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IN TfE GRAND CAiYYON

The U.S. Department ofthe Interior (USDOI) Grand Canyon Monitoring and

Research Center (GCMRC), was established by the Assistant Secretary for Water and

Science in 1995. This draft, Long-term Monitoring and Research Strategic Plan (the Plan), is

designed to implement, within the center, new concepts of adaptive management and

ecosystem science, called for in the Grand Canyon protection act and the Glen Canyon Dam

environmental impact statement. The strategic plan is designed to be a guidance document,

from which an annual monitoring and research plan will be drafted. The first five year

strategic plan, and derived annual monitoring and research plans will include extensive

r/Lawrence D. Garrett, Barry D. Gold and Ruth Lambert are respectively Center Chie{,
Biological Resources Program Manager and Cultural Resources Program Manager ofthe
Grand Canyon Monitoring and Research Center.
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synthesis of past monitoring and research, as well as in depth programs for needed future

ecosystem monitoring and research. This plan presents brief historical documentation of past

science, as well as more in depth discussion of planned future strategies monitoring and

research programs. fui appropriate starting point is discussion of part science in the Grand

Canyon.

SCIENCE IN TEE GRAND CANYON

The first formal scientific investigations in the Grand Canyon and associated riverine

area were conducted by John Wesley Powell (Powell 1869). Powell's scientific

investigations included technical assessments of biophysical and cultural resources

associated with the canyon, including the first ethnographic study of indigenous peoples.

Powell's profound accomplishments resulted, in part, in the founding of the U.S. Geological

Survey. Since Powell's initial investigation, significant science has been conducted in the

Grand Canyon by many differing individuals, groups, and institutions.

In the first half of this century, economic interests paralleled scientific interest in the

canyon. The Colorado River represented a significant opporhrnity to harness extensive

hydroelectric power and provide water storage for growing agriculture and urban

development in the Southwest. These interests culminated in construction ofthe Glen

Canyon Dam in 1963, a facility that impounded over 25 million acre feet of water.

The Glen Canyon Dam was heralded as a wonderfrrl resource for peoples of the

Southwest. It was also criticized as a man-made instrument that would result in destruction

of valued Colorado River resources, both above and below the Dam. Concerns over
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potential damage to downstream resources have been persistent since 1963, and relate mostly

to operating criteria proposed for power generation.

Widespread interest in the potential operating impacts of Glen Canyon Dam on river

resources resulted in the establishment of the Glen Canyon Environmental Studies (GCES)

Program by the Bureau ofReclamation @OR) in 1982 (I.[RC 1987). That program operated

until October 1996, and accumulated extensive research information on biophysical, cultural,

and socio-economic resources. There has also been significant study of canyon resources by

organizations and individuals not directly affiliated with the GCES Program. These projects

were ongoing before establishment of the GCES program, and they have continued through

the duration of that program. Unlike these projects, GCES had unified themes in several

resource areas.

The GCES Program general mission was to investigate relationships between Glen

Canyon Dam operations and changes in Colorado River resources throughout Grand Canyon

Sloward and Dolan 1981, Turner and Karpiscak, 1980; Laursen et al.l976,Dolan et al.

1974). Although some effects of flow regulation were relatively obvious in 1982, many other

cause-and-effect relationships and ecosystem links between Glen Canyon Dam operations

and the downstream river environment were poorly understood.

The GCES Program was conducted in two phases: Phase I from 1982-1988 and

Phase II from 1990-1996. Phase I studies involved federal and state agency related research,

with some studies and summary efforts extending to 1988. The program included descriptive

studies of aquatic and terrestrial biology, avifauna, sediment-transport processes, hydrology,

and recreational use. The results ofPhase I research were presented as a series of single
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discipline technical reports and publications (USDOI 1988a, 1988b). These studies

confirmed that dam operations affected downstream resources. However, 1983 through 1986

were relatively wet years and the resulting reservoir spills limited scientific understanding of

effects from fluctuating flows resulting from typical hydropower operations, the primary

focus of the original research.

Following their review, the National Research Council (I.IRC) commented that

despite extensive research during Phase I, the GCES single-discipline reports lacked

integration, (I{RC 1987). Information from the different disciplines had not been linked, and

the resulting understanding of the system was therefore less complete than it could have been

had the studies been integrated from the start. For example, information on hydrology and

organic material in the water column had not been brought together with information on

humpback chub diet to examine food availability over time and space. To provide deeper

insight into the implications of initial research, documentation was prepared to summarize

the results and conclusions ofPhase I research (USDOI 1988b).

The NRC did conclude that the GCES Program demonstrated that impacts on Grand

Canyon related to Glen Canyon Dam operations could be reduced (NRC 1987). In 1988, the

DOI concluded that additional technicalinformation was needed before dam operations

could be modified in order to minimize impacts on downstream resources. A Phase II was

then launched encompassing a broader base of resources, to respond to external criticism.

Phase II studies began in 1988. At the recommendation of the NRC, a senior scientist

was appointed to provide direction and oversight for the overall GCES science plan (Patten

l99l). However, shortly after Phase II studies began, the DOI mandated an environmental
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impact statement on the operation of Glen Canyon Dam. The goals and schedule of Phase II

studies were then modified and accelerated to support the environmental impact statement

p?ocess. This redirection ofPhase II studies eliminated aspects of integration that had

ori;inally been planned, in favor of rapid evaluation of areas of special concern for the

t:nvi.iorirnsrinl impact studies (Graf 1990, Webb et al. 1991, Melis and Webb 1993, Melis et

al 1994, Iti;Guinn-Robbins 1995, Melis et al. 1995, Schmidt and Rubin 1995, Stevens et al.

1995, Stevens and Wegner 1995, Webb and Melis 1995, Webb 1996, Webb et al. 1996).

At present, relationships between the geomorphic framework of the Colorado River,

including its hydrology, geology and sediment, and its aquatic and riverine habitats and

related resources, are only generally understood despite considerable research efforts aimed

at understanding the individual components ofthe river system.

Phase II studies have included research on sediment transport (e.g., Schmidt and Graf

1990, furdrews 1991, Cluer 1991, Cluer and Carpenter 1993, Schmidt 1993, Schmidt and

Rubin 1995), organic drift (e.g., furgradiand Kubly 1994, Ayers and McKinney 1995),

benthicecologlr(e.g.,CzarneckiandBlinn 1978,Blinn etd.1994, Shannon etal.1994),

photosynthetically available radiation (e.g., Yard et al. 1993), water quality studies in Lake

Powell (e.g., Stanford and Ward 1991, Ayers and McKinney 1996, Vernieu 1996), primary

and secondary production in the Colorado River (e.g., Blinn and Cole l99l; Hardwick et al.

1992; tuigradi and Kubly 1993; Ayers and McKinney 1995, 1996), diet of humpback chub

(e.g., Carothers and Mnckley 1981, Kaeding and Zimmerman 1983, Maddux et al. 1987,

Kubly 1990), and overview studies (e.g., Carothers and Minckley l98l; Maddux et al. 1987;

Angradi a al. 1992; Blinn et al. 1994, 1995; turgradi 1994).
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The extensive data base and understanding developed as a result of GCES Phase I

and Phase II activities provides a rich foundation of knowledge upon which the GCMRC

program will build. The center is privileged to have that information as a starting point.
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CHAPTER 2

CENTER PROGRAM JUSTTFICATION AND MISSION

The rich history of research noted briefly above, primarily the Bureau ofReclamation

G:ES Program, has provided significant assessment of impacts of dam operations on

selected resources. Yet, interested parties and agencies who are charged to protect and

manage these resources have now realized that effective protection and management will

only be attained through a profound understanding of the interacting components ofthe

system, offered via ecosystem assessments using both monitoring and research efforts.

Further these efforts will be greatly enhanced if accomplished within a well structured

adaptive management program.

Stakeholder concern over a need to understand impacts to canyon resources from an

ecosystem perspective has resulted in the Adaptive Management Program (AI\{P) called for

in the Grand Canyon Protection Act of 1992 (GCPA) (PL-102-575), and Glen Canyon Dam

Environmental Impact Statement (GCEIS) (BOR 1995). The Act and EIS direct the

Secretary ofthe Interior to *establish and implement long-term monitoring progrems

and activities that will ensure that Glen Cenyon Dam is operated in a manner

consistent with that of Section 1802" of the GCPA. "Long-term monitoring of Glen

Canyon Dam shall include any necessary research and studies to determine the effects

of the Secretaly's actions under Section lE04 of the law on the natural, recreationel,

and cultural resources of Grand Cenyon National Park and Glen Canyon National
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Recreetion Aree." The monitoring information is necessary to "protect, mitigate adverse

impects to, end improve the values for which Grand Canyon National Park and Glen

Cenyon Netionel Recreation Area were estsblished, including but not limited to natural

and culturel rcsources and visitor use."

The Secretary's actions shall be "in a menner fully consistent with and subject to

the Coloredo River Compact, the Upper Colorado River Basin Compact, the Water

Treaty of 1944 with Mexico, the decree of the Supreme Court in Arizona v. California

and the provisions of the Colorado River Storage Project Act of 1956 and the Colorado

river Basin Project Act of 1968 that govern allocation, appropriation, development, and

exploration of the waters of the Colorado River Besin." Actions of the Secretary will also

be consistent with all other federal and state laws relating to resources, federal, tribal state,

and local interests.

GCMRC MISSION

The EIS for future operation of the Glen Canyon Dam specifies the establishment of

the (AIrdP) for assessment of Glen Canyon Dam alternative operating criteria defined in the

Record ofDecision (ROD) (BOR 1995), (USDOI 1996). The AIvIP includes the Grand

Canyon Monitoring and Research Center (GCM&RC) and an Adaptive Management Work

Group (AI\{WG).

The EIS specifies establishment ofthe monitoring and research center and the

Adaptive Management Work Group (AN{WG) within the AI\{P and defines it as a new

approach in USDOI management direction. The AlvlWG includes representatives from

federal and state resource management agencies, Native American tribes, and a diverse set of
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other prlr'ate and public stakeholders. The AI4WG is appointed by the Secretary of Interior

as a federal advisory cornmittee to work cooperatively with the research center in

implemeniing the AMP (BoR 1995). In adaptive management, the decision and

llt'r'iitp€Iogrt process is constantly evolving, with continuous input of new information to the

ar{apii'e Management work Group from the science center (Lee 1993).

The mission ofthe GCMRC is to determine short and long-term ecosystem resource

impacts of alternative dam operation criteriau and other information needs specified by the

Adaptive Management Work Group (AMWG), utilizing an ecosystem science paradigm.

The GCMRC is mandated to inform the AIT,IWG of resource protection, management and

use implications of differing operations criteria.

2lAs defined in the Record ofDecision ofthe Glen Canyon Dam EIS (USDOI 1996).
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CHAPTER 3

SCIENCE PROGRAMING WITIIIN

ADAPTWE MANAGEMENT

Frgure 3.1 contains a schematic of the Adaptive Management Program (AlvP) and its

critical entities, including the Research Center, now designated as the GCMRC. Following

are the defined roles for other specified entities in the AMP.

Secretaly of the Intcrior/Assistant Secretela for Water and Sciencc/Designee: To

assure that operating criteria for the Glen Canyon Dam provide appropriate

protection, management and use of Grand Canyon National Park and Glen

Canyon Recreation Area resources, as supported by scientific assessment.

Adaptive Management lvork Group (AMWG): To provide to the GcMRc

defined stakeholder objectives and criteria including specific information

needs. To provide to the Secretary ofthe Interior recommendations on

appropriate operating criteria for the Glen Canyon Dam.

Technical Work Group (TWG): To articulate to the GCMRC the science and

information needs expressed in the objectives defined by the AI\{WG.

Independent Science Review Groups: To provide independent science assessments

of proposed research plans and programs, technical reports and publications

and other program accomplishments.
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ADAPTIVE MANAGEMENT

Adaptive management begins with a set of management objectives and involves a

feedback loop between the management action and the effect of that action on the system

(Figure 3.2 IUSFS & BLM 1994]). It is an iterative process, based on a scientific paradigm

that treats management actions as experiments subject to modification, rather than as fixed

and final rulings, and uses them to develop an enhanced scientific understanding about

whether or not and how the ecosystem responds to specific management actions.

The process begins with the definition of a series of management objectives defined

by stakeholders and managers of the system. Once management objectives have been

articulated and agreed to, management actions based on current "state-of-the-science"

assessments can be taken to achieve these objectives.

An important interim step in this process is to allow for a dialogue between managers,

stakeholders, and scientists who are knowledgeable about the system in question. Such a

dialogue provides an opportunity for scientists to "reality-test" management objectives. That

is, if managers wish to attempt to manage a system for a given outcome that is not feasible, it

is important that they understand that at the outset. Experience has demonstrated that such a

"scientific reality-testing" of management objectives leads to a better outcomes in the

long-run. Bridging the culture between scientists, managers, and stakeholders takes

commitment and effort.
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Figure 3.2: The Grand Canyon Monitoring and Research Center's approach to Adaptive
Management (modified from USGS and BLM, 1994).

v2/e7 / 13

Working Draft - Not for Release

Status of
Knowf edge

ADAPTIVE
MANAGEMENT



According to Lee (1993), " An Adaptive policy is one that is designed from the outset

to test clearly formulated hypotheses about the behavior of an ecosystem being changed by

human use. In most cases these hypotheses are predictions about how one or more important

species will respond to management actions." An adaptive design permits learning from a

policy action, so that firture decisions can proceed from a better knowledge base.

Understanding derived from inventory, monitoring, and research efforts are used to

predict how the biological resources of interest will respond to alternative management

actions. The system is monitored to see if it responds to the management actions as

predicted. Learning takes place as a result of the monitoring, and the management actions

are adjusted in response to new knowledge or insights regarding ecosystem functioning. In

most instances, a research program, coupled to the monitoring program, is required to discern

the nature of the cause and effect relationship that is indicated by the monitoring program.

Lee (1993) points out that, "Reliable knowledge comes from two procedures: controls

and replication. A control matches what one is changing (the treatment), to a companion

case in which that same factor is left unchanged (the control). The use of controls permits

insight into whether it is the treatment that is causing the effect one sees, rather than

something else such as a change in the weather. Replication is essential because if

knowledge is reliable it can be shown to work more than once; real relationships between

cause and effect will show up consistently."

What is unique about an adaptive management approach to decision making is not

simply the existence of a feedback loop between the management action and outcome, but

rather the use of explicit monitoring and experimental design, that has appropriate controls
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anil statistica.l power required to test hypotheses; that is to determine if the management

acticn did in fact have the desired (predicted) effect.

TIIE ROLE OF SCIENCE

The G('MRC conducts independent scientifically rigorous investigations in response

i', nricritizeci management objectives and information needs determined by the AI\rIWG.

I''6atngement and science information wilt be transmitted constantly between the Center

AI\'IWG via the adaptive management process (Lee 1993). Science is clearly a powerful

mechanism to learn about natural processes for prioritizing outcomes of management actions

associated with uncertainty and risk, and for recognizing significant outcomes from

unexpected responses. Science will be used to provide critical information and technology to

managers and stakeholders in the AlvfWG so they can better define management, protection,

and use practices appropriate to both dam operations and management of physical, biotic,

cultural, and human resources in the canyon.

GCMRC PROGRAMS

The GCMRC will integrate research and monitoring information from past GCES and

other programs and new GCMRC studies, into integrated 'state-of-the-science' assessments

of dam operating criteria. All new GCMRC monitoring and research programs will adopt

ecosystem science approaches, which will require integrated resource science assessments

across space and time. These techniques are well documented in both scientific and

management literature as progressive methods for advancing both science and management

capabilities, while supporting enhanced protection, management, and use of natural

resources.
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Long-term monitoring and research activities are used for a variety of purposes

including, but not limited to, assessing: l) baseline conditions, 2) trends of attributes, 3)

definition and refinement of decision criteri4 4) effectiveness of developed decision rules, 5)

project impacts, 6) model efficary, and 7) compliance with standards on resource conditions

(Mac,Donald et al. l99l). Many of these purposes are attributable to the evaluation of the

impacts of Glen Canyon Dam operations.

