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Abstract: The need for integration across spatial and temporal scales in applying science to the management of
Atlantic salmon is considered. The factors that are currently believed to affect the production of anadromous adult
Atlantic salmon (synthesized from recent reviews) are arranged in a hierarchy in which any given process overrides
those processes at lower levels. There is not a good correlation between levels in the process hierarchy and levels in
hierarchies of scale. This demonstrates the importance of integrating across scales in identifying the optimum foci for
targeting management action. It is not possible to generalize on the need for integration across scales within
management plans. This is because of the complex ecology of salmon, the broad range of characteristics of the systems
of which they are a part, and the fact that both local scale and broad scale management can have broad scale effects.
Many uncertainties remain regarding the large-scale components of the ecology of salmon, the way that small-scale
mechanisms interact with life histories, and the way that different factors interact to limit production of fish. When
more is understood of these processes, it is likely that generalized rules might be developed to predict the management
requirements for stream systems. In the meantime, it is essential that there is good integration among managers
working at different scales and it is important that management systems operating at all spatial scales include high-
calibre expertise to compensate for the present paucity of general rules.

Résumé: On examine la nécessité d’une intégration suivant les échelles spatiales et temporelles dans les applications
des résultats scientifiques à la gestion du saumon atlantique. Les facteurs qui, croit-on actuellement, influent sur la
production du saumon atlantique anadrome adulte (selon une synthèse des études récentes) sont arrangés suivant une
hiérarchie dans laquelle tout processus donné prévaut sur les processus des niveaux inférieurs. Il n’y a pas une bonne
corrélation entre les niveaux dans la hiérarchie de processus et les niveaux dans les hiérarchies d’échelle. Cela montre
l’importance d’une intégration suivant les échelles pour établir les cibles optimales des mesures de gestion. Il n’est pas
possible de faire des généralisations en ce qui concerne la nécessité de l’intégration suivant les échelles dans les plans
de gestion en raison de l’écologie complexe du saumon, du vaste éventail de caractéristiques des systèmes dont il fait
partie et du fait que la gestion à l’échelle locale et la gestion à plus grande échelle peuvent toutes deux avoir des
effets à grande échelle. Il existe encore de nombreuses incertitudes quant aux composantes à grande échelle de
l’écologie du saumon, à la manière dont interagissent avec les cycles vitaux les mécanismes à petite échelle, et à la
manière dont divers facteurs interagissent pour limiter la production de poisson. Quand on en saura davantage sur ces
processus, on pourra probablement élaborer des règles générales pour prévoir les exigences en matière de gestion des
systèmes fluviaux. Dans l’intervalle, il est essentiel qu’il existe une bonne intégration entre les gestionnaires qui
travaillent à différentes échelles, et il est important que les systèmes de gestion fonctionnant à toutes les échelles
spatiales soient assortis d’une grande expertise pour que soit compensé le manque actuel de règles générales.

[Traduit par la Rédaction] Armstrong et al. 311

Can. J. Fish. Aquat. Sci.55(Suppl. 1): 303–311 (1998) © 1998 NRC Canada

303

Received November 7, 1997. Accepted September 20, 1998.
J14293

J.D. Armstrong. Freshwater Fisheries Laboratory, Faskally, Pitlochry, Perthshire, Scotland, PH16 5LB, U.K.
J.W.A. Grant. Department of Biology, Concordia University, 1455 de Maisonneuve Blvd. W., Montreal, QC H3G 1M8, Canada.
H.L. Forsgren. USDA Forest Service, P.O. Box 96090, Washington, DC 20090-6090, U.S.A.
K.D. Fausch. Department of Fishery and Wildlife Biology, Colorado State University, Ft. Collins, CO 80523, U.S.A.
R.M. DeGraaf. Northeast Forest Experimental Research Station, USDA Forest Service, University of Massachusetts, Holdsworth
Hall, Amherst, MA 01003, U.S.A.
I.A. Fleming. Norwegian Institute of Nature Research, Tungasletta 2, N-7005 Trondheim, Norway.
T.D. Prowse.National Water Research Institute, Environment Canada, 11 Innovation Blvd., Saskatoon, SK S7N 3H5, Canada.
I.J. Schlosser.Department of Biology, University of North Dakota, P.O. Box 9019, Grand Forks, ND 58202, U.S.A.

