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PREFACE

This report is one of four that the Pacific Northwest National Laboratory (PNNL)
staff prepared to address Measure 7.1A in the Northwest Power Planning Council’s
(Council) Fish and Wildlife Program (Program) dated December 1994 (NPPC 1994).
Measure7.1A callsfor theBonneville Power Administration(BPA) tofund an evaluation
of salmon survival, ecology, carrying capacity, and limiting factorsin freshwater,
estuarine, and marine habitats. Additionally, the M easure asks for development of a
study plan based on critical uncertaintiesand resear ch needsidentified duringthe
evaluation. Thisreport dealswith the evaluation of canying capacity. It describes our
analysis of different views of capacity asit relatesto salmon survival and abundance.
Thereport endswithconclusionsand recommendationsfor studying canying capacity.

Three other reports were prepared based on the work addressing Measure 7.1A:

1. “Study Plan For Evaluating Canying Capacity, Measure 7.1A of the Northwest
Power planning Council’s1994 Fish and Wildlife Program, Report 2 of 4.”

2. Proceedings from aWor kshop on Ecological Carrying Capacity of Salmonid
Habitatsin the Columbia River Basin, Measure 7.1A of the Northwest Power
Planning Council’s 1994 Fish and Wildlife Progmm, Report 3 of 4.”

3. “A Literature Review, Bibliographic Lii And Organization of Selected
ReferencesRelative To Pacific salmon (Oncorhynchus spp.) And Abiotic And Biotic
AttributesOf TheColumbiaRiver Estuary And Adjacent Marine& Riveriue
Envioms, for Various Historical Periods, Measure 7.1A of the Northwest Power
Planning Council’s 1994 Fish and wddlife Program, Report 4 of 4.”
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ABSTRACT

We pursued answersto questions asked in Measure 7.1A and concluded thet
the approach inherent in 7.1A will not increase under standing of exdagy carrying
capacity, or limitingfactors that infiluence salmon uuder current conditions.
Measure 7.1A requiresadefinition of carrying capacity and alist of determinants
(limitingfactors) of capacity. Theimplication or inferencethen followsthat by asking
what weknow and do not know about the deter minantswill lead to resear ch that
inareasssour unde gandingof what islimitingsalimon survival. It isthen assumed that
resear ch resultswill point to management actionsthat can removeor repair thelimiting
factors. Most ecologistsand fisheriesscientists that have studied carrying capacity
clearly conclude that this approach is an oversimplification of complex ecological
processes To pursuethecapacity paramctcr, that is, asinglenumber or set of numbers
that quantify how many salmon thebasn or any part of thebasn can support, is
meaningless by itselfand will not provide useful information.

To increase under standing of ecology, carrying capacity, and limiting factors,
it is necessary to deal with the complexity of the sustained performance of salmon in
the Columbii River Basin. Density independent factors affect salmon performance, as
well as density dependent factors. Factors that affect performance in one part of the
salmon life cycle can manifest their effect in later phasesof thelife cycle. Factors can
havedifferent effects on different populationsin different partsof the Columbia Basin or
marine environment. Factors can affect different populations or stocks in different ways.
There are potential negative impacts of focusing on abundance alone (NRC 1995). For
example, how do the many populations and stocks of salmon affect one another? \\/hen
we understand the ecological complexity of salmon performance, the region will be better
able to make decisions to improve salmon survival in the basin.

We suggest that the region evaluate carrying capacity frem more than one
viewpoint. Platt (1964) provides a method for scientific inquiry and Pepper (1966)
provides at least four views that can be used to define capacity in a way that helps
identify critical uncertainties and research needs while dealing with the complexity of
salmonper formance.

We recommend that the region use the contextualistic view for evaluating
capacity Capacity, from the contextual view, isa component of salmon performance,
and isinsgparablefrom diversity and productivity. To evaluate capacity, in thisway, we
recommend that ther egion compar e conditionsin the columbiaRiver Basintohistoric

conditions using the methods descrii as the Patien-Template Analysis (Lichatowich et
al. 1995).
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Chapter 1: INTRODUCTION

Measure 7.1A in the Northwest Power Planning Council’s (Council) Fish and
Wildlife Program (Program) dated December. 1994 calls for the Bonneville Power
Administration (BPA) tofund an evaluation of salmon survival, ecology, carrying
capacity,” and limiting factorsin freshwater, esuarine and marine habitats- TheMeasure
hastwo parts(7.1A.l and 7.1A.2). The objective of the evaluation (7.1A.l) istoincrease
under standing of the ecology, carrying capacity, and limiting factorsthat influence
salmon survival under current conditions. The second part of the Measure (7.1A.2) asks
for the development of a study plan based on the critical uncertaintiesand rescarchneeds
identified during the evaluation of carrying capacity. Thisreport addressesMeasure
7.1.A.1, theevaluation of carrying capacity.

Eight specific elementsarelisted in Measure 7.1A.l toincludein the evaluation.
They are:

1. Analysisof competition between non-native speciesand anadr omoussalmonidsand
competitiveinteraction resulting from hatchery management practices.

2. Edimateof current salmon carryingcapacity for the ColumbiaRiver maingem,
tributaries, estuary, plumeand near shore oceansfor juvenile fish.

3. Evaluation of the effects of the alteration and timing of the ocean plume on salmon.
survival caused by the construction and operation of the hydroelectric system.

4. ldentification of residencetime for juvenile salmonids and their level of
smoltification.

5. Identification of management measuresto protect and improveeuary habitat aswell
asincreasethe productivity of the estuary.

6. Recommendationsfor managcmentresponsestofluctuatingestuary and ocean
cmditionssuch asadjustingtotal numbers of relcascsto take such conditionsinto
account.

7. ldentification of critical uncertaintiesand resear ch neads, and estimates of
incremental gainsin survival fromimprovementsin each area.

