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DIBCLAIMER

The cpinions expressed in this plan are ncit necessarily those
of any single individual or agency. Thes author has reported s
work plan developed by a work group represanting many agencles,
tribes, universities, and the private sector. The report is
intended to convey recommendations of the work group, nof to

represent official policy of the Bonneville Power Administration
oy the Paclfiic Horthwest Laboratory.

This summary has besen prepared as an account of work sponsored
by an agency of the United States Government. Neither the United
States Government nor any agency therecf, nor any of thelr employ-
ees, makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product or process dis-
closed, or reprasents that its use would not infringe privately
owned rights. Reference herein to any specific commercial pro-
duct, process, or service by tradename, trademark. manufacturer,
or otherwise, does not necessarily constitute or imply its en-
dorsement, recommendation, or favoring bv the United States
Government or any agency therecf. The views and opinions of
authors expressed herein do not necessarily state or reflect
those of the United States Government or any agency thereof.



PREFACE

This work plan represents the ideas and concepts of many
people who participated in a group planning effort during two
workshop sessions and subseguent reviews. There is a strong
need to implement the plan and to begin research on white sturgeon
in the Columbia River svyvstem in order to better understand thelr
present status and behavior. This information will serve as
the basis from which measures will be developed to protect,
mitigate, and enhance white sturgeon.

This plan is only a beginning, and must remaln dynamic as new
informaticn becomes available. Its implementation should continue
to be guided by feedback from ongoing research efforts. In the
spirit of adaptive management, research efforts should be initi-
ated and the results carefully evaluated. Such evaluation will

likely lead to changes in the objectives and tasks needed to
accomplish our mission.

T have attempted to faithfully report the ideas and concepis
of many other people representing several agencies, tribes,
universities, and the private sector. In many cases the words
in the plan are those of small working groups or thelr reporters.
I hope the plan represents the concensus position of the partici-
pants and that the spirit of cooperation that guided development
of the plan will continue throughout its implementation.

DHF
Portiand, Orsgon



EXECUTIVE SUMMARY

More information about white sturgeon in the Columbia River
svstem is needed in order to develop specific measures to profect,
mitigate, and enhance their populations. The comprehensive
research plan presented here was designed by & work group to
provide the scilentiflic basis needsed to develop these measurss.

The rasearch program provides gosls and esxpected resulits Iin
gach of the five research aress defined by the Horthwest Power
Planning Council in its Fish and Wiidlife Progranm. These arsas
are stock sssessment, habltat reguiremsnts, nigrating potential,
potential for artificisl propagation, and maintenance of genstic
integrity.

Stock assessment activitles will provide information on
existing stock conditions, inciuding population estimatess, mor-
tality rates, and fecunditvy, which ars needed o understand
population dynamics. This information will serve to define the
need for snhancement or mitigation and provide a basis for evalu-
ating the enhancement nesasures.

Habitat reguirement studies wlll examine what habitat condi-
tions are regulired for sach life stage. This informetion will
identify the need for mitigation activities that focus on manipu-
lation of habltat.

Research on nmigration potential will be conducted to deter-
ming the extent of white sturgeon novement and the cuss that
influence movement. The information will help determine whather
stocks are reproductively isclated. It will provide input to
measures that would supplement existing populations.

Studies of the potential for artificisl propagation will
provide rationale for asssssing wavs o supplement depleted
populations. The studies will also vield information needed 1o



evaluate supplementation efforts. Research on genetic integrity
will provide a basis for evaluating the need to preserve gene
pools, and the risk associated with transplanting or supplementing
stocks.

In addition, the work group recommends that special efiforts
be made to facilitate the exchange of information among white
sturgeon researchers and, furthermore, that efforts be made to
coordinate development of nseded information.

Wwithin sach of the topic areas, specific tasks have been
developed and assigned a relative priority. The group strongly
urges implementation of the research plan to provide information

critically needed to manage and protect white sturgeon stocks.
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INTRODUCTION

The white sturgeon {Acipenser iransmontanus) reprssents an

important fishery resource in the Columbia River system. Develop-
ment of hydroelectric dams is bellieved to have had a significant
impact on the species by blocking or inhlibiting migration and by
gitering hablitat.

In the lower Columbia Hiver (i.e., from the mouth to Bonne-
ville Dam), white sturgeon populations appear to be healthy and
support commercial and sport fisheries. Steve King {Oregon
Department of Fish and Wildlife) reports that in 1984 this lower
river ares supporited a record sport catch of white sturgeon
{42,000 fish} and & near record commercial catch {17,800 fish).
However, Iin other parts of the svystem (e.g., parts of the Snake
and Kootenal rivers) stocks are severely depleted. These diffesr-
ences in stock condition result in different needs for protsc-
tion, mitigation, or snhancement.

Despite its importance in the Columbiaza svstem and the unigue-
ness of its large size and extremelv long life expsctancy, sur-
prisingly little is known about the basic bioclogy of white stur-
geon. The published literature on life history and habitat
reguirements ls very limited. Much of the related literaturs
on other species of sturgeon is in Russian and is relatively
inaccessible to managers and resesrchers in the Pacific Horthwest.

Recent intsrest by the private sector has led to haichery
production of white sturgeon for the aguarium market and for
export to Italy, where they are ralsed for the fresh fish mariket.
Resesarchers at the University of Califcornia, Davis, and the
University of Washington are investigsting hatchery practices.
Information on culiure and early life history has been recently
published. (The author is preparing an anncitated bibliography.)

