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First, I want to congratulate the organisers of this International Symposium for having the wisdom to arrange this
meeting in this beautiful city. I am highly honoured to be invited to be here. I believe that they are right to call this
meeting now because the situation for salmon is very grave.

Let me start with the past, and first with the far past. We do not know whether the salmon was originally a
freshwater fish that somehow realised that, if it could make the enormous transition from fresh to salt water, it had
access to abundant food supplies; or if it was originally a marine species that found a safe spawning habitat in fresh
water. Whichever it was, we have to recognise that to be born in fresh water and then to move into salt water is a huge
change, almost like a human moving from Earth to Mars. But the salmon not only makes this change but then
embarks on very long trans-oceanic migrations.

If you went just off the coast of Greenland in the summer months and dipped a net into the water you might find
Russian salmon, Spanish salmon, Irish salmon, Scottish salmon, French salmon, Canadian salmon, American salmon,
Norwegian salmon, and more. They will have all travelled thousands of kilometres to the great open-air restaurant
around Greenland. But when it is time to go home they know whether they are Russian, Norwegian, Spanish or
Canadian, and they head back to their country of origin. Not only that — they know whether they are from the rivers
of the White Sea. This is a miracle of navigation that we do not fully understand. This miracle has been going on for
possibly millions of years but certainly since the last Ice Age, 10,000 years ago. Since then the salmon have been in
their present distribution and range.

Coming a little closer to the present, the Kola Peninsula and Karelia have always had strong salmon populations
until the end of the last century. Now, the stocks seem to be in trouble; in some rivers they are gone. At the same time
there has been insufficient provision for research and management and perhaps lack of will to enforce conservation
measures. All these elements are within the control of Karelia and Russia and, given the political will, they can be put
right or at least ameliorated and I will come back to this.

On the international scene, there have been in the last decade or so a number of important developments which
should help Karelia to conserve and restore its salmon stocks. NASCO, the international, inter-governmental
organization of which I am Secretary, was established in 1984. It immediately set to work to minimise interceptions
by one country of another country’s salmon. As you may know, Greenland was a significant interceptory state and at
one stage in the 1970s took over 2,500 tonnes of salmon. Now the situation is very different; the Greenlandic quota
this year is limited to that amount used for internal consumption in Greenland, which in 1999 amounted to a mere 20
tonnes. At the same time, partly for domestic reasons and partly as a result of international obligations in NASCO
(part of the process of putting your own house in order before expecting others to make sacrifices) we have seen the
closure of commercial fisheries in Canada and strict controls on recreational fisheries, the closure of the Norwegian
drift net fishery and other strong measures in other countries. Following agreements in NASCO which reduced the
quotas at Faroes, this fishery has also been closed for some years by private bodies which paid compensation to the
fishermen not to take their quota. NASCO has also successfully stopped fishing for salmon on the high seas by
Panamanian and Polish registered vessels. We have increased cooperation on surveillance. We are looking at the by-
catch of salmon in large-scale pelagic fisheries. We have agreed new standards for reporting catches, we are taking
measures to minimise unreported catches, particularly from illegal fishing, we have greatly improved the scientific
basis for managing salmon, and coordinated and harmonised much of the reporting and statistical databases. Salmon
abundance has not, however, improved and clearly there are many factors at work. Concern about declining catches is
widespread. The total North Atlantic catch is only 1/5™ of the level in the 1970s. Much reduction is due to
management plans designed to reduce effort. But this cannot explain all of the reduction.
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There are, moreover, quite new threats to wild salmon such as that from salmon aquaculture; these are genetic,
parasite, disease, environmental and other adverse impacts. Similar threats arise from poorly planned introductions
and transfers. We are working hard now to minimise these. At the same time it seems that there are changes in the
ocean which are unfavourable to salmon and beyond our control. This means that we must re-double our conservation
efforts. NASCO has tried to be a very open, transparent international organization and although all our members are
governments, we have 26 Non-Government Organizations which are accredited to NASCO as observers. We value
this cooperation. On the whole, they have been very supportive of, and helpful to, our work.

In short, I think you can proceed with your conservation and restoration programmes in the knowledge that your
efforts will not be undermined by other countries on the high seas. Indeed, the international salmon community very
much supports your efforts to protect the resource.

Certainly Mother Nature is not in a helpful mood. There may be global warming. The ocean conditions do not
seem as favourable as they might be. So we must take tough measures and give the salmon every chance to recover so
that we can get the benefits when conditions improve a little, as I suspect they might. There seems to be some
evidence of improvement this year, at least for European stocks.

There are 2,000 river systems in the North Atlantic area which support, or are known to have supported, Atlantic
salmon. About 90 of these rivers are in Russia. Of these 2,000 rivers, only about 100 are being monitored
scientifically so as to provide assessments of stock status for use by the International Council for the Exploration of
the Sea in providing advice to NASCO. For many rivers only catch data are available. Given that there is evidence of
genetic differentiation between and within river systems, the Atlantic salmon might be considered a stock assessment
biologist’s nightmare.

Looking at the North Atlantic area as a whole, catches have declined from a peak of about 12,500 tonnes in the
mid-1970s to less than 2,500 tonnes in the late 1990s. Catches have declined in all North Atlantic countries. A
number of factors have contributed to this decline in catch, including reduced salmon abundance; greatly reduced
fishing effort due to the introduction of restrictive management measures; buy-out and compensation programmes;
and the impacts of salmon farming, which has increased from a production of less than 5,000 tonnes in 1980 to more
than 600,000 tonnes in 1999. In the North Atlantic alone the salmon farming industry now produces about 300 times
the harvest of the capture fisheries for salmon.

In addition to reported catches, catches may go unreported for a variety of reasons. Estimates suggest that
unreported catches may be 40-50 % of the reported catch. Illegal fishing appears to be a particular problem in many
countries.

Looking at fishery-independent information on stock status, a number of abundance indicators are available:

Measures of juvenile abundance
Measures of adult returns back to rivers
Survival indices

Attainment of conservation limits
Modelled pre-fishery abundance

For rivers in the North-East Atlantic there has been a significant decrease in smolt counts over the last 10 years
and, in about 2/3rds of the rivers, decreasing adult returns. There has been a significant decline in marine survival
over the last 10 years. With regard to the attainment of conservation limits, 9 of the 16 rivers (5 of which are in
Russia) showed a decreasing trend, while 7 showed no clear trend, but no river showed an increasing trend.

Finally, modelled estimates of pre-fishery abundance indicate that there has been a marked decline in abundance
of both 1SW and 2SW European origin salmon, from around 7.5 million recruits in the early 1970s to about 3 million
recruits in the late 1990s.

A fairly similar pattern applies in North America but here smolt production appears to have been at higher levels
in the late 1990s; however, adult returns have been some of the worst seen in a 29-year period of record despite major
reductions in exploitation. Marine survival rates have been low and approximately a quarter of the rivers assessed did
not even achieve 50 % of their conservation limits. The situation is particularly bad in the Bay of Fundy and the
Atlantic coast of Nova Scotia.
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Thus the picture around the North Atlantic is one of declining abundance linked to poor marine survival
associated with a changing ocean environment. This situation has been described by some as a salmon crisis. The
epithet “lost at sea” seems appropriate! Populations at the southern limit of the range in USA, Portugal and Spain, and
in the inner Bay of Fundy and elsewhere are facing extinction, and although there are some encouraging signs in
improved returns to rivers in the North-East Atlantic this year, there are no grounds for complacency.

So you see that the situation is not good for all the North Atlantic stocks, though there may be signs of some
recovery. In addition, here in Karelia you have the added danger of Gyrodactylus salaris. Taking all of this into
account, the steps that come to mind to protect the wild salmon stocks in Karelia fall into a number of categories.

RESEARCH

When I came in 1994 I think we all agreed that more monitoring and research were needed. I want to congratulate
you on significant progress made. Although information on catches is much better, more scientific assessment of the
status of stocks can only bring benefits to management. If we are to make a good case to politicians and
administrators for action, then we need adequate facts. Again I am not familiar with the procedures in Karelia that
enable such funding to be raised, but it seems to me to be vital that the information basis on which we take
management decisions needs significant support. I hope that this conference will be a first step towards more financial
support both by government, universities and the private sector for scientific research which will lead to good
scientific advice. In that regard, I think we need to see more exchange of expertise between Karelia and the rest of the
North Atlantic nations, and I hope, too, that this conference might lead to new contacts.

MANAGEMENT OF THE STOCKS

Here I mean to include not just management of catches in rivers, etc., but the much wider aspects of managing the
habitat of the wild salmon when there are many competing interests. Your concerns about abundance of multi-sea-
winter salmon are shared internationally and very strong measures to control exploitation of these stocks are being
introduced around the North Atlantic. Real sacrifices are required now if the salmon is to be protected.

There must be a much tougher regime for all, not just those who exploit the resource but developers, polluters,
hydro-electricity providers, etc. The philosophy has to change from the present situation where the salmon interests
almost have to prove that damage is being done. The situation should be reversed, according to the Precautionary
Approach. No action should be taken which may further weaken salmon stocks in Karelia until it is shown, by those
proposing the action, that it is safe to do so. We all need to change our philosophy, and we are committed to do so
internationally. I believe the adoption of a Precautionary Approach by NASCO and its Contracting Parties, including
the Russian Federation, could be of particular benefit here in Karelia, since it requires that priority be given to
conserving the productive capacity of the resource. The Precautionary Approach requires that the absence of scientific
advice should not be used as an excuse for not taking action. It requires that we avoid irreversible change and that we
consider the rights of future generations.

In this regard the spread of the parasite Gyrodactylus is a major threat which could do irreversible damage. Here
we must take exceptionally tough measures and I am very pleased to see the close cooperation between Norway and
Russia on this issue. I must confess that in 1994 I was a bit pessimistic that the parasite would spread to other rivers in
Russia. But thanks to hard work and close cooperation between Russia and Norway, it seems that the parasite has
been contained.

POLITICS/PUBLICITY

Politics counts because it enables us to get support for what we know is right. This is mixed up with “Public
Opinion” and “Publicity”, because we know that politicians like to do things that have public support. I suspect that
we need to press politicians to take action to protect salmon stocks against all the other threats and pressures. In order
to help them to do this, publicity is needed to convince the public of the need to protect the salmon. I gained the
impression that there is an interest here in salmon. It is a subject that people care about. I do know that to have the
wild salmon in your rivers and going about its migrations is a powerful symbol of well-being. Surely this interest can
be harnessed. This work on the political and publicity aspects needs careful attention as it will help to make the
raising of funds for research and better management easier.
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INTERNATIONAL LINKS

NASCO would benefit from knowing more of your important scientific work here in Karelia. We should explore
how we might improve this communication of scientific results both directly and through ICES. It may be interesting
to see if the White Sea Commission could coordinate Russian views to be communicated to NASCO and its member
Parties. I want here only to stress that there are many friends of the salmon out there in the rest of the Atlantic
countries. I mentioned that NASCO itself has relations with 26 Non-Government Organizations (NGOs). I am sure
many of these organizations will be willing and eager to share experiences with you. They develop proposals to be
put to governments and others, and I believe that the experience and independence of NGOs is an essential asset in
conservation work and they are very willing and very keen to exchange delegations. Let us use this and many other
international links to cooperate and learn from each other.

RECREATIONAL FISHING

As you will know, nowadays the main economic benefits from wild salmon come from its recreational and
sporting value rather than as a food fish, which the large salmon farming industry can supply. I know that there is
much to do in terms of infrastructure, hotels, roads, etc., before we can get those economic benefits here in Karelia.
However, I do think that this week we might lay down the foundations for this development. It will take time, but
Karelia is a very beautiful area. It is relatively unknown to foreign tourists, and the combination of friendly people
and a beautiful landscape, together with salmon fishing, could bring real economic benefits. However, it has to be
handled very carefully so that local populations gain significant benefits.

CONCLUSIONS

The salmon has had a long and a proud history in Karelia and in other parts of Russia. It has brought sustenance
and has meant survival to some of your ancestors. It has helped to feed families in difficult times in your history. It
has brought economic benefits to small communities. It has brought pleasure to many non-fishermen who are
intrigued by its migrations, its life-cycle, its determination. It is a symbol of pure water and a good environment. If
the salmon are there - all is well. I believe it brings contentment to people who will never fish it. If the salmon is in
Karelia rivers going about its migrations, then all is well with the world. People can sleep better!

We have a very heavy responsibility. We have an obligation to future generations to ensure that they have wild
salmon populations in their rivers for them to admire and enjoy. If we are not very careful, we shall have the shame of
being the generation that let this species slip away. Let there be no illusion; once we have lost it there will be little
chance of getting it back. It will probably be irreversible. Yet look at the social satisfaction and the economic
potential if it can be restored to abundance.

I have to be frank, I am not optimistic about how easy it will be. I do hope that this meeting here in Petrozavodsk
this week might be the turning point; that this week there will be a new determination that there will be wild salmon
in Karelia for your grandchildren and their grandchildren. It is us, the people in this room in this year, that can make
the difference. Let us hope that when our descendants look back in, say, 200 years, and they look at the situation, they
will say “They were there, they saw the need and they did the right thing”.
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MIGRATORY BEHAVIOR OF ATLANTIC SALMON
AND SEA TROUT IN THE MIDDLE KUMIJOKI RIVER,
SOUTHERN FINLAND (BASED ON DATA FROM
BIOTELEMETRY TRACKING)

M.I. Bazarov & V.K. Golovanov

Institute for Biology of Inland Waters, Russian Academy of Science, 152742 Borok, Nekouz district, Yaroslavl Region.
Tel. (08547)24042. E-mail bazarov@ibiw.yaroslavl.ru

As the flow in the majority of Finland’s spawning rivers is regulated by dams, the populations of anadromous
fishes are maintained mainly by releasing artificially reproduced young fish into the lower reaches of the rivers. At
the same time, there exist potential spawning grounds for salmonid fish in the regulated parts of the rivers.

In the past, the Kumijoki river served as a breeding area for many anadromous fish species (salmon, sea trout,
whitefish). The natural populations of these species disappeared following flow regulation and water pollution in this
river. Since the 1980s, intensive artificial reproduction and juvenile fish stocking into the river’s estuary have created
a basis for a successful coastal fishery (Saura 1989; Saura, Mikkola 1990). Yet, the recovery of natural reproduction
of anadromous fish did not occur, as the dams blocked the spawning migration. Transporting migrating spawners of
valuable fish species from tail-waters of the hydroelectric power stations may ensure natural spawning at the
remaining spawning grounds, yielding viable young fish.

In order to determine the suitability of the remaining spawning grounds in the Kumijoki river basin (Fig. 1) for
salmon and sea trout. A study of their behaviour during the spawning migration was conducted in the autumn of 1992
and 1993 using ultrasonic biotelemetry. This work was conducted with the assistance of Finnish colleagues from the
Game and Fishery Research Institute (Helsinki) and the Kymi Division of the Fishery Department of Finland:
A. Niemi, A. Phriman, P. Paivarinta, P. Vaaranen, and also with active participation of L.K. Malinin and V.D. Linnik
— research fellows of the Institute for Biology of Inland Waters of the Russian Academy of Science (RAS).

Hatchery-reared adult salmon and sea trout arriving in the tail-waters of the Ahvenkoski (1992) and Koivokoski
dams (1993), were captured and then released at different distances above the dam (in areas with different
hydrological regimes). In total, 41 individuals were tagged with ultrasonic transmitters of APM-30-15-1 and APM-
50-15-1 models (Saranchov 1984), including 27 Atlantic salmon (15 in 1992, 12 in 1993) and 14 sea trout (9 in 1992,
51in 1993).

The ultrasonic transmitters were attached externally and dorso-laterally (to the basal part of the dorsal fin),
according to the procedure, described by Gray & Haynes (1979). Before tagging, the fish were anaesthetised using
MS-222 solution (1992). In 1993, the solution of benzocainum was used as the anaesthetic for two salmon but the rest
of the fish were tagged without anaesthesia, following the guidelines of Mohus & Holland (1983). Tagging was
conducted in continuously aerated water. The fish were blindfolded and covered with a dense cloth. Tagged fish were
tracked using original instruments by two methods: triangulation and zoom-in, both from motor-boats and from the
shore. One of the boats was used for daily monitoring of the last registration localities. Sometimes, when the tagged
fish showed an increased swimming activity, they were tracked closely, with registration of their location every
10-20 minutes. Over the period of the investigations, the water temperature in the river decreased from 16.0° C to
12.6°C. The water flow rate (measured using the current meter) ranged from 20 to 156 cm/sec in different parts of the
study area. The data were plotted on the tablet maps (1:10000) used for subsequent calculation of movement speed
and direction.

The dependence of the speed and direction of swimming in the tagged fish on their sex, length and duration of
observations, as well as the time elapsed between observations were estimated using two methods. First, the Kruskal-
Wallis test was applied as a nonparametric analogue of unidimensional analysis. Second, Spearman’s rank correlation
coefficient was calculated to estimate the relationships between the travelling speeds, biological characteristics of the
tagged fish, etc. As the actual swimming speeds of the tagged fish are difficult to estimate, we mainly used the rate of
their movement relative to some reference points along the shoreline. Naturally, the actual swimming speeds of the
tagged fish were higher, than those relative to the shoreline, because the flow rate was added to the fish swimming
speed proper. The Mann-Whitney test (U test) was used to evaluate the significance of differences in the swimming
speeds.
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Analysis of the swimming speeds began with determining the statistical distribution of the parameters
investigated. Depending on the distribution type, the statistical procedures most appropriate for data analysis were
selected. Thus, when the distribution of the variables differed significantly from the normal distribution law,
nonparametric methods were applied. E.g., the median, lower and upper quartiles were used to characterise the
swimming speed; multiple box-and-whisker plots were used to characterise changes in the swimming speed on
different days (Tukey 1977), and the median (horizontal line in a box), quartiles (box borders), range (vertical lines),
and flagged data (situated more than 1.5 interquartile intervals from the median) were determined for each sub-group.

A comparison of the data on fish release in three different areas (both in 1992 and in 1993) has shown that the

upper pool of the fish ladder is the least suitable place for the release. The release of tagged fish into the upper pool
resulted in considerable energy losses as the fish had to overcome the current in the fish ladder. This hindered the
recovery from the stress caused by tagging and handling. Of the two individuals (salmon and trout) released in the
upper pool of the fish ladder, the large male salmon left the upper pool and entered the forebay after the flow rate in
the fish ladder had been reduced and after 20 minutes already had been carried by the stream through the dam, while
the trout died. This example shows that releasing tagged specimens into the fish ladder pools with high flow rates is
undesirable, even for strong-swimmers such as salmon and trout.
Much more favourable conditions, ensuring rest for tagged individuals immediately after release, were observed in
two other release locations, situated 50 m and 700 m upstream of the check dam of the Koivokoski power plant,
where the flow rate did not exceed 30 cm/sec. Tagged fish released in these locations demonstrated the type of
behaviour we commonly observed in salmon: slow downstream movement immediately after the release with
subsequent searching movements or several hours of rest in the release area.

Typical behavioural stereotypes of the tagged fish are shown in Fig. 2. Fish with different rheoreaction (rheotaxis
modes) accounted for different proportions of the sample (Table 1).
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Fig. 2. Schematic maps showing the movements of tagged salmon (A) and sea trout (B)
upon transportation and release downstream of the Ahvenkoski dam in 1992

Table 1.
Number of tagged fish with different rheoreaction (rheotaxis modes)
for all the period of investigation

Rheoreaction type Salmon Trout
(theotaxis mode) Males | Females | Males Females
Positive 6 1 B 3
Indefinite 7 3 4 3
Negative 7 P 5 3
Total 20 6 3 3
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Approximately 1/3 of the salmon were positively rheotaxic. This group included 4 males. Once released, the fish
drifted downstream for a short while, then remained in the same location for several hours before ascending the river
either on the day of release or by the end of the next day. Salmon in the first group clearly tended to move more
actively at dusk and at night.

Small-scale searching movements close to the release point prevailed in the behaviour of the second group of
salmon. The fish demonstrated both relatively fast downstream movement followed by a prolonged stay in the
forebay, and searching movements of varying scale in the release area, with a tendency toward downstream
movement. Thus, salmon of the second group also exhibited quite a wide spectrum of movement patterns.

The behaviour of salmon from the third group was more stereotyped: they moved passively downstream. The
first individual descended through the dam soon after leaving the upper pool of the fish ladder near the check dam,
and the second fish did so — on the third day after release.

Tagged trout were positively rheotaxic. The fish ascended the river within 1-2 days after release. No obvious
searching movements were noted. The trout migrated upstream both in the dark and during daylight. A female trout
from the second group drifted downstream to the dam of the Koivokoski hydropower plant in the first few hours after
release and stayed near the dam for 10 days.

Variational series of the swimming speeds both for the first two groups of salmon and for the first group of trout
had a pronounced asymmetry and kurtosis. We have noticed that the salmon and trout actively migrating upstream
showed a slightly different pattern of swimming speed variations. The proportion of high swimming speeds was
greater for the sea trout than for salmon. The statistical parameters of the swimming speeds of the tagged fish are
shown in the Table 2.

Table 2.
Statistical characteristics of the tagged fish movements in 1992-1993
Parameter Salmon Trout
1992
Groups 1 2 3 1 2
N 29 51 71 47 14 18
Median swimming
Speed, cm/sec 0.77 1.11 0.87 0.74 0.49 0.04
Asymmetry 2.44 2.81 5.09 1.93 2.26 3.75
Standardised
Asymmetry 5.36 8.19 20.31 5.41 345 6.50
Kurtosis 5.92 8.80 39.58 2.58 4.43 14.96
Standardised
Kurtosis | 650 [ 1282 | 68.09 | 3.6l 3.39 12.95
1993
Group 1 2 1
N 130 247 84
Median swimming
Speed, cm/sec 0.61 0 10.47
Asymmetry 2.57 10.61 2.24
Standardised
Asymmetry 11.96 68.06 8.36
Kurtosis 6.98 135.63 7.09
Standardised
Kurtosis | 1626 | 435.11 | 13.27

The swimming speed histograms for the tagged salmon are significantly different from the normal distribution.
A comparison of the tagged fish swimming speeds in 1992 and 1993 has demonstrated that the swimming speeds of
salmon within the first group did not differ significantly (U=1.67, P<0.1), the swimming speeds of salmon from the
second group were significantly higher in 1992 than in 1993 (U=4.38, P<0.00001), whereas for trout from the first
group, the swimming speeds in 1992 were significantly lower (U=2.97, P<0.003).
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The above values of the swimming speeds were calculated for the whole study period, i.e. including also data
from the time when the fish undertook no active movements, resting after struggling through the rapids, or staying
close to the dam in the tail-waters of the Ahvenkoski hydropower plant. To avoid the distorting effect of these
readings, we made an attempt to estimate the greatest possible speeds of the tagged fish migration at the beginning of
their upstream movement (Table 3).

Table 3.
Swimming speeds of salmon and trout from the first group at the onset of upstream movement

Species | Number of fish | Distance covered, km | Duration, days Progress rate, km/day
Salmon 1 2.12 0.41 5.16
3 15.85 3.07 5.16
6 13.70 1.15 11.92
12 1.55 0.60 2.56
Trout 1 7.00 0.71 9.88
2 6.96 0.71 9.83
3 10.30 0.75 13.73

The swimming speed values at the onset of migration in this study differ considerably from those reported for
salmon from a natural population in the Scottish River Dee. Salmon from this population (Hawkins, Smith 1986) had
a higher rate of upstream movement (1.68-21.99 km/day vs. 9.49 km/day in our study) and a longer period of rapid
upstream movement (0.84-17.11 days vs. 69 days in our study) than our tagged fish. According to these authors,
virtually all transmitter-bearing fish (10 salmon individuals) quickly passed the estuary and the lower part of the river,
whereupon their movement slowed down. In comparison with our data, the patterns of upstream movement of the fish
described by Hawkins & Smith (1986) were far more uniform.

According to our observations (Kruskal-Wallis test), the swimming speed of salmon from the first group
depended on the duration of tracking and direction of movement. For the second group of salmon a correlation was
detected between the swimming speeds and the fish length, locating period and direction of movements (Table 4).

Table 4.
Kruskal-Wallis test for the swimming speeds of tagged fishes depending on the their biological characteristics, tracking
duration, time elapsed between observations and direction of movements

Kruskal-Wallis tests
Species Group Sex Length Duration of Time elapsed between | Direction of fish
tracking, days observations movements
Salmon 1 - 3.63NS 23.43 65. 78NS 90.94**
2 0.35NS 25.47** 18.18NS 134.80%* 190.41%**
Sea trout 1 2.64NS 3.23NS 39.83** 63.05* 39.78**

NS — not significant; * P<0.05; ** P<0.01

The results of correlation analysis indicate that the speed of fish movement relative to the shoreline for all studied
groups reliably correlates with the time elapsed between the registration of the fish location and with the direction of
movement (Table 5).

The swimming speed of fish from the group showing no positive rheotaxis also negatively correlated with the
duration of observations, i.e. their swimming speed decreased during the period of monitoring. It is necessary to note
that a negative correlation between the swimming speed and the time elapsed between observations was characteristic
of both salmon groups and of the positively rheotaxic trout (i.e. the highest calculated swimming speeds were
recorded when the time periods between registrations of the fish location were the smallest). Salmon and trout with an
explicitly positive rheotaxis mode displayed the same kind of relationship between the swimming speed and some
parameters: negative correlation with the time between observations and positive correlation with the direction of
movement. In other words, the speed of fish movement relative to the shoreline was higher when they were moving
upstream than during the downstream drift. For both groups of salmon a significant negative correlation was detected
between the swimming speed and the duration of observations. A similar dependence was found in salmon from the
River Penobscot (Power, McCleave 1980). Apparently, this is a manifestation of the general tendency to slow down
when approaching the spawning grounds among migrating anadromous fish spawners.
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Table 5.
Spearman’s rank correlation coefficients between the swimming direction and speed,
biological features, duration of observations and time elapsed between observations
Species Parameter Sex Length Duration of Time elapsed Direction of | Swimming
tracking, days between fish movement speed
observations
Salmon 1 | Direction - 0.05NS 0.27** 0.13NS 1.00** 0.18*
N=130 Swimming -0.10NS -0.05NS -0.22%* 0.18* 1.00**
speed
Salmon2 | Direction | 0.02NS -0.0INS -0.00NS 0.0INS 1.00** -0.28%*
N=247 Swimming | 0.04NS 0.01INS -0.14% -0.15% -0.28%* 1.00*
speed
Seatroutl | Direction | -0.04NS | -0.10NS 0.16NS -0.23* 1.00** 0.56**
N=84 Swimming | -0.18NS | 0.11NS -0.2INS -0.63** 0.56** 1.00**
speed

The significance of Spearman’s correlation coefficients as in Table 4.

It is interesting to compare the direction of fish movement in different groups over the tracking period. In the
first group of salmon and trout, upstream movements and halts were slightly prevalent at the onset of observations,
whereas by the end of the survey, upstream and downstream movements ceased, the fish preferring to stay in a
particular site. For salmon of the second group, upstream and downstream movements and halts were equiprobable
throughout the period of observations.

The high variety of spatial movement patterns in mature hatchery-reared salmon is most probably due to the fact
that the orientation mechanisms of introduced fish are poorly adapted to the conditions in the specific watercourse.
This assumption is corroborated by data from Power & McCleave (1980), who studied the movements of mature
Atlantic salmon introduced at the smolt stage into various parts of the Penobscot River (Maine, USA). Upstream
movements of the fish often alternated with frequent and prolonged stops and downstream drifts. Some of the fish
demonstrated no positive rheotaxis. The movement patterns in this study were as diverse as those of salmon from
Kymijoki in our survey. High variability of the migratory behaviour of hatchery-reared salmon spawners is evidenced
by data from the tracking of salmon movements in the Penobscot River. Twenty individuals tagged by radio-
transmitters passed through the fish ladders in the headwaters and then drifted downstream through the dams, and
only 4 individuals did not descend from the headwaters (Power, McCleave, 1980). Thus, behavioural stereotypes of
hatchery-reared mature salmon are very unstable, the probability component playing a significant role. It is
noteworthy that trout spawners tagged in our studies displayed a considerably steadier stereotype of migratory
behaviour than salmon. This is especially surprising, as salmon smolts were introduced into the Kumijoki river
system both in its middle and lower parts, whereas trout smolts were released in the estuaries.

