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their lower survival but it is not likely the major
factor. Lundgvist et al. (1989) showed that an-
drogens can impair seawater adaptability in Bal-
tic salmon smolts. Berglund et al. (1992) showed
that there was a bimodal smoltification pattern in
previously mature males. One portion of the
population had an osmoregulatory ability equiva-
lent to that of immature males and females while
one portion had a poorer ability in seawater chal-
lenge tests.

Berglund et al. (1994) demonstrated how early
sexual maturation in males can affect the migra-
tory inclinations of smolts. In spite of documenta-
tion indicating that both wild and hatchery Baltic
salmon stocks can experience very high frequen-
cies of early maturing male parr, recent models
(Ackefors et al. 1991) of Baltic salmon produc-
tion did not include this component. Lundqvist
et al. (1994) demonstrated the potential loss in
fishery yield due to this life history strategy.

At least 2 techniques have been used to de-
scribe the survival response to varying sizes and
dates of release and maturity state. Bilton et al.
(1982) used response surface analysis (eg.
Schnute and McKinnell 1984) and Lundgvist et
al. (1994) used probit regression analysis. What
has not yet been done is an assessment of the
degree to which the fitted surfaces, i.e. the mod-
els, fit the observed data. This could be impor-
tant because the data (releases and recoveries)
are not evenly distributed throughout the sampling
design. In particular, there are normally few large
fish in a release strata while there will be many
fish released at sizes near the mean. Some sim-
ple Monte Carlo simulations with the fitted model
should detect whether models fit to the observed
data are appropriate within the entire range of the
design.

Age and ageing

Without a reliable method for determining the age
of salmon, it is not possible to assess the per-
formance (survival or growth) of a stock through
time in any detailed way. Samples taken from the
catch or the escapement cannot be attributed to
any particular brood year without age. One of the
earliest and most comprehensive biological sam-

pling projects for a salmonid was established by
Gilbert (1914). He used the pattern of rings laid
down on salmon scales to determine freshwater
and ocean age in sockeye salmon (O. nerka W.).
Scales have routinely been used for many
salmonids to provide acceptable estimates of age.
Otolith samples are frequently collected from
spawning ground samples as scales are resorbed
during the maturation process in freshwater.

Age determination from salmon scales is not a
precise science and considerable judgment is re-
quired when assigning ages. Not surprisingly, the
skill and experience of the scale reader can af-
fect the results. As many laboratories, agencies,
and nations are responsible for determining
salmon ages, a critical component of reliability
is the standardization of techniques. For Atlantic
salmon in the Atlantic, guidelines were developed
in 1984 and revised in 1988 (ICES 1992). In the
Baltic, scientists are discovering how difficult this
can be (ICES 1995). The collection and reading
of salmon scales to determine age has a long his-
tory in the Baltic. Over 60 years ago, Aim’s
(1934) treatise on salmon in the Baltic precincts
relied exclusively on age determinations from
5,249 scales as did Jarvi’s (1938) response from
Finland and his follow-up report (Jarvi 1948).

Aim (1934) noted the general trend of increas-
ing smolt age with increasing latitude and noted
that results from Finland and Norway were con-
sistent with Swedish data. The mechanism was
thought to be limited food supply in northern riv-
ers reducing growth and increasing age at
smoltification.

Aim (1934) estimated that the freshwater age
distribution of spawners returning to the Ume-
&lven was:

Year 2 3 4

1915-16 54.1% 43.2% 2.7%
1930 33.6% 63.6% 2.8%
1931 21.4% 71.5% 7.1%

Aim (1934) reported that, of the maiden
spawners, males mature at both younger and older
ages than females. More males than females ap-
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peared as grilse and as 4 year old maiden
spawners than females. He also noted that the age
at first spawning was older at higher latitudes but
that this was mainly due to the older age at
smoltification in northern rivers. In fact, north-
ern rivers were reported to have a large quantity
of small salmon of | sea winter. In the Umedlven
the age distribution of spawners was 0.3% 3 year
old, 6.1% 4 year, 54.6% 5 year, 35.6% 6 year,
and 3.4% 7 year old. Aim (1934) noted a corre-
lation among the sea age of spawners from dif-
ferent rivers and concluded that this was evidence
that factors outside of the native river were act-
ing to produce the observed result. He speculated
that the sea temperature and salmon abundance
were responsible.