Long-term monitoring is the "repetition of measurements over time for the purpose

of detecting changd' (MacDonald et al. l99l). These measurements are made over a period

of time and they are different from an inventory. Inventories are a measurement, or a number

of measurements, made at a specific point in time. They are often used to establish baseline

conditions and they are generally the first step in conducting a monitoring effort. The

distinguishing attribute of a monitoring efflort is the measurement of possible change over

time

Long-term monitoring is conducted to detect and project both expected and

unexpected changes in this ecosystem, especially on a longer term (decade/century) time

scale, as related to defining appropriate dam operating criteria. It will also establish current

baseline conditions for resources and determine the effects of differing management

alternatives on current and pre-dam resource baselines. This portion of the program is

expected to be relatively stable, dependent upon consistent methodologies, and modified

only after in-depth evaluations. Specific protocols will be developed and reviewed at

different intervals for scientific relevance. Maintenance of long-term databases is an

essential element of the monitoring program.
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Annua! morritoring activities will be developed through selection processes that

:nclude an oi eq call for ptoposals, open competition and cooperative agreements. All

monitoring ':.plerlented will include independent peer review of proposals, and GCMRC

c'-rrlrt!;atir'.rr: wrth the AlvIWG. Criteria for selection of differing proposals will include

stli,foit of n.anagement information needs, scientific merit, and cost effectiveness.

'':c,rrtoring priorities will be set cooperatively by the AIvIWG and the GcMRc.

Ail monitoring data sets will be accessible to outside investigators and interested

parties through developed information and technology services, except for selected sensitive

data restricted by law, such as endangered species and cultural resource locations or

proprietary information such as utility rate structures. All maps, databases, archiving, and

retrieval procedures will conform to federal standards.

Research will be used to interpret and explain trends observed from monitoring, to

determine cause and effect relationships and resource associations, and to better define

interrelationships among physical, biologicat, and social processes. Research will play an

important role in development of integrated methods of monitoring prediction of key

physical and biological processes, definition of resource interaction, and development of

ecosystem models. Research priorities will be assigned through cooperative assessments by

the AIT{WG and the GCMRC. Research willbe founded in the ecosystem science paradigm.

However, other appropriate methods may be used to evaluate traditional and cuttural values.

Research programs will be conducted through an open Call for Proposals (CFP) and

cooperative programming processes, through which research projects are selected on the
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basis of their support of management research information needs, scientific merit, and cost

effectiveness. All research study proposals will receive independent peer reviews.

The proposed long-term monitoring and research program for the river corridor in

Glen and Grand Canyon is not equivalent to a long-term science plan for the entire river

corridor ecosystem. It is critical to distinguish this program, whose intent is the monitoring

and research of impacts of operations of Glen Canyon Dam on riverene resources between

Glen Canyon Dam and the inflow to Lake Mead. This mission meets the objectives of EIS,

the 1992 GCPA and resource management agencies and interested stakeholders.

The Centers' mission is constrained by design. For this reason upstream monitoring

in Lake Powell, and in side tributaries, i.e. Little Colorado River, is constrained to those

probable impacts associated with dam operations. All parties involved realize these to be

constraints that inhibit understanding of the entire system. Nevertheless, the ultimate

purpose of this program is to monitor resource changes in the riverine corridor and associated

reaches that are explicitly related to dam operations.

Information technologies. including information archiving and transfer is a third

critical part of GCMRC programming. The program will be directed primarily toward

managers and stakeholders, including representatives of the BOR, National Park Service

(NPS), Fish and Wildlife Service (FWS), Native American tribes, associated state resource

agencies, and a broad cross section of other non-government and non-management entities.

The GCMRC views this part of the science program as critical to realizing the full benefit

and power of the AI\dP.
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Information archiving will be based on collection of information from monitoring and

tesearch pro.te.cts u:idel prescribed protocols, including, but not limited to, electronic, writterq

photcir;:nlic, anil video format. New GCMRC information willbe added to information

,-1 ' .usly developed under the GCES Program with metadata collected for each research

l'r nonitorrs :is,lel:t Sedected information will be archived and available only to specific

, :,{,:i. rul' cxantple, restricted data access protocols are being developed regarding

proprietary information such as locations of cultural resources and endangered species.

Information transfer programs will utilize a broad array of methods to bring

monitoring and science information to users. This will include computer access, computer

tapes and disks, audio and video tapes, reports, publications, symposi4 workshops, briefings,

etc.

Administration of GCMRC programs willbe accomplished by a staffof 8-10

permanent full-time science and technical specialists. The Chief and three Program

Managers representing physical, biological, and culturat resource disciplines will comprise

the primary program management positions in the center, along with an

Information/technology Program Director. The Cultural Resource Program Manager will

direct all Native American program coordination, access resources. The Center Chief will

direct socio-economic monitoring and science programs in addition to overall program

administration.

The GCMRC Chief s primary responsibility willbe to provide adaptive management

and ecosystem science leadership for program planning and design, implementation, and

interpretation. The Chief also provides externalliaison to the offrce of the Secretary, other
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agencies, Native American tribes, non-governmental organizations and the public. Program

Managers will exercise primary responsibility, with the Chie{, for science interpretation in

their resource areas. The Biological Resources Program Manager is assigned by the Chief to

serve as the principal assistant to the Chief in providing overall program leadership and

serving as the Acting Chief in his absence.

v2le7 I20
Working Draft - Not for Release



CHAPTER 4

S'IRA'TEGIC RESEARCH PII\NNING UNDER REVISED

PARADIGM AND INSTITUTIONAL CONSTRAINTS

T'he Grand Canyon is a unique and complex environment. It is also a highly

regulated system, in terms of river flows and use. Its uniqueness demands careful

stewardship. In the face of evolving scientific understanding about the Grand Canyon's

riverine ecosystem, it is not yet possible to identify only a few attributes that characterize the

entire system. In light of this uncertainty, it would be irresponsible to restrict science within

the river corridor ecosystem to a very small number of attributes and assume that all other

attributes are related to those measured.

This proposed program is designed to evaluate resource changes and impacts

associated with ditrering dam operating criteria, and it must accomplish assessments utilizing

an ecosystem science paradigr4 and in a cooperative adaptive management program with all

concerned stakeholders. The program attempts to strike a balance between the extremes of

l) very restricted monitoring which recognizes the impacts of scientific study on the essence

of what the Grand Canyon means to most humans, and2) full measurement of all ecosystem

attributes predicated on a belief that an unmeasured parameter might be critical at a later

time.
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CRITICAL ATTRIBUTES

The monitoring and research programs emphasize measurement of attributes deemed

critical for waluating resource effects of alternative operations of Glen Canyon Dam. The

prediction and significance of potential attribute response to dam operations is discussed in

four general program areas, i.e., physical, biological, socio-economic, and cultural. Under

the long-term monitoring program, responses ofthese critical attributes would be used in

adaptive management decisions. Critical attributes are:

l. Quantrty and quality of water from Lake Powell and in the Canyon.

a. annual stream flows

b. discharge rates and spill volume and frequency

c. chemical, physical and biological characteristics of water in Lake

Powell and the Colorado River from Glen Canyon Dam to Lake Mead.

2. Sediment dynamics and sediment budget.

a. stored riverbed sand

b. elevated sandbar erosion

c. dynamics of debris fans and rapids

d. Side channel dYnamics

3. Fish.

a. aquatic food base

b. reproduction, recruitment and growth of native fishes

c. reproduction, recruitment and growth of non-native warm water and

cool water fishes including trout.
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d. habitat condition and availability

e. cornpetitionandpredator-preyinteractions

4. Vegetation.

a. are'". and species composition of woody riparian plants

b. arca and species composition of emergent marsh plants

:. Y/ildife and wildlife habitat.

a. area and species composition of riparian habitat for associated

vertebrates and invertebrates

b. aquatic food base for wintering waterfowl

6. Endangered and other special status species, their habitat and food base.

a. humpback chub

b. razorback sucker

c. bald eagle

d. peregrine falcon

e. southwestern willow flycatcher

f. belted kingfisher

g. Kanab ambersnail

h. other federal and state species ofconcern

7. Cultural resources.

a. archaeological sites directly, indirectly, or potentially affected

b. Native American traditional cultural properties directly, indirectly, or

potentially affected
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8. Recreation.

a. fishing trips and angler safety

b. day rafting trips attributes and access

c. white-water rafting trip attributes, camping beaches, safety, and

wilderness values

d. net economic value and regional economics

9. Power plant supply of hydropower to network and customers at lowest costs.

a. changes in power operations

b. power marketing benefits lost or gained

10. Non-use valuation.

a. values placed on Glen and Grand Canyon riverine system by the

public

This program also adopts a conservative approach of measuring attributes which

reasonably might be affected by dam operations and for which no surrogate attributes exist.

However- trlS pfOgfanq does no! propose monitoring or research gf those attributes clearly

unrelated !g dam operations g those which alg adequately represented !y other pgfalllele$.

, It also emphasizes use of data collected in the Grand Canyon that are not field intensive.

Wherever possible, monitoring will be conducted using non-invasive means.

The program is designed to respond to short and long-term management objectives

and information needs of resource management agencies and stakeholders. Acceptance of

changing conditions of each of the above attributes as it responds to the environment created

by dam operation is contingent upon these management objectives. A change in an attribute,
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determined through the long-term monitoring program, may represent a deviation from an

acceptable condilion (determined by management agencies and interests) that would trigger

ccnsi.J:ratir.,n of c::rnges in dam operations. The long-term monitoring program would use

methcclolagies that offer appropriate information about the response of the critical attributes

tc er.able the AIT{WG to evaluate these changes in light of the overatl management objectives

fOr the plrysical, biological, cultural, recreationat, and socio-economic resources of the Grand

Canyon ecosystem.

THE GEOGRAPHICAL AND INSTITUTIONAL SCOPE

OF MONITORING AND RESEARCH PROGRAMS

The area to be monitored is primarily the Cotorado River corridor between Glen

Canyon Dam and Lake Mead reservoir (Figure 4.1). This area is about 270-ZBO river miles

long, as the headwaters oflake Mead vary with reservoir elevation. Because the Lake Mead

shoreline ecosystem is greatly affected by the reservoir operations and the existence of

Hoover Dam, the Grand Canyon monitoring and research program ends at approximately

Separation Canyon (RM 278), the generally accepted head oflake Mead. However, the

effects of fluctuations in Lake Mead and the influence of changes in the Colorado River

below Separation Rapids resulting from dam operations might be considered as extensions of

the geographical scope of the long-term monitoring program.

Despite potential linkages that exist between the Grand Canyon and the entire

upstream basin, the appropriate upstream limit for Grand Canyon monitoring and research on

the effects of dam operations, is the forebay of Lake Powell, which is the intake point for

water into the water release structures of the dam. Because of the critical role of reservoir-
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scale geochemical processes in determining the quality of water at the intake sites, a separate

long-tenn monitorirrg program in Lake Powell might be evaluated in the future as part of this

Frogranrl. However, any Lake Powell long-term monitoring program is not, at this time,

beinr ccnridered as part ofthe GCMRC long-term monitoring and research program. A one

vear asseslmeni of putential impacts of past operating criteria on Lake Powell water quality

rs approv*d for fiscal year 1997. Along this same line, ongoing studies in and along the

shoreline oflake Mead within normal pool fluctuation are also not considered part of the

GCMRC program at this time.

The lateral extent of the monitoring effort is defined by the extent of processes and

conditions influenced by dam discharges and river flows associated with operating criteria in

the ROD. The relevant lateral study zone area is the maximum regulated discharge and the

inundated area for mean annual pre-dam peak flow of 100,000 cfs. However, the old high-

water zone vegetation community begins at about this elevation and extends to higher levels.

Arroyo head cutting caused by current low flow operations may extend above this level.

Thus, it is prudent in some areas ofthe Canyon to include elevations above the stage

associated with a discharge of 100,000 cfs.

Thirteen reaches, varying in length between 2 and 12 miles were established by

GCES as Geographic Information System (GlS)-reaches (Figure 4.2), and detailed

topographic data at a scale of l:24000 are available for these reaches. These sites were

selected because they represent reaches of the Colorado River in which there were ongoing

studies or potentially important ecological conditions. However, the scientific basis for their

selection was not necessarily for the long-term monitoring and research program, since at
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some point data on all reaches will eventually be put into the GIS. As a consequence,

arir l.onal sites may be selected as programs proceed, to adequately represent

georrr.r;plrically distinctive reaches of the Grand Canyon.
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CHAPTER 5

DEFINING STAKEHOLDER OBJECTIVES ANI)

INFORMATION NEEDS

Stakeholder, or management objectives define measurable standards which serve as

targets to be achieved within the AIvIP. These targets serve as the basis for the identification

of necessary information to be developed through the long-term monitoring and research

program ofthe GCMRC.

Stakeholders objectives were organized within the various resource areas that had

been identified during the EIS process. These broad areas were addressed and discussed

within the framework ofthe adaptive management process to formulate stakeholder

objectives and the resultant information needs. Figure 5.1 indicates the resource areas where

objectives are developed as part ofthe EIS and long-term monitoring and research planning

process.

STAKEHOLDER OBJECTIT/ES

Stakeholder objectives were developed in the Spring of 1996, by a working group of

stakeholders at a series ofworkshops organized by the Upper Colorado Regional Office of

the BOR. During these workshops, the process of clarifying and consolidating the

management objectives to clearly identify the management needs to the researchers and the

GCMRC was begun. Objective statements were obtained from the group and condensed into

specific objectives relative to each resource. The stakeholder objectives are included on the
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Figure 5.1. Issue Areas Proposed by the Transition work Group for Monitoring and
Research.
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resource sheets in Appendix A and organized by resource. Appendix B includes the

objective statements of several agency stakeholders. These objectives can be identified

within the content of the various resource sheets (Appendix A).

INFORMATION NEEDS

A series of meetings were held between May and September 1996 to gain input on

information needs (researc[ monitoring, development) of stakeholders who are involved

with protection, management, and use of resources in the riverine environment of the Grand

Canyon. Interactive meetings were held with a subgroup of representatives from a larger

cross section of stakeholders included in a Transition Working Group. The Transition

Working Group was organized by the BOR as an interim body of stakeholders with which

agencies could work until an AIvIWG was appointed.

The development ofthe information needs assessment was facilitated by the GCMRC

based on the management objectives identified during BOR coordinated stakeholder

meetings. The information needs assessment consisted of drafting appropriate broad data

needs based on the objectives, and subject to constraints on scope of monitoring and research

within the GCMRC.

The set of information needs identified by resource area and management objective

are listed on the resource sheets in Appendix A. These expressed needs will become the

primary basis for developing short and long term monitoring, research, and information

transfer programs for the GCMRC.
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CIIAPTER 6

MONITORING AND SCIENCE PROGRAMS

This segment ofthe plan addresses six primary areas of the Long-Term Strategic

Monitoring and Research Plan:

l. Synthesis ofExisting Knowledge

2. Physical Resource Program

3. Cultural Resource Program

4. Biological Resource program

5. Socio-EconomicResourceprogram

6. Information Technology program

SYNTEESIS OF EXISTING KNOWLEDGE

A long standing criticism of past science in the Grand Canyon is that it lacks

evaluation of existing knowledge for appropriate definition of science direction. Therefore,

we intend to undertake in the first two years of implementation, an extensive synthesis of

existing knowledge. A primary outcome ofthe synthesis is to use the increased knowledge

to revise the Strategic Plan in year three. During the two year period, the Center will also

continue critical monitoring programs developed during the transition from the GCES to the

GCMRC programs.
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The synthesis willbe developed to pursue two key objectives:

l. To define a conceptual model of the riverine ecosystem, all related resource

interactions, and their specific association to stakeholder objectives and

information needs.

2. To define driving attributes (effectors) for all individual resources of interest,

and where possible attributes that act as linkages or effectors across or among

resources.

The second objective will be addressed through two separate synthesis of existing

knowledge.

l. Determine, where possible, baseline conditions for critical Colorado River

resources prior to dam construction, and for other river segments in the West

that have not been damned.

2. Define resource attribute changes in the Colorado mainstream since dam

construction and under differing operating criteria. Contrast with changes in

resources in other riverine systems which have not been damned.