Migrating anadromous spawners from wild migrating populations usually exhibited fixed stereotypes of
migratory behaviour — determined movement toward the spawning grounds without wandering (Hawkins, Smith
1986; Heggberget 1988). Heggberget (1988) also noted essential differences in the behaviour of wild and farmed
Atlantic. Both wild and farmed spawners appeared near the estuary of the spawning river simultaneously, but wild
fish entered the river earlier and left later than farmed fish. The latter were moving more actively, more heavily
injured in the river, and 13.5% of females and 36.7% of males left for the sea without spawning. All wild females and
96.2% of males spawned in the river (Johnson et al. 1990).

The reported data helped reveal some important aspects of the migratory behaviour of hatchery-reared fish
released as juveniles in the upper part of the river estuary. After foraging in the sea, mature fish returned to the upper
part of the estuary. When transported into the waters upstream of the dam, i.e. the unfamiliar river stretch, the mature
fish demonstrated quite diverse behavioural patterns. Three groups of individuals with different behavioural
stereotypes were distinguished among the tagged salmon and trout. The first group comprises fish actively responding
to the stream and tending to move upstream until they reach an insurmountable obstacle. Some of the fish stayed near
the obstacle; one individual drifted passively downstream toreturn upstream to the dam again. Fish of the second
group were making searching movements up and down the stream. The third group were negatively rheotaxic fish,
which were usually carried downstream by the current. The variability of swimming speeds was different for the
salmon and sea trout that were actively migrating against the current — the proportion of high swimming speeds was
lower in salmon than in trout.

Thus, behavioural stereotypes of hatchery-reared mature salmon are very unstable, the probability component
playing a significant role. It is noteworthy that trout spawners tagged in our studies displayed a considerably steadier
stereotype of migratory behaviour than salmon. As mentioned above, this is especially surprising given that salmon
smolts were released both in the middle and lower parts of the Kumijoki river system, whereas trout smolts were
stocked into the estuaries.
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Analysing our own data and that in the literature, we have found that the swimming speed at the onset of the
spawning migration of hatchery-reared salmonids differed significantly from those of individuals from natural
populations. Upstream movement patterns in fish from natural populations are more uniform than those recorded in
our surveys. The high variety of spatial movement patterns in mature hatchery-reared salmon is most probably due to
the fact that the orientation mechanisms of introduced fish are poorly adapted to the conditions in the specific
watercourse.

The newly obtained data are of incontestable significance for fisheries purposes and of interest for assessing the
adaptive capacities of both farmed and wild salmon. In attempts to reintroduce salmon into their former habitats, the
first two groups of fish may constitute the core of the spawning population. The share of mature fish actively
searching for spawning grounds can be increased by making mass releases of conspecific salmon juveniles into the
rivers where re-introduction is carried out.
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INTRODUCTION

In view of the decline of landlocked salmon populations in all rivers of Karelia, the question arises as to
appropriate ways to sustainably manage salmon stocks in the rivers still supporting large fish populations. One such
rivers in Karelia is Shuya (with its tributary Syapsya), which empties into Lake Onego.

The study of the factors responsible for the abundance of the future generation is of great practical importance.
The size of the future Atlantic salmon generation depends firstly on its living conditions at the early development
stages and on environmental factors, especially during the first year of life in the river (Azbelev 1960; Valetov 1999;
Lishev, Rimsh 1961; Mitans 1980; Shustov 1983; Yakovenko 1976).

MATERIAL AND METHODS

Juvenile salmon were caught by electrofishing in the spawning-breeding grounds (SBG) of the Shuya River
from the autumn of 1999 till the autumn of 2000. Sampling sites in SBG were chosen so as to provide information
about the density of juveniles throughout the rapid, rather than in typical habitats only. In all, 200 specimens of
juveniles of different ages were treated. Live fish were measured and weighed following standard techniques (Pravdin
1966), whereupon juvenile salmon were released back into the river. Juvenile density in SBG was calculated by the
method of Zippin (1956).

Catch dynamics

Salmon from Shuya formed the most numerous stock in Lake Onego, contributing up to 75% of the total catches
in the lake (Kostylev 1974, Ryzhkov, Kostylev 1984). The catches had been stable until 1960, and were continually
decreasing thereafter (Smirnov 1971). In 1993, salmon harvesting was stopped, and in 1994 a fish-counting fence
(FCF) was erected to control fish numbers. The brood stock was then estimated at 2,000-2,500 spawners (Valetov et
al. 1995). Data on the catches of the Shuya salmon for a number of years are shown in Fig. 1.

Number, sp.

Fig. 1. Note: From 1994 on, the number of spawners is given according to data from the FCF

One can see that the adult escapement is far from stability, and exhibits a continuous downward tendency. The
reasons for that are commonly known and typical for practically every population of the Atlantic salmon in Northwest
Russia. By our estimates (Gaida et al. 2000), 70-80% of spawners registered at the FCF only, are harvested from the
river. It should be noted that in 2000, the FCF registered the lowest number of spawners ever — only 9(!) specimens.
Two causes are most probable. The first one is the dramatically low number of juveniles recorded at the main river
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rapids in 1994 (Valetov et al. 1995). This is the generation that had to form the basis of the spawning stock for 2000.
The other possible cause is the steeply increased illegal fishery (poaching) of lake-feeding salmon in Lake Onego,
which amounted to 100 ton in 1999.

Characteristics of juvenile salmon

Problems of organism survival are of particular practical importance, but they are also a matter of considerable
scientific interest, as they are connected with the issues of the population size dynamics, ontogenetic variability and
the natural mechanisms of controlling the population size. Our team were the first to gain data on the size/age
variability of younger juvenile salmon from some rivers flowing to Lake Onego (Shuya & tributaries, Vodla &
tributaries, Pyalma). Much of out attention was devoted to the variability of the main parameter in juveniles (size,
weight, age) as they were the key to their subsequent survival. The data on juvenile salmon from the Shuya River are
given in the table.

Table
Characteristics of juvenile salmon from the main rapids of the Shuya River
1999 | 2000

Vidany

AB, cm VC, % |weight, g | VC, % AB, cm VC, % |weight, g | VC, %
0+ 6.52+0.17 10 ]2.540.1 31 7.5240.09 8 2.75%0.2 42
1+ [ 11.4340.58 7,35 |12.75+1.0 22 11.0620.8 21 |11.44+2.67 66
Besovets
0+ 6.78+0.48 10 [2.86+0.3 29 8.02+0.12 3.5 |3.540.34 24
1+
Nizhniy Besovets
0+ 6.52+0.42 11 2.5540.21 27 7.534£0.22 3.6 |2.16+0.17 19
1+ [11.241.36 14 12.21£1.93 35

As one can see from the table, the variability coefficient (VC) for the weight was greater than for the size. This
is typical of salmon from other rivers as well (Kazakov 1987; Lishev, Mitans 1974; Melnikova 1970; Studenov et al.
2000). Furthermore, variability coefficients for the parameters of juveniles were greater in 1999 than in 2000.
A possible explanation is the bad hydrometeorological conditions in rivers in 1999 (very low water level and high
water temperatures in summer). Increasing growth variability is evidence of unfavorable living conditions for the
population (Lishev, Rimsh 1961), which would inevitably affect the productivity of the respective generation.
Analysis of scales and size/weight characteristics has revealed considerable retardation of growth in all juvenile age
groups, especially those of 1999. Inhibited growth has an adverse effect on subsequent survival, especially in summer
(Cunjak 1998). Some authors believe that the mortality of juvenile Atlantic salmon below a certain size threshold
(70-72 mm of length, according to Smith) increases considerably in winter (Myers et al. 1986). Interestingly,
yearlings (1+) from the sample of 2000 were smaller that those caught in 1999, growth inhibition in the previous year
probably telling considerably on the rest of the ontogenesis. We calculated the number of 1+ individuals in the
autumn catches from the control sites, which allowed an estimate of the survival rate for the autumn young-of-the-
year (0+) (Fig. 2).

10% (Nikiforow,
1959)

r

‘ISD%(Hitans, 19EE_DJ|J

W10 %iour data)

4‘ 34%( Grinvulk, 1977)

w r ¥ h J
0 | % 1+ 2+
5 67 881011121234 567809 1011 121234567808 101112
1-st year 2-nd year 3-d vear

Fig.2. Survival rates of the Atlantic salmon at various developmental stages

The greatest juvenile survival rate was reported for the Vidany rapid — about 25%, which is far less than the rate
reported by other authors for a number of rivers in the Baltic region — 50% over winter (Mitans 1980), in the Northern
Ladoga region — 60% over winter (Valetov 1999). The survival rate at other rapids proved to be even lower: Besovets
rapid — about 5%, Nizhniy Besovets rapid — about 10%. Such a remarkable difference between the values should, in
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our opinion, be attributed to the characteristics of the rapids themselves, as juvenile salmon habitats. The Vidany
rapid is the deepest of the three; probably least affected by winter freezing and the longest one (5.5 km), giving
juveniles a better chance to find suitable wintering grounds (boulders, coarse pebbles etc.). When these are lacking,
juveniles migrate to pools and deeps (Veselov, Shustov. 1991), where they make prey for big fish (e.g., anadromous
Shuya burbot wintering in the pools). Furthermore, juvenile Atlantic salmon do not even approach the dominant
position in the fish cenosis structure (Fig. 3).

M gudgeon
stone loach
sculpin

O salmon

Vydany Besovets Nizhny
Besovets

Fig. 3. Fish cenosis structure

In practically all the rapids, the bullhead was the leader as regards both relative and absolute numbers in 1999
and 2000 samples. It was especially abundant at the rapids in 2000. We did not specifically investigate the effect of
other fish species on the survival rate of juvenile salmon, but some data (Novoselov et al. 2000) point to a
considerable degree of similarity in the diet (82.2%) of juvenile salmon and the bullhead. Moreover, the species use
similar biotopes as the wintering grounds, and this may well tell on the over-winter survival of salmon, as they prefer
to stay alone in the shelter under rocks (Cunjak 1988). Thus, we must admit that the bullhead threatens the life of
juvenile salmon in the river (Studenov, Novoselov 2000).

RESULTS AND DISCUSSION

Analysis of the size/age variability of juvenile fish may serve as a good indicator of the status of the population
in the river, the size being more demonstrative of the overall condition. The weight of juveniles is more variable and
can only be used to evaluate current condition. When further data are gathered, it will be possible to evaluate the
population status using specific hydroclimatic data, and to create a mathematical prognostic model.

Apparently, if we assume that the average survival rate for the young-of-the-year in the river at large is about
10%, this rate would be typical of more northern salmon populations. The summer period was not included in the part
of the ontogenesis covered by the survey. In this period, juvenile mortality may be high, because of the transition to
exogenous feeding and growing competition for the territory. On the other hand, the mortality of overwintered
juveniles in the spring-summer period is far lower: no more than 15% of the yearly total (Grinyuk 1977; Smirnov
1971). Thus, the mortality rates we discovered in our surveys should, in fact, be interpreted as wintertime mortality.
Analysing the size variability series for yearlings (Fig. 4) in 1999 and 2000, we note a considerable increase in the
proportion of large individuals in 2000 as compared with 1999.
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Fig. 4. Size variability series of the Shuya salmon aged 1+ in 1999 and 2000.
Note: X axis — size (AB, cm); Y axis — per cent in the sample
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We regard this fact as a supporting evidence for the assumption that a significant part of small young of the year
1999, which were not ready for the winter, died out. Large specimens that survived made up about 50% of the large
yearlings of 2000 (12-14 cm). In 1999, the corresponding age group accounted for as little as about 12.5%, and a
modal group with a size of about 11-11.5 cm was clearly distinguished. The same situation was described in detail for
rivers of the Baltic region (Lishev, Rimsh 1961). Although a great part of the young of the year was lost during the
winter, the eventual effect on the total reproductive function of the Shuya salmon population in general would be
insignificant. According to our estimates, 1 ha of SBG will yield at least 15 adults. This is, however, some 3-5
individuals per 1 ha of SBG less (Smirnov 1971) than is common for landlocked salmon populations. As a whole,
losses to unfavourable climatic factors only will be about 300-350 spawners. The general points to be stressed when
analysing the situation at the Shuya River are the following:

e At present, effective spawning takes place only at 3 main rapids. We have estimated that 80% of all adults
entering the river spawn at the Vidany rapid. The rest spawn at the Besovets (about 10%) or the Nizhniy Besovets
rapid (about 5%). Few spawners use other rapids: Kindasovo, Kutizhma, Yumanishki, Tolli, although they constitute
a significant part of the river’s spawning and breeding capacities (Shchurov et al. 2000). We noted high juvenile
densities in the Syapsya River in 2000, especially at the Krakulsky rapid (about 50 ind. per 100 m?), but because
untagged yearlings were from time to time released into Syapsya to continue growth, we could not be sure about the
origin (hatchery or wild) of the juveniles.

e Termination of commercial harvesting did not lead to an increase in the brood stock size; in fact, commercial
fisheries have been replaced by poaching, in which about 80-90%, i.e. at least 1,500 spawners are harvested annually.
e Owing to a heterogeneous structure of the stock, the reproductive function of the population has not so far been
significantly impaired. Salmon reproduction coefficient in Shuya is fairly high, reaching about 1/6 or 1/8, i.e. much
greater than for a number of northern populations (Azbelev 1960), and close to that of salmon from Baltic rivers (e.g.,
the Salace River), where is ratio is 1/5, harvests in marine fisheries not taken into account (Mitans 1975). We believe
such high values to be due to a number of favourable factors and specific characteristics of the stock structure, to wit:
the absence of natural enemies during the foraging period (including foreign fisheries). According to Grinyuk (1977),
in the Ponoi river sea mammals consume at least 15-20% of the Ponoi River brood stock.

e The prevalence of females (80%) in the brood stock, ensuring a higher reproduction coefficient per spawner.
There is, as yet, no proof that the winter form is present in the Shuya salmon population.

e The absence of an abrupt transition from fresh to salt water, apparently allowing for an easier adaptation to a new
mode of life. In the very first summer, smolts actively spread throughout Lake Onego without a delay in the river
estuary, in contrast to the anadromous juvenile Atlantic salmon. Hence, the survival over the foraging period and,
consequently, both the overall survival rate and the reproduction coefficient of the landlocked salmon would be much
higher that those of the anadromous salmon. The stocking of two-years-old landlocked salmon into Lake Vettern
(Sweden) has been reported to yield a recovery of nearly 28-38% (Smirnov 1979). We can thus expect the survival
rates of wild landlocked salmon smolts to be even greater.

Nevertheless, artificial reproduction is essential to maintaining the abundance, although neither enlargement of
introduction volumes, nor improvement of the stocking material can amend the situation. One of the main causes is
the increased uncontrolled fishing of immature salmon in Lake Onego and of spawners in the river.

The outline of the structure of the Shuya salmon population would appear as follows. Natural reproduction
contributes 50% of the total stock at most, i.e. no more than 800-1000 spawners. These figures are based on the
counts of juveniles of different age. Given that 50-60% of the brood stock is hatchery-reared fish, the total number of
spawners would be about 1,500-2,000 (up to 2,500 in some years), which is in conformity with the number of
spawners registered at the FCF.

CONCLUSIONS

1. The size/age parameters of juvenile landlocked salmon are variable, depending on the conditions during the first-
second years of life in the river. We can judge this by the length attained by autumn. Considerable variability of
the features, especially length (VC=10%) is a good indicator of the detrimental environmental impact on the
population. This should be taken into consideration in further calculations of the size of the future generation.

2. Annual monitoring of the numbers and condition of juveniles at the main rapids of the spawning rivers can be
used as the basis for forecasting the size of the future generation, especially when the brood stock is under a
heavy pressure of uncontrolled fishing, and determining the approximate scope of the fishing.

3. An important constituent of forecasting the numbers is investigations into the survival rates of juveniles,
especially during the first year of life in the river. It is then that the size of the future generation is predetermined
and with the number of spawning migrants within its current limits, it is not decisive for the size of the future
generation. We should also continue to study the natural spawning performance and the survival rates of salmon
in the lake, as it determines the accuracy of the forecasts.
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4. Natural reproduction of landlocked salmon in the Shuya River and in other Lake Onego influents is now in a
depressed status. Preservation of the natural reproduction pool requires practical fish protection measures and the
construction of a new fish farm; otherwise artificial reproduction of the salmon would be also threatened, as it is
based on spawners taken from the river.
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COMPARISON OF EARLY ONTOGENESIS OF
ATLANTIC AND PACIFIC SALMON SPECIES
(GENERA SALMO AND ONCORHYNCHUS)

Yu.N. Gorodilov & E.L. Melnikova

Biological Institute of St. Petersburg State University, Russia

INTRODUCTION

Thorough comparison — presented in our previous publication - of embryo and larvae development of various
ecological and taxonomic forms from 3 well isolated salmon species of Salmo genus (S. salar, S. trutta, S. gairdneri')
revealed almost complete identity of early ontogenesis of all thee forms: among hundreds of investigated features
none was identified which would distinguish them from each other (Gorodilov 1988)%. Such a result was the reason
for the conclusion on identity of species development within one genus. One could assume that morphologic and
morphometric differences at intra- and inter-species level evolve at post-larval ontogenesis already.

As no differences in ontogenetic development of various species were identified within one genus neither in
morphologic nor in timing of features’ formation, it seems logical to set forth the goal to investigate objects more
remote in terms of taxonomic status. It is obvious that the next step should be the comparison at the genera level
within one family. Such an opportunity in relation to studying and describing early ontogenesis of five species of
Pacific salmon of Oncorhynchus genus (materials are being prepared for publication).

Comparison of early development of the representatives of two salmon genera, Salmo and Oncorhynchus, turned
out to be possible since all the data were obtained by the same technique and comparison was made at similar phases
and time period.

Description of phases of Salmo species genus development is presented in several publications (Gorodilov 1988,
1998; Gorodilov 1996). Similar descriptions of early ontogenesis with the use of the same classification of that
period, divided into series of phases with marking each series of one type phases by sub-periods (in publication of
1988, sub-periods were also referred to as periods) with more detailed characteristics of approximately the same
phases as for Salmo species, were made for five species of Oncorhynchus genus (O. keta, O. gorbuscha, O. nerka,
O. kisutch, O. masu). Comparison of those descriptions showed almost the same stereotype character of early
ontogenesis of all species of the genus, as we demonstrated earlier when comparing Salmo genus species
development. Minor intraspecies differences among species were observed only in some provisional and secondary
organs.

MATERIAL AND METHODS

The eggs for research of Pacific salmon was collected in different areas of Sakhalin and Kamchatka, and it was
always delivered right after egg fertilization in heat-isolated boxes with cooling, usually during 1-2 days from the
place of egg collection to laboratory incubations at Biological Institute of St. Petersburg in Old Peterhof. Description
of one of incubation models is presented in our publication (Gorodilov 1996). Earlier, all observations were made of
embryo-larva development of Sa/mo genus species in the same incubations.

Comparison of morphological phases of various taxonomic groups development was done by identifying the
resemblance in major characteristic, which marks this or that phase, as well as the complex of concomitant features.
Duration of development was measured in tau-somites. Tau-somite or 1 is the time of forming one pair of somites in
the course of a uniform somitogenesis.

The latter includes not less then 60-64 pares of somites (counting starts with the 1% pair) for different genera of
salmon in the same time period (15) (Gorodilov 1988, 1990). After larva hatching observations were made under the
same conditions up to complete yolk resolution. Relative duration of phases in 1, equivalents was calculated as a
quotient from division t,t,, where 1, was the time of development stages of phases under evaluation. For other details
of methodical conditions see earlier publications (Gorodilov 1988; Gorodilov 1996).

! Recently, International Nomenclature Committee on representing American systematic (Smith, Stearly 1989), rainbow trout Salmo gairdneri was
included into the genus Oncorhynchus under the name of O. mikiss.
? Some changes were identified only in ontogenesis of rainbow trout S. gairdneri, that confirmed its taxonomic proximity to genus Oncorhynchus.
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RESULTS

1. SPEED OF SOMITOGENESIS FOR DIFFERENT REPRESENTATIVES OF SALMO AND
ONCHORHYNCHYS GENERA

Due to strict thythm of somitogenesis and its big duration, which includes 60-64 morphological actions equal in
time, T, interval is easy to calculate with high accuracy. It was discovered that 1, dependence on temperature and on
the whole embryogenesis in a broader sense, can be well described with the quadratic parabola equation (Gorodilov
1992). Parameters of this formula were identified for all species analyzed (for Salmo species see: Gorodilov 1992; for
Oncorhynchus species — not available). With the help of the formula it is possible to get the value 1, for each species
not only within the limits of temperatures pertinent to embryo, but also beyond those limits that have only theoretical
meaning.

We decided to compare the speed of development of different salmon species by t, value. As the declination of
parabola graphics is different for different species, such a comparison is better to be made for several temperature
levels. In Table 1, the data are presented for three various temperatures: low (0.8°C), average (6.0°C), and high
(10.0°C). We took the biggest values 1, for each temperature as 1 and calculated the share of relevant t; values for
each species to this maximum. By summing up relative 1, shares for each temperature and by dividing the sum by 3
we get (third line from the bottom in Table 1) the average value of t, shares for all temperatures, which is like an
indicator of average value of embryogenesis speed for each species. The data demonstrate that sockeye salmon is the
species with the slowest embryo development. If we take the duration of 1, for 100% (second line from the bottom in
Table 1), then average duration of the same interval for all other species will make from 76.5 to 98.4%. Taking into
account that development duration (t) is in inverse proportion to the speed of development (V), i.e. V= 1/1,2100 %,
and taking development speed for sockeye salmon embryo development as 1, we can assess how much faster all other
species develop. Atlantic salmon has a higher indicator of the speed of development than sockeye salmon, only by
0.016 (1.6 %), and pink salmon and chum salmon, respectively, by 7.8-8.0 %. Coho salmon, cherry salmon and
rainbow salmon develop faster than sockeye salmon by 20-30%.

Table 1.
Values t, per minute (in numerator) and the share of these values (in denominator) in maximum value T,
for three temperatures for different species of the genera Salmo and Oncorhynchus. Assessment of relative speed
of embryo development of each species embryo

Temperature, °C Species
Pink Chum | Coho Sockeye Cherry Atlantic Rainbow
salmon | salmon | salmon salmon salmon salmon trout
0.8 1016 1005 893 1124 124 1050 825
0.904 0.894 0.794 1.000 0.644 0.934 0.734
6.0 370 369 340 394 326 397 307
0.932 0.930 0.856 0.992 0.821 1.000 0.773
10.0 201 202 183 214 191 216 167
0.931 0.935 0.847 0.991 0.884 1.000 0.773
Average value
25 share. £/3 sum 0.922 0.920 0.832 0.994 0.783 0.978 0.760
t,Value in duration %
92.8 92.6 83.7 100 78.8 98.4 76.5
Speed of
development, 1.078 1.080 1.195 1.000 1.269 1.016 1.307
V=100/1,

2. SUB-PERIODS OF CELL-DIVISION, BLASTULA AND GASTRULA

There are some intragenus differences in size and color of Pacific salmon eggs that allow to approximately
attribute their species. Thus, chinook and chum salmon eggs are the biggest, and sockeye salmon and cherry salmon
eggs are most colored in orange. In this respect the eggs of Atlantic salmon of Salmo genus do not have even that
species-specific features. Development processes — except for the above-mentioned differences in the speed of
development — are absolutely the same for all species of compared genera (except for the differences for rainbow
salmon noted earlier, see. Gorodilov 1988). Relative duration of development since insemination to the beginning of
emboly of two Salmo species (Atlantic salmon and brown trout) and five Oncorhynchus genus species being
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investigated makes 34 — 36 1, equivalents, and total duration of sub-periods of fertilization and cell-division makes
apparently 12 (Fopoausos 1988), while the duration of blastulation sub-period is 22-24 t,. Relative duration of
emboly sub-period, which ends before somitogenesis, is similar for all species being compared and makes
approximately 20+1 .

3. SOMITOGENESIS SUB-PERIOD

During this sub-period, laying and partial development of almost all main organs and functional systems takes
place. Beginning of laying — at some points of their later morphogenesis — is convenient for comparison with the
number of somites. Such an indicator allows to compare these key points in development of different organs for
different species. It was identified that for the embryo of all species of both genera laying of similar organs or similar
morphological transformations is always combined with the same number of somites. For the list of the
characteristics see earlier publications (Gorodilov 1988, 1998). Neither morphological special features nor
heterochrony of the characteristics development were identified: all species develop according to the same pattern,
and not only complexes of characteristics turn out to be constant but their sequence as well. Total age of the embryo,
evaluated in T, turns out to be alike for the phases with similar number of somites. However, there are two special
features in the development of embryo during this sub-period that can distinguish at least some Oncorhynchus genus
species from Salmo species.

The first peculiar property is the data related to epiboly or yolk sack overgrowing by the blastoderm. The process
starts in the end of blastulation — beginning of emboly after formation of germ ring at the edge of the blastodisc,
which gradually spreads from animal pole to vegetal one and draws the cellular layer of blastoderm. Since epiboly for
Salmonidae usually coincides with somitogenesis of the embryo, different phases of epiboly are most suitable to be
identified by the number of somite pairs. Table 2 presents the data of the phases of embryo development expressed by
the number of somites in relation to the phase of completing the process of epiboly for all Oncorhynchus species and
some representatives of Salmo genus.

Table 2.
The number of somites of embryo of different Salmonidae species and populations from Salmo and Oncorhynchus
genera by the phase of epiboly completion

. . Phase of 100%-epibol

Species Eggs diameter, mm (upon the number OIP somzices)
Sockeye salmon O. nerka 5.6-6.5 25-27
Coho salmon O. kisutch 5.8-7.5 27-30
Chinook salmon O. tschawytscha 7.0-9.0 60-62
Cherry salmon O. masu 6.1-8.0 60-62
Pink salmon O. gorbuscha 5.6-7.9 56-58
Chum salmon O. keta (Sakhalin) 6.7-8.0 56-58
(Kamchatka) 7.0-8.0 42-44
Atlantic salmon S. salar (the Neva River) 6.7-7.1 27-30
(the Kola River) 5.0-6.0 17-20
Lake salmon S. salar lacustris (Lake Ladoga) 6.2-7.9 17-20
Lake brown trout S. trutta lacustris (Lake Ladoga) 5.0-6.0 17-20
Caspian salmon S. trutta caspius 25-27

Although the authors note that the emboly completion stage for the embryo from the same population or even
from one hen depends on the diameter of yolk sack (Korovina 1978; Ignatieva 1979; Gorodilov 1982), but regular
variation within one population reaches only a few somites. At the same time, it is clear from the table that species
from Oncorhynchus genus are divided by this characteristic into two clearly separated groups: one includes coho
salmon and sockeye salmon, whose epiboly ends at the phase of 25-30 pares of somites; and the other encompasses
chinook salmon, cherry salmon, pink salmon and Sakhalin chum salmon, whose epiboly finishes at the phase of 56-62
pares of somites. On the other hand, differences are identified at the intraspecies level between Sakhalin and
Kamchatka chum salmon, as well as within the species Salmo salar between Baltic and Kola populations, where the
difference between the phases of the embryo reaches 10-15 pares of somites.

Another important characteristic is the one which distinguishes all species of Oncorhynchus genus from Salmo
genus. It is the maximum number of pairs of somites that are formed by both species during somitogenesis. In Table
3, it is shown that Atlantic salmon (i.e. S. salar and S. frutta) have maximum 65-68 somites and they never form 70 or
more.
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Table 3.
Maximum number of pairs of somites formed during somitogenesis by different fish species
of the genera Salmo and Oncorhynchus

. Maximum number Including
Species . .
of pairs of somites

Truncal Caudal
Atlantic salmon (Salmo salar) 66-68 35-36 30-32
Brown trout (Salmo trutta) 65-67 35-37 28-30
Cherry salmon. Oncorhynchus masu 71-73 38-40 32-35
Sockeye salmon (O. nerka) 71-74 39-40 32-35
Chinook salmon (O. Kisutch) 72-73 40-41 31-33
Chum salmon (O. Keta) 74-76 39-41 32-36
Pink salmon (O. gorbuscha) 75-77 42-44 32-35

At the same time, all Pacific salmon complete somitogenesis by producing minimum 70 pairs of somites, and as a
result they produce minimum 3-6 and maximum 7-9 more of these units than Atlantic salmon. Interestingly, that anus
of Pacific salmon — which defines the division of somites into truncal and caudal ones — is moved caudally compared
to its location for Atlantic salmon, especially pink salmon, although proportions of the body appear to remain the
same due to increased number of caudal somites. We should note that some caudal somites are later reduced and the
final number of metameres (segments, vertebrae etc.) is smaller than the number of somites produced.