Some of the first recommendations of the re-
cent ICES salmon and sea trout working group
were related to salmon scale reading (ICES 1960).
A symposium was convened to consider the topic.
The inconsistent results presented at the sympo-
sium convinced the salmon and trout committee
that the papers should not be published (ICES
1961). Nevertheless, additional work on scale
reading was recommended (ICES 1962). Progress
toward solving some of the important technical
questions of salmon biology in the Baltic has been
slow. Despite years of endeavor, existing meth-
ods still do not allow independent scale readers
to provide consistent salmon ages (ICES 1995).

Size frequency analysis (MacDonald 1979,
Schnute and Fournier 1980) has been used to cir-
cumvent some of the problems associated with
directly ageing individual fish. Direct ageing of
fish is laborious, it can be inaccurate, and verifi-
cation studies are required. Size frequency analy-
sis, on the other hand, can be done quickly with
commonly available data, fish lengths for exam-
ple. It can provide information on mean size and
variation at age, age composition, growth, and
survival parameters simultaneously.

The underlying method is based on solving a
mixture of normal distributions problem
(Hasselblad 1966). The basic model is then aug-
mented to add growth structure (Schnute and
Fournier 1980), mortality (Breen and Fournier
1983), repeated samples (Fournier et al. 1990).
As the models are non-linear in the parameters, a

search algorithm (eg. Neider and Mead 1965) is
used to solve for the model parameters. The in-
put data are size frequencies from random sam-
ples of a population. Size at age is assumed to be
normal. The mean size at age can be uncon-
strained or it can be assumed to lie along a von
Bertalanffy growth curve. Variation in size at age
can be parameterized in any number of ways. It
can be assumed to be constant at age, independ-
ent, or some increasing or decreasing function of
age, to name a few. The method exploits the fact
that size at age can be strongly modal, particu-
larly for fast growing species. Fitting the model
to strongly modal data is a fairly simple task as
there are few competing solutions for the data.

Normally, only one type of size (either lengths
or weights) is analyzed. Length data are avail-
able more frequently because of their ease of col-
lection. In the Umedlven, individual weights of
Baltic salmon have been collected for many years
(McKinnell et al. 1994). Lengths are available
only for brood stock for most years, but in recent
years (1993-95), both lengths and weights have
been collected for large numbers of migratory
fish. Baltic salmon increase in length more rap-
idly than weight as juveniles and the reverse as
adults. This produces the curvlinear weight/length
relationship seen in Baltic salmon. This suggests
that when the method is applied to salmon, it
might be preferable to develop a model that si-
multaneously analyses both length and weight.
Length will provide most of the resolution for
young individuals and weights for older individu-
als. The greatest improvements will likely be in
the estimates of proportion at age.

Sex

On the basis of sampling from 1925 to 1933, Aim
(1934) concluded that females form about two-
thirds of the spawning migration with the highest
proportions occurring in rivers in central Swe-
den. In the Umealven, 63.8% were females. This
has changed significantly. From 1974 to 1991,
males were routinely more abundant in the spawn-
ing migration than females (McKinnell et al.
1994). There are 2 major factors that will affect
the returning sex ratio: the maturity schedules of
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the sexes, and the fishery. The main causes of
variation in the annual proportion of males are
likely interannual variation in the proportion of
early maturing males in the smolt run, and
interannual variation in the proportion of grilse
(males). The fishery takes the females and large
males. The grilse suffer much lower exploitation
because of their smaller size. They mature be-
fore recruiting to the driftnet fishery.

