ll(gw 9 85‘ ' [T ¥es 1 "ves," attach an explanation. [
J

ACHED ASSURANCES If THE ASSISTANCE IS AWARDED.

70 THE BEST OF MY KNOWLEDGE END BELIEF,’ALL DATA IN THIS APPLICATIQNPRELPPLICATION ARE TRUE AND CORRECT, THE
TUMENT HAS BEEN DULY AUTHORIZED BY THE GOVERAMING BODY OF THE APPLICANT AND THE APPLICANT WILL COMPLY WITH THE

‘pe Name of Authorized Representative . Titla

Ayvoun V. Chpeuruess | Reseagen
W Bteraiive

{r:‘ Telephone Number

Leapee S0 559 ~ el

le Date Signed

| Arare. 15, 79

Standaro Ferm 424 (Rev. 7-87)
Preseribed by OME Circular A-1G2
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