
SANTA ANA.RIVER WATERSHED PROGRAM AGREEMENT 
1 BETWEEN ORANGE COUNTY WATER DISTRICT 

AND SANTA ANA WATERSHED ASSOCIATION 

THIS PROGRAM AGREEMENT ("Agreement") is entered into as of fa✓ I t¾-I3, 
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 referred 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 representative 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 I1.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." 

I. The funds in the Conservation Fund, totaling approximately 
$8,430,900.00, were transferred 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 wildlife 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 c0mprehensive 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 tailor 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 final and ultimate responsibility 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 
below) and habitat restoration on OCWD Basin Lands, and (ii) Fifty percent (50%) of the 
OCWD Funds shall be utilized for wildlife 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 Accounts. 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 on 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. 

Over 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 shall 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. 

1.7.2 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 Fountain Valley, 
California. 

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. In 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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2. 

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. 

Accounting for Funds and Annual Audit. 

2.1 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. 
Subject 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 Permittee 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 requirements 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 
SAW/!\ 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 and/or 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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3. 

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 (c) above. 
The Parties further acknowledge that any debts and/or liabilities of 
SAWA directly resulting from this Agreement, or pursuant to 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. 

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 ILF 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 approvals 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. 

3.4 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 
qualified 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 transmit 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. 

(a) 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 employed 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 shall 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 cost(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 cost(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 limit shall apply separately to the 
project/location (with the ISO 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 limits 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). 

(c) 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 limits of the insurer's 
liability; 

(e) 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; 

(f) 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, 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 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) OCWD Responsibilities. OCWD agrees to indemnify, defend, and 
hold harmless 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. 

4.5 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. 

4.6 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. 

4.1 O 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 following 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-binding 
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 transmitting 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 (10th

) 

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: 

lftoOCWD: 

lfto SAWA: 

Orange County Water District 
P.O. Box 8300 
18700 Ward Street 
Fountain Valley, CA 92728 
Attn: Natural Resources Director 

Santa Ana Watershed Association 
P.O. 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 SAi/i/A 
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. 

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

5.6 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. 

5.7 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 

1154748.1 



previous negotiations, arrangements, 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. 

5.1 O 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 
all 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. 

APPROV 

By: -----'l--l~A-L----,-1-JLl-------\-­
unse , Orange County 

strict 
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APPROVED AS TO FORM: 

"SAWA" 

Santa Ana Watershed Association 

~--------... » · // 0 - B -..201 J 
By~----, ·1-~---',<.._+----­

Board'Chair 

By: ;{;11 ~ ~-;'..-20/'f 
Executive Director 
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MEMORANDUM OF AGREEMENT 

THE SANTA ANA RIVER WATERSHED TRUST FUND, 
FOR AR UNDO 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). 

I.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 
quality, 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 toArundo donax (Arundo), Ricinius communis 
(castor bean), and Tamarix: spp. (saltcedar or tamarisk); 

C. Whereas, discharge of dredge or 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 cumulative 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 unavoidable impacts to the aquatic resources to ensure authorized activities comply with 
the Section 404(b)(l) 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 SAW A as a non-governmental natural resource 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 SAW A (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. 

0. 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 SAW A 
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 Arundo Removal Project 
Exhibit H. Map of Arundo Removed from the Santa Ana Watershed Program 
Exhibit I. Santa Ana River Watershed Program Annual Work Plan 
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Il. 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 
reporting. 

D. Maintain rec.ords, 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, SAW A will provide the Corps with _a statement detailing monies 
received and expenses incurred. 

Ill. SAW A 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 Tamaro: 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 monitoring 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. 
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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 SAW A 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 easements will allow for the treatment protocol as described in Exhibits H and I. 

N. 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 froni 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. It Is 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 to 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. 
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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 aquatic 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.e 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 
Year 1-2 

Year3 

Year4-5 

Criteria 
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. 

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. 

Area contains less that 1 % exotic vegetation and 
showing a start of canopy development, with shrub 
and herbaceous under-story. 
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G. This agreement shall become effective on the date of signature by the Corps. Any party to " 
this agreement may terminate their participation _upon written notification to the, other parties·. 
The Parties may discontinue receiving funds to conduct restoration activities ujion 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 w.hich 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 Distpct 
U.S. Army Corps of Engineers 

Virginia bbien 
General Manager, Orange County Water District 

Shelli Llm.b 
Chairperson, Santa Ana Watershed Association 
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- ECOLOGY AND MANAGEMENT OF ARUNDO DONA}{, AND 
APPROACHES TO RIPARIAN HABITAT RESTORATION IN 
SOUTHERN CALIFORNIA 

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

Abstract 

By far the grearcst threat 10 the dwindling riparia11 resources of co.a.seal southern Califomia i$ the 
alien grass species known as A.nmdo dnrua. Over the IOJC 25 years the riparian fores:ts of caasta.l 
southtm California have become infeslCd with ..t. donar which hi!$ Spread by 0ood-fragmeittation 
and dispersal of vegetative propagules. Arundo do11'tu dramatically altm th11: ccologil:al/succcs­
sional processes in riparian systems a.nd ultimately moves most riparian habi!a1s towards pure stands 
of this alien grass. By current csrimalC! there al"I:' lens of thouu:nds of &ctn of A. donax along tbc 
major coastal drainage: sys.terns ot .southcm California. incJudit1g the Santa Ana. Santa Margarit.a, 
Vcatura, Santa Clara, San Diego. and Saa Luis. Rey rivers. The- removal of A. dona.r from these 
systems provides numcmllS downstn:am ~fits in tmns or native speries habitat. wi1dfm:' protrc­
tion, water qu.aarity and walet quality. 

Introduction 

Arundo L. is a genus of tall perennial n,ed-like grasses (Poaceae) with silt species 
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. I). This species is believed to be native 
to lreshwatcrs of eastern Asia (Polunin and Huxley 1987), but has been cultivated 
throughout Asia, southem Europe, north Africa, and tho Middle East for thousands 
of years and has been planted widely in North and South America and Australia in 
the past centu,y (Perdue 1958; Zohary 1962). It was intentionally introduced to 
California from the Mediterranean in the l820's in Los Angeles area as an erosion­
control agent in drainage canals, and was also used as thatching for roofs of sheds, 
hams, and other buildings (Hoshovsky 1987). Subsequent plantings have been made 
for the production of reeds for· a variety of musii::a] instruments induding bassoons 
and bagpipes, Today it is an invasive pest throughout the warmer coastal freshwaters 
of the United Stalos, from M~ryland to northern California. 

Arundo donux is a hydrophyte, growing along lakes, streams. drains and other wet 
sires. It uses prodigious amounts of water, as much as 2.000 Umeter or standing A. 
donax, to supply its incredible rate of growth (Perdue 1958; Iverson 1994). Under 
optimal conditions jt can grow more than 5 cm per day (Perdue 1958). A.rondo dona.~ 

Plant Inwislans: Studies frOIJt NQrtli AmerU:0 tJrul Europl!, pp. /OJ-IJ3 
t!dirN by J.H. Bmd, At. Wade, P. l'}•lek and D. Grun 
0 1991 Bactdzuys Publiilm3, ltld~11.. The Netlterlands 
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stands are among the most biologically productive of all communities. Under 1deal 
growth conditions they can produce more than 20 tons per hectare above-ground dry 
mass (Perdue 1958). 

Perhaps as much as 90% of the historic riparian habitat in the southem part of 
California has been lost to agriculture, urban development. flood control, and other 
human-caused impacts (Jones and Stokes 1987; Katibah 1984). The grcate51 threat to 
the remaining riparian corridors today is the invasion of exotic plant species, prima­
rily Arundo dona."C. This alien grass readily invades riparian channels, especially in 
disturbed areas, is very competitive, difficult to control, and to the best of our 
knowledge docs not provide either food or nesting habitat for native animals. Arundo 
competes with native specjes such as Salix (willows). Baccharis sa/icifolia (mulefat), 
arxl Populus (cottonwoods) which provide nesting habitat for the fe~•rally endan­
gered bird, the least Bell's vireo (Vino bellii pr<Sillu,), the federally threatened bird, 
the willow flycatcher (Empidonax traillii aimus) and other native species (Hendricks 
and Rieger 1989; Franzreb 1989; Zembal 1986, 1990). 

Ecological value of native riparian systems 

Like most riparian systems, the cottonwood/willow riparian forest is a dynamic 
community, dependent upon periodic flooding to cycle ~he community to earlier 
succcssionat 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 Baccl,.aris, Sali-c, and Popr:,lus can germinate and 
take root (Gregory et al. 1991; Richter and Richter 1992). Adequate moisture 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 
1988; Richter and Richter 1992; Stromberg et al. 1993). Sediment deposition builds 
river terraces and. as they elevate, other plant species colonize resulting ia further 
diversffication in the floodplain community {Richter and Richter 1992). 

When Populus/Sa/ix riparian scrub, which. may include such species as Baccharis 
salici/olia, Viii$ ca/ifornica., Rubus llrsinus, and Ul'tica dioica ssp. hotosericeas 
reaches four or five years of age. it begins to exhibit the structural diversity required 
for breeding by the bird, the least Bell's vireo (Franueb 1989; Hendricks and Rieger 
1989). Lcasl BcWs vireo, along with the riparian birds. sDuthwcstern willow fly. 
catcher, yellow•hreasted chat (lcteria viren.s), yeHow warbler (Denroica petechia). 
and many other species may continue to use this diverse community for another ten 
to twenty years. Gnidua1ly the canopy of the maturing Salix and Popuf11.v begins to 
shade out the diverse understory of vascular plants required by these bkds. Older 
riparian gallery forests wilt' continue to be used by western yellow•billed cuckoo 
(Coccyzus amerlcanus occidenta/is), Cooper's hawk (Accipiler cooperii), warbling 
vireo (Vireo gilvu,) and other species (Zembal 1990; Zembal et al. 1985), but as the 
stand ages the diversity of the flora and fauna within the forest declines. Annual 
flooding. channel migration, and occasional large flood events maintain this cycle of 
succession and therefore maintains a mosaic of diverse natural communities (Gregory 
et al. 1991). 
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Arundo donllX as a competitor 

Within its introduced range. A. donax is an aggressive competitor. Arilndo donax 
flowers in late summer with a large, plume-like panicle. Fortunately for California 
land managers. the seeds produced by A. donax in this country are seldom, if ever, 
fertile. lt is nol known if this is because of clonal isolation or because of the physi~ 
ological effects of climale as has bc~n observed in the related Phragmite:r communis 
{common recd) (Haslam 1958; Rudescu et al 1965). Arundo donax is well adapted 
to the high disturbance dynamics of riparian systems as it spreads vegetatively. Flood 
events break up clumps of A. donax and spread the pieces downstream. Fragmented 
stem nodes and rhizomes can lake root artd establish. as new plant clones. Thus 
invasion~ spread, and therefore management, or A. dona.x is essentially an intra-basin 
and downstream phenomenon. 

Once established A. donax tends to fonn large, continuous, clonal root masses. 
sometimes covering several acres, usuatly at the expense of native riparian vegetation 
which cannot compete. Root masses. which can become more than a meter thick, 
stabilize stream banks and terraces (Zohary and Willis 1992), altering flow regimes. 
Arundo dona.~ Is also highly flammable throughout most of the year, and the plant 
appears highly adapled to extteme fm, events (Scott 1994). Whilo fire is a natur41 
and beneficial process in many natural communities in southem California it is a 
largely un-natural and pervasive threat to riparian areas. Natural wild fires usually 
occur during rare lightening storm events in late fall~ winter, and early spring. Under 
these conditions the moist green vegetation of riparian areas would normally ac1 as 
a fire break. Human-caused wild firea, in contrast, often occur during 1he driest 
months of the year (July through October). Drier C<>nditions in riparian zones at this 
time of year make them more vulnerable to fire damage. Because A. donax Is ex .. 
tremely flammable, once established within a riparian area it redirects the history of 
a site by increasing the probabHity of the occurrence of wildfire. and incrcasing the 
intensity of wildfire once it docs occur. If A. donax become5 abundant it can effec­
tively change riparian forests from a flood.defined to a fire-defiaed natural commu­
nity, as has occurred on the Santa Ana River in Riverside County, California. Arundo 
donax rhizomes respond quickly aft.er fire, sending up new shoots and quickly out­
growing any native species which might have otherwise taken root in a burned site. 
Fire events thus tend to help push riparian stands in the direction of pure A. donax. 
This resuhs in river corridors domtnated by stands of giant reed with little biological 
diversity. 

Arundo· dona.x as habitat 

All evidence indicates tluu A, do11ax provides neither food nor habitat for native 
species of wildlife. Arundo dona.T stems and leaves contain a wide array of noxious 
chemicals, including silica (Jackson and Nunez l964), tri-tcrpines and sterols 
{Chandhuri and Ghosal 1970), cardiac gJycosides, cum.re-mimicking indoles (Ghosal 
et al. 1972), hydroxamic acid (Zuniga et al. 1983), and numerous other alkaloids 
which probably protect it f'rom mosl native insects and other grazers (Miles el al. 
1993; Zuiliga et al. 1983). Areas laken over by A. donax are therefore largely 
depauperate of wildlife. This also means that native flora and fauna do not offer any 

---- ·------
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Fig. I. A.rondo don~. Pbnt >1 J/J; spiL.clct and floret )f 3 (from Hitchcock and Chase 1950). 
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significant control mechanisms for A. donax. It is uncertain what the natural contr~l­
ling mechanisms f'or this species are in the Old World, although. infestations of corn 
borers (Eizaguirre et al 1990), spider mites (El-Enany 1985) and aphids (Mescheloff 
and Rosen 1990) have been reported in the Mediterranean. In the United States a 
number of diseases have been rcponcd on giant recd, 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 1992) suggest that A. donax also lacks the canopy structure necessary to 
provide significant shading of bank-edge river habitats, resulting in wanner water 
than would be found with a native gallery forest of Populus or Salix. As a result, 
riverine areas dominated by A. donax tend to have warmer water temperatures, which 
results in lower oxygen concentrations and lower diversity of aquatic animals, includ ... 
ing fishes (Dunne and Leopold 1978). In the Santa Ana River system this lack of 
streambank structure and shading has been implicated in the decline of native stream 
fishes including Gila orcultii (arroyo chub). Gasterosteus aculatus (Ehree-spined 
:stickleback). Rhinicluhys osculus (speckled dace)~ and Catostomus san1aa11ae (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 rum, high pH facilitates the conversion of total ammonia to the toxic un .. ionized 
ammonia fonn which further degrades water quality for aquatic species and for 
downstream users (Chadwick and Associates 1992). 

Control methods 

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

The key to effective trcaonct1t of established A. don.ax is killing o( the root mass. 
This requires treatment of the plant with systemic herbicide at appropriate times of 
1he year to ensure ttanslocation 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 Coiporation. Glyphosate is a broad-spectrum herbicide which 
can be used on A; donax, Tamarix ramosissima (salt cedar), and most other monocots 
and dicots. It has proven very effective against A. dona;c (fjnn and Minnesang 1990; 
Jackson 1994; USDA Forest Service 1993). Other herbicides might also be used as 
labels and conditions aJlow. Monocot-specific chemicals, such as Fusilade-DX® 
(fluazapop-butyl) and Post" (Setho,idan), might be particularly useful for treating A. 
dona.:c in stands with a substantial component of' native dicots; however, neither is 
currently labeled for wetlands use. 

The most effective treatment on A. tlonax is the foliar application of a two-to-five 
percent (2-S%) so[ution of Rodeo applied post-flowering and prl!-donnancy at a rate 
of 0.5 to I I/hectare, During this period of time, usually mid-August to early Novem­
ber, the plants arc actively translocatiag nutrients to the rootmass in preparation for 
winter dormancy which results in effective translocation of herbicide to the roots. 
Recent pre!imiaary comparison trials on lhe Santa Margarita River (Omori 1996) 
indicate that foliar application during the appropriate season results in almost J 00% 
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control. compared with only 5-50% control using cut-stem treatment. Two ro tBree 
weeks after foliar treatment the Jcaves and stalks brown and soften creating an 
additiooal advantage in dealing with the biomass: cut green stems might take root if 
left on damp soil and are very difficult to cut and chip, Treated stems have little or 
no potential for rooting- and are brittle. They may be left intact on the ground or 
chipped in situ for mulch. 

Cut-stem treatment requires more time and man-power than foliar spraying and 
requires careful timing. Cut stemS" must be treated with concentrated herbicide within 
one to two minutes in order to ensure tissue uptake (Monsanto 1989). This treatment 
is aJso most effective post-fJowerlJ\g. The chief advantage of the cut-stem treatment 
is that ir requires Jess herbicide that can be more.ar-fess surgicaUy applied to the 
stem. Because of its reduced efficacy, and due to the labor required, jt is rarely 
cheaper lhan foliar spraying except on very small. isolated patches qr individual 
plants. 

A popular approach to dea1ing with A.. dona:r has been to cut the stalks and remove 
tb"e 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 shorter and uni­
fonn-height plants. However, cutting of the stems may result in the plants returning 
to growth-phase, drawing nutrients from the rootmass. As a resu1t 1herc is less 
uanslocation of herbicide to the roots and less root-kill. Therefore many follow-up 
treatments must be made whicll negates any initial savings in herbicide and grea.t!y 
increases the manpower costs. 

Pure stands (>80% canopy cover) of A. donax or T. ramo:sissima are most effi­
ciently treated by aerial application of an herbicide concentrate, usually by helicop­
ter. Helicopter application can treat at least SO hectares per day. Special spray ap• 
paratus produces extremely fine droplets (400 microns) of concenlrnted herbicide 
which actually reduces herbicide use, minimizes over~spray. and results i11 greater 
kill. 

fn areas where helicopter access is impossibte, where A. d01UJX makes up the 
unde-rstory, where patches arc too small to make aerial applica1ion financially effi­
cient, or where weeds are mixed with native plants ( <80% cover), herbicides must 
be applied by hand. Street-vehicles with 400 liter spray tanks are a good alternative 
where road access is available, but smaJI .. quad•runner'." vehicles equipped with 60 
titer sprayers arc the pre(erred approach whc:re the streambc:d is not so rocky as to 
prevent access. Twenty liter backpack sprayers are the final alternative where the 
vegetation is too dense, or the landscape too rugged for vehicles to be effective. 

Methods for vegetation removal include use of prescribed fire, heuy machinery 
(e.g. bulldozers). ha.ndcutting by chainsaw or brushcutter, hydro-axe, chippcrt­
biomass burning or removal by vehicle; Removal of the biomass should only be done 
where the weed cover is so dense as lO prevent recovery by native vegetation after 
treatment, or where cut vegetation might create a debris-dam hazard during flood 
events. Prescribed fire, or burning piles 9f stacked biomass. is the most cost-effective 
way of removing l)iomass as long es ii does not threaten native vegetation or other 
resources. Chipping is more costly in terms of equipment an~ labor. and cur, dried 
chips pose no threat for regeneration or for forming debris dams. Hauling of biomass 
by vehicle ls extremely expensive and should only be done as a last resort. Most 
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landfills will not accept A. donax and those that do will only accept it if cut into short 
lensths and bagged into plastic trash bags, making the labor costs far too great. The 
use of heavy machinery such the Hydro-ax® is extremery expensive. The machines 
are very slow - a Hydro-ax can only cut about l-5 ha per day. 

Riparian restoration and management 

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 declining species and sought to protect those species in greatest 
risk by provisions against tske (Under the ESA the tenn "take" means to harass, 
ham,, pursue, hun~ 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 little attention given to the dynamics of the· natural s)'stems of 
which these specje.i are a part. There are important historical and legislative reasons 
for this approach, In the 1970's, when the ESA was drafted, ecologists and wildlife 
managers were highly focused on single species; system-oriented approaches were 
not widely applied. In additfon, it is far easier to attach legal definhion to something 
tangible. such as an individual 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 mitiga1ing site-specific damage. 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. Jn 
soutbem California, riparian re-vegetation has been pursued as an ever-evolving 
artform in response lo the perceived need for reptacenient of habitat for the federally 
and state endangered least Bell's vireo ( Vireo be/Ill pusil/us) and a suit of other 
endangered or candidate species incruding the westcm yellow~billed cuckoo (Coccy­
zus americanus occidentalis), and the willow flycatcher (Empidonax trail/ii) 
(Anderson and Miller 1991; Baird and Rieger 1989; Parra-Sjfaz 1989; RECON 1988). 

It. may be argued that the main reason why riparian re-vegetation has received so 
much attention is because it is so relatiVely easy to achieve& This ease is a result of 
the very dynamics of riparian systems - tbey are high-disturbance systems composed 
of flood-adapted and resilient species. Salix, Populus, Baccharis, and other riparian 
plant species establish easily by fragmentation in flood events in addition to seeding 
in flood.washed sediment beds. As a result riparian re.vegetation esscntiaUy requires 
only plant material (cuttings or rooted stock) and water (irrigation). However, such 
re-vegetation projects ~an be extremely expensive. 

It is also -important to recognize that re-vegetation does not neces5arily equate 
with habitat restoration. While the matrix plant species of habitats are re(atively easy 
to establish, the dynamics of native riparian communities a.re poorly understood. 
Establishing a Salb:/Populus stand on a stream-side terrace will probably not provide 
the community diversity of a natural stand or the dynamic processes required to 
establish it. While some re-vegetation programs have been successful in terms 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 to address habitat loss in southern California riparian systems is 
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through a comprehensive program of eradication of .A. dona.'t, T. ramosi.ssima, and 
other invasive aliens. and relying on natura1 physical processes. especially flood 
dynamics~ for the recovery of native natural communitjes and species. This approach 
might be just as easily argued for other high disturbance-adapted communities. 

This strategy is based upon two of impor1ant factors. First, riparian habitats are 
flood-dynamk communidcs, dependent upon natural cycles of flood scouring and 
sediment deposition to create the proper conditions for community establishment 
(Grego,y et al 1991; Richter and Richter I 992; Stromberg et al. 1991 ). The Santa 
Ana, Santa Margarita, San Luis Rey, and many other southern CaJjfomia streams 
have all of the factors necessary for the recovery and maintenance of healthy riparian 
communities and riparian species. These watersheds re1ain flood regimes sufficient 
to move and sort sediment and extensive sources of seed and vegetative propagulcs 
for Salix and other native riparian plants. Second, the only real threats 10 the integrity 
of the system are (I) habitat fragmentation by dev,:lopment and (2) introduced exotic 
species which have altered the successional dynamics and stability Of the natural 
communities. In other words, the native riparian communities of the Santa Ana and 
other major riparian corridors (and thus riparian-dependent species such as least 
BeWs vireo) are limited, ·not by the capacity" of the community to rege11crate, 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 resources available for riparian management on these 
rivers should thercfQre be directed at maoaging for the process of riparian systems: 
removing th.e kc::y perturbation from the system, thereby aJlowing natural flood dy­
namics to operate and the natural communities to recover. Attempts to re-vegetate 
riparian species in floodplains that retain both native riparian spec:ie.s, and flood 
regimes are redundant, and resources spent to 1his end are (argely wasted. This is not 
to imply that riparian (and other habitat) re-vegetation efforts should not be applied; 
however. they s~ould be applied judiciously and only in situations where specific 
marui:gemcnt goals are achieved by canying out a re-vegetarlon project (e.g. closing 
up an important corridor or re-establishing native species in a dcpauperate ·water-· 
shed). Relying on natural processes for the reeovcry of the riparian communities has 
the. foltowing major benefllS: 

a. Cost-effectiveness. Riparian forest restoration is extremely expensive. often on the 
order of tens of thousands of dollars per hectare. This necessarily limits the size, and 
lhercfore the biological value, of any funded restoration project. Arundo donax can 
be removed from most areas of a river for a fraction of 1he cost of revegetation, 
opening up areas for natural re-colonization by native riparian species. 

b. Biological value, As indicated above, the high cost of re-vegetation Umits the size 
of restoralion projects. Additionally, artificially-produced riparian habitat lacks the 
high stern.-densities characteristic of naturally regenerating riparian habitat, making 
the actual biologicat value of re-vegetated sites questionable. Much higher value may 
be achieved by removing invasive exotics such as A. dona.-c from the system. Areas 
opened up for recolonization which arc subsequently flood-scoured and natura1Jy 
seeded or "planted" with vegetative propaguks spread by the flood are more likely 
to recover in high stem density habitat. 

• 
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c.. Natural vulnerability. Riparian systems are. by nature, dynamic. The natural flood 
process that produces the conditions for natural riparian establishment ·also pttfs 
artificially (and naturally) created habitat areas in .flood jeopardy. This makes 
rtparian revegetation a high•risk in.vestment of limited resources. Several expensive 
revcgetation projects on the Santa Margarita and Santa Ana Rivers were damoged or 
lost to flood scouring in January 1993, Some of these areas recovered with high stem­
density Salix SC1Ub when A. donax was controlled. Other sites, without such weed 
control efforts, succeeded to high density A. donax colonies. 

Summary 

By vinue of its growth characteriStlcS:~ adaptations to disturbance. especially fire. its 
lack of natural predators and competitors fo Nonh America,. and its unsuitability as 
food or habitat for native wildlife, An,ndo donax hos established itself as one of the 
primary threals to native riparian habitats in the westem United States. 

Control and management of A. donax within a watershed requires a coordinaled, 
.watershed-wide approach. Amndo donax should be removed from the watershed 
beginning in the upper tributaries to prevent rcinfestation of treated downstream sites 
from upstream sources. Removal of A. donax 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 
managing for the natural dynamic processes of these systems on a watershed-wide 
scale. In coastal sOuthern California the primary perturbation to the naturaf riparian 
succession 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. 
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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 alluvium 
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 tbe less tightly regulated 
Bill Williams River. Ordination analyses provided evidence that these riparian communities 
are structured along gradients relating to moisture, salinity, disturbance from fire, and 
co~munity 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 ratio 
= 1.87) and in the native shrub Tessaria sericea (Na:K = 1.56). Evaluation of tissue water 
relations parameters showed that Tamarix had lower osmotic potentials than syll1patric 
woody tax.a, helping to confirm that Tamarix is halophytic and probably capable of greater 
osmotic adjustment than nati,ve species. Carbon isotopic discrimination (.d) provided evi­
dence for higher water use efficiency in Tamarix than in Populus, Salix, and Tessaria. 
Tamarix A. averaged over l %0 less than that of the other riparian taxa. Experimental removal 
of Tamarix from stands where Salix was codominant resulted in growth augmentation, less 
negative water potentials. and higher leaf conductance in ~ali:c, all providing evipence 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 Popu{us along the Colorado River is an indication that this 
formerly dominant species is effectively approaching local extinction in parts of this eco­
system. 

Key worth: Bill Williams River: carbrzn isotope ratios: Colorado River; experimental vegetation 
removal,· morphology; ordination; plant water relations; Populus frcmontii; Salix gooddingii; Tamarix• 
ramosissima; Tessaria sericea; water use efficiency. 

INTRODUCTION 

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 tax.a from montane and me­
sic forest communities in North America. However, tflis -
is not an indication that the biotic and abiotic processes 
acting to structure forest communities in these disparate 

1 Manuscript received 4 November 1993; revised 1 July 
1994; accepted 19 September 1994. 

2 Present address: South Florida Natural Resources Center. 
Everglades National Park, 40001 State Road 9336, Home­
stead, Florida 33034-6733 USA. 

regions are uniform. Southwestern riparian communi­
ties owe their existence to m~sic microenvironments 
along the floodplains 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 tax.a are also important in setttng south­
western riparian forest and scrub communities apart. 

Flooding is a- form of disturbance to which many of 
the taxa occurring in riparian communities appea_r 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 pf3.ctices have 
been implicated in reducing Populus recruitment in ri­
parian forests and the over-representation of senescent 
individuals in these populations (Rood and Heinze­
Milne 1989, Howe and Knopf 1991). Perturbation of 
floodI)lain hydrology resulting in the depression of 
flood.plain water tables may also result in water stress 
in riparian trees and shrubs. given the phreatophytic 
habit of the tax.a dominating floodplain communities 
(Busch et al. I 992). Such stress may accelerate plaDt 
senescence or reduce the ability of woody species to 
resist a variety of damaging agents (Runeckles 1982, 
Franklin et al. 1987). 

The invasion of exotic vegetation in riverine eco­
systems is a cosmopolitan phenomenon (Loope et al. 
1988, McIntyre et al. 1988, Griffin et al. I 989, Thebaud 
and DeBussche 199 J ). Rapid invasion by naturalized 
Tamarix ramosissima in HoodpJain ecosystems of the 
southwestern United States has profoundly altered ri­
parian community composition (Crins 1989). The·in­
vasion of Tamarix has also fundamentally altered ria 
parian ecosystem properties. Tamarix is capable of d.esa 
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 
Popu/usfremontii (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 abiotic 
factors for a variety of riparian species. those factors 
contributing to long-term survival or community 
change remain largely unideritified. An understanding 
of riparian community dynamics 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 popa 
ulations (Peet and Christensen I 987). In addition, eco­
physiological differences in juvenile and adult woody 
plants may lead to differential mortality between age 
classes (Donovan and Ehleringer 1991). Consequently, 
geomorphiC and hydrologic instability in riparian eco­
systems often makes the sites that are most favorable 
for gennination among the most unlikely 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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Fm. I. Study areas on the Bill Williams (0) and Colorado 
(□) Rivers, Arizona, and at Las Vegas Wash, Nevada (C). 

been addressed in past studies of ripar~an community 
ecology or controlled experimentation with seeds or 
seedlings. 

Perspectives based on isolated components qf the 
terrestrial-aquatic interface have only limited value to 
the understanding of riparian ecosystems (Gregory et 
al. 199 I). 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 cont~st 
unperturbed riparian sites showing evi~ence of co~a 
munity vigor with those showing indications of incip­
ient or chronic environmental streSs. Int~ractions of 
dominant woody riparian taxa of the lower Colorado 
River system were evaluated under two primary hy­
potheses; (1) that hydroJogic variation has significant 
effects on riparian plant community structure and fun.c­
tion; and (2) that varying salinity in floodplain envia 
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 ~d 
ecophysio!0gical responses of the dominant woody 
laxa govern riparian community structure. We also hy­
pothesiZed that the invasion of Tamarix has Jed to the 
alteration of competitive hierarchic~ in ripariari 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 pfant interactions 
were likely· to be intense due to potential limitation in 
the groundwater moisture source. 

Sruov AREA 

Research was conducted in two areas of west-central 
Arizona near the lower Colorado River (Fig. I. Plate 
l ). The first of these was in the Colorado River flood-
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PLATE I, Study areas. Top: riparian gallery forest of Salix gooddingii and Populusfrernontii lining ~e active Bill W,illiams 
River channel. Bottom: riparian scrub habitat dominated by Tamarix ramosissima and -Tessaria sericea covering the Jower 
Colorado River floodplain. 

plain (34°50' N, I I 4°35' W, elevation I 50 m). The 
second was in the BiJJ Williams River floodplain east 
of Lake Havasu (34°15' N, I 14°0' W, elevation 150 
m). Throughout the general study area, January tem­
peratures average I0"-13"C 9 while average. July tem­
peratures are >32' (Hecht and Reeves 1981). Precip­
itation averages 13 cm annually (Sellers and Hill 1974). 
Hyperthermic Aridosols are the characteristic soils of 
the lower elevations of western Arizona; study site soils 
are from the Torrifluvents Association, the well­
draineci, ·sandy, recently mixed alluvium of floodplains 
in southwestern Arizona (Hendricks 1985). The sur-

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

The Colorado and Bill Wi11iams Rivers possess fun­
damental differences relating principally to their phys­
iographic chafacteristics. 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 a 630000 km2 basin. Historically. this 
lower perennial river transported large quantities of 
sediment which were deposited laterally in episodic 
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floods, creating a broad. deep floodplain alluvium 
where the river was not constrained in canyons. At such 
sites, deciduous woody taxa formec;l 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 
flood control, agricultural, and electrical power gen­
eration requirements. Channel aggradation and degra­
dation have been altered by the presence of impound­
ments and by dredging and bank stabilization pro­
grams. Sites in the Colorado River floodplain that were 
selected for this research were 54 km downstream from 
Davis Dam, one of the majorimpoundmen~points. Am­
plitude and frequency of river discharge in this reach 
were profoundly affected by dam operatiQn, 

The Bill Williams River is a tributary to the Colorado 
River and dr_ains a more .localized (12 300 km.1) basin .. 
There is nearly continuous 'ripariall forcs·t 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 e:Xtending another·30 km up-
1!tream to where it is impounded at Alamo Dam. Al­
though subjected to some of the same sods of hydro­
Jogic perturbation that affect the Colorado,. flows in the 
Bill William~ River are more variable ~d less pre­
dictable, based on long-term averag~s. Unlike the Col­
orado River, the Bill Williams River ch~nnel is· riot 
confined by anthropogenic channelization or natural 
channel incision. so its floodplain is subject to periodic 
flooding. 

Szaro ( 1989) characterized the forest vegetation na­
~ive to the Colorado River riparian zone as the Populus 
fremontii-Salix gooddingii association. The Tamari:c 
pentandra (nom. illeg,) community type (Szaro 1989) 
is abundantly distributed along the Coloraqo River and 
its tributaries, and is a riparian scrub fol"Qlation dom~ 
inated by the woody taxa Tamarix ramoai!sima, Tes­
Saria sericea, Prosopis glandulosa, Pros'opis pu.bes­
cens, and Atriplex_lentiformis. Central to the goals of 
this study was an examination of the interrelationships 
of Tamarix, Tessariiz. Populus, and Salix. Because 
much of the Colorado River floodplain is now domi­
nated by monotypic Tamar-ix, study site selection on 
the two rivers was limited to stands with remnan~ Pop­
ulus or Salix. Areas delineated as Populus-Sali~ hab­
itats (Younker and Anderson 1986, Ohmart et al. 1988) 
generally have Populus or Salix present, although often 
at low densities relative to Tama.rix or Tessaria. 

Two types of sites on the Bill Williams River were 
selected for ecophysiological data colJection, both 
types having Tamari:c, Salix, and Popu/us 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 niaintain a hydraulic con­
nection, but downstream the Jack of such a connection 
leads to much more extensive seepage into the alluvium 
(Rivers West 1990). Thus, our "upstream" sites (n = 

Vol. 65. No. 3 

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 reC:ent gennination) and a low proportion 
of mature tree senescence or·mortaJity. Although flo­
ristically similar to upstream sites, "downstream" sites 
on the Bill Williams River (n = 3) were located where 
Streamftow was intermittent. Trees on these sites had 
experienced crown dieback and mor~lity. All study 
sites were within 300 m of the active Bill Wil,iams 
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~ Tessari<;1, vtas locally 
abundant as an understory shrub. Disturbance-associ­
ated increases in Tessaria rip.irian coverage (Busch 
1995) led to its inclusion in the study Qesign for the 
Colorado River in the place of_Populus. Colorado River 
"'control'' sites (n = 4) had nearly complete canopy 
cover by tall Tam_arix-Salix thicket vegetati0n. 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. 