4. SUB-PERIOD OF YOLK SACK VASCULARISATION

In the end of somitogenesis period, yolk vein is formed, which, in turn, forms an extensive capillary network on
the surface of yolk sack. At the same time, in the eyecup, the synthesis of melanin starts, granules of which appear
gradually first marginally and then spread over the whole sphere. Let us now present characteristics of the main
features that mark the period of vascularisation for salmon of the two genera compared Table 4.

The whole sub-period of yolk vascularisation lasts about 60 t,. In Table 4, we give the description of only a part of
outward features that develop in a similar way for all species, at the same time we are keen to demonstrate all
differences that we succeeded to identify. Mainly these differences are concerned with secondary features and
processes that do not play significant role in developing the embryo, such as differences in the speed of head releasing
from yolk. Delay in laying fins D and A can be regarded to be of more importance for ontogenesis, as Salmo genus
salmon start forming these fins in this period, whereas it happens in the next period for Oncorhynchus genus.

5. SUB-PERIOD OF DEVELOPING LEPIDOTRICHIA RAYS IN CAUDAL FINS

Soon after developing a cluster of mesenchymal cells in caudal fin, lepidotrichia rays start to appear, and they are
laid with 7 1 intervals. A fan of 21-22 rays forms by the end of the period. The period is rather prolonged and lasts
for 150-160 ;. Its beginning for Pacific salmon can be identified by laying of pelvic fin first and then dorsal fin,
whereas Atlantic salmon lay both fins simultaneously and by 10-15 1, earlier. In Table 5 we present data on the age of
laying not only of those two odd fins, but of both paired ones to vividly compare similarities and differences in
developing these organs for all species compared.

From Table 5 we see, that laying all 4 types of fins for both species of Salmo genus occurs at the same stages. All
species of Oncorhynchus genus lay both paired fins at the same or almost the same phase. Embryo development,
which follows laying A, D and ventral fins, is usually the same for Pacific and Atlantic salmon. Differences occur
before the beginning of hatching, and they are not connected with morphological structures but rather with the
differences in functional condition of the embryo of the two genera. These differences become apparent in different
reaction of Atlantic and Pacific salmon to incubation temperature before hatching and in the process of hatching from
the shells. It turned out that at late phases of embryogenesis, the embryos of Pacific salmon are capable of slowing
down their development in high temperatures. We discovered this phenomenon when measuring the age of embryo in
relative units during hatching. It is well known that beginning of embryo hatching is not scheduled for a specific
morphological phase and can move to other phases depending on various factors, especially temperature. For Atlantic
salmon, just as for many other fishes, temperature increase brings hatching to earlier phases; i.e. stimulates the
process (Table 6).
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Table 4.
Age and characteristic of development phases of fish embryo for Salmo and Oncorhynchus genera during
the sub-period of vascularisation of yolk sack

Phase Age, 1, Main events during the phase
1/5-1/7 124-127 | Melanin grain layer starts to develop on the upper edge of
yolk sack vascularisation (YSV) ocular vesicle. Maximum number of somites (segments) is

established for Salmo (67-68), for Oncorhynchus the same
number is not the final one.

4 branchial clefts developed on each side of the head.
Embryo head remains fixed to the yolk sack from the eye
level. Blood circulation in caudal artery reaches 14-15
caudal segments.

1/4-1/3 134-137 | Total number of segments for Oncorhynchus species
YSV reaches 72-74, 75-76 for Siberian and pink salmon.
Melanin pigmentation is seen over the whole radius of
eyecups and starts spreading in the direction of lenses. The
head starts freeing from yolk to the level of upper (chum
salmon, pink salmon and sockeye salmon) or lower lips
(chinook salmon, cherry salmon and Salmo species,
although mouth remains locked with membrane. Blood
circulation in caudal artery reaches 18-20 caudal segments.

2/5-1/2 142-145 | Caudal end of the chord bends up. Cerebral artery reaches
YSV the level of olfactory organ, and caudal one — 23-25 caudal
segments. Hb appears in erythroblasts, what is exposed by
rose shade of blood.

1/2-3/4 154-156 | Embryo of all species lay semicircular channels in hearing
YSV vesicle. Lower lip frees from yolk, and head becomes free.
Mouth funnel opens. Two gills and front segment vessels
start functioning.

4/5-6/7 165-170 | Eye pigmentation becomes so intensive that black eyes are
YSV well seen through the shell. Mesenchymal cell clusters
develop in fin folds in the zones of future dorsal (D), anal
(A) and caudal fins. Blood circulates via 3 gill arches and
most of segment vessels.

YSV completion 178-180 | Yolk vein stabilizes in the form of a small loop right under
the embryo head. Salmo genus species (and some
Oncorhynchus species) develop muscular knots in
myotomes in the area of future A and D, i.e. development
of these fins start. Blood circulates via 4 gill arches and all
segment vessels. Round embryo erythroblasts are replaced
by definitive oval erythroblasts.

Table 5.
Relative duration of development of different types of fins for different species from Salmo and Oncorhynchus genera
Relative time of development (in T units)
Species From fertilization to the beginning of fin laying:

Pectoral Pelvic Dorsal Ventral
Atlantic salmon Salmo salar 111-113 177-180 177-180 212-215
Brown trout S. trutta 111-113 177-180 177-180 212-215
Chum salmon Oncorhynchus keta 115-120 190-192 195-200 212-215
Pink salmon O. gorbuscha 113-115 190-192 195-200 212-215
Sockeye salmon O. nerka 113-115 190-192 205-207 212-215
Chinook salmon O. kisutch 113-115 190-192 195-200 212-215
Cherry salmon O. masu 113-115 190-192 195-200 212-215
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Table 6.
Age of embryo of Atlantic salmon Sal/mo salar (in ;) during hatching at different incubation temperatures
Hatching process Incubation temperature, °C
1.0 2.7 4.8 7.0 8.0 10.0
Beginning (5 %) 315 305 285 285 281 278
Mass (50 %) 320 314 300 300 290 285
Completion (95 %) 330 318 320 313 305 300

It turned out that high temperature not only does not stimulate hatching of Pacific salmon but even slows it down,
and the higher the temperature, the slower is the hatching. Pink salmon features it most vividly. Table 7 presents
relative duration of the development of pink salmon from fertilization to the beginning, middle and end of hatching.

It is obvious that the higher the temperature in the incubation is, the later hatching takes place: minimum age of
mass hatching for pink salmon is 330 7, (1°) and maximum — 600 t,(14.4°).

Table 7.
Age of pink salmon Oncorhynchus gorbuscha (in t,) during hatching at different incubation temperatures

. Incubation temperature, °C
Hatching process P .

1.0 2.6 4.8 6.0 9.0 9.8 11.0 14.4
Beginning (5 %) 316 325 328 355 400 410 445 490
Mass (50 %) 330 340 345 395 460 435 460 600
Completion (95 %) 345 — 375 430 — — 480 —

6. SUB-PERIOD OF ODD AND PAIRED FINS DEVELOPMENT

The whole development after formation of complete fan from lepidotrichia rays in tail fin (340-360 t,) up to
dissolution of yolk sack was included into the sub-period. For Atlantic salmon we used to separate the sub-period of
free embryo (from 340 to 450 t,) and larvae period (from 450 to 600 t,) (Gorodilov 1998). Here we decided to
simplify the classification of this part of ontogenesis by identifying the process of forming fins as one of the sub-
periods of the whole embryo-larva period.

For this period, the most notorious morphological processes are related to transformation of the fin fold around the
body and separation of D, A and adipose fin. All these processes are more or less the same and have the same
sequence. The difference between Salmo and Oncorhynchus is that they take place earlier for Salmo. There are also
some differences in integument pigmentation, i.e. at different ages and in different parts of the body variegated
(melanophore), silver (iridophore) or golden (xanthophyll) color might prevail.

Table 8.
Age and development phases of embryo and larvae o4f fishes from Salmo and Oncorhynchus genera
during the sub-period of forming odd and paired fins

Phase Age, T, Main events of the phase

Fin fold (FF) before D reduces to a large extent. FF located between
D and tail fin is also in the process of resorption. Lepidotrichia in
the latter start dividing into segments due to the development of
partitioning formations (segments).

Lepidotrichia laying in | 360-380 Salmo: 1* segments that divide tail lepidotrichia rays into two:
paired fins proximal and distal parts.

Length of the trunk (Is) of free embryo is 21-22 mm.

380-400 Oncorhynchus: 1" segments also develop in tail lepidotrichia.
Trunk length (lp) of free embryo of pink salmon, sockeye salmon,
Chinook salmon and cherry salmon is 22-25 mm. chum salmon
embryo trunk length (lk) is 26-27 mm.
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Phase Age, T, Main events of the phase
There is a complete resorption before D, and a bit later between
Complete reduction of D and G. The front line of G is formed, rectangular projection
FF between D and G developed in the rear section of G.
fins 420-430 Salmo: Melanophores densely and evenly cover the whole surface

of the embryo. Three lines of segments are formed on the rays of
the caudal fin. Ig= 23-24 mm.

430-450 Oncorhynchus: Silvering process starts on gill cover and part of
abdominal cavity due to guanine pigment residual; the rest of the
body is evenly covered with melanophores. 2 lines of segments
form on the beams of the tail fin. 1o=23-25 mm; I - 28-29 mm.

In nature, larvae leave riverbed loculus. G completely frees from
the remainder of FF.

450-470 Salmo: melanophores form several thickenings on the side surfaces

of the body — beginning of the development of variegated “parr”

Separation of A from color. On the beams of the tail fin the 4™ line of segments is formed.
ventricle and caudal FF 1 line of segments is formed on rays D and A. 1g= 25-27 mm.

section 480-500 Oncorhynchus: Silvering of the abdominal area of the body

connected with the yolk sack. The beams of the tail fin are divided
by 3 lines of segments, however only chum salmon develop the
1*line on D and A.

lop = 25-26 mm; Ix = 29-31 mm.

520-540 Salmo: Development of variegated color of the whole trunk.

The 5™ line of segments is formed on the beams of the tail fin, the
2" _ on the beams of D and A, 1* on the beams of paired fins. The
Completion of  fin remainder of the yolk makes 7-10 %. 1g = 27-28 mm.

formation 600-620 Oncorhynchus: All lower part remains silver. In the upper part,
densely covered with melanophores, several thickenings of pigment
cells begin to develop. chum salmon has the same number of
segments in all fin beams as Salmo species; the rest of the species
have one line less. Outer yolk of pink salmon, Chinook salmon and
sockeye salmon dissolves almost completely, and the one of cherry
salmon and chum salmon retain only a small open remainder.
lo=28-31 mm; Ix = 35-37 mm.

DISCUSSION

In the frame of the research a detailed comparison is made of the early development of salmonids of the two
genera — Salmo and Oncorhynchus. Preliminary investigation of this kind had been done only for Salmo genus, when
one of the authors (Gorodilov 1988) compared embryo and larvae development of different ecological and taxonomic
forms of Atlantic salmon §. salar, brown trout S. trutta, and rainbow salmon, which used to belong to the same genus.
Complete identity was revealed in the development of the two first species in terms of the early ontogenesis. And not
a single feature was found which would distinguish them from each other in this ontogenesis period. As for the
rainbow salmon, the only significant feature of taxonomic scale was revealed which distinguished it from other
species of the genus, i.e. the total number of somites of rainbow salmon embryo formed in the process of
somitogenesis was by 3-6 pairs more than that of brown trout and Atlantic salmon. This feature brought rainbow
salmon closer rather to Pacific Oncorhynchus than to Atlantic Salmo (Gorodilov 1988). Taking into account all that, it
was of interest to compare the periods of early ontogenesis of different species of these two genera. Our research
aimed at describing early ontogenesis of five species from Oncorhynchus genus provided such an opportunity.

In consequence of thorough comparison of several stages of the whole embryo and larvae development of two
species from Salmo genus and five species from Oncorhynchus genus, we come to the conclusion about a great
resemblance of both separate features and groups of features for each phase, and time necessary for developing most
of the features compared. The conclusion rests upon the description and comparison of not less than 40 phases but for
the significant number of intermediary phases which were not intentionally described but traced in the process of their
development. One could speak about the typical nature of development phases series and whole complexes of
morphological and functional features at these stages, about their stability and chronological sequence and relative
proportions between each other. This phenomenon is pertinent to the whole embryo and larvae development. At the
same time, some differences between these genera were identified.

27



Atlantic salmon: biology, conservation and restoration, 2003

First of all we should note the differences between the genera in maximum number of pairs of somites that are
formed as a result of somitogenesis. These data are summarized in Table 3. There one can see that the embryo of
Atlantic salmon forms less of these metameres than different species of Pacific salmon by 3-6 — 7-9 units. This is the
feature that makes rainbow salmon closer to the salmon from Oncorhynchus genus, and this fact can become one
more argument in favor of including salmon into this genus. Another feature, related to the different number of
somites for both groups of species, is connected with the increase of the number of trunk segments by means of
moving the location of anus in Oncorhynchus embryo to the caudal section of the body mainly by 3-5 segments, and
even 6-8 for pink salmon. Interestingly that Pacific species increase also the number of tail segments, but this feature
is not stable as several utmost caudal segments degrade later.

Also the data proved interesting that were related to the process of epiboly, or yolk blastoderm biofouling. The
biofouling itself is autonomous to a large extent and appears to be not correlated to the process of embryo formation.
Duration and completion of epiboly depend on the size of yolk sack and are not simple for the specimen even from
one population, but variations do not exceed 3-5 somites. At the same time, even within a species, phases of epiboly
completion might differ so greatly that explanation of the difference only by the size of eggs would be sheer
simplification. Differences between Sakhalin and Kamchatka chum salmon populations, as well as between Baltic
and Kola populations of Salmo salar species in the end of epiboly reach 10-15 pairs of somites (Table 2). Even more
differences for this feature are observed between different species of Oncorhynchus genus. Two species groups
clearly emerged. One group includes coho salmon and sockeye salmon, epiboly of which ends at 25-30 pairs of
somites, and the second comprise chinook salmon, cherry salmon, pink salmon and Sakhalin chum salmon that finish
the process with 56-62 pairs.

Some authors used the differences in epiboly completion phases of embryo of related species for building up
speculative phylogenetic schemes (Korovina 1978; Reshetnikov 1980). It would be tempting to try to construct some
phylogenetic connections on the basis of the facts connected with epiboly speed. However, the material collected by
the authors on many species of bony fish gives evidence of low value of such constructions. Therefore, we will prefer
to refrain from theorization and assume that epiboly is so independent from the development of the embryo itself that
it can easily change its speed and end slower or faster till a certain point making no impact on the development of the
latter. Evidently the blastoderm starts playing its more important role with the beginning of the process of developing
yolk blood circulation system, i.e. vascularisation of yolk sack. At the same time, in the future it would be interesting
to find out why two groups of Pacific salmon have radically separated from each other in this respect.

When defining the phases of laying different types of fins we succeeded in exposing rather vivid heterochronies in
the age of laying of anal and dorsal odd fins by Pacific salmon compared to Atlantic salmon (Table 5).

In compliance with the most popular views in modern evolutionism, the key reason for phylogenetic
transformations are the heterochronies that occur in ontogenesis in the time of laying, speed of development etc., of
different features (Gould 1977; Gilbert et al. 1996). We assume that minor changes in early ontogenesis might — by
cascade changes — cause significant phenotype transformations in definitive features (Gould 1977, 1992). If we
identified heterochrony — which is so rare, as this and previous research (Gorodilov 1988) have shown — in
Salmonidae ontogenesis, one could expect some transformations or changes in fins of the representatives of the
genera being compared. However, it is known that systematic experts never distinguish any special features in texture
or form of the fins of these salmon, and, therefore, the heterochrony described do not influence their definitive
condition.

The process of divergence in the direction and level of differentiation between Salmo and Oncorhynchus genera to
some extent starts after embryo hatching from the egg shell during the fin formation phase (Table 8). This becomes
apparent lagging the development of articulate structure of bearing beams — lepidotrichia for all fin types in similar
size larvae of salon from Oncorhynchus genus compared to the larvae of Salmo genus. Another difference is
connected to the fact that larvae of Salmo genus salmo species start developing variegated color, whereas Pacific
salmon reveal the feature of early smoltification — development of “silver” body color. The necessity or opportunity
of Pacific salmon to migrate downstream into the sea in larvae period already determines this difference.

Thus, detailed comparison of embryo and larvae development of salmon from two closely related genera revealed
high level of resemblance, and all divergences exposed are either connected with provisional organs or not considered
in taxonomic works (as, for instance, the number of body segments). One could assume that real morphological and
morphometrical differences at intra- and interspecies level evolve throughout post-larvae ontogenesis. However, the
works dedicated to the evaluation of systematic status of Salmonidae demonstrate that anatomic and morphological
features are the least clear and most disputable ones among geographical, seasonal, and karyotypic criteria for species
differentiation. For instance, for distinguishing different species of Sa/mo genus and Parasalmo sub-species — which
used to belong to this genus — they succeeded in identifying 4 osteological features in chondrocranium after long-
lasting research. They are related to some details in the texture of vomer, Supraethmoideum and two more bones
(Dorofeeva 1985). Familiarization with the illustrations of the samples makes an impression of small differences in
the shape of these bones, although we do not attempt to doubt their presence.

We just want to highlight the astonishing conservatism which is observed in preserving even the details of
chondrocranium texture and the whole skeleton within not only genera but, evidently, bigger taxons. Systematic
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experts, who always deal with searching for differences, neglected the issue. We have only to link two series of facts:
conservatism of anatomic texture of adult fish from various species and genera of Salmonidae logically originates in
conservatism of individual development of all these species. In other words, we do not find significant differences in
morphology of adult fish since they derive from the resemblance of their individual development.

The issue of taxonomy of Salmonidae has been actively elaborated for more than 100 years, and it has always
been a difficult task, as many species have more or less wide interrelations of all plastic and meristic features. Such a
lack of clear distinguishing boundaries may be explained as follows.

Early ancestral species of Sa/monidae had already developed perfect body shape and allows them to remain in the
process of biological progress (Gerbilsky 1967). Further improvement and evolution of species tales place in the
direction of developing new adaptations and influence more functional systems of the organism than anatomic or
morphological ones. Accordingly, taxonomic identity of forms can be realized not at the level of anatomic and
morphological features, but at the level of adaptation complexes that evolve in isolated populations in their specific
ecological and geographical habitat.

Such a speciation process can be presented in the form of a series of consecutive phases:

1) Identification of two or several isolated geographical populations, i.e. attribution of allopatric status, which is

an indispensable condition for speciation (Mayr 1968).

2) Occupation of a new ecological and geographical zone, its food supply, adaptation to climatic conditions and
rebuilding of life cycle.

3) Throughout such an occupation new adaptation complexes are developed that improve living conditions in
new real environment.

4) Simultaneously, genetic developments could ensure transformation of karyotypes and secure species isolation
between former populations of a single species at cytological level.

5) In cases, when genetic transformations reach such a level that they would be able to ensure genetic isolation
between two of such new species, they can again get combined in the same ecological and geographical
environment, i.e. become simpatric once again.

6) Co-existence of species in one area further supports selection in the direction of further strengthening genetic
reproductive isolation.

The latter situation is clearly seen in some species pairs that are close in terms of their habitat, life cycle, food
range, spawning places etc. Atlantic salmon and brown trout are definitely such a pair. Both these species have huge
habitats considerable parts of which is the same. They co-exist in the same biocenoses being actually food rivals and
rivals at spawning grounds. At the same time, their karyotypes are known to have the most significant differences
among the Salmonidae. S. trutta has 100 — 102 chromosome arm (NF) in diploid set. S. salar has a special place in the
hole sub-family and has NF of only 72-74. Respectively, brown trout modal number of chromosomes equals 2n = 80,
and 20 of them are of meta- and submetacentric (m/sm) nature, or two-armed, and 60 of telo- and subtelocentric (t/st)
or single-armed; Atlantic salmon has the number of chromosomes 2n =54-58, where 14-18 m/sm and 38-46 t/st
(Viktorovskiy 1978; Hartley & Horne 1984a, b; Phillips & Rab 2001).

Another similar pair are Pacific salmon species — chum salmon and pink salmon. These species really co-exist
closer than any other out of 6 Oncorhynchus genus and their competition for spawning grounds is the most severe.
Besides, the species are most specialized in terms of their life cycle starting from their early larvae age, downstream
migration into the sea and lack of live forms. At the same time, these species have the biggest differences in
karyotype structure among Pacific salmon. Despite that both species, as all other Oncorhynchus, have almost the
same number of NF (100-104), their chromosome structure is rather divergent. It was identified that pink salmon has
52 chromosomes and they all are metacentric (Gorshkov, Gorshkova 1981; Phillips, Thssen 1985). The number of
chromosomes of chum salmon is 2n = 74, out of which 26 m and 48 t/ st (Phillips, Ihssen 1985; Phillips, Rab 2001).
The rest 4 species in respect to meta- and telocentric chromosomes have middle position between Siberian and pink
salmon. According to R.M. Victorovskiy (1978), the evolution of karyotypes in Oncorhynchus took the way of
centric merges, and the most advanced and very specialized pink salmon has already exhausted all possible karyotype
transformations by means of centric merges, as all chromosomes have become metacentric. Chum salmon, which is
close to pink salmon in terms of specialization level, occupies the other pole of this species group by karyotype
structure; i.e. chum salmon has the least number of metacentrics.

There is an opinion that Salmonidae have a direct link between the number of chromosomes (given considerable
stability of NF numbers) and diversity of strategies of life cycle: the species having big 2n values (i.e. they have a lot
of t/st among their chromosomes) have wider geographical range and more scenarios of life strategy (lake, river, and
anadromous) that the species with smaller 2n (they have mostly m chromosomes). The latter are considered strictly
specialized anadromous species (Victorovskiy 1978; Phillips, Rab 2001). Is the evolution of morphophysiological
adaptations and the evolution of karyotypes connected to each other or they change independently from each other? In
principle, independence of evolution of genetic material can rest upon the discovery of genetic and automatic
processes made as early as 1930s by N.P. Dubinin and S. Wright. However, there hardly exists any full independence
of karyotype development from the factors of natural selection. The factor supported by natural selection can be
establishment of genetic isolation in allopathic populations first on the borders of their geographic range and then — in
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line with combination of habitats — its subsequent strengthening. That, probably, was the case of the species we are
considering, and selection determined the development of their genetic and automatic processes in opposite
directions, viz: merge of telocentric chromosomes and increase of the number of metacentrics for pink salmon, and
division of metacentrics and reduction of their numbers.

The fact that these most closely co-existing species have the biggest differences in karyotype structure, what
ensures the greatest cytological isolation, allows to formulate the following rule: the less geographical isolation of
species is, the more they have to be isolated genetically due to karyotype structure transformation. In other words: the
condition for renewal of co-existence of two geographically isolated species in one geographical zone should be
reliable cytological or genetic incompatibility.

Let us review some complexes of adaptation that distinguish Pacific salmon from Atlantic salmon and try to
identify the reasons that led to their development in specific ecological and geographical environment of Pacific
region. There is an opinion that Oncorhynchus genus originates from Pacific salmon of Parasalmo subgenus that
dwell in the utmost northern areas of the Pacific (Neave 1958; Vladykov 1963). New geographical ranges were
occupied on the way to the South. Populations of Parasalmo when moving south found very favorable conditions for
increasing their numbers. This factor, mild climate, favorable conditions for feeding and abundant food, and care for
the offsprings, pertinent to Salmonidae, ensured permanent increase of the populations, that became limited by the
number of spawning grounds and low food capacity of the existing fresh water bodies. Ancestors of Oncorhyncus
gradually occupied all rivers, streams and brooks along the Asian and American Pacific shorelines. At the same time,
inexhaustible food stock in the ocean continues to increase the numbers of spawning schools that returned to the
rivers. To resolve the contradiction, mechanisms of post-spawning degradation and dying of spawning fish began to
develop. The fish after spawning mainly died in any case, as they could not find food in the river. Later these
mechanisms turned into integral elements of the life cycle.

On the other hand, a huge number of laid eggs caused a problem when a lot of larvae appeared in the spring that
could not subsist in the river. Only urgent downstream migration with abundant food supply could give chances for
survival. This fact stimulated the development of the mechanisms of larvae smoltification. Such a reconstruction of
development of the adaptation is confirmed by the fact that for the most numerous species — pink salmon and chum
salmon — this mechanism became almost obligatory. And such species as sockeye salmon, chinook salmon, coho
salmon and cherry salmon are smaller in numbers, and their mechanism of downstream migration is regulated in
connection with the number of the population. For instance, more numerous chinook salmon of American shoreline
migrates to the ocean in the first summer, whereas at the Asian shore it is few and remains in fresh water not less than
a year (Levanidov 1976).

One more unusual adaptation of Pacific salmon that Atlantic salmon lack as many other fishes, is the capability of
the embryo from Oncorhynchus genus to slow down the development in high temperatures. Phenomenon of slowing
down relative rate of development in high temperature can be regarded as a specific biological adaptation to seasonal
natural cycles developed in relation to special features of the environment and reproduction of the fishes. It is known
that Oncorhynchus genus species mainly spawn in the end of the summer — first half of autumn, when the temperature
of the water in rivers can be at the level of 15-18°C (Smirnov 1975). Under this temperature, development till the
beginning of hatching, for pink salmon, for instance, which spawns in the end of August, would take 30-35 days and
loss of almost half of yolk. If there was no mechanism for slowing down relative speed of development in place, the
larvae of pink salmon would simply lack yolk to survive till spring. Possibly, by means of slowing down or
decreasing metabolism larvae fall into the condition resembling anabiosis. Although in contrast to common anabiosis,
it is caused not by the decrease of temperature but its increase. Due to this fact, the development is not forced during
temperature seasonal anomalies, and there is yolk supply sufficient for the whole winter and spring period.

CONCLUSIONS

1. Comparison of embryo and larvae development of various species of Salmonidae from Salmo and Oncorhynchus
genera (3 and 5 species respectively) revealed almost complete identity in realization of the program of early
ontogenesis of all species from both genera.

2. Minor differences identified are determined either by the process of epiboly — indirect for the development of an
embryo — or time changes for laying such secondary organs as fins. Apparently, these special features of
ontogenesis do not transform into any divergences of taxonomic level.

3. Conservatism in realization of ontogenetic program at species and genus levels appear to be the basis for anatomic
and morphological conservatism pertinent to adult Sa/monids; it is known that this subfamily is distinguished by
the lack of reliable morphological criteria for taxonomic identification.

4. The lack of perceptible morphological mutation in clearly differentiated Salmonidae species could mean that
speciation of these species took place vie the development of complexes of specific adaptations that considerably
transformed the life cycle.
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5. An attempt is being undertaken to reconstruct the development of the most important adaptations of Pacific
salmon.

Publication supported by the grant of the Ministry of Education in the area of natural sciences, No 075-0602-281-21.
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INTRODUCTION

Atlantic salmon (Salmo salar L.) has a native range around the North Atlantic Ocean, inhabiting rivers from
Virginia to Labrador in North America and from Portugal to Russia in Europe, including Iceland and rivers flowing
into the Baltic Sea. Genetic studies of allozymes (Stdhl 1987), mitochondrial DNA markers (Bermingham et al. 1991;
Birt et al. 1991; King et al. 2000), nuclear rRNA genes (Cutler et al. 1991), minisatellite (Taggart et al. 1995) and
microsatellite (McConnell et al. 1995; King et al. 2001) loci have revealed that North American and European
populations form two distinctive breeding units. Within Europe, the Baltic salmon populations are significantly
differentiated from the other Eastern Atlantic populations and possess generally lower genetic variability than the
Atlantic stocks (Stéhl, 1987; Kazakov & Titov 1991; Kazakov, Titov, 1993; Bourke et al. 1997; Koljonen et al. 1999;
Nilsson et al. 1997; Verspoor et al. 1999; Nilsson et al. 2001). In addition, the southern and southeastern Baltic
salmon populations (from the Main Basin and the Gulf of Finland) are significantly differentiated from those in the
Gulf of Bothnia (Koljonen et al. 1999; Nilsson et al. 2001) and some differentiation exists also within these two
regions (Koljonen et al. 1999).