A Conceptual Systems Model fog Long Term Monitoring: Following the

articulation of management objectives, a conceptual systems model, based on existing

knowledge of how the Grand Canyon system works, will be developed. This system model

will focus on the specific goals articulated by the managers. Following the development and

validation of the conceptual model, parameters to be monitored will be revised based on the

known or suspected cause and effect relationships that are identified through the

development at the conceptual system model.
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Tlr': conceptual system model and long-term monitoring program must also be

designeC ir recognition ofthe spatial and temporal characteristics of the Grand Canyon

ecosystenx. Gven the spatial scale of the Grand Canyon, this may mean that monitoring

actr'.'ities may actually occur only within representative areas of the larger area. The selection

'isuch replprrntative ateas will depend upon the process or parameter to be monitored, and

'li', serglt i'.:,t r'rr fragility of the resource or habitat, thus methodologies should be selected

which lec';e 8s small a'Toot print" on the system as possible.

Similarly, the conceptual system model and associated long term monitoring program

needs to be designed to provide information, over the long-run, on the response of the Grand

Canyon ecosystem to the long-term operations of Glen Canyon Dam. This will probably

require the long-term monitoring program to continue indefinitety, or as long as the dam is

operable. The intensity ofthe monitoring program might change over time requiring a

periodic review of the program. However, the type, frequency and location of measurements

still should follow from the goals ofthe monitoring program as they relate to specified

management objectives and the current knowledge base. Davis et al. (lgg4,Figure 6.1) has

proposed a step down approach for the development of a long-term monitoring and research

program that incorporates a conceptual system model.

To reiterate, long-term monitoring should be designed to provide regular feedback for

adaptive management which permits mid-course adjustments in the operations of the Glen

Canyon dam to ensure achievement of the goals of the Record ofDecision (1996) and the

management objectives articulated by the stakeholders.
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Err lrdsnss with the development of long-term monitoring and research programs in

en adapti';e management framework suggest that it takes at least two years to develop a

sound long-term rnonrtoring program (Noon 1996). Critical to the development of a sound

long-rernr nron:toring and research program is the development, during the first year ofthe

prcFrarn. of conceptual and strategic models ofthe system being studied. The completion of

a s;-rte;ic rnodel should provide the basis for the development of a sound long-term

monitoring and research plan.

Objectives for the conceptual model exercise are threefold.

L To specify the general system model for the Grand Canyon ecosystem with

definition of critical resources, attributes, and attribute linkages.

2. To contribute to definition of information voids, and research and monitoring

needs.

3. To function as an education process for scientists and stakeholders in

understanding critical science and management issues.

The following approach is being proposed for use by the GCMRC in developing the

needed conceptual and strategic models of the system. The GCMRC will assemble or

contract with a group of modelers to work on the following activities leading to the

development ofthe desired models. The GCMRC, together with the modeling team, will

convene a scoping meeting to define the scope ofthe problem, design the first of n'vo

subsequent modeling workshops, identi$ key people (scientists and stakeholders) to

participate in the modeling workshops, and begin to assemble the information that will be

used at the first workshop.
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The conceptual model will be designed using scientists and stakeholders currently

active in Crrand Canyon programs in a quasi-delphi modeling process (Ganett 1986, Hollings

1978). Scientists and stakeholders will be brought together to define resource

variables/attributes that serve as linkages between/among resources. This "looking outward

matrif' specification of resources, their attributes and the attribute linkages to other

resources are building blocks for the conceptual system (Fight et al. 1986). Figure 6.2

provides an example ofthis matrix for an anadromous fisheries submodel of a conceptual

systems model.

Following the scoping meeting, GCMRC will convene an initial modeling workshop

to develop the conceptual model of the system. This workshop will take 5 - l0 days, and

involve scientists and stakeholders knowledgeable about the Grand Canyon ecosystem.

Extensive information bases including maps, databases, published reports, etc., will be made

available for use during this workshop. The goal for this workshop will be to produce a

conceptual model of the system, that can help identi$ critical relationships which structure

the systenl key information gaps, and the initial priorities for a long-term monitoring and

research program.

A second modeling workshop of equal length will be held to refine the conceptual

model and develop a strategic simulation model that can be used to begin testing major

changes in management strategies. Three to six months is required between the first and

second modeling workshops to validate and refine submodels, develop additional needed

data and information, and where needed speci$ necessary subcomponents of submodels.
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Actign

t fisher rcgulations

II{DICATORS

o catch by species and user group
. Ercapement
o sport fishing effort

FISHERIES SUBMODEL

FROM OTHER SUBMODEIS

o percentage of bank cut in
logging

o miles of road conshrcted
o area logged
. toAl sediment load
o fine sediment oonccnhations

in gnvel
. large organic debris
. bedload shift
o sheam temPeraturcs

- summer mean, ililimum
- fdl mean

- winter degree{ays
o flows

- summer low
- winter low

. stream velocity
o canopy cover

TO OTHER SI.EMODEI,S

None

Figure 6.2. A "Looking Outward Matrix for fisheries Resources in the Southeast Alaska
Multiresource Model (adapted from from Fight et al. 1986).
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During the second workshop the process of assigning values to what are believed to

be the key model parameters would begin, as well as, model validation and sensitivity

analysis to test key assumptions embedded in the model. Analysts would begin to explore

the consequences of alternative dam operations based on the assumptions and hypothesis

used to construct the model. This second workshop would yield a first approximation

oonoeptual strategic model that would provide a more sound basis for the development of a

long-term monitoring and research plan.

The "working" strategic model would continue to be refined and developed over the

course of the first five year strategic plan. More detailed submodels for specific elements of

the system (i.e., riparian vegetation, cultural resources, etc.) would be developed through

prototypes to operational stages. Merged analytically with the database management system

and GIS, this modeling effort would eventually formulate a Decision Support System (DSS)

for the AI\{WG (Covington et al. 1988).

The conceptual modeling approach described above will address objectives I through

3 above. The interactive workshop process for model development acconrmodates critical

education of scientists and stakeholders regarding how the system functions.

Good simulation models are elegant representations ofthe ecosystem being studied.

That is they are simplifications which contain only the level of complexity needed to

describe the behavior being modeled. As such, simulation models are often incomplae

representations of the ecosystem under study and their strength -- the ability to organize
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complicated relationships into an understandable framework of study -- are also their

weaknesses' That is, predictions resulting from ecosystem simulation models will often, be

incomplete and therefore require validation through monitoring, experimentation and testing.

Models and their associated data bases have been important tools for use by scientists

and tnanagers dealing with complex natural systems (Meadows et at. 1982, Fight et al. 19g6)

In additiorq the process ofbuilding a simulation model of an ecosystern provides an

opportunity to test assumptions and to develop a shared view among scientists and managers

ofwhat is being managed and what the management objectives are.

The development of a computer model of the Grand Canyon ecosystem is important

because it provides a general framework for understanding how the system works, requires

organization of many scattered pieces of information, and imposes a rigorous framework on

ones thinking. Computer models are precise and consistent (even when they are wrong),

require assumptions and relationships to be written out explicitly so they can be criticized

and understood by everyone, can contain many variables and keep track of them

simultaneously, can be changed and tested quickly, and provide a platform for thought

experiments (Meadows et al. 1982, Fight et al. 19g6).

Development of an effective synthesis of past knowledge will be accommodated

through two steps as noted above. Both steps willbe developed simultaneously.

One ofthe interesting quandaries in naturat resource science endeavors, especially

endeavors that attempt to evaluate impacts of management action over time, is the difficulty

of defining what would have occurred to resources in a system had there been no

v2le7 / 4r
Working Draft - Not for Release



management action. The task is make more difficult, when the western riverine ecosystem

under study, has been significantly altered from its original character.

Natural systems are extremely dynamic, and are subject across time and space to

natural perturbations that in and ofthemselves can evoke more significant impact and change

to resources in the system than human directed activities over the same period. Nonetheless,

when attempting to measure anthropogenic impacts on a natural system through time, such as

a western river, there is a need to contrast these measured changes to changes in similar

riverine systems where there are no man imposed activities. Contrasting these two systems

might permit the scientists to more directly evaluate the natural resource impacts of human

induced activities such as a dam and its operation. The more natural system then becomes

the control. Contrasting resource changes in these two systems embodies the basic

underlying assumption that determined resource departures are in fact due to human induced

activities. The assumption is of course weakened by the fact that natural perturbations in the

control system over time could be significantly different than the managed system, and in

fact could overshadow changes due to human induced activities in the managed system.

The science challenge faced in waluating impacts of Glen Canyon Dan operating

criteria on downstream riverine resources is much more complex than the above example, if

we are considering comparative analysis to another more natural western river, i.e., not

impeded by a dam. Contrasting resource change due purportedly to dam operations on the

Colorado River mainstem against resource changes in a southwestern riverine ecosystem in a

more natural state, is obviously confounded by changes due to the dam itself. That is,

placement of the dam structure may have so altered riverine ecosystems that any resource
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changes due to modified dam operations are impossible to determine. The confounding

resource impacts caused by the dam's existence can obviously overwhelm impacts due to

dam operations. This is due in major part to radical changes in hydrology, sediment loads,

and temperature regimes in the river, all due to dam placement.

The above observation does not mean that attempting to establish some evidence of

onginal baseline conditions in the Colorado River by observing conditions in somewhat

simiiar western rivers without dams, is not warranted. Determining original baseline

tollditions for the Colorado River mainstem resources and a similar more natural riverine

ecosystem in the Southwest, and contrasting changes in these systems over time is important

to this science investigation. For example, even though scientists agreethat current

population variation in humpback chubs in the lower river are presumed to be caused by

existence of the dam and/or dam operations, a conclusion that removal of the dam would in

fact restore these populations might not be correct. Populations in other more natural

riverine settings in the western United States also appear in decline. That is, other resource

attributes such as change in climatic variabtes or water chemistry resulting from agricultural

uses upstream may be the primary contributing factor.

There has been insufficient synthesis of knowledge on both the Colorado riverine

ecosystem and other western riverine ecosystems to appropriately establish baseline

conditions, to which we can compare and contrast resource changes over time due to human

induced activities. Although there is high probability that one could not compare any

observed changes statistically, such synthesis could be fruitful to the science effort at hand.

v2le7 | 43
Working Draft - Not for Release



In fact, descriptive assessments of these type of synthesis may offer considerable insight into

changes wrought by dam placement and operating scenarios.

The third objective of the synthesis is clearly needed to define the most prominent

effectors of resources of concern to stakeholders. Definition of these effectors and their

probable impact on the resources of concern is required in the context of dam operations

under operating criteria specified in the ROD. Understanding effectors from a perspective of

the entire ecosystem is critical. Should an effector be found to be prominent, and changes in

that effector are potentially positive to a particular resource of concern, it is necessary to

know ifthat change would affect and impact other resources in a negative manner. A critical

need from this analysis is to define effectors that are the primary contributor to changes in

the resources of concern or to linkages among resources. It is important to determine if these

eflectors have varied significantly over time, and if the variance in these effectors today are

far outside the ranges observed over time, in both pre-dam and post-dam periods.

The primary intent ofthe synthesis program is to form a basis for guiding more

effective monitoring, and prescribing appropriate research questions to speci$ more explicit

relationships among attributes that are effectors both within and among resources. This

knowledge is important to making critical adjustments in the following physical, cultural and

biological resource science programs in years three through five.

TEE PHYSICAL RESOURCES PROGRAM

The physical resource program forms the basis for understanding impacts of dam

operations on other resources. Two resources, water and sediment, are scientifically linked

to dam operations, and create the base dynamics found in the riverine corridor, either directly
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from darn ilperations, or indirectly from the interaction of differential discharges from dam

ot)erxiions rvrth sediment and flows entering from side channels. This base dynamic of

variable {!ow a.rrd stdiment regimes in turn create the river dynamics that are related to all

resources and their attributes

t/ariation itr some physical resources seem subtle, so minor in fact that little if any

', -;'l,lDle response would be expected within or among other system resource attributes.

Water temperature is an example; it is maintained in the low 40 degree Fahrenheit range

from consistent dam releases at about 25Gr feet below the Lake powell surface. yet, minor

changes in these temperatures as water moves downstream result in significant changes in

life forms associated with the seemingly insignificant water temperature changes.

Water and sediment are primary resources in considering relationships among

resources. All other resource categories, biological, cultural, and socio-economic are directly

or indirectly affected by changes in these primary resources caused by dam operations or

other factors.

Within the Colorado mainstem study are4 fiom Glen Canyon Dam to the upper

reaches oflake Mead, there are four aspects ofthese resources where monitoring and

research efforts are important.

l. Dam discharges.

2. Water and sediment transport.

3. Interaction of mainstem water and sediment resources with side channel

flows.
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4. Interaction of mainstem water and sediment resources and upper Lake Mead

water and sediment resources.

Dem Discherges Dam discharges create the physical conditions that control many of

the downstream ecosystem processes, for example, sediment dynamics, habitat development,

and biotic recruitment, and survival. The objectives for monitoring the outputs of Glen

Canyon Dam are to determine how closely dam discharge follows the prescribed operations

of the dam and the ercent ofthe variability in discharge, should it occur. These outputs,

which also include discharges or spills above dam hydropower operations, should be

monitored at: l) the dam, based on power production; 2) the U.S.G.S. gauge just

downstream; and 3) within the Lake Powell forebay. Outputs to be monitored include,

hourly water discharge (both flow rate and volume) and ramping rates (changes in discharge

over the hour). From the above data, information on maximum and minimum daily

discharges and daily fluctuations, and fiequency and volume of spills, can be determined and

placed in a perspective of average conditions and variance. These monitored data streams

are enhanced by ongoing water quality measurements above and below the danU including

significant breadth in physical, chemical, and biological attributes. Monitoring and research

ofwater quality attributes in the river and their relationships to dam oPerations are a critical

part of the long term program. Changes in water quality attributes in Lake Powell, and these

relationships to dam operations are the subject of intensive assessments in FY 1997 and FY

1998. Continued water quality programs in Lake Powell will need to be justified on related

imports due to dam oPerations.
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Physical attributes evaluated in the river include temperature, conductivity and

inorganic compounds; chemical attributes include salts, trace elements, phosphorus and

nitrogen; and biological attributes include aquatic biota assessments. Assessment of all these

attributes r',,ill continue in the long term plan.

Definition of linkages and integration among attributes of physical and biological

resources in the Glen Canyon reach of the river is needed to ascertain relationship offlows to

primary productivity. The non-native trout fishery has become an important social and

economic resource to diverse publics and it is responsive to changes in primary productivity

which in turn is affected by dam operations.

The 1996 beach habitat experimental flows appeared effective in enhancing primary

productivity, but also may have contributed to changes in the standing crop of biomass. A

critical research need is development of a conceptual model of integrated physical and biotic

attribute relationships for the Glen Canyon riverine conidor.

\ilater end Sediment Transport. The transport of water and sediment through the

Canyon are interconnected (e.g., sediment transport curves). Discharge rates and changes in

river state influence the amount of sediment transported and stored in the system. And,

sediment is the primary substrate for many Canyon biological processes as well as camping

beaches. The objectives for monitoring changes in water and sediment transport are to

determine whether the flux of water and sediment through the Canyon is at the level

predicted by the EIS for the prescribed operating criteria and whether the flux varies as

expected within different reaches of the Canyon. Measurement objectives are: l)

continuously measure the flux of water through Grand Canyon; 2) periodically measure flux
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of sediment through the Canyon; and 3) measure the differences in flux in different reaches.

Measurements of flux not only permit comparison of measured differences in fluxes which

can be compared with measured storage changes, but the fluxes themselves are critical

deternrinants of biological processes.

A water flow and sediment routing model is being developed by the U.S. Geological

Survey, however, it is not yet time to rely solely on this model to estimate fluxes. Field

measurements are still needed to provide appropriate data for model validation in differing

reaches.

Gauging stations do not exist at the end points of each geomorphologically distinct

reach in Grand Canyon, using the classification and research of Schmidt and Gra[, 1990.

The emphasis of long-term monitoring will be on maximizing the analysis of data collected

at existing gauges, using models to integrate variations in inter node reaches.

Most river managers have expressed greatest concern about impacts of dam

operations on upstream reaches ofthe Grand Canyon" and these reaches have been shown to

have the greatest potential for sediment storage deficit. It is therefore important that gauging

stations on the Colorado River at Lees Ferry, above the Little Colorado River, and upstream

from Bright furgel Creek be maintained as sediment measurement stations as well as

discharge stations. It is also critical to measure outflow from the system and maintain

existing gauging stations such as the station above Diamond Creek. It is less criticd to

evaluate flux differences between miles 87-225, and the gauge above National Canyon is

considered the least important gauge presently existing in Grand Canyon, although it
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continues to be useful for bed movement studies and sediment transport modeling. If one

permanent gauge is removed in the Grand Canyon, it will be the National Canyon gauge.

