SANTA ANA RIVER WATERSHED PROGRAM AGREEMENT
" BETWEEN ORANGE COUNTY WATER DISTRICT
AND SANTA ANA WATERSHED ASSOCIATION

THIS PROGRAM AGREEMENT (“Agreement”} is entered into as of {94 q-{3,
2013 (the “Effective Date”), by and between the ORANGE COUNTY WATER
DISTRICT, a special governmental district organized and operating pursuant to the
.. Orange County Water District Act, Chapter 924, Stats. 1933, as amended ("OCWD"),
“and the SANTA ANA WATERSHED ASSOCIATION, a tax-exempt non-profit
organization (“SAWA"). OCWD and SAWA are at times collectively refetred to herein
as the “Parties.”

RECITALS

A. OCWD owns over 2,000 acres of land in the flood control basin behind
Prado Dam in Riverside and San Bernardino Counties, California (such basin is referred
to herein as the “Prado Basin,” and such OCWD-owned lands are referred to as
“OCWD Basin Lands®). The Santa Ana River waters that reach Prado Basin flow
downstream to lands within OCWD's boundaries, and OCWD diverts such Santa Ana
River flows to replenish the groundwater basin managed by OCWD. OCWD engages in
activities and projects to enhance natural resources in the upper portion of the Santa
Ana River Watershed, including the portion of the Santa Ana River Watershed tributary
to Prado Dam (“Upper SAR Watershed™), and the Prado Basin as an incident to
OCWD's primary purpose of conserving, managing and enhancing the quality and
quantity of water resources for the benefit of the residents and lands within the OCWD
boundaries.

B. SAWA develops, coordinates and implements natural resource programs
that support a sustainable ecosystem and social benefits in the Upper SAR
Watershed. Major areas of SAWA’s focus are the removal of invasive species, native
habitat enhancement and the protection of endangered and threatened species.
OCWD is a member agency of SAWA and a represéntative of OCWD serves as a
member of the SAWA board of directors.

: C. The growth of invasive plant species is a significant problem throughout
the Upper SAR Watershed. Infestations of the invasive weed Arundo (Arundo donax)
and associated weeds thrive in portions of the SAR Watershed, and consume large
quantities of water that would flow to OCWD’s boundaries and could be put to beneficial
uses. Inasmuch as Orange County is located in a semi-arid area, it is essential that all
reasonable efforts be made to protect the quantity and quality of OCWD's water
supplies and to provide for maximum beneficial uses for people and wildlife of that
resource.

D. In furtherance of the goal to maximize water resources and in compliance
with permit conditions for OCWD projects and operations, partnerships were formed to
work on invasive weed control in the Upper SAR Watershed and to cooperatively
manage OCWD Basin Lands with the signing of a landmark agreement among OCWD,
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U.S. Army Corps of Engineers (“Corps”), and the U. S. Department of Interior {including
the U.S. Fish and Wildlife Service (“Service™)) in 1995 (the “1995 Agreement”).

E. The activities authorized by the 1995 Agreement were funded initially with
mitigation funds contributed by the Corps and OCWD and held in an account initially
designated as the Santa Ana River Conservation Fund (“‘Conservation Fund”) and
administered by OCWD in accordance with a Memorandum of Understanding executed
- by OCWD, the Corps and the Service on September 26, 1997.

F. The Conservation Fund received funds from a variety of sources, including
bonds issued pursuant to State of California Proposition 13 and various sources of
mitigation funds. The Conservation Fund was designated as the repository for
mitigation funds received through the “Memorandum of Agreement Santa Ana River
Watershed Trust Fund for Arundo Eradication and Habitat Enhancement In-Lieu Fee
Mitigation Program” (“SAWA ILF Program”), executed by the Corps, OCWD and SAWA
on November 18, 2002 (the “2002 MOA”). A copy of the 2002 MOA is attached hereto
as Exhibit A.

G. The 2002 MOA addressed several issues. First, the 2002 MOA
addressed how the monies in the Conservation Fund were to be utilized going forward.
Second, the 2002 MOA allocated certain responsibilities between SAWA and OCWD.
Third, the 2002 MOA established the SAWA ILF Program, which provided SAWA the
ability to receive mitigation funding from (or to sell mitigation credits to) persons,
agencies and/or entities with mitigation requirements under Corps regulatory permits in
the task areas set forth in Section II.B of the 2002 MOA.

H. Under the terms of the 2002 MOA: “The [ILF] program will be reevaluated
at the end of year seven of a ten-year cycle by the Parties. At the end of each cycle,
the program will be redesigned and/or renewed by the Parties and extended.”

l. The funds in the Conservation Fund, totaling approximately
1$8,430,900.00, were fransferred from OCWD to SAWA in 2006. Those transferred
funds included original contributions by OCWD and the Nature Conservancy for OCWD -
mitigation projects, wildlife management and monitoring in the Prado Basin and Upper
SAR Watershed totaling approximately $3,611,953.00 (‘OCWD Funds”). The OCWD
Funds are managed to earn interest to continue to fund those activities and to maximize
the number of years that those activities may be sustained by the original investments,
as follows: (a) a portion of the OCWD Funds has been expended for the specific
purposes of invasive weed control, restoration, and wildiife management and
monitoring; and (b) a portion of the OCWD Funds that were received for mitigation
purposes has been held, invested, and managed for ongoing maintenance of Prado
Basin habitat restoration sites, including wildlife monitoring.

J. OCWD Funds were earmarked in various prior agreements among
OCWD, U.S. Fish & Wildlife Services, and the Army Corps of Engineers for use on
OCWD Basin Lands designated for mitigation, including invasive weed control and
wildlife management and monitoring in the Prado Basin as well as to help maintain
restoration and biological management efforts in the Upper SAR Watershed.

K. In 2006, the Conservation Fund was re-designated as the “Santa Ana
River Watershed Trust Fund” (“SAWA Trust Fund”).
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L. The value of the OCWD Funds in the SAWA Trust Fund was
approximately $2,988,000.00 as of December 31, 2012. The OCWD Funds in the
-SAWA Trust Fund are held in a separate account referred to as the “OCWD Account”.

M. The Parties acknowledge that cemprehensive tracking of past and
ongoing expenditures from the SAWA Trust Fund is crucial and that a third-party
forensic audit of the Fund to be completed within twelve (12) months of the execution of
this Agreement is critical for maintaining public accountability and to ensure compliance
with all legal requirements. Costs and expenses incurred in performing the audit shall
be borne equally by the Parties, as described in more detail below.

N. In compliance with an agreement with the regulatory agencies, OCWD
and SAWA desire that the OCWD funds in the OCWD Account as of the Effective Date
of this Agreement be utilized as follows: (i) fifty percent (50%) of the OCWD Funds will
be utilized for endangered bird monitoring and management in Prado Basin and habitat
restoration on OCWD Basin Lands, and (ii) fifty percent (50%) of the OCWD Funds will
be utilized for wildlife monitoring and management and habitat restoration in the Upper
SAR Watershed.

0. Since the 2002 MOA became effective, SAWA has received funding from
a variety of sources, including: (1) funds paid by OCWD to SAWA to assist OCWD in
completing regulatory mitigation for OCWD projects not covered by the 2002 MOA
(‘OCWD Permittee Responsible Mitigation”); (2) funds paid by third party project
proponents to SAWA to assist such parties in completing regulatory mitigation for third
party projects (“Third Party Permittee Responsible Mitigation®); and (3) funds paid by
OCWD or third parties for the purpose of acquiring credits in the existing SAWA ILF
Program (“SAWA ILF Mitigation Funds”}.

P. in addition to the above sources of funding, the Parties acknowledge that
SAWA is currently pursuing approval of a new/updated in-lieu fee program (“New
SAWA ILF Program”) with the U.S. Army Corps of Engineers (“Corps”). The Parties
further acknowledge that, in compliance with the “2008 Corps Mitigation Rule” (33 CFR
Parts 325 and 332), the requirements for operating and administering new in-lieu fee
programs are and will be more comprehensive and complex than for ILF plans adopted
prior to the issuance of the 2008 Mitigation Rule. As a result, it is in the Parties' best
interests to failor this Agreement to ensure that all legal requirements are followed for
~ funds received by SAWA from OCWD after the New SAWA ILF Program is approved
and its related instrument is fully executed.

Q. In particular, the Parties acknowledge that future mitigation for OCWD
projects in which SAWA is involved is likely to take one of two forms, as defined in the
2008 Mitigation Rule (see 33 CFR § 332.2; 73 Fed. Reg. 19,594, 19,601 (Apr. 10,
2008)): (1) OCWD Permittee Responsible Mitigation, under which OCWD will retain
ultimate responsibility for ensuring the required regulatory permit conditions are met and
for “any long-term protection and/or management of the compensatory mitigation
project” (73 Fed. Reg. at 19,601), but where SAWA will assist “ad hoc” in the mitigation
efforts (i.e., SAWA is effectively retained as an OCWD contractor); and (2) OCWD
purchasing mitigation credits from SAWA pursuant to the New SAWA ILF Program,
wherein from the date that acknowledgement of acceptance of OCWD payment is made
by SAWA, SAWA alone accepts fina! and ultimate responsibitity for ensuring that the
mitigation obligations associated with the purchased credits are satisfied.
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R. As discussed in more detail below, the Parties acknowledge that: (1)
SAWA retains the right, in its- full and complete discretion, to decide whether to
participate in any future OCWD Permittee Responsible Mitigation project ("Future
Project”) offered to SAWA; (2) it is in the best interest of the Parties that they
understand the appropriate level of control to be exercised by OCWD in each of its
sponsored mitigation projects; (3) due to the requirements of the 2008 Mitigation Rule,
funds paid to SAWA for purchase of credits under the New SAWA ILF Program must be
placed in an account separate from the SAWA Trust Fund, including the OCWD
Account, managed separately and used only to support in lieu fee projects; and (4) the
2008 Mitigation Fee Rule states that funds received by in-lieu fee programs from the
sale of mitigation credits, as well as any interest from such sales, must be used only to
provide mitigation under the in-lieu fee program. (/d.)

S. OCWD and SAWA now desire to enter into this Agreement to set forth the
terms and conditions guiding the expenditure of, and accounting for OCWD’s past and
future contributions to the SAWA Trust Fund, as well as related issues addressed under
this Agreement. '

AGREEMENT

NOW, THEREFORE, in consideration of the recitals above which are
incorporated into this Agreement, and the covenants, conditions and promises
contained herein, OCWD and SAWA hereby agree as follows:

1. Use of OCWD Funds, Equipment and Facilities

1.1 Recitals. The Recitals listed above are fully incorporated into this
Agreement.

1.2 Completed Work. The Parties acknowledge and agree that certain
obligations under the previous 2002 MOA have been completed, while others remain
ongoing as of the date that this Agreement is fully executed by the Parties (“Effective
Date”). Exhibit B, which is attached hereto and is incorporated by reference herein,
describes the obligations under the 2002 MOA that the Parties agree have been
completed and for which no work or payment(s) remain outstanding as of the Effective
Date. Exhibit C, which is also attached hereto and is incorporated by reference herein,
describes work contemplated under the 2002 MOA that the Parties agree has not been
completed or is ongoing as of the Effective Date of this Agreement.

1.3  Allocation of OCWD Funds. The OCWD Funds in the OCWD
Account as of the Effective Date shall be utilized only as follows: (i) Fifty percent (50%)
of the OCWD Funds shall be utilized for endangered bird monitoring and management
in Prado Basin (including the costs reimbursed to OCWD pursuant to Paragraph 1.2
betow) and habitat restoration on OCWD Basin Lands, and (ji) Fifty percent (50%) of the
OCWD Funds shali be utilized for wildiife monitoring and management and habitat
restoration in the Upper SAR Watershed. As discussed in more detail below, utilization
and allocation of funding contributed by OCWD to SAWA after the Effective Date of this
Agreement shall be determined jointly by OCWD and SAWA, on a case-by-case basis,
in accordance with the requirements of the particular mitigation project at issue.
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1.4 Fund Balance. SAWA and all agencies with directors designated to
the  SAWA Board shall receive written notice from SAWA's: Executive Director within
thirty (30) calendar days if the balance of the OCWD Account falls below the amount of
two hundred fifty thousand dollars ($250,000).

1.5 Separate Accounfs. After the New SAWA ILF Program is
implemented, any funds received by SAWA from OCWD’s purchase- of in-lieu fee
credits shall be placed in a SAWA in-lieu fee account that is separate from the SAWA
Trust Fund and OCWD Account, and shall be managed separately and used only to
support in-lieu fee projects.

1.6 Reimbursement for Prado Vireo Monitors. As part of its long-term
mitigation obligations, OCWD is required by the Corps and United States Fish and
Wildlife Service ("USFWS") to fund certain biological field personnel to undertake
mitigation activities (the “OCWD/SAWA Field Personnel’). SAWA has also used the
expertise of the OCWD/SAWA Field Personnel cn other SAWA projects. As a result,
the OCWD/SAWA Field Personnel spend portions of their time working on things such
as: (1) mitigation projects, including OCWD mitigation projects, in which SAWA is
involved; (2) SAWA projects unrelated to OCWD mitigation activities (i.e., third party
mitigation projects or projects funded by the SAWA Trust Fund, but not by OCWD
Funds); and (3) OCWD projects unrelated to SAWA activities.

QOver time, the Parties have come to determine that, for purposes of
undertaking the projects described in the first two categories listed above, OCWD
approximately fifty percent (50%) of the time of the one OCWD staff biologist and one
SAWA contract biologist, and 100% of the time of the OCWD vireo monitoring
contractor. As a result, OCWD has historically issued an invoice to SAWA each month
" to cover the salaries and benefit costs for one-half (1/2) of the time of the one staff
biologist and one SAWA contract biologist, and the entire cost of the vireo monitoring
contractor. SAWA agrees to continue the above-described billing practice after the
Effective Date of this Agreement, subject to the following: (1) The amount of time
expended by the OCWD/SAWA Field Personnel on OCWD projects shall be tracked,
and all related salary and benefit reimbursement paid to OCWD by SAWA shall be
made from the OCWD Account; (2) the amount of time expended by the OCWD/SAWA
Field Personnel on SAWA projects not involving OCWD mitigation shall be tracked, and
all related salary and benefit reimbursement paid to OCWD by SAWA shall be made
from the SAWA Trust Fund or from other monies available to SAWA, but not from the
OCWD Account; (3) the Parties shall meet no less than once every twenty-four (24)
months to determine whether the reimbursement to OCWD by SAWA of the time and
benefits of the OCWD/SAWA Field Personnel under this Agreement continues to track
the relative use of the personnel on OCWD projects and SAWA projects; and (4)
nothing in this Agreement requires SAWA to reimburse OCWD for the time of the
OCWD/SAWA Field Personnel on OCWD projects if the OCWD Funds are insufficient
to cover such costs, or if SAWA utilizes the OCWD/SAWA Field Personnel less than
twenty-five percent (25%) of what is contemplated under this Agreement.

SAWA shall pay each valid OCWD invoice issued under this paragraph
within thirty (30) calendar days of SAWA'’s receipt of an invoice from OCWD. Such
payment shali be made from funds in the applicable account.
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1.7 OCWD Contributions for Habitat Monitoring _and Management.

OCWD shall contribute the following equipment and facilities to SAWA to assist in
endangered bird and habitat monitoring and management activities related to this

Agreement:

1.7.1 OCWD shall provide office space, a vehicle, and other
logistical support, including cellular phones and computers, for the
OCWD/SAWA Field Personnel at OCWD’s sole cost and expense. The
Three Field Personnel shall be jointly supervised by OCWD's Habitat
Restoration Manager and SAWA's Lead Biologist on OCWD Projects, but
exclusively by SAWA’s Habitat Restoration Manager on SAWA Projects,
including projects under the New SAWA In-Lieu Fee Program.

172 OCWD shall pay for supplies for cowbird traps used annually
in the Upper SAR Watershed.

1.7.3 OCWD shall furnish a desk, phone, and computer for one
SAWA-employed biologist at the OCWD office in Fountaln Valley,

Cahfornia

1.7.4 While assisting with wildlife monitoring and management in
the Prado Basin, SAWA employees will be allowed to use available
OCWD facilities and field equipment including but not limited to vehicles.
Any SAWA employee driving an OCWD vehicle must carry proof of
insurance and a valid California Driver's License and be acknowledged as
a safe driver with a good driving record; OCWD reserves the right to deny
any SAWA employee access to an OCWD vehicle if OCWD determines in
good faith that the SAWA employee is not a safe driver with a good driving
record, or that the SAWA employee lacks either adequate insurance or a
valid California Driver's License.

1.8 Habitat Restoration and Related Activities.

1.8.1 Use of Contractors on OCWD Habitat Restoration Sites.
When it is determined by SAWA that a contractor will be necessary for all
or a portion of OCWD Work on OCWD Basin Lands or other Prado Basin
lands where the owner has consented to such work and such work is
being undertaken on an OCWD Permittee Responsible Mitigation Project,
or where SAWA has otherwise accepted responsibility for conducting such
work, SAWA will promptly inform OCWD of the need to select a
contractor. SAWA shall coordinate and supervise the conduct of the work.
The -expenses, including salaries and costs, for the contract work will be
paid using funds in the OCWD Account. I[n the event that OCWD
disapproves of the retention of a contractor as discussed in this section, it
will notify SAWA that it objects to such retention within three (3) business
days from the date on which SAWA informed OCWD of the need for the
contractor. In such event, OCWD and SAWA shall promptly meet in good
faith in an effort to resolve any issues with respect to the retention of such
contractor.
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1.8.2 Permits and Approvals. OCWD shall provide technical
assistance to SAWA in processing applications for and obtaining issuance
of any and all governmental permits, approvals, licenses and other
authorizations that may be required in connection with habitat restoration
operations or activities within Prado Basin by SAWA or its contractor.
SAWA shall obtain any and all such governmental permits, approvals,
licenses and other authorizations. No approval or consent given under
this Agreement by OCWD shall affect or limit SAWA’s obligations
hereunder, or be deemed to be approval as to compliance or conformance
with any applicable governmental code, law, order, rule or regulation.

1.8.3 Completion of Construction. Upon OCWD and SAWA
concurring that construction of the habitat restoration project is complete,
SAWA shall transmit to OCWD a final invoice accompanied by a certified
statement of the total costs paid by SAWA for the design and construction
of the habitat restoration project. Within thirty (30) days of its receipt of
such final invoice, the certified statement, and supporting documentation,
OCWD shall authorize payment from the OCWD Account.

1.8.4 Access to OCWD Lands. For all work on OCWD Lands
performed by SAWA under this Agreement, OCWD shall provide and
allow SAWA, including SAWA's contractors, subcontractors, agents, and
authorized volunteers, to have access on and over all easement areas
and private property held by OCWD for the period of time necessary to
complete such work.

2. Accounting for Funds a-nd Annual Audit.

21 OCWD Funds. Subject to the reimbursement from the OCWD
Account for associated costs, SAWA shall account for and document all of the principal
-and interest in the OCWD Account of the SAWA Trust Fund. SAWA may comingle the
funds in the OCWD Account with other SAWA funds for investment purposes, but
SAWA shall account for the OCWD Account funds separately. Provided, however, that
SAWA ILF Program funds, including New SAWA ILF Program funds, shall not be
commingled with the OCWD Account funds or any other SAWA or OCWD funds.
Subiject to the reimbursement from the OCWD Account for associated costs, the ledger
and accounting of the OCWD Account will be updated monthly and available for
inspection and periodic examination by OCWD. SAWA shall annually conduct an audit
of the entire SAWA Trust Fund, including the OCWD Account, and provide a copy of
such audited accounts records to OCWD. SAWA'’s annual audit is separate and in
addition to, and not in lieu of, the discretionary audits that OCWD may conduct in
accordance with Paragraph 4.9 below.

2.2 Forensic Audit. The Parties agree that a forensic audit of the SAWA
Trust Fund shall be undertaken and completed within twelve (12) months of the
" Effective Date of this Agreement. Such audit shall include all activities associated with
the SAWA Trust Fund to date. All costs and expenses in connection with the audit shall
be borne equally by the Parties (i.e., SAWA and OCWD shall each pay for fifty percent
(50%) of the forensic audit).
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2.3 New_ OCWD Contributions to the OCWD Account. Any
contributions by OCWD into the SAWA Trust Fund following the Effective Date will
' become part of the OCWD Account of the SAWA Trust Fund. The Parties acknowledge
that future contributions by OCWD to SAWA may be for different purposes, including (1)
SAWA assistance on future OCWD Permitiee Responsible Mitigation Projects; (2)
OCWD purchasing credits from SAWA under the SAWA ILF Program and/or the New
SAWA ILF Program; or (3) payments by OCWD to SAWA to continue funding of
mitigation obligations under OCWD's existing regulatory permits. All funds received by
SAWA from OCWD for credits under the SAWA ILF Program or the New SAWA ILF
Program shall be received, used, expended, and maintained in strict accordance with
the Corps 2008 Mitigation Rule and kept in an account that is separate from the SAWA
Trust Fund and the OCWD Funds. With respect to all work described in this paragraph,
including the receipt, use, expenditure, and maintenance of all funds in connection with
such work, it shall be governed by a separate agreement, which may be in the form of a
project implementation agreement, services agreement, or other type of agreement as
necessary and required for such work.

2.4 Return of OCWD Funds. Article VI of the SAWA Articles of
Incorporation specifies the process for dissolution and winding up of SAWA, including
distribution of SAWA's assets and liabilities. Specifically, Article VI, section (b),
provides that upon dissolution or winding up of SAWA, the assets of SAWA that remain
after payment of all of SAWA's debts and liabilities shall be distributed to a nonprofit
corporation that is “organized and operated exclusively for similar charitable and
educational purposes meeting the requiremenis for exemption provided by Section 214
of the Revenue and Taxation Code, and which has established its tax-exempt status
under section 501(c)(3) of the Internal Revenue Code..." The Parties acknowledge that
at the time of entering into this Agreement, the dissolution and/or winding up of SAWA
is not being contemplated, and is not anticipated to occur during the term of this
Agreement (including any extensions thereto). However, in the event that such
dissolution and/or winding up of SAWA is contemplated by the SAWA Board of
Directors while this Agreement is in effect, the Parties agree to the following:

(a) The Parties acknowledge that pursuant to section 305 of the
SAWA Bylaws, SAWA is subject to certain public notice and
agenda requirements under the Ralph M. Brown Act (Govt. Code,
§§ 54950, et seq.) (The “Brown Act”), including the requirement to
properly and timely agendize any SAWA Board discussions
regarding the possible dissolution andfor winding up of SAWA in
accordance with the Brown Act;

(b) At least one month before any SAWA Board of Directors
meeting that occurs during the term of this Agreement (including
any extensions thereto) that includes an agenda item relating to the

. possible dissolution and/or winding up of SAWA, SAWA shall
provide written notice to OCWD that SAWA intends to place such
an item on the SAWA Board agenda for discussion;

{(c) Upon SAWA providing and OCWD receiving such written
notice, the Parties shall promptly meet and confer in good faith to
determine the amount of OCWD Funds held by SAWA at that time
pursuant to this Agreement. Such meet and confer process may, at
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either party’s election, include an accounting to establish the
amount of OCWD Funds held by SAWA. Any such meetings
between the Parties shall occur prior to the SAWA Board of
Directors formally considering dissolution and/or winding up of
SAWA: '

(d)  Prior to the SAWA Board of Directors voting to dissolve or
wind up SAWA, SAWA shall transmit to OCWD the OCWD Funds
held by SAWA, in the amount determined pursuant to the meet and
confer and accounting process specified in subdivision (¢) above.
The Parties further acknowledge that any debts and/or liabilities of
SAWA directly resulting from this Agreement, or pursuant fo one .or
more project implementation agreements, services agreements, or
other type of agreements as specified in Section 2.3 above, that
were incurred prior to and/or after the meet and confer and
accounting process specified in subdivision (c) above shall be
deducted by SAWA prior to the return of the OCWD Funds to
OCWD.

3. Future Projects.

3.1 OCWD Discretion to_Initiate Future Projects. OCWD retains the
right to direct future funding from sources other than the OCWD Account to SAWA for
mitigation requirements associated with additional Santa Ana River water conservation,
operations or other projects relating to Prado Basin or the Upper SAR Watershed (each,
a “Future Project”) in accordance with this Section Three. The Parties acknowledge that
these Future Projects will take the form of OCWD Permittee Responsible Mitigation, as
defined in the 2008 Corps Mitigation Rule. In contrast to such Future (OCWD Permittee
Responsible Mitigation) Projects, OCWD may also elect to purchase credits from the
New SAWA I[LF Program. Such ILF purchase credit transactions shall not be
considered Future Projects under this Agreement. Any OCWD purchase of ILF
Program credits from SAWA shall be subject to the terms of the New SAWA ILF
Program Instrument and the requirements of the 2008 Corps Mitigation Rule, including
any amendments to that rule. Any such credit purchases by OCWD shall be at the
same credit price offered to third parties requesting to purchase SAWA ILF program .
credits. OCWD payments to purchase credits shall be placed in the New SAWA ILF
Program account, as required by the 2008 Mitigation Rule, and shall not be placed in
the OCWD Account.

3.2 Request for Participation in Future Project. If OCWD determines to
initiate a Future Project, OCWD shall transmit a written notice to SAWA setting forth the
description and scope of the Future Project, including the schedule therefor, and the
projected cost/budget, and requesting SAWA'’s performance of the Future Project. At
the same time, OCWD shall also provide SAWA with a copy of a regulatory permits and
habitat monitoring plans associated with such project. OCWD acknowledges that
OCWD will ultimately be responsible for obtaining all regulatory agency approvails for
such Future Projects, including satisfaction of all permit conditions, though SAWA may
engage in ad hoc assistance on such projects consistent with the 2008 Corps Mitigation
Rule. -
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3.3  Acceptance of Work. Within sixty (60) calendar days of its receipt
of a written request from OCWD regarding a Future Project, SAWA shall notify OCWD
in writing whether SAWA will agree to perform a portion or all of such Future Project,
which portions SAWA will undertake (if not taking the entire Future Project), and the
expected timeline for completion of work on the Future Project. The Parties understand
and agree that such notification by SAWA to OCWD may be given by SAWA's
execution of a project implementation agreement, services agreement, or other type of
agreement as necessary and required (as specified in Section 2.3 above). OCWD may
choose to accept or reject any SAWA proposal to undertake only a portion of such
Future Project with fourteen (14} calendar days of receipt of SAWA's proposal. If
OCWD does not respond within the 14-day period, the Parties will assume that OCWD
has agreed to SAWA's proposal to undertake work (or any portion thereof) on the
Future Project.

34 If SAWA agrees to perform the Future Project, SAWA shall
coordinate and supervise the work in connection with the Future Project. OCWD shall
be responsible for undertaking compliance with the California Environmental Quality Act
(“CEQA™) and/or the National Environmental Policy Act ("NEPA"), if applicable. In
connection with SAWA’s work on a Future Project:

3.4.1 Use of Contractors or SAWA Staff. SAWA shall determine
whether the Future Project should be performed by a contractor or by
SAWA’s employees. If SAWA determines that a contractor should
perform the Future Project, SAWA shall enter into a contract with a
gualified and licensed contractor for the work. If SAWA determines that
SAWA staff should perform the Future Project, SAWA shall prepare a
budget for the Future Project, including the SAWA staff members to
perform the Future Project work, their respective rates of pay and the
anticipated time for the performance of the work.

3.4.2 Implementation of the Future Project. SAWA shall invoice
OCWD monthly for funds to pay for the performance of the Future Project
undertaken to such date, and provide OCWD with such supporting
documentation as may be reasonably necessary for OCWD to review the
invoice. Within thirty (30) days of its receipt of each such invoice and
supporting documentation, OCWD shall fransmit payment to SAWA. In
the event of a dispute between SAWA and OCWD over an invoice, OCWD
and SAWA shall promptly meet in good faith in an effort to resolve any
issues with respect to the payment of the invoice.

4, Legal Relations and Responsibilities.

4.1 Compliance with Laws.

(@) SAWA shall keep itself fully informed of and comply with all
existing and future Federal and State laws and local ordinances and
regulations which in any manner apply to the activities and operations of
SAWA under this Agreement. SAWA shall protect and indemnify, as
required herein, OCWD, its officers, directors, employees and agents
against any claim or liability arising from or based on the violation of any
such law, ordinance, regulation, order or decree, whether by SAWA or any
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person or entity acting in the employment of, while empioyed by, or under
contract to, SAWA.

(b) OCWD shall keep itself fully informed of and comply with all
existing and future federal and state laws and local ordinances and
regulations which apply to the activities and operations of OCWD under
this Agreement. OCWD shall protect and indemnify, as required herein,

- SAWA, its officers, directors, employees, designating agencies, agents,
and authorized volunteers against any claim or liability arising from or
based on the violation of any such law, ordinance, regulation, order or
decree, by OCWD or any person or entity acting in the employment of,
while employed by, or under contract with OCWD.

4.2  Nature of Relationship. This Agreement does not create, and shall
not be construed or deemed to create, any agency, partnership, joint venture, landlord-
tenant or other relationship between OCWD and SAWA.

4.3 Insurance. Without limiting the Parties’ respective indemnification
obligations, each Party shali procure and maintain, at its sole cost and for the duration
of this Agreement, insurance coverage as provided below, against all claims for injuries
against persons or damages to property which may arise from or in connection with the
performance of the work hereunder by such Party, its agents, representatives,
employees, and/or subconsultants. In the event that either Party subcontracts any
portion of the work, the contract between the Party and such subcontractor shall require
the subcontractor to maintain the same policies of insurance that the applicable Party is
required to maintain pursuant to this Section 5.3. To the extent that the minimum
insurance coverage amounts described below result in additional cost(s) to SAWA for
work paid for, in whole or in part, with OCWD Funds, SAWA shall produce evidence of
such additional or new cosi(s) to OCWD, accompanied by a request that such additional
cost(s) be reimbursed to SAWA from the OCWD Funds. For example, if SAWA is
required to provide a waiver of subrogation under this Agreement for mitigation work
paid for, in whole or in part, with OCWD Funds, and such waiver of subrogation results
in additional costs to SAWA, then SAWA may request that it be reimbursed from the
OCWD Funds for such additional incremental cosi(s). Upon receipt of a valid request
from SAWA, OCWD will promptly authorize reimbursement.

4.3.1 Insurance Coverage Required. The policies and amounts of
insurance shall be as follows:

(a) Commercial General Liability Insurance. Each Party shall
provide and maintain commercial general liability insurance. The
coverage for commercial general liability insurance shall be at least as
broad as the following: Insurance Services Office (ISO) Commercial

~ General Liability Coverage (Occurrence Form CG 0001). Each Party shall
maintain limits no less than the following: Two million dollars ($2,000,000)
per occurrence for bodily injury, personal injury and property damage. If
Commercial General Liability Insurance or other form with a general
aggregate limit or products-completed operations aggregate limit is used,
either the general aggregate I[imit shall apply separately to the
project/location (with the SO CG 2503, or ISO CG 2504, or insurer’s
equivalent endorsement provided to OCWD) or the general aggregate limit
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and products-completed operations aggregate limit shall be twice the
required occurrence: limit. :

(b} ~ Automobile Liability Insurance. Each Party shall provide and
maintain automobile liability insurance. The coverage for automobile
liability insurance shall be at least as broad as the following: Insurance
Services Office (ISO) Business Auto Coverage (Form CA 0001) covering
Symbol 1-(any auto). Each Party shall maintain limits no less than the
following:  One Million Dollars ($1,000,000.00) for bodily injury and
property damage each accident limit.

(c)  Workers Compensation and Employer's Liability. Each Party
and all subcontractors shall insure (or be a qualified self-insured) under
the applicable laws relating to workers’ compensation insurance, all of
their employees working on or about the construction site, in accordance
with the “Workers’ Compensation and Insurance Act”, Division IV of the
Labor Code of the State of California and any Acts amendatory thereof.
Each Party shall provide employer’s liability insurance with fimits of no less
than $1,000,000 each accident, $1,000,000 disease policy limit and
- $1,000,000 disease each employee.

4.3.2. General Requirements. Each Party’s insurance:

(a)  Shall be issued by an insurance company, which maintains
an A.M. Best's rating of “-A, VII” or higher; unless otherwise approved by
both Parties;

(b)  General Liability and Automobile Liability shall name the
other Party (e.g., “"OCWD, and its officers, officials, employees, agents,
representatives and volunteers (collectively hereinafter “OCWD and
OCWD Personnel’) as additional insureds” and contain no special
limitations on the scope of protection afforded to the other Party or its
personnel. All insurance provided hereunder shall include the appropriate
separate endorsement(s).

(¢}  Shall be primary insurance and any insurance or self-
insurance maintained by the other Party or its personnel shall be in excess
of the applicable Party’s insurance and shall not contribute with it;

(d)  Shall apply separately to each insured against whom claim is
made or suit is brought, except with respect to the llmlts of the insurer's
tiability;

() Workers’ Compensation and Employer's Liability shall be
endorsed to state that the insurer shall waive all rights of subrogation
against OCWD and OCWD Personnel, excluding Professional Liability;

(] Shall have project name and/or agreement number indicated
on certificate; and

(g). Shall be endorsed to state that coverage shall not be

suspended, voided, cancelled, reduced in coverage or in limits, non-
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renewed, or materially changed for any reason, without thirty (30) days
prior written notice thereof given by the insurer to the other Party by U.S.
mail, or by personal delivery, except for nonpayment of premiums, in
which case ten (10) days prior notice shall be provided.

4.3.3 Deductibles. Any deductibles or self-insured retentions must
be declared to and approved by the other Party prior to the execution of
this Agreement by OCWD.

4.3.4 Evidence of Coverage. Each Party shall furnish the other
Party with certificates of insurance with additional insured (Form 2010)
including waiver of subrogation endorsement, demonstrating the coverage
required by this Agreement, which shall be received and approved by the
other Party not less than five (5) working days before work commences.

4.3.5 Workers Compensation Insurance. No Employees/Sole
Proprietor. By his/her signature hereunder, the Parties certify that they
are aware of the provisions of Section 3700 of the California Labor Code
which requires every employer to be insured against liability for workers'
compensation or to undertake self-insurance in accordance with the
provisions of that code, and that they will comply with such provisions
before commencing the performance of the work of this Agreement. The
Parties, will keep, and require their contractors and subcontractors to keep
Workers Compensation Insurance for their employees in effect during all
work covered by this Agreement.

4.4  Mutual Indemnification.

(a) SAWA Responsibilities. SAWA agrees to indemnify, defend, and
hold harmless OCWD, its officers, officials, employees, agents, consuitants, and
authorized volunteers from any and all claims, demands, costs or liabilities arising from
or connected with all activities governed by this Agreement, due to the negligent acts,
errors, omissions, or willful misconduct of SAWA. SAWA will reimburse OCWD for any
expenditures, including reasonable attorneys' fees and expert witness fees, incurred by
OCWD in defending against claims ultimately determined to be due to negligent acts,
errors, omissions, or willful misconduct of SAWA in connection with this Agreement.

(b)y OCWD Responsibilities. OCWD agrees to indemnify, defend, and
hold hammiess SAWA, its officers, officials, employees, agents, consultants, and
authorized volunteers from any and all claims, demands, costs or liabilities arising from
or connected with all activities governed by this Agreement, due to the negligent acts,
errors, omissions, or willful misconduct of OCWD. OCWD will reimburse SAWA for any
expenditures, including reasonable attorneys' fees and expert witness fees, incurred by
SAWA in defending against claims ultimately determined to be due to negligent acts,
_errors, omissions, or willful misconduct of OCWD in connection with this Agreement.

45 No Representation or Warranty. Each party acknowledges that
neither the other party, nor any of the other party’'s officers, employees, agents or
representatives, has made any written or oral representation, promise or warranty,
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express or implied, regarding any matter that is the subject of this Agreement, other
than as expressly set forth herein.

46 Assignment. SAWA may not transfer, assign, convey, hypothecate
or encumber this Agreement or any interest herein, whether voluntarily or by operation
of law, and whether for the benefit of creditors or otherwise, without the prior written
express approval of OCWD, which OCWD may withhold in its sole and absolute
discretion. In the event of any unapproved transfer, including but not limited to any
bankruptcy proceeding, OCWD may, in its sole and absolute discretion, terminate this
Agreement upon not less than fifteen (15) days’ prior written notice to SAWA. The
foregoing shall not be deemed to apply to any cooperative agreements that SAWA may -
enter into with a different legal entity conducting similar business.

4.7 No Obligation to Third Parties. The approval and execution of this
Agreement shall not be deemed to confer any rights upon any person or entity other
than OCWD and SAWA. There are no third party beneficiaries to this Agreement.

4.8 Conflict of - Interest. No officer, official, employee, agent,
representative or volunteer of OCWD or SAWA shall have any financial interest, direct
or indirect, in this Agreement, or participate in any decision relating to this Agreement
which affects his or her financial interest or any entity in which he or she is financially
interested, in violation of any federal, state or local statute, ordinance or regulation.

4.9 Records and Review. SAWA shall keep and maintain all records,
accounts and reports relating to this Agreement for a period of three (3) years following
the expiration or earlier termination of this Agreement, and OCWD shall have access to
such records at any time during normal business hours upon seventy-two (72) hours’
notice to SAWA. At its cost, OCWD shall have the right to audit the books, records and
accounts of SAWA no more than once annually and SAWA shall provide reasonable
cooperation to OCWD in this regard. Such audit right by OCWD is not in lieu of SAWA's
obligation to audit the SAWA Trust Fund, including the OCWD Account, pursuant to
Paragraph 2.1 above.

410 Disputes. In the event of a dispute between the parties regarding
the interpretation of this Agreement or the enforcement of its rights or the other party’s
obligations hereunder (a “Dispute”), the aggrieved party may initiate legal proceedings
against the other party, but only foliowing exhaustion of the informal dispute resolution -
. process set forth in Paragraph 4.10.1, and non-binding mediation in accordance with
Paragraph 4.10.2.

4.10.1 Either party may seek to resolve a Dispute by means of
informal dispute resolution. A party shall initiate the informal dispute
resolution process by transmitting written notice to the other party, setting
forth the nature and extent of the Dispute, and requesting that the parties
engage in informal dispute resolution. Within ten (10) working days from
the date of receipt of the request for informal dispute resolution, staff
members of both of the parties shall meet and confer in a good faith effort
to resolve the Dispute by recognizing their mutual interests and attempting
to reach a resolution of the Dispute that is just, equitable and satisfactory
to both parties. The parties may by mutual agreement recess or continue
the informal dispute resolution conference. In the event that the parties
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have not reached a mutually satisfactory resolution of the Dispute within
ten (10) calendar days following the date of the initial informal dispute
resolution conference (unless the parties have mutually agreed to extend
the process beyond the 30 days), either party may initiate non- blndlng
mediation.

4.10.2 Mediation shall be conducted under the auspices of the
Judicial Arbitration and Mediation Services, Inc. ("{JAMS"). A party may
initiate mediation by fransmitting a written notice to the other party
("Mediation Notice”), setting forth the nature and scope of the Dispute,
requesting mediation, and proposing five (5) mediators from the Orange
County office of JAMS as candidates to serve as the mediator for the
Dispute (“Mediator”). Within ten (10) working days from the receipt of the
Mediation Notice, the responding party shall respond in writing, selecting
one of the proposed mediators as the Mediator. In the event that the
parties are unable to select the Mediator, the question of the selection of
the Mediator shall be submitted to the Presiding Judge of the Orange
County Superior Court in accordance with Code of Civil Procedure Section
1281.6. The fees and expenses of the Mediator shall be shared equally
by OCWD and SAWA. The mediation shall be conducted generally in
accordance with the JAMS “Guide to the Mediation Process for Lawyers
and their Clients,” as published on the JAMS website as of the date of this
Agreement.

4.10.3 In the event that the parties are unable to reach a mutually
satisfactory resolution of the Dispute by means of non-binding mediation,
either party may initiate and prosecute litigation in the Riverside County

- Superior Court to adjudicate the Dispute (the “Action”. The prevailing
party in the Action, in addition to any other relief and recovery ordered by
the court, shall be entitled to recover all statutory costs, plus reasonable
attorneys’ fees and expert witness costs.

5. Miscellaneous.

5.1 Term and Termination. This Agreement shall remain in effect for a
period of ten (10) years, beginning on the Effective Date and expiring on the tenth (10™)
anniversary thereto, unless terminated earlier by mutual written agreement of the
Parties. The Parties agree to meet and confer in person at least once every five (5)
years during the term of this Agreement in order to evaluate the programs described
herein and to determine whether the Agreement should be extended. Either Party may
terminate this Agreement with or without cause upon ninety (90) days written notice to
the other. From and after the date of such termination notice, SAWA shall not expend
any further funds from the OCWD Account except (a) to pay contractors or reimburse
OCWD for work performed prior to the date of such notice, or (b} in accordance with the
prior written consent of OCWD. Upon termination, SAWA shall prepare a final
accounting of the funds in the OCWD Account in the SAWA Trust Fund, and deliver to
OCWD both a copy of the final accounting and the remaining balance of funds in the
OCWD Account as of the date of termination. OCWD shall have the right, at its cost
and within 120 days of the date of its receipt of such funds and final accounting, to
review and audit the books and records of SAWA.
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5.2 Notices. Any notice, payment or instrument required or permitted
to be given or delivered by this Agreement may be given or delivered by personal
delivery or by depositing the same in any United States mail depository, first class
postage-prepaid, and addressed as follows:

If to OCWD: Orange County Water District
' - P.O.Box 8300
18700 Ward Sireet
Fountain Valley, CA 92728
Attn: Natural Resources Director

If to SAWA: Santa Ana Watershed Association
P.0O. Box 5407
Riverside, CA 92517
Attn: Executive Director

or such other person or address as either party may direct in writing to the other;
provided, however, that such new or different person or address shall not become
effective until acknowledged in writing by the party to whom directed or 7 days after
transmission thereof by registered or certified mail, whichever first occurs. Except
where service is by personal delivery or by registered or certified mail, return receipt
requested, service of any instrument or writing shall be deemed completed forty-eight
(48) hours after deposit in the United States mail depository.

5.3 Contract Administration. The Natural Resources Director of OCWD
or his or her designee shall administer this Agreement on behalf of OCWD,; and, except
as expressly required otherwise by this Agreement, the OCWD Natural Resources
Director or his or her designee shall have the authority to take all actions that OCWD is
required or authorized to take under this Agreement. The Executive Director of SAWA
or his or her designee shall administer this Agreement on behalf of SAWA.

5.4 Headings. The titles and headings of sections and paragraphs of
this Agreement, as set forth here, have been inserted for the sake of convenience only,
and are not to be taken, deemed or construed to be any part of the terms, covenants or
conditions of this Agreement, or to control or modify any of the terms, covenants or
conditions hereof.

55 Time of Essence. Time is of the essence of this Agreement.

56 Waiver. No delay or omission in the exercise of any right or
remedy by a non-defaulting party on any default shall impair such right or remedy or be
construed as a waiver. A party's consent to or approval of any act or omission by the
other party requiring the party’s consent or approval shall not be deemed to waive or
render unnecessary the other party’s consent to or approval of any subsequent act or
omission. Any waiver by either party of any default must be in writing.

57 Entire Agreement. This Agreement represents the entire
understanding of OCWD and SAWA to those matters contained herein. No prior oral or
written understanding shall be of any force or effect with regard to those matters
covered by this Agreement. This Agreement supersedes and cancels any and all
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previous negotiations, arrahgements, agreements or understandings, if any, between
the parties, and none shall be used to interpret this Agreement.

5.8 Construction and Amendment. This Agreement shall be construed,
interpreted, governed and enforced in all respects according to the laws of the State of
California and as if drafted by both OCWD and SAWA. No amendment, change or
modification of this Agreement shall be valid unless in writing, stating that it amends,
changes or modifies this Agreement, and is signed by authorized representatives of
both OCWD and SAWA.

5.9 Cooperation. SAWA and OCWD shall each execute and deliver
any and all additional papers, documents and other assurances, and do any and all acts
and things reasonably necessary, in connection with the performance of their
obligations hereunder and to carry out the intent of the parties under this Agreement.

5.10 Warranty of Authority. Each officer of OCWD and SAWA affixing
his or her signature to this Agreement warrants and represents by such signature that
he or she has the full legal authority to bind his or her respective party to all of the
terms, conditions and provision of this Agreement, that his or her respective party has
the full legal right, power, capacity and authority to enter into this Agreement and
perform all of its provisions and obligations, and that no other approvals or consents are
necessary in connection therewith.

5.11 Successors. Subject to Paragraph 5.6 above, this Agreement, and
ali of the terms and conditions herein, shall inure to the benefit of, and be binding upon,
OCWD, SAWA, and their respective successors and assigns.

IN WITNESS WHEREOF, the Parties have executed this Agreement as of the
Effective Date first written above.

WATER DISTRICT

/General Manager

By: _ A A
Genergfiounsel, Orange County
Water District
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“SAWA”

Santa Ana Watershed Aésociation

ZM 8- 8-20/3

Board Chair

By: %/MJI g-$- 201z

Executive Director

APPROVED AS TO FORM:

%ﬂh_

al Counsel, SAWA
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MEMORANDUM OF AGREEMENT

THE SANTA ANA RIVER WATERSHED TRUST FUND .
FOR ARUNDO ERADICATION AND HABITAT ENHANCEMENT
IN-LIEU FEE MITIGATION PROGRAM

This agreement regarding establishment of an In-Lieu Fee Program, hereinafter, the Santa Ana
River Watershed Trust Fund for Arundo Eradication and Habitat Enhancement (Fund) is made
and entered into on (Date), by and among the U.S. Army Corps of Engineers, Los Angeles
District (Corps), the Santa Ana Watershed Association of Resources Conservation Districts
(SAWA), and the Orange County Water District (OCWD). :

1. PREAMBLE

A. Whereas, the Corps, SAWA, and OCWD (collectively, “the Parties™) recognize the effect of
invasive non-native vegetation on decreasing functions related to native species habitat, water
guality, and hydrology of riparian ecosystems and the importance of invasive non-native
vegetation eradication for restoring and enhancing native riparian functions and values within
waters of the United States including wetlands (see Exhibit A);

B. Whereas, the parties have the ability and desire to work with public and private landowners to
restore riparian areas in the Santa Ana River Watershed that are infested with invasive, non-
-native plant species, such as but not limited to Arundo donax (Arunda), Ricinius communis
(castor bean), and Tamarix spp. (saltcedar or tamarisk);

C. Whereas, discharge of dredge of fill material into waters of the U.S. including wetlands is
~ regulated under provisions of Section 404 of the Clean Water Act and administered through a
permit program under the auspices of the Corps;

D. Whereas, the Corps recognizes the potential for direct, indirect, and cumnlative impacts that
may occur to waters of the U.S. as a result of activities authorized under Section 404 of the Clean
Water Act; the Corps requires compensatory mitigation including restoration and enhancement to
offset nnavoidable impacts to the aquatic resources to ensure authorized activities comply with -
the Section 404([))(1) Guidelines (40 CFR 230),

E. Whereas, the Corps recognizes the utility of eradicating Arundo and other invasive exotic
vegetation to increase functions and values of riparian ecosystems to compensate for unavoidable
impacts to waters of the U.S. as evidenced by the peer-reviewed scientific literature (see Exhibit
B); )

F. Whereas, the Corps recognizes SAWA as a non-governmental natural résource management
organization committed to increasing natural resource values within the Santa Ana River
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Watershed in the context of an established program (see Exhibits C and D)

" G. Whereas, OCWD has established the Santa Ana River Watershed Trust Fund to eradicate
Arundo and restore native riparian habitat, which supports endangered and sensitive species (see
Exhibit E);

H. Whereas, the parties in partnership have demonstrated the wherewithal to successfully
eradicate Arundo, manage endangered species, and involve the public (Exhibits C, D, E, and F);

I. Whereas, this success and expertise is manifest and recognized in the recovery progress of the
‘least Bell’s vireo in the Prado Basin, near-eradication of Arundo on San Timoteo Creek resulting
in an excess of approximately 200 acres of riparian habitat values, and widespread public
recognition and support in part through congressional appropriations (Exhibits F, G, and H);

J. Whereas, experience in eradicating Arundo for the purpose of compensatory mitigation has
been demonstrated by the OCWD (Exhibits E and F) and SAWA (Exhibit G and H);

K. Whereas, those monies deposited into the Fund by permittees at the direction of the Corps -
will be solely used to restore and enhance riparian resources by removal of the invasive, non-
native plant species listed above;

L. Whereas, the parties will obtain approval of public and private landowners prior to
conducting any work on their lands;

M. ‘Whereas, the Corps retains full authority to approve or deny the use of those Fund monies
generated through the permitting process, to approve proposed project sites, and to approve or
modify plans.

N. Whereas, this agreement does not in any manner affect statutory authorities and
responsibilities of the signatory parties.

O. Whereas, the following exhibits are incorporated as appendices to this agreement:
Exhibit A. Literature Summarizing Impact of Exotic Vegetation on Riparian Functions
Exhibit B. Literature Summarizing Value of Exotic Vegetation Removal in Mitigation
Exhibit C. SAWA Work Summary, Contract, and Budget for FY 2001 and FY 2002
Exhibit D. Los Angeles Times Article on SAWA
Exhibit E. Agreement establishing the Santa Ana River Watershed Trust Fund
Exhibit F. Cooperative Agreement between the OCWD and the U.S. Fish and Wildlife

Service to Cooperatively Manage OCWD’s Lands in Prado Basin

Exhibit G. Map of the San Timoteo Amindo Removal Project
Exhibit H. Map of Arundo Removed from the Santa Ana Watershed Program
Exhibit . Santa Ana River Watershed Program Annual Work Plan



II. OCWD AGREES TO:

A. Maintain the dedicated interest-bearing account known as the Santa Ana River Watershed
Trust Fund for the purpose of receiving funds to be used for this Arundo eradication and habitat
enhancement program. The OCWD will annually provide a statement showing the credits and
debits within the account.

B. Use the funds generated to support the following tasks: removal or treatment of invasive
weeds, endangered species management, obtaining conservation easements, mapping, and
monitoring (see Exhibit I). The OCWD will annually evaluate costs and provide a detailed cost
analysis to the Corps.

C. Provide expertise, oversight, and assistance in all aspects of the activities that will be
associated with the implementation of this Agreement, including permit compliance and
repofting.

D. Maintain records, documents, and other evidence pertaining to monies received and expenses
incurred related to removal of invasive exotics, mapping, monitoring, reporting, and other costs.
By April 30 of each year, SAWA will prov1de the Corps with a statement detailing monies

" received and expenses incurred.

. SAWA AGREES TO:
A, Accept legal responsibility to ensure mitigation terms are fully satisfied.

B. Remove non-native vegetation such as but not limited to Arundo donax, Ricinus communis,
and Tamarix spp., maintain the site free of invasive non-native vegetation in perpetuity if
invasive non-native vegetation exits upstream of the site or for 10 years otherwise, and provide

" annual menitoring reports to the Corps for a minimum period of three (3) years from
establishment of each parcel. Annual monitoring reports must be submitted until sites remain at
1% or less exotic cover for 24 consecutive months. If invasive exotic vegetation cover is still
greater than 1% beyond three years, eradication activities shall be reinitiated and the monitoring
period cycle shall begin again, until there is less than 1% exotic cover for 24 consecutive months.

C. Plant native seedlings, rooted cutting, and propagules in areas where exotics are removed in a
manner simulating natural riparian growth where there is a specific, compelling, biological or
hydrological need to hasten natural recovery, as needed, and in accordance with the Annual Work
Plan (Exhibit I}.

D. Obtain all appropriate environmental permits, clearances, or approvals necessary to perform
the removal and restoration work contemplated by this agreement.



E. Facilitate access to the restored areas by the Corps staff for the purpose of compliance
inspections. :

F. Perform annual monitoring and re-treatment, as needed, of all restored areas.

G. Maintain accurate records for expenditure of funds and documentation of restored areas
showing date the work began for each parcel and total number of acres restored, all of which will
be included in the annual reports submitted to the Corps.