The northern Europe, including the Baltic Sea area was ice covered during the last (Weichselian) glaciation and
current salmon populations have existed here only since post-glacial times, i.e. not more than 12000 years (Donner
1995; Sohlenius 1996). The extent of overall genetic differentiation resulting from gene drift and selection during this
rather short period would be small and it is obvious that larger differences between current populations must have
arisen due to post-glacial colonisation of already differentiated lineages from different glacial refugia. However, there
is still a lack of consensus among scientists concerning possible post-glacial colonisation scenarios and this can be
partly explained by differences in data sets available to researchers but also by limitations inherent in the genetic
markers used. Major limitations of the allozyme markers are the small number of polymorphic loci (only 5 among
Baltic salmon populations using a 5% criterion), much variation remains undetected and the neutrality of variation
cannot always be assumed. Analysis of mitochondrial DNA, thanks to many of its unique attributes (uniparental and
non-recombining mode of inheritance, relatively high mutation rates) has been the most widely used method in
phylogeographic studies of animals, including fish. However, mtDNA analysis provides phylogenetic information of
a single gene tree which may not accurately reflect a population tree (Avise 1994) and its usefulness in inferring
population relationships may be limited when the temporal scale of divergence has not been sufficient to lead to
reciprocal monophyly of mtDNA haplotypes. In these conditions, much of the geographic variation may comprise the
sorting of more ancient divergence among mtDNA haplotypes and where a severely bottlenecked population has
recently colonized an area there may be little or no phylogenetic signal from the mtDNA sequences (Hewitt 1999).
Single-copy nuclear DNA is free from most of these limitations and may provide important information for
phylogenetic and population genetic studies. Several studies have demonstrated that growth hormone (GH) genes are
highly variable in salmonid fishes. Forbes et al. (1994) examined genetic variation in the third intron of GHI and
GH?2 genes in coho salmon, Oncorhynchus kisutch (Walbaum) and found length polymorphism in amplification
products of both genes. Gross & Nilsson (1995) studied variation within GH2 in brown trout, Salmo trutta (L.) using
heteroduplex analysis and detected polymorphism within a 550 bp fragment that includes part of exons 1 and 2
together with the complete intron 1 between them. Park et al. (1995) reported restriction fragment length
polymorphism in the fourth intron of the chinook salmon, Oncorhynchus tshawytscha (Walbaum) GH2 gene. Gross &
Nilsson (1999) detected two polymorphisms within a 1825 bp PCR-amplified segment of the GHI gene in a hatchery

32



Atlantic salmon: biology, conservation and restoration, 2003

stock of Atlantic salmon and in this study, we describe the distribution of the GH/ gene variants among salmon
populations in Europe.

MATERIAL AND METHODS

A total of 579 samples from 22 salmon populations were analysed for variation at the GHI gene. The geographic
location of the sampled populations is given in Fig. In Table, sample size and the wild or hatchery status are given for
each population. A wild origin is used here only to indicate that the fish were from field sampling in rivers.

DNA was prepared according to Laird et al. (1991) from fin clips or muscle tissue. A pair of oligonucleotide
primers was designed based on the Atlantic salmon GHI gene sequence (Male et al. 1992; locus SSGGH under
accession number X61938 in GenBank) to amplify a 1825 bp segment of the GHI gene encompassing the sequence
from the first to the fourth exon:

5’-ATGGGACAAGGTAAGCCT-3’ (positions 691 to 708 according to GenBank)

5’-CTTTGAGGTCGCTGAGCTTC-3’ (positions 2496 to 2515, complementary strand).

Amplification reactions were performed in 25 ul containing 10 mM Tris-HCI pH 8.3, 50 mM KCI, 2.3 mM
MgCly, 0.01 % gelatin, 100 mM each of dATP, dCTP, dGTP and dTTP, 0.2 mM of each primer, 5-50 ng of genomic

DNA template, and 0.625 units of Taq DNA polymerase (MBI Fermentas). After a denaturing step of 5 min at 95° C,
samples were amplified for 35 cycles consisting of 30 sec at 95°C, 30 sec at 60° C and 1 min at 72° C. The last
elongation step was lengthened to 10 min.

Aliquots of the amplification products were subjected to restriction endonuclease digestion (by Alul, BsuRI,
Eco471, EcoRl, Hinfl, Hin6l, Hpall, Rsal, Taql and Trul) and the resulting fragments were separated by
polyacrylamide gel electrophoresis with 8 % acrylamide (29:1 ratio of acrylamide to bisacrylamide) in TBE buffer
(100 mM Tris-HCI, 83 mM boric acid, 1 mM EDTA, pH 8.3). After electrophoresis, the DNA fragments were
visualized by silver staining according to Klinkicht & Tautz (1992).

Intrapopulation gene diversity was estimated by computing observed (H,) and unbiased expected (H,)
heterozygosity (Nei 1978). Accurate tests for conformity to Hardy-Weinberg expectations were performed by the
complete enumeration method (Louis, Dempster 1987). All of the above calculations were performed using
GENEPOP version 3.1a program package (Raymond, Rousset 1997). Genetic differentiation among populations was
quantified by analysis of molecular variance (AMOVA) (Excoffier et al. 1992) within the Arlequine ver. 1.1 package
(Schneider et al. 1997).

Fig. Sampling locations and frequency distribution of GHI haplotypes among studied salmon populations.
Sample numbers follow those given in Table
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Table.
Frequency of composite haplotypes and variability at the GH-1 gene among salmon populations
Ne Population n No. of Haplotype frequency Heterozygosity Pyw
haplotypes a | b | c observed | expected
Atlantic Ocean basin
1. | R.LaxaiAdaldal 20 3 0.22 0.35 0.43 0.474 0.656 0.335
2. | R. Delphi* 36 3 0.07 0.54 0.39 0.829 0.559 0.000
3. | R. Shannon* 48 3 0.27 0.25 0.48 0.813 0.641 0.041
4. | R. Lagan* 48 3 0.21 0.57 0.22 0.521 0.651 0.052
Landlocked
5. | R. Gullspang/L.Vénern* | 47 | 3 | 031 [ 012 [ 057 | 0524 | 0528 | 0.962
Baltic Sea basin
6. | R. Skelleftedlven* 26 1 1.00 0.00 0.00 0.000 0.000 -
7. | R. Vindeldlven 50 2 0.95 0.05 0.00 0.100 0.096 1.000
8. | R. Logdedlven 18 1 1.00 0.00 0.00 0.000 0.000 -
9. | R. Daugava* 22 1 1.00 0.00 0.00 0.000 0.000 -
10. | R. Vasalemma 24 1 1.00 0.00 0.00 0.000 0.000 —
11. | R.Keila 24 1 1.00 0.00 0.00 0.000 0.000 -
12. | R.Kunda 17 1 1.00 0.00 0.00 0.000 0.000 -
13. | R. Narva* 30 2 0.98 0.02 0.00 0.033 0.033 -
14. | R. Neva* 23 2 0.91 0.09 0.00 0.174 0.162 1.000
Landlocked
15. | R. Svir/L. Ladoga* 15 2 0.81 0.19 0.00 0.375 0.325 1.000
16. | R. Hiitola/L. Ladoga 19 3 0.21 0.47 0.32 0.684 0.633 0.220
17. | R. Syskynjoki/L. Ladoga | 20 3 0.53 0.25 0.23 0.700 0.627 0.855
White Sea basin
19. | R. Pongoma 18 2 0.75 0.25 0.00 0.250 0.400 0.385
20. | R. Varzuga 19 2 0.87 0.13 0.00 0.210 0.196 0.259
21. | R.Ponoi 18 2 0.83 0.17 0.00 0.333 0.282 1.000
Landlocked
18. | L. Kamennoje [ 20 | 2 | 013 | 087 [ 000 | 0250 | 0219 [ 1.000
Barents Sea basin
22. | R.Pechora/Pizhma | 17 | 2 | 064 | 036 [ 000 | 0.143 | 0495 | 0.152
*hatchery stock
RESULTS

Digestion of the PCR amplified GH-1 gene region by restriction enzymes revealed length polymorphism
(insertion/deletion of at least several nucleotides) within one of the fragments. This polymorphic fragment was the
largest for Rsal and the fourth largest for Tagl (see Fig. 2 in Gross, Nilsson 1999). In addition to the length
polymorphism, Tagl and Hinfl cutting detected restriction site polymorphism within the largest fragment. The Hinfl
restriction site polymorphism was strictly correlated with the above mentioned length polymorphism - the absence of
the restriction site was always observed together with the larger size of the 1* and 4" fragment for Rsal and Tagl,
respectively, while the presence of the restriction site co-occurred with the smaller fragment size, indicating that the
Hinfl cutting site is lost due to insertion of bases instead of substitution. Tagl restriction site polymorphism was
independent of the length polymorphism. Given the relatively short distance between the two polymorphic sites,
recombination is not a likely factor in generating the genotypes and thus, their linkage configuration along the gene
can be considered as a haplotype of a single codominant locus. We deduced linkage configuration of specific
haplotypes from homozygous individuals and the corresponding composite haplotypes were designated as GH-Ia
(Tag1O)-Hinfl®)), GH-1b (Tagl)-HintI(M) and GH-1c (Tagl(H)-Hinf1()), respectively.

Significant deviation of the observed genotype numbers from those expected under Hardy-Weinberg equilibrium
was detected in R. Delphi and R. Shannon populations (Table 1) but after Bonferroni correction only R. Delphi
population showed significant Hardy-Weinberg disequilibrium. Distribution of the GH1 haplotype frequencies among
the studied salmon populations was discontinuous (Table and Fig.). In Baltic salmon populations, haplotype GHI-a
predominated with an average frequency of 0.98 and it was fixed in six populations out of nine studied. Haplotype
GHI-b was detected at a low frequency only in R. Vindeldlven, R. Narva and R. Neva, while haplotype GHI-c was
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not detected in the Baltic Sea. However, among landlocked populations from L. Ladoga which also belongs to the
Baltic Sea basin, haplotype GHI-c occurred in two populations out of three (Table). Predomination of GHI-a and
absence of GHI-c was characteristic also of eastern populations from the White and Barents sea basins. Among
populations of Atlantic origin (including the landlocked population of L. Vianern), haplotypes GHI-b and GHI-c
occurred more frequently than haplotype GHI-a (average frequency 0.37, 0.42 and 0.22, respectively).

Of the total gene diversity, 45.9 % was found within populations, 45.5 % was due to differences between the
Atlantic, Baltic and White/Barents sea population groups and only 8.7 % was due to differences among rivers within
the three major groups. Populations from the Atlantic Ocean basin were significantly differentiated (Fgr=0.12,
P<0.01) while within the Baltic Sea and White/Barents Sea (excluding landlocked populations), the differentiation
was not significant (Fsy= 0.03 and 0.02, respectively). Landlocked populations of L. Ladoga and L. Kamennoje were
significantly differentiated from the anadromous populations of the Baltic Sea and White Sea, respectively.

DISCUSSION

Distribution of the GHI haplotype frequencies among European salmon populations indicates distinct divergence
between the Atlantic and Baltic salmon with Atlantic populations possessing three haplotypes and Baltic populations
being fixed or nearly fixed for one of the haplotypes. Baltic salmon, however, are quite similar to eastern populations
from the White Sea basin and also from R. Pechora — they all have high frequency of haplotype GHI/-a and an
important feature is the absence of haplotype GHI-c. The only exceptions are two landlocked populations from the
northern part of L. Ladoga which have a quite high frequency of GHI-c.

The almost complete lack of variation at the GHI gene in Baltic salmon can have several explanations. One
possibility is that genetic variation at the GHI gene is not selectively neutral and the near fixation for one haplotype
represents adaptation to specific conditions in the Baltic Sea. This could occur by hitch-hiking effects or by direct
involvement of the GHI gene since salmon growth hormone is important in physiological processes such as growth
and sea-water adaptation (Chen et al. 1994). Gross & Nilsson (1999) showed that in a hatchery stock of the
landlocked population from L. Vinern, significant heterogeneity of the GHI haplotype and genotype frequencies
existed among different size groups of offspring, which may indicate some association between the GH gene
polymorphisms and growth. On the other hand, existence of adaptive genetic differences between Atlantic and Baltic
salmon has been demonstrated in experimental studies comparing resistance to the parasite Gyrodactylus salaris in
Baltic and Atlantic salmon. Bakke et al. (1990) found the Baltic salmon to be resistant to the parasite while the
Atlantic salmon populations tested were highly susceptible. However, considering the results of allozyme (Stéhl
1987; Koljonen et al. 1999) and mtDNA (Nilsson et al. 2001) studies, it is more probable that the lower level of
variability and specific haplotype frequencies of the Baltic salmon at the GHI gene compared to the Atlantic salmon
are due to population bottleneck and founder effects in association with the last glaciation event. Theoretically, the
Baltic Sea could have been colonised by Atlantic populations from the west, by salmon from eastern glacial refugia,
or even from both directions (Stahl 1987; Kazakov, Titov 1991; Koljonen et al. 1999; Verspoor et al. 1999; Nilsson
et al. 2001). Recent allozyme (Koljonen et al. 1999) and mtDNA (Nilsson et al. 2001) data support the hypothesis that
at least the populations in the southern Baltic area have an eastern origin, while the origin of populations in the Gulf
of Bothnia is still not clear. Koljonen et al. (1999) suggested a western colonisation route (via the Nérke strait) for
these populations based on allozyme data, but the distribution of mtDNA haplotypes makes it questionable (Nilsson
et al. 2001). The distribution of GHI haplotypes provides additional support to the eastern colonisation hypothesis of
the Baltic Sea — both the southern and northern Baltic populations are generally much more similar to the eastern
populations from the White Sea drainage and R. Pechora than to the western populations from the Atlantic Ocean.
However, the occurrence of the Atlantic haplotype GHI-c in two landlocked populations of L. Ladoga (Hiitola and
Sysky) raises some confusion because there are no apparent source populations for this haplotype in the east.
Moreover, both of these populations have a high frequency of the mitochondrial ND/ gene haplotype AAAA which is
fixed in the geographically close L. Saimaa (not included in our study) and occurs also in several populations in the
Gulf of Bothnia and in Atlantic populations but not in the southern Baltic area nor in eastern populations of the White
and Barents sea basins (Nilsson et al. 2001). Thus, the Atlantic origin (or component) for the northern Baltic
populations (including Lake Saimaa which had its first outlet into the Gulf of Bothnia and the secondary outlet to
Lake Ladoga) still cannot be excluded.

Another uncertainty is related to the landlocked salmon population of Lake Vianern. It has a composition of GH/
haplotypes typical of the Atlantic salmon, which is in agreement with the western colonisation hypothesis via the
Niérke strait across central Sweden at the Yoldia Sea stage. However, it has the same mtDNA haplotype composition
as the southern Baltic salmon. Earlier allozyme data (Stdhl 1987) clustered Gullspang salmon also among the Baltic
Sea populations but more recent data (Henricson et al. 1995) indicate higher similarity to the Atlantic populations.
Thus, L. Vénern most probably represents a hybrid zone between the Atlantic and eastern lineages of salmon.

The drastic difference between the Baltic and the Atlantic populations at the GHI gene can be useful for
monitoring mixed populations. For example, the Baltic salmon has recently been used in attempts to enhance the
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fishery in Denmark by delayed-release. There are fears that such salmon will enter rivers with salmon populations of
Atlantic origin on the Swedish west coast. The haplotype and genotype frequencies of the GHI gene (in conjunction
with other informative genetic markers, e.g. microsatellites and mtDNA) could be used to estimate the proportion of
the Baltic salmon entering such rivers and the reproductive success of immigrant Baltic salmon.
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GYRODACTYLUS SALARIS IN NORWEGIAN RIVERS
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INTRODUCTION

Gyrodactylus is a genus of monogenean attacking several external parts of the fish. In the period 1975-1979,
presmolt of Atlantic salmon were found to be infected by Gyrodactylus in an increasing number of Norwegian rivers.
Such a mass infection in natural waters was unique, and investigations were initiated to find out the scale and causes of
the problem. The purpose of this paper is to give a short review of events in Norwegian rivers.

THE FIRST OBSERVATIONS OF G. SALARIS IN NORWAY, 1975-1979

It all started in the River Lakselva, a rather small salmon river situated in the northern part of Norway. In August
1975, the population Atlantic salmon parr in this river was found to be infected by Gyrodactylus (Johnsen 1978).
Biological investigations were initiated in this river in connection with plans for hydropower development. Pre-smolt of
Atlantic salmon and brown trout were sampled quantitatively with an electrical fishing apparatus at five locations.
Gyrodactylus infection was discovered on three Atlantic salmon specimens caught at one location.

One year later, in August 1976, Gyrodactylus was found parasitizing on 159 (95%) of the 168 salmon parr found at
the five locations. Fish which were infected with Gyrodactylus and parasitic fungi, were found dying among stones close
to the river bank. Dead fish were also found in the river. Gulls and terns were observed patrolling the river picking up
dead and dying fish.

In August 1977, all five locations were sampled in the same way in previous years. The results showed a catastrophic
decrease in the number of salmon. Only two parr were found and they were both infected with Gyrodactylus.

The dramatic reduction in the number of salmon parr was associated with the Gyrodactylus attack, as there was no
such reduction among the brown trout parr, which were not attacked by Gyrodactylus. Initially, the heavy infection on
parr was attributed to environmental pollution. Some agricultural and domestic pollutants were disposed of in the river,
and high proportion of the river bed was overgrown by algae. This was presumed to have a debilitating effect on the parr
and render them more sensitive to Gyrodactylus. This “pollution theory” was based on the assumption that G. salaris
was naturally distributed in Norwegian rivers.

Biological investigations were also carried out in the River Skibotnelva each year starting 1977, in association with
hydropower regulation. A decrease in the density of salmon parr was noticed in 1979, and it turned out that 96 % of the
salmon were infected by Gyrodactylus. The hydropower regulation in Skibotnelva resulted in a reduction in the flow in
the upper part of the river, and frequent changes in the flow in lower reaches. In addition, there was heavy transportation
of mud and silt in Skibotnelva during the period when Gyrodactylus occurred (Heggberget, Johnsen 1982).

In 1979, Gyrodactylus was also discovered on Atlantic salmon parr from rivers Vefsna and Ranaelva. Ranaelva was
regulated in 1964 and 1969, resulting in a reduction of the water flow in the upper part of the river, and frequent changes
of the water flow in lower reaches.

At the end of 1979, Gyrodactylus had been found in four rivers. In two of the rivers, Ranaelv and Skibotnelv, there
had been environmental changes because of hydropower development. In one river (Lakselv) there were environmental
changes due to agricultural pollution, and in one river (Vefsna) there had been no environmental changes. As a result of
these findings a “Gyrodactylus Committee”, with representatives from the Directorate for Nature Management, the
Veterinary Authorities, the fish farming industry and Zoological Museum, University of Oslo, was established in
January 1980.

REGIONAL INVESTIGATIONS IN 1980-1985

The Committee initiated regional research on juvenile Atlantic salmon in hatcheries and natural waters and
approximately 200 rivers were investigated within a few years.
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By the end of 1980, Gyrodactylus sp. had been found in 19 rivers and 4 hatcheries. Based on the results from the
investigations in 1980, the Veterinary authorities asked the infected hatcheries not to deliver fish for stocking in fresh
water until the situation of concerning Gyrodactylus was clarified.

In 1981, 8 more rivers were found to be infected with Gyrodactylus, and in 1982 another 5 rivers were added to the
infected list. In two rivers the parasite was identified as G. arcuatus, a species which usually occurs on sticklebacks.
G. arcuatus is regarded as harmless for salmonids. In 6 rivers (situated in the south-eastern part of the country) the
parasite was identified as G. truttae (later G. derjavini). G. truttae was carefully studied in the river Sandvikselva by Mo
(1983).

In 23 rivers the parasite was identified as G. salaris.

The Gyrodactylus Committee completed its research in 1982. Briefly the conclusions made by the Gyrodactylus
Committee can be summed up as follows:

e  The production of Atlantic salmon in G. salaris — infected rivers is strongly threatened

e Few or no young salmon reach the smolt stage in rivers where the parasite has occurred for some time

e  G. salaris is probably a new species in Norway spread via hatcheries and fish migrating in brackish water.
Based on these conclusions G. salaris was declared a notifiable disease in 1983.

EVIDENCE OF INTRODUCTION

Investigations continued on a smaller scale in 1983, 1984 and 1985, concentrating on infected rivers and their
neighbouring watercourses. In 1984, G. salaris was found in two more rivers (Vikelva and Aureelva), and in 1985
another river (Ména) was added to the list of rivers infected with G. salaris. In a paper from 1986 (Johnsen, Jensen 1986)
we grouped the 26 infected rivers into 14 regions according to their locations. Neighbouring rivers were placed in the
same geographical region. This grouping was compared with known stockings from infected hatcheries in the period
1975-1979 that had been unraveled by the Gyrodactylus Committee. A statistically significant association between the
distribution of G. salaris in Norwegian rivers and known deliveries of stock fish from infected hatcheries was shown.
Deliveries of fish from infected hatcheries had taken place to at least one locality in all but two of these regions in the
period 1975-1979. The two regions containing G. salaris which have not been stocked with fish from infected hatcheries
are region 1 Skibotnelva and region 3 Beiarelva. The occurrence of G. salaris in Skibotnelva seems to have been brought
about by dumping of smolts into the river from a Swedish smolt-transport in 1975 (Gyrodactylusprosjektet 1983).
Beiarelva is the neighbouring river to Lakselva (region 2), but the distance between their outlets is so great (80 km) that
spreading through brackish water is unlikely; spreading across land from Lakselva in one way or another is a more
plausible explanation for the occurrence of G. salaris in Beiarelva.

Since 1985, 15 rivers have been added to the list of 40 infected rivers in total. In 37 rivers the occurrence of
G. salaris can be connected to stocking of fish from infected hatcheries, to infected hatcheries situated by the river or to
further spread via brackish water from infected rivers (Johnsen, Jensen 1999).

Regional investigations of about 50,000 salmon parr show that G. salaris is not naturally distributed in Norway. In
139 rivers investigated, more than 90 parasite-free salmon parr were found. If the parasite had occurred with a
prevalence of 5 % or more in one of these rivers, there is a 99 % probability that it would have been discovered
(Johnsen, Jensen 1999).

The introduction hypothesis is strongly supported by Bakke et al. (1990). They examined the susceptibility and
resistance of salmon parr from two Norwegian rivers (Alta and Lone) and one Russian Baltic river (Neva) to G. salaris
from Norway. In both Norwegian salmon stocks, G. salaris infrapopulations were steadily increasing during an
experimental period of 5 weeks, in contrast to a decline in the Neva salmon stock. The Baltic Neva stock demonstrated
both an innate and an aquired resistance to G. salaris in contrast to the highly susceptible, Norwegian Alta and Lone
salmon stocks.

SPREAD WITHIN RIVERS

The findings of G. salaris in the River Vefsna and its tributaries indicate an upstream spread of the parasite (Johnsen,
Jensen 1988). In 1978, the parasite was found on parr in the main river, and in the tributary Svenningdalselva. In 1979,
the parasite was found in lower parts of the tributary Austervefsna. In 1980 it was found in upper parts of the
Austervefsna, by which time it had spread throughout the entire watercourse (Fig. 1). In Vefsna there are many
waterfalls in which salmon ladders had been constructed. The lengths and heights of the 14 salmon ladders in the
watercourse indicate that there is only a small chance of upstream migration of presmolt salmon, suggesting therefore,
that parasites were carried by adult salmon. Atlantic salmon have access to 126 km of the river. Within two years from
the first finding of G. salaris (1978-1980), the parasite had colonized the entire watercourse. Data from other infected
Norwegian rivers such as the Lakselva (Johnsen 1978), Beiarelva, Ranaelva, Steinkjervassdraget, Rauma (Johnsen,
Jensen 1985) and Laerdalselva (Johnsen, Jensen 1997) present a similar picture of a very rapid colonization (1-3 years).
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SPREAD BETWEEN NEIGHBOURING RIVERS

The rivers within each region are situated so close to each other that the occurrence of G. salaris in the neighbouring
rivers may be explained as the result of spreading on fish moving through brackish water in the fjord area (Johnsen,
Jensen 1986). For example, in the Romsdalsfjord stocking of fish from an infected hatchery in the River Henselva took
place in 1978 (Gyrodactylusprosjektet 1982). The river was investigated in 1980 and parasites were found infecting most
of the salmon parr. The same year the parasite was found in Rauma (Hvidsten 1981), which has its outlet 6 km from the
outlet of Henselva (Fig. 2). In 1982, the small river Skorga which is situated 1.5 km across the fjord from Rauma, was
found to be infected. In the River Ména, which has its outlet approximately 12 km from the outlet of Rauma, young
salmon were checked both in 1981 and in 1983, but no G. salaris was found (Hvidsten 1981, Haukebg, Eide 1987). In
September 1985, G. salaris was found for the first time (Haukebo, Eide 1987). In the River Innfjordelva, which is
situated in the innermost part of the 4.5 km long Innfjord with its outlet 10 km from the outlet of Rauma, investigations
of the young fish population commenced in 1983. Yearly investigations were conducted from 1985, but G. salaris was
found for the first time in 1991 (Aspés, Bruun 1994).

These observations in neighbouring rivers in Romsdalsfjord indicate that the parasite may have spread from one river to
another through brackish water.

Spread of the parasite on infected fish migrating through brackish water has probably taken place in the following
areas: Vefsnfjord from the River Vefsna 7 km to Fusta and further 5 km to Drevja; in the inner part of the Beistadfjord
from Figga 1.5 km to Steinkjervassdraget; the Sunndalsfjord where rivers Litledalselva and Driva have their outlets less
than 500 m from each other and QOksendalselva is situated 10 km from the outlet of Driva; the Tafjord from Tafjordelva
12 km to Valldalselva, accross the fjord 5 km to Norddalselva and further 3 km to Eidsdalselva.

MOSJQEN
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Fig. 1. First occurrence of Gyrodactylus salaris on salmon parr from different locations in the River Vefsna and tributaries

All these fjord systems have large concentrations of freshwater in springtime during the snow-melt period. In this
period, salmon smolts migrate to the sea and may be very important spreading agents of G. salaris.

In connection with investigations of the G. salaris infected rivers Langsteinelva and Feettenelva, Lund and
Heggberget (1992) found that hatchery-reared Atlantic salmon parr had migrated a minimum distance of 2.7 km through
fjord areas in a period when the salinity of the fjord was between 2.0 and 3.05 %. This is the first observation of parr
migration between streams via a fjord area (Lund, Heggberget 1992).
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Fig. 2. Romsdalsfjord and the first finding of Gyrodactylus salaris on Atlantic salmon parr from different neighbouring rivers
Malmberg’s (1989) observations in the Baltic that G. salaris can survive a salinity of 0.5% supports the idea that
some of the Norwegian rivers may have been infected via the brackish water of their common fjord area.
DEVELOPMENT OF PRE-SMOLT POPULATIONS IN INFECTED RIVERS

In two of the infected rivers, Lakselva and Vefsna, densities of presmolt Atlantic salmon and brown trout have been
estimated annually since 1975 (Fig. 3).
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Fig. 3. Mean densities (fish/100 m? + 95 % certainty limits) of presmolt Atlantic salmon and brown trout (except 0+) in the infected rivers Lakselva
and Vefsna. The arrows indicate the year of the first observation of Gyrodactylus salaris in the river

In the River Vefsna electrofishing has been carried out annually at the same ten locations during early August in the
period 1975-1991 (since 1991 there were no natural reproduction of salmon in 8 of the 10 locations). G. salaris was first
discovered on salmon parr collected in 1978. A drastic decrease in the population of salmon parr was observed from
1978 to 1979; this decrease continued, and since 1982 specimens of salmon parr were only sporadically recorded.