8. Monitoring program to identify optimal timing for resdency in the estuary and
near shor e environment.

To addressall eight issues and accomplish the objective of the evauation of
capacity, we were told by Council saff to:

« Reviewexistingdata. ,
e Conduct aworkshop.

e Usetheinformation from thereview and thewor kshop to definecapadty and lig the
determinantsof capacity.

In this report, we use the terms: capacity, carrying capacity, and ecological carrying capacity
interchangeably Attempting to remain consistent with the intent of Measure 7.1A, we use these terms to
describe“the upper level for a population, beyond which no major increase can occur” (Odum 1959).
Many authors that we cite throughout this paper have other definitions for these terms or use them in a
specific context with other population descriptors We have tried very carefully to cite these authors and
strongly suggest that readers tum to the original hooks or articles for clarification.
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o Ask, “What do we know about the determinants of carrying capacity?”

o Ask, “What do we not know about the determinants of carrying capacity?”

. Ask, “What research can we do to understand what we do not know about carrying
capacity?”

e Ask, “What management actionscan weimplement immediately, relative to canying
capacity, that will improve salmon survival?”

o Usetheinformation collected and the answersto the questions to develop a study
plan based on thecritical uncertaintiesand research needs identified in the evaluation.

This approach is illustrated in Figure 1. The study plan would provide a basis to
implement management actions and conduct r esear ch.Results of the research and
management actionswould lead toincreased under standing of capacity. This in turn

would produceimplementation of an ecosystem approach to protect and enhance salmon
in the Columbia River Basin.

We pursued answers to the questions asked in Measure 7.1A.1. We concluded,
however, that this approach would not meet the objective. That is, theapproach
illustrated in Figure 1 would not increase understanding of ecology, carrying capacity, or
limitiug factor sthat influence salmon under current conditions. Responding to the
elementsin Measure 7.1 A. 1 requires a specific definition of canying capacity and a lii
of determinants (limiting factors) of capacity. Theinformation that welearned duringthe
wor kshopzand from our review of ecological literature led usto the conclusion that the
proposed approach breaksdown (Figure 2) if oneattemptsto define capacity asasimple
ecological parameter (odum 1959, Reeveset al. 1991).

The capacity parameter, that is, a singlenumber or set of numbersthat quantifies
how many salmon the basin or any part of the basin can support, will not provide useful
infor mation.To increase under standing of ecology, carrying capacity, and limiting
factors, it isnecessary to deal with the complex interrelationships among the
characteristics of salmon performance, including diver sity, capacity, and productivity
(Paulik 1973, Hankin and Healey 1986, M oussalli and Hilbom 1986, Hilbom and Walters
1992, Mobrand et al. in press) Accordingly, werevised the approach to evaluate
capacity (Figure 3). The approach we used followed the work on scientific discovery by
Platt (1964) and the work on world hypotheses by Pepper (1966).

The report contains. our evaluation of carrying capacity (Chapter 2) and four
definitions or views of capacity (Chapter 3). Thereport endswith our conclusionsand
recommedations totheregion for studying canying capacity (Chapter 4). Thebooks,
journal articles, and technical reportswecitein thisreport arereferenced in Chapter 5.

Several other activities are part of this study. We outlined necessary elements of a
study plan to definethecritical uncertainties and research needs related tocar rying
capacity in the Columbia Basin. We conducted aworkshop in Portland, Oregon to
address questions about definitions and determinants of carrying capacity. We reviewed

? Proceedings from the Workshop on Ecological Carrying Capacity of Columbia Basin Salmon (September
6-7.1995 in Portland, OR) are reported elsewhere (Johnson et al. 19%).
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exiging data determinewhat isknown and not known about the determinantscarring
capacity in the Columbia Basin, with focus on the estuary. The results of theseactivities
arepresented in separatereportsto BPA.
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RdOW
Existing
Data Ask,
“What do we know and not
know about these
determinants?”
“What research can we do to
fill the identified information
gaps?”
Convene a ma nt
W hop can we implement now to
increase salmon survival?”
Critical l
Uncertainties Research
Needs
Study Plan J
Management Research
Actions

increased understanding of the ecology,
carrying capacity and limiting factors that
influence salmon survival under current

conditions
J o Measure
Ecosystem approach to protect,
enhance, and mitigate salmon in r_—l Action
the Columbia River Basin
O Result
O Objective

Figure 1. Flow Diagram Illustrating the Approach We Tried to Useto
Analyze Carrying Capacity and Develop a Study Plan.
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Ask,
“What do we know and not
know about these
determinants?”
“What research can we do to
fill the identified information
Convene a gaps?
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Figure 2. Flow Diagram Illustrating the Breakdown in the Approach We Tried to Use
to Analyze Carrying Capacity and Develop a Study Plan.
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Ask,

“Will this view of capacity
implementing an ecosystem
approach to evaluate salmon

survival?®

“Will this view of capacity
provide a list of determinants
that can be used to identify
critical uncertainties and
research needs?=
“Is this view of capacity
consistent with observations of
plant and animal populations?”

Critical
Uncertainties

L

l

Research
Needs

Study Plan

|

|

Management
Actions

Research

capacity and limiting factors that influence
salmon survival under current conditions

Increased understanding of the ecology, carrying

1
Ecosystem approach to protect,

enhance, and mitigate saimon in the
Columbia Rii Basin

Figure3. Flow Diagram With a Revised Approach to
Analyze Carrying Capacity and Develop a Study Plan.
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Chapter 2: EVALUATION OF CARRYING CAPACITY

Asdiscussedinthelntroducﬁon,weconciudedthattheproewsofdeﬁning
capacity and listing the determinants of capacity would not lead to a useful study plan. In
this chapter, we present the information that lead us to this conclusion.