Growth

Stock- and age-specific variations in body size
of Baltic salmon are available for many stocks
for varying periods of time (Aim 1934, Jarvi
1938,1948). The most notable change in salmon
body size in the Baltic occurred in the 1939 smolt
year class. Jarvi (1948) had developed a method
of assigning ages to salmon based on fixed weight
intervals. In 1942, he discovered that assigning
age using historical weight-classes was inappro-
priate because of significant decreases in the size-
at-age of returning adults. It was later shown that
the size-at-age of Baltic salmon had apparently
undergone some fundamental decrease (Lindroth
1965) beginning with the 1938 or 1939 smolt
year-class. The decrease in size at age during this
period was not equally distributed among age-
classes. There was no evidence that the size of
grilse was affected by whatever caused the
change. In fact, the magnitude of the decrease in
size-at-age seems correlated with sea age i.e. the
oldest fish were most affected. The most com-
mon explanation for variations in adult body size
of salmon is density (Rogers 1980, Peterman
1984, McKinnell 1995) although ocean tempera-
ture is also correlated (Rogers 1986). Is a den-
sity-dependent growth response a plausible
mechanism for the changes in size-at-age ob-
served in the Baltic beginning in the late 1930s?
Certainly, there is a historical precedent.
Henking (1913) reported the catches at the
Raattii salmon weir on the Oulujoki for the pe-
riod 1869 to 1912. The data included the number
and total weight (kg) of small salmon (salmon
weighing less than 4 kg), the number and weight
of large salmon (greater than 4 kg), and the
number and weight of seatrout. From these, one

can compute the average weight of salmon and
seatrout returning to the Oulujoki on an annual
basis. Salmon counts and weights are only avail-
able for combined weight classes from 1907 to
1909. Jarvi (1938) added catch and biological
data for the years 1921 to 1935 from the com-
bined fishing areas of the Pyhdkoski Rapids on
the Oulujoki.

The mean weight of large salmon was signifi-
cantly lower in years when catches of large
salmon were high. The mean weight of small
salmon was significantly higher in years when the
catches of large salmon were high. Neither the
mean weight of small salmon, nor the mean
weight of large salmon was affected by the abun-
dance of small salmon. The mean weight of all
salmon (weight classes combined) was signifi-
cantly lower in years of greater salmon abun-
dance. The mean weight of seatrout was not af-
fected by the abundance of seatrout or salmon.

Is there evidence that juvenile abundance in
the rivers increased significantly in the late
1930’s? Unfortunately, there are no observations
on this point. Is there evidence that salmon were
more abundant in the sea in the early 1940’s? That
catches were maintained near or even greater than
historical levels during the early 1940’s is remark-
able given the unstable political situation in Eu-
rope during that period. It seems reasonable to
conclude that catch data obtained between 1940
and 1945 were not equivalent indices of abun-
dance gathered prior to or following that period.
What we do know is that when political hostili-
ties ceased and the salmon fleets moved into the
Baltic, the catches were significantly higher than
any other period in the 20th century (Karlsson
and Karlstréom 1994). There is no a priori reason
to rule out that possibility that the abundance of
salmon that appeared in the catches following
1945 was not present some years earlier.

Shifts in survival have occurred in other
salmon populations. Van Hyning (1973) found
that chinook salmon (O. tschawytschd) survival
decreased suddenly in 1948 and remained at
lower levels. Francis and Hare (1994) also iden-
tified 1948 as the year when a significant increase
occurred in the world’s largest sockeye salmon
(O. nerka) populations in Bristol Bay, Alaska. For
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the most part, these large scale shifts in abun-
dance have gone unexplained but climatic effects
are considered to be important.

Salmon and climate

Schlesinger and Ramankutty (1995) identified a
global temperature oscillation with a period of
50-88 years in the North Atlantic Ocean and its
bordering continents. Their temperature anomaly
series for each of North America, the North At-
lantic, and Eurasia indicated trend reversals
(shifts) in the 1890’s and the 1940’s. The pattern
of sea surface temperature anomalies at Harmaja
in the Gulf of Finland indicated that the northern
Baltic was cool during the first 30 years of the
20th century, followed by a warm period of about
38 years, followed by a slightly cooler than aver-
age period up to 1990 (Haapala and Alenius
1994). The warm anomalies were the result of
warmer summer temperatures, particularly dur-
ing the 1930’s. The 1930’s are unique in the time
series because of the near absence of cool anoma-
lies.

River catches peaked in the mid-1880s and by
1900, the rapid decline in catches was causing
great concern. Catches remained low through the
first half of the 20th century (increasing some-
what around 1920) until the mid-1940’s. Follow-
ing end of World War 11, the catches of salmon
were substantially higher than before the war and
average catches have remained high through the
end of the 20th century.

