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A. Policy Context K

1. INTRODUCTION AND BACKGROUND

Provisions of the Bay-Delta “Accord”! and Central Valley Projeet Ixnprc')vement
Act (CVPIA), combmed with requirements of the Endangered Spemes Act and the Clean

Water Act, prov1de an unprecedented opportumty to design and cany out protectlon and

~ restoration measures for the San Francrsco Bay-DeIta-Rrver ecosystem This complex

ecosystem is defined here as the watersheds of the Sacramento and San J. oaqum Rivers,

their delta, and the San Francisco Bay. Within the context of _each of these separate

initiatives, new emphasis has been placed on the development'of a comprehensive,

whole~ecosystern plan for Bay-Delta-Rlver restoratlon and management. ThlS ecosystem—
based approach is supported by a broad range of constituencies as the best means of not
only protecting the environment, but also providing some certainty for water users

regarding future environmental responsibilities.

In addition to the goal of effecti\}e' whole-ecosystem management, each of these
state and federal initiatives contams specific reqmrements for protectrng or enhancmg
populations of particular specres and the habitats that support them-- 1nc1ud1ng suitable
water quality and water ﬂowr»regimes. Significantly, both the Accord and the CVPIA
provide new tools for implementing these restoration measures, in the form o_f both river

flow requirements and mechanisms to fund additional flows and habitat improvements.

A fundamental prerequisite for the success of all of these restoration and
management efforts is to develop a solid scientific foundation to help define and assess
the current “health” of the ecosystem, to help determine which types of restoration or

management projects to undertake, and to provide the tools for-evaluating the success of

 these projects. In addition, in order to achieve the stated objective of coordinated, whole-

ecosystem planning and management, an ecologically sound corrceptual framework is

! “Principles for Agreement on Bay-Delta Standards Between the State of California and the Federal |
Government,” signed on December 15, 1994 by representatives of various stakeholder interest groups as
well as California and federal government officials.
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. required to translate the “whole-system theory mto practzce In other words, the

| ecological integrity of the entire system (Bay-Delta-River) must be con51dered in |
addition to considering the mtegrlty of each of the component parts (such as Delta

. wetlands or particular anadromous fish spec1es) The National Research Council (1992)
has recommended this approach, stressmg that restoration of an aquatic ecosystem
requ1res coordinated and comprehensive management of all significant ecological

elements, often on a watershed or other landscape scale

The development of an explicit, logical and'easily understandable conceptual
framework has several beneﬁts: it helps ensure that the restoration plan is comprehensive,
reducing the likelihood of failing to consider significant ecosystem attributes or functions;
it helps to efficiently integrate all of the components of the restoration plan into a .
coherent whole; it facilitates the determination of priorities among restoration actions;
and it helps to explain the importance and function of each action to policymakers and the

public.

B. The Role of Ecological Indicators

Providing the required scientific foundation within a coherent, ecologically-based
framework is not a trivial exercise. Although ecological health and integrity are
intuitively understandable concepts (see Box 1), capturing them with an operational
definition -- one that tells you \ivhat to measure -- in a particular ecosystem can prove
difficult. The challenge is compounded in a system as la,rge‘, diverse, and modified as the
Bay-Delta-River system. One approach is to use ecological indicators. .Ecological
indicators are defined as attributes of an ecosystem whose state (presence or absence,

'quantity, pattern, etc.) is used to measure the health or mtegnty of the ecosystem. Put
more simply, ecological indicators provxde an assay to measure ecosystem health, in the
same way that a doctor takes the temperature of a patient to provide diagnostic ’
information about his/her overall health. These indicators bridge the gap between “real

1
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 the whole as well as the parts. These scales include the whole landscape, a we{l—deﬁged

E world” science and mtumvely desxrable but less easxly defined ecosystem propemes such

“health”, “mtegnty” “resﬂlence and “self sustainability”.

But how does one go about choosmg the rnost useful indicators? Although many
factors (501ent1ﬁc economic, and soc1opoht1cal) come into play, the fundamental
requirement is that all-of the important attributes of the ecosystem be represented. This is

the role of the conceptual framework alluded to above. Two essential components of thlS

" framework should be a recogmtlon of the 1mportance of both structural and functional

attrzbutes of ecosystems and a recogmtlon that these structural and functional attnbutes

occur at a variety of scales (see, e.g., National Research Council, 1992; Noss 1990)

Structural attributes refer to the requisite pieces of the system and their
relatidnship to one another. For exarhple, spawﬁing gfavels must be available for
anadromous fish and they must be connected to migration corridors. Function refers to
the processes at work in the system. To continue our example, hydrolog1cal processes

must keep the spawnmg gravels from becoming silt-laden.
Determining ecological'indicator's'at many scales helps to ensure consideration of . -
region or ecological zone, the habitat or community level, and the population or species )

level. Ecological indicators at the laﬁdscape scaie can be thought of as the “leading

ecological indicators” of the system, just as certain well-chosen leading economic

indicators reflect the health of the economy. Attention to attributes of the system at a

variety of scales ensures that large scale processes work in harmony with processes and

structures at smaller scales.

Formulated in this way, a comprehensive suite of ecological indicators for the

Bay-Delta-River system will be a useful tool to: define and assess the current health of

- the system; provide information that can be used to choose among specific management

proposals; and determine whether the program is actually achieving its intended purpose a |

(i.e., allow for adaptive management).
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C. A Process for ’Dei{eldping Ecologicelllndicators

, The Center for Shstaiﬁable Resource Developrriem at the University of California,
Berkeley (CSRD), the Environmental Defense Fund (EDF), and The Bay Institute qf San
Francisco (TBI) convened two wofkshops of local, national, and international experts in

Octobef, 1995 and January, 1996 to initiate the process of developing ecolegieal

~ indicators for the Bay-Delta-River system. Funding for the workshops was provided by

the U.S. Environmental Protection Agency and by CalFed, the federal-state interagency

group responsible for developing a long-term plan for managing the Bay-Delta_ estuary

. pursuant to the BajI-Delt'a Accord. The workshop agendas, minttes, background materials

and lists of participants,are attached as Appendices A and B.

The purpose of these workshops was two-fold: to agree on a conceptual |
framework for indicator development, and to develop a provisional list of indicators.
The results of these efforts are presented in the body of this report. They provide the

groundwork upon which further efforts to refine and develop addmonal mdlcators rmght ;

build. Just as unportant the framework prov1des an orgamzmg tool for using ongomg :

- momtormg and assessment programs in a coordinated fashion.
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BOX 1: WHAT IS ECOSYSTEM HEALTH?
One of the challenges of»prote&né'me’vlntegn& of ihe 'entkirev’B‘ay'-belta:River ecosystem and the species that '
depend on it is simply determrmng what a healthy ecosystem is. Ecosystem health has been deﬁned in a variety of
ways. Karr (1993) deﬁnes ecosystem health as the condrtron n whrch a system reallzes rts inherent potential, o
mamtams a stable condmon, preserves 1ts capacrty for self-repau' when perturbed, and needs nummal external
support for management. Bzologzcal mtegnty refers to the “ahrlrty of an ecosystem to support and maintain a
balanced mtegrated adaptive brologrcal commumty havmg a specres composmon, drversrty, and funcuonal
organization comparable to that of natural habitat in the region” (Karr and Dudley 1981)

. The following components of ecosystem health have been defined and used in the scientific literature:

Ecosystem health descriptor - - - Definition

Costanza (1992):
Homeostasis Maintenance of a steady state in lrvmg orgamsms by the use of feedback control
_ processes .
Absence of disease Lack of stress, or perturbation wrth parucular negatrve effects on the system
Dwersrty/Complexrty Evenness and richness of species. '
Stability/resilience How fast the variables return towards their equrhbnum followmg a perturbatlon. :
Vigor/scope for growth Overall metabolism or energy flow ‘
Balance, _ Enstence of proper balance between system components -
Westman (1978): " ' N
Resilience Degree, manner, and pace of restoratron of rmtxal structure and functron inan . ‘- B
. ecosystem after disturbance - .’ : C
Inertia _ Ability of a system to resist drsplacement in structure or function when subjected to a
' -~ disturbing force :
Elasticity : Time involved in restoration .
Amplitude : Degree of brittleness of the system; threshold beyond which ecosystem repair to the '
‘ . - initial state no longer occurs -
Hysteresis Degree to which the pattern of recovery is not srmply a reversal of the pattern of
I . initial alteration
Malleability The ease with which the system can become permanently altered compare the new
C _stable state to the former one -
NRC(1992): . ,
Persistence . _  The ability of the ecosystem to undergo natural successional processes or persist in a

climax sere, all without active human management

Verlsimilitude ) " Abroad, summative, characteristic of the restored ecosystem reﬂectmg the overall

similarity of the restored ecosystem to the standard of comparison, be it prior
conditions of the ecosystem or of a reference system