METHoos 

Hydrology and soil moisture 

All sites were within 7 km of U.S. Geologic;:al Survey 
(USGS) river gauges. Hydrograpbic data were obtai.ned 
electronically from the USGS Arizona data base for the 
years 1949-1990 on the Colorado River, and 1940-
1990 on the Bill Williams River. Median flows and 
ranges in flow were detCrmined on a monthly basis 
using daily discharge data for the years of field study 
(1989-1990). 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 mj!asure ground­
water depth in the uµconfined alluvial aquifers at all 
study sites. Depths from the soil surface to the water 
table were measured to characterize this potential mois­
ture source: Four groundwater observation V'ells were 
placed on the upstream and downstream sites adjacent 
to the Bill Williams River. Three wells were located 
near the complex of control and ex,perimental 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 ( 0) in surface soils (Topp and Davis 1985). 
At each study site. arrays (n = 3 or 4) of four stainless 
steel TDR probes were implanted vertically in the al· 
luvium. Two 90-cm probes served as electromagnetic 
wave guides, with singie 60- and 30-cm probes paired 
with -a 90-cm probe to estimate 8 over each 30 cm 
depth interval. Vertical probe orientation resulted in an 
integrated 0 measurement over the upper 90 cm of the 
soil profile (0,), and measurements for the 0-30, 30-
60, and 60-90 cm depth intervals (0,). 

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 
correspondei;l to those used in TDR soil moisture mea­
surements (i.e., 0-30, 30-60, and 60-90 cin; n 2: 8 for 
each depth on each site), Groundwater samples were 
obtained by hand pumping water from study site weUs 
once every two months. To avoid taking water standing 
in wells, three well volumes were withdrawn prior to 
taking a 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 foJiowed identical protocols. 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 (CO3) and bicarbonate 
(HCO3) concentrations were determined by colorimet­
ric titration with a 0.1 or 0.04 mol/L sulfuric acid so­
lution. Chloride (_Cl) concentrations were ascertained 
by titration with 0.1 mol/L silver nitrate. Sample sulfate 
(SO4) 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 
sodium (Na) concentrations. Nitrate (NO3 ) concentra­
tions were determined using ultraviolet spectrophotom­
etry on soil extracts. E;xtract fluoride (F) concentrati0ns. 
were ascertained using a fluoride electrode in combi­
nation with a pH meter. A spectrophotometer was used 
to evaluate _boron (B). phosphate (POJ, 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 ions in ex­
change reactions with soils (Hiliel 1980), were cal­
culated for water samples. 

Plant measurements 

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

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 branches at the mid­
canopy level from each of the study 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 wi~h 
.a leaf 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 
TamarU: and Tessaria leaf tissue which were samp]ed 
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 di)' 
weight concentrations of P. K. Ca, Mg, Na. Zn, Fe. Mn, 
Cu, an.d B using a Jarrell-Ash Atomcomp 975 induc­
tively-coupled plasma atomic emission spectrometer 
(Franklin, Massachusetts). 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 (T J, 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 (LicorLI-1600 with a LI-190S-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 
LI-1600-07) was used to measure g and E from both 
leaf surfaces of these amphistomatous species. Area­
Specific porometry results for all speciCs were calcu­
lated using a ·single leaf surface d,erived from leaf area 
meter measurements. 

P)ant water .p0tential (1/1) determinations were made 
twice daily with a pressure chamber (PMS Model 1000, 
Corvallis, Oregon) 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 I{,, respectively, as determined by diurnal If, 
trials. 

Water potential components were estimate~ for Pop­
ulus, Salix, Tessaria, and Tamarix using pressure-vol­
ume analyses (Turner 1988). Analyses were performed 
seasonally {April, July, and October) on rehydrated cut­
tings from riparian stands near Las Vegas Wash, Ne­
vada (36"5' N, 114°50' W, elevation 600 m; Fig. l), 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 in pressure-volume parame­
ters in trees from xeric sites has Jed 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= l 0 cm in length were detached 
and rapidly weighed, foJlowed 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 calculated as the segment tissue mass less the 
oven-dry mass. TissuC water relations parame_ters wei:e 
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 (_RO), osmotic potential at full turgor 
(1WJO), osmotic potential·at the turgor I-ass point (rf/;.), 
and bulk modulus of elasticity (,!'). 

Carbon isotope fractionation occurring via CO"2 as­
similation was used to evaluate potential differences in 
water use efficiency (WUE) among the four tax.a in- • 
vestigated. The ratio of carbon isotopes in leaf tissue 
samples (R_J relative to that of the PeeDee Belemnite 
standard (R~) was used to express carbon isotope com­
positions on a parts per thousand (%o) basis: 

813C = [(R- - R.,.)IR,.]10' 

Carbon isotopic ratios were determined on oven-dried 
leaf tis.sues 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 hat 850° to produce 
CO2 in sealed evacuated Vicar tubes containing cupric 
oxide and silver foil. Following cryogenic purification 
of the CO2 produced, sample 813C values were deter­
mined on a Finnigan MAT delta E isotope ratioing mass 
spectrometer (San Jose. California). Carbon isotopic 

ana1yses 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%0. and error between 
repeated analyses at s0.14%, (Ehleringer 1990). As­
suming a 013<: for atmospheric C.02 of -8.0%0, carbon 
isotopic discrimination values (A.) for leaf tissues with 
013C measured as 51' were. calculated using: 

/J. = (-8.0 - 8,)/(10' + 8,) 

Farquhar et al. (] 989a, b) have shown that J. is related 
to the ambient and intercellular partial pressures of 
CO2; ratios of these partial pressures are related to 
WUE and thereby also to LI. 

Tamarix removal experiment 

To evaluate possible competitive interactions be­
tween a native riparian dominant and exotic Tamarix, 
plant c0mmunity manipulations were conducted in the 
vicinity of the Colorado River conti-ol site. Durfng the 
period of winter dormancy, Salix 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 l"Cmoval. Surface dis­
ruption or incomplete removal of downed vegetation 
may have added nutrients or elevated salinities in the 
cleared areas, although attempts were made to mini­
mize and document such effects. 

E~perimentaJ and control Salix were irregularly dis­
tributed and >50.m apatt. The plant removal 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 belowground 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 available for comparison to Salix data from the 
interspersed Colorado River control sites, as well as to 
data from Bill Williams River study areas. • 

Community structure 

Data for ·an analysis of plant community structure 
were collected from 97 circular plots (of area 200 m2) 

selected from a wide range of microhabitats throughout 
the Colorado River (n = 63) and Bill Williams 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 statistically 
adequate. Plots were restricted to vegetation. stands 
~lassified within the Populus-Salix association (Youn­
ker and Anderson J 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 aspe.ct was intro­
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
du~ing individuals 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. 
IO cm DBH. Comparable results for reproductive Pop• 
ulus led to the adoption of a DBH criterion of ::;IQ cm 
for defining a .. juvenile" size class in these tax.a. 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 caJculated for those taxa demonstrating =::5% rel­
ative cover o'ver the general study" area. Detrended cor­
respondence analysis (DCA; Hill I 979) was employed. 
to produce ordinations of aU stands and perennial spe• 
cies. Study areas were highlighted in stand ordinations 
to assess the assumption that these sites adequately 
depicted microsite structural variation within their re­
spective ecosystems. 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 analy$iS 

Statistical significance was assumed at the five per­
cent level of probability (P :s: 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 caJculated as the av­
erage deviation of each site-depth combination from 
the overall mean: 

C = (il, - t,)ls, 

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

Where nonnality, independence, and randomness 

were reasonable assumptions for sample data and sam­
pling regimes, procedures to test the equality 9f treat­
ment means were carried out using•.parametric statis­
tical techniques. Generally, this involved analysis of 
variance (ANOVA) followed by multiple range anal­
ysis using the Studenc Newman-Keuls (SNK)_ test in 
cases where ANOVA results indicated significant dif­
ferences of~ 2 mealls. 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. constituentS7 ·the 
Mann-Whitney test was used to compare distribution 
functions for the two river systems. The Kruskal-Wal­
lis test Was employed to examine the null hypothesis 
that study area soil parameters were identical. Stanc_l 
positions relative to DCA axes were treated as ordinal 
data. Spearmann rank correlation coefficients (p) were 
used to clarify possible association.!! between study site 
positions along ordination axes and gradients Ot phys­
ical or physiological factors at these sites. 

Sequential sampHng 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. insta11 soil probes, etc. For 
comparisons of ecophysiological responses collected 
on a sequential basis, repeated measures analysis of 
variance (ANOVAR) or "'profilC analysis." has been 
advocated (Moser et al. I 990, Potvin et al. 1990). Using 
the SPSS-X profile analysis procedure (SPSS 1988), 
ANOVAR was employed in site comparisons of e,, g. 
E, and predawn and midday ,t,. Monthly and hourly 
data collections were treated as the repeated fflctors. 
Mauchly's criterion was used to evaluate the assump­
tion of compound -symmetry of the variance-covari ... 
ance matrix of these data sets. 

RESULTS 

Hydro geology 

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 (1949-1988) in 
terms of monthly discharge and its fluctuations. 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 
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F10. 2. Hydrographs for the Colorado 
and Bill Williams Rivers in 1989 and 1990, 
derived from the U.S. GeOiogical SurvCy Ar­
izona stream gauge database. Boxes depict 
second and third quartiles (i.e., the bounds 
of the middle 50%) of daily discharge for 
each month, with medians indicated by the 
lines inside each box. Line extensions indi­
cate range of daily discharges for each month 
that are st.5 interquartile ranges from the 
second and third quartiles. Outlying points 
are plotted individually with flows > 3 inter­
quartile ranges below the second, or above 
the third, quartiles indicated with a .. -+:" 
mark. Note contrasting ordinate scales for the 
two rivers. 
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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 1990 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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Fm. 3. Alluvial water table depth in study region flood­
plains during 1990. Means arc presented for. the Colorado 
(filled squares; n = 3 wells) and Bill Williams (open circles; 
n = 4 wells) Rivers. Spatial variability among groundwater 
wells is represented by vertical bars extending ::: l so from 
the means. 

ASOND 

tion points was less for Bill Williams River :floodplain 
sites than it was for the Colorado River study are3:5. 
Mean monthly water table depth ranged from 3 to 4.5 
m for the Colorado River study 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 (04) 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 (X ± SE= 12.2 ± 2.2%) annual mean 
soil moisture integrated over the upper 90 cm of the 
floodplain alluvium (0;)- As expected for locations 
where the principal source of soil moisture replenish« 
men_t is the alluvial aquifer, e" increased with subs1:1r­
face depth at Bill Williams River upstream sites. The 
lack of change in 0,1 with depth at Bill WilJiams River 
downstream sites suggests that groundwater and mois-

• turc in surface soils. were not closely connected. Soil 
moisture in the upper 90 _cm ( 0;) averaged 7.4 ± 1.6% 
for these sites. Likewise, the Colorado River areas ex­
hibited no clear trend in 04 with subsurface depth. Both 
areas were characterized by substantially lower mean 
e, (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 indistinguishable be-
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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, F, COJ, NH4, and PO4 • Bill Williams River 
downstream soil pH was significantly greater than that 
at both Colorado River study areas. These areas, in 
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' 

- turn, had higher pH than did the Bill Williams River 
upstream sites. Signific~mt among-area differences 
were not detected for Ca, HCO". or NO)• 
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FIG. 4. Volumetric wil moisture (0,) at Bill Williams 
River and Colorado River floodplain study area.,;. Lines ~re 
plotted through means for 8,1 ± I SE, (n = 12) ai each of 
three subsurface depths in the alluvium. 

tween study area,; within ea:ch river system. but with 
significant differences between the river systems (Table 
I). This wa'i demonstrated by EC and by concentrations 
of Na, K, Mg, Cl, and SO,, all of which were sub­
stantially higher in soils of the Colorado River sites. 

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 po~itive deviations from 
overall means for pH, Sat.%, B, NO~. NH4, and PO_.. 

Groundwater concentrations of Ca, Mg, and SO4 

tended to follow the; general pattern indicated for study 
area soils. Colorado River samples tended to have sig­
riificantly greater values for the:.e constituents than did 
groundwater from the Bill Williams 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 Colorado River 
study areas. Higher Na, but lower Mg and Ca concen-

TABLE I. Analysis of soil extracts for Colorado River arid Bill Williams River study sites. Data represent ineans ::!: I se, 
11 = 24. Entries not sharing common letter superscripts denote between-site statistical difference at P s 0.05 in .Kruskal­
Wallis and multiple range tests. 

Bill Williams River 

Factor 

pH 
Sat.%*(%) 
ECt (dS/m) 
B (mg/L) 
Na (mg/L) 
K (mg/L) 
Ca (mg/L) 
Mg (mglL> 
F (mg/L) 
CO, (mg/L) 
HCO, (mg/L) 
Cl (mg/L) 
SO,. (mg/L) 
NO, (mg/L) 
NH, (mg/L) 
PO .. {mg/L) 

Upstream 

7.4 :!: 0.7m 
30.5 ± 0.1" 

1.6 ± 1.6" 
0.3 ± 0.2" 

131.1 ± 388.7• 
11.7 ± 17.9• 

175.2 ± 45.8• 
36.4 ± 37.9• 

J .8 :!: 0.2a 
0.0 ± 0.0" 

152.5 ± 19.9" 
156.2 ± 394.1' 
518.4 ± 537.6' 

6.8 ± 5.2" 
0.6 ::!: 0.6• 
0.0 ± 0.1" 

• Saturation percentage. 
t Electrical conductivity. 

Downstream 

8.0 ± 0.1" 
34.3 :!: 0.9" 
5.1 ± 1.7" 
1.2 ± 0.2" 

825.7 :t 420.9"-
42.9 ± 19.Ja 

252.0 ± 49.4" 
85.2 ± 40.9• 
3.5 ± 0.2" 
5.7 ± 0.7" 

201.3 ± 21.5• 
990.5 ± 422.5" 

1200.0 ± 580.8• 
16.8 ± 5.6• 
4.0 ::!: 0.7" 
0.6 ::!: 0.1" 

Study site 

Colorado River 

Conffol 

7.8 ± O.lc 
34.2 ± 0.7" 
I 1.7 ± 1.2" 
1.4 ::!: 0.2" 

2440.3 ::!: 308.2" 
I 05.3 ± 14.0' 
278.8 ± 36.2• 
217.2 ± 30.0" 

2.4 ± 0.2• 
. 0.1 ::!: O.IM 

207.4 ± 15.8• 
2154.9 ± 312.4" 
35Q5.2 ::!: 422.4" 

4.5 ± 4.1" 
5.2 ::!: 0.5!> 
0.2 :!: 0.1• 

Experimental 

7.8 ± O.lc 
33,7 ± 0.9" 
12.8 ± 1.6b 
1.4 ± 0.2" 

2601.3 ± 411.7" 
92.0 ± 19.0< 

398.0 ± 48.6• 
310.8 ± 40.1" 

2.4 ± 0.2• 
1.8 ± 0.9~ 

225.7 ± 21.1• 
2548.9 ± 4J8.9h 
4022.4 ± 566.4" 

6.8 :t 5.5" 
3.7 ± 0.7" 
0.1 ± 0.1" 
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F10. S. Standard scores for soil extract analysis variables. Each parameter value was subtracted from the grand mean for 
that parameter, a~ all sites and depths. The resultant difference was divided by the standard deviation associated with the 
grand mean to calculate a standard score in standard deviation units. 

trations, resulted in higher mean SAR values in Bill 
Wil1iams groundwater relative· to that of the Colorado 
River. There were higher mean HCO3 levels in Bill 
Williams River study area samples than in Colorado 
River groundwater. but no significant difference in 
groundwater pH between the two river systems. 

TABLE 2. Groundwater analysis results for samples frorri 
we1Is near the Bill Williams (n = 16) and Colorado (n = 
11) Rivers. Data represent mean ± l SE for each factor. 

Factor 

pH 
Na (mg/L)• 
K (mg/L)*** 
Ca (mg/L) .. * 
Mg (mg/L)*** 
SO,. (mg/L)*** 
HCO_, (mg/L)**"' 
Cl (mg/L)••• 
SAR*** 
EC (dS/m)• 
TDS (mg/L)••• 

Well location 

Bill Williams River Colorado River 

7.70 ± 0.02 
113.39 ± 0.46 

7.80 ± 0.13 
66.56 ± 3.01 
20.40 ± 0.64 
95.52 ± 0.96 

310.49 ± 12.71 
!06.20 ± 1.07 

3.15 ± 0.03 
1.00 ± 0.01 

606.6 ± 2.4 

7.73 ± 0.02 
98.90 ± 1.61 
5.07 ± 0.20 

91.40 ± 2.68 
27.24 ± 0.72 

252.00 ± 2.40 
218.99 ± 9.29 

81.07 ± 1.42 
2.32 ± 0.03 
1.08 ± 0.01 

731.6 ± 6.6 

Asterisks indicate significant differences between means 
using the Mann-Whitney test at P :s: 0.0S (*) or P :s: 0.001 
(***). 

Foliar analyses revealed that Tamarix. tended ~o con~ 
centrate cations in leaf tissue (Table 3). Calciu~. Mg, 
Na. and Fe were all found at significandy higher levels 
in Tamarix than in leaf samples from the other three 
taxa. Salix and Populus had higher mean leaf 'tissue 
concentrations of P. ~ and Zn relative to Tamari.x 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 Populus to 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 "JOTp/fology 

, 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 produced 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 clement concentrations (mean ± I SE. n = 18) for woody taxa sampled at Bill WiJliams River and Colorado 
River study areas. Concentrations are presented on a leaf tissue dry weight basis. Entries not sharing letter superscripts 
along rows indicate significant interspecific differences indicated by ANOVA and Student Newman-Keuls multiple range 
analysis (P ::: 0.05). • 

Element Tamarix Salix Populus Tessaria 

Concentration 
N (mg/g) 20.4 ± 1.0" 

1.2 ± 0.1" 
9.7 ± 0.6• 

25.9 ± I.[• 
11.2 ± 0.3a 
18.1 ± 0.7• 

21.3 ± 1.0· 20.3 ± 1.2• 16.6 ± 2.2" 
1.6 ± 0.2"" 
7.2 :!: J.4'1 

I0.9 ± 2.4" 
6.1 :t ·0.6" 

11.2 ± l.5• 
70.1 ± 30.6• 

280.4 ± 26.3'1 

P (mglg) 1.7 ± 0,tah 1.9 ± 0.1" 
K (mg/g) 
Ca (mglg) 
Mg (mglg) 
Na [mg/g) 
Zn [µgig) 
Fo (µgig) 
Mn (µgig) 
Cu (µgig) 
8 (µgig) 

15.0 ± 0.6" 18.5 ± 0.8" 
9.9 ± I.QI> 23.0 ± 1.2• 
3.7 :t Q.3h 5.6 ± 0.Jo-
0.7 ± 0.7h I.I ± 0.8 11 

. 40.0 ± 13.5• 
183.5 ± 11.5• 
55.5 ± 58.8• 
4.7 .± 0.6a 

45.7 ± 8.5· 

160,5 ± 13.1" 248.8 ± 15.8" 
117.7 ± 11.3" 63.4 ± 13.5" 

1059.o ± 57.4" 8.2 ± 6s.s~ 153.7 ± 133.8' 
19.5 ±."1.4" 

114.7 ± 19.3' 
6.2. ± 0.6• 6.8 ± 0.7• 

75.6 ± 8.3"" 93.4 ± 9.911 

upstream and downstream site Populus, bui 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 between 
experimental and control sites on the Colorado River, 
annual growth increments had 60% greater leaf area 
on the experimental plots. 

Plant water relarions 

Tamarix stomata! conductance (g) was similar 
among areas. although Bill Williams River downstream 
sites tended to have slightly lower mjdday g than at 
Bill Williams River upstream or Colorado River control 
sites (Fig. 6). Tamarix from Colorado River control 
sites exhibited markedly higher transpiration (E) than 
on either of the sites on the :ijill 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 E were less dis­
tinct between sites within the river systems. Populus 
from the Bill Williams River exhibited g and £ re­
.spouses similar to those for Salix from the Bill Williams 
River. 

Predawn and midday water potential (If,) in Tamarix 
(Fig. 7) differed significantly between areas (F =· 36.9; 
P < 0.001; df = 2,7). Both predawn and midday i/J 
were higher for Tamarix at the Bill Williams River 
upstream sites than for either the Bill Williams River 
downstream or the Colorado River control sites. Mid­
summer declines in iJJ were greatest for the Bill Wil­
liams River downstream areas. Significant (F = 20.0; 
P < 0.0 I; df = 2, 7) differences were exhibited in mid­
day if, for Salix, where late growing season differences 

TABLE 4. Morphological measurements for Populus fremontii and Salix gooddingii from study sites on the Colorado and 
Bill Williams Rivers. Data are the stem clong~tion 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 ± I SE (n = 30) for each 
measurement factor, with unshared letter superscripts indicaling significant (P :S 0.05} between-site differences within 
rows using ANOV A and Student Newman-KcuJs tests. 

Study site 

Bill Williams River Colorado River 

Species Upstream Downstream Control Experimental 

Stem elongation (cm) 
Salix 24.4 ± 1.9'" 
Populus 173.0 ± 15.6• 

24.2 ± 2.011 12.4 ± !,Sb 20, I ± 2.2a 
70.1 ± 15.3h 

Leaf number (n) 
Salix 19.0 ± I. 1 • 17.3 ± J.JR 16.2 ± 0.8• 19.0 ± I.3• 
Populus 12.8 ± 0.7'" 8.0 ± 0.7" 

Leaf area (cm2) 

Salix 122.3 ± 12.3• 101.5 ± 12.4"" .40.0 ± 9.2° 15.0 ± 13.6" 
Populu.r 189.8 ± 11.9• 57.0 ± 11.91> 

SLA (cm2/g) 
Salix 126.6 ± 3.6• 136.8 ± 3.7" 111.6 ± 2.7' 112.2 ± 4.1' 
Populu.-. 137.5 ± S.4• 118.6 ± 5.4" 
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Fm. 6. Stomata! conductance (g) and transpiration (E) for dominant woody taxa of the Colorado River and Bill Williams 
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study periods at"<? presented for these parameters. Points represent composite means, vertical lines represent J SE (n = 36). 

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 Bilt WilJiams 
River Populus were greater for upstream sites relative 
to downstream sites (F = 18.63; P < 0.05; df = 1,4), 
This difference became more pronounced as the grow­
ing seas0n progressed. 

Despite the close taxonomic relationship of Populus 
and &,!ix. 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 
at zero turgor (RO) was similar in Tamarix. and Salix 
and was significantly lower than that for Populus. Tes­
saria had the lowest R0 of any species. Osmotic po­
tential at the turgor los_s point (,JJ;) was most negative 
in Tamarix. intermediate in Tessaria and Salix, and 
highest in Populus. Although there was a similar re­
lationship for osmotic potentiaJ al full turgor (af,1..,00), 

Salix and Populus vr,,00 values were significantly higher 
than those of Tamarix and. Tessaria. There were no 
significant differences among Tamarix, Salix, and Pop­
ulus in bulk modulus (£100), but lower E:100 in Tessaria 

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

Tamarb: leaf tissue carbon isotope discrimination (.1) 
was significantly (F = 6.98; P < 0.005; 3,47·df) lower 
than that of the other tax a 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 (t = 4,6 I; P < 0.01; n = 660) 
greater on experimentally cleared sites (X ± I SE = 
491.2 ± 27.8 µ.mol m-2 s- 1) than at control sites on· 
the Colorado River (306,8 ± 25.8 µ,mol m-• s-•). Leaf 
temperatures (T J did not differ significantly between 
the two ecosystems, but there were significant (F = 
4.85; P < 0.05; t. 938 dO differences in T~ between 
Salix (27 .80 ± 0.4 °C) and Tamarix (29.00 ± 0.4 °), 
Salix TL did not vary significantly between experimen­
tal and control sites on the Colorado River. 
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(n = 6) are presented using data compiled for months when leaves were fully expanded but not senescent during 1989 and 
1990. 

Vegetation community structure 
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 indiv:iduals 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, Ta­
marix and Salix dominated the Bill Williams River ri­
parian community. Populus and Salix both had greater 
importance in the Bill Williams River floodplain than 

that of the Colorado River. Juvenile and adult popu­
lation segments were also much better represented for 
Populus on the Bill Wil1iams River than on the Col­
orado River. While juvenile and adult population seg­
ments w:ere 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. anQ 
accounted for =81 % of the variation in the community 

TABLE 5. Results of pressure-volume analyses for riparian woody tax.a. Data represent means :t I SE. Entries are fol1owed 
by an indication of significant (P ~ 0.05) difference in average values (entries not sharing letter.superscripts) as shown 
by ANOVA and Student Newman-Keuls multiple comparison tests. 

Species 

Variable• Tamarix (n = 23) Salix (n = 26) Populus (n = 31) Tessaria (n = 29) 

Ir'' 0.79 ± O,0l 1 0.78 ± 0.01• 0.83 ± 0.0( 11 0.87 ± 0.01'" 
ij.,~ (MPa) -2.93 ± 0.09• -2.54 ± 0.09" -2.29 ± o.osc -2.59 ± 0.08" 
11,~00 (MPa) -2.40 ± 0.08• - J .94 :t Q.08b -1.77 ± 0.07" -2.26 ± 0.Q7• 
E 100 (MPa) 15.80 ± 1.47• 17.38 ± I .JSa 17.31 ± 1.26• 11.48 ± 1.30!,, 

* R-1 = relative water content at the turgor_ l?ss point; $Z = osmotic potential at z.ero turgor; ij.,!,!ID = osmotic potential at 
full turg-or: and e100 = bulk modulus of elasttc1ty at full turgor.. -
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analysis data set. There was a tendency for salt- or 
water stress-tolerant taxa to have lower values. and for 
hydrophyteS and mesophytes tO have higher values 
along DCA axis 1 (Fig. I 0). EX.am pies of taxa that fit 
this pattern include Prosopis pubescens and Tessaria 
(values <100), and Typha latifo/ia, and juvenile Salix 
and Populus (values >200). Evidence fol" a community 
maturity gradient was indicated along DCA axis 1 
where senescent Salix. and Populus tended 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 1 (Fig. 11 ). Exceptions to this included stands·from 
areas of the Colorado River floodplain that have $hal­
low water tables and clustered on the ordination with 
Bill Wi1Iiams River stands. Evidence for commlinity 
organization along moisture gradients is reinforced by 
the significant correlation of DCA axis 1 with depth to 
the water table, fJ1, and if, (Table 6). This axis may 
depict community organization along salinity and nu-

"' 
-~ .. .. 
-I!! 
"' i:l 
~ 

:)I 
0 
§ 
.;, 
"' -~ 

I 
&l 

. 

• F10. 9. Histograms depicting relative 
cover (open bars) and relative frequency 
(stippled bars) percentages for each perennial 
species that exceeded 5% relative cov~r in 
the Bill Williams- River and Colorado River 
floodplains, when considered jointly. Pbpu­
lus and Salix are partitioned into juvenile.(]). 
adult (A), and senescent (S) age classes. 
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trient gradients as well. based on correlations with elec­
trical conductivity (EC), to_tal dissolved solids (TDS), 
and NOJ. DCA axis 2 was correlated with soil NO,, 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 also important in riparian community orga­
nization. Stands that showed evidence of recent burning 
tended to have lower values along DCA axis 3 than 
stands not ei<hibiting signs of such disturbance. The 
negative correlations of soil PO4 and PPF with this axis 

TABLE 6. Correlation of three detrended correspondence 
{DCA) axes, derived from community analysis of the Bill 
Williams and Colorado Riven•. with physical and physio­
logical variables from sites in these ecosystems. 

DCA Axis 

Fuctort 2 3 

Correlation 

Water table depth -0.64• -0.01 -0.35 
&, 0.85* .. ' 0.40 -O.Q7 
EC -0.50* -0.26 0.56* 
TDS -o.so•u -0.41 0.36 
N01 0.59* 0.68* -0.37 
PO, -0.32 O.D7 -0.66* ~- 0.46* 0.42 -0.32 
-li.,;n 0.67• 0.42 -0.15 
PPF -0.43 -0.38 ... Q.58* 

Spearman rank correlation coefficients (p) with probability 
of statistical significance indicated by * (P :5 0.05) or *** 
(P s 0.001). 

t Volumetric soil moisture (8;), soil extract electrical con­
ductivity {EC), nitrate (NO,), and phosphate (POJ, total dis­
solved· solids in water samples (TDS). plant predawn (WfflU) 
and midday (\j,m;J water potential, and photosynthetic photon 
flux (PPF). 

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

DISCUSSION 

Hydrogeology 

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 aJI of the physical effects character­
istic of impounded riparian ecosystems, including in­
creased channel incision and confinement, and aug­
mented daily flow variation (Wil1iams and Wolman 
1984). The Colorado River differs from the unregulated 
discharge pattern prior to river impoundment in that 
peak flow_s occur in midsummer rather than the spring. 
and because flows rarely overtop the riverbanks, thus 
eliminating flooding in this ecosystem. In contrast, the 
Bill WiUiams River exhibits a more natural flow 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 al1uvial aquifer. Diel variation in ground­
water depth. tracked diel discharge fluctuations, indi~ 
eating 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 
depth.s at Bill Wiliiams River study sites were always 
shallower (:S2.8 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, Jack 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 rrioisture sources. 

Nutrients and salinity 

Where water table incursion into the unsaturated 
zone was infrequent. leaching of soi] nutrients was also· 
reduced. This contribut~d to elevated values for Na. K. 
Mg. Cl. SO4• 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 strongly to this 
pattern. This demonstrates that elements are not dis­
persed uniformly through the soil profi]e 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 positively 
correlated with soil concentrations. indicating that this 
is the more saline ecosystem. Soil EC at Colorado River 
sites exceeded salinities equivalent to those shown to 
reduce growth in Populus and Salix seedlings (Jackson 
et al. 1990)1 while Tamarix and Tessaria appear to be 
within their salinity tolerance limits at all sites. SoiJ 
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. 
1990) for all four taxa in both river systems. 

Variation in leaf nutrient levels in natural vegetation 
is often fess than in soil samples because rapid growth 
on fertile sites tends to dilute the tissue nutrient pool, 
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-

ophyte-glycophyte dichotomy. Specifically, Tamarix 
and Tessaria leaf tissue Na:K ratios (1.87 and 1.56, 
respectively) deviated strongly from th.ose of glyco­
phytic Popu/us and Salix (Na:K <0. I in both). While 
glycophytes general1y rely on ion exclusion at the root 
endodermis, Tamari.:c is thought to survive i.n saline 
soils by maintaining high uptake of ii::ms in conjunction 
with salt extrusion, cellular compartmentation, and uti­
lization for osmoregulation (Greenway and Munns 
1980). Tamarix possesses glands that produce a salty 
exudate, but this plant also may use inorganic .ions for 
turgor 1:1aintenance at low water potentials (Berry 
I 970):The ions detected in high concentrations in Ta­
marix leaf tissue were also found at high concentrations 
in both the soil 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 Walla,ce 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 hei;e for Tamarix as 
well as Tessaria. An alternate strategy is suggested for 
Popu/us and Salix.. These glycophytes showed evidence 
of Na exclusion combinCd with conci;:ntration 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 deciduou~ hardwoods in­
dicate that acclimation to water deficits are made 
through adjustments in osmoti~ potential (tJ,.,,) rather 
than changes in cell wall elasticity (Tyree et al. 1978, 
Dawson 1990, Dreyer et al. I 990, 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 
accumulating solutes have been shown to maintain tur­
gor and high leaf conductance .(g) as tissue water po­
tential (if,) declines. while others maintain turgor only 
through stomata} c1osure (Osonubi and Davies 1978). 

Interspecific differences in bulk mqdulus (€) may be 
important in riparian plant responses to water. or os­
motic stress .. Low e values (high elasticity) allow the 
maintenance of turgoi:- as tissue water content varies 
and may be of physiological or ecological advantage 
where there are shoi-t•term flucttJations in soil moisture; 
high e ensures that changes in water content and ceJI 
solute concelltration are relatively small as tf, changes 
(Zimmermann 1978). High E is thought to offer ad­
vantages in-maintaining water uptake in xeric environ­
ments or microsites. but the utility of low E' in main­
taining turgor is more apparent than are claims that 
increases in E enhance water uptake (Monson and Smith 
I 982, Abrams 1988, Abrams et al. 1990, Schulte I 992). 
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Low bulk modulus at saturation (e100), taken in con­
junction with high relative water content at the turgor 
loss point (RD), reflect leaf succulence in Tessaria. Tis­
sue elasticity could thus contribute to turgor mainte­
nance under desiccating conditions in this species. 

The variability in Tamarixwaterpotential (if,) among 
field sites indicates that the choice of a representative 
location for tissue water relations determinations was 
difficult. This potentia) problem was minimized by coJ­
lec,ting Tamarix at a variety of locations. Also, field if, 

• 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 (q,~00) were lower than those in 
Populus and Salix and at the point of turgor loss, os­
motic potentials (i/1!,) in Tamarix were lower than all 
three other species. This would prove advantageous to 
Tamarix where water uptake and transport depend on 
low plant if, 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 «fr ... 

Measurements of f/,~00 and ,fl; in Populus and Salix 
were within ranges of values reported from Populus 
and Salix species growing in mcsic climates (Tyree et 
al. 1978. Tschaplinski and Blake 1989, Dawson 1990, 
Gebre and Kuhns 1991 ). However, interspecific dif­
ferences in tissue water relations between Salix and 
Populus demonstrate the potential for ecological het­
erogeneity between these taxonomically related, sym­
patric taxa. Lower osmotic potentials (t/P.,) in Salix may 
favor its persistence over Populus under conditions of 
high salinity or moisture stress in southwestern riparian 
ecosystems. As in Tamarix and Tessaria, the ability of 
Salix to maintain turgor at lower values of IP would 
alJow it to operate under conditions of reduced moisture 
availability. 

Whole pl~t water relations 

Predawn and rnic!_day tj, levels were significantly low­
er in Tamarix from the Colorado River than in plants 
at Bill Wiiliams River upstream sites. Comparably low 
l/1. was previously reported for Colorado River Tamarix 
(Gay and Sammis 1977), but «fr appears to be maintained 
at a higher Jeve) in Tamarix from more mesic envi­
ronments (Wilkinson 1972, Anderson 1982). Bill Wil­
liams River downstream Tamarix showed a seasonal 
decline in tj, from levels approximately equivaJent to 
those of the upstream sites ta levels approximating 
those at the Colorado River control sites. However~ low 
1/J leveli:; 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 stomata! function through osmotic 
adjustment or tissue elasticity under conditions of re­
duced moisture availability (Osonubi and Davies 1978, 
Abrams 1988). 

Tamarix, Populus, and Salix all demonstrated mid­
morning peaks in stomata! 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
ju!lction with maximum leaf-to-air vapor pressure def­
icit (VPD). Gay and Sammis (1977.) and Anderson 
(I 982) demonstrated similar diurnal ·responses in Ta­
marix g, but these responses were associated with more 
immediate declines in E. Tl"anspiration in Tamarix is 
thought to foJJow the evaporative demand of the am­
bient air (Hagemeyer and Waisel I 989). Higher VPDs 
are likely for the Colorado River floodplain due to re­
duced soil moisture and tree canopy cover. Such dif-­
ferences would explain higher Tamarix E on the Col­
orado despite the simiJarity in g between river systems. 
Neither radiation flux (PPF) nor leaf temperature (Tc) 
varied significantly between ecosystems so that higher 
VPD along the Colorado River is likely to cause these 
differences. 

Tamarix has been described as possessing inherently 
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 ta.xa investigated, 
based on our interspecific comparison of carbon isotope 
discrimination (Ll). Carbon isotopic ratios can vary 
tempcirally and spatiaI1y 3S a function of topograi,hy 
or position within the tree canopy (Garten and Taylor 
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, m_icroenvi­
ronmental contributions to A were minimized. Unam­
biguous ranking of species WUE using foliar J..vaJue 
differences of < l .0%0 requires that TL not differ by 
>2.5 °C between species (Ehleringer et aJ. 1992). AJ­
though there was little overall TL difference between 
ecosystems, Tamarix TL was = 1.2 ° .greater than that 
in Salix. The l.O-l.6%0 differences in L1 between Ta­
marix and the other taxa evaluated thus provide a mea­
sure of reliability to indications that WUE is signifi• 
cantly greater in Tamarix. 