The early and mid-20th century were periods
of rapid change in Baltic salmon abundance; the
former a decline and the latter, an increase. The
intensity and duration of scientific focus on the
effects of the environment on fish growth and
survival have varied over most of this century.
The greatest recorded decline in the salmon fish-
ery in the Baltic took place in the late 19th cen-
tury (Henking 1913, Aim 1928a). Aim (1928 a,b)
concluded that the fluctuations in the perform-
ance of the fishery and the great decrease in the
fishery in 1900 was due to the effects of climate
variability during the late 19th century. From
1890 to 1900 variations in river discharges were
greater than normal, the rainfall during that dec-

ade was higher than normal, and the temperatures
were warmer than normal for that decade Aim
(1928b). The fluctuations in salmon abundance
in the southern Baltic were not subject to the more
extreme variations that were observed in the
northern Baltic (Aim 1928a).

Perhaps some of the most intensive discourse
on the effect of climate on salmon was undertaken
by Findroth (1957,1962) and Svardson (1955,
1957). Svérdson (1955) reported that salmon
abundance (measured by catches at the Svérto
weir, Fuleédlven) rose 4-6 years after harsh win-
ters (determined by the extent of ice cover in the
Baltic) and 2-3 years after mild winters. He hy-
pothesized that the variations in salmon abun-
dance were due to the exclusion of porpoises from
the Baltic. Although Findroth (1957) agreed with
Svaérdson’s observation that climate was some-
how related to salmon abundance, he argued
against the porpoise effect because: 1) he did not
consider the Svarto weir to be representative of
salmon abundance in the northern Baltic, 2) none
of the linkages between environmental conditions
had been adequately demonstrated, and 3) over-
estimation of the effects of porpoise hunting. In
his reply, Svéardson (1957) examined catch data
from a second source in the Luledlven (Gaddvik
1891-1956) and from the Umedlven (Norrfors
1887-1924) to provide additional evidence of a
statistical correlation between harsh winters and
salmon production but he continued to pursue the
argument that porpoise mortality in harsh win-
ters was the cause. In what appears to have been
the final paper in this discussion, Findroth (1962)
sampled 50 porpoise stomachs and found no evi-
dence of salmon in the diet. Although the discus-
sion may have ended, the link between climate
and salmon abundance has not been identified.
After investigating the pattern of variation in
abundance of Atlantic salmon stocks in various
regions of the North Atlantic (Canada, Norway,
Scotland), Findroth (1965) concluded pattern of
variation in abundance of Baltic salmon was not
correlated with the pattern of variation in Atlan-
tic salmon stocks outside of the Baltic. As a re-
sult, he concluded that the causes of the varia-
tions must be found within the Baltic.
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Stock identification

The development of techniques to identify the
origin of salmon revolutionized the science, man-
agement, and politics of salmon. Interest in
salmon stock identification ranges over broad
geo-political scales. Universal recognition of the
stock concept in salmon led to the entrenchment
of legal rights of nations to salmon based on their
origin (UNCLOS 11, 1982). As a result, salmon
producing nations have been keenly interested in
techniques that identify the origin of salmon. In-
ternational agencies such as the former Interna-
tional North Pacific Fisheries Commission, the
Pacific Salmon Commission, the International
Council for the Exploration of the Seas, have
devoted considerable energies and resources to
the science of identifying salmon. Within nations,
the domestic management of some salmon spe-
cies are dependent upon stock identification to
assess the status and production of hatchery and
wild salmon and international agreements have
provided the mechanism and funding support to
exchange stock identification data where the
salmon ignore national borders.

The characteristics used to identify salmon can
be generalized into two general classes: those
using natural biological traits and those using
applied marks. Natural marks include parasites
(Margolis 1963), morphometic and meristic traits
(Fournier et al. 1984), scale patterns (Messinger
and Bilton 1974), age composition, and more re-
cently genetics including protein allozymes (Ut-
ter et al. 1987, Beacham et al. 1987), mitochon-
drial DNA, and nuclear DNA (Taylor et al. 1994).
The potential to use population-specific DNA for
solving stock identification problems is one of
the most active areas of stock identification re-
search at present. Applied marks include exter-
nal tags (Carlin 1955), internal coded wire tags
(Jefferts 1963) and PIT tags, thermal otolith
marks, and elemental marks (Mulligan et al.
1983).