To define capacity we reviewed books, journal articles, and technical reports that
discuss carrying capacity (Chapter 5), reviewed existing data (Costello 1996 a,b), and
convened awor kshop on carrying capacity (Johnson et al. 1996). Wefound that plant.
and animal populations grow, stabilize, oscillate, and fluctuate. These population
characteristics have been described With words and mathematica formulas Some of
these concepts, for example density dependent capacity, was popular & d by Malthus in
thelate 18th century and was discussed by other authors(e.g., Giovanni Botero, Sir
Walter Raleigh, Reverend William Derham) as early as the 16th century (Smith 1966).

Capacity

Growth shapes and pop&ion dynamics have been characterized. The J-shaped
growth form describesdensity increasngrapidly at an exponential r ate, abruptly S0opping
asenvironmental resistance becomes effective (Odum 1959). The S-shaped growth is
sow at first, followed by rapid growth, and finally settlesinto ne growth at some
controlled level. For these situations, the upper level beyond which no major increase

can occur isthecarrying capacity (Odum 1959). Similar definitionsappear throughout
the ecological literature.

“The maximum allowable load rate. ” (McLean et al. 1993).
“The upper limit on the number of fish a stream can support.” (Steward and Bjornn 1990).

“The carrying capacity is defined simply as the number of individuals in a particular population that
the environment can support over an indefinite period of time. It is often determined by food
resources, but some other factors, such as light, water, or nesting space, may be the limiting ones "
(Curtis 1979). p. 851.

'ig;nz)numéegofindmduabofonespeciestllatllleresowoesofalubitacannppon.” (NPPC
. p. G-2.

g;e maximum abundance that can be supported by the environment.” (Pitcher and Hart 1982)
p.82.

® ‘Miximnm average number or biomass of organisms that can be sustained in a habitat over the I
term Usually refers to a particular species, but can be applied to more than one.” (Meehan 1991).

“The population size which the resources of the environment can just maintain (‘carry') without a

tendency to either increase or decrease. The stable density at which the birth rate equals the death
rate.” (Begon et al. 1986). p.209-210.

“Carrying capacity, in the context of mussel culture, may be defined as the stock density at which

tion levels ar e maximized without negatively affecting growth rates.” (Carver and Mallet
1990).

“The uppermost limit on the number of species an ecosystem or habitat can sustain, given the supply
and availability of nutrients.” (Hawken 1993). p.24.

“Unfished equilibrium stock size. ” (Hilborn and Walters 1992). p.58.

“The maximum number that can be supported in a given habitat. ” (Smith 1966). p.355.
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Carryingcapacity can be consideredin termsof four different butoverlapping types: subsistence
density or K, optimum density, security density. and tderancedensity. ” (Smith 1966). p-328.

Thesedefinitionshavea common characterigtic. They state a quantity (e.g.,
maximum rate, upper limit, number, size, mass) that can be or is reached. Capacityasa
parameter, that is a single number or set of numbers that can be defined for each part of
the environment, implieswe can define all the partsand under stand the connectivity
among the parts.. Thisapproach is mechanistic, implying that the environment isa

machine (Pepper 1966, White 1995) and the eventsor conditionsthat control the machine
can bedetermined.

Determinants of Capacity

At thispoint in our evauation, we planned to follow these capacity definitions
with alist determinantsof capacity, and then proceed with theevaluation and ultimately
develop astudy plan. Thenatureof theregulatory processes(i.e., determinants) for
animal population sizeisamajor focusof population ecology. Oneprecept of population
dynamicsisthat no animal population can increase indefinitely. Eventually it arrives at
some level about which it fluctuates or maybemoreaccurately it fluctuates within some
range of population abundance. Populations are regulated by forces outside the.
population itself and/or by forces generated within the population (Odum 1959). The
former, extringcin nature, often istermed density independent, since the action or effect
Ispresent regar dlessof thesze of thepopulation. Thelatter, intrindcin nature, iscalled
densty dependent, becausethe intensty of action varieswith the densty of the
population. Smith (1966) also says, in general, population fluctuationsinfluenced by
annual and ssasonal changesin theenvironment tend to beirregular and corrdated with
variationsinmoistureand temperature.

Fluctuations aboveand below atheoretical limit appear tobecharacteristic of
most populations(Odmn 1959). Theproblem of cyclic oscillationsor fluctuationscomes
down to the condilionsthat determinethe changes. When populationsexceed or
approach capadty, predators, parastes, or disease can serveaschecks. Intrapopulaton
mechanismscan limit the level of a population. Wellington (1957) describes tent
caterpillar populations that fluctuate, scemingly controlled by density. K abatand
Thompson (1963) describe the seasonal fluctuation of bobwhitequail. Esrington (1939)
describes temporary fluctuations in muskrat populations. Similar examplesr elatedto
population characteristics are found in the fisheries literature.

Population fluctuations can result from temporal changes occurring seasonally,
annually,decadally or even at longer -ter m fluctuations. Carrying capacity, and hence
fish production, may vary year |y if controlling habitat components, such asstreamflow,
vary widely from year to year at critical habitat periodssuch aslate summer (Smoker
1955). The carrying capacity of a stream may also vary from summer to winter (Bjornn
1978), and it may differ for the various life stages of fish.

The definitions of capacity for a population includetermsfor thelimit or upper
level of the population. Recall Odum (1959) who said capacity is“the upper level,
beyond which no major iwease can occur. ” A limit implies that something(s)
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determinesthelimit. Most definitions of capacity are followed by a list of eventsor
conditionsthat determinethelimit. Limitsareimposed on a papulationfrom conditions
outsidethe population for example, temperature, r ainfall nutrients.

Dealing with Complexity

However aswe continued with our review, it became evident that defining
capacity and listing determinantsis not a simple exercise. Capacity isa complex variable
among the attributes that all together determine salmon performance (Paulik 1973,
Hankinand Healey 1986, M oussalli and Hilbom 1986, Hilbom and Walters 1992,
Mobrand et al. in press). Therefore, we suspected that evaluating carrying capacity by
listing, analyzing, and prioritizing determinantswasnot goingtoyield astudy plan the
region could usetoincreaseitsunderstanding of ecology, carring capacity, and limiting
factors. To gain the understanding asked for in Measure 7.1A, it is necessary to deal with
thecomplex relationship between density dependent (intrinsic) and density indgoendant
(extrinsic) factorsthat result in thelong-ter m sustainability of salmon populations.