In the River Lakselva, Gyrodactylus was found on three of eight salmon parr caught in the upper region of the river
in 1975. In 1976 the parasite infected the majority (95%) of salmon parr, and by 1977 most salmon parr had disappeared.
In the period 1980 — 89 (the river was treated with rotenone in 1990 to eliminate the parasite) the density of salmon parr
was minimal.
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These investigations in Lakselva and Vefsna indicate that infections of G. salaris cause great reductions and near
extermination of populations of salmon parr.

In 14 of the infected rivers, the investigations of the salmon parr population are sufficient for evaluating the long-
term effects of G. salaris on the salmon parr population. In these rivers the density of salmon parr has been reduced
on average by 85.5% (Johnsen, Jensen 1999).

The Gyrodactylus infection in the rivers is characterized by a quick development into an epidemic state with
increasing prevalence and intensity of infection. This is illustrated by the 1986 year-class of Atlantic salmon in the
River Lakselva (Fig. 4). In August 1986, 57 fry (0+) were investigated and none were infected. In May 1987, 44 one-
year-old salmon were found. The prevalence of infection was 84% and the average number of parasites per fish was
472. In July, the prevalence of infection was 100% (27 specimens were examined), and the average number of
parasites per fish was 2273. In September, 13 salmon were found, the prevalence of infection was 100 % and the
average number of parasites per fish was 5636. One fish had a total of 10600 parasites (Johnsen, Jensen 1992).
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Fig. 4. Parasite development in the 1986 year-class in the River Lakselva. P: prevalence; x: mean intensity
Salmon parr mortality is probably associated with an increase in the parasite burden, and most heavily infected fish

appear to survive for slightly more than 1 year. This time period is sufficient for transmission of the parasite to the next year
class and in this way the infection is maintained.
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DEVELOPMENT OF SALMON FISHERIES IN INFECTED RIVERS

Official statistics on salmon and trout fisheries in Norwegian rivers have separated the catch of salmon from the catch of
sea trout and Arctic char since 1966. In Fig. 5, we compared the total catch of salmon in all Norwegian rivers (broken line)
with the total salmon catch in infected rivers included in official statistics (solid line) in the period 1966-1990 to illustrate
the immediate impact on the catch statistics in infected rivers. The two graphs followed each other until 1981, but after that,
the total catch of salmon in infected rivers (solid line) showed a sharp decline.
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Fig. 5. Total river catches of Atlantic salmon in Norway (broken line, left-hand axis) compared with total catches
of Atlantic salmon in infected rivers (solid line, right-hand axis), 1966-1991

For 12 of the infected rivers, we have satisfactory information to provide a good comparison of the catch of
salmon before the G. salaris attack and the catch of salmon after the G. salaris attack. In these rivers the catch of
salmon dropped on average by 87% (Johnsen, Jensen 1999).

Total yearly loss in the river fishery caused by G. salaris is estimated at about 45 tonn. Without any measures the
G. salaris attacks would have reduced the Norwegian salmon fishery by a minimum of 15% (Johnsen, Jensen 1999).

REESTABLISHMENT OF SALMON IN RIVERS TREATED WITH ROTENONE

Rotenone treatment is a useful method for exterminating fish populations and thereby G. salaris from river
populations of Atlantic salmon (Johnsen et al. 1989). A total of 25 of the infected rivers have so far been treated with
rotenone in an attempt to exterminate G. salaris. We have monitored the re-establishment of the salmon population in
some of these rivers. In general we can say that reestablishment of populations of young fish has been achieved quickly
in rivers where part of the population was at sea at the time of the rotenone treatment (Batnfjordelva: 2 years), or in
rivers where there have been large stockings of fish (Beiarelva: 4 years). Re-establishment of a p;opulation of young
fish has taken a long time (about 10 years) in rivers where the salmon population was considered to have been
exterminated prior to the rotenone treatment and no fish were released after the treatment (Lakselva), or the stockings
that had been made were small or unsuccessful (Valldalselva).

The catch of salmon was at a normal level within 1-2 years in rivers where the rotenone treatment took place
shortly after G. salaris had been discovered and part of the population was at sea (Korsbrekkeelva), or large amounts
of smolts had been released (Vikja), but still low many years after the treatment in rivers where the salmon population
was exterminated and there were no stockings.
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INTRODUCTION

The Baltic Sea is a part of the Atlantic salmon distribution area. Throughout all four seasons of the year salmon is
found in the sea on the Lithuanian coast. Mature fish come to spawn in inland water bodies. Until 1960, salmon was
commercial fish in Lithuanian inland waters, the annual catch reaching 3-4 tons. As a result of drastic decimation,
since 1981 salmon was included into the Red Data Book of Lithuania (Red Data Book of Lithuania, 1992). Fishery is
allowed only in the Baltic Sea with certain restrictions following quotas and fishing terms. In 1990-1999, the annual
catch of salmon in the Baltic Sea by Lithuanian fishing companies was 5-70 tons. The state of the stock in the Baltic
Sea depends on the results of artificial rearing and effectiveness of natural reproduction in rivers. Therefore, measures
for the restoration of salmon and sea trout address both aspects. The estimated potential of smolt production, based on
the number of biotopes suitable for salmon spawning and rearing the young in Lithuanian rivers, reaches about
165 000 each year, while the current production of wild salmon is estimated to exceed 20 000 smolts each year.

In 1997, after several worrisome years with high mortality rates due to M74, the IBSFC took the initiative to set
forth a “Salmon Action Plan” (ICES 1997). The main goal of this international plan is to restore wild salmon
populations, the target being to increase production to a least 50% of the potential capacity of each river by year 2010
(Ranke et al. 1999). In accordance with international requirements, with the intention of salmon fishery, Lithuania
must rear and protect salmon following international rules. Special emphasis rests on the preservation of wild salmon
and their spawning grounds. Taking into account the importance of restoring the salmon population in the Baltic Sea,
the program for the restoration of the salmon stock in Lithuania was developed for years 1997-2010. The main goals
of the program are as follows: 1) investigations of the abundance and migration of salmon and sea trout smolts in
reference rivers; 2) investigations of the density and monitoring of juvenile salmon and sea trout; 3) estimation of the
spawning efficiency of salmon and sea trout in reference rivers; 4) restoration of salmon stocks in “potential” rivers
by releasing hatchery-reared salmon; 5) estimation of the efficiency of newly constructed fish-ladders (Program for
restoration and conservation of salmon stock in Lithuanian waters for 1997-2000).

This paper describes the present situation concerning the Baltic salmon stock (Salmo salar L.) in Lithuania and the
biological background that can explain recent developments.

MATERIAL AND METHODS

Migration of salmon and sea trout smolts was studied in 1996-2000 in the lower reaches of the Mera River, a tributary
of the main salmon river — Zheimena, situated in Eastern Lithuania. Mera is a typical salmon river — 60.2 km long, 6-8 m
wide, flowing through forested landscape. Studies were conducted in April-May, when the water level was beginning to
fall. Smolts were caught using a special trap, consisting of 2 wings of 12 mm mesh-size net, and 8§ mm mesh-size hoop-net.
The hoop-net was checked every morning at 6 o’clock. The following data were registered: number of fish species, density
and biomass of different species, salmon and sea trout smolt identification features, water temperature and change in water
level. Smolts were marked using special marks of the Karlin type. Since Mera is quite shallow, the smolt trap barred the
whole of the river cross-section, therefore we assume that nearly all fish that were migrating downstream were caught.

For monitoring juvenile salmon and sea trout, fish were caught by electrofishing gear, with a power of 540 V,
impulse frequency — 20-60 Hz, impulse duration 2-12 ms, supplied with a 12 V battery. In the 20-150 m long river
stretches chosen for investigation, 2-3 successive electrofishings were done, following a standard technique (Junge,
Libosvarsky 1965; Bohlin & Sundstrom 1977). Investigations of the abundance of juvenile salmon and sea trout (0+,
1+, and 2+ age classes) were carried out in late summer and autumn — in August and September, when the water gets
shallower and clearer. The fish caught were grouped by species; the density (N), lengths (L and 1, cm) and weights
(Q and q, g) of individuals were determined for each species. The density and biomass of the fish were recalculated to
ind./100 m” and kg/100 m’. Monitoring was carried out in 122 sites in salmon rivers of different length, flowing in
southeastern and western parts of Lithuania.
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The spawning of salmon and sea trout was studied in the reference rivers — Zheimena, Mera and Vilnia, when the
water temperature dropped to 5-8° C (i.e. in November). In the relatively shallow and narrow Mera and Vilnia rivers
spawning sites and rudds were counted walking along the side of the river. Spawning sites in the Zheimena River
were counted from the boat. The location of spawning sites, total number of rudds, their size (m®) and density per
1 km of the river stretch were determined visually. The most productive river segments were identified.

RESULTS AND DISCUSSION

Of particular importance to many states around the Baltic Sea is the change of salmon resources related to human
activities — destruction of salmon rivers and resultant loss of suitable habitats. In the beginning of the 20" century,
the Baltic salmon spawned regularly in 80-120 rivers. A rough estimate of the natural reproduction was 8-10 million
smolts annually. Recently, merely 20 of the formerly numerous salmon rivers have remained suitable for spawning
(Bengtsson 1999). To compensate this reduction and the corresponding catch loss, salmon are being reared on a large
scale in many countries. The term “reared” salmon is frequently used the literature. In the Salmon Action Plan, reared
salmon is defined as a salmon that has spent a part of its life in captivity and is released into rivers. Annually, over
5 million salmon smolts are released from hatcheries in the states around the Baltic Sea, which makes up 90% of the
total salmon smolt production in the region (Karlsson, Karlstrom 1994).

In the 19" century, the Baltic salmon was quite abundant in Lithuanian rivers. Since the beginning of the 20"
century, salmon abundance has been declining due to pollution, uncontrolled fishery and dam construction. The
drastic decrease in abundance took place upon the impoundment of Nemunas — the largest Lithuanian river. Analysis
of biodiversity in the rivers of Lithuania has revealed that the brown trout lives in 135, sea trout — 69 rivers, while
16 rivers used to be inhabited by salmon (Kesminas, Virbickas 1999; Program on salmon stock restoration and
conservation in Lithuanian waters 1998). Salmon distribution is limited by several factors: river size, bottom
structure, river gradient, water thermal regime, pollution, and presence of dams. Salmon rivers in Lithuania were
categorized into 3 groups: rivers currently inhabited by salmon, i.e. rivers with a natural population; rivers which are
currently lacking a salmon population but in which it can be restored — “potential” rivers; and rivers no longer
inhabited by salmon — “lost” rivers. At present, natural salmon smolt production occurs in the Zheimena, Neris and
Minija rivers. Sometimes salmon is found in other rivers of the salmon type; however, populations are not abundant.
The “potential” rivers are Jura, Dubysa, Shventoji, Venta, Bartuva (Luoba), Baltijos Shventoji. The estimated
potential smolt production, based on the amount of biotopes suitable for salmon spawning and rearing the young in
Lithuanian rivers, reaches about 165 000 each year, while current production of wild salmon is estimated to exceed
20 000 smolts each year (Table 1).

In spring, 2+ year old, rarely 1+ or 3+ years old smolts complete the river-living period and migrate downstream
from the home rivers. As a number of authors have stated, significant biochemical and morphological changes in fish
organisms, as well as behavioral changes take place at the time of smoltification. Referring to published data, the
timing and intensity of migration are closely related to climatic, hydrological factors, and especially — to changes in
the water level, temperature and the phase of the moon. Considering these factors, the timing and intensity of
migration varies in different geographical latitudes and river basins. Seven years of investigations in the Salace River
(Latvia) have shown that intensive smolt migration takes place from April 24 till May 5 (Mitans 1975). In Northern
latitudes migration starts later: for instance, in Karelia (Russia) — in May, June (Smirnov 1971, Veselov et al. 2000),
in the Kola Peninsula — in June, July (Jakovenko 1974). Usually migration continues for about a month, but
according to published data, migration can continue from 2 to 5 weeks (Jakovenko 1974; Mitans 1975, Nils Arne
Hvidsten et al. 1995). In Latvia and Lithuania, salmon young migrate from rivers at the stage of parr and, partly, at
the smolt stage; final smoltification occurs when the fish reach the sea (Mitans 1968; Kesminas et al. 2000). Juvenile
salmon that migrate to more saline waters (for instance, the White Sea), reach the latter after the smoltification
process is completed (Kuzmin, Smirnov 1982).

Five-year investigations in Lithuanian rivers have revealed that migration usually starts early in April, when the
water temperature exceeds 6° C, and continues till May, when the water temperature reaches 14° C (Fig. 1). Migration
is the most intensive the water temperature being 9-13° C (Kesminas et al. 2000). The timing of migration in different
years varies within 15 days, depending on climatic factors. For instance, in 1996, the spring was late, so migration
started later (for about 10 days), i.e. in the end of April, when the water temperature reached 8° C, while in 1997,
migration started earlier, the greatest intensity attained in the second ten days of April. In 1998-2000, smolts in the
Mera River started to migrate on April 5-12 (when the water temperature reached 6.5° C), but the most intensive
migration took place on April 20-23 (10° C).

Data on the age-length-weight structure of salmon smolts in the rivers of Lithuania are very scarce. Nevertheless,
observations on salmon and sea trout migration allow some inference. As stated by a number of authors, the size, age
and sexual structure of smolts may differ greatly both between rivers, and within the same river across years.
Supposedly, the river ecological and hydrological conditions determine smolt migration. The migratory behavior and
dynamics of the process are genetically predetermined and influenced by environmental factors, individually for
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every population (Shustov 1983; Kazakov 1998). In Lithuanian rivers, migrating smolts are 1-3 years old, the age
structure slightly varying across years. One-year-old smolts amount to 27.4%, 2 yr. — 60%, 3 yr. — 12.6% (Table 2).

In rivers of western Lithuania, Jura and Minija, migration seems to start still earlier, with the first flood wave, i. e.
in the end of March. This hypothesis is confirmed by thus far sparse data on smolts trapped in the Curonian lagoon in April.

Table 1.
Present and potential salmon smolt production in Lithuanian rivers
River River Salmon Smolt production, ind. Negative factors Remarks
catchment provenance | potential | present
RESIDE
Nemunas | Nemunas Local - - Mechanical obstacles, | Migrating adults
water pollution and smolts
Neris Local 50000 14500 | Water pollution, illegal
fishing
Zheimena Local 30000 3000 [llegal fishing
Shventoji Local 15000 1500 Mechanical obstacles
Minija Local 15000 1000 Mechanical obstacles,
eutrophication, illegal
fishing
Total: 5 110000 20000
MAY RESIDE
Nemunas | Jura Local 10000 - Mechanical obstacles,
illegal fishing
Dubysa Local 10000 - Mechanical obstacles The reasons for
disappearance are
unknown
Vilnia Local 5000 - Mechanical obstacles,
water pollution, illegal
fishing
Venta Venta Local 20000 - Mechanical obstacles,
water pollution,
eutrophication
Bartuva Bartuva Local Mechanical obstacles, | Migrating adults
eutrophication and smolts
Luoba Local 5000 - Illegal fishing Only in the lower
reaches
Total: 7 55000 -
VANISHED
Nemunas | Merkys Local — — Mechanical obstacles
Dubysa Local 10000 — Mechanical obstacles
Venta Venta Local 20000 — Mechanical obstacles
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Fig. 1. Intensity of salmon and sea trout smolt migration (individuals per catch per night)
and change of the water temperature (A) and water level (B)

Table 2.
Age-length-weight structure of migrating salmon smolts
in the Mera River, 1998-2000

Age, yrs.
Parameters 1 2 3
L averages cm 1 17 168 206
L jimits 9.5-16.5 14.7-18.8 19.0-21.8
1 averages €M 10.2 15.0 18.4
1 fimits 8.3-14.5 13.2-17.9 17.0-19.7
Q averages g 15 41 73
Q timits 7-39 25-55 56-83
% 27.4 60.0 12.6

Changes in the water temperature and level stimulate downstream migration of other fish species, too. Altogether,
26 fish and lamprey species were caught during investigations. An average of 8-10 fish species were caught per unit
of effort, their abundance ranging from 5 to 97 individuals. The most abundant were typical riverine species —
European grayling, riffle minnow, sea trout, stone loach (frequency of occurrence 73-91%) (Virbickas, Kesminas
1999). The dominant species in the catch per unit of effort was the riffle minnow — 20.4, somewhat less abundant
were yearlings of grayling — 6.3 and sea trout smolts — 3.6, while the abundance of salmon smolts was only
1 individual in the catch per unit of effort (Fig. 2). The frequency of occurrence of sea trout smolts is higher than that
of salmon, however, the total salmonid production is low. Salmon and sea trout smolt migration timing slightly
differs.
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Fig. 2. Species composition and abundance (individuals in catch per unit of effort) of migrating fishes in 1998-2000

At present, salmonid parr in Lithuania are monitored at 122 sites (both salmon and sea trout — 50 sites, sea trout
only — 72 sites), situated in rivers of all the groups listed in Table 1. According to recent research data, salmon is the
most abundant in the Zheimena River basin, while sea trout — in the Minija River basin (Fig. 3). The average density
of salmon parr is low — 1.4 ind./100 m®. In the rapids, however, the density is higher, especially in the Zheimena
River. In this river, salmon parr were caught at all monitoring sites in 1999-2000. Three most productive river
segments were singled out, where salmon parr densities were the highest. Two of them are situated upstream and
downstream of the town of Pabrade, and the third one is in the lower reaches of the river. Maximum density of parr in
these river stretches amounted to 5.6-9.7 ind./100 m”. Average salmon parr density in the whole of the Zheimena
River was 4.56 ind./100 m®. In the less favorable places, salmon parr density is much lower (0.1-0.7 ind./100 m* on
average), and some river stretches were entirely unproductive. Besides Zheimena River, salmon parr were caught in
the lower reaches of Saria — 2.5 ind./100 m?, Mera — 0.13 ind./100 m?, and Skerdyksna — 0.6 ind./ 100 m? streams,
the Neris River — 0.17 ind./100 m”.

Within the last 4 years (1997-2000), the share of 0" salmon has varied quite insignificantly in the Zheimena River
— 75.3-93.3%. Average parameters of 0" salmon were: L — 10.7,1 — 9.4 cm, Q — 11 g. 1" salmon accounted for
6-10 %, with L — 16.3 cm, | — 14.2 cm, Q — 40 g (Table 3). According to these data, juvenile salmon migrate from
the Zheimena River mostly being 1 year old, whereas in smaller streams (i.e. Mera River) most migrants are 2 years
old. We may assume that age structure of migrating smolts depends on the river size, thermal regime and nutrition
conditions.

The density of sea trout parr varies widely in the salmon rivers of Lithuania; it is higher in the western part of
Lithuania (Jura and Minija basins) — 4.0-9.0 ind./100 m* (Fig. 3).

Table 3.
Salmon parr age structure in Zheimena and Mera rivers
Age, yrs.
River 0+ 1+
L,cm I, cm Qg % L,cm I, cm Qg %
Zheimena 10.7 9.4 11 92 16.3 14.2 40 8
Mera 9.9 8.4 8 66 16.3 14.1 38 34

Monitoring of salmon parr has revealed a correlation between their abundance and the distribution of spawning
grounds and spawning efficiency. In 1999-2000, the average density of rudds in the Zheimena River was 2.3-3.7 per
1 km of the river. In most favorable places, rudds were situated 10-15 m away from each other, but there still were no
more than 8-9 rudds per 1 km. The greatest concentrations of rudds were found in the same localities as the highest
parr densities, i.e. upstream and downstream of the town of Pabrade and in the lower reaches. Rudds ranged from
0.25 to 4 m” in area, those sized 1.5-2 m* prevailing (~45%). Smaller rudds accounted for up to ~30%. The majority
of the latter were probably built by the sea trout. The proportion of large 2-4 m* rudds was ~25 %, the proportions of
2-3 m” and 3-4 m’ rudds were nearly the same. In smaller streams (i.e. the Mera, tributary of Zheimena), the average
density of rudds was 1-1.3 per km. Their size ranged from 0.4 to 3 m’, 1-2 m” rudds prevailing (56%). Rudds larger
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than 2 m” contributed up to 19%. Rudds were usually built in places with similar characteristics: in the beginning or
end of riffles, or along the perimeter of moderate rapids.

In Lithuania salmon fishery is permitted only in the Baltic Sea and the coastal zone. From 1982 to 1991, salmon
fisheries were not intensive, compared with other Baltic States. The greatest catches did not exceed 70 tones, but they
were still much bigger than lately (Fig. 4). That was due to fishing restrictions rather than the size of the salmon
stock.
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Fig. 3. Average density (ind./100 m?) of salmon and sea trout parr in the rapids of the main salmon rivers of Lithuania, 1999-2000
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Fig. 4. Annual catch of salmon in the Baltic Sea by Lithuanian fishing companies in 1983-1999

In 1992, only 20 tones of salmon were harvested, and in 1993 — scarcely more than 14 t (2,299 individuals).
Catches were still lower in 1994 — Lithuanian fishing companies harvested only 4.812 tones, 895 salmon individuals.
In 1995, only 468 salmon individuals, weighting 2.149 t altogether, were caught, and only 11.6% of the fishing quota
were utilized.

In January-October 1996, Lithuanian fishing companies harvested more salmon. A total of 3980 individuals were
caught in the Lithuanian economic zone. European Union fishing companies caught 1646, Lithuanian companies —
2334 salmon individuals, amounting to 9.838 tones. Average weight of the salmon caught was 4.44 kg. Private
companies, fishing mainly in the coastal zone caught 944 ind. (23.7% of the total). Catches varied widely between
months. Lithuanian fishing companies utilized 46.7% of the fishing quota. In 1997, 18.792 tones, or 3851 salmon
individuals were caught in Lithuanian waters. Fishing quota allotted by IBSFC (6232 individuals) was utilized by
61.8%. EU fishing companies caught 2972 individuals (14.86 t), Lithuanian companies — 879 individuals (3.932 t).
The latter figure comprised 665 individuals (2.662 t) caught in coastal waters and 214 ind. (1.270 t) from in the open
sea. In 1998-1999, annual harvests did not exceed 10 t. However, fisheries were less intensive due to a significant
decrease in the number of specialized salmon fishing companies. Average weight of the salmon caught was 4.9 kg. In
accordance with catchability data, and research data of the last few years, salmon stock biomass may reach 200 tones
at the time of peak concentrations in the Lithuanian economic zone in the Baltic Sea (Repecka, Lozys 2000).

CONCLUSIONS
The change in salmon resources in Lithuania, like in other states around the Baltic Sea, is related to human

activities — deterioration of salmon rivers and resulting loss of spawning grounds. Since 1981, salmon was included
in Lithuanian Red Data Book, natural salmon reproduction sites are being protected. Fishing is allowed only in the
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Baltic Sea. Annual commercial catches range from 5 to 70 tones; however, in the last 6 years they did not exceed
10 tones. In the last decade, approximately 4900 individuals of adult salmon migrate to the Nemunas River basin each
year. At present, only 3 rivers — Zheimena, Neris and Minija possess natural salmon smolt production. Salmon
restoration using hatchery-reared juveniles is going on in 3 more rivers — Shventoji, Baltijos Shventoji and Dubysa.
Salmon sometimes occurs also in other salmon-type rivers, but the density is very low. Judging by the area of
favorable habitats and juvenile salmon density, current natural production of salmon smolts exceeds
20 000 individuals, whereas potential production is estimated at 165 000 each year. Thus, current salmon production
is as low as 12% of the potential. In Lithuanian rivers, salmon smolt migration starts early in April, when the water
temperature exceeds 6° C, and continues until May, when the water temperature reaches 14°C. Salmon smolts migrate
at an age of 1-3 years. One-year-old smolts account for 27.4%, 2 yr. — 60%, 3 yr. — 12.6%. The timing and duration
of migration are determined by the river hydrology and climatic conditions. The dynamics of this process is
determined genetically, wherefore it may slightly differ in various populations and in various years. Salmon parr
density in the rivers of Lithuania is low — 1.4 ind./100 m” on average. However, salmon parr density in the rapids of
the Zheimena River is higher — 5.6-9.7 ind./100 m®. Average salmon parr density in the whole of the Zheimena
River is 4.56 ind./100 m”. The density of sea trout parr varies widely in salmon-type rivers of Lithuania and is higher
western Lithuania (Jura and Minija basins) — 4.0-9.0 ind./100 m®.

Artificial salmon rearing has been started recently with the aim to enhance salmon abundance and distribution. In
order to restore salmon population in a short run, artificially reared salmon young are first of all being released into
“potential” rivers. In 1999-2000, more than 200 000 salmon juveniles were released into “potential” rivers.
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INTRODUCTION

On the shores of the Baltic Sea, which is a relatively small (386 thousand km®) semi-enclosed water body, there
live about 80 mln. people in 9 countries. Industry, agriculture, fishing have been developing here since old times and
by now the use of water resources and maintenance of stocks of such variable fishes as the Atlantic salmon are
regulated by coordinated efforts of all coastline countries. For this purpose, a number of International organizations
and expert groups have been established. These include ICES — International Council for the Exploration of the Sea
and its working group WGBAST (The Baltic Salmon and Trout Assessment Working Group), IBSFC — International
Baltic Sea Fishery Commission, HELKOM (Baltic Marine Environment Protection Commission — Helsinki
Commission). In recent years, there have been attempts to unite the efforts of these organizations within the
framework of the long-term Strategic Action Plan, meant to improve the overall status of the sea ecosystem, which is
now assessed as “extreme stress”.

Salmon fisheries in the Baltic Sea are controlled by common fishing rules regarding the fishable size, timing, area
and fishing gear. The programme to control fisheries was proposed back in 1902-1903 and was later developed at the
International Fishing Congress in Vienna in 1905 and the 1st International Baltic Congress in Riga in 1910 (Henking
1913). At present, TAC — total allowable catches are annually set with regard to the recruitment dynamics. National
quotas are calculated from this parameter and the number of salmon smolts (hatchery and wild) coming to the sea
from the rivers of each country. The intensity of international fisheries in marine foraging areas shared by populations
from all countries as well as along their spawning migration pathways influences significantly the escapement rates.
Therefore, the task of maintaining national salmon populations is inseparable from the general problem of the species
preservation in the Baltic Sea basin.

SALMON FISHERIES AND REPRODUCTION IN THE BALTIC SEA

Salmon fisheries in the Baltic Sea have undergone significant changes in the past 100 years (Anon. 1979; 1999,
2000, 2001). By the early XX century, the harvest was less than 500 ton with a subsequent gradual increase until the

end of World War II (Fig. 1).
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Fig. 1. Long-term dynamics of total and national salmon harvests in the Baltic Sea.
From 1972 to 1980 — data on the USSR, later — on Russia.
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After 1945, the harvests soared to never go below 2000 ton afterwards. The most significant growth started in
1984. Salmon harvests in the Baltic Sea peaked in 1990 (5636 ton), but in the following years decreased to levels
comparable with those of 1945-1983. The main reason for the decrease is considered to have been the M74 syndrome,
which caused the death of more than 50% of salmon larvae in the period from 1992 to 1996 and, consequently, a
decrease in the number of spawners (Report... 1993; Report... 1995). Other reasons include deterioration of the sea
ecosystem and overfishing. We cannot ignore the long-term fluctuations of the population, well known for the salmon
foraging both in the Baltic Sea and outside it.

The TAC was reduced in the period from 1993 to 2000 from 770,000 to 540,000 individuals. The actual annual
salmon catch in the whole of the Baltic Sea in the 1990s is estimated at 500,000-600,000 individuals. Catches are the
biggest in the Baltic proper and in the Gulf of Bothnia. Catches in the Gulf of Finland in the last decade have been
steadily decreasing: from 653 ton in 1991 to 164 ton in 2000 (Anon 2001).