Fractionation of carbon isotopes in halophytes under 
elevated salinities may occur through diffusional pro­
cesses or carboxylation in the leaf (Farquhar et al. 
1982). Concurrent measurements of photosynthesis and 
E have shown that incr~asing environmentaJ salinity 
causes higher WUE due to reduced £ (Mccree and 
Richardson_H87, 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 p:rocess of 
carbonate secretion arid CO2 release (Waisel 1991a). 
High WUE in Tamarixthus appe~rs to have a functional 
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basis that is related to its halophytic life history. An 
hypothesized dichotomy between halophytes without 
solute-excreling mechanisms that could redllce salt up­
take by decreasing E 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 Li) 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 Populu's clones as a 
moisture stress avoidance mechanism (PaJlardy 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 BiIJ Wil­
liams River sites. support the concept of stomatal reg­
u]ation as a mechanism for maintaining 1/J 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 .d values that suggest 
that WUE is low in these riparian taxa relative to the 
de..c;ert perennials found in surrounding upland habitats 
(Ehleringer 1989). Carbon isotope discrimination in 
Salix gooddingii in this study approximated that re­
poned for S. exigua from a semi-arid habitat (Donovan 
and Ehleringer l 991 ). 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 lJmiting space or light. 
Where water has become less available due to hydro­
logic perturbations, elevated 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 closeJy reJated to 
successional status or growth conditions in deciduous 
trees (Marks 1975). Such variation is Jikely to be in• 
tegrated with other moisture and salinity responses to 
determine pJant productivity. competitive status, and 
riparian community structure. There were distinct dif­
ferenceli in morphology between Populur individuals 
growing on upstream and downstream sites in the BilJ 
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 J 975). For this 

species, adjustments to water deficits appeared to occur 
through reductions in the area of new leaves produced 
or via reduced stem elongation. \ 
. Stem elongation. leaf number, 3.nd leaf area were a11 

greater at upstream relative to downstream ~ites in Pop­
ulus on the Bill Williams River. fopulus spp. have been 
described as indeterminate in their extension growth, 
with early senescence contributing to decreased leaf 
production (Marks 1975, Waisel 1991b). The reduction 
in leaf number at downstream Bill WilJiams River sites 
is considered a typical desiccation response. Premature 
leaf abscission may also have contributed to· reduced 
leaf number at these sites. Thus, adjustments in leaf 
area appear to be among the me~hanisms mediati.ng 
responses· to water or salinity stress iQ Populus. 

Trends in specific leaf area (SLA) can be viewed. in 
terms of the adaptive va]ue 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 Iower maximum leaf .conduc­
tances. and fewer but larger stomata; they a_re. thus, 
better suited for xeric habitats (Hinckley et al. 1989, 
Abrams et al. 1990). Lower SLA in Populus from the 
Bill Williams River downstream s.ite indicates a trend 
toward xerornorphy due to drying soils or increased 
salinity. Stomata! conductance was also lower during 
peak diurnal time periods for downstream site. Populus. 
A similar morphologica1 relationship exists in cQm­
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 Bil1 
WiJliams River downstream site to have greater SLA 
but lower g in comparison to upstream site individuals 
indicates that this species may rely more on stomata! 
regulation than morphological. adaptations in short­
tenn 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 WiHiams River Populus. 
Such adaptations may also allow Salix persist~nce w_ith 
reduced leaf area and annual growth on the Colorado 
River, where such stress is chrQnic. An absence of os­
motic regulatory capabiJities may contribute to mor­
phological declines that would lead to reduced pro­
ductivity in Populus at the Bill WilJiams River down­
stream area, and to its near-extirpation from the Col­
orado River. 

Competitive 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 tablC 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 difficult to detect and may de­
velop at near1y imperceptible rates (Weeks et al. 1987, 
Allison et al. 1990). Thus. measurable aquifer or stream 
recharge was not expected from the relatively smalI-

• 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 
evaporatioo rates depleted soil moisture at a rate com­
parable to evapotranspiration occuning 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 I 988, Eissenstat and 
Caldw<;:11 1988). Based on values of i.1, Tamarix WUE 
surpasses that of Sd.lix, indicating that Salix may pos­
sess an advantage in water acquisition where free water 
is readily available. Removal of neighboring vegetation 
increased ,J, in desert shrubs (Fonteyn and Mahall 
1978), but where water availability and leaf areas are 
high, if, may decline due to- higher transpiration rates 
(Pothier and Margolis 1990). There is also evidence 
that If, 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 occur in Salix following the removal of 
neighboring Tamarix. However, the results showed dis­
tinguishable increases in midday t/1 (up to 0.5 MPa) in 
Salix on cleared sites. Increased ,f,coincided with high­
er leaf conductance, indicating that reduced water 
stress was associated with enhanced g':'-5 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. Sto.matal 
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 taller, arborescent fonn on 
the Bill Williams River. Such morphological variation 
is a probable result of decreased water availability, and 
may intensify competition with Tamarix for light in 
dense riparian stands. 

Community structure 

Low community abundance of P,op~lus 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 S~lix dominance 
on low-elevation sites,·and codominance of this species 
with Populus at middle elevations (Szaro 1989). How­
ever, we have shown that hydrologic an~ salinity fac­
tors also contribute to Populus 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 prob_able 
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 segment's on both 
the Colorado and Bill Williams Rivers. Despite this. 
an abundance of juveni1e and adult Salix along both 
rivers demonstrates that ramet sprouting and establish­
ment .occur frequently. The samC holds true for Populus 
on the BilJ Williams River. The presence of juvenile 
cohorts in these populations cannot be taken as evi­
dence for establishment of new individua_ls, 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 colonization. 

Novel. monospecific community . types may be 
formed as a consequence of human perturbation de .. 
fleeting natural processes in environmental mosaics 
(Whittaker and Levin 1977). Our reSults indicate that 
Tessaria and Tamarb: 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 WU­
Iiams River and Colorado River riparian zones were 
contiguous, it is doubtful that the recent (=40-yr) iso­
lation 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 presumably 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 I 990). 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 plant moisture stress and sa­
linity, and positively associated with moisture avail­
ability and soil NOl. 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 feature$ 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:1 levels. This is consistent with reported accumu­
lation of organic matter as riparian stands age (Johnson 
et al. 1976). It also supports our interpretation of ri­
parian community organization along the Jines of ma­
turity, as suggested by species (and Salix and Populus 
age cla!-is) loadings on DCA axis 2. The third DCA 
axis, which was negatively correlated with PPF and 
PO4~ also appeared to be associated with the occurrence 
of fire. Ecophysiofogical 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 halophy.tic shrubs foUowing 
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
ilarly. 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 promoting rapid growth in less stressful 
environments. Halophytic adaptations and apparent 
fow 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 J. Osmotic ad­
justment. which ~ppears to allow more vigorous water­
or salinity stress responses in this species relative to 
Populus, may thus be an important adaptation permit­
ting the persistence of Salix in perturbed riparian en­
vironments. 

CONCLUSlONS 

The objective of this study was to provide a func­
-tional interpretation of the transj_t1on from Populus-, 
Salix forest to domination by Tamarixor Tessar~b scrub 
in southwestern riparian ecosystems. A comparison of 
adjacent alluvial ecosys~ems 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,' 
helped elucidate potential competitive mechanisms act­
ing to structure these communities. Comparisons were:. 
also made within the BiU 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 sitf:S 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 deg.rec of salinity or water 
stress. Based on carbon ·isotopic ratios~ TamarU 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 ope;rate at 
lower water potentials with higher leaf conductances 
relative to the other species and ecosystems exa~ined. 
While high _water use efficiency is not universa_lly 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 ~osystems. It ap­
pears that Tessaria combines halophytic .idaptations 
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 eC:osys- • 
terns. 

Growth and water relations responsc;s to· experimen­
tal clearing suggested a cloSe interaction between 
neighboring Salix and TamarU on the Colorado River. 
Higher stomatal conductance in experimental Salix rel­
ative to controls may have been attributable to en­
hanced radiation flux following Tamarix removal. 
However, inC:reased 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 competitive 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 to be relatively 
uniform. However. it appears that there is a physio­
logical basis for individuaJistic responses to riparian 
ecosystem perturbation between these taxa. Salix tend­
ed to exhibit tissue water relations values that Were 
intennediate between· those of Tamarix, a salt-toierant 
facultative 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 also 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. 

Moisture was clearly a variable to which riparian 
plant populations responded. Distinct differences were 
evident in surface- and groundwater hydrology in the 
two ecosystems, and species water-relations <;:haracter­
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 Bi1l 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 fopulus 
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 struc-ture 
which accompany ecosystem change. These shifts in­
clude fundamental transformations in vegetation phys­
iognomy, from gallery forest to riparian scrub or thicket 
habitat~. that have accompanied hydrological pertur­
bation in southwestern river systems. 
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ABSTRACT/ Wetland mitigation banking as a resource man­
agement tool has gained popular support for Its potential to 
provide an ecologically effective and economically efficient 
means to fulfill compensatory mitigation requirements for 
impacts to aquatic resources. Although this management 
tool has been actively applied within the past 10 years (C. 
Short, 1988, M~igation banking, in Biological Report 88( 41 ): 
1-103), assessment of credits and determination of a com­
pensation ratio that rE!flects existing and/or potential func­
tional condition in a mitigation bank has been a formidable 

Urbanization, land development, agricultw-e, re­
source extraction, and infrastructure development are 
often accompanied by impacts . to aquatic resources 
through either direct fill Or secondary and cumulative 
impacts. Discharge of dredged or fill material affecting 
aquatic resources, such as lakes, rivers, streams, oceans, 
or wetlands usually falls under the jurisdiction of Sec­
tion 404 of the Clean Warer Act and is regulated by the 
U.S. 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 aetiVities. The 1990 
MOA between the Corps and the U.S. Environmental 
Protection Agency (US EPA) regardlng mitigation ex-
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task. This study presents a framework for a systematic ap­
proach for determination of credits and debits and subse­
quently the compensation ratio. A model for riparian systems 
is developed based on this framework that evaluates credits 
and debits for spatial and structural diversity, contiguity of 
habitats, invasive vegetation. hydrology, topographic com­
plexity, characteristics of flood-prone areas, and biogeo­
chemical processes. The goal 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 
professionaljudgement or use of preset ratlos. The purpose 
of this crediting and debiting framework is to develop a 
method that (1) can be tailored to evaluate ecological condi­
tion based on the target resources of a specific mitigation 
bank, (2} is ·flexible enough to be used for evaluation of exist­
ing or potential ecologic condition at a mitigation bank, (3) is 
a structu'red and systematic way to apply data and profes­
sionaljudgment to the decision-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 
meth0d is not a deterrent to its application,·and (6) provides 
a semiquantitative measure of the condition of aquatic re­
sources that can be translated to a mitigation ratio. 

presses a clear prefererice for on-site, in-kind replace­
ment of wetland functions and values. -Consequently. 
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 t(? 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 greater chance of being 
biologically and hydrolbg!cally Viable and can accrue 
more ecologic functions than small, isolated compensa­
tory mitigation sites (Short i 988, Environmental Law 
Institute 1993). Wetland mitigation banks strive to 
establish large, contiguous wetland areas that can be 
used to mitigate for a number of independent impacts. 
This allows eligible permittees to purchase compensa• 
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tory mitigation functions or credits from another entity 
that has already 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 
functions in advance of the actual loss of fW1ctions 
associated with a permitted activity (IWR 1992), 

Despite the recent rise In popularity and regulatory 
support for mitigation banks, assessment of credits in a 
mitig!:ltion bank and determination of compensation 
ratios that reflect existing and/ or potential ecologic 
conditions in a mitig8.tton bank continues to be one of 
the most pro"blematic yet most essential aspects of 
mitigation banking (Environmental Law Institute 1993, 
!WR 1994). The November 1995 Joint Federal Guid­
ance for the Establishment and Use of Mitigation Banks 
requires that· mitigation banks include systems for 
determining the number of credits needed to compen­
sate the impacts of a given project (!,e,, defining the· 
currency of the bank and setting mitigation r3:tios) 
(Federal Register 1995). The crediting and debiting 
methodology is a two-step process where the existing or 
potential condition of a mitigation bank (credits) and 
at the impact· site (debits) are assessed and translated 
into a currency such as acreage or habitat units (IWR 
1992, Environmental Law Institute 1993), 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. 

Numerous assessment methods have been proposed 
for the determination of credits and debits in wetland 
mitigation banks. The rhajority of w~tland mitigation 
banks to date, however, use best professional judgment 
or simple indices, such as acreage, to determine the 
compensation 'ratio (fabatabai 1994). The main advan­
tage of simple indices is their lack of complexity and 
ease of use. These indices can be calculated· quiclcly by 
project propoflents 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
plexities of wetland ecosystems and may not be represen­
tative of aquatic resource functions impacted and the 
existing or potential functions that exist in a mitigation 
bank (!WR 1994), Using best professional judgment to 
determine the· acreage to compensate for loss of aquatic 
resources not only is problematic in terms of scientific 
in defensibility but also poses problems of inconsistency, 
uncertainty, and Irreproducibility. Great caution must 
be exercised when using best professional judgment or 
simple indices to protect against wetland losses. 

As an alternative tO slmple 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 habi­
tat suitability for specific indicator species, such as 
the Habitat Evaluation Procedure (US FWS 1980), 
Habitat Evaluation System {Pearsall and others 
1986), Biological Evaluation Standardized Tech­
nique (Barnett and others 1991), and Index of 
Bloticlntegrlty (Karr 1991). 

• Surveys of habitat characteristics, such as the Wet• 
land Evaluation Technique (Adamus 1983), Wet­
land Replacement Evaluation Procedure·· (Bartoldus 
and others 1992), and Wetland Evaluation Method­
ology (WEM) (USACOE 1988), 

• Landscape level assessments using Geographic Infor­
mation Systems (GIS) and other coarse resolution 
measures of function in a regional 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 H)'drogeomor­
phlc Method (HGM) (Smith and others 1995), devel­
oped by the U.S. Army Corps of Engineers .Waterways 
Experlment Station (WES). This method uses variables 
measured in the field to compute functional indices for 
biotic, hydrologic, and biogeochemfcal functions. These 
indJces are scaled against locally representative refer­
ene:e sites to account for regional variations in wetland 
ecosystems. However, development of regional models 
and reference standards requires considerable time, 
resources, and techni~al expertise; to date, few regional 
reference 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 Clairaln 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 in .terms of personnel· resources 
and inefficient in terms of assessing functions impacted 
at each site eligible to use the mitigation bank. In· 
addition, regulatory agencies may not have the exper­
tise or resources to apply the functional assessment 
methods properly; therefore, the designated lTiethod 
may not be used accurately. In his review of functional 



assessment methods, Smith (1993) concluded that "no 
single method reviewed meets the requirements of a 
quick screening technique 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 criteria. How­
ever, it ts 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 we 
and defensible = measure of ecologic condition. To 
achieve this goal, a crediting and debiting framework 
should meet the following criteria: (1) can be tailored 
to evaluate ecologic condition based on the target 
resources of a specific mitigation bank, (2) Is flexible 
enough 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 decision-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~ 
~ion of aquatic resources that can be translated to a 
mitigation ratio. 

In this paper we present a crediting and debiting 
fra.J1_1ework for wetland mitigation banks that meets the 
above • criterla. -The principles of the frameymrk are 
applied to develop a model for southern California 
r:lparian systems. Use of the riparian model is illustrated 
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 post•restora­
tlon 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 structural 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 

l 
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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 = Post-project Rating (or Enhancement Potential 

Rating) - Pre-project Value {Existing Value) 
Step 2. Evaluation of debits 

Debits = Pr~·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 00 
based on the maximum expected gain at the bank (j.e .. 
the enhancement potential) (Table 1). We will demon­
strate the framework using the structural characteristics 
developed below for the southern California riparian· 
model. 

The framework is a systematic approach designed to 
balance directly measuring hydrologic and physical 
characteristics of aquatic i-esources .igainst ease of use. 
The intent is not to provide an absolute tool for 
evaluating functional· condition, rElther 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 associated with this 

type of crediting and debiting methodology include 
equal weights assigned to each criteria and a linear 
increase in values associated with each interval. 

This cred,iting 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, biogeo­
chemical, aild landscape characteristics of the target 
aquatic system. Below we provide a sample crediting 
and debiting system developed for southern California 
riparian wetlands. 

. Southern California Riparian Model 

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 soil 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 materlal from the flood plain,. 
scour mature woodlands, and hel}l spread propagules 
laterally into the flood plain (Strahan 1984, Warner and 
Hendrix 1985, Dlckert and Tuttle 1985, Gosselink and 
others 1990a). Riparian systems 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 ~ability of terraces and flood plains depends on 
their proximity to groundwater levels, surface emergent 
aquifers, or hyporheic zones {porow substrate allowing 
water to flow immediately beneath the_ surface of 
streambeds) (Stanford and Ward 1993). Therefore, in 
the arid west, the width and clistributlon '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 

_ systems 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, rfparian 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) 
estimated that although less than 1 % 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 followi.ng 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 complexity; (7) characteristics of flood-prone 
area; and (8) biogeochemlcal processing. These criteria 
reflect the fact that assessment of riverin~ systems 
requires examination of the entire riparian zone and 
consideration 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 secopd-order streams versus higher order streams. 
Because first- and second-order streams do not typically 
support the same complexity of h~bitat as higher order 
systems, they will typically score lower on the habitat 
criteria. For the purposes of this method, trees are 
defined as perennial woody d.icots greater than 7 .5 cm 
diameter at breast height (DBH), Saplings are defined 
as perennial woody dicots less than 7.5 cm DBH. 

The first two evaluation criteria address structure, 
composition, and diversity pf 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 
shouid be scored based on the vegetative composition 
of the site regardless of whether the vegetation is native 
or non~native. Effects of non-native species on habitat 
integrity are addressed by a separate criterion. Evalua• 
tion of structure regardless of the geographic origin of 
the species accounts for the fact that increased biomass 
(regardless of species type) contributes to a site's ability 
tO retaih water and retain nutrients and compoun~. 
thereby increasing some hydrologic and biogeochemi­
cal functions. This attribute is also directly accounted 
for by the biogeochemical processes criterion, which is 
scored based on abundance of biomass, regardless of 
whether or not it is native. 

Coverage and Spatial Diversity of Habitats 

Riparian habitats are typically patchy with an inter- . 
sperslon of different habitat types (Faber and Holland 
1988). This interspersion allows the actMties of animals 
in dry sites to be more closely coupled to those in 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 
1990b). Alpha diversity (diversity within a site) has been 
correlated to the ability of a patch to support a complex 
food chain and allow interior 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 
project site provides Information about impacts to a 
site's capability to support a variety of different fauna! 
species. 

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

0 = Site permanently converted to land use not able 
to suf>port 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 revegetatlon 
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 <:Uverse 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 
rlparlan 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 herbaceous plant 
communities. 

Structural Diversity of Habitats 

The stratification of vegetation into layers, including 
shrubs, understory, and canopy, provides a variety 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 pollina­
tion. This allows higher-trophic-level organisms to uti­
lize understory and canopy habitat that may be present 
(Erman 1984). Structural diversity within a site has been 
correlated with fauna! diversity, especially for birds 
(Gossellnk and others 1990b). The presence of a 
florlstlc 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 typically patchy (Faber 
and Holland 1988), the ratings for this criterion are 
based on only the vegetated portions of each site: 

0 = Site permanently converted-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 vegetation on the site 
contain riparian trees and saplings, plus a well­
developed native shrub understory. 

1.0 = The patches of ripartan 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 animals with a 
home ~ange exceeding the size of an individual habitat 
patch, corridors provtde 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 occur in future 
landscapes (Harm 1988). Even if partially dJsturbed, 
riparian corridors are Vital to the successful migration 
of neotropical birds and other organisms (Croonquist 
and Brooks 1991}. In addition, habitat connectivity 
helps small populations (such as endangered species) 
maintain 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 conidors but also contribute to overall habitat 
fragmentation and decreases in patch size. This can be 
detrimental for resident as well as migrant species 
(Harm 1988). 

The ecological value of riparian habitats alsO de­
pends on their integration as µnits Within the surround­
ing landscape (Gossellnk and others 1990b}. Many 
organisms have complex life histories 1n which different 
stages require distinct habitats within a regional land­
scape in order to meet their life requirements (Harris 
1988). Therefore, continuity between riparian and up­
land habitats increases utilization by fauna and proVides 
safe passage between riparian oasis and adjacent up­
lands (Gossellnk and others 1990c). Furthermore, the 
-greater the edge area between riparian habitat afld 
developed areas~ the greater the potential 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 
1990c). 

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 nonfipa.rian 
habitat. The ratings for the contiguity criterion 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 isolated 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. 

0.6 = 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 both 
ends of the site {upstream and downstream), but 
surrounded with urban/ suburban or other non o­
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 transitional upland habitat on 
both sides which ls at least 35 m wide. 

Higher order streams. 

0 = No linear contiguity or transitional upland habi­
tat; completely surrounded by or isolated 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 = ContiguoW with com'parable habitat on one end 
of the site ( upstream or downstream), but sur­
rounded with urban/ suburban or other non open 
space lands adjacent (lateral to) to the site on at 
least one side. 

0.6 = Contiguous with comparable habitat on one end 
of the site (upstream or downstream) and 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 
sur:r;ounded with urban/ suburban or other nono­
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 transitional upland habitat on 
both sides which is at least twice the width of the 
rlparlan zone. 

Percent of Invasive Vegetation 

Invasive species often thrive in mesic ei:1vironments 
and readily establish following disi-uption of riparian 
systems. Many invasive species have• few, if any, native 
Pests or diseases and thus grow rapidly. Once estab­
lished, the.if 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 Tamarlx 



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 morphological charac­
teristics of the long stalks (Arundo) and deep taproots 
(Tamarix), which obstruct flood control channels more 
than native riparian vegetation. Overall, the replace­
ment of native riparian habitat with A. donax, Tamarlx 

spp., and other invasive vegetation displaces native 
fauna, reduces flood conveyance, increases evapotrans­
piratlve 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 
101 ml, resulting in an estimated saVings of $12 million 
annually (Iverson 1993). However, it has been suggested 
that the increased biomass associated with invasive weed 
infestation may increase retention tim~ 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 dlverslty 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 ls covered by 40-69% invasive vegetation. 
0.6 = Site is covered by 10-39% 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 specific wetland 
functions (Mitsch and Gosselink 1993). Reviews of past 
mitigation sites reveal that improper hydrology is the 
most significant problem with many unsuccessful sites 
{Mitsch and WUson 1996, Sudol 1996). Riparian systems 
rely on appropriate and natural hydrology for long­
term self-sustainability 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 followtng scale: 

0 = No regular supply of water to the site. Site not 
associated with any water source, surface drain­
age, impoundment, or groundwater discharge. 
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0.2 = Water supply to the site is solely from artificial 
irrigation (e.g., sprinklers, drip irrigation). 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 assod.ated with a stream, river, or other 
concentrated flow conduit. For example, the site 
is sustained 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 to an irnpoundment on a 
natural water course whlch 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 patterns and elevations (Gregory 
and others 1991). These elevatlonal differences result 
in the extensive vegetative diversity of rtpa~an systems 
(Strahan 1984). Riparian flora depends on connectivity 
between active channels and flood plains for seed 
dispersal and germination and on b8se flow resulting 
froffi 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 = All flows, 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 micro­
and macrotopographic features. 

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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rnacrotopographic complexity, such as pits, ponds, 
hummocks, rills, large boulders, etc. 

Higher order streams. 

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

0.2 = F1ood•prone area is characterized by a homog• 
enous, flat earthen surface With little to no micro­
and macrotopographic features. 

0.5 = Flood-prone area contains micro-- and/ o.r 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 character:ized by microtopogr'aphic 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 complexity, such as meanders, 
bars, .braiding, secondary channels, backwaters, 
terraces, pits, ponds,_hummocks, e~c. 

Characteristics of Flood-Prone Area 

Riparian systems are defined by the geomorpbic 
. structure and fluvial characteristics of the valleys in 

which they exist (Gregory and others 1991). Develop­
ment of river flood plains and restriction of channel 
mJgrations alters the hydrologic regime of riparian 
systems and severs the critical link between the aquatic 
habitat and adjacent upland habitat. Alteration of the 
flood plain reduces overbank flooding, resultin_g in less 
seed dispersal and a reduced ability of riparian vegeta-

, tlon to establish (Harris and Gossellnk 1990). Kraemer 
(1984) reported that loss of riparian flood plain along 
the Sacrame"nto River led to decreased sediment deposi­
tion 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 less percolation (Faber 
1993). Furthermore, disconnecting rivers from their 
flood plains reduces their ability to ·attenuate flood 
peaks, limits flatural sediment deposition and water 
quality enhancement, and disrupts downstream succes­
si~nal processes and scour cycles (Warner and Hendrix 
1985, Harris and Gossellnk 1990, Scott and othen 
1990).. Although specific effects vary, in general channel 
"improvements" cause downstream flood hydrographs 
to have higher peaks and also cause peaks to occur 
earlier (De Vries 1980). 

The • flood-prone area is defined as the bankfull 
channel plus the area defined by a l}orizontal projec~ 
tion at a height of twice the bank.full thalweg (Rosgen 
1994). 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 
systems) and are_therefore not the focus of mitigation 
efforts. The ratings. for characteristics of the flood-

• prone area crfterlon are assigned based on the follow­
ing scale. 

First· and second-order streams. 

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

0.2 = Channel has an earthen bottom; however, it is 
structurally confined (e.~ .. 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 (i.e., 
greater than a 50-year-flood event). 

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

0.7 = Channel has an earthen bottom and earthen 
sideslopes and is mildly incised or confined such 
that the flood-prone area would be subject to 
periodic overbank flow (i.e., during a 10-year­
flood event). 

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

Higher order strta=. 

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

0.2 = Channel has an earthen bottom; however, ft is 

structurally confined (e.g., rlprap or concrete 
sideslopes) such that the flood-prone area is 
wholly contained Within the channel and there is 
no opportunity for overbank flow, except in 
extreme events. 

0.3 = 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 provldes an 
opportunity for overbank flow during moderate 
flow events (i.e., during a 2· to JO.year-flood 
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 Jess than twice the width of the channel at 
bankful conditions. 

0.8 = Site Is part of a flood plain, which provides an 
opportunity for overbank flow during moderate 
flow events (I.e., during a z. to IO.year-flood 
event). The flood-prone area is confined by 
levees, berms, dikes, or other obstructions or 
barriers; however, the area available for overbank 
flow is equal to or greater than twice the width of 
the channel at bankfuii conditions. 

1.0 = Site is pait 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 riparian areas along streams 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 runoff from 
adjacent uplands and as sources for conversion 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). M!crob!al 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 
pollution (Schaefer and Brown 1992). Peterjohn and 
Correll (1984) repcrted 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 nitrat&nitrogen, and 3,0 kg of total 
particulate phosphorus per year. Gregory and others 
(1991) reported that up io £5% 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 other dead organic 
matter into consumable organic matter. This organic 
material forms the base for the Iiparian food chain and 
can be released downstream as dissolved organic matter 
(Gregory and others 1991, Schaefer and Brown 1992). 
Knight and Bottoroff (1984) reported that up to 1000 
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g/m2/year of detritus are produced by aquatic macro­
phytes in riparian zones. and this provides a food chain 
base for these ecosystems, pr6inotlng their biodiversity. 

Biogeochemical processes depend on water flow 
through the site, availability of surfaces to slow water 
and proVide a platform for microbial 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 streams. 

0 = channel Is contained in a concret&lined channel, 
culvert, etc:, 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 20% 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 20% 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 containe,d in a co~crete--lined channel, 
culvert, etc., 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 10% relativ'e 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 40% relative cover with woody' 
debris, leaf litter, or detritus. 

0.8 = Site contains 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 debris, 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 ha is calculated by adding the scores for most 
of the evaluation criteria. We chose to multiply the 
scores for the three habitat criteiia by the score for the 
percent of invasive vegetation criterion because infesta• 
tlon with invasive vegetation tends to depress all habitat 
function 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 inCI"eased 
biomass associated with invasive plants on hydrologic 
and biogeochernical 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 hydrolagic regime criterion at three 
times the importance of other criteria. This reflects the 
fact that appropriate hydrology is fnndamental to over­
all riparian function, and it devalues sites with artificial 
or inappropiiate hydrology. We recognize there may be 
some overlap between criteria, for example, 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 thls is appropri­
ate because certain characteristics of a site contribute to 
multiple functions ( e.g., habitat and biogeochemical 
functions). Toe nwnber 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 carbo~: H = Hydrol­
ogy. 

When performing functional assessments for their 
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 can result in certain functions 

being masked, thereby underestimating the overall 
importance of a wetland to waters}:ted ecology and 
decreasing the resolution of the functional assessmept. 
However, the intent of this method 1s not to evaluate 
wetland functions but to provide a tool to calculate 
mitigation ratios based on the ecologic condition of 
impact and restoration s1tes. To accomplish this goal in 
the context of a mitigation bank, we must generate a 
single number or index. 

Application of the Riparian Model 

The Santa Ana River Mitigation Bank (SARMB) 
proVided 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 km2 (2450 
miles2), is the largest river system is southern California 
(Hanes 1981). The riparian habitat along the Santa Ana 
River is southern riparian scrub consisting of Salix, 
Populus, and Baccharfs species. Of the 5667 ha (14,000 
acres) of riparian habitat aiong the Santa Ana River, 
approximately 2000 ha (5000 acres) are infested with an 
invasive species commonly known as the giant reed, A. 
donax (Bell 1993). Replacement of the native riparian 
vegetation with A. donax has not only led to loss of 
suitable habitat for inany wildlife species, including the 
federally listed endangered least Bell's Vireo, Vir~ beJJll 
pusiJJUS, 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 
northern 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 ecological 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 
.fncreased recreational use. Credits were established by 
removal of invasive vegetation and s~ecttve planting to 
encourage natural recruitment of natl Ve riparian vegeta­
tion. 

The size of the initial mitigation bank area was 
approximately 22. 7 ha (56 acres). Since the Initial bank 
establishment, additional areas have been incorporated 
in the bank, however, the information provided here . 
only reflect the original 22. 7 ha. The potenttal 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 detennine the available 
credits, each region of the mitigation bank was rated 
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Figure 1. Location of the Santa Ana River mitigation bank. The area circled shows the location on the Santa Ana River where the 
mitigation barik is located. Thick lines 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 cumulative 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 Ilo native riparian vegetation and is 
adjacent to a riparian zone With two species of woody 
riparian plants and priorly 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 Arundo 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 20-40% Arundo. Region B ls 
Connected to structurally and spatially diverse riparian 
zone on one half and I 00% Aran do-infested 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. Region C ls not part of 
the mitigation bank, however, it will be preserved and 
will function as a buffer between the bank and adjacent 
land uses. Region C consists of relatively mature·rlpar­
ian species (10-20 years), with a well-developed canopy, 
diverse understory, and less than 5% Anmdo 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 A.undo. Arundo (reaching height of up to 8 m) is a 
tall grass native to eastern Asia, introduced to southern 
Callfomla 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 :rn, 
quickly stabilizes the stream bank and forms terraces 
severing the riparian zone from fluVial processes typi· 
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Figure 2. Characteristic regions of the Santa Ana River mitigation bank. The map shows the dominant plant community 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 
$anta Ana River mttigation bank. Size, percent of total 
area, and perc€nt infestation with invasive weeds 
of the two subareas of the Santa Ana River 
mitigation bank 

Region Size (ha) % total area % invasives 

A 
B 

12.4 
7.6 

62 
38 

100 
20-40 

cally occurring within native vegetatlon--Oominated rt~ 
.parian zones. The redllction of over bank 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 Soon redirects the native ripar­
ian community to an Arundo-infested ripaxian 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 ofbiogeochemi~ 
cal processes due to the reduction of surface moisture 
and presence · of noxious chemicals, such as silica, 
tri-terpines, and sf:erols (Chandurl and Ghosal 1970, 
Bell 1997). • 

Restoration of the Santa Ana River mitigation bank 
was accomplished using a glyphosate, an EPA-approved 
herbicide for use in wetlands. The application method 
varled depending on the extent of Antndo infestation 
and extent of native riparian ~egetation present in the 
treatment areas. The most effective period for applying 
the herbicide was determined to be during the period 
when.maximum translocation of nutrients to the root is 
occurring (the period between post-flowering and pre-­
dormancy) . (Bell 1993). Method of application of the 
herbicide in the SARMB included aerial application 
(areas >80% An.mdo), use of all-terrain vehicles ( <80% 
A.rondo-infested areas easily accessible), and backpack 



Table 3. Rating of the two regions in the Santa Ana 
River mitigation bank. Scores for each criterion for the 
pre-restoration baseline condition in each subarea. 
Weighted me.an is the average of the criterion score 
for each subarea acjjusted for the subarea's 
proportion of the total area. Post'project scores 
reftect the anticipated condition ofthe 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 0.8 0.80 0.80 
I 0 0.6 0.23 0.80 
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 

LegMd: ST m Habitat-Structural Diversity; SP "" Habitat-Coverage 
and Spatial Oiver:sity; CNr = Habitat-Contiguity; I = Invasive 
Vegetation; FPA - Characteristics and the Flood-prone Acea; TC "" 
Topographic Complexity; BR = Blogeochemistry-Vegetation Rough­
ness and Organic Carbon; H = Hydrology. 

sprayers (areas difficult to access With vehicles and 
resprouts). The biomass was cut by hand cutting, 
chlpper, 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 narural revegetation process. In the initial 2-3 years 
treatment or respoutes occurred on a regular basis (2-3 
tftnes/year) and continually 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 area, structural diversity of native vegeta­
tion, enhancement of topographic complexities (ponds, 
bars, hwnrnocks, and secondary channels), enhanced 
biogeochernical 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 modification _is 
expected to ocrur 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 impact sites are determined by assign­
ing of pre-project and post-project ratings for each 
criter1on. 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 hypothetical example of the application of 
the crediting and debiting framework to an impact 
site. For this example, the impact would be 
complete fill of the stream on the project site 

Pre-project Post-project Net functions 
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 1.0 0 1.0 
BR 0.8 0 0.8 
H 1.0 0 1.0 

Legend: ST = Habitat-Structural Diversity; SP "" Hi!-bitat-Cove("age 
and Spatial Diversity; CNT = Habitat-Contiguity; I = Invasive 
Vegetation; FPA III 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+ CNI)l] + FPA +TC+ BR)+ 3H 
Pre-bank CU= j[0.35 + 0.35 + 0.8)0.23] + 0.4 + 0.61 + 

0.43J + 3(1.0) = 4.78 
Post-bank CU= j[l.O + 1.0 + 0.80)0.8] + 0.8 + 1.0 + 0.8J 

+ 3(1.0) = 7 .84 
Projected Credits Available= 7.84 - 4.78 = 3.06 

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 

MU!gat.ion Ratio = 7.52/3.06 = 2.45 

Legend: ST = Habitat-Structural Diversil;y: SP - Habitat-Coverage 
and Spatial Diversity; CNI" = Habitat-Contiguity; I '"" Invasive 
Vegetation; FPA = Charaeteristic:s and the Flood-prone Area; TC = 
Topographic Complexity; BR= Biogeochemistry-Vegetation Rough­
ness 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 aquatic 
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 ratio (as 
determined in Table SJ for years 1 through 5. This 
hypothetical scenario assumes the mitigation site 
achieves the performance goals by year 5 

Total projected 
Year credits Credits available Mitigation ratio 

I 3.06 3.06 X 0.2 = 0.61 7.52/0.61 = 12.3 
2 3.06 3.06 X 0.4 ~ 1.22 7.5211.22 = 6.2 
3 3.06 3.06 X 0.6 = 1.84 7.52/1.84 = 4.1 
4 3.06 3.06 X 0.8 = 2.45 7.52/2.45 = 3.1 
5 3.06 3.06 X 1.0 = 3.06 7.52/3.06 ~ 2.5 

restoration potential, which is estimated to take approxl• 
mately 5 years. 