The complexity issue cannot be underestimated. Factorsthat affect salmonin one
part of their life cycle can manifest the effect in later phases of the life cycle. Factors
can have differat effectson different populationsin different partsof the Columbia
Basmormarine environment.Factor s can affect different populationsor socksin
different ways. Therearepotential negativeimpactsof focusing on abundance(NRC
1995). How do the many populations and stocks of salmon affect one another? When we
under stand thisecological complexity, theregion will be better ableto makedecisionsto
improve abundance as well as diversity.

Reeves et al. (1991) summarizethisissue of complexitieswith their statement
“theideathat asinglelimit& g factor ‘ bottleneck’ controls productionisobviously an
oversimplification of a complex ecological processes. In the context of a total system the
search for a single factor can be misleading. Not only may the ultimate limitation way

from year to year, it may be composed of interacting elements; when oneisimprove4
others may take over. Such an interaction may account for the failer of some of the
well-intentioned attemptsat habitat improvement.” Theexperts at thecarrying Capacity
Workshop (Johnson et al. 1996) voiced similar reservationsregarding the
over simplification of approaching determinantsasabasisfor developingastudy plan
The following quotesillustrate this point:
Dan Bottom (Day |) stated, " Theclassic i&a of carrying capacity based upon a logistic-growth
curvedoes 2work verywdl for a variety of reesons.[different] stocks have different requirements

and limitations...Limiting factors are constantly fluctuating <0 there isn 't One you can remove and see
aresponse...Limiting factors between life stages tend |0 interact...”

Lars Mobrand (Day 2) stated, “I believe the concept Of capacity is used to simplify the notion of
salmon abundance throughout the Columbia River Basin. Mast of the discussions seemto focus ON
competition for resources. There are many factors in environment that affect saimon survival, for
example predation, which may operate very differently from competition Tounderstand salmon
survival, it is important t0 examine ecological impact of abundance in a broader sense”

Chuck Coutant (Day 2) stated, “... /When)] listing the physical and biotic dererminants -just about
anything you can put on that list will be important at some rime in the life cycle.. the exercise of
listing all these determinants could go on ad infinitum. . *
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Bill Pearcy (Day 2) stated, “...[regopding;| determinants, there are a |ot of things that haven’t been
mentioned...like disease and BKD and nitrogen supersaturation... But,in general, we are focusing On
salmonids [which] are only one very small portion of the ecosystem both in the river and certainly in
the oceans. And they are not in isolation; they interact. I don't see how we can ever talk about the
ocean without talking about other species. We mention predation, which I think is probably a key
Jactor in the ocean. But we haven't mentioned things that buffer predation, which I think is really
critical...”

In addition to these comments, our evaluation provided other examplesof how the
approach of defining capacity and listing determinants was not going to work. We found
many examplesof mitigation actionsfor aspecificlimiting determinant that did not
wor k. Mason (1976) reports on the futility of trying to enhance the number of fishina .
British Columbia stream that supportscoho salmon. In that system, most young coho
salmon go to sea as smolts after oneyear of stream rearing. Artificial feeding of
underyearlings during the summer greatly reduced emigration and increased the growth
rateof remaining resdents. Thenumber of smoltsthat |eft the stream thefollowing
spring did not increase. The liiting factor of inadequate summer growth wasrelieved
but the population size did not increase.

Wolff(1995) discusses thelimitationsof species-habitat association studies He
pointsout that correlational approachesdo not providean endpoint in themselves.

Species ranges of tolerance are often greater than can be measured in a localized study.
Specieslivein a variety of habitats. Habitatdistributioncorrelations, especially for
widely distributed animals, may beinappropriate. Wolff(1995), citing examplesfor el k
martens, Douglas squirrels, and red-tailed hawks, states habitatdistribution studies often
are interpreted to mean that a species does not occur in areas where selected habitat
features do not occur. Hegoesontowamther eaderthatattemptingtocor relatcthc
existence of an animal to a particular habitat (not unlike attempting to correlate capacity
to specific determinants) is not taking advantage of the scientific method, is asking the
wrong question, cannot demonstrate cause and effect, and may not beabiologically
sound method of determining the reasons animals exist in specific habitats and are
distributed they way they are.

McDonald and Hume (1984) report the results of congructing spawning channels
in the streams feeding Babii L ake, British Columbia The spawning channelslead to an
increase in the number of sockeye smolts|eaving the lake. Adult returns increased for
odd-number edyear sbutnotineven-number edyear s Evidently, either spawning habitat
is not limiting or the limit varies from year to year.

Improving the system in one area can adversely affect capacity in others. For
example, in Fish Creek, Oregon, boulders collected from the edges of the stream channel
to improve spawning habitat resulted in aloss or reduction of habitat for juveniles
(Everest et al. 1985). Evaluation of theboulder removal indicated that winter habitat for
young-of-the-year steelhead had been changed.

Nickelson et al. (1986) report that a mismatch between the understanding of life
history diversity and habitat complexity resulted in failure to restore natural production of
coho salmon in Oregon streamsthrough hatchery outplanting. Reproductive success of
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thehatchery fish wasreduced becausethey spawned too realy to avoid mortality caused
by the normal occurrence of freshets.

When we add stock exploitation to the questions about capacity, Hilbom and
Walters (1992) providemany examplesthat definetheproblemsof thesimpledefinition
of capacity. Theabalone population in Tasmaniaisthe“antithesis’ of a homogeneous
stock. The adults are long-lived and move only a few meters during their life. The young
arepdagcfa afavdays butthar digoar s isoonfinedtoasmal area Thuswhilethe Thus,whilethe
exploitation of thesc stocksison thousands of individuals the effective management unit
may be an individual reef. Consequently, listingthe determinants would require
assessment and regulation of each individual reef.