Developing a more explicit definition of ecosystem health is part of the task of practitioners in the new fields of

_ecosystem medicine, stress ecology, and clinical ecalogy These researchers have most often deﬁned the concept of

ecosystem health by what itis not. David Rapport and colleagues (e.g. 1984 1989; Rapport, Regier and Hutchinson
1985 Rapport, Regrer ‘and Thorpe 1981; Rapport Thorpe and Regier 1979) developed the concept of an ecosystem

distress syndrome, marked by reductions in the stability and diversity of aquatic ecosystems, elimination of the
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: longer-hved larger specres, and a tendency to favor short-lwed opportumsuc specres (Rapport, Regrer & Hutchxnson
1985)." Rapport et al ( 1981) compare the stress response of an ecosystem (consrdered as au orgamsm) to that of a ",
mammahan system. The first response to stress is generally an alarm reactrou (a charactensuc change at the ﬁrst

exposure to stress), followed by resrstance (when contmued exposure Ieads to an adaptatxon), and ﬁnally, exhausnon

(1rreversxble damage followmg prolonged exposure) - - ST
' This field of study is not lmuted to pure theor}- in the Great Lakes, some of the more heavrly used
degraded subsystems exhlbrt thrs general dxstress syndrome In case studies of these systems, lrkely ecologrcal
responses from each type of stress can be mferred from 1mpact assessments, thus guxdrng rehabrhtauon efforts
(Rapport, Regrer, and Hutchmson 1985) The five mam groups of ecosystem stresses 1dent1ﬁed mclude ( l)
harvesting of renewable resources; (2) pollutant dlscharges, (3) physxcal restructurmg (mcludmg hydrologlc
modrficatrons) (4) mtroductlon of exotxcs, and (5) extreme natural events (Rapport, Regrer & Hutchmson 1985)
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IL. DEF INING ECOSYSTEM HEALTH USIN G A SUITE OF
ECOLOGICAL INDICATORS ' o

. Several methods of developing a suite of indicators have been deve‘lvoped in

' various kinds of ecosystems. For the purposes of our workshops, we adopfed a four step

| process suggested by Keddy et al. (1993) for putting the ideas of ecosystem health into

pracnce and developmg ecolog1cal mdlcators

(1) define ecological integrity or health in an operational way;
(2) select appropriate indicators of health or integrity;
(3) identify target levels of selected indicators; and :

(4) develop a monitoring system to provide feedback.

A. Step 1: Defihe Ecosystem Health in an Oﬁeraﬁonai Way

"Step one constitutes the broad overview of an ecosystem management or

restoration program, where the objectives for the program are set. Duririg the two

workshops, it became appérent that there is sofne confusion-- in part semantic and in part

substantive-- among the terms goal, objective, ecosystem service, and indicator. In order IR
to clarify further discﬁssien, we define these terms as follows: (1) godls describe the ‘big

picture’ overview of what the restoration program is trying to achieve; (2) objectives are

more precise descriptions.of desired attributes, encompassing not only ecosystem

services, but also ecosystem attributes that may be of intrinsic importance to the health of

- the system, such as maintenance of optimal biodiversity or an array of successional

habitats; (3) ecosystem services are benefits that a healthy ecosystem provides, and often .

have been limited to those that are valued by people, such as water quality or flood -

~ control; and (4) numerical ranges for individual indicators (which in the past have often

been termed ‘goals’) describe the on-the-ground measurements that need to be taken and -

~ numerical targets by which restoration needs, status, and success is assessed.

-8-
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In Keddy etal’s (1993) formulatlon the goal should be established first. The

more spemﬁc objectives and servzces should also be deﬁned as part of Step I, but can be

: reﬁned as necessary dunng the development of the mdzcator framework (Step 2) Ranges

. for mdzcators are developed during Step 3, and provxde spemﬁc quantitative targets for
restoration and management programs. The order of the steps is somewhat i 1terat1ve

indicators can be developed for each particular objectzve or service, but objectzves and

services may also arise from consxderanons of ecological structure, function and services -

taken into account while developmg indicators. For a further discussmn of this issue, see

Dr. Keddy’s paper in Appendix A-1.
Goals

During the October workshop, a substantial proportion of the presentations and

discussion focused on the definition of the goal that should guide the future management
of the Bay-l)elta—River system. Participants generally supported the goal statement -
offered by CalFed for ecosystem quality: “Improve and increase aquatic and terrestrial
habitats and improve ecological functions in the Bay-Delta to support sustainable
populations of diverse and valuable plant and ammal species.” Partlc1pants of both

* workshops seemed to share a common goal of enhancmg the self-sustaimng quahties of
the system, as opposed to moving in the direction of an increasingly highly managed one.
Phil Williams dubbed this the physis approach (restoring phySical processes that promote

self-healing and maintenance), as opposed to reliance on continual intervention. ‘Hans

Bernhart and Lou Toth described similar approaches that proved successful for the‘Rhine |

River and the KiSSimmee River respectively. The KiSSimmee River Restoration Program

is detailed in Box 2andin Dr Toth’s paper in Appendix A-l..

Combining these concepts, we refer here to the goal of Bay-Delta-River
restoration and management as the re-establishment of a healthy, functional system
that supports a diversity of habitat types along with their resident communities of ,,
plants and animals, and is self-sustammg (reqmrmg mmlmal mterventlon) and

resnhent to stresses Itis 1mportant to note that this deﬁmtion assumes that the system
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- will continue to accommodate human use of natural resources, and that restoration to a -

. healthy condition does not mean regenerating a pristine system.

'Objecttves / Servwes

| The overall goal prov1des a parad1gm for restorauon of the Bay-Delta—Rlver

system On-the-ground restoranon efforts, however- require more specxﬁc program |
objectzves Both CalFed and the San Francisco Estuary Prolect S Comprehenszve

' Conservatzon and Management Plan (CCMP) produced lists of ecosystem quahty .
objectrves to thisend. In addmon participants in the workshop, “Goals for Restormg a

: Healthy Estuary sponsored by the Natural Herltage Institute (NHI) and others identified
some key ecosystem services. A consolidated list of the goals that have been suggested
by these various groups as operational definitions of ecosystem integrity is shown in
Table 2 of Appendix A-2. | '

B. Step 2: Select Appropriate Indicators of Health or Integrity

Ecologlcal mdrcators identify the most important elements of ecosystem structure -
and function necessary to achieve the goal and related objecuves and services. In
choosing ecological mdicators a framework is crucial to ensure that a comprehenswe
suite of indicators that includes all components of the ecosystem--including both
structural and _funétional components at multiple scales of ecological organization -- is |
developed. Indicators that reflect attributes relating to the entire system should be

: dev_elopeti, as well as indicators‘ at smaller scales of ecological organization. The

framework we used during the workshops is described more fully in Chapter I, below.

C. Step 3: Identify Thresholds and Target Levels of Selected Indicators

Once mdrcators are selected, a range of target values, from tolerable to desirable (

levels should be developed for each. See Figure 1.

-10-
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* Because determining the target range of indicator values from first principles is

often difﬁcuit ' compaﬁsorls‘ w’ith reference systems ’are sometimes used. These references
can be used to infer how a system w1th ecolog1ca1 mtegnty rmght look and/or function.
One techmque to establish reference condmons is to reconstruct how the system looked
and functioned in the past, and compare it with how it functions now. This is similar to
ihe‘approach used in‘the Florida E‘)erglades',v where a natural system model is being
deéigned to serve as the texrlpléte for resieratien (see Box 2). In riisturbed eéosystems ‘
such as the Bay-Delta-vaer system it is clearly unreasonable to strive for the restoratron
of pristine conditions. However an hlstoncal reconstructron can provide 1n51ghts mto .
what target levels could be, through a comparison of increasingly less disturbed states.
Another method is to characterize comparable ecosystems in more pristine conditions, if
they exist. Both types of reference systems can prov1de msrght mto developing and

reﬁmng the target levels for each indicator..

Figure 1: A numerical range should be set for
each indicator selected, from unacceptable to
desirable levels.