If one gauge were to be added in the Grand Canyon, it should be located upstream

from Nankoweap Creek (perhaps upstream from Buck Farm Canyon), so that fluxes could be

measured through the distinctly different reaches of upper and lower Marble Canyon. These

are reaches in which impacts fiom upramping waves are greatly attenuated. HoweveE the

addition of a new gauge in the Grand Canyon represents a significant increase in the impact

of scientific activities on the Canyon, and scientists shoutd first explore alternative strategies

to installation of permanent cableways for purposes of water and sediment gauging. Should

alternatives be determined, especially cost effective atternatives affording lower impacts to

Canyon resources, all gauges will be changed.

The ongoing water and sediment modeling effort is primarily a research effort and

represents a long-term alternative to continued widespread gauging presence in the Grand

Canyon. Such modeling should also create the capability for calculation of flux differences

in many of the short reaches ofthe Grand Canyon which have limited study. Other water

and sediment modeling efforts would be considered part of long-term research, such as

deposit in and erosion of side channel debris, changes in existing rapids, formation and

degradation ofbeaches, and arroya down cutting in upper river channel terrains.

Measurements of sediment fluxes will be the basis for computing annual reach-scale

sediment budgets ofthe Grand Canyon. The sediment budget approach to river management

has been endorsed by geomorphology and sediment researchers (GCES Fort Collins, 1992).

Because there are insufficient gauges to compute sediment budgets for all geomorphic
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reaches of Grand Canyon, such budgets can only be computed currently for the following

reaches: Lees Ferry to Little Colorado River, Little Colorado River to Bright fuigel Creek,

and Bright turgel Creek to Diamond Creek.

Cdculation ofthe above budgets also necessitates measurement of water and

sediment inflow from tributaries. Stations on the Paria River at Lees Ferry and Little

Colorado River near Cameron should be continued. Sediment from Moenkopi Wash, a

major sediment contributor to the Little Colorado River, is not measured and consideration

will be gtven to developing a measurement station on this wash. Sediment measurement

stations will be established on other tributaries to the mainstem only if it is determined

through research that these inputs have localized reach effects to critical biological or

cultural resources. This is not necessarily the case for water discharge data, and gauges for

these measurements on major tributaries might still be considered.

Chemistry and temperature changes of water in the mainstem of the Colorado

influences most aquatic and riparian biological processes. Changes in water chemistry and

temperature may alter physiological processes of aquatic biota" potentially triggering changes

in the aquatic trophic dynamics of the Canyon. Nutrient trapping by Glen Canyon Dam,

changes in nutrient transport within Lake Powell resulting from changes in lake level, and in

the mainstem resulting from water transport fluxes all influence the water chemistry of the

mainstem below the dam. Thus, the objective of water chemistry monitoring and research is

to determine the aquatic environment ofthe Canyon, and evaluate this in terms of

maintenance ofthose riverine ecosystem components deemed critical by the resource

management agencies and interests such as, fish, aquatic food base, and riparian vegetation.
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Evalrration of chemical and biological changes in the riverine ecosystem would be

dependenr. irr patt, on river discharge, water temperature and sediment data collected at the

rnonitereC :Yaugts on the mainstem and at the point of discharge from the dam (Tailrace).

Eali:: i:ta ort watcr temperature, conductivity and pH would be measured at these gauges

B.r-r: tlr: j:s,;iiarge porni at the same time interval established for sampting discharge and/or

rr.'rimeni tiansport. Measurements of dissolved oxygen, particulate and dissolved organic

mitter, and nitrogen and phosphorus will be made seasonally.

Research efforts most needed are modeling of water quality changes through the

canyon under differing operating criteria. Most needed are algorithms for temperature, water

chemistry and biology.

Interaction of Mainstem and Tributary weter and scdiment is influenced by dam

operations primarily at their confluence with the mainstem. In addition to the influence of

rising and falling river levels at the confluence, tributaries are an input of both inorganic and

organic materials to the mainstem. As such the objective for long-term monitoring and

research on tributary characteristics is to evaluate possible causes of mainstem changes, that

is, dam vs. non-dam operational causes. Tributaries of the Colorado River are relatively

pristine refuge for native fish, trout and other non-native fishes as well as riparian

ecosystems. For this reason, they are included in the long-term monitoring and research

program where they are considered as a "control" for evaluating changes in selected

attributes in the mainstem (e.g., aquatic biota), and as a source of attribute inputs.

Tributary inputs to the mainstem include hydrological, sediment and limnological

attributes. Not all tributaries can be monitored, thus emphasis will be limited to those with
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major inputs, either abiotic or biotic. In addition to water and sediment discharges from the

Paria and Little Colorado Rivers mentioned earlier, tributary discharges, water chemistry and

biological attributes will be monitored at the Paria and Little Colorado Rivers, and Kanab,

tsright Angel, and Havasu Creeks. Measurements willbe continuous for discharge rates,

seasonal for chemical and biological attributes, and they will be taken in conjunction with the

measurements at the gauges in the mainstem. Discharge rate monitoring will require

maintenance, reinstallation, or installation of gauging systems in the above tributaries. The

necessity for this invasive technology should be evaluated against other less invasive

technology. Especially with perennial flows, selected tributaries could be sampled quarterly

for comparison with primary tributary and mainstem data; measurements would be limited to

water chemistry and biological attributes.

Sediment dynamics in the system represent critical resource attributes to many other

resources. Sediment in the Canyon is either in transport or in storage above or below the

river surface. Sediment transport flux is monitored periodically at gauge sites in the Canyon'

Stored sediment in the channel and eddies is the source and foundation of elevated sediment

deposits.

The prescribed dam operations in the ROD consider sediment accumulation in the

riverine system, in the channel or eddies, and in elevated deposits (e.g., beaches)' Thereforg

the objective of monitoring changes in stored sediment is to evaluate the sediment budget

predictions of the EIS relative to the selected alternative in the ROD. In order to determine

the influence of dam operations on the integrity of these deposits, the measurement objective

of the monitoring program is to determine the changes in sediment storage in different

v2197 |52
Working Draft - Not for Release



reaches of the Grand Canyon. The accomplishment of this objective will permit

measurement of temporal change in the status of critical bar and bank sediment deposits and

irr clebris fan deposits, and to place that change within the context of measurement of all

$ ir :rri'fflt storage change in the Grand Canyon.

l,'le:teC campsite beaches will continue to be measured annually. Established survey

t"'cturiques would be employed by trained surveyors. Measurement of short-term changes on

bars, although of interest in determining sediment dynamics, are not the focus of the long-

term monitoring program. Long term assessments will evaluate significant changes in bass

in critical reaches and within the entire system.

Measurement ofbar changes throughout the Canyon will be made using air photo

interpretation and video imaging analysis strategies across multiple year periods. Such

measurements permit wider ranging measurements using less invasive measurement

strategies. Short-term repeat photography is not recommended as part ofthe long-term

sediment monitoring program except perhaps at sensitive archaeological sites to determine

change.

Interaction of meinstem end Upper Lake Mead weter and scdiment resources

represent significant potential areas of physical resource impacts due to variable dam

operations. Assessment of impacts due only to dam operations may be difficult, however,

due to confounding associated with operation ofHoover Dam.

Assuming a consistent pattern of operations at Hoover Dam and somewhat stable

water levels, variable operations of Glen Canyon Dam would effect differing long-term
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changes in physical, biotic, and cultural resources in the upper Lake Mead region. Inflows to

reservoirs are often the most dynamic region of a reservoir's physical and biotic resources.

Defining resource impacts from dam operations in this region is, however, extremely

difficult due to the influence of downstream dam operations on Lake Mead reservoir level.

Nonetheless, operating criteria changes such as the beach habitat building flow of 1996

function as a significant energy pulse, creating impacts to marsh zones, spawning beds,

sediment deposits, standing biomass levels, riparian vegetation etc.

An area of monitoring research proposed for this interactive zone is to determine with

remote sensing, short and long-term changes in sediment deposits, backwater and marsh

habitats, riparian vegetation and primary productivity.

"Ecosystem degradation is not inevitable; it is simply cheaper and easierfor

some in the short term. Ecosystem health is also not inconsistentwith economic

imperatives and political realities. In fact, a healthy errironment is the basis

for a healthy economy." Likens, G.E.,1992.

THE BIOLOGICAL RESOURCES PROGRAM

Introduction

Deciding what to measure, how, where, and when to measure and how to analyze and

interpret the resulting data are some of the most critical issues to be addressed in the

development of a long-term monitoring program for biological resources. To be successful,

the long-term monitoring program must ensure that data collection, analysis, and

interpretation will address management needs and objectives.
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The Grand Canyon Monitoring and Research Center (GCMRC) has followed a

plocess whic.h is designed to ensure that the information produced will address the needs of

n.lnagers anil decision-makers. In addition, the iterative nature of the process used to

dc"elcp nranagement objectives and information needs will help ensure that the scientists

a'irr! nnanarers are in agreement over the most criticat questions to be addressed.

The design of an effective long-term monitoring program is not a trivialtask. Many

case studies indicate that long-term monitoring programs are often confused with data

collection activities that are part of research efforts. They are also affected by the difficulty

in selecting appropriate parameters to measure and the appropriate approach to measurement.

"For example, monitoring to measure degradation in fish communities could focus on the

number of species in the community, community trophic structure, [population estimates,]

the incidence of abnormalities, or many other parameters (NRC 1990).

As pointed out by the NRC (1990) monitoring programs must be designed to discern

change over time while accounting for variability and uncertainty in the system, and still

produce data sets that can be analyzed to determine cause and effect retationships. In

additiorq monitoring needs to be dynamic so that monitoring needs can be prioritized and

modified in response to what is learned from the initial monitoring program, especially

regarding the effectiveness of prescribed management actions, and in light of real-world

scientific, logistical, and financial constraints (NRC, 1990). This is especially true in

programs which will continue to be resource limited.

Finally, the NRC (1995) has identified the development of a conceptual model as an

essential step in the selection of environmental parameters to be modeled.
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I
Program Elements. Three programmatic elements are required to develop the

understanding of biological resources within the Grand Canyon ecosystem needed to

effectively support the selection of appropriate management actions for achieving specified

management objectives. These are: (l) inventory of the biological resource components of

the G'rand Canyon ecosystem and the development of a conceptual model of the linkages

between the biotic and abiotic components of the ecosystem, (2) monitoring of ecosystem

behavior, both short and long-tenrg to determine if the Grand Canyon ecosystem behaves as

the models predict it will, both in response to natural perturbations and alternative dam

operations, and (3) research to explore cause and effect relationships, test alternative

hypotheses, and develop an improved understanding of the ecosystem. These elements must

be implemented iteratively with lots of feedback between them (Figure 6.3, GCMRC

Approach to Ecosystem and Adaptive Management).

Program Goals. The Biological Resources Program is intended to develop

information about the structure and function of the Grand Canyon ecosystem, as well as the

impacts of a range of alternative dam operations on the ecosystem, in order to provide the

knowledge base required to implement ecosystem management strategies within an adaptive

management framework. The development of a fundamental
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EXPLANATION
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Figure 6.3. GCMRC Approach to Ecosystem and Adaptive Management (Adapted from
cElV& lees).
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information base on the structure (building blocks) and function (processes) of the Grand

Canyon ecosystem is a prerequisite to prediction of ecosystem eflects from alternative dam

operations. Information on structure and function should include knowledge of the basic

building blocks of the ecosystem and an understanding of impacted and unimpacted

ecological processes, both biotic and abiotic. Candidate ecosystem components for

monitoring can be displayed in relation to ecosystem structure in a diagram depicting

pattems of activities within an ecosystem at different levels of complexity (Figure 6.4,

Likens 1992). These processes range from such things as hydrology (current flow and water

temperature) to water quality @O, salinity, nitrification) to habitat alteration, to population

or community dynamics. Ecosystem building blocks include species occurrence and

distribution, and abiotic components such as water, underlying hydrogeology, and nutrients.

It is key that relationships between the biotic and abiotic components of the Grand Canyon

ecosystem be addressed, for without an understanding of those relationships, one will not be

able to predict the effects of alternative dam operations on critical biological resources and

the Grand Canyon ecosystem, in general.

Alternative dam operations may impact the Grand Canyon ecosystem in ways and on

scales (temporal and geographic) not generally experienced in response to natural

perturbations. Knowledge regarding the impact of natural and anthropogenic factors on

biodiversity and ecosystem dynamics and the adaptation of communities and organisms to

those factors, is needed in order to propose management alternatives for achieving specified

management obj ectives.
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Ecosystem Management Several steps are required to undertake successful

ecosystem management within an adaptive management framework. Ecosystem

management requires the ability to see the ecosystem as a whole in some fashion. Baseline

ecological information must be gathered and synthesized. Models that integrate the

interactions atnong ecosystem components (e.g., population trends, water quantity and

quallty and other habilat variables) must be developed. An example of such a conceptual

model, showing components (structure) and their linkages (process) is shown in Figure 6.5

(Noon, 1996). Research must be undertaken to examine cause and effect relationships as a

basis for predicting the ecological consequences of alternative management actions and to

discern the relative importance of various factors that may impact ecosystem function and

provide predictive linkages between species, communities, and the physical setting. Models

of these relationships must be developed and tested at appropriate spatial and temporal

scales. Models are important tools for organizing data and knowledge and describing the

relationships that are believed to represent the important factors affecting the behavior ofthe

system. Models can be used to explore comparison across time or space among biological

parameters of interest. These models must be validated and refined in response to the data

generated from the monitoring of key ecosystem parameters. Models can also be used to

simulate the behavior of the system as a means of testing assumptions about the factors

believed to affect the dynamics ofthe system, to evaluate monitoring data, and to refine

hypotheses for testing through experimentation.
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I

PROPOSED MONITORING AND RESEARCH ACTIVITIES

Aouatic Food Bnse

Many wildlife species, including fishes, depend on the aquatic food base for their

survival. Fluctuations in aquatic food resulting from dam operations or other factors may

trigger changes in some or all of the populations of native and non-native fish species. The

long-term monitoring program should be designed to determine how the biomass, habitat,

and composition of the aquatic food base will respond to alternative dam operations.

Aquatic food base monitoring should be seasonal in the mainstem, backwaters and

tributaries. Quantification of changes in species survival and productivity within categories

or functional group changes in the Colorado River ecosystem may be used as indicators of

the lower trophic levels. Standing crop, dominance and habitat requirements of aquatic

invertebrates and algae should be monitored at Glen Canyon Dam, Lees Ferry, Little

Colorado River and Diamond Creek and at least two wide-reach sites and two narrow-reach

sites in between. Sampling protocol should correspond with those used by Blinn et al (1992\

for comparative purposes. A twice a year (early August and late October or November)

(perhaps seasonally) sampling scheme should be considered. Trophic condition, should be

considered for monitoring through the use of standard indicators such as chlorophyll a,

nutrient concentration, and water transparency.

The sampling protocol in Blinn et al (1992) which sorts the biota into the following

biotic categories: Cladophora, blue-green algae, chironomids, fian4a$g gastropods,

oligochaets, simuliids, lumbricids, other invertebrates and detritus, should be modified to

include a category for diatoms, an extremely important periphyton, and should be utilized.

v2le7 |62
Working Draft - Not for Release



Complementary with the biotic sampling, the following abiotic parameters should be

measured for comparison with abiotic data from the gauge sites: water temperature, dissolved

ovrygerL pII, conductivity. Also, substratum microhabitat conditions, Secchi disc, water

velocity and/or stage and depth should be measured at each site.

Iish

Fish are an important part of the Colorado River ecosystem because of their trophic

role, their important recreational valug and because some are listed as threatened or

endangered under the Endangered Species Act.

Changes in the structure and/or function of an ecosystem resulting from alternative

dam operations may result in decline or failure of fish populations. Low temperature

hypolimnotic releases from dams are thought to have negative effects on population

dynamics and recruitment of some warm-water riverine species. The three major functions

which influence successful fish recruitment are thought to be: hydrology and transport;

zooplankton production; and larval fish quantity.