In addition to the discovery of many kinds of
natural and applied marks, there was a concomi-
tant development of analytical techniques for
solving stock composition problems (Pella and
Milner 1987). Discriminant function analysis was

and is commonly used for solving stock compo-
sition problems based only on scale pattern data.
For genetic data, or combinations of genetic and
non-genetic data, maximum likelihood is the pre-
ferred technique for estimating stock composi-
tion problems (Fournier et al. 1984, Millar 1987).
The reduction in cost of computing power allowed
for the extensive testing, via simulation, of the
factors that affect the precision and accuracy of
stock composition estimates (Wood et al. 1987).
Simulations have now become routine procedures
prior to the analysis of observed mixed fishery
data.

Genetic data have not been used to examine
stock composition problems in the Baltic until
recently (Koljonen 1995) although some infor-
mation had been previously reported. Using pro-
tein allozymes, Ryman and Stahl (1981) identi-
fied genetic heterogeneity in Baltic salmon among
4 river drainages in Sweden: Byske, Légde, Kalix,
and Torne. Within the Tome drainage, a sample
from the tributary Lainio was significantly dif-
ferent from one taken in the Torne mainstem.
Genetic data have been used extensively for na-
tional and international fisheries problems in the
Pacific (Beacham et al. 1987). Genetics have
played a pivotal role in the United States National
Marine Fisheries Service discussion of the En-
dangered Species Act and in the development of
policies to protect salmon populations at risk. The
genetic structure of salmon populations required
that the Endangered Species Act consider taxo-
nomic structures other than ‘species’ and led to
the development of the evolutionary significant
unit (Waples 1991) for salmon. As a result, indi-
vidual esus have been listed for protection under
the act (Waples 1995).

The Fisheries

The first salmon fishing in the Baltic targeted
maturing salmon in rivers as they migrated up-
stream (Christensen and Larsson 1979, Karlsson
and Karlstrom 1994). In-river fisheries accounted
for most of the catch until the latter part of the
19th century. In southern and eastern Skane,
coastal fishermen used floating nets, longlines and
seine nets (Lundberg 1886). Toward the end of
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the 19th century, declining catches focused at-
tention on the increase of coastal catches by seine
nets. In 1881, 125 vessels were involved in the
Skaéne coastal salmon fisheries. By around 1930,
coastal fisheries accounted for most of the catch.
The Bothnian Bay was the most important region
for salmon fishing in Finland (Jarvi 1938) where
most fishing was in the lower reaches of rivers.
In southern Finland, the Bothnian Sea and the
Gulf of Finland were historically important (Jarvi
1938). A major shift in the nature of the fishery
occurred in 1945. Fleets moved offshore account-
ing for up to 80% of the catch although it has
declined somewhat in recent years (Karlsson and
Karlstrom 1994). The offshore driftnet fisheries
for Baltic salmon are some of the largest fisher-
ies on any salmonid species in the world.

Conservation

In addition to the threats to conservation due to
the fishery, hydroelectric power dams, pollution,
timber floating, and lowering lake levels affect
the freshwater habitat of salmon in the Baltic
(Aim and Hamilton 1949). The approach taken
by the Swedish government was to compensate
for these effects using the most efficient and
cheapest methods (Aim and Hamilton 1949). A
number of institutions were established to under-
take the necessary research including the Fishery
Board of Sweden, regulation associations, the
Migratory Fish Committee, and the Swedish
Salmon and Trout Association (Aim and Hamil-
ton 1949). The major focus of policy and research
was to mitigate for lost spawning and rearing
habitat through the most cost effective means.
When the Swedish government established the
large scale compensatory hatchery production of
smolts in the Baltic, it was considered a salmon
conservation policy (Lindroth 1963, 1965). The
goal of the program was to replace natural pro-
duction lost due to the construction of hydroelec-
tric facilities on major salmon spawning rivers.
Forty years after the program began, hatcheries
surrounding the Baltic now release, on average,
5.33 million smolts into Baltic rivers while wild
smolt production is thought to be about 0.4 mil-
lion (Karlsson and Karlstrom 1994). Even some

of the remaining wild production is maintained
by hatchery augmentation (Karlsson and
Karlstrom 1994). The major criteria for success
of the compensatory release program as a con-
servation policy was the survival of the species
and to that end, it has been successful. Unfortu-
nately, that adage thatyou should be careful what
you askfor, you mightjust get it seems applica-
ble. The criteria established in an earlier era are
no longer applicable. Karlsson and Karlstrom
(1994) report that the current situation is serious
for the wild stocks and they appear to be advo-
cating change.