" Tolerable

Unacceptable

'D.~ Step 4: Develop a Monitoring System.to Provide Feedback"

A monitoring system is crucial to the successful use of ecological indicators as a
management tool. Changes in the ecological indicators allow scientists and decision
makers to determine whether the management and/or restoration program is having its.

mtended effect. Momtonng also prov1des the foundatron for adaptive management
-1 ]:- .
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BOX 2 RESTORATION OF THE KISSIMMEE RIVER

'

The hlstorrc K1s51mmee R1ver meandered for approxrmately 166 km w1thm a ﬂoodplam that ..
ranged from 1.5to0 3 km wxde (Amngton 1995) Channehzatron of the nver, started in 1962 and completed
in 1971 resulted i in the Ioss of approxxmately 14000 ha of ﬂoodplaxn wetland habxtats as well as -

modlﬁcatlon of the nver mto a senes of tmpoundments whxch severely altered vegetanon and ammal
communmes by greatly sunphfymg what had been a complex, bralded nver-ﬂoodplam ecosystem, The 15-
year restoratlon project planned for thls system 1s expected to retum approx:mately 70 km of contlguous
river channel and 11 000 ha of wetland toa more natural condmon (Cummms and Dahm 1995)

The Kissimmee River Restoratron Pro;ect isa landmark case in restoration of large-scale systems
Recently, an entire issue of the Joumal Restoration Ecolagy was dedtcated to this project.” The steps taken
by the researchers and policy-makers involved in this prOJect to develop a restoration. evaluatton program '
draw some parallels to the steps taken with regard to the Bay—Delta-Rtver system Here, we describe the .
process of developing the Klssunmee River Restoratton PrOJect in terms of Keddy etal's (1993) four-step

process for developmg a su1te of ecological mdtcators

Step One: Goals and Objectivos

The goals for the Krssxmmee vaer ecosystem have evolved over txme, but the basxc tenets ”

including a holxst1c landscape-sca]e approach to restoranon and a behef m the need fo re-establxsh the "

natural hydrologxc regime, have remained essentrally the same..

The impetus for restoring the system came with the Klssimmee Restoration Act of 1976, which
included three primary goals: 1) use natural and free energies of the river system, 2) restore natural seasonal
water level ﬂuctuatlons, and 3) restore conditions favorable to mcreases in abundances of the native biota

(Karr 1994). '

The most oft-cxted forum for developmg envxronmental restoration goals and objectives for this

system is the szsunmee River Rectoratron Symposium, conducted by the South Florida Water Management .

District (SFWMD) in1988. The symposium emphasrzed an ecosystem approach to restoration with a
single goal: to restore the ecologtcal integrlty of the Ktssnmmee Rlver (Toth 1993) Ecological integrity
was defined as the capability to support and mamtam btologxcal commumtres with a species composmon,
diversity, and functtonal orgamzatton compatable to that of the natura.l habxtat of the reglon (Karr 1994).

-13-
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StePTWO'l"ndicators

First, a classrﬁcanon scheme (habitat typology) was developed for the Kissxmrnee RIVCI' system,
with ﬁve habitat types for the river channel ten habltat types for the ﬂoodplam, and four habitat types for
the channelized river. The orgamzanon of habxtats mto classes Wlu be used to form the basm for a sampling’

program that measures key abrouc and bionc mdicators

’ .

At the symposxum, 1t was proposed that the ecological mtegnty of sy tems hke the szsrmmee :

River is determmed by ﬁve classes of vanables, whlch serve as mdxcators of ecological mtegrity

..\

1) - source of energy type, amount and size of aIlochthonous mpu s pnmary producnon, and the

seasonahty of avaxlable energy,

2) water quality parameters temperature, turbrdity, dissolved oxygen, nutnent mputs orgamc and
; inorganic chemicals, heavy metals, and pH;

3) . habitat quality: substrate, water depth, current velocxty, avallabihty of habitat for all life~hrstory »
" needs, and habitat diversity; S .

4) | hydrologic conditions: water volume and .temporal varial)ility of'discharge; and

5) biotic interactions: competition, predation, disease, and parasitism (Koebel 1995).

Asa follow-up to the symposium, the SFWMD in July 1991, commtssmned a scientific advxsory
panel to provxde recommendauons for development of a comprehensxve ecological evaluatxon program.
The advnsory panel suggested that the restoranon evaluanon program should be conducted from an ‘
ecosystem perspectlve, wluch requlres evaluauon of bxonc and abumc condmons within the Kissimmee
River Basin (Dahm etal, 1995). The panel also recommended that the restoratron evaluanon program have
the following features: ‘ ' ‘ ‘

1) providea thorough understanding of ecosystem structure and funcnon v
2) show direct cause-effect relatronships between restoration measures and ecologxcal responses; |
3) include quanuﬁable biological responses and statistical compansons; and '

4) document ecological' changes that are of both social and scientific importance (Toth 1993).
These features serve as criteria with which to choose the most appropriate indicators to monitor.
Step 3: Target Levels

~ The target values for mdxcators of the Kissxmmee vaer Restoration Program are based on research
and modeling-of the historic structure and functron of the system Extensxve research was camed out to

estabhsh how the system functioned in its pre-channelxzanon state o

The various proposed restoration altematives were evalu_ated aocording to five hydrological

-14-
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criteria, based on the prechannelization hydrograph (Karr 1994)

Step 4 Momtonng & Adapti Management

Implementatton of the large-scale restoratton measures has not yet begun, but the szsxmmee Rrverf

Restoratmn Prolect has already taken steps to momto the system. The adv1sory panel suggested as part of

1a five-phase restoranon evaluatron program, that baselme condmons be establxshed to deﬁne the current -

state of the szsrmmee Rlver ecosystem, such that compansons could later be made wrth condmons

resultmg ﬁ'om restoratron (Koebel 1995

Addmonally, the SFMWD conducted a demonstratxon progect, mtended to resolve remammg

technical issues regardmg the various alternatrves and to evaluate the feas:bxhty of restonng the system’s

biological resources (Toth 1993). The goal of the demonstratron pro_;ect was to show that wetland

vegetanon and other wildlife would readtly recolonize the reﬂooded areas, and riverine ecosystems would

respond favorably to resumptmn of natural ﬂow regxmes. The SFWMD monitored the effect of hydrologxc '

changes on floodplain vegetatxon, ﬂoodplatn fish, secondary productmty, benthic mvertebrates, and river
channel habitat characteristics. Other agencxes conducted alligator counts, bird surveys, fish populatlon

samples, water quality monitoring, and measurements of aquatxc macromvertebrate and periphyton -

responses (Berger1992). - | L T L o

The demonstration prolect drd not restore the Krssunm Rtver, but rather provrded ev1dence

mdrcatmg that restoration of ecologlcal mtegnty of thts nver-ﬂoodplam ecosystem 1s possrble (Toth 1993)

This preliminary pro_]ect provrdes an example of the utlltty of testmg a restoratlon plan ina small area R ;;:,'» :

before applymg it to the larger system The demonstrauon pro;ect contnbutes to tne aims of adaptive )
management results and expenences of the demonstratton pro_lect are already bemg used to guide planmng,
rmplementatxon, and monitoring el"forts of the larger restoratton pro;ect Additionally, the validity of usmg
historically based guidelines and criteria for developmg a plan for restonng ecological integrity was verified

by the demonstfation project.
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III FRAMEWORK FOR DEVELOPIN G INDICATORS FOR
o _» THE BAY-DELTA-RIVER SYSTEM

The purpose of the two workshops on ecological indicators was to'develop a suite
, of mdrcators of the entrre Bay-Delta—Rlver system We chose to use a scrennfically

: defens1ble transparent framework to gu1de this work One of the benefits of usmg a --v
formial framework is that it helps i in explaining the process used to choose indicators for
‘the system so t'heli-r’nportanee and function of each action is clear to policymakers and the
public. Use of a frarnework also provides an organizing tool to ensure that the suite of

_ indicators is comprehensive. -

The premise of the frarnework for developing ecological indicetors for the Bay-
Delta-River system is as follows: the suite of indicators must represent strlictural and
functional attributes of the system at a range-ot‘ hierarchieal scales: the entire
-'landscape, the ecological zones present within that landscape, and tWo smaller scales .
: ‘(commumty/ecosystem and populatlon/specles) within the representatlve habltat _ : -

) types of each zone. - -

| Frlhng in the details of this framework requxres several steps: deveIopmg a habltat
' classrﬁcatxon scheme or typology, and then developing a set of indicators for each
component of the typology (1.e., landscape, ecological zones and habitat types). Lastly,
this framework involves screening the suite of indicators with several criteria for

_ecological indicators to choose the best ones.