For a population of fish to remain viable, it must have successful recruitment. In fish"

the timing of reproduction must coincide with local food production cycles, i.e.;

phytoplanhon and zooplankton production (match-mismatch hypothesis: Cushing 1967), and

larvae must be transported to a favorable nursery habitat (member-vagrant hypothesis:

Sinclair 1988). Management of river flows can affect larval transport to nursery grounds, and

thereby influence recruitment. Both food production and nursery habitat quality are tied to

physical factors such as temperature and nutrient supply, both of which are partially

dependent on the timing of water releases upstream. Dam management practices resulting in
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low production of phytoplankton during normal times of fish spawning may negatively affect

mean instantaneous growth rates @epin 1988). Slower growth rates increase the duration of

high risk life stages (Shepherd and Cushing 1980, Houde 1987, Anderson 1988), potentially

increasing mortdity and reducing recruitment.

The goals ofthe long-term monitoring and research program for fish resources will be

to dwelop an understanding ofthe links among dam operations and the resulting flow

regimes, spawning, larval transport, trophic dynamics, and recruitment.

The Colorado River's native and endangered fishes have been effected by

environmental changes resulting from the construction of Glen Canyon Dam and subsequent

power plant operations, the introduction of exotic fishes, plants, and invertebrates.

Abiotic changes in the environment are thought by most researchers to be responsible

for the present day status and condition of the native ichthyofauna. These changes -- which

have resulted primarily from the operations of Glen Canyon Dam -- include reduced

sediment transport, altered flow regimes, and reduced water temperatures. In addition, the

altered flow regimes have lead to a change in channel morphology, including the loss and

degradation of bachraters thought to be important nursery habitat.

Recently a contract has been awarded to develop an integrated state-of-the-science

review and assessment of existing information on native and endangered fishes in Glen and

Grand Canyons. The intent of this effort is to identi$ factors that limit reproduction,

development, recruitment or survival of native fishes in the Little Colorado River and its

associated tributaries in Glen and Grand Canyons. This activity should lead to the

development of information critical to the development of a conceptual model linking abiotic
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and biotic components of the system, as well as to identi& key parameters for long-term

monitoring and related research activities.

The interim long-term monitoring plan will evaluate the status and trends of native

frsh pcpuix:ions in the Grand Canyon ecosystem and seek to collect data that can be used to

essess the tesponse of native and non-native fish communities to alternative operation of

Gien Canyon Dam. These native fish species include: humpback chub (Gila cypha),

razorback sucker (ZyfauS'hg texanus), fl annelmouth sucker (Catostomus latipinnis),

bluehead sucker (Catostomus discobolus), and speckled dace (Rhinichthys oscullus). The

plan will emphasize the endangered humpback chub and will seek to address concerns raised

by the U.S. Fish and Wildlife Service in the Biological Opinion.

Data to be collected during this interim monitoring effort will include appropriate

estimates of abundance, species composition, age structure, and reproductive condition. The

sampling time frame should recognize the long- or short-lived nature of the species being

monitored. fuinual sampling should be conducted to coincide with appropriate seasonal

activity and, if possiblq correspond with sites selected for aquatic food base monitoring.

Humpback Chub

The humpback chub (Gila cypha) is endemic to the Colorado River basin in

Colorado, Utah, and Arizona. Inundation of canyon habitats by mainstem dams, cold

tailwater releases, altered flow regimes and introduction of non-native fishes have reduced its

range and numbers.

The population of humpback chub in Grand Canyon is probably the largest. This

population is concentrated in the mainstem Colorado River near the mouth ofthe Little
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Colorado River (LCR), as well as in the lower 13 km of the LCR. The mouth of the LCR is

99 km downstream oflees Ferry (RM 61.3), or 124 km below Glen Canyon Dam.

Humpback chub are also found in low numbers in five locations downstream of the LCR

reach including upper Middle Granite Gorge (RM 127), Bright Angel Creek inflow (RM

87.7\, Shinumo Creek inflow (RM 108.8), Havasu Creek inflow (RM 156.9), and Pumpkin

Springs (RM 212.9).

Other Native Species

Flannelmouth suckers and bluehead suckers have apparently been reduced in number

and distribution in Grand Canyon since the construction of Glen Canyon Dam. These fish

appear to spawn primarily in tributaries (LCR, Shinumo Creek, Kanab Creek, Bright furgel

Creek, Havasu Creek) in March and April. The adults spend up to two months in the

tributaries during spawning, but relatively little is known of the larvae and young following

hatching. Flannelmouth and bluehead suckers are found throughout the Grand Canyon,

although large pre-spawning aggregations have been seen at the mouth of Kanab Creek.

The razorback sucker is very rare in Grand Canyon. It is thought that only a few old

and senile adults remain in such low numbers that the species can be considered biological

extinct from the region. However, the possibility exists for razorback suckers to occupy the

lower reaches of the Colorado River just upstream of the Lake Mead inflow (Separation

Canyon to Pearce Ferryt) and one may wish to consider monitoring the area from Diamond

Creek to Pearce Ferry for presence ofthese fish.

Little is known about the speckled dace in Grand Canyon. The species is ubiquitous

throughout the western US, but little is known of its status and trends in Grand Canyon.
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Speckled dace are most conrmon in rifiles and rocky shorelines, but are also found in silt-

substrate baclaraters and shorelines.

Possible Monitoring Objectives

The hydrograph ofthe LCR should be monitored to examine the relationship between

flow tilning, magnitude, sediment load and strength of the year class. Maintenance of the

LCR stream gauge may provide the data needed to examine the relationship linking river

flow with reproductive success.

Young humpback chub are commonly found in backwaters and are thought to use

them as nursery habitats if these habitats are waffn, turbid, and sheltered from mainstream

inundation or desiccation. Humpback chub do not use these habitats exclusively; they also

use adjacent sheltered talus shorelines. Nevertheless, backwaters are usually permanent

features that can be sampled as indices of year class strength, survival, and individual

growth.

Survival of cohorts and recruitment into the adult population is vital to the existence

of humpback chub in Grand Canyon. Since this species appears to be long-lived (20 years or

more) and adaptable to changing habitat conditions as adults, recruitment of adult age (3 to 4

year$ probably greatly enhances the chances for survival of individuals. Understanding the

survival of cohorts (year classes) is important to monitoring in order to identi$ factors that

may limit that survival, particularly if they are flow-related.

Monitoring the relative abundance of adult humpback chub provides an index ofthe

long-term trend of the population. This trend is usually determined by biotic factors such as

year class strength, food availability, and diseases and parasites; as well as abiotic factors
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such as water quality and habitat stability. Most factors that affect adult population size are

not manifest for several years, and so assessment of year class strength, survival, etc., is

important to understanding causative factors leading to long-term population trends.

Habitat quality, selection, and use by many species of native as well as non-native

fish should be examined. Backwater habitats are thought to be particularly important as

nursery areas for young native fishes, but are also used extensively by many non-native

fishes. Bacloraters under fluctuating flows can be shortJived, as they are inundated or

desiccated on a daily basis. The short and long-term existence of these habitats is vital to the

life history of many fish species.

Similarly, shorelines with talus, tapeats ledges, or vegetation are frequently occupied

by native fish since these offer shelter from predators, provide immediate sources of food,

and protect the fish from the rigors of the mainstream. Young fish can be easily displaced

when flows exceed habitat requirements (e.g., velocity becomes too great from rising flows

or shoreline rocks become exposed with descending flows). Like backwaters, shoreline

habitats can also be monitored to daermine the flow releases most suitable for maximum

habitat development.

Finally, non-native fishes in Grand Canyon are thought to pose a threat to the native

species with competition for resources, predation, and parasites and diseases. The various

non-native species have different effects. Monitoring should be conducted to determine how

alternative dam operating scenarios could effect non-native species and may prevent further

intrusion by these fishes into the Grand Canyon ecosystem.
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Trout

Trout were first introduced into spring-fed tributaries of the Colorado River in Grand

Canyon during the early 1900s. Seasonally warrn water temperatures and high sediment

loads probahly precluded their sustained use of the mainstem prior to closure of Glen Canyon

Dam Stockjng oftrout below Glen Canyon Dam began n Pg and has continued to date.

Natu:ai repruduction occurs but has been insufficient to sustain desired trout numbers.

The 25 km Lees Ferry reach below Glen Canyon Dam is managed as a blue-ribbon

fishery with emphasis on production of trophy-sized trout. Although trout occur in the

Colorado River and many of its tributaries throughout Grand Canyon, recreational fishing

below Lees Ferry is quite limited compared to the upstream reach.

Alternative dam operations and the resulting flow regime can directly and indirectly

affect trout found in the dam tailwater. Indirect effects involve ecosystem processes and

lower trophic levels which provide the food base for the fish. Direct effects include

stranding of all life stages in isolated pools, dewatering of spawning and rearing habitats, and

displacement of individuals from preferred habitats. Stranding and dewatering are sources of

mortdity for adults, juvenileg and larval fis[ while displacement may cause increased

energy expenditure, reduced food intake, and disruption of reproductive activities.

Monitoring of trout should concentrate on growth, survivorship, and changes in

population structure, including the contribution from natural reproduction, over time.

Emphasis should be placed on the trout population above Lees Ferry. Downstream sampling

may be accomplished in conjunction with monitoring activities for native fish.
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It has been recommended that the minimum frequency of sampling for trout should

be twice yearly in the fall and spring. Unusual flow events may suggest additional sampling

periods. Creel data and regular surveying of fish guides may be used to supplement trout

monitoring data gathered above Lees Ferry.

Riperian Vegetation

The riparian vegetation communities along the Colorado River and its tributaries are

important for stream bank stability, fish and wildlife habitat, and aesthetic and recreational

values. Those along the mainstem of the Colorado River are composed of three nearly

distinct communities, the old high water zone (OFIWZ) and the new high water zone

(I.{HWZ) riparian communities, and the near shoreline wetland communities. For long-term

monitoring purposes, all three of these community types should be included; however,

because of the different response rates of these communities to changes in the river

dynamics, monitoring procedures (especially timing) should differ.

Management of species responding to strong environmental signals willbe enhanced

by improving the understanding ofthe physical or biological factors forcing biological

changes, so that options can be explored for implementing adaptive management strategies.

The National Park Service (I.IPS) has established permanent quadrats along the

mainstem and in perennial and ephemeral tributaries for the purpose of evaluating long-term

responses of the riparian and wetland communities to natural and anthropogenic influences in

the Grand Canyon. Twenty four sets of these quadrats (5m x lOm with each subdivided into

eight sub-plots) are distributed throughout Schmidt and Graf s (1990) geomorphic reach

designations between Paria and Diamond, and stage-to-discharge relationships are being
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developed ti,r each studl'area. The geomorphic settings examined at each study area include:

(l ) marsh (<550 m3/.ser :,tage elevation), (2) low bar (550 to 850 m3/sec stage), (3) general

t,erch (850 to 1,300 m3/sec stage), (4) channel margin (850 to 1,300 m3/sec stage), (5) debris

- . (;:r. l.4 rg rn3iseg stage), (6) old high water zone (2,800 to 7,000 m3/sec stage) and (7)

-':r:'!rr ("'7,0C0 rn3isec stage). Tributary quadrats have been located in comparable

r.- ...In&l rrrargin, debris flow terrace and xeric settings.

Monitoring of these quadrats should be in three time frames. Marsh and low bar

setttngs should be sampled twice a year for the first five years and annually thereafter, except

when there are unusual hydrological events, and then immediately after and then twice ayear

again for three years. General beach, channel margin and debris fan settings should be

sampled once a year, while OHWZ and xeric settings should be sampled every five years.

The equivalent settings along tributaries should follow the same sampling schedule.

Annual video photography (or perhaps aerial photography) of the Grand Canyon has

been suggested for mapping riparian vegetation in the GIS reaches established by the GCES

program (subject to appropriate scientific review) in order to quantify changes in cover area.

This is proposed to be linked with equivalent monitoring of sediment (and beach) changes.

Riparian Fauna

Riparian faunal habitat relations have not been well established in the Grand Canyon.

Determination of faunal response to dam operations is extremely difficult and is dependent

on knowing faunal response to changing ambient conditions. Thus monitoring of faunal

assemblages should be aligned to sampling of riparian vegetation habitat changes.
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Inyertebretes

Terrestrial invertebrates along the Colorado River in Grand Canyon provide essential

food resources for riparian insectivores (insects, amphibians, reptiles, birds and mammals),

thereby linking vegetation, productivity and habitat conditions with secondary consumer

population dynamics. Glen Canyon Dam significantly increased the stability of riparian

habitats, permitting an increase in terrestrial invertebrate populations. The biotic inventory of

invertebrates is far from complete, with numerous undescribed endemic taxa still likely to be

discovered.

Monitoring of selected key taxa would permit evaluation of changes that may be a

response to dam operations. Inventorying of the invertebrate fauna should continue along

with other inventory programs of the NPS, but an extensive and intensive monitoring

program of invertebrates as part of the long-term monitoring program probably wont allow

an estimation of invertebrate response to variations in river flows. As part of a long-term

research program, it is essential to establish the invertebrate assemblages (e.g., using selected

ta:<a) that are associated with different riverine and shoreline vegetational communities. In

this way, long-term monitoring of these vegetation communities can be used as a surrogate

for determining response of invertebrates to operational changes in the Grand Canyon.

Vertebrates

Terrestrial riparian vertebrate populations in the Colorado River corridor in Grand

Canyon are trophically significant secondary consumers, integrating habitat conditions to

invertebrate and other primary consumer populations. The Colorado River corridor supports

high densities of terrestriaVriparian vertebrates and populations of many species are
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changing. More than a dozen native vertebrate tora have recently been lost, or are of

unknou'n status in this systerq and several native and non-native species populations have

increased in recent years. Terrestrial vertebrates are relatively easily monitored, exert

significant trophic influences on ecosystem structure, and are recognized as priority

resources by the NPS. Avifauna are especially conspicuous and are trophically significant

secondary consumerq integrating habitat structure, food resource production and predator

populations. The Grand Canyon serves as an important flyway and stopover location for

migratory waterfowl, raptors and passerine species; however, monitoring has been

inconsistent. Sweral avian species are federally listed as rare and endangered, or are

considered for listing, including bald eagle peregrine flacon and willow flycatcher.

Therefore, vertebrate species deserve monitoring attention.

The intensity of effort required for vertebrate (herpetofauna, mammals and birds)

population sampling precludes sampling at all long-term vegetation study areas and requires

a focus on the habitat relations of selected assemblages of vertebrates, especially

herpetofauna and birds.

Monitoring ofthese vertebrates will require large study sites at which full

descriptions ofvegetation, soils and topography must be determined. Spot sampling at other

locations might also be required to expand the monitoring data base.

Most herpetofaunal species in this system are so rare that they require baseline

inventory level study; however, ecological stability conferred by construction of Glen

Canyon Dam probably permitted two amphibian and four lizard populations to increase.

These species can be used to monitor population dynamics and establish trophic interactions.
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Most mammal species in this system are nocturnal and require baseline population

study. The ecological stability conferred by construction of Glen Canyon Dam permitted

habitat conditions to improve for some species, but population dynamics remain largely

unstudied. Mammal species can be used to monitor trophic dynamics, response to human use

levels and interactions with other herbivores.

For herpetofauna" mammals, and birds a seasonal sampling schedule (3x/year for first

5 years) and following exceptional flows at large and small sites recommended by Stevens

(1992) will help establish the baseline needed for evaluation of population changes over

time.

For herpetofauna, sex, age class and density, air and soil temperature should be

recorded on lOm X l00m transects in the xeric zone, NHWZ and OHWZ. Spot observations

can be used to document distributional data during routine travel between study sites.

For mammals, species, sex reproductive and body condition, body mass, and site

conditions be recorded on all trapping runs. Determination of home range size and

population dynamics should be made using standard toe-clipping and/or ink-dying methods

to detect retrapped animals. fuialyses should include species composition, biomass

considerations, habitat preference and population dynamics components.

Scat and spot observations can be used to document distributional data for larger

mammals during routine travel between study sites. Beaver dens and activity should be

tabulated by reach at low water, and should be monitored annually. Desert bighorn sheep and

mule deer presence and habitat use patterns should also be recorded. Additional mammal

studies may be required for large/rare predators, such as bobcat, mountain lion and coyote.
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Ibds

A',ir'una inventory and monitoring should emphasize listed species (e.g., bald eagle,

:cr$hwestern wiliow flycatcher, peregrine falcon), wintering and breeding waterfowl,

ilnaiial rh!';:..:te sirecies, resident non-obligate species, and migrant species in a

b,c.x'.lgrar:hici geomorphiciseasonal context. New, dam-created riparian habitats (e.g.,

ta'ita.ri;':i .,'.eads and marshes) are being colonized for nesting while the status of avian use in

the relictual old high water zone is unknown.