H. Perform maintenance activities as needed for each parcel by treating the re-infested areas as
documented in the Annual Work Plan (Exhibit I). The program will be reevaluated at the end of
year seven of a ten-year cycle by the Parties. At the end of each cycle, the program will be
redesigned and/or renewed by the Parties and extended. If the program is not renewed, no new
treatment sites will be initiated in years eight through ten. However, OCWD and SAWA shall
not be relieved of their obligations under this agreement to restore and maintain the areas for

_ which it has received funds through the first seven years.

I. Obtain conservation easements or rights of entry before work is to be performed on private
lands. These casements will allow for the treatment protocol as described in Exhibits H and 1.

IV. The Corps Agrees to:

A. Review each project requiring a Section 404 permit on a case-by-case basis and determine the
suitability to use the Fund to fulfill its compensatory mitigation requirements.

B. Determine the mitigation ratio on a case-by-case basis for projects requiring a Section 404
permit prior to issuance of the permit, considering the aquatic functions and values lost from the
permitted activity and the functions and values gained from the exotics removal and habitat
enhancement program.

C. Perform annual compliance visits to assess the conditions of the restored areas, recommend
corrective measures, if any, for a period of three (3) years from the date of initial restoration.

V. ItIs Mutually Agreed:

A. This program will be limited to mitigation for unavoidable, minimal impacts to aquatic
resources in the Santa Ana River Watershed, including the San Jacinto River Watershed (Exhibit
H). This program will be available fo any person or organization receiving an authorization
under Section 404 of the Clean Water Act. Use of this mitigation program is subject to the
approval of the Corps on a case-by-case basis.



B. Funds provided for compensatory mitigation shall begin to be used for eradication efforts
within a year. '

C. This program shall not be used to mitigate for impacts to unique aguatic resources such as
vernal pools, tidal/estuarine wetlands, and/or seep wetlands.

D. This program shall be limited to mitigation for 1) permanent impacts to aquatic resources
authorized by a nationwide or regional general permit (generally less than 0.5 acre), 2) permanent
impacts to aquatic resources authorized by an individual permit after compensatory mitigation is
first performed at a 1:1 ratio (i.¢ one acre of mitigation for each acre of impact) using
enhancement, restoration, or creation, 3) for temporary impacts to aquatic resources, and 4)
unauthorized impacts to wetlands and other waters of the U.S. in conjunction with a restoration
order. '

E. An acre of mitigation in this program consists of the work performed on an acre of land with
- 100% infestation of invasive, non-native plants. Work on an acre of land with less than 100%
infestation will receive credit proportional to the percentage infestation of invasive, non-native
plants.

F. Success of the restored areas shall be assessed using the following criteria:

Time from start of activities Criteria

Year 1-2 The project area is treated for removal of non-native

vegetation. Non-native vegetation on site consists
of 30% of the total vegetation. Necessary grading,
irrigation lines, as indicated in any project-specific
mitigation plan has been conducted. Re-vegetation
with native riparian vegetation has been initiated, if
needed. Arundo re-sprouts are being actively
treated for removal.

Year3 ‘ Non-native vegetation consists of less that 10% of
the total vegetation on site. Successful growth of
native riparian vegetation including the herbaceous,
shrub and tree species as listed in any site-specific
mitigation plan are present.

Year 4-5 Area contains less that 1% exotic vegetation and
' showing a start of canopy development, with shrub
and herbaceous under-story.



G. This agreement shall become effective on the date of signature by the Corps. Any partyto ~
this agreement may terminate their participation upon written notification to the, other parties.
The Parties may discontinue receiving funds to conduct restoration activities upon written __
‘notification to the Corps.’ However, the Parties shall not be relieved of their obligations under
this agreement to restore and maintain the areas for which funds have been received without
- written approval of the Corps.

H. This agreement may be amended mutually upon agreement by all signatory parties.

Richard G. Thompson
Colonel, Corps of Engineers,
District Engineer

Los Angeles District

U.S. Army Corps of Engineers

\&u.\m\ Fo ( ~ !\&\\u\
I,

Virginia G@Jblen
General Manager, Orange County Water District AFPROVED AS TO FORM

oy (P,

. Geonerad Caunsel For & -
Crangs Caanty Water District

SMLAﬁlgw

Shelli Lamb
Chairperson, Santa Ana Watershed Association
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ECOLOGY AND MANAGEMENT OF 4RUNDO DONAX, AND
APPROACHES TO RIPARIAN HABITAT RESTORATION IN
SOUTHERN CALIFORNIA

Gary P. Bell L
The Nature Conservancy of New Mexico, 212 E. Marcy Sireet, Suite 200, Santa Fe,
NM 87501, USA )

Abstract

By far the greatest threat (o the dwindling riparian resources of coastal southern Celifornin is the
alien grass specles known as Amindo donax. Qver the fast 25 years the riparian forests of ceastal
southern California have become infesied with 4. donax which hes spread by flood-fragmentation
and dispersal of vegetative propagules. Arondo dorax dramatically aiters the ecological/succes-
sional processes in riparian systems and ubtimately moves most riparian habitats towards pure stands
of this alien grass. By current cstimates there are fens of thouzands of acres of A. donax slong the
major coastal draingge systems of southern California, including the Sama Ana, Santa Margarita,
Ventura, Santz Clars, San Diego, and San Luis Rey rivers. The removal of A. donar from these
systems provides numerous downstream bencfits in terms of native species habitat, wildfire protec-
don, water quaatity and water quality.

Introduction

Arundo L. is a genus of 1all perennial reed-like grasses (Poaceae) with six speties

' native to warmer parts of the Old World. Arundo donax L. (giant reed, bamboo reed,

giant reed grass, arundo grass, donax cane, giant cane, river cane, bamboo cane,
canne de Provence), is the largest member of the genus and is among the largest of
the grasses, growing to a height of 8 m (Fig. 1). This species is believed to be native
to freshwaters of eastern Asia (Polunin and Huxley 1987), but has been cultivated
throughout Asia, southern Eurcpe, north Africa, and the Middle East for thousands
of years and has been planted widely in North and South America and Australia in
the past century (Perdue 1958; Zohary 1962). It was intentionally introduced to
California from the Mediterranean in the 1820°s in Los Angeles area ag an erosion-
control agent in drainage canals, and was also used as thatching for roofs of sheds,
barns, and other buildings (Hoshovsky 1987). Subsequent plantings have been made
for the production of resds for a variety of musital jnstruments including basscons
and bagpipes. Today it is an invasive pest throughout the warmer coastal freshwaters
of the United States, from Maryland to northem California.

Arundo donax is a hydrophyte, growing along lakes, streams, drains and other wet
sites. It uses prodigious amounts of water, as much as 2,000 L/mefer of standing A.
donax, to supply its incredible rate of growth (Perdue 1858; Iverson 1994). Under
optimal conditions it can grow more than 5 cm per day {Perdue 1958). Arundo donax
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stands are among the most biologically productive of all communities. Under ideal
growth conditions they can produce morte than 20 tons per hectare above-ground dry
mass {Perdue [958).

Perhaps as much as 90% of the historic riparian habitat in the southern part of
California has been lost to agriculture, urban development, flood control, and other
human-caused impacts {fones and Stokes 1987; Katibah 1984). The greatest threat to
the remaining riparian corridors today is the invasion of exotic plant species, prima-
tily Arundo donax. This alien grass readily invades riparian channels, especially in
disturbed areas, is very compettive, difficult 10 contrel, and to the best of our
knowledge docs not provide either food or nesting habitat for native animals, Arundo
competes with native species such as Salix (willows), Baccharis salicifolia (mulefat),
and Populus {cottonwoods) which provide nesting habitat for the federally endan-
gered bird, the least Bell's vireo (Vireo bellii pusilius), the federally threatencd bird,
the willow flycatcher (Empidonax traillii eximus) and other native species (Hendricks
and Rieger 1989; Franzreb 1989; Zembal 1986, 1990).

Ecological value of native riparian systems

Like most riparian systems, the coltonwood/willow riperian forest is a dynamic
community, dependent upon periodic flooding to cycle the community to earlier
successional stages (Warner and Hendrix 1985). Periodic floods of large magnitude
and migration of the river channel are essential to depositing fresh alluvium where
seeds and vegetative propagules of Bazccharis, Salix, and Populus can germinate and
take root (Gregory et al. 1991; Richter and Richter $1992). Adequate meisture and an
absence of subsequent heavy flooding is critical to the survival of the young trees
through their first year. As these seedlings mature they increase channel roughness
and alter flow during small flood events, increasing sediment deposition (Kondolf
1588; Richter and Richter 1992; Stromberg et al. 1993). Sediment deposition builds
river tervaces and, as they clevate, other plant species colonize resulting in further
diversification in the floodplain community {Richter and Richter 1992).

When Populus/Salix riparian scrub, whick may include such species as Baccharis
salicifolia, Vitis californica, Rubys wrsinus, and Urtica divica ssp. holosericea,
reaches four or five years of age, it begins to exhibit the structura] diversity required
for breeding by the bird, the l=ast Bell's vireo (Franzreb 1989; Hendricks and Rieger
1989}, Least Bell's vireo, along with the riparian birds, southwestern willow fly-
catcher, yellow-breasted chat (Ieteria virens), yellow warbler (Denrofca petechia),
and many other species may continue te use this diverse community for another ten
to twenty years. Gradually the canopy of the maturing Salix and Popufus begins to
shade out the diverse understory of vascuiar plants required by these birds, Qlder
riparian gallery forests will continue to be used by western yellow-billed cuckoo
{Coccyzus americanus occidentalis), Cooper's hawk (Accipiter cooperii), warbling
virea (Vireo gilvus} and other species {Zembal 1990; Zembal er af, 1985), but as the
stand ages the diversity of the flora and faunz within the forest declines. Annual
flooding, channel migration, and occasional large flood events maintain this eycle of
suceession and therefore maintains a mosaic of diverse natural communities (Gregory

_et al 1991). ’
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Arunde denax as a competitor

Within its introduced range, A. donax is an aggressive competitor, Arundo denax
flowers in late summer with a large, plume-like panicle. Fortunately for California
land managers, the seeds produced by A. dorax in this country are seldom, if ever,
fertile. It is not known if this is because of clonal isolation or because of the physi-
ological effects of climate as has been observed in the related Phragmites communis
{common recd) (Haslam 1958; Rudescu e af. 1965). Arundo donax is well adapted
to the high disturbance dynamics of riparian systems as it spreads vegetatively. Flood
events break up clumps of 4. donax and spread the pieces downstreans. Fragmented
stem nodes and rhizomes can take root and establish as new plant clones. Thus
invasion, spread, and therefore management, of 4. donax is essentially an intra-basin
and downsweam phencmenon. .

Once esteblished 4. donax tends to form large, continuous, clonal root masses,
sometimes covering severnl acres, usually at the expense of native riparian vegetation
which cannot compete. Root masses, which can become more than a meter thick,
stabilize streamn banks and terraces (Zohary and Willis 1992), altering flow rcgimes.
Arundo donax is also highly flammable throughout most of the year, and the plant
appears highly adapted to extreme fire events (Scoit 1994). While fire is a natural
and beneficial process in many natural comimunities in southern California it is a
largely un-natural and pervasive threat to riparian areas. Watural wild fires usually
occur during rare lightening storm #vents in late fall, winter, and early spring, Under
these conditions the moist green vegetation of riparian ereas would normally act as
a fire break. Human-caused wild fires, in contrast, often occur during the driest
months of the year {July through October). Drier conditiens in riparian zones at this
trme of year make them more vulnerable to fire damage. Because A. donax is ex-
remely Nammable, once established within a riparian area it redirects the history of
a site by increasing the probability of the occurrence of wildfire, and increasing the
intensity of wildfire once it does occur. IT 4. donax becomes abundant it can effec-
tivety change riparian forests from a flood-defined to a fire-defined natural commu-
nity, as has occurred on the Santa Ana River in Riverside County, California. Arunde
donax thizomes respond quickly after fire, sending up new shoots and quickly out-
growing any native species which might have otherwise taken root in a bumed site,
Fire cvents thus tend to belp push riparian stands in the direction of pure A. donax.
This results in river comidors dominated by stands of giant reed with little biclogical
diversity.

Arundo donax as habitat

All evidence indicales that 4. donex provides neither food nor habitat for native
species of wildlife. Arundo donax stems and leaves contain a wide array of noxious
chemicals, including silica (Jackson and Nuonez 1964), tri-terpines and sterols
{Chandhuri and Ghosal 1970), cardiac glycosides, curare-mirnicking indoles (Ghosal
et al. 1972), hydroxamic acid (Zufiga e al 1983), and numercus other alkaloids
which probably protect it from most native insects and other grazers (Miles ¢ al,
1993; Zufiiga et al. 1983). Areas laken over by 4. donar are therefore largely
depauperate of wildlife. This also means that native flora and fauna do not offer any
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Flg. I. Arundo dopax. Plant * 1/3; spikeler and floret > 3 {frorr Hitcheock and Chass 1950).
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significant control mechanisms for 4. donax, 1t is uncentain what the natural contral-
ling mechanisms for this species are in the Old World, although infestations of com
borers (Eizaguirre er af 1990), spider mites (El-Enany 1985) and aphids {Mescheioff
and Rosen 1990) have been reported in the Meditemanezn. In the United States a
number of diseases have been reported on giant reed, including root rot, lesions,
crown rust, and stem speckle (USDA 1960), but none seems to have seriously hin-
dered the advance of this weed.

Recent studies by the Santa Ana Watershed Project Authority (Chadwick and
Associates 1952} suggest that A. donax also lacks the canopy structure necessary to
provide significant shading of bank-edge river habitats, resulting in warmer water
than would be found with a native gallery forest of Populus or Salix. As & result,
riverine areas deminated by A. donax tend to have warmer water temperatures, which
results in fower oxygen concentrations and lower diversity of aquatic animals, includ-
ing fishes (Duane and Leopold {978). In the Santa Ana River system this Jack of
streambank structure and shading has been implicated in the decline of native stream
fishes including Gila orcuttii (atroyo chub), Gasterosteus aculaius (three-spined
stickleback), Rhinichthys osculus (speckled dace), and Cafostomus santaanae (Santa
Ana sucker). This lack of stream-side canopy structure may also result in increased
pH in the shallower sections of the river due to high algal photosynthetic activity.
In rurn, high pH facilitates the conversion of iotal ammonia to the toxic en-onized
ammonia form which further degrades water quality for aquatic spcc:es and for
downstreamt users (Chadwick and Assaciates 1992).

Controel methods

A suite of methods is needed to control A. donax depending upon the presence or
absence of native plants, the size of the stand, the amount of biomass which must
be dealt with, the terratn, and the season.

The key to effective treatment of established 4. donar is killing of the root mass.
This requires treatment of the plant with systemic herbicide at appropriate times of
the year to ensure translocation to the roots. Only one herbicide is currently labeled
for wetlands use by the EPA; Rodeo®, a tradename formulation of glyphosate, pro-
duced by Monsanto Corporation. Glyphosate is a broad-spectrum herbicide which
can be used on 4. donax, Tamarix ramosissima (salt cedar), and most other monocots
and dicots. It has proven very effective against A. donax {Finn and Minnesang 1990;
Jackson [994; USDA Forest Service 1993). Other herbicides might alse be used as
Iabels and conditions allow. Monocot-specific chemicals, such as Fusilade-DX®
(ﬂuazapop-butyl) and Post® (Sethoxidan), might be particularly useful for treating 4.
donax in stands with a substantial companent of native dicots; however, neither is
currently labeled for wetlands use.

The most effective treatment on 4. donax is the foliar application ut‘ a two-to-five
percent {2-5%) solution of Rodeo applied post-flowering and pre-dormancy at a rate
of 0.5 to 1 }fhectare. During this period of time, usually mid-August to early Novem-
ber, the plants are actively translocating nutrients to the rootmass in preparation for
winter dormancy which results in effective translocation of herbicide to the roots.
Recent preliminary comparisen trials on the Santa Margarita River (Omori 1996)
indicate that foliar application during the appropriate season results in almost 100%
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control, compared with only 5-50% control using cot-stem treatment, Two to three
weeks after foliar treatment the Jeaves and stalks brown and soften cteating zn
additional advantage in dealing with the biomass: cut green stems might take root ift
left on damp soil and are very difficult to cut and chip. Treated stems have little or
a0 potential for rooting and are brittle. They may be icft intact on the ground or
chipped in sity for mulch.

Cut-stem treatment requires more time and man-power than foliar spraying and
tequires careful timing. Cut stems must be treated with concentrated herbicide within
one to two mianutes in order to ensure tissue uptake (Monsanto 1989). This weatment
is also most effective post-flowering, The chief advantage of the cut-stem treatmen?
is that it requireg less herbicide thar can be morc-or-fess surgically applied to the
stem. Because of its reduced efficaéy, and duc to the laber required, it is rareiy
cheaper than foliar spraying except on very small, isolated patches or individual
plants, '

_A popular approach to dealing with 4. donax has been to cut the stalks and remove
the biomass, wait three to six weeks for the plants to grow to about one meter tall,
then apply a foliar spray of herbicide solution. The chief advantage of this approach -
is that less herbicide must be applied to. treat the fresh growth compared with tall,
established plants, and that coverage is often better because of the shotter and utii-
form-height plants, However, cutting of the stems may result in the planis retuming
to growth-phase, drawing nutrients from the rootmass. As a result there is less
transtocation of herbicide to the roots and less root-kill. Therefore many follow-up
treatments must be made which negates any initial savings in herbicide and greaily
increascs the manpower costs,

Pure stands (>80% canopy cover) of A donax or T. ramosissima are most effi-
ciently treated by aeral application of an herbicide concentrate, usually by helicop-
ter. Helicopter application can treat at least 50 hectares per day. Special spray ap-
paratus produces extremely fine droplets (400 microns) of concentrated herbicide
which actually reduces herbicide use, minimizes over-spray, and results in greater
kel

In areas where helicopter access is impossible, where 4. domex makes up the
understory, where patches are too small to make aerial application financially effi-
clent, or where weeds are mixed with native plants (<80% cover), herbicides rmust
be applied by hand, Strest-vehicles with 400 liter spray tanks are a good alternative
where road access is available, but srmall “quad-runner” vehicles equipped with 60
liter sprayers arc the preferred approach where the streambed is not so rocky as to
prevent access. Twenty liter backpack sprayers are the final altemative where the
vegetation is too dense, or the landscape too rugged for vehicies to be effective.

Methods for vegetation removal include use of preseribed fire, heavy machinery
{e.g. bulldozers), handcutting by chairsaw or brushculter, hydro-axe, chipper,
biomass burning or removal by vehicle: Removal of the biomass should onty be done
where the weed cover is 30 dense as 1o prevent recovery by native vegetation after
treatment, or where cut vegetation might create a debris-dam hazard during flood
events. Prescribed fire, or buming piles of stacked biomass, is the most cost-effective
way of removing biomass as long bs it does not threaten native vegetation or other
resources. Chipping is more costly in terms of equipment and labor, and cut, dried
chips pose no threat for regeneration or for forming debris dams. Hauling of biomass
by vehicle is extremely expensive and should only be done as a last resort. Most
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landfifls will not accept 4. donax and those that do will only accept it if eut into shott
lengths and bagged into plastic trask bags, making the labor costs far too great. The
use of heavy machinery such the Hydro-ax® is extremely expensive. The machines
are very slow — a Hydro-ax can only cut about -5 ha per day.

Riparian restoration and mansgement

One of the prime incentives for riparian habitat restoration has been endangered
species recovery, including the federal Endangered Species Act (ESA). The ESA has
focused attention on detlining species and sought to protect those specics in greatest
risk by provisions against take {Under the ESA the tenn “take™ means to harass,
harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or to attempt to
engage in any such conduct). Focus of the legislation has been on individual pro-
tected species with lintle attention given to the dynamics of the patural systems of
which these species are a part. There are important historical and legisiative reasons
for this appreach. In the 1970's, when the ESA was drafred, ecologists and wildlife
managers werz highly focused on single species; system-oriented approaches were
not widely applied. In addition, it is far easier to attach legal definition to something
tangible, such as an individoal animal, than it is to the more vague concept of
ecological processes (Gregory et al. 1991).

The concept of habitat restoration developed in response to the “take™ provisions
of the ESA as a means of mitigating site-specific darmage. While re-vegetation has
been carried out in a wide variety of natural community types, its earliest successes
and its greatest application has been in mitigation of losses of riparian forests. In
southern California, riparian re-vegetation has been pursued as an ever-evolving
artfornt in response to the perceived need for replacement of habitat for the federally
and state endangered least Bell's vireo (Fireo bellii pusiflus) and a suit of other
endangered or candidate species including the western yellow-billed cuckoo (Coccy-
zus americanus occidentalis), and the willow flycsicher (Empidonax iraillii)
{Anderson and Miller 1991; Baird and Rieger 1989; Parra-Sjizz 1989; RECON [988).

It may be argued that the main reason why riparian re-vegetation has received so
much attention is because it is so relatively casy to achieve. This ease is a result of
the very dynamics of riparian systems — they are high-disturbance systems composed
of flood-adapted and resilient species. Safix, Populus, Baccharis, and other riparian
plant specics establish easily by fragmentation in flood £vents in addition to seeding
in flood-washed sediment beds. As a result riparian re-vegetation essentially requires
only plant material (cuttings or rooted stock) and water (irrigation). However, such
re-vegetation projects can be extremely expensive. .

It is zlso important (o recognize that re-vegelation does not necessarily equate
with habitat restoration. While the matrix plant specics of habitats arc telatively easy
to establish, the dynamics of native riparian communities are poorly understood.
Establishing a Salix/Populus stand on a stream-side terrace will probably not provide
the commupity diversity of a natural stand or the dynamic processes required to
establish it. While some re-vegetation programs have been successful in lerms of
establishing a matrix of riparian habitat which is used by some native species, re-
vegetating is the not necessarily the best way to create habitat.

The best way 1o address habitat loss i southern California rparian systems is
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through a corprehensive program of eradication of A. donar, I. ramosissima, and
other invasive aliens, and relying on natural physical processes, especially flood
dynamics, for the recovery of native natural communities and species. This approach
might be just as easily argued for other high disturbance-adapted communities.

This strategy is based upon two of important factors. First, riparian habitats are
flood-dynamic communities, dependent upon natural cycles of flood scouring and
sediment deposition to create the proper conditions for community establishment
{Gregory er al. 1991; Richter and Richter 1992; Stromberg er ol 1991). The Santa
Anz, Santa Margarita, San Luis Rey, and many other southern California streams
have all of the factors necessary for the recovery and maintenance of healthy riparian
communities and riparian species. These watersheds retain flood regimes sufficient
to move and sort sediment and extensive sources of seed and vegetative propagules
for Salix and other native riparian plants. Second, the only real threats to the integrity
of the system are {I) habitat fragmentation by development and (2) introduced exotic
species which bave altered the successional dynamics and stability of the natural
communities. In other words, the native riparisn communities of the Santa Ana and
other major riparian corridors (and thus riparian-dependent species such as jeast
Bell’s vireo) are limited, not by the capacity of the community to regenerate, or the
available area of riparian zones, but by the capacity of native species to compete with
aggressive invasive exotic species, chiefly A, donax.

The majority of the limited respurces available for riparian management on these
rivers should therefore be directed at managing for the process of riparian systems:
removing the key perturbation from the system, thereby allowing natural flood dy-
namics to operate and the natural communities to recover. Altempts to re-vegetate
riparian species in floodplains that retain both native riparian species and flood
regimes are redundant, and resources spent to this end are largely wasted. This is aot
to imply that riparian (and other habitat) re-vegetation cfforts should not be applied;
however, they should be applied judiciously and only in situations where specific
management goals are achieved by camrying out a re-vegetation project {e.g. closing
up an important corridor ot re-establishing netive species in a depauperate water-
shed). Relying on natural processes for the recovery of the riparian ¢ommupaities has
the. following major benefits:

a. Cost-effectiveness. Ripanan forest restoration is extremely expeasive, ofien on the
order of tens of thousands of dollars per hectace. This necessarily limits the size, and
therefore the biological value, of any funded restoration project. Arundo donax can
be removed from most areas of a river for a fraction of the cost of revegetation,
opening up areas for naturzl re-colonization by native riparian species.

b. Biological value. As indicated above, the high cost of re-vegetation limits the size
of restoralion proujects. Additionally, artificially-produced riparian habitat lacks the’
high stemn. densities characteristic of naturally regenerating ripadan habitat, making

- the actua) biological value of re-vegetated sites questionable. Much higher value may
be achieved by removing invasive exaiies such as 4. donax from the system. Areas
opened up for recolonization which are subsequently floed-scoured and naturally
- seeded or “planted™ with vegetative propagules spread by the floed are more likely
to reécover o high stem density habitat.
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¢ Natural vulnerability. Riparian systems are, by nature, dynamic. The natural flood
process that produces the conditions for naturel riparian establishment ‘also puts
artificially (and naturally) crested habitat areas in flood jeopardy. This makes
riparian revegetation a high-risk investment of limited resources, Several expensive
revegetation projects on the Santa Margarita and Santa Ana Rivers were damaged or
lost to flood scouring in January 1993, Some of these areas recovered with high stem-
density Salix scrub when A4. donax was contrelled, Other sites, without such weed
contro] efforts, succeeded to high density 4. donar colonies.

Summary

By virtue of its growth characteristics, adaptations to disturbance, especially fire, its
lack of natural predators and competitors in North America, and its unsuitability as
food or habitat for native wildlife, Arundo donax hos established itself as one of the
primary threals to native riparian habitats in the western United States.

Control and management of A. donax within a watershed requires a coordinated,
.watershed-wide approach. Arundo donax should be removed from the watershed
beginning in the upper iributaries to prevent reinfestation of treated downstream sites
‘from upstream sources. Removal of A. donar requires treatment with systemic her-
bicides in order to kill the large root mass.

Past practices of riparian restoration have focused on re-vegetation of small sites
without consideration of natural riparian processes. Resources should be spent on
mapaging for the natural dynamic processes of these systems on a watershed-wide -
" scale. In coastal southern California the primary permurbation to the natural riparian
suceession process is invasion by A. donax, and its removal from river systems will
have a far greater beneficial effect on most riparian species than planting of riparian
vegetation,

Acknowledgments

{ thank- the agencics and representatives of Team Arunde (the Santa Ana River
Arundo Management Task Force) and Team Arundo Del Norte for valuable discus-
sion and information that has been incorporated in this paper. Special thanks are due
1o Cam Barrows, Shelton Douthit, Paul Frandsen, Nelroy Jackson, Dawn Lawson,
John Randall, Brian Richter, Eric Stein, Fari Tabatabai, Valerie Vartanian and Dick
Zembal for their input.

References

Anderson, B. W. and Miller, E. 1991, Analysis of revegetation on the Kem River Preserve 1986-
19%0. Prepared for The Nature Conservancy, San Francisco, CA.

Baird, K. end Rieger, J. 1989, A restoration design for lcast Bell's vireo habhat in San Diepo
County. USBA Forest Service Gen, Tech, Rep. PSW-110.

Chadwick and Associates. (992, Santa Ana River use attaimability analysis, Volume 2: Aguatic
biclogy, habitat and texicity mnalysis, Santa Ana Watershed Project Authority, Riverside, CA

Chandhuri, R.K. and Ghosal, S. 1970. Tritetpines and sterols from the leaves of Arunde dorax.
Phytnchemistry 9: ]895-1896.

v
-
3




112 . G.P. Bell -

Dunne, T. and Leapold, L.B, 1978. Water in eaviroamental planaing. W.H. Freeman arnd Company,
New York,

El-Enany, M.AM. 1985. Lifc history studies on Aponychus selimani Zaher, Gomaa and El-Enany,
with first descriptions of adult mmale and jinmoture swages. (Acari: Tewranychidac). ZoM Soe,
Egypt Buil. 35: B6-61.

Eizaguitre, M, Albajes, R. and Galichet, P.F. 1990. A note on the prosence in Catalonia (Spain) of
a parasitic System bound to the Tachinid fly Lydelfa thompsoni Hertig, & parasitoid of comn
berers. Investigacion Agraria Produccion y Proteccion Vegetales 5: 345-348,

Finn, M. and Minnesang, D. [990. Control of giant reed pross in 2 southern California riparian
habitat. Restoration & Mansgement Notcs 8: 53-54.

Franzreb, K. 1989, Ecology and conservation of the endimgered Seast Beli's vireo. U.S. Fish and
Wildlife Service, Biological Report 89(1) 17 pp.

Ghossl, 5., Chandhuri, R.K., Cuita, $.K. and Bhattachaupa, 5.K, 1972. Occurrence of curarimimetic
tndoles in the flawers of Arendo donar. Planta Med. 21: 22-28.

Gregory, 5.V., Swanson, F.J., McKee, W.A. and Cummins, K.W. 1991, An ccosystem perspective
of riparian zomes. Bioscience 411 540-351,

Heslam, S.M. [958, Biolagical flora of the British Isles: Phragmires communis Trin, (Arunde
phrogmites L., ? Phragmites anstralis {Cav.) Trin, ex Steudel). List Br. Vase, Plants No. 665,
1. Ecol. 60: 535-610.

Hendricks, D. and Ricger, J. 1989, Description of nesting habitat for the Leagt Bell's Vizeo. USDA
Farest Scrvice Gen. Tegh. Rep. PSW-110.

Hitcheock, A5, and Chase, A, 1950. Manval of the grasses of the United Smtes, Misc, Publ. 200,
U.S. Dept. of Agriculture, Washington. D.C. , 105! pp

Holland, R.F. 1986 Preliminary descriptions of lhe terrmml natural communitiés of Cahfomta.
Non-game Heritage Division, California Department of Fish and Game, Sacramento, 356 pp.

Hoshovsky, M. 1987. Aruado damar. Element Stewardship Abstract. The Natre Conservancy, San
Francisco, CA, 10 pp. ‘

tversan, MLE. 1994, The impact of Arundo donax on water resources. la: fackson, MLE., P, Frandeen,
5. Douthit (eds,), November 1993 Arundo donax workshop proceedings, pp 19-25. Ontario, CA. .

Jackson, G.C. and Nungz, LR. 1964, ldentification of silica present in the giamt 1eed (Arunde donax
L.). J. Agric. Univ. (Puerto Rico) 48: 60-62.

Jackson, M.E. 1994, Conirol of Arundo donax: techoiques and pilot project In: Jacksom, NE.,
Frandsen, P. snd Douthiz, 8. (eds.), November 1993 Arundo donar Workshop Proccodings, pp
27-33, Ontario, CA.

Jones and Stokes Associates. 1987, Stiding toward extinction: the state of Califomia’s aatural
heritage, 1987, Sacamento, CA. )

Katibah, E.F. 1984, A brief history of ripacion forests in the Cenwal Valley of California. fa: R.E.

Warner and K E, Hendrix {eds.), California riparian sysizms: ecology, conservation, and productive
management, pp. 22-29. University of Californiz Press, Beckeley, CA.

Kondolf, G.M. 1988. Hydrolegic and channel stability considerttions in stream habitar restoration.
In: Beeger, I (ed.), Environmental restoration; science and -strategies for vestoring the eerih:
selected papers from Restoring The Eanh Conference, pp. 214-227. Island Press, Covelo, CA.

Mescheloff, E. and Rosen, I, 1990. Biosystermarnics studies on the Aphidiidae of Israel (Hymenop-
tera: Jchneemonoides). 3. The penera Adialyrus and Lysiphicbus. Israel J. Entomol. 24: 35-50.

Miles, D.H, Tunsuwan, K.. Chitnweng, V.. Kokpe!l, U., Choudhary, ML and Clardy, J. 199, Boil
weevil aotifeedants fiom Arunde donax, Phytochemistry (Oxford): 34: 1277-1279.

Monsanto. 1989, Labe} for Rodeo® squatic herbicide, Monsanto Company, St Louis, MO,

Parrz-Sjizz, E.A. 1989. Revegetotion in the Sepufveda Wildlife Reserve: 2 scven year summary,

Praceedings of the Society for Ecological Restoration Annual Conference,

Omori, G. 1996, Eradicating the giant reed (Arunde dorex) in riparian areas of Marine Corps Base,
Camp Pendleton, California. Unpublished report 1o Environmentol Security, Marine Corps Base,
Cemp Pendleton, California and The Nature Conservancy. Agri Chemical & Suppiy, Inc, Gcean-
side, CA, 7 pp.

Perdue, R.E. {958. Arunda donat - saurce of musical reeds and jndostrial ccl{ulosr_. Economtic Sot.
§2: 368-404.

Palunin, O. and Huxley, A. 1987. Flowers of the Mediterransan. Hogarth Press, London.

RECON (Regional Environmenmi Censufisnis). 1988. Drait comprehensive species management
plan For the lcast Bell's vireo (¥ireo bellil pusiflus). Prepared for San Diego Association of
Governments, San Dicgo, 212 pp + Append.




Exhibit A2



Eachiv )T A

Ecological Monographs, 65(3), 1995, pp. 347-370
© 1995 by the Ecological Society of America

MECHANISMS ASSOCIATED WITH DECLINE OF WOODY
SPECIES IN RIPARIAN ECOSYSTEMS OF THE ~
SOUTHWESTERN U.S.!

Davip E. Buscu?
Division of Environment, Lower Colorado Region, U.S. Bureau of Reclamation,
Boulder City, Nevada 890061470 USA, and
_ Depariment of Biological Sciences, University of Nevada~Las Vegas,
Lay Vegas, Nevada 89154 USA

STanNLEY D. SMITH
Department of Biplogical Sciences, University of Nevada-Las Vegas,
Las Vegas, Nevada 89154 USA

Abstract. Throughout western North America, riparian ecosystem function has been
transformed by anthropogenic influences on riverine environments. Modified flood fre- -
quency, duration, or intensity; depressed floodplain water tables; and increased alluviom
salinity have contributed to change in riparian forest communities formerly dominated by
Populus fremontii and Salix gooddingii. The invasion of the naturalized arborescent shrub, .
Tamarix ramosissima, potentially alters competitive hierarchies and disturbance regimes '
in these riparian ecosystems, We evaluated the structure and function of two southwestern
riparian communities that differed in the degree of streamflow perturbation to which they
had been subjected: the highly regulated lower Colorado River and the less tightly regulated
Bill Williams River. Ordination analyses provided evidence that these riparian communities
are structured along gradients relating to moisture, salinity, distorbance from fire, and
community maturity, with Colorado River sites being more xeric and saline than those on
the Bill Williams River. ‘

Foliar elemental analyses revealed high sodium concentrations in Tamarix (Na:K ratic
= ]1.87) and in the native shrub Tessaria sericea (Na:X = 1.56), Evaluation of tissue water
relations parameters showed that Tamarix had lower osmotic potentials than sympatric
woody taxa, helping to confirm that Tamarix is halophytic and probably capable of greater
osmotic adjustment than native species. Carbon isotopic discrimination (4) provided evi-
dence for higher water use efficiency in Tamarix than in Populus, Salix, and Tessaria.
Tamarix A averaged over 1%o less than that of the other riparian taxa. Experimental removal
of Tamarix from stands where Salix was codominant resuited in growth angmentation, less
negative water potentials, and higher leaf conductance in Salix, all providing evidence of
interspecific competition. The persistence of Salix, but not Populus, on the Colorado River’
appears to be due to greater water- and salinity stress tolerance in Salix than in Populus.
A preponderance of senescent Populus along the Colorado River is an indication that this
formerly dominant species is effectively approaching local extinction in parts of th1s eco-
system.

Key words: Bill Williams River; carbon isotope ratios; Colorado River; experimental vegetation
removal; morphology; ardination; plant water relations; Populus fremontii; Salix gooddingii; Tamarix-
ramosissima; Tessaria sericea; water use efficiency. .

INTRODUCTION regions are uniform. Southwestern riparian communi-
ties owe their existence to mesic microenvironments
aleng the Aoodplains of perennial watercourses. Func-
tional attributes such as disturbance, regeneration, and
competition operate differently in southwestern ripar-
ian ecosystems than in other North American temperate
deciduous forest systems. The influences of xerophytic
or halophytic taxa are also important in setting south-
western riparian forest and scrub eommunities apart.

Flooding is a form of disturbance to which many of

In spite of their arid surroundings, the native trees
dominating low elevation alluvial plant associations of
the southwestern United States have their closest phy-
logenetic relationships with taxa from montane and me-
sic forest communities in North America. However, this -
is not an indication that the biotic and abiotic processes
acting to structure forest communities in these disparate
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the taxa occurring in riparian communities appear well
adapted. Decreased frequency or intensity of flooding
as a result of damming, water diversion, and flow reg-
ulation has major effects on riparian ecosystems.
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Downstream effects of impoundment include altered
river discharge, decreased suspended sediment, chan-
nel-incision, and floodplain narrowing (Williams and
Wolman 1984). Accompanying such changes in the al-
luvial environment are shifts in riparian plant com-
munity composition. Water management practices have
been impiicated in reducing Populus recruitment in ri-
parian forests and the aver-representation of senescent
individuals in these populations (Rood and Heinze-
Milne 1939, Howe and Knopf 1991). Perturbation of
floodplain hydrology resulting in the depression of
Aoodplain water tables may also result in water stress
in riparian trees and shrubs, given the phreatophytic
habit of the taxa dominating floodplain communities
(Busch et al. 1992). Such stress may accelerate plant
senescence or reduce the ability of woody species to
resist a variety of damaging agents (Runeckles 1982,
Frankiin et al. 1987). ‘

The invasion of exotic vegetation in riverine eco-
systems is a cosmopolitan phenomenon (Loope et al.
1988, Mclntyre et al, 1988, Griffin et al. 1989, Thebaud
and DeBussche 199]1). Rapid invasion by naturalized
Tamarix ramosissima in floodplain ecosystems of the
southwestern United States has profoundly altered ri-
parian community composition (Crins 1989). The in-
vasion of Tamarix has also fundamentally altered ri-
parian ecosystem properties. Tamarix is capable of des-
iccating watercourses (Vitousek 1990) and appears to
induce novel riparian ecosystem disturbance regimes,
including those associated with fire (Busch and Smith
1993). Given that the invasion of Tamarix often in-
volves the displacement of native Salix gooddingii and
Populus fremontii {Ohmart and Anderson 1982, Vitou-
sek 1990, Stromberg et al. 1991), it appears that an-
thropogenic hydrological perturbation may also affect
competitive interrelationships among woody riparian
taxa.

While research on riparian communities has clarified
germination and establishment with respect to abictic
factors for a variety of riparian species, those factors
contributing to long-term survival or community
change remain largely unidentified. An understanding
of riparian community dyramics based only upon in-
formation collected during germination and initial es-
tablishment is insufficient because survival through
these early stages is infrequent in natural forest pop-
ulations (Peet and Christensen 1987). In addition, eco-
physioiogical differences in juvenile and adult woody
plants may lead to differential mortality between age
classes (Donovan and Ehleringer {921). Consequently,
geomorphic and hydrologic instability in riparian eco-
systems often makes the sites that are most favorable
for germination among the most uniikely for survi-
vorship through subsequent age classes (Asplund and
Gooch 1988, Stromberg et al. 1991). Although the
physicochemical and biotic interactions occurring after
establishment are of considerable importance to ripar-
ian community structure, such interactions have not
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F1G. 1. Study areas on the Bill Williams (Q) and Colorado
(£]) Rivers, Arizona, and at Las Vegas Wash, Nevada (o).

been addressed in past studies of riparian community
ecology or controlled experimentation with seeds or
seedlings. .

Perspectives based on isolated components of the
terrestrial-aquatic interface have only limited value to
the understanding of riparian ecosystems (Gregory et
al. 1991). Thus, hydrologic, geomorphic, and edaphic
gradients are of key importance in riparian community
organization. Because of the increasing rarity of pris-
tine riparian ecosystems in the southwestern United
States, it is vital that experimental approaches contrast
unperturbed riparian sites showing evidence of com-
munity vigor with those showing indicarions of incip-
fent or chronic environmental stress. Interactions of
dominant woody riparian taxa of the lower Colorado
River system were evaluated under two primary hy-
potheses: (1) that hydrologic variation has significant
effects on riparian plant community structure and func-
tion; and (2) that varying salinity in floodplaia envi-
ronments also affects these attributes. We used data on
site physical characteristics and plant moisture and sa-
linity relations, together with multivariate community
analyses; to evaluate how environmental influences and
ecophysiological responses of the dominant woody
taxa govern riparian community structure. We also hy-
pothesized that the invasion of Tamarix has led to the
alteration of competitive hierarchies in riparian com-
munities of the southwestern United States. Experi-
mental manipulation of plant populations was used to
examine this phenomenon at sites subject to chronic
hydrological perturbation, where plant interactions
were likely to be intense due to potential limitatien in
the groundwater moisture source.

STUDY AREA

Research was conducted in two areas of west-central
Arizona near the lower Colorado River (Fig. |, Plate
1). The first of these was in the Colorade River flood-
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PLare l, Stu&y areas. Top: ciparian gallery forest of Salix gooddingii and Populus fremontii lining the active Bill Williams
River channel. Bottom: riparian scrub habitat dominated by Tamarix ramosissima and -Tessaria sericea covering the lower

Colorado River floodplain.

plain (34°50° N, 114°35' W, elevation 150 m). The
second was in the Bil] Williams River floodplain east
of Lake Havasu (34°15' N, 114°0° W, elevation 150
m). Throughout the general study area, January tem-
peratures average 10°—13°C, while average July tem-
peratures are >32° (Hecht and Reeves 1981). Precip-
itation averages 13 cm annually (Sellers and Hiil 1974).
Hyperthermic Aridosols are the characteristic soils of
the lower elevations of western Arizona; study site soils
are from the Torrifluvents Association, the well-
drained, sandy, recently mixed alluvium of floodplains
in southwestern Arizona (Hendricks 1985). The sur-

rounding upland vegetation was representative of the
Lower Colorade subdivision of the Sonoran Desert-
scrub formation (Turner and Brown 1982).

The Colorada and Bill Williams Rivers possess fun-
damentai differences relating principally to their phys-
iographic characteristics, With its headwaters in the
Rocky Mountains =2700 km to the northeast and 4000
m higher than its lower reach, the Colorado River is
one of the major rivers of the southwestern United
States, draining 2 630000 km? basin. Historically, this
Tower perennial river transported large quantities of
sediment which were deposited laterally in episodic

R
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floods, creating a broad, deep floodplain alluvium
where the river was not constrained in canyons. At such
gites, deciduous woody taxa formed closed canopy ri-
parian gallery forests, The construction of several large
dams on the river during the middle of the twentieth
century allowed regulation of river discharge to meet
floed control, agricultural, and clectrical power gen-
eration requirements. Chanuoel aggradation and degra-
dation have been altered by the presence of impound-
ments and by dredging and bank stabilization pro-
grams, Sites in the Colorade River floodpiain that were
selected for this research were 54 km downstream from
Davis Dam, one of the major impoundment peints, Am-
plitude and frequency of river discharge in this reach
were profoundly affected by dam operation. ]
: The Bill Williams River is a tributary to the Colorado

River and drains a more localized (12 300_101"1‘) basin.
There is nearly continuous riparian forest and scrub
vegetation along the lower 23 km of the Bill Williams

River floodplain. Above this reach, the river is restrict-
ed to a narrow canyon extending another 30 km up-
stream to where it is impounded at Alamo Dam. Al-
though subjected to some of the same sorts of hydre-
logic perturbation that affect the Colorado, flows in the
Bill Williams River ar¢ more variable and less pre-
dictable, based on long-term averages. Unlike the Col-
orado River, the Bill Williams River channel is not
confined by anthropogenic channelization or natural
channel incision, so its floodplain is subject to periodic
flooding.
" Szaro (1989) characterized the forest vegetation na-
tive to the Colorado River riparian zone as the Populus
[fremontii-Salix geoddingii association. The Tamarix
pentandra (nom. illeg.) community type (Szaro 1989)
is abundantly distributed along the Colorado River and
its tributaries, and is a riparian serub formation dom-
inated by the woody taxa Tamarix ramosissima, Tes-
saria sericea, Prosepis glandulosa, Prosopis pubes-
cens, and Atriplex lentiformis. Central to the goals of
this study was an examination of the interrelationships
of Tamarix, Tessaria, Populus, and Salix. Because
much of the Colorado River floodplain is now domi-
nated by monotypic Tamarix, study site selection on
the two rivers was limited to stands with remnant Pop-
ulus or Salix. Areas delineated as Populus—Safix hab-
itats (Younker and Anderson 1986, Ohmart et al. 1988)
generally have Populus or Salix present, although often
at low densities relative to Tamarix or Tessaria.
-Two types of sites on the Bill Williams River were
selected for ecophysiological data collection, both
types having Tamarix, Salix, and Populus in a riparian
forest assemblage. Hydrogeologic characteristics were
the basis for the distinction between Bill Williams Riv-
er areas. In upstream portions of the study reach, the
stream and alluvial aquifer maintain a hydraulic con-
nection, but downstream the lack of such a connection
Jeads to much more extensive seepage into the alluvium
(Rivers West 1990). Thus, our “upstream’ sites (n =
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3) were in an effluent stream reach where stand evapo-
transpiration and water table declines did not substan-
tially deplete stream discharge. An initial demographic
assessment of these sites depicted apparent vigor
among the native taxa due to the presence of seedlings
{evidence of recent germination) and a low proportion
of mature tree senescence or mortality, Although flo-
ristically similar to upstream sites, ““dowastream’” sites
on the Bill Williams River (n = 3) were Iocated where
$treamflow was intermittent. Trees on these sites had
experienced crown dieback and mortality. All study
sites were within 300 m of the active Bill Williams
River channel. .

Populus has become localized and rare in the lower
Colorado River floodplain. Although the sites chosen
to represent this area in comparisons with Bill Williams
River sites were classified within the Populus—Salix
association (Younker and Anderson 1986), Salix and
Tamarix dominated these sites, Tessarig was locally
abundant as an understory shrub. Disturbance-associ-
ated increases in Tessaria riparian coverage (Basch
1995) led to its inclusion in the study design for the
Colorado River in the place of Populus. Colorado River
“control” sites (n = 4} had necarly complete canopy
cover by tall Tamarix-Salix thicket vegetation. Based
on their shoot architecture, the spread of Salix and Ta-
marix in these areas appeared to be largely clonal.
Crown dieback was evident in most of the Salix thick-
ets. Colorado River sites were <400 m from the river's
channel. “Experimental” sites (n = 4) on the Colorado
River were plots where vegetation removal was con-
ducted.

METHODS
Hydrology and soil moisture

All sites were within 7 km of U.S. Geological Survey
{USGS) river gauges. Hydrographic data were obtained
electronically from the USGS Arizona data base for the
years 1949-1990 on the Colorade River, and 1940-
1990 on the Bill Williams River. Median flows and
ranges in flow were determined on a monthly basis
using daily discharge data for the years of field study
(1989-19%90). Comparisons of study period discharge
with historical hydrographs were made using monthly
flow averages over the periods for which data were
available from this data base,

Observation wells were installed to measure ground-
water depth in the unconfined alluvial aquifers at all
study sites. Depths from the soil surface to the watér
table were measured to characterize this petential mois-
ture source. Four groundwater observation wells were
placed on the upstream and downstream sites adjacent
to the Bill Williams River. Three wells were located
near the complex of control and experimental sites in
the Colorado River floodplain.

Time-domain reflectometry (TDR) has been used to
measure dielectric properties of many materials, and
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can be used to accurately measure volumetric moisture
percentage (&) in surface soils (Topp and Davis 1985).
At each study site, arrays (n = 3 or 4) of four stainless
stee] TDR probes were implanted vertically in the al-
luvizm. Two 90-cm probes served as electromagnetic
waye guides, with single 60- and 30-cm probes paired
with-a 90-cm probe to estimate & over each 30 cm
depth interval, Vertical probe orientation resulted in an
integrated © measurement over the upper 90 ¢m of the
soil profile (&), and measurements for the 0-30, 30-
60, and 60-90 cm depth intervals (8,).

Soil and water analyses

Soil samples were collected by soil auger at ran-
domly selected points at each of the study sites for
nutrient and salinity analyses. Sampling depth intervals
comresponded to those used in TDR soil moisture mea-
surements (i.e., 0~30, 3060, and 6090 cm; n = 8 for
each depth on each site), Groundwater samples were
obtained by hand pumping water from study site wells
once every two months. To avoid taking water standing
in wells, three well volumes were withdrawn prior to
taking 2 500 ml aliquot for analysis. Water samples
were grouped by river system for comparisons of aqui-
fer water characteristics.

With only minor modifications, soil extract and water
analyses foilowed identical protecols. Sample electri-
cal conductivity (EC) and pH were determined using
an electrical conductivity probe and pH meter, respec-
tively. Total dissolved solids (TDS) determinations
were made on water samples by evaporating the water
and then weighing the residual evaporate. Water and
soil extract sample carbonate (CO,} and bicarbonate
(HCO,) concentrations were determined by colorimet-
ric titration with a 0.1 or 0.04 mol/L sulfuric acid so-
lution, Chieride (Cl) concentrations were ascertained
by titration with 0.1 mol/L silver nitrate. Sample sulfate
{80,) concentrations were determined by titration with
0.00521 mol/L barium perchlorate. An atomic absorp-
tion spectrophotometer {Perkin—Elmer 2380, Norwalk,
Connecticut) was utilized in assays of sample extract
potassium (K), calcium (Ca), magnesium (Mg), and
sodiom (Na) concentratiens. Nitrate (NO,) concentra-
tions were determined using ultraviclet spectrophatom-

etry on soil extracts, Extract fluoride (F) concentrations.

were ascertained using a fluoride electrode in combi-
nation with a pH meter. A spectrophotometer was used
to evaluate boren (B), phosphate (PO,), and ammonium
(NH,) concentrations of sample extracts (Wolf 1971,
Greenberg et al. 1981). Saturation percentages (Sat.%)
for the soil sample extracts were determined by over-
night drying of the soil paste. Sodium absorption ratios
(SAR), an expression of the activity of Na icns in ex-
change reactions with soils {(Hillel 1980), were cal-
ctlated for water samples.

Plant measurements

On a seasonal basis, terminal segments of Populus
and Salix branches were removed for morphological

RIPARIAN VEGETATION ECOPHYSICLOGY.

st

analysis. This analysis was limited to these taxa, where
proleptic growth produced bud scale scars making an-
nual growth increments identifiable. Stem segments
were randomly taken from sunlit branckes at the mid-
canopy level from each of the stody sites. On each
branch sample, stem elongation was measured as the
distance from the most terminal bud scale scar to the
branch apex. Annual leaf production was quantified by
counting the leaves with petiole insertions on these
terminal segments, and by measuring the leaf area of
individual leaves from annual growth increments with
a Jeaf area meter (Decagon Delta-T, Pullman, Wash-
ington). Leaves were then rinsed, oven-dried at 65°C
for 72 h, and weighed. Specific leaf area (SLA) was
calculated as leaf area per unit dry leaf tissue mass.

Oven-dried leaf tissue was used in interspecific foliar
element comparisons. These analyses were extended to
Tamarix and Tessaria teaf tissue which were sampled
and prepared in a similar manner. Dried leaf tissues
were ground using a Wiley mill to produce homoge-
neous samples. Leaf tissue samples taken from 5-10
individuals were bulked so that each species—study site
combination was represented in the foliar analyses (n
= 18) for each of the taxa investigated. Tissue samples
were subjected to a nitrate digest and analyzed for dry
weight concentrations of B, K, Ca, Mg, Na, Zn, Fe, Mn,
Cu, and B using a Jarrell-Ash Atomcomp 975 induc-
tively-coupled plasma atomic emission spectrometer
(Franklin, Massachusetis). Total N was determined us-
ing a micro-Kjeldahl procedure.