A. Development of a Habitat Typology

" The National Research Council (1992) stresses that restoration of an equatic
ecosystem requires coordinated, comprehensive management of all signiﬁcant ecological
elements, often on a watershed or other landscape scale. Noss (1990) states that “no .

single level of organization (e.g., gene, population, community) is fundamental, and -
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drfferent levels of resolutron are appropnate for momtormg and protectmg b1od1ver51ty”

| (see Box 3). To cover all aspects of the system therefore a suite of indicators should

cover several hierarchical levels of ecologlcal orgamzatlon at multiple spatial and

temporal scales. In order to do $0, a system as large and complex as the Bay-Delta-Rtver

system must be divided into some sort of logical workmg units for analysrs and

management, w1thout;los1ng a sense of the whole.

Comments by October workshop part1c1pants made it clear that a typology (zone ‘
and habttat classification system) should be developed before proceedmg with choosing
indicators for the system. A habitat typology is defined here to mean a hierarchical
classification system depicting various major levels of ecologicat _organization of the

entire ecosystem. This provides an organizing principle by which to define the

- components of the system at each scale of i interest. EDF and TBI proposed a strawman

typology and solicited feedback on it from workshop partrcrpants both through a
questionnaire sent out in December and through a plenary session at the outset of the
J anuary ‘workshop. This typology characterized the Bay-Delta-Rtver system at three basrc

scales: 1) the entzre landscape (in order to con51der the 1nteract10ns between each of the

' dlfferent components of the system); 2) ecological zones (correspondmg to major bromes o

at the landscape scale); and 3).habzt_at-types (ecologically distinct areas within each
ecological zone) (Figure 2). Under this schema, the suite of indicators for the Bay-Delta-
River system as a whole therefore would incorporate a set of indicators for the entire

landscape as well as sets for each component ecological zone and habitat type.

~ Once the basic ecological zone divisions were agreed upon by workshop
participants, breakout sesswns met (grouped by ecological zone) to develop a hst of
habitat types for each ecologrcal zone. The results are presented in Chapter IV, below.
'The next step involved developing tndtcators at the landscape scale for each of the

ecological zones, and for each habitat type within these ecologlcal zones.
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S Typ()logy SChemath

. LANDSCAPE/
- SEASCAPE. | e
ECOLO- - [———T——T7——— | '
GicaL [ -~ | | o

ZONES

HABITAT I - F 0 F

TYPES . - - F o

i B i i B

| - - - T
L .: : B | L . L ' .',.'-

Figure 2: Schematic of the typology framework used for indicator development and
organization. The first step is to establish a habitat typology by filling in the blanks, after
which a set of indicators is developed for each box, addressing both structural and functional
ecosystem attributes at several hierarchical scales of ecological organization. The suite of
indicators incorporates a set of indicators for each component of this typology.
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i B Development of a Suife of Eedlogicai 1hdicetors .

» The fundamental requirement of a suite of ecological indicators is that all of the
impbrtant attributes of the system be represented ‘Accordingly, indicators should include
both structural and functzonal attributes of an ecosystem. By structural attnbutes, we

refer to the physical chasactensucs of an ecosystem and the makeup of its bxologlcal

’ commumtles. Functional attrlbutes include the ecologlcal and evolutlonary processes at -

work in the ecosystem; At the léndseape level, epnnectivity of habitat types and
hydrologic regime are exarnples of structural and functional indicators, respectively. A
structural indicator for a given habitat might be topography or age-structure of a |

population of interest, whereas nutrient cycling is an example of a functional indicator.

'EDF and TBI offered a matrix for indicafor development (Figure 3) which
ihcorporates these levels of resolution, adapted from Noss’ ‘('1990) conceptual model of
biodiversity at multiple levels of organization (see Figdre 4). Our use of structure
incorporates both the concepts of structure” and composmon as used by Noss This
matrix serves as a guiding pnnc1ple and workmg tool for developmg each set of.

: indicators; it encourages development of a comprehenswe all-inclusive set of mdxcators

for each eécological zone and habltat-type Spaces are prov1ded for both structural and

functlonal indicators at the zone-level and for each habltat type, structural and functional

indicators at both the commumty and populatlon levels The matrix is useful not only in
~ developing an initial set of indicators but also later, when refining this set, to identify
gaps in knowledge of the health of the ecological zone or habitat type that the suite of

indicators covers.

. C. Criteria for Ecological Indicators

In ;developing and refining the suite of ecological indicators, criteria for what

makes a valuable indicator should be kept in mind. Some criteria we classify as essential:

indicétors must be (1) ecologically relevant and (2) scientifically defensible. An

. ecologically relevant indicator is closely related to or reflective of key ecologic'al
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Flgure 3: Matrix used’ by J anuary workshop partncnpants to gmde mdlcator

development

' Indicator Development Matrix

For each Ecologlcal Zone:.

STRUCTURE

e.g. acreage of each habitat
type (measured from aerial

“FUNCTION

e. g. rate of traﬁsport of
material through the system

photos) (measured by flow)
For each Habltat Type: .
STRUCTURE FUNCTION
Community/
Ecosystem
“e.g. fractal dimension of e.g. water temperature OR
river banks OR trophic relationships within
- species diversity/richness . the community
Population/
Species

e.g. age structure OR
population genetic

' parameters (e.g.
polymorphisms)

F

e.g. fecundity OR frequency
~ of lesions, tumors, or
disease in aquatic organisms
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_Figure 4 (Taken from Noss
(1990)): Compositional,
structural, and functional

_biodiversity, shown as
interconnected spheres, each
encompassing multiple levels of
organization. This conceptual
framework may facilitate
selection of indicators that
represent the lilany aspects of
biodiversity that warrant

~attention in environmental
monitoring and assessment
programs.

lite metaries

ntersoecsie
1nTErQCTIONS,
£COtvsIem OroceIses

19nd8C308 OrOCEIIES
ane HiTUDONCES,
tgna-use trends

FUNCTIONAL

'

characteristics .of a system or habitat. For example, phytoplankton density (or total

chlorophyll) reflects primary productlon in the water column Screntlﬁcally defensrble
-indicators are quanutat;ve, with sufficient accuracy and precision to allow for ready
interpretation. The relationship of an indicator to the property it reflects should be
unambiguous and dernonstrable. In other words, the relationship between the indicator
and the property should be \}edﬂable experimentally. Exbeptions to the essential criteria
ma;} be made if a.certain iﬁdicator has significant public appeal, high economic

significance, or is especially relevant to policy-makers for some other reason.

Other criteria are. beneficial, but not crucial. These desirable qualities include: (1)
ease of measurement, (2) sensitivity (quxck response to stress/perturbation; abthty to-
provide early warning of dxsturbance) (3) exxstence of a historical database 4) bemgn to -
measure (monitoring of the indicator is not damaging to the envxronment), (5) general
(applicable to different habitat types), (6) aids in distinguishing between natural processes

and anthropogenic effects.
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BOX 3: iI‘OP-DOWl‘f Vs. BOTTOMUP L

: Focusmg exclusrvely on mdicators at one hlerarchical Ievel of ecologlcal orgamzatlon has several

disadvantages. For example, it has been suggested that the success of species at top trophic Ievels tndicates

the health of lower trophic levels Orgamsms at top trophxc levels, usually vertebrates have often been used

as mdicators. Indtcators of the status of © hansmatic megafaun serve usefnl functtons, such as heIpmg to

maintain polmcal will for restoranon However, because of then' relative longevrty the actual causes of . -
: pcrcerved dechnes, once detected are often dtfficult to unravel (Laudenslayer 1991) For thls reason,
Landres et al. (1988) conelude that usmg vertebrates alone to mdxcate habatat quahty for other specxes is not

a sound method, and recommend the use of other mdicators as part ofa comprehenstve momtonng strategy.