A different problem is apparent when we examine the life history of Pacific
halibut (Hilbom and Walters 1992). The adultsrarely move, however, the eggsdrift
along the coast and the juveniles migrate for year s before becoming sedentary
Recruitment to a stock dependson immigration. Capacity variesthroughout thelife
cycle. Deaeminan for pelagiclifeformsdefer and are complicated when trying to
understand determinants for migratingor sedentary lifestages.

Paulik (1973) prepar ed agraphictoillustrate stock-recmitment of several life
history stages. Helinked the stock-recruitment curvesfor egg to fry, fry to smolt, and
smolt toadult. Thisillustration showsthat therelatively simplerelationship of some
determinant of capacity at one lift-stage can become very complex for the aggregate
relationship of theentire life-history

Moussalli and Hilbom (1986) discusstheimplications of these aggregate
relationships. They usethe aggregate relationship to calculate theimpacts of chaaging
productivity or capacity at any life stage or stock size. Any increase in productivity
(survival) will incresasethe optimum harvest r ate, but may decrease or increase the stock
sizedepending on the limitations of capacity at various|& stages.

Hankin and Hcaley (1986) state that thechinook life history pattemsar c complex
and requireunique management actionsfor regulating thechinook fishery. ‘They point
out that harvesting immature fish in the troll fishery has been questioned. Theage
dructure, average size, and genetic shiftsto earlier matumtion have resulted from the
management strategies that do not takeinto account the complexity of the chinook life
history pattems. These results have developed in the absence of a management

framework that inadequately captues both the complexity of salmon life histories and the
distinction bctwecn fisheries types.

Mobrand et al. (in press) carry thisthought even further. They point out that
capacity isnot an independent variablein the definition of performaue. performanceisa
function of diversity, cumulative productivity, and cumulative capacity. changing
capacity for onelife-stage of one stock may in fact, adver sely impact the performance of
other stocksin the same basin. These attributes of populations (capacity, productivity,
and diversity) arenot independent. We can not single out the capacity of one life stage or
one stock asan indicator of cumulative capacity for all stocksin thebasin. Rather, we
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can look at the performance of salmon, that isthe ability of salmon to sustain itself over a
long period of timein an ever changing enviromnent.

The performance capabiity of salmon resultsfrom, in part, the exchange of
geneticinformation. sustained performanceis aided by the life higory diversity types
that are present in an environment likethe Columbia River Basin. The more diversethe
population, the morelikely it isthat some part of the population will survive any given
enviromnental change. Life history diversity in salmon is observed by their variable use
of habitats. Diversity dampenstherisk of extinction and reduced production when the
environment changes. Mobrand et al. (in press) discuss the observation of Thompson
(1959) that salmon life histories are comprised of a chain of habitats with favorable
spatial and temporal distributions. This complex habitat structureisan important
determinant of productivity and capacity.

In addition to these examples, the recent report of the National Research Council
(1995) statesthat “it is.. . unlikely that reducing or compensating for only one type of
adverse impact will be enough to reverse the decline [of salmon] in any watershed

Management must recognize andprotect the genetic diversity of salmon It is not enough
to focus on the abundance of salmon”

From these examples and comments, it is evident what lead Smith (1952) to
aitiazethesmplicity of equationsused to describe carryingcapacity of complex
populations. Hestated that these equations assumed that all animalsin a population have

an egual chance of being eaten, of procr eating, of responding to an environmental
gimulus

The response by salmon to changes vary with species, We stage, season, and
geographiclocation (Meehan 1991) complicating an evduationof carryingcapacity or
the development of a study plan. Limiting factorsdiffer among speciesand life stages,
and changeover gpaceand time(Meehan1991). To develop the sudy plan, we
concluded that we were left with the challenge stated by Odum (1959) - " The
problem..may well boil down to determining|) whether oneto several fators are
primarily responsible [for the expression of population characteristics] or 2) whether
causes are so numerousas to be difficult to untangle...” Odumgoesontospeculatethat
the later is more likely the case in complex ecosystems.

Sii we conduded that a simple definition of capacity and a list of determinants
was not going to help us meet the objective of Measure 7.1A, we decided to adjust the
process that we started with (Figure 1). To this end, we decided to follow the steps for a
systematic method of scientific thinking described by Platt (1964). He calls this method
"draginfeee® T hestep sar e:l)devise alternative hypotheses, 2) devise
experiments with alternative possible outcomes, each of which will exclude one or more
hypotheses, 3) cxryout the experiments, and 4) recycle the procedure through Steps|-3.
Platt (1964) emphaszestheneed for alternatives Thus, we altered our process (Figure 3)
and set out to preparealter native definitions of capacity.
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Chapter 3: ALTERNATIVE DEFINITIONS OF CAPACITY

What can alter native definitions bring to the problem of developing a study plan?
Isnot “strong inference” just another name for the scientific method? Maybe. But Platt
(1964) warns that “ Science is now an everyday business.” For example, some data
collection and resear ch programshavebecomeendsin themselves Wolff(1995)’
developsthispoint further by tying implementation of research and management actions
totestable hypotheses. He" strongly encourages’ biologiststo consider the question
beforeimplementation. He states that resear chersmust know what they want A good
clear objective and a set of testable hypotheses are necessary for useful results.

As discussed above, the mechanistic view to describe capacity will not lead to the
development of a usgful study plan. Wehavecited many war ningsnot to underesimate
ecological complexity when defining ecological processes. Root and Schneider (1995)
discuss the associations among definitions, planning, and observation. These discussions
focus on the natural and anthropogenic changesin the context of ecological disturbance.
They statethat ecological implications of any change, including capacity, ar e difficult to
predict for four reasons. Fii the difference between the rate of change for human-
indnced vs. naturally-induced causes may differ by many orders of magnitude. second,
the" scales’ at which different resear ch disciplines operate makeinterdisciplinary
comparisonsimpossible(fisheriesmodelslook at theentirebasin, estuary and ocean
while a hatchery isno bigger than one or two football fields). Third, all thedisciplines
needed toimplement an ecosystem appr oach must beintegrated. And fourth, uncertainty
will exist at every level of any analysisneeded to understanding thefactor sthat influence
salmonsurvival.