I:\Salmon Sup\D98-014.vp
Tuesday, February 09, 1999 1:42:00 PM

Color profile: Disabled
Composite  Default screen



This overview is one of a series of papers that consider in-
tegration across scales in relation to the biology of Atlantic
salmon,Salmo salarL. The paper synthesizes the conclu-
sions of other papers in the series, together with additional
information, to evaluate the importance of integration across
scales in applying scientific knowledge to the management
of Atlantic salmon.

The two scales of physical and biological processes gener-
ally considered by ecologists are space and time. A funda-
mental characteristic of these scales is that when viewed as
hierarchical continua, smaller-scale systems develop within
the constraints set by the large-scale system (Rabeni and
Sowa 1996; Lewis et al. 1996). Considering space and time
as related to systems inhabited by salmonid fishes (e.g.,
Frissell et al. 1986), large scales, such as evolutionary time
and catchment geomorphology, are at high levels of the hier-
archy whereas small-scale processes, such as local sediment
dynamics and development rates of individual fish, are at
low levels.

Scale hierarchies have been viewed as useful models to
focus aspects of the management of fish. For example, by
applying scale hierarchies in the evaluation of the restoration
of certain populations of fish in the Great Lakes, it was con-
cluded that integration across scales is essential (Imhof et al.
1996; Lewis et al. 1996) and that large-scale processes
should be considered preferentially in the first instance
(Rabeni and Sowa 1996). A cautionary note was also
sounded: that to recommend the management of large-scale
processes may be arrogant because of ecosystem complexi-
ties and conflicts with other user groups (White 1996).

A main aim of this paper is to consider, for managing
populations of Atlantic salmon, whether it is appropriate to
focus on processes at any particular scale or whether it is ap-
propriate to integrate across scales. If integration across
scales is appropriate, then we aim also to establish what
ranges of scales are most relevant and what might be the
most suitable human resource structures for applying scien-
tific principles to management over a range of scales. The
paper comprises six parts in addition to the Introduction:
(1) The general aims of managers of Atlantic salmon are
outlined in relation to the general biological characteristics
of the fish. (2) A general hierarchical structure relating the
processes and factors that influence the numbers of salmon
available to fisheries is developed. The principle of thispro-
cess hierarchyis that processes at high levels override those
at lower levels and so might be considered the preferred tar-
get for management action. The process hierarchy is con-
structed without reference to the scale hierarchies described
earlier. (3) The process hierarchy is compared with scale hi-
erarchies to ascertain whether there are good correlations be-
tween levels of processes and levels of spatial and temporal
scales. If the correlation is good then, logically, it would be
reasonable to conclude that management should, ideally, tar-
get the scales that correspond with processes high up the
process hierarchy. (4) The extent of our knowledge of the bi-
ology of Atlantic salmon across the range of appropriate
scales is assessed. (5) Drawing on the findings of the third
and fourth sections, the scope for applying general science-
based principles to the management of salmon is assessed.

(6) The human organization framework needed to apply sci-
ence to the management of Atlantic salmon effectively over
the appropriate range of scales is considered.

A summary of management options
The requirements for management of Atlantic salmon de-

pend on the life history (Hutchings 1998) of the fish.
Salmon spawn in nests in fresh water. Young salmon (“al-
evins”) emerge from the eggs and survive predominantly on
a yolk-sac until they learn to feed on exogenous food (when
they may be termed “fry”), which comprises mainly inverte-
brate larvae. As the salmon use up their yolk sacs and dis-
perse from the redd they become known as “parr.” They
grow in fresh water for several years and may mature as
parr. A proportion of the population, which may include pre-
viously mature and juvenile individual fish, is anadromous
and changes from the freshwater form to the pelagic marine
form (becoming ”smolts") and migrates to sea during spring.
Salmon may stay at sea from just over one year to several
years before returning to fresh water to spawn.