The availsble information on white sturgeon provides littles
scientific basis for management of the resource or design of pro-

tection and enhancenent activities. The Bonneville Power Admin-
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istration {BPA! recognized that the lack of information would
inhiblt development of specific mitigeticn measures, and sponscored
a workshop in Novenber 1983 to identifv and evaluate the relative
importance of research needs for white sturgeon. The Northwest
Power Planning Council [(HPPC)! isg alsc aware of the lack of infor-
mation and respondsd o the mandats to use the "best avallable
gejentific information® in developing action plans for protection
of fish and wildliife resources. The NPPC Included apn element in
the 1984 amendment of their Fish and HWildlife Progran that re-
guires development and implementation of a research program for
white sturgeon prior to speciflc enhancement actilvities.

The Bonneville Power Administratlion budgeted funds for re-
gearch on white sturgeon and supports ressarch at the University
of Washington on behavior of juvenile sturgeon and on stock
genetics. The planning effort is on-—going under BPA's sponsor-
ship. This deocument is intended to provide a comprehensive
approach to developing information as a basis for future mitiga-
tion measures. It is BPA's intent to implement specific research
projects based on this plan. Projects that address the two top
priority research needs {stock assessment and habitat reguirse-
ments! will be funded in fiscal vear 1886,

This document outlinss research nesded o identify the affects
of hydroelectric development on white sturgeon resources. The
regults will provide information needsd to betier manage and
enhance white sturgson populations in the Columbizs River systen.
The plan was developed in itwo workshop sessions attended by
representatives of federal and state agencies, tribes, universi-
ties, and the private sector whe arve interestsd in ressarch and
management of white sturgeon {[(see Appendix A). The work group
developed a list of research needs and svaluated them against a
get of weichted criterias during the first workshop in November.
1883 {Ficksisen, Heltzel, and Dauble 19%84}. The HPPC Included
five specific areas of ressarch on white sturgeon in their 1884
amendment of the Fish and Wildlife Program [(Section B804{e3{5)1.



The five areas closely parallel those needs identiflied by the
work group In the first workshop.

& second workshop was held Iin June 1885, At this workshop,
the work group developsd speciflc research objectives for sach
of the five research areas. Tasks were described to accomplish
those obijsctives with the highest priorities. The oblisctives
and task descriptions form the basis of the ressarch program
described in this report. & siteering committes provided addi-
tional review comments on the draft plan.

Thisz plan responds to the premises of adaptlve managemnent as
endorsed by the HPPC. It accepts uncertalinty and is intended to
be flexible in order tTo respond to emergent information and
research needs. Consgideration has been gliven to evaluation and
to the nesed to place high priority on the development of methods
that can be used to evaluate the effectiveness of future mitiga-
tion and enhancement measures. Elements of the plan that directly
relate to evaluaticn include:

restablishing valld information on existing stock levels,

rreviewing avallable historical information to determins

trends in stocks,

developing an effective means of marking white siurgeson.

The plan includes resesrch that addresses problems that mavy
arise in the futures. For ezanple, identification of genstic
stocks is suggested as guldance to developing plans for trang-
planting stocks or hatchery supplementation of natural stocks.

i disease dliagnostlic center ls recommendsed to help aveid ths
introduction or spread of diseass.



MISSION

This plan 1s gulded by the overall mission to “"protect, miti-
gate, and enhance white sturgeon in the Columbia River system”.
This mission statement was taken from the Northwest Power Planning
Act of 1980 and is responsive to BFA's Congressional authori-
zation. The mitigaticon anticipated is reliated to consiruction
and operation of the Federal Columbia River Hydroeleciric Power
System. Throughout development of the plan, the work group was

asked to relate research objectives and task descriptions to
this overall misslion.



WORK PLAN ORGANIZATIOHN

Elements of this work plan are organized into three ressarch
areas. These include each of the five toplcs identified in
section 804(e)(8) of the Fish and Wildlife Program. The research
areas are:

*Stock Assessment,

sHabitat Reqguirements {including Migrating Potential), and
*Potential for Artificial Propagation {(including Maintenance
of Genetic Integritv).

The stock assessnment slements focus on determining present
conditions of white sturgeon stocks, including population dynamics
{age-structure, age-specific mortality rates dus to natural causes
and fishing, and age-specific fecunditvy). Information on current
conditions will provide a basis for evaluating the neesd for
actions to protect, enhance, and mitigate white sturgeon popula-
tipns. It will also serve as the basis for evaluating the
effectiveness of such actions.

Eesearch on habitat reguirements is designed to explain
present stock conditions: assess impacts of hydroelectric devel-
ocpment and operations; and develop measurss to protect, mitigate,
and enhance white sturgeon by protection or manipulation of
habitat. This also includes research on migrating potential,
i.e., identification of diel and seazasonal movements as well as
spawning migrations. Knowledge of adult movemsnt patterns of
adults may suggest critical spawning and feeding habltats, as
well as identifving the degree of reproductive isclation of
different stocks. Information on movements of Juveniles and
sub-adults is expected to help identify likely distribution of
pre-recrults, a factor important in managing depleted stocks.