Plant water relations

At each study site, three individuals of each species
were selected for intensive monitoring. At Bill Wil-
liams River sites, Tamarix, Salix, and Populus were
sampled. For the Colorado River, Tessaria replaced
Populus in the study design. Water relations data were
collected on a monthly basis, from April through Oc-
tober .(full leaf expansion to senescence), over a 2-yr
period. Data on leaf stomatal conductance (g), tran-
spiration (E), leaf temperature (77), and photosynthetic
photon flux (PPF) were collected by making repeated
measurements at two-hour intervals on fully-expanded,
mid-canopy leaves of each individual using a steady-
state porometer (Licor LI-1600 with a LI-1905-1 quan-
tum sensor, Lincoln, Nebraska). Data collection was
confined to clear days, but leaves were not always sunlit
due to mutual shading. A cylindrical chamber (Licor
LI1-1600-07) was used to measure g and E from both
leaf surfaces of these amphistomatous species. Area-
specific porometry results for all species were calcu-
lated using asingle leaf surface derived from leaf area
meter measurements,

Plant water potential (¥) determinations were made
twice daily with a pressure chamber (PMS Model 1000,
Corvallis, Oregen) on two to four 5-10 cm terminal
branch segments that were clipped from the mid-can-
opy level of study site individuals. Water potentials
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were determined before dawn and near midday (1100-
1300} at times corresponding to maximum and mini-
. mum daily 4 respectively, as determined by divrnal
trials. )

Water potential components were estimated for Pop-
wlus, Salix, Tessaria, and Tamarix using pressure—vol-
ume analyses (Turner 1988). Analyses were performed
seasonaily (April, July, and QOctober) on rehydrated cut-
tings from riparian stands near Las Vegas Wash, Ne-
vada (36°5" N, 114°50" W, elevation 600 m; Fig. 1), a
tributary of the Colorado River. This site was chosen
because of its ecological similarity to our field sites
and its proximity to a laboratory with facilities for
tissue water relations quantification. Evidence of re-
hydration-induced shifts io pressure—volume parame-
ters in trees from xeric sites has led to the recommen-
dation of short (i.e., 1-3 h) rehydration periods for
mesophytic trees (Dreyer et al. 1990, Kubiske and
Abrams 1991). After rehydration for 1.5-2.5 h, ter-
minal branch segments =10 cm in length were detached
and rapidly weighed, followed by pressurization in the
pressure chamber. For each branch segment (n = 10
for each species in each season), this process was re-
peated 7-11 times, or until xylem sap no longer exuded
from the cut surface under pressure. Following this
procedure, segments were dried at 65° for 72 h prior
to dry mass determination. Sample water volumes were
then calcmlated as the segment tissue mass less the
oven-dry mass, Tissue water relations parameters were
developed from pressure-volume plots of the recip-
rocals of chamber balancing pressure (1/P) versus rel-
ative water content {R) for each sample. A computer-
assisted analytical technique (Schulte and Hinckley
1985) was employed to estimate relative water content
at zero turgor (R"), osmotic potential at full turgor
(49, osmotic potential at the torgor loss point (¢2),
and bulk modulus of elasticity («%).

Carbon isotope fractionation occurring via CO, as-
similation was used to evaluate potential differences in

water use efficiency (WUE) among the four taxa in-

vestigated. The ratio of carbon isotopes in leaf tissue
samples (R,,,) relative to that of the PeeDee Belemnite
standard (R,,,) was used to express carbon isotope com-
positions on a paris per thousand (%) basis:

BUC = [(Rom — Rou/R,10°

Carbon isotopic ratios were determined on oven-dried
leaf tissues that were prepared as for the leaf elemental
analyses. Samples (n = 20 for Salix and Tamarix, n =
12 for Populus, and n = 4 for Tessaria) were taken
across all study sites where these taxa occurred. Iso-
topic analyses involved combustion of a 2-3 mg sub-
sample of the dried leaf tissue for 6 h at 850° to produce
CO, in sealed evacuated Vicor tubes containing cupric
oxide and siiver foil. Following cryogenic purification
of the CO, produced, sample §*°C values were deter-
mined on a Finnigan MAT delta E isotope ratioing mass
spectrometer (San Jose, California). Carbon isotopic
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analyses were conducted at the University of Utah Sta-

‘ble Isotope Ratio Facility for Environmental Research,

where instrument error associated with each observa-

" tion has been estimated at 0.01%s, and error between

repeated analyses at =0.14%. (Ehleringer 1990). As-
suming a 8C for atmospheric CO, of —8.0%e, carbon
isotopic discrimination values (A) for leaf tissues with
813C measured as §, were calculated using:

A = (=8.0 — 8/(10° + 8,)
Farquhar et al. (19894, b) have shown that A is related

- to the ambient and intercellular partial pressures of

CO,; ratios of these partial pressures are related to
WUE and thereby aiso to 4.

Tamarix removal experiment

To evaluate possible competitive interactions be-
tween a native riparian dominant and exotic Tamarix,
plant community manipulations were conducted in the
vicinity of the Colorado River control site. During the
period of winter dormancy, Safix was left standing
while surrounding vegetation was mechanically re-
moved at four sites interspersed among the four control
sites, Clearing was accomplished by bulldozer, and in-
volved complete aboveground removal of Tamarix
from around the base of Salix clones. Given the low
precipitation of the study area, it is unlikely that the
cleared areas benefitted from additional surface soil
moisture as the result of Tamarix removal. Surface dis-
ruption or incomplete removal of downed vegetation
may bave added nutrients or elevated salinities in the
cleared areas, although attempts were made to mini-
mize and document such effects,

Experimental and control Salix were irregularly dis-
tributed and >50 m apart. The plant remova] areas were
roughly circular, extending =20 m from the base of the
remaining Salix individuals, This radial distance was
approximately three times the height and seven times
the crown diameter of the remaining Salix. The lack of
resprouting Tamarix during the data collection period
obviated the need for reclearing efforts and provided
an indication that experimental Salix were freed from
both belewground and aboveground interspecific influ-
ences. Data on soil moisture, soil chemistry, plant mor-
phology, and plant water relations were collected. In
this manner, data from Salix on these experimental sites
were avatlable for comparison to Salix data from the
interspersed Colorade River control sites, as well as to
data from Bill Williams River study areas.

. Community structure

Data for an anaiysis of plant community structure
were collected from 97 circular plots (of area 200 m?)
selected from a wide range of microhabitats thronghout
the Colorado River (n = 63) and Bill Wiiliams River
{n = 34) floodplains. Studies of the variability in spe-
cies richness relative to the number of plots sampled
in southwestern riparian vegetation (Szaro and King
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1990) indicate that these sample sizes were statisticatly
adequate. Plots were restricted to vegetation. stands
classified within the Populus—Salix association {Youn-
ker and Anderson }986); thus vegetation quantification
was restricted to floodplain sites with evidence of re-
cent dominance by one or both of these taxa. Estimation
of perennial plant cover followed the Daubenmire
(1959) method for classifying vegetation canopy cov-
erage in six classes. A demographic aspect was iniro-
duced into this classification by subcategorizing Pop-
ulus and Salix by size. Preliminary analyses of Salix
at our study areas indicated that the frequency distri-
bution of diameter at breast height (DBH) for repro-
ducing individuats did not differ significantly from nor-
mal (Kolmogorov-Smirnov test, P > 0.99, n = 39),

and that the lower quartile of this distribution fell at.

10 ¢m DBH. Comparable resuits for reproductive Pop-
ulus led to the adoption of a DBH criterion of =10 cm
for defining a “juventle” size class in these taxa. Trees
.of greater DBH were assigned to an “‘adult”™ class,
unless standing dead branches contributed >20% of
the canopy volume, in which case trees were classified
in a “‘senescent’’ age class (Gatsuk et al. 1980). De-
~ mographic classification was based on primary stems,
without accounting for the clonal nature of various ri-
parian species.

Relative cover and relative frequency percentages
were calculated for those taxa demonstrating =5% rel-
ative cover over the general study area. Detrended cor-
respondence analysis (DCA; Hill 1979) was employed
to produce ordinations of all stands and perennial spe-
cies. Study areas were highlighted ia stand ordinations
to assess the assumpticn that these sites adequately
depicted microsite structural variation within their re-
spective ecosystemns. Axes of variation in ordination
studies frequently reflect regeneration characteristics of
plant communities (Grubb 1977). Thus, in addition to
correlation with physical or physiological parameters,
association with disturbance or re-establishment fea-
tures was also investigated.

Data analysis

Statistical significance was assumed at the five per-
cent level of probability (£ = 0.05). Because the var-
ious soil elemental concentrations deviated highly and
were expressed using different units, standard scores
for these variables were calculated to aid in study site
and subsurface depth comparisons, Standard scores {C)
for a given soil constituent were calculated as the av-
erage deviation of each site—depth combination from
the overall mean:

C=( -

where X; represents the mean from each unique site—
depth combination, X, is the mean for each constituent
from all sites and depths, and s, is the standard devi-
ation associated with X,.

Where normality, independence, and randomness

X,)/s,
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were reasonable assomptions for sample data and sam-
pling regimes, procedures to test the equality of treat-
ment means were carried out using:parametric statis-
tical techniques. Generally, this ifivolved analysis of
variance (ANOVA) followed by multipie range anal-
ysis using the Student Newman-Keuls {(SNK) test in
cases where ANOVA resuits indicared significant dif-
ferences of = 2 means. A posteriori residual and normal
probability plots were used to assess the adequacy of
ANOVA model assumptions and, where used, depar-
tures from these assumptions were minor.

Where the above assumptions were not valid, non-
parametric statistics (Conover 1980) were employed in
hypothesis testing. For groundwater constituents, the
Mann-Whitney test was used to compare disiribution
functions for the two river systems. The Kruskal-Wal-
lis test was employed to examine the nuil hypothesis
that study area soil parameters were identical. Stand
positions relative to DCA axes were treated as ordinal
data. Spearmann rank correlation coefficients (p) were
used to clarify possible associations between study site
positions along ordination axes and gradients of phys-
ical or physiological factors at these sites,

Sequential sampling of the same experimental ma-

_terial violates the independence assumption associated

with the univariate ANOVA test. This was unavoidable
for analyses of soil moisture and plant water relations
where a considerable investment of effort was required
to establish study sites, install soil probes, etc. For
comparisons of ecophysiological responses collected
on a sequential basis, repeated measures analysis of
variance (ANOVAR) or “profile analysis,” has been
advocated (Moser et al. 1990, Potvin et al. 1990). Using
the SPSS-X profile analysis procedure (SPSS 1988),
ANOVAR was employed in site comparisons of @, g,
E, and predawn and midday 4 Monthly and hourly
data collections were treated as the repeated factors.
Mauchly's criterion was used to evaluate the assump-
tion of compound -symmetry of the variance~covari~
ance maltrix of these data sets.

ResuLTs
Hydrogeology

Colorado River discharge was approximately three
orders of magnitude greater than that of the Bill Wil-
liams River (Fig. 2). Over the course of the study,
highly regulated Colorado River flows were nearly
identical to the long-term average (1949-1%88) in
terms of monthly discharge and its fuctuations. Daily
and annual variation in discharge was high in the Col-
orado River. As a result of upstream dam releases, the
range in daily flows was as much as 63% of the monthly
median. The range in monthly discharge was 144% of
the annual-average flow for 1989. Throughout the
study, Bill Williams River discharge was much more
stable on an absolute basis than that of the Colorado
River. The range of daily variability was <32% of the



monthly median, with monthly variation for 1989 only
19% of the annual average discharge. Monthly flow
variation appeared to be attributable to localized pre-
cipitation and runoff events on the Bill Williams River.

Declining water tables during the 19%0 growing sea-
son (Fig. 3) coincided with surface flow attenuation in
the Bill Williams River (Fig. 2), but were also coin-
cident with the midsummer peak in potential evapo-
transpiration. Variation among groundwater observa-
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F16. 3. Alluvial water table depth in study region flood-
plains during 1990. Means are presented for the Colorada
{filled squares; # = 3 wells) and Bill Williams (open circles;
n = 4 wells) Rivers. Spatial variability among groundwater
wells is represented by vertical bars extending * 1 sp from
the means.
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tion points was less for Bill Williams River floodplain
sites than it was for the Colorado River study areas.
Mean monthly water table depth ranged from 3 to 4.5
m for the Colorado River stndy sites and from 1.5 to
3 m for Bill Williams River sites. The annual progres-
sion in water table depth for the Colorado River flood-
plain appeared to follow the Colorado River hydro-
graph closely. Volumetric soil moisture (&) varied sig-
nificantly (F = 7.98; P < 0.02; 2,7 df) among the four
study areas (Fig. 4). Bill Williams River upstream sites
had the greatest (£ = sg = 12.2 + 2.2%) annual mean
soil moisture integrated over the upper 90 cm of the
floodplain alluvium (B). As expected for locations
where the principal source of soil moisture replenish-
ment is the ailuvial aquifer, 6, increased with subsur-
face depth at Bill Williams River upstream sites. The
lack of change in 6, with depth at Bill Williams River

_downstream sites suggests that groundwater and mois-

ture in surface soils were not closely connected. Soil
moisture in the upper 90 ¢ (8) averaged 7.4 + 1.6%
for these sites. Likewise, the Colorado River areas ex-
hibitéd no clear trend in &, with subsurface depth. Both
arcas were characterized by substantially lower mean
G, (5.0 * 0.5% and 4.6 = 0.4% for control and ex-
perimental areas, respectively) relative to Bill Williams
River floodplain areas.

Alluvium, water, and tissue analyses

There were few differences among study areas with
regard to the texture of floodplain soils (D. E. Busch,
unpublished hydrometer data). Results of soil elemen-
tal analyses indicate a tendency for cation and anion
concentrations to be statistically indistingusishable be-
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tween study areas within each river system, but with
significant differences between the river systems (Table
1). This was demonstrated by EC and by concentrations
of Na, K, Mg, Cl, and S0, all of which were sub-
stantiaily higher in soils of the Colorado River sites.
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Factors for which downstream Bill Williams River sites
had the highest concentrations, or did not differ sig-
nificantly from the two Colorado Riyer areas, included
Sat.%, B, E C0,, NH,, and PO,. Bill Wiiliams River
downstream soil pH was significantly greater than that
at both Colorado River study areas. These areas, in

“turn, had higher pH than did the Bill Williams River

upstream  sites. Significant among-area differences
were not detected for Ca, HCO;, or NO,.

Standard scores for soils in the 0--30 cm depth in-
terval tended to deviate positively from overall factor
means (Fig. 5). This pattern was pronounced for the
two Colorado River study areas. Few differences were
distinguishable between experimental and control areas
from the Colorado River, although the experimental
sites had the greatest positive deviation from mean fac-
tor values in the upper 30 cm. With the exception of
Ca and HCO, in the upper 30 cm and NO, at the 60—
90 cm level, Bill Williams River upstream sites had
negative standard scores, indicating lower concentra-
tions of soil cations and anions. The Bill Williams Riv-
er areas tended to be similar for most parameters, but
downstream sites had high positive deviations from
overall means for pH, Sat.%, B, NO,, NH,, and PO,.

Groundwater concentrations of Ca, Mg, and S50,
tended to follow the general pattern indicated for study
area soils. Colorado River samples tended to have sig-
nificantly greater values for these constituents than did
groundwater from the Bill Wiiliams River floodplain
(Table 2). This presumably contributed to the signifi-
cantly higher value for EC and TDS in Colorado River
groundwater as well. The mean concentrations of sev-
eral ions (Na, K, and Cl} were higher in Bill Williams
groundwater than in samples from the Coiorado River
study areas. Higher Na, but lower Mg and Ca concen-

TapLs I.  Analysis of soil extracts for Colorado River and Bill Williams River study sites, Dala represent means * | sE,
n = 24, Entries not sharing common letter superscripts denote between-site statistical difference at P = 0.05 in Kruskal-

Wallis and multiple range tests.

Study site
Biil Williams River Colorado River

Factor Upstream Downstream Control Experimental
pH 74 = 0.7 8.0 = 0.1 7.8 £ Q.i° 7.8 £ Q.1¢
Sat%* (%) 30.5 £ 0.1 - 343 = 0.9* 342 =+ 07 33.7 £ 0.9
ECH (dS/m) 1.6 = 1.6 51 £ L7 1.7 = 1.0 12.8 + 1.6%
B {mg/L) 0.3 x 0.2° 1.2 £ 02 i.4 + Q.20 14 = 0.20
Na (mg/L) 131.] = 388.7° 825.7 x 4209 24403 = 308.2% 26013 = 4111 =
K (mg/L) 1.7 = 109 429 £ 9,12 {053 = 14.0% 02.0 = {9.0¢
Ca (mg/L) 175.2 £ 45.8° 2520 £ 49.4° 278.8 = 36.2° 398.0 + 48,64
Mg (mg/L) 36.4 + 37.9¢ 85.2 + 40.9* 2172 x 30.00 310.8 = 40"
E{mg/Ly 18 = 020 35 x 020 24 £ 0.2- 2.4 £ 020
CO, (mg/L) 0.0 + 0.7 5707 01 = 0.1 1.8 + 09
HCO, {mg/L) i52.5 £ 19.9° 2013 = 218 2074 £ 158 2257 + 21.1
Cl (mg/L) 156.2 + 354.1 990.5 + 422.5° 2154.9 + 312.4 2548.9 = 4[8.9®
50, (mg/L) 518.4 = 537.6° 1200.0 = 580.8° 3595.2 + 42240 . 4022.4 £ 566.4%
NO, (mg/L}) 68 = 520 168 £ 5.6¢ 4.5 & 4.1 6.8 + 5.5°
NH, (mg/L.) 0.6 + 0.6 40 + 0.7 5.2 = 0.5 3.7 + 07
FO, {mgiL) 0.0 = 0.1° 0.6 £ 0.1+ 0.2 = 0.1° 0.1 = 0.}3

" * Saturation percentage.
T Electrical conductivity.
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trations, resulted in higher mean SAR values in Bill
Williams groundwater relative to that of the Colorado
River, There were higher mean HCO; Jevels in Bill
Williams River study area samples than in Colorado
River groundwater, but no significant difference in
groundwater pH between the two river systems.

TasLE 2. Groundwater analysis results for samples from
wells near the Bill Williams {n = 16) and Colcrado {n =
11) Rivers. Data represent mean + 1 s for each factor.

Well location )
Bill Williams River Colorado River

Factor

pH 7370 £ 0.02 773 £ 0.02
Na (mg/L)* [13.39 = 0.46 98.90 = 1.6l
K (mg/L)*** 7.80 £ 0.13 5.07 £ 0.20
Ca {mg/Ly*** 66.56 + 3.01 01.40 x 2.68
Mg (mg/L)y*** 2040 = 0.64 27.24 = 0.72
SO, (mg/L)y*** 95.52 + 0.96 252.00 + 2.40
HCO, (mg/Ly*** - 31049 = [2.71 218.99 = 9.29
C1 (mgsLy*++* 106.20 = 1.07 31.07 = 1.42
SAR¥H* 3.15 = 0.03 232 + Q.03
- EC (d8/m)* 1.00 = 0.01 1.08 £ 0.01
TDS (mg/L)*** 606.6 + 2.4 1316 £ 6.6

Asterisks indicate significant differences between means

using the Mann—~Whitney test at # = 0.05 (*) or P = 0.001
(t*#)'

Foliar analyses revealed that Tamarix tended to con-
centrate cations in leaf tissue (Table 3). Calcium, Mg,
Na, and Fe were all found at significantly higher levels
in Tamarix than in leaf samples from the other three
taxa. Safix and Populus had higher mean leaf tissue
concentrations of P, K, and Zn relative to Tamarix and
Tessaria. Strikingly high Mn concentrations in Salix
and the relatively high leaf tissue Ca in Populus were
exceptions to the tendency of Salix and Populusto have
similar concentrations of the same elements. Like Ta-
marix, Tessaria had high levels of Na and Fe. There
were also elevated levels of Cu and B in Tessaria leaf
tissue. Concentrations of B were greater in Salix and
Populus than in Tamarix. There were no significant
interspecific differences in leaf N,

Growth and morphology

- Annual stem elongation, leaf area, and specific leaf
area (SLA) were all significantly greater for Salix from
Bill Williams River upstream sites than they were at
control sites on the Colorado River (Table 4}. The num-
ber of leaves preduced annually showed little variation
among any of the study sites in Salix. Morphological
measurements indicated distinct differences between
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TaBLE 3. Leaf elament concentrations (mean * 1 SE, n = 18) for woody taxa sampled at Bill Williams River and Colorado
River study arcas. Concentrations are presented on a leaf tissue dry weight basis. Entries not sharing letter superscripts

along rows indicate significant interspecific differences indi
analysis (P = 0.05).

cated by ANOVA and Student Newman—Keuls multiple range

1

Tessaria

Element Tamarix Salix Populus
) Concentraticn )
N {mg/g) 204 = 1.0° 213 = L0 203 £ 1.2 [6.6 = 2,20
P (mg/g) 1.2 = 0.1 1.7 £ 0.1 19 = 0.0 1.6 = 0.2
K (mg/g) 97 £ 0.6° 15.0 £ 0.6 18.5 £ 0.8¢ 7.2 = 1.4¢
Ca {mg/g) 259 + LI . 99 + 104 230 % .20 10.9 + 2.4%
Mg (mg/g) 11,2 = 0.3 37 £ 03¢ 5.6 £ 037 6.1 £ 0.6
Na (mg/g)} 18.1 = 0.7 07 = 0.7 1.1 + D.Er I1L2 £ 1.5
Zn (np/g) .40.0 = 13.5° 160.5 = 13.1* 248.8 £ [5.8¢ TOE * 3060
Fe {(pg/g) 1835 = 11.5° 1177 = 11.3¢ 634 = 13.5¢ 2804 + 26.3¢
Mn (pglfg) 555 + 58.8° 1059.0 = 57.4° 8.2 = 68.8° 153.7 = 133.8°
Cu (pg/g} 47 = 0.6° 6.2 + 0.6° 6.8 £ 0.7° 19.5 £ 14>
B (pg/g) 457 = 8.5¢ 756 £ 8.3= 93.4 + 990 {147 + 19,3

upstream and downstream site Populus, but not Salix,
" along the Bill Williams River. Salix SLA was greater
at the downstream Bill Williams River sites compared
to the upstream sites. Stem elongation was 62% greater
and leaf area was 88% greater in Colorado River ex-
perimental Salix than at control sites. Although there
was no significant difference in Salix SLA berween
experimental and control sites on the Colorado River,
annual growth increments had 60% greater leaf area
on the experimental plots.

Plant water relations

Tamarix stomatal conductance (g) was similar
among areas, although Bill Williams River downstream
sites tended to have slightly lower mjdday g than at
Biil Williams River upstream or Colorade River control
sites (Fig. 6). Tamarix from Colorado River control
sites exhibited markedly higher transpiration (E) than
on either of the sites on the Bill Williams River. Over-
all, Salix showed a graded response (F = 4.70; P <

0.05; df = 2,7} with g lowest at Bill Williams River
downstream sites, and the Bill Williams River up-
stream, Colorado River control, and Colorado River
experimental sites successively higher. Salix E at the
Colorado River study areas was greater than at Bill
Williams River areas. Differences in £ were less dis-
tinct between sites within the river systems. Populus
from the Bill Williams River exhibited g and E re-
-sponses similar to those for Safix from the Bill Williams
River.

Predawn and midday water potential {(§) in Tamarix
(Fig. 7) differed significantly between areas (F = 36.9;
P < 0.001; df = 2,7). Both predawn and midday
were higher for Tamarix at the Bill Williams River
upstream sites than for either the Bill Williams River
downstream or the Colorado River contyol sites. Mid-
summer declines in ¢ were greatest for the Bill Wil-
liams River downstream areas. Significant (F = 20.0;
P < 0.01; df = 2,7} differences were exhibited in mid-
day i for Salix, where late growing season differences

TABLE 4, Morphological measurements for Populus fremontii and Salix geoddingii from study sites on the Colorado and

Bill Williams Rivers. Data are the ster clongation of the

1990 growth increment and the leaf number, leaf area, and -

specific leaf area of the branch segment making up this increment, Values presented are means + 1 sg (n = 30) for each
measurement factor, with unshared letter superscripts indicating significant (P = 0.05} between-site differences within

rows using ANOVA and Student Newman—Keuls tests,

Study site
Bill Williams River Colorado River
Species Upstream Downstream Control Experimental
Stem elongation (cm)
Sulix 244 = 1.9° 242 x 2.0° 124 = |.5° 201 = 2.2°
Popuius 173.0 £ 15.6¢ 70.1 = 15.3b .
Leaf number (n)
Safix 190 = 1.1* 173 = L.I* 16.2 = 0.8 19.0 = 1.3
Populus 128 £ 0.7 80 = 0.7 - .
Leaf area (cm?)
Salix 122.3 = 12,3+ 1015 = 12,4« -40.0 * 9.2¢ 75.0 £ (3.6
Populus 189.8 = 11.9 570 £ 119~
SLA (cm¥/g)
Salix 126.6 £ 3.6° 136.8 = 3.7* 1Lé £ 2.7¢ 112.2 & 4.1¢
Popufus 1375 £ 5.4 118.6 £ 5.4+ s
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as great as 0.5 MPa were observed between the Col-
orado River control sites and the upstream sites on the
Bill Williams River. Water potentials in Bill Williams
River Populus were greater for upsiream sites relative
to downstream sites (F = 18.63; P < 0.05; df = {,4).
This difference became more pronounced as the grow-
ing season progressed.

Despite the close taxonomic relationship of Populus
and Salix, estimates of Salix tissue water relations pa-
rameters were often closer to those of Tessaria or Ta-
marix than to Populus (Table 5). Relative water content
al zero turgor (R% was similar in Tamarix and Salix
and was significantly lower than that for Populus. Tes-
saria had the lowest R of any species. Osmotic po-

" tential at the turgor loss peint (#2) was most negative
in Tamarix, intermediate in Tessariz and Salix, and
highest in Populus. Although there was a similar re-
lationship for osmotic potential at full turgor (™),

" Salix and Populus i values were significantly higher

than those of Tamarix and. Tessaria. There were no
significant differences among Tamarix, Salix, and Pop-
ulus in butk modulus ('), but lower €% in Tessaria

36).

relative to the other taxa provided an indication of
greater tissue clasticity in this species.

Tamarixleaftissue carbon isotope discrimination (4)
was significantly (F = 6.98; P < 0.005; 3,47 df) lower
than that of the other taxa examined (Fig. 8), providing
an indication of higher water use efficiency (WUE) in
this species. Two-way ANOVA indicated that photo-
synthetic photon flux (PPF) at the mid-canopy level did
not differ significantly between Colorado and Bill Wil-
liams River sites. Interspecific differences in PPF be-
tween Salix and Tamarix were also insignificant. Salix
PPF was significantly (r = 4.61; P < 0.01; n = 660}
greater on experimentally cleared sites (¥ = | sg =
491.2 + 27.8 pmol m=2 57') than at control sites on’
the Colorado River (306.8 + 25.8 pmol m~25-"). Leaf
temperatures (T,) did not differ significantly between
the two ecosystems, but there were significant (F =
4.85; P < 0.05; 1, 938 df) differences in T, between
Salix (27.80 = 0.4 °C) and Tamarix (29.00 = 0.4 ),
Salix T, did not vary significantly between experimen-
tal and control sites on the Colorado River.
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1990.

Vegetation community structire

Colorado River riparian vegetation plots were char-
acterized by high relative cover and relative frequency
. of Tessaria, Tamarix and Salix (Fig. 9). Prosopis pu-
bescens, Baccharis glutinosa, and Populus were rep-
resented in the riparian community, but at lower abun-
dance values. Populus was represented largely by se-
nescent individuals in the Colorado River ecosystem.
The largest proportion of Salix was also senescent, but
adult and juvenile segments were clearly identifiable
for the Colorado River. Based on relative cover, 7a-
marix and Salix dominated the Bill Williams River ri-
parian community. Pepulus and Safix both had greater
importance in the Bill Williams River floodplain than

TABLE 5. Results of pressure~volume analyses for riparian wo

that of the Colerade River. Juvenile and aduit popu-
lation segments were also much better represented for
Populus on the Bill Williams River than on the Col-
orado River. While juvenile and adult population seg-
ments were also identified in the Salix age structure for
the Bill Williams River, the proportion of senescent
individuals in this population was greater than that of
the Colorado River.

Detrended correspondence analysis (DCA) results
for riparian vegetation from throughout the Bill Wil-
liams and Colorado River floodplains are presented in
Figs. 10-12. The three axes derived from this ordi-
nation had eigenvalues of 0.41, 0.23, and 0.17, and
accounted for ~81% of the variation in the community

ody taxa. Dala represent means & | SE. Entries are followed

by an indication of significant (P = 0.05) difference in average values (entries not sharing letter superscripts) as shown

by ANOVA and Student Newman—Keuis muitiple comparison tests.
Species
. Variuble* Tamarix (n = 23) Salix (n = 26) Populus (n = 31) Tessaria (n = 29)
R 0.79 = 0.0[% 0.78 = 0.0 0.83 = 0.01» 0.87 £ 0.01¢
W (MP2) =293 % 0.00* —2.54 * Q.09+ =2.29 + 0.08 -2.59 = 0.08"
$1 (MPa) —2.40 = 0.08+ —1.94 + 0.08 -1.797 £ 0.07" ~2.26 % 0.07"
€' (MPa) 15.80 & 1.47- 17.38 = 138 17.31 = 1.26* 11.48 = 130

* R = relative water content at the turgor loss point; $ = osmotic potential at zero turgor; ¢! = osmotic potential at

full turgor: and '™ == bulk modulus of elasticity at full wrgor,
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analysis data set. There was a tendency for salt- or
water stress-tolérant taxa to have lower values, and for
hydrophytes and mesophytes td have higher values
along DCA axis 1 (Fig. 10). Examples of taxa thar fit
this pattern include Prosopis pubescens and Tessaria
(values <100}, and Typha latifolia, and juvenile Salix
and Populus {(values >200). Evidence for a community
maturity gradient was indicated along DCA axis 1
where senescent Salix and Pepulus teaded to have low-
er weights than juvenile classes for these taxa. How-
ever, this trend is more clearly indicated by DCA axis
2 where higher loadings were characteristic of senes-
cent Populus and Salix relative to juvenile age classes.
Ruderal (Suaeda torreyana and Tessaria) and late suc-
cessional (Prosopis spp.) taxa also occurred near op-
posite extremes of DCA axis 2.

Stands from the Bill Williams River were segregated
from Colorado River vegetation plots relative to DCA
axis | (Fig. 1 1). Exceptions to this included stands from
areas of the Colorado River floodplain that have shal- .
low water tables and clustered on the ordination with
Bill Williams River stands. Evidence for commuinity
organization along moisture gradients is reinforced by
the significant correlation of DCA axis 1 with depth to
the water table, 8, and ¢ (Table 6). This axis may
depict community organization along salinity and nu-
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lus and Salix are partitioned into juvenile (1),
adult (A), and senescent (S) age classes.
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Fig. 12. Ordinatioa of Colorado River and Bill Williams River stands against three DCA axes derived from 2 community
analysis of these ecosystems. Plots showing evidence of recent fire are denoted F, while those showing no evidence of burning .

are marked N.

trient gradients as well, based on correlations with elec-
trical conduetivity (EC), tota! dissolved solids (TDS),
and NO,. DCA axis 2 was correlated with soil NQ,, a
finding consistent with our species ordination, indi-
cating that this axis depicts community maturity, The
addition of DCA axis 3 (Fig. 12) shows how distur-
bance is alsp important in riparian community orga-
nization. Stands that showed evidence of recent burning
tended to have lower values aleng DCA axis 3 than
stands not exhibiting signs of such disturbance. The
negative correlations of soil PO, and PPF with this axis

TapLE 6. Comelation of three detrended correspondence
(DCA} axes, derived from community analysis of the Bill
Williams and Colorado Rivers, with physical and physio-
logical variables from sites in these ccosystems,

DCA Axis
Fuctort 1 2 3
i Correlation
Water table depth —0.64* —0.01 =033
8, 0.85%+~ 0.40 -0.07
EC -0.30* —-0.26 0.56%
TDS ¢ =080 -0.41 0.36
NQ, 0.59+ 0.68* ~0.37
PO, -0.32 0.07 —0.66*
Wi D.46* . 042 -0.32
Wrin 0.67* 0.42 =015
PPF ~0.43 ~0.38 —0.58*

Spearman rank correlation coefficients {p) with probability
of statistical significance indicated by * (P = 0.05) or ***
(P = 0.001).

t Volumetric soil moisture (8, soil extract electrical con-
ductivity {EC), nitrate (NO,), and phosphate (PO,), total dis-
solved: solids in water samples (TDS), plant predawn (§,..,)
and midday (..} water polential, and photosynihetic photon
Aux (PPF).

provide additional evidence that fire is an important -
form of disturbance in this ecosystem (Table 6).

Discussion
Hydrageology

There were clear hydrological differences between
the two river systems, but within each system site dif-
ferences were less well defined, The Colorado River
possesses nearly all of the physical effects character-
istic of impounded riparian ecosystems, including in-
creased channel incision and confinement, and aug-
mented daily flow variation (Williams and Wolman
1984). The Colorado River differs from the unregulated
discharge pattern prior to river impoundment in that
peak flows occur in midsummer rather than the spring,
and because flows rarely overtop the riverbanks, thus
eliminating flooding in this ecosystem. In contrast, the
Bili Williams River exhibits a more natural fow pattern
for the region (Stromberg et al. 1991) with peak runoff
in the spring and flooding occurring over much of the
floodplain in wet years.

The midsummer peak in groundwater elevation at
Colorado River floodplain sites resembles the pattern
for surface flows and demonstrates the linkage of the
river and the atluvial aquifer. Diel variation in ground-
water depth tracked diel discharge fluctuations, indi-
cating that surface flows and water table depth were
closely coupled. High groundwater levels during the ~
summer months also are contrary to the pre-develop-
ment pattern, in which increased evapotranspiration
and reduced runoff would have tended to depress water
tables at this time. Although Bill Williams River sur-
face flow curtailment was reported in both study years,
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it was more likely to affect downstream sites than up-
stream sites where flows diminished but were detect-
" able throughout the study period. Mean water table
depths at Bill Williams River study sites were always
shallower (=2.8 m) than those for the Colorado River.
Low values for moisture content in the surface soils
- of Colorado River study sites ‘were the result of de-
pressed floodplain water tables, lack of moisture re-
plenishment by flooding, low precipitation, and high
potential evapotranspiration. Although the latter two
factors also typify the Bill Williams River ecosystem,
floodplain soils had higher moisture content than those
of the Colorado River due to shallower water tables
and periodic flooding. Lower soil moisture and deeper
water tables at the downstream sites were similar to
the Colorado River sites, in that surface soils were
severed from groundwater moisture scurces.

Nutrients and salinity

Where water table incursion into the unsaturated

zone was infrequent, leaching of soil nutrients was also”

reducsd. This contributed to elevated values for Na, K,
Mg, Ct, SO,, and NH, ions in the alluvium of Colorado
River study sites, and also contributed to high electrical
conductivities (EC) and saturation percentages (Sat.%)
in Colorado River soil extracts. Colorado River flood-

plain study areas can be characterized as high in salinity

and marginally low in nutrient status relative to those
on the Bill Williams River. Soil element concentrations
in the upper 30 cm contributed most strongiy to this
pattern. This demonstrates that elements are not dis-
_persed uniformly through the soil profile by aqueous
transport due to the infrequency of precipitation and
the rarity of flooding or groundwater incursion into the
unsaturated zone in the Colorado River ecosystem. In
contrast, periodic flooding and groundwater incursion
into surface soils tend to decrease salinity in the Bill
Williams River floodplain soils.

Total dissolved solids (TDS) and EC values in Col-~
orado River groundwater were high and were pesitively
correlated with soil concentrations, indicating that this
is the more saline ecosystem. Soil EC at Colorado River
sites exceeded salinities equivalent to those shown 10
reduce growth in Populus and Salix seedlings (Jackson
et al. 1990), while Tamarix and Tessaria appear to be
within their salinity tolerance limits at all sites. Soil
EC also approached stressful levels for Populus and
Salix at downstream Bill Williams River sites, while
salinities at upstream sites were relatively low. Based
on EC and TDS measurements, groundwater salinities
were beneath salinity stress thresholds (Jackson et al.
§990) for all four taxa in both river systems.

Variation in leaf nutrient levels in natural vegetation
is often less than in soil samples because rapid growth
on fertile sites tends to dilute the tissue nutrient poel,
whereas nutrient concentration in plant tissues may oc-
cur on infertile sites (Chapin 1980). In this study, dif-
ferences in leaf element concentrations followed a hal-
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ophyte—glycophyte dichetomy. Specifically, Tamarix
and Tessaria leaf tissue Na:K ratios (1.87 and 1.56,
respectively) deviated strongly from those of glyco-
phytic Populus and Salix (Na:K <"0.1 in both). While
glycophytes generally rely on ion exclusion at the root
endodermis, Tamarix is thought to survive in saline
soils by maintaining high uptake of ions in conjunction
with salt extrusion, ceflular compartmentation, and uti-
lization for osmoreguiation (Greenway and Munns
1980). Tamarix possesses glands that produce a salty
exudate, but this plant also may use inorganic ions for
turgor maintenance at low water potentials (Berry
1970). The ions detected in high concentrations in Ta-
marix leaf tissue were also found at high concentrations
in both the soii and groundwater. There is thus evidence
for a lack of selectivity in Tamarix ion uptake, con-
centration, and excretion, as has been shown in Ta-
marix solution culture experiments (Berry 1970, Klein-
kopf and Wallace 1974). Furthermore, the observation
that high root zone concentrations of Na lead to de-
creased K uptake in Tamarix (Kleinkopf and Wallace
1974) appears to be substantiated here for Tamarix as
well as Tessaria. An alternate strategy is suggested for
Populus and Salix. These glycophytes showed evidence
of Na exclusion combined with concentration of K in
leaf tissues.

Tissue level water relations

Water relations characteristics estimated in pressure—
volume analyses provide evidence for adaptations fa-
voring the competitive status of Tamarix and Tessaria,
and for the persistence of Salix in perturbed ecosys-
tems. Studies of temperate deciduous hardwoods in-
dicate that acclimation to water deficits are made
through adjustments in osmotic potential (i) rather
than changes in cell wall elasticity (Tyree et al. 1978,
Dawson 1990, Dreyer et al. 1990, Ranney et al. 1990).
However, osmotic adjustment may result in potentially
maladaptive solute concentrations through water loss
or membrane damage (Morgan 1984). Trees capable of
accymulating solutes have been shown to maintain tor-
gor and high leaf conductance (g) as tissue water po-
tential () declines, while others maintain turgor only
through stomatal closure (Osonubi and Davies 1978).

Interspecific differences in bulk modulus (€) may be
important in riparian plant responses to water or os-
motic stress. Low € values (high elasticity) allow the
maintenance of turgor as tissue water content varies
and may be of physiological or ecological advantage
where there are short-term fluctuations in soil moisture;
high € ensures that changes in water content and cell
solute concentration are relatively small as  changes
(Zimmermann 1978). High ¢ is thought to offer ad-
vantages in maintaining water uptake in xeric environ-
ments or microsites, but the utility of low € in main-
taining turgor is more apparent than are claims that
increases in € enhance water uptake (Monson and Smith
1982, Abrams 1988, Abrams et al. 1990, Schulte 1992).
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Low bulk modulus at saturation {&'™), taken in con-
junction with high relative water content at the turgor
loss point (R®), reftect leaf succulence in Tessaria. Tis-

sue elasticity could thus contribute fo turgor mainte--

nance under desiccating conditions in this species.

The variability in Tamarix water potential () among
field sites indicates that the choice of a representative
location for tissue water relations determinations was
difficult. This potential problem was minimized by col-
lecting Tamarix at a variety of locations. Also, field 4

- was consistently lower in Tamarix than in the other
taxa, indicating that the differences observed in pres-
sure~-volume analyses were valid. Tamarix osmotic po-
tentials at saturation (/%) were lower than those in
Populus and Salix and at the point of turgor loss, 0s-
motic potentials (¢2) in Tamarix were lower than all
three other species. This would prove advantageous to
Tamarix where water uptake and transport depend on
low plant i due to elevated soil salinity or water table
depression, High tissue solute levels in-this species are
presumably involved with the adaptations of this spe-
cies to generate low .

Measurements of /% and ¢2 irn Populus and Salix
were within ranges of values reported from Populus
and Salix species growing in mesic climates (Tyree et
al. 1978, Tschaplinski and Blake 1989, Dawson 1990,
Gebre and Kuhns [991). However, interspecific dif-
ferences in tissue water relations between Salix and
Populus demonstrate the potential for ecological het-
erogeneity between these taxonomically related, sym-
pairic taxa. Lower osmotic potentials (y8) in Salix may
favor its persistence over Populus under conditions of
high salinity or moistuse stress in southwestern riparian
ecosystems. As in Tamarix and Tessaria, the ability of
Salix to maintain turgor at lower values of ¢ would
al}ow it to operate under conditions of reduced moisture
availability.

Whole plant water relations

Predawn and midday y levels were significantly low-
er in Tamarix from the Colorado River than in plants
at Bill Wiiliams River upstream sites. Comparably low
yrwas previously reported for Colorado River Temarix
(Gay and Sammis 1977), but Jappears lo be maintained
at a higher level in Tamarix from more mesic envi-
ronments {(Wilkinson 1972, Anderson 1982). Bill Wil-
liams River downstream Tamarix showed a seasonal
decline in  from levels approximately equivalent to
those of the upstream sites to levels approximating
those at the Colorado River control sites. However, low
§r levels in Tamarix were not accompanied by pro-
nounced reductions in stomatal conductance or tran-
spiration, indicating that they were not stressful for this
species. Tamarix thus shows similarities to plants that
maintain turgor and stomatal function through osmetic
adjustment or tissue elasticity under conditions of re-
duced moisture availability (Osonubi and Davies 1978,
Abrams 1988).
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Tamarix, Populus, and Salix all demonstrated mid-
morning peaks in stomatal conductance (g), with af-
ternoon declines varying among species. Transpiration
(E) increased throughout the day_in these taxa, tending
to reach maximal values in the early afternoon in con-
junction with maximum leaf-to-air vapor pressure def--
icit (VPD). Gay and Sammis (1977) and Anderson
(1982) demonstrated similar diurnal responses in Ta-
marix g, but these responses were associated with more
immediate declines in E. Transpiration in Tamarix is
thought to follow the evaporative demand of the am-
bient air (Hagemeyer and Waisel 1989). Higher VPDs
are likely for the Colorado River floodplain due to re-
duced seil mojsture and tree canopy cover. Such dif-
ferences would explain higher Tamarix E on the Col-
orado despite the similarity in g between river systems.
Neither radiation flux (PPF) nor leaf temperature (7,)
varied significantly between ecosystems so that higher
VPD along the Coiorado River is likely to cause these
differences.

Tamarix has been described as possessing mhercntly
low water use efficiency (Anderson 1982), a charac-
terization that has also been applied to aridland phrea-
tophytes in general (Smith and Nobel- 1986}, It is thus
of note that water use efficiency (WUE) in Tamarix is
the highest of the woody riparian taxa investigated,
based on our interspecific comparison of carbon isotope
discrimination (4). Carbon isotopic ratios can vary
temporally and spatially as a function of topography
or position within the tree canopy (Garten and Tayler
1992). By obtaining leaf samples from trees and shrubs
that were sympatric and often possessed overlapping
canopies, and by consistently sampling at -approxi-
mately the same time and canopy height, microenvi-
ronmental contributions to 4 were minimized. Unam-
biguous ranking of species WUE using foliar A-value
differences of <1.0%. requires that 7, not differ by
>2.5 °C between species (Ehleringer et al, 1992). Al-
though there was little overall T, difference between
ecosystems, Tamarix T, was =1.2 ® greater than that
in Salix, The 1.0-1.6%. differences in A between Ta-
marix and the other taxa evaluated thus provide 4 mea-
sure of reliability to indications that WUE is signifi-
cantly greater in Tamarix.

Fractionation of carbon isotopes in haIuphytcs under
elevated salinities may occur through diffusional pro-
cesses or carboxylation in the leaf (Farguhar et al.
1982). Concurrent measurements of photosynthesis and
£ have shown that increasing environmental salinity
causes higher WUE due to reduced £ (McCree and
Richardson 1987, Plaut et al. 1990). Halophytes that
are well supplied with moisture may salinize soils,
thereby reducing water uptake and transpiration (Pas-
sioura et al. 1992). In addition to their role in osmotic
regulation, Tamarix salt glands may also provide a
mechanism for carbon concentration via a process of
carbonate secretion and CO, release {Waisel 1991a).
High WUE in Tamarix thus appears to have a functional
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basis that is related to its halophytic life history. An

- hypothesized dichotomy between halophytes without
. solute-excreting mechanisms that could reduce salt up-

take by decreasing £ and increasing WUE and those
with salt glands, which would tend to have lower WUE
{Guy et al. 1989), does not appear to be supported.
This is because Tamarix WUE was greater (based on
significantly lower A) than that in Tessaria, which is
not known to excrete salts.

Senescing leaves from hardwood trees have been
shown to maintain turgor by decreasing stomatal con-
ductance {Gee and Federer 1972). A similar mechanism
could occur in riparian plants that are senescent due to
moisture or salinity stress. Regulation of leaf conduc-
tance has been documented in Populus clones as a
moisture stress avoidance mechanism (Pallardy and
Kozlowski 1981, Tschaplinski and Blake 1989) and in
Salix species adapted to xeric extremes of soil moisture
gradients (Dawson 1990). Diurnal patterns of g in Salix
from both ecosystems, and in Populus from Bill Wil-
liams River sites, support the concept of stomatal reg-
ulation as a mechanism for maintaining  in riparian
trees. In both taxa, lower g was characteristic of drier
downstream sites relative to upstream sites on the Bill
Williams River.

Populus and Salix exhibited A values that suggest
that WUE is low in these riparian taxa relative to the
desert perennials found in surrounding upland habitats
(Ehleringer 1989). Carbon isotope discrimination in
Salix groddingii in this study approximated that re-
ported for S. exigua from a semi-arid habitat (Donovan
and Ehleringer 1991). Individuals that conserve water
may be at a competitive disadvantage to those that do
not possess high WUE (Davies and Zhang 1991). This
may apply well in pristine riparian forest ecosystems
where taxa with low WUE but high growth rates may
be superior competitors for limiting space or light.
Where water has become less available due to hydro-
logic perturbations, slevated plant WUE may become
important. Consequently, species with higher WUE
{Tamarix) are likely to have advantages when moisture
supply is less abundant or varies substantially.

Morphological responses

Variation in shoot morphology is closely related to
successional status or growth conditions in deciduous
trees (Marks 1975). Such variation is likely to be in-

tegrated with other moisture and salinity responses to -

determine plant productivity, competitive status, and
riparian commuaity structure. There were distinct dif-
ferences in morphology between Populus individuals
growing on upstream and downstream sites in the Biil
Williams River floodplain. This was not the case in
Salix, although Salix morphology did differ signifi-
cantly between the two river systems. For the 1990
growth increment, leaf number per shoot was consistent
among sites in Salix, as is typical for plants exhibiting
determinate extension growth (Marks 1975). For this

RIPARIAN VEGETATION ECOPHYSIOLOGY 365

species, adjustments to water deficits appeared to occur
through reductions in the area of new leaves produced
or via reduced stem elongation. !

. Stemn elongation, leaf number, and leaf area were all
greater at upsiream relative to downstream sites in Pop-
ulus on the Bill Williams River. Populus spp. have been
described as indeterminate in their extension growth,
with early senescence contributing to decreased leaf
preduction (Marks 1975, Waisel 19915). The reduction
in leaf number at downstream Bill Williams River sites
is considered a typical desiccation response. Premature
lIeaf abscission may also have contributed to-reduced
leaf number at these sites. Thus, adjustments in leaf
area appear to be among the mechanisms mediating
responses to water or salinity stress in Populus.

Trends in specific leaf area (SLA) can be viewed.in
terms of the adaptive value that xeromorphy brings to
trees exposed to water or salinity stress, Leaves with
lower SLA tend to be smaller in surface area, thicker
in cross section, have lower maximum leaf conduc-

tances, and fewer but larger stomata; they are, thus,

better suited for xeric habitats (Hinckley et al. 1989,
Abrams et al. 1990). Lower SLA in Popuius from the
Bill Williams River downstream site indicates a trend
toward xeromorphy due to drying soils or increased
salinity. Stomatal conductance was also lower during
peak diurnal time periods for downstream site Populus.
A similar morphological relationship exists in com-
parisons of Salix between the Colorado and Bill Wil-
liams Rivers, but g was higher in Colorado River trees
with reduced SLA. The tendency of Salix at the Bill
Williams River downstream site to have greater SLA
but lower g in comparison to upstream site individuals
indicates that this species may rely more on stomatal
regulation than morphological adaptations in short-
term stress responses. Tissue level adaptations in Salix
allowing osmotic adjustment during periods of desic-
cation could also delay the onset of morphological re-
sponses as witnessed in Bill Williams River Populus.
Such adaptatiens may also allow Sclix persistence with
reduced leaf area and annual growth on the Colorado
River, where such stress is chronic. An absence of os-
motic regulatory capabilities may contribute to mor-
phological declines that would lead to reduced pro-
ductivity in Populus at the Bill Williams River down-
siream area, and to its near-extirpation from the Col-
orado River.

Competritive relationships

There was little evidence for altered soil moisture
availability following Tamarix removal on the Colo-
rado River. Experimental and control sites were inter-
spersed too closely to permit measurement of change
in water tablé depth or river discharge, and no differ-
ences in moisture content of surface soils were ob-
served. Clearing of woody vegetation over spatial
scales that were both more intensive locally, and more
extensive regionally, indicate that aquifer and stream
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baseflow responses are difficuit to detect and may de-

velop at nearly imperceptible rates (Weeks et al. 1987,
~ Allison et al, 1990). Thus, measurable aquifer or stream
_recharge was not expected from the relatively small-

scale clearing described here. The lack of a soil mois-
ture response indicates either that increased water up-
take in the remaining Salix prevented groundwater en-
hancement of surface soil moisture, or that bare surface
¢vaporation rates depieted soil moisture at a rate com-
parable to evapotranspiration occurring prior to vege-
tation removal. Because desiccated surface soils, de-
pressed water tables, and phreatophytic water uptake
made substantial increases in surface evaporation un-
likely, augmentation of Salix moisture supply is sug-
gested.

Plant competitive abilities have been linked to rates

of water extraction (Caldwell 1988, Eissenstat and
Caldwell 1988). Based on values of 4, Tamaric WUE
surpasses that of Salix, indicating that Salix may pos-
sess an advantage in water acquisition where free water
is readily available, Removal of neighboring vegetation
increased ¢ in desert shrubs (Fonteyn and Mahail
1978), but where water availability and leaf areas are
high, ¥ may decline due to-higher transpiration rates
(Pothier and Margolis 1990). There is also evidence
that ¢ may remain stable in plants with access to
groundwater sources following the removal of neigh-

" bors (Manning and Barbour 1988). Because uptake is-

largely phreatophytic in Salix and Tamarix (Busch et
al. 1992), we hypothesized that water status changes
would not cccur in Salix following the removal of
neighboring Tamarix. However, the results showed dis-
tinguishable increases in midday  (up to 0.5 MPa) in
Salix on cleared sites. Increased  coincided with high-
er leaf conductance, indicating that reduced water
stress was associated with enhanced gas exchange in
experimental Salix, :

The removal of the shading effects of neighboring
Tamarix led to the exposure of experimental site Salix
to =60% greater PPF at the mid-canopy level. Stomatal
responses to increased radiation flux may thus be im-
plicated in the higher g characteristic of Salix following
the removal of Tamarix. This suggests that competition
for light may also be a factor acting to structure south-
western riparian communities, particularly where Salix
and Tamarix thickets overlap. Experimental clearing of
Tamarix from around established Salix thickets on the
Colorado River resulted in a positive growth response
in Salix shoots. Although tree architecture appears to
have evolved in response to competition for light, water
may act as a “‘cost” limiting tree height (King 1990).
The shorter, thicket morphology typical of Colorado
River Salix differs from the tailer, arborescent form on
the Bill Williams River. Such merphological variation
is a probable result of decreased water availability, and
may intensify competition with Tamarix for light in
dense riparian stands.
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Community structure

Low community abundance of Populus shows that
this formerly dominant tree is in-danger of local ex-
tirpation in the Colorado River floodplain. Canonical
discriminant analysis. of southwestern riparian com-
munity types indicated a trend toward Salix dominance
on low-elevation sites, and codominance of this species
with Populus at middle elevations (Szaro 1989). How-
ever, we have shown that hydrologic and salinity fac-
tors also contribute to Populuy and Salix growth. The
tendency for hydrological perturbations to become
more prevalent in riparian ecosystems at the lower end
of southwestern elevational gradients makes it probable
that elevation is confounded with other physical or
physiological factors driving such patterns.