In the intervening years between the initiation
of the Swedish compensatory rearing program,
the buildup of Finnish rearing programs, and the
demise of wild salmon populations in the Baltic,
there has been considerable evolution in think-
ing about salmon fisheries and their management.
Much of this evolution has been driven by ad-
vances in our understanding of the genetic basis
for differences between salmon populations
(Ryman and Utter 1987) and the need to consider
conservation at that level (Thorpe et al. 1995).
Definitions of salmon conservation are now be-
ing expanded to more fully reflect conservation
concerns for the complex structure of salmon
stocks (Rice et al. 1995). Concerns for the value
and the management of Baltic salmon genetic
resources are being given new prominence in
some jurisdictions (de Maré and Berntsson 1994)
while others maintain their focus on carving up
the remaining pie (Aro 1994).

One notable exception to the world wide con-
cern for wild stocks remains. The highly success-
ful (to date) system for producing chum salmon
(O. keta) in Japan is based exclusively on hatch-
ery production. Approximately 2 billion fry are
released from Japanese hatcheries each year pro-
ducing an average catch of about 50 million adult
chum salmon (Kaeriyama 1994). No wild chum
stocks remain in Japan. To date there have been
no collapses in this fishery to vindicate the pro-
ponents of wild stocks. Nonetheless, there is con-
cern. The mean size at age of Japanese chum
salmon has been decreasing (Kaeriyama 1994)
as have other Asian chum stocks (Ishida et al.
1993) and some North American stocks (Helle
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and Hoffman 1995). The mean age of Asian chum
salmon has been increasing (Ishida et al. 1993,
Kaeriyama 1994) since large-scale releases of
chum salmon began in the early 1970’s and there
is evidence that these changes are founded in
density-dependent growth in the North Pacific.
Regardless of its current success, reliance on
hatchery production seems inherently more risky,
particularly in a time of global climate change.
Both the diversity of environments and the di-
versity of salmon will be needed.

Scientific Advice

The major forum for the exchange of informa-
tion on the status of Baltic salmon is and has been
the ICES Baltic salmon and trout working group
and its predecessors which date back to 1903
(Christensen and Johansson 1975, Christensen et
al. 1994). The collapse of Baltic salmon fisher-
ies around 1900 would have warranted consider-
able attention. In 1957, the ICES Baltic-Belt Seas
Committee and the Salmon and Trout Committee
met to consider salmon problems in the Baltic
(ICES 1959). Their concerns focused on varying
yield from the fishery and increasing reliance on
Swedish hatchery production. Their recommen-
dations focused on the regulation of the fishery.
Recommendations concerning programs of study
for the advancement of scientific knowledge for
the same period (ICES 1960) focused on the col-
lection of biological and fishery data that are
important for assessing the status of stocks and
for understanding variations in the fishery. Tag-
ging, the analysis of scale characteristics, and
modeling have been consistent themes through-
out the history of the group.

The early reports of the working group identi-
fied the potential for wild populations to be re-
placed by hatchery production (ICES 1959).
Their concerns were well founded. Originally, 44
rivers flowing into the Gulf of Bothnia supported
wild salmon populations. By the mid-1980s, this
number had been reduced to 14 (ICES 1988).
Over-exploitation was the only apparent cause.
Ninety-seven to 99% of all recoveries of tagged
salmon occurred in the sea (ICES 1988). In 1989,
the working group began making strong state-

ments about the state of the stocks in the Baltic
(ICES 1989) based on what appears to have been
a reconsideration of safe biological limits. Con-
cerns expanded to include the genetic resources
(ICES 1990) although by 1991, the focus shifted
strongly from conservation to preservation (ICES
1991). Under a single annual TAC management
regime for Baltic salmon, safe catch limits de-
signed to protect wild stocks precludes any off-
shore fisheries. Strong management measures to
reduce or radically alter fisheries have been a
common theme of recent assessments (ICES
1991, 1992, 1993, 1994, 1995).