Investigations into the potential for artificial propagation
are expected To result in improved methods of rearing white
sturgeon and to identify factors to consider in hatchery pro-

gramming. Artificial propagation measures or transplanting
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subaduit or adult fish may be necassary to restore stocks in

areas where they are depleted. However, supplementation efforts
may invoive risks assoclated with disease introduction, disease
outbreak In the culture facility, and genatic stock integrity.

The proposed work would provide information nzeded o assess

the risks involved, including the degree of reproductive isciation
among existing wild sitocks and the desirablility of maintsining
genetically distinct stocks if thev exist.

Some research and Iinformation needs apply to two or mors of
these areas. Therefore, an efficlent means of information trans-
fer is needed., The work group urged development of a2 process
to facilitate sxchange of informaticon. Two examples of common
needs are the need to develop new nmethods of catching early
life stages of white sturgeon, and the need to find a tag or
mark that would bs effectlive over the long lifetime of stur-
geon.

Each of these general topics is developed in the following
chapters. Specific objectives and tasks are ildentified for
each topic. Priorities were assigned to the tasks as a2 gulide to
Implementling the program. The priorvities are relative, and
considey existing knowledge, available resources, and interre-
lationships among tasks. The priorities will change over time,
and as the nost important tasks are completed, the itasks glven
moderate priorvity now will likely bescome nmore important. Table
i is a matrix of pricorities and reflects different nseds by
river reach., Priorities for other tasks are indicated in the
text.
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STUDY BAREAS

The population status of white sturgeon differs remarkably
among different reaches of the Columbia River and its tributaries.
While the number of sturgson in the lower Columbla River {from
the mouth to Bomneville Dam) has apparently increased Iin recent
vears (& record catch was reported In 1884}, the numbers in
parts of the Snake and Kootenail Rivers are severely depleted.

In areas with healthy populations, the malor concern is 1o protect
the stocks through wise management of the resource, In areas

with depleted stocks, the major concern is to enhance the stocks
either with introductions or by habitat manipulation to prevant
further lossss. In other areas, thers ls not even snough infor-
mation to asssss the present heslth of tThe stocks. The limited
studies that have been conducted on sturgson have not been com-
prehensive, resulting in an uneven database. The available
information {(both kind and amcunt) differs substantially between
reaches.

Thersefore, the research planning effort must account for
differsnces among reaches and for the specific problems and
opportunities for action in different reaches. The work group
developed a list of eight arsas based on what is known about
stock siatus and on barrviers to movenment. Managenment agency
jurisdictional boundaries were also considersad. Suggested white
sturgeon study areas include:

Columbia River from its mouth to Bonneville Dam

Columbia River from Bonneville Dam to MoNary Dam

LColumbia and Snake Rivers from MclNary Dam to Priest Rapids

and Ice Harbor Dams

.Columbia River from Priest Raplds Dam to Chief Joseph Dam

sColumbis River above Chief Joseph Dam {primarily Lake

Roosevell)
Kootenal River
+Snake River from Ice Harbor Dam to Lower Granite Dam

*Snake River from Lower Granite Dam to Hells Canvon Dam
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+Enake River above Hells Canvon Damp

The areas are intendsd to provide guldelines. but not to pre-
ciude alternative study arsas where they can be justified. Ths
study arsas may be further divided or combined to ensure that the

research efforts remain comprehensive,



BT0CK ASSEESMENT

The overall goal of the suggesitsd stock assessment proijscts
is to determine the existing status of white sturgeon populations
in different reaches of the river svsiem. The efforts focus on
population dynamics {(recrultment, age and growth, age-specific
mortality rates. and age-specific fecunditv). These efforis
will vield a description of existing population conditions and
an indication of which populations should be enhancsd. In addi-
tion, the results will provide an indlcation of the magnituds
of impacts of human activities which can serve as a basis for
establishing mitigation goals. Finallv, the studies will provide
a baselins for evaluating the seffectivensss of measures imple-
mentaed to enhance white sturgson populations.

Research tasks under stock assessment relate to tag develop-
ment; population abundance:; age composition, growth, and survival:
age—-specific fecundity: population dynamics modeling: esarly
l1ife history:; and food habits,

While not specifically addressed in further detail, the work
group suggested use of historical data and comparison of free-
flowing and impounded reachss to assess Ilmpacts of human activi-
ties, including hvdroeleciric operations. However, such data
are scarce, and even free~flowing reaches have besen impacied,

20 caution nmust be applied to this effort.

TAG DEVELOPMENT

The chiecitive of the tag development studies is to develop

a2 comprehensive tagging methodoleogy for white sturgecn. The
method must permit long-ters tagging bscause of sturgeon longesv-
ity. It must be size-comprehensive to permit tagging a varliely
of 1ife stages. The work group recommends that tag development
be sccomplished by examining the literature to identifv existing
marking technigues and then to compare tag retention and &ff&s%s
cn survival for promising technigues using multiple marking
experiments. This development effort has a high priority and
iz envisioned as a five-vear effort. Existing short-term tagging
io



technigues should be used for stock assessment in the immedlate
futurs, while the additional]l development work is undertaken.

POPULATION ABUKDANCE
The obiesctive of the population abundance studles is to
egtimate the numbers of subadult and adult white sturgeon in

each of the Columbia River study areas. To accomplish this
cbiective, the work group proposes use of multiple mark-recapture
methods., The initial task will be to examine the literature
to identify appropriate marking techniques and mark-recapturs
estimators. A limited amocunt of information is alrsady available
(i.e., for sub-sections of the upper Snake River, Bonneville,
and John Dav pools), and that information wiziéalse be reviswad.
On the basis of the literature review, priocrities will be estab-
iished for work on different study areas, and experiments will
be designed to develop data for estimating both subadult and
adult populations in the different study sections. The experi-
mental design will be implemented, and the estimators computed
from the resuliing data. ¥Finally, the validity of the estimators
will be svaluated.