The main management objectives in optimizing the suc-
cess of fisheries are, first, to ensure that the numbers and
quality of smolts produced by a spawning population, or
spawning unit, of salmon are optimized. Secondly, to maxi-
mize the survival of smolts to adults. Thirdly, to regulate the
proportions of adults caught by different fisheries and to en-
sure that a sufficient number of salmon returns to spawn.
These management objectives might, in part, be attained by
manipulating the chemical, physical and biological processes
that affect salmon.

The production of anadromous Atlantic salmon is influ-
enced by a wide range of factors including chemical, physi-
cal, and biological processes. These processes and factors
(which will be generically termedprocessesfor convenience
hereafter) can be arranged in a hierarchy of influence.
Within this framework, processes on any given tier override
those on lower tiers. The process hierarchy will vary be-
tween stocks of salmon, so here a general example is consid-
ered (Fig. 1) that includes many of the processes that affect
many stocks in many rivers. The highest level processes are
geology, climate, and those chemical changes that may influ-
ence geology and (or) climate. These processes may interact
with one another. For example, change in chemical composi-
tion of the atmosphere, including perhaps anthropogenic oxi-
dation of fossil fuels, may change global climate, while
global climate, through its effect on temperature, may affect
the need for humans to burn organic material. Geological
processes, such as plate tectonic uplift and soil genesis, are
critical in determining many physical characteristics of
streams and rivers (Frissel et al. 1986).

The second tier includes geomorphology, determined by
the interaction of geological processes and climate in the
past. This basic “natural” feature influences two high-level
anthropogenic processes: land use and introductions of fish
species. In this context, land use includes a broad range of
factors such as agriculture and in-river engineering works.
Due to lag times, the climate that determined geomorphol-
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ogy might be quite different from that which now influences
the way land is used. Similarly, lag times in the responses of
river systems may result in rivers today being influenced by
pollution and land use practices of past decades and millen-
nia. Chemical changes, both “natural” and anthropogenic,
that do not affect climate may be included on the second
tier. The combination of processes on this tier within a
stream or river catchment creates the environment for
spawning and production of smolts. Similar principles apply
in the oceans. Historically, geotectonics determined the posi-
tions of the continental masses and the forms of the ocean
basins. Current climate determines the positions of the ocean
fronts, which may affect the marine survival and growth of
salmon (Friedland 1998). Ultimately, climate affects the dis-
tribution and abundance of non-salmonid fish stocks and this
will influence the use of the sea by man and hence interac-
tions between salmon populations and fisheries for other
species. Geomorphology, through the development of inlets
and fjords, underpins the distribution of introduced farmed
salmonid fishes that interact with wild stocks of salmon
(Gross 1998; Youngson and Verspoor 1998).

The third tier (Fig. 1) includes the fundamental local pro-
cesses that affect individual salmon at any point in time.
Many of the processes apply to spawning fish, juveniles
growing in the river, and maturing salmon in the sea. Fish

need suitable space (Allen 1969; Grant et al. 1998), may
need suitable food (not in the case of eggs and returning
adult fish), are affected by competitors (of the same and dif-
ferent species (Fausch 1998)), may be at risk from predation
(Mather 1998), disease and parasites (Bakke and Harris
1998), and may be influenced by water quality. Spawning
usually occurs only in areas of specific substrate and water
flow conditions (Beland et al. 1982; Gibson 1993; Fleming
1996). As salmon fry and parr grow, their requirements
change: they use deeper water, rougher substrate, and in-
creased water velocities (Heggenes 1990). Habitat require-
ments may vary throughout the year, particularly in streams
where ice cover is extensive in winter (Cunjak 1996).

The physical conditions available for spawning, rearing of
juveniles, and survival of adults in rivers depend principally
on geomorphology and the use of land in the river catch-
ment, both by humans and the terrestrial communities of
plants and animals. In addition to these factors, the aquatic
community (including salmon, their predators, competitors,
and prey) is affected by lagtimes such as occur with climatic
influence. The fish faunas of many northern rivers remain
impoverished in terms of species diversity following the last
ice age so that there may be few species of fishes competing
with salmon (Welcomme 1992; Wheeler and Maitland
1973). Artificial stocking can result in an acceleration of the
process of recolonization and the introduction of non-native
(“exotic”) species of fishes. In effect, this may constitute
anthropogenic manipulation of lagtime.