Modeling salmon production

Models of salmon biology are not models of re-
ality. Models are simplifications of complex in-
teracting processes that can barely be imagined.
If the modeller is fortunate, her/his models cap-
ture some of the major forcing elements, interac-
tions, or limiting factors in nature. Despite their
shortcomings, models of populations are useful
for assessing a biologist’s impression of reality.
If nature behaves according to some imagined
reality, what then is the likelihood of a given set
of observations according to that reality. For that
purpose alone, models can be valuable.

General models of salmon production in the
Baltic were begun by Carlin (1962) and devel-
oped further by Lindroth (1962), Larsson (1975),
and Ackefors et al. (1991). These models at-
tempted to portray ‘average’ conditions in the
Baltic by following the disposition of salmon
biomass of a cohort from entry into the sea until
spawning and/or mortality. For the most part, they
relied on tagging data from hatchery releases to
provide information on growth and mortality.
These models have been useful for understand-
ing large-scale variability in salmon biomass in
the Baltic but they leave the impression that all
one must do to keep salmon in the Baltic is add
water and stir. This is clearly not the case. Al-
though variations in Baltic salmon production are
correlated, this is not sufficient justification for
managing salmon as something like a unit stock.
Stock-specific variations in life-history types,
migration, vulnerability to fisheries and reproduc-
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tive disorders suggest that future models will need

to encompass considerably more specificity in an

attempt to capture stock-specific variations in
biological parameters.

Rivers such as the Ume/Vindeldlven system are
good candidates for modeling because of their
history of detailed observations. Models that con-
sider life history variation are needed such that
hypotheses about the factors regulating salmon
abundance, growth, mortality, and distribution
can be compared analytically with the historical
observations of salmon abundance and biology.
The annual returns of salmon are determined by
stock size, sex-specific life history characteris-
tics, genetic inclinations, environmental influ-
ences, competition, predation, disease, habitat,
and fishery patterns.

A Baltic salmon simulation model should al-
low researchers to experiment with and control
salmon biological parameters of survival, growth,
fecundity, age at maturity, etc. by species and
stocks. The model may be made spatially explicit
such that species and stock interactions can be
studied based on our current knowledge of stock
distributions and migrations. Models can be used
to challenge current beliefs or to develop new
ones on topics such as:

* What is the effect of long-term variations in
climate on salmon life history and abundance?

+ How does fishing (eg. gear selectivity) affect
salmon populations?

+ How does assessment advice change depend-
ing on whether one assesses stock status based
on numbers of spawners, numbers of females,
or numbers of eggs.

+ Simulation is probably the only means to ex-
amine the confounding effects of size-selec-
tive mortality and density-dependent growth
on mean size at age in salmon.

+ Why has there been no trend in the abundance
of wild salmon in the Vindel&lven in the past
few decades? The theory suggests that if 2
stocks of different productivities are subjected
to intensive mixed stock fisheries with very
high exploitation rates, the less productive
stock will decline in abundance.

+ Density-dependent growth of salmon has been
observed in the Pacific Ocean, a substantially
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larger expanse of ocean than the Baltic. To
what degree are the current stocking densities
in the Baltic Sea affecting the growth or fe-
cundity of Baltic salmon?

+ Are strong interannual variations in sex ratios
of returning salmon due solely to the matura-
tion schedule of males or are other factors in-
volved?

Conclusion

At the beginning of this document, I quoted from
Lundberg (1886) where he posed the question of
whether humans or other factors were the cause
of variations in the fisheries of Sweden. | was
not trying to answer that question in this work,
but after reviewing much of the history of the
Baltic salmon fisheries, the mark of human inter-
vention is unmistakable.
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percent (n.)

salt water (n.)
saltwater (adj.)
sea-run (adj.)
seawater (n., adj.)
shallow water (n.)
shallow-water (adj.)
short term (n.)
size-class (n.)
snowmelt (n.)

soft water (n.)
softwater (adj.)
tidewater (n., adj.)
/-test (n., adj.)
warm water (n.)
warmwater (adj.)
year-class (n.)
young-of-the-year (n., adj.)
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