Monitoring at lower levels of organization within the ecosystem provides clues to the processes :
affecting the behavior ,°f the whole (Rapport 1984) and may provide an early warning of ecological stress,
| because with this approach the ecological preconditions for a healthy ecosystem, suclr as primary
productivity, are being monitored. Indicators of early steps m the process leading to stress are more useful
in some ways than indicators which inform that the system is already atlmg For example, usmg mdtcator

species associated with soil productmty (e g. mycorrhrzal ﬁmgt) qmckly detects problems w1th processes l

that may be fundamental to the funcuonmg of the system. Mycorrhtzal fungx are -mportant components in

the diets of small mammals which in turn are unportant dlet components of carmvorous specres

(Laudenslayer 1991). In the case of eutroplucatxon, momtormg nutnent mputs to the system may allow for
early detection of an imminent problem, whereas momtonng of dissolved oxygen may sxgnal changes only
after it is too late for preventxve measures.

Ultimately, when employmg biota as mdtcators, a suite of mdicators mcludmg multxple species and
assemblages is more hkely to provide improved detection capability over a broader range as wellas
protection to a larger segment of the ecosystem than sxngle indicators (Kremen 1992; Karr 1993). Thus,
combmmg top—down and bottom-up approaches when developmg indicators w111 produce the best suite of

indicators.
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A TYPOLO‘GY F;OR THE ﬁ:AY-ﬁELTA'-R; IVE ‘kf"s’“s'zs‘T’EM |

As dlscussed in Chapter II, October workshop part1c1pants agreed that the

” 1eventual list of recommended indicators should be expanded beyond the populatlon level,
at whrch indicators are currently momtored to mclude 1nd1cators at larger scales, such as

) the landscape, ecolog1cal zone, and habitat. A necessary prehrmnary step in the process is

to develop a habitat typology (classrﬁcanon scheme) for the system, in order to clearly

' deﬁne the management units for which mdlcators should be selected

_In order to be of practical utlhty, such a typology must reﬂect ecologlcal realities
(i.e., have a sound ecological basrs) as well as address the needs of resource managers to
clearly recognize management units, and relate them to one another. Another desirable
trait of a habitat typology is broad apphcabxhty to other systems of its type, in thlS case
large river ecosystems. Thus, wherever practical, the subunits of the typology should be
recognizable in other similar systems. This allows for cross-reference of information

gathered from a number of ecosystems (and/or their subumts) eventually allowmg for the .

' elucrdatlon of common and unique attributes of s1rmlar ecosystems This is partlcularly -

valuable in the study of large complex ecosystems in which there exist many data gaps

regardmg the ecology of particular portrons

At the January workshop, participants were asked to consider and agree m plenary
session upon the higher elements of the typology. This process was completed
comparatively quickly, and with broad agree'ment. The system was tlrst defined at the
broadest (landscape/seascape) scale, and then subdivided into five ecological Zones -
representrng major biomes of which this system is comprised. The process resulted in the '

following scheme (see also Figure 5)

A.Level I: The Landscape/Seascape Level

The landscape/seascape encompasses the entire watersheds of the Sacramento and

San Joaqum R1vers, their delta San Franclsco Bay, and the near shore ocean off the

. Golden Gate Bridge.
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 Typology Schematic

‘Landscape
~ /Seascape

" BayDelta-River

" Ecolo- L - p—— 1 |
gical I.Iplanq Ma'i,nstem Delta The Greater | | Near-shore
Zones Tributaries Rivers Bay _Ocean
Habitat N K . n B
Types = - i - -
: ) ) N C
i i A N
i [ A [ [

Figure 5: Schematic of the typology framework used for indicator developmentand .. . .
-organization, indicating the five ecological zones upon which workshop participants came to
consensus. The habitat types are detailed in chapter IV. The suite of indicators for the Bay-
Delta-River system will incorporate a set of indicators for each component of this typology.
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B Level It Ecological Zones ~ "

. , . Upland Trlbutarles & Watersheds-- Includes headwaters to }uncture w1th mamstem o

rivers « . - - ST
o Mamstem Rivers-- The Sacramento and San J oaqum

. e ' The Delta-- This zone ‘includes the tidally influenced pornons of the two mainstem

rivers. The Delta is delineated in the west by Chipps Island, in the north by the -
confluence of the Sacramento and American rivers, and in the south by Vernalis.

.o -Greater San Francisco Bay-- Extends roughly from Chipps Island to the Golden

Gate Bndge Th1s zone mcludes Sulsun Bay, San Pablo Bay, the Central Bay, and the -
" South Bay. -
o Near-shore Ocean-- A corridor extendmg 25 rmles north and south of the Golden
.Gate Bridge, and seaward (west) to the continental shelf break

C. Level III: Habitat Types

Within each of the ecological zones, a nuniber of discrete habitat types exist.
Participants were asked to divide themselves, according to expertise and interests, into :
five groups corresponding to the five zones delineated above, and to take the typology to

its next level, that of primary and where appropriate; secondary habltat types

Within each zone, primary habxtat types were to be con51dered ecologlcally
distinct kinds of areas (in terms of structure and vital ecologxcal processes), supportmg
distinctive and characteristic biological commumtxes Secondary habitat types were to be o
subdivisions of the primary habitats that were felt to be distinctive enough to warrant
separate consideration within the context of this project. Thus “unconsolidated

sediments” might be considered a “primary” benthic habitat type for the nearshore ocean, '

- but distinctive and systematic differences in the community structure of benthic

invertebrates might warrant a distinction between “mud” and “sand” as secondary habitat
types within this scheme. Because the primary objective of the project was to develop a
broad per’spectivejof the system at the landscape scale, participants were urged to use the
secondary habit'at'category cautiously and only when necessary, to keep the group from
becoming involved in analyses' that were too ‘fine-grained’ for the intended purposes of

these workshops.
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The results of the workmg groups for each zone are presented in the1r raw form )

as reported and edited by the group leaders, in the tmnutes of the January workshop

| (Appendlx B-4). Because the part1c1pants were of many different backgrounds and

| interpreted. the basrc gu1d1ng prmcxples and d1rect10ns in dlfferent ways, the ﬁnal

typologies denved by each group were reported in drfferent and in many cases

ncompatrble, formats In order to further the goal ofa cohesrve and 1ntegrated typology

for the system w1th w1de apphcablhty to other large river systems the techmcal staff of c
| TBI and EDF modlﬁed the 1nfonnat10n provided by the breakout § groups Prior efforts to

classrfy aquatic habitats in a variety of other ecosystems gulded our efforts The resultmo

typology is presented in Table 1%. The actual ecological indicators developed as the final

- step of the workshops (presented in Chapter V) will® be organized accordinglto this

scheme.

Table 1: Expanded Habitat Typology for the Bay-Delta-vaer system Water column, benthlc, edge,
and other habitats are given for each ecological zone,

UPLAND MAINSTEM DELTA GREATER BAY NEARSHORE
. TRIBUTARIES RIVERS ' i OCEAN
Water e Pools/riffles ® Pools/riffles e Riverine o Shallow e Marine
Column | ¢ Runs/glides e Runs/glides . | e Embayments | (<?m) o Freshwater
Habitats - ‘ : T * Mixing zone (?) | *® Deep (>? m) . . plume
¢ Sloughs eMixingzone ~ | i . ..
Benthic ¢ Gravel o Gravel * Riverine o Unconsolidated | o Unconsolidated
Habitats | ¢ Sand e Sand eEmbayments | e Consolidated | e Rocky reef
* Sloughs o Dredged (?) | o Kelp beds
Edge  Riparian e Riparian e Tidal marsh e Marine marsh © Rocky intertidal
Habitats | e Floodplain * Floodplain e Non-tidal marsh | e Brackish marsh | e Beach
¢ Riparian o Freshwater e Wetlands
¢ Floodplain marsh
' e Small streams
o Other vegetated
e Other
unvegetated
Other e Offshore islands
Habitats © Dunes

-

2 This typology has also been sent to moderators for review, and theu' comments will be mcorporated
mto the final report. ’ ‘
3 after review
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_ V.INDICATORS OF HEALTH = - =

_Atthed anuary workshop, the discussion of landscape:level indicators was led by :

' Charles Simenstad, of the Umversrty of Washmgton in plenary Ind1cators for each .

ecological zone and habitat type were developed in breakout group sessions.