Although 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 Withdrawal of 
credits prior to full functional establishment of an 
aquatic resource by allowing adjustment of the mitiga­
tion ra:tlo 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 become 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 secofld year, 60% of poten­
tial value in 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 ~bi tats. By setting a minim.um compensa­
tion ratio of 1:1 the crediting and debiting methodology 
prevents loss of acreage. 

Discussion 

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

and/ or best professional judgment of decision makers. 
Existing mitigation banks typically use rither an acreage­
based or case-by-case best professional judgment deter­
mination of functional characteristics and compensa• 
tion ratios (!WR 1994, Tabatabai 1994). As.mitigation 
banking gains support from the regulated public, entre­
preneurs, and the resource and regulatory agencies. a 
greater need arises for use of an approprtate 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 
d6es not require extensive field data collection and 
w~ere 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 tailored to evaluate ecologic condition 
based on the target resources of a specific mitigation 
bank. The example presented in this paper illustrates 
application of the proposed framework to a mitigation 
bank where the goal is to restore riparian habitat. This 
framework is currently being applied to a bank where 
the goal is restoration of vernal pools; therefore, spe­
cific criteria have been developed that reflect the 
ecologic conditions 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 persists 
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 
durii:ig a season. 

0.6 = Ponding duration is on the order of several 
months, but less than 6 months. There may be 
several ponding events dwing 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 potential ecologic condition at a mitigation 



bank. Becatise 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 
aquatic resource by alloWing adjustment of the mitiga­
tion ratio to reflect the condition of the resources at the 
mitigation bank at time of purchase of credits. 

(3} It ls a structured and systematic way to apply data 
~nd professional judgment to the decision-making pro­
cess. The intent of the proposed framework is not to 
provide an absolute tool for evaluating functional condi­
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 contains limits on the quality of 
riparian habitat that can use the bank for mitigation, 
this framework can be used to determine whether the 
"quality" 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 allow 
impacts 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 mitigatlon 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 setting of the restoratlon and the impact 
sites. The evaluation criteria reflect attributes of wet­
lands shown to be important to their viability and ability 
to provide a suite of ecologic functions. Many of the 
criteria presented for riparian systems are similar to one 
used in established functional evaluation methods, such 
asHGMandHEP. 

(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 evaluati~n criteria have 
been structured so that they oan be applied 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 deterreiit to its use. In practice, most 
sites can be evaluated. by review of aerial photography 
and several hours in the field. This is commensurate 
With the time and resource CQnstraints of the regulatory. 
program. 

(6) • It provides a semi-quantitative measure of the 
condition of aquatic resources that can be translated to 
a mitigation ratio. Scaling of the evaluation criteria is 
based on a combination of field data collected durlng 
development of a regional HGM assessment model 
(Lee and others 1997), research on the success of past 
mitigation projects in southern California (Sudol 1996), 
and professional judgment of scientists familiar with 
semi-arid riparian systems. The framework organizes 
this information in a categorical manner 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 deterrilinatlon of out-of-kind 
compensation ratios. 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 creditln_g 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 requfretnents. 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 scientists, regulators, 
and the public on the merits of this approach and the 
details of its applications, such as choice of indicators, 
scaling of criteria, 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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GOALS: 

SANTA ANA WATERSHED 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 inmcated by this approved work plan. Acknowledge SAW A 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, lnland 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: 
• Co.mplete 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; ----
• Perform 70.0 acres of exotic plant treatment in the East Valley Resource 

Conservation District; 
• Develop a Watershed Management Plan/seek funding for the San Jacinto River 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 in the 

Riverside-Corona Resource Conservation District; 
• 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 a watershed team structure that will coordinate and implement tasks and 

seek and manage funds for those tasks into the future; • 
• !:rrp!ement a second SAW A Field Biologist position tc :Q::rcEnate 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.S. 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 TIIE SANTA ANA RlvER ANNUAL REPORT FOR TIIE 
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 

SERVICE YEAR SALARIES SUl'rLIES TRAVEL COMMUNICATION OVERHEAD TOTAIS 

2000-01 8,565 2,325 75 1,175 2,355 14,495 

2001-02 8,565 2,325 75 . 1,175 2-355 14.495 

TASK 2 - EAST VALLEY RESOURCE CONSERVATION DISTRICT TO ACT AS INTERMEDIARY 
AND FACILITATOR OF EPA GRANT APPROPRIATION 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 Representative and 
OCWD for approval 

• Prepare and write grant application 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 SUl'PLIES . TRAVEL COMMDNICATION OVERHEAD TOTALS 

2000-01 15,000 1,000 1,250 3,347 20,597 

2001-02 15.000 l.000 1.250 3,347 20.597 

TASK 3 - EAST VALLEY RESOURCE CONSERVATION DISTRICT CONTINUE TO MAINTAIN 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 tamarisk and enter 
information into the system. This task will include: 

• Obtain data layers (as available) of the entire 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 CATION 

2000-01 14,500 2,500 7,000 1,000 1,750 5,190 31,940 

2001-02 14,500 2,500 7,000 1,000 1,750 5,190 31.940 
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TASK4-EASTVALLEYRCDTOCOORDINATETHETREATMENTOFGIANTREEDINPHASE 
IV OF SAN TIMOTEO (CREEK) CANYON IN FY 2000/2001: 
EVRCD shall contract for services and coordinate with various entities to perform a minimum of35 acres 
of giant reed control in the Phase IV /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 artd coordinate work schedules for crews 
• Monitor biomass removal process 
• Interface with public/private entities and/or media personnel 

SALARIES PERMITS LABOR SPRAYING Tooi:sl COMMUN• TRAVEL OVERHEAD TOTAL 

CONTRACTS CONTRACT SUPPLIES !CATIONS 

Cur/SHRED 

38,500 5,000 207,779 89,973 1,500 1,250 750 66,882 4IJ,634 

TASKS-EASTVALLEYRCDTOCOORDJN:ATETHETREATMENTOFGIANTREEDINIDGHLAND 
INFY2001-2002: 
EVRCD shall contract for services and coordinate with various entities to perform a minimum of20 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: 

• Secure regulatory 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 project sites in San 

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

SALARIES l'ERMITS LABOR SPRAYING TOOISI COMMUN· TRAVEL OVERHEAD TOTAL 

CONTRACTS CONTRACT SUPPLIES 14:A'!!'JNS 
CUT/SBRED 

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 II IN SAN TIMOTEO CANYON: 
East Valley RCD shall contract for additional two years spraying and monitoring of the 65 acres that comprise Phase I 
and Phase II in San Timoteo Canyon. This task will include: 
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Secure regulatory pennits to perform exotic plant control 
• Contact private landowners, secure written permission to access property to work of project sites in San 

Bernardino Gi:mnty 
• Develop and coordinate work schedules for crews 

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

SERVICE YEAR SALARIES CONTRACT TRAVEL 

2000-2002 . 5,760 59,800 1,200 

OVERHEAD TOTALS 

12,951 79,711 

rASK 7 - EAST VALLEY RESOURCE CONSERVATION DISTRICT TO CONTINUE TO HOUSE, 
,UPERVISE, SUPPORT FIELD BIOLOGIST POSffiON: 
,ast Valley Resource Conservation District shall supply headquarters, salary supplies and supervision necessary to 
mpport the position of Field Biologist This task will include: 

• Set up traps and monitor least Bell's Vireo, Willow 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 removal and habitat enhancement programs within the watershed 
• Assist with mapping projects for GIS data 

Cooperate with East Valley RCD. with the compilation of the SAW A Annual Report 
• Cooperate with Riverside-Corona RCD with the structuring and maintenance of the Santa Ana Sucker 

Program 

SERVICE YEAR SALARY BENEFITS SUPPLIES . TRAVEL COMMUNICATION OVERHEAD TOTALS 

2000-01 32,885 4,500 2,500 2,500 1,200 8,455 52,040 

2001-02 35,351 4,500 2,500 2.500 1,200 8,934 54,985 

fASK 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 implemr.,,tation. This task will include: 

• Compose San Jacinto River Watershed Plan to presentation to SAWA for approval 
• Enlist stakeholders willing to participate in a Watershed Advisory Council 
• Formulate organizational and administrative plan 
• Apply for watershed planning funds created by Prop 13 

SERVICE YEAR SALARIES CONTRACTS MATERIALS/ TRAvu. COMMUN- OVERHEAD TOTALS 
SUPPLIES !CATION 

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 EMPmE 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 perform 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 populations 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 l'ERMrrs LABOR SPRAYING TOOl.s/ COMMUN- TRAVEL OVERHEAD 
CONTRACTS CONTRACT SUPPLIES !CATIONS 
CUT/SHRED 

TOTAL 

14,250 5,000 68,500 34,200. 1,500 725 1,200 24,323 149,698 

TASK 10 - INLAND EMPmE 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.a minimum of 
15.0 acres of giant reed and tamariskcontr9l in the Warm Creek, San Sevine Creek, Duncan Creek ,'Grapevine Creek 
and Sycamore Canyon areas. This task will include: 

• Map giant reed and tamarisk populations in the Warm Creek, San Sevine Creek, Duncan Creek , 
Grapevine Creek and Sycamore Canyon areas 

• 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 
Bernaidino 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 l'EMtrrs LABOR SPRAYING Toot.st COMMUN- TRAVEL OVERHEAD TOTAL 
CONTRACTS CONTRACT SUPPLIES ICATIONS 
CUT/SB!IED 

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 FY2000-2001: 
Riverside-Corona RCD shall contract for services and coordinate with various entities to perform a minimum of! 6 
acres of giant reed, castor bean and tarnarisk 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 

PERMrrs LABOR 
. 

SPRAYING 
, 

TOOLS/ COMMUN!-SALARIES 
CONT\'ACT CONTRACT ,SUPPLIES ATION 

-14,821 3,000 72,610 63,600 795 795 
, 

TRAVEL OVERHEAD TOTAL 

928 30,405 186,954 

TASK 12 - RIVERSIDE-CORONA RESOURCE CONSERVATION DISTRICT SHALL COORDINATE 
TREATMENT OF GIANT REED, CASTOR BEAN AND TAMARISK IN THE FOLLOWING TRIBUTARIES 
OFTHESANTAANARIVER WATERSBEDINFY2001-2002: 
Riverside-Corona RCD shall contract for services and coordinate with various entities to perform a minimum of 1.4 
acres of giant reed, castor bean and tarnarisk in Woodcrest Dam (IO) 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 permission to access property. 
Contract for biomass removal . 

• Develop and coordinate work schedules for crews 
• Monitor biomass removal process 

Contract for two-YP.'lr spray and monitoring program 
• Interface with public/private entities and/or media personnel 

SALARIES PERMrrs LABOR SPRAYING TOOLS/ COMMUN!-
CONTRACT CONTRACT SUPPLIES ATION 

13,143 3,000 64,390 56,400 705 705 

TRAVEL OVERHEAD TOTAL 

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 SAW A members make these services available. This task will include: 

Propagation of native plant cuttings and seedlings for future plantings 
• Assi5ta!lce with planning, planting and streambank stabilization 

SERv.JCE 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 

TASK 14 - RIVERSIDE-CORONA RESOURCE CONSERVATION DISTRICT TO 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 include: 

• Secure regulatory perini~ to perform exotic plant control 
• Develop and coordinate work schedules for crews 
• Monitor spraying process 
• Interface with public/private entities 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 - RIVERSIDE-CORONA RESOURCE CONSERVATION DISTRICT SHALL PURCHASE AND 
OPERATE A HAND-HELD GPS MAPPING AND DATA COLLECTION UNIT FOR THE SANTA ANA 
RIVER WATERHED: 
Kivt:r,idt:-Corona RCD shall purchase and operate a hand-he,ci ui-.> n,11pping 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 SALAIIJES SUPPLIES TRAVEL OVERHEAD TOTALS 

2000-01 8,736 6,200 1,000 3,091 19,027 

2001-02 8,736 1.000 11.625 
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TASK 16 - RIVERSIDE-CORONA RESOURCE CONSERVATION DISTRICT TO DEVELOP THE SANTA 
ANA SUCKER FISH RECOVERY PROGRAM: 
RiversidecCorona 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 hie-filters 
• Construct a set of 18 concrete tanks with recirculating pumps and bio-filters 

SERVICE YEAR SALARIES EQUIPMENT. SVPPUES UTILITIES OVERHEAD TOTALS 

200(!-2002 4,160 20,500 18,500 6,335 9,590 59,025 

TASK 17 - RIVERSIDE-CORONA RESOURCE CONSERVATION DISTRICT TO HOUSE, SUPERVISE, 
SUPPORT FIELD BIOLOGIST POSmON: 
Riverside-Corona RCD shall supply headquarters, salary supplies and supervision necessary to support the position of 
Field Biologist This task will include: • 

• The monitoring•of!east Bell's Vireo and Cowbird population in Prado Basin and Hidden Valley 
• Assist in the maintenance and monitoring offish facilities 
• Assist in educational programs for endangered species and plants as requested within the watershed 
• Assist with inapping 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 31,300 4,000 1,000 1,000 500 7.333 45.133 

TASK 18 - RIVERSIDE-CORONA RESOURCE CONSERVATION DISTRICT TO CONDUCT THE PUBLIC 
OUTREACH PROGRAM FOR SAWA: 
Riverside-Corona RCD shall conduct the.public outreach program for SA WA and provide the following activities. This 
task will include: 

• Distribute pamphlets and videos to homeowners, PBS stations, elected officials, etc. 
• Sched•Ile, S"U!P and tear down arundo traveling displays ai: libraries, civir. r,enters, etc. 
• Coordinate a Santa Ana River Watershed tour for officials 

SERVICE SALARIES EQUIPMENT MAn:RIAlS/ TRAVEL COMMUNI- OVERHEAD TOTALS 
YEARS SIJPPLIES 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 TRIBUTARIES 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 I 0.5 
acres of giant reed and tamarisk in Four Winds Pheasant Club/Pal 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 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 

SALARIES PERMITS LABOR SPRAVJNG TOOLS/ COMMUNI- TRAVEL OVERHEAD TOTAL 
CONTRACT CONTRACT SUPPLIES 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 San Jacinto River channel, Sunnymead Gravel Pit, Blackbum 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 
• 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 LABOR SPRAVJNG TOOLS/ COMMUNI- TRAVEL OVERHEAD TOTAL 
.CONTRACT CONTRACT SUPPIJES ATION 

5,532 3,000 28,085 14,043 1,000 750 800 10,323 65,533 
·- i 1;__ 

TASK 21 - SAN JACINTO BASIN RESOURCE CONSERVATION DlSTRICT COMPLETE MAPPING OF 
TAMARISKINTHEFOLLOWINGTRIBUTARIESOFTHESANTAANARIVERWATERSHED: 

11 

San Jacinto Basin RCD shall complete the mapping ofTamarisk 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 

2000-2002 2.250 1,500 1,000 

. 

OVERHEAD TOTALS 

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 per.fonn a minimum of 1.5 
acres of giant reed located within property boundaries of private landowners. This task wiH include: 

• Map giant reed and tarnarisk populations in the above areas 
• Contribute collected data to East Valley RCD for watershed storage 
• Contact private landowners and secure pennission 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 LABOR SPRAVJNG Toors/ COMMUNICATION TRAVEL OVEIIJIEAD TOTALS 
YEARS CONTRACT CoNrRACT SllPPLJES 

2000-02 2,450 JS,000 10,000 l,S00 1,500 1,500 6,198 38,148 

TASK 23 -SAN JACINTO BASIN RESOURCE CONSERVATION DISTRICT COORDINATE INVASIVE 
PLANT PUBLIC EDUCATION I APPEAL PROGRAM FORPRIV ATE 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 pennission form offering services of the district 
• Provide information packets to be provided to landowners 
• Offer replacement native species 

SERVICE YEARS SALARIES SllPPUES TRAVEL OVERHEAD TOTALS 

2000-02 5,000 2,500 • 1,200 1,688 J0;388 

TASK 24- EAST VALLEY RESOURCE CONSERVATION DISTRICT SHALL ACT AS CGORDINATOR FOR 
THE WORK PLAN CONTRACT ON BEHALF OF SAWA: 
East Valley Resource· Conservation District shall work with other SAW A 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 
• Facilitate /attend meetings between regulatoryagencies and public land managers to help develop long-term 

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 FOR2000-2001- $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 2000-2001- $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 

CD, Chair SAW A 

/ 

Muriel C. Busche, Inland Empire West RCD/SA WA 

{2,.D'<, ~\,....., 
Dick Morton, San Jacinto Basin RCD/SA WA 

Gene F'rick, Elsinore-Murrieta-Anza.RCD/SAWA 

'SN.fu Mw-.b 
Shelli Lamb, Riverside-Corona RCD/SA WA 
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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-hlgh 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 nonnative 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 Bernardino suburb last week, one of numerous river 
blazes regularly fueled by the cane. 

During EI 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, forcing it to 
close and preventing ambulances from reachlng 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 hlstory and how it first arrived on American soil vary. A native of the Mediterranean and 
possibly parts of India, it has been around for at least 5,000 years. 

- http://www.latimes.com/templates/misc/printstory.jsp?slug=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 Berkeley. 

I 

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 Huntington 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 bum 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 with 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 pernicious 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-twentieth 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.corn/templates/misc/printstory.jsp?slug=la%2Dme%2Dcane2ljul21 7/23/2002 
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rt>xic 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 people 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 arundo 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 donl 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 can't wait for the work crews to arrive. 

Bonnie Smith, owner of Bonnie's Gardens and a longtime resident of rural Modjeska Canyon, said community cane 
clearance programs hadn't 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, they11 have licked the last of it. 

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

* 

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 information about reprinting this article, go to 

www.lats.com/rights. 

Copyright 2002 Los Angeles Times 
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l'v1EMORANOUM OF UNDER ST ANIJIN<; 
NOV 3 0 2001 (1° 

REGARDING THE ESTABLISHMENT OF Rffi:~'l'Of:Y t::_~"!(~ 
A SANT,\ ANA-RIVER CONSERVATION FUND PROGRAM 

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 Prado 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 dredgi.,g 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 
("Wildlifeu) under the Fish and Wildlife Coordination Act, Endangered Spedes 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 concern in this regard 
has been the least Bell's vireo ("Vireo") and southwestern willow flycatcher ("Flycatcher"), two 
Federal and S\a,te listed endangered species. 

- Past Success in Collaboratively Addressing 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 Basirt to an elevation of 505 feet. Although the Vireo management program has been 
highly successful, the parties are concerned that certain invasive exotic_ species, in particular the 
giant reed (Arundo donax) and salt-cedar (Tamarix sp.) ("Exotic 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 
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Objectives is the restoration or natural river system functions and riparian resource values for the 
benefit of wildlife. the many affected people along the River. and other interested panics and 
organizations. The Conservatio.n-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 for. 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 a fund that 
would 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 I, I 995,.and semi­
annually thereafter on January l, l 996, June I, I 996, and January I, 1997. 

Seven Oaks Dam Project. As mitigation for riparian and wetland habitat losses 
resulting from the construction and implementation of Seven Oaks Dam Feature ( an 
element of the Santa Ana River Mainstem Project, a mitigation plan w~ 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 Bernardino, 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 Water-shed-wide Collaboration -

It is acknowledged that to be effective, efforts to remove the Exotic Species must focus 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 to 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. 
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- Annual Conservation Program -

The Nature Conservancy CTNC:::) and others have established the "Santa Ana River Wildlife and 
Habitat Conservation Project" to obtain. among other things, the Conservation Objectives. 
TNC,· in consultation with the broader constituency of organizations invol.ved has developed a 
work program, to address the Conservation Objectives. 

TNC is working collabora.ively 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. Evenrually, 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 projects to achieve the Conservation Objectives and the long-term 
goal. 

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

I. Holding of Mitigation Funds. 

The Deposit Agreement generally 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 tlie direction of the Service or 
Conservation Coordinators approved by the Service (in consultation with OCWD 
and the Corps) to the entities ("Project Contractor") undertalcing projects to 
achieve the Conservation Objectives. 

b. Other contributors or mitigants may deposit in the Santa Ana Riyer Conservation 
Fund additional funds with OCWD 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). 
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ti. The Deposit Ag!.eement may be terminated by either OCWD or the Service upon 
thirty (JO) days notice, whereupon OCWO 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 a 
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 

ant;:rersh~. 

Griset, 

Wilham R. Mills, Jr. 
Orange County Water District 

Robert L. Davis, Colonel 
District Engineer 
United States Army Corps of Engineers • 

ail C. Kobetich, Field Supernsor 
United States Fish and Wildlife Service 

APPROVED AST~: e,e,.a;rp 
CLARK F. ICE • 

GENERAL COUNSEL 
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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 Wafer 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 pool 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, 
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speci/ically OCWD lands in Prado Basin below elevation 543', fully recognizing the 
water conservation, water quality and various environmental values of these lands. 

2. The agencies agree to meet on a quarterly basis to discuss water conservation, 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 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. 

4. 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. 

5. 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 th,e program if necessary. 

6. 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'. 

7. 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. 



t . , ,•,. 

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 

9. 

water conservation pool. • 

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 
projected 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 l;>e followed unless the agencies find that it is in the best interests 
of the agencies to deviate from this arrangement. 

/d2~~:M 
. ;/) I/// L/ 10 , /) 
'f;:/[0.J w/, t f;t~&! Pres i dent Ge .r1 "f e •• -i ·(-c:-~ l./i 
For Or nge County Wat~ istriet Fqr U.S. Department of Interior I iJ 

APPROVED AS 1U FORII 
U.S. Fish and Wildlife Service 

By~>-A L/-t/-9.;, 
Orlapo.::::.=:... ;:.;::.'!: 

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 
each year. 

~/7(/4->-
For U.S. Army Corps of Engineers 



Exhibit G 



San Timoteo Sub-Watershed 
Arundo Removal Project 

Phase I - 60 acres removed 
Phase II - 65 acres removed 
Phase Ill - 54 acres removed 
Phase II & Ill (upper tributaries) - 30 acres removed 
Phase IV - 30 acres (Fall 2000 Project) 

• Arundo removed \-Vithin creek 
• Removed ArUndo clumps 

- Arundo within creek 
• Non-removed Arundo clumps 

,/f~Jt'.'.¥t-tr:_?.fMJji9~fibnf; ?·:)?1; i:-):_fe,,-:;;_(ei"·-~.-.-,;. 
ACO~ Seven Oal<S Dam 60 acres 
Centex Homes 6 acres 
Rivendell Land Co. 1.49 acres 
ACOE.!. Norco Bluffs Project 11.4 acres 
EPA Grant, Coniressman Calvert 13 acres 

,~. ·~;.--.:f' .. a.....,.:.... -· • ;,; ....__ ~- ·1· ····-
,L Wtlf'\, .,,,.-···' -;·:-d• •• -· "1 

rs.·-~,,...-
. ~~~F.--~'-·:lL~:(::.:;:::::-·---;i~-:---..... 
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20 0 20 40 Miles 

Santa Ana River 
Watershed Program 

Percentage of Arundo donax 
versus Native Vegetation 

1 - 29% 

N3o-••% 
N70-100% 

• Point locations of 
Arundo donaix 

D SanJa Ana Watershed 

N Santa Ana River 

/V Streams and Rivers 

'N. Acres of removed 
. Arundo donax 

1. Cajon Pass • 9 
2. San Timoteo• 179 
3. Fairmont Par:k - 7 
4. Sycamore, Castl~ View, 

Allessandro/Arroyo - 21,5 
.5. River Road - 30 
6. Temescal - 15 
7. San Jacinto Area • 35 

A 

Santa Ana Watershed Association 
of Resource Conservation Distrlcts 

September 2000 

r 
J" 
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Exhibit I 



Santa Ana River Watershed Invasive Plant Program 
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 fauna! 
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 systems ability to maintain its structure and function. Two of these 
plants, giant reed (Arundo dona:x) and saltcedar (Tamaro: 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 a~ 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 (SA WA), and the Orange County Water District (OCWD) have 
worked together to create the Santa Ana River Watershed Trust Fund for Arundo 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 SAW A based on mitigation requirements 
and funds generated from the In-Lieu Fee Program. Work projects will be selected from the 
program elements 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 1:>e carried out by the SAW A directly or through 
subcontractors. Changes to the work plan and budget may be submitted in writing to the Corps 



for approval. 

Site Se1ectinn far Projects· 

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
Lieu 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 

One 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 allowed 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 or 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 areas 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. 



TT Revegetatian 

Sites may need to be revegetated with native plant species due to a lack-of natural 
recruitment in the area. Recommendations on planting 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 turn 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 local 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 

Time from start of activities 
Year 1-2 

Year3 

Year4-5 

Criteria 
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. 

Non-native vegetation consists of!ess 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. 

Area contains Jess that 1 % exotic vegetation and 



showing a start of canopy development, with shrub 
and herbaceous understory. 

ITT Project Data Storage Monitming, and Mapping 

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 treatment 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) reco=endations 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 information 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. 



REPLY TO 

ATTENTION OF: 

Office of the Chief 
Regulatory Branch 

Shelli Lamb 

DEPARTMENT OF THE ARMY 
LOS ANGELES DISTRICT, CORPS OF ENGINEERS 

P.O BOX532711 

LOS ANGELES, CALIFORNIA 90053-2325 

November 18, 2002 

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. 

Enclosure(s) 

Sincerely, 

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

L.j 7~q-

'20~- 1 o-rGo 



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 II (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.) 

• 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. (See 2000 Biological Opinion attached 
hereto.) 

1154748.1 
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United States Department of the Interior 
Fish and Wildlife Service 

Ecological Services • 
Carlsbad Fish and Wildlife Office 

27301.oker Avenue West 
• Carlsbad, California 92008 

Colonel John P. Carroll 
District Engineer .. · . . . . . . . . . . 
U. S . .Army Corps of Engineers, Los Angeles District 
911 Wilshire Blvd. 
P.O. Box 532711 
Los Angeles, California 90053-2325 

FEB 102000 

Attn:_ Alex_ Watt and LoisGoodrnan, Environmental Planning Branch --_-
C:llr\'el]lass, Operations Branch • • • 

Re: . Formal Section.7 Consultation on the Prado Basin Water Conservation and Water 
Control Operations Project, Prado Basin, Riverside and San Bernardino Counti~s, _ 

. California (1-6-99,F-75) • • • • • • • 
. .-.~ .·, , .... 

Dear Colonel caix:oil: • • • 
.. ,-... ,. 

This document transmits our biological opinion based on our review of the proposed water 
conservation and water control operations project located in the Prado Basin in_ Riverside and 
San Beµiardino'CC>unties, Califor,nia, and its effects on two federally endangered specie~, the 
least Bell's vireo (Vireo bellli pusillus, "vireo") and southwestern willow flycatcher (Empidancv. 
traillii extimus, "f!ycatchet''), and their designated critical habitats in accordance with section 7 
of the Endangered Species Act (Act) of l973, as amended (16 U.S,C. 1531 et seq.). Your August 
10, 1999, request, for formal consultation on the.revised project was received on August 11, 
1999. - ---. - -- ·- - -- - - -

Because the ftlderally threatened Califolllia red-legged frog (Rana aurora dray/onii) and 
endangered arroyo toad (Bufo microscaphus californiczis) 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 released the environmental impact 
statemc;nt entitled {EIS) Prado Dam Operation/or Water Conservation for the conservation of 
water behind Prado Dam during the non-flood season up to a maximum elevation of 505 feet 
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above sea level. A fish and wildlife coordination act report and planning aid letter we!'!) . .. .,. . 
previously prepared for this proposed project (U.S. Fish and Wildlife Service 1987, 19~0). The • 
Orangi:,' C11unty Water District (OCWD), which owns all rights. to. the surface water in the Prado . • 
Basin, was and remains the project proponent, • , 

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) issued on .. 
February 25, 1993. This opinion addressed the impacts of OCWD's phased water retention 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 a letter date<l Octol,er 5, 
1993, and subsequent discussions and meetings involving our respective staffs. These.meetings 
and discussions resolved the issues raised In that letter and resulted in the mutual agreement to to 
amend the original biological opinion. • • • • • • • · 

The EIS, coordination act report, planning aid letter, and amended biological opinioil adclri:ssed 
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 year at ... • 
OCWD spreading facilities downstream of the dam. During the prescribed water conservation 
period, releases were restricted to 450 cubic feei per second (cfs), wh!ch wrui then the recharge 
capacity of the OCWD spreading facilities 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 flow was not sufficient in most years to \ncrease the pool elevations to the 

• permitted maxima{'• • • • • • •. , . . . . 

· The implementation of the project was initially phased to allow for the "appropriate replacement 
of habitats occupied by the vireo that are destroyed or degraded as a result of water conservation • 
activities" (EIS).· The Corps further specific in the EIS tf\e· conservation pool level to which·• • 
water could be held based <iri the acreage of mitigation achieved dining any single year. The ' 
maximum permitted water conservation pool elevation would be raised incrementally from 494_ ' •• 
to 505 feet dependent upon the acreage of replacement habitat that had been created or. 
conserved. Per the EIS and the Corps project description, these requirements are detailed in 
Table 1. 

In concert with the project description for this previously-permitted, phased water conservation 
project, the Corps limited the rate of water releases froin the darn between March 1 and • 
September 30 once the elevation pool was at or below a prescribed eleviltion. By 1994, a 
minimum of 83' acres of vireo habitat had been created by the project proponent, which·alfowed • 
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 conserviltion and restoration 
strategies/which wrui accepted by the Corps and OCWD; • This change in compensation strategy. 
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reflected observ11tio11ii ()fc~ntinuing damage to native habitat caused by the.uncontrolled spread 
of giant reed (~rundo donax) throughout the Santa Ana River watershed anc! the vulnerability of . . . . . . 

created habitats to the frequent, flood-induced damage, 

The original restorl!ti.on strategy caJJed for the removal of giant reed at.designated restoration . · • 
areas and t!Je, subsequent planting of native.riparian species, However;giant reed propagules 
were transp()~ to. the Prado Basill during years of he,1vy rainfall, where the alien plant invaded 
habitats i:1:msisting of native plants or impacted areas that had been revegetated or restored: The 
proposed resto@ti9n l!l~rnatjve required the funding of a giant reed eradication program.within . 
the Santa ,Ana ~iyer watershed. We hypothesized that native species would be able to • 
revegetate, either naturally or with minimal assistance, in areas cleared of giant reed. · •· 
The restoratim1~~ that were llriginally identjfie1Hn the EIS were still to be revegetated, but 
over a longer time perio<t •• • • • • • • • • • • • • •• • • 

Subseq~ent to infon,n?l <li~ussions ontl)e conclµsion of an informal CO!!Sultation process,. : •. 
OCWI> propos~ tl)at ilte Corps modify.i)ic; operation of the Prado Flood Control Dain to the.. • 
accelerate tl)e, j1npleine11t;ttjlln o( the phased water conservation project and that the Department • 
of the Interior)m,d ycrps sign a cooperative agreeinCnt that formalized this change in.operations 
and OCWifs pi:opos!II to in~rpoi;ate aµ<litional,cllmpertsation measures.into. the project '· 
descripti<m, As.a i:esµlt, a CQOperati-.:e agreement was signed in April 199S thl!t described in part " 
the revised project and provided.for the co~pensatlon of um1voidable, project-related impacts 
relating to the revised 0CWJ) water conservation program. The raising of the water 

•· conservation P'?;lll. to .~O~ feet, W!IS authorized i11fight o1 sui)&tantlal, additional impact avoidance, 
minimizatioJ,1,anq,coqip1;nsa)illp•1ne11Su,res, • • • • • • • • 

-, . - .,,: . : '··: . .-.- · .. : ·,::.· ··: ·,,•_,,·• • .. ·-,-: ... ·. •·.:_: . 

• AccordlngJll and quoting fro111 the cooperative agree_. inent:, 
., • . '. 

1. '.The 11gencies (q.S, Pish,anµ Wildlife Sen-ice, Corps, and OCWD) agree to cooperatively 
martage. the,envirorunental .value of 0CWD lR!lds that h.ave ~ identified as critical> 
habitat fori)i9 lel!St;B~ll's virec>, specifically 0CWD lands in Prado Basin below.• 
elevation 543 feet, fully recognizing the water conservation, water quality and various 
environmc:ntl!I value~ of these lands, • , ... 

2. The agencies agree to m!!Ct on a quarterly basis to discuss water conservation, water . 
quality and wildlife enhancement objectives. 

3. Least Bell's vireo mitigation completed thus far by OCWD, per the Prado October 1992 
EIS, !las ~suited in signjficant recovery of the species in Prado,Basin. While the Prado 
October 19!)2EIS and other agreements have bee!! beneficial, 11,i11llre productive use of .. 

. the efforts of the agencies toward expanding an eoosystem~wide program as quickly as , . 
• possible, in keeping with the spirit of the Prado October 1992 EIS, will benefit both· 

wjlQ!ifc:, an!l Wlltef ~011s~_i;v!1_tion_ W9gra111~. 
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4. OCWD and U.S. Fish and Wildlife Service (Service) 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 Arund6 donax within a 3-year time 
frame will be established. • • • 

5. • OCWD shall contribute $1,000,000 to establish a conservation that will be used to 
remove Arundo donax in the Santi Ana River waterahed, • With respect to the $1 :inilllon • 
contribution, OCWD willcontribute 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; the 0CWD and the Corps. The • 
Arundo donax removal program will be reviewed lllll).Ually in January of each year by .• 
OCWD and the Service to detc:nnine its effectiveness and to redirect the program if. • .• • · ' • 
necessary .. 

6. This Cooperative Agreement ii, consistent with the implementation ofan .arinu~0 . . 
mitigation plan purauant to the Memorandum of Agreement (MOA); dated January 1994, ·•• 
between the U.S. Army Corps of Engineera itnd the OCWD for the operation ~f Prado . '·····••· 
Dam for seasonal additional water conservation; The Cooperative· Agreeinerit 'ftlly' • • • 
satisfies the annual mitigation plan to achieve a penrialient water coitserva.tioit p<iolto • • 
elevation 505 feet, per the MOA. Additional mitigation 111ustbe implemente4 by OCWD • • • •• 
at a future time to achieve a per111anent water conservation pool aboye 505 feet/ i, ' • 

• . •. '; ;- " •• • • •. _, .. ·, :-. q 

7. As part of this Cooperative Agreement, OCWD will employ a fulHirne temporary · ••• 
employee to assist in the vireo management program. This full-time position \viH be -
filled in the March through· September time frame each year wid 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 (INC), This ... 
position will be fully funde4 by OCWD and will be lilied by oCWD, with input froin the 
Service. After.a period of 5 years (year 2()0()), the agenc;:ieil will determine if this positiqn 
is still n~sll!)' and/or.explore other options,to assist in tho vireo management program. 

.. . .. . • ·- . ···,- . . 