Analysis of the age structures of Salix and Populus
populations revealed large senescent segments on both
the Colorado and Bill Williams Rivers. Despite this,
an abundance of juvenile and adult Salix along both
rivers demonstrates that ramet sprouting and establish-
ment occur frequently. The same holds true for Populus
on the Bill Williams River. The presence of juvenile
cohorts in these populations cannot be taken as evi-
dence for establishment of new individuals, because
genets were not differentiated in our community anal-
yses. As proposed by Neilson (1986), clonal growth |
appears to uncouple riparian plants from environmental .
stress that affects sensitive stages of their life cycles
and presents limitations to dispersal and colonizatiomn.

Novel, monospecific community . types may be
formed as a consequence of human perturbation de-
flecting natural processes in environmental mosaics
(Whittaker and Levin 1977). Our results indicate that
Tessaria and Tamarix are functionally suited to exploit
the environmental conditions present in riparian areas
subject to perturbation. The community importance of
these shrub species appears to have increased as native
trees (Populus and Salix) have declined. Tamarix and
Tessaria now dominate the Colorado River floodplain,
with Tamarix extending its importance to the Bill Wil-
liams River riparian community. Because the Bill Wil-
liams River and Colorado River riparian zones were
contiguous, it is doubtful that the recent (=+40-yr) iso-
Tation imposed by river impoundment explains the dif-
ferences in community structure between the two river
systems. Thus, the environments available for coloni-
zation by shrubby taxa are preésumably Jess extensive
on the Bill Williams River than on the Colorado River.

Ordination analyses often reveal combinations of at-
tributes which suggest causes for vegetation patterns
not initially obvious from the geographic distribution
of stands (James and McCulloch 1990). While our anal-
ysis revealed distinct patterns of salinity response in
riparian species, it was more difficult to differentiate
the Bill Williams River from the Colorado River flood-.
plains in terms of salinity. Rank correlation. analysis
revealed that the first DCA axis was negatively asso-
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ciated with. gradients in plfant moisture stress and sa-
tinity, and positively associated with moisture avail-
ability and soil NO,. This makes it evident that riparian

* species in the vicinity of the lower Colorado River do
aggregate into communities along lines of moisture

availability and salinity.

In addition to measurable features of the physical
environment, ordination axes can also clarify popula-
tion regeneration characteristics (Grubb 1977). The
second DCA axis was significantly correlated with soil
NO, levels. This is consistent with reported accumu-
latior of organic matter as riparian stands age (Johnson
et al. 1976). It also supports our interpretation of ri-
parian community organization along the lintes of ma-
turity, as suggested by species (and Salix and Populus
age class) loadings on DCA axis 2. The third DCA

- axis, which was negatively correlated with PPF and

PO,, also appeared to be associated with the occurrence
of fire. Ecophysiological studies with mesophytic and
riparian forest communities have demonstrated that in-
creased PPF and increased soil nutrient concentrations
are characteristic of post-fire environments (Reich et
al. 1990, Busch and Smith 1993). Given evidence for
increased abundance of halophytic shrubs following
riparian zone fires (Busch 1995), episodic burning ap-
pears to be an important factor influencing community
structure in the riparian ecosystems evaluated.

Successful invaders are often characterized by broad
niches with respect to resource use (Bazzaz 1986). Sim-
jlarly, a “‘general-purpose genotype' has been pro-
posed for Tamarix (Brotherson and Von Winkel 1986).
The osmotic and dehydration tolerances demonstrated
here provide evidence for adaptations supporting Ta-
marix survival in desiccated or salinized riparian en-
vironments. Such tolerance does not preclude its sur-
vival or vigor in more mesic or less saline habitats,
however. Accordingly, Tamarix was located near the
center of the perennial species ordination, suggesting
that this species may combine stress tolerance with
adaptations promeoting rapid growth in less stressful
environments. Halophytic adaptations and apparent
low WUE were characteristic of Tessaria and may help
to explain its extreme position relative to the first or-
dination axis. Such adaptations are likely to facilitate
the apparent expansion of these species in Colorado
River riparian habitats where hydrological perturbation
has been intense. Juvenile and adult Populus occupied
positions in species ordination space indicative of a
mesophytic niche. Relative to Populus, juvenile and
adult Salix were displaced slightly toward the halo-
phytic/xerophytic pole of DCA axis 1. Osmotic ad-
justrent, which appears to allow more vigorous water-
or salinity stress responses in this speciss relative to
Populus, may thus be an important adaptation permit-
ting the persistence of Salix in perturbed riparian en-
vironments.
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CONCLUSIONS

The objective of this study was to provide a func-
tional interpretation of the trans_ifion from Populus—
Salix forest to domination by Tamarix or Tessaria scrub
in southwestern riparian ecosystems. A compai‘ison of
adjacent alluvial ecosystems that were relatively pris-
tine (Bill Williams River) and highly perturbed (lower
Colorado River) was fundamental to this approach.
Contrasts between Colorado River control sites and
interspersed experimental sites, at which surrounding
Tamarix was cleared from the bases of Salix thickets,
heiped elucidate potential competitive mechanisms act-
ing to structure these communities. Comparisons were:
also made within the Bill Williams River ecosystem
between upstream sites, which supported healthy age
structures and vigorous growth of the dominant native
riparian taxa, and downstream sites, which exhibited
morphological and demographic indications of decline,
The physical differences between these sites were sub-
tle, thus challenging us to discriminate more.-finely
among potential causes for incipient physiological
stress. .

Tissue water relations characteristics and leaf ele-
mental analyses confirmed that Tamarix is likely to be
tolerant of a relatively high degree of salinity or water
stress. Based on carbon isotopic ratios, Tamarix also.
has significantly greater water use efficiency than the,
other riparian taxa examined. These adaptations are
likely to be beneficial where salinities are elevated or
water tables depressed, conditions characteristic of per-
turbed riparian environments. On the Colorado River,

“halophytic adaptations allowed Tamarix to operate at

lower water potentials with higher leaf conductances '
relative 1o the other species and ecosystems examined.
While high water use efficiency is not universally re-

garded as providing a competitive advantage, it may

be beneficial in desiccated riparian habitats. Such char-

acteristics are thought to confer advantages to Tamarix

in its role as an invader in riparian ecosystems. It ap-

pears that Tessaria combines halophytic adaptations

with leaf succulence and low water use efficiency, traits

that appear to contribute to increases in the abundance

of this shrub following disturbance in riparian ecosys- -
tems.

Growth and water relations responses to experimen-
tal clearing suggested a close interaction between
neighboring Salix and Tamarix on the Colorado River.
Higher stomatal conductance in experimental Salix rel-
ative to conirels may have been attributable to en-
hanced radiation flux following Tamarix removal.
However, increased water potentials and consideration
of the water cost of height maintenance in trees indi-
cates that competition for moisture is probable as well.
Ecophysiological variation thus helps explain com-
munity dynamics along compstitive hierarchies that
may have intensified due to hydrological perturbation
in riparian ecosystems.
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The ecological roles for Populus and Salix in riparian
ecosystems were previously assumed fo be relatively
uniform. However, it appears that there is a physio-
" logical basis for individualistic responses to riparian

ecosystem perturbation between these taxa. Salix tend-
ed to exhibit tissue water relations values that were
intermediate between those of Tamarix, a salt-tolerant
facuitative phreatophyte, and Populus, a mesophytic
obligate phreatophyte. Because these taxa may operate
near the limits of their water and salinity stress response
‘capabilities in low elevation southwestern riparian hab-
itats, this distinction helps explain the persistence of
Salix, and not Populus, in hydrologically perturbed en-
vironments such as the Colorado River floodplain. Such
adaptations may aiso have been responsible for the lack
of obvious morphological adjustments in Salix to short-
term desiccation stress on the Bill Williams River,
while morphological and water relations responses of
Populus were indicative of a Jow tolerance to moisture
or salinity stress, T ’ :
Moisture was clearly a variable to which riparian
plant populations responded. Distinct differences were
evident in surface- and groundwater hydrology in the
two ecosystemns, and species water-relations character-
istics tended to vary according to such differences. The
Colorado River ecosystem offered the more saline and
moisture-deficient environment, but downstream atten-
uation of Bill Williams River flows induced stress re-
lated to soil moisture declines and elevated salinity.
Ordination analyses revealed that the riparian com-
munities of the Colorado and Bill Williams Rivers are
structured along moisture and salinity gradients. With
the prevalence of desiccated floodplain environments,

Tamarix and Tessaria have increased in importance in

- riparian plant communities while Salix and Populus
have declined, the latter more precipitously than the
former. Distinct adaptations for dealing with salinity
and water stress among these taxa are apparently re-
sponsible for the shifts in riparian community structure
which accompany ecosystem change. These shifts in-

clude fundamental transformations in vegetation phys- -

ivgnomy, from gallery forest to riparian scrub or thicket

habitats, that have accompanied hydrological pertur--

bation in southwestern river systems,
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ABSTRACT / Wettand mitigation banking as a resource man-
agement too! has gained popular support for its potential to
previde an ecologically effective and economically efficient

- means to fulfill compensatory mitigation requirements for
impacts to aquatic resources, Although this management
o0l has been actively applied within the past 10 years (C.
Short, 1888, Mitigation banking, in Biological Report 88(41);
1-103), assessment of credits and determination of a com-
pensation ratio that reflects existing andfor patential func-
ticnal condition in a mitigation bank has been a formidable

task. This study presents a framework for a systematic ap-
preach for determination of eredits and debits and subse-
quently the compensation ratio. A miodel for riparian systems
is developed based on this framework that evaluates credits
and debits for spatial and structural diversity, contiguity of
habitats, invasivi vegetation, hydrology, topographic com-
plexity, characteristics of fiood-prone areas, and biogeo-
chemical processes, The gual of developing this crediting
and debiting framework is to provide an alternative to the
current methods of determining credits and debits in a miti-
gation bank and assigning mitigation ratios, such as best
professional judgement or use of preset ratios. The purpose
of this crediting and debiting framework is to develop a
mathod that (1} can be tailored to evaluate ecological coridi-
tion based on the target resources of a specific mitigation
bank, (2} is flexible enough to be used for avaluation of exist-
ing or potential ecologic condition at a mitigation bank, (3) is
a structured and systemaiic way to apply data and profes-
sional judgment to the decision-making process, {4) has an
ecologically defensible basis, (5) has ease of use such that
the Jevel of expertise and time required to employ the
miethod is not a deterrent to its application, and (8) provides
a semiguantitative measure of the condition of aquatic re-
sources that can be translated to a mitigation ratio.

- Urbanization, land development, agriculture, re-
source extraction, and infrastructure developmert are
often accompanied by impacts to aquatic resources
through either direct fill or secondary and cumulative
impacts. Discharge of dredged or fill materia! affecting
aquatic resources, such as lakes, rivers, streams, oceans,
or wetlands usually falls under the jurisdiction of Sec-
tion 404 of the Clean Water Act and is regulated by the
1.5, Army Corps of Engineers (Corps) regulatory pro-
gram. Corps’ regulations, guidelines, and Memoran-
dum of Agreement (MOA) allow for compensatory
mitigation to be performed to offset the unavoidable
impacts associated with permitted activities, The 1990
MOA between the Corps and the U.S. Environmental

Protection Agency (US EPA) regarding mitigation ex-
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presses a clear prefererice for onsite, in-kind replace-
ment of wetland functions and values. Conseguently,
compensatory mitigation is often done at or near the
project site and consists of either creation of new
habitat, restoration or enhancement of degraded habi-
tat, or, in some cases, preservation of intact habitat.
Within the last 10 years wetland mitigation banking
has gained popular support as a resource management
tool with the potential to provide an ecologically effec-
tive and economically efficient alternative to traditional
site specific mitigation as a means to fulfill compensa-
tory mitigation requirements (IWR 1992). Mitigation
banking is founded on the premise that large, contigu-
ous wetland parcels can have a gréater chance of being
biologically and hydrologically viable and can acerue
more ecologic functions than small, isclated compensa-
tory mitigation sites {Short 1988, Environmental Law
Institute 1993). Wetland mitigation banks strive to
establish Jarge, contiguous wetland areas that can be
used to mitigate for 2 number of independent impacts.
This ailows eligible permittees to purchase compensa-

® 2000 Springer-Verlag New York ne.
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tory mitigation functions or credits from another entity
that has aiready produced and banked them, thereby
eliminating the need to produce compensatory mitiga-
tion areas on site. Mitigation banking can have the

added advantage of establishing successful wetland -

functons in advance of the actual loss of functions
associated with a permitted activity (TWR 1892).

Despite the recent rise in popularity and regulatory
support for mitigation banks, assessment of credits in a
mitigation bank and determination of compensation
ratios that reflect existing and/or potential ecologic
conditions in a mitigation bank continues to be one of

‘the most problematic yet most essential aspects of -

mitigation banking (Environmental Law Institute 1993,
IWR 1994). The November 1995 Joint Federal Guid-

ance for the Establishment and Use of Mitigattony Banks’

requires that' mitigation banks Include systems for
determining the number of credits needed to compen-

sate the impacts of a given project (Le., defining the -

currency of the bank and setting mitigation ratics)
{Federal Register 1995). The crediting and debiting
methodejogy is a two-step process where the existing or
putential conditon of a mitdgation bank (eredits) and
at the impact site {debits) are assessed and translated

into a currency such as acreage or habitat units (IWR -
1992, Environmental Law Institute 1893). The second -

step consists of a determination of the number of
credits needed to compensate for losses from a project
{debits) or the compensation ratio.

Nurnerous assessment methods have been proposed
for the determination of credits and debits in wetland
mitigation banks. The rmajority of wetland mitigation
banks to date, however, use best professional judgment
or simple indices, such as acreage, to determine the
compensation ratlo (Tabatabat 1994), The main advan-
tage of simple indices is their lack of complexity and
ease of use. These indices can be calculated quickly by
project proponents and regulatory staff, often with little
or no field work and little expenditure of resources. The
disadvantage of simple indices is they ignore the com-
plexdties of wetland ecosystemns and may not be represen-
tative of aguatic resource functions impacted and the
existing or potential functions that exist in a mitigation
bank (TWR 1994). Using best professional judgment to
determine the acreage to compensate for loss of aquatic
resources not only is problematic in terms of scientific
indefensibility but also poses problems of inconsistency,
uncertainty, and irreproducibility. Great caution must
be exercised when usiﬁg best professional judgment or
simple indices to protect against wetland losses.

As an alternative to simple indices or best profes-
sional judgment, credits and debits can be computed
using functional evaluation methods. Numerous tech-

niques developed over the last 20 years attempt to use
field indicators as measures of habitat function. These
techniques include: -

® Biotic indices, such as species density and the
-Shannon-Weaver index of species diversity. These

biotic indices can be multiplied by acreage to yield
diversity units. ’

® Assessments based on species composition or hahi-
tat suitability for specific indicator species, such as
the Habitat Evaluation Procedure (US FWS 1980),
Habitat Evaluation System {Pearsall and others
1986), Biclogical Evaluation Standardized Tech-
nique {Barnett and others 1891), and Index of
Biotic Integrity (Karr 1991).

#® Surveys of habitat characteristics, such as the Wet-
land Evaluaton Technique (Adamus 1983), Wet-
land Replacement Evaluation Procedure: (Bartoldus
and others 1992), and Wetland Evaiuation Method-
clogy (WEM) (US ACOE 1988).

" ® Landscape level assessments using Geographic Infor-

mation Systems (GIS} and other coarse resolution

measures of function in a reglonal perspective, such

as US EPA's Synoptic Approach to Impact Assess-
"~ ment (US EPA 1992).

The most recent and one of the most promising
functional assessment techniques is the Hydrogeomor
phic Method (HGM) (Smith and others 1995), devel-
oped by the U5, Army Corps of Engineers Waterways
Experiment Station (WES). This method uses variables
measured in the field to compute functional indices for
biotic, hydrologic, and biogeochemical funetions, These
Indices are scaled against locally representative refer-
ence sites to account for regional variations in wetland
ecosystems. However, development of regional models
and reference standards requires considerable time,
resources, and technical expertise; to date, few regional
réference sets have been developed.

Each evaluation method has strengths and weak-
nesses, which have been previously discussed by several
authors (Margules and Usher 1981, Westman 1985,

Lonard and Clairain 1985, Jain and others-1993, Stein

1995}, However, because mitigation banks are typically
used to compensate for impacts resulting from multiple
small projects, methods such as those listed above
become cumbersome {n terms of personnel resources
and inefficient in terms of assessing functions impacted
at each site eligible 0 use the mitigation bank. Im
addition, regulatory agencies may not have the exper-
tise or resources to apply the functional assessment
methods properly; therefore, the designated method
may not be used accurately. In his review of functional



assessment methads, Smith (1993} concluded that “no

single method reviewed meets the requirements of a
quick screening techrdque to determine a broad spec-
trum of wetland values and functions.” It is unlikely that
any single method could fully satisfy both the quick
screening and the comprehensiveness criterfa. How-
ever, it 1s our goal to develop a crediting and debiting
framework for wetland mitigation banks that will ad-
dress some of the limitations posed by other crediting
strategies while providing a balance between ease of use
and defensible :measure of ecologic condition. To
achjeve this goal, a crediting and debiting framework
should meet the following criteria: (1) can be tatlored
to evaluate ecologic condition based on the target
resources of a specific mitigation bank, (2) is flexible
encugh to be used for evaluation of existing or poten-
tial ecologic condition at a mitigation bank, (3) is a
structured and systematic way to apply data and profes-
sional judgment to the decislon-making process, (4) has
an ecologically defensible basis, (5) has ease of use such
that the level of expertise and time required to employ
the method are not deterrents to its application, and
{6) provides a semiquantitative measure of the condi-
tion of aquatic resources that can be translated to a
mitigation ratio.

In this paper we present a crediting and debiting
framework for wetland mitigation banks that meets the
_ above criteria. The principles of the framework are

applied to develop a model for southern California
riparian systems. Use of the riparian model is llustrated
for Santa Ana River Mitigation Bank (SARMB), located
In Riverside County, CA.

Crediting and Debiting Framework

The crediting and debiting framework is based on
assessing changes in structural characteristics at the
impact site and the mitigation site. Change is assessed
by evaluating conditions before and after alterations to
the site. Structural characteristics are used as indicators
of ecologic condition of the specific class of aquatic
resource.

Credits are determined based on the difference
between structural characteristics of the postrestora-
tion condition and pre-restoration (baseline} condition
at the bank site. Similarly, debits are assessed by deter-
mining the difference between pre-project and post-
project structurat characteristics at the impact site. Each
structural characteristic, or criterion, is evaluated on a
linear interval scale and assigned a rating that reflects
the relative value of that criterion at a given site. Credits
are the sum of net gain of values for all criteria at the
bank and debits are the sum of net loss of values for all
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Table 1. Crediting and debiting framework.
Application of the crediting and debiting framework
involves three main steps: evaluation of credits,
evaluation of debits, and determination

of the mitigation ratio .

Step 1. Evaluation of credits .
Credits = Postproject Rating (or Enhancement Potential
Rating) — Pre-project Value (Existing Value)
Step 2. Evaluation of debits
Debits = Pre-project Rating of the Impact Site —
Post-project Rating of the Impact Site ’
Step 3. Determination of the mitigation ratio
Mitigation Ratio = Debits/Credits (or Projected Available
Credits)

criteria at the impact site. The mitigation ratio is the
ratio of debits over the credits. When the mitigation
credits must be calculated (or estimated) before the
bank is functionally mature, the mitigation ratio can be
based on the maximum expected gain at the bank {j.<.,
the enhancement potential) (Table 1), We will demon-
strate the framework using the structural characteristics
developed below for the southern California riparian’
meodel.

The framework is a systematic approach designied to
balance directly measuring hydrologic and physical

" characteristics of aquatic resources against ease of use.

The intent is not to provide an absolute tool for
evaluating functional condition, rather to provide an
ecologically based framework to organize best profes-
sional judgment and apply it in a systematic manner.
The framework is intended to apply to the mitigation
bank and the typically small impact sites that normally
use a mitigation bank. Assumptions assoclated with this
type of crediting and debiting methadalogy include
equal weights assigned to each criteria and a linear
increase in values associated with each interval.

This crediting and debiting framework may be ap-
plied to various types of ecosystems, Evaluation criteria
will vary based on the type of the system being evaluated
and should account for the hydrologic, biologic, biogec-
chemical, and landscape characteristics of the target
aquatic systemn. Below we provide a sample crediting
and debiting system deve]oped for southern California
riparian wetlands. :

3

_Southern California Riparian Mode)

Riparian systems in the western United States are
typically narrow, linear strips of vegetation along rivers,
streams, or lakes and are dependent on perennial or
ephemeral surface or subsurface water (Knopf and
others 1988, US DOI 1994). Dry climates and porous
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soils found in arid regions cause streamside soll mois-
ture to decrease more rapidly with distance from the
streambank than in humid regions, resulting in nar
rower riparian zones (Reichenbacher 1984). However,
flooding duration, intensity, and timing are the ultimate
determinants of riparian succession. Flooding waters
bring nutrient-rich sediments to the flood plain, export

organic and inorganic material from the flood plain,.

scour mature woodlands, and help spread propagules
laterally into the flood plain (Strahan 1984, Warner and
Hendrix 1985, Dickert and Tuttle 1985, Gosselink and
others 1990a). Riparfan systemns form dynamic mosaics
of active channels, terraces, flood plains, and alluvial
fans. The composition and distribution of these systems

is a product of fluvial processes, which erode material -

from some areas and deposit it in others during flood
events, facilitating channel migration {Gregory and
others 1991). This combination of degradation and
aggradation results in the formation of bars and ter-
races with different drainage patterns and elevations.
These elevational differences result in the extensive
vegetative diversity of riparian systems (Strahan 1984).
The viability of terraces and flood plains depends on
their proximity to groundwater levels, surface emnergent
aquifers, or hyporheic zones (porous substrate allowing
water to flow immediately beneath the surface of
streambeds) (Stanford and Ward 1993). Therefore, In
the arid west, the width and distribution ‘of the riparian
zone is ultimately determined by the vertical gradient
between the benchland and the streambed (Szaro
1990). .
Although their areal extent is proportionately less
than in other parts of the country, western riparian
. systerns have a proportionately greater significance for
some functions because of the arid climates in which
‘they occur (US DOI 1994). In the arid southwestern
United States, riparian areas serve as linear or single-
point habitat islands on which a multitude of native
wildlife species are totally dependent for survival
(Warner and Hendrix 1985). The US DOI (1994)
estirnated that although less than 196 of the western
portion of the United States is covered by riparian
vegetation, between 51% and 82% of all species in the
southwestern United States depend on riparian areas
for survival.

Evaluation Criteria for Southern California
Riparian Systems
Based on the crediting and debiting framework, we

developed a model for southern California’s riparian
systems using the following evaluation criteria: (1)

spatial diversity and coverage of habitats; (2) structural
diversity of habitats; (3) contiguity of habitats; (4)
percent of invasive vegetation; (5) hydrology; (6) topo-
graphic cornplexity; (7} characteristics of flood-prone
area; and (B) biogeochemical processing. These criterfa
reflect the fact that assessment of riverine systerns
requires examinatior; of the entire riparian zone and
consideradon of the interaction between geology, hydrol-
ogy, and organic and inorganic inputs to the system. In
recognition of the fact that functional capacity differs

.between low-order and high-order streams, for some

criteria we have provided different indicators for first-
and second-order streams versus higher order streams.
Because first- and second-order streams do not typically
support the same complexity of habitat as higher order
systems, they will typically score lower on the habitat
criterfa. For the purposes of this method, trees are
defined as perennial woody dicots greater than 7.5 cm
dfameter at breast height (DBH). Saplings are defined
as perennial woody dicots less than 7.5 em DBH.

The first two evaluation criterla address structure,
compaosftion, and diversity of the site. Scoring of the
first criterion, coverage and spatial diversity of habitats,
should consider the site as a whole and evaluates both
diversity of habitat types (i.e., interspersion) and species
diversity within each patch. Scoring of the structural
diversity of habitats criterion should focus only on the
structure within the riparian patches on the site (as
opposed to the site as a whole). Although this criterion
partially captures species diversity, it is to a lesser extent
than the spatial diversity criterion. The first two criteria
should be scored based on the vegetative composition
of the site regardless of whether the vegetation is native
or non-natve. Effects of non-native species on habitat
integrity are addressed by a separate criterion. Evalua-
ton of structure regardless of the geographic origin of
the species accounts for the fact that increased biomass
{regardless of specles type} contributes to a site’s ability
fo retain water and retain nutrierits and compounds,
thereby Increasing some hydrologic and biogeochemi-
cal functions. This attribute is also directly accounted
for by the blogeochemical processes criterion, which is
scored based on abundance of biomass, regardless of
whether or not it {s native.

Coverage and Spatial Diversity of Habitats

Riparian habitats are typically patchy with an inter- .
spersion of different habitat types {Faber and Holland
1988). This interspersion allows the activities of animals
in dry sites to be more closely coupled to those {n wet
sites. A mosaic of habitat types provides a richer, more
continuous food source for mobile fauna than that of a



homogeneous habitat. For example, Doyle (1990} found
a strong correlation between the extent of herbaceous
and deciduous shrub cover in riparian habitats and the
abundance and diversity of small mammals. Habitat
mosaics also allow animals to fulfill several life functions
at a single site (e.g., foraging, escape, reproduction)

(Warner and Hendrix 1985, Gosselink and others .

1980b}. Alpha diversity (diversity within a site} has been
correlated to the ability of a patch to support a complex
food chain and allow interlor species with specific
habitat requirements to thrive in the face of competi-
tion from generalists (Klopatek 1984, Harris 1988).
Assessment of changes to the spatial diversity of a
praject site provides Information about impacts to a
site's capability to support a variety of different faunal
species.

The ratings for the coverage and spatial diversity
criterion are assigned based on the following scale:

¢ == Site permanently converted to land use not able
to support native riparian vegetation, such as
housing, agriculture, or concrete channel.

0.2 = No existing riparian vegetation (e.g., covered
with annual grasses and scrub, bare ground).

However, site has the potential for revegetation:

without extensive structural modification.

0.4 = Patches of monotypic riparian vegetation cover-
ing up to 50% of the site, interspersed among
herbaceous species or bare ground.

0.6 = Patches of diverse riparian vegetation {e.g., at
least three different genera of riparian vegetation
present) covering up to 30% of the site, inter-
spersed among grasses, invasive plants, or bare

- ground; and/or greater than 50% of the site
covered with monotypic patch(es) of riparian
vegetation, interspersed among herbaceous spe-
des or bare ground.

0.8 = Diverse riparian vegetation covering between 30%
and 75% of the site, e.g., strips or islands of
riparian habitat interspersed in open space.

1.0 = Diverse riparian vegetation {e.g., at least three
different genera of riparian vegetation present)
covering between 75% and 100% of the site,
interspersed in open space or herbacecus plant
communities.

Structural Diversity of Habitats

The stratification of vegetation into layers, including
shrubs, understory, and cariopy, provides a varety of
different habitats. This allows a diversity of organisms
representing different trophic levels to coexist in a
single site, thereby supporting a more complex and
resilient food chain (Warner and Hendrix 1985). For
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example, diverse ground cover provides habitat for
many insects which form the base of the food chain and
provide important ecosystem functions, such as polina-
tion. This allows higher-trophic-level organisms to uti-
lize understory and canopy habliat that may be present
{Erman 1984) . Structural diversity within a site has been
correlated with faunal diversity, especially for birds
(Gosselink and others 1990b). The presence of a
floristic structure consisting of three strata indicates
that appropriate soil, moisture, and topographic condi-
tions exist to support a “healthy” riparian system
{Warner 1984). Structural diversity of the vegetated
portions of the project site is used as a surrogate for
general habitat suitability for an assortment of common
species. .

Because riparian habitats are typicaily patchy (Faber
and Holland 1988), the ratings for this criterion are
based on only the vegetated portions of each site:

0 = Site permanently convertad to land use that will
not be able to support native riparian vegetation,
such as housing, agriculture, or concrete chan-
nel.

0.2 = No existing riparian vegetation (e.g., covered
with upland grasses and scrub, bare ground).
However, site has the potential for revegetation
without extensive structural modification.

0.4 = Vegetated areas of the site contain sparse, scat-
tered, patchy, or remnant riparian vegetation that
is immature and/or lacks structural (vertical)
diversity. ' ‘ '

0.6 = The patches of riparian vegetation on the site
contain riparian trees and/or saplings (i.e., peren- .
nial dicots), but contain no or poorly developed
shrub understory.

0.8 = The patches of riparian vegetatlon on the site
contain riparian trees and saplings, plus a well-
developed native shrub understory.

". 1.0 = The patches of riparian vegetation on the site are

structurally diverse. They contain riparian trees,
saplings, and seedlings, as well as developed
native shrub understory and herbaceous layer.

Contiguity of Habitats

Fragmentation and habitat loss are dominant causes -
of the decrease in biotic diversity (Harris 1988). The
ecological value of disjunct habitat patches can be

-enhanced if they are connected by strips of protected

habitat; these corridors facilitate movement between
patches {Diamond 1975, Noss 1987). For ardmals with a
home range exceeding the size of an individual habitat
patch, corridors provide a means of moving from one
habitat patch to another. Without a system of travel
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corridors allowing these animals passage from one
refuge to another, they will probably not oceur in future
landscapes (Harris 1988). Even if partially disturbed,
riparian corridors are vital to the successful migration
of neotropical birds and other organisms {Croonquist
and Brooks 1991). In addition, habitat connectvity
helps small populations {such as endangered species)
maintaln demographic and genetic integrity in the face
of the isolation caused by habitat fragmentation (Frankel
and Soule 1981). Changes to linear contiguity affect not
only corridors but also contribute to overall habitat
fragmentation and decreases in patch size. This can be
detrimental for resident as well as migrant species
(Harris 1988).

The ecological value of riparian habitats also de-
pends on their Integration as units within the surround-
ing landscape (Gosselink and others 1990b), Many
organisms have complex life histories in which different
stages require distinct habitats within a regional land-
scape in order to meet their life requirements (Harris
1888). Therefore, contimuity between riparian and up-
Iand habitats increases utilization by fauna and provides
safe passage between riparian oasis and adjacent up-
lands (Gosselink and others 1990c). Furthermore, the
greater the edge area between riparian habitat and
developed areas, the greater the potentfal negative
impact from adjacent upland land use (Warner and
Hendrix 1985). Additionally, many riparian plants re-
quire adjacent uplands as a flood plain for establish-
ment of their propagules during flooding events (Scott
and others 1993). These flood plains also provide

refuge for fauna during flooding (Gosselink and others _

1990¢).

The continuity criterion includes two components.
Linear continuity refers to riparian habitat upstream
and/or downstream of the site. Lateral continuity
addresses the quality of upland habitat and reflects the
connection of the site to the surrounding nonfiparian
habitat. The ratings for the contiguity criterfon are
assigned based on the following scale:

First and second order streams.

0 = No linear contiguity or transitional upland habi-
tat; completely surrounded by or {solated within
an urban setting or converted to an. urban/
suburban land use.

0.2 = No linear contiguity upstream or downstream,
but isolated within upland open space habitat.

0.4 = Contiguous with comparable habitat on one end
of the site {upstream or downstream), but sur-
rounded with urban/suburban or other nonopen

space lands adjacent (lateral to) to the site on at
least one side, .

0.8 = Contiguous with comparable habitat on one end
of the site {(upstream or downstream) and sur-
rounded by transitional upland habitat which is at
least 35 m wide.

0.8 = Contiguous with comparable habitat on bhoth
ends of the site (upstream and downstream), but
surrounded with urban/suburban or other nonao-
pen space lands adjacent (lateral to) to the site on
at least one side.

1.0 = Contiguous with comparable habitat on both
ends of the site {(upstream and downstream) and
surrounded by ftransitional upland habitat on
both sides which is at least 35 m wide.

Higher order streams.

0 = No linear contiguity of transitional upland habi-

' tat; completely surrounded by or isolated within
an urban setting or converted to an urban/
suburban land use.

0.2 = No lnear contiguity upstrearn or downmstream,
but isolated within upland open space habitat.

0.4 = Contiguous with comrfparable habitat on one end
of the site (upstream or downstream), but sur-
rounded with urban/suburban or other nonopen
space lands adjacent (lateral to) to the site on at
least one side. ‘ :

0.6 = Contiguous with comparable habitat an one end
of the site {upstream or downstream) znd sur-
rounded by transitional upland habitat which is at
least twice the width of the riparian zone.

0.8 = Contiguous with comparable habitat on both
ends of the site (upstream and downstream), but
surrounded with urban/suburban or other nono-

. penspace lands adjacent (lateral to) to the site on
at least one side.

1.0 = Contiguous with comparable habitat on both
ends of the site (upstream and downstream) and
sirrounded by transitional upland habitat on
both sides which is at Ieast twice the width of the
riparian zone. ‘

Percent of Invasive Vegetation

Invasive species often thrive in mesic environments
and readily establish following distuption of riparian
systems. Many invasive species have few, if any, native
pests or diseases and thus grow rapidly. Once estab-
lished, their proliferation excludes reestablishment of
native species following subsequent disturbances, such
as floods or fires (Warner and Hendrix 1985). Some
invasive vegetation, such as Arundo donax and Tamarix



spp. provide little to no habitat value for wildlife species
(Hanes 1981, Bell 1993). Moreover, A. donax and
Tamarix spp. pose a greater problem for flood control
than native vegetation due to the morpholeogical charac-
teristics of the long stalks {Arunde) and deep taproots
{Tamarix), which obstruet flood control channels more
than native riparian vegetation. Overall, the replace-
ment of native riparian habitat with A. donax, Tamarix
spp., and other invasive vegetation displaces native

fauna, reduces flood conveyance, increases evapotrans- -

pirative losses, increases water temperature, and creates
fire hazards (Bell 1993). For example, eradication of A.
donax from the Santa Ana River could reduce annual
evapotranspirative water losses by an estimated 4.6 X
107 m?, resulting in an estimated savings of $12 million
annually (Iverson 1893). However, it has been suggested
that the increased biomass associated with invasive weed
infestation may increase retention times and, therefore,
the ability of a site to sequester elements or compounds.
The contribution of increased biomass to biogeochemi-
cal processes is accounted for in the structural diversity
and spatial diversity criteria. '

The ratings for the percent of invasive vegetation
criterion are assigned based on the following scale:

0 = Site is covered by pure stands of invasive vegeta-
tion or lacks any riparian vegetation.

0.2 = Site is covered by 70-99% invasive vegetation.

0.4 = Site is covered by 40-69%6 invasive vegetation.

0.6 = Site is covered by 10-39%6 invasive vegetation.

0.8 = Site is covered by 5-9% invasive vegetation.

1.0 = Site is covered by less than 5% invasive vegetation.

Hydrology

Hydrology is the most important factor determining
the establishment and maintenance of spectfic wetland
functions (Mitsch and Gosselink 1923). Reviews of past
mitigation sites reveal that improper hydrology is the
most significant problem with mary unsuccessful sites
(Mitsch and Wilson 1896, Sudol 1996). Riparian systems
rely on appropriate and natural hydrology for long-
term selfsustainability and viability. This criterion ad-
dresses the source of water supporting the wetlands and
the exposure of the site to riparian processes, such as
scour and overbank flow. The geomorphic structure of
the site is addressed by the topographic complexity and
flood-prone area criteria. The ratings for the hydrology
criterion are assigned based on the following scale:

0 = No regular supply of water to the site. Site not
assocjated with any water source, surface drain-
age, impoundmaent, or groundwater discharge.
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0.2 = Water supply to the site is solely from artificial
irrigation (e.g., sprinklers, drip Irrigetion). No
natural surface drainage, natural impoundment,
groundwater discharge, or other natural hydro-
logic regime.

0.5 = Site is sustained by natural source of water but is
not associated with a stream, river, or other
concentrated flow conduit. For example, the site
is sustalned by groundwater or urban runoff.
There is no evidence of riparian processes, such
as overbank flow or scour or deposition.

0.7 = Site is within or adjacent t0 an impoundment on a
natural water course which is subject to fluctua-
tions in flow or hydroperiod.

1.0 = Site is within or adjacent to a stream, river, or
other concentrated flow conduit that provides
the primary source of water to the site. The site
contains evidence of riparian processes, such as
overbank flow or scour or deposition, or is within
the flood-prone area (the channel plus the area
defined by a horizontal projection at a height of
twice the bankfull thalweg; Rosgen 1994).

Micro- and Macrotopographic Complexity

In riparian systems. fluvial processes that erode
material from some areas and deposit it in others
during flood events form dynamic mosaics of active
channels, terraces, flood plains; and alluvial fans with
different drainage paiterns and elevatons (Gregory
and others 1991). Thgse elevational differences result
in the extensive vegetative diversity of riparian systems
(Strahan 1984). Riparian flora depends on connectivity
between active channels and flood plains for seed
dispersal and germination and on base flow resulting
from percolation into flood plain soils for survival
during the dry season (Warner and Hendrix 1985,
Harris and Gosselink 1990, Faber 1993). The ratings for
the topographic complexity criterion are assigned based
on the following scale:

First- and second-order streams.

0 = Allflows, including flood flows, are contained ina
concrete-lined channel, culvert, ete.

0.2 = Flood-prone area is characterized by a homog-
enous, flat earthen surface with little to no micro-
and macrotopographic features. o

0.6 = Flood-prone area contains micro- and/or macro-
topographic features such as pits, ponds, hum-
mocks, bars, rills, large boulders, but is predomi-
nantly homogeneous or flat surface.

1.0 = Flood-prone area is characterized by micro- and
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macrotopographic complexity, such as pits, ponds,
hummocks, rills, large boulders, etc.

Higher order streams.

0 = Altflows, including flood flows, are contained in a
concrete-lined channel, culvert, etc.

0.2 = Flood-prone area is characterized by a homog-
enous, flat earthen surface with little to no miero-
and macrotopographic features.

0.5 = Flood-prone area contains micro- and/or macro-
topographic features such as meanders, bars,
braiding, secondary channels, backwaters, ter-
races, pits, ponds, hummocks, but is predomi-

) nantly homogeneous or flat surface.

0.8 = Flood plain is predominantly heterogeneous, and
is characterized by microtopographic features
such as pits, ponds, hummocks, bars. However,
there are no macrotopographic features, such as
braiding, secondary channels, backwaters.

1.0 = Flood-prone area is characterized by micro- and
macrotopographic complexdty, such as meanders,
bars, braiding, secondary channels, backwaters,
terraces, pits, ponds, hummocks, etc.

Characteristics of Flood-Prone Area

Riparian systems are defined by the geomorphic
. structure and fluvial characteristics of the valleys in
which they exist (Gregory and others 1991). Develop-
ment of rver flood plains and restriction of channel
migrations - alters the hydrologic regime of riparian
systemns and severs the critical link between the aquatc
habitat and adjacent upland habitat. Alteration of the
flood plain reduces overbank flooding, resulting in less
seed dispersal and a reduced ability of rlpa.riari vegeta-
* tion to establish (Harris and Gosselink 1990), Kraemer
{1984) reported that loss of riparian flood plain along
. the Sacramento River led to decreased sediment depost-
ton and energy dissipation, resulting in increased flows
and less stable streambeds and banks. Once the flood
plain is developed, storms result in more overland flow
due to impervious surface, but Jess percolation {Faber
1993). Furthermore, disconnecting rivers from their
flood plains reduces their ability to attenuate flood
peaks, limits natural sediment deposition and water
quality enhancement, and disrupts downstream succes-
sional processes and scour cycles (Warner and Hendrix
1985, Harris and Gosselink 1990, Scott and others
1890). Although specific effects vary, in general channel
“improvements” cause downstrearn flood hydrographs
to have higher peaks and also cause peaks to occur
-earlier (DeVries 1980).

The flood-prone area is defined as the bankfull
channel plus the area defined by a horizontal projec-
ton at a height of twice the bankfull thalweg (Rosgen
1984). This criterion is based on flood-prone area
instead of the flood plain because the former represents
the area regularly exposed to overbank flow. Although
the margins of the flood plain contribute greatly to the
ecological function of the riparian system, these areas
are often not subject to Corps jurisdiction (in semi-arid
systerns) and are therefore not the focus of mitigation

' efforts. The ratings. for characteristics of the flood-
" prone area criterion are assigned based on the follow-

ing scale.
First- and second-order streams.

0 = Ali flows, including flood flows, are containedina
concrete-lined channel, culvert, ete.

0.2 = Channel has an earthen bottom; however, it is
structurally confined (e.g., riprap or concrete
sideslopes) such that the flood-prone area is
within the confined channel and flow would only
overtop the channel during extreme events (l.e.;
greater than a 50-year-flood event).

0.4 = Channel has an earthen bottom and earthen
sideslopes; however, it iIs incised or confined such
that the channel would only overtop during
extreme flow events (i.e., greater than a 50-year-
flood event). ' ‘

8.7 = Charnnel has an earthen bottom and earthen
sideslopes and {is mildly indsed or confined such
that the flood-prone area would be subject to
periodic overbank flow (l.e., during a 10-year
flood event).

1.0 = Site is a natural charmel with little to no-evidence
of incision or confinement.

FHigher order streams.

0 = Al flows, including flood flows, are contained in a
concrete-lined channel, culvert, ete.

0.2 = Channel has an earthen bottom; however, it is
structuraily confined (e.g., riprap or concrete
sideslopes) such that the floodprone area is
wholly contained within the channel and there is
no opportunity for overbank flow, except in
extreme events.

0.3 = Channel has an earthen bottom and earthen
sideslopes; however, it is incised or confined such
‘that the flood-prone area is wholly contained
within the channel and there is no opportunity
for overbank flow, except in extreme events.



0.6 = Site is part of a flood plain, which provides an
opportunity for overbank flow during moderate
flow events {i.e., during a 2. to I10-yearflood
event). However, the flood-prone area is confined
by levees, berms, dikes, or other obstructions or
barriers such that the area available for overbank
flow is less than twice the width of the charmel at
bankful conditions.

0.8 = Stte is part of a flood plain, which provides an
opportunity for overbank flow during moderate
flow events (lLe, during a2 2- to l0yearflood
event). The flood-prone area is confined by
levees, berms, dikes, or other obstructions or
barriers; however, the area avaflable for overbank
flow is equal to or greater than twice the width of
the channel at bankfull conditions.

1.0 = Site is part of an unconfined natural floodplain at
least twice the width of the channel at bankfull
conditions and there is evidence of overbank
flow.

Biogeochemical Processes
The location of ﬁpaﬂ'an areas along streamns along

with the relatively low topography, natural ponding, and -

ground surface roughness of riparian zones allows them
to act as sinks for sediment and nutrient runocff from
adjacent uplands and as sources for cdnversion of
detritus to consumable organic matter {Childers and
Gosselink 1990, Scott and others 1990). Rising water
overtops streambanks, slowing the flow velocity, allow-
ing water and suspended material to access the adjacent
flood plain and riparian zones (Gosselink and others
1990a, Scott and others 1990). Microbial action in the
root zone removes toxics, nitrogen, and other nutrients
from the runoff; thereby improving water quality and
helping to reduce the impacts of nonpoint source

pollutioni (Schaefer and Brown 1892). Peterjohn and .

Correll (1984) reported that each ha (2.47 acres) of
riparian forest removed 4.1 mg of particulates, 11 kg of
particulate organic nitrogen, 0.83 kg of ammonium-
nitrogen, 2.7 kg of nitrate-nitrogen, and 3,0 kg of total
particulate phosphorus per year. Gregory and others
(1991) reported that up to 65% of the nitrogen and
phosphorus can be removed from agricultural runoff by
riparian vegetation, Heterotrophic microorganisms that
thrive in riparian areas are also responsible for convert-
ing detritus from leaf litter and cther dead organic
matter into consumable crganic matter. This organic
material forms the base for the riparian food chain and
can be released downstream as dissolved organic matter
(Gregory and others 1991, Schaefer and Brown 1892).
Knight and Bottoroff (1984) reported that up to 1000
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g/m?/year of detritus are produced by aquatic macro-
phytes in riparian zones, and this provides a food chain
base for these ecosystems, promoting their biodiversity.

Biogeochemical processes depend on water flow
through the site, availability of surfaces to slow water
and provide a platform for microblal activity and
chemical reactions and as sources of organic carbon.
Water flow and availability of flood plain surfaces are
addressed by the criteria discussed above. The ratings
for surface roughness and sources of organic carbon are
assigned based on the following scales:

First- and second-order strearms.

0 = channel is contained in a concrete-lined channel,
culvert, ete., with little to no vegetation or detri-
tus, '

0.2 = Site can support grasses, forbs, or other herba-
ceous vegetation, or there is debris, leaf litter, or
detritus present in the channel.

0.4 = Channel supports at least 5% relative cover of
herbaceous or other vegetation and there is at
least 10% relative cover of debris, leaf litter, or
detritus in the channel.

0.6 = Site contains between 5% and 209 relative cover
of any type of vegetation and between 10% and _
25% relative cover with debris, leaf litter, or
detritus.

0.8 = Site contains greater than 209 relative cover of
any type of vegetation or between 25% and 60%
relative cover with debris, leaf litter, or detritus.

1.0 = Site contains greater than 20% relative cover of
any type of vegetation and greater than 60%
relative cover with debris, leaf litter, or detritus.

. Higher order streams.

0 = channel is contained in a concrete-lined chanmnel,
culvert, ete., with little to no vegetation or detri-
tus.

0.2 = Site can support grasses, forbs, or other herba-
ceous vegetation, and there is woody debris, leaf
litter, or detritus present in the channel.

0.4 = Channel supports at least 25% relative cover of
grasses, forbs, herbaceous, or riparian vegetation,
and there is at least 109 relative cover of woody
debris, leaf litter, or detritus in the channel.

--0.6 = Site contains between 25% and 50% relative

cover of any strata of riparian vegetation and
between 10% and 409 relative cover with woody

. debris, leaf litter, or detritus.-
0.8 = Site contalns between 50% and 75% relative
cover of any strata of riparian vegetation and
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between 40% and 60% relative cover with woody
" debris, leaf litter, or detritus.
1.0 = Site contains greater than 75% relative cover of
any strata of riparian vegetation and greater than
60% relative cover with woody debrls, leaf litter,
or detritus.

Calculation of Credits and Debits

Credits and debits are calculated based on the
number of condition units per ha (CU) gained at the
mitigation bank and lost at the impact site. The number
of CU per hais calculated by adding the scores for most
of the evaluation criterfa. We chose to multiply the
scores for the three habitat criterid by the score for the
percent of invasive vegetation criterion because infesta-
tion with invasive vegetation tends to depress 21l habitat
funiction in riparian systems. Using the score for per-

~cent invasive vegetation as a multiplier precludes the
need to specify native versus invasive vegetation under
the other habitat criteria. The effect of increased
biomass assoclated with invasive plants on hydrologic
and blogeochemical processes is accounted for in the
biogeochemical processes criterion. Hydrology is widely
recognized as the driving force behind wetland and
riparian systems. Therefore, the condition units for-
mula weights the hydrologic regime criterion at three
tirnes the importance of other criteria. This reflects the
fact that appropriate hydrology is fundamental to over-
all riparian function, and it devalues sites with artificial
or inappropriate hydrology. We recognize there may be
some overlap between criteria, for exampile, the density
of vegetation at a site contributes to the rating under
both the coverage and spatial diversity and the biogeo-
chemistry criteria; however, we believe this is appropri-
ate because certain characteristics of a site contribute to
multiplé functions (e.g., habltat and blogeochemical
functions). The number of condition units/ha is calcu-
lated using the following formula: ‘

CU = [(ST + SP'+ CNT) I] + FPA + TC + BR + 3H

where ST = Habitat ~ Structural Diversity; SP =
Habitat — Coverage and Spatial Diversity; CNT = Hab-
itat — Contiguity; I = Percent of Invasive Vegetation;
FPA = Characteristics of the Flood-prone Area; TC =
Topographic Complexity; BR = Blogeochemistry —
vegetation roughness and organic carbon; H = Hydrol-
ogy.

own sake, for the purposes of impact evaluation or for
- design or evaluation of mitigation sites, functions should
not be combined into overall indices. The practice of
combining functions c¢an result in certain functions

When performing functional assessments for their

being masked, thereby underestimating the overall
importance of a wetland to watershed ecology and
decreasing the resolution of the functional assessment.
However, the intent of this method Is not to evaluate
wetland functions but to provide a tool to calculate
mitigation ratios based on the ecologic condition of
impact and restoration sites. To accomplish this goal in
the context of a mitigadon bank, we must generate a
single number or index.

Apptlication of the Riparian Model

The Santa Ana River Mitigation Bank (SARMB)
pravided the earliest application of the southern Califor-
nia's riparian crediting and debiting model. The Santa
Ana River, with a watershed of area of 6345 km? (2450
miles?), is the largest river system is southern California
(Hanes 1981). The riparfan habitat along the Santa Ana
River Is southern riparian scrub consisting of Salix,
Populus, and Baccharis species. OF the 5667 ha {14,000
acres) of riparian habitat along the Santa Ana River,
approximately 2000 ha (5000 acres) are infested with an
invaslve species commonly known as the glant reed, A.
donax (Bell 1993). Replacement of the native riparian
vegetation with A. donax has not only led to loss of
sutitable habitat for many wildlife species, including the
federally listed endangered least Bell's vireo, Vireo beilii
pustius, but has also caused problems with water quality
and water conservation (Bell 1993, Iverson 1993).

The Santa Ana River mitigation bank is located in the
nerthern portion of Riverside County in the City of
Riverside (Figure 1). The goal of the SARMB is to
restore a degraded riparian system by reestablishing the
native riparian ecclogical diversity and other riparian
functions, such as flood flow alteration, groundwater
recharge, improvement of water quality (temperature
and organic matter), reduction of fire hazard, and
increased recreational use. Credits were established by
removal of invasive vegetation and selective planting to
encourage natural recruitment of native riparian vegeta-
tlon.

The size of the initial mitigation bank area was
approximately 22.7 ha (56 acres). Since the initfal bank
establishment, additional areas have been incorporated
in the bank, however, the information provided here
only reflect the original 22.7 ha. The potentlal credits
were determined using aerial photographs and field.
surveys. Review of aerial photographs and field surveys
revealed three characteristic regions with varying de-
grees of invasive vegetation infestation within the bank
area (Figure 2, Table 2). To determine the available
credits, each region of the mitigation bank was rated
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Figure 1. Location of the Santa Ana River mitigation bartk. The area circled shows the location on the Santa Ana River where the
mitigation bank is located. Thick ines are county boundaries, fine lines are streams.

separately based on homogeneity of the region or
subunit. Post-bank scores were assigned based on the
maximum possible score a similar uninfested resource

in that region could achieve. The curnulative difference -

between the baseline rating and the predicted post-
bank rating is the total available credits in the mitiga-
tion bank.