While the top three tiers include the factors that influence
individual fish, the fourth tier includes the responses of fish
to those processes. Local processes in the third tier can af-
fect individual growth, mortality, age of maturation, ten-
dency to move, and tendency to migrate to sea: these are the
main components of life histories (Hutchings 1998). These
responses may be interlinked since growth and mortality are
often related (Beverton and Holt 1959) as are movement and
maturity (Jonsson and Jonsson 1993) and growth and matu-
rity (Metcalfe 1998). The scope within which salmon re-
spond to any set of environmental circumstances is limited
by their genetic constitution and so is influenced by past re-
sponses. In this way the genes of fish, together with the time
for natural selection to occur, cause a lag in response. From
the point of view of the management of salmon populations,
the nature of the response at this fourth tier level is crucial
since it determines the proportion of the population that mi-
grates to sea and returns as the large adult fish of interest to
fishermen.

Salmon occupy various ranges of scales of time and space
at different stages of their life cycle (e.g., McCormick et al.
1998). Eggs are deposited within redds covering a few
metres and incubate in a few months. Fry and young parr
probably disperse for a period of weeks and over a range of
the order of ca.1–1000 m. Parr occur within rivers for up to
ca. 5 yr and during that time may range over a few metres to
at least several kilometres (Erkinaro 1995). The smolt run
occurs actively for several months and over most of the
length of many rivers. Movements at sea may be over thou-
sands of kilometres and over several years and the returning
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Fig. 1. A hierarchy of processes and factors affecting the
production of anadromous Atlantic salmon. Processes on each
tier override those processes on lower tiers. Arrows indicate
interactions and move from the affecting factor to the effected
factor. The processes on adjacent tiers may be linked by lagtimes
and genetics (see text for details).
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adults may stay within the river for over a year prior to
spawning. When plotted together, the temporal and spatial
scales encompassed by the salmon life cycle include a wide
range of the possible combinations within broad limits
(Fig. 2). In terms of space utilization, the salmon life history
occupies a large proportion of the total scale. On the tempo-
ral scale, the life-cycle is short compared with the total ex-
tent of geological time. However, the processes of stock
differentiation, the evolution of salmon and the influence of
past climatic, geological, and anthropogenic processes
(Fig. 1) extend the temporal scale considerably.

Since the third tier of the process hierarchy includes local
processes and these are overridden by the processes in the
top two tiers, it may appear that management should focus
on large-scale processes. But this is not strictly true, because
the top two tiers include some processes with immediate ac-
tions on local scales and others that act over large scales.
Because anadromous salmon move over large distances,
small-scale local processes may affect a large proportion of
the population. For example, local pollution may affect ev-
ery smolt leaving a river, and a single weir may impair every
adult fish returning from sea. Because a large proportion of
a salmon population may be clumped at certain times, for
example when spawning in key local areas determined by
geology of a river catchment, small-scale processes in those
areas may severely affect the population. Large-scale pro-
cesses may also, in some cases, have an overriding influence
on salmon production. For example, human activities may
cause widespread eutrophication, climate may result in a
long summer growing season, and geology may result in a
boulder-strewn river.

It is evident that factors operating over a wide range of
scales may have influences on the survival and prosperity of
an individual fish at any one point in time. For example, on
the spatial scale, the abilities of salmon to utilize systems of
olfactory cues may enable them both to home accurately as
adults over thousands of kilometres (Quinn and Dittman
1992) and to manoeuvre as parr within a few centimetres in
the stream to obtain the best feeding sites (Braithwaite et al.
1996). Hence, effects of pollutants on olfactory physiology
may interfere with behavior and ecology over a broad range
of scales. Temporally, at one extreme factors that influence
evolution of the genome and geomorphological scales ex-
tend over thousands of years, while at the other extreme, the
escape response of individual fish from predators operates at
the scale of milliseconds. Both scales of process may effec-
tively determine, at an instant, whether or not a salmon es-
capes from a predator, finds suitable cover, and survives.