Finland, Sweden and Denmark catch most of the Baltic salmon and these same countries play the leading role in
maintaining its stocks. Significant river fisheries of salmon, along with marine fisheries, have been maintained up to
now only by Sweden and Finland. Up to 29% of fish in the river catches of these two countries are naturally-spawned
(“wild”) individuals, whereas the proportion for the Baltic Sea at large is not more than 10%. According to the most
optimistic estimates, natural reproduction of salmon occurs in no more than 40 rivers flowing to the Baltic Sea. Total
number of annually migrating “wild” smolts of the species in the late 1980s — early 1990s is estimated at ca 600,000.
Due to M74, it decreased t0350,000-460,000 individuals by 1997-1998, but an increase expected since 1999 was to
result in the recovery of the former level. Total annual release of “hatchery” smolts from all countries into the Baltic
Sea in 1998-1999 was 6.4-5.9 (average 5.27) mln. fish, including 824,000-891,000 individuals released into the Gulf
of Finland (by Finland + Russia + Estonia). About 5% of the salmon harvested are annually used for artificial
breeding purposes.

The so-called “delayed releases” of hatchery juveniles (Eriksson 1991; Report... 1994 et al.) made by Sweden and
Denmark near islands Bornholm and Gotland and by Finland — near the Aland islands now provide for about 5-15%
of the total salmon catch in the Baltic proper. Such releases increase the straying of migrants. Encounters of up to 500
salmon individuals of the Baltic provenance have been reported from outside the sea in some years. Up to 10% of the
spawners entering some rivers may sometimes be “stray” individuals from “delayed releases”.

In the 1990s, Russia annually caught 5,000 to 9,000 salmon in the Baltic Sea basin, i.e. 0.89-3.68% (average 1.79)
of the total catch (fig. 1). Catching mostly took place in the 26™ subregion. In the 32nd subregion (Gulf of Finland), in
1996-2000 the registered national coastal catch was 1485, 1023, 65, 96 and 79 individuals, and the river catch — 325,
401, 682, 964 and 666 individuals, respectively.

HISTORY AND MODERN STATE OF THE BALTIC SALMON POPULATION IN RIVERS OF RUSSIA

Salmon from the Baltic Sea regularly enters 3 large rivers of Northwest Russia — Neva, Narova and Luga. There
are no commercial salmon fisheries in these rivers now. Spawners are caught only for artificial spawning purposes.
Analysis of the data obtained by the authors during monitoring in the last decade as well as the study of archival
materials on the operation of hatcheries and the state of populations in the preceding period allowed identification of
long-term tendencies in the size of the population in each of the rivers and forecast of its potential preservation.

The Neva River, 74 km long. Early in the XIX century, about 10,000 salmon were harvested from the Porogi area
only. By the 1860s, the same number of salmon was the total yield from the river at large. The catch further decreased
by the beginning of the XX century. Nonetheless, until 1916, up to 100 individuals had been caught daily in the
fishing ground by the Dubrovka village. In 1930-1934, maximal annual salmon catch in the river was 3,000
individuals (Persov 1935, 1937; Zhukovsky 1939). Salmon spawned in the Neva from the Porogi village to the river
mouth near Schlisselburg and the Sheremetievka village.

Fish farming on this river started in 1881, when an exemplary branch of the Nikolsky hatchery was established in
Petersburg. Sporadic releases of small numbers of juvenile salmon were made by the hatchery until 1915. In 1921,
sites for egg collection and incubation were organized in Ostrovki and this year is considered the founding year of the
Neva hatchery (until 1927 — 1* State Enterprise). In the 1920s - early 1930s, only larvae were released from the
Neva hatchery, and since the mid-1930s young-of-the-year (YOY) were added (fig. 2A). In 1937, trial rearing of
yearlings and tagging of the hatchery fish began. The hatchery operation after the war resumed in 1947, and rearing of
yearlings — in 1960 (fig. 2B). In 1965-1967, nearly all fish released from the Neva hatchery were yearlings, with some
releases of two-year-old fish. The share of “hatchery” (adipose fin clipped) fish among the spawners returning to the
Neva rapidly increased in the period from 1960 to the 1970s from 22 to 89% (Persov 1971; Melnikova et al. 1980).
The few unmarked fish could have also been hatchery-reared, because only part of the released juveniles was fin-
clipped. According to the estimates of those years, natural reproduction then contributed no more than 10%. By the
1980s, salmon reproduction in the Neva River had for 5-6 generation already been exclusively due to the Neva
hatchery efforts, natural spawning being extremely limited and unsuccessful (Kazakov 1982). This is corroborated
also by our monitoring data: in 1990-1994, the proportion of individuals that could be identified as “wild” by the
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structure of the river zone in scales did not exceed 1-2%, with no such specimens found later (Murza, Christoforov
1992; Christoforov, Murza 1998, 2000a, b). Cessation of effective natural reproduction of salmon in the Neva River
could not have been caused by the harvest of all returning spawners, because over many years of monitoring, the
Neva population preserved a significant number of individuals with the so-called “spawning marks” on the scales.
The proportion of such fish in 1929-1936 was 9.2-15.7% (Pravdin 1939), in the 1960s — up to 15.1% (Khalturina,
Shimanovskaya 1969), and in the 1990s — 4.2-28.0% among females and 21.0-38.5% among males (Christoforov,
Murza 1998, 2000b). The formation of “spawning marks” reflects changes in the calcium exchange during maturation
of spawners and is not connected with the process of spawning. That is why the presence of such structures in
returning spawners cannot be an argument in favor of continuing natural spawning, but proves that the fish had not
been harvested during the first entrance into the river in the preceding years and survived. The most probable reason
for poor or no success in salmon spawning in the Neva today is the change in ecological conditions. In 1975-1978,
Ivanovskiye rapids, which used to serve as the principal spawning grounds, were destroyed. By 1986, a significant
part of the Neva Bay, which migrating Neva salmon juveniles and spawners pass through, was blocked by the St.
Petersburg Flood Barrier — the “dam”. Furthermore, in the 1980s, there was growing shipping, water and bottom
pollution both in the Neva and the Gulf of Finland (Kudersky 1997). In this context, we observed deterioration of the
gamete quality in returning spawners and a decrease in the level of sex hormones, first of all testosterone, in their
blood. It was only in the 1990s that the ecological situation in the Neva River and reproductive characteristics of
salmon, which is a sensitive bioindicator of the ecosystem condition, started to improve again.
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Fig. 2. Releases of juvenile salmon of different age by the Neva hatchery before (A) and after (B) the war

There is a clear correlation between the number of salmon spawners caught in the Neva after the war (Fig. 3) and
the volumes and composition of juveniles releases by the Neva hatchery (Fig. 2B). Thus, regular composite releases
of 35,900 to 110,600 yearlings and 1,400 to 11,900 two-year-old fish from the late 1960s to the early 1980s resulted
in annual catches of over 1000 salmon in 1969-1975. A reduction in releases later on (from 1983 to the early 1990s)
negatively affected both the size and the structure of the Neva population. The number of male and female age classes
differing in the ratio of years spent in the river and at sea decreased notably. Thus, where in 1973-1985 there were
25 classes of males and 27 classes of females (Kazakov, Melnikova 1987), in 1986-1989 the number dropped to
15and 12, and in 1990-1991 — to 7 and 5 (Murza, Christoforov 1992). In the last decade, as the volumes and
composition of juvenile salmon releases re-approached those of the 1960s — 1970s, we observe an upward tendency in
the number of spawners caught. Recommencement of releases of parr of various ages helped diversify the river period
duration in the salmon: individuals migrating to the foraging grounds at an age of only 2, but also 3 and even 4 years
became common again. The proportions of these age classes in the migrating stocks vary across years:
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31.3-84.1, 10.0-64.9 and 0-11.0%, respectively. The size of smolts in 1924-1937, when salmon was naturally
reproducing in the river, was 13.4-15.6 cm according to direct measurements, and 12.7-19.2 cm according to back-
calculations by the scales of the spawners (Svetovidova 1941). In the pre-war years, the body length of “wild” and
“hatchery” smolts captured in the Neva was 16.0-17.5 cm at an age of 2, and 17.5-20.0 cm — at an age of 3 years
(Yandovskaya 1941). Our back-calculations of the size of modern smolts yielded similar figures: 13.5-19.7 cm.
Smolts migrate in May — early June.
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Fig. 3. Dynamics of the number of salmon spawners as reported by the 1928-2000 fishery statistics for the Neva

The return of marked hatchery salmon to the Neva recorded in the 1990s was only slightly lower than the 1960s-
1970s estimates of the parameter (Persov et al. 1980), making up: 0.1% for fish released as 0+, 0.2-0.9% — for
releases of 1 and 1+ fish (0.4% on average), 1.03.3% — for releases of two-year-old fish (1.9% on average)
(Christoforov, Murza 2000a, b). These data and the results of control catches of hatchery parr in the Neva indicate
that the river is suitable for the life of juvenile salmon.

Our estimates are that 200-400 salmon spawners now enter the Neva annually, but the escapement may grow in
the nearest future. The seasonal dynamics of anadromous migration has remained the same as in the 1930s (Pravdin
1939; Svetovidova 1941). Some individuals migrate along the northern coast of the Gulf of Finland and enter the
Neva in May-June, but the bulk of spawners migrate in August-September. During migration to foraging grounds,
salmon from the Neva population mostly stay in the northern part of the Gulf of Finland (Toivonen 1973), but a
considerable part of the population migrates also to the Baltic proper (Melnikova, Persov 1968; Kazakov et al. 1986).

In the period from 1988 to 1994, some “stray” Atlantic salmon individuals were caught in the Neva and later also
in the Narova (to 0.5-1% of the total number of spawners). Some of these fish bore Swedish, Finnish, Latvian and
Estonian dangling tags. The factors identified as the reasons for straying were “delayed releases” of juvenile salmon
directly into the Baltic Sea or releases into small trout rivers.

The Narova River, 77 km long, is accessible to salmon only in the lower reaches. Its migration up the river has
always been barred by the impassable waterfall with the spawning grounds in the rapids downstream of it (Privolnev
1962). Mass releases of juvenile salmon and brown trout into the Narova watershed (more specifically, into Lake
Pskov-Chudskoye and its feeder river Velikaya) were performed by the Nikolsky hatchery and Pskov provincial self-
government back in 1874-1975. The size of such releases was 16,000-30,000 fish (Skatkin 1962). Later fish breeding
activities in the river was apparently carried out on a limited scale by Estonian hatcheries (Sakun 1950; Shidlovky
1950).

After World War II the conditions in the river changed due to hydropower engineering. In 1953, filling up of the
Narva storage reservoir began and in 1954-1955 the Narova was regulated by the dam of the Narva hydro power plant
erected 14.9 km from the river mouth. Salmon (and brown trout) catches in the river prior to the dam construction had
been significant — for instance in 1948, it was 18 to 25.5 ton according to different sources. In 1952, fishermen of
Russia caught 6.3 ton and those of Estonia — 17.2 ton (data on the Estonian catch cited after Arman 1967). Both the
population size and the catches decreased rapidly afterwards (Fig. 4).

The Narva hatchery was put into operation in 1957, but it took the hatchery 6-8 more years to reach its full
capacity (till 1965). By this time, Narova has totally lost its native populations of salmon and brown trout
(Barannikova 1962). The new population was created with the eggs brought from other rivers: mostly Neva and to a
smaller extent from Daugava, Gauya and Luga (Kazakov 1990; etc.). At first, juveniles were reared in earth ponds
only, but in 1966-1979 the pool method was introduced as well. Juveniles aged 1, 1+ and 2 years (Fig. 5) were
released into the river. In 1967 salmon spawners first reappeared in the Narova, and the hatchery has been regularly
capturing more and more of them for breeding purposes since 1969 (Persov et al. 1980). In 1978, commercial salmon
fishery was resumed in this river, the catches comprising only hatchery-reared fish. Effective natural spawning has
not been detected in later years either. Of the tagged hatchery fish released into Narova at an age of two years an
average of 0.9% were recovered in the river in 1970 to 1981, the recovery in some years reaching 3%.
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Fig. 4. Dynamics of the number of salmon spawners as reported by the 1948-2000 fishery statistics for the Narova River
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Fig. 5. Releases of juvenile salmon of different age by the Narva hatchery.
(1T — 1-year-old fish grown in warm water)

Application of intensive biotechnology of rearing juveniles in winter in the warm water from the outlet ditch of
the Pribaltiyskaya hydropower plant in 1980-1994 allowed the Narva hatchery to release about 100,000 large salmon
juveniles 1 year of age annually. From 70 to 90% of these fish smoltified and migrated to the sea in the year of release
(Kazakov et al. 1988). Such releases promoted further growth of the Narova salmon population. In 1984-1990, 945 to
2200 spawners were captured in the river every year. After 1994, juvenile rearing in heated effluents ceased due to
customs problems, and the Narva hatchery reverted to raising salmon mostly to an age of 1 and 1+ under the natural
temperature regime. Monitoring allowed to trace the dynamics of increase in the per cent of individuals raised without
using heated effluents in the terminal run to the Narova river (Christoforov, Murza 1998, 2000a). It was 1.4% in
1996, 42.0% — in 1997, 72.4% — in 1998 and 99.0% — in 1999. At present, no more than 2-3% of individuals smoltify
at an age of 1 and migrate to the principal foraging grounds in the sea in the year of release. Let us mention for a
comparison that the proportion of such fish in the 1970s did not exceed 4-12% either. A vast majority of the juveniles
smoltify at an age of 2, but some, mostly males — at an age of 3 or 4. This indirectly proves that the Narova can offer
suitable conditions for a prolonged stay of salmon parr, although sporadic discharges of effluents had a negative
effect on the survival of eggs, larvae and juveniles reared at the hatchery. The smolt size determined both by direct
measurements of the fish captured in the Narva Bay and by the back-calculation using spawner scales is 13.0-18.0,
and for some specimens — up to 25.6 cm.

A part of the released salmon parr also migrate in the period from late April to late May to the estuary areas of the
Narva Bay. A band corresponding to the period of juvenile growth in the estuary can also be seen on the scales of
many spawners. The Narova salmon is known to perform foraging migrations in the Gulf of Finland, Baltic proper
and occasionally in the Gulf of Bothnia (Kazakov et al. 1991). The spawning migration pathways to rivers of the
southern Gulf of Finland run south of the Laven-Saari, Pepi-Saari and Seskar islands (Kuchina 1939) and, as reported
long ago by O.A. Grimm (Proceedings... 1908), salmon mass entrance into the Narova always happens earlier than
into the Luga River.
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In spite of the fact that the present salmon population was established using donor material from various rivers,
the seasonal dynamics of the spawners’ entrance into the Narova remained similar to that of the 1930s (Rannak et al.
1983) and 1950s (Barannikova 1962): it begins in May and peaks in August-October. The structure of the spawning
salmon population in the Narova is noted for a very low proportion of repeat spawners (with “spawning marks” on
the scales): 1.4-3.0% (2.2% on average). This is probably due to intensive harvests of the fish concentrating within a
short river stretch downstream of the dam. Note for a comparison that the proportions of fish with “spawning marks”
in the Narova population reached 52.7% among males and 26.2% among females in 1950 (Khalturin 1964), but
reduced to 3.6% by the time the Narva hatchery was put into operation (Barannikova 1962). The registered return of
the fish released into the Narova in 1981-1984 as one-year-old juveniles was 0.97-4.4% (2.95% on average)
(Kazakov et al. 1991), gradually decreasing for the fish released in 1986-1989 from 1.8-1.9% to 0.1-0.7% and now
remaining at a level of 0.2-0.6% (0.5% on average) (Christoforov, Murza 1998, 2000a, b). The reduction in the return
is believed to have been caused by changes in the parameters of fisheries along the pathways of migration to the
rivers of Russia. Thus, in the 1990s, coastal fisheries in Estonia have intensified. Salmon catches in coastal waters of
this country in the period of 1992-2000 increased from 5-7 to 21 ton, including 1to 14 ton harvested from the Gulf of
Finland (Anon. 1999, 2000, 2001). According to our estimates, total run up the Narova at present is 1,000-1,300
individuals. Spawners have lately been collected both by the Russian and by Estonian enterprises. Since 1998, the
“Polula” fish breeding centre has also been stocking some of its juveniles into the Narova. With the current annual
releases of about 100,000 one-year-old salmon from the Narva hatchery and the existing return rates, the hatchery is
capable of further supporting a stable salmon population in the Narova, but the best effect can certainly be achieved
by concerted efforts of the two countries sharing the river.

The Luga River, 363 km long, by the late XIX century provided for an annual catch of 2,000 to 5,000 salmon and trout
(mixed fishery). Salmon used to spawn in October in 7 rapids of the mainstream, first of all Yamburgskiye, Storonskiye,
Sabskiye, as well as in large tributaries — Oredezha, Saba and others (Grimm 1899). Catches decreased as timber floating
and industrial effluents deteriorated the conditions for fish reproduction. Milldams were built on practically all the
tributaries. Considering this fact, the Emperor’s Fish Farming and Fishing Society in 1889 resolved that the river channel
should be cleaned out, and the salmon fishable size and harvest limitations introduced for the Luga River (Proceedings...
1890). Water leaseholders were obliged to release at least 200,000 salmon fry a year with the assistance of Nikolsky
hatchery. Such releases went on for 3-4 years, and then, in 1897, the Luga branch of the hatchery was organised (Grimm
1905; Borodin 1909). Annual releases of salmon fry (including those of the Ladoga and Onego origin) averaging 600,000-
650,000 individuals were performed by the branch until 1912. These measures raised the catch of salmon spawners in the
river from 2,000-5,000 in 1889-1897 to 10,000 by 1901, but after the hatchery had been shut down, the Luga population
started to decline again. To amend the situation, a test holding of spawners collected late in August and spawned by mid-
October was undertaken in 1933 at the experimental site of Lenrybovodtrest.

The Luga salmon population had been negatively affected by the dam of the leather-board factory near Kingisepp
that had for many years barred the access to most spawning grounds. Discussions concerning the construction of the
by-pass facility in the dam continued from the 1930s to early 1950s (Shidlovsky 1950). Total annual catch of salmon
and sea trout in the Luga Bay and Luga River at that time was still 30 — 40 ton (Mikhin, Antipova 1932; Kuchina
1939). The catches comprised 3,000-3,500 salmon. Salmon harvests in the River Luga itself, at the fish rearing station
near the Fedorovka village (35 km from Ust-Luga) were 10.55 ton in 1933, 9.37 ton — in 1934, 5 ton — in 1951 and
3.33 ton — in 1952. Later attempts to collect brood fish from this river for the Narva and Neva hatcheries were nearly
ineffectual, or only sea trout was caught. The last mature individuals of the Luga salmon were registered at the
Kingisepp station in 1964 (6 sp.) and 1969 (2 sp.).

By the time the Luga hatchery was put into operation in 1989, the native population of salmon in the Luga River had
been lost and the sea trout population had lost its commercial value. In the first years of operation, the hatchery used the
eggs and fry brought from rivers Daugava, Narova and Neva. Later, fish released into the river as hatchery-reared juveniles
began to return to the river to spawn (Fig. 6). Test fishing with nets in the summer and autumn of 1993 and 1994 yielded
12 and 3 salmon spawners and more than 30 sea trout. Later, when the spawners were caught by blocking their way near the
Strupovo village, returning salmon was registered in the catches every year, and its numbers and age composition showed a
clear correlation with the dynamics of preceding releases of juveniles (fig. 7). All salmon and 54 to 70% of trout registered
in the 1990s were identified as hatchery-reared fish by the pattern of the river-growth band on the scales. The greatest
number of age classes of salmon males and females with a different ratio of years spent in the river and at sea within a
single year run was 12 and 10. As the new Luga population of the species was forming, the proportion of fish with
“spawning marks” increased from 4.0 to 16.0-38.5%. For a comparison, the proportion of repeat spawners in the Luga
River in 1934, when there still existed river fisheries, was 3.9% (Kuchina 1939).

Our estimate of the current spawning return of the salmon released into the river as one-year-old juveniles reared
without the use of warm water is 0.2-0.3%. According to monitoring data, less than 10% of the fish released from the
hatchery at an age of one migrate to the sea for foraging the same year, whereas the rest stay in the river until 2 or
even 3 years of age. An average size of smolts back-calculated by the scales of the Luga salmon returning to the river
to spawn in the 1990s ranged from 15.0 to 19.4 cm. We know that back in the 1930s, when the salmon spawned
naturally, 93.9% of juveniles also descended the river at an age of 2, and 6.3% — at an age of 3. The peak of smolt
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migration then occurred in the second half of May, part of the fish staying in the Gulf of Finland for quite a while.
Back-calculations of the size of juveniles in that period yielded a length of 12.9 cm by the end of the 2™ year in the
river and 15.3-17.3 cm — by the end of the 3" year, the “transition” zone formed at a length of 20.2-23.8 cm (Kuchina
1939). A similar size of salmon smolts from the Luga estuary was reported also by Grimm (1905) — 17.8-22.2 cm.

The total calculated number of spawners annually entering the Luga River in the late 1990s was 50-100 salmon
and 200-300 sea trout individuals (Christoforov, Murza 1998, 2000a, b). Just like in the 1930s, the upstream
migration begins in May, halts during the water temperature maximum in summer and resumes in August-September.
Test catches of the parr released from the hatchery indicated favorable conditions for juvenile salmon in the river.
Increased stocking of hatchery-reared fish would induce further growth of the Luga salmon population, but it is
unclear how it would be influenced by the construction of the port terminal in the Luga Bay.
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PERSPECTIVES

The data given above show that the size of Atlantic salmon populations in the rivers of Northwest Russia flowing
to the Baltic Sea has decreased over the 20th century. Total salmon run into rivers Neva, Narova and Luga is
currently estimated at 1,250-2,000 spawners, according to monitoring data. Natural reproduction of salmon in these
rivers has long ceased. Virtually 100% of the spawners registered there in the last 10 years were of hatchery origin.
The rivers have preserved the conditions suitable for the released salmon juveniles, but since the ecosystems have
been altered, one cannot so far expect effective natural reproduction of salmon to be resumed. A similar situation is
observed in many rivers of Western Europe and North America. Therefore, the “IBSFC Salmon Action Plan
1997-2010” and HELKOM recommendations 19/2 of March 1998 on the “Protection and improvement of the Wild
salmon population in the Baltic Sea Area” are hardly so applicable to rivers Neva, Narova and Luga as they are to
rivers of Scandinavia, where there still exists natural reproduction of salmon. Within this Plan, IBSFC in 1998
included rivers Neva and Luga in the list of “Wild Salmon rivers”, i.e. rivers, where there is successful natural
reproduction of wild salmon populations; and in 1999 they were together with the River Sista classified as rivers with
natural and mixed types of reproduction of the species. The Plan stipulates that all releases of hatchery-reared
juveniles into rivers of this category are discontinued by 2003-2005 with the purpose of increasing the share of “wild”
salmon by 2010 (Baltic Salmon Rivers... 1999). We argue that this measure will not promote salmon preservation in
rivers of the Russian Baltic region and we should count on artificial propagation only. The production facilities of
hatcheries in Northwest Russia have been notably updated and still are improving, which creates objective
preconditions for enlarging stocking and, thus, the size of populations. It is essential to choose an optimal national
salmon farming strategy. A priority at the current stage is releases of varying-age parr in addition to smolt releases.
Given the unstable water temperature regime in spring and autumn, it would be expedient to equip all hatcheries with
temperature control systems to be used in rearing eggs and larvae. Until Russian enterprises producing fish feeds are
built, we should continue purchasing high quality imported feeds. The efficiency of hatchery activities will also
depend on how the trapping and holding of spawners is organised. The optimal timing for their trapping from each
river may differ, but one should aim to reduce the holding period. It is seldom possible to hold the fish caught in
holding tanks and pools for more than 1-1.5 months, and even 1-2 weeks in captivity may negatively impact the
ovulation of females and milt quality of males. It is desirable that the popular, although often biologically and
economically unjustified rearing of several generations of brood fish in hatcheries is done so as not to prejudice the
growth of tens of thousands smolts in the same premises. We suggest that the standard size of salmon smolts to be
released from hatcheries in Russia is a length (after Smitt) of 14 cm and more, which corresponds to the standard
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accepted in a number of countries around the Baltic. A topical task is to create a new manual of biotechnology in
Atlantic salmon farming, which would take the advancements in this sphere both in Russia and abroad into account.
The main indicator of the efficiency of hatchery operation should still be the state of the populations they are
supporting. In the future, the volumes of salmon propagation need to be raised 5-10 times in order to reestablish
commercial fisheries in our rivers.
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INTRODUCTION

The climate of the ocean and adjacent terrestrial areas impact Atlantic salmon at all life stages via feeding
conditions, temperature, rainfall, hydrological and wind regimes, etc. (Friedland 1998). Recruitment of Atlantic
salmon populations is controlled primarily by the natural conditions during their first year in the sea, which translate
directly into commercial and recreational fisheries and into spawning escapement. Long-term variations of the
Atlantic salmon catch are believed to be a reliable indicator of the corresponding changes in its population (Friedland
et al. 1993, 1998).

The purpose of this work is (i) to reveal a correlation between the climate dynamics and Atlantic salmon
population and (ii) to show a possibility to predict long-term trends in salmon population for the coming 10-20 years.

MATERIAL AND METHODS

The time series of Atlantic salmon catches since the 1950s were presented by Friedland et al. (1993, 1998). The
most detailed statistical data on Atlantic salmon catches for 1960-1999 are available in ICES Publications
(Anonymous 2000) and salmon catches in the Russian North are summarised in the monograph by Kazakov and
Veselov (1998). Long-term trends of commercial fish stocks were taken from FAO official statistics by Klyashtorin
(1997, 1998).

The time series of the global temperature anomaly (dT) for 1861-1999 are available in Bell et al. (2000). The
Wangenheim-Geers Atmospheric Circualtion Index (ACI) (Geers 1973) is a reliable characteristic of the large-scale
atmospheric transfer. Movements of the air masses are grouped into the so-called “meridional” (North-to-South and
back) and latitudinal or “zonal” (West-to-East) components, according to the predominant direction of the air mass
transfer. Integral curves of “zonal” and “meridional” ACI for 1891-1999 are presented in Fig. 4 (Klyashtorin 1998). It
is obvious that the “meridional” ACI is the reciprocal of the “zonal” ACI. The integral time series of ACI for
1891-2000 were kindly granted by the Laboratory of Long-term Meteorological Forecasting, Institute of the Arctic
and Antarctic, St. Petersburg.

RESULTS AND DISCUSSION

The total catch dynamics of epy Atlantic salmon for the last 50 years is shown in Fig. 1.

It is easy to see that salmon catches in the North Atlantic and two main regions of salmon reproduction (European
and North American) had been synchronously increasing since the 1950s, reached a maximum in the 1970s, and have
been decreasing since then. Salmon catches in the Russian North constitute less than 10 % of the total catch and have
exhibited a general downward trend since the early 1960s. It is natural to assume that the concurring long-term catch
trends in the remote salmon-producing regions are likely to be caused by some common natural factor(s) governing
the salmon population over the North Atlantic.

Atlantic salmon represents only a small portion of the total North Atlantic fish production. The question is how
closely the catch dynamics of Atlantic salmon is correlated with the catch dynamics of main North Atlantic
commercial species?

Fig. 2 compares the long-term variation of (1) the salmon catch and (2) herring and cod catches (the latter two are
known to be the main commercial species in the North Atlantic). The dynamics of all the three species is rather
similar, and the catch maximums fall on the late 1960s-early 1970s.

The maximum total catch of cod and herring reaches 8 million ton, which is about 600 times that of the maximum
Atlantic salmon catch. The similarity in the long-term dynamics of all the three species confirms the existence of
some natural (climatic) factors similarly affecting the fish stocks.
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Fig. 2. The dynamics of total Atlantic salmon, Atlantic herring and Atlantic cod catch in 1930-1998 (4-year smoothing)

The next question is: which climatic indices are most closely correlated with commercial catches of salmon, cod,
and herring in the North Atlantic?

The global surface-air temperature anomaly (dT) is known to be a basic index of global climatic changes. It has
been measured instrumentally for 140 years (Fig.3 A, B). The inter-annual variation of dT is very high, and the time
series of this index has to be considerably smoothed for a reliable trend to be obtained. It is easy to see that the
smoothed dT curve shows regular multidecadal fluctuations against a background of the centurial linear upward trend
(Sonechkin et al. 1997; Sonechkin 1998).