8. If, in the event that the water conservation pool to elevation 505 feet impacts existing 
occupied nests of least i,ell's vireos, OCWD, in cooperation with the Service, will 
dedicate peraonnel to physically relocate nests to_ minimize impact from the higher water 
conservation pool. • • • 

9. From March Ito August 30 of each year, OCWD agrees to ta1ce·a flow of 500 cfs ora 
flow that equals OCWQ'.~ 111aximUI11~harge 11ap11ci~, ..vMcheverls gre[\ter,u~,tQa,Jll)Pl 
elc:vati9n. ?f ~P~. f~hitf1ll1itJfi'.fu~.~;i~eji~~:~t,i.Q~~.tji;t4i/i4ti~!/1,t~!Utii?)Ylffi.Wc(· 
l'rad9;1)~ below'500'cff;".OCWD ·ana thifSer\iice•must both approvetlie new outflow, 
progf<liii;\If weather and hydrologic 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 (including .ihe immediate. release of water at the.maximum possible 
rate) to (1) prevent the pool elevation fromex.ceeding 50~ feet or (2) to reduce, to the . 
extent possible, the amount of time the pool is above 505 feet if, in fact, the early release 
of water at the maximum possible rate does not succeed in keeping the pool elevation 
below 505 feet,. These requirements shall be followed unless. the agencies find that it is in 
the best interests of the age~cies to deviate from this arrangement." 

The original biological opinion, as amended, did not address (1) potential impacts of the revised 
project on .the flyc11tcher, which was. H.sted as endangered by the U.S. Fish and Wildlife Service 
(Service) ori.Februl!fY ~7, )9!15, (2)jmpacts to critical habitat for the vireo, which.was designated 
on February 3, 1994, or (3) the proposed1 immediate implementation of !Jle project at the . •. 
maximum pool elevation of 505 feet. Therefore, because of the project's potential to adversely 
affect the flyc11tcher, ,yireo, 11"d tlte latterspecje( designated critical habitat 1111d the participation 
of theDepartIµent.o(t11e Interior i11 thesignjng and.implem~nting the cooperative agreement, we 
initiated ari)11tenwlfpririal consult11tio11.that addressed. theDepartine11t's a<:\io11 in. a bjological . 
opinion (1-(j,9~-J:l.,AR), <L • • • · · · · · · • ·· ·• ·· • • · · · · · ·• · . . . 

···:··.·' ,_., 

Although th~tintlinuil opi~ion ~c!<!reise~effec~ ~f the p~ject to the vireo, fly~a~her, Md vireo 
,. critical h11bitatitl)ei;l(1i:11ment clid11~t 11cllire~s·sub_sequent, p~pos~ alteratio11~ to the operation of 

the dani oi- impac;ts of the projept tp flycatcher critical habitat, which was design11tec1 by the . · · 
Service on Augusi20, 1997 (62 FR 39129, 62 FR 44228)'. This biological opinion addresses the 
·revised project description and associated, projected impacts to the vireo, flycatcher, and to both 
species' designateclcritical flabit11ts .. • .. • 

.-., ,,•.·· ... , ..• '• ._- ', .:-: .. , ,,·, ....... , .. _ .. 

As partot ~list_ sP,e<:i~.#~-h!!pi~ <:~11~~rvati1m effo1151 OQ:W:O: { Y .. • · 

• , Ii~ spe11(~pp~iill1are,ly $5(),000,000 on c;pitlll proj~c~ t~i~p~ve its ability to capt11re 
• lilld reclll\l'li~ ~antii J\I\11 ~ver. flovtsi11pe l!.l88. These i111proveQlen~ ll!,\Ve increasec:L .. · 
OCWD's recharge capability from 190,ooci acre-feet to over 290,llOQ acre,feet(Qc::wJ). 

• letter #1) and enabled an increase in Prado Dam discharges from 450 cfs to a maximum· 
of 60Q cfs during past" water conservation progl'/llllS. TheQGWD ls <:ommUted \O further 
increase \ts rech!ll'ge capacity, and is actiyely planning future projec~, iµcl11ding the 
development of a j'l)eep B.asin CleanPevjce," th~ conslIUction. of additional recharge 
basins, and the diversion. or rere,ntion ofware,r at Gypsum Canyon Reservoir or Aliso . 
Canyon Reservoir, tq accompli~h this e!14 (OCWDJetter /tl) ... 

;._ .• ... ·, ·' . ·-' , .. , .. -. '. ·: ';: '---, . -·. -. 

• furidedthel98911nd 1990 California State Uni~ersity, Long Beach Foundation vireQ 
management and monitoring program.in the Prado B\!Sln .it 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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• 

• 

• 

• 

• 

• 

• 

contributed another $50,000 for habitat restoration and an additional $50,000 to the. vireo 
management fund administered by TNC and reinoved approximately 40 acres of A.rondo 
donax on OCWD property designated as PR6 (see· • · .• -·· • • • • • • • _,, ,' : • ' • ' 
Table l)in 1992. ' • 

contributed $50,000 to each of the habitat restoration and vireo inanagemeitt funds in 
1993. 

refurbished 10 vandalized brown-headed cowbird (Molothiusater)trapil lit 1994, ~nit 
subsequently conducted ongoing repairs of broken and vandalizedJrap~ and provided • 
decoy cowbirds for numerous other cowbird nianagemeni programs in Orange, San • • 

- Diego, Riverside, and San Bernardino counties;' " -. '. . 

~ntributed $l,OOO,OOO tQ aU~nt giantreed removal arid hal,itil,t restqra~onift'6its • -. , . 
withln the Santa.Aria River wate~hed in 1995,<The co6peratiyea'gieement provid~ for a·. 
one-time contributioriiri ibis amount to provide fotthe removal of giant~ ancibab\tl!t . . . 

• restoration within the Santa Ana River watershed. The various cash contributions have ••• •• ••• 
led to the creation o_f the Santa Ana River Conse~atio11 Trust fund (trust fund), which _is. 
used for endiuigered species and habitafmanageinent;'I'his·furid_is managed' < . ·' i ' ·_· -· 
cooperati\fel)'by the Service and OC\VD. Vireo work in relation~ Uitlproj¥thBJi i>ehri •. • •• 
conducied sirice 1989; habitat management work in ~Iation ti:, $f projegt has been' • • • 
conducted since 19911 ' • - • • -: • • ;,· • • ' 

began funding a permanent full-time position to assist in the vireo/flycatcher fuoniforlng ·.• 
and management program and proyidefor giant reed eradication and ilabitarrestoration . __ · 
on OCWD-ciwned lands in Prado Basin in 1995. ~i:ihe ~o<ipera.tive agreement; two full~ 
time seasonl!IOCWD positions are funded through the trustfund for, vireo and flycatchc,:r 
monitoring 'and cowbird trappinkwit!riii l'rado Basin;'. Although !lie salapes for,th~e, two 
positions are funded through the trust fund, OCWD does lncur ~ome adminisln\tiVe costs 
formaintainfogthesepositions.' •. ;, '. '. "_< • i , , • , ,'. ·c:.•,; .: •··, ,,, '' '. , : . 

established the Santa Ana Watershed Conservation Fund Progriun In 1995. ~e OCWD 
continues to manage the fund, in cooperation with the Service. The ftmds, which no~ • 
exceed $3.8 million dollars (James Van Haun, consultant to the OCWJ?, in Utt., 1999), . 
are dedicated to giant recihemoval and habitat restoration the Santa Aita River • ·• : ••• 
watershed. In addition, two full-time sellSonal OCWD positions are funded through the 
trust fund for vireo and flycatcher monitoring and cowbird trappiµg within Prado Basin. 
Although the salaries for these positions are fuiided through the trust fuµd, OCWD does 
incur administrative costs for maintaining these positions.· ' • 

provided a four-wheel drive vehicle to vireo/flycatcher 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 vireo monitors 
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from 1995 to 1999, a residence and vehicle to one vireo monitor in 1996, and two-way 
radios to all monitors to increase safety andfaci!itate coordination efforts. . . 

7 

• removed approximately 10 acres of giant reed just downstream of River Road bridge and 
allowed for natural revegetation in 199.6,. · · • 

• provided host. sites on OCWD. property for mule-fat plantings adjacent to lower lying .. • 
areas impacted by the project in .1997. The project was in cooperation with TNC and East 
Valley Resource Conservation District staff providing guidance;.··.·· • • 

• created and maintained access to a 124-acre revegetation area and other inaccessible sites 
by clearing giant reed and other debris with OCWD.equipni.ent. In 1996 through 1998, 
this aided in the discovery of several. vireo nesting locatio11s that. were previously 
unknown. • • • • • • • • ·• • 

• established !md maintained a native plant nursery at the Prado field office with input from 
TNC from 1997 through 1999. •.·. • 

• provided site for removal of 30 acres of giant reed upstream of River Road bridge and 
provided OGWD. staff to coordinate efforts wi~ other agencies in 1998. • 

• dedicated lands for the restoration of vireo and flycatcher habitat (Table 2). The EIS • 
call!l(l for the restoration of228 acres of vireo habitat and. 278 acres of wildlife habitat 
(priQrto holding water to the 505 feet elevation) lllld for the creation of a fund Ill manage 
vireo within the basin. • • • •• • •• • • • • • • 

Your original requestwas dated February 8., 1997, and received by facsimile cin that same day. 
Formal consultatiQn was subsequently suspended until the project description could be reviewed 
and subsequently am~11ded .. Although the Corps requested the initiation of consultation again on ·•·· •• 
January 27, 1999, this ri:questwas withdrawn in a subsequent Jetter dated March 11, 1999, which • • 
cited the need for additional minor clarifications to the project description. We provided ii 
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 ~ugust 11, 1999, We acknowledged the initiation of formal 
consultation in a Jetter (lated September 20, 1999 ... • 

This biological QPinion was prepared in large part using the following information:· ·l) Prado 
Dam Opei:ation 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; Dames and Moore, Santa 
Barbara, California; 6) Prado Dam Water Conservation Study, Draft Engineering/ Hydrology 
Report;°May 1987; U.S. Army Corps ofEngineers,'Los Angeles District; 7) Biological Opinion 
(l-6-93~F-7), issued by the U.S. Fish and Wildlife Service on February 25, 1993; 8) Amendment 
to Biological Opinion (1-6-93-F-7) dated February 15, 1994; 9) Internal Biological Opinion (l-
6-95-F-28) dated April 19, 1995, 9) Biological Assessment for the Prado Dam Water·· •• • ·.I 

Conservation and Supply Feasibility Study, Riverside and San Bernardino Counties, California; 
Corps of Engineers, Los Angele& District; August, 1999; 10) OCWD transmittal to the Service 
dated August 25, 1999 (OCWD letter #1); 11) OCWD .transmittal to the Service dated December 
8, \999 (OCWD letter #2); 12) the biological literature (see "Literature Cited and References" • 
below); and 13) other communications with the Corps and the OCWD. (on file) . 

• · BIOLOGICAL OPINION 

DESCRIPTION OF TIIB PROPOSED ACTION 

The Prado Dam, located in Riverside County near Corona, Riverside County, California (Figures 
l_, 2) has been operated by the Corps according to the procedures outlined in the Prado Basin • • 
Water Control Plan of September, 1994 and the our 1995 internal biological opinion.· __ Since the 
issuance of the previous biological opinions addressing the proposed project, the Corps has 
proposed to modify the project description to reflect necessary changes in the operation of the • • 
dam. Nevertheless, the dam w'ill continu·e to be operated to (1) prevent flooding of areljS along 
the Santa Ana River downstream from the dam; (2) conserve water to the extent possible ·•.· • • 
pursuant to the.terms.and conditions ofpermitte4 water conservation projects; and (3) minimize 
the environmentalimpacts associated with p~longed inundation of sensitive, wetland habitats in . 
the Prado Basin. •. 

The stated purposes. of all past and present water conservation projects in the Prado B11Sin ll1'c to 
conserve. water and to improve, overall, the quality of water that is stored in underground ' • 
aquifers in Orange County; California. OCWI> is presently the sole owner of rights to surface : •• 
waters in the project area. • Increased water conservation capabilities would additionallyprecluile­
or diminish the need for the OCWI> to import water from the Colorado River or elsewhere-in the 
region. • • 

The Corps is responsible for operating the dam for flood control mid water conservation • 
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 stated 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 ho.th species' designated critical habitats.· 
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In general, watt:r n:leases froniPracloDam will be dictated by the.Prado Dam Water C~nt,rol, 
Plan. This plan was d~ignedto ~nab!!) the clam Ill p11pture potential ~Ol)d wate~ aJJd limit the 
exposu,;e of the do\Vnstieam i:hllnnpl tci possiblp strui:iural damage by controllirig smaller flood 
events bymaldng relatiyely snia!Inon,daniaging (tll !}ie <;h!lllriel) releases, and reserying larger 
reservoir releases for larger_ f!CJod eyents. puring large flood \)vents, releasc;s from Prado Darn 
are increased up to s;ooo cfs (or greater). As is discussed in detail ii1 the water control plan, the 
maximum non-dlllllllgi~g (to tile dlly,in~tre~ channel and other structures in. th11 channel such as 
bridges) release rate is 5,QOO cfi. As do\Vqstrearn channel improvements are completed, releases 
in excess of 5,000 cfs can be niade from Pradci Dam provided that the downstream chanqe) Cal,1 
safely convey such release magnitudes. • 

The water controt m:ariager'sd~isionii rega((ii~g tti~' regiJl~tion ~f Pl"lldpDa,m 11re basep upo~ . 
available weathei"and nmoff forec,asts. Because wea!her,and runoffJol'CCasts are rarely lOQ, , · 
percent ac~urateithc:target v.,~tef sil,rfa~e elevations (W~~)likel{\Vill,:at ti111es, be tlXCt:{!cied,. 
Whether th~ water,cp11!£0i 1I111I111ger, cieeiris. itn~ssaryJ<i ,imple111enttlie regulation guidelfnes of 
the next release ra11ge \Vil) deptlnd upon\Ji~'m.agnitude ofe~croachm(lnt into.the nex.t. release ...• 
range, .and the, curien,tweaf11er"i111d pin<lfffllrec11St.Thc: ,cialn. i,s,ope~led,diffe,;e11,tly at varjo11s cc 

WSE ranges; which are (ij,scussed indiviciua)ly below. • , .• ...•.. • .. ·.·•·• .•. , . . ·• , . • , • 
.. ••,· ••c•:,"··· .. ;.·.~·:'.-'~:.-·-,c·--,'."-'·"-•·.,·:::, .. •:.· .'.c, .·~·· .... , ...•. ·······., • 

WSE 460.0 ~490.() (D~bris Pqoi) ~el~~~R,a~ge: O ~ 60(l cfs); 'fhe clebris pool is allowed to fill 
prior to flood control ,n:le~s to p~ve11t det>ris frol)i entering anfi pluggi1,1g the outlet works. No 
seasonal restrictlons ex.ist for inundation of the debris pooi. Releases from the debris pool are 
normally coordinated with the OCWD and are set eql!al to the spreading capacity of the .• 
.downst,rearn grol!nciwat!)uechatge facility ... · ·• · ••• • • • • • • • • • • 

Ws~'490:fi1M;{,t61~~i1itt¥~)1~~f};Ji1¥~i~J~l;~i~;2r}{f~(s)t .. p11e to~~ chan~~l· •• 
erosion pll)blems preyic;>llsltexperienpaj in th~ $antii .A,na lUyer chann.el \Vhen prolouged . 
releases froin Prado Paill ha_ve exc~d¥f 2,500 cfs,.a \Jµffer pool has ~11 \lSt!IQlishep which·· 
allows the watercontto(nmnag~r i~ control slllllll flood events withoui making large IIUd ·,. ·. • •.• 
potentially ch11U11el ~gi~g rele.iises .• • D~e to the. iµ~ased n~ f o~ wat~r c<inservation. and the 
presence cif il,e endangeri:d vi~ and flycatcher within the Prado l<l<lOd Control :)3asin, buffer 
pool regul!!tion differs slightly dllJing the winter flood se11So11 and, the non{lood season a~ •. • 
describe<I below: ' ' , i ·.·' .·· .•. ' . . . ' .· ... ·, .... ' .. ,•. . .·.·•··· ... · .··.· .... · .. • ··. . . ·. .. . .. . . . . . • · · 

• Winter Flood Season (October .1 tci February 28). A rele~e of 200 to 2,500 cfs is made 
as necessary so as riot to exceed elevatioll 4?4 feet. The dn\wdown re.lease rate is 
coordinated with the OCWD to maxintlze the ~onservation of.water through ground W@ter 
recharge (Note: a minimum release of 200 cfs is required except for temporary release 
cutbacks to facilitate OCWD reconstruction ofin-stream diversion dikes). Releases . 
greater than 800 ~fs can cla!nage OCWD"s in-chan11els!lnci diversion dikes. • •• • ••• 

If a significant amount of inflow to.the dam .is in the forecast, the reservoir can be drawn 
down to the debris pocil ele~ation of 490 feet within 24 hours, while releasing 
nondarnaging flows (i.e., releases at or below 2,500 cfs). 
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• Non-Flood Season (March 1 to 30 September 30). In ~ompl~ance with th,i:: :r..IOA,. brtween .. 
the Corps and OCWD to increase water conservation, the regulation of the dam is, .. 
modified during the nonflood seascm, Beginning in March, the illlowable maximum 
reservoir water surface elevation is increased from WSE 494 feefto WSE. 505 feet by 10 . 
March at a rate of 1.1 feet/day, or higher, as detenni11ed 1:>y the w11tercontrol managers at, .. • 
the Reservoir Operation Center (ROC), based oil current ~servoii-statiis, fo~asted ·.,.. .. 
inflow, arid capacity/condition of the downstream channrf J'he reservoii,- level may bp , • 
maintained as high as WSE505 feet until September 30,'provided that hydrologic > · 
forecasts arid reservoir conditions do riot indicate.the reservoir elevation rising above . 
elevation 505 feet. · • • · •• •• • • • • • • • • • • • • • • • • 

Because paragraph 9of the ,1995 Cooperative Agreement wasfopnd 11) l:>t: inco11sistent .. 
with the physical arid operational capabilities for Prado Dam, thi:: Corps has revisi::d, the . · 
minimum release rates dµring the nonflood season. •During the period fr<>m Marcl11L~. .. . . 
Si::ptentber 30, the release-rates when: tlie pop! is betw~nel.i::yations 49<1 am:1505, feet MllY > , . 
range m:1111350 cfs to 650 i:fs pro~df:d that the running ay~rage oµitiow is illways greater . > 

. than or equal to 500 cfs'.· Release rates tend tci be higl)i::r at the lx:gil!Jijng ofthe season • • • 
• and taper off toward the ertd of the iieawn. Thereto~. the rurinjng ayerilSr for the period 

from March 1 ~ Si::ptember 30 when the pool Is between ·494 artd 505 feet would tend to 
start o~t above 500 cfs and gradu~)' approa1:I) sgo cfs 118 _thp sellSon pro~sses. Jn . .·.. .. · ., •. 
addition; when the OCWD spreading capacity i::xcee~ SOQ cfs, the Olltflow froni the. dam_ . 

• will be Increased up to a level of the iecharSr 'capacity of the 9c::wr> doW!ll,treani • 
recharge bas inf • • • • • • • • • ' • • • • • • • • • • 

However, if, based on observed precipitation, hydrologic:: forec~ts and reservoir • •·· • 
conditions indicate that the WSE. will ex.c~ ~05 feet bi:c~usi:: of high inflow, the wat!lr .• .• • • 

' control manager at the ROC will match inflow with 6qtflow, up td 5,0QO cfsio prevent ·•. ·. 
the lllservoir pool elevatio,ri\from excee4infeleya'ti~ ~QSJ~. or'aii ~liviition withl11,:3 r .•· .. 
feet of the elevation of ihe lo~eat occupii:d vireoAes.t loca@,Je>wex: than ,S0SJeeL :.. •._·. 
0~ shallftimish the· elevatiol) ofth~ ~owest O(:Cupied v~ #es.tto the Corp# . •. '' , . 
Reservi>iiR.egulation·Section aqd shall 11pdale this information ajl n¢cessiuj throiigh9tit • ·. 
the vireo nesfhig seasm{ (Man:h 15 - July 31), If vireo nests c~ ~ llll0(:ate4 to ahigher . 
position, the level of the water surfade cari be raised to an elevation· no higher than l feet. 
below the elevation of ~e lowest relocated nest, to a maximum elevation of 505 feet. · If 
no occupied nests exist below elevation 505 feet, water can be held to 50$ feet as long as 
the lowest vireo nest is located no lower than 506 feet' If apool elevation of 505 feet is 
exceeded, diun releases at.the maximum nondamaging rate (i,e., 5,0QO cfs) wiH be, . 
maintained until the poollevel has declinedto $05 feet. • • • • • • 

·.''· • • • • ' • 

Typically, if sufficient inflow is available, the water conservati.011 pool i~ incremenajly 
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 arid all impendirigstorin may fill the water coiisei'vatiori pool after March !Q, the 
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Corps will contact the Service and OCWD tti toordinate the ciove~ent (Jf vireo nests, if .· 
necessary. 

The months of July, August and September are designated for m~ntJnance purpo~es. 
However, if summer flood runoff occurs diirihg these months, the dam can be operated to. 
store water for water conservation up to WSE 505 feet, provided that the impoundme11t .. 

· does not interfere with.maintenance requirements. • • • • • •• • • • 
• • ';;c,"-' ·; ·: • < ;<) ;£· ·.-,. ·:. l 

• WS~ 494.0/505.0- 520.0 (Relea"se Range: 2,500 ~ 5,000 cf,s'or above), The w~ter 
control manager coinpute!i' a release magnitude based upon the. criteria of not exceeding 
WSB 520 feet. Hit is predicted that a pool elevation of 520 feet will be exceeded at any 
time, the release rate will be 5,000 cfs. 

•. WSB 520.0- 543.0 (Release: 5,000 cfs orabove)R~eivoirstages abov!l 57,0 feet ~quire 
the maximum scheduled release of 5,000 cfs/ • • 

WSE 543.0 ~ 544.3(Spillway :P!nw) (Release: 5,000 tfs tir abo~;) FioJ control ;elease~ 
through the outlet works are reduced.as th!l reservoir pool level ris.es a\)P.ve th!l spillway 
crest so asto maintain ouiflowfrom spillway plus ouiletwQrksita maximuiµ ou!flo\V of 
5,000 cfs;' Ail the WSE approaches the spillway, frequent 2omniun.icati911 between th!l . ' 

· · •·.· ROC and the dam tender shtmld occur so that the transfer of r11sery9ir outfl(JVI from tile. • ,. 
outlet works to the spillway ·can be closely monitored,· • 

. ·. ,:t·': ·-:.. . ,.·,-.:-,. •• . . ' 

WSB 544.3 and above (Spll!way Flow) (Release Range: 5,000 cfs and above) All outlet 
gates are closed. at reservoir pool levels of 544,3 feet and above, wruc.~ f!lS_ul1$ in. -..... ·• .. ·. 
UJJ~Olltrolled spiHway discharge orily. Vn4!lr th!l ex~111ely rc;mote drcuinstahce that the. 

• ' • •. dam embailktnent WliS in danger nf overtopping, tlte outlet gates are tq be opent1d t(J . 
minimize the possibility of dam failure. The maximum 4esign relc::asc:: from the outlet 

. works is 17,000 cfsan~ that the design <;apacity of the ()Ut)et stillirtfl b~inI~ l(),Ql;)O ~fs. 

The rates of change for water releases from the dam are dictated by the current version of the 
water control plan. • The 1994 Water Control Plan also updated (from the 1991 version) th~ rate; .. 
of change of releases under nonnal operating CQnditions, as:ronows: • • • • 

.•. •.. . . •. >>.• • 

Current rate of release (cfs) Maximum rate of change per½ hour (cfs) 

0- 300 100 • ' ' . 

30()-1,000 250 
.. 

1,000 - 2,500 
. 

400 

2,500 - 5,000 625 
. 

5,000+ 625 
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These release rate adjustments were intended to allow rate changes to occur more quickly over a 
shorter, ¼-hour tiine period. • • • • • • 

Base Flows. As. defined in tile 27111 Annual Report of the Santa. Am~ River Watermaster, base 
flow Is that portion of \he tptal surf11ce: flow passing a ppint of measurement (either Riverside 
Narrows or Prado Dam} whicli .remains af\er dedµction of storm flow, nontributary flows; 
exchange water purchased by OCWD, and cem,ljn,other flows as determined by the Watennaster. 
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.fl«>ws from wastewater treatment plants 
upstream of Prado Dam contril>ute to base. flows iµto the d!lJil; ,these flows have increased over 
time and are expected to further increase in the future. • • • • • •• • 

. . ... ·, ,; . ·, : '.. .- . , .. , . 

Imported Water. OCWD purchases water for groundwater replenishment; however, this 
purchased water does not contribute .to the water cpnservat\on pqol (494 . .; 505 feet) behind Prado 
Dam between March I - September 30 .. In periodf! where water js pooled behind Prlidp Dam for 
water conservation, OCWD .will-not store additional imported water upstream of Prado Dam for 
groundwater recharge, unless. an agree.ment has .. l>een reai::l!ed by the Gorps, OCWD; and Service; 

. . ." ·.:-. ·.· ' .. ; · .. ', . : ' .. , , '.· .:;_ : :':, /· . .',';: _., . •,•·. :- . ; ; : -·, . : .... ' .. _, ,, -. ' .'•. . ._ ,_ ·- .... : • ' -· . . ·-, . • ' '.. . . . 

Deviatioh from N~rm.\tl. Opera#ons. Thb p~!l(luresJor clifferent kinds.of deviations .from 
notmaldam regulation are. containe!l in seetion7~15 of the J994,Water Control Plan.Y \ •· 
Occasionally the regulatiolt of Pi:adc:i pamto needs to deviate fr9m !lie .established flood control 
plan described in the 1994 Water Control Plan. Priof approyltl of deyiations is required from the 
South Pacific Division (SPD) office in San Francisco, except for emergencies as described 
below. • • . 

Emergencies iay take ti!~ form ~f~'Ynings o~ p~~; ac~lpe~ts:~he!lrlcalspills, 1111d failure of 
operational facilities, In any action, taken, assc;ssrnent of the situ11tion by the dam tender sh9uld 

. rely on his kripwledge of the dangers involyed. The ROG .must be in(onned of any deviations by 
the dam ie11der, due ~o eme~elicies, as soon as p~ctical. Bmergenc:,, deviations do not require 
prior approval by the Corps South Pacific Division (SPD), but coordination with SPI> must be . 
made as l!()On as practical. • • • • ' • ..... •. . . 

. ,•,•::, :· ,, . ,•', • ·-.. --. 

,Jn accordaiice with the ~ection ?regulations regarding e~c;rgen~i~'(5Q c:FR § 4()2.05), the < • .. •• .. 
Service shall be notified of th~ emergency deviations as soon as practical. In addition, we are 
to be notified of planned-and un(llanned deviations as defined in the pllll/ and included herein by 
referencoi · ,.,_, .. · ' ·· .• .. ,··. '·: ·. :·.•· ,· · >> ·,,.' • ..• , •• , •. : 

Unplanned Minor Deviation.s. Instances arise periodically that require minor deviations from the 
normal regulation of the reservoir. Examples of minor deviations include, but are not Hmited to: 
construction work, maintenance, and inspection. Bach request is analyzed on it$ 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 deviations. 
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Planned Deviations, Planned deviations cover alfother propo~~ci ~eviatill~S to approved wate;.' 
control plans: Each condition is analyzed on its owri merits: A fonri11Iizec\ corresponc\ence 
summarizing the proposed deviation should be sent to SPD for approval before the action. The 
Service and OCWD shall be notified of these planned deviations. 

. . ' ' . '. . . ·. ' . -·- .. ' ... 

Monthly Gate Exercise.· To ensure that tne o~tiet works giites re,iµain functi~nal throughout the . 
year and to free any accumulations of sediment or de~ris from the gate pulley and cable 
mecl)anisms; a monthly gate exercise is performed on the fif!lt Monday of each month; This 
exercise may be postponed if conditions S() warran't. The monthly gate exercise is as follows: 

. ' : : - ..... •, . ; ·-. ,.. : . ·.:. • .. i. ', :, . •' :; ... -:· -·,_ :: ··._ ., . " -. . .: ; ;,. : . . ., .: • . • 

l) The dam tender checks with the ROC to det~rmirie the ''wait" p:rioi;l between gate,. 
exercises. 

2) 

3) 

4) 

5) 

6) 

. . The daJI1 tende~ checks the downstream ch~nel frllm the dow~stteiim gate t() the o~tiet , 
works to assure no ime is immediately do~Jistreafu of theputlet work,<;. • ' • • • 

. . - •.. • > ... • ;, •. '"· , .. " . -: : "· ... ·:r·,. _;_; >· -'·, ->'· :.:' .. , -:' ....... ·-. ·-·- . - . ··. -. , 

•. All· gates are closed. 

Each gate is individually raised to 5-ft-and then immediately closed .. When an , ., ... • . 
impoundment exists at Prado Dam, the water control manager will determine a wait 
period between the opening of each individual gate . 

. .. : .<:·. 

• All gates are returned to the original.settings: . 
•• • . '. ,::1:,"\._'·:·,-..• 

The. downstrea1n gate i 9 checked to ~erify the Ol!tflO~ itl!S retudie,(to pre-gate exercise 
conditil,>ns. . • . •.... . . . • ·, ,,', ,> ' '' . ' '• • . ' ' ·,, .•. 

Drought Contingency Plan,' Engineer Regulatioh 1110-:Z:.1941 (Drought <:!ontingencyP!ans) 
directs water control managers to "evaluate and establish the limits of.flexibility under existing 
authorities to modify project regulation and to use existing storage to respond t<> pe,riods of.water · 
shortages/' Although the entire storage space of the normally dry l'n\do Reservoir is iiIIocated ' 
for flood control, water conservation is a proje;;t purpo~e. Therefore, lh(l a<!opted.~ater control 
plan for Prado Dam was formulated with features that maximize the amount,o.f water th!l,t can be 
conserved without adversely affecting the leyel of flood protection pfQvi~ or significantly 
impacting environmental i:esoUI1:es. • • • • • • • • • • • 

An emergency water conservation operation plan for Prado Dam was implemented during March 
and April 1991 and 1992, in response io !he region's 5-year drought As part of the arrangements 
to permit the emergency water conservation operation, the OCWI> agreed to either fund or . 
directly implement appropriate environmental initlgatioh measures .. Future drought contingency 
plans would require an agreement between the Corps, OCWD( and Service. . • • 

Agency Communication. Both the Corps and Service are comni.itted to ensuring that open and 
direct communication occurs on all issues at Prado Dam that could ultimately result in impacts to 
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endangered species. Rapid and responsive communication.between the two agencies is critical to 
the success of this mission. In !TI.any instances, eady warning may allow the Service to take the· 
necessaiymeasures iri the field to prevent the loss of enclangered species, p~kularly the vireo. • · . 

. ,;••' .. :'. ·.·: . -· .. •,. , .. '.:.' • ... ' -· '.,·. : ·-. , .... · ... ,. ... . .- . ., 

The lead office biologist assigned to tlteP~ad~Basin (c~~~tly Loren Hays) will be the primary 
Service point of contact on environmenta1 issues within the Prado 13asin; and the person to be •· • 
contacted during ''erriergencies'.' w!lere endangered species may be affected. An alternate . • .. ·•·• •··. • •· 
biologist assigned to Prad«> 13asin (curr~ntl}' Jon Avery) and the Division Chief for Riverside-San 
Bernardino Cbririties (currently Jeff Newman) wiUserve as secQndary contacµ;. Individuals in .. 
the Corps ReservokRegulation and/or Hydraulics and Hydrology Sections (currently Joe Evelyn 
and Brian Tracy, among others) wlll contact the lead office biologist assigned to Prado Basin 
directly to inform him/her of current operations and the status of the rising pool eleyations .. The 
Corps has added a notification to this office to their Manual of Instructions for Reservoir 
Operations CenterPt1rs~nnt1l t~ 1:>etti:rensu~ thiitwe .I® infqrmedpf rising p11olconditions in the 

• reservoir during vireo nesti11g ~eason. ,TJli, Mami!ll of Instructipns wiU.~.updated, at.a , • • • 
•. minimum, each year prior to the flood season. With respect to deviations fro)]! the approved 
water control plan, the Corps will notify this office regarding emergency i;Ii:vl11tions, and will •. • • 
coordinate planned and unplanned deviations with this office and other. agencies. • • • 

Conservation Meastri-es • • •• 

Impact avoidance, minimization, and compen~ation 1I1easures have been, and will be completed 
in accordance with the 1992 EIS, 1993 biologic:1Jopii)io11, 19~5 cooperative agreement, 1995 
biological opinion and negotiations conducted during the informal and formal consultation 
processes associated wltli consideriitions of the currently. proposed project. The adaptive ' , , 

• management of the Prado Basin vireo andflycatcher populations and giant reed eradic,ation and 
revegetation efforts funded by the project proponent have minimized (and will minimize) • 
impacts to these species and their.designated critical ha.bita~ and mllltimize the prospects for the, ••• 
regeneration of critical habitat elements, • • - ••• • • , •·· • • 

.:: .. _,: __ \,.' • ___ , 

As part ~f ongoing' habitat cqn~ery11tlQn efforis,: • •. 
•"••.' , .. _., .. •,•• .. -, ... ·_·,_-'-· ,.-.·.· .... ·,: ·_ .. -,.-·- .. ,_ .;, . · .. 

• • • bcwn contributed, ln 1991, $450,000 to TNC to create~ non-~asting end~wment for 
th~ vi~ lllllll,llg~lileiit P,rogrmnf <irhabitat management an<l restoration. The funds in this •••• 
account have sustained the program through 1999 and haye accumulated in .excess of . 
$990,000, These funds are now in the Santa Ana River Conservation Trust Fund. 

• .OcwD contributecl, in 1991, and aclclitional $450,000 to TNC t~ creat.e 124 ~~s of vireo. 
(and flycatcher) habitat on OCWD owned property in Prado Basin, as part of the ongoing 
vireo management progra)l!. 'l'NC re:vegetated the restoratio11 siteinJ992 and 1993 .. The • 
Orange County Environmerital M:inagem,ent 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 t'1e account today and approximatelylOO acres are in 
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viable vireo habitat; The remaining funds are now in the SBl1~ An~ River Conservation 
Trust Fund. 

Current conservation measures within the Santa Ana River watershed are being undertaken, 
under the direction ()f this office, by the ()CWD and a group .of,resoun:e conserva.tion districts 
known as the Santa Aria Watcrshed Ass'ociation (SA WA)'. Titc fl'l 1999a20Q0 work summary 
calls for implementing measures to reduce the threat of invasive plants, piutlcularly giant reed 
and tamarisk, on native habitat and river system functio11. The primary .tasks currently being 
undertaken to achieve this goal are as follows: • • • • • • •• • • •• • • • •• • 

• Complete an exotic plan! management report for the Santa Ana River Watershed; 

• Continue the development of a GIS data base t~ tra~k and monitor t~atment ~rojccts for / 
theSantaAnaRiverwatershed; • _____________ _ ______ __ 

··----·--, _,:. _______ ·····7• ·--.-----··"··-····--·-----·-;-

• Pctform a to.~ 0(84 ac~ of exodc piant ~atnie11t within four l;lf uie resource .·,/ 
conservation <lislrlctswhich 8{C a pllft of sAw A; ,' ',' ',. ' ·' ' '' ' ' ' ', ,, ' ,,, ' 

. ' ., : . ·-··· , ,, .. ' ·,. '. , ....... , . -

• 

• 

• 

Continue the development of outreach materials and educationlll 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 that will coordinate and implement tasks. / 
· ilnd manage funds for t].tose tasks in the fu tu.re; • •• • • • ' ' • • • • • • • • • • • • 

. -· . • . · .. -::.:.· '. ,. ., . . .. . ' ....... , 

' Continue to SUPI>011.the ~~~ A fiel4 biologi~t positi()ll, Tllis person \1/IUbt: resp1msible ✓ 
for coordinating and·morutonng the SA \V;. my11Siye plant, rei;noyaJ mid habitat , , . . . .. ·. 
restoration program and for participating in the vireo/flycatcher management and 
monitoring program.within tbc. Santa Ana River wawrshe!I ..... 