The work group believes this effort will regquire at least
five years. This objective has a high priority in all areas
except for the Snake River upstream of Lower Granite Dam, where

such information is already available.

AGE COMPOSITION, GROWTH, AND SURVIVAL

The objective of the age composition, growth, and survival

studises is to determine the population age siructure and rates

of growth and survival for subadult and adult white sturgeon in
the Columbia River svstem. The work group rvecommends that a
yerifiable technology for aging be developed, for example, by
use of oxvitetracycline marking. Pectoral fin ray sections have
been used for aging, but the technigue needs additional verifica-
tion. An sppropriate technigue will be used to esitimate the

age composition of sub-adult and adult white sturgeon. Growth

rates will be estimated by back-calculating the lengihs-at-age
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and by measuring growth between mark and recapiture times. The
age of recrulitment can then be estimated from growth rates.
Total annual mortality will be estimated for Individual cochoris
from catch curves and mark-recapturese data to provide estimates
of survival within and between vears. Fishing mortallity will
be estimated where applicable from marvk-recapivre technigues
and angler survey data. The work group suggesis that this be a
five-year study and that it be given high pricority in all aresas
excluding the lower Columbia River (below Bonneville Dam) and

the upper Snake River {above Lower Granite Dam).

REPRODUCTIVE BIOLOGY

The objective of these studies is to examine reproductive
biology of white sturgeon in thes Columbia River system. The work
group recommends that spawning arsas be located (described further
under "Habltat Reguirements”™) and spawning periocods be identifled,
The age at maturiity, spawning pericdicity, and fecundity will
be determined in addition to the sex ratios of the stocks,
However, for sericusly depleted stocks, caution is nesded o
avoid further stress from sampling on the remaining fish., This
effort will reguire five vears. It has a moderate priority in
2ll Columbis River areas but a2 high pricrity in all upriver

areas.

POPULATION DYNAMICSE MODELING

The obiective of the population dvnamics modeling study is

to develop 2 population dvnamice model for white sturgeon in ths
Columbia River systen. and to apply 1t to the separate study
areas, The work group recomnends that existing models (e.g., Coch-
nauer 1%83) be examined %to determine whether they can be applied
generally to white sturgeon in the Columbia River system. If

80, then the naxt task will be to adapt existing nmodels for

this applicaticon. If not, then the next tTask will be to develop
new models for specific rsaches., The modelis) will then be

used to evaluate the effects of hydroeletric development and

sperations on population abundance using various rates of growth,
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recrultment, and mortality. Development of the basic approach

to modeling has a high priority as it will drive the data-develop-
ment tasks. Final results will bs dependent on data availability
and would not be complete for several vears.

EARLY LIFE HISTORY
The objective of the earlv life history studies is to desscribe

the early life history charascteristics of white sturgeon popula-
tions in the Columbia River system. The work group recommends
development of technigues for sampling white sturgeon sggs.
larvas, and Juveniles as the first task within this objective,
followed by estimates of relative abundance of white sturgecon
eggs, larvae, and juveniles in various habitats to identify

timing and location of spawning. To date, eggs and larvas have
cnly been collected in the lower Columbia River. Thess studies
will take five years and were given a moderate priocrity for

the lower Columbia River areas and s high priority for all upriver

areas.

FOOD HABITS

The objective of the food habilt studies is to determine the

food hablts of various life history stages of white sturgeon in
the Columbis River svstem. The work grour recommends that tech-
nigues for sampling stomach contents of both Juvenile and adult
white sturgeon bes evaluated, and that selected technigues be
used to determine the diet composition and relative importance
of ingested food items. Food habit studies will take Three

vears and were given a low pricrity in all aresas,.

SUMMARY OF STOCK ASSEISMENT TRSES

The needs for stock assessment and population dynamics data
differ from area to area. Previous work in some areas provides
useful information that can be applied to the development of
ressarch in other areas.

The problem of identifving the impacts of danm construciion
and operation on white sturgeon populations is confounded by other

potential impacts in the system and by the relative lack of
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accurate, guantitative data on pre-dan conditions. The closest
conditions that may represent a "contreol resach® ares those that
exist in free-flowing reaches {(i.e., downstreams from Bonneville
Dam, Hanford Reach, Upper Snake River:).

Information on stocks in free-flowing reaches might be com-
pared with Information on stocks ln impounded reachss 1o assess
the degree of impact under the assumpitlon that the free-flowing
reaches fre repressantative of pre-dam conditions throughout the
system. This could provide a baslis for establishing goals for
mitigation and enhancement meéasures that might include alterations
in dam operation and/or stock restoration through arzificial
propagation. However, caution must be used in comparing stocks
from different reaches 1o assess Impact levels. Hevertheless,
comprebenslive stock assessment data can provide divectlion for

deternining enhancement/protection needs and assoclated levels
of mitigative responsibilities.