Root and Schneider (1995) go on to develop and discuss alter native methods for
untangling the complexities of study& understauding and analyzing multi-scale
inter connections among disciplines associated with climate change and ecology. Their
problem isnot that much different from the problem posed in Measure 7.|1A By
examiningfour different paradigmsor alter native hypotheses, they then proposeone
hypothessthat canbetested They offer a hypothesis that they state will improve
under standing of the behavior of complex environmental systems and allow morereliable
forecast capabilitiesfor analyzing ecological consequences of global change. Following
1) the Program’srequirement for a scientific basis, 2) using strong inference, and 3) the
paradigm analysisof Root and Schneider (1995), we proposethat altemative views of
carryingcapacitybcexamincd.

Mechanism

Wehave already discussed one definition; “...the upper limit, beyond which no
major increases can occur” (Odum 1959). Thisand all the other definitionslisted in
Chapter 2 can be classified asa mechanistic definition or view of capacity. With the
mechanistic view, the environment is analogous to a machine. The idea is that if we
under stand the parts (deter minants) we can fix them, replace them, or make them better as
necessary. When applied to salmon, the machine analogy quickly falls apart. The
environment does have parts, but the partsarc many, theinterrelationshipsamong partsis
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nearly infinite, and our ability to understand, fix, and replace the relationships has been
harshly questioned (Ehrenfeld 1978, Hirt 1994, NRC 1995). However, if we are going
“fix theenvironment” thisability will comefrom understanding (the objective of
Measure7.1A) Approaching the problem thisway, the complexity of the enviroment
became apparent, especially an environment in which we need to study the carrying
capacity and under stand theliiting factors that influence salmon survival.

Because of the complex nature of capacity, we concluded that the mechanistic
definition would not lead to a ussful study plan Thus, we now needed other definitions
of capacity that we could compar e to the mechanistic view. We used Pepper’s (1966)
discussion of M.H}:mihm_ '
alternative hypotheses’.

From Pepper’swork we haveidentified three alter nativesto the mechanistic view
of capacity. Pepper (1966) begins his discussion of hypotheses with a “root metaphor.”
(Pepper’sroot metaphor for the mechanistic view isthe machine.) He describesthe
charaderidicsof ahypothesis, that is, those elementsthat discriminateone hypothess
from other possible hypotheses. Thecharacterigticsor elementsthen becomethe
concepts by which the hypothesis can be explained or described. Although thereare
many altemative views of capacity, we follow Pepper’s (1966) reasoning her e because it
provides a useful approach to discuss three alternative views to the mechanism: formism,
organicism, and contextualism.

Formism

Thebasisforformismissimilarity. Thetruthofformismconsistsnsmilarity .
between two or more things one of which is said to be true of the others. Truth then
becomesa matter of sampleor description. Arefish taken from the river atrue sample of
theentirepopulation? Are they a true sample of all fish in the basin? Morelikely, the
formism view will lead us to use pictures, geographic information systems, diagrams,
research reports, formulas, or computer models to learn the truth about the questions we
ask. Applied to evaluating capacity, the formism view requires that we list determinants
of capacity for “similar” basinsor populationsand identify critical uncertaintiesand
research based on what is unlike or not alike between or among the basins or populations.
A resultant study plan is then based on the degree of similarity that is a symbolic
representation of the uncertainties and needs rather than being based on the objective of
implementing an ecosystem approach. .

White (1995) wams us that this approach leads us to manage by comparison of
similaritiesdefined by the “virtual” river. Thevirtual river of computer simulation is
much simpler than the complexities of the CdumbiaRiver Basin. Our virtual riversdo
not agree on the determinants of capacity and ther efore may not help us select
management actionsor set research priorities.

JWeusetheterlnhypotbesisherebemuseitiscon.;'»istentwiﬂlPeppq"susage. For the purposes of this
report, alternative hypothesis is the same as alternative view.
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Theworld and the Columbia River Basin arefull of thingsthat seem to be alike,
e.g., salmon from the same reach of theriver or stream, fish of the same species, fish of
the samerun, fish of the same evolutionarily significant unit. Using a formism view of
capacity, truthsaredescriptionswhich accur ately correspond with factsthat have
occurredorwithlawsthatholdtrue. Pepper (1966) suggeststhat thisapproach then
requiresthat we follow a succession of comparisonsuntil wefind theregularities of
nature and then approximate “actual necessary laws. * What might follow then is finding
that the laws of nature (in our case a view of carrying capacity) are not discrete. = Thus, we
have aresultant single scientific description and no scientific basis for similarities among
samples or observations. Thisline of thought can lead us toward a mechanistic view of
capacity. That is, our observations of similarity become integrated into a single system or
constant law. Thus, aformism view of capacity leadsto 1) comparisonsthat do not hold
trueor 2) back to a mechanistic view.

The advantage of using the formism view is the need to list determinants,
characteristics, and attributes that we can compare between systems of individuals. The
list may be useful to develop a study plan, however, likewith the mechanistic view, we
fall short when we assess consistency with observations of salmon populations. With the
formism view we could hold off on “the answers’ andhopethattheanswerslieinthe
future when we have more data or more comparisons. To develop a study plan for
carrying capacity that will help the region implement an ecosystem approach to managing
fish and wildlife, we need a scientific basis now. In conclusion, the formism view does
not meet our needs becauseit isnot consistent with our observationsand is not
immediatelyuseable.