Appreciating the large range of scales utilized and the vast
areas of space that may be used during the lifetime of indi-
vidual salmon is of fundamental importance for devising
suitable research and management programmes.

In general, much is known of the small-scale processes
whereas little is understood of the large-scale processes that
influence production of salmon. To give some examples.
While the nature and mechanisms of local site attachment
are quite well understood (Stradmeyer and Thorpe 1987;
Braithwaite et al. 1996; Armstrong et al. 1994, 1997) little is

known of the mechanisms underlying large-scale move-
ments of salmon parr (Gowan et al. 1994). Similarly,
territoriality of emergent fry appears to be quite well under-
stood (Gustaffson-Greenwood and Moring 1990) but there is
little information on the extent and nature of fry dispersal in
the wild. The nature of local movements of overwintering
salmonids is becoming clearer (Heggenes et al. 1993), but
little is known of the larger-scale movements that may be of
overriding importance (Cunjak 1996; Cunjak et al. 1998).
Consequently, it is difficult or impossible to model relation-
ships between geomorphology, which determines the pres-
ence of special (and often limited) habitats that are crucial
for spawning and perhaps over wintering, and the dynamics
of populations. Very little is known of the biology of the
movements of Atlantic salmon at the largest spatial scales
during marine migration.

Extrapolation to life history models of large-scale popula-
tion processes from small-scale artificial systems should be
cautious. Information on behavioral and physiological mech-
anisms underlying growth and maturity forms an important
advance in our understanding of the mechanisms that may
control life history processes (Metcalfe 1998), but we gener-
ally have little idea of how they act in nature. For example,
direct links have been established between metabolic rate,
early emergence, dominance, and age of smolting in cultured
salmon (Metcalfe et al. 1995). However, it is not clear
whether similar correlations apply consistently in natural
streams where variations in dominance of fry early in life
might act primarily to encourage dispersal from the redd.
Behavior of salmon does not necessarily conform with the
assumptions implicit in simple ecological models such as the
Ideal Free Distribution (Armstrong et al. 1997). Therefore,
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Fig. 2. Stages of the life cycle of Atlantic salmon in relation to
scales of space and time. Kelts refers to the period during which
adult anadromous salmon remain in the river after spawning;
river adults refers to the period during which anadromous adult
salmon are in the river prior to spawning; marine adults refers to
the period when adult salmon are at sea.
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more information is needed to understand how the distribu-
tions of salmon are influenced by the distributions of the re-
sources they use and by interactions between individual fish.

Genetic responses constitute a lagtime between environ-
mental conditions of the past and the present. As human in-
fluence on the environment results in rapid change, and
manipulations of fish populations (for example by stocking)
affect their gene pools, there is no certainty that populations
are well-adapted to the habitats in which they live. This may
greatly complicate the process of modelling the ecology of
the fish since the normal null assumption that behavior is
adapted to the local environment may be invalid. For exam-
ple, the optimal response of salmon parr to de-watering ap-
pears to differ depending on whether it is to long-term
drought or to short-term reduction in water flow (Armstrong
et al. 1998). Hence, exposure of a population to a series of
reductions in flow due to anthropogenic de-watering may re-
duce the ability of fish in subsequent generations to react ap-
propriately to natural drought.

In general, our understanding of Atlantic salmon on small
scales is increasing rapidly but we are only gradually ex-
panding that understanding to encompass the larger-scale
processes that impinge on the biology of the fish. This is be-
ing facilitated by the development of new techniques such as
the application of miniature electronic tags for extending
spatial scales of measurements (Prentice et al. 1990; Arm-
strong et al. 1996) and genetic tags (Nielsen 1998) for ex-
tending the temporal scale. Another advance in our
knowledge arises from the continually increasing period
over which natural populations of Atlantic salmon have been
monitored. Given the many uncertainties in the base infor-
mation available for developing policy, adaptive manage-
ment, the process of monitoring current management policy
to use it as a natural experiment (Lee 1993), is strongly ad-
vocated (Naiman et al. 1995). Failure to monitor the success
or failure of management measures is a serious waste of an
important opportunity to improve policy.