,, . ' 

SA WA has additio~lllly completed ~doi;um,eiit. ehtitle4, S(Jpta AnaVlatershe4 Manage'riient,F{v~. 
Year Program (1998 ~ 2£103). This d<lCwne11tili$,;:µS$tlS the purpose and goais of CO!}tinued work 
within the waiershed. Th,e pwppse ofd!e progrlll,ll is bl ~ff'eptively conµ-«>! giant reed and other 
invasive plants within the Santa Aria River wawrshed through coo~mtive pm:trierships, .The 
long-term goals of the pro~1are as follows: • • • -. ••• • ... • '. •••••• • • • •• • • • .•• 

• 

• 

• 

Perform first-time trea!Jrient on itl) up~r watershed ~butaries and mainstem Santa Ana 
• river downstream to Riverside County Parks l!lld.Open Space District lands; · ✓ 

. -·. . -,:· •• . .-.-.·. ·- .... ' . . . ', ... - . . . . 

Establish a follo'V-up 1>ropw:11,'.'{.i!!,t~achJ1111d,mimagem~ ~nticy thatwill gradually 
increase thei~!ties ro perform long-term m~~.~e~~-~~1 . 

Provide education to ;ri~;;e~i;noowiierst~~~-~ritten materials, workshops and hand­
on assistance; ✓ 
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• Maintain a database that will i"clude areas of infestation, current proj~ts, sensith'.e 
species and native vegetation recovety. v""·• • •••• • • • • • • 

Most recentl:y, : ... 

• • OCWD has a~d tCJ operate four ~o~bird l!'/lps, during the. vireo and flycatcher, · .· . 
• nonbreeding seJ!Sons at dairies wi\fiin closc:,_proxilt)it:y of !lie l'rado Basln;.,t-f .. _· ... · 

• OC~ h~ a~:;t~ ;;;~tin~ito ~pair and ;ti~~l cowl>lrtl ~ps; ?i .•··. • 

• 

• 

• OCWD has agreed to supply s~ and other suppliesf or the. cowbird traps year-fQund; v" 
.-, .. ,- ·. ••,. ' •. _ ... •· .··- •:-.. ·· ,·. ,·' ;, ·' . -· . . 

• OC:WD '1as,agreed to supplyfo111.:w.hee)drive vehj,cles to,fl~atcher/virc:o mf!Ilagement / 
• ' staff;and • • •• • • '· · • • •• • 

• .·._ OCWDhas agreedU) propagate ~1Pl~t, inq90!'Wl'llli!)n~itll the~er,:ice and Corps, 
10,000 mulefatplants from 2-incli coniairiers eacli fall on C>CWl)_and Cprps lands not 
already dedica~ as restoration areaS fcir other OCWD 'projects (QCWD letter #2). l 

. . . • ........ -,-.... ~- • •• ~. :' 

S1'ATUS OFTHB SPECIES •. ·---~--

., •• ,·,.•.: ··_,.i7'' LeastBell'si,ireo 

The least Bell's vireo is a sinal.l, olive~gray rii9twpiha1 ~gnl\Ory songbi¢ that pµ:se~\ly nests 
and forages almost exclusively in riparian woodl'an~ ltaliita~ in California and northern Baja 
Califomia,Mexico(Garrett and Dµnn 19111; Gray artdGrel\v~J981iMiner, J989;AOU 1998). 
Beli's vireos as a group are highly teqitori!il (Barlow 1962,F/ti:h 195~. Salata 19113-a) a"d are 
almost exclusivelylnsectivciri>iis (Chapin J925, :fwi)er .19119),. . • • • • .. ·, .. • , . 

; •:::- I -. - ~-. -

, Least Bell's vireos generally begin tciurrlv~ lfuin thel; wi11t~ri11g IUnge in ;o~th~rn Baja 
• California; and, l'()Ssibly,maj1lland ¥exic:o, and i,siablish li~ngt~qi~orii,s ~Y mjd-March to 
late March (Garre~ ari~,Dil11i\ 19SlfS~atil 1983ii,J!)83b; ij~ys, 19~9; Piki, and }lays 199f), ·-••-• 
However; ll singing~ wiis'pn«mioocy i11 tlie,Priiqo l;!ilsin on March 2,1?94 (JBRles Pike, 
pers. COIDlll:): A large majo~ty o:f the br#futg viie<!s)n tJii, Pn\do I;! ~ill typically depart their . 
breedin8 grounds by tife'third week ofSepteinber'and only ~ few l;!ell's \lirl:os are found, .. ·_. 
wintering in California or the United States as a whole (Barlow 1962, Nolan 1960, Ehrlich et al. 
1988, Garrett and Dunn 1981, Salata 1983a, 1983b, Pike and Hays 1992). •· 

' ' ._. .• ·,. ' \ ., ' ' , ·.:. ·" . 

Least Bell's vireo nesting habillit typically C()ll;ists of riparian wooillaricls with well-developed 
overstories, understories, and low densities of aquatic and herbacc;ous cover (Zernbal 1984, 
Zernbal et al.' 1985, Hays 191!6; Hays 1989,Salata 1983a, RECON 1988) .. The understory. 
frequently contains dense subshrub or shrtib tliickets. These thickets are often dominated by 
sandbar will<>w (Sajq hindsiana), rnule fa~ (~~charnsa//cifo/ia),y9_ungin<lj~i~1Jllls ofotlter 
willow species, such. as arroyo willow (Sat ix lasiolepis) or biack willow (S. gooddingil) and one 
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or more herbaceous species (Salata' 1983a, l98~b,Zembal 1984,Zembai.et al, 1985),,,, ,',, 
Significant overstory species include inatui-e arroyo wiliows and black willows. Occasional 
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, cotto11woods (Populus sp.) andwestem sycamore (Platanus racemqs,:i) occur in som~ vireo , 
habi!!lts and there additionally maYpe locaiiy i1T1portant contribution~ io th" oversiqry by coast , 
live oak (Quercru agrifoli!J), ' ' ' ' ' ' ' ' ' '' ' '' ' ' ' ,' ''' ' ' ' ' ' ' • • 

Although th~ least Ben's vi~o occupl~s horn~ ranges thai typ!caUy f!1llg~ in si:i:c from o.s'tq 4.5 
acres (Re~o11al J:invironinenial Consultants 1988), \l few may be as large as JO. acres (J, G~v.es, . 
per,. comm.). In general, areas that contain relatively high proportio11S of degraded habitat have , . 
lower productivity (hatching success) than areas that contain high quality riparian woodland • ••• • • 
(Jones 1985, ,RECON 1988, l'ike and Hays 1992). • 

:·· .·- . ·,, .. _ .-. . ': • ,. ' •. ~:" .. ::;- :· ·. - ··, ,:, .-.·., ,_._ -,., .. , '·' .: .. -

.. :._ ·• 

Because of ii'doe,umented, drastic di:cHnein numpei:s and contin1.1ing 11\reais to ilie species anc!Jts 
riparian woodl~iidh!1bi~ats, the 1~11$1 B~ll's vireo w~ )iited llS iin end.angered speci~by thi: Staie 
of Califqrnia Dc:piirtment of ,Fish ~ri4 (?a.me ~nl980, 'Su~sequentJy; iiic yireo was listtfJ.AA i ••• ' •. 
'endangered. bytlieSc:rvice on May 2,' 1,986 (~ 1. l1R 16474), C:ritl.~ habiµu for .lhi~ spc"l:les, .. ·•. •. • 
whidh includes ll.llriverine ancl floodptal~)abitats witli IIPP~11811tl"lparlan vi,gi:taµon in the '. ·,. 
Prado Basiri below the elevation of 543 feet, was designated by the Service on February 3, 1994, ·. 
(59 FR 4 845), · • • • • • • • • •• 

• . ••• .• •• Soi,thW(!Stem willqwflycatcluir 
. . • • • . •, . ' .. • .-- : "-1. • • • ' .• 

The soutll,westefu\villov/flyc11tcher (EmpiJ~~axiraillil e.ttimus.lPhillips]), a !lllailvely s:Ua11, ... , 
insectjvoh>us(i,asserit1e) ~oJgbird, is '11pproitim'ately. 15, ~enti111\:terJ!· (5,.75, inches) in Jen~ .. Both ,. 
sexe~·of stju_ihweste1J1 \YilhW-'. nyc,tcbers haye grayis~c&reC!l. l1ll9f{l!l~',Yjngs, ~hitish throats, .......... · 
lighfgray~i>ljv~ bre~ts. and pale; yellowish belli~, llie. song i~a ~nee:,;y ''fi\z-bev/' <>r "fitz:,a-..••.. • 
bev.;'.' B!ld tlie. typical ca!J is a bre11thy :'.whit" (e.g,iUnitt • 1987), .· , • .. 

. ·''•.,_a_ -·~ -' _-, -: '; _ ... ··.".- . ; . . . . '_ ... , • , ·: ·'.' ' . ,_, • . . . . -, . . .. :_, . -..-.. , .. = . .. ,;·-: '-· ., . :. ,-. ·., ..• -, . ' 

The so11th~~terri wi!low flycatch~/is ll ~~F;lllzed sul,};~cies ~f the Yli!l~w flyc~t~h~r • .. ·• •··. ·. . 
(Empidonii,t tr41llii); .Alth9uglt prevlQ1.1sly8on$idered co9spei:mc with the I\Jdef f1Y911tcher, .. · ... 
(Empiddnaxa/norum), thewiUow flycatcher isdlstinguishabie from th~t species bymorphoiogy · • 
(Aldrich'1951), song cype;'ii~bii;;t ~se, struc~ and pl~cernent pf nests (A!dric$.I95,3), eggs .. 
(Walkinshaw 1966), ecolo~cal separation(Bar1ow and~acGillivniy 1983), and genetic • 
distinctness (Se11tin and Simon 1988), 

.,,.-,.,.,· _.·.,, :: . ;·,.:-·,:. :,-·.-· ;·; •_,:,--.·.-

In turn, ~e southvl,~s~ri. will~~ fly¢atch~r i~ ()Ile qf_~'I~ ~ubspecic:~ of, the willo",V nyc,!lwher. 
currentlyreco~zed(ijubb!ll'd 19~7.Ui:iitt 1987, BrtlwningJ99_3), 1'he wiUow. flycatcher, 
subspecies.are <iistinguis~ed prlll1llI;ily by differen~es in C()Jor and 111.prphology, Althougq fue. 
subspecific diffe!llnces in color have beei}tennc:d "minor'' (Unitt 1987), P.E. Lehman . •·. . 
(recognized expertJ1el~ bJologlst, pers; coriun.) haaJndicated ili,at th!= south~estem willc:>W ... .. . 
flycatcher in California is clistinguishable i~ the field from other forms of willow flycatchers that 
might be present (in migration) within the breeding range of the fonner. 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 
willow flycatcher is distinguishable from other willow flycatchers. 
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The breeding range of the southwestern willow flycatcher includes southern California, southern 
Nevada, Arizona, New Mexico, and western Texas (Hubbard 1987, Unitt 1987, Browning 1993). 
The species may also breed in southwestern Colorado, but nesting records are lacking. Records 
of breeding In Medco are few and confined to extteme northern Baja California and Sonora 
(Unitt 1987, Howell and Webb 1995), Willow flycatchers winter In Mexico, Central America, 
and northern South America (Phillips 1948, Ridgely 1981, AOU 1983, Stiles and Skutch 1989, 
Ridgely arid Tudor 1994, Howell and. Webb i995). • • 

Breeding southwestern willow flycatchera arc often present and singing on territories In mid-May 
(exceptionally in late April in southern California). Southwestern willow flycatchers are 
generally gone from breeding grounds in southern California by late August (The Nature 
Conservancy 1994) and arc exceedingly scarce i11 the UnltedStates after mid-October (e.g., 
Garrett and Dunrt 1981). The first southwestern willo\Y flycatcher of the 1.998 Pnido.B~in . 
breeding season were detected ori May4 and the last was notedon August 9. In ~997, the first 
bird of the breeding season was detected 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 occrdenJalis) {not found in ~outhem 
California], or other plants of similar structure and configuration are present .. The flycatcher 
nests ~n tluckets of trees and shrubs approximately 4 to 7 meters (13 to 23Jeet) or more in height 
with dense foliages from approximately O to 4 ineteni (0 to 13 feet) above ground . Overstotjes 
are often present in· occupied habitats an4 composed of willows or cottonwoods or, in some ' 
portions of the species' range, tamarisks (Tamarlx, spp.) (e.g., Phillips 1948, Grinnell and Miller 
1944, Whitmore 1977, Hubbard 1987, Unitt 1987, Whitfield 1~, l3rpwn 1991, U.S. fJsh. and . 
Wildlife Service 1993, 1995). Although nesting willow flycatchers of aH .subs~ies gerit:rally ..• 
prefer areas with surface water nearl>y (Bent 1960, Stafford and Valentine 1985, HWTis etal .•.• 
1986), the south~estein willow flycatchers in the Pmdi> Basil) virtual!)' always nest near. surface • 
water or saturated soil(e.g;, The Nature Conservancy 1994). •• • • • • 

All known southwestern willow 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, 
a few moderately tall, often dense, willows. Among the five nests found in 1996, two were 
placed in arroyo wjllow, one was found in a red willow (Salix laevigata), one was placed in a 
sandbar willow, arid one was placed in a tamarisk. During the 1997 season, both nests that were 
discovered had been placed in arroyo willow. Nests have been placed as low as 0.61 meters 
above ground level. 
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All three resident subspecies of the wiHow flycatcher (E. t, extimus, E. t, brewsterl, and E, t. 
adastus) were once consldeicd widely distributed and COffilllOll. within ~alifomia :,vherever . ' .• 
suitable habitat existed (e.g., Grimiell arid Millerl944). The hl.sioric range ofE, t, .• extimus in. . 
California apparently included all lowland riparllill areas of the sou,thernJ~ird <>f tl1e state, .Nest . 
and egg collections indicate the bird was a common breeder alorig the Jowef Colol'!lc!o River near 
Yuma in 1902 (T. Huels, University of Arizona, ;,i iiti,), WiU~tt (1933) considered the bird to , 
be a common breeder in coastal southern California. Most recently, 1:Jnltt (1987) ~llncludcd that .. · 
the southwestern willow flycatcher was once fairly common in the Los Angeles basin, the San 
Bemardino/Riversido area, and San Diego County ... 

The southwestern willow flycatcher isapparently v~ln.el'!lble to the s3111e. fact~rs that have caused . 
the decline of the vireo within those species' shared ranged in the Cali(omias and thus has almost •. 
been e;,c.tiipated as a breeding species thitmgltout muc:Ii of southc111.C:)lifo11'1ia (e.g.,Q~t): an.d • 
Dunn 1981,Unitt 1987), Because railge-wicle, recent sµrvcys ~aye essentially cl)i;rc,borateii these .. • 
• assumptions, tl1e i:um:nt siatiij ofE. t. ;txtitnu.r is likeiy 111uchirtore piccarl<>us thll!l thni <>fthe · . 
. . ,vireo; which hwi bi:gtin to recover lri sotiihem California;. • • • • •• •• • • • •• ••• • • . ,. ' . ' -.. -·. . '. ·: .. ' .- .. '.,·.... . ' .. _'. . -~: :. ·- ,.- ,- ' ' ,,.'• . _,,_,. ', \ 

On Juiy 23, 1993, the Servjce proposed the southwestern willow flycatcher as an endangered • 
species throughout its range (58 FR 39495) and sitnultanequsly pn)po~ ci'itical h~b.itat•fotthe ... 
species. Although deferring a decision 011 the designation o(critic:al habltat;tlle Servic:e Usteii •\; 
the flycatcher as endangered on Febrt1ary 27, 199~(59 FR 106~3),: CriticaJ.J:iabitat. for the < ·,f:, 
flycatcher; which include, much of the Prado Basin; was designati:d by t,hc Service.on August 20; 
1997 (62 FR 39129 and 62 FR 44i28), lJreecli11g willow flycatch!'(S are listed ~ endaiJgered by. ··• .. 
the States of California and Arlz<ina. •• • ' ' • • •• ' •• • • • •• • • • •• 

ENVIRONMENTAL BASELINE 
. . 

• • ieas, Ijeit't vire~ • < •• 

During thel 999 breeding season, the least B~lliviieo populatioh' iii the Prado Basin and,, • 
environs was studied and maita~ed for thefourtee!ttll,co~s~µtjve year. St11dy areas inclu~~ the 
Basin proper and contjgu,ous teaches of the Santa An!l Itive~ ari!i Chino ~k, Tho. d!!ta, ,, 
necessary to determirte:vireo siahls and distribution, breeding' chl1l11ology, reproducHve succe~s. 
and nest site preferertcds wci'e obtaiiled, when p<>ssible, dtiriiig dally yisiis tt! appropriate riparian . 
woodland habitats throughout the basin. In addition, brown-J:ieadecl c<>v,:b.irds present in vireo 
home ranges were routinely censused, and modified Australian crow traps were once deployed 
throughout the basin and adjacent Santa Ana Rjver in an attempt to conu:ol this brood-p11I11Sitic 
and fllpidly e;,c.panding species. ' > '·• ' < •• •• • • ' • • • •• •. ·• • • •.• •• •.••. •·· , i . .· . •. i 

, ' ·- .. '. -. -· ,• ,• ,.. ·: '• . .- . . ., .... -. ' . : ' . ' 

Of the 336 territorialm~e vireoiithat wel'.6 detected vlitl,in thel'radQ B~\~ ~tudy:area in 1~99, 
224 of these birds Were found to be paired' (Pike and Hays 1999) .• By contrast, ·270 pairs \VCre 
recorded in 1998;195 pairs were detected in 1996, Md 164 pairs were located 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 vin:o breeding 
pairs, resulting in a 10 percent increase over the col'{l:sponding total recruitment (450) in 1998. 
Nesting success in 1999 "".88 57 percellt, which exceeded the corresponding figures for 1998 (41 
percent) and 1997 (50 percent) (Pike and Hays 199!?), Although the average number of 
fledglings pet breeding pair (2,2) in 1999 was the highest recorded since 1995, this average is 
substantially below the 198~sl991 f!edglings:per-pair average of 3.L In recent years, 
significantly fewer palrs have elected to renest after successfully fledging young on their first 
attempt (Pike and Hays 1999). • • • • • • • • • • 

' ' 

By the end of the breeding season in 1998, 2,333 cowbirds had been trapped and removed from 
vireo and flycatcher habitats within the Pnldo Basin and an additional I 05 cowbirds were 
removed fro~ Hidden Valley Wildlife Refuge adjacent to the Sanu.i Ana River in Norco. More 
than 1,314 cowbirds were removed from i.n or.ncar'vin:o 3!1d flycatcher hapitat in 1997 .. 
Correspondingly, the 13 percent parasitism rate in 1998 was the lowest recorded with.in.the Prado 
Basin .• Vireos continued to demonstrate a strong prc(en:nc;c for nesti,ng and foraging in willows 
and mule fat (Pike et al. 1998). Of all ncstli l!l 19!?7 for which data wei:Q availaple (N;::239), 54 
percent were placed in various willow species and 40 percent were found in mule fat (The Nature 
Conse~ancy 1997). . . , , _ • 

The vireohas been hlstoricaiiy described by mµltiple observers as comm:on to ab~qdant in the 
appropriate riparian habitats from as far n9rth as _Tehama County, C:alifomia, to northern Baja 
California; Mexico (Grinnell and Storer 1924, Willett 1933, <hihnell and Miller 1944, Wilbur 
1980). -Widespread habitat losse$ have fragmented niost remaining populations into small, . 
disjunct, and widely dispersed sub:populations. The remaining 1,irds are co11centrated in San· 

• Diego and Riversicle counties (U.S. Fish and Wildlife Service 1998). 

Although the species has begun to recover and approximately 2,000 vireos were on territories 
within California in 1998 (Service, unpublished dau.i), ~limlmuy data indicate that the United 
States breeding population in 1999 was almost certainly smaller. Popµlation declines were noted 
at Marine Corps Base, Camp Pendleto!l, the Prado 13aain, lll)d at otlt(:tlocales throughout,the 
range of the species in 1999 (Service, unpµblished data) .. The reasonJor this apparent, recent • . 
population decline is unknown. r-fevertheless, the Prado Basin popµllition .of vireos remained the. 
second largest oveiall and the.largest by far n.ortb of S;l!I Diego County, .The largest population 
of vireos range~wlde continues tci be located on Marine Corps Base, Camp Pendleton in San 
Diego County. -In recent years, 'the Camp Pendleton and Prado vireo populations hav_e 
represented Over approximately 60 percent of all known virw territories, • 

. . '• ,• . ·, : . . ·. ", ...... ,· , ·-·, ..... ·-: ,•-· ,_ .. ' .. ' 

The past, unparalleled decline of this California landbinl species (Salata 1986, U.S. Fish and 
WIidiife Service 1986a) has been attributed, in part, to the combined, perhaps synergistic effects 
of the widespread and relentless destruction of rjp_arian habitats, llabitat fragmentation, and 
brood-parasitism by cowblids (Garrett and Dunn 1981). The historic loss of wetlands (including 
riparian woodlands) in California has been estimated at 91 percent (Dahl 1990), Much of the 
remaining habitatis fragmented or infested with alien plants (e.g., giant reed) and exotic animals 
(e.g., cowbirds). Redui:iiii11~ in vireo numbers in souibern caiifomia and the Sa.ii Joaquin and 



Colonel John P. Carroll (l-6-990F-75) 21 

Sacramento Valleys were evideni by the 1930s aitd were "apparently coi~cidenl wi!~ in~rease of 
cowbirds which heavily parasitlzc this vireo" (Grinnell and Mil!er.1944). • • • • • 

-. ' •• •• • '. . . . ' ·- .. ,. i;\.''·:' .-,: ' ' .. ,. 

; • Souihivestefn willow flycatcher .• • ••• 

The Prado 'Basin S<?U~w.estem willo~ flycatcherpopulation was studled ~dmanage# for the. 
14th consecutive year within the Prado.Baslil, adjacent Santi\ Ana River, and environs during the 
1999 brccdlng season; The dall\ ricces'sary to determine southwestern willow flxcatcher status.··• • 
and distribution, breeding chronology, reproductive success, and nest site preferences were 
obtained whenever and wherever possible during daily vishs t(? appropriate riparian woodland • 
habitats throughout tile basin.· 111. additihri, cowbirds present ill southwe~tern .willo~ flycatcher 
home ranges were routinely censussed; and modified Australian crow traps were once deployed 
throughout the basin and adjacent Sanfa Ana IUver in 311 attempt ciml!UI this brQQ<i-p~itic .•• 
species and thus maximize.the local breeding success of the virco,f]ycatclier, and a large number. 
of other sensitive passerine bird species. • • • • • • • • • • • •• . . • ' . . . . . ' . . . 

Despite 14 c<i11secutivc ye~ of cowbird imuiagement and haliitat con~rvatl9n efforis wi.thin ~e .. 
Prado Basin, a total <if only .five flycatcher h<imii ranges ;,.,,as deici:ied witllln the l'rl\do B!ISin . •. . • 
during the1999 breeding ~~on,. Four of the five. territodal flycatcheis were.!ik~ly:returiiing to '. 
home ranges that were occupied during the p~yious se~o11, i Pairs w~!'ll ~ventually f4:?1md in only,, 
three of these h~me ranges; Two ot the ~ pairings resulte,\l ii;i s.;iccessful preecUng, prtKl,udng ;' 
a total of five fledglings; • • • • ' • ' ' • • • • • • • • • • • • 

·,'. · f :·•. 

Although flycatcher home ranges have been detected nearly throughout the surveyed portions o.f .... 
the Basin, successful breedlnii prlor toJ996 h"\J .been clc:t~ct¢ (?111}'\n No~ 13~in an4 Yf e~t ' 
Basin (Chino Creek). From 1996 toi998, however, the only successflllbreeding occ~ in two • 

• • adjacent home ranges inSouth Basin, Regardless; giyenthat <?\11¥ tltr¢e breeding pairs of · •.· ..• 
southwestern willow flyciatchen were present withln the survey a#a dµring the .1999 breeding 
season,'southwestern willow flycatchi:rs likely are ind1111ger of diSllp~ari11g from thi: l'rado., • 
Basinandenvii-ons .•••••• • ,·, : 'C <.·• t''/.·•·. > .. ,·,< • .. , ••. • ... •.·· 

. The available l,nforrnation 'suggests tlt~t all three will~w ftycil~her s11b~pecles ~reeding in • .•.• 
California have declined substantlally, with de<:ijn~, inost cri!lc)l] in p. ~; 4#111us, the,. • . 
southwestern wlllow flycatcher, which remains orily in small, disjunct nesting groups (e.g., Unit! 
1987, U.S. Fish and Wildlife Service 1995); like those found.in tl!.e Prado B!isin., Status reviews 
or analyses conducted before the listing of the southwestern willow flycatcher considered 
extirpation from California to be possible, even likely, in. the foreseeable futu~ (e.g., Garrett and 
Dunn 1981, Hanis et al. 1986). ' • • •• • • • •••• • • • • • · • • • • •• • • • • • • 

' .. ' • - '-.· ,•. . -:. < • ::·,:-\ 

The Prado B~n population is Q!Je of only six i¢l~entbreedjng s,iies Iha~ n9'N exist in . 
California/and only three southwestern wil)ow flycatcher populations in California contain. 20 or 
more nesting pairs. Despite the virtual elimination ofimpacts from livestock grazing to the large 
and important flycatcher population on the South Fork of the, Kem River (Harris et al, 1986, 
Whitfield 1990), nwnerical declines in the population levels were observed in 1991 and 1992. 
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Fortunately, increases in 11esting succ .. ess were realized in 1992 and 1993; these. increases were .. · • 
attributed to removing cowbird eggs or itestllngs, found ln southwestern willqw flycatcher nests, ·, 
and cowbird trapping (Whitfield and Laymon, Kem River Research Center, in litt., 1993). The 
Kem River population consisted of29 p!\irli i11J996 (M, ,Whlt11eld, pers. comm., 1996). 
Another large, and relatively stable, nesting population is along the Santa Margarita River on 
Marine Cqrps Bas!l Camp l'endlet9n, wh.ere cowbird nuiµbers have also bee11 reduced by . • .• 
trapping, Appt1>xjmately 2Q pajrs were clctecll:d 11n Clllllp l:'i;ndleton in) 996., The third imd last 
"large" population ~ra,is'-tjri th~ Uppef~an Lull! Rjv~, wherc2S pairs were detected in 1996 
(Bill Haas, pen comi:n,, 1996), •• , ' 

··-· .... , ··,.·., .. ; . -,-. • ·-

Althoug!J live other nesting ~ups were known in so~them Califoqiia in, 1996, aU but one of .••• 
these consisted ilffour or fewer nesti11g pairs in recent years (Servi~. unpublished data). A to.ta! • 
of 104 pajrs of souihwestern willow flyc!lt~hers was recoftled in CaUfornia in}996 and.. • · .·.·. · .. 
preUnuriiu)'data lni:llcaic tha(IOO paii:S:weri; prcseni in the stat~. i11 l~8 (Seryice; Unjl,U!Jlished • 
data). ' · • • • ·, • · · · " • •· · •.••• •·•· • · · 

Unitt(l987) reviewed historical and c~n~mpowy records~f the southw~tefl!WiHow flycatcher •• 
throug!Jll\itjts 11111ge 1111d clcternuned that the s~ie.s had ~Hned p~pitously durini the last 50 • 
yean;, Uriht (198?) ~eq. cp11vin~i11gly,that tli~'s9~th~es~willow flycatcheri~ fadng poorly .•• 
throughout niµ~hpfil/1 b~ding rnnge (s~ ais9 Moiisim andPhilHps, l.981,, Ol!tfCtt andf?unn< , 
1981, :U,1,.I?ish !Ilic! 'Yilcllife.Seo/iCC 1995), lJni\t (1987)h11Spllstulated Ilia~ the''total : • ••. . . .. 
population of the subspecies is well under 1,000 palrs; I suspect that 500 is mo,J;Q ij!<ely.'' ~ecent , 
range-wide surveys have corroborated Unitt' s hypothesis. • • • • • 

• Througltouttlle kno~ P111ge of ih~flyi;ll~ch~t: ~upied ripariiin llalliuits liaye!#,i, anct retnili!l, .•• 
widely sep~ii:d bfy!!Bt e,xpllll~!)Sll(illlllt,!Ve,lr arjcl)l!!l~- Howevi, the southwestern willow .. ·••.•··• 
flycatcher. has suffered the. ex.te!lsive Joss anct modification of these cottonwpod-willow ripapim ... 
habitats ,i:l\Je t.o ct~e ~ ~ng; p~ ~o!l#qf projits, i!ridothc/w,aw:orJllll~ deye!oi:i111e11t; ·.•·.·. •. ·•.• ·•. 
projecis' (~;~;; Iqeben\lw 81\d.9iWeaf l9~,'taylor !111d:µtt1efielcl 1986, l.Irli.tt 1987, :PllhlJ!190;, •. 
U.S. Fish and Wildlife Service 199S}. Estimated losses of wetlands between 178() iµtd thel980'~ 
in the Amerlcansouthwest are; California (91 percent); Nevada (S2 percent), Utah (30 percent),. • 
Arizona (36 perce!lt), N:ew ¥exico q~ percent), ani:l Tex.illl (52 percent) (DahlJ99Q); ~hanges 
in riparian plant comriiurilti~ h11ve lllsuti½ i~ the red~ction; degr;idati,;,n, and elinµnation ,of ·• ·' • 
nesting habil!lt for'the willow (lyc~tcher; cllflailing thera,nges; distributions, and numbers of . · 
western subspecies; including E. i, ei#nu/,r(e:g., KJebeno\\' andpaklea(~!)84, 'l'.aylo.r ancl 
Littlefield 1986, Unitt 198.7, Ehrlich~ al, 1992). • • •• 

';" . ' - • -. • "· .. - .. 

The species Is alos impacted by a variety of other facto'ni, including brood parasitism by cowbirds .• 
(Unitt 1987; Ehrlich et al. 1992; U.S. Fish and Wildlife Service 1993, 1995). Parasitism rates of 
flycatcher nests have recently ranged from SP to so vercent i11 California (Whitfield 1990; M. · 
Whitfield and S. Laymqn, unpublished data) tq 1()() percent.in the Gran4 Canyon in 1993 (U.S.• 
Fish arid Wildlife Service 1993). Mayfield (1977) com:luded that a species or population might 
be abie to survivea24 jlCrcent parasitismrate, IJut that muchbigl)edosses ''would be alanning." . 
In any case, ii composite of ali current information iiidlc:aies c:oniliiiilng declines, poor •• - • • 
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reproductive perfonnance, and coritiriucd threats to most of lite extant populations o( flycatchers·. 
(e.g., Brown 1991; U.S. Jlish and Wildlife Service i992; Whitfield and La}'lllo'! (Kem River .. • 
Research Center; in Utt.; 1993); US. Fish lind Wildlife ServiccJ993, 1995; Service, unpubljsl;led data) .. · .· .. ' .·... . ... ·; .. ; ·. . ; ... :· . ·/.: .. , : .·,•:: : ·. ,: ,. . .. . : ' : . 

EFFECTS OF THE ACI1ON : > 

The project involves conserving water within the. flood conirol storage spac~ behfod Pradc,, Pain . 
both during and after the flood season (BA). Riparian habitat suitable for the flycatcher and • • • • 
vireo would be subject lo inundation as a result of the projecL Over tile past 6 years, earlier • 
water conservation prognu:ns have reaulted in the prolonged inundation of ripariiin woodiarid 
habitata in the Prado Basin. For instance, during the 1998 brc¢ing season, water conservation 
resulted in the holding of water at or abqve an elevation of SQS feetfl'On:i February 25 u11Ui ¥ay < 

31, during which time habitats below that elevation were entirely unavalll!ble to vireos ~d •• • • 
flycatchers; • 

Manage111.cntof the vireo lind flycatcher pop~lations In 11111 Prtldol3asi11 duririg p~ \l/atef. . . 
conservation efforts, literature n:vlews;and llllalysesofthc ctr~ of c,itlte,rl'rlid~ B,asin pi:c)jects •• 
and activities have resulted litari eluddatio11 ofsomeof ,the~ imcl potential eff~ts ~spci,!ted . 
with the iniplementatiori of tlie proposed proj~: in particuiar, th,c floprllng i)fv}#l> ripi\tj~ .· ., . ii 
woodland habitats in 1995 iilid 1998 lri conjunctioi:i ~tJfpicvloUBly autltorlZt:d y.,ater > ••·.··.·· ·· 
conservation projcctlfin tliePrailo·Basin have resulted in; (1) degradation and destruction of 
riparian habitat elements below an elevation of 505 feet and a n:sultant redistribution of vireo : 
home rangcs;(2) a marked i11ciease in tho use'o(ell~tic (primarily upllllld) plantspec:ic:s for nest . 
pll!'1cmcnt; (3) an lnabUitftQ ~eploy c0\Vbird traps in'.opthfrtim, prqve11 IQC:atipnil, l!11d, perhaps as: • 
a result, and (4) ail elevated nest pilni!;itism raie in the most ai'fectedarea (Wesd3~in) du;.ing, at • 
least, 1 ye;ir (The Nature Conservancy 1995, The Nafure'Conservimcy 1996, Pike and Hays • 
1~8). • • • • . 

The proposed project is not liki:Iy to directly impacf l{)(ll!I flyc~tc~er ~~ng pairs, ~~111e r~c:s, 
or habitats that ate' ili)p11[e11tly "~fllited'' by the speci~; l'.f fl laio~ fly~~hei:; 11c:s~ ajtlli11 tll~ . ,. , 
Prado l3asin, past or preserit,:liave been in home railges established bel9w BIi c:lc:vation of !ilQ .. •• 
feet, and no home niliges have· been established below SOS feet, the ma:xlmtjni 11oi>I i?levatipn . , ..•• •• 
allowedi. However; a· flycatchermale \vas' observed at iip elevation of SOS foei, an~. the' ; : : ; . • • 
establishment of home ranges or placement of nests in appropriatchabitat beloyitltat elevatjon is 
not precluded or unexpected, ·• · • ' ' • • • • •• • • • • 

The pooling of water to an elevation of 494 feet du.ring the win\el" (October l ~ Feb111ary 28) 
would riot directly affect the vireo, as the species ls' rioi present Vlithin ilie project area during this 
time pericid; Vireos typicaliy anive 'in the Prado Basin and southern California /11 ni,id to late .• 
March, with tenitory establishment lllld nesting takirigplace from March ihrough late,i11Iy (Pike 
and Hays 1999). Dispersal of fledglings and iruifure adults typically occurs in August and • 
September. Vireos are only rareiy detected in the Basin from i October to 15 March of each 
nonbreeding season (see, for instance, Pike and Hays 1999). 
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Howevc:r, suitable habitl!t for the .vi!'CO and, apparently, flyca\cher d~ occu~ below an elevation 
of494 feet (Seryice, unpublished !fata). Thus;:holding water at elevation 494 feet or below from 
Marcb)jq ~cptem~ 30 cotd<l difeftly i~pactthe vireo and, poss!~ly, the flycatcher. Water 
held from 494 feet to 505 feet during the nonflood season from March 1 to September 30 has,· 
and could again, substantially inundate vireo habitat within the basin and thus preclude its use 
during the breeding season or displace or impact yireo pairs attempting to breed within th~ range 
of elevatio111. Based on 1999 data, approximately 70 pairs of vireos occurred in home ranges that 
could h11v!' ~11 parti!lll)' or substan\ially floajedjf water WI\S held at an_elcvatio11 of SOS feet . -• 
during the b~ilg ·sca,,oii. Theinu11!111tion of vireo habitat may !'Cduce the number of successful 
brecdi11g pairsJofthat partlcul!ll' swon, cause a deiay in breedi11g .due to.the foi:ccd !Clocation of 
pairs ti.) ~ of ~ulta~le h!ibi~ an<l force a.!'C!iuctiiin in the 11u111~ of 11esti11g 11t1cmpts. . 