Organicism

A second view discussed by Pepper (1966) is organicism. A root metaphor that
helps define organicism is the organism. Pepper (1966) offer sthat thismetaphor may
have too many biological connotations that can get in the way of it being useful, however,
for our purposeswe will proceed. " The organicist believesthat every actual event in the
world isa more or less concealed organic process... therefore, that a careful scrutiny of
any actual process...would exhibit its organic structure, through some of the processes
with which weare generally Familiar... Odum (1959)alludesto thisin his discussion of
the problemsof defining thedeterminants of capacity when he statesthat “ causes[may
be] so numerous asto be difficult to untangle even though the total interaction may be
understood” Applied to evaluating capacity, the organicism view requiresthat wea
priori accept that we can not list determinants of capacity becausethedeterminantsare
concealed. This approach breaks down when we cannot research the parts nor do we
have a means of studying the entire basin and populations of salmon at one tune.

Warren et al. (1979) also discuss an organicism view for defining living systems.
Theperformance of any “system” isthe outcome of itsinteractions and has functionsand
operationsin the maintenance, organization, and replication of thewhole. "The potential
capacity of any organismic system predetermines all possible sequences of realized
capacities, which in turn determine all possible performances, any occurring sequence of
realized capacities depending on the environment though time and any occurring
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performance depending on theimmediately effective environment.” Warren et al. (1979)
then conclude that uniformities may underlie but are obscured in complex systems. The
Columbia Basin is obviously a complex system.

Using an organicism view of capacity the Columbia Basin is an organic whole.
Every element within the basin (fish, wildlife, plants, water, dams, people, bar ges,
hatcheries, fast food establishments) can affect every other. Then, alteration or removal
of any elements within the basin would alter every other element in the whole system.
Within the basii we observe degrees of organically or implicate with the other elements
of thebasin. Analteration of an element may have seriouseffect on some partsbut not
on others The organidsm view is consistent with an ecosystem approach to
management.

Pepper (1966) saysthat the organicism hypothesis requires that we move towards
greater and greater inclusveness. Weneed to gather moreand moredatato determine
and integrate our observation with our view. We need to increase perfect and organize
our datatoget closer and closer tothe“facts" The problem with thisview isthat pure
fact istheabsdute The absduteisnever obtained through the partial integration of
determinants which resource managers often must use by necessity.

Theorganicism view isuseful for understanding thewor|d around us. Almost by
definition we could not fail to describe salmon or their habitats because all causal
relationships are internal and hidden; all we need to describe is the total interaction. This
however, is not useful for developing a study plan. This is, unless we want to study
everything, all the time understanding that truth lies at some undefined future milestone.
In conclusion, the orgauicism view is not useful because it does not provide a meansto
provide a useful study plan.

contextualism

So far we have looked at two altemative to the mechanistic view. A third
alternative, contextualism, uses the historic event as the root metaphor. Thehistoric
event is not only the past, but rather, from this viewpoint, is a realization of what is going
on now. In the Columbia Basin some events are: spawning, passing on a genetic trait,
swimming to the ocean, passing through a turbine, damming a river, diverting a stream,
hatchinginanincubator . Pepper (1966) points out that events or acts are "all
intrinsically complex, composed of interconnected activitieswith continuously changing
patterns.” The contextual hypothesis proposes that everything in the world consists of
such events. Applied toevaluating capacity, thecontextual view requires that we: 1)
describe the status of the basin as it exists today, 2) describe the healthy basin, and 3)
identifywhat ispreventing theregion from realizing itsmanagement obj ectives
Accomplishing these steps should result in identifying the critical uncertainties and
r esear chneeds. When we describe the status, we can accomplish this in terms of the
complexity of a healthy environment for salmon When we describe what is preventing
us framnaccomplishing objectives, we have to describe the actions that we would be
williig to take to move toward a healthy environment and increased salmon survival.
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Using a contextual viewofcapacity,weareworkingwithintheeventsthatateoccmring
today and resolving uncertainties within existing biological and social constraints.
Sincethe Columbia Basin ecosystem congstsof intrinsically complex
interwnnected activities, we propose that a wntextual view caa be useful for evaluating
carryingcapacity. A contextual or historic event view can indudethe notions of
wmpound capacity (Hilbom and Walters 1992) and integration of capacity with diversity
and productivity (Mobrand et al. in press). There are three points of contextualism that
will help us define capacity and determine the limits of capacity while remaining true to
our observationsof salmon intheColumbiaRiver Basin. First almost anything is
possible. Change, both planned for and unexpected, will be the norm. Thisallowsusto
work within the extremes. We are not constrained by our inability to define determinants
as we are with organicism. Nor, are we required to define and understand all the
intricacies of cause and effect suggested by the mechanistic or formistic views.

Second, we have to deal with the Columbia Basin as it exists today. We can not
go back tothepast. However, our knowledge of the past isabsolutely important to help
usunderstand what haschanged. “Only by & voting itsdlf to the past, to what has already
happened and thus cannot be revised according to our wishes, does science come to know
new things" (Tumer 1995). It is this second point that will be most important to develop
a study plan that is based on a scientific framework and is consistent with our
observations of salmon.

Third, eventsexhibit astructure within the wntext of basic categories. Eventscan
be described in termsof quantitiesand qualities. Events occur over time, they change,
they are connected, and they occur within a context. By using specific categories we can
describeperformance, ascribe performance to specific goals, and monitor our progress
towar dour goals.

, Using the contextual view to evaluate capacity, we are not confined by the
constraint of mechanism or formism; that is; determinants haveto be def& d completely.
With the contextual view, thereisno "final” analysis. Wearefreeto continuetolearn.
Thisis conggtent with the principals of adaptive management AsL ee (1993) stated,
adaptive management is*“an approach to natural resourcespolicy that embodies a simple
imperative: policesare experiments; learn fromthem.” Additionally, we are not
constrained by the organicism view wher e inter connection makes it impossible to
untanglethedaeminants We aonduddethat the wntextual view isappropriatefor an
evaluation of capacity becauseit will be scientifically sound and ecosystem-w
produce a usable list of critical uncertainties and research needs, and be consistent with
the complex nature of capacity.