From the preceding sections it is evident that in consider-
ing the application of science to management of Atlantic
salmon it is necessary to integrate across scales. This con-
clusion is important because management processes, capa-
bilities, and responsibilities may also vary across scales. For
example, maintaining a local area that is crucial for salmon
spawning may (in some countries) be within the powers of
the local landowner, whereas controlling diffuse pollution
may be the responsibility of a Government Agency. At a still
larger scale, international organizations (NASCO and ICES)
manage stocks of salmon on the high seas, which may in-
clude populations of fish from a number of different coun-
tries. Hence, to develop management plans that integrate the
necessary management agents it is essential to understand
what ranges of scales should be included. To be most effec-
tive, such plans should have general applicability so that
simple protocols might form the basis for practical global
policies. Unfortunately, the development of general guide-
lines for integrating across scales of management is con-
founded by the facts that river catchments that support
Atlantic salmon are highly complex and vary greatly in size,

and our understanding of the biology and ecology of the fish
is incomplete.

This is illustrated by considering the management of
smolt production. To increase the production of smolts in a
river it is necessary to understand what is (are) the limiting
factor(s). Cohorts may be limited by insufficient spawning
fish, insufficient spawning areas, or a habitat bottleneck in
the first summer after hatching (Armstrong 1997). During
the development stage of parr there may be a limitation of
space for foraging (Grant and Kramer 1990), refugia, or
food (Poff and Huryn 1998). Over-winter there may be a
bottleneck due either to inadequate habitat (Cunjak 1996;
Mason 1978; Cunjak et al. 1998) or disproportionate mortal-
ity relative to growth (Armstrong 1997). Catastrophic or an-
nual habitat changes such as drought (Elliott 1994) may
limit cohort size. Other factors that occasionally or regularly
may limit production of smolts are poor water quality, pred-
ators (Mather 1998), parasites, or disease (Bakke and Harris
1998). As well as influencing numbers of smolts produced,
some environmental factors, such as temperature (McCor-
mick et al. 1998), may influence the quality of those smolts
and so the chances of their returning as adults to the fishery.

The various factors that may potentially limit the produc-
tion of smolts relate to various scales. For example, food
may be limiting due to the eutrophic state of the catchment
(a large-scale process) whereas overwintering survival may
be limiting due to the extent of suitable local refuges (which
may be a relatively small-scale process). In some instances,
large- and small-scale processes may be closely linked. For
example, spawning activity may be limited to a few key ar-
eas (Schlosser and Angermeier 1995; Fleming 1998) that re-
sult from interactions between fluvial mechanics and the
underlying geology. These areas may themselves vary in po-
sition over time as the river channel progressively moves.
This presents an interesting interaction between scales: the
large-scale process results in a need for careful management
at a very local scale. There are still further scale implications
for management strategies of such local “hot spots.” Sam-
pling effort should be deployed over a sufficiently broad
scale at sufficient resolution to identify sites of key impor-
tance and at a sufficient spatial scale to monitor changes in
their positions. Because the key factor(s) that limit the pro-
duction of smolts may vary among river systems, or streams
within a river system, it is not possible to derive one single
overriding management action strategy.