HABITAT ASSESSMENT

The goals of this part of the work plan are to determine
habitat reguirements, identifvy and map available hablitat, and
evaluate needs for habitat protection, as well as opportunities
for habitat improvement or restoration. The assessment is expect-
ed to identifv existing habitat conditions and habitat reguire-
ments and to provide a2 basis for explaining existing stock condi-
tions.

Obiectives and tasks developsed under the habitat assessment
area relate to physical hablitat reguirements, avallable hablitat,
and changes Iin habltat.

PHYSICAL HABITAT REQUIREMENTS
The objective of the physical habitat reguirements studlies

is to define physical habitat requirsments for sucessfiul comple-
tion of esach 1ife history stage (reproduction, subadult, and
adultl. To accomplish this objective, the work group recommends
establishing habitat prefsrence curves for sach 1life stage that
are based on field and laborateory studies of sturgson behavior.
in addition, present habitat use, and acceptable levels and
optimum values of several parameters related to habltat use

need to be described.

The habitat rsguirement of eggs, volk-sac larvae, voung-of-
the-year and subadults (<75 cm) will be identified in laboratory
studises. Laboratory trials will be designed and implemsnted
to determine the acceptable range and optimal values for subsirate
type and guality {(size composlition, water depth, water veloc-
ity, temperature, turbidity, water guality, salinity. 1light,
and food resocurces). The laboratory results will be correlated
with results of the field survey work to verify their application
in the viver., Behavicral charascteristics may indicate when and
where to look for sturgeon in the field. For example, laboratory
studies indicate that activity increases just before dawn.

Field results have corroborated this information by demonstrating
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higher success in collecting in early morning than at other
times,

Field sampling methodology needs to be further developed
and evaluated for collecting all stages of white sturgeon undesy
different conditions. The work group suggests use of plankton
nete, H-p trawles with 4-mm mesh liners, and eplbenthic sleds as
standard gear for eggs to yvoung-of-the-vear. ¥For young-of-the-
year to adults, use of trawls, seines, gill nets, setlines, and
hook and line are suggested. These methods will be applied
to field sampling in all habitat types to determine presence of
the different life stages and to identify diel and seasonal
activity. Of particular interest iz movement of subadult stur-
geon, either upstream or downstream, and its relationship to
distribution of the population. Experimental releases of tagged
hatchery fish should be considered for this. Spawning sites
will be identified and site selection specificity determined
through field surveys and radiotelemetry. Spawning displacement
will also be examined. - B

Specific microhabitats within the study areas may bé eééentiai
to particular life stages. Extensive laboratory studles to
determine habitat reguirements for eggs through subadults are
suggested. Field studlies will alsc be conducted on subadulis
and adults using radictelemetry to accurately define the micro-
habitats., Concurrent fisld work on juvenile stages ls needsd
to verify spawning sites.

The data collscited from literature, laboratory, and fleld
efforts will be analvzed to develop specific habitat preference
curves for each life stage. Existing methods for developing
habitat preference curves will be adapted for this task. Because
habitat preference might d4iffer with sesson as well as with
1ife stage, the data collection and analysis are expected to be
difficult.

This work generally has s high pricority, but importance
varies with river vreach as indicated in Table 1. The effort

will reguire five vears to complete.
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EXTENT AMD TIMING OF MIGRATION

The objective of this part of the study plan iz to determines
migration patterns (upstream and downstream) of juvenile and
adult Columbia River white sturgeon, the reasons that sturgeon
migrate {l.e., feeding, spawning), and the influence of enviren—
mental cuss on migratory behavior. QCurrentlivy avallable informa-
tion will be analyzed to provide a basis for additional research.
Subadults and adults will be monltorsd by radictalemetry, and
movement patterns wlill be compared with environmental conditions
to determine habitat preferences and identifyv factors stimulating
or inhibiting movements. Sexually mature females will be radio-
or sonic-tagged, released, and monitored to determine their
movements and to identify spawning sites. Other 1ife stages
will also be tracked with telemetrv to determine habitat selec-
tion. PFotential factors to be examined include temperaturs,
flow, light, and turbidity. Stomach contents will be logged
from sport and commercial catch to relate diet to size in order
to determing potential influence of food availability on movenent.

& laboratory study will be conducted to assess behavioral
response of voung-of-the-year to environmental cues in order to
examing the influsnce of environmental factors on movement and
to corroborate fisld data.

The periodicity of movements might suggest particular times
of the year when mitigative or protsctive measures (e.g., opera-
tions of hvdroelectiric dams) would be most effective,

This task will reguire three to four vears. The information
will be used to determine extent of adult migration associated
with spawning and movement of all ages as a function of distribu-
tion for feeding and rearing. This work was assigned 2 high
pricrity for mest river reaches [(=zee Table 1).

MAPPING AND MODELING OF AVAILABLE HARITAT

The objective of these studies is to identify and map avasil-
able physical habitat by life stage and to assess impacis of
hydroelectric operations. Standard techniques will be used
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to characterize the physical habitat conditions identified as
imporiant to white sturgecon and to evaluate the existing hablitat.

For esach stage, avallable habitat will be mnapped using the
habitat characterization and habltat preference curves. The
relative abundance of each 1ife history stage of white sturgeon
in each of the identified habitats will be estimated from field
survey data. The avallable habltat may vary seasonally., sither
with changes in habitat preference or with changes in flow,
temperature, or other parameters.