Common ta<a can be readily monitored on plots, while waterfowl, shorebirds,

migrating raptors and wading species can be monitored while floating through the river

corridor. These data, in concert with regional populational data, will permit systematic

evaluation of changing populations sizes.

Migrant and breeding avifauna are proposed to be monitored during up to seven river

trips per year (February, April, May, June, August, October and December). Location of

birds (and nests) observed along the river should be mapped on the GIS system within the

Schmidt and Graf canyon reach determination, while intensive sampling should occur at the

large sample sites. Nest locations should be mapped and habitat described.

Wintering bald eagle and spawning trout population should be monitored

using the techniques suggested by Brown and Stevens (1991). April, May and June research

trips should be used to locate willow flycatcher pairs and active nest sites. Additional July

trips may be required as nesting is reported to continue through that month. If nests are

located, an observation team should be established to monitor nesting success. This team
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may also be responsible for reduction of brown-headed cowbird populations by mist-netting

if that management action is deemed necessary.

THE CULTURAL RESOURCES PROGRAM

Introduction

The cultural resource program is charged with designing and implementing

monitoring and research activities that assess cultural resource impacts related to dam

operations. Once these impacts are identified and understood, the GCMRC is required to

provide this information to the AIvIG to assist them in formulating their recommendations.

Based on the GCMRC's authority and responsibility to obtain information, the

cultural resources prog[am includes elements that address monitoring of identified resources

that are believed to be currently impacted by dam operations. These activities form a part of

the larger cultural resource program that includes tribal participation in resource assessments

and research, data management and information dissemination.

The cultural resource program activities integrate well with other agency

responsibilities to assess resource impacts, although the purposes for the assessments are

different. The NPS and the BOR have specific responsibilities to ensure the protection of

cultural resources within the Grand Canyon National Park and Glen Canyon National

Recreation Area as specified in federal cultural preservation legislation. These laws include

the National Historic Preservation Act, the Archaeological Resources Protection Act and the

NPS Organic Act. The responsibilities specified within this legislation can not be delegated

or abrogated by these agencies.
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The BOR responsibilities include assessment and mitigation of the direct affects on

Historic Properties ofthe water releases associated with dam operations. The 1rJpS

respcnsibilities include the management and administration ofHistoric Properties through

c:rltural resculccs inventories, resource assessments, and monitoring activities in the river

c:rridor L,elow the Glerr Canyon Dam. These responsibilities are coordinated and described

in the; Progmtnmatic Agreement (PA) that speciSs the compliance process for these agencies

;elatrve to the NHpA.

The PA was established as a cooperative effort among Native American tribes, NPS,

BO& Advisory Council on Historic Preservation, and Arizona State Historic Preservation

Office. The PA documents general procedures and requirements for mitigating adverse

impacts on Historic Properties including the traditionat Native American cultural resources

in the Colorado River corridor below Glen Canyon Dam resulting from dam operations. The

PA represents a landmark process involving closely coordinated activities among eight tribal

nations, the NPS and the BOR.

As stated in the GCEIS [pg 36], the cultural resource activities ofthe GCMRC will be

conducted in accordance with the PA stipulations to ensure integration and compatibility

between the PA program and the GCMRC's long-term monitoring and research program.

These activities will serve dual purposes in that the GCMRC's programs and projects will

provide information necessary for the GCMRC's larger cultural resource program and its

reports to the AI\{G and these activities will provide valuable information for the NPS and

BOR to incorporate within their management and legal responsibilities.
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Projects and activities included within the GCMRC's cultural program will be funded

through its funding allocations from power revenues from Western Area Power Authority

subjeA to budgetary recommendations by the AIvIG and approval by the Secretary. Program

activities will be formulated at the GCMRC based on stakeholder objectives and the

infornration needs that wree dweloped in consultation with the members of the AlvIWG. The

tribd, bureau, and NPS PA signatories are members of the AI\{WG. As members ofthe

AI\{WG they should discuss and prepare recommendations to the GCMRC for needed

projects that are consistent witht he identified objectives and information needs. These

projects may coincide with PA activities, but they need to be formulated as activities that are

channelled through the AlvIWG. These projects will be reviewed by the Cultural Program

Manager who will act as a liaison in conveying program information from the GCMRC and

assisting in recommendations to the GCMRC. Consequently, to the extent that the required

PA activities coincide with the activities of the cultural program ofthe GCMRC, they may be

fundable by the GCMRC, subject to allocations in the annual program plan. As needed,

projects will be prioritized based on GCMRC protocols. These protocols relate to

integration and coordination between the interests of the AI\rIWG, and the GCMRC;

monitoring and research priorities; funding approvals; proposal submittal and technical

rwiew; contracting and interagency agreements; report submission; and data archiving and

distribution. The GCMRC strongly encourages the cultural subgroup of the ANdWG to work

collaboratively with GCMRC staffin project development relative to the cultural program. It

is the intention of the GCMRC to administer all of its programs in the general spirit of the

process utilized to develop the PA.
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The cultural resources program will also integrate with the other GCMRC programs.

The Frrrgram Manager will function as a liaison with the other programs to assess

projeci ;rl'opos*ls that may have cultural content. Because the GCMRC definition of cultural

re$ot'iiis incll .':s hiological and physical elements of traditional cultural importance to the

litbt:s, tre Program Manager will serve as an initial reviewer for proposals that may have

sensitive content. Ifthese are identified, the proposals will be referred to the appropriate

panies for assessment. The Program Manager will work to coordinate this review and work

with all parties to facilitate project evaluation. In this sense, the Program Manager will serve

both liaison and coordination roles.

Program Description

The cultural resource program consists ofthree primary components that include l) a

core program, 2) a tribal projects element and, 3) a cooperative programming aspect (Figure

6.6). The program manager is responsible for the implementation ofthese elements to the

Center's chief.

$) Core Program. The Core Program represents the largest program area.. The core

Program consists of monitoring and research activities designed to address the stakeholder

objectives and information needs identified through discussions with the AIvf\ilG. The

proposed activities represent investigative strategies to address monitoring and research

issues that derive from the stakeholder objectives. These activities build on information from

monitoring and research activities related to past archaeological inventories as well as tribal

monitoring programs. Examples of existing sources of information include, site recordation

using mapping techniques and photography, and remedial actions such as stabilization
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Figure 6.6. Primary Components of the Cultural Resources Program.
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techniques. Data generated from the proposed activities will be used to formulate future

annual plans as well as modification to the long-term plan.shall be incorporated into the long

term monitoring plans.

Research measures may need to be formulated when monitoring activities have

detected impacts to resources that are thought to be related to dam operations. These

activities may include the full range of investigative strategies including testing, sampling,

and full data recovery. Monitoring and research activities will be developed in consultation

with the cultural resource component of the ANdWG.

New resources may be encountered during activities conducted under this

program.These resources must be characterized when they are encountered and some

research studies may be necessary to determine their important qualities that may be

impacted by dam operations. The Native American tribes will be involved in these efforts.

These research studies, although less extensive than the monitoring program, are an

important part of the program.

The second part ofthe Core Program is implemented by tribal members of the

AI\{WG. Tribal groups shall design and implement their monitoring programs to evaluate the

condition of their traditional cultural places and resources within the riverine corridor based

on dam operations. These programs will conform to the long-term and annual plans

developed by the GCMRC.. Because the values associated with these places are known and

understood by tribd individuals, the GCMRC recognizes that Native Americans are the most

appropriate authorities to formulate programs that address their concerns about dam related

impacts to these resources. Because of the sensitive nature of these places, information about
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the sites may be restricted both within and outside the Native American tribe. As such, these

portions ofthe monitoring program and the information related to these monitoring and

research projects with these segments are known only by the tribal nations, and in some cases

only ':pecific mernbers within the group. Specific procedures will be developed between the

tr;;'es ancl the GCMRC where information about resource significance and locations can be

pr.lected.

The on-going monitoring and research efforts and the tribal activities associated with

assessments of traditional cultural places may coincide with the NPS and BOR's

requirements under the PA to address resource impacts from dam operations. Information

derived from these activities will assist the GCMRC in meeting its requirements to provide

the AIvIG with information to formulate recommendations to the Secretary. These activities

may also provide assistance to the NPS and the BOR in meeting their legal responsibilities.

The core program will be managed by the GCMRC Program Manager. Based on

identified stakeholder objectives and information needs, annual work plans will be developed

by the GCMRC. These work plans will be tranformed into work contracts. The project

proposal responses willbe assessed for monitoring and research activities will be conducted

by a team. The team will include representatives from the AITTIWG and the cultural resource

program manager. Team evaluations will be forwarded to the Program Manager and the

Chief where final approvals will be made. A team approach is critical to the continued

development and enhancement ofthis core program. The leadership and knowledge

represented by individuals in the tribal nations, NPS and the BOR is vital to the success of

this aspect ofthe program. This mechanism will provide a collaborative approach for

v2/e7 /83
Working Draft - Not for Release



assessments of proposed actions under this program. Due to the GCMRC's funding

allocations and the associated authorized technical reporting (ATR) responsibilities, the

CCMRC must take final responsibility for proposal review and approval. However, proposal

rerriew and approval will involve full participation and input of team members.

!) Individual Tribal Programs. A second major element of the cultural program

includes individual tribal programs that may enhance monitoring and research activities.

Opportunities exist for the tribes to enhance and enrich their monitoring and research

programs through projects that focus on additional monitoring technologies, indirect impacts

to resources, or alternative investigative paradigms. Some examples of monitoring

technologies include GIS mapping projects and locational studies, historical documentation

and research, and traditional histories. Studies of resources that may be indirectly impacted

may be included in this portion ofthe cultural program. For example, resources that are

impacted by dam operations may have unknown contextual relations with other nearby sites

and/or resources that are not directly impacted by dam operations. Studies of the context of

the resource that is suffering degradation may include other resources that are believed to be

related but indirectly impacted. These more comprehensive studies will contribute to the full

understanding ofthe significance of the impacted resource.

Finally, projects that propose integrative and/or alternative investigative studies are

encouraged by the GCMRC. These projects may investigate resources that have cultural

values to Native Americans but are outside western notions of cultural resources. One

example ofthis type of resource is a sacred plant gathering area that has important cultural

values to a particular group but may appear as a biological resource from a western
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perspective. In additio4 the GCMRC is interested in projects that incorporate traditional

methotls with conventional scientific methods to formulate new investigative methods and

insights that reflect Native American perspectives and complement a conventional scientific

approach,

If tribal groups are interested in submitting proposals that extend outside the scope of

ttte GCMRC's funding ability, the Program Manager may assist tribal applicants with

pottions of the project that may not be directly funded by the GCMRC but are related to the

GCMRC's operations by linkages to resources being studied for dam related impacts. In this

manner, the Program Manager will function in a coordinating role for total program

integration through assistance in research planning and proposal preparation.

Although this element ofthe cultural program may be less prominent in the total

progranL it is considered an important part ofthe overall cultural program. In addition, this

element helps to implement an important goal ofthe culturat program: that participating

tribal groups are full partners in the development and implementation of strategies to assess,

evaluate, and protect cultural resources in the river corridor.

Q) Cooperative Programming. Although the core program incorporates cooperative

planning and programming for monitoring activities, most ofthe elements ofthe monitoring

and research programs are individualizd to specific tribes. This is also true of project

proposals initiated by tribal groups to enhance their individual monitoring and research

projects.

There are potential areas of interest to the tribes wherein the community oftribes may

have common interests in both developing and participating in research planning and

v2/97 / 85

Working Draft - Not for Release



programming. These efforts could enhance monitoring and research capabilities, as well as,

II provide additional information regarding tribal associations with the Glen Canyon National
I

Recreational fuea and Grand Canyon National Park areas.

One example of an potential area of common programming interest is the

dwelopment of educational opportunities for Native American students, particularly the

participating tribal groups. These opportunities may include the development of cooperative

educational agreements between the GCMRC, universities and agencies, and the tribes to

involve students in intern programs that are related to all resources subject to monitoring and

science activity in the canyon.

Scientific assessments in the last 15 to 20 years have developed significant

information on the resources in the canyon. Within these scientific studies there have been

some efforts to utilize these important monitoring and research programs to train new

scientists, however, this has not been a focused effort of programming. The Native

American community has increasing interest in utilizing ongoing study opportunities to

develop improved scientific capabilities among members of their communities. The

GCMRC is interested in the participation of the Native American communities in the

research process and it will actively work with them to provide opportunities within the

cultural program.

Finally, the GCMRC is concerned with the appropriate dissemination of monitoring

and research information. Public funding supports the GCMRC's efforts to investigate

resource impacts from dam operations and the GCMRC will work with the Native American

communities to develop appropriate mechanisms for public outreach. Some examples of
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projects suggested in this portion ofthe cultural program include publications in varying

formats for information dissemination to tribal members, student outreach field trips and

visits, and workshops developed by the GCMRC and Native American hosts to present

differing perspeotives on canyon resources and dam operations.

In conclusion, the cultural program consists of three major components: l)

morritoring and research activities to respond to objectives and information needs of the

AI\{WG, 2) individual tribal projects, and 3) general Native American issues, such as

education opportunities and public outreach. Following the ecosystem paradigm, the cultural

program maintains an integrative and inclusive definition of cultural resources as defined by

tribal participants in the adaptive management program. As such, the cultural program

interfaces with other program projects to consider the concerns of tribal groups. Finally, the

GCMRC views the program's monitoring and research requirements as opportunities for full

tribal participation in the research methodologies and products.

The cultural resource Program Manager has an additional responsibility that requires

increased cooperation with the Chief and other Program Managers. The cultural resource

program has a requirement to function as an umbrella program across all tribal resource areas

of interest or concern. The cultural resource program manager is required to coordinate all

resource programs of interest to Native American tribes with federal agencies, state

agencies, etc. It is anticipated that the program manager will accomplish program

coordination via strong interaction with the physical and biological Program Managers and

the Chief Although the major part of the cultural resource program will not involve

extensive coordination across resource areas, selected areas will require significant
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coordination. It is expected that all program managers will, through a team effort, keep all

other program managers abreast of cultural resource monitoring and research planning and

progam direction, research support, and integration needs.

STATUS OF KNOWLEDGE

The current status of knowledge concerning cultural resources is based on a number

of prwious investigations within the Colorado river corridor in the Glen and Grand Canyons.

Comprehensive overviews of previous investigations are included in Ahlstrom et.al (1993)

and Fairley et.al. (1994). Archaeological remains were first noted in the river corridor during

the Powell expeditions in the 1800s @owell 1875). Traces of archaeological remains were

noted in the vicinity ofBright fuigel Creek and the Unkar Delta area. In later years,

archaeological investigations were noted in the river corridor and on the rims ofthe canyon

(Hall 1942; Haury n.d.). In the 1950s and 1960s, investigations became more focused under

the direction of the NPS, in part due to anticipated dam development in areas of the Canyon

@uler 1967;Euler and Taylor 1966; Taylor 1958) . In the late 1960s and early 1970s the

School of American Research and the NPS conducted excavations in the river corridor and

adjacent areas to investigate the prehistoric settlement pattern (Jones 1986; Schwartz 1965;

Schwartz et al. 1979,1980, l98l). Together, these studies provided the initial information

that suggested that numerous cultural resources existed within the river corridor.

Intensive archaeological inventories were conducted by the NPS during 1990 to l99l

in preparation of the GCEIS to assess a range of dam operations (Fairley et.al 1994). These

inventories located approximately 475 sites within the assessed area extending from Glen

Canyon Dam to Separation Canyon, about 225 rtver miles and up to the 300,000 cfs flood
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level. Of the sites within this are4 approximately 336 had identifiable impacts that were

beliwed to be rclated to dam operations. Impacts were categoized as direct, indirect, or

potential. Direct impacts included sites where inundation or bank cutting had occurred

wititin the site in recent years. Indirect impacts included l) bank slumpage or slope

s:eepeni':q adjacerri to the site" 2) arroyo cutting or other erosion phenomena related to base

lerei iorvr'ring from river eroded sediments within the site, and 3) effects ofvisitor impacts at

sites due to recreational use patterns. Potentially impacted sites include those within the

300,000 cfs flood level without direct or indirect impacts currently identifiable.