A further potential problem of advocating generalized pol-
icies is the possibility of variations in the trade-offs between
the multiple outcomes of a single policy. For example, a sin-
gle catchment-scale policy, the encouragement of bankside
vegetation, may have potential benefits, for example in sta-
bilizing soils, but potential negative effects in accelerating
growth rates of fish, through the introduction of invertebrate
food, and by encouraging production of competitors of
salmon, such as brown trout,Salmo truttaL. An increase in
food supply produces only a modest increase in the standing
stock of salmon; unfortunately, most of the increase in
standing stock is caused by an increase in growth rate rather
than an increase in the survival rate of parr (Grant et al.
1998). Consequently, depending on competition between co-
horts, numbers of adults produced annually may not vary ap-
preciably. In some instances changes in growth may lead to
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an increase in overwinter survival but may also result in in-
creased incidence of maturity of male salmon as parr
(Metcalfe 1998). This in turn may reduce the proportion of
anadromous salmon since mature male salmon may have a
high mortality and may stay in the river. There may also be
a connection between slow growth and a tendency for
salmon to return as multi-sea-winter fish early in the year (a
resource of exceptionally high value in some countries)
(Shearer 1990). If this connection is to some extent under
environmental (rather than genetic) influence then modifica-
tion of growth processes may have serious effects for fisher-
ies. Finally, growth rates early in life may influence the
numbers and sizes of eggs produced by anadromous adults
(Jonsson et al. 1996).

The importance of choosing appropriate scales for study-
ing population processes (Folt et al. 1998) can equally be
applied to the consideration of such processes in manage-
ment strategies. Management actions at a local scale can of-
ten make the most profound improvements to fisheries. For
example, the removal of obstructions to upstream migrant
salmon can open up large areas of catchments for the pro-
duction of juveniles. Similarly, the removal of point sources
of pollution may improve a large area of the catchment
downstream. Salmon are particularly vulnerable as smolts
leaving river systems. Damage by predators may be dispro-
portionately intense at specific locations during the smolt
run, for example, where fish are funnelled through hydro-
electric-related structures. Hence, predator control policies
(if pursued) should perhaps focus in the first instance at this
small temporal and spatial scale.

At present there appear to be few simple and general rules
relating the scales of the biology of salmon to management
of the fish: each production system should be considered in-
dependently. In the past, much effort has been invested in
the development of simple models (for some examples, see
Fausch et al. 1988) that have not identified clearly the im-
portance of hierarchical, rather than simultaneous, limiting
factors. A clearer framework for relating scales of science
and management may emerge in the future when greater em-
phasis is placed on classifying systems according to appro-
priate general characteristics, and then applying management
models appropriate to the type. For example, it may emerge
that models for predicting the abundance of parr are useful
only in those rivers where spawning habitat is widely dis-
persed throughout the system. In this sense, a hierarchy of
management priorities (e.g., first assess distribution of
spawning areas, then apply the habitat model appropriate to
the limiting factors) would be useful. Categorizing river sys-
tems and quantifying the scale of different impacting factors
(Elliott et al. 1998) are important steps in rationalizing the
management of salmon.

We have focused on the identification of practical applica-
tions for the science-based concepts. However, we also rec-
ognize the difference between knowing how to apply
concepts and actually getting them applied. Although there
is much we do not know about Atlantic salmon, often more
is known than isusedto manage the species effectively.

If the application of science-based concepts in manage-
ment of Atlantic salmon is to be increased, scientists will
have to take an active role, as emphasized by Naiman et al.
(1995). Figure 3 illustrates one model that summarizes an
approach to maximizing the application of science in man-
agement decisions. This model suggests there are multiple
paths that scientific findings may take to be adopted and
used by managers. Several features are critical to the utility
of the model.

First, at the foundation of the model, is an awareness on
the part of scientists of the factors that motivate or are rele-
vant to managers. The term “manager” is broadly used to
describe the wide variety of individuals, groups, and organi-
zations whose decisions affect Atlantic salmon. Managers
therefore may range in scale from local land owners to inter-
national governmental organizations.

Sources of “motivation” are unique to different managers
and are dynamic over time and (or) space. In general, people
and organizations are motivated by those things that provide
them value. Science that helps enhance management effi-
ciency (e.g., reduce cost), increase management effective-
ness (e.g., improve results), maintain or enhance
management flexibility (e.g., options), meet legal or policy
requirements, or ameliorate controversy is likely to be
viewed as valuable, adopted, and used.