Region A, which is approximately 12.4 ha (30 acres)
{62% of the total area), consists of 100% Arundo
infestation with no native riparian vegetation and is
adjacent to a riparian zone with two species of woody
riparian plants and poorly developed understory on
one half of the site and a structurally and spatially
diverse riparian zone on the remaining half, Because of
the high degree of Arunde infestation, there is low
topographic complexity and diversity of detritus in
Region A. Region B is approximately 7.6 ha (26 acres)
{38% of the total area), and consists of mixed native
riparian vegetation with shrub and herbaceous under-
story interspersed with 20-409% Arundo, Region B is
connected to structurally and spatially diverse riparfan
zone on one half and 100% Arundeinfested zone on the
remaining half. The topographic complexity and den-

sity of detritus is relatively greater in Region B than in
Region A due to the presence of secondary channels
and a native riparian vegetation. Reglon C is not part of
the mitigation bank, however, it will be preserved and
will function as a buifer between the bank and adfacent
land uses. Region C consists of relatively mature ripar- -
fan species (10-20 years), with a well-developed canopy,
diverse understory, and less than 5% Arundo present. All
three regions possess natural hydrology and are within a
flood-prone area greater than twice the width of the
active channel at bankful conditions. The scores for pre-
and post-bank conditions are shown in Table 3.

The restoration effort began in 1993, when the local
community underwent significant threat of fires fueled
by Arunds. Arunde (reaching height of upto 8 m) is a
tall grass native to eastern Asla, introduced to southern
California in early 1800s for purpose of erosion control.
Due to its high rate of growth (5 cm/day), it outcom-

- petes the native riparian vegetation and soon becomes

the dominant species in the riparian zone (Bell 1997).
The rhizome, which typically reaches depths of 1 m,
quickly stabilizes the stream bank and forms terraces
severing the riparian zone from fluvial processes typt-
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Figure 2. Characteristic regions of the Santa Ana River mitigation bank. The map shows the deminant plant corrmunity for each
subarea of the mitigation bank prior to initiation of any restoration efforts (e.g., baseline conditions). Mapping was based on aerial
photography, dated April 1993, Area C was not included in the mitigation bank because it is existing native riparian habitat.

Table 2. Characteristics of regions A & B of the
Santa Ana River mitigation bark. Size, percent of total
area, and percent infestation with invasive weeds

of the two subareas of the Santa Ana River

mitigation bank

Region Size (ha) 9 total area % invasives
A 12.4 62 100
B 1.6 38 20-40

cally occurring within native vegetatior—dominated ri-
parian zones. The reduction of overbank flooding limits
aggredation and degradation processes consequently
limiting native vegetation propagule dispersal. The
high growth rate of Arundo combined with its high
degree of flammability seon redirects the native ripar-
jan community to an Arundeinfested riparian zone
(Bell 1993). The ecological changes that occur within a
riparian zone as a result of Arundo infestation include

reduction of suitable habitat for native wildlife, highly
altered flooding regime, and reduction of biogeochemi-
cal processes due to the reduction of surface moisture
and presence of noxious chemicals, such as silica,
triterpines, and sterols (Chanduri and Ghosal 1970,
Bell 1997). ] ‘
Restoration of the Santa Ana River mitigation bank
was accomplished using a glyphasate, an EPA-approved
herbicide for use in wetlands. The application method
varied depending on the extent of Arunde infestation
and extent of native riparian vegetation present in the
treatment areas. The most effective period for applying
the herbicide was determined to be during the period
when maximum translecation of nutrients to the rootis
oceurring {the period between post-flowering and pre-
dormancy) (Bell 1993). Method of application of the
herbicide In the SARMB included aerial application
(areas >80% Arundo}, use of all-terrain vehicles {<80%
Arundoinfested areas easily accessible), and backpack



Table 3. Rating of the two regions inthe Santa Ana
River mitigation bank. Scores for each criterion for the
pre-restoration baseline condition in each subarea.
Weighted mean is the average of the criterion score
for each subarea adjusted for the subarea’s
proportion of the total area. Post-praject scores
reflect the anticipated condition of the site

upon maturation of the restoration efforts

Region A RegionB Pre-project Post-

Criterion  (62%) (38%)  (weighted mean} project
ST 0.2 0.6 0.35 1.00
Sp 0.2 0.6 0.35 1.00
CNT 0.8 0.3 0.80 0.30

I 0 0.6 0.23 D.80
FPA 0.4 0.4 0.40 0.80
TC 0.2 0.8 0.43 1.0
BR 0.2 0.8 0.43 0.80
H 1.0 1.0 1.0 1.0

Legend: 5T = Habitat—Structural Diversity; SP = Habitat—Coverage
and Spatial Diversity; CNT = Habitat—Contiguity; I = Invasive
Vegetation; FPA = Characteristics and the Flood-prone Area; TC =
Topographic Complexity; ER = Biogeachemistry-—Vegetation Rough-
ness and Organic Carbon; H = Hydrology.

sprayers (areas difficult to access with vehicles and
resprouts). The biomass was cut by hand cutting,
chipper, or hydro-ax and removed by hauling to a
suitable off-site location or controlled biomass burning.
Once the biomass was removed, selective planting was
carried out on portions of the bank site to accelerate
the natural revegetation process. In the initfal 2-3 years
" freatment or respoutes occurred on a regular basis (2-3
times/year) and comtinually declined as the native
riparian vegetation began to self-recruit and the root
mass decomposed. The change in ecological condition
of the SARMB became apparent following the third year

of treatment as evident by change in characteristics of

the flood-prone ares, structural diversity of native vegeta-
tion, enhancement of topographic complexities (ponds,
bars, hummocks, and secondary channels}, enhanced
bicgeochemical processes (due to increase surface mois-
ture and evident by visible microbial activity). The
contiguity of the bank area would not be affected as a
result of the restoration work, as the site is connected to
riparian and upland habitats and no meodification is
expected to occur in these areas. The SARMB continues
to be actively monitored, and it serves as a model for
native riparian restoration project throughout Califor-
nia. - :
Debits at the fropact sites are determined by assign-
ing of pre-project and post-project ratings for each
criterion, Evaluation of a pre- and post-project at the
impact site allows for consideration of any remaining
functional characteristics at the impact site following
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Table 4. Sample calculation of debits: This table
shows a fypothetical example of the application of
the crediting and debiting framework to an impact
site. For this exampile, the impact would be
complete fill of the stream on the project site

Preproject Post-project Net funcdons
Criterion rating rating lost
ST 0.8 0 0.8
SP 0.8 0 0.8
CNT 0.8 0 0.8
I 0.8 0 0.8
. FPA 0.8 0 0.8
TC 10 0 1.0
BR 0.8 0 0.8
H 1.0 0 1.0

Legend: ST = Habjtat—Structura! Diversity; SP = Habitat—Coverage
and Spatial Diversity; CNT = Habitat—Contlguity: I = Invasive
Vegetation; FPA = Characteristics and the Flood-prone Area; TC =
Topographic Complexity; BR = Biogeochemistry—Vegetation Rough-
ness and Organic Carbon; H = Hydrology.

Table 5. Calculation of credits and debits for the
Santa Ana River mitigation bank: Sample application
of the crediting and debiting framework to determine
a mitigation ratio. Credits are determined by using
the criteria scores shown in Table 3. Debits are
determined by using the hypothetical scores

shown in Table 4

Step 1, Evaluation of credits
CU = {[(ST + SP + CNT}I} + FPA + TC + BR] + 3H
Pre-bank CU = [{0.35 + 0.35 + 0.8)0.23] + 0.4 + 0.61 +
0.43) + 3(1.0) =478
Post-bank CU = {{1.0 + 10+080)DS] +0.8 + 1.0 + 0.8]
+3(1.0) =7.84
Projected Credits Available = 7.84 — 4.78 = 3.08
Step 2. Evaluation of debits
Debits (Functional Units Lost) = {[ (0.8 + 0.8 + 0.8)0.8] +
0.8 + 1.0+ 0.8} + 3(1.0) = 7.52
Step 3. Determination of mitigation ratio
Mitigation Ratio = 7.52/3.06 = 2.45

Legend: ST = Habitat—Struetural Diversity: SP = Habitat—Coverage
and Spatlal Diversity; CNT = Habitat—Contiguity; I = Invasive

_ Vegatation; FPA = Characteristics and the Flood-prone Area; TC =

Topographic Complexity; BR = B:ogeochem:sh-y—Vegetanon Rough-
rtess and Organic Carbon; H = Hydrology.

implementation of a project. A hypothetical debiting
score scenario to be mitigated at this bank is presented

"in Table 4, where a project would impact an aguatic

resource with a relatively high functional characteris-
tics, The mitigation ratio for the hypothetical debiting
scenario for use of the SARMB is calculated to be 2.5:1
(Table 5). This mitigation ratio is based on withdrawal
of credits when the credits have reached their expected
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Table 6. Credits available during the first 5 years of
operation: Discounting of the mitigation ratic (as
determired in Table 5) for years 1 through 5. This
hypothetical scenario assumes the mitigation site
achieves the performance goals by year §

Total projected
Year credits Credits available  Mitigation ratio
1 3.06 306 X02=061 752/061=123
2 3.06 3.06 X04=122 752/1.22=6.2
3 306 3.06 X06=184 752/1.84 =41
4 3.06 3.06 x08=245 7.52/245=31
5 3.06 306 x1.0=3.06 752/3.06=25

restoration potential, which is estimated to take approxd-
mately 5 years. :

Aithough mitigation banks should conceptually reach
their predicted functional maturity prior to withdrawal
of credits, there may be a need to withdraw credits prior
to achievement of functional maturity. It should be
noted that in these circumstances financial assurance
must be secured by the bank sponsor. This crediting
and debiting method gives flexibility in withdrawai of
credits prior to full functional establishment of an
aquatic resource by allowing adjustrnent of the mitiga-
tion ratio to reflect the existing conditions at the
mitigation bank. The actual condition of the mitigation
bank may be evaluated at a given time interval and the
percentage of total expected credits may becomne avail-
able for withdrawal. A simplified example may be a
mitigation bank where at the end of the first year credits
have 20% of their maximum potential value, 40% of the
total potential value in the second year, 60% of poten-
tial value ins the third year, and 80% of the predicted
value at the end of the fourth year (Table 6). Credits
would have their full functional maturity at the end of
the fifth year. This would allow sale of credits at a partial
value to provide funds for the sponsor within the initial
establishment period. In addition, if credits have only
partial value in the initial 5 years, the mitigation ratios
obtained should be high enough to deter the use of this
mitigation bank for projects with impacts to riparian
habitats with high functional capacity and consequently
should encourage avoidance and minimization of im-
pacts to these habitats. By setting a minimum compensa-
tlonratioof 1:] the crediting and debiting methodology
prevenits loss of acreage.

Discussion

Despite the existence of numerous methods for
assessing functions of aquatic resources, compensation
ratios are typicaily determined based on existing policy

and/or best professional judgment of decision makers.
Existing mitigation banks typically use either an acreage-
based or case-by-case best professional judgment deter-
mination of functional characteristics and compensa- -
tion ratios (IWR 1994, Tabatabai 1994). As.mitigation
banking gains support from the regulated puhlic, entre-
preneurs, and the resource and regulatory agencies, a

‘greater need arises for use of an appropriate crediting

and debiting methodology in any mitigation bank. Use
of detailed functional assessment methodologies or
site-specific evaluation of function for determination of
credits and debits is far superior to rapid approaches,
such as the one we present in this paper. However, the
constraints posed by their application (e.g., time and
resources) makes their use impractical in the mitigation
banking context. The goal of this framework is to
provide a rapid assessment of credits and debits that
dées not require extensive field data collection and
where the assessment of structural components of an
aquatic resource could be used by nonwetland scien-
tists. The proposed framework meets the six objectives
necessary for a crediting and debiting system to be
useful in a regulatory context. )
(1) It can be tatlored to evaluate ecologic condition
based on the target resources of a specific mitigation
bank. The example presented in this paper illusirates
application of the proposed framework to a mitigation
bank where the goal is to restore riparian habitat. This
framework is currently being appHed to a bank where
the goal is restoration of vernal pools; therefore, spe-
cific criterfa have been developed that reflect the
ecologic conditfons of depressional wetlands, For ex-
ample, one of the evaluation criteria addresses duration
of ponding and is scaled as follows:

0 = Ponding is transient following storm events and

persists for no more than 1 day.

0.2 = Site may pond water for several days following
storm events; however, ponding seldom persisis
beyond 10 days. There may be several ponding
events during a season.

0.4 = Ponding duration is on the order of several
weeks. There may be several ponding events
during a season. ]

0.6 = Ponding duration is on the order of several
months, but less than 6 months. There may be
several ponding events during a season.

0.8 = On average, site ponds water for more than 6
months.

1.0 = Site ponds water year-round.

{2} It is flexible enough to be used for evaluation of
existing or potentlal ecologic condition at a mitigation



bank. Because credits are determined based on the
difference between structural characteristics of the
post-restoration condition and pre-restoration (base-
line) condition at the bank site, the framework can be
applied in a predictive manner.' A CU score can be
calculated based on the expected future condition at
the bank and used as the "‘enhancement potential” for
the purpose of determining mitigation ratios. The
success of the restoration can be evaluated by compar-
ing the condition of the resources over time to the
expected future condition, and remedial measures can
be implemented to ensure the target condition is
achieved. This crediting and debiting method also
provides the flexibility to account for withdrawal of
credits prior to full functional establishment of an
aguatic resource by allowing adjustment of the mitiga-
tion ratio to reflect the condition of the resources at the
mitigaon bank at time of purchase of credits.

{3) It 1s a structured and systematic way to apply data
and professional judgment to the decisicn-making pro-
cess. The intent of the proposed framework is not to
pravide an absolute tool for evaluating functional condt
tion. However, it does provide an alternative to subjec-
tively applied best professional judgment by establish-
" ing a structure to organize information and apply
judgment in an objective manner, based on ecological
principles. For example, in instances where a mitigation
banking agreement corntains limits on the quality of
riparian habitat that can use the bank for mitigation,
this framework can be used to determine whether the
“guality” of the resources at the impact site exceeds the
stated threshold. Several proposed banks in the Los
Angeles District of the Corps involve restoration or
enhancement of existing aquatic resources and have
stipulations in the banking instruments that only aliow
jmpacts to degraded habitats to be mitigated at the
bank. In these cases, a proposed project site which
receives a pre-project rating of 4 CUs or greater would
be precluded from using the bank. This provides an
objective way to ensure that the functions gained
through the mitigation bank are commensurate with
the impacts for which credits were purchased.

(4) It has an ecologically defensible basis. Credits

and debits are based on the structural characteristics -

and landscape sétting of the restoration and the impact
sttes. The evaluation criteria reflect atiributes of wet-
lands shown to be important to their viability and ability
to provide a suite of ecologic functons. Many of the
criteria presented for riparian systems are similar to one
used in established functional evaluation methods, such
as HGM and HEP.

{5) It has ease of use such that the level of expertise
and time required to employ the method is not a
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deterrent to its application. The evaluation criteria have
been structured so that they can be apblied based on
information typically provided in biological resource
reports that accompany U.S. Army Corps of Engineers

" permit applications. Because the criteria are generally

descriptive, they can be applied with minimal ambiguity
based on information supplied by permit applicants.
When being applied in the field, scores can be assigned
with a reasonable amount of data collection, yet not so

_ intensive as to be a deterrent to its use. In practice, most

sites can be evaluated by review of aerial photography

and several hours in the fleld, This is commensurate

with the time and resource constraints of the reguiatory -
progrant.

(6) It provides a semi-quantitative measure of the
candition of aquatic resources that can be translated to
a mitigation ratio. Scaling of the evaluation criteria is
based on a combinztion of field data collected during
development of a regional HGM assessment model
(Lee and others 1997}, research on the success of past
mitigation projects in southern Californta {Sudol 1996),
and professional judgment of sclentists familiar with
semi-arid riparian systems. The framework organizes
this information in a categorical marmner and provides a
way to translate Information about the conditions of a
site to a quantitative mitigation ratio. The framework
may also be applicable for determinatfon of out-of-kind
compensation ratlos. Aquatic resources can be evalu-
ated based on criteria developed for each specific
wetland type. The relative conditions can then be
translated into a common currency or unit of measure
and the compensation ratio assigned using the ratio of
debits over credits.

The crediting and debiting framework presented in
this work is not designed as a functional assessment
methodology; rather, it is intended to be a rapid
semi-quantitative measure of structural characteristics
of an aquatic resource for the purpose of determining
compensatory requirements. The framework, as demon-
strated with the southern California riparian model,
offers an alternative to use of existing functional assess-
ment methodologies or best professional judgment for
determination of credits and debits. We encourage
more dialogue and debate among sclentists, regulators,
and the public on the merits of this approach and the
details of its applications, such as choice of indicators,

. sealing of criterfa, and architecture of the CU formula.

The ultimate goal should be an objective and systematic
way to determine ecologically meaningful mitigation
requirements that are commensurate with the impacts
and result in a net benefit for the resources protected by
the Clean Water Act.
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SANTA ANA WA TERSHED ASSOCIATION OF RCD’S

SANTA ANA RIVER WATERSHED PROJECT WORK SUMMARY,

' CONTRACT AND BUDGET FOR FY’s 2000-01 AND 2001-02

The goal for the Santa Ana Watershed Program is to reduce the threat of invasive plants (especially giant
reed and tamarisk) on native habitat and river system function. The oversight for this program is the U.S.

Fish and Wildlife Service. The appointed fiduciary, Orange County Water District, will hold and disperse
funds as indicated by this approved work plan. Acknowledge SAWA as the working group that will

implement and oversee projects focused on the long-term maintenance and enhancement of river system
function, while implementing whole watershed health. This work plan will develop projects that further
these goals. Those groups that are identified to perform the tasks listed below include (but may not be
limited to) East Valley Resource Conservation District, Elsinore-Murrieta-Anza Resource Conservation
District, Inland Empire West Resource Conservation District, Riverside-Corona Resource Conservation
District, San Jacinto Basin Resource Conservation District.

*The goals for these fourth and fifth years are:

Complete an exotic plant management report for the Santa Ana River Watershed;

Complete mapping of all tributaries within the Santa Ana River Watershed;

Continue the development of a GIS database to track and monitor treatment projects for the
SAR Watershed; e
Perform 70.0 acres of exotic plant treatment in the East Valley Resource

Conservation District; - -

Develop a2 Watershed Management Plan/seek funding for the San Jacinto RJver in the
Elsinore-Murrieta-Anza Resource Conservation District;

Perform 25.0 acres of exotic plant treatment in the Inland Empire Resource Conservation

District;
Perform 30.0 acres of exotic plant treatment in the Riverside-Corona Resource Conservation

District;
Develop a Santa Ana Sucker, Arroyo chub-and Speckled Dace Fish Recovery Program ini the

Riverside-Corona Resource Conservation District;

T

" Perform 16.65 acres of exotic plant treatment in the San Jacinto Resource Conservation

District;

Continue the development of outreach materials and educational programs, and supply
information on exotic plant control to private landowners within the watershed;

Continue to work on 2 watershed team structure that will coordinate and 1mplement tasks and
seek and manage funds for those tasks into the future;

Lianlemeént a second SAWA Field Biologist position to z2ordinate and monitor invasive plan
removal, habitat restoration and least Bell's Vireo/Cow Bird monitoring program within the
watershed; the first to be located in the East Valley RCD/San Timoteo Canyon Region, the .-

second to be located in Riverside-Corona RCD/Prado Region;

*The accomplishment of these goals, as outlined in more detail below, will be subject to and entirely dependent °
upon the amount of funds available for this program. Any changes or additions to this work plan can be done in
writing and submitted for approval to the U.5. Fish and Wildlife Service. The tasks and figures were included here
to keep all projected expenditures together for reference.
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TASK 1— EAST VALLEY RCD TO COMPLETE THE SANTA ANA RIVER ANNUAL REPORT FOR THE
CONTROL OF INVASIVE PLANTS:

Complete and deliver to the partnering agencies The Santa Ana River Watershed Annual Report that
shall include but not be limited to the following:

* Introduction to the Santa Ana River Watershed with appendices of sensitive species

+ Discussion of giant reed and tamarisk impacts on natural systems

* Techniques and protocol for removal of giant reed and tamarisk

« Guidelines for long-term monitoring program

* Report on completed/ongoing projects and activities through fiscal year 2000-01 and 2001-02 annually

e = —
SERVICE YEAR SALARIES SUPPLIES TRAVEL COMMUNICATION OVERHEAD TOTALS "
2000-01 ) 8,565 2,325 75 1,175 ‘ 2,355 14,495 "
2000-02 - 8,565 2,325 _ 75 NN i,175 2.355 14,495 "

TASK 2 - EAST VALLEY RESOURCE CONSERVATION DISTRICT TO ACT AS ]NTERl\"lEDIARY
AND FACILITATOR OF EPA GRANT APPROPRIA‘I‘ION TO REPLACE FUNDS USED IN 2000-2002
TASKS:

EVRCD will process the necessary paperwork and applications associated with the $950,267 Federal
Appropriation required by the US Environmental Protection Agency (EPA). .This task will include:

» Prepare 2000-01 Annual Workplan Contract for submission to EPA, USFWS Representatlve and

QOCWD for approval
* Prepare and write grant apphcatmn for submission to EPA
» Prepare quarterly reports of outlined work completed and invoice for payment
» Prepare final report at completion of grant requirements

SERVICE YEAR | SALARIES SUPPLIES . TRAVEL COMMUNICATION OVERHEAD TOTALS
2000-01 15,000 1,000 1,250 3,347 20,597 H
2001-02 15,000 1,000 1250 3,347 20597 - ||

TASK 3 - EAST VALLEY RESOURCE CONSERVATION DISTRICT CONTINUE TO MA]NTA]N GIS
DATA BASE OF EXOTICS FOR THE ENTIRE SANTA ANA WATERSHED:

EVRCD in cooperation with other agencies in the watershed will map giant reed and tama_nsk and enter
information mtc the system This task will include:

Obtain data layers (as available) of the entira Santa Ana River Watershed

Maintain database for the Santa Ana River Watershed

Continue to map giant reed and tamarisk populations in the upper Santa Ana headwaters

Map giant reed and tamarisk populations in Mill Creek, and the mainstem Santa Ana River located in

Highland and San Bernardino
SERVICE SALARIES CONTRACT SUPPLIES TRAVEL COMMUNI- OVERHEAD |- ToTALS
_YEAR g ) CATION
2000-01 14,500 2,500 7,000 1,000 1,750 5,190 31,940 "
2001-02 14,500 2,500 7000 1,000 1,750 5,190 31.940 —"
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TASK 4- EAST VALLEY RCD TO COORDINATE THE TREATMENT OF GIANT REED IN PHASE
IV OF SAN TIMOTEO (CREEK) CANY ON INFY 2000/2001:

EVRCD shall contract for services and coordinate with various entities to perform a minimum of 35 acres

of giant reed control in the Phase [V/San Timoteo Creek from Allessandro Road to the concrete channel in
Loma Linda, and 15.0 acres of Arundo within the Redlands drainage channels This task will include:

Secure regulatory permits to perform exotic plant control

Contract for biomass removal and follow-up treatment

Contact private landowners, secure written permission to access property to work of prOJect sites in San
Bernardino County ‘

Develop arid coordinate work schedules for crews

Monitor biomass removal process

Interface with public/private entities and/or media personnel

— & — —— = =)
SALARIES PERMITS LABOR SPRAYING TooLs/ COMMUN- TRAVEL OVERHEAD TOTAL
CONTRACTS CONTRACT SUPPLIES ICATIONS
CUT/SERED
38,500 5,000 207,779 89,973 1,300 1,250 750 66,382 - 411,634

TASK 5-EAST VALLEY RCD TO COORDINATE THE TREATMENT OF GIANT REED IN HIGHLAND

IN FY 2001-2002:
EVRCD shall contract for services and coordmate with various entities to perform a minimum of 20 acres of giant
reed control in the Highland area located in and around drainage channel (flows into Santa Ana River) adjacent to

Highway 30. This task will include:

L ]
-
-
»

Secure reguiatory permits to perform exotic plant control

Check with SB County Flood Control for right-of-way

Contract for biomass removal and follow-up treatment

Contact private landowners, secure written permission to access property to work of pmject sites m San

Bernardine County
Develop and coordinate work schedules for crews
Monitor biomass removal process '
Interface with public/private entities and/or media personnel

SALARIES

PERMITS

LABOR
CONTRACTS

CUT/SHRED

SPRAYING
CONTRACT

TooLrs/
SUPPLIES

CoMMUN-
ICATIONS

TRAVEL

OVERHEAD

TOTAL ﬂ

16,286

5,000

91,333

45,600

1,500

1,250

500

31,325

192,794 "

|

]

TASK 6 - EAST VALLEY RESOURCE CONSERVATION DISTRICT TO CONTINUE TO MONITOR AND
SPRAY THE 65 ACRES LOCATED IN PHASE I AND IT IN SAN TIMOTEO CANYON:
East Valley RCD shall contract for additional two years spraying and monitoring of the 65 acres that compnse Phase [
and Phase Il in San Tlmoteo Canyon, This task will include:
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Secure regulatory permits to perform exotic piént control
Contact private landowners, secure written permission to access property to work of prOJect sites m San
Bernardino County )

Develop and coordinate work schedules for crews B

Monitor biomass removal process
Interface with public/private entities and/or media personnel

SERVICE YEAR SALARIES CONTRACT ) TRAVEL - OVERHEAD TOTALS
2000-2002 5,760 59,800 1,200 12,951 79,711
—T —— e -—

FASK 7 - EAST VALLEY RESOURCE CONSERVATION DISTRICT TO CONTINUE TO HOUSE,

SUPERVISE, SUPPORT FIELD BIOLOGIST POSITION:
Zast Valley Resource Conservation District shall supply headquarters, salary supplies and supemsmn necessary to

support the position of Field Biologist. This task will mclude

Set up traps and monitor least Bell’s Vireo, Wlllow Fly Catcher and Brown-headed Cowbird population in
San Timoteo Canyon

. Assist in educational programs for endangered species and invasive plants as requested

Supervise and monitor invasive plant rémoval and habitat enhancement programs within the watershed

Assist with mapping projects for GIS data
Cooperate with East Valley RCD. with the compilation of the SAWA Annual Report
Cooperate with Rwers:de Corona RCD with the structuring and maintenance of the Santa Ana Sucker

Program

| SERVICE YEAR SALARY BENEFITS SUPPLIES . TRAVEL COMMUNICATION OVERBEAIi TOTALS “
2000-01 32,385 4,500 ) 2,500 2,500 . 1,#00 8,455 52,040 "
2001-02 35,351 4, 500 2,500 2,500 1,200 8,934 54,985

TASK 8 - ELSINORE-MURRIETA-ANZA RESOURCE CONSERVATION DISTRICT TO DEVELOP A

WATERSHED PLAN FOR THE SAN JACINTO RIVER:
Elsinore-Anza-Murrietta RCD shall develop a comprehensive watershed management plan for the San Jacinto River -

and seek funding for implemeantation. This task will include:

Compose San Jacinto River Watershed Plan to presentation to SAWA, for approval
Enlist stakeholders willing to participate in 2 Watershed Advisory Council
Formulate organizational and administrative plan

Apply for watershed planning funds created by Prop 13

-~
SERVICE YEAR SALARIES CONTRACTS | MATERIALS/ TRAVEL COMMUN- OVERHEAD TOTALS
SUPPLIES ICATION
2000-01 1,200 1,500 5,000 1,200 _ 1,200 1,959 12,059
2001-02 1,500 | 2,000 5,000 1,200 1,200 2,115 13,015 |
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TASK 9 - INLAND EMPIRE WEST RESOURCE CONSERVATION DISTRICT TO COORDINATE
TREATMENT OF GIANT REED IN THE FOLLOWING TRIBUTARIES OF THE SANTA ANA RIVER
WATERSHED IN FY 2000-2001:

Inland Empire West RCD shall contract for services and coordinate with various entities to perfonn a minimum
of 15.0 acres of giant reed and tamarisk control in the Lytle Creek area. This task will include:

Map giant reed and tamarisk popu!ations in the Lytle Creek area

Contribute collected data to East Valley RCD

Secure regulatory permits to perform exotic plant control

Contract private landowners, secure written permission to access property to work on project sites
in San Bernardino County ,
Contract for biomass removal

Develop and coordinate work schedules for crews

Monitor biomass removal process

Contract for two-year spray and monitoring program

Interface with public/private entities and/or media personnel

SALARIES PEm\Trrs LAaBOR SPRAYING TooLs/ * COMMUN- TRAVEL OVERHEAD TOTAL
CONTRACTS | CONTRACT SUFFLIES ICATIONS
CUT/SHRED h
14,250 5,000 68,500 34,200 . 1,500 725 1,200 24,323 . 149,69ﬂ|
TASK 10 - INLAND EMPIRE WEST RESOURCE CONSERVATION DISTRICT TO COORDINATE

TREATMENT OF GIANT REED IN THE FOLLOWING TRIBUTARIES OF THE SANTA ANA RIVER

WATERSHED IN FY 2001-2002:
Inland Empire West RCD shall contract for services and coordinate with various entities to perform 2 minimum of
15.0 acres of giant reed and tamarisk.control in the Warm Creek, San Sevine Creek, Duncan Creek Grapevme Creek

and Sycamore Canyon areas. This task will include:

Map giant reed and tamarisk populations in the Warm Creek, San Sevine Creek, Dunitan Creek ,
Grapevine Creek and Sycamore Canyon areas _ -
Contribute collected data to East Valley RCD oo
Secure regulatory permits to perform exotic plant control
Contract private landowners, secure written permission to access property to work on pro_;ect sites m San
Bernardino County

-t

»  Contract for biomass removal
*  Develop and coordinate work schedules for crews
*  Monitor biomass removal process
«  Contract for two-year spray and monitoring program
»  Interface with public/private entities and/or media personnel
SALARIES PERMITS T LABOR SPRAYING TooLs/ COMMUN- TRAVEL OVERHEAD TOTAL
CONTRACTS CONTRACT SUPFLIES ICATIONS
CUT/SHRED
14,250 5,000 68,500 34,200 1,500 725 1,200 24,323 149,698
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TASK 11 - RIVERSIDE-CORONA RESOURCE CONSERVATION DISTRICT SHALL COORDINATE -
TREATMENT OF GIANT REED, CASTOR BEAN AND TAMARISK IN THE FOLLOWING TRIBUTARIES
OF THE SANTA ANA RIVER WATERSHED IN FY 2000-2001:

Riverside-Corona RCD shall contract for services and coordinate with various entities to perform a minimum of 16
acres of giant reed, castor bean and tamarisk in Golden Star Creek. This task will include:

Map giant reed, castor bean and salt cedar populations in the above areas
Contribute collected data to East Valley RCD for watershed storage
Secure regulatory permits

Contact private landowners and secure permission to access property
Contract for biomass removal

Develop and coordinate work schedules for crews

Monitor biomass removal process

« Contract for two-year spray and monitoring program

« Interface with public/private entities and/or media personnel

. .. - + L ]

SALARIES PERMITS - LABOR SPRAYING TOOLS/ CoMMUNE- TRAVEL OVERBE:D TOTAL
CONTRACT CONTRACT SUPPLIES ATION
14,821 3,000 72,610 63,600 795 il 795 928 30,405 186,954
TASK 12 - RIVERSIDE-CORONA RESOURCE CONSERVATION DISTRICT SHALLE COORDINATE

TREATMENT OF GIANT REED, CASTOR BEAN AND TAMARISK IN THE FOLLOWING TR]BUTARIES
OF THE SANTA ANA RIVER WATERSHED IN FY 2001-2002:

Riverside-Corona RCD shall contract for services and coordinate with various entities to perform a minimum of 14
acres of giant reed, castor bean and tamarisk in Woodcrest Dam (10) and Castleview Creek (4). This task will include:

Map giant reed, castor bean and salt cedar populations in the above areas
Contribute collected data to East Valley RCD for watershed storage
Secure regulatory permits

Contact private landowners and secure penmssmn to access property.
Contract for biomass removal -

Develop and coordinate work schedules for crews

Monitor biomass removal process

Contract for two-vear spray and monitoring program

Interface with public/private eatities and/or media personnel

SAI..ARIE; PERMITS LaBOR SPRAYING TQoOLS/ Conmméx- TRAVEL OVERHEAD TOTAL
CONTRACT CONTRACT SUPPLIES ATION
13,143 3,000 64,390 56,400 705 . 705 823 26,963 166,129 "
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TASK 13 - RIVERSIDE-CORONA RESOURCE CONSERVATION DISTRICT SHALL CONTINUE TO

OPERATE THE NATIVE PLANT NURSERY FOR SANTA ANA WATERSHED RESTORATION

PROJECTS:

Riverside-Corona RCD shall continue to operate and expand the native plant nursery with the capacity for habitat

restoration and in cooperation with SAWA members make these services available. This task will inchide:

*  Propagation of native plant cuttings and seedlings for future plantings

»  Agsistance with planning, planting and streambank stabilization

TASK 14 - RIVERSIDE—CORONA RESOURCE CONSERVATION DISTRICT TQ CONTINUE TO
MONITOR AND SPRAY THE 30 ACRES OF GIANT REED LOCATED AT RIVER ROAD BRIDGE:
Riverside-Corona RCD shall continue to monitor and spray the 30 acre River Road Bridge Project for two years to

prevent re-growth. This task will inciude:

Secure regulatory permits to perform exotic plant control

SERVICE YEAR SALARIES ‘SUPPLES ~ MAINTENANCE OVERHEAD. ToTALS “
2000-01 4,160 2,000 2,500 1,680 10,340 ||
2001-02 4,160 2.000 2.500 1.680 10.340 "

«  Develop and coordinate work schedules for crews
s Monitor spraying process
= Interface with public/private entltles and/or media personnel
SERVICE YEARS ,—SALARIES SPRAYING CONTRACT TRAVEL OVERHEAD TOTALS
2000-2002 2,880 13,800 500 3,333 20,513

TASK 15 - REVERSIDE-CORONA RESOURCE CONSERVATION DISTRICT SHALL PURCHASE AND
OPERATE A HAND-HELD GPS MAPPING AND DATA COLLECTION UNIT FOR THE SANTA ANA

RIVER WATERHED:

Riverside-Corona RCD shall purchase and operate a hand-heid Gis miapping and data collection unit for use in mapping

invasives within the Santa Ana Watershed. This task will include:

Use of belt beacon for real-time differential

»  GPS data to be used in GIS programs
« " Download data into GIS programs
» Supply East Valley RCD with data
SERVICE YEAR SALARIES SUPPLIES TRAVEL OVERHEAD TOTALS
2000-01 8,736 6,200 1,000 3,091 19,027
200102 8736 _ 1.000 11,625
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TASK 16 - RIVERSIDE-CORONA RESOURCE CONSERVATION DISTRICT TO DEVELOP THE SANTA
ANA SUCKER FISH RECOVERY PROGRAM:
Riverside-Corona RCD shall develop a habitat for the rearing and population augmentation. for the Santa Ana Sucker,
Arroyo Chub and the Speckled Dace. This task will include:

»  Construct a 300 foot stream habitat with recirculating pumps and bio-fiiters
»  Construct a set of 18 concrete tanks with recirculating pumps and bio-filters

= =
SERVICE YEAR SALARIES EQUIPMENT. SUPPLIES UTILITIES OVERHEAD TOTALS “
2000-2002 4,160 20,500 18,500 6,335 9,590 59,025 "
——— — Q
TASK 17 - RIVERSIDE-CORONA RESOURCE CONSERVATION DISTRICT TO HOUSE, SUPERVISE,

SUPPORT FIELD BIOLOGIST POSITION:
Riverside-Corona RCD shall supply headquarters, salary supphes and supervision necessary to support the posmon of
Field Biologist. This task will include:

The monitoring of least Bell's Vireo and Cowbird population in Prado Basin and Hidden Valley |

= Assist in the maintenance and monitoring of fish facilities
»  Assist in educational programs for endangered species and plants as requested within the watershed
+  Assist with mapping projects for GIS data -

SERVICE YEARS  SALARY BENEFITS .| SUPPLIES TRAVEL COMMUNICATION | OVERHEAD TOTALS |
2000-01 30,000 4,000 1,000 1,000 500 7,081 43,581
2001-02 _31300 4,000 1,000 1.000 500 __7.333 45.133

TASK 18 - RIVERSIDE—CORDNA RESOURCE CONSERVATION DISTRICT TO CONDUCT THE PUBLIC
OUTREACH PROGRAM FOR SAWA:
Riverside-Corona RCD shall conduct the public outreach program for SAWA and provide the following actwmes This

task will include:

» Distribute pamphlets and videos to homeowners, PBS stations, elected officials, etc.
» Schedule, setup and tear down arundo traveling displays at libraries, civin centers, etc.
» Coordinate a Santa Ana River Watershed tour for officials

SERVICE SALARIES EQUIPMENT MATERIALS/ TRAVEL COMMUNI- OVERHEAD TOTALS
YEARS | SUPPLIES CATION
|| 2000-02 18.200 4,000 5,000 3,000 1,000 6,053 37.253

TASK 19 - SAN JACINTO BASIN RESOURCE CONSERVATION DISTRICT TO COORDINATE
TREATMENT OF GIANT REED IN THE FOLLOWING TR]BUTAR]ES OF THE SANTA ANA RIVER
WATERSHED IN FY2000-2001:
San Jacinto Basin RCD shall contract for services and coordinate with various entities to perform a minimum of 10.5
acres of giant reed and tamarisk in Four Winds Pheasant CIubfPal Management, Inc., and Juniper Flats. This task

will include:
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Map giant reed and tamarisk populations in the above areas

» Contribute collected data to East Valley RCD for watershed storage '
*  Secure regnlatory permits -
» Contact private landowners and secure permission to access property
+ Contract for biomass removal
* Develop and coordinate work schedules for crews
» Monitor biomass removal process
»  Contract for two-year spray and monitoring program
» Interface with public/private entities and/or media personnel

SarariEs | PermTs LazoRr SPRAYING TooLs/ COMMUNI- TRAVEL Ovr:m.;n_ ToTAL

' CONTRACT. CONTRACT SurpLIES ATION ‘
9,508 3,000 47,845 23,975 1,500 850 400 16,893 103,971

. TASK 20 - SAN JACINTO BASIN RESOURCE CONSERVATION DISTRICT COORDINATE TREATMENT
OF GIANT REED IN THE FOLLOWING TRIBUTARIES OF THE SANTA ANA RIVER WATERSHED IN

2001-2002:
San Jacinto Basin RCD shall contract for services and coordinate with various entities to perform a minimum of 6.15
acres of giant reed and tamarisk in Sar Jaciato River channel, Sunnymead Gravel Pit, Blackburn Canyon and Cajalco -

Road/Alexander Street, This task will include:

Map giant reed and tamarisk populations in the above areas

Contribute collected data to East Valley RCD for watershed storage
Secure regulatory permits
Contact private landowners and secure permission to access property
Coniract for biomass removal
Develop and coordinate work schedules for crews
Monitor biomass removal process
Contract for two-year spray and monitoring program
Interface with public/private entities and/or media personnel

SALARIES PERMITS |  LasoR SPRAYING Toors' | Communi | TRAVEL | OvemmEap TOTAL
) CONTRACT | CONTRACT SUPFLIES ATION
H 5,532 3,000 28,085 14,043 1,000 750 800 10,323 65,533 "

u
!

|

TASK 21 - SAN JACINTO BASIN RESOURCE CONSERVATION DISTRICT COMPLETE MAPPING OF
TAMARISK IN THE FOLLOWING TRIBUTARIES OF THE SANTA ANA RIVER WATERSHED:
San Jacinto Basin RCD shall complete the mapping of Tamarisk located within th Mystic Lake area. This task will include:

*  Map giant reed and tamarisk populations in the above areas
+  Contribute collected data to East Valley RCD for watershed storage

SERVICE YEARS -

-SALARIES

SUPPLIES

TRAVEL

OVERHEAD

TOTALS

2000-2002

2,250

1,500

1,000

922

5,672
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TASK 22 - SAN JACINTO BASIN RESOURCE CONSERVATION DISTRICT COORDINATE TREATMENT

OF GIANT REED LOCATED ON PRIVATE LANDOWNERS PROPERTY WITHIN DISTRICT BOUNDARIES:
San Jacinto Basin RCD shall contract for services and coordinate with various entities to perform a minimum of 1.5

acres of giant reed located within property boundaries of private Ia.ndowners This task will include:

*  Map giant reed and tamarisk populations in the ahove areas
»  Contribute collected data to East Valley RCD for watershed storage
<  Contact private landowners and secure permission to access property
= Contract for biomass removal
« Develop and coordinate work schedules for crews
*  Monitor biomass removal process
+  Contract for two-year spray and monitoring program
SERVICE SALARIES Lasor SPRAYING TooLs/ COMMUNICATION TRAVEL OVERHEAD TOTALS "
" YEARS CONTRACT | CONTRACT | SUPPLIES
2000-02 2,450 15,000 10,000 1,500 1,500 1,500 6,198 38,148 "
' ] - — |

TASK 23 - SAN JACINTO BASIN RESOURCE CONSERVATION DISTRICT COORDINATE INVASIVE
PLANT PUBLIC EDUCATION / APPEAL PROGRAM FOR PRIVATE LANDOWNERS PROPERTY

WITHIN DISTRICT BOUNDARIES:
San Jacinto Basin RCD shall develop an educational program for private landowners affected in Task 20. This task

will include;

Provide a permission form offering services of the district

»  Offer replacement native species

Provide information packets to be provided to landowxxers

SERVICE YEARS SALARIES SUPPLIES TRAVEL OVERHEAD TOTALS
2000-02 5,000 2,500 - 1,200 1,688 10,388
— —— — _—

TASK 24 - EAST VALLEY RESOURCE CONSERVATION DISTRICT SHALL ACT AS COGRDINATOR FOR
THE WORK PLAN CONTRACT ON BEHALF OF SAWA:

East Valley Resource Conservation District shall work with other SAWA members, US Fish & Wildlife Service and Orange
County Water District to implement this contract and set the groundwork for ongoing cooperative management of the Santa
Ana River Watershed. This task shall include:

= Act as chair for the Santa Ana Watershed Association to facilitate meetings, workshops, coordinate with core
group on agenda items, and work with partners on watershed issues related to invasive plant control/habitat
restoration

»  Develop and review printed materials used for mailings

+  Consult with partnering agencies on protocol for giant reed/tamarisk treatments . i

*  Facilitate /attend meetings between regulatoryagencies and public land managers to help develop long—teml
invasive plant control strategies

»  Actively investigate funding possibilities to continue to build the Santa Ana River Trust Fund into a perpetuitous
fund
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TOTAL BUDGET FOR 2000-2001 - $1,113,076

TOTAL BUDGET FOR 2001-2002 - 923,000

EAST VALLEY RESOURCE CONSERVATION DISTRICT:

TOTAL BUDGET FOR 2000-2001 - §525,574

TOTAL BUDGET FOR 2001-2002 - $399,653
ELSINORE-MURRIETA-ANZA RESOURCE CONSERVATION DISTRICT:

TOTAL BUDGET FOR 2000-2001 - $12,059
TOTAL BUDGET ¥FOR 2001-2002 - $13,015

INLAND EMPIRE WEST RESOURCE CONSERVATION DISTRICT:

TOTAL BUDGET FOR 2000-2001 - $149,698
TOTAL BUDGET FOR 2001-2002 - $149,698

RIVERSIDE-CORONA RESOURCE CONSERVATION DISTRICT:

TOTAL BUDGET FOR 20060-2001 - $318,296 |
TOTAL BUDGET FOR 2001-2002 - $291,624

SAN JACINTO BASIN RESOURSE, CONSERVATION DISTRICT:
TOTAL BUDGET FOR 2000-2001 - $126,075
TOTAL BUDGET FOR 2001-2002 - $87,637

Signatures of agreement affixed on JZ/A'O

CraigMiller, Orange County Water District
—
/é—//_,( feg e/_s-/b-di

Viola Slade, East viu;cgcn Chair SAWA Gene Frick, Elsinore-Murrieta-Anza RCD/SAWA

m \vkhv_).l-.l O- Ji.r\hl)u.n/ : Shdla\. é\ﬂW\b

Muriel C. Busche, Inland Empire West RCD/SAWA  Shelli Lamb, Riverside-Corona RCD/SAWA

(&,}Q‘d M

Dick Morton, San Jacinte Basin RCD/SAWA
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THE STATE

Agencies Struggle to Raze Invasive Cane

Conservation: Districts have amassed nearly $25 million to root out the
giant stalks clogging Southland waterways.

By JANET WILSON
TIMES STAFF WRITER

July 21 2002

The tractor thrashes through a 40-foot-high wall of jungle, biting off hunks of tangled grasses and spitting them out
onto the parched earth.

The work along the bone-dry San Jacinto River in western Riverside County is just one piece of the battle to eradicate a
fast-growing invader known as Arundo donax. The giant cane is so thirsty that it is sucking the life out of Southern
California waterways.

The world’s largest member of the grass family, arundo can grow a foot a day. An acre of it swallows enough water to
sustain 10 California households for a year. "It’s kind of unstoppable,” said Kyle Washburn, who walked ahead of the
tractor, hacking at the nearly impenetrable foliage with a machete to uncover abandoned cars or other large objects
buried in it.

Worthy of a role in "Little Shop of Horrors," the oversized reed has taken over 20,000 acres of riverbed in three
Southern California counties. Nearly every river in the Los Angeles Basin now has some giant cane, experts say, and it
has been spotted as far north as Willamette, Ore., and as far east as New Or- leans. ‘

The plant illustrates vividly how a nonmative species transplanted to new territory with no natural enemies can run
amok. Cut it down, and new shoots spring up. Let it dry out, and it becomes a superb fire carrier.

Dense dry stands caught fire in the Santa Ana riverbed in a San Bemardino suburb last weck one of numerous river
blazes regularly fueled by the cane.

During El Nino storms in the early 1990s, a mass of arundo that had been uprooted and washed downstream by flood
waters piled up against a bridge between Corona and Norco. It lifted the bridge 18 inches off its struts, forcmg itto
close and preventing ambulances from reaching emergency rooms on the other side.

“The only thing I can compare it to is cancer. It spreads so fast, and it won't let anything else live in its midst," said
Kerwin Russell, an environmental horticulturist with the Riverside Corona regional conservation district. Russell has
spent nine years fighting giant cane, and says he will retire before the war is won.

Accounts of the plant’s history and how it first arrived on American soﬂ vary. A natwe of the Mediterranean and

possibly parts of India, it has been around for at least 5,000 years.

- http:/fwww latimes.com/templates/misc/printstory.jsp7slug=la%2Dme%2Dcane21jul21 ' 7/23/2002
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The Bible mentions it and it is the likely source of the Pan’s pipe of Greek myth, say researchers at the U.S, Department
of Agriculture and UC Berkelcy

The cane, with its firm, straight structure, is still considered the best material available for clarinets and other reed
instruments. However, efforts to harvest the plant commercially for musical instruments or paper have all failed in
California, said Paul Frandsen, head of Riverside County’s parks, who has been dubbed "Mr Arundo" for his
unflagging crusade to eliminate the plant.

Frandsen said Spanish settlers used it as a building material for California’s missions.

But it wasn't until the federal government began planting arundo along riverbanks in the 1960s to control erosion that
the cane began its rampant colonization.

They had the right idea, but they put it near water,” Russell said. "It loves water, and it has no natural enemies here.

"I suspected it was a drinker, and it is,” said Frandsen, who commissioned a UC Riverside study in the early '90s that
showed the plant consumes more than three times as much water as native plants.

The Santa Ana River has been hardest hit. The river runs 100 miles from the San Bernardino mountains through
Riverside to Huntmgton Beach. At numerous points, the cane fills the river from bank to bank.

Arundo is so all-consuming that it has changed the ecology of much of the Santa Ana River, said Dick Zembal, a
longtime biologist with the U.S. Fish and Wildlife Service who now is natural resources manager for the Orange
County Water District.

Zembal explained that, for thousands of years, a multitude of creatures evolved in tune with the river’s seasonal floods
and dry spells. In just a few decades, arundo and other fire-resistant species have taken over, he said, replacing much of
the river’s plant and animal life.

While the stalks bumn fiercely, the plant’s massive underground root system allows it to re-sprout overnight.

“The roots act like a belly, or a gas tank--they store water and nutrients that the plant can just live off of, even in dry
- years," Russell said.

At least a dozen threatened or endangered songbirds, toads and other species that are unable to cope W1th fire have been
pushed out.

Five water districts and an array of conservation districts--all members of "Team Arundo"--have gradually amassed
nearly $25 million to root out the pemnicious plant from the river.

An eradication campaign began in earnest in 1992 at the river’s headwaters, and is moving slowly downstream. Crews
work by hand with chain saws and buckets of pesticide, and sometimes with specially fitted tractors.

In the last 10 years, about 1,000 acres has been painstakingly cleared--one-twenneth of the total infested acreage in the
watershed,

Once they are bulldozed or ripped out, the stalks must also be shredded because one green shoot stuck in damp earth
can sprout again. The underground root system must also be eliminated.

“This is about three weeks worth of growth,” said Russell, standing under seven-foot-high stalks that have grown anew
in the tractor’s wake.

Biologists say pesticides must be used to ensure that the plants die. An herbicide called Rodeo, recently renamed
Aquamaster, that is approved by the Environmental Protection Agency, is applied. The herbicide contains a moderately

http://www latimes.com/templates/misc/printstory . jsp?slug=1a%2Dme%2Dcane2 1jul21 | 7/23/2002
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foxic ingredient, glyphosate, that can be harmful to fish and birds. Studies by UC Berkeley researchers in the early
1990s also found that glyphosate, if inhaled, caused illness in some pecple who worked near it.
Once the cane is conquered, native plants and animals quickly return, Frandsen said. Songbird counts are increasing
rapidly near Riverside’s Van Buren Avenue bridge, site of one of the first aando removal programs.

There are stumbling blocks. For instance, some large nurseries still sell the plant. -

A number of residents in rural Silverado Canyon at Orange County’s eastern edge don' like the herbicides and worry
that, if the erosion-resistant plants are ripped out, their homes might fall into the creek.

"The offending reed is not a 'native.” Well, neither am I, nor my septic line, nor my electricity lines,” wrote Cybele
Rowe in a community newspaper.

Rowe, who lives 30 feet from Silverado Creek above a bank of the giant cane, said it would cost her thousands to
obtain permits to build a retaining wall instead. '

"I came to America to be free,” said Rowe, a native of Australia. "They can go for it, knock themselves out [taking out
the plant]. It’s just not necessary on my property.”

Russell disagreed, saying if a stand is left in one spot, it can quickly spread downstream. He said conservation districts
may provide native replacement plants for free.

Other residents cant wait for the work crews to arrive.

Bonnie Smith, owner of Bonnie’s Gardens and a longtime resident of rural Modjeska Canyon, said comimunity cane
clearance programs hadnt worked in the past.

"You chop it down, and it just grows right back,” she said.
Those who have worked for years to bring attention to the arundo threat are optimistic.
From firefighters and developers' to members of Congress, a wide array of interests has gradually joined the fight.

The biggest boost of all may be $20 million worth of park bond money set aside for restoration of the Santa Ana River-
-most of it for elimination of the giant cane. By 2020, its enemies predict, they’ll have licked the last of it.

"We will reach the sea,” said Zembal of the Orange County water distﬁct.

%*

Times staff writer Emily Green contributed to this story.
If you want other stories on this topic, search the Archives at latimes.com/archives. For informaticn about reprinting this article, go to

www. lats.com/rights.

Copyright 2002 Los Angeles Times
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MEMORANDUM OF UNDERSTANDING 302000
REGARDING THE ESTABLISHMENT OF REGIMATONY BDAMCY
A SANTA ANA-RIVER CONSERVATION FUND PROGRAM

Exhwl &

THIS NON-LEGALLY BINDING MEMORANDUM OF UNDERSTANDING ("MOU")
has been prepared as of September 26, 1997, by the Orange County Water District ("OCWD"),
United States Army Corps of Engineers ("Corps™), and United States Fish and Wildlife Service
("Service") to provide a basis for the cooperative establishment of a Santa Ana River
Conservation Fund.