: •• ' ,: ."-.' • ,: • • - • • •• -., • • •• • •• <. • .- • ' • • • • • ' ' • • • 

Di~t impacts to yireo (and flycatcher) nests, eggs, or nestling young are not expected IP oc.cur. 
because the. l(i(:adiiillllld elevatjPll o( yi~neslll .wHI ~closely monitored each yi:il,r to ~nsure. 
that flooding of occupied vireo nests does not occur. As is discussed in the BA !ind Corps .< 

• project description, dam releases of up to 5,000 cfs will be ma!lc in an effort to prevent !he··. 
reservoir pool eleyati.on fro111 excec\ling eJeyat1011 50S fC!'t; pr 811 elev11!lon within}. feet of the , . • 
elevat_ion of the lowest occ_upied _vlrc:q n~t located tower than 50S feet. If elevation 50S feet is 
exceeded, dam releases at the maximum nondamaging rate (I.e., 5,000 cfs) wi!I be maintained __ 
uritil the p<K>l levcl haii declined to 505 feei.. As aJwther saf'eguwI, Vi!'CO nc:sts may be !Clocated; 

• if possible; io higher ~l~va~<>ns:~o ~yolli, ~wii!npinS:, S11~1! ine~IU'eS shouid pnwent the· • , 
destru~ti?f. P{Y.~. ?!'Sts Rlld; Cl>nforn,l~.t. dC::Jl\l!P-f yi11lO )'Ql!llg oi;egg, •• ; •. • .•• 

Althougil !t I~ lntenc¥<1 th~ vileo and, f}yi;atclierad~i~. n,ests, 81\d yo~~g v,illnot\je di~tly. • •. •• 
•• • imp#teli by the 'plllJit, lllld ~nly ~plc:i:\ iileo lt1!bii11t\Ym h!' llf fe(:leli,. th!) ~oips h~ C!)iich!ded 

in the ll.-\. that theJoss of riparian habitat within the basin ls an unavoidable ¢vei:se.impa<;t to. the 
vlreo;flycaiclier,andbo(li species'd~~~atedpdtlcal h~bltats, •• -••• - • • - • 

: ;_ .. · .. , .- , .. ' '..· ·-.' '• _._:. ·---- .• .. .- .. -·--. ·.' ... · .. ' .. 

Given the geographic distribution and elevations of vireo nests in the J:'rac,lo Basin during the 
19~t~~\fing sc::~on (QQYJ) letter~: O@'P, '111J?Ubli~hed-~ta); the ex~ted reboun<l o(the 
vireo P9pulatio11 toJ998!evels or.beyond, an~ the 1111tipipated 11:<iistributioII of breeding paini to, .. 
highete1eyation11;~9,_i;91icl~~th11hll~ ~abltat.of 118 llllU1}'as 90 pai!'$ of.vireo!! may be lmpactc!l i 
as a ~ult of tho. hnpliinientatlQtt9f_t!J!'Jll'.9j~t AA \lisp~c:tl befow; In. ad!li.tion. as IJllUIYIIS 5 
additfoiuil pairfrnay l>e,harasireli d11e Yl jn(ljrect effec~ pf.the prpject. Critical habitat. f9r the -

, vi~, which lnclµ~11 floodplains below543 feet in the frado Basin and !Ill ~pllrtenant . ;. • · > 
veg~tation; wili be the most significantly -affecte<h -• • •• -• ., • ' -

Although the ~ffects of flQ<>!ling on riparillll Jta~jtat are difficult to quantify, water conservation ·· ·, 
within P~do Bashi 111ay result in; (1) vegetation mortality (i.e., reduction in the ac:,rialex\ent of . • .. · 
willow riparian habitat); (2} re!luc!JqH in speci~s diye~lty, as plant(! .in1oierllllt of flooding are . · • 
reduced within the basin; and (3) s.tructural changes within the habitat, especially a loss of· ,, · 
shrubby understocy. The primary impacis on vireo include the indirect effects associated with the . 
inunda~on of ripari_anhabitat, tp~ required _lle/1~.ng 1111~ f9!agi_11g habitat for -this spec:ies. . . 
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Past studies of the .eff~ts ofprol<>nged or perioclic w~ier storage in. the PrruloBasin haye resulted 
in conclusions that the inundation of riparian vegetation can alter or permanently destroy 
constituent vireo ancl. flycatcher cri\icalhabitat elements. S4bsequenttCl 1,ompJ"l\hensive studie~ .... 
of riparian woodlani:I liabh~t& wit Ii the PradCl Basin proper, the Service concluded that "the lack .. 
of plant species dlvcrsh{and the: sp~ity <>f ~hruhby Jodirstory developmcot lx:low ,49_0 f~t in , . 
the Prado Basiri iii i!ttributabie to the pa# freq4e11cy; duration, and tlmjng ofi11u11datlon'' (Zembal. 
el al, 198S); Frcdcrl~kson (1979) hacl preyim1s)yc11nc:)4ded,that pl1111t spcciesllivc:rsity Ill .three • 
Missolll'i study sites ~Jin~ ~atly as iiiundation levels became increasingly pronounced. In . 
general, floodirigoftrees can cause''tlie depletio11 of oxygento respirlng roots, accumulation of ... 
carbon dioidde iri ilie soil~ cstablishmeni ofanacrobic conditions aro11Jld the roois, and . ••• • ••••• 
accumuiatlon of to;ins (organic, 'acid.s) in and aro1111d the roots" (Dames and Moore· 1987). . . 
Submergence: during ~e growing_sc:asoii('.,yhen plants W1: actjyely respifing) 111;iy .~. partii;ularly 
damaging. ' ' _ -: - · ' · · · · · · ' ·.· .··· · · · ·· · · · ··· · · ' · .·, · .. •..... '· · · · · · .• .· ·. ·· · · · 

~~11;:a:~e;~!f ~ittt::;,:;:~~-.fitrfti!e:t~'tir?Jfr:r~~:~~~~:~a;e .. , .. , .. 
hyjicixicor anaerobjc soil CcjrtdftiClllS,\vhich in t11n1 CIIJ) llft'ect.the ph~jOIClgical pl'l!!;C:SSCS of the ., 
plant; inciud1i'igri:s~ll1lti9n,!lll,dppo~osynttiesi11. ,fi'lli\tsia#pieci 19ft(),9!flng c:xh~~)tav!lrlety 9f > •..•.. 
mechani_sms to i:opc wlth aiuierobic ~ii ¢qnditlons, inc\uqlng the formatlo11 .of adventitious roots. -. 
and h~'¥pttied leijtic~lsJC>r (}XY&C:~_I\Cq~isi~q~. a,n<! llltef!!<! lliet~iioi1C:: pathw,ays »-hie~ ~yoic) , .. ·. 
the buildup of ttj~lc pnd prodljcts'as*(}Ciated "1Yi\lt iiriaewbic re~pi(aticm, • , • .·, ; ,. i . 

,,·. -,.-.. -·., ·,";.> ...• ·-. '·•"''•"" ... , .. • ,.:, ,••, ... - ,._ -.c.' •' -.,·:•.-.,,, •... '· --. ,. ,., ·-·· •:' • -. 

In general, willQW species, especially black willow 'csdzixgo;Mingii) ~ fairly ~olerant of 
.. flooding i;luriJlg thp $1'.0Wing .Bclld doi;m;ll!t S!'l!SC>ll~•.:alac,~ wil).11w cu\tin&s lt,~ve:1 ~~rviy!)clfJpodecl 
• soilAonc)ltj~11s (app1"911:iinafc:IY4 ~i,ntµl),eteij' 11bclye th.e s~\1 lini,) f9i'llperi9(1 fu>lll.Apri1J997•.· •. 
through March i99~ (~.Aliergot1, Coqi~ o(Engl1teers, ynpubJished datll). Fl1111diiig duripg the 
winter or dorm.ant seilsCll) is !lOt,c:xi#ted t(} 114yer_sely ;iffect de,ci,dµClµs specie,s, whic,hJC!~p th,eir leaves prlor to becomiiigdomiant, ... • ,.. . . . . .. •.. . .. . ' .•.... ·•. . .. • . . . . , .. 

'~' 

Less ipfortri~tioh•is kl!owq ~l>Qut Jndc:rst~cyi~i~ ••. ~artlc:~l~ly m6J~fal (IJa~luzri; sa/icifo/fa)1. 
which inay !Jc:. I~~ t11ler.µ\(pf f!riClcling,dudijgbotl} the $1'.0ilng seasq11 ~d thc:v,:iptel°; Mulefat . • 
cuttings lt11v,c S1!fY\Ved flci11ded soil, ~90,\li~CJit~ (ilppi:oxim11tc:ly4; c,entimeters alwye thc: soi) line). · .. 
for aperlod ftcim April 1997. thr!>ugh Ml,ll'CP 19~8 ,(J:., AltergCJtt, UD}>!}bllshc:cl di!ta). }dulef11t is nClt , 
truly decid~ous ap,d dilring_th,e ~qn~$1'.0\\'.ing ,season m,ay lt11ye higher oxygen requirements.than -
deciduous species, whi_clt rec$uces the sp!:eies' _fliiQ«:! tolerap\:e dt¢ng the winter .. Mulefat and. 
other ilnderstqcy shrub \llld h~rJ:>a<;t:ou~ s~ic:~ ~11~11 ~ mCll"!'Jikt:ly t_cl ~. ~ubject to c01nplete .. 
rather than partial inun~atiQ~; \\'.llich m~y increasc: tile 11dvc:rse effects assoi;iated with water •. • 
conservation. • • • • 

Observations of riparian habitats in the Prado Basin in 1997, 1998, and 1999 revealed that 
mulefat w~ substantially impacted 11nd almost entirely eljminatedin the ll!ll!in below an 
elevation of SOS feet subsequent to storage of watc:r at that elevatlon during the spring of 1998. 
Although.not present in all 'vireq hClme ill11ges, mulefat is a primacy component of the understory 
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used by most breeding vireos (and flycatchers); impacts to this plant species may affect the 
structural composition of the habitat, thus reducing its value for ho.th the vi«:o and flycatcher. . . -.--. _ .. ,, . ·. , ·. ..- .. , ·-: '''. .-, ·. 
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In the extreme, prolonged water conservation may sufficiently damage criti~alh~bitat to the 
extent that is no longer vi«:o (or flycatcher) habitat. Vireos no longer breed in ~piuian woodlands 
in the far western portion of the South Basin that have been subjected io 1;Cpeated, recent . 
inundations (Pike and Hays 1992, The Nature ConserVancy 1993, The Nature Conservancy 
1997). These woodlands, although suitabie (and occupi¢) aa recently aa 1989, arc now almost 
entirely devoid of suitable nesting microhabitat. Essentil!l nesting habiiat elements in the lower 
(generally western) portions of the South Basin evidently; hav_e been mlllkedly altered ~d • 
reduced as a result of inundation; Apparently, the "niche-gestalt" (James 1971) of these areas 
has been altered to the extent that the habitats extant no ionger have the cha..icteristic . . • 
vegetational requirements found in habitats that are normally selected, or ''preferred" by vireos, 

In 1991, the Coips prepared an EAJFQNSI to d_ocument impacts associated with year,l'Qund .. 
water conservation between elevations 490 .and 494 feet .• No significant impacts to vireos were 
identified ~t tha~ ti Irie. The Corps hiis concluded that flood control opeijtioris since the ·w,uu was. 
built and more retent water conservation opei-ations have resulti:(J ln !he survival <>f <>nly ininlmal 
amotints of vireo habitat within the geographic iota! of 313 acri:s(J. t\ltergott, Corps of ••• 
Engineers, in Utt., 1999) that ()!:Cut between 490 and 494fect within Pnulc> ~asiq, l'!'ev!'rtheless, 
riparian habitats below 494 feet wei-c! used by vireos during the 1999 breeding seaaQn(OCWD, 
unpublished data) and such habitats are increasingly available lo the species during dry years, 
during which time the vegetation recovers to_ vacying degrecJI, ,. 

Approxiniaiely 642 acres of critical habitai for the vireo arc located behveen eleyatioris 49'1 and •. 
SOS feet· (Lii;ry Munsey Iritem~tionall999). :Bccawie_ tile proposed c01_1servatio11 of water could,. 
and eventually will; flood vltco critical habitafaftcresscntial habitat constituents ha11e emerged 
from dormancy; We conclude that ill.I ,vireo and flycaicher habitat !?<;t,ween 490 and 505 fc:et 
eventually could, at least occasionally and temporarily, be directly impacted by the proposed 
project up to the target elevation. BecauS!' future climatological events or other extenuatjng 
circumsiances cannot be predicted with ariy reasonable degrel) of precisJon;~ture proJect,related/ 
impacts to critipal habitat arc «tually unpredictl)blc/ Ho)YllVer; !IS~liming ihat:- (1) a )Ollg•term . • • 
average of 50 percent of existing vireo habitat is degradlld, destroyed,' or qtherwlse rendered 
unsuitable or unavailable aa a result of the project (e.g., EIS); and 2) SO .percent of the .311 acres 
between elevations 490 and 494 feet is vegetated, approximately 400 acres of vireo critical 
habitat, on average, could be substantially affected by the project. In any event, pursuant to the 
data and anillysis.in the Fish and Wildlife Coordiilation Act report prepared 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 project for 
water conservation up to an elevati<m 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 intercon11ected with, the subject proposed project and/o~ 
"reasonably expected to occur" as ihe result of the implerrientation of the project. Potential -
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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 smaller habitat areas, increased ambient noise levels and 
vibration in habitats 0<:cupied by breeding vireos and flycatchers (clue to the past d0<:umented 
movement of vireos to higher elevations closer to Prado Basin roads and airport operations), the 
infestation of exotic plants and animals and artificial concentration of prcdatora and brood 
parasites in remaining (post-project) habitats, and the dispersal of environmental contaminants. 

, . . . . 

Because of the apparent degradation 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 
(sec The Nature Conservancy 1993a,b). In 11ddltion, whenever water is stored at elevations 
approaching sos· feet, vireo pairs have been displaced to the f11r western portions of the Basin 
immediately adjacent to. State Route 71. Thus, as a result of past water conservation, 
comparatively more vireo pairs are now breeding (or have bred) on or nC11r the outer edges of 
protected habitats and thus are In <:loser proximity to roads and Basin facilities and, .. . 
developments, including the Corona Municipal Airport. We therefore conclude that the recent, 
water conservation-induced nioc!ification, 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 ere the result of an Increased human presence in 
occupied habitats at Wgher elevations ouislde of the project area. • • • 

. . ".\ ..... ' ·. . -

This increased presence in the outer ·portions of the Basin is problematical 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 preiienl. Research has also d,0<:umented 
that the presence of humans at or near cowbird traps compromises the success of irapping efforts, 
particularly if the traps are'.~aged or stolen (e.g., The-Nature Conservancy 1997). ?y1oreover, 
the available data (e.g., Salata 1987b) sug~est that unnecessary human disturbances may • 

. otherwise jeopaidlle vireo.nesting success: Predatora and cowbirds may both be capable of 
"homing in" on agitated vireos and subsequently destroy nearby nests. In addition, much of the 
Prado Basin near Wghet iilcv11tion ·roads continues to be.used for recreational sho<lting, dumpi11g, 

·'- camping, paint-ballgames; and cultivatfon0f illegal plants. Many of these activities have 
. adversely affected occupi¢ critical )labifllt for the vireo and flycatcher, • • •• . . . . . . • .. ' - ' ·.. ' 

. The project~related creation and maintenance of habitat that may favor exotic plants and animals 
could potentially significantly impact'the vireo, flycatcher, and their riparian habitats and 
artificially concentrate preda.to~ in unflooded areas. Specifically, the routine,flooding ass0<:iated 
with the proposed p~ject could: (1) induce the esfllblishment or dispersal of castor bean and 
giant reed, two alien plants that displace and destroy naiive riparian habitats; or (2) degrade or • 
modify riparian habitats to the benefit of the exotic cowbird. 

The increase rind spread of alien plants, notably giant reed, is continuing in the Santa Ana River 
in gerie:ral'and Prado Basin in particular. Although this escaped alien can colonize natural areas 
after natural flood events, 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 substantially increase the potential for inv'asive specie~ to propagate 
or become estabHshed, in project area,, • • • ••• 

The cowbird populations in the Prado~;i;in ancl~ontiguous'reachesofth~ Santa Ana River. 
apparently are of ii corripariitiyely higher a.bundance and density (see Pike and Hays 1999). This 
apparent, relative abundance of cowbirds within the Prado Basin may well be the result of the 
rather close juxtaposition of host-rich riparian habitats and expansive feeding areas in and around 
nearby dairies, livestock operatjons,.1111d agricultural fields (s~. Ze1J1bal et al:}98~1 Hays 1987,. 
and Lowth.er 1993). • • • • • • '· • • • •. • •• •• · • • • · 

In support of this hypothesis, the available data rev~~ tb\l,t the number qfcqwbirds remo~ed from 
Prado Basin habitats from 1986 to 1989 (3,f15) obviously far exceeds the number (1,282) that 
were removecl during iws sameUme frame: (or any other 4-yeai: peri~) from.the well-managed 
and much larger Cwnp Pendleton locale (Salata 1987b; Siader Buck, Marine Corps Base, Camp 
Pendleton penonal communication; Sweetwater Environmental Biologists 1989; Fish and . 
Wildlife Serylcc, )lnpublislted d\l.til), Swcetvlater E!}vironmental.Iliol9glsi. (1989) reported 11 . ·. • 
yield of 0.17 cowbirds per trap day at Camp Pendl et.on during 1988; the co~ponding figure. for . 
the Prado Basfofo 1988 andJ989Y!'lis 0.9cowbirds per irap 11/ly. However, these samo authoIS , •• 
reported that the cowliird parasitism rate af Camp Pendletoq !tad ~n reduc~ .to less than 1. , . . 
percent in 1988 and 1989, a figure thatis far less than any 1-year average reported thus far for the 
Prado Basin (see Plke and ffi.lys 1999). 

_. . . ··. •'• . •,•- •. ,·· ,, .. , •' '' ·- ••.'.• 

Accordingly, becB.use the rate of p~itisnt of vi~ nests .in the Pni4o B~.i~ has lll:e~ 'as high as 
100 percent (Zc,l]lb!II et al. 1985), any proj~t~re.Iated feat~ that preven~ the man\l,gementof .. ,,., ... 
this species is liigltly probl~tii:!11 .• Previ91!8,,Sllldiei; havei;ev4JCl!1.lhB.t.tJi.e. sl9rage1>f wa~ i.n • 
the Prado Biisin hu prevented the ~ployment of cowbird l@ps In optlmu111, proven locations, .. 
and, apparel)tly as a resul~ caused'![, contril,utgl 19 an elev\l,tgl nest pa.rasitism ra!Q in lite 111ost .·. 
affected area,(We!ll Basin) (The Nat~ ConservB.QcyJ995, '.file Nature c,msery;mcy 1996, J,>i~e . · • 
and Hays 1998). 'rhe avi,ilable evidence also sugges.ts th~t cowbirds Ille able t9 effi;:iently •··• 
exploit nests that they are easily able to de~t in (raglllentgl landscap1:11. or iq habitats wi,th , . 
reduced vegetation densities an4 volwnes. Jn essence, lieca11Se ."female cow:bi.rda find nests qy 
watching other birds and by actively searching for nests" (Van Tyne and Berger 19.76: 527), nest­
finding by cowbirds and predators maybe faclli(B.ted in areas that are devoid ofluxuriB.Dt, near­
ground vegetations or oiherwlsi,, disturbed. In additi1>n, the expec:teli increase in human presence 
at less remote, higher elevations within the Prado Basin ~ould compronti~e management efforts 
to effectively control cowbirds. The vandalism of cowbird traps has beeri, llll4 remains, 
problematical in tho higher (more accessibie} portioqs of the Prad9 Basin !91d adjacent Santa Ana 
River and Teinescal Creek. • • • 

Given the discussion immediately above and because implementation of the project will 
effectively reduce the amount.and quality of habitat available to the listed species and predators 
alike, predationof vireo and flycatcher nites may increase. Not surprisingly, the 1998 rate of • 
depredation on viroo ne.~~ (4,5_pe,;i:ent)wJ1S1>11e 9f the I\VQ highesJfigµr,i,s ~91'1i!'4 during the .14 
year monitoring 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· 1993 breeding season, the -pool 
elevation remained at 505 feet until June and did not fall to 500 feet until July (Corps, 
unpublished data), - • • • • 

Although the proposed project does not directly increase the potential for noise and vibration 
impacts to vireos, the displacement of vireos to_'the vicinity of the Corona Airport, State Route 
71, and other Basin roads could pose an indirect; potential thicat to ihe vireo and the_ flycatcher 
with.in the project action area (e.g, RECON 1988; Pike and Hays 1992), Noise and vibration are 
thought to be potentially harmful to a variety of bird species (Gunn and Uvingston 1974, . __ 
RECON 1988, Pike and Hays 1992), Many birds have acute senses of'hearing (Dooling 1978, 
Knudsen 1978, Pay and Peng 1983) and researchers have documented and described the negative 
effects of noise on birds, For instance, Fletcher et al. (1971) reported that few, if any, of the 
reported or suggesied effects of noise ori wildlifc:i 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 the extreme, the apparcnteffects of noi~ ~an be devastating 10 . 
wildHfo populations; •• • · • • • • • • • • • • • • • • • 

... ., -

Upon reviewing the body of relevant scientific research, Dufour (1980) of the Environmental . 
Protection Agency (EPA) identified four inajorcategories of noise effects on wildlife: 1) auditory 
physiological, 2) ilonaudltory physiological, 3) behavioral, and 4)masklng, A.lthough masking 
(i.e., interference with the reception of auditory signals because of interfering environmental ' 
noise) and behavioral considerations are of primary concern in this instance, Dr. R. J. DO<Jling 
(1987), bloacoustics expert from the University of Maryland, stated !llld documented that ('as 
studies with humans have shown, noise has othe_r deleterious effects '(othiir than masking) and 
there is no reason to think that nois~ would not effect animals in the sanie \;Vayt _ J?oriitstance, 
Gunn and Llvingston (1974) reported tha.t a bird population expostld to helic()pter dlsturbances 
and h~man activity suffered (In contrast to the control population) lower hatphing and fledging 
success and increased rates of nest abandonment and the premature disappellI'IU1ce <>f nestllngs. 
Woolf et al. (1976) concluded that prenatal auditory stimulation can affect the deviilopment (and, 
therefore, the physiology) of an avian embryo inside an egg. • • • • • • • 

"Masking," however, ritay be most detrimental to small p<lrching birds, like the vire<> and • 
flycatcher. In essence, "excess sound can interfere with the perception of important, relevant 
auditory signals" (Miller 1974) .. Whether a vireo. or flycatcher receives potentia.lly vital auditory 
information depends on such noise parameters as environmental attenuation, signal to noise 
ratios, and discrimination of the receiver given the backsr9und noise .. The pertinent biological 
literature suggests that birds utilize their sense of.hearing to loc_ate their young and mates, to 
establish and defend territooes, arid to locate and evade predators (Scherzinger 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 sleeping. The life ()fa vireo or 
flycatcher may well depend upon its.detection of-an aiann call given by another vireo or 
flycatcher (or other source) that warns of the approach of potential predators. 
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Masking noise may also affect the breeding behaviors of affccte<i birds. Dooling (pers. comm., 
1987) conchided 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 remar~ concerning the relative acuities of 
human and vireo hearing and the aforementiooed dependence of the vireo (and many other bird 
species) on their sense of hearing, unabated, masking noise could adversely affect vireo or 
flycatcher pairs o_r individuals that are present in, qr adjacent to,_thc subject action.area; 

. . ,-. : . 

Over the course of the past 14-year st~dy of the vireos 1111d flycatchers in the Prado Basin, it has 
become increasingly apparent that ambient noise, particularly that caused by low-flying • 
helicopters and fixed-wing aircraft involved in ''touch and go" exercises, have posed a threat to 
vireos, flycatchen, and a large number of other speciesin the southern.and westci:n portions of 
the Prado Basiri. • • • • • • • • • 

Mosnehendy; aircraft n~ise was particularly problematical ill 1997 in the southern portions of 
the Prado Basin. Routine censuses and data collection historically have been difficult in portions 
of the basin because of ~early contin11ous aircraft m1isc that mas~ the. vocalizations of subject . 
birds (and virtually every ot~er ambient sound), Noisi;: W\IS often contributed simultaneously by 
thiee (or more) ai,rcraft and was frequently, apparentlyproblellll!tical for periods 11p to 90 min1.1tes 
in length (The Nature Conservancy 1997). • • • • • • • • • • • • • 

('-!:,/ The continuing implementation of the project itls~ creates an i~~ased risk of habitllt degradation 
J . . and impac(i! to individual vireos and Q}'l::atchers resulting frol!l tht:1 dispersal of environmental 
,.__:.:· '{;-, contaminants;. Thi: storage, use, and potential spillage;, of herbicides, oil, fuel, petroleum .. 
• ,,~' products, solvents, iri m area that-is '\Yithiq a designl!led flood control basin and water 
,·· ~:::- conservation project areas occupied by the vireo and the flycatcher would.appear to be 
. cJ:,<f' problematical. The unmitigated dispersal of e11viroi:imental c;ontaminants (e.g., crude oil) as 
'0',- result of the implementation of the proJeci !luring spring and summer .moi:iths could have 

catastrophic ·consequences to breeding vireos, flycatcheis, amftheir desigoated critical habitats. 

During the course ofthe current study of the vireos lllld flycatchers within the Prado Basin and 
environs, several apparently well~incubated vireo clutches failed to produce a single viable 
nestling (e.g;~ Hays 1989); Entire clutches failed to hatc;h in three cases and all vireo nestling 
young failed to survive in two either instances during 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 result of exposure to. 
environmental contaminants. • 

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 (Procampius clarki1) with abnormal 
appendages have been found and several Chinese river clam (Corbiculafluminea) 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 exposures to toxic substances. Most importantly, preliminary data derived from the . 
toxicological testing of specimen, ab_andoned vireo eggs from the Prado Basin by the Serv_ice 
have revealed the presence of DDE (a meiabolite of DDT) In concentrations !hat ~ould cause 
eggsheli thinning (Service, unpublished data). ·-• • • • • • • • • • • • • 

Given all available Information on the subject, the bioaccumulation of toxic substances may have 
caused, or contributed to, observed vit:CQ reproductive failures. Because of the potential toxic 
effects of all herbicides, pesticides, crude oil, aircrat) and automobile fuels, and noxious . 
chemicals that are normally associated with operations andffiaintenance !l(:tivities, these 
environmental contaminants cannot be allqwed to dispersl, within the Basin. 

Given the scope and extents of the al,,oye-described potential project-related impacts, we . 
conclude that project-induced habitat destruction and alteration in the project area i• likely to 
significantly advcnely affecttjle vim>, Oycall:her, and their deslgpated critical habiljlts, We 
furthe, conclude that proJect~rel~ted activities, as described, could fCllult in the further 
friigmerifution and destruction of vireo ~d {lypatclier habl~ Qt otherwise significantly impact . 
the species and their critkal habitats .. A composite of all such impacts likely i:ould jeopacdlze the 
vireo and adversely modify critical habitat f<>r th_e yii:eo iinil flycatcher i!l the .. absence of . . . 
substantial iinpact ~voidance, miniinlzatloJ!, and coinpcmsa!io11 1'1~asures proposed by the project proponent; . . • . . . . . . . . . . . . . . . .. . 

Although manage~ent efforts evidently have resuUed in ~i~jijciutt in~~ases in local Vil'CQ •• 

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 Bl!.~ whole, we do not believe that 
the Prado Basin pop~latioq has entirely rei;9vere«i or thllt.it woulcl continue I<> prosper in the 
absence of effec:tive management, which largely depends :on tl)e de~lion and remo.val of.exotic 
biota from vireo IIDdflycatcher habitat and the elimination of other threats I<> the species. For 
instance, givc;n the ~l~vant data analysis regarding impa9ts c;>f c:owbird parasitis.m on the vireo · 
and flycatcher 81ld)he effi~acy of cowbird ~agement programs (e.g., Pitelka and Koestner 
1942; Mumfofd i952; Bai;lo_w 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 c~nclude that the Prado Basin population of vireos would have • 
been subjected to much higher rat~ of c.owbird parasitism and suffered greater rates of 
reproductlve failure in 1986 (Hays 1986), 1987 (Hays 1987), 1988 (Hays 1988), 1989 (Hays 

• 1989),_ 19?0 (Hays and Corey 1991), i991 (Pike and Hays 1992), 1992 (The Nature Conservancy 
1993a), 1993 (The Natµre Conservancy 1993b), 1994(The Nature Conservancy 1994), 1995 (The 
Nature Conservancy 1995), 19,~ (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 fundamental assumption.(j,e, ICus_l9Q9,,Whitfielc! and, ..... . 
Sogge 1999, and Whitfield et al. 1999), •• • • • • • • 

. ' • 

Altho~gh appt'OXlmately 228 acres of vhco habillit ma}'bc eycntuaJ!y~stri:iy¢ or Jegt11d~~ as .. ~ 
result of the projecf and 400acres of vireo critical habitat maybe aff~% WC 11.Dticlp11teJ~aphe' 
amount of. vireo (arid flycatcher) habitat \\'.ill eventuaUy increase, inthe Prado B11Sin bi iight of . 
OCWD'a past Bild present commitment to replace habi~ values 11n~ Pi'oposal to m11nagc;_ their .. _ 
property to maximize resoun:e· (including riparian woodland) vaiu'cs; The OCWD has already • 
rcphtced approximately 100 acres of vireo habi~at and is coirunitted t<> contint1e rcsto,tjng (and . 
allow the_ tcstoratloit of) floodplains and wetland habitats on C>CWD hu1ds. B11$e4 on additional._ . 
compensation offered by the OCWD, we expect thatm iw<!iiional 130 IICfCB ofvireo and° ' .. ··.·_­
flycatcher habitat ca:ubc i-cl'laced within the next 5 to LQ;y~, J\nyhabil_at~rea\c_dabovc Bl)~ . 
beyond this amount on the f!lrilaln~cr of ()<::WI) or Corps la1,1dl! ),'{()llld.ffil!ult 1n a net increase m 
habitat extent; Qiven lhc current and proposed size of the compensation fund endowments and _ 

' ' the additional commitment of (?WCP t<> rep)~ sµbs1BJ!tiaJ 4"!11.Dtjties <>f ITIUlefa~ 01'! <:>e;~ and . ' 
. Corps lands/this net increase is fully expected within the next 10tql5 yi:ars, : - • • • • -

- .. ' .. ,. :· . ·.- •• ,;_ ··.:-·. _..,._ ... •• .. :. ', ·, ··1.·,: ,'. ''·.: ·.;-.; __ ; •. ', . ,· ', ... ,--,/;.\ ·. -,--. - •,•' ... > .• ,' ·, ~:-_.:,,, ... ~-- /.',':>:):,:'. .. > ·.::·.' -',,·,_-'.··.-:,"-. .. 

Pedla~shio1'i~~~tl~, ~e ~ndowinent estabH~h~ ~flh pi,i!'Q~fll~~llg will ~~tthe
0

• • ••••••• 

perpetual management of restored ripari\il) hai,itats'and ~a~ill!IS c:i~YI~~ il\Jl)e S1111~ A11, iljve(. 
Watershed; AB is reflectedi11 the \'Description ilfthePropo~ A1;~p11",(!ib9vc),·thl~. i, ·•- < .••, •·. 

management wiU .lafgel)' consist of e~_~tic plllllt i:oitifyJ: Wi~o,uf~~~I) C()Jltrplme.~µ,es, gilll)t 
reed and other exotic speciesUkely would eventually degrade or c!estrey ~illlliflcilntl'<lmlln~ of. 
the mitive riparian habitilis prese11t iri the Basin 'artd adjacent watershed now and in the futui:c; .. _- ._ 
Upstream reaches of the Santa Ana River are presently heavily infested with giant reed; a species 
that creates fire and flood hazll!'ds wherever itocclll.1!, Jhis specic~,.whl~h succ~~t\dly jnv,,1~c:s . _·•. • • 
(and 11ldinately repla-.es) native ripariat1 babitais; hw(nll known wildlife habit;it valµe; .\ _ . ,' • -

For th~; ~aso~~.•~e··~.~;::·~e~·ic:~ •. ~d•6~h~~~i~~~fiJ ~~t'·ree4•·~. ~- m~~rtl)reat to ..• • 
the ecosystem ilfitot orily Prac!o 8,ufo but the entire.S11.Dta Aita River,\1/atershec!.-Recently, the ••• 
• agencies have recognized the v;i!ue <>f working coopcr;itively ln pursuf ng 'a inorel)oiisij9. • .. ·•··•· --•·-.· , ••• ,· 
approach in riianagirig the various resources in Prado Basin ait<l have ~ogni~ tha(a decilcafod. 
giant reed removal prognini wili ultillllltely prove to lie C$SCf\tlal in conserving and 11.Ulltiµlling . •. • ' 
local -wetland and riparian woodland habilllts. and th11s enhance P~o ~asln and Santa ,/\111i ~iyer- _­
Watershed ecosystems ciccupied by the vireo; flycatcher, and a large array of other sensitive plant. 
and animal spi:cies·: • · ·, '' · ·' · .. - , • , ' •. "· · · '- ' "· · · ' • ·" · • • .. • '· • • · • 

Fortunately, the Riverside County Parks and Open Space District lrild a i#ultiagency task fo~ '' ''. 
led by the resource cohservatlon districts of Riverside and San Bemijdirio CQundes and the ,, · •• 
OCWD have begllll the process of COIIlbating the: spread of giant reed;wi!hb1 the SantaJ\na River 
watershed; As is noted previously, the OCWD has made slibstaniiaJ ~qntri~utio11s to the Santa 
Ana River Conservation Fund; which· funds exotic plant c:orittol projects adininistered by the 
aforementioned ~soun::e Conservation Districts: Iri ~ddition, the OC:WD has committed tO .. l!Se 
their own personnel to eradicate giant reed on OCWD properties, selectively revegetate ponions. 

,~--- ~ • • - - - - • --- ,'·---'~·---- -····• -·- -····-··· ·••" "' --···-
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of the Prado Basin, and fund a resource c~nservation tiislri~t employee clt~gedwi!h overseeing. 
giant reed eradication and revegetation efforts in the watershed as II whole, .. 