The breakout groups used a variety of formats to develop different sets of
indicators. Because each of the breakout groups worked 1ndependently, varying .
deﬁmtrons of structure funct10n 1nd1cator objectrve and service emerged In order to
resolve this ¢ ‘apples and oranges’ problem we have attempted to present here all of the
mfonnatmn relayed by.the groups in a common format. Indicators are categonzed as’

structural or functronal and the object1ve/serv1ce to Wthh they relate are 1nd1cated The

 work done by each group, in its original format is reported in the draft workshop minutes

I3

(see Appendrx B-4).*

Some groups followed the matrix for indicator development'(Figure 3) more

closely than others so certain components of the framework are more complete for some

groups. Not all groups developed indicators at both the ecologlcal zone and hab1tat type '
levels. However 1t is 1mportant to note that this i is a ﬁrst cut at the suite of mdrcators we “: L

now. need to go back and fill in the holes and, to the extent necessary, refine the list. We L

have intentionally printed the sections of the matrices left blank to show further work that
should be done. Additionally, insufficient time was-available at the workshop to conduct
a systematic evaluation of the indicators to see if they meet the criteria for indicator

development. Worksheets were provided for this purpose (see Appendix B-3) at the

* January workshop, and can be used in the future to further refine and help finalize the

suite of indicators.

* The format of the indicators presented here still lacks consistency, in that the indicators proposed by some
groups are not attributes that can be readily measured, but rather properties which would be valuable to
assess in evaluating the health of the system. For example, primary productivity is listed by some groups as
an indicator, when in fact chlorophyll 4 is the indicator which one would measure to assess primary
productivity. The technical staff of TBI and EDF are currently working to resolve this problem, in
conjunction with the group moderators. The final format in which the indicators are presented will
distinguish among property assessed, objectives/services (as a rationale for why the property needs to be
assessed), and indicators (actual measures of the property)
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A INDICATORS AT THE LANDSCAPE—LEVEL

Charles S1menstad in the d1scuss1on he led at the January workshop, suggested

that 1ndlcators at the landscape-level should be: apphcable across habrtats ecosystems

‘and zones; directly or 1nd1rectly a measure of principal forcmg processes; capable

(screntlfically, fea51bly) of detectrng change scaled across levels of landscape

orgamzatron and referenced to basehne or target/expected levels (that encompass natural 7

vanabrhty or noise in the system) Thrs plenary discussion resulted in the mdrcators

shown below
LANDSCAPE _
‘ ‘ INDICATOR/PROPERTY ASSESSED
A -OBJECTIVE/SERVICE STRUCTURAL FUNCTIONAL
e INCREASE FISH AND S1. Connectivity of habitats ’ F1. Natural water flow regime M
WILDLIFE (corridors) (T) : :

¢ Movement (flow) of
motile/migratory organisms
" (species of concern, prey) -
(S1, 82, F1)
* Feeding opportunity (S3, S4,
S5)

S2. Barriers, bottlenecks ({)

§3. Natural channel density and
complexity (T)

S4. Distance between “feeding
stations” (habitats) ({)

S5. Average distance between
nesting and foraging habitats for
(resident) birds (1)

s IMPROVE WATER
QUALITY o
» _ Nutrient exchange (S6, F2)

S6. Marsh edge (T)

F2. Variability in flooding

duration and frequency (F)

e RESTORE BIOLOGICAL

S7. Habitat heterogeneity Q) '

_INTEGRITY, RESILIENCE | S8. Habitat fragmentation ({)
» Biodiversity (S7,S8,89) - [ §9. Composite metric :
STABILIZE SHORELINES F3. Sediment flux and .
e Maintain & restore habitats’ distribution (T)
sediment supply (F3)
FOOD WEB SUPPORT S10. Proportional representation | F4. Total landscape productivity

Diverse sources, production,
distribution or organic matter
(F4, F5, F6, S10, S11, S12,

and area of all habitats (T)
S11. Sum ecological zone
indicators across the landscape

F5. Total number of
temperature/physiochemical
barriers to salmon migration )

S13) (% of eléments) F6. Sediment delivery to the
“ S12. Morphometry of the estuary | estuary .
(related to tidal prism)

***Note: T indicates “increase”, | indicates “decrease”
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B. INDICATORS FOR EACH ECOLOGICAL ZONE & HABITAT-TYPE

MAINSTEM RIVERS & UPLAND TRIBUTARIES®

' Group participants: '
. 1. Pete Chadwick (moderator)
- 2. Matt Kondolf (moderator)

3. Sharon Gross -

5. Bill Kier

6. Bruce McWilliams

7. Jud Monroe

4. Judy Kelly - 8. Tim Ramirez
ECOLOGICAL ZONE: Alluvial Rivers .
v INDICATOR/PROPERTY ASSESSED

OBJECTIVE/SERVICE STRUCTURAL FUNCTIONAL -

e  Aquatic & riparian habitat - | S1. Abundance of anadromous F1. Number of outmigrants by
(83, $4, S5) fish race

e  Migration habitat (provided | S2. Survival rate of outmigrant F2. Toxics-- bioindicators

" by SRA%) (S4) - | anadromous fish F3. Water temperature

e Connectivity between $3. Channel length (including F4. Dissolved oxygen
habitats (S9) side channels); & ratio of current | FS5. Deviation from natural

~ F4,F7)
. Sedlment supply (F6)

e Fish habitat (S1, S2, F1, F2,

: historical (1)

S4. Length of SRA® bank; length
of rip-rap bank (1) - - :

S5. Channel migration rate (1)
S6. Areal extent of classes of
riparian vegetation (1) -

' §7. Areal extent of open
sand/gravel-floored channel (1)
S8. Area (width) of potential
meander belt migration (1)

S9. Number of unscreened
diversions

$10. Area flooded by 2 year and
10 year floods (2)

hydrograph
-floods: post dam/pre-dam:

" Qumar Q25 Quoy Quo

-baseﬂows:vpost/pre‘-dam:
Q.., August, Sept., ? .

-spring outflows: post/pre-dam:

‘Q.v. May, June, July

F6. Deviation from natural
sediment budget

F7. Groundwater regime

i

***Note: numbers in parentheses signify rating of the indicator (1= higher, 2= lower priority)

5 Due to considerations at the workshop relating to the size of breakout groups, the ecological zones
Mainstem Rivers and Upland Tributaries were merged for the purposes of the workshop and this report.

Nevertheless, these two ecological zones should still be regarded as distinct.
-8 Shaded Riparian Area :
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- Group participants:

1. Bruce Herbold (moderafbr) o

" 2. Eli Ateljevich

Vo

7. Chuck Hanson

6. David Fullerton |

3. David Behar 8. Rick Soehren -
. 4. Patrick Coulston 9. Phil Williams
~ 5. Phyllis Fox 10. Leo Winternitz
. ECOLOGICAL ZONE: Delta
: . o ' INDICATOR/PROPERTY ASSESSED
OBJECTIVE/SERVICE STRUCTURAL FUNCTIONAL -

S1. Populations of desirable F1. Desirable, sustainable - -
species (T) harvest levels of non-toxic fish

S2. Dispersal of estuarine
species and landscape
geographical distribution

S3. Predictability of community
structure (consistent rank
abundance)

S4. Index of native species
abundance - '
§5. Number of introduced fish -
and invertebrates per year

S6. Total number of diversions
S7. Ratio of screened/unscreened
diversions

S8. Percent of inflow diverted

F2. Total sediment

- accumulation/ marsh

accumulation .

F3. Primary and secondary
productivity (T) .

F4. Smolt survival through zone
F5. Water toxicity ({)

F6. Flood risk (taking some
more susceptible agricultural
lands out of production
decreases risk) (1)

F7. Number of exceedences of
water quality standards per year

| F8. Non-consumptive recreation

hours

***Note: words in parentheses signify secondary or tertiary habitat types
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HABITAT TYPE: Channels

eIy

OBJECTIVEJSERVICE

INDICATOR/PROPERTY ASSESSED

STRUCTURAL

. FUNCTIONAL -

e . Aesthetics (S1, F2)
¢ Food supply for organisms
" (S1.S2.F2)

e  Fish, bird (including
nesting), mammal. .
invertebrate habitat (81,82,
SS) -

Community/Ecosystem

" trap/water quality (S1, S2,

. F2,F3)

e - Fish migration (S3)
Habitat access (S3, F3)

¢  Minimization of predation
effects (S3, F3)

e Human health (F2)

e  Survival, fitness and
condition (S4, F2)

e Food web support (trophic

e  Bioldgical filter/sediment

S1. Miles of riprap or degraded.
bank replaced by habitats of
hlgher wildlife value such as
SRA® (edge)

$2. Area or length of berm
islands (edge)

$3. Number of barriers to fish
passage; fish migration (water)
S4. Number of unscreened
diversions or functional
equivalent measure of fish
entrainment (and) total
diversions '
S5. Length of dead-end slough
(tidal) (dead-end slough) '
S6. Number of branches (dead-
end slough)

| F1. Net positivé flows during

migration (water)

F2. Reduction in applications of
toxic materials (e.g. pesticides)
(water). .