After the centurial linear trend is removed (using a standard procedure of the Statgraphics package 1988), the
dynamics of dT exhibits clear roughly 60-year regular fluctuations with maximums around the 1870s, 1930s and
1990s (Fig. 3B).
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Another important index of long-term climatic changes is the Atmospheric Circulation Index (ACI), which
characterises the predominance of either meridional or latitudinal (zonal) air mass transfer (Klyashtorin 1998).

Fig. 4 shows long-term trends of meridional and zonal ACI for 1891-1999.

Comparison of the basic climatic indices dT and ACI shows that the dT dynamics is practically in phase with the
“zonal” ACI and out of phase with the “meridional” ACI (Fig. 5 A, B).

In other words, “meridional” ACI maximums coincide with periods of global cooling (decrease in the global dT),
and “zonal” ACI maximums coincide with the periods of global warming.
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We write in our earlier publications (Klyashtorin 1998) that the catches of the main commercial species in the
North Atlantic (cod and herring) are in a good correlation with the dynamics of the “meridional” ACI (r = 0.72 and
0.62 for cod and herring, respectively), i.e., the catch maximums falls on the cooling periods. The Atlantic salmon
catch (Fig. 6) also correlates well with the dynamics of the “meridional” ACI (r = 0.72) and is in agreement with the
dynamics of the total North Pacific fish production.
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Fig. 6. Dynamics of Atlantic salmon catch and the “meridional” ACI trend ( 4-year smoothing)

The total catch of Pacific salmon exceeds 1 million ton, i.e. 100 times higher than that of Atlantic salmon. It is of
interest that the long-term trends of North Atlantic and North Pacific salmon catches are rather well agreed with
different ACI components. The 80-year time series (Klyashtorin 1997, 1998) suggest that the catch dynamics of
Pacific Salmon is in close correlation with the “zonal” ACI. On the contrary, the catch dynamics of Atlantic salmon is
correlated with the “meridional” ACI, i.e. the catches of Atlantic and Pacific salmon are out of phase (r = -0.8)
(Fig. 7). The maximums of the Pacific and the Atlantic salmon populations coincide with the warming and cooling
periods, respectively.
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Are we able to predict the potential change in the Atlantic salmon population for the coming 10-20 years?

Long-term trends of the future catches can be estimated relying on the above-discussed cyclic fluctuations of the
climate and the corresponding changes in the salmon population. The existence of 60-70 year cycles in the global
climate change is confirmed by a number of well-known climatologists (Schlesinger, Ramankutti 1994; Minobe 1998,
1999). Similar (about 60-years) periodicity in changes in the climate and fish production in the Atlantic and Pacific is
reported by Klyashtorin & Sidorenkov (1996, 1998). The Pacific salmon population was shown to have been
fluctuating regularly, with a roughly 60-year cycle, for the last 140 years (Beamish, Bouillon 1993; Klyashtorin,
Smirnov 1995; Klyashtorin 1997). The populations of other abundant species (sardine and anchovy) have fluctuated
with a period of about 50-70 years for the last 1500 years, as evidenced by scale depositions in bottom sediments
sampled from the Californian and Peruvian upwelling zones (Baumgartner et al.1992; Baumgartner et al., in prep.).

The surface air temperatures for the last 1500 years (reconstructed from O' distribution in the Greenland ice
columns) also exhibited oscillations with a 60-70-year cycle (Dansgaard et al. 1975). Tree rings of long-lived trees
from the Arctic indicate a 70-100-year cycle in the fluctuations of summer temperatures in the last 1700 years (Briffa
et al. 1990; Klyashtorin 2001).

Fig. 8 compares the reconstructed and instrumentally measured temperatures. It is easy to see that the 60-70-year-
period fluctuations of dT for the last 400 years reconstructed from the Greenland ice columns are in a good agreement
with the instrumentally measured global temperature dynamics (Klyashtorin 2001).

Proceeding from the roughly 60-year periodicity in the climate variation, we may assume that the maximum of the
current cycle of the temperature increase that started in the 1970s will be reached in the early 2000s and followed by a
decrease in the 2020s-2030s. Taking into account the 60-year periodicity of meridional ACI, the current period of
increase in meridional air mass transfer that started in the late 1990s can be expected to reach a maximum in the
2020-2030s (Klyashtorin 1998.)

The maximum of the previous “meridional” ACI epoch (1950s-1970s) coincided with the maximum of fish
production in the North Atlantic (and the corresponding maximum of Atlantic salmon catches). The first signs of the
forthcoming new “meridional” ACI epoch are already noticeable in the increasing catches of the Atlantic herring
(Klyashtorin 1998).
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Fig. 8. Cyclic fluctuations of the air-surface temperature reconstructed by the O'® isotope content in Greenland Ice Core for the
past 400 years, and instrumentally measured temperature anomaly (dT) for the last 140 years

Since the Atlantic salmon population is closely correlated with the “meridional” ACI, the former is expected to be

increasing gradually in the near 10-20 years. A probable future dynamics of the Atlantic salmon population is shown
in Fig. 9.
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CONCLUSIONS

The Atlantic salmon population varies in phase with the population of the main commercial fish species in the
North Atlantic: cod and herring.

The Atlantic salmon population dynamics is in close positive correlation with the Atmospheric Circulation Index
(ACI) and in negative correlation with the dynamics of the global temperature index (dT).

Taking into account the 60-year periodicity of the meridional ACI, it may be inferred that the current period of
increase in the “meridional” air mass transfer that started in the late 1990s, will reach its maximum in the 2020-2030s.

The inferred future dynamics of the main climatic indices (dT and ACI) makes it possible to believe that the Atlantic
salmon population will be increasing in the next 10-20 years.
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THE LINES OF RANGE EVOLUTION IN
THE EUROPEAN SUBSPECIES OF ATLANTIC SALMON
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State Science Research Institute of Lake and River Fisheries, St. Petersburg, Russia**

INTRODUCTION

The European subspecies of the Atlantic Salmon, Sa/mo salar salar Linnaeus, 1758, is represented by three races
that differ in the kind of environment specific for the foraging parts of their ranges. One of the forms might be called
North-Atlantic. It comprises the numerous populations spawning in the rivers of Western and Northern Europe from
Portugal to the Kara River in the East, and foraging in the North Atlantic and outlying seas (Barents Sea, Norwegian
Sea etc.). Some of the sea areas of the region (White Sea, South-East of the Barents Sea etc.) serve as the pathway of
the spawning and foraging migrations of the salmon. During the foraging migration, part of the salmon of the
European subspecies leaves the European shores moving westwards as far as Greenland. Water salinity in the
foraging part of the range of the North-Atlantic populations of salmon is equivalent or close to that in the ocean.

The next race is the Baltic one. Its constituent populations forage in the brackish-water Baltic Sea (salinity is no

more than 8.5 %o — in the area adjacent to the Denmark Straits: Soskin 1963) and spawn in the inflowing rivers,
staying within the Sea basin. Records of the Baltic salmon outside the Baltic Sea basin are few (Kazakov 1992) and
cannot be in conflict with the general conclusion that the populations comprising this race are highly isolated.

Fish of the last race — the landlocked salmon — forage in a number of great lakes of Karelia, Leningrad Region,
Finland, and Sweden. Populations of this form spawn in the rivers of the respective lake basin.

In the North-Atlantic race, fish from different populations may forage together in the oceanic areas of its range. In
the Baltic form, they may migrate widely round the Baltic Sea area, also coming together during the foraging season.
In contrast to them, populations of the landlocked race appear to be truly isolated, each within its discrete lake and the
inflowing spawning rivers. The populations of the lakes as a rule have no contacts either with each other or with the
neighboring sea populations. Lake Ladoga is the only place where evidence of the access of solitary Baltic salmon
individuals into it has been found, but the migration of salmon from the Lake to the sea has not been recorded. Thus,
despite some data on possible contacts between salmon of the Baltic and North-Atlantic forms, or between those from
the Baltic Sea and Lake Ladoga, all the three races can be considered to have distinct ranges, i.e. exhibit pronounced
specificity both ecologically and geographically.

Besides being different in the ecology and geographic distribution, each of the salmon forms has gained some phenetic
peculiarities, but this aspect is still poorly studied. It was considered with the lake form taken as the example on the one
hand, and both sea forms on the other (Zelinskiy 1985; Dorofeeva 1998). Yet, the described phenetic peculiarities are not
distinct and do not allow confident assignment to one or another race. Nevertheless, ichthyologic publications often provide
descriptions of different forms of the Atlantic salmon, and it is not uncommon that they specify them with some Latin
names. In the presented report we will hold to the viewpoint that the three races do exist without going into further
specifying details. Such an approach is in line with the field data.

DISCUSSION

As far as the European subspecies of the Atlantic salmon is represented by three forms (described above) peculiar
enough both ecologically and geographically, it seems reasonable to settle the problem of their origin. Leaving aside
the spectrum of opinions on this question as a whole, we will dwell on two main possible hypotheses. The first one
starts with the recognition that the species in question, considered within the European part of its range, is capable of
adapting to a wide range of environments and of migrating from oceanic foraging areas to brackish-water and
freshwater regions and vice versa. This viewpoint ahs been expressed in the literature a few times, for instance as far
as it concerned the origin of landlocked salmon populations in Lake Ladoga, Lakes Segozero, Kuito etc. An argument
in support of this view is the lack of distinct morphotypes specific to each of the races. No matter what foraging area
they are from, they are all considered indistinguishable by the phenetic features commonly used in fish taxonomy.
That is why to trace the origin of discrete specimens reliably one should use specific extra characteristics. For
example, unlike local salmon, those coming to Lake Ladoga from the Baltic Sea bear marine parasites (Barysheva,
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Bauer 1957). Thus, the first viewpoint on the origin of the races of salmon recognizes the North-Atlantic group of
populations as initial, and the Baltic and landlocked forms as emanating from it in the course of migrations and
assimilation of new spawning rivers. In that case, all populations of the European subspecies are subdivided into
primary (North-Atlantic ones) and derivative (Baltic and landlocked ones), while some of the landlocked populations
(e.g. from Ladoga, Onego, Saimaa) are derived from the oceanic ones not directly, but with the Baltic populations
serving as the intermediary. Consequently, North-Atlantic populations are considered to be older, while the Baltic and
landlocked ones are viewed as younger, having emerged in the late Pleistocene and Holocene after Northern Europe
was fully deglaciated.

The second possible hypothesis concerning the origin of the Atlantic salmon races rests on the assumption that
either the North-Atlantic or the Baltic and landlocked populations are relatively independent and so is their origin
which, in turn, was more or less concurrent. This opinion was discussed repeatedly in a series of our publications on
the evolution of the fish fauna (salmon included) in water-bodies of the Northwest Russia (Kudersky 1969, 1971,
1977, 1989, 1990, 1998; Kudersky et al. 1993; Kazakov, Titov 1991; Kudersky 1997; Kudersky, Titov 2000). We are
now going to review and summarize the material and arguments presented in earlier papers, allowing some
amendments based on recent data, where necessary. We look upon the origin of the races of Atlantic salmon in the
context of the overall development of the fish fauna in glaciated regions of Northern Europe, focusing on the late
Pleistocene and Holocene time spans.

Geological materials evidence that in the late Kainozoic, Northern Europe started falling into climatic zones
different from those that has existed earlier. The zonal development had mainly completed by the Late Miocene/Early
Pliocene, when the first ice sheets appeared. At that very time, groups of cold-water and temperate fishes, inhabiting
corresponding latitudinal zones, emerged. With the extremely poor palaecontologic material available, it is rather
difficult to describe the species composition of the groups. We may only presume that in this period, the cold-water
group already comprised specimens of the genera Salmo, Salvelinus, Coregonus, Thymallus, Osmerus etc. (Kudersky
1998). The subsequent Pliocene/Pleistocene time was characterized by unstable climate and alternating glacial and
inter-glacial periods (Izmeneniya klimata... 1999), which was of major importance for the evolution of the fish fauna
in North-European water-bodies.

Among all the listed genera of cold-water fishes, we will enlarge on Sa/mo species, and mainly on the Atlantic
salmon. Specific characteristics of the Salmo species that have survived in some water-bodies in Southern Europe,
suggest that far back in the Pliocene, there already existed a species similar to modern trout Salmo trutta Linnaeus,
1758, represented by the landlocked (river and brook) and diadromous forms. The diadromous form prefers to live in
coastal areas exposed to continental outflow, and thus does need to undertake long sea, and especially oceanic
migrations. Trout and its subspecies are abundant in brackish-water seas, i.e. the Baltic, Black, and Caspian Seas.
Other species of the genus Sal/mo, but for Atlantic salmon, have survived in limited relict ranges.

Unlike trout, Atlantic salmon is viewed by fish taxonomists as a young species. It may be assumed to have emerged
from the trout in the early Pleistocene. Though its species status is well defined, the dissimilarity between the Atlantic
salmon and trout is so little that the fact in itself might point to close relation between these species. This conclusion is
supported by records of successful hybridisation within the pair of species, with their hybrids being more like trout
(progenitor) in either exterior or osteological traits (Dorofeeva 1998). The high similarity of the Atlantic salmon and trout is
sometimes attributed to the younger age of the former. It is more likely, however, that the reason is similar environmental
conditions, first of all during the river stage of their life cycle. The ‘vector’ of natural selection in the rivers is directed
towards juveniles in both salmon and trout, and keeps the phenetic exterior of juveniles (until they migrate to foraging sites)
similar in both the species.

In the foraging part of the species range, i.e. in really saline water and vast North-Atlantic areas, relatively large
Baltic Sea and large lakes, the ranges of environmental conditions and distances of salmon migration are much wider
than those for juveniles in rivers. It is these environmental ranges acting via the fish adaptive mechanisms that appear
to be responsible for the relative stability of the existing races (three of them). At the same time, these ranges are
responsible for the small, yet existing, peculiarities in the phenetic exterior of the forms.

It is noteworthy that in the foraging parts of both the salmon and the trout species ranges, one may find instances
of either difference or parallelism in the environmental conditions. When comparing the foraging grounds of trout and
the North-Atlantic form of salmon, we see that the conditions are different, but for trout and two other races of
salmon they appear to be similar (or even of the same type). Thus, the phenotypes of the landlocked and Baltic forms
of salmon bear some trout-like features. The phenomenon was best studied in landlocked salmon (Zelinskiy 1985).
There are different interpretations of the observed relative similarity of the phenotypes in trout and landlocked
salmon. We hold to the viewpoint put forward earlier (Kudersky 1977), according to which the trout-like features in
landlocked salmon are not a new development caused by a similar environment, but have been inherited from the
progenitor, and the commonly recognised progenitor is trout. The question then arises why and when the North-
Atlantic salmon race lost the trout-like features, and these aspects will be considered below.

The development of races in Atlantic salmon after it has emerged as a species was closely allied to such large-
scale events taking place in Northern Europe as recurring continental glaciation, producing strong effect on water-
bodies and aquatic life. We will not detail the events and their effect on the fish fauna over the whole of the

70



Atlantic salmon: biology, conservation and restoration, 2003

Pleistocene, but only over the last stage of these events, i.e. the last inter-glacial and last glacial, and late- and post-
glacial periods. Geological events and palaegeographical situations in these periods are studied in most detail
compared with other time spans of the Pleistocene, so that the development of the fish community in North-European
water-bodies and among them the races of Atlantic salmon can be traced with confidence.

During the last (Eemian) inter-glacial period, climatic conditions were similar to those of the present (Razvitiye
landshaftov... 1993; Izmeneniya klimata... 1999). We may therefore assume that the group of cold-water species (salmon
among them) inhabiting North-European water-bodies was the same as that in the region nowadays. But the land/sea ratio
was different. To understand how the races of salmon had originated, it is important to keep in mind that in that period vast
territories of Northern Europe were flooded by the boreal sea transgression. The sea covered vast areas of the Arkhangelsk
Region, Bolshezemelskaya Tundra (mainland tundra), Kola Peninsula, and Karelia, included the areas of the present-day
Lakes Ladoga and Onego and had extensive connections with the synchronous Eemean Sea, lying in the basin of the
modern Baltic Sea and extending to Western Europe. At this time, Fennoscandia was just an island. There were no large
lakes like Ladoga, Onego, Saimaa, Vanern. Along the southern coast of the sea, there were large bays extending far into the
mainland and lying in the Pechora, Mezen, Northern Dvina, Onego river valleys, and in the basin of Pskov-Chudskoye
Lake. In contrast to the present, diadromous fishes, salmon included, could freely migrate within these aquatic areas. In this
connection, there is reason to believe that at the time, Atlantic salmon populations were uniform throughout the paleorange
and did not branch into races. Furthermore, the species populations within the paleorange had pronounced trout-like
features, like modern landlocked populations do.

The last (Weichselian) glaciation that followed the Eemian interglacial, involved a vast area of Europe from
Ireland to the Urals. During its maximum, the ice shield covered Iceland, most of Ireland, Britain, Jutland, and the
Northern Sea, the Scandinavian and Kola Peninsulas, Finland, Karelia, and most of the Arkhangelsk Region; it filled
the basins of Lakes Ladoga, Onego, Beloye Ozero, Ilmen and Pskov-Chudskoye, the basins of the Baltic, White, and
Barents Seas; it extended far southwards along the Northern Dvina River as far as the upper reaches of the Volga and
Dnieper Rivers; it reached much further south than the modern Baltic coastline, covering the territories of the present-
day Leningrad and Pskov Regions, Baltic States, Northern Poland etc. Fish communities, including cold-water
species, from the water-bodies lying within this area either perished or moved to ice-free sea areas, or into the
mainland, to new freshwater systems. Fish found refuge in areas of the Eastern Atlantic adjacent to Western Europe
and in periglacial water-bodies lying along the southern edge of the ice sheet from the western boundary of the Baltic
Sea basin to the Pechora River basin. The former group of refugia sheltered marine species and those diadromous
species that were capable of living at oceanic salinity, and the latter — freshwater species, and those brackish-water
and diadromous species that possessed osmoregulation mechanisms allowing them to spend their whole live in
freshwater.

Within our subject, we will be more concerned with periglacial water-bodies serving as refugia. There are no water-
bodies of quite the same type at present. They could have possibly appeared under the conditions specific of the glacial
epoch: during the last glacial period, the southern edge of the ice sheet could by no means reach the Main Watershed Divide
between Central and Eastern Europe, separating the basins of the Baltic, White, and Barents Seas on the one hand from the
basins of the Caspian Sea, Sea of Azov, and Black Sea on the other. The high-relief lowlands lying between the glacier edge
and the watershed divide were filled with glacial melt water. According to geological data, periglacial water-bodies had the
following characteristics: 1) they existed uninterrupted for a long time owing to the relief-directed movement of the water
masses as the boundaries of glacial lobes changed; 2) their water surface area was dependent on the degree of the backwater
effect and the size of the water-receiving basins; 3) individual water-body systems were relatively isolated, since they
discharged their waters from different parts of the glacial margin into the sea through valleys of their own. At different
stages of glaciation and subsequent deglaciation, some of the periglacial water-body systems were drained southwards (into
the basins of the Caspian and Black Seas), westwards (into the Northern Sea), or northwards (into the Barents and White
Seas) (Kvasov 1975; Paleolimnologia... 1976; Istoriya Ladozhskogo... 1990; Istoriya ozior... 1992; Razvitiye
landshaftov... 1993).

Looking at the modern life of lakes in glaciated regions, we may surmise that periglacial water-bodies served as
refuges for freshwater, brackish-water, and (in what concerns fishes) diadromous species. Freshwater species found
themselves in the refugia as the lake-river systems of the pre-glacial period merged with periglacial water-bodies
moving along the relief. As to brackish-water and diadromous species, they had got into the refugia due to the boreal
Eemean Sea and its brackish-water bays cutting far into the mainland (sometimes for hundreds of kilometres). The
glacier sealed such bays from the side of the sea, and the resultant periglacial water-bodies subsequently moved
(together with their fauna) long distances southwards as the ice sheet grew. The extent to which the periglacial water-
bodies had spread by the glacial maximum is clearly seen from published cartographic materials (Kvasov 1975;
Razvitiye landshaftov... 1993, etc.).

Periglacial water-bodies served as refuges not only for some fishes of the Eemian interglacial stage, but for other
aquatic organisms as well. There were some brackish-water invertebrates among them, thus they entered the
communities of modern lakes, making up a group of glacial/marine relict crustaceans, oxyphilous and stenothermous.
Those are most abundant in lakes of Karelia, Finland, Sweden. The sculpin Triglopsis quadricornis (Linnaeus 1758)
(lives in a number of water-bodies) comes from among brackish-water species inhabiting periglacial water-bodies, so
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does the mammalian Ladoga seal, etc. (Kudersky 1971; 1972). As to the Atlantic salmon, it managed to survive as
part of the North-European fish fauna by migrating for refuge to non-glaciated regions with, firstly, river basins
favourable for reproduction and breeding of juveniles and, secondly, with the aquatic foraging grounds featuring
abiotic conditions allowing the species to live and forage. The ice-free part of the Atlantic Ocean was one of such
regions. The salmon populations having had arrived in these regions were able to spawn in the rivers of France and
the Iberian Peninsula flowing to the Atlantic (Fig. 1). All through the foraging areas of the new species range,
environmental conditions were about the same, and there were no obstacles to large-scale migration of the fish.
Therefore, the ‘vector’ of natural selection during the foraging stage was uniform, and this favoured the development
of a relatively uniform set of populations, constituting the modern North-Atlantic race of salmon.

The second region serving as the refuge for salmon during glaciation was the one with periglacial water-bodies
located at the southern edge of the ice sheet (Fig. 1). The salmon and other brackish-water invertebrates and fishes
(trout, char, whitefishes, vendace, smelt etc.) were forced to move to the water-bodies. The largest of the water-bodies
emerged in place of the vast bays of the inter-glacial sea, that extended far into the mainland, thus promoting fish
migration into them. It is noteworthy that the periglacial water-bodies scattered around the area from Central Europe
to the Urals were not connected latitudinally by a common drainage system, but fell into a number of clusters
remaining isolated throughout the period of deglaciation or becoming connected for short periods of time. This
peculiar hydrological pattern has affected the fish fauna and composition in the water-bodies. For instance, the
differences between salmon populations in different groups of periglacial water-bodies took shape in the glacial
period, as has been demonstrated by recent biochemical genetic studies. Yet, this intriguing problem is beyond the
scope of our paper.

Fig. 1. The ancient range of European subspecies of Atlantic salmon during the Last Glacial Maximum. A — North-Atlantic part of the ancient
range of Atlantic salmon. JI - ice sheets; shaded rectangles — hypothetical position of periglacial water bodies

Thus, at the Last Glacial Maximum, the species range of the Atlantic salmon, that back in the Eemian interglacial
time used to be continuous and lie in the sea area (which was partly brackish-water in the interglacial period) broke
into two ecologically different parts. One of them was intrinsic to Eastern Atlantic. Due to the environmental
specificity, these populations evolved shifting from the progenitor trout-like features into the oceanic phenotype
characteristic of the present-day North-Atlantic race.

The other part of the salmon range had a mosaic character. It was constituted by several large periglacial water-
bodies profoundly different in their environment from the oceanic area. In the populations of the periglacial water-
bodies, the ‘vector’ of natural selection was directed differently than the one in Eastern Atlantic. For instance, the
selection favored conservation of the trout-like features originally inherent in salmons.

As the glacier recessed and aquatic areas freed of ice, fishes colonized them. The Atlantic populations of salmon
moved northwards and assimilated the spawning rivers of Ireland, Britain, Norway, Kola Peninsula and their part of
the species range in Northern Atlantic acquired the present-day outline. Fishes of periglacial water-bodies, salmon
included, moved northwards following the movement of the water-bodies along the relief, with the water-body
systems often not connected with each other. This is how the modern Ladoga and Onego Lakes, for example, were
colonized by fishes coming from different systems of water-bodies (Kudersky 1990); furthermore, Lake Ladoga had
was by fishes (salmon among them) coming from the Baltic Glacial Lake etc. Thus, the history of the landlocked race
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of salmon included the following stages: Eemean Sea — periglacial water-bodies — modern lakes. Re-establishment of
the fish fauna in the deglaciated regions of the southern part of the White Sea and Barents Sea basins had its own
peculiarities, but this is a subject for a special discussion and will not be discussed in this paper.

Like it happened with large lakes, the Baltic Sea gained a group of cold-water fish species, salmon included, from
the periglacial water-bodies lying to the south of its modern coastline. The initial phase of consolidation of the Baltic
populations and emergence of Baltic race of salmon proceeded at the time of the freshwater Baltic Glacial Lake;
which at its latest stages occupied all of the central part of the modern sea. Through the time-span from the Baltic
Glacial Lake emergence to the present day, the local race has lived alternately in the freshwater (Baltic Glacial Lake
and Ancylus Lake) and in brackish-water (Yoldia, Littorinae Seas and modern Baltic Sea) environments (Kvasov
1975; Berglund et al. 2001). As a result, the Baltic race of salmon has gone a complicated way of evolution: Eemean
Sea — periglacial water-bodies — lakes and seas occupying the Baltic Sea basin in turns — modern brackish-water sea.
During the sea transgressions occurring at different stages of the Baltic Sea formation, this form penetrated (partly)
into Ladoga Lake, and into Lakes Saimaa, Vanern etc.

According to the described reconstructions based on data on the geological history of northern regions,
palaeolimnology, fish ecology and geographical distribution, the development of all the three races of the European
subspecies of Atlantic salmon proceeded independently over long time spans, their ranges moving closer together and
settling within the modern boundaries after the last ice sheet had melted.

The evolutionary scheme described above is supported by the materials of biochemical genetics. According to the
data, the European subspecies of Atlantic salmon falls into two wide groups of populations, one of them
corresponding to the North-Atlantic race, the other one — to the Baltic and landlocked forms (Kazakov, Titov 1995;
1998; Stahl 1987; Koljonen et al. 1999 etc.). We may further add our data on genetic peculiarities of salmon from
different rivers of Russia presented in Fig. 2 & 3. Fig. 3 shows that the salmon can be pooled to form two main
clusters, one of which combines the populations spawning in rivers of the Kola Peninsula, the other one — those
spawning in rivers of the Baltic Sea basin. Moreover, the salmon populations living in lakes and spawning in the
rivers flowing into the lakes are distinguished from the Baltic Sea populations (see also: Kazakov, Titov 1991; 1993),
as is quite evident from a comparison of the data on rivers Neva, Narva, Gauya, Salace and Daugava on the one hand,
and rivers Shuya, Lizhma, Burnaya and Svir on the other.

The isolation of the Baltic and landlocked forms from the North-Atlantic one is strongly supported by data yielded
by the restriction analysis of the mitochondrial DNA (Nilsson et al. 2001).

15° 25° 35° 45° 55°

Barents Sea

65°
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Fig. 2. The map of sampling locations.
Rivers of the Barents Sea basin: 1. Zapadnaja Litsa. 2. Tuloma. 3. Kola. 4. Yokanga.

Rivers of the White Sea basin: 5. Ponoy. 6. Pyalitsa. 7. Khlebnaja. 8. Umba. 9. Pulonga. 10. Keret. 11. Solza. 12. Megra.
Rivers of the Baltic Sea basin: 13. Narva. 14. Neva. 15. Svir. 16. Burnaja. 17. Shuya. 18. Lizhma
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Fig. 3. Dendrogram of genetic differences of the populations of Atlantic salmon studied

CONCLUSION

The analysis given above supports and renders concrete the point of view offered earlier concerning the role of
periglacial water-bodies in the evolution of the fish fauna in North-European water-bodies in the late Pleistocene —
Holocene, and their role in the development of different races of the European subspecies of Atlantic salmon. As a
part of the analysis, the dynamics of the studied subspecies range was revealed. During the last Weichselian
glaciation, the formerly continuous range of Atlantic salmon was cut into two parts, with one of them in the North
Atlantic Ocean and rivers of the non-glaciated regions of Western Europe, and the other one — in the vast systems of
periglacial water-bodies lying along the southern edge of the ice sheet from Central Europe to the Urals. It was during
the subsequent glacier recession and deglaciation that the modern species range had developed, united geographically,
but non-uniform ecologically. The modern range of the European subspecies of salmon consists of three ‘blocks’ —
North-Atlantic, Baltic, and landlocked ones, inhabited by their respective races of the species. The ‘blocks’ come in
contact in the spawning areas, but diverge far apart in the foraging areas. The North-Atlantic ‘block’, with the largest
water surface area, is occupied with the youngest, evolutionarily, race that has lost the progenitor’s features when
evolving. The area of the Baltic and landlocked ‘blocks’ is smaller. They are inhabited by the Baltic and landlocked
races coming from different systems of periglacial water-bodies and bearing some trout-like (progenitor’s) features.
Thus, the temporal dynamics of the range of the European subspecies of Atlantic salmon looks roughly as follows:
the species range during the last (Eemian) interglacial period was continuous geographically and uniform ecologically
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— the range during the last (Weichselian) glacial period broke into several parts - the modern range is connected
geographically but non-uniform ecologically.