BACKGROUND

- Authority and Objectives of the Parties -

OCWD manages and replenishes the ground water basin within Orange County, primarily from
the flows of the Santa Ana River ("River"). For this purpose the agency owns lands in the Prado
Basin and conserves flows that reach Prado Dam. The Corps operates Prade Dam for flood
control and water conservation purposes and the agency has-been engaged in a major flood
control project with respect to the River. Moreover, the Corps is responsible for reviewing and
approving projects for the dredging and filling of waters of the United States under section 404
of the Clean water Act. The Service is charged with the conservation of fish, wildlife, and plants
("Wildlife™) under the Fish and Wildlife Coordination Act, Endangered Specxcs Act, and other
Federal conservation laws, and, thereby, the agency has jurisdiction over the conservation of
Wildlife within the Santa Ana River watershed ("Watershed"). In addition, the Service has as its
mission the conservation of the Nation's wildlife resources. Of particular concem in this regard
has been the least Bell's vireo ("Vireo") and southwestern willow flycatcher ("Flycatcher™), two
Federal and State listed endangered species.

- Past Success in Collaboratively Addressitig Wildlife Conservation -

The parties have previously cooperated successfully to enhance the environmental values of

Prado Basin for the Vireo to mitigate the loss of its habitat within the Basin as a result of level in
 the Prado Basin to an elevation of 505 feet. Although the Vireo management program has been
highly successful, the parties are concemed that certain invasive exotic species, in particular the
giant reed (Arundo donax) and saltcedar (Tamarix sp.) ("Exatic Species”), pose a major threat to
the ecosystem of the Prado Basin and the entire Watershed.

- -Commitment to Provide Mitigation Funds -
As mitigation for the impacts of two major projects in the Watershed, the Corps and OCWD
committed to provide "Mitigation Funds" that are to be paid and dedicated to the control of
Exotic Species and the re-establishment of native wildlife and their associated habitat within the
Watershed ("Conservation Objectives). The long-range goal with respect to these Conservation

1
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Objectives is the restoration of natural river system [unctions and riparian reseurce values for the
benefit of wildlife. the many affected people along the River, and other interested parties and
organizations. The Conservatior-Objectives include among others, the creation of 60 acres of
riparian habitat, the enhancement of riparian habitat through Exotic Species control and
eradication, and management and recovery of the Prado Basin and River f‘m- Vireo and
Flycatcher populations. .

Increase of Prado Basin Water Storage. Pursuant to the Memorandum of Agreement
between the Corps and OCWD of January 1994, OCWD, Corps, and Service entered into
a Cooperative Agreement dated April I, 1995, for the purpose of implementing a
mitigation plan for the loss of habitat due to the raising the water level in the Prado Basin
to an elevation of 505 feet. The mitigation plan includes a dedicated Arundo removal
fund as an approach to enhancing the environment of the Prado Basin and Watershed.
Pursuant to the agreement-OCWD agreed to contribute $1 million to establish 2 fund that
waould be used to remove Exotic Species in the Watershed. The contribution was to have
been paid in four equal payments of $250.000 each, commencing June 1, 1995, and semi-
annually thereafter on January 1, 1996, June 1, 1996, and January 1, 1997.

Seven Qaks Dam Project. As mitigation for riparian and wetland habitat losses
resulting from the construction and implementation of Seven Oaks Dam Feature (an
clement of the Santa Ana River Mainstem Project, a mitigation plan was developed by
the Service whereby funds in the amount of $1.35 million were to be paid by the Corps
and the Counties of Orange, San Bemardino, and Riverside to a re-create 60 acres of
riparian habitat values through control of Exotic Species in the Santa Ana Watershed.

~ These funds will be paid to the District to be held and disbursed for this purpose.

- Need for Watershed-wide Collaboration -

It is acknowledged that to be effective, efforts to remove the Exotic Species must facus first on
the furthest upstream tributaries and reaches of the Watershed; which will require the cooperation
and permission of multiple land owners to access to these areas. Accordingly, it is recognized
that it is desirable to encourage collaboration with other agencies, organizations and interests
throughout the Watershed. '

-Desire ta Promote Watershed Approach -

Thus, the parties determined that it is desirable to enhance the effect of the Mitigation Funds by
encouraging watershed-wide collaboration to address the Conservation Objectives. The intent is.
that this collaboration would develop a strong and diverse network of organizations, efforts, and
“additional resources to expand upon the Conservation Objectives and achieve the long-term coal” -
for the Watershed. '




- Annual Conservation Program -

The Nature Conservancy (“TNC?) and others have established the "Santa Ana River Wlldhfe and
Habitat Conservation Project” to obtain. among other things, the Conservation Objectives.

TNC, in consultation with the broader constituency of organizations involved has developed a

" work program, to address the Conscrvanon Objectives.

TNC is working collaboratively with OCWD, Service, and others to transition a consortium of
the five Resource Conservation Districts along the River to prepare and implement future
"Annual Conservations Programs”. The Mitigation Funds may be used to implement these
Annual Conservation Programs to achieve the Conservation Objectives.

- Establishment of Santa Ana River Conservation Fund -

The parties are concurrently establishing a "Santa Ana River Conservation Fund" of invested
funds, including Mitigation Funds, and will disburse such funds to achieve the Conservation
Objectives. Eventually, the parties desire to build this fund to support this program through fund
earnings only.

OCWD and Service will concurrently establish a Deposit Agreement whereby OCWD will -
accept and hold the Mitigation Funds, together with similar funds provided by others, as the
Santa Ana River Conservation Fund, and will disburse such funds at the direction of the Service
to those entities undertaking pro;ccts to achieve the Conservation ObjCCUVE:S and the long-term
goal

BASED UPON THE FOREGOING, the parties desire, support, and intend to take the
following actions:

1. Holding of Mitigation Funds.
The Deposit Agreement generalily includes provision for the following:

a. OCWD agrees to accept, hold, and deposit funds in an interest bearing account,
and to disburse the Mitigation Funds at the direction of the Service or
Conservation Coordinators approved by the Service (in consultation with OCWD
and the Corps) to the entities ("Project Contractor”™) undertaking projects to
achieve the Conservation Objectives. ‘

b. Other contributors or mitigants may depesit in the Santa Ana River Conservation
Fund additional funds with QCWD that shall be held and disbursed substantially
as the Mitigation Funds are disbursed.

c. Any Project Contractor shall have entered into an agreement (“Project
Agreement") with the Service or Conservation Coordinator (such as TNC, or
Resource Conservation District).




d. The Deposit Agreement may be terminated by either OCWD or the Service upon
thirty (30) days notice, whereupon OCWD shall pay the remaining portion of the
Mitigation Funds at the direction of the Service.

2. Santa Ana River Conservation Fund.

The parties will cooperate and work with other agencies and interests within the Watershed to
build a Santa Ana River Conservation Fund to attempt other long-term goals on 2 ‘
watershed-wide basis.

3. Non-binding Nature of this MOU.

This MOU is intended to memorialize the discussions and informal understandings of the parties.
It is not legally binding. Further, it shall not be interpreted to increase the financial or manpower
burdens of any party beyond its current activities, efforts, and interests within the Prado Basin

and the Watershed. | _ o

N

" Daniel E. Griset,ident Orange County Water District .

LA LA At Lt | E

Wiltiam R. Mills, Jr. Ggneral M APPROVED AS TO FQRM: '

Orange County Water District ﬁ e
CLARKF. IDE ' '

GENERAL COUNSEL
Robert L. Davis, Colonel
District Engineer

United States Army Corps of Engineers

/a;/ﬂ_ Colotord

ail C., Kobetich, Field Supervisor . -
United States Fish and Wildlife Service
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Cooperative Agreement
between the
Orange County Water District,
United States Army Corps of Engineers
and the

United States Fish and Wildlife Service

to Cooperatively Manage
Orange County Water District's Lands

in Prado Basin, Riverside County

Over the past decade, the Orange County Water District (OCWD), the United States Army
Corps of Engineers (COE)} and the United States Fish and Wildlife Service (USFWS) have
worked together to enhance the water conservation and environmental values of Prado
Basin, Riverside County, which has been identified as the most significant riparian and
palustrine habitat in Southern California and is home to the least Bell's vireo, an
endangered species. Numerous documents have been completed by OCWD, COE and

the USFWS (the agencies) to develop a staged plan to increase water conservation potential
beginning March 1 of each year as mitigation for the least Bell's vireo is planted and - '
matures. Instituted in 1991, one-hundred acres of new vireo habitat has now matured and
has allowed the water conservation poal to increase from elevation 494" to 498’ in 1995.

In an allied effort, OCWD began mitigating for the vireo in 1988 by funding a vireo
management program which is administered by The Nature Conservancy. OCWD has
committed approximately $600,000 to this program to date. The combination of these two
programs has resulted in a highly successful vireo recovery program. In 1986, when the
vireo was listed as endangered, 19 pairs existed in Prado Basin. In 1994, 149 pairs existed
in Prado Basin, a seven-fold increase that demonstrates a continuing commitment among
the agencies.

Today, the agencies have identified Arundo donax, an invasive exotic plant species, as a
major threat to the ecosystem of not only Prado Basin but the entire Santa Ana River
watershed. Arundo donax is also a heavy consumer of water, far more that native species.
Recently, the agencies have recognized the values to work cooperatively together in
pursuing a more holistic approach in managing the various resources in Prado Basin and
have recognized that the mitigation approach is very costly and time consuming, and that a
dedicated Arundo donax removal program will ultimately be more effective in enhancing’
the environment of Prado Basin and the entire Santa Ana River watershed. Therefore, the
agencies agree that the following management concepts are in the best interests of
conserving more native Santa Ana River flows and enhancing the environmental values of
Prado Basin and the Santa Ana River watershed.

1. The agencies agree to cooperatively manage the environmental values of OCWD
lands that have been identified as critical habitat for the least Bell's vireo,

_ Wnnoc.ﬁ_?_f""/- ‘f(a TARNO.LY 3 ¢f




specifically OCWD lands in Prado Basin below elevation 543°, fully.recognizing the
water conservation, water quality and various environmental values of these fands.

The agencies agree to meet on a quarterly basis to discuss water conservation, water
quality and wildlife enhancement objectives.

Least Bell's vireo mitigation completed thus far by OCWD, per the Prado October
1992 EIS, has resulted in significant recovery of the species in Prado Basin. While
the Prado October 1992 EIS and other agreements have been beneficial, a more
productive use of the efforts of the agencies towards expanding an ecosystem-wide
program as quickly as possible, in keeping with the spirit of the Prado October
1992 EIS, will benefit both wildlife and water conservation programs.

OCWD and USFWS agree to meet annually to specifically review Arundo donax
removal efforts and re-prioritize the program if necessary. In this regard, a goal of
treating all of the Arundo donax within a three-year time frame will be established.

OCWD shall contribute $1,000,000 to establish a conservation fund that will be
used to remove Arundo donax in the Santa Ana River watershed. With respect to
the $1 million contribution, OCWD will contribute the money in four equal
payments ($250,000 each) beginning June 1, 1995 and semi-annually thereafter.on
January 1, 1996, June 1, 1996 and January 1, 1997. The use of this conservation
fund shall be at the direction of the Service subsequent to input from, and
discussions with, OCWD and the Corps. The Arundo donax removal program will
be reviewed annually in January of each year by OCWD and the USFWS to
determine its effectiveness and to redirect the program if necessary.

This Cooperative Agreement is consistent with the implementation of an annual
mitigation plan pursuant to the Memorandum of Agreement (MOA), dated January
1994, between the U.S. Army Corps of Engineers and the Orange County Water

- District for the operation of Prado Dam for seasonal additional water conservation.
The Cooperative Agreement fully satisfies the annual mitigation plan to achieve a
permanent water conservation pool to elevation 505', per the MOA. Additional
mitigation must be implemented by OCWD at a future time to achieve a permanent
water conservation pool above 505'.

As part of this Cooperative Agreement, OCWD will employ a full-time temporary .
employee to assist in the vireo management program. This full-time position will be
filled in the March through September time frame each year and will then serve as a
part-time temporary employee in the October through December time frame each
year to assist in completing the vireo management report for The Nature
Conservancy. This position will be fully funded by OCWD and will be hired by
OCWD, with input from USFWS. After a period of five years (year 2000), the
agencies will determine if this position is still necessary and/or explore other
options to assist in the vireo management program.



8. If, in the event that the water conservation pool to elevation 505" impacts existing
occupied nests of least Bell's vireos, OCWD, in cooperation with USFWS, will
dedicate personnel to physically relocate nests to minimize impacts from the higher
water conservation pool.

9. From March 1 to August 30 of each year, OCWD agrees to take a flow of 500 cfs or
a flow that equals the District's maximum recharge capacity, whichever is greater,
up to a pool elevation of 505'. If it is in the agencies best interests to reduce the
outflow from Prado Dam below 500 cfs, OCWD and the USFWS must both .
approve the new outflow program. If weather and hydrologic forecasts and
reservoir conditions indicate that the pool elevation may exceed 505' because of a
prajected disparity between inflow and outflow, the water control manager at the
Reservoir Operation Center shall take any and all steps necessary (including the
immediate release of water at the maximum possible rate) to (1) prevent the pool
elevation from exceeding 505' or (2) to reduce, to the extent possible, the amount
of time the pool is above 505' if, in fact, the early release of water at the maximum
possible rate does not succeed in keeping the pool elevation below 505'. These
requirements shall be followed unless the agencies find that itis in the best interests
of the agencies to deviate from this arrangement.

General Mdnager

%jb/// ‘ ///ZW(J President é@ O’Vq’_q_--_i -éz_qu /ll

For Ordnge County Watef District Fgr U.S. Departmerit of Interior/
' U.S. Fish and Wildlife Service

APPROYED AS TO FORM

m“‘?.”m‘““w:';':..m

This Cooperative Agreement fully satisfies the requirements contained in the |
Memorandum of Agreement for a permanent water conservation program for
elevation 505' at Prado Dam beginning March 1 and ending on August 30

For U.S. Army Corps of Engineers
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Arundo Removal Project

Phase | - 60 acres removed
Phase il - 85 acres ramoved
Phase ilf - 54 acres removed

Phase |1 & |l (upper tributaries) - 30 acres removed

Phase 1V - 30 acres (Fall 2000 Project)

M@ Anundo removed within creek
¢ Removed Arundo clumps
R Arundo within creek

® Non-remaved Arundo clumps

bl

ACOE, Seven Qaks Dam 80 geres

Cantex Homes § acres
Rivengell Land Co. 1.49 acres
ACOQE, Noseo Blufis Project

11.4 acres

{ EPA Grani, Congressman Calvert | 13 acres

San Timoteo Sub-Watershed
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' Santa Ana River
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Pergentage of Arundo donax

" versus Native Vegetation

1-29%
Nao - 69%
N:ro - 100%

Polnt locations of
Arundo donax

D Santa Ana Watershed

NSanta Ana River

/\/Streams and Rivers

Acres of removed
Arunde donax

+ Cajon Pass - 9

. San Timoteo -~ 179

. Fairmont Park - 7

. Sycémore, Castle View,

Allessandro/Arroyo - 21.5

. River Road - 30

. Temescal - 15

7. San Jacinto Area - 35
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Santa Ana Watershed Association
of Resource Conservation Districts
September 2000
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THE SANTA ANA RIVER WATERSHED TRUST FUND
FOR ARUNDO ERADICATION AND HABITAT ENHANCEMENT
IN-LIEU FEE MITIGATION PROGRAM ) '

Introduction:

There are several factors that change or influence river system dynamics. Fluctuations in
seasonal water quantity, added effluent, constrictions in water flow, and changes in streambed
permeability are just a few. All of these factors influence the native vegetation and faunal
populations dependent on riverine systems. One of the major catalysts responsible for changes in
both river hydrology and habitat has been the proliferation of non-native invasive plant species.
These invasive plants reduce the wildlife values and continue to degrade the rivers hydrologic
resiliency.

Several non-native plants have moved into our local riparian ecosystems causing a
significant change in that systerns ability to maintain its structure and function. Two of these
plants, giant reed (Arundo donax) and saltcedar (Tamarix sp.) are responsible for loss of usable
habitat by native wildlife, increase in flood damage, loss of available water resources, negative -

- change in water quality, and an increase in fire frequency and intensity, Due to these profound -
influences in our local waterways, an invasive plant program targeting these species has been
developed. The Army Corps of Engineers (Corps), the Santa Ana Watershed Association of
Resources Conservation Districts (SAWA), and the Orange County Water District (OCWD) have
worked together to create the Santa Ana River Watershed Trust Fund for Armindo Eradication and
Habitat Enhancement In-Lieu Fee Mitigation Program.

Goals:

= reduce threat of giant reed and other system level invasive plants within the watershed
through active eradication programs and follow-up treatments

* monitor treatment programs and recovery of natural vegetation to insure successful
outcomes

Program Structure:
Work Plan and Budget:

Each year a work plan will be developed by the SAWA based on mitigation requirements
and funds generated from the In-Lien Fee Program. Work projects will be selected from the
program clements listed below. This work plan and budget will be submitted each year by May
30 to the Corps for approval. If no comments are received by June 30 the work plan and budget
will be implemented by July 1. Tasks will be carried out by the SAWA directly or through
subcontractors. Changes to the work plan and budget may be submitted in writing to the Corps



for approval.

Site, Selection for Proiects:

Maps showing public verses private lands in the Santa Ana River watershed will be used
to select treatment sites (See Exhibit G of the Memorandum Of Agreement for the Santa Ana
River Watershed Trust Fund for Arundo Eradication and Habitat Enhancement In-Lieu Fee
Mitigation Program). Sites will be selected starting at the uppermost reaches of the river system
and continuing down as sites are under treatment. Projects on public lands will be scheduled
through the managing agency. Permits will be secured by managing agency and long-term
maintenance agreements will be signed before work is to begin.

Treatments on private land will be scheduled as permission and permits are obtained by
the Resource Conservation Districts. Conservation Easements may be purchased through the In-
Lieun Fee program to insure long-term maintenance on private lands.

Program Elements:
L_Invasive Plant Treatment

A suite of techniques is needed to eradicate invasive plants due to the variety of
conditions found within the watershed. The appropriate techniques for each project site will be
outlined in the work plan. Considerations for choosing the techniques include invasive plant
stand density, accessibility to site, and presence of non-target species.

A. Herbicide Application

Ore herbicide currently labeled for wetlands use by the EPA is Rodeo®, produced by
Monsanto Corp. Rodeo is a broad-spectrum herbicide which can be used on giant reed,
saltcedar, and most other monocots and dicots. It has proven very effective against giant reed.
This herbicide will be applied during the most effective season for eradication, fall, unless the
use is for reducing biomass then application would be in the spring or early summer. Other
compounds (i.e. dye marker) may be added only according to label regulations. The strength of -
solution will be determined according to label recommendations. Other treatment methods may
be developed that will prove to be effective and safe. - These methods may be used with prior
approval from the Corps.

1. Spray Mature Stands — Direct kill to root system
Mature uncut stands of invasive plants will be sprayed using backpack or truck
spraying equipment (dependent upon accessibility) in the fall.

2. Spray Mature Stands — Kill biomass at surface
Mature uncut stands of invasive plants will be sprayed using backpack or truck
spraying equipment (dependent upon accessibility) in the spring or early summer.



3. Spray Regrowth from Previously Cut or Sprayed Stands
Stands may have been cut at least once during the year and aliowed to regrow,
greatly reducing the density of the stand, making spraying in the fall much more
effective due to better coverage.

4. Helicopter Spraying
Helicopter spray apparatus may be used especially in areas with dense contiguous
cover of invasive plant. Herbicide application is more effective and is taken up by
the plants more readily due to finer droplet size than other spray equipment. All
precautions will be taken if using this method i.e. weather conditions, proximity
to native habitats or human environments, label spray recommendations, etc.

5. Cut-Stump — Target Plants are Mixed with Native Plants
If target plants are mixed with native plants, then the area cannot be sprayed
safely. Plants will be cut using hand tools of mechanical, motorized equipment at
the base of the stalks/stems and then herbicide applied. Timing between cutting
and herbicide application is critical. It has been observed that plant stands in full
sun should be sprayed no more than 1 minute after being cut, while plants in full
shade have up to two minutes.

B. Non-Chemical Methods
Treatment Methods:

1. Mechanical :
Mechanical {motorized or hand tools) cutting/mulching of above ground living
stalks for most invasive plant species will only stimulate the root system to
produce new growth. Machines can be used to pull the plant, roots and all, out of
the ground but must be used only in arcas with adequate access and little threat to
disturbance to streambed stability or viability to support native habitat.

2. Hand pulling
Hand pulling of seedling or small plants may be used if proven effective to
eliminate the spread of those plant species.

_C. Biomass Removal

Methods for vegetation removal include use of heavy machinery (e.g. bulldozers), hand
carrying material, hydro-axe, tub grinder, chipper, burning or removal by vehicle.
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Sites may need to be revegetated with native plant species due to a lack of natural
recruitment in the area. Recommendations on plantmg techniques and thresholds are listed
below:

"A. Thresholds

Recommendations for revegetation will be addressed after three years of treatment.
Extreme weather conditions (i.e. heavy rain years or drought) will be considered in the lack of
natural revegetation. Expectations for site must stay within natural parameters. A site will not
be expected to turmn to mature cottonwood/willow forest if hydrology, soils, or other natural
conditions would not permit. Historical aerials or inspection of reaches in the immediate vicinity
should be used to determine the natural condition of the treated area. No plants will be used that
would require long-term irrigation.

B. Revegetation Strategies

Revegetation strategies will use plant stock from Jocal area as much as possible to
maintain genetic integrity. The strategies will use natural planting schemes (thickets) rather than
row planting and plant during normal season for recruitment of plant species (ex: plant
propagules, poles in winter and seed in early spring). Revegetation will target plant species that
may take the longest to naturally recruit. Plantings will use rooted plants whenever possible for
species that do not do well as pole plantings (ex: mule fat). The strategy will enhance sensitive
animal species habitat by planting appropriate structure or plant types needed for nesting,
foraging, etc. '

C. Criteria for Success

Year 1-2 The project area is treated for removal of non-native
‘ vegetation. Non-native vegetation on site consists

of 30% of the total vegetation. Necessary grading,
irrigation lines, as indicated in any project-specific
mitigation plan has been conducted. Re-vegetation
with native riparian vegetation has been initiated, if
needed. Arundo re-sprouts are being actively
treated for removal.

Year3 ' Non-native vegetation consists of less that 10% of
the total vegetation on site. Successful growth of
native riparian vegetation including the herbaceous,

- shrub and tree species as listed in any site-specific
" mitigation plan are present. '

Year 4-5 , . Areacontains less that 1% exotic vegetation and



showing a start of canopy development, with shrub
and herbaceous understory.

I Peoiect Data § Mogitoring. aad Mangi
A. Project Data Storage

A GIS system for data storage will be developed to track and coordinate treatment
projects. Current treatment project will be mapped and digitized from which future project sites
can be identified. Areas under freatment will be identified with respect to which permitted
impacts the treatment covers. Other data layers will include native vegetation, sensitive species
population distribution, and land ownership. Expenditures will include staff time for updating
the database and printing maps for reports or field monitoring.

B. Monitoring Reports

The sites shall be monitored on a quarterly basis. Monitoring reports will be submitted

- by April 30 of each year to the Corps for review. Monitoring reports shall include 1).a map
showing location of the eradicated non-native vegetation; 2) photographs of representative sites
using established photo points throughout the site; 3) estimate of the percent ground cover
through visual estimates, transects, and/or plots of canopy trees, shrubs, and herbaceous plants as
well as any non-native vegetation species; 4) estimates of non-native vegetation regrowth
through visual estimates, transects, and/or plots; 5) the species and number of trees planted per
acre, if any; 6) the survival rate of planted species; 7) verbal description of the presence, location,
and depth of any surface and/or groundwater; 8) documentation of use of the site by native
animal species; and 9) recommendations for further treatment. If no comments are received by
May 15 then the final report shall be submitted May 30 and recommendations will be
incorporated into the next years work plan and budget (see “Program Structure — Work Plan and
Budget™).

C. Mapping

Project sites will be mapped and reference data will be included into the GIS database.
Reference data will include all infonmation related to treatment techniques used, regrowth of
target species, costs associated with the project. Target species will be mapped in rough
estimates for attribution to project site map elements. Target species will be mapped in standard
format to determine exact amount of acreage that has been treated.



DEPARTMENT OF THE ARMY
LOS ANGELES DISTRICT, CORPS OF ENGINEERS
P.0 BOX 532711
LOS ANGELES, CALIFORNIA 90053-2325

REPLY TO _
ATTENTION CF: November 18, 2002

Office of the Chief
' Regulatory Branch

Shelli Lamb

Santa Ana Watershed Association of Resource
Conservation Districts

4500 Glenwood Drive

Riverside, California 92501

Dear Ms. Lamb:

We are transmitting to you the executed Memorandum of Agreement (MOA) regarding
Establishment of the Santa Ana River Watershed Trust Fund for Arundo Eradication and
Habitat Enhancement In-Lieu Fee Mitigation Program. You are now authorized to begin
implementation of the MOA for exotic species control in the Santa Margarita Watershed.

If you have any questions, please contact Mark Durham or Jae Chung of my Regulatory
Branch staff at (213) 452-3416 or (213) 452-3292, respectively. Please refer to this letter and
200100898-YJC in your reply. ,

Sincerely,

Richard G. Thompson

Colonel, Corps of Engineers
District Engineer

Enclosure(s)

U85~
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EXHIBIT B

Completed Obligations Under 2002 MOA

« OCWD no longer has responsibility for the “Santa Ana River Watershed Trust
Fund for Arundo Eradication and Habitat Enhancement In-Lieu Fee Mitigation
Program” (contained in the 2002 MOA). SAWA has taken over responsibility for
the program and particularly for OCWD's responsibilities in Section Il (A through
D), which deal with holding the funds, directing the use of funds, reporting and
maintaining records and documents. SAWA is now working on renewing the
program on its own. OCWD as an organization will not have direct obligations
under the new program. '

« Neither OCWD nor SAWA is responsible any longer for performing a total of
eighty-four (84) acres of exotic plant treatment within four of the resource
conservation districts which are part of SAWA. This work has been completed.
(See 2000 Biological Opinion attached hereto.)

o QOCWD and SAWA have completed first-time treatment on all upper watershed
tributaries and mainstem Santa Ana River downstream to Riverside County
Parks and Open Space District lands. (See 2000 Biological Opinion attached
hereto.)

1154748.1



United States Department of the Intenor
Fish and Wildlife Service

Ecological Services -
Carlsbad Fish and Wildlife Office

2730 Loker Avenue West
* Carlsbad, California 92008

- " FEB 1 0 2000
Colonel Joth Carroll . ..

District Engmecr e '

" U. S. Amy Corps of Engmeers, Los Angeles Dlstnct .
911 Wilshire Blvd. . )
P.0O. Box 53271 1 .

Los Angeles, California 90053-2325

Attn: Alex Watt and Lois Goodman, anxronmental Plannmg Branch
_ ;.Carvcl Bass, Operanons Branch ; RPN

Re: | .A.A.Formal Scctlon 7 Consultation on thc Prado Basm Water Conservahon and Water
..Control Operations Project, Prado Basin, R:vemde and San Bemardmo Counnes, .
. Califosnia, (1-6-99—Fw75) S A AR

Dear Colonel Carro]l

This document transmits our bxologxcal opmwn based on our review of the proposed water
conservation and water conirol operations project located in the Prado Basin in Riverside and
San Bemardmo Counties, California, and its effects on two federally endangered species, the
least Bell's vireo (Vireo bellii pusillus, “vireo™) and southwestern willow flycatcher (Empidonax
traillii extimus, “flycatcher”), and their designated critical habitats in accordance with section 7
of the Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 et seq.), Your August
10, 1999, rcquest for forma] consultahon on the rev1sed pmject was received on August 11,

Becéiuse the federally threatehed California red-legged frog (Rana aurora draytonii) and
endangered arroyo toad (Bufo mr‘croscaphus californicus) were not located within the Prado
Basin during focused surveys in 1999 (Dr. H. Lee Jones, pers. comm., 1999), we concur with the
U.S. Army Corps of Engineers (Corps) that the project will not adversely affect either species.

In: addition, the Corps has elected not to initiate conference for potential, project-related effects to
the Santa Ana sucker (Catastomus santaanae), a species proposed for Federal listing as
threatened. As a result, these three species will not be addressed further herein,

Consultation History
In October 1992, the Los Angeles District of the Corps seleased the environmental impact

statement ent:tled (EIS) Prado Dam Operation for Water Conservation for the conservation of
water behind Prado Dam during the non-flood season up to a maximum elevation of 505 feet



Colonel John P Carroll (1- 6- 99-F-‘75)

above sea Ievcl A fish and wﬂdhfc coordmauon act report and planning aid letter were . 5
previously prepared for this proposed project (U.S. Fish and Wildlife Service 1987, 1990). The
Orange County Water District (OCWD), Wth]‘l owns all nghls to the surface water in the Prado-, T
Basin, was and remains the project proponcnt . :

Because the project may adversely affect the vireo, the Corps initiated formal consultation, The
proposed action was permitted pursuant to our biological opinion (1-6-93-F-7) issuedon
February 25, 1993. This opinion addressed the impacts of OCWD’s phased water retent:on and
conservation project in the Prado Basin. On February 15, 1994, we amended the opinion, which -
incorporated written comments submitted by Robert Joe of the Corps in & letter dated October 5,
1993, and subsequent discussions and meetings involving our respective staffs. These meetmgs
and discussions resolved the issues raised in that letter and resulted in thc mutual agrcement toto
amend the original blologxcal 0p1mon

" The EIS, coordination act repoit, planmng aid letter, and amended blologtcal op:mon addresscd
impacts associated with the controlled water storage project, which enabled the ultimate capture
of the maximum possible amount of water from March 1 to September 1 of each calendar yearat . -
OCWD spreading facilities downstream of the dam. Dunng the prescribed water conservation
period, releases were festricted to 450 cubic feet per sécond (cfs), which was then the :echarge
capacity of the OCWD spreading facilitics downstream. Flows into the Prado Basin in excess of
the 450 cfs would thus increase the amount of stored water behind the dam up to an eventual, =
permitted maximum pool elevation of 505 feet above sea level. However, the combination of -
runoff and base ﬂnw was not suﬁ' cient in most years to mcrcase thc pool elevatlons fo the -

) perrmtted ma:uma BT : A

- The 1mp1ementauon of the pro_]ect was 1mtta11y phased to allow for the “appropnatc replacement
of habxtats occupied by the vireo that ar¢ destroyed or dcgraded as a result of water conserVation
activities’” (EIS),  The Corps further specif ¢ in the EIS the conservation pool level to whlch o
water could be held based on the acreage of mitigation ‘achieved during any single yéar. The ~
maximum permitted water conservation pool elevation would be raised incrementally from 494 - B
to 505 feet dependent upon the acreage of replacement habitat that had been created or. X
conserved. Per the EIS and the Corps project descnpnon, thcse requxrements are detalled in _
Table L. REEECE SR

In concert with the ) pmjcct descnptton for this prevmusly-pemutted, phased water conservatmn
project, the Corps limited the rate of water releases from the dam between March1and
September 30 once the elevation pool was at or below a prescribed elevation, By 1994, a -
minimum of 83 acres of vireo habitat had been created by the project propunent whlch allowed
the pool to be raised to an elevation of 497 feet, ™

By 1995, a minimum of 100 acres of vireo habitat had been created and that an elevation 498 °
would be the allowed level for that year. However, before the onset of the 1995 water
conservation season, we recommended a change in habitat coriservation and restoration
strategies, which was accepted by the Corps and OCWD, This change in compensation strategy- -



Colonel John P. Carrll (1-6.99-F-75) | ) s

reflected observatmns of contmumg damage to natlve habnat caused by the uncontroilcd spread
of giant reed (Amndo donayx) throughout the Santa Ana River watershcd and the vuIncrabihty of
created habitats to the frequent, flood-induced damage. : SRR

The original restoration strategy called for the removal of giant reed at designated restoration "
areas and the subsequcnt planting of native riparian species, However, giant reed propagulcs I
were uansported to the Prado Basin during years of heavy rainfall, where the alien plant invaded
habitats consisting ¢ of native plants or impacted areas that had been revegetated or restored. The
proposed restoration alternative required the funding of a giant reed eradication program within -
the Santa Ana River watershed.. 'We hypothesized that native species would be ableto : = - . =
xevegetate, either naturally or with minimal assistance, in areas cleared of giant reed, - we
The restoration. areas that .were ongmally identified in the EIS were stlll to be revegetated but :
overa longer t:me penod : S : Fonhar

Subscquent to mformal dnscusswns on the conclusmn of an mformal consultation proccss, L
OCWD proposed | that the Corps modify. the operation of the Prado Flood Control Dam to the .
accelerate the, lmplementauon of the phased water conservation project and that the Depan:ment :
of the Interior, and Corps sign a cooperative agreement that formalized this change in. operauons
and OCWD 'S proposal to incorporate additional compensation measures into the project -
description. - As.a result, a cooperative agreement was signed in April 1995 that descnbed in part
the revised project and provided for the compensation of unavo:dable, project-related impacts
relating to the revised OCWD water conservation program. The raising of the water
~conservation pool 10 505 feet, was authorized in hght of substant.tal addmonal impact avmdance,

. According to and quotmg fmm lhe cooperaﬁve agreement

L The agencnes (U S Fish and ledhfe Semce, Corps, and OCWD) agree 0 cnoperatwely
: mariage the, cnvunnmental value of OCWD lands that have been identified as crmcal
habitat for the least Bell’s 'vireo, speclﬁcally OCWD lands in 'Prado Basin below:
elevation 543 fect, fully recogmzmg the water conservation. water quahty and various
env1ronmental values of these Iands ~ SRR : —_—

2. The agencxes agree to meet ona quartcrly bas:s to d.lSCllBS ‘water conservahon. water
quality and wildlife enhancement objectives, : :

3. Least Bell’s vireo mitigation completed thus far by OCWD, per the Prado October 1992
EIS, has resulted in significant recovery of the species in Prado Basin. ‘While the Prado
October 1992 EIS. and other agrecments have been beneficial, a. more productive use of .

. the efforts of the agencies toward expanding an ecosystem-wide program as quickly as -
possible, in keeping with the spirit of the Prado October 1992 EIS, will benefit both-
wildlife and water conservation programs, .
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" Dam for seaschal additional water conservation; The Cooperatwe Agreement fiﬂly

OCWD and U.S, Fish and Wildlife Service (Service) agree to meet annually to

specifically review Arundo donax removal efforts and re-pnontlze the program if -

necessary. In this repard, a goal of treatmg all of the Amnda danax w1thm a 3-year tlme
frame will be established, :

CCWD shall contribute $1,000,000 to establish a conservation that will be used to
remove Arundo dondx in the Santa Ana River watershed.” With respect to the $1 million o
contribution, OCWD will contribute the mohey in four equal payments ($250,000 each) .

" beginning June 1, 1995, and semi-annually thereafter on January 1, 1996; June 1,1996;

and January 1, 1997:‘The use of this.conservation fund shall be at the direction of the g
Service subsequent to input from, and discussions with, the OCWD and the Corps. The
Arundo donax removal program will be reviewed annually in January of each year by
OCWD and the Semce to determine its, effecuveness and to redtrect the program 1f
necessary S . : .

This CooPeratwe Agreement is consmtent w1ﬂ1 the 1mplementauon of an annual S
mitigation plan pursuant to the Memorandum of Agreement (MOA), dated January 1994 -
between the U.S. Army. Corps of Engineers and the OCWD for the operation aof Prado :

satisfies the annual mitigation plan to achieve a pemanent water conservation pool to o
elevation 505 féet, per the MOA. Additional mitigation must be implemented by OCWD S
at a future tnne to ashere a permanent water conservat:ton pool ahove 505 feet ', R

‘As part of thls Cooperattve Agreement, OCWD w:]l employ a full—u:ne temporary
employee to assist in the vireo management program. This full-time posnion ‘will be -
filled in the March through September time frame each year and will then'seive asa part-
time temporary employee in the October through December time frame each year to assist

. in completing the vireo management report for The Nature Conservancy (TNC). This

position will bé fully funded by OCWD and will be hiired by OCWD, with input from the
Service,’ Aﬂer a period of 5 years (year 2000), thé agencies will detemune if this posttion :
is sull necessary and!or explone other optlons to assist in the vu'eo management program

If, in the eVent that the water conservation pool to elevahon 505 feet 1mpacts existing
occupied nests of least Bell’s vireos, OCWD, in cooperahon with the Service, will
dedicate personnel to physically relocate nests to mmnmze 1mpact from the htgher water
conservation pool

From March 1 to August 30 of each year, OCWD agtees to take a ﬂow of 500 cfs ora
flow that equals OCWD':
elevation of 505 feet, ;

progrem. : If weather and hydrologtc forecasts and reservoir conditions indicate that the
pool elevation may exceed 505 feet because of a projected disparity between inflow and
outflow, the water control manager at the Reservoir Operation Center shall take any and
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all steps necessary (mcludmg the |mmed|ate release of water at the maxlmum poss:ble :
rate) to (1) prevent the pool elevation from. exceedmg 509 feet or (2) to reduce, to the
extent possible, the amount of time the pool is above 505 feet if, in fact, the early zelease
of water at the maximum possible rate does not succeed in keeping the pool elevation
below 305 feet, These requirements shall be followed unless the agencies find that 1t is in
the best interests of the agencies to deviate from this arrangement.” :

The original biological opinion, as amended, did not address (1) potential impacts of the revxsed
project on the flycatcher, which was listed as endangered by the U.S. Fish and Wildlife Service
(Service) on February 27, 1995 (2) n'npacts to critical habitat for the vireo, which was designated
on February 3, 1994, or (3) the proposed; immediate implementation of the project at the . .
maximum pool elevation of 505 feet. Therefore, because of the project’s potential to adversely
affect the flycatcher, vireo, and the latter species’. desi gnated critical habitat and the participation
of the Department of the Intenor in ths _sxghmg and. lmplementmg the cooperatlve agregment, we
initiatéd an internal forma cqnsult  that a sed the Department's action in a bxologxcal
opxmon (l~6-95-F~28) S e Lo

Although that mtemal opmxon addressed effects of the project to the wmo, ﬂycatcher, and vireo
criticat habitat, the document did not address subsequent, proposed : alterations to the operation of
~ the dam or impacts of the project to ﬂycatcher critical habitat, which was des:gnated by the-.
Service on August 20, 1997 (62 FR 39129, 62 FR 44228). ‘This biological.opinion addresses the
revised project description and associated, pru_;ected 1mpacts to the wreo, ﬂycatcher, and to both
specxes_deslgatedcnncal habltats i SRR

. - has-spent approximately $50 000 000 on capltal pmjects to 1mpmve 1ts ab:hty to capture :
‘and recharge Santa Ana River ﬂow since 1988.. These improvements have increased.. .
OCWD’s recharge capabmty from 199,000 acre-feet to over 290,000 acre-feet. (OCWD

- letter #1) and enabled an increase in Prado Dam discharges from 450 cfs to & maximum -
of 600 cfss during past water conservation programs. The. OCWD is committed to further
increase its recharge capacity, and is actively planning ‘future projects, including the -
development of a Deep Basin Clean Device,” the construction of additional’ recharge
basins, and the diversion. or retention of water at Gypsum Canyon Reservoir or Aliso .
Canyon Reservolr, to accomphsh this end (OCWD letter #1).. S

. funded the 1989 and 1990 Cahforma State Umvers:ty, Long Beach Foundatlon vireo
management and monitoring program in the Prado Basin at a cost of $70 000. .

. dedicated the 124-acre plot known as PR3 (see Table 1) for purposes of habitat creation
and restoration in 1991,
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'contnbutcd $l DDD 000 to augmcnt gtant reed removal and habttat restoration efforts

contributed another $50,000 for habitat restoration and an addmonal $50 000 to the vireo
managemcnt fund admtmsteted by TNC and removed approxtmatcly 40 acrcs of Arunda
donax on OCWD pmperty demgnated as PRG (scc el
Table I)m 1992 SR

contnbutcd $50 000 to each of thc habitat rcstoratlon and v:rco management funds m ‘
1993, ‘ :

' refurbtshcd 10 vandalized brown-headcd cowbird (Molothrus ater) traps in 1994 and

subscquently conducted ongomg repairs of broken and vandahzcd traps and pmvxded

. decoy cowbirds for numerous other cowbird management programs in Orange, San e e
' Dtego, Rwers1dc and San chardmo counties e ' _ Gl

within the Santa Aria River watershed in 1995, The cooperative agreement pmVIdE—d fcr a '
one-tire contribution in this amount to provide for the reroval of giant reed and habitat o

" restoration within the Santa Ana River watershed, The various cash contnbutton‘s havc

led to the creation of the Santa Ana River Conservatmn Trust Fund {trust fund)' hi h_ s .
used for cndangered spécies and liabitaf: management “This: fund is managed L S
cooperatn'ely by the Service and OCWD, Vireo work in relauon to the project has bcen .
conducted since 1989; habitat management work in rclatton
conducted stnoc 1991 SR £

bcgan fundmg a pcnnanent full-umc pos;uon to assist in the vireolﬂycatcher momtonng R
and management program and proVIde for giant reed eradication and habitat restoration . -
on OCWD-owned lands in Prado Basin in 1995, Per the cooperative agréement, two full-""
time seasonal OCWD positions are funded through the trust fund for vireo and flycatchcr

. monitoririg tnd cowbird trapping withini Prado Basin: Although the salaries for thesé two

positicnis are funded through the: trust fund QCWD does inéur some administrative costs

for malntmning these ‘POSlt.tons : ;-. :_- ; ,7 o

cstabhshed thc Santa Ana Watershcd Conservatton Fund Program in 1995 Thc OCWD
continuies o ; managc thc fund, in cooperation thh the Service. The funds, wluch now ‘
exceed $3.8 million dollars (Yames Van Haun, consultant to the OCWD, in litr., 1999), _
are dedicated to giant reed removal and habitat restoration the Santa Ana River "
watershed, In addition, two full-time seasonal OCWD positions are funded through the
trust fund for vireo and flycatcher monitoring and cowbird trapping within Prado Basin,
Although the salaries for these positions are funded through the trust fund GCwWD dces _
incur administrative costs for maintaining these positions,” =~ "’

provided a four-wheel drive vehicle to v1reofflycatcher monitors for access to off-
highway locations for cowbird trapping and vireo monitoring from 1995 to 1999. The -
OCWD additionally provided office space and computer equipment for virco moniters
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from 1995 to 1999 a resndence and vehmle to one vimo ‘monitor in 1996 and two—way
radios to all momtors to increase safety and fac1htate coordmatton efforts ' :

. removed approxlmately 10 acres of gtant reed _]llSt duwnstrcam of Rlver Road bndgc and S

allowcd for nétural revegetahon in: 1996

. prowded host mtcs on OCWD property for mule-fat plantmgs adjacent to lower lym g fe
areas impacted by the project in. 1997, ‘The project was in cooperatxon Wlth 'I‘NC and East S
Vailey Resource. Conscrvatmn D1str1ct staff provxdmg gmdance. R i

v created and rnamtamed access to a 124-acrc tevegetation area and nlher maccessxble sites
by clearing giant reed and other debris with OCWD, equipment, In 1996 through 1998,

this atded in the dxscovery of several vireo nestmg locatmns that were prevnously o

unknown S

. cstabhshcd and mamtamed a natwe plant nursery at the Prado f‘ eld ofﬁce with mput from e
’INCfrom1997t11roughl999 R P L RO IR S SRR

. provndcd s1te for rcmoval of 30 acres of giant rer:d upstream of RJVBI‘ Road bndge and =
provxded OoCwWD staff tu coordmate efforts wnth other agencncs m 1998 R R

. dedlcated lands for the restommn of vireo and ﬂycatcher habltat (Table 2) Thc EIS
called for the restoration of 228 acres of vireo habitat and 278 acres of wildlife habitat AN
(prior to holding water to the: 505 feet elevatlon) and for the creatlon of a fund to manage SO
‘vireo within the basin. : _ . _ a wh L

Your original request was dated February 8, 1997, and received by facsimile on that same day.

Formal consultation was subsequently suspended until the project description could be reviewed
and subsequently. amendad Although the Corps requested the initiation of consultation againon <
January 22, 1999, this request was witlidrawn in a subsequent letter dated March 11, 1999, which =

cited the need for additional minor cladifications to the project description, We provideda- '
species list to the Corps-in a letter dated April 13, 1999, In a letter dated August 10, 1999, the
Corps requested the initiation of consultation on the revised project and associated final
biological assessment (BA) on August 11,1999, We acknowledged the 1mt1at10n of formal
consultation in-a Ietter dal:ed September 20, 1999 , R : :

This blologlcai opmlon was pmpared in large part using the foIlowmg 1nfonnat10n. 1) Prado
Dam Opesation for Water Conservation, U.S. Army Corps of Engineers Draft Environmental -
Impact Statement, October 1992; 2) Prado Basin Water Control Plan, U.S. Army Corps of - -
Engineers, Los Angeles District; September; 1994; 3) Fish and Wildlife Coordination Act Report
dated July 1990; U.S, Fish and Wildlife Service, Fish and Wildlife Enhancement, Laguna Niguel,
California; 4) Planning Aid Letter dated July 1987, regarding Water Conservation in Prado
‘Reservoir; U.S. Fish and Wildlife Service, Fish and Wildlife Enhancement, Laguna Niguel,
California; 5) Supplemental Biological Information, Evaluation of Potential Impacts to the Least
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Bell's Vireo, Prado Basin Water Conservation Study; December 1987; Daimes and Moore, Santa
Barbara, California; 6) Prado Dam Water Conservation Study, Draft Engineering/ Hydrology
Report; May 1987, U.S. Army Corps of Engineers, Los Angeles District; 7) Biological Opinion
(1-6-93-F-T7), issued by the U.S, Fish and Wildlife Service on February 25, 1993; 8) Amendment
to Biological Qpinion (1-6-93-F-7) dated February 15, 1994; 9) Intemal Biological Opmmn (1-
6-95-F-28) dated April 19, 1995, 9) Biological Assessment for the Prado Dam Water-* -+ ™'
Conservation and Supply Peasibility Study, Riverside and San Bernardino Counties, California;
Corps of Engineers, Los Angeles District; August, 1999; 10) OCWD transmittal to the Service
dated August 25, 1999 (OCWD letter #1); 11) OCWD fransmittal to the Service dated Décémber
8, 1999 (OCWD letter #2); 12) the biological literature (see "Literature Cited and References”
below), and 13) other c0mmumcat10ns wnth the Corps and the OCWD (on file)

o BIOLOGICAL DPJNION :-:{;
DESCRIPTION OFTHEPROPOSED ACTION N

The Prado Dam, located in Rwersxde County near Corona, Riverside Cuunty. Cahfomna (Flgures
1, 2) has been operated by the Corps according to the procedures outlined in thie Prado Basin
Water Control Plan of September, 1994 and the our 1995 intemal biologxcal opinion.’ Since the
issuance of the previous biological opinions addressing the proposéd project, the Corps has
proposed to modify the project descnptlon to reflect necessary changes in thé operation of the
dam. Nevertheless, the dam will continve to be operated to (1) prevent flooding of areas along
the Santa Ana River downstream from the dam; (2) conserve water to the extent possible

- pursuant to the terms and conditions of permitted water conservation projects; and (3) minimize

the environmental impacts assec:ated with pmlonged mundation of sensitive wetland habitats m o

the Prado Basin, ' ST A

The stated purposes.of all past and present water conservation projects in the Prado Basin - are to SR

conserve. water.and to improve, overall, the quality of water that is stored in undergmund .
aquers in Orange County, California.. OCWD is presently tho sole owner of rights to surface ik

waters in the project area. Increased water conservation capabilities would additionally préchude- R
or diminish the need for the OCWD to import water from the Colorado Rwer or elsewhere in !he -

region.

The Corps is responsible for oPeratmg the dam for fleod ct’mtrol aﬁd water cohsewauen

purposes. The following description of the proposed procedures for operating the dam is derived -

largely from the BA, which contains the complete description of the proposed operations and
maintenance parameters associated with the future operation of the dam and is incorporated

~ herein by reference.” Although the analysis and conclusions summarized or statéd herein were - -

generated subsequent to a consideration of this precise project description, no other potential
operations and maintenance project features were envisioned and, thus, none were analyzed for -
their potential effect on vireo, flycatcher, or both species’ designated critical habitats.
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In general, water releases from Prado Dam will be drctated by the Prado Dam Water Control
Plan. This plan was desrgned to enable the dam to capture potentlal flood waters and limit the
exposure of the downstream channel to possrble structural damage by controllmg smaller flood
events by making relatrvely small nondamsgmg (to the channel) releases, and reserving larger
reservoir releases for larger flood events. During large flood events, releases from Prado Dam
are increased up. to 5,000 cfs (or greater) Asis discussed in detail in the water control plan, the
maximum non-damagrng (to the downstneam channel and other structurés in the channel such as
bridges) release rate is 5,000 cfs. , As dov-'nstream channel 1mprovements are completed, releases
in excess of 5,000 cfs can be made from Prado Dam provided that the downstream channe) can
safely convey such release magnitudes

The water control manager s decrsrons regardmg the regulatron of Prado Darn ate based upon
available weather and runoff forecasts. ‘Because weather.and runoff foreeasts are ragrely 100
percent accurate, the target water surface elevaUOns (WSEs) hkely wrll at times, be exceeded
Whether the’ water control manager_deem.s itnecesseryto 1ranernent the regulation gurdelmes ot‘
the next release’s range will deper upon the magmtude of encroachment into the next release .
range, and the current weather and nmoff forecast, The dam is, operated dtfferemly at various..;
WSE ranges, wlucb are drscussed mdrvrdually below. e T e i e

WSE 460.0 - 490 0 (Debris Pool) (Re ease Range. - 00 c s). ,._,The debns pool is allowed to ﬁll '
prior to flood control releases to prevent debris from entering and plugging the outlet works. No -
seasonal restrictions exist for inundation of the debris pool. Releases from the debris pool are
normally coordinated with the OCWD and are set equal to the spreadmg capaerty of the

,300 cfs).. Due to the channel

: r channel when prolonged . .
releases from Prado Da 2,500 cfs, a buffer pool has been established whxch
allows the water contro managér to control small flood events without malong large and.-
potentxally channel damagmg releases. Due to the mcreased need for water.conservation and the
presence of the’ endangered vireo and fiycateher within the Prado Flood Control Basin, buffer
pool I‘eglﬂﬂllﬂn differs slightly dunng the wmter flood season and the nonﬂood season as .
descnbedbelow' S T e

. Winter Flood Season (October ] to February 28) A release of 200 to. 2, 500 cfs is made-
a5 necessary 50 as not to exeeed elevation 494 feet. The drawdown releaserate is. .. .
coordinated with the OCWD to maxm'lize the conservauon of water through ground water
recharge (Note: a minimum release of 200 cfs is required except for temporary release
cutbacks to facilitate OCWD reconstruction of in-stream diversion dikes). .Releases .
gfeater than 8(}0 cfs can damage OCWD's m—ehannel sand diversion dikes.

Ifa srgmﬁeant amount of mflow to the dam is in the forecast, the reservoir can be draWn
down to the debris pool elevation of 490 feet within 24 hours, while releasing
nondamaging flows (i.e., releases at or below 2,500 cfs).
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_thanor equal to 500 cfs Release rates tend to be. htgher at the'begmmng of the season .
* and taper off toward thé end of the season. Therefore, the running average for the perxod HETEY

. control s manager at the ROC will match mﬂow ‘with outﬂo_w, up t0. 5

- Non-Flood Season (March 1 to 30 September 30}, In eompltanee with the MOA between .

the Corps and OCWD to increase water conservatton, ‘the regulatlon of the dam is

meodified during the nonflood season. Beginning in March, the allowabie maxtmum C
reservoir water surface elevation i is increased from WSE 494 feet to WSE 505 feet by 10 .
March at 4 rate of 1.1 feetlday, or higher, as determmed by the water “caonitrol managers at . -.
the Reservoir Operatton Center (ROC), based on current reservoir status, forecasted .

inflow, and capacttylcorrdttton of the downstream channel The reservoir level may be
maintained as high as WSE 505 feet until September 30, provided that hydrologre

forecasts and reservoir condmons do not mdtcate the reservotr elevatton nsmg above
elevation 505 feet.