F3. Area of connected emervent

Vegetation (tidally influenced) -

dvnamics) (F2)

Population/Species

S7. Fish counts (also, % of sport
fish of legal size that have
reasonable toxin levels) (water)

***Note: words in parentheses signify secondary or tertiary habitat types -
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HABITAT TYPE Open Water
* INDICATOR/PROPERTY ASSESSED

OBIECTIVE/SERVICE .

STRUCTURAL

FUNCTIONAL

Community/Ecosystem

¢

S1. Area and linear edge of
emergent vegetation (or) ‘-
diversity and stature of emergent

-| vegetation

Population/Species

***Note: words in parentheses signify secondary or tertiary habitat types

HABITAT TYPE: Intertidal Marsh

OBJECTIVE/SERVICE

INDICATOR/PROPERTY ASSESSED

STRUCTURAL

'FUNCTIONAL

Community/Ecosystem

Biodiversity (increased -

quality of marshland) (S

S1. Quantity (area) of marshes -

with median marsh size above a

certain threshold intertidal marsh
S2. Area of evolved marshland
(large marsh in which channels
develop at a minimum rate)

S3. Area of evolved marshland
with buffer (at least certain
distance from agricultural or
urban areas)

Population/Species

***Note: words in parentheses signify secondary or tertiary habitat types
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HABITAT TYPE Non-tldal Marsh

OBJECTIVE/SERVICE

. INDICATOR/PROPERTY ASSESSED

‘STRUCTURAL

. FUNCTIONAL

Community/Ecosystem

. S1. Area of land less than one

foot deep in December or March
(agricultural land)

S2. Area of natural vernal pools
protected (vernal pools)

S3. Length and width of riparian
forest (riparian not adjacent to
water)

F1. Amount of food (Kcal)
produced which is available to

waterfow] (may be separated by

source into agricultural spoils
and natural production)
(agricultural land)

Population/Species

***Note: words in parentheses signify secondary or tertiary habitat types

HABITAT TYPE: Floodplains

OBJECTIVE/SERVICE

INDICATOR/PROPERTY ASSESSED

STRUCTURAL

FUNCTIONAL

-

cosystem

s
4

Community/l

S1. Length and wxdth of npanan
forest ‘
S2. Width of active meander belt

F1. Area of two/other-year

frequency floodplain that L

interacts with river ﬂoodplam

Population/Species

- ***Note: words in parentheses signify secondary or tertiary habitat types .
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Group_"garticigants: T

'GREATER SAN FRANCISCO BAY

*5. Susan Hatfield

" 1. Fred Nichols (moderator
2. Roberta Borgonova 6. Alex Horne
3.Randy Brown = 7.LeeLehman =~
4. Josh Collins ‘ 8. Charles (Si)-Simenstad
ECOLOGICAL ZONE: Bay .
. o INDICATOR/PROPERTY ASSESSED
" OBIECTIVE/SERVICE ~ STRUCTURAL FUNCTIONAL

S1. Salinity (1)

S2. Connectivity (at several
scales) (1) '

S3. Area (1)

S4. Channel density (relative to
sources of pollution, salinity
zones, fish distribution, elevation)
¢)) -

S5. Complexity of elevational
structure (topographic
complexity) (2)

86. Vegetative patch structure (2)
§7. Distribution of subordinate . -
estuaries (3) -

newly introduced species (3)

S8. Number and/or biomass of

F1. Freshwater flow va:iationfxs (n
F2. Sediment supply (2)

1 F3. Residence time of juvenile

anadromous fish (2)

F4. Distribution of pollutants (2)
F5. Pollutant concentrations (2)
F6. Net transport of organic -

matter at habitat interfaces (3 (b/c

of complexity & expense))

F7. Amount of marsh-derived.
organic material in bay organisms
3 '
F8. (Some measure of support of
resident fish & Wildljfe) 2

***Note: numbers in parentheses signify rating of the indicator (1=higher, 3=lower priority)
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HABITAT TYPE: Water Column (Shallow) EE TR

' OBJEC’I'IVEJSERVICE :

INDICATOR/PROPERTY ASSESSED

STRUCTURAL

FUNCTIONAL

Community/Ecosystem

Food web support (S1, S2,

. S4,S5,FLF2)..
Commercial & recreational
fishery (F3) '
Fish & wildlife habitat (S3)

S1. Water column stranﬁcanon
(1

S2. Density and diversity of
larval fish (1) -

§3. Diving bird abundance and
diversity (+ some success memc)
¢))

S4. Diatom : flagellate ratio (3)

{ S5. Biomass of planktivorous

fish (3)

F1. Chlorophyll a (as a measure
of primary production) (1)

F2. Turbidity (as a measure of-
primary production) (1)

F3. Catch per unit effort (2)

Population/Species

Food web support (F4)
Fish & wildlife habitat (S6)

S§6. Harbor seal abundance (3)

F4.J uvemle hemng growth rate

(&)

***Note: numbers in parentheses signify rating of the indicator (l;highér. 3=lower priority)

HABITAT TYPE: Water Column (Deep)

OBJECTIVE/SERVICE

INDICATOR/PROPERTY ASSESSED

STRUCTURAL . FUNCTIONAL
= Food web support (S1, S2) | S1. Benthic shrimp & mysid - © | F1. Changein pollutant levels in
‘-E-.\ ' Fish & macroinvertebrate biomass/density (1) sedlments (2) ’ .
2 habitat (F1) S2. Mollusc biomass/density (1)

9
&
>
‘s
2
2
3
g
E
g
-
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HABITAT TYPE: Mlxmg Zone

INDICATOR/PROPERTY ASSESSED

OBJECTIVE)SERVICE.'

STRUCTURAL -

FUNCTIONAL -

Community/Ecosystem

F1.X;(1)

F2. Exceedence of X; o

Population/Species

***Note: numbers in parentheses signify rating of the indicator (1=higher, 3=lower priority)

HABITAT TYPE “Unvegetated” Intertidal Shallows (Mudflats)

OBJECT[VE/SERVICE

INDICATOR/PROPERTY ASSESSED -

STRUCTURAL

FUNCTIONAL

support (S2, S3)

(F2)
e  Sediment supply (F3)
o  Shellfish harvest (F1)

Community/Ecosystem

e Fish & wildlife species -

e  Source of organic matter -

1 S1. Area (1) -

S2. Prey abundance &
distribution 3) = .

S3. Wildlife sign (incl. bird
feces,. bat-ray divets)- rate/time

(3)

F1. Fishery success rate (1) -

3

F3. Deviation from-expected .

| elevation (3) [structural)

F2. Chlorophyll on sedlments'

Population/Species

***Note: numbers in parentheses signify rating of the indicator (1=higher, 3=lower priority)
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HABITAT TYPE “Unvegetated” Subtidal Shallows

- OBJECTIVEJSERVICE

INDICATOR/PROPERTY ASSESSED

STRUCTURAL'

- - FUNCTIONAL

Community/Ecosysteny |,

¢ . Fish & macroinvertebrate
" habitat (F1) . -

Food web support (S1, S2)

S1. Benthic shrimp & mysid
biomass/density (1)
S2. Mollusc bxomass/densny (l)

F1. Change in pollutant levels in
s¢_diments )

- Population/Species

***Note: numbers in parentheses signify rating of the indicator (1=higher, 3=lower priority)

HABITAT TYPE Vegetated Shallows (Submerged Aquatic Vegetatlon (SAYV) &

Macroalgae)
. INDICATOR/PROPERTY ASSESSED
OBJECTIVE/SERVICE - STRUCTURAL. - FUNCTIONAL
e Fish & wildlife habitat & - S1. Area (1) ‘

food-web support (82, 84,
S3)

Community/Ecosystem

S2. Macroalgae and SAV
coverage (2)
S3. Epiphyte load (3)

" Population/Species

S4. Herring spawn (egg density)
N
S5. Seagrass shoot density (2)

***Note: numbers in parentheses signify rating of the indicator (1=higher, 3=lower priority)
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HABITAT TYPE Managed Marshes

OBJEC'T’IVEISERVICE

- INDICATOR/PROPERTY ASSESSED

‘STRUCTURAL

FUNCTIONAL _

habirtat (S1, S2, 83, 84, F1)