;·>. '• ·;; '_ .. _ ': : • '' , ....• " .. ' ·::,.' ·-, '::\· ': '· (';. ', •. :- ;:: .' .. -, . ·'· ·, - • . : ·,·. ' -· •••.•. , '. ·"· ·-. ; 

Secondly, OCWO's commiimcn~fo fimd the equlv~ent of f~ur full-tiin~ seasQnal e111ployees to 
participate in: the current vireo and flycatcher m'onito.ring arid management effort and continue 
the cowbird eradication efforts year-round will almost certainly maximi;ze lhe potential for 
maximum reproductivity and population growth for both species. This recent implementation of 
this impact minimization measure has effe4:tively~9ubled the person-hours dedicated to•. 
management efforts each year (sec Pike and Hays 1?91)). Based Q!! the res11lts and analyses of 14 
years of local. vireo and flycaicher man~gcriicnteffo$ within the Basin and elsewhere. within the 
range of the these two species, we fully ex~t that the numbers of vireos and, perhaps, .. 
flycatchers will incrclisc u a direct result ofincrcas.cd management effQ~ (e.g., Salata 1983a,b 

. 1984; 1986, 1987a,b; Hays 1986; Hiiysl9!37, 198~,.1989, f99();}fays ll!ld c:'orey1991; Pike and· 

. Haysl992; The Naturc,c;onscrvancy 199.3a,1>;:r,t1~·N11\~ Co,l)serv~~Y-994; The N11turc .··.·•. 
•. Conservancy 1995; Pike. and fla~ 199s, ~9!?9); m 11!1YC!1$C, pasi management efforts)11 the. 
PradoBasin, which have ~n funde(l li,,rgei}'by the C>CWP, apparently ~ave been larg~ly > ; . • •• 
responsible for an increase If the vireo popul!l\!Qn frl:JIR :19 pairs in .,986 !O 224 pairs J11 .1999 and 
for potentially preventing tJie otherwise llk~lyexthp11ti<>ll of.the loca.l flycatcher popub1tlpn. 

···:;:,_·/~'.cc,.i,: :::,. ;-.-·:;~,~-;\.~·-::,_'>. i ::,>-{-:: .. ;,-\.;·;;;''.: ·.;·,-·'._;•_;_,: .. -.,··;:,_,.,.· -·· .. !C '·: ._· -........ ', '•-· - •• - - -.__ • -. .. • _. 

In suiillnaiy, although direct and indirect impacill~ thb v~ ;c1 d~ign~t~}ritica.l hl!billlts .am. 
substantial, the magnitude and nature of the impa~t avoidance and compensation measures that 
will be implemented and minor changes in the projects that have ~invoked by the Service. • ·• 
pursuant to the Fe~eral reguhiti~ns at ,5.0 C~ ij4q2. l 4~~2). IUJ' expi:i:'~ 10 preve~t impacts that .. • 
may otherwise thrl:)lten the_ survival and Ie!;QYery of the yirep (1111d Uycal9her) !11:1<l lrf!lJ?llrll!lly , 
damagethosc:sffeciesl'ni.do.13iisi1:1habltl!~,_._;/•. • ...•. <:<-·.·•··' J· .. • ,i·.·.i?•.</.;., •· 

Because we cannot IISSess Witp any c~rtai~tytlte reiatl:ve iqipii!:ti/~fthe ri:peated si<>r11ge of water .. 
associated witb_'fiit\ire, $. yetunk!lown; i11flows, the Ptllll~!!I llllal}'!lis asS\1111CS <>nly that the • 
average yearly prccipltatio~ during the }jfe pf the currently proposeci p,rojei:t ~lJI. not exceed the 
average for tlie pilsf lfyear s.tpdy l)Crfod llli~ th~t \Y~tewa.~r, clisc))arg11s 1,11>Qve tfte P,(ado Basin 
wlll not wlUslgnificantlr b1cre~e bllSI? flows l'!cypnd the.p~ent a.yer,ige; The present 11nalysis 
does not, for instance; include consideratio11s of.:_ (I) fytuw, .118 Ye\ un~<>W!l;.Watel' control 
operations at the Seven Oaks Dam; (2) any potential increases in base flow resulting from . 
petitions by the project proponent tojmport additiQnal waterintQ the project 11Iea, including a 
proposai to "appropriate up to 800 cfs for storage and up to Hfi,800 afa by.storage in Prado. . 
Dam" and additional loc,ations ii! Orange County (State .W11ter R!:source~;C<>111f(ll !lolll'.d, in Utt.,. 
1999); or (3) wastewater effluent base~flows above the recc:ntly:~p.$Crved average of260 cfs .... ·· 
(Corps, unpublished data). • • · •• • • • • • •• -• • •-. •. • •• • • • • • • • • 

• : ·"· . 

Although rising groundwater and watc:i'&hed runpfl' inflows contribute, treated .w~tewater from . 
the sewage treatment plants upstream cumi11t1y i~ a signiji~antjnp\Jt source and may eventually 
exceed 450 cfs (EIS) .• In fact; wastewater effluent disc;hmgc:d 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 RiverWatermaster 1997). However, recent proposals to reclaim 
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wastewater now discharged by the San Bernardino/Colton RIX facHity and the Inland Empire 
Utilities District into the Santa Ami River watersfted above th~ Prndo Dam render as speculative. 
future predictions regarding future base flows into the Prado Basin. Additional direct. indirect, 
or intem:lated or inten:onnccted effects of the action, as yet unla!o.wn, must necessarily be 
addressed if and when they become known or apparent pcr the regulati\ln~ at .50 ~ § 402 . 

. . . ' : ·:·· •.. . .. '.- . : ·; ',; -. .-· ':; '' . ' .. :. .: '.. . \". -. .; - '.·,• - .. • ' ' • 

CUMULATIVB EFFECTS 

Cumulative effects ill'C those impacts of future no11~FeJei-al (State, l~III gQvemm~t. or private) 
activities on endangered or threatened species' or criticJI] habiiat thatare reasonably certain to . 
occur dliring the coune of the Federal activity ~ubjcct io co11sulf/ltion, The. action areas of 
several proposed Federal (e.g., Corps, Bureau of Land Manageme11t, Burcllu ofRcclamation) •. 
projects include, OI' o.verlilp with, the acti\ln are.a .of the, projeclcon~idefed herein. In ac;ldition, the 
Corps owns the Dlajori,ty of land behind Prac;I\) Basin, much of v;hich is le~d ,ou(for rccrcaticm • 
use. However, Federal projects and land use authori:i:ations that affect llstcdspecies within ·.the • 
foresc:eable f\Jtul'C eljcit. m~t I'edei-al invQlveme~t t!µ-titighFedera! regulal\JrY pro,ce~es.\ • • • 
Moreover, the two species considered herein hirgely, 111;1d riJytinely utili~ ,habitats tl1at arc within . 
jlirisdictional wetlands or w~ of the. United Sta~. 1,111der !he jl!Iisdj~tlc,n of tl\c <;prps and , , , .·•, 
EPA. Futtire Federal actions arc subject to the consultation requirements established in section 7 
of the Act an4 the, imple111en~11g regula~o11s pe!=f,a,ini11i;: the~~C>, 1111~, th~rcf1>«:,. ~ 9\lt c9nsidered: 
cumulative in the proposed project. · · , "' • •• ··' • • • •• • • • 

Other projects with'ouiiidemonstrated federal riexus"co~ld~sultin';ig;iifi;ii.nt c~mulati~~ effects 
to the species ot its designated critical habitat. However, sectiori 9 of,tho Act prohibits the. take 
of the vireo and flycatcher, '[he <fljvelcipment of s. habilij_ c:~11~ezyati.Q~ pl1111 Qig') is ieq~ired • •. , 
for the issuance of an incidental take permit .that would allow vireos to be taken outside of the 
conservation areas established purauant to the, terms .and con,ditions ouUined in an acceptable:.•. 
HCP and its accompanying lmplemenijng agreement. Thus far,. Ille Service has not appf\)ved any 
such HCP withi11'1he project action area and, thercfl)re, has not is~)li;c;J l!Jljncid!'nllll talce penrrlt .·, 
for the vi~ or flyc'~tche1finihi absence of iUegal ~c.Or .tJJe un~ut!Jorizec;J destpictlon of.. . .• 
protected wet!arids ot waters of the U9ited Sf/l~es or ripar_ianyegetatio11~ prtltec~ by Siate law, .. • • 
no further loss of occupied habitat would be:aittidpated unJi;ss.an4 until a penrrlt isissµed 
pursuant to section I0(a) of the Act and i!JI l111pleIOenti~g rcguladons. ' •.•. • • .. ·. ·,_ · ... ' •··· •... • .. 

. ' • ,. •'. ,--. , . .-,·,.' .. -· .,,.-.· :·' -.- .. · •.· . -... ·-

Given tlte hi~tory ofland use in' theproject action area, other aµih~~iz~d and unauthori:i:ed land . 
use activities may result In di~t, cuin1,1Jative effects to the species; Will1in the last few years, WC'/ 

have docllmented. at least 30 instance~ where i:le\ll1ng ~r filling"gf rip~an habitat h8$ occurred in 
Orange and western Riverside ccitintles. Most recently, a Corps lessee mowed; _in)998 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 operalio!ls and maintenance work c<>mp)eted in h1te 1998 
resulted irt the clearing of less than ofie acre of riparian habltiit suitable for the vireo and 
flycatcher (see BA), The Corps Operation Branch is working with this office to address these 
issues, . Also, in the fall of 1999, approximately 2 acres of critical habitat was, destro~d or ... 
degraded in conjtirictioii with the coiistrucHon of roads; apparentiy 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 involving concomitant Impacts to 
occupied vireo habitat. • 

In addition, Infrastructure repairs following stonn events and other projects within the Prado 
Basin and adjacent Santa Ana River often have not been permitted by Federal and State . 
regulatory agencies, or the permitting has occurred after the fact, Although 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 vireo and the flycatcher directly through mortality or indirectly due to loss or 
degradation of habitat. • 

Although the unauthorized destruction of riparian habitat within the Prado B_asin 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. 
Nonetheless; the Santa Ana River Conservation Trust Fund is intended to manage sensitive 
biological resources from a watershed perspective, thus lessening the likelihood of future 
cumulative impacts (BA). • • • • • 

CONCLUSION 

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 prevent 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 ofthe vireo or flycatcher .. Although the 
• • proposed action will alter designated critical habita_ts. for both species, we conclude, on th.e basis 

•• of project-related impact avoidance, minimization, and conservation i!leasures, that such 
alteration will not appreciably diminish the value of these critical habitats for the survival and 
recovery of both listed species and; thus, the prop'os.e<l action .will rtot result in thC? destruction or 
adverse modification of critical habitat for the vireo and flycatcher. We base this conclus_ion on 
the following reasons: • • • • • • • • • 

1) Although the number of' vireos that may~ harmed or harassed as a result of the project is 
anticipated to be large relative to the total population numbers remaining jn the Prado. 
Basin; substarttial measures have been, and will be taken by the project proponent to 
minimize, overall, potential impacts to the vireo and flycatcher and provide for the 
recovery of both species: 

2) The direct and indirect impacts of this proposed action to the vireo and flycatcher 
populations have been minimized through project conservation features. 
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3) Although the primary constituent elemel)ts supporting vireo and flycatcher arc present 
within each project area 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 conservalion measures, likely will not result in the destruction or -
adverse modification of designated critical habitat for either speciea by appreciably 
diminishing the val111:1 of these critical habitats for both pie sllI\lival and recovery over 
time. Substantial ITICBSUl'e.S havo bi=en Ween, and will bo taken, to smtain the quantity and 
quality of vireo and flycatcher critical habiiat within the project action area and remainder 

. ·or desigmited critical habitat within the Santa Ana Rlver watershed. . . . ;· :.; =· ... • ' ' .• • . • 

INCIDENTAL TAKE STATEMENT 

Section 9 of the Act andFe~eral regulalion pu~11~t to seclion 4(d) of the Act prohibit the take 
of endangered and tJu:catened spec\(?S, iespectiv1:1ly, wltho11t special exemption. -Take is defined 
as to harass, harm, pursue, hunt, shoot, wound, itjU, ln!p; cap\~ ,or collect, or to attempt to .. • -
engage In any such conduc~ Harm is futther defined by the Service to include.significant habitat 
modification or degradation that results in dC8th or injucy to listed species by significantly 
Impairing essential behavioral patterns, including breeding; feeding, 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 nonnal behavior patterns which 
include, but are not limited to, breeding, feeding, or sheltering. Incidental take is defined as take 
that is incidental lo, and 1101 the pw:pose of, tho carrying out of an otherwise lawful activity; -
Under the tenns of section 7(b)(4) and section 7(o)(2), taking that is incidental to and not• 
intended as part of the agency actiop ls not con~i!:lei'ed to bl:! prohibited taking under the. Act 
providc:d that such taking is in co1I1pUance with ihe lellll.!I and conditions of this Incidental Take 
Staiemeni • ', • · · • · · · • • -- • • • • • • 

Th~ inedfu-es, desciibecl,below,&n1. riondiscretton~, andmust be ui4rtaken by. the Coips so that -
they beconil:! bfodinli; cob.dil,i<i!1s of l!iiy grant, peanit; or agreeme,nt iss!ICd to t!Je OCWD, as • 
appropriate, for the exemption i11 section 7(o)(2) to apply, Too Corps has a continuing duty to -
regulate the activity coveraj by this incidental take stateme11t, If the Corps (1) fails to assume -- - · 
and lmplerne11t the ieni:ts and conditions or (2) fails to J"CqUite the OCWD to adhere to the tenns 
and conditions of the incidental take statement through enforceable terms that are added to the 
permit or grant document, the protective coverage of ~lion 7(o)(2) may lapse .. To monitor the 
impact of incidental tako, the Coips and/or OCWD must report the progress of the action and its 
impact on the s~ies to tltls offic~ as s~jfied in the iQcidental take s\alement. (50 CFR _ • 
§402.14(1)(3)) .- - ' -• - - • •. - - - • ,, - - --

AMOUNT OR EXTENT OF TAKE 

We anticipate that the following amounts and types of take could occur as a result of the 
proposed action and hereby authorized over the life of the project: 
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17 i.i.'ltLCrU,f .· . . . .. 

1. Thti harassment.of 10 vireos that may be indirectly impacted (e.g., deprcdated, .... 
. parasitized, impacted by noise) as a result of the implementation of thCproJecti and 

2 .. ·•. . The harm of 90 pairs ofvlreos or 180 individual vireos over ihe life of tlie project due to 

the: IMl~f t:)~~orary flOO<li~~; des".'1ction or ~egra~ti.o~ ?f OfC.U!>i~ ~a~itat. 

3, Zero !alee of the flycatcher is anticipated. • • • 

The death or harm of embryos in vireo and flycatcher eggs, the death or harm of vireo and 
flycatcher nestling or fledgling young, and the death or harm of juvenllcand adult vireos and 
flycatchtirs is not tixpected as a result of the linplementation of the proposed project and is, 
therefore, not authorized, . · • • • · • • • • • • • •. • .•. • ' , • • • 

EFFECT.OF THE TAKE 

In the accornpllllying biological opinion, we .detel'ITlined that this level of anticipati:d take: is not 
likely tQ rim/It lit jeopardy to the specitis or c;le11uuction Dr adverse modifi~ation of cri~cat habitat. 

REASONABLE AND PRUDENT MEASURES 

We believe thti foilowing reasonable artd prudent meas~ are necessary and appropriate to 
minimiZtJ talcc: o.f vireos and flycatchers: '· • • • •• • •• • ' • 

1) ...... 'fake of flycatchers shall be avoided and talce of vireos shall be minim.Ired through the 
.• implementation of best management practices, strict adherence to the projelet ~eflCription 

•. • .. jnclµding an proposed C011Servatiim fc:atµ~s; co111pli1111cc With 1111 wildlifti p[()te«:tipn 
.. stlltutcs to minimize direct and indirect impacts to the species, and the adherence to. 

strictly-dtilineattld projtJCt lioundaries. • < • • 

2) ··• <.· ,'The ~gradation or destruction of vireo and flycatcher critic@! ~abifuts in tlie pi:µject 
. · ...•• action area wiU be avoided or minimized by the conservation, to the extent possible, of 

existing riparian and wetland habitats in the project action area, the preveniion of project­
related impacts to critical habitat elements in the project action area, .the proposed 
replacement of project-related losses of habibit values, and the conservation of vi~ 

. critical habitat in the Pn)do Basin and remainder ?f 1'\~ Santa Ana River.waterSheri 

TERMS.Af'lD CONDITIONS·.•·· .• 

To be exempt from the prohibitions of section 9 of the Act, the C?rps and 0~ m.ust comply 
with the following tenns and conditions, which implement the reasonable and prudent measures 
described above and outline required reporting/monitoring require111ents .. These teJpl,s and 
conditions are nondiscretionary. • • 

I. 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 
measllfCl! described above in the "Conservation MeasllfCl!" section, biological assessment, 
and all other relevant letters and documents. The Corps or OCWD or their agents shall 
ensure; that these measures are e)\ecuted for the life of the project. In particular, the Corps 
and ocwb shall ensure that vireo and flycatcher monitoring and management effons 
shall meet or eJ1.cecd 1998 levels for the life of the projecL. • 

1.2 The Corps, <><::WD, or their agents shall obtain all necesslll)' local, State, and Federal 
pennits to implement the projecL In particular, tho Corps and OCWD must obtain any 
necessaiy pcnnitsJrom California Department of Fish and Game. The incidental lake 
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 pool to elevation 505 feet threatens 
existing occupied nests of vireos or flycatchers, the Corps, OCWD; and the Service shall 

.. dedicat¢ the, n~esslll)' personnel to physically relocate nests or take: other steps as • • 
ilecesslll)' to prevent the unauthorized take of vireos and flycatchers. 

1.4 The Corps and OCWD or their agents and lessees shall not attempt to implement 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 shall implement the project if 
and only if no crude oil, petroleum products, or any other toxic substance or hazardous 
materlaII.s del/:Cted thatwc:>uld be inundated or dispersed by water in the project area. No 
• equipliient th/It la detennined to be leaking fuel or other fluids shall be utilized in the 
projctt area . .No meclianh:ed equipment shall be. used within IQ 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 
fc:>r inspecting lite projec;t area to insure that habitat and habitat restoration·areas are free 
frpm ~troleum products and coµtamlnant spiUs prior to, and during, the implementation 
of tll~projec;t,. • • •• • • 

1.5 TiJ~ Coips, OCWI), or their ag~nill shall, purs~ant to the reguiations implem~ting 
sectlo11 7 of the Act; (1). m9nit9r pre-project and post-project conditions, and (2) report 
yearly on the ell.tent 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 
report shall contain an introduction and methods, results, and discussion sections 
consistent wi~ the scien~fic methQd. 

2.1 The Corps, OCWD, o~ their agents shall create proposed replacement habitat pursuant to 
the following requirements:· 
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a. Giant reed eradication and habitat restoration areas above SOS feet in eleva.tion 
that are specifically and uniquely authorized for that purpose by the OCWD or 
Corps shall be Identified prior to the initiation of the water conservation project. 

b. Giant reed eradication and revegetation and restoration efforts, including· 
appropriate monitoring and maintenance efforts, shall 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 breeding pair of vireos or 
flycatchers; or (2) the habitat is occupied by b~ng yellow-breasted chats 
(lcterla v{rens); or (3) the habitat Is dcinonstratcd, to the satisfaction of the Corps 
and Service, to be not significantly different statistically in tenns of structure and 
composition from Prado Basin vireo-occupied habitat or willow woodland 
habiiats with imderstory as c:haractcrized by 7.embal et al. (1985) and 2'.embal 
(1986); or (4) the Corps and Service biologists concur that the habitat apparently 
has the appropriate "niche-gestalt" (James 1971) .characteristics and is suitable for 
occupation by breeding pairs of vi~ or flycatchers. Once any approved OCWD 
restoration project is proposed to be compleic, iho Service an.d the Corps must be 
notified in writing: · 

c. All revegetation efforts shall be conducted according to. a plant palette subject to 
the approval of the ~ervice an.d Corps. • • • 

d. To avoid conflicts with nesting vireosJand, possibly, flycatchers), the OCWD 
shall conduct giant reed eradication and restoration and revegetatiori activities 
only before Maroh 1S or after September 1S of each calendar year unless • 
specifically authorized to do otherwise by the Corps and Service. Although in 
some cases weeding and other restomtiorisit~ maintenance activities will be 
necessary and prudentduring the. vireo and flycatcher ~reeli!ng seasons, 
authorizations must be obtained iri advance \o pre9lude the unauthorized take of 
listed species, which is increasingly likely-~ t!te restoration habitat-matures, 

e, The OCWD or its agents or lessees shalldevelop methods and measures to protect 
created and restored habitat areas from attracl)ng or propagating exotic predators 
(e.g., rats, Rattus sp.; bullfrogs, Rana cate$blana) and alien plants (e.g., giant 
reed) •. To this end, the OCWJ) or its agents or.Jess~s shall ensure thllt trasb, other 
dumped debris: abartdoned vehicles, equipment, or oiher potential exotic rodent 
shelter is removed from habitat areas, habitat resto~ation areas, and their environs. 

2.2 The Corps, OCWD, or their agerits or Iess~s shall not disturb or desll'oy existing vireo 
habitat including wiliow riparian, riparian scrub, or marsh habitats during the 
implementation of the project except as specificaliy 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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operation activities that are not consistent withthe project description described herein. 
• AU habitat that is desiroycd/ degraded that is. qot in the identified project footprint shall 
• be disclosed immediately to the Service for possible rcinitiatipn !lf copsultation . 

. •;. ' " .. . . . ,_. ; .. ' .:-;. i:';'i .- -, -: .:-. • ... ,;·.;' . '' '• ••• 

2.3 The Corps or its agents or lessees shiul.~!)10.~. uhder Ule ~upcrvision of the Service, all· 
invuive, alien vegciation (e.g:, ·giant reed, castor bean, tamarisk) to the ell,tcnt practicable 
and feasible. from~ projeaarcas lllld habi~ ll:~toratl~ ~ for the.fife of the projects. '; · ·· • · · • · · • · • · · · · · · · · · · · · · • · 

:i·-" 

2.4 The Corps and \ts agents shall ens~ that iul habhat, conservation or habiU!l restoration 
areas Ilic not used for any PlllpQSC that .wculd chanl!e or otherwise interfere with their 

• value as wildlife haliiiat. To this end,Jhe ~crps orits agent! shall restrict land uses in the 
• ••• · project area to those stated in tile ~orps pci:mi! app1ic11tion. fQl' the life. of the project. Any 

• deviations from. stated land u~es shall be. <lisclosed 1111d coordinated Vr'ith the Corps and the Service; · • • • •• · · • •• • • · • · · · · · • · •. · · • ·· .• · • ·• · · 

2.5 > • The Corpt OCWD, or their agents\irlessees shall not cn:ct any pennanent or temporary 
slnlctmc i11 the crcaied habil!ii ~as 11or iigbt th~:l!l'CU without the expressed consent of the arid the Corps and Service. . • • . • • • . • . .• • . • . • • • • . . 

2.6 The Corps,OCVIJ), or their agents or.l~sei:s shall provide acccs~ tq the project area 
• ' (including all restoration areas) and provide, upon r,equest, keys to imy )oc!Qi placed on 

fences, steel ropes, or other structures in or adjacent to the habitat and habitat restoration 
areas and their environs to the Service, Ccrps; and oth~r ,:egulatqry agency personnel to 

• facilitate s/te inspections 'arid the imii~agentenf~cl 111onitopng of protected and listed 
• species.>'\ _(<,>:·< i'( >\'), \(;:•·••• .. ·•··· ;· .. • • •.• •·•·••·•···.·,. •• •. 

'\ 

2. 7 All employees, 11g6nts, lessees, or su~l~~s~ ~f ~ll Coq,~ .l!lld OCWI> involved in the 
implementation of the project, i~clµf!ing ~soci,~ gi1111(Ji# ~l'lll!icaUon and 
revegetatforteffcrts shall:be: a) irifo1111ed Clfthfseitsitivity of the hal:>i(at and restoration 

•• • are~, arid the associated federally listc;d spec)es; !llld b) ins!JJ.!cted as t9 the content of the 
this biologicai opinion, and special peimi~ conditions or tenns and conditions delineated. 
herein. • • • • • 

2.8 The Corps and OCVID ~hall ensure that tile Service retains th~ right to iu:cess and inspect 
the project site and restoratiollfenharicement areas foico111pHancq with the proposed 
project description and with the terms and conditions of this.biologic~ opinion. . .•. . .. ... . ' . ,••-· "' . '• .. · .... 

2.9 • Unless specified otherwise above, the imple~entaticin and execution of all preceding 
terms and conditions shall begin immediatelyupon the issuance of this biological opinion 
and shallci>nti11ue; in eatnest;for the life the project and until al.I compensation measures 
have been fully hnplerrieliied and executc;d. .• • • • • • • • 

. . . . . ' . . . . . . . . . 
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2.10 All preceding terms and conditions shall be entered as a special pennit .condition or 
conditions for any and all Corps pennits or other authorizaiions pertaining to the 
proposed project. • • • 
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2.11 As the Federal action agency, the Corps is ultimately responsible for the implem_entation 
of all preceding tenns and conditions In the event of the financial or institutional 
incapacity of the OCWD or their agents. to perform them. • • • 

. . . ·, .. , . 

We believe that no more than 180 vireos will be taken in the form of harm and 10 vireos in the 
form of harassment, and zero flycatchers will be iili:ldentally taken as a res!'lt pf the proposed 
action. The reasonable and prudent measures, with their implementing tenns 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, including 
the vireo and flycatcher, for prosecuti911 ilnder the Migratory Bb:d Treaty Act of 1918, as . . 
amended (16 u.s.c. §§ 703-712), lf such take is in compliance with the tCflllS and conditio11s 
(including amount and/or number) specified herein. If, during the course of the action, this level 
of incidental lake is exceeded or if a vircq or flycatcher is taken in a manner not authodze4. 
above, such incidental take represents new information req11idng reinitiation of consultation and 
review of the reasonable and prudent measures provided. Iri l!,ddltion, theCorps and ogvn or 
their agents must cease the activity resulting in take, and the Corp~ and/or the OC\VD. or. their 
agents shall provide an explanation of the causes of the taldng and review with the Service the 
need for possible modification of the reaso~able and prudent measures, 

Disposition of Sick, Injured, or Dead Specimens . 

This office is to be notified within 3 working days should any endangered or threatened species 
, be found dead or injured as a direct or indirect result of the implementation of this project. 
Notification must include .the date; time, arid location of the carcass, and any other pertinent 
information: Dead animals should be in!\fked in an appropriate !nann~r. photographed, and left 
on-site;· Injured animals should be transported to a qualified veterinarian. Shoµld llllY ~ated 
i,mimal1t survive, this office should be contacted regarding the final disposition of the anipmls. 
The Service contact person is Mt. Hays, who may be contacted at the letterhead address or at 

. · · (760) 431-9440. • • • • • • 

CONSERVATION RECOMMENDATIONS 

Sectio~ 7(a)(l)of the Act directs Federal agencies lo utilize their authorities to hirther the 
purposes of the Act by carrying out conservation programs for the bel)efit of endangered and 
threatened species. The tenn '1conservatlon recommendations'; has been defined as Service 
suggestions regarding discretionary agency activities to minimize or avoid adverse effects of a 
proposed action on listed species or critical habitat or regarding the development of infonnation. 
The recommendations provided here relate only to the proposed action and do not necessarily 
represent complete fulfillment of the Federal agency's section 7(a)(l) responsibility for these 
species. 
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Over the course of a 14-year study and management effort in the Prado Basin involving the 
Corps, Naturi:i Co.nservancy and their contraclofS, OCWD personnel and office staff and 
volunteers, subpopulations of vireos, flycatchers and many other sensitive animal and plant 
species were subjected to risks and pressures that individually or collectively could potentially 
compromise the reproductive success of these species or otheiwise jeopardlze the survival of 
constituent populatioris, subpopulations, or individual organisms. '.Therefore, because the vireo 
population has iricieased from 19. to 224 confirme4 pairs over the course of the study period; this 
species likely is a worthwhile management subject and a good candidate for recovery. Although 
cum:nt management effo~ eviden1ly have resulted in substantial increases in local vireo 
recruitment and populatlo11 size, the Prado B;sin popµlation has not entirely recovered nor would 
the population continue to prosper ii! the absence of effective management. Many.other vireo 
populations in the state are either declining, mai11taining, or moderately increasing. Only the 
Camp I'endleton popufation ~as d.einonstrated similar, s11stained, significant increases in 
population size since the vi~ was f~rally listed in 1986. Also, the frado Basin is one of only 
6 locales in California thalsupports permanent populations of the flycatcher, which is apparently 
cum:ntly critically endllngel'Cli, .. ·• • • • • • •• • • 

: ·,, .... , ; i : .. ' . '. " . _. ' 

Therefore, to ens~ the. recovery of the virc:o. 'and flycatcher and qther sensitive or decHning 
species in the Prado Basin and e11virons, we rccommend the implementation or continuation of 
the following ,~uimigement and ~onservatlon p~ti«.:es in the Prado 13asin as recommended by • 
'INC (1997) and Pike and Hays Q999): • • • 

3. We recommend the Corps seek to restore and protect ah habitats consisting of native 
plant communities and natural, physical features in the Prad.o Basin. During the course of 
the past 14 years, habitat within known vireo home ranges was destroyed or degraded as a 
result oflivestock grazing, off-road vehicle activity, stream diversions, documented, 
apparently unauthorized dredge and fill operations, incursions of heavy equipment 
(including bulldozeril; mowing machines, and road graders), repeated fires, oil sp!Hs; and 
vandalisu.(All such activities shoull(be strictly prohibited, ctµtailed to.the extent •• 
possible:,, or appropriately compensate(!, Past losses of habitat that can be traced to the 
responsible party or parties should be appropriatc:,Iy prosecuted or remediated, Because 

. vim, and flycatcher habitat has been mily l'!ll"CIY created, however, the avoidance of 
iinpai:ts fo existing habitat is of paramount importance. 

4. We recommend the Corps seek to c.ontrol or remove all invasive/exotic biota fro111 
riparian habitats in the Prado Basin. The existing cowbird management program should 
be continued indefinik:IY and expanded to maximize the reproductive success of the • 
vireo, flycatcher and many other sensitive avian species, and that invasive, exotic plants 
such as gianfreed and castor bean be eliminated orcontrolled to the extent possible. 
Although cowbird trapping apparently is the single u:iost effei;tive means to initiate and . 
sustairi the recovery of a number of sensitive avian species, the large-scale control of· 
noxious plants should be continued and expanded if riparian habitats are to continue to 
provi_de theeleme11ts .necessary to accommodate:: the vireo, flycatcher, and a large variety 
of other sensitive animal taxa. 
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Fortunately, the prospects for long-tenn cowbird trapping, habitat creation and 
restoration, and vireo and flycatcher management seem to pe assured because of current 
and projected compensation obligations 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 n:ed eradication iri the basin and upstream reaches of the Santa 
Ana River In Riverside arid San Bernardino counties. The Corps should continue to 
participate in, and expand, existing programs to adequately conserve the sensitive fauna 
(and flora) with the Prado Basin and environs, • • • • • • • 

S, 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, vireos often 
react strongly to the close approach of humans, particularly when nestling or fledgling 
young arc also presenL Moreover, the available data (e.g., Salata 1987b) suggest that 
unnecessary hum1111 disturbances may impact vireo nesting success. Prcdato,n .and 

• cowbirds may both be capable of homing In ori agitat¢ vireos ll.lld subsequently destroy 
nearby nests. In addition, much of the Prado Basin c'ontinucs to be used for illegal 
hunting and recreational shooting. Spent cartridges, frcshly-bi:oken skeet, and the 
caroasses 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. Obviously 
target shooting in or near habitats occupied by vireos places individual birds (or their 

. breeding attempts) in jeopardy; More~vei, the presence 0( hum.ans 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 apparently . 
responsible_fora reduction in. the foot end vehicular traffic within weth111d hab.itats at . 
those locales in 1990, 1991, 1992, and 1993, but furtb.er measures to restrict or curtail 
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 environs .. As was reported above, cowbird nv.ps have been repeatedly 
vandalized in recent years in scattered locales throughout the Prado Basin. •. 

Accordingly, we recommend the Corps implement the following specific conservation 
measures: 

a) Erect a gate where Butterfield Drive becomes Clearwater Drive within the City of 
Corona lease, The pwpose of this gate would be to bar access to a dirt parking 
area that has become ihe site of trash dumping, the abandonment of autpmobiles, . 
and other apparently illlcit 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 around or below the highway 
turnouts 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 onLower Chino Creek were closed after being 
vandalized by pe~ons who apparently had driven into the Pardo Basin from the 
northernmost of the three State lloute 7 llumouts. _ 
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c) Post "no trespassing" signs e~ery 50 meters around the perimeter of key vireo and 
flycatcher breeding areas._ Particular areas of concern are the turnouts along State 
Route 71 (see above), the northern border of vireo.habitat along lower Chino 
Creek, Cleiirwater Lane and Rincon Sircet in Corona,. and along theJorcst edge 
adjacent to Prado Regional Park in Chino. "Critical wildlife habitat" signs 
recently postedby the OCW[) appear to be effective and are recommended for use 
in conjunction with ''.no trespassing" designations. Although unlikely to dissuade 
all potential trespassers, these si8'1s would rcmo.ve any ambiguity that. exists as to 
whe~ ~ccess is restricted or I>1"9hibited. _ --- - --- • - - --

In ordi,r for that office be kept infonned of actions that either minimize or avoid_aclverae effects 
or that bcne~t listed species pr their habiiats, we request notification of the implemcmtstion of 
any conserv_ation rec<!minendation~. .- -- - - - -

--~INITIATION NOTICE 

This conciudes formal consultatio.n .on the frado J311Sin Water Conservation ll!ld Darn.Operations 
Project on OCWD and Corps'..owned landsin the Prado Basin, lliverside County, California. As 
provided in 50 CFR §402.16, reinitiatloti offormlll consultation Is_ required where dis~tionary 
Federal agency involvement or control over the action has ·been retained ( or is authorized by law) 
and if: (l) tltc ainount or extent oflncidentlll take is exc~ded; (2) new infonnation reveals, 
effects of the agencyaction that may affect nste<i s~ies or critical habitat in a manner or to_ an 
extent not considered in this opinion; (3) the agency action is subsequently modified in a manner 
that causes an effect' to the listed species or crilical habitat Oil! consiw;red)n this opinion; or (4) a 
new species is listed or critical habi!at designated ~a.tmay be affected by the acti9n. In instances 
where the amount or extent of Incidental take is 11xceede<!, 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 ~n listed species or impacts 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 directed to Loren Hays ofmy staff at (760) 431-9440. 

smnn~ 

J' A. Bartel 
Assistant Field Supervisor 

Enclosures 
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Table 1. Maximum permitted water conservation pool elevation versus required 
. acreages of vireo and wildlife habitat from 494 to 505 feet dependent. 

54. 

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 iso 
500 133 203 

501 152 
.. • 218 

502 · 171 233 

503 190 248 

504 209 263 

50S 228 278 

Table 2. Dedicated lands for vireo and wildlife habitat restoration. 

Required for elevation 505 feet Vireo habitat (228 l!Cres) Wildlife habi!llt (278 acres) 

CH-1,.Chi!lo Creek 34 

ca-2;chin9 Creek 90 
. 

PR-1, Small Pheasant Field 14 

PR-2 Southern Pheasant Field 6S 

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. 23S 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 II (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 responsible 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 for 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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l 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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