* Because paragraph 9 of the 1995 Cooperative Agreement was found to be inconsistent ..

with the physrcal and operatronal capabilities for Prado Dam, the Corps has revised the - . :
minimum release rates durmg the nonflood season. Duung the penod from Marchrl B
Sept_ember 30, the release rates _when_ the pool is between elevattons 494 and 505 feet may L

from March 1 - September 30 when the pool is between 494 and 505 feet would tend to
start out above 500 cfs and graduslly approach 500 cfs as the season progresses., In

‘addition; when the OCWD spreading capacity ¢ excéeds 500 cfs, the outflow from the dam . -
: will be incréased up to a level of the recharge capactty of the OCWD downstream ‘

rechargebasms._“ e

However, 1f based on’ observed precrprtahon hydrologrc forecasts and reservmr S
conditions mdicate that the WSE will exceed 505 feet because of hlgh inflow, the water U A
,000 cfsto prevent -
the reseivoir pool elevation'from exceeding elevation 505 féet, or an el vation within3, ..
feet of the elevation of the lowest occupied vireo nest located low than 505 feet. % ...
OCWD shall furnish theé: elevatron of the lowest oeoupled vireo nest to the Corps e
Reservoir Regulaﬁon Sechon and shall update this mfomratton as necessary throughout

the vireo nesting season (March 15 - July 31). If vireo nests can be relocated to a higher . ..
position, thi level of the water surface can be taised to an elevation no ‘higher than 3 feet. .
below the elevation of the lowest relocated nest, to a maximum elevation of 505 feet. - If

no oecupted nests exist below elevation 505 feet, water can be held to 505 feet as long as

the lowest vireo nest is located no lower than 506 feet. Ifa pool elevation of 505 feet i is
exceeded, dam releases at the maximum nondamag,mg rate (i Eey 5 000 ofs) wtll be .
mamtamed untrl the pool level has deelrned to 505 feet P

Typtcally, if sufﬁcrent mflow is avarlable the water couservatlon pool i is mcrementally
raised (per the 1994 Water Control Plan and adjusted operations for water conservation)
from 494 feet to 505 feet between March 1 and March 10. However, if the reservoir is
empty and an impending storm may fill the water conservatron pool after March 10, the
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Corps will contact the Service and OCWD €0 coordinate the rno}\lenient of vireo nests, if -
necessary.

“The months of July, August and September are deslgnated for mamtenance purposes

- However, if summer flood runoff occurs dunng these mcnths, the dam can be-operated to.
store water for water conservation up to WSE 505. feet, prov1ded that the 1mpoundment -

= does not mterfere with mamtenance requirements o '

WSE 494 0/505 0 520 0 (Relesse Range: 12,500 - 5, 000 cfs or above) The water _
control manager computes arelease magmtude based upon the criteria of not exceedmg :
WSE 520 feet. If it is predicted that a pool elevstron of 520 feet wrll be exceeded at any
t:me, thereleaseratewxllbeSGl}chs. R P S R
s WSE 520 0 543 0 (Release 5 000 cfs or above) Reservorr stages above 520 feet reqmre .
A.-,.Lthe maxlmum scheduled release of5 GDOlcfs. _; S s e e

. WSE 543 O 544 3 (Spillwsy Flow) (Release 5 ;000 cfs or above) Flood control releases |
through the outlet works are redyced as the reservou' ‘pool level rises above the sp:llway
5,000 cfs.’ As the WSE approzchies the  spillway, frequent communicatron between the -

-+ ROC and the dam tender should occur so that the transfer of res ou- outflow from the
s uoutlet works to the splllway ean be closely momtored 5 : g

WSB 544 3 and sbove (Spillway Flow) (Release Range: 5,000 cfs and above) All outlet
gates are closed at reservoir pool levels of 544.3 fect and above, whichresults in-._ .
_..uncontrolled. spillway drscharge only, ‘Under the exiremely remote circumstance that the ..
-~ - dam eémbankment was in’ danger of OVertoppmg. the outlet gates are to. be. opened to . ..
- minimize the possibility of dam fallure "The maximum desrgn release from the outlet :
. worlcs is 1’? 000 cfs and that the des1gn capacity of the outlet strllmg basm is 10 000 cfs. -

The rates of change for water releases from the dam are dictated by the current version of the o
water control plan. The 1994 Water Control Plan also updated (from the 1991 versron) the rates .
of change of releases under normal operatlng conditrons, as follows ' , .

'cusem rate of release (cfs) | Maximum rate of chﬂnge per ¥2 hour (cfs)
0- 300 ' | 100

300_1000 P PY Y |

1000-2500 T |400

2,500 - 5,000 ' 625

5,000 + - 625
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These release rate adjustments were mtended to allow rate changes to occur more qu:ckly overa
shorter, Y2-hour time penod

Base Flows. As deﬁned in the 27" Annual Report of the Santa Anag River Watermaster, base
flow is that portion of the total surface flow passing a point.c of measurement (either Riverside
Narrows or Prado Dam} which remains after deducnon of storm ﬂow nontributary flows;
exchange water purchased by OCWD, and certain, other flows as determined by the Watermaster.
Base flows were recorded at 38,402 acre-feet in the 1970-71 water year and increased to 136,676
acre-feet for the 1996-97 water year, Wastewater flows from wastewater. treatment plants
upstream of Prado Darn contribute to base flows into the. dam, these ﬂows have mcreased over

: tmle and are expected to further 1ncrease in the future ' DD LR an

Impcrted Water, OCWD purchases water for groundwater replemshment however, thm _
purchased water does not contribute to the water conservation pool (494 < 505 feet) behind Prado

Dam between March 1 - September 30. In periods where water is pooled behind Prado Dam for
water conservation, OCWD willnot store additional xmported water upstream of Prado Dam for
groundwater recharge, unless an agreement has been reached by the Corps, OCWI) =and Servlce.

L]

Devratlon from Normal Operatlons The prccedures .for dlfferent kmds of dev:atrons ftom

- normal dam regulatmn are contained in section 7-15 of the 1994 Water Control Plan.
Occaslcnally thie regulatlon of Prado Dam to needs to dev;ate from the established ﬂood control
plan described in the 1994 Water Contro! Plan., Prxor approval of deviations is required from the
South Pacific Dmswn (SPD) office in San Francrsco, except for emergencxes as described

Emergencres may take the form of dmwmngs,cr other accidents chemlcal_spllls, and t'aﬂure of .
operational fac:htles In any ¢ actmn taken, assessment of the situation by the dam tender should
. rely on his knowledge of the dangers mvolved. The ROC must be informed of any deviations by
the dam terider, due to emergencies, a8 scon as pract:(cal Emergency. deviations do not require -
prior approval by the Corps South Pacrfic Dmsion (SPD),but coordmatton with SPDmustbe |
_ made as soon as practical S

+In accordance thh the sectlon 7 regulatmns regardmg emergencles (50 CFR § 402;05), the
Service shall be notified of these emergency deviations as soon as practical. In addition, we are
to be notified of planned and unplatmed devxattons as defined in the plan and mcluded herem by
reference: IRERES o o .

Unplanned Minor Deviations, Instances arise penodlcally that require minor deviations from the
normal regulation of the reservoir. Examples of minor deviations include, but are not lnmted to:
construction work, maintenance, and inspection. Bach request is analyzed on lts own merits,
Consideration is given to the potential of flooding and possible alternative measures, A
formalized correspondence summarizing the proposed deviation should be sent to SPD for
approval before the action, The Service and OCWD shall be notified of these minor devtattons
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Planned Deviations:. Planned déviations cover all other proposed devrattons to approved water =
control plans Each condition is analyzed on its own merits, A formaltzed correspondence -
summarizing the proposed deviation should be sent to SPD for approval before the action. The
Semce and OCWD sha]l be nottﬁed of these planned dewahons : -

Monthly Gate Exerczse To ensure that the outlet works gates rernmn functional throughout the
year and to free any accumulations of sediment or debns from the gate pulley and cable,,
mechanisms, a monthly gate éxercise is performed on the first Monday of each month Thts :
exerctse may be postponed :f condittons so warrant The monthly gate cxerctse isas follows‘

1) \.—The dam tender checks w1th the ROC to detemune the "wmt” period between gate
: exerctses. _ : . . . O e e

2) The dam tender checks the downstxeam channel from the downstream gate to the outlet
works to s assure no. one is immediately downistream of the_outlet works e

3) All gatee are closed

4) Each pate is tndtvrdually raised to 5- ft and then immediately closed. When an. | :
impoundment exists at Prado Dam, the water control manager will determine a wait .
penod between the opening ofcach mdrvidua] BatE. . L et

5) --All gates are retumed to the orlgmal settmgs. T ‘::'-.',l T

6 'I'he downstream gate is checked to vertfy the outﬂow has retumed to pre—gate exemlse :
S ,-g.._.condtttons i : S A

Drought Contmgency P]an Engmeer Regulatton 1 110-2-1941 (Drought Contmgency PIans)
directs water control managers to “evaluate and establish the limits of flexibility under exlstmg
authorities to modify project regulation and to use e:usting storage to respond to periods of water -
shortages.” Although the entire storage space of the normaily dry Prado Reservoir is allocated
for flood control, water conservation is a project purpose. Therefore, the adopted water control
plan for Prado Dam was formulated with features that maximize the amount of water that can be
conserved without adversely affecting the level of ﬂood protectmn provxded., or Stgmﬁcantly
impacting enmonmental resources o .

An emergency water conservation operation plan for Prado Dam was implemented during March
and April 1991 and 1992, in response to the region’s '5-year drought. As part of the arrangements
to permit the emergency water conservauon operatron, the OCWD agreed to either fund or’
directly 1mplernent appropnate environmental rniti gatton measures, Future drought contin gency
plans would tequtre an agreement between the Corps, OCWD, and Semce. .

Agency Commumcauon. Both the Corpsand Service are committed to ensurmg that open and
direct communication occurs on all issues at Prado Dam that could ultimately resuit in impacts to
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endangered species. Rapld and responsive communicatron between the two agencies is critical to.
the success of this mission, In’ many instances, early warning may a allow.the Service to take the
necessary measures ln the f eld to prevent the loss.of endangered specles, partxcu]arly the vireo, -

The lead office blologrst assigned 10 the Prado Basm (currently Loren Hays) w1ll be the pnmary
Service point of contact on environmental issues within the Prado Basin; and the person to be :
contacted during emergenmes ' where endangered species may be affected.. An alternate .-
biologist ass1gned to Prado Basm (currently Jon Avery) and the Dmswn Chlef for. Rwerside—San
Bernardino Countles (eurrentiy ] eff Newman) Wlll Sefve as secondary contacts -Individuals in -
the Corps Reservoir Regulation and/or Hydraulics and Hydrology Sections (currently Joe Evelyn
and Brian Tracy, among others) will contact the lead office biologist ass:gned to Prado Basin
directly to inform him/her of current operations and the status of the rising pool elevations. . The
Corps has added a notification to this office to their Manual of Instructions for Reservoir
Operatlons Center Personnel to better ensure that we are informed of rising pool. conmtlons in them
" reservoir during vireo nestmg season,. The Manual of Instructions will be. updated, ata.:
* minimum, each year prior to the flood season. With respect to deviations from the approved
water control plan, the Corps will notify.this office regarding emergency deviatxons, and wxll
coordinate planned and unplanned deviations with this office and other agenctem o

Conservation Measures "7 o 0

Impact avoidance, minimization, and compensation measures have been, and will be completed
in accordance with the 1992 EIS, 1993 biological opinion, 1995 cooperative agreement, 1995
biological opinion and negotiations conducted during the informal and formal consultation
processes associated with considerations of the currently proposed project. - The adaptwe

o ‘management’ of the Prado Basin vireo and ﬂycatcher populations and giant 1 reed eradication and

revegetation efforts fonded by the project proponent have minimized (and will minimize)
impacts to these species and their designated crmcal habltats and, maxmuze the prosyects for the
regenerauon of critical habitat elements e po o i

As part of ongomg habitat conservation efforts b

s OCWD contnbuted m 1991 $450 000 to TNC to create a non-wasnng endowment for -«
© the vireo management prograim { for habitat management and restoration. The funds in thlS'-.
account have sustained the program through 1999 and have accumulated in excess of .- .-
$990,000. These funds are now in the Santa Ana River Conservation Trust Fund,

. “OCWD contnbuted in 1991, and add:ttonal $450 OOO to TNC fo create 124 acres of vireo. -
(and ﬂycatcher) habitat on OCWD owned property in Prado Basin, as part of the ongaing -
vireo management program. TNC revegetated the restoration site in 1992 and 1993. The -~
Orange County Environmental Management Agency reimbursed OCWD the $450,000 in-
1992 as part of its compensation package for the Santa Ana River Mainstem project,

‘Approximately $95,000 remains in the account today and approximately. 100 acres are in
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viable vireo habitat; The mmaining funds are now m the Santa Ana Rtver Conservatton
'I‘mst Fund.

Current conservation measures within the Santa Ana River watershed are being undertaken,
under the direction of this office, by the OCWD and a group of resource conservation districts
known as the Santa Ana Watershed Association (SAWA) The FY 1999-2000 work summary
calls for implementing measures to reduce the threat of invasive plants particularly giant reed
and tamarisk, on native habitat and river system function "The pnmary tasks cum-.ntly being
undertaken to achieve this goal are as foltows: =~

. Complete an exatic plant management report for the Santa Ana Rwer Watershcd

. Contmuc the deve]opment of a GIS data’ base to track and momtor treatment projocts for .~
the Santa Ana River watershed ' '

. Pctfonn a total of 34 acres of cxotxc plant trea thin four of thc resource . /
‘conscrvat:on d:strlots which are a patt of SAWA e e

. Cont.muc thc dcve!opment of outreach materials and educational programs, and perform -
public workshops on exotic plant control that are directed at private landowners within
the watershed;

. Continue to work on a watershed team structure {l that will coordinate and 1mplement tasks.. ./
and'manage funds for those tasks m tho future; - : , _

. "”Conunue to'support tho SAWA ﬁeld btologlst position. This person will be responsible
for coardinating and monitoring the SAWA, invasive plant removal and habitat . .. . "/
restoration program and for participating in the vireo/flycatcher managemcnt and
momtormg program wlthin the Santa Ana River hed.. R

SAWA has addiuonally completed a docmnent entitled Santa Ana_ Wafershed Mmiagement Fwe
Year Pragram (1998 - 2003). Ttus document djscusses the purpose and goals of continued work
within the watershed.” The purpose of the program is to effect:ve.ly control giant reed and other . .
invasive plants within the Santa Ana River watershed through cooperattve parﬁtershtps The
long-term goals ofthe progmmatoas follows o o o

. Perform first-time treatment on all upper watcrshcd tnbutanes and mamstem Santa Ana
- fiver downstn:am to Rwerside County Parks and Open Space District lands;

. Estabhsh a follow-up program w1th eaoh land managemglggenuty that will gradua]ly
mcrease their | 'T::abﬁxtles to petfonn long-term mamtenance;— .

e it

""""

. Provide education to pnvate landowniers thmugh wntten materials, workshaps and hand-
on assistance;
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. Maintain a database that will include areas of 1nfestauun, current pmjects, sensmve
' speciés and native vegetation recovery. o

Most recenlly,. e e e T Lot i s
. " OCWD has agrecd to operate four cowbxrd traps. during the vm:o and ﬂﬂr'c'é‘tchcr
' nonbrcedmg seasons at dairi' ' 'thin close _proximity of the Prado Basm' f"’/ P

« OCWD has agreed to continuie to mpmr and stone all cOWbll‘d lraps.
. OCWD has agreed to supply seeds and other supplies for the cowbird traps year-round; -/

«  OCWD has agmed to supply four-whccl dnve veh:clcs to ﬂycatcher!vmo managcmcnt ,/
"-i-'jlil_"staff and ‘ T AT AT LT TR IR

e OCWD hns agrced to propagate and plant, in coordmauon w:th the Semce and Corps | 7 s
10,000 ruulefat plants from 2-inch. contamers each fall on OCWD. and Corps lands not
already dedlcated as restoration areas for ather OCWD pmjcCts (\l_et_teﬁt_z)

STATUS OFTHESPECIES ~.. '~ e T
Least Bell’s vireo

The least Bell's vireo is a small ohve-gray neotmpxcal rmgtatory songbu'd that p;esently nests
and forages almost exclusively in ripartan woodland habitats in California and northern Baja
Califarma Memco (Garrett and Dunn 1981 Gray and Greaves 1981, Mmcr 1989; AOU 1998).
Bell's-vireos as a gmup arc thhly temtonal (Barlow 1962, Fitch 1958, Salata 1983a) and are
almost e:_tc]‘usiy o

'-.Lcast Bell’s vireos gencmliy begm to arrive from their wintering range in southemn Baja .
: Cahfomla, and, possibly,’ mainland Memco, and estabhsh breeding territories by mid-March to..:—;‘
late March (Garrett and Du ! ib; Hays 1989; Pike and Hays 1992), -
Howavm', a singing vueo was on'territory in !he Pra Basm on Mamh 2, 1994 (James P:ke, R
pers. comim.). A large majority of the bi‘eedmg yireos in the Piado Basin typically depart lhexr_-_;;-,:.-..
breeding grotinds by the third Week of September and only a few Bcﬂ s vireos are found. . -
wintering in California or the United States a3 a whole (Barlow 1962, Nolan 1960 Ehrlich et al
1988, Garrett and Dunn 1981 Salata 1983a, 1983b Plke and Hays 1992) P

Least Bell's vireo nesting habitat typlca]ly consists ot‘ nparlan woodlands wuh wcl]-developed
overstories, understones, and low densities of aquatic and herbacgous cover (Zembal 1984, -
Zembal et al. * 1985, Hays 1986; Hays 1989, Salata 19833, RECON 1988). The understory.
frequently contains dense subshrub or shrib thickets. These thickets are oftén dominated by
sandbar willow (Salix hindsiana), mule fat (Baccharis salicifolia), young individuals of other
willow species, such as arroyo willow (Saltx lasiolepis) or black w1llow (. goadd‘mgu') and one



¥ of Califomia. Department of Fish and Game in 1980 Subsequently. the vireo was listed as
o "'endangered by the Semce on May 2, 1986 (51 FR. 16474) Critical habim for this species,
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or more herbaceous . speeles (Salata 1983a, 1983b Zembal 1984 Zembal et al 1985)
Significant overstory species include mature arroyo wiliows and black willows. Occaswnal

. cottonwoods (Populus sp.) and westem sycamore (Platanus racemosa) oceur in some virgo . .
habltals and theré addmonally may be loeally lmportanl conttibuhons to the overstory by coast .
l:ve oak (Quercus agnfolm) . » T S

Although the least Bell’s vn'eo occupies home mnges that typically range in s:ze fmm 0. 5 to 4 S -'

acres (Regxonal Env:ronmental Consultants 1988), a few may be as large as. 10 acres (J, Greaves, -
pers. comm.). In general, areas that contain relatively high proportions of degmded habitat have . -
lower productivity (hatching success) than areas that contain hlgh qua}ity npanan woodland o
(Jones 1985 RECON 1988 Plke and | Hays 1992) . e

Because of a documen ed"drasu(: declme m numbcrs and contmumg threats to the speczes and :ts_'i._ ' _‘ |
dparjan woodland hab1tals, the least Bell‘s vireo was listed as an endangered species by the State ;. - -

which includes all riverinie and ﬂoodplain habxtats with appurtcnant ripanan vegetatxon in the
Prado Basin below the elévation of 543 feet, was designated by the Service on Pebruary 3 1994 P
(59 FR 4845) '

Somhw.estem w:llowﬂycareher N

The southwestem wxllow ﬂycatcher (Emptdonax rmilltl exumus [Ph:lllps]), a tclatwely small

- insecnvorous (passenne) songbird is approximately 15 centxmeters (5.75 mches) in lenglh Both,_:;_; B

sexes of southwestern willow ﬂycatchers have. grayish-g;reen back and wings, whitish throats,, -
. light gray-olive breasts, and pale, yellowish bellies.. The song is a sneezy “ﬁtz bew” or “ﬁtz-a- j
bew”! and t.he yplcal eall 1sa 'Aathy “wlnt" (e.g., Unitt 1937) S -

(Empidanax-olnarum),_the w1llow ﬂycatche s distmgm shab]e from that spectes by morphology .
(Aldrich'1951), song type, habitat use, structure and placement of nests (Aldrich 1953), eggs . ...
(Walkinshaw 1966), ecological separatlon (Barlow and MacGillivray 1983). and genetlc
d1st1nctness (Seutm and Snnon 1988) o N e

In tum, the southwestem wnllow ﬂycatcher is one of ﬁve subspecles of Lhe w:llow ﬂycateher
currently recogmzed (Hubbard 1987, Unitt 1987, Browmng 1993), The willow ﬂycatcher
subspecies are dlstmgmshed primarily by differences in color and morphology Although the
subs.peelﬁc d:fferences in color have been termed “minor" (Umtt 1987), P.E. Lehman -
(recogmzed expert field b:ologlst pers comm ) has. mchcated that the southwestern wxllow .
flycatcher in California is ‘distinguishable in the field from other forms of willow flycatchers that
might be present (in migration) within the breeding range of the former. Unitt (1987) and
Browning (1993} concluded that the southwestern willow flycatcher is paler than other willow
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flycatcher subspecies. Preliminary data also suggest that the song dialect of the southwestern
wxllow flycatcher is d:stinguishablc fmm other willow flycatchcrs

The breeding range of the southwestern willow flycatcher includes southem California, southern
Nevada, Arizona, New Mexico, and westermn Texas (Hubbard 1987, Unitt 1987, Browning 1993),
The species may also breed in southwestem Colorade, but nesting records are lacking. Records
of breeding in Mexico are few and confined to extreme northem Baja California and Sonora
(Unitt 1987, Howell and Webb 1995), Willow ﬂycatchcrs winter in Mexico, Central Amenca,
and ierthem South America (Phillips 1948, Ridgely 1981, AOU 1983, Sulcs and Skutch 1989,
Ridgely and Tudnr 1994 Howell and Webb 1995). :

Breeding southwestem willow flycatchers are often present ‘and singing on temtones in mid-May
(exceptionally in late April in southern California). Southwestern willow flycatchers are
generally gone from bmedmg grounds in southem California by late August (Thé Nature
Conservancy 1994) and ars cxcecdmgly scarce in the United States after mid-October (e.g.,
Garrett and Dunn 1981) "The. first southwcstem wxllow ﬂycatcher of the 1998 Prado. Basin
brecding season were detected on May 4 and the last was noted on August 9. In 1997, the first
bird of the breeding scason was detectcd on May 7 and the last (a juvenile) was noted on
September 10 -

The southwestern willow flycatcher breeds in riparian habitats along rivers, streams, and other
wetland habitats where dense growths of willows (Salix spp.), coyote-bush (Baccharis spp.),
arrowweed (Pluchea sericea), buttonbush (Cephalanthus occidentalis) [not found in southem
California), or other plants of similar structure and configuration are present.- The flycatchcr
nests in thickets of trees and shrubs approximately 4 to 7 meters (13 to 23 feet) or more in height
with denss fohages from apprommately 0 to 4 neters (0 to 13 feet) above ground, ngrstones
are often present in o-ccupled habitats and composed of willows or cottonwoods or, in some h _‘
portions of the species® range, tamarisks (Tamarix, spp.) (e.g., Phillips 1948, Grinnell and Miller
1944, Whitmere 1977, Hubbard 1987, Unitt 1987, Whitfield 1990, Brown 1991, U.S. Fishand
Wildlife Service 1993, 1995). Although nesting willow flycatchers of all subspecies generally '
prefer areas with surface water nearby (Bent 1960, Stafford and Valentine 1985, Harris et.al.
1986), the southwestefn willow flycatchers in the Prado Basin vinually a.lways nest near. surface
water or saturated sml (e.g., The Nature Conservancy 1994). ‘

All known southwestern wxllow flycatcher territories within the Prado Basin have been situated
in relatively close proximity to water-filled creeks or channels. In addition, territories have
usually consisted of overgrown clearings containing varying amounts of nettles and with, at least,
afew modcmtely tall, often dense, willows. Among the five nests found i in 1996, two were
placed in arcoyo willow, one was found in a red willow (Salix laevigata), one was placed in a
sandbar willow, and one was placed in a tamarisk. During the 1997 season, both nests that were
discovered had been placed in amoyo willow. Nests have been placed as low as 0.61 meters
above ground level.
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All three resident subspectes of the willow ﬂycatcher (E t e,xttmus, E t brewsten‘ and E L.
adastus) were once considered widely distributed and common withtn Caltfomla wherever N
suitable habitat existed (e.g., Grinnell and Mtller 1944) The historié range of E. 1, exumus m
California apparently included all lowland nparian areas of the southem third of the state, Nest .
and egg collections indicate the bird was a common breeder along the lower Colorado River near ‘
Yuma in 1902 (T. Huels, University of Artzona, in lm) Willett ( 1933) considered the bird to ...
be a common breeder in coastal southem Califomnia, Most recently, Unitt (1987) qoncluded that .
the southwestern willow flycatcher was once fairly common in the Los Angeles basm. the San
Bemardmowaerside area. and San Dtego County. : S

The southwestem wtllow ﬂycatcher is appa:ently vulnerable to ttxc same factors that have caused .
the decline of the viréo within those specics’ shared ranged in the Californias and thus has almost ‘.
been extirpated as a brecdmg species thmughout much of southcm Cahfomta (e.g. Garrett and
Dunn 1981, Unitt 1987). Because range-wide recent surveys | have esaenttaily comoborated these .
"assumptmns, the current statua of E 't extimusis hkely much more precarious than that of the
,..vireo, which has begun to recover in southem Cahfom, . i

On J uly 23 1993 the Semce pmposed the southwestem willow flycatcher as an endangered

specxes throughout its range (58 FR 39495) and stmultaneously proposcd critical habitat.for the .+
species: Although defemng a decision on the desxgnatton of critical habitat, the Semce ltstedr (o
the flycatcher as endangercd on Pebruary 27, 1995 (59 FR 10693) Cnhcal habltat for the o
flycatcher; which'includes miich of the Prado Basm, was, de31gnated by the Servtce on August 20 :
1997 (62 FR 39129 aiid 62 FR 44228), Breeding, w:llow ﬁycatchers are listed a endangered by

the States of Cahfomia and Anzona.

E 'Leasr Bell's vireo

Durmg the 1999 bteedmg season the least Bell's vireo po' ulatlo ) ___n'the Prado Basin and L
environs was studied and managed for the fourteenth consecutive year, Study areas mcluded the -
Basin proper and conttguous reaches of the Santa Ana River and Chino Creek,. The data, .

necessary to determise vireo status and dlslnbution, breeding chmnology, reproductwe success, .
and nest site preferencdi were obtmned, when poss:ble, dunng dmly vlsits to appropnate npanan .
woodland habitits throughout the basin, In addmon, brown-headed cowblrds present in vireo
home ranges were routinely cenisused, and modified Australian crow traps were once deployed
throughout the basin and ad_lacent Spnta Ana Rtver inan attempt to control this brood-parasmc .
and rapxd]y expandmg species A U ;

Of the 336 temtonal male vireos that were detected wnthm the Prado Basm study a:ea in 1999
224 of these birda were found to be paired (sze and Hays 1999) By contrast, 270 pairs were
recorded in 1998, 195 pairs were detected in 1996, and 164 pairs were 1ocated in 1995 (Pike and .
Hays 1998), The reason for this substantial decrease in the number of breeding pairs remains
unknown.
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In 1999, a minimum of 489 known fledged young was produced by Prado Basin virco breeding
pairs, resulting in a 10 percent increase over the corresponding total recruitment (450) in 1998,
Nesting success in 1999 was 57 pcrcent which exceeded the corresponding figures for 1998 (41
percent) and 1997 (50 pen:ent) (Pike and Hays 1999) Although the average number of .
ftedglings per breeding pair (2.2) in 1999 was the highest recorded since 1995, this average is
substantially below the 1988-1991 flédglings-per-pair average of 3.1. In recent years,

si gmﬁcantly fewer pairs have e!ected to renest after successfully ﬂedging young on their first
attempt (Plke and Hays 1999) : o

By the end of the breeding season in 1998, 2,333 cowbirds had been trapped and removed from :
vireo and flycatcher habitats within the Prado Basin and an additional 105 cowbirds were
removed from Hidden Valley Wildlife Refuge adjacent to the Santa Ana River in Norco, More
than 1,314 cowbirds were removed from in or near virco and flycatcher habitat in 1997, -
Correspondingly, the 13 percent parasmsm raté in 1998 was the lowest recorded within lhe Prado.
Basin. Vireos continued to demonstrate a strong pmference for nesting and foraglng in willows .
and mule fat (Pike et al, 1998) Of all nests in 1997 for which data were available (N=239), 54
percent were placed in various willow species and 40 pcn:ent were found in mule fat (The Naturo
Conservancy 1997) e e SRR _

The virco has been histoncally descnbed by mulu;)le observers a8 common to ahundant in the :
appropriate riparian habltats from as far north as Tehama Ccunty. Ca.hfomla, to northern Baja
California, Mexico (Grmnell and Storer 1924 Wﬂlett 1933, Gnnnell and Miller 1944, Wilbur
1980). Widespread habitat losses have fragmented most remammg populations inte small,
disjiinct, and widely dispersed sub-populations. ‘The remaining birds are concentrated in San-

' -Diego and Rwersxde countles (U. S. Fish and Wildlife Serv:ce 1998)

Although the species has begun to recover and approximately 2, 000 vireos were on temtones
within California in 1998 (Service, unpublished data), preliminary data indicate that the United
States breeding population in 1999 was almost certainly smailer. Population declines were noted
at Marine Corps Base, Camp Pendleton, the Prado Basin, and at other locales throughout the -

- range of the § specles in 1999 (Semce, unpublished data). . The reason for this apparent recent -
population decline is unknown, Nevertheless, the Prado Basln populat:on of vireos remained the
second largest overall and the largest by far nosth of San Diego County, The largest population. -
~ of vireos range-wide continues to be located on Marine Corps Base, Camp Pendleton in San

- Diego County. In recent years, the Camp Pendleton and Prado vireo populations have
represented over appronmntely 60 pcrcent of all known vireo temtones. G

The past, unparalieled decline of this California landbird spec:es (Salata 1986 U.S. Flsh and
Wildlife Service 1986a) has been attributed, in part, to the combined, pechaps synergistic effects
of the widespread and relentless destruction of riparian habitats, habitat fragmentation, and
breod-parasitism by cowbirds (Gasrett and Dunn 1981). The historic loss of wetlands (including
npaxian woodldnds) in California has been estimated at 91 percent (Dahl 1990). Much of the
remaining habitat is fragmented or infested with ahen  plants (¢.g., giant reed) and exotic animals
(e.g., cowbirds). Rediictions in vireo numbers in southern California and the San Joaquin and
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Sacramento Valleys were evident by the 1930s and were apparently cmnmdent w:th mcrease ef
cowblrds W!‘IlCh heavily parasltiz.e th1s v:reo" (Gnnnell and Mtl!er 1944) o

PR

Samhweslem wd!aw ﬂycarcher

The Prado Basln southwestem willow ﬂycatcher populat:on was studjed and managed for the
14th consecutive year within the Prado Basin, adjacent Santa Ana Rwer. and environs. dunng the
1999 breeding season; The data’ niecessary to determine southwestern witlow ﬂycateher status "
and distribution, breeding chronology, reproductive success, and nest site pneferences were
obtained whenever and wherever possible during daily visits to appropriate riparian woodland -
habitats thmughout the basin. In addition, cowbirds present in southwestem willow flycatcher
home ranges were routmely censussed, and modlfied Austrahan crow traps were once deployed ‘
throughout the basin and ad_;acent Santa Ana, Rtver inan attempt control this brood- -parasitic -
species and thus maximize, the local breedmg success of the vrreo, ﬂycatcher, and a !arge number
of other sensmve passenne bm:l specxes. o S : : ‘ :

DCSpltl.‘. 14 consectmve years of eowblrd management and habrtal conservation effons w:lhm t_he :

during the 1999 breeding season Four of the t‘ ve temtorlal ﬂycatchem hl_cely retummg to.
home ranges that were occupled during the | _previous-season, Pairs were ‘éventually found in enly
three of these home ranges. 'I‘wo of the three pmrlngs resulted m successful breeding, pmducmg
a total of five fledglings. "~ ' e e s

Although ﬂycatcher home ranges haye been detected nearly throughout the surveyed portions of ...

the Basin, successful- breeding prior | to 1996 had beert deteeted_ only in North Basin and; West :

Basin (Chino Creek) "From 1996 t01998 however, the only Successful breedmg oceuned in two .
- adjacent home ranges in South Basm Regardless. gwen that only three breeding pa.im of. -

southwestem willow ﬂycatchers were present wnthin the survey area durmg the 1999 breedmg

season, southwestem w1llow ﬂycatchers hkely are in danger of dtsappeanng fmm the Pradn

Basm and enmns - ; _

-The avzulable mformatton suggests that all three wrllow;ﬂycatcher subspecres breedmg in .
California have declined substanhally, with dechnes most critical in Z. 1, extimus, the
southwesteém willow ﬂycatcher, which remains only in ‘small, dis;tmct nesting groups (e g, Umtt
1987, U.S. Fish and Wildlife Service 1995}, like those found in the Prado Basin, Status reviews
or analyses conducted before the listing of the southwestern willow flycatcher considered
extirpation from California to be posmble, even I1ke1y, in the foreseeeble future (e g, Garrett and ~

Dunn 1981 Hams et al, 1986)

The Prado Basm populatlon is one of only six pexmanent breedmg sites that now exrst in
Califomnis, and only three soutkwestern willow flycatcher populatlons in Cahfomra contain 20 or
more nesting pairs. Despite the virtual elimination of impacts from livestock grazing to the large
and important flycatcher population on the South. Fork of the. Kem River (Harris et al. 1986,
Whitfield 1990), numerical declines in the population levels were observed in 1991 and 1992,
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Fortunately, increases in nesting success were realized in 1992 and 1993; these increases were,
attributed to removing cowbird cggs or ncstlings found in southwestern willow flycatcher ncsts, ;
and cowbird trapping (Whitfield and Laymon, Kem River Research Center, in litt., 1993), The
Kern River population consisted of 29 pairs in 1996 (M. Whitfield, pers. comm., 1996).

Another large, and relatively stable, nesting populatxon is along the Santa Margarita River on
Marine Corps Base Camp Pendleton, where cowbird numbers have also been reduced by .. :
trappmg. Approxlmately 20 pairs were. dciectcd on Camp Pendleton in, 1996 .The third and last -
“large” population pcrsnsts on the Uppcr San Luis Rsver, wherc 25 pairs were, detectcd in 1996 :
(Bil} Haas,pcncomm 1996). ‘ L e G

Although ﬁve other nestmg gmups werc known in southem Ca]nfomm in 1996 all but one of
these consisted of four or fewer ncsung pairs in recent years (Service, unpubllshed data) A tolal
of 104 pairs ¢ of southwestern willow ﬂycatchcm was recorded in California in 1996 and .- .
prellmmary data indicate that 100 paxrs were prescnt in thc state in 1998 (Service, unpubhshcd_ L
data) - SRR S R e i

Umtt (1987) rcvnew:d hlstorical and contcmporary mcords of thc soulhwcstem wﬂlow ﬂycatcher-f“
throughout its range arid determined that the. species had declincd pmclpltously during the last 50
years, Unitt (1937) argued convmcmg]y that the southwestem willow fiycatcher is faring. poorly .
throughout much of its breedmg_mnge (see. also Monson and Phillips 1981, Garrett and. Dunn ¥
1981, U.S. F'ish and Wildhfe Service 1995) Umtt (198‘7) has. postulated {hat the “total G
populat:on of the subspecies is well under 1 000 pairs; I suspect that 500 i is more lskely Recent
range-w:de surveys hava corrobomted Umu § hypothes:s.

16 | 'catcher, occupied npanan abitat becn. and remmn,.:-- 3
widely separated by vast expanses of relatively arid lands.. Hov}revcr. thc southwestern willow - ;-
fiycatcher has suffered the extensive loss and modifi cahon of these cottonWood—wﬂlow npanan g
habitats due to*doo to grazing, flood control projects, and olhcr water oz land development...

8 {¢.g., Klebenow and Oak}eaf 1984 Taylor and thtlefield 1986, Unitt 1987, Dahl, 1990 o
U.S. Fish and Wildlife Service 1995) Estimated losses of wetlands between 1780 and the 1980' £
in the American southwest are; California (51 percent), Nevada (52 percent), Utah (30 percent), o
Axizona (36 percent), New Mexico (33 percent), and Texas (52 percent) (Dahl 1990). Changes
in riparian plant communines have resulted in the, mductxon. degmdatlon, and elimination of -
nesting habitat for the willow ﬂycatcher, curtazhng the ranges, dlstnbunons, and numbers of .
western subspecxes mcludingE 1. extimys (e.g., Klebenow and Oa]deaf 1984 Taylor and : . :
thtlefield 1986 Umtt 198‘7 Ehl‘]l(:h e.t al 1992) v . s

'I'he specles is alos lmpactedby a vanety of other factors, 1nclud1ng brood para31tism by cowbirds ;
(Unitt 1587; Bhrlich et al, 1992; U,S, Fish and Wildlife Service 1993, 1995) Parasitism rates of -
flycatcher nests have recently ranged from 30 to 80 percent in California (Whitfield 1990; M. -
Whitfield and 8. Laymon unpublisked data) to 100 percent in the Grand Canyon in 1993 (U.S. .
Fish and Wildlife Service 1993). Mayfi ield (1977) concluded that a species or population mlght .
be able to survive a 24 percent parasitism rate, hut that much higher losses “would be alarming.” -
In any case, a composxte of all current information indicafes continuing declines, poor o
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- reproductive perfurmance. and continued threats to most of the extant populattens of ﬂycatchers
(e.g., Brown 1991; U.S. Fish and Wildlife Service 1992; Whttﬁeld and Laymon (Kem River
Resem'ch Center. In Iitr 1993). U S Fish nnd Wildhfe Semce 1993 1995 Service, unpubhshed
data) & ' .

EFFECTS OF THE AC’I’ION

The pruject mvolves conserving water withtn the ﬂood contml stomge spnce behind P‘rado Dam _
both during and after the flood season (BA). Rtparian habitat suitable for the ﬂycatcher and .
virco would be subject to inundation as a result of the project. Over the pest 6. years, earlier

walter conservation programs have resulted in thé prolonged inundation of riparian woodland

habitats in the Prado Basin. For instance, during the 1998 breeding season, water conservation .,
resulted in the holding of water at or above an elevation of 505 fect from February 25 unttl Mayf_
3], dunng whlch ttme habttats below'that elevation were enurel  unavailable to vii o
ﬂycatchers. N

conservation eﬂ’ons, ltterature reviews, and annlyses of the effects of otltet Prado Basm pro_;ects_._
and dctivities have resuited In'an elicidation of some of the real and potenti 'eff "tsp associated
with the tmplementation of the pmposed project. n particular, the flooding of virco ripanan e
woodiand habitats in 1995 aind 1998 In ¢onjunction with previously authorized water "\ "
conservation projectsin thie Piado Basin have resulted ing (1) degradatten and destruction of
riparian habitat elements below an elevation of 505 feet and a resultant redistribution of vireo .
homs ranges, (2) a marked increase in the use of exotic (pnmari!y upland) plant species | for nest :
' plecemcnt, (3)an inabihty to deploy cowbxrd traps i
a result, and (4) an clévatéd nest parasitism rate'in thé most affected area (West Baszn) during, at
“least, 1 year (The Nature Conservancy 1995, The Nature Conservancy 1996 Pike and Hays .
1998) _ . e

The preposed project is not hkely to du"ectly unpact local ﬂycatcher breeding pmrs, home ranges _
or habitats that are apparently “preferred” by the species: No Xnown flycatcher nests within the
Prado Basin, past or present; tiave béen in homes ranges established be1 evation O
feet, and no home ranges have been established below 505 feet, the maximim pool clevatton -
allowed; However, & ﬂycatcher male Was, ‘observed at an elevation of 505 feet, and the f"_] o
establishment of home ranges or placement of nests m appmpnate habttat below that e!evatton is
not precluded or unexpected

The pooling of water to an elevation of 494 feet dunng the winter (October 1- February 28)
would not diréctly afféct the vireo, as the | species is not present v within the pIOJECt area during thlsh
time period: Vireos typically arrive in the Prado Basin and southem California in mid to Jate
March, with territory establishment and nestmg takmg place from March through Jate 1 uly (kae '
and Hays 1999). Dispersal of fledglings and miafure adults typically occurs in August and
September. Vireos are only rarely detected in the Basin from 1 October to 15 March of each
nonbreeding season (see, for instance, Pike and Hays 1999).

optimum, proven locations, and, perhaps as -



Co!onellohn P. Carroil(I-G-QQ-F-’?é) o B T U LRI T S --;-:"*:;24

-However. suitable habltat for the vireo and, apparently, flycatcher does occur below. an elevation:
of 494 feet (Semce unpubi:shed data) 'I‘hus,'holdnng water at elevation 494 feet or below, from
March 1 to  September 30 could directly impact the vireo and, possibly, the flycatcher. “Water- -
held from 494 fect to 505 feet during the nonflood season from March 1 to September 30 has. ok
and could again, substantially inundate vireo habitat within the basin and thus preclude its use
during the breeding season or displace or impact vireo pajrs attempting to breed within that range
of elovations. Based on 1999 data, approximately 70 pairs of vircos occurred in home ranges that
could have been partially or substantially flooded if water wes held at an elevation of 505 feet .-
dunng the breedmg seasont. The mundatmn of vireo habltat may reduce the number of successful
breedmg pairs § for that particular s¢ason, cause a delay in breedmg due to the forced re[ocatron of
pmrs to areas of suitable habr!at, and force a reductmn in the number of nesung attempts. :

Drrect xmpacts to. wreo (and flycatcher) nests eggs. or nestlmg young are not expected to occur -

B} hccause the locauon and elevatwn of vireo nests wrll be. closely monitored each year.to ensure S
that floodmg of occupied vireo nests does not occur, As is discussed in the BA and Corps
project descnptron dam releases of up to 5,000 cfs will be made in an effort to prevent the -~
reservoir pool elevation from exceedmg elcvation 505 feet; or an elevation within 3 feet of the
cleyation. of lhe ]owest or:cupled vireo nest located lower l.han 505 feet. Af elevatmn 505 feet la

) th

unul the pqol ievel
-if possihle, to high'

in the BA that the 1oss of rxpanan habltat thhm the basm is an unavmdnble adverse unpact to thef
vireo, flycatcher. and bolh species’, desrgnated cntlca] habitats. BT i R R

Gwen the geographic distribution and elevations of vireo nests in the Prado] Basin during the

1999, breedmg season (OCWD Ietter #2; OCWD, unpubhshed datg); the expected rebound of the. =
vxreo_‘ pulatjon'to 199_8,1eve1s or beyond, and the anticxpated redistribution of breedmg pairs to; -
we.conclude. thatthe habita_,t of as many as 90 pairs of vireos may be unpacted
as & result of the implementation of the project as discussed bejow; In addition, as many as 5 -
additional palm Tay be harassed due to indircet effects of the pro_;ect .Critical habitat for the
:vireo,-which includes ﬂoodplains below, 543 feet in the. Prado Basin and all appurtenant
vegetanon, ‘will be the most significantly affectech ot e T T

Although the effects of flooding on nparzan habitat are drfﬁcult 10 quanufy. water conservation -
within Prado Basm may result i in; (1) vegetatmn mortahty (i.e., reduction in the aerial extent of
willow npanan habitat); (2) reducuon in species dxversuy, as plants mtolerant of ﬂoodlng BIS
reduced within the besin; and (3) structurai changes within the habitat, especially a loss of -
shrubby understory The primary 1mpacts on vireo include the indirect effects associated wrth the .
inundation of riparian habxtat the required nesting and foragmg habitat for this species. . :
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Past studies of the effects of, prolonged or penodrc water storage m the Prado Basm have resu!ted
in conclusions that the inunidation of riparian vegetation can alter or permanently destroy
constituent vireo and flycatcher critical habitat elements, Subsequent to comprehensive studies . .

of nparian woodland habitats with the Prado Basin proper, the Service concluded that “the lack ..

of plant specles divemty and the spars:ty of shrubby understory development below 490 feet in .
the Prado Basin ig attnbutable fo the past frequency, duration, and timing of. inundafion” (Zemba].
et al, 1985), ‘Frederickson (1979) had previously concluded, that plant species. drvers:ty at three .-
Missouri study sites deehned greatly as inundation levels beoame increasingly pronounced. In. ..
general, floodmg of trees can cause “the deplehon of oxygen to respiring roots; accumulauon of o
carbon dioxide in the soil, establishment of anaerobic conditions around the roots, and .
aecumu]ation of toxms (organlc aeids) in and around the roots" (Dames and Moore 1987)

hypoxi¢ or anaerabic soll ¢
plant, mclud.ing xespirau I

In general, wrllow spectes. especially black w:llow (Sahx gaaddmg:i) are fairly tolerant of;:- o
floochng during the growing and dorrnant__seasons. Black willow cuttmgs have survived flooded. ..

IS, Unpubllshe,d dala) Floo dlng durlng the

t deciduoys species, which lose their..

cuttings | have survwed ﬂooded soﬂ condmons (approxlmate]y 4 centimeters above the sorl lme) -
fora period from Aprtl 1997 through Mamh 1998 d. Altergott, unpub]ished data) ‘Mulefat is not ..
truly deciduous and during the non-growmg scason may | have higher oxygen requircments than . ...
deciduous species which reduces the. spemes flood toletance during the winter. Mulefat and .
other understory shrub and herbaceoUs speoles would be more likely to be subject to complete
rather than partial mundatron whtch may mcrease the adverse effects assocrated wnth water
_conservatton o ; : e et

Observations of ripatian habitats in the Prado Basin in 1997, 1998, and 1999 revealed that
mulefat was substantially impacted and almost entirely eliminated in the Basin below an
elevation of 505 feet subsequent to storage of water at that elevatlon during the spring of 1998.
Although not present in all vireg home ranges, mulefat is a primary component of the understory
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used by most breeding vireos (and ﬂycatchers). impacts to this plant species may affect the
structural compos:t:on of the habxlat lhus rcducmg its value for both the vireo and flycatcher.

In the extreme; prolonged water conservahon may suffi clcntly damage cnucal habltat to the
extent that is no longer vireo (or ﬂycatchcr) hab:tat Vireos no longer breed in riparian woodlands
in the far western portion of the South Basin that have been subjected fo :cpcatcd recent .
inundations (Pike and Hays 1992, The Nature Conschancy 1993, The Nature Conscrvancy
1997). These woodlands, although ‘suitable (and occup:cd) as rcccntly as 1989, are now almost
entlrely devoid of suitable nésting rmcrohabltat. Esseritial nestmg habitat elements in the lower
(generally western) portions of the South Basin evndemly have been ma:kcdly altcrcd and .

- reduced as a result of inundation, Apparently, the “mche—gestalt" (James 1971) of thcse areas
has been altered to the extent that the habitats extant no longer have the charactcnsuc _
vegetational reqmrements found in habitats that are normally selected, or "preferred” by vm-.os

In 1991, the Corps prepared an EA/FONSI to document impacts associated thh ycar-round
water conservation between elevations 490 and. 494 feet. No sigmﬂcant 1mpacts to vireos were
idenuﬁcd at that time. The Corps has concluded that ﬂood control opcratlons smcc Lho darn was,
amotints of vireo hab:tat thhm tho geogmphic total of 313 actes (I Altcrgott Corps of ‘
Engmccrs, in litt., 1999) tha i occur ‘between 490 and 494 feet within Prado Basm. chcrthelcss. _
riparian habitats below 494 feet were used by vireos during the 1999 brccdmg season (OCWD, -
~ unpublished data) and such habitats are increasingiy available to the specics during dry ycars,
durmg Whlch u:ne the vegctahon recovers to varymg degrees.

Approxxmatcly 642 acres of Cnl‘.lcal hab:tat for the vnreo are located between elevauons 494 and .
505 feet (Lairy Munscy International 1999), Becatise the proposed conservation of water could,,
and eventually will, flood vireo cntlcal habitat affer cssential habitat constituents have emerged
from dormancy, we conclude that all vireo and flycatcher habitat between 490 and 505 feet
eventually could, at least occasionally and temporarily, be directly 1mpacted by the proposed
project up to the target elevation. Because future climatological events or other extenuating .

_ circumstances cannot be predmted with any masonablc degree of precxsion, future projcct-rclatcd
impacts to critical habitat are equally unprcdxctahlc Howevcr, assummg that‘ (Da long-term -
average of 50 pencent of existinig virco habitat is degraded, destroyed, or otherwise rendered
unstitable or unavailable as a result of the project (e.g., EIS); and 2) 50 percent of the 311 acres
between elevations 490 and 494 feet is vegetated, approxlmatoly 400 acres of vireo critical
habitat, on average, could be substantially affected by the project. Inany event, pursuant to the
data and analysis.in the Fish and Wildlife Coordmatxon Act report preparcd for the project
(Zembal et al. 1985), as much as 228 acres of habitat capable of supporting the vireo and,
potentially, flycatcher may eventually be lost in conjunction with the initial proposed prOJcct for
water conservation up to an elevation up to 505 feet,

According to our regulations at 50 CFR § 402, we are required to analyze effects of the Federal -‘ |
-action that may be interrelated to, or interconnected with, the subject proposed project and/or
“reasonably expected to occur” as the result of the implementation of the project. Poténtial =
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interrelated or interconnected indirect effects of the action include, but are not necessarily limited
to, an increased presence of humans in smatler habitat areas, increased ambient noise levels and
vibration in habitats occupied by breeding vireos and flycatchers (due to the past documented
movement of vireos to higher clevations closer to Prado Basin roads and airport operations), the
infestation of exotic plants and animals and artificial concentration of predators and brood |
parasxtes in remammg (post-project) habxtals, and the dispersal of enviranmental contammants

Because of the apparent degrad.ahon of habitats at relatively low elevations, the center or core of
the South Basin population of vireos has moved significantly to the east and higher in elevation
{see The Nature Conservancy 1993a.b) In addition, whenever water is stored at ¢levations
approaching 505 feet, vireo pairs have been displaced to the far western portiona of the Basin
immediately adjecent to State Rouste 71. Thus, as a result of past water conservation,

- comparatively more vireo pmxs are now breeding (or have bmd) on or near the outer edges of
protected habitata and thus are in closer proximity to roads and Basin facilitics and
developments, mcludmg the Corona Municipal Altport. We therefore cancluds that the recent
water conservation-induced mod:ﬁcatxon, destruction, or inundation of vireo and flycatcher
habitats In the lower elevations of the Prado Basin have subjected vireos and, possibly,
flycatchers, to a variety of indirect threats that are the result of an Increased human presence in
occupied habitats at higher elevauons outside of the project area.

This mcreased presefice in the outér portions of the Basin is problematicsl in part because, as has
. been repeatedly observed, vireos often react strongly to the close approach of humans,
particularly when nestling or ﬂedgling young are also present Research has also documented
that the presence of humans at or near cowbird traps compromises the success of trapping efforts,
« particularly if the traps are'damaged or stolen (& .2-, The Nature Conservancy 1997). Moreover,:
the available data (¢.g., Salata 1987b) suggest that unnecessary human disturbances may =
-otherwise _;eopardjze vireo.nesting success. Predators and cowbirds may both be capable of
“homing in” on agitated vircos and subsequently destroy nearby nests. In addition, much of the
Prado Basin near higher elevation roads continues to be.used for recreational shaoting, dumpm 2,
> camping, paint-ball games; and cuIﬁvatJon of illegal plants, Many of these uctivmes have
- adversely. affected occupied cnucal habxtat for the vireo md flycatcher.