[
s

- Commuaity/Ecosystem

o -Supply of resident wildlife

S1. Acreage (1) -

$2. Habitat complexity (1)
S3. Proximity to & amount of
neighboring sanctuaries and
natural habitats (1)

S4. Diversity of plant species (2) |

F1. Water quality/supply (3)

Population/Species

***Note: numbers in parentheses signify rating of the indicator (1=higher, 3=lower priority)

HABITAT TYPE: Hard Substrate

OBJECTIVE/SERVICE

INDICATOR/PROPERTY ASSESSED

Community/Ecosystem

S2. Proximity to “holdmg areas”
(e.g. for herring) (2)

" STRUCTURAL FUNCTIONAL
o  Supply of fish & wildlife S1. Amount of natural hard N
habitat (S1, S2) substrate (1)

e  Supply of fish & wildlife
"habitat (S3)

Population/Species

S3 Herring spawn (densxty of
S) 1)

‘ ***Note: numbers in parentheses signify rating of the indicator (1=higher, 3=lower priority)
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HABITAT TYPE: Salt Marshes/Brackish Marshes/F reshwater Marshes

: INDICATOR/PROPERTY ASSESSED

¢ . Supply of organic matter
" (dissolved or particulate)
(S3, F4, F5) o
Nutrient cycling (S3, F3)
e " Support of migratory
species (S1. S3)

elevation) (1)

$4. Proportion of Spartma
alterniflora in the marsh
community (2)

S5. Habitat metrics for each
ecologically important species
(e.g. marsh plant shoot
height/density) (2)

S6. Complexity of elevational
structure (topographic
complexity) (2)

S7. Diversity of plant species (2)
$8. Width of marsh relative to
wave energy (fetch and boat
wakes) (3) :

matter at habitat interfaces
F5. Amount of marsh-derived
organic material in bay
organisms '

OBJECTIVEJSERVICE . STRUCTURAL - FUNCTIONAL

o Water quality/fish foragmg S1. Ratio of non-vegetated : F1. Change in position of marsh
£l (S3.84,F2) o vegetated marsh (1) edge (towards shoreline (-);
Z | e  Wildlife habitat (ss S5, S6, | S2. Acreage (1) .| away from shoreline (+)) (1)
é © o 8T) S3. Channel density (relative to  |. F2. Pollutant concentrations (2)
£ | e . Protection of shoreline from | sources of pollution, salinity ~ | F3. Sedimentation rate (2)°
_.-E " erosion (S3, S8,F1) - zones, fish distribution, F4. Net transport of organic -
3
S

. Population/Species -

e  Wildlife habitat (F4)

F6. Change in population of
ecologically 1mportant species

ey

***Note: numbers in parentheses signify rating of the indicator (I1=higher, 3=lower priority)
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HABITAT TYPE Small Trlbutary Streams

" OBJECTIVE/SERVICE

INDICATOR/PROPERTY ASSESSED

Community/Ecosystem

STRUCTURAL FUNCTIONAL
o  Supply of fish habitat (S1, S1. Number of “barriers™ to fish
S2,83) C passage (1) - .

S2. Area of brackish water

*| habitat at stream mouths (1)

S3. Number of young,
outmigrating anadromous
salmonids (2) -

“Population/Species

***Note: numbers in parentheses signify rating of the indicator (1=higher, 3=lower priority)
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: " NEAR-SHORE OCEAN it
- " Group participants: 7
‘ - 1. Bill Alevizon (moderator) . 3.BillKier = .

- 4. Ann Nothoff .

2. Rod Fujita (moderator)

'ECOLOGICAL ZONE: Near-Shore Ocean -

OBJECTIVE/SERVICE

INDICATOR/PROPERTY ASSESSED

STRUCTURAL.

FUNCTIONAL

¢ . Structural integrity of
* shoreline and benthic

a - | habitats (S2) . < .
: e  Water Quality (S2, F1, F2,
o _ " F3)
! . : e Sustainable harvest levels
" (F4)

S1. Proportion and total area of
sandy beaches, rocky intertidal,

 estuaries/wetlands, benthic

S2. Abundance and diversity of
marine organisms (Farallons,
Bolinas Lagoon, etc.)

F1. Toxic substances (loads in .

| seabird eggs, levels in fish and .
‘| mussel tissue) e

F2. Plume-related (vert. salinity
profiles)-- 25 mile radius

F3. Nutrients/production/ trophic
support '

F4. Catch/unit effort for
commercial and sport fisheries

***Note: It was recommended that substantially more work would need to be done to identify suitable

indicators for. this ecological zone -
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“in provrdmg hlstoncal databases

VI USIN G INDICATORS TO RESTORE ECOSYSTEM

HEALTH

A. Where do we go from here? -

The indicators denved at the January workshop provide a solid starting pornt for

v full development ofa su1te of indicators for the Bay- -Delta-River system. The next stage
- of the process will mvolve reﬁnmg this suite of 1nd1cators Using the framework,

| typology, and prehmmary SUltC of indicators developed through this pro;ect each

component of the typology can be addressed and refined in turn. A separate group of
experts for each of the different components of the typology, capltalrzmg on the expertlse
in exrstmg programs, might be the most appropriate forum for indicator refinement. _
Once the suite of indicators is refined, ranges of target values can bé set for each
indicator (Step 3). These thresholds will be the real tool for on-the-ground rnanagernent
and fnonitoring (Step 4). Long-term rnonitoring and baseline inforrnation upon which

threshold values are set will be based on research organized around the indicators and

other specific hypotheses. Previous work by existing momtonng programs will be useful o PR

B. How the indicators can be used

Monitoring and Evaluation of Restoration Efforts

Any restoration measures taken in the Bay-Delta-River system will require extensrve
monitoring. Indrcators can be used to focus the momtonng effort on the most relevant
and useful pa.ra:meters, and to evaluate the attainment of restoration goals and objectlves.

Because few precedents exist for restoration in large-scale systems, careful evaluation of

the results will be invaluable both for this and other systems.

Adaptzve Management

The threshold values for the indicators will provide the basxs for an adaptlve managernent

: program , by wh1ch management actrons indicators and thresholds are evaluated and

adjusted as necessary (see Figure 6).

-43-

C—049342
C-049342



o Figui;e 6: The Process of A‘dapti’ve.Manégément

* Measure Indicators

|

Compare Values to Target Levels

Condition Acceptable | Condition Unacceptable
! Continue to Monitor - | Restoration Measures
Monitor Success
"+ Public Accountabzhty

Momtonng of mdxcators will be critical in relatmg Bay-Delta-Rwer mformauon to the

* public. Public interest and enthusiasm for large-scale projects depend on effective
commuhication between scientists, policy makers, gorvemment‘ agents, the media, and the
public. Cohversefy, reSponsible management depends on accountability to the public.
One effective modg of communication might be to de\./elop a list of the leading
‘ecblogical indicatorts' for the Sysiem, which could be published regularly by the media.

) Examples of thesé kinds of indicators nﬁght include area of wetlands restored or salmon

" abundance.’ Five such leading "indicators could be developed by a small steering group of

pblicy makers and scientists, then subjected to external peer review.

Establishment of an Ecofogical Health Board
One suggestion brought up at the workshops was the estabhshment of an Ecological

Health Board Wthh would use the 1nformat10n generated by rnomtonng efforts to

s
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7, ngufe 6: The Process of A'daptiye.Management .

— Measure Indicators

]

Cdmpare‘Values to Target Levels

A

Condition Acceptable | Condition Unacceptable
‘ Continue to Monitor : Restoration Measures

/ |

Monitor Success

Publu: Accountablhty _ _ o
Morutonng of 1ndxcators w111 be critical in relatmg Bay-Delta-vaer mformauon to the
public. Public interest and enthu51asm for large -scale prOJects depend on effectwe

communication between scientists, policy makers, government agents, the media, and the

- public. Conversely, responsible management depends on accountability to the public.

One effective mode of communication might be to develop a list of the leading

écologicql indicators fof the system, which could be published regularly by the media.

) Examples of these kinds of indicators rrﬁght include area of wetlands restored or salmon

abundance. Five such leading 1nd1cators could be developed by a small steenng group of

pohcy makers and scwntlsts then subjected to external peer review. "
Establzshment of an Ecologwal Health Board

One suggestion brought up at the workshops was the estabhshment of an Ecologlcal

Health Board, Wthh would use the information generated by monitoring efforts to
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