Existing habitat models will be evaluated for their applica-
pility to the Columbia River system. Data collection needs
will be defined to establish parameiers for the selected modeli(s),
and the model{s) will be applied toc svaluate effects of hydro-
slectric development and operations on existing phvysical habltat,

Fotential enhancement measures will be identified and recom~
mendations develcoped and evaluated for implemeniting changes In
hydroelectric operations to protect and enhance existing habltat.
Measures to mitigate habitat losses will alsc be identiflied.
This portion of the plan was assigned a moderate to low short-
term pricovity bw the work group.

EFFECTS OF HEYDROELECTRIC OPERATIONS ON MOVEMENT
The objective of this part of the study is to determins tThe
influence of spill patterns and turbine operations on the attrac-

tion and repulsion of juvenile and adult sturgeon. The extent

to which migration movement is blocked by hydroelectric operations
will be svaluated. Movement of sturgeon past danms and the con-
centration of fish around dams will be monitored. Field work

will be undertaken at hydroslectric facilities to monitor fish
movensnt (2.g., by radiotelemeiry, by use of fish locators (echo-
sounders), and by traps in the field.

This is envisioned as a three- to four-year siudy. The
information will be used to evaluate the influence of hvdro-
electric operations and proposed measures To mitigate impacis
of the dams, including dam-relatsd moritalities. The extent of
Juvenile migration and movement over dams may influence mitigation
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rasponsibility and hatchery programming. Diel and seasonal
patterns In sovenent may suggest additional considerations in
design of mitigation strategies involving flow manipulation.

This effort was assignsed & nigh oricority in & few reaches (sss
Table 1}.

SUMMARY OF HABITAT ASSESOMENT

Little information exists on the habitat reguirements of esach

1ife stage of white sturgeon. Eggs and larval stages have only
been collectsd downstream below Bonneville Dam in the Columbia
River system. Because the habitat regquirements are not known,
the extent of available habitat for white sturgeon iz not known,
and habiltat restoration messures cannot be planned.

Construction and operation of hydroelectric facilities on the
Columbla River svystem has extensivelyv altered existing habitat
by impounding free-flowing resaches and by altering of seasoconal
and diel flow patterns. The extent to which these changes have
impacted avallable white sturgeon hablitat is not presentlv known.
The need to protect existing critical hablitet, enhance the value
of existing marginal habitat., and mitigste habitat losses cannct
e determined without the information that would result from
the habitat assessment studies.

The best available "control” reaches are Tthe unimpounded areas
including downstream of Bonnevilie Dam, the Hanford Reach, and
parts of the Snake River. Siurgeon stocks appear to be healthy
and spawning is known €o occur at leasst in the lower Columbia
River and portions of the Snake Rivsr. Enowledge of habitat
use in the lower river may suggsst appropriate places to look
for each 1life stage in other study areas. However, caution
sust be exerclised because even the "control” reach has heen
altered over natural conditions, and present habltat use navy
not reflect optimum, but only acceptable habltat conditions.

In addition, avalilable samnpling gear is selscitive and the effi~
clency is llkely to vary with habltat type. thus blasing the
results of fleld survevs.
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Linking the results of thiz work with the population dynanmics
information is expected to provide additional guidance for plan-
ning mitigation measures on the basis of existing and potential
white sturgeon production. The relationship between available
nabitat and existing populations will indicate whether supplse-
mental stocking [(planting hatcherv-produced fish or transpisnt-
ing wild fish), habitat improvement, or a combination of these
management practices is the most appropriate means of mitigation

for each area.
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ARTIFICIAL PROPACATION/SUPPLEMENTATION

The goal of these studies is to determine whether or not
artificial propagation can serve as an =ffective mitigation
strategyy. The expected results are guidelines for planning
supplemnentation programs that consider maintenance of wild stock
gene pools and prevent the introduction or spread of disease.
Additional results will lead to improved diet and beltter hatchery
technology, including effective diseasse diagnosis and Treztment.

Tasks within the artificsl propagation ares relate 1o genetic

integrity, disease contreol, release strategies, and husbandry-
hatchery practices.

GEHETIC INTEGRITY

The objectives of this part of the study are to determine the
degree of reproductive isclation of stocks and to evaluate the
nesd to meintain separste stocks if genetic differences are
deponstrated. Tasks include determination of the degree of repro-
ductive isclation of stocks (based con isozyvme studies and migra-
tion information), evaluation of other criteria for determining
reproductive iscolation, and exanination of characteristics of
different stocks {(2.g., spawning time! to determine the desira-
bility of maintaining genetic differences if they exist.

Information on gens pools is lmportant for evaluatlng the
feasibility of artificial propagation or transplanting as supple—
mentation methods. It will a2lso help determins acceptable sources
of broodstock. The degree of genetlec and behavicoral differences
between stocks mayv not be sufficient to warrant maintenance of
saparate stocks given the critical nature of some present stock
sizes., However, additional research is needed to address this
guestion.

Consideration should be given to taking stocks from several
areas to maintain gene pools, through artificial propagation or
broodstock maintenance. Information on genetic isclation of

stocks iz nesded to evaluates the need to protect gene pools.

Z1



Only a Tew fenmales would potentlially be reguired to supply
all of the eggs needed for annual haitchervy producticn bscauss
of the high fecundlity of sturgeon. While it would appesar desir-
able to take as few females as possible to avoid further impacts
to natural populations, this would seriocusly limit genstic diver-
gity in the offspring. It is suggested that seaveral females
and males be used and multinle crosses be made with sach female
to provide genetic diversity in hatchery stock. In addition,
consideration should be given to limiting the numbesr of fish
planted in a given area from an individual female.