. The project-related creation and meintenance of habitat that may favor exohc plants and animals
could potentially slgmﬂcantly impact the vireo, flycatcher. and their riparian habitats and
artificially concentrate predators in unflooded areas. Specifically, the routine’ flocding associated
with the proposed project could; (1) induce the establishment or dispersal of castor been and
giant reed, two alien plants that dnsplace and destroy native riparian habitats; or (2) degrade or -
modlfy riparian habitats to the benefit of the exotic cowbird.

The increase and spread of alien plants, notably giant reed is continuing in the Santa Ana River
in gerietal'and Prado Basin in patticular. Although this escaped alien can colonize natural arcas
. after natural flood cvents, invasion of this aggressive plant is greatly increased by disturbances
such as changes in flow/flood regimes. Undisturbed areas vegetated with native species are
much more resistant to invasion by this and other alien plants. The disturbance associated with
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water storage is expected to substantlally increase the potential for invasive specics to propagate .
or become estabhshed in pro;ect area, : :

The cowblrd populauons in the Ptado Basm and conhguous reaches of lhc Santa Ana Rwer
apparently are of a comparatively higher abundance and density (see Pike and Hays 1999),. Thrs
apparent, relatwe abundance of cowbirds within the Prado Basin may well be the result of the
rather ¢lose juxtaposition of host-rich riparian habitats and expansive feeding areas in and around
nearby dairies, !ivestock opcratwns, and agncultural fields (see, Zcmbal et al, 1985, Hays 1987
andlpwther1993) R T e

In support of this hypothests, the available data reveal that the number ot' cowbirds rcmoved from
Prado Basin habitats from 1936 to 1989 @3, 115) obv:ously far exceeds the number (1,282) that
were removed during this same time frame (or any other 4-year penod) from the well-managed
and much larger Camp Pendleton locale (Salata 1987b; Sladchuck. Marine Corps Base, Camp -
Pendleton personal communicat:on, Swectwater Enwronmcntal B:ologxsts 1989; Fishand
Wildlife Servxee, unpubhshed data) Swectwater Environmental Biologists (1989) reported a .
yield of 0.17 cowbirds per trap. day at Camp Pendlcton dunng 1988; the comesponding figure. fnr .
the Prado Basin in 1988 and 1989 was 0.9 cowbirds per trap day.. However, these same authors . -
repened that the cowbird parasitism rate at Camp Pendleton had been reduced tolessthan 1.
percent in 1988 and 1989, a figure that is far less than any l-year average rcpnrted thus far for the
Prado Basin (see Pike and Haya 1999) LI T LN RN O
Accordingly, because t.he rate of parasmsm of vueo nests 1n the Prado Basm has been as hxgh as
100 percent (Zembal et al, 1985), any project-related feature that prevents the management of .

this species is highly pmblematxcal "Previous studies have nevealed that the storage of water in -
the Prado Basin has' prevented the deployment of cowbu‘d traps in optimum, proven locations, .- -
and, apparcntly as a result, caused or contributed to an elevated nest parasitism rate-in the most o
affected area. (West Basm) (The Nature Conservancy 1995 ‘The Nature Conservancy. 1996, Prke
and Hays 1998) "The ava:lable evidence also suggests that cowbirds are able to efficiently . .
exploit nests that they are eas:ly able to detect in fragmented landscapes or in habitats with . .
reduced vegetation densities and volumes, In essence, became “female cowblrds find nests by )
watching other birds and by actively searchmg for nests” (Van Tyne and Berger 1976: 527), nest-
finding by cowbirds and predators may be facilitated in areas that are devoid of luxuriant, near-
ground vegetations or otherwise disturbed. In addition, the expected increase in human presence
at less remote, hlgher elevauons within the Prado Basm could compromxse management efforis
to effecuvely control cowbirds. The Vandalism of cowbird traps has been, and remains, . |
problematical in tho higher (mon-. access1ble) portions of the Predo Basm and adjacent Santa Ana
River and Temescal Creek. , L N

Given the discussion immediately above and because implementation of the pruject will
effectively reduce the amount.and quality of habitat avmlable to the listed species and predators
alike, predation-of vireo and flycatcher rates may increase. Not surprisingly, the 1998 rate of -
depredation on vireo nests (45 percent) was one of the twe highest figures recorded during the 14
year momtonng and management effort in the Basin (Pike and Hays 1999) Due to the
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availability of water and sustained water conservation during the 1998 brceduig season, the pool
elevation remained at 565 fcct until June and dud not fall to 300 fect until July (Corps,
unpubhshcd data). -

Although the proposed project does not dnrectly increase the potential for noise and vibration
impacts to.vireos, the disp!acement of vireos to'the vicinity of the Corona Asrport State Route
71, and other Basin roads could pose an indirect; potent:al threat to the vireo and the flycatcher
within the project action area (c.g, RECON 1988; Pike and Hays 1992). Noise and vibration are
- thought to be potentially harmful to a variety of bird species (Gunn and Livingston 1974, .
RECON 1988, Pike and Hays 1992). Many birds have acute senses of hearing (Dooling 1978,
Knudsen 1978, Pay and Feng 1983) and researchers have documented and described the ncgatwc
effects of noise on birds, For instance, Fletcher et al. (1971) reportcd that few, if any, of the
reported or suggested effects of noise on wildlife would benefit them or increase their chances
for survival, whereas known, detrimental noise effects may decrease their chances for survival or
even lead to their death, In ihe cxtreme, the appan:nt cffects of nmse can be devastatmg to .
wn]dllfc populahons. T . : o

Upon mv:ewmg the body of relevant &cientif' ic reseamh Dufour (1980) of the anronmental
Protection Agency (BPA) identified four major categones of noise effects on wildlife: 1) audltory
physiological, 2) nonauditory physiulogical 3) behavioral, and 4) masking. Although maskmg
(i.e., interference with the reception of auditory signals because of interfering environmental _
noisc) and behavioral considerations are of primary concern in this instance, Dr. R. J. Dooling
(1987), bloacoustics expert from the Universnty of Maryland, stated and documented that “as
studies with humans have shown, noise has other deleterious effects (other than masking) and
there is no reason to think that noise would not effect animalg in the same way,” Vorinstance, .
Gunn and Livingston (1974) reported that a bird population exposed to helicopter disturbances
and human activity suffered (in contrast to the control population) lower hatching and ﬂedgmg
success and increased rates of nest abandonment and the premature dlsappcarance of nestlings.
Woolf ct al. (1976) concluded that prenatal audltory stlmulatmn can affect the dcvelopment (and,
therefore, the physlology) of an avian embryo msu!e anegg. :

“Maskmg," howevcr, may be most detnmenta.l to small perchmg birds, like the vireo and
fiycatcher. In essence, “excess sound can interfere with the. petcephon of important, relcvant
auditory signals” (Miller 1974). Whether a vireo.or ﬂycatcher receives potentiatly vital auditory
information depends on such noise parameters as environmental attenuation, signal to noise
‘ratios, and discrimination of the receiver given the background noise. The pertinent biological .
literature suggests that birds utilize their sense of. hearing to locate their young and mates, to
establish and defend terntones, and to locate and evade predators (Scherzmger 1970 and Shen
1983). The latter author observed that the ability of a bird to detect vibration may be crucial for
sensing approaching predators, particularly if the birds are sleepmg. The life of a vireo or
flycatcher may well depend upon its detection of an alarm call given by another vireo or
flycatcher (or other source) that warns of the appioach of potential predators.
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Masking noise may also affect the brcedmg behaviors of affected birds. Dooling (pers. comm.,
1987) concluded that, if “noise masks vireo song for the human (at some given distance) then it
probably also significantly masks vireo song for the vireo.” Dooling continued that “the human
almost certainly does better than the vireo in hearing a signal in noise around 2 to 4 kilohertz
(probably about twice as good),” Given Dooling’s remarks conceming the relative acuities of
human and vireo hearing and the aforementioned dependence of the vireo (and many other bird-
species) on their sense of " hearing, unabated, maskmg noise could adversely affect vireo or-
ﬂycatcher pairs or mdiwduals that are prescnt im, or adjacent to, the subject action area. -

Over the courss of the past l4~year study of the vireos and ﬂycatchers in the Prado Basm it has -
become increasingly apparent that ambient noise, particularly that caused by low-flying
helicopters and fixed-wing aircraft involved in “touch and go" excrcises, have posed a threat to
vireos, flycatchers, nnd a large number of ather species in the southem and westemn pomons of
hePradoBasm. : S cot (o

Most récently, aircraft ioise was parucu!arly pmblemaucal in 1997 in the southern pomons of
the Prado Basin. Routine censuses and data collection historically have been difficult in portions
of the basin because of nearly continuous aircraft noise that masks the vocalizatlons of subject .-

. birds (and v:rtually cvery other ambient sound), Noise was often contributed simultanecusly by
thres (or more) aircraft and was frequcntly, apparenlly problemaucal for penods up to 90 n‘unutes
in length ('I‘he Natu:e Conservancy 1997). . ST

~NY The contmumg imp]ementanon of the project also creates an mmased risk of habltat degradation
% - and impacts to individual vireos and flycatchers resulting from the dispersal of envumunental
',\-’.‘.' ;({;; contarninants.. The storage, use,. and potent:al spillage of herbic&des, oil, fuel, petroleum
Tl products, solvents, in dn area thatis within a designated flood control basin and water .
NS conservation project areas occupied by the vireo and the flycatcher would appear to be

e ;J;i\ ptoblemancal The unmxtigated dmpersal of envnronmental contaminants (e.g., crude oil) as
WY result of the 1mplementauOn of the pmject durmg spring and summer. months could have

catastrophic’ cansequences to breeding vireos, ﬂycatchcrs, and their des:gnatcd critical habitats.

During the course of the current study of the vireos and ﬂycatchers within the Prado Basin and
environs, seveml apparently well-incubated vireo clutches failed to produce a single viable

nestling (e. g., Hays 1989). Entire cluiches failed to hatch in three cases and all vireo nestling
young failed to survive in two other instances dunng the early part of the 1988 breeding season.
In 1994, four full clutches failed to hatch. One apparently infertile female is thought to be.

. responsible for 2 of these clutches. In'1997, a nestling with a deformed upper mandible was
observed in'a nest. Such abnormalities are often the expressed rcsu]t of exposure to .

' envxronmental contammants :

Preliminary investigations by office personnel have resulted in the discovery of abnormalities in
invertebrate specimens that were collected within the Prado Basin that often are attributable to
toxic levels of various pollutants. Specifically, crayfish (Procambius clarkii) with abnormal
appendages have been found and several Chinese river clam (Corbicula fluminea) specimens
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exhibited shell ring patterns that indicated irregular growth (Service, unpublished data). The .
Service concluded also that several age classes of Chinese river clams appeared to be missing
from the riverine habitats that were surveyed, ‘This phenomenon may be the result of episodic,
lethal €xposures to toxic substances, Most :mportantly, preliminary data derived from the .
toxicological testing of specimen, abandoncd vireo eggs from the Prado Basin by the Service
have revealed the presence of DDE (a mctabolltc of DDT) in concentrations that could cause -
cggshell thinning (Scrvice, unpubltshcd data) : . o o

Given all available infomlation on the subject the bmaccumulauon of toxic substanccs may. have -
caused, or Contributed to, observed vireo reproductive failures. Because of the potentml toxic
effects of ail herbicides, p-csticides crude oil, aircraft and automobile fuels, and noxious
chemicals that are normally associated with operations and maintenance activities, thess - .
envimnmcnta! contammants cannot be allowed to dlsperse within the Basin, .

Given the scope and extents of the above-d::scnbed potcnual project-m!atcd lmpacta we -
concludc that project-induced habnat destruction and alterauon in the project area u l:kcly to

further concludc that pmject~related aclivitien. as descnbed, could result in the funher :

fragmeritation and destruction of vireo and flycatcher habitat or otherwise significantly impact -
the species and their critical habitats. A composntc of all such impacts likely could jeopardize the
vireo and adversely modxfy critical habxtat for the vireo and flycatcher in the absence of .. :
substantial 1mpact avondance, mmxmizauon and compensatmn measures proposcd by the pro;ect g
propanent - B o L R ‘

~ Although managemcnt efforts ev1dently have resulted in sigmﬁcant mcreases in local virep -

recruitment and population size (Pike and Hays 1999) and progress towards the eradication of

giant reed in the Prado Basin and Santa Ana River Watershed as a whole, we do-not believe that

. the Prado Basin populanon has enmely recovered or that it would continue to prosper in the
absenice of effective management, which largely depends on the detection and removal of exotic .
biota from vireo and flycatcher habitat and the élimination of other threats to the species.. For
instance, given the relevant data analysis tegardmg 1mpacts of cowbird parasit:sm on the vireo -
and flycatcher and the efﬁcacy of cowbird management programs (e.g., Pitelka and Koestner -
1942; Mumford 1952; Barlow 1962; Salata 1983a,b, 1984, 1986, 1987a,b; Jones 1985; U.S, Fish -
and Wildlife Service 1986, U. S, Fish and Wildlife Service 1995, U.S. Fish and Wildlife Service
1998), it seems reasonable to conclude that the Prado Basin population of vireos would have
been subjected to much higher rates of cowbird parasitism and suffered greater rates of
reproductive failure in 1986 (Hays 1986), 1987 (Hays 1987), 1988 (Hays 1988), 1989 (Hays

' 1989}, 1990 (Hays and Corey 1991), 1991 (Plke and Hays 1992), 1992 (The Nature Conservancy
1993a), 1993 (The Nature Conservancy 1993b), 1994(The Nature Conservancy 1954), 1995 (The
Nature Conservancy 1995), 1996 (The Nature Conservancy 1996), 1997 (The Nature
Conservancy 1997}, 1998 (Pike and Hays 1998) and 1999 (Pike and Hays 1999), in the absence
of an effective, proactive cowbird management program, Recent, published treatises on the
efficacy of cowbird trapping programs as part of comprehensive vireo and flycatcher
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management efforts corroborate this fundamcntal assumpuon (i, € Kus 1999, Whttﬁeld and e
Soggc 1999 and Whltﬂeld et aI 1999) : : P B
Although approximau:ly 228 acres of virco habrtat may be cvcntua]ly destmyed or degraded as a
reault of the pmjact and 400 acres of vireo critical habim ‘may | be affected, wo antrcipate that the ..
amount of vir¢o (and flycatchcr) habitat will evcntua]ly increase in the Prado Basin in hght of
OCWD’s past and present commitment to replace habitat values and proposal to manage. their
property to maximize resource (mcludmg riparian woodland) values. The OCWD has already
replaced approximately 100 acres of vireo habitat and is committed to continue restoring (and,.
allow the restoration of) floodplains and wetland habitats'on OCWD lands, Based on additional .
compensation offered by the OCWD, we expect that an addmona! 130 acres of vireo and
flycatcher habitat can be replaced within the next 5 to 10 years, Any habitat created abovc and
beyond this amount on the remainder of OCWD or Corps lands would rcsult inanetincreasein .
~ habitat extent. Given the current and proposed size of the compensation fund cndowments and o
- the additional comrmtrncnt of OWCD to replace substantial quantities of mulefat on OCWD and Lo

Watcrshcd. ‘As is reﬂected in the "Descnpt.ion of thc_Pmposcd'
management will largcly consist of exotic plant control,’ Wi
reed and other exotic specles llkely wvuld eventually degra or dcstrox 1gmﬁcant poruons of .
the native tiparian habitats present in thé Basin ‘and adjacent watershed now and in the future. .
Upstream reaches of the Santa Ana River are presently heavily infested with giant reed; a species
that creates fire and ﬂood _hazards wherever it occurs. This speclcs, which successfu .

'agenéres have’ mogmzed thc value of worlung coopcrauvely in pu ir i ‘s
apprnach in’ managmg the various resources in Prado Basin and havu recogmzed that a dedicated -
giant reed removal program wrll uitrrnately prove to bc cssennal in conserymg and gustamrr_lg L

RS Lrel o

Fortunately, the Rrverside County Parks and Open Space Drstrict and a multragency task force
led by the resource conservatxon drstncts of Rrversrde and San Bemardmo Countles and thc

Ana Rlver Conservation Fund, whrch funds cxotrc plant contro] pro_;ects admrmstered by the
aforementioned Resource Conservation sttncts In addmon, the OCWD has committed to use
thelr own personnel to cradrcatc glant rced on OCWD properties, selachvely rcvcgetate portions .
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of the Prado Basm. and fund a resoun:e conscrvauon dxstnct employee charged wnth overseemg

Secondly. OCWD's cornnulmenta to fund the equwalent of four full-trme seasonal emp!oyeea to
participate in the ¢urrent vireo and flycatchér monitoring and management effort and contmue :
the cowbird eradication efforts year-round will almost certainly maximize the potential for -
maximum reproductivity and population growth for both species. This recent lmplementation of
this impact minimization measure has cffectively doubled the person-hours dedicated to-- -~
management effons each ycar (sce Prke and Hays 1999) Based on the results and ana]yses ot' 14
range of the these two specxes. we fully expect that the numbers of vneoa and pethaps. ,
flycatchérs will incredse as a direct result of increased management ¢ efforts.(e.g., Salata 1983a b -
_'1984,°1986, 1987a,b; Hays 1986; Hays 1987, 1988, 1989, 1990; Hays and Corey 1991; Pike and -
. Hays' 1992 The Nature Conservancy 1993a,b; 'I'he Nature Conservaney 1994. The Nature -
any case, past management efforts in the

% Prado Basin, which have been funded largely by the GCWD, apparently have been largely .-

responsible for an mcreasein the, vireo population from 1,9 pairs in 1986 to 224 pairs in 1999 and.
' p on_o the local ﬂycatcher populatwn. i

In sununary although direct and mduect impacta to the vu'eo and desngnated cnttcal habltats are B
' substantial, the magnitude and natuze of the impact avoidance and compensation measures that
will be implemented and minor changes in the projects that have been invoked by the Service
putsuant to the Federal regulattons at 50 CFR §402. 14(1)(2) are expectcd to prevent impacts that: -
may oﬁlerwise threaten the aurvwal and recovery of the vireg (and flycatcher) and meparably

Because we cannot assess with ¢ any certamty the relauve impacts of the repeated storage of water
associated with: futurc, as yet unknown. mﬂows, the present analysrs assumes only that the -
average yearly ptec:pttatton dunng the life of the ,eurrently proposed pmject will not excced the -
average for the past 14-year study peiiod and that wastewater discharges above the Prado Basin - -
will not will srgmﬁcantly increage base flows beyond the present average.. The present analysn;
does not, for instancs, include consrderatrons of: (1) futurs, as. yet unknown, water control -
operations at the Seven Oaks Dam; (2) : any potentlal increases in base flow resulting from .
petitions by the praject proponent to import additional water into the project ares, mcludsng a .
proposal to “appropriate up to 800 cfa for storage dnd up to 146,80-0 afa by storage in Prado. -
Dam” and additional locations in Orange County (State Water Resources, Control Board, in litt.,
1999); or (3) wastewater efﬂuent base flows above the recently—observed average of 260 cfs.
(Corps, unpubhshed data) VU S S

Although rising groundwater and waterahed runoff mflows contribute, treated wastewater frorn
the sewage treatmént plants upstream currently isa sxgmficant input source and may eventually
exceed 450 cfs (BIS). In fact, wastewater efffuent dlscharged above the Prado Basin in the Santa
Ana River watershed increased 39 percent from 1986-1987 (110,780 acre-feet) to 1996-1997 --
(154, 290 acre-feet) (Santa Ana River Watermaster 1997). However, récent proposals to reciaim
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wastewater now discharged by the San Bernardino/Colton RIX facility and the Inland Empire
Utilities District into the Santa Ana River watershed above the Prado Dam render as speculative.
future predictions regarding future base flows into the Prado Basin. Additional direct, indirect,
or interrelated or interconnected effects of the action, as yet unknown, must necessarily be
addressed lf and when they become known or appa:ent per the regulauons at SO CFR § 402

CUMULATIVE EFFECI‘S

Cumulauve effects are those 1mpects of future non~Federal (State, local government or pnvate)
activities on endangered or threatened speetes or cnttcal habitat that are reasonably certain to..
occur during the course of the Federal activity subject to consultation, The action areas of
scveral proposed Federal (¢.g., Cerps, Bureau of Land Management Bureau of Reclamation) : -
projects include, or overlap with, the action area of the project considered herein; In addition, the
Corps owns the majority of !and behtnd Prado Bastn, much’ of which is leased out for recreatton 5
use. However, Pederal pro_|eets and land use authortzat:ons that affect listed species wnthm the B
foresccable future elicit direct Pederal involvement thmugh Federal regulatory | processes.: i
Moreover, thé two’ spectes cons:dered herein Iatgely and rouunely utilize habitats that are. wnhm
jurisdictional wetlands or watets of the United States, under the Jurlsdiction of the Corps and :
EPA. Futire Fedeial actions are subject to the consultation requirements established in section 7
of the Act and the implementing regulati ns. pettatmng thereto and, therefore, are not,cons:dered
cumulattve in the proposed pmject ) L

Other pmjects without a demonstrated federal nexus' could nesu t in. s gmﬁc ant cumulatwe effects
to the specxes ofits designated critical habttat. However, sectton 9 of the Act prolubtts the teke
- of the vireo and flycatcher,” The development of a habttat conservauon plan (HCP) is required ;.
for the issuance of an incidental take permit that would allow vireos to be taken outside of the
conservation areas establtshed pursuant to the terms and conditions outlined in an acceptable -
HGP and its, accompanytng implementing agreement. 'l"hus far, the Semce has not approved any.
* such HCP wulun the project action area and therefoxe, has not lssued an mctdental take penmt '
for the vireo or ﬂycafcher. In the absence oflllegal take or_the_unauthonzed destruction of.. :
- protected wetlands of waters of the Umted States or npanan ,egetatmns pmteCted by State law,
no further loss.of occupted habitat would be anttclpated unless.and unul a pertmt is issued..
pursuant to sechon IO(n) of the Act and tts implementtng regulattons et

Given the hlStOl‘y of land use in the project actton area, other authonzed and unauthonzed land ,
use activities may result in direct, cumulative effects to the : species, Within the last few years, we.
have documented at least 30 instances where cleanng or filling, of riparian habitat has eccurred in
Orange and westem Riversids counties. Most recéntly, a Corps lessee mowed, in 1998 and 1999,
less than 2 acres of riparian habitat suitable for the vireo and flycatcher within the basin adjacent
to Chino Creek. In addition, Corps operations and maintenance work completed in late 1998
resulted in the clearing of less than one acré of riparian habitat suitable for the virco and :
flycatcher (see BA). The Corps Operat:on Branch is workmg w1th this. otT tce to address these . -
issues, Also, in the fall of 1999, approxlmately 2 acres of critical habttat was destroyedor
degraded in conjunctmn w1th the construction of roads, apparently on OCWD property, in the
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western portion of the Basin. The Corps Regulatory Branch and Service are working to resolve
this additional, apparently unauthorized deposition of fill mvolvmg conconnlant impacts to
accupied vireo habltat.

In addition, inﬁastructurc repairs following storm events and other projects within the Prado
Basin and adJaccnt Santa Ana River often have not been permitted by Federal and Stato
regulatory agencies, or the permitting has occurred after the fact. Allhough some apparently
unauthorized destructions of habitat have resulted in enforcement actions by the Corps and EPA,
many unauthorized activities go unresolved. These types of activities all have the potential to
impact the virco and the flycatcher dnrectly through mortality or indirectly due to loss or
degradation of habitat.

Although the unauthorized destruction of riparian habitat within the Prado Basin seems to be
slowing, overall, in recent years, the unauthorized destruction of this habitat type likely will
continue in the foreseeable future within the ranges of the two considered species. Some of this
habitat apparently could be utilized by the vireo and flycatcher for nesting and foraging.
Nonctheless; the Santa Ana River Conservation Trust Fund is intended to manage sensitive
biological resources from a watershed perspcctivc, thus lessening the hkcllhmd of future
cumulative lmpacts (BA) :

CON CLUSION o

- After reviewing the current status of the vireo and flycatcher, the environmental baseline for the

-~ action area, the effects of the proposed projects and the cumulative effects, and the commitment

- -of the Corps and project proponent to provent or minimize the destruction of occupied vireo and

+ +flycatcher habitat to the extent possible, it is our biological opinion that the action, as proposed,

. is not likely to jeopardize the continued existence of the vireo or ﬂycatcher. Although the

- proposed action will alter designated critical habitats for both species, we conclude, on the basis

- of project-related impact avoidance, rmmmtzatmn, and conservation measures, that such
alteration will not appreciably diminish the value of thesé critical habitats for the survival and
recovery of bath listed species and, thus, the proposcd action will riot result in the destruction or -
adverse modification of critical habltat t‘or the vu'eo and ﬂycatcher We base this conclusion on
the followmg reasons‘ : :

1) - Although the number of vireos that may be harmed or harasscd as a result of the project is
anticipated to be large relative to the total popu]atlon numbers remaining in the Prado
Basin, substantial measures have been, and will be taken by the project proponent to
minimize, overall, potential impacts to the vireo and flycatcher and provids for the
recovery of both species:

2) The direct and indirect impacts of this proposed action to the vireo and ﬂychtcher
popuiations have been minimized through project conservation features.
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3) Although the primary constituent clements supporting vireo and flycatcher are present
within each pﬂ}jbcl arena and as much as 400 acres of vireo critical habitat may be
impacted or altered, on average, over the life of the proposed project as conditioned
herein, implementation of the proposed action, along with the proposed avoidance,
minimization, and conservation measures, likely will not result in the destruction or
adverse modsfic:anon of dem gnaled critical habitat for either species by appracxably
dmumshmg the value of these critical habitats for both the survival and recovery over
time. Substamia] measures have been taken, and will be taken, to sustain the quantity and
'quahty of vireo and flycatchcr critical habilat within the praject acuon area and rcmaindar

“of dwgnated cntica] habitat within lhe Santa Ana River watershed. IR

INCIDENTAL TAKE STATEMENT

Section 9 of thc Act and Federal rcgutatmn pursuant to scct:on 4(d) of thc Act prohzbu the take

of endangered and threatencd specics, respectively, without special exemption. - Take is deﬁncd

as to harass, harm, pursuc. hunt. shoot. wound, kill, trap, capiure or collect, or to attempt to
engage in any such conduct, Harm is further defined. by the. Service to include significant habrtat
modification or degradatxon that results in death or injury to listed species by significantly
impairing ssential behavioral patterns, including breeding, fccdmg, or sheltering. Harass is
defined by the Service as intentional or negligent actions that create the likelihood of injury to
listed species to such an extent as to significantly disrupt normal behavior patterns which

include, but are not limited to, breeding, feeding, or sheltenng Incidentel take js defined as take
that ig incidental to, and not the purpose of, the carrying out of an otherwise lawful activity.:

Under the terms of secﬂon 7(b)(4) and section 7(0)(2), taking that 15 incidental to and not - -
intended as part of the agency action is not considered to be pro!ubited taking under the Act EIS
provxded that such taldng is in compl:ance w:th the terms and conditions of this Incldental Take B
Statement. . T o

- The ieastres described below are nondlscreﬂona:y, and must be undertaken by the Coxps 80 that

. they become bmdmg condxtmns of any grant, . permit, or agreement issued to the OCWD, as- - i+
appropnate, for the exemption in section 7(0)(2) to apply, The Corps has a continuing duty tO

regulate the act:vuy covered by this mcidental take statement. If the Corps (1) fails to assume -

and implement the ienms and conditions or (2) fails to require the OCWD to adhere to the terms

and conditions of the incidental take statement through enforceable terms that are added to the

permit or grant document, the protechve coverage of section 7(0)(2) may lapse.. To monitor the

impact of iricidental takc, the Corps and/or OCWD must report the progress of the action and its

impact on the speclea to tlus office as spet:lf' ied in the mcndental take statement, (50 CFR

§402. 14(1)(3))

AMOUNT OR EXTENT OF TAKE

~ ‘We anticipate that the following amounts and types of take could oceur as a result of the
proposed action end hereby authorized over the life of the project:
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1. The harassment of 10 vireos that may be indirectly impaclcd (e.g. deprcdatcd ‘
... -.-parasitized, 1mpacted by noise) as a result of the 1mplemcntatton of the pijCt, and
2. .. The harm of 90 pairs of vireos or 180 individual vireos over the life of the project due to
- .. the peﬁgd.lc, tempur‘ary flcoding, destructmn or degradation of occupxcd habttat

3, Zero takc of the ﬂycatcher is anhc:patcd

The death or harm of embryos in vireo and flycatcher eggs; the death or harm of vnrco and
flycatcher nestling or fledgling young, and the death or harm of juvcnllc and adult vireos and
flycatchers is not expected asa result of the implcmentatxon of thc proposcd projcct and ls,
therefore, not authorized, - B T LI R

EFFECI‘ OF THE TAKE

In thc accompanymg b:ologtcal oplmon Wc dctemnned that this Ievel of anumpatcd take is not
likely tq result in Jeopardy to thc spccles or dcstructton or adverse modtﬁcatlon of cnttcal habitat.

REASONABLEANDPRUDENI‘MEASURES "

We beheve the followmg reasonable and prudent mcasures are necessa:y and appmpnate: to
minimize take of wreos and ﬂycatchers'

1) ,;Take of ﬂycatchem shall be avmded and take of vireos shall be rmmmizcd through the
- .implementation of best management practices, strict adherence to the project descnptlon ,
. [-including all proposed conservation features; complsance with ail wildlife protection ..
.. Btatutes to minimize direct and indirect 1mpacts to the specxes. and the adh
stnctly-de!ineated pro_;ect boundanes. . . ;, o

2) o -.The degradatmn or destructlon of vireo and ﬂycatcher cntical habitats m th_ ﬁmjcct
+-..action area will be avoided or minimized by the conservation, to the extent. poss:ble, of
existing riparian and wetland habitats in the project action area, the prevention of project-
related impacts to critical habitat elements in the project action area, the proposed
replacement of project-related 1osses of habitat values, and the conservation of vireo
5 cnttca] habltat in the Prado Basm and remamder of the Santa Ana Rtver watershed.

TERMS AND CONDITIONS

To be exempt from the protubltions of section 9 of the Act the Corps and OCWD must comply
with the following terms and conditions, which implement the reasonable arid pnident measures |
described above and outline required mporhng}momtonng requn'ements These terms, and.
conditions are nondiscretionary, - :

1.1 The Corps and the OCWD shall implement the project exactly as described in the
sections entitled “Description of the Proposed Action” and “Conservation Measures
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(above), and shall, in addition, implement all impact avoidance and minimization
measures described above in the “Conservation Measures' section, biological assessment,

- and all other relevant letters and documents. The Corps.or OCWD or their agents shall
ensure that these measures are exccuted for the life of the project. In particular, the Corps
and OCWD shall ensure that vireo and flycatcher monitoring and management efforts
shall mect or exceed 1998 levels for the life of the project. .-

1.2 The Corps, OCWD, or their agents shall obtain all necessary local, State, and Federal
- permits to implement the project. In particular, the Corps and OCWD must obtain any
necessary permits from California Dtpartment of Fish and Qame, The incidental take
authorization in this biological opinion is not in effect in the absence of any or all such
permits,

1.3 If, in the event that raising the water conservation poot to c!evatton 503 feet threatens
existing occupied nests of vireos or flycatchers, the Corps, OCWD, and the Scmcc shall
. dedicate the necessary personnel to physically relocate nests or take other stcps as '
necessary to prevent the unauthorized take of vireos and ﬂycatchcrs.

14  The Corps and OCWD or their agents and lcssees shall not attempt to implcment the
project if such implementation could result in the dispersal of crude oil, petroleum® -
products, or any other toxic substance or hazardous material into vireo or flycatcher
habitats. To this end, the Corps, OCWD, or their agents shail implement the project if
and only if no crude oil, petroleum products, or any other toxic substance or hazardous
‘material is detected that. would be Inundated or dispersed by water in the project area. No

‘equipment { that is determined to be leaking fuel or other fluids shall be utilized in the

project area. No mechanized equipment shall be used within 10 feet of any pipelines or
other infrastructure transporting or containing crude oil or petroleum; or petroleum
products on Corps-owned lands. The Corps, OCWD, or their agents shall be responsible
for inspecting the project area to insure that habitat and habitat restoration areas are frée
from pettoleutn products and contaminant spﬂ!s pnor to, and dunng, the 1mplemcntat:on
of thc project. s e : ,

1.5 The Corps, OCWD or thelr agents shall pursuant to the regulat:ons lmplcmcntmg
section 7 of the Act; (1) monitor pre-project and post-project conditions, and (2) report
yearly on the extent of critical habitat altered and the number of vireos and- flycatchers
harmed or harassed as a direct or indirect result of the implementation or enabling of -
project-related activities, This report is due on December 15 of each calendar year. The
rcport shall contain an introduction and methods, results and discussion secnons
consxstent with the scientific method.

2.1  The Corps, OCWD or their agents shall create proposed repiacement habltat pursuant to
the following requirements?
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2.2

a,

€.

-Gmnt reed eradication and habitat restorat:on arcas above 505 feet in elevation

that are specifically and umquely atithorized for that purpose by the OCWD or
Corps shall be identified prior to the initiation of the water conservation project.
Giant reed cradication and revcgctatlon and restoration efforts, including -
appropriate monitoring and maintenance efforts, shail commence immediately
upon the initiation of any project feature that results in the destruction or.
degradation of critical habitat and shall continue until the replacement habitat is
deemed to be “acceptable.” Replacement riparian habitat shall be deemed
acceptable habitat if: (1) the habitat is occupied by a brecding pair of vireos or
flycatchers; or (2) the habitat is occupied by breeding yellow-breasted chats
(Icteria vireris); or (3) the habitat is demonstrated, to the satisfaction of the Corps
and Servlce, to be riot signifi cantly different stahshcally in terms of structure and
compositlon from Prado Basin vireo-occupied habitat or willow woodland
habitats with understory as characterized by Zembal et al, (1985) and Zembal
(1986); or (4) the Corps and Service biologists concur that the habitat apparently

* has the appropriate “nichc-gcstﬁlt" (James 1971), characteristics and is suitable for

occupation by breeding pairs of vireos or ﬂycatchers Onco any approved GCWD
restoration project is proposed to be cumplete the Service and the Corps must be
notified in writing; -

All revcgetation efforts shall be conducted acco:dmg toa plant palcttc subjcct to
thc approval of the Service and Corps. , Lo

To avoid conflicts with nesting vireos (and, posslbly, ﬂycatchers) the OCWD
shall conduct giant reed eradication and restoration and revegetation activities
only before March 15 or after September 15 of each calendar year unless -
specifically authorized to do otherwise by.the Corps.and Service. Although in
some cases weeding and other restoration site maintenance aclivities will be
necessary and prudent during the vireo and flycatcher breeding 58as0Ns, .

- authorizations must be obtained in advance to preclude the unauthorized take of

Ilsted specnes whlch is mcreasmgly likely ; as the restoration habitat matures,

The OCWD or its agents or lessees shall develop methods and measures to protect
created and restored habitat areas from attracting or propagating exotic predators
(e.g., rats, Ramw sp., bullﬁ'ogs, Rana caresbiana) and alien plants (e.g., giant
dumped debris; abandoned vehicles, quipment, or other potential exotic rodent
shelter is removed from habitat arees, habitat restoration areas, and their emnrons

The Corps, CCWD, or theu- agents or lessegs shall not disturb or destroy existing vireo
habitat including willow riparian, riparian scrub, or marsh habitats during the
implementation of the project except as specifically permitted pursuant to this biological
opinion, The Corps, OCWD, and their agents or permittees shall immediately replace or
restore, any and all critical habitat altered as a direct or indirect result of any dam
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24

25

2.6
¢ * (including all restoration arcas) and provide upon request, keys.to any locks placed on

2.7

2.8

29

“projecta. -

:_,'}famhlato site i

operation activities that are not consistent with the project description described herein,

- All habitat that is destroycd! degraded that is not in the identified project footprint shall
' bc dasclosod :mmcdrately to the Servrco for possnblc reinitiation of consultatron

'I‘he Corps or its agcnts or lcssoes shall romove, under lhe supcrv;slon of thc Scmoc. all-
invasive, alien’ vegctatmn (e.g, gnant reed, castor bcan, tamarisk) to the extent practicable
and feasib[e, fmm lhe projoct mas‘and hab:tat rcstoration areas for the Ilfo of the

' The Corps and its agents sha]l ensurc that all habrtat. conscrvauon or habuat restoration

areas are not-used for any purpose that would change or otherwise interfere with their

* 'yalue as w:ldhfe habitat, To this end. the Corps or its agenis shall restrict land uses in the
. project area to those stated in the Corps pcrrmt applicnlmn for the life of the project. Any
“deviations from stated land uses shall be drsclosed and coordmated with the Corps and

ki 'I‘he Corps 'OCWD or tholr agents or lessccsAshall not croct any ponnanent or temporary :
’"structure in the created habitat mas nor llght these areas without. lhe expreasod consent of
. the andthoCorps and Service.” i R

The Corps, OCWD, or their agents or lessees shall provide access to.the project area

fences, steel ropes, or other structures in or adjaccnt to the habitat and habitat restoration
areas and their environs to the Servico, Corps;, and other regm atory agency personnel to

this hlologlcal oprmon, ‘and spocial pemut condmons or terms and condmons delineated
herom. TR L I S :

The Corps and OCWD shall ensure that the Servxco mtams tho | ght to access and inspect
the project site and rostoratlon!enhanooment areas for compl:anco with the proposed
pro_]oct descnpt:on and with the terms and condmons of this. biolog;cal opnuon

* Unless’ spocrfied otherwise above, the lmplomentauon nnd execuuon of all precodmg

terms and conditions shall begin immediately upon the issuance of thig biological opinion
and shall continug, in eatnest, for the life the project and until all compensanon measures
havo boen fully implementcd and exocuted. : : :
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2,10 All preceding terms and conditions shall be entered as a specnal permit coadition or
conditions for any and all Corps pcrmnts or olhcr authorizations pcnammg to the
pmposed pmject

2.11  As the Federal action agency, the Corps is ultimately responsible for the zmpiementatlon
of all preceding terms and conditions in the event of the financial or msutuuonal
incapaclty of thc OCWD or thcu' agcnts to pcrform them.

We bel:cve that no more than 180 vircos w:ll be taken in thc form of harm and 10 Vireos in the
form of harassment, and zero flycatchers will be incidentally taken as a msull of the proposed
action. The reasonable and prudent measures, with their :mplcmenhng terms and. conditions, are
designed to minimize the impact of incidental take that might otherwise result from the proposed
action. We will not refer the incidental take of the any federally listed, migratory bird, mc]udmg
the vireo and flycatcher, for prosecution under the Migratory Bird Treaty Act of 1918, as |
amended (16 U.S.C. §§ 703-712), if such take is in compliance with the terms and condltxons
(including amount and/or number) spoctf‘ ied herein. If, during the course of the action, this level
of incidental lake is exceeded or if a vireo or flycatcher is taken in 2 manner not authorized
above, such incidental take represerits new information tequu'lng reinitiation of consultation and
review of the reasonable and prudent meastires provided. In addmon, the Corps and OCWD or
their agents must cease the activity resulting in take, and the Corps andfor the OCWD or their
agents shall provids an explanation of the causes of the taking and review with the Service the
need for possible mochficahon of the reasonable and prudent measures, .

D:Sposirian af Szck, Injured, or Dead Speclmens

This oft' fce is to be notlf‘ ed thhm 3 workmg days should any endangemd or threatened species
_be found dead or injured as a direct or indirect result of the 1mplementat10n of this project.
Notification must include the date, time, and Iocation of the carcass, and any other pertinent
information. Dead animals should be marked in an appropriate manner, photographed, and left

on-site,: Injured animals should be txansportcd to aqualified veterinarian. Should any treated
animals survive, this office should be contacted regarding the final disposition of the animals.
The Service contact person is Mr. Hays, who may be. contactcd at the letterhead address or at
(760) 431-9440,

CONSERVATION RECOMMENDATIONS

Section 7(2X(1).of the Act directs Federal agencies to utilize their authorities to further the
purposes of the Act by careying out conservation programs for the benefit of endangered and
threatened speciés. The term ¢ conscrvaﬂon recommen datmns” has beén defined as Service
suggestions negardmg dlscretwnary agency activities to minimize or avoid adverse effects of a
_proposed dction on listed species or critical habitat or regardin g the development of information.
The recommendations provided here relate only to the proposed action and do not necessarily
represent complete fulfiliment of the Federal agency’s section 7¢a){1) responsibility for these
species.
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Over the cousse of a 14-year study and management effort in the Prado Basin involving the
Corps, Natura Conservancy and their contractors, OCWD personnel and office staff and
volunteers, subpopulations of vireos, ﬂycatchcrs and many other sensitive animal and plant
species were subjected to risks and pressures that mdxvrdually or collectively could potentially
compromise the reproductive success of these species or otherwise jeopardize the survival of
constituent popu!atlons, subpopulattons. or individual orgamsms. Therefore, because the vireo
populatxon has icreased from 19 to. 224 confirmed pairs over the course of the study period, this
species likely is a worthwhile management subject and a good candidate for recovery. Although
current management efforts evxdcnlly have resulted in substantial increases in local vireo-
recruitment and population size, the Prado Basin populatxon has not entirely recovered nor would
the population continue to prasper in the absence of effective management. Many other vireo
populanons in the state are either declmmg, mmntammg, or moderately increasing, Only the - -
Camp | Pendleton popu!atmn has demonstrated similar, sustained, significant increases in :
population size since the vireo was fedcrally listed in 1986. Also, the Prado Basin is-cne of only
6 locales in California that supports permanent populauons of the ﬂycatcher, whxch is apparently
cun'cntly cnhcally cndangcred. .. C e ,

Thereforc, to ensure the recovery of the \nrco and flycatchcr and other scnsmve or dechmng
species in the Prado Basin and environs, we rccommend the implementation or confinuation of
the following management and conservation pmctlces in the Prado Basin as mconunended by
TNC (1997) and Plke and Hays (1999); L s

3.  We recommend the Corps seck to restore and protect all habitats consisting of native )
plant communities and natural, physical featurgs in the Prado Basin, During the course of
the past 14 years, habitat within known virec home ranges was destroyed or degraded as a
result of livestock grazing, off-road vehicle activity, stream diversions, documented,

' apparently unauthonzcd dredge and fill operations, incursions of heavy equipment-
(including bulldozers, mowing machines, and road graders), repeated fires, oil spills, and
vandalism, All such activities should be strictly prohibited, curtailed to the extent -
possible, or appmpnatcly compensated, Past losses of habitat that can be traced to the -
'responsxblc party or parties should be appropnately prosecuted or remediated, Because. -

vireo, and ﬂycatcher habitat has been only rarely created, however, the avoidance of -
impacts to existing habitat is of pararmount importance.

4., ~ We rccommend the Corps seek to contro] or remove all invasive/exotic biota from
riparian habitats in the Prado Basin. The existing cowbird management program should
be continued indefinitely and expanded to maximize the reproductive success of the .
vireo, flycatcher and many other sensitive avian species, and that invasive, exotic plants
such as giant reed and castor bean be ehmmatcd or confrolled to the extent possible.
Although cowbird trappmg apparently is the single most effective means to initiate and -
sustain the recovery of a number of sensitive avian specics, the large-scale control of
noxious plants should be continued and expanded if npanan habitats are to continue to
provide the elements necessary to accommodate the vireo, flycatcher, and a large variety
of other sensitive animal taxa.
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Fortunately, the prospcctu for long-term cowbird trapping, habitat creation and
restoration, and vireo and flycatcher management seem to be assured because of current
and projected compensation ebligations that result from ongoing and planned projects
within the Prado Basin. In addition, it is encouraging to note that a multi-agency task
forces have begun a giant reed eradication in the basin and upstream reaches of the Santa
Ana River in Riverside and San Bernardino counties. The Corps should continue to
participate in, and expand, existing programs to adequatcly conserve the sensitive fauna
(and flora) with the Prado Basin and environs, : :

5. We recommend the Corps seek to restrict human presence and activities in vireo and
flycatcher home ranges and environs, During the course of the present study, vircos often
react strongly to the close approach of humans, paiticularly when nestling or fledgling
young are also present. Moreover, the available data (e.g., Salata 1987b) suggest that
unnccessary human disturbances may impact vireo nesting success. Predators and

‘cowbirds may both be capable of homing in on agitated vireos and subsequently destroy .
nearby niests. In addition, much of the Prado Basin continues to be used for illegal
hunting and recreational shooting. Spent cartridges, freshly-broken skeet, and the

. carcasses of animals that had obviously been shot were found throughout most of the
Prado Basin in 1986 and, to lesser extents, each’ year from 1987 to 1999, Qbviously
target shooting in or near habitats occupied by vireos places individual birds (or their-

. breeding attempts) in jeopardy Moreover, the presence of humans at or near cowbird
traps appears to compromise the success of trapping efforts “No trespassing” signs near
occupied vireo habitats near Temescal Creek and the South Basin locale were appamntly
responsible for a reduction in the foot and vehicular traffic within wetland habitats at .
those locales in 1990, 1991, 1992, and 1993, but further measures to restrict or curtml
unauthorized or unauthorized or illegal human activities (including paint ball games,

+ illegal hunting and the destruction or theft of traps) appear to be in order throughout the
- Prado Basin and enwmns. Aswas repnrted above, cowbird traps have been repeatcdly -
vandahzcd in recent years in scattercd locales throughout the Prado Basin. . :

Accordmgly, we reconunend the Cotps 1mplement the followmg specnfic conscrvau on
measures:

a) Brect a gate where Butterficld Drive becomes Clearwater Drive within the City of
Corona lease, The purpose of this gate would be to bar access to a dirt parking
area that has become the site of trash dumpmg, the abandonment of automobiles, .
and other apparently illicit activities. We further recommend that a fence be
constructed on the remainder of Clearwater Lane to prevent vehicles from
traversing the agricultural field and thus circumventing the existing gate.

b) Erect fencing or concrete or equivalent barriers aroﬁnd or below the highway
tumouts along State Route 71 adjacent to lower Chino Creek vireo habitat, These
turnouts are commonly used for trash-dumping, including hundreds of automobile
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tires, and as unauthorized access points for human and automobile traffic. In
1996, two cowbird traps on Lower Chino Creek were closed after being
vandalized by persons who apparently had driven into the Pardo Basin from the
northemmost of the three State Route 71 turnouts, . SRt

c) Post “no lrespassmg" sngns every 50 meters around the penmeter of key vireo and
ﬂycatcher breeding areas, Particular areas of concem are the turnouts along State
Routs 71 (see above). the northem border of vireo habitat along lower Chino
Creek, Clearwater Lane and Rincon Strest in Corona, and along the forest edge
adjecent to Prado Regional Park in Chino. “Critical wildlife habitat” signs
recently posted by the OCWD appear to be effective and are recommended for use
in conjunction with “no uespassmg designations. Although unlikely to dissuade

" all potentlal trespassers, these signs would remove any amblguxty that exists as to

where access i restncted or prohxblted. S »

In order for that Dﬂ‘ice be kept mformed of actxons that elther mmnmze or avmd adversc cffccls
or that benefit listed species or their hab:tats we request notification of the :mplemcntauan of
any conservation recommendaticns . . L e

o REmI'I‘IATION NOTICE

This concludes format consultation on thc Prado Basm Watet Conservatxon and Dam Operations
Project on OCWD and Corps-owned lands in thé Prado Basin, Riverside County, California. As
provided ini 50 CFR §402.16, reinitiation of formal consultation s required where dlscmtionary
Federal agency mvolvement or confrol over the action has been retmned (or is authorized by law)
and if: ‘(1) the amount or extent of inc1dental teke is exceeded (2) new information reveals-
effects of the agency action that may affect listed species or critical habitat in a manner or to.an
extent not conmdered in this opmion, (3) the agency action is subsequently modified in a manner
that causes an effect tothe listed species or cntlcal habitat nut considered in this.opinion; or (4) a
new species is listed or critical habitat desxgnated that may be affected by the actipn. In instances
where the amount or extent of incidental take is gxceeded, any operations causing such-take must
cease pending reinitiation. As required by 50 CFR § 402.16, reinitiation of formal consultation is
required if the action is significantly modified in a manner not discussed above, if new .
information becomes available on listed species or 1mpacts to listed species, or if the incidental
take limit is exceeded .

We would appreciate notification of your final decision on this matter‘ Any questions or
comments should be d:rected to Loren Hays of my staff at (760) 431-9440.

Sin rely,

Assistant Field Supervisor

Enclosures
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Table 1. Maximum permitted water conservation pool eievation versus required
_ acreages of vireo and wildlife habitat from 494 to 505 feet dependent.

Water conservation elevation Required acreage of vireo Required acreage of wildlife
- . habitat habitat "’
495 50 86
| 496 67 '- 109
497 83 133
498 , 100 | 156
499 116 180
500 B3 ] . 203
501 152 ) 1
502 _ ' T © 233
503 | 190 248
S04 | 209 - . T 263
505 " 28 2718

Table 2. ‘ Bedlcated lands for vireo and wildiife habitat restoration,

Required for elevation 505 feet | Vireo h'abithf.(2=28 écres) | wildiife habitat (278 acres)
CH-1, Chino Creek | o 34
CH-2;Chiro Creek . o f 90
PR-1, Small Pheasant Field | 14 |
PR-2 Southern Pheasant Ficld 65
PR-3 Northern Pheasant Field 124
PR-5 Southern Pheasant Field 32
AR 1&2 Arundo Removal Areas | 200
Total Required 228 278
.| Total Completed. . 235 324

Source: Corps Biological Assessment (August 1999)
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Figure 1. Project Area Map
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Figure 2. Project Vicinity Map
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EXHIBITC
Ongoing Obligations Under 2002 MOA

SAWA is solely responsible for obligations under the “Santa Ana River
Watershed Trust Fund for Arundo Eradication and Habitat Enhancement In-Lieu
Fee Mitigation Program” (contained in the 2002 MOA). SAWA has taken over
responsibility for the program and particularly for OCWD's responsibilities in
Section Il (A through D). SAWA is renewing the program on its own. OCWD as
an organization will not have direct obligations under the new program.

OCWD remains responsible for providing one full-time employee, with funding for
said employee provided to SAWA by OCWD, to assist with the vireo
management program in the Prado Basin and for supporting the SAWA field
biologist position. (See 2000 USFWS Biological Opinion.)

SAWA remains responsible for providing one full-time employee to assist with the
vireo management program in the Prado Basin, with funding for said employee
provided by the OCWD account for this purpose. (See 2000 USFWS Biological
Opinion.)

SAWA and OCWD remain responsible for the continuing development of public
outreach materials and educational programs on exotic plant control and native
wildlife directed to the public throughout the Santa Ana River Watershed. (See
2000 USFWS Biological Opinion.)

OCWD remains solely responsible for operating and maintaining four cowbird
traps in the Prado Basin during each breeding season. (See 2000 USFWS
Biological Opinion.)

OCWD remains solely responsible for maintaining a database that includes areas
of infestation, current projects, sensitive species and native vegetation recovery
within the Prado Basin. (See 2000 USFWS Biological Opinion.)

SAWA and OCWD remain responsibie for continuing development of a GIS
database to track and monitor treatment projects, including biological monitoring
in the Santa Ana Watershed. (See 2000 USFWS Biological Opinion.)

SAWA and OCWD remain responsible fof continuing to work on a watershed
team structure that will coordinate and implement tasks and manage funds for
those tasks in the future. (See 2000 USFWS Biological Opinion.)

OCWD remains solely responsible for submitting an annual mitigation report
summarizing restoration progress and wildlife management efforts to the US Fish
and Wildlife Service and the US Army Corps of Engineers for the Prado Basin
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pursuant to OCWD's 1994 and 2000 Cooperative Agreements with these
agencies.

OCWD remains solely responsible for planting 10,000 native plantings per year
in the Prado Basin. '

OCWD and SAWA have completed first-time treatment on all upper watershed
tributaries and mainstem Santa Ana River downstream to Riverside County
Parks and Open Space District lands, but are still both responsible for monitoring
and maintenance. (See 2000 Biological Opinion.)
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