Participating Native American tribes have also conducted cultural resource

inventories to identify resources that have important cultural values to them. These studies

were conducted by the Navajo Nation, the Hopi Tribe, the Hualapai Tribe, the Southern San

Juan Paiute Consortium, and the Zuni Pueblo. Numerous locations of cultural importance

were identified and assessed including important biological cultural resources, physical

features and locations, and archaeological resources. Assessments were conducted by these

tribes to identiff impacts resulting from dam operations and to formulate possible treatment

options.

Following the above resource inventories to establish baseline conditions, monitoring

activities have been conducted to identi$ changes in resource conditions. The NPS conducts

monitoring throughout the year and produces annual monitoring reports for the Glen Canyon

and Grand Canyon areas. Tribal groups conduct monitoring trips several times a year and

assess changes to traditional cultural resources.
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Current monitoring procedures include site visits, photographs, study units to observe

artifact movement, and instrument mapping of sites. Results of these monitoring activities

indicate that physical and visitor-related impacts constitute the majority of impacts to the

cultural resources. Physical impacts include surface run offerosion, side atroyo erosion that

I is often attributed to lateral bank retreat and bank slumpage, changes in vegetation, and in

some cases direct inundation ofthe site. Visitor-related impacts include trails across site

areas with resulting erosional effects, camping within site boundaries, graffiti at rock art

locations, and collections and piling of artifacts. furimal related impacts have also been

observed.

Recommendations from monitoring efforts include changes in monitoring scheduling,

site or feature testing, surface collection of artifacts from sites for analysis and curation

purposes, development of defined trails and obliteration of others, site patrols, and measures

to educate the public.

PROPOSED MONITORING AND RESEARCH ACTIVITIES

The past work provides a knowledge base to formulate a long-term monitoring and

research plan that addresses the AI\{G objectives for cultural resources that may be affected

by the dam operations. The objectives are listed on the resource sheet located in Appendix A

and include the following:

l) Preserve in situ all the downstream cultural resources and take into account Native

American cultural resource concerns in Glen and Grand Canyons.

2)lf in si/a preservation is not possible, design mitigative strategies that integrate the

full consideration of the values of all concerned tribes with a scientific approach.
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3) P:'ctect and provirie physical access to and use of traditional cultural properties and

other cultural r:sc';rces used for religious purposes, by the participating Native American

j'rilres and tradit ional practitioners.

4) Develop, maintailr, and integrate available cultural resources data recovered from

- '"ri'.f;ir'J, remcdial and mitigative actions into evolving research designs for understanding

'^i.!r,, t:t t.se tui,i occupation in the canyon.

'fhe above objectives were developed in consultation with a technical subgroup of the

AltC composed of individuals with cultural resource expertise. Information needs were also

dweloped with the group to assist in meeting the objectives. The information needs can be

summarized as the need to l) develop data and monitoring systems to assess impacts, 2)

develop data to assess risk of damage and loss from varying flow regimes, 3) develop tribal

monitoring programs for the evaluation of impacts to cultural resources, 4) develop a

predictive model of geomorphic processes that are related to archaeological site erosiorq 5)

develop mitigation strategies for sites with documented impacts from dam operations, 6)

charactenze resource values through directed study.

Each ofthe information needs developed with representatives ofthe AMG is

supported in the long term program by monitoring and research project activities. These

activities are organized around the identified needs cited above.

l) Develop data ang! monitoring systems !g assess impacts.

Monitoring data has been collected on cultural resources by the NPS and the tribal

groups for approximately four years. In part, this information has been partitioned into areas

where different entities have jurisdiction. The existing information needs to be complied into
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the GCMRC's study area and synthesized. Baseline information needs to be reviewed to

ensure that data exist for all sites having the potential of being impacted by dam operations.

The existing monitoring data need to be synthesized and evaluated against baseline

information. Some of the possible elements of the data organization include site location and

physical context, site types (structures, features, scatters, prehistoric, historic, Traditional

Cultural Properties (TCPs)), rock art sites, monitoring frequency, monitoring techniques,

monitoring history, etc.

In addition, data on Isolated Occurrences (IOs) need to be included in this synthesis.

IOs may represent the last remains of site materials, or they may constitute the first

exposures ofburied sites. All of these data on sites and IOs should be summarized in

qualitative and quantitative formats to provide basic information on the resource base.

Following data synthesis, the data base must be evaluated relative to the classes of

impacts identified in the monitoring assessments. At present, the major categories of impacts

appear to be physical (with several sub categories) and visitor-related impacts as previously

defined. Resources need to be evaluated to determine ifthey are experiencing impacts. If so,

they need to be assigned to impact classes using information to date. Based on these initial

assignments, a determination must be made if the existing data base is adequate to conduct

analysis of probable site impacts. If the data appear adequate, resources should be assigned to

the appropriate class. If not, it is necessary to determine what additional information may be

necessary. Explicit criteria to be used in site monitoring must be developed to provide

additional data and/or the basic information for future research endeavors.

!) Develop data to Sllss$ rlsk gf damage gnd lgss from varyin-s fu regimes
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Once resources experiencing impacts have been identified and they have been

assigned to an impact class, a determination needs to be made if these impacts are related to

dam operations. For example, resources may experience erosion that is related to river flows

while other resources experience similar erosional patterns that are not associated with river

f orvs.

lrt order to make assessments, additional information may be necessary. Information

may be obtained from additional monitoring observations that are designed to inform on

specific questions to determine if impacts are related to dam operations. Schedule for

monitoring cultural sites would be dependent on the baseline condition ofthe site and

severity of impacts and ambiguity of determining if resource impacts result from dam

operations. At this point, determinations of impacts related to dam operations may be

sufficient, and the relationship between operations and impacts will be addressed through

research activities.

Additional sources of information to determine possible source of impacts include

modeling flow regimes at various stages and mapping the model results in combination with

resource locations and other descriptive parameters. This information would help in

determining the likelihood of resource inundations at particular stages.

f) Develop tribal monitoring pragIallls fu lbe evaluation gf impacts !g cultural resources.

Tribal programs to monitor and assess cultural resources are an important component

of resource assessments. These programs supply different but complementary information

on resource impacts. Resources may embody a full range of important qualities. These may

include data concerning past occupations as well as tribal histories for descendants ofthe
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prehistoric occupants. While archaeological monitors can evaluate the physical impactst of

data loss on resources, others may view the resource impacts in other ways. Because of these

varying perspectives on resource qualities, resource impacts are viewed differently. These

impacts may be related to integrity of the resource, information loss of the resource, and

vandalization. For TCPs, resource integrity and loss are defined within the concepts of the

group for which they have significance. Rarely can outsiders evaluate these resources using

traditional definitions for important resource elements.

For these reasons, tribal groups can provide invaluable information concerning

resource impacts. This information is complementary to conventional assessments and it

helps to provide assessments on the full range of important qualities ofthe resource. The

ongoing tribal monitoring programs continue to assess resources for impacts that result from

dam operations. In addition, consultation with these groups provides information that is

important for additional monitoring and research activities that investigate dam related

impacts to other resource qualities. It is recommended that tribes should develop and

implement field visits to monitor resources. Monitoring activities should be structured so

that they inform tribalvalues and concerns as well as monitoring and research actMties

included in the CCMRC cultural program. Also, resource locations and areas of possible

impacts from flooding, research activities need to be mapped. These maps will assist in

consultation with the tribes and for their monitoring activities. Together, these activities

would be an integral part of the long-term monitoring program supported by the GCMRC.

g) Develop 4 predictive model gf geomorphic processes that are related !q archaeological gite

erosion.
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The existing work on geomorphic process and archaeological site erosion (Hereford

et al. l99l) needs to be assessed for the status of knowledge relative to site impacts resulting

from dam operations. This assessment should evaluate the baseline and monitoring data base

cieveloped above against the information available in current models. In addition, sediments

recently deposited from the beaclr/habitat building flow need to be mapped and compared to

past deposits and resource locations. This information should provide a basis to determine

the possible extent of resources that may be impacted by these large flood episodes.

Together, this information should provide data to formulate hypotheses to test the

geomorphic model for predictive benefits to both locate additional sites and develop site

mitigation strategies to conserve resources.

All of the assessments and activities suggested above provide basic data for

describing the existing data on culture resources. These data can be used to formulate

research questions that are directed at the relationships between impacts resulting from dam

operations and the resource assemblage. These assessments and monitoring activities

provide the initial bases for the research related information needs described below.

l) Develop mitigation strategies related !g documented dg4q impacts gg sites !y monitoring

assessments- and O Characterize resource values through scientific study

Monitoring activities can indicate that change in resource conditions is occurring.

The research activities are formulated to explain the sources of that change. It is proposed

that research activities be initiated to determine relationships between resource impacts and

dam operations when these are suggested from monitoring observations. A full range of

methods for data retrieval must be devised. These can include non-invasive techniques such
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as historical literature searches, traditional oral histories, remote sensing, as well as

conventional invasive data recovery efforts. Resources targeted for data recovery should

include those in which dam related impacts are suggested although that relationship may not

be understood. Other criteria to target resources include the immediacy of the impacts, the

probability of data recovery, data utility for other program research /monitoring efforts and

resource significance. Resource significance includes scientific value such as the ability of

the resource to inform on others (site redundancy) or as a unique resource. Traditional values

are also a component of resource significance. These values will depend on the resource and

the tribal group that identifies the importance of the resource. In this area, tribal participation

in providing monitoring information, devising treatment options, evaluating proposed

activities, and conducting appropriate field activities is critical. Data recovery will be

structured to answer research questions related to the source of resource impacts. To the

morimum extent feasible these activities will be compatible with the research domains listed

within the Historic Preservation Plan and developed under the PA programs and new

domains yet to be discovered, as these organize inquiry and inform on past human use and

occupancy ofthe river corridor.

Without the benefit of results of the above monitoring assessments, specific research

endeavors cannot be proposed although some broad considerations have been suggested

above. Other general areas of possible research can be suggested based on the preliminary

information that is currently available.

Following the above compilation of data related to visitor impacts, research questions

may center around the relationship between resource accessibility and visibility and degree
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of impacts identified. Resource accessibitity can include access via established trails, non

rrlaintained trails, pedestrian /auto, and river. Visitor impacts may tend to correlate with

vartous flcw regim:s that allow access to recreationists via beaches and trails.

In lir area of physical impacts to resources, possible research questions include

inr,'e:: ';.'irji.j to detennine the relationship between bank slumpage and lateral retreat,

vz::ic,. ; ilow regimes and resource loss through erosion. Other questions center on the ability

of high {iows to stabilize predam terrace deposits and the cultural resources they contain.

Finally, if predam terrace deposits cannot be stabilized and terrace deposits are effected by

dam flows, resource documentation should proceed on cultural resources to be lost from the

human record as a result ofthese operations.

PROGRAM IMPLEMENTATION

The methods for implementing activities included in the cultural program willfollow

the established protocols for the GCMRC's work that have been discussed elsewhere. The

general process ofthe GCMRC includes the participatory approach developed within the

framework ofthe AIUP, and this approach will be emphasized within this program. The

specific methods employed within this program will emphasize collaboratory efforts and

Native American involvement. The three program elements (core program, tribal projects,

and cooperative programming) emphasize Native American involvement and this will be

reflected in the ways in which the program activities are implemented.

A methods criteria will be developed with a team of agency cultural representatives

and tribal participants (the team). These criteria will include evaluations based on

relatedness to AIvIG objectives, degree oftribal involvement at various project levels, cost
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considerations, work priority within the cultural program, and the ability of the information

to relate to other GCMRC programs. The team will assist in the review and

recommendations of proposals that are proposed within the cultural program. Because

Native Americans often view other resources (e.g., plants, fishes, landforms) as traditionally

cultural, proposals from other GCMRC programs willbe screened by the program manager

to determine ifthere may be cultural content. Proposals with cultural content will be referred

to team members for comment. Specific methods and approaches for proposed projects will

not be specified within the methods criteria, but will be defined within the competitive

process.

SUMMARY

The monitoring and research activities proposed in this plan are general, given the

available data at this time. It is anticipated that this plan will undergo substantial revision as

information is assessed and evaluated and there is collaborative participation in defining

program objectives.

The program can be summarized to include three elements. These include: l) the

core program that emphasizes the monitoring and research activities necessary to address the

objectives and information needs identified with the AIvIWG; 2) individual tribal projects; 3)

and cooperative programming. The cultural program monitoring activities are devised to

provide base line data from which to formulate research questions. Research activities will

be proposed on the basis of monitoring data. Individual tribal projects will be supported by

the cultural program to involve the tribes in program activities. In many instances, tribes are

the most appropriate groups to undertake the activity. The program support for these
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proposals is intended to foster the development of scientific endeavors by the tribes.

Cooperative programming involves educational opportunities for tribal students in the

programs activities. In addition, public outreach is included in this area. It is anticipated that

iirfcrmational channels will be developed in consultation with the tribes and that they will be

aiiively involved in the information dissemination and interpretation.

The monitoring and research proposals included within this plan are formulated in a

step-wise fashion. First, the existing data must be synthesized. Following this the data base

will be evaluated relative to impacts to resources. Geomorphic information, resource

mapping, and flow regime modeling will be prepared and analyzed to provide additional

descriptive data. Data retrieval may be proposed following a complete assessment ofthe

status of the resources and impacts to address research questions. Specific details will be

developed after data assessment and in consultation with the cultural program team.

There are sweral issues that can and witt amend this preliminary plan. These include

changes in the knowledge base of the cultural resources. This may result from the discovery

of new resources within the are4 unexpected and/or accelerated impacts to resources, and

changing AI\{WG objectives. All of these issues may result in redefining priorities for the

cultural program. Howeveq the method of program implementation will not change. The

program will continue to function in a collaborative and participatory manner.

THE SOCIO.ECONOMIC RESOURCES PROGRAM

There are many socio-economic resources associated with the Grand Canyon riverine

environment including recreation (i.e., boating, fishing, hiking, sightseeing), electric power, and

water. Further, due to the vastness and geologic distinctiveness of the Grand Canyon, the Park
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has acquired national and international recognition, and all of the resources in the Canyon are

considered to be significant to the public.

Recrcetion use ofthe Crand Canyon is of economic and environmental importance. As

a major public use within the Canyon, recreation creates jobs and financial support within the

region" but also is a significant component of impact analysis. The preferred alternative in the

EIS has considered impacts on recreation and has attempted to enhance the recreational

experience in the Canyon and increase safety. Also of importance are the possible impacts of

recreation on Canyon resources. The objectives of the long-term monitoring and research

program, therefore, are to determine whether recreation is enhanced and safety improved over

impacts resulting from historical dam operations, and whether changes in recreational patterns

resulting fiom the selected dam operational alternative have any effect on the Canyon's

downstream resources.

To determine whether dam operations are affecting the pattern and amount of use in the

Canyon, data on use and changes resulting from recreation would be compiled on two year

intenals. Such data can be utilized to assess changes in use, but also may help determine causes

of some changes in other resources (e.g., fish populations, cultural resources, and beach sizes

or qualities, etc.). Recreation use data are available from, or can be obtained through, the NPS,

Arizona Game and Fish Department, Native American tribes, and fishing guide, angler and

boatman surveys, for rafting, angler, and miscellaneous uses. Data for whitewater rafting

(including commerciat, private and tribal enterprises) would include user days, lenglh of trip,

put-in and take-out points, beaches used, and safety (accident) records. Information on angler

uses would include commercial and private use above Lees Ferry relative to angler user days,
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fish catch da;a, anJ safety (accident) records. Miscellaneous uses, such as, birdwatching, use

cf riparian habitats (both mainstem and tributaries) for hiking, sightseeing within the Canyon,

c:':. would be evaluated through NPS and Hualapai Tribe permitting records, Game and Fish

surveys, and other means. Suwey results would be summarized and evaluated every two years.

Beach area data would be monitored using aerial video- or photography at the same

di,;'"'harge lwels every other year. Changes in beach camping area, above high discharge levels,

can be determined through digtizdvideo- or aerial photographs and validated on a sample basis

through ground truthing coordinated with beach surveys under the sediment dynamics

component of the long-term monitoring and research program.