Specific tasks were not developed for the accomplishment of
thaege obiectives during the workshop because participants chose
to work on other areas to the erclusion of genstics. In part
this reflects the experlence and interest of the participanis,
and at least one plea was made not to ignore thls area of ressarch
in further development of the plan. This work was not assigned
& priority in the short-term, aithough it is recognized as having

key importance to possible supplsmentation msasures.

DISEASE CONTROL

The objectives of this aspect of the work are to prevent acci-
dental introduction of disesase pathogens as a result of trans-
planting or hatchery supplementation of wild stocks and 1o provide
for diagnosis and treatment of disease in hatcheries. Dissase
control is necessary for safe and efficient production and move-
ment of artificially propagated stocks and for stock transfers
ag mitigative technigues. This effort was given 2 high prioritvy.

& singlie, centralized diseass diagnositic and information
center should be establlshed with sxpertise to diagnose infsctlious
and non-infectious diseases of sturgeon and to conduct fish
health survelllance and certification, as nseded for sitock Trans-
far purposses,

Development and maintenance of asppropriste cell lines for
investigation of bacterisl and viral diseases will be an impor-
tant functicn of the center, zs will development of appropriate
methods of prevention, treatment, and control of diseasss under
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intensive culture conditions. The center will be wall inte-
grated intc an established program and could be cperating within

one yvear. The work group assigned a high priority fo this effort.

RELEASE STEATEGIES

The objective of this work is to determine the opiimunm condi-
tions for release of hatchery-produced sturgeon. Specific gues-
tiong to be addressed are when, where, how, and what size o
velease. In addition, the feasibillity of transplanting adults
or subadults to restock areas would be evaluasted. Concerns
which will be addressed include optimal conditions for release,
numbers of fish required o establish a breeding stock, ways to
prevent accidental introduction of dissase, and maintalinence of
wild genetic stocks.

Developing a long-term mark for sturgeon is a high priority
because it will permit the effectiveness of different methods
of release and of supplementation strategies to be evaluated,
Development of effective marking and tagging technology with
acceptable survival, retention, and longevity is needed in many
phases of sturgeon research. A mark that can be appllied at an
early life history stage and remain recognizable until after
the fish is recruited to the fisherv is desired. Both a mark
and & tag that permits individuasl identificastion are desired.
This work will inveolve intensive laboratory and fisld efforts
over a relatively long term.

Once an acceptable mark has been developed, experimental
research on optimal release conditions can be implemented.

This task presents problems with experimental design because of
the number of variables involved and the likely interactions
among them. EResearch will determine optimal hablitat, time and
size of release, and stocking density for planting sturgeon.

The expesrimental work will e based on previocus work with other
species and on information on habitat reguirements, growth rates,
dietary regquirements, and survival rates for white sturgson.

Priorities were not assigned for specific tasks with this
objective, however, development of relesase strategy is a kevy
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factor in planning supplemsntation measures. Because tayg devel-
opment is a long~term project, it should be initiated socon.

HUSBANDRY /HATCHERY PRACTICES

The cobliective of these studies is fo inprove hatchery technol-

ogy to increase the survival of larval stages and To decrease

the cost of raising sturgeon. The work group recommends studies
of optimum rearing conditions for cultured stocks {e.g.. tempera-
ture, light intensity and photoperiocd, container type., flow rates,
loading densitvy}.

Basic nutritional studies are needed to determine minimal and
optimal distary regquirements for various life stages under Inten-
sive production. This will be a laboratory study in a tvplcal
aguaculture facility., and results will be compared with carcass
and organ composition of wild stocks and with wilild stock dlets.
This work will be a long~term project but will have Initial
results within one vear.

Diets that meelt the minimal nuitritionsl reguirements wilil
be further evaluated to determine appropriate texture. taste,
and water stability criteria. Comparative studies will be con-
ducted on several diets to determine growth, moritality, and
cost factors. Methods of packaging, storage, and distribution
will also be investigeted. Initial resulits will be avallsbls
within one vear. PFinally, feeding bszhavior will be investigated
to determine the timing, pericdicity, and amount of fgeding.

The work group gave low near-term priprity to development
of an artificial diet for sturgeon, and to additional work on
spawning and incubation methodolgy and broodstock maintenance.
Methodology for propagation is already being developed by ths
private secitor and universities. The importance of thess tasks
will increase in tThe future 1f extensive hatchery supplemsntation
was undsrtaken. In general, the group recommended on~-ths-Jjob
training with an experienced sturgeon culturist to meet the
nead for hushandry technology transfer. An evaluation of post-
caesarean spawning survival was suggested, using radiotelemetry,
to evaluate the need for additional work on reduction of the
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trauna associated with artificial spawning.

SUMMARY OF ARTIFICTIAL PROPAGATION

Artifical propagation of white sturgeon offers a potential

means of enhancing stocks In areas were populations are presently

depleted. Howsver, the feasibility of using of artificial propa-
gation as 2 restocking technigue for white sturgeon cannoct be
fully evaluated until additional research is conducted. Husbandry
technology is beling addressed by the private sector and university
research {especially at the University of California, Davis),

and should result in improved hatchery technigues. The lack of
nutritional information and a specific diet for white sturgeon

is a potential problem that would be addressed by the proposed
research.
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INFORMATION FECHANGE

& process o enhance compunication among researchers and
managers interested in white sturgecn weuld facllitate cooparative
uze of information and coordinated research effeorts. It would
alsc help compunicate research resulis rapidly to those respon-
sible for management of sturgeon stocks and planning protection,
anhancenent, and mitigation msasures.