Second, the model requires explicit identification of rele-
vant research findings and applications. This step is charac-
terized as a “lens” in the diagram. The lens represents
identification and consideration of the values, needs, and
concerns of the intended audience. The lens is not in place
to “muzzle” the scientist, modify research findings, or with-
hold “bad news.” The purpose of passing the body of sci-
ence through the lens is to focus and clarify the message —
enhancing the utility of the information to the recipient or
presenting the information in the context of the intended au-
dience and therefore increasing the probability of its use.
This active role is in contrast to the more traditional ap-
proach of completing research and expecting managers to
discover its usefulness. The concept is also useful in the de-
sign of researchable questions that will be relevant to man-
agers — but perhaps not as narrowly as management-
directed research issues may sometimes be framed. Because
“relevance” is dynamic, this sensing of values, needs, and
concerns must be continuous.

Third, the model suggests the importance of making con-
scious decisions about who is best suited to convey the sci-
ence information, fulfilling the role of credible liaison.
Credibility is determined by the recipient of the information.
In some cases this will be the scientists themselves. In other
cases it will be an intermediary that is respected by both the
scientists and the target audience. In still other situations, the
most effective person to convey the information will be a
peer from within the target audience. Credible liaisons are
generally familiar with the target audience, can see the
world through their “lens,” and help promote understanding
of that particular audience’s values, needs, and concerns
within the science community.

Finally, as noted previously, the model recognizes that sci-
entific findings may become valuable to managers only after
being relayed by other people or organizations that have
influence with them. In the model these “relays” are

© 1998 NRC Canada

308 Can. J. Fish. Aquat. Sci. Vol. 55(Suppl. 1), 1998

I:\Salmon Sup\D98-014.vp
Tuesday, February 09, 1999 1:42:07 PM

Color profile: Disabled
Composite  Default screen



represented by politicians, non-governmental organizations
(e.g., conservation groups, sport/commercial fishing industry
groups, professional societies), and the public at large.

Not evident in the diagram are other factors that contrib-
ute to the acceptance and use of science. In some cases the
use of “best science information” is mandated by law (e.g.,
the United States’ Endangered Species and National Envi-
ronmental Policy Acts). More often than not use is facili-
tated by actions of enlightened scientists and managers,
where effective working relationships are based on mutual
respect, integrity, and honesty. Recognizing, communicating,
and celebrating the benefits of successful application of sci-
ence findings helps to reinforce and perpetuate the practice.

Hierarchies of scale can be useful concepts, when coupled
with hierarchies of the processes that influence production,
in developing strategies for managing Atlantic salmon. In
broad terms, it is important to integrate across scales in con-
sidering the management of salmon. However, depending on
what factor(s) limit(s) production on a particular system it
may be appropriate to focus management actions at one par-
ticular scale or over limited ranges of scales.

Because of the complexities of the ecology of salmon and
the geomorphology of river systems, there are not yet clear,
unifying, science-based models available to managers. In-
stead, each river system should be considered independently.
Consequently, it is essential that managers are well-educated
and informed, have good analytical and observational abili-
ties, and have a sufficiently high level of support facilities.
Managers also need good access to scientific research that
will provide new insights. Integration between managers op-
erating at different scales (e.g., central Government and lo-
cal land owner) is particularly important on those rivers
where there is a need to consider a wide range of scales.

We have outlined some of the general requirements of
managers of salmon, the general processes that impinge on
production of anadromous salmon and some aspects of how
science has started to provide critical information for sup-
porting good management. We have also noted how our cur-
rent understanding of the biology of salmon is inadequate
and have highlighted some specific areas where a better un-
derstanding could usefully be developed. We have also
noted that a first requirement for applying science to man-
agement is to focus on the key issues that may be considered
to be priorities. To help focus the integration of studies of
salmon at different scales on some of these key areas, we
strongly advocate work to develop:
(1) estimates of the productive capacities of systems inte-

grating realistic life history, fish behavior, and habitat
models;

(2) a detailed understanding of where, when, and on what
scale bottlenecks in production occur in different types
of system and what the shortfall is between achieved
production and the capacity of the system should suc-
cessive bottlenecks be removed;

(3) realistic estimates of the capacity for and costs and ben-
efits of manipulating systems to enhance salmon fisher-
ies and conserve stocks.
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