To determine possible reasons for changes in recreational use, recreationists' values and

con@rns would be monitored on a five year basis or following unusual events. This information

would be gathered via user surveys of appropriate groups. Value evaluation is separate from

values daermined using non-use value methodologies. The former deals directly with use and

experiences in the Canyon while the latter are based on no direct contact with the Canyon.

Hydropowcr supply is an integral part of the economy of the region. Changes in power

opemtions resulting from changes in annual dam operations would affect the power supply and

its costs. The objectives of this program are to determine the impact of changes in dam

operations on hydropower outputs and the concomitant power marketing and economics of the

region, a concern ofthose agencies tied to hydropower production.

Actual power generation will be monitored on an hourly basis as input to assessing the

consequences of dam operations on power economics. Power generation is also a method for

estimating water discharge rates and volumes.
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Weter resource has associated value with both its quantity and quality. It is in the best

interest of water marketers to hold quantities of water from the market to realize marimum

returns. Reservoirs present opportunities to regulate market supply. High water levels in

reservoirs and rivers also normally maximize recreation benefit and values. High water quality

can also create additional value in water supplies. Although operating criteria can effect water

quality and therefore realized values, it is less likely to impact water quality.

A comprehensive assessment of both market and non-market costs and values was

conducted in Phase II of GCES. That assessment established an appropriate baseline analysis

ofCrand Canyon resource values. Also, for the period of study during the 1990s, it established

appropriate cost analysis relating to impacts of alternative dam operating criteria.

What has not been accomplished to date is development of an effective Cost/Benefit

Analysis (CBA) model that can easily accommodate new economic assessments of any

alternative operating criteria proposed for the Dam. A proposed model should accommodate

evaluation of all associated market and non-market costs and benefits, including intrinsic or

existence values ofkey resources.

Dwelopment ofthis CBA model should be along design parameters that permit wentual

incorporation into a more robust Decision $upport System (DSS) Appropriate timing for

development of this system should be in year four or five of the first 5 year plan, and year one

and two of the second 5 year Plan.

INFORMATION TECHNOLOGMS

Extensive data and information currently exists in the GCMRC relating to resource

levels, quality, relationship to other resources, etc. Further, potentially equal amounts of data
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and information exist within museums, universities, agencies, etc. This information represents

a valuable resource to researchers, managers and interested stakeholders. Its potential utility for

problem solving, formulating improved management guidelines, modeling relationships, or

increasing understanding of the various resources and system under study, justi$ an aggressive

program in information technologtes.

Prior to conducting the extensive synthesis of these data and informatioq planning is

required to properly enter the information into a computerized Database Management System

(DBMS) and Geographical Information System (GIS) Software systems utilized need to have

the following general capabilities.

- Accommodate large relational databases.

- Be time and cost efficient and maintained through R&D programs.

- Be compatible with software utilized by stakeholders and scientist groups.

- Be user friendly.

Protocols fQf Data Collection. Prucessing srrg] IJSC. Each component of the long-term

monitoring and research program must have an explicit, detailed protocol which spells out: l)

objectives; 2) experimental design; 3) procedures for data collection, QA/QC, data analysis,

data storage, and reporting. This allows anyone to replicate measurements and to evaluate them

in a consistent statistical manner. Where appropriate, each experimental design will be

evaluated for statistical integrity. The protocol for each component will specify the level of

knowledge and training required for those collecting field data" analyzing samples, entering dat4

and interpreting the data. There will be a comparable protocol for managing the database.
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Scientists collecting the data will be involved with data interpretation. Although the time

frame ofthe GCMRC program extends well beyond the participation period of any one scientist,

it is anticipated that those who collect the data will be familiar with Grand Canyon data

management protocols and may use the data as part of ongoing research programs. This

connection of data collection and interpretation will result in data being collected appropriately

and efficiently.

Releasing and sharing data must be a requirement for every project. Those collecting

original information, however, should be allowed a reasonable time for analysis and publication

before releasing the data to the public. Trust must be established among data collectors and

managers to ensure transfer and integration of information. Each monitoring and research

project will prepare an annual report using a consistent and defined format, including reports

from data base managers.

Databnse Management. A general principle is that all data will be freely available.

However, in some cases, such as archaeological-site data, data that Indian Tribes define as

sensitive, or information on localized endangered species, a level of confidentiality will be

necessary. Explicit protocols will be developed to ensure confidentiality.

A centralized, integrated database is necessary to avoid duplication of effort and facilitate

orchanges ofinformation among projects. This includes incorporation of information from past

monitoring inventories and research. Each file in the database must be cross-referenced to files

which document data-collection procedures, variability, and uncertainties. All data would be

copied and stored in at least two locations to maximize security.
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GIS and. Remote Sensing. The use of Geographic Information Systems (GIS) for data

storage is an imponant component of the data management process; however, not all data can

be put into GIS format. GIS can be an important analyticaltool for integrating and comparing

spatially ba.sed data" but the applicability of this technique will depend upon the parricular

cLi.lectirrs of each monitoring project. Each project will specify which GIS data layers are

required.

The validity of the existing GIS reaches in the Canyon will be tested for

representativeness or designation as critical reaches. Usefulness of these reaches for the

GCMRC program will be evaluated once the objectives and priorities for long-term monitoring

are established. The use of satellite and remote sensing (e.g., aerial video- and photography)

data will also be evaluated relative to the level of detail needed for each monitoring project

(satellite data will probably be too coarse for use in many area of monitoring in the Canyon).

Increasing Stakeholder Direct Access tq Data and Information. The hardware and

software systems of GCMRC, and the analysts operating these systems are necessary for two

primary information technology thrusts planned by the GcMRc. These are:

l- Dwelop and implement programs for direct access and use of GCMRC data and

information.

2. Develop and implanent an outreach program for stakeholders and analysts to

maximize utilization of developed science information.

Developing direct access to GCMRC databases can be accommodated in several ways,

and all methods, as appropriate, will be used. Opportunities exist to utilize the Internet in

information dissemination. In like manner, interested parties can enter program files directly,
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assuming electives are established. Some access will of course be limited, including

unpublished data" the location of endangered species and cultural resource information.

Protocols will be established to assure that only authorized access is permitted.

Developed Outreach Programs. To also accommodate greater use of GCMRC

information will involve significant interaction between GCMRC information technologists and

*akeholders. Severd programs are planned to insure increased use of GCMRC information as

follows.

l. Development of workshops to minimize difficulties in using important GIS

software.

2. Involvernent of sakeholders and scientists in conceptual modeling workshops to

increase knowledge of resource information systems.

3. Training of stakeholders and scientists in use of software such as ARC-VIEW

and SAS to enhance utility of archived data.
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CEAPTER 7

SCHEDULE AND BUDGET

SCIII,],, i'I"E

Trte strategic plan outlined in this document addresses monitoring and research for a

five year period: Fiscal Year 1998 - 2002, i.e., October 1997 - October 2002. Each year, in

May, an annual operating plan will be drafted to guide implementation of specific elements

ofthe strategic plan for the following fiscal year.

A science plan must be flexible under any circumstance. A science plan developed

for an adaptive management and science program assumes significant flexibility as a design

parameter.

This strategic plan is designed to guide specified monitoring and research in the

Grand Canyon National Park and Glen Canyon National Recreational Area through three

fundamental science phases.

1) Synthesis of existing knowledge and determination of key factors affecting

differing resources and their related change.

2) Definition of integrated impacts of key factors within a resource set and

across all resources (ecosystems).

3) Development of decision support guidelines and models to assist managers

and interested stakeholders to better understand resource interactions, impacts

of dam operations on resources, and procedures for mitigating impacts.

v2197 tr07
Working Draft - Not for Release



I

Figure 7.1 graphically provides general targets for the scheduled completion of the

three phases ofthe five year Strategic Plan.

Phase I is critical in realizing two major outcomes. First, a conceptual model of the

riverine system is needed to define most critical intra and inter resource linkages and

interactions. Dwelopment of this conceptual system model will rely on existing knowledge

of current and past science investigators, using a quasi-delphi process and simulation

modeling exercises after Hollings (1978), and Walters (1986). Development of the

conceptual model will occur in the first year of Phase l.

Second, extensive data and science have been completed on Grand Canyon resource

change since dam construction. A complete synthesis of these data and studies will be

completed in years one and two. Included in these assessments will be a synthesis of all past

research on Lake Powell, especially data collected from 1989-1996, to determine if operating

criteria under the ROD are likely to effect physical, chemical, or biological resources in Lake

Powell.

In addition to the above synthesis, there will be a more limited assessment of research

and data on Grand Canyon resources prior to dam construction. These syntheses of baseline

conditions are critical in understanding resource impacts due to culrent dam operations.

The primary goal of all the above syntheses willbe to identify key driving resource

variables or attributes associated with change in individual resources that are directly related

to dam operations. Where possible, linkages of key driving attributes across resources will

also be determined.
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This Strategic Plan, which is based on best available knowledge, can be greatly

improved over the next two years as information is gleaned from these synthesis analysis.

fui intensive review of the Strategic Plan will be conducted after Phase I is completed to

enhance the plan.

Phese 2 will be used to monitor driving attributes determined for individual

resources, but will be primarily focused on defining driving attributes that operate across

resources. Selected research programs will be necessary where suitable data is insufficient to

define relationships.

Phase 2 is open-ended at year 5, because all programs will not be completed in the

first 5 year Strategic Plan. The resource area of greatest complexity and likely to have the

longest cycle for defining attribute interdependence is biological resources. These

relationships are not anticipated to be defined to a satisfactory level until the second 5 year

plan.

Phnse I is the most critical phase for realizing ma:rimum benefit to

managerVstakeholders. In this phase, established science relationships within resources can

be used to develop decision rules, management guidelines, and decision support models and

systems. Sufficient information exists to begin Phase 3 in FY 1999 in physical resources.

Cultrural resource modeling will likely begin in FYl999 or 2000. This phase, by necessity,

will extend into the second 5 year plan, due to the inability to effectively model many

biological resource interactions. Phase 2 analysis ofthese resources will not have progressed

sufficiently to develop all significant biological relationships into algorithmic form.
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BUDGET

The budget process for funding the Grand Canyon Monitoring and Research Center

involved a transfer of funds from the Western Area Power Authority (WAPA), a federal

govettment entity, to the GCMRC, an administrative unit of the Office ofthe Secretary,

l.tSDOi. This budget is for the entire Adaptive Management Program (AIvIP) catled for under

the Grand Canyon Protection Act. To accommodate the transfeq the Upper Colorado Region

of the Bureau ofReclamation, Salt Lake City, administers the Adaptive Management

Program and is the budget office for the Center.

The budget for the original Bureau of Reclamation GCES program increased from

less than $l million per year in l98l to over $10 million per year in the early 1990's. The

1996 budget was approximately $6.9 million.

The fiscal yar 1997 budget for the Adaptive Management Program is approximately

$7.0 million. It is anticipated that this FY 1998 and FY 1999 budgets for the progranL

already in planning, will also approximate $7.0 million

Although some opportunity does exist for budget enhancement during the five year

planning period (1996 - 2001), the Adaptive Management Program and research center are

planned around an average annual budget of $7.0 million. The first budget that can be

significantly influenced by the new research team is Fiscal Year 2000. A proposal for an

increased allocation in FY 2000. A proposal for an increased allocation in FY 2000 will

center around equipment for implementation of more automated monitoring systems for the

Grand Canyon and Glen Canyon research areas.
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Ofthe total $7.0 million per year budget allocation approximately $5.3 million is

placed into on-the-ground research programs. Approximately $0.5 million is required by the

Upper Colorado Region, BOR to administer the Adaptive Management Program, and $1.2

million is required to operate all ofthe center's administration and service programming.

The Adaptive Management Program is comprised of four entities (Figure 7.2) all

funded out ofthe $7.0 million annual allocation. The Upper Colorado Regional Office of

BOR (Salt Lake City) administers the AIvIP for the Secretary. This involves services

provided to the Secretary's designee, the Adaptive Management Work Group (AlvIWG), the

Technical Work Group (TWG) and the research center.

The BOR for example, provides all administrative services for all meetings called by

the Secretary's designee, especially those of the AIvIWG and TWG. This can involve

payment of members travel expenses, fees for meeting rooms, speakers, etc.

The BOR also provides direct services to the GCMRC, including personnel,

budgeting, contracting, purchasing, etc. Since the GCMRC is not an official entity ofBO&

these services are purchased at a bid price competitive with similar services available from

other agencies.

The center staffprovides administrative, management, technical, scientific and other

support to the research program under its direction. In general the monitoring and research

program involved servicing approximately 20-30 separate research contracts and/or

cooperative agreements. Approximately $1.2 million is required to service these programs.

These involve other federal and state agencies, Native American Tribes, consulting firms,

etc. Within and/or external to these contracts the Center provides logistics, surveying, GIS
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Figure 7.2. Adaptive Management Program for the Grand Canyon Monitoring and Research
Center.
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and data management support. For example, logistics support for all research trips through

the Grand Canyon each year costs approximately $600,000.

The above budget levels noted for the center's five year Strategic Plan is only for

program requirements in which the center is currently active and for which the center is

currently responsible. Although this does include activities on the biological opinion (T&E

species) and programmatic agreement (cultural resources), it does not incorporate other

potential program areas currently in development. For example, long-term monitoring and

research programs for Lake Powell are not incorporated in the plan or budget. In like

manner, monitoring and research programs required to evaluate impacts of flash boards or

operation of selective withdrawal structures on Glen Canyon Dam are not programmed into

the budget specified.
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APPET{DIX A

RESOI.]RCE SHEETS

Note: The resource sheets do not reflect changes resulting from the CCMRC memo of
l-?!?!26 which requested that suggestions for final rcvisions be submitted ro GCMRC by
u3t97.
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APPENDIX B

OBJTICTIVE STATBMBNT OF STAKEIIOLDERS

Naticnal Park Senice

'I-ire 
hf !)S obje"tives are to attempt to maintain the essential dynamic elements and

procusses thai existed pre-dam through restoration, maintenance and protection. The NPS is

ctrmmitted to managing the Colorado River ecosystem and its attendant cultural resources asi a

coherent whole that, to the extent possible, simulates the ecosystem that existed prior to the

construction of the dam.

Bureeu of Reclamation

As manager of the Colorado River, the Bureau of Reclamation's management objectives

are to strike a balance among water releases established under the "Law of the River" and the

Annual Operating Plan for Glen Canyon Dam, the hydroelectric power requirements of Western

Area Power Administration, and "protection" of the downstream ecosystem under the 1992

Grand Canyon Protection Act. The priorities given to each of these components urder the EIS

and long-term monitoring program are dependent on potential risk for change in Canyon

resources or attributes of concem, and laws and regulations that direct the Bureau's operations.

Fish and Wildlife Seruice

Working Draft lln796



The management objectives of the Fish and Wildlife Service in the Grand Canyon, as

elsewhere, are to conserve, protect, and enhance fish and wildlife and their habitat for the

continuing benefit of the public In the Canyon emphasis is placed on threatened and endangered

species, rnigratory birds, and native fish and sports fisheries.

Western Area Power Administration

Management objectives of Western Area Power Administration (Westem) are the

marketing and transmission of electricity generated at Federal water power projects.

Bureau of lndian Affairs

Ihe Bureau of Indian Affairs has no management role in the proposed action. However,

it has management goals, among which is fostering of self-determination of Indian Tribes. Its

goal is to assure that the interests of Indian Tribes are coordinated with other Federal agencies

and to supply advice and assistance to Tribes when requested to do so.

Hualapai Tribe

Management objectives of the Hualapai Tribe are long-term sustainable and balanced

multiple uses of its resouroes through natural integrated resource management. These resources

include natural and cultural resources including sacred ceremonial and burial sites within the

Canyon located outside the boundaries of the Reservation Lands.

Working Draft lln796



Other Indian T'ribes

'fhe rtari.;qemelrt objectives of other Indian Tribes with interest in Glen and Grand

Cii.i'cns. but rvhosc lands do not border the mainstem of the Colorado River, are the preservation

c1. lin nrrlu--al and cultural resources of the Canyon to maintain their values to the tribes. This

t.l:t111"-c spiritur.! and ancestral stewardship and management responsibilities to the Grand Canyon

urd specific placcs contained therein.

Arizona Game and Fish Department

The management objectives of the Arizona Game and Fish Department are to conserve,

enhance and restore Arizona's wildlife and habitats, and to provide witdlife and safe watercraft

recreation for the enjoyment, appreciation and use of the public.

Working Draft 11127196