Strong Inference (Steps 2 Through 4)

We now have alternative definitions of capacity (Step | as defined by Platt 1964).
To continue following Platt (1964) we now need experiments (Step 2), implementation
(Step 3), and analysis (Step 4). An advantage to using the wntexualistic view is the
existence of toolsto deviseexperiments. One such tool isthe Patient-Template Analysis.
Thistool isused in“ An Approach to the Diagnosis and Treatment of Depleted Pacific
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Salmon Populationsin Pacific Northwest Watersheds' by Lichatowich et al. (1995). The
Patient-Template Analysisrequiresa description of the status of life histories and habitat
of the target species compared to a description of the healthy habitat and Life histories of
thetarget species. The analysis provides the ability to address capacity from a wntextual
view as described by Pepper (1966). Thistype of analysisfor studying carrying capacity
was recommended by the participantsat the Carrying Capacity Workshop. Applying
Patient-Template Analysis within the wntextual view will provide an evaluation of
carrying capacity under current wnditions. 1t will compare current wnditionsto historic
conditions and thus, definethe possiblefuture conditionsfor salmon in the Columbia
River Basin. Thisanalysiswill definethecritical uncertaintiesandr esear chneeds
necessary to develop acarryingcapacity study plan.

The implementation of the experiments and analysis of results will have to follow
the development of a study plan. Thisisdiscussed in the second report of this study,
“Study Plan For Evaluating carrying Capacity, Measure 7.1 A of the Northwest Power
Planning Council’s 1994 Fish and Wildlife Program, Report 2 of 4.”
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Chapter 4: CONCLUSIONS AND RECOMMENDATIONS

To pursue the capacity parameter as a single number or set of numbers that
quantifies how many salmon the basin or any part of the basin can support, will not
provide useful information to meet the objective of Measure 7.1A. This is the
mechanistic view of salmon population dynamics and it will not work. Theregion " must
recognize and protect...diversity...It is not enough to focus only on theabunahe of
salmon” (NRC 1995). We have to realize the quality of whatever happens to-be at the
present time. Then, significance lies in the purpose of what we are pursuing. Bella .
(1995) describesthe need to movetoward a "healthy environment grategy " He claims
that the assessment and management of the many activities responsible for the decline of
salmonin the PadficNorthwest ar e hinder ed by fundamental misconceptions.
Management and policy have been dominated by presumptions that fail to grasp the
complexity of human and salmon interactions (Bella 1995). Toincrease our
under standingof ecology, carryingcapacity, and limiting factarsthat influence sailmon
survival under current conditions, we must deal with the complexity of issues such as
carrying capacity. I n closing we conclude and recommend that:

e Stronginference (Platt 1964) is needed to evaluate carrying capacity in the Columbia
River Basin. All proposed resear chandpr oposedmanagementactionsshouldinclude
the steps defined by Platt (1964): devise alter native hypotheses; devise experiments,
with alternatives, to exclude one or more of the hypotheses; carry out the experiment
or action to get clean results; recyclethisprocedure.

e Carrying capacity isa complex wncept that can beevaluated from a contextual point
of view that is consistent with observations of salmon populations and can be used to
develop astudy plantoincreasetheregion’ sunderstanding of ecology, carrying
capacity, and limiting factorsfor salmon. The Council and BPA should usea
wntextual view to evaluate carrying capacity.

e From thewntextual view, capacity isa component of salmon performance, and is
inseparable from diversity and pmductivity. Capacity reflectsthe quality and the
quantity of salmon and provides uswith arelative measure of the size of a
population®. The Program should incor por atethe complex, interdependent
relationship of diversity, productivity, and capacity into all the measures.

e Understanding capacity from a mechanistic view, the basisfor Measure 7.1A and
much of the Program, could be useful for making a list of determinants, however, this
view isnot consistent with the complex natur e of salmon life historiesand Columbia
River environs. The mechanistic view is not usgful for developing a study plan. The
mechanistic view of salmon in the Columbia Basin should not be used in the

program-

4- Population size is not different from the mechanistic definition What distinguishes capacity when it is
defined in a cautextual or hiic event framework is its inseparable link to diversity and pmductivity

within a measure of perfomance for salmon. For further clarification of salmon performance we suggest

Mohrand et al.(1996).
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o The Patient-Template Analysisis a tool that wuld bc used to evaluate carry@
capacity and develop a study plan to increase our under standing of the ecology,
carrying capacity, and limiting factors for salmon. The Council should call for a
Patient-Template Analysis, as described by Lichatowich et al. (1995). The region
will beableto evaluate carrying capacity under current wnditions, comparecurrent
conditions to historic conditions and thus, predict possible futurewnditionsfor
salmon in the Columbia River Basin.

In closing, Measure 7.1A is a microcosm of the entire Program. |tisbasedona
framework’ that isnot working. Thecarrying capacity measureand the Program asa
wholeneed anew framework Thenew framework should be based on the recognition
and protection of the entire life cycle of salmon and not on abundance of salmon alone.
Theframework should be consistent with obser vations of salmon populationsand
incor por ate the complexity of the population’s attributes  Theframework must
accommodate the wnnectivity among life stages and the interrelationships among
capacity, diversty, and productivity within the Pacific Northwest ecosystem. The
contextual view provides the basisfor a new framework.

’Duﬁngmostofthismpoﬁ,wediswssdeﬁniﬁons,hypodrmandviews. When we discuss the need for
a.new framework, we mean to use a broader term. We include three elements, when we use the word
frameworks theory, tasks and tools. The theory is the general proposition or principles we use to explain
the events we observe. Theory results from our view of the ecosystem and the hypotheses that we test.
The tasks are the commitments, processes, and institutional requirements needed to carrying out the Fish
and Wildlife Program. The tools are the instruments of management needed to analyze data, schedule
projects, resolve conflicts, and make sure our actions are moving us toward our objectives.
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