The suggested means to accomplleh information exchange is
by distribution and circulation of reports, maintenance of an
updated bibliography, and heolding an annual projeci-presentation
meaeting. This need was glven a high priority.

26



AOENCUWLEDCGMENTS

The success of the efforts that lsad to this plan are pripar-
ily due to the interest and participation ¢f those who attended
the two workshops and to the support of the agencies and groups
they represent. Hembers of the Steering Committee [Alex Heindl,
Columbia River Inter-Tribal Fish Commission; Jim Lukens, Idaho
Departnent of Fish and Game: Don Holsaas, Washingiton Department
of Fisheries; B1ll Helson, U.8. Fish and Wildlife Service: Tony
¥igro, Uregon Dspartment of Fish and Wildlife; Allen Scholz,
Upper Columbia United Tribes: and Robert White, Montana Coopera-—
tive Fishing Research Unit, Monitana State University) provided
assistance in revision of the draft plan and heiped focus the
plan,

Fred Holp of BPA's Filsh and Willdlife Division supportsed the
project which had besen inltlated by Dale Johnson. Fred’s interest
and commitment to a collaborative plan were instrumental.

Duane Neitzel of the Pacific Horthwest Laboratory raised
"why" and "how” guestions that guided planning for the workshop
and "what if..." guestions that helped prepare alternative sirate-
gies. Cindy Willson assisted with meeting arrangements and did
the majority of the word processing reguired. Caroclvyvon HNovich
edited the plan and helped clarify its language. Faculty and
classmates in the Antioch Universiiy Urganizstion Systems Renewal
Progran reviewsd meeting design and suggessted useful medifica-
tions.

My thanks to all of them.

27



REFERENCES

Cochnauer, T.0. 1883. Abundance, distribution, growth and smanage-—
ment of white sturgeon (Acipenser fransmontanus) in the middle
Snake River, Idaho. Ph.D., Thesis, Universlity of Idaho, Moscow,
Idabo, 80 bp.

Fickeisen, D. H., D. A. Heitzel, and D. D. Dauble. 1884, White
Sturgeon Research Needs: Workshop Results. PEL-4%50, prepared
by Pacific Horthwest Laboratory. Richland, Washington, for Bonns-
ville Power Adminlstration, Portland, Orsgon.

28



APPENDIX 2

WORK GROUP CUOMPOSITION




HWORE GROUP COMPOBEITION

Habitat Regulirements
Scott Brewer
Bob Cates
Tim Cochnausy
John Eilliott
Gaylie Kraitman
Bob MocConnesll
Bill Nelson®
Bob White

Maintenance of Genstic Integrity
¥o one selected this fopic.

Stock Assessment
Dennis Dauble
Jim Lukens*®
Don Mcoclsaac
Tony Nigro

Potential for Artifical Propagation
Bob Busch
Ken Covert
Jim Halbreath
Dave Lans*®
Max Woolley

Migrating Potential
Ernie Brannon®
¥. Rathryn Brighan
Percy Brigham
Ivan Donaldson
Steve Eing

*Indicates subgroup reporisy.



APPENDIX B

WORKSHOP INVITEES




WHITE STURGECH WORKESHOP INVITEES

*Indicates Participation in June 4-5% Workshop

D.8. Fish and Wildlifes Service
Bill Helsan®*
Brian Catesg®

Hational Marine Fisheries Servics
Bob MceConnell®

Oregon Department of Fish and Wildlife
Tony Higro®

Jim Galbraith®

Bteve King®*

John Elliot®

Washington Deparitment of Fisherjes
Zavie Kreiitman®
Don Mclsaac?®

Idahe Deparitment of Fish and Game
Dave Crimann

Tim Cochnauer®

Jim Lukens*

Montana Depariment of FPish, Wildlife and Parks
Pat Grahan

Horthwest Power Planning Council
Mark Schneider®

PRUCCS
Mike Erho, Douglas County PUD

Tribes

Lliexr Heindl, CRITFC

Dan Daley, Sho-Ban Tribes

Allen 7. Scholz, U.C.U.7. Fisheries {enter
Percy Brigham®, United Indian Fisherman

. Eathrvyn Brighanm®, CRITFC

Jeryy Marco, Colville Confederated Tribes

Oniversities

Ted Biornn, idaho Coop Fish Research Unitx
Zrnie Brannon®, University of Washington
Scott Brewer®, Unliversity of Washington

Bobh White*, Montans Coop Fish Hesearch Unit

B.1



Terry Patterson, College of Southern Idaho
Dave Lane®, Malaspina College
David Franklin®, Mt. Hood Community College

industry
Robert Busch*, Clear Springs Trout Co,

Max Wolley®, Clear Springs Trout Co.

Ken Covert®, Covert's Landing

Ed Connelly, Inland Marine Fisheries

Jim Michaels, California Sunshine Fisheries
Donald Campbell, Fish Breeders of Idaho

British Columbia Ministry of Environment
Harvey Andrusak

Consultant
Ivan Donaldson®

Battelle
Dennis Daubles®

Bonneville Power Administration
Fred Holm®