The analysis presented above is based on integrated data on the geological history of the regions,
palaeolimnology, ecology, geographical distribution, and biochemical genetics of the fish. Its results evidence that
such a general approach to the problem of tracing the evolution of the fish fauna and species ranges appears to be
effective.

We hold that an essential task for future studies of the range structure in the European subspecies of Atlantic
salmon is to find out the whys and wherefores of the qualitative specificity of salmon spawning in the Pechora River,
and rivers of the White Sea basin and Kola Peninsula.
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INTRODUCTION

In several last decades unintentional introductions of aquatic organisms directly or indirectly induced by economic
activities grew into a large-scale phenomenon (Kudersky 1975, 1999). Finding themselves in new habitats, incidental
invaders often form abundant populations and negatively affect aboriginal fish species due to competition for food,
predation, parasitism, etc. (Invasive species... 2000). An incidental invasion of such kind was the sudden emergence
in Norwegian rivers of the monogenean Gyrodactylus salaris Malmberg, 1957, that infects the skin and fins of
juvenile Atlantic salmon Sa/mo salar Linnaeus, 1758.

The first G. salaris epizootic was reported from Norway in 1975. Later on, the parasite spread widely along many
Norwegian rivers and was discovered in salmon hatcheries (Heggberget, Johnsen 1982; Johnsen, Jensen 1986; Bakke
et al. 1990 etc.). By the early 1990’s, G. salaris was found in as many as 34 rivers and 35 fish farms. The infected
rivers lost all their wild salmon parr. The dramatic consequences of G. salaris invasion alarmed both the specialists
and the general public, as it was a threat to the survival of wild populations of a most valuable commercial species —
Atlantic salmon. Active discussion arose around the possible methods of fighting the perilous parasite, mentioning
even the full treatment of the infected rivers with ichthyocides. Attempts to eradicate G. salaris using rotenone
proved this method to be quite effective (Johnsen, Jensen 1991).

Among the salmon rivers belonging to the White Sea drainage basin the parasite was first discovered in 1992 in
the Keret river (Ieshko, Schulman 1994). Here as well, Atlantic salmon parr nearly died out, and there was a threat of
G. salaris spread to other rivers flowing to the White Sea (Schulman et al. 1998). The pathways through which
G. salaris reaches the rivers of Norway and the White Sea have not been elucidated. Probability is the highest that the
parasite was introduced during routine fish farming practices (transport of salmon parr, farm equipment, etc.)
(Malmberg 1989; Schulman et al. 1998).

Research into the fish parasite fauna has indicated that G. salaris naturally occurs in the part of the Atlantic
salmon range that lies within the Baltic Sea drainage area. Simultaneously, a great part of the salmon range in the
rivers flowing to the White, Barents, Norwegian Seas and the Eastern Atlantic was free of the parasite. The question
of whether G. salaris is present in the Lake Ladoga basin still has no definite answer. Having received from
E. Rumyantsev some samples from the North-Ladoga fish farm, R. Ergens revised the species and erroneously
“placed” it in Lake Ladoga (Identification guide... 1985). Our recent investigations of salmon parr in rivers flowing
to the lake have not confirmed the presence of G. salaris. The paper below discusses the reasons for this peculiar
pattern of G. salaris distribution with regard to the formation history of the Atlantic salmon range at large.

DISTRIBUTION

The species G. salaris was first described in 1957 using samples from a Swedish fish farm (Malmberg 1957).
Later on, it was found in some natural watercourses and other fish farms of the country. In addition to Sweden,
G. salaris has been reported from Finland (Bakke et al. 1990). There are data in the literature about its presence in
rivers and fish farms of the Czech Republic and Slovakia, and the Seret river (Dniester tributary) (Johnsen, Jensen
1986; Bakke et al. 1990). Later surveys, however, did not provide evidence to confirm G. salaris occurrence outside
the Baltic drainage area (Johnsen, Jensen 1986).

Among Russian watercourses G. salaris was reported from the Pechora river (Yekimova 1976), but further
revision invalidated the report (Dorovskikh 2000). G. salaris has been reliably identified from the Lake Onego basin
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(Permyakov, Rumyantsev 1984; Teshko et al. 1995, 1998; Rumyantsev 1996; Rumyantsev et al. 1999). For example,
73 % of salmon parr in the Pyalma river were infected (Permyakov, Rumyantsev 1984). The parasite prevalence in
the rivers Kumsa and Lizhma was 25 % with no infestation-induced pathologies whatsoever (Ieshko et al. 1998;
Schulman et al. 2000).

Thus, all watercourses reliably known to be infected with G. salaris fall within the Baltic Sea drainage area. There
is, therefore, every reason to share the opinion of those researchers who believe the parasite to be endemic to the
Baltic drainage area (Bakke et al. 1990). The limited range, close connection of the parasite to just two races of
salmon (Baltic and land-locked) and its absence until lately from the third — North Atlantic race, suggest that
G. salaris is a young species that has relatively recently differentiated from the closest representatives of the genus
Gyrodactylus.

Outside its natural range, G. salaris was first discovered in Norway in 1975. Further on, it spread widely along
Norwegian watercourses from the south-west to the north of the country, and now dwells both on wild salmon parr
and in fish hatcheries. Whenever G. salaris infected a Norwegian river, wild salmon parr there was wiped out. This is
not only detrimental to fisheries, but also jeopardizes the fish fauna diversity in the region in general. The parasite
may further spread to many other rivers of Norway, as well as other European countries.

Unlike Norwegian rivers, the spawning rivers of the Baltic drainage basin emptying either to the sea or to large
lakes (Onego, Vianern, etc.) did not experience mass deaths of salmon parr, despite the presence of G. salaris. The
host (salmon parr) and parasite populations there coexist in eco-balance. The literature has not suggested any
convincing hypothesis to explain the absence of G. salaris from the parr of the North Atlantic salmon populations and
its simultaneous presence in the Baltic and land-locked races. A possible explanation for the phenomenon is discussed
below.

In Russian watercourses outside its natural range, G. salaris was first reliably identified in 1992 on Atlantic
salmon parr from a rapid on the Keret river, that flows to the White Sea (Ieshko, Schulman 1994; Schulman et al.
1998). Later on, the parasite spread virtually throughout the river, including its upper reaches, and showing also in the
Keret river tributary — river Louksa. The fact that G. salaris arrived in Keret quite recently is confirmed by previous
surveys. The 1961-1962 survey of salmon parr parasites in Keret did not reveal the presence of the species, in spite of
the extensive amount of samples examined (100 specimens of 8.7-18.0 cm long parr) (Malakhova 1972).

The dynamics of Atlantic salmon parr infestation by G. salaris in the Keret river is shown in tab. 1. Data in the
table indicate that the catastrophic consequences of the parasite arrival for previously uninfected rivers are due,
namely, to the dramatic increase in parr infestation indices. In a natural range, parr infestation prevalence and
intensity are normally quite low. Finding itself in a new location (r. Keret) G. salaris often infects up to 100% of
salmon parr, with nearly 400 parasite individuals attacking each fish. Such an outbreak of G. salaris prevalence and
abundance is a common enough phenomenon for invasive species, since native organisms prove to be unfit to oppose
new competitors, whether predators or parasites. A noteworthy fact is that the intensity of salmon parr infestation in
Keret drastically increases as the water grows cooler. Thus, by September already (Table 1) mean intensity reaches
over 1000 worms per fish. Data from 1998 suggest that the autumn outbreak of infection is the decisive factor
responsible for the catastrophic decrease in the parr survival through the ice-covered period.

Table 1.
Atlantic salmon parr infestation with G. salaris in the Keret River
Rapid Years
1992 1993 1994 1995 1996 1998
Morskoi 0(0) — — — 100.0 (75.0) 100.0 (1157.1)
Varatskii 100.0 (225.9) | 56.5(13.2) | 100.0 (398.5) — 100.0 (313.6)
Sukhoi — — 93.3 (6.4) 100.0 (312.7) 100.0 (65.6) 33.3 (26.0)
Verkhnii — — — 0(0) 80.0 (7.2)

Note: number — infection prevalence (%); number in brackets — abundance index (ind.); dash — no survey done.

The parasite “pressure” on salmon parr shown in Table 1 would inevitably produce a negative effect. Like in
Norwegian rivers, G. salaris invasion in Keret dramatically reduced salmon parr abundance in its typical habitats
(Table 2) (Schulman et al. 1998).

Table 2.
Atlantic salmon young-of-the-year (YOY) density (ind./100m’) in the Keret river
Rapid Year
P 1990 [ 1991 [ 1992 1993 1995 | 1996
Varatskii 62.0 | 420 | 6.0* 0.37* 0.8%* 0.21*
Sukhoi 720 | — — 1.8% 6.0* 0.92*

Note: * — infected parr; dash — no data available.
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In 1996, the entire host population in Keret being heavily infected, the density of YOY salmon decreased by
nearly 300 times in the Varatskii, and by 78 times in the Sukhoi rapid as compared with 1990 (see Table 1, 2).
Average salmon parr density (ind./100 m’) in Keret was: 1990 — 97.0; 1996 — 2.3; 1997 — 0.04 (Schulman et al.
2001). Infestation with G. salaris markedly modified the salmon parr age structure. In 1990, prior to the parasite
emergence, the ratio of various juvenile age groups was quite common (%), i.e. 0+ — 64.2; 1+ —28.2; 2+ —4.9; 3+
— 2.7. By 1996, the age structure of juvenile salmon has undergone considerable transformations acquiring the
following appearance (%): 0+ — 97.5; 1+ — 1.0; 2+ — 1.0; 3+ — 0.5 (Shchurov 1998). Thus, the parasite made
older juvenile age groups nearly go extinct.

Observations conducted in 1997 and 1998 showed salmon parr density in Keret to remain very low. In contrast to
the previous years, salmon parr disappeared from upstream rapids so that none was to be found further upstream of
the Sukhoi rapid. The latter, too, was inhabited by YOY fish only. In July, 60% of them were infected with an
abundance index of 5.0, in September — 46.4%, with an abundance index of 35.0. Morskoi rapid harboured both
YOY and yearlings, infestation indices for which are shown in Table 3. Infection being so heavy, it is quite natural
that most salmon parr died.

Table 3.
Atlantic salmon parr infestation with G. salaris in the Morskoi rapid, Keret river in 1998
Age group July September
Prevalence, % | Abundance index | Prevalence, % Abundance index
0+ 100.0 (1-139) 32.8 100.0 (15-2531) 800.6
1+ 100.0 (144-340) 242.0 100.0 (3037-5895) 4710.0

The drastic decrease in salmon parr abundance in the river and the nearly total lack of older juvenile age groups
condition the reduction in the number of spawners ascending the river to breed. The brood stock is reduced also by
intensive poaching, which grew immensely in the 1990’s and cannot be accurately measured. Comparing the status of
Atlantic salmon populations in various rivers of the White Sea drainage area that are not infected with G. salaris with
the Keret river one can state, however, that the steep decrease in the brood stock size in the latter is predominantly the
result of the infection. The decrease in Atlantic salmon abundance in Keret is vividly illustrated by Table 4 (Shchurov
1998), compiled using data from spawner counts at the counting fence installed by the river mouth. Prior to the
G. salaris invasion, the number of wild salmon spawners recorded at the counting fence 1.2 km away from the Keret
mouth was sometimes over 2,000 individuals a year, never until 1990 descending below 1341. In 1994, only 50
individuals were recorded. A sharp decrease was demonstrated also by the number of recorded spawners from among
former hatchery-reared parr, which was still quite actively released in 1985-1995.

The combination of data on salmon parr infestation with the parasite (Table 1 & 3), steep decrease in the parr
density in the river (Table 2) and decrease in the number of spawners ascending the river (Table 4) graphically
reflects the catastrophic consequences of G. salaris invasion in the Keret river. Simultaneously, the offered data
indicate the gravity of the risk to Atlantic salmon populations breeding in other rivers of the White Sea drainage basin
and adjacent areas. We should, therefore, take measures to eradicate G. salaris in Keret and prevent its spread to other
spawning rivers of the Kola Peninsula, Karelia and Archangelsk region.

Table 4.
Atlantic salmon brood stock size in the Keret river
Years Recorded spawners Release of hatchery-reared parr,
1000 ind.
Wild Hatchery-reared

1985 2161 1779 164.1

1986 1781 1449 160.8

1987 1341 1086 161.4

1988 1998 1296 155.4

1989 1728 1803 98.5

1990 864 1653 82.4

1991 374 316 80.2

1992 121 415 99.1

1993 231 456 131.3

1994 50 703 145.3

1995 411 655 70.2

1996 171 220 157

1997 62 118 80.9

1998 196 411 111.9
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DISCUSSION

In order to understand the relationship between G. salaris and S. salar the following two characteristic features of
the latter should be taken into account. First, the fish life cycle falls into two principal stages. One is spent in the
stream and consists in breeding and several years of life in the stream until smoltification. The stream occasionally
contains also some precocious males. The second stage begins when the smolts migrate to feeding grounds and ends
when sexually mature fish return to the spawning river. Second, the species S. salar is represented by three races with
considerably different rearing conditions. They all breed in streams within a relatively geographically uniform
reproductive part of the range. The races have, however, different feeding grounds located a long way from each
other. Representatives of the North Atlantic race migrate to feed in a typically marine (oceanic) environment of the
North Atlantic and the marginal seas, some schools reaching as far as Greenland. This race breeds in West and North
European rivers from Portugal in the west to the Kara river in the east (Berg 1948). The Baltic race migrates to
feeding grounds in the Baltic and returns to breed to the rivers flowing to the sea. Finally, the landlocked race matures
in some large lakes in the Northwest Russia and Fennoscandia, and breeds in the rivers connected to them.

G. salaris parasitizes on S. salar parr during its life in the river. It, therefore, seems reasonable to expect G. salaris
to be present throughout the reproductive part of the salmon species range. As shown in the previous section,
however, the parasite occurs, in fact, in rivers of the Baltic drainage basin, and is closely connected only to the Baltic
and landlocked races of S. salar. The North Atlantic salmon race had not been known to host G. salaris until recently,
when it appeared in Norwegian rivers and Keret as a consequence of human activities. Although the reproductive
ranges of all the three races are adjacent to each other in the Scandinavian peninsula and Karelia, G. salaris never
managed to overcome the water divides between the Baltic, Norwegian, White and Barents Seas without human
assistance.

We believe this peculiarity in the natural distribution of G. salaris to have been largely determined by the
formation history of the modern range of the European subspecies of Atlantic salmon, which can be briefly recounted
as follows.'

S. salar range was shaped by large-scale geological events that occurred in the north of the European continent in
the late Pliocene, Pleistocene and Holocene, the leading ones being multiple continental glaciations alternating with
deglaciation of the territory. The most important period for the subject discussed in the paper is the one covering the
last (Eemian) Interglacial, the last (Weichselian) continental glaciation, late- and post-glacial time. The climate in the
Eemian Interglacial was similar to the modern conditions, but considerable areas were flooded with marine
transgression water. Fennoscandia was then an island with large bays reaching deep into the mainland along the
valleys of large rivers found on the southern margin of the sea basin. At that time, Atlantic salmon was free to migrate
within these water areas, which is not possible today. It is, therefore, safe to assume that in the Eemian its populations
had not yet broken up into allopatric races.

The ice sheet of the last (Weichselian) glaciation covered vast areas with bodies of water within them. Salmon
inhabiting the waterbodies was forced to recede in two major directions: towards ice-free fragments of the East
Atlantic adjoining Western Europe, and to periglacial waterbodies by the southern margin of the glacier, from the
western border of the Baltic drainage basin to the Urals. Salmon survival in periglacial waterbodies was facilitated by
the fact that they first emerged in place of the bays cutting far into the mainland, and then moved south along the
terrain in front of the advancing glacier. The paleogeographic situation in the European continent by the moment of
the last glacial maximum is schematically shown in the Figure.

As the glacier moved furthest south, the salmon distribution range that used to be continuous in the Eemian was
broken into two distant parts. One was situated in the East Atlantic and rivers in those parts of Western Europe that
remained free of the ice sheet. The other one was connected to the system of periglacial waterbodies. Both the East
Atlantic and the periglacial waterbodies were not simply refugia where organisms previously inhabiting the
waterbodies now covered by the ice sheet could survive. They were also the place for the formation of distinctive
races induced by the differing habitat characteristics in these ecologically different aquatories. Thus, periglacial
waterbodies enabled the origin of the brook lamprey, intensive microevolutionary transformations in whitefish,
formation of various vendace and relict sculpin races, etc. (Kudersky 1969; 1990; 1998).

Owing to specific patterns of microevolution in periglacial waterbodies, salmon populations there have preserved
a number of ancestral traits demonstrated by the fish in the Eemian and earlier. As the glacier retreated, these
populations moved over to the Baltic and large lakes, where they further transformed into the modern Baltic and
landlocked races. On the other hand, East Atlantic populations forced by the requirements of life in an oceanic
environment to deviate from the Eemian ancestral form gave rise to the modern North Atlantic race. At present,
distinctions between the Baltic and landlocked races on the one hand, and the North Atlantic race on the other hand,
concern not only some features of the ecology (feeding grounds in fresh, brackish or salt water, etc.) and morphotype
(preservation or loss of some trout-like traits, etc.), but also the parasite fauna. Thus, while living in the stream, the
Baltic and landlocked races host G. salaris, which is not found on juvenile salmon from the North Atlantic race.

" The problem is discussed in detail in the paper (Kudersky, Titov 2001).
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Fig. Putative paleorange of the monogenean Gyrodactylus salaris in the last (Weichselian) glaciation period
A — North Atlantic part of the salmon paleorange; J1 — ice sheet; shaded rectangles — schematic representation of periglacial waterbodies;
dash line — boundary of the G. salaris putative paleorange.

Differences in the parasite fauna between distinct salmon races were shaped back in the Weichselian glaciation
period, when the races lived in the East Atlantic and in periglacial waterbodies. Integrated analysis of
zoogeographical materials, distinguishing ecological features of individual Atlantic salmon races and the formation
history of different parts of the species distribution range suggests that G. salaris is a young species originating from
evolutionarily active western groups of periglacial waterbodies belonging to the Baltic drainage basin. The putative
paleorange of the parasite can be seen in the figure.

Thus, G. salaris and parr of the future Baltic and landlocked salmon races have gone through a long period of co-
evolution resulting in co-adaptation in periglacial waterbodies. Juvenile salmon developed some instruments to
neutralise G. salaris invasiveness, and the ecological balance normally observed in the nature and still preserved
established between the host and the parasite populations.

Juvenile salmon of the East Atlantic populations lived in West European rivers far away from the G. salaris
periglacial place of origin, and ended up being unprepared to withstand the parasite. Reproductive ranges of all the
three salmon races became neighbours in the Scandinavian peninsula only after the ice sheet had completely melted.
G. salaris, however, could not naturally overcome the water divide between the drainage basins of the Baltic and
Norwegian Seas, and was introduced in Norwegian rivers only recently as a result of human activities.

CONCLUSIONS

The following conclusions can be made relying on current data on the relations between G. salaris and S. salar:

1. G. salaris is naturally found in part of the S. salar distribution range, although the possibility that the parasite
may be discovered further east cannot be excluded.

2. The above specific pattern of G. salaris distribution has been conditioned by the range formation history of its
host S. salar in the Late Pleistocene — Holocene, when part of salmon populations survived the last (Weichselian)
glaciation in refugia represented by periglacial waterbodies located by the southern margin of the ice sheet. These
refugia were, first, the place of origin for G. salaris and populations of S. salar that transformed into the Baltic and
landlocked salmon races upon deglaciation; second — the ground for co-adaptation of the host and the parasite.

3. G. salaris was not present in the refugium covering the spawning rivers in the ice-free part of Western Europe
and the feeding grounds in the East Atlantic, wherefore the North Atlantic salmon race originating from the area was
not prepared to face the parasite, and a sudden human-induced introduction of G. salaris in Norwegian rivers resulted
in mass mortalities among the salmon parr.

4. The relations between G. salaris and Atlantic salmon in Norwegian rivers and the Keret river are similar to the
phenomenon demonstrated in the 1930’s by the parasite Nitzschia sturionis and the Aral population of the ship
sturgeon Acipenser nudiventris. The two species live side by side in the Caspian Sea without any negative
consequences for the fish. However, incidental transport of N. sturionis to the Aral Sea with the introduced stellate
sturgeon provoked heavy infestation of the Aral ship sturgeon resulting in its mass deaths (Dogel’, Lutta 1937; Lutta
1941). This incident has become an exemplar described in reviews and academic literature. It has now been
complemented by a similar scenario of relations between G. salaris and S. salar.
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5. G. salaris invasion in Norwegian rivers and the Keret river (White Sea) with the catastrophic consequences for
Atlantic salmon parr is to be considered as yet another danger signal urging us to be more careful about the ecological
consequences of human activities in waterbodies.
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LOCALIZATION OF ATLANTIC SALMON
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INTRODUCTION

Atlantic salmon has an extensive species range. It spawns in many rivers of the European Atlantic coast, basins of
the Baltic, White and Barents seas, in some rivers of Iceland, Greenland and North America. Many of these territories
were affected by the last Pleistocene glaciation (Weichselian), with the maximum at about 17-24 ka BP. The process
of glaciation and subsequent deglaciation caused a rearrangement of water systems and concomitant biogeographic
changes. During glaciation, Atlantic salmon populations survived in periglacial waterbodies which were favourable
climatically, i.e. refuges. After deglaciation, Atlantic salmon dispersed from there to new territories, where new
populations arose, younger relative to more ancient ones.

There are different opinions as to the glacier borders and the structure of water systems during the glaciation
period (Benn & Evans 1998; Chuvardinsky 1998; Grosvald 1999), hence it is difficult to determine a possible
Atlantic salmon refuge localization. The analysis of paleo- and zoogeographic data permitted to suggest that one of
such refuges may be proglacial lakes in southeastern part of the Baltic drainage (Kudersky 1977). This hypothesis is
supported by allozyme and mtDNA studies showing genetic differentiation within the Baltic basin between the
populations of its northwest and southeast (Koljonen et al. 1999; Nilsson et al. 2001) and on the whole, between the
complexes of Baltic and Atlantic populations (Stahl 1987; Verspoor 1988, 1999).

In this paper, we attempted to localise possible refuge through connecting them, in the context of paleogeographic
data, with the location of more ancient populations. Evidently, the gene pool of such populations is more similar to
the ancestral one, which served as the source of genetic variation of modern populations. For this purpose, we used
the approach inferred from the idea of genetic processes in subdivided populations or population systems (Altukhov,
Rychkov 1970).

Population systems possess homeostasis, showing also both genetic stability, i.e. the propensity to maintain
inherent structure, and own genetic variation in time. Therefore more ancient populations, which survived in refuges,
are genetically more similar to an ancestral population — “prapopulation” than more recent populations, which
inevitably experienced period(s) of low numbers. Because gene frequencies alter discordantly during the formation of
new populations, the total species preserves the gene frequencies of the “prapopulation” (Altukhov, Rychkov 1970;
Rychkov 1973). Thus, it is possible to reconstruct the latter frequencies through averaging gene frequencies of
modern populations. Such an approach has been applied earlier for other salmonid species — chum salmon,
Oncorhynchus keta Walbaum. It was shown that the gene frequencies of the populations that were not affected or
slightly affected by glaciation, are similar to averaged frequencies of this species (Salmenkova et al. 1992).

MATERIALS AND METHODS

In this paper, we used own and published data (Bourke et al. 1997; Skaala et al. 1998) on allele frequencies at nine
polymorphic loci coding some isozymes of aspartate aminotransferase (s4A7-4%*), esterase-D (ESTD?*), fructose-
biphosphate aldolase (FBALD-3*), L-iditol dehydrogenase (IDDH-1*, IDDH-2%), isocitrate dehydrogenase
(IDHP-3%*), malate dehydrogenase (sMDH-3*), malic enzyme (mMEP-2%*), triose-phosphate isomerase (7P/-3*) — in
19 populations of S. salar from different parts of its range (Fig. 1). Interpopulation homology of the alleles of these
loci was examined in studies indicated.

Gene frequencies in the ancestral population were calculated through averaging correspondent frequencies of
modern populations. Similarity degree of the gene pools of modern and ancestral populations was estimated by means
of Nei's (1978) unbiased genetic distances. All calculations were conducted using the BIOSYS software package
(Swofford, Selander 1981).
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Fig. 1. Atlantic salmon range (shaded). 1 — Narcea, 2 — Nive, 3 — Spaddagh, 4 — Dee, 5 — N. Esk, 6 — Dalalven, 7— Lulealven,
8 — Tornionjoki, 9 — Simojoki, 10 — Numedalslagen, 11 — Hop, 12 — Oyre, 13 — Neiden, 14 — Tana, 15 — Pecha, 16 — Kachkovka,
17 — Nilma, 18 — Laxa i Dolum, 19 — St John

RESULTS AND DISCUSSION

The results of the analysis are given in Fig. 2. The gene pool of populations of the British Isles (III-V in Fig. 2)
and two Norwegian populations (X and XIII) proved to be the most similar to the reconstructed gene pool of the
putative ancestral population. The populations of other Norwegian rivers (XI, XII, XIV), Baltic (VI-IX) and the Kola
peninsula (XV, XVI) proved to be slightly less similar to the ancestral population. The populations of Iceland and
Biscay Bay diverged more essentially; the populations of the White Sea River Nilma (very small and unstable) and
the Canadian River St-John are most genetically distant.

The maximal similarity of the gene pools of the “prapopulation” and British populations may suggest, as it has
been said above, an ancestral nature of the latter and, hence, the refuge location in this region. Indeed, the southern
part of the British Isles was not affected by Weichselian glaciation (Benn & Evans 1998; Grosvald 1999). Moreover,
a large area between the British Isles and the continent dried up due to a drop in the sea level during glaciation. Water
systems in this area were possibly inhabited by large populations or population systems of S. salar; they could be the
pool from which salmon spread to new territories that freed of ice. Genetic variation or gene diversity of such a
system formed the basis of the total genetic variation of many modern Atlantic salmon populations.

Remarkably, the quantitative estimate of the total gene diversity for a group of populations is calculated, after
M. Nei (1978), on the basis of averaging gene frequencies in this group. The populations most similar to the ancestral
one do have rather high values of the gene diversity: mean heterozygosity value in British populations is 0.248 with a
range in this group 0.086 to 0.302. Moreover, populations of the British Isles differ from other European populations
in the highest value of the mtDNA haplotype diversity (Verspoor et al. 1999).
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Fig. 2. Schematic representation of the reconstructed 'prapopulation’ (ancestral population) and several contemporary populations of Atlantic
salmon. At radii are the frequencies of the following *100 alleles (from top): sSAAT-4*, ESTD*, FBALD-3*, IDDH-1*, IDDH-2*, IDHP-3*,
sMDH-3*, mMEP-2*, TPI-3*. Allele frequencies 0-1 are shown in the centre. Population designations (Roman numerals) are as in Fig. 1. Arabic
numerals denote the values of Nei's genetic distance (Nei 1978)

It is thought that the degree of genetic similarity to the putative ancestral population depends upon the relative
contribution of spreading refuge population(s) to the formation of one or another new population. Ancient populations
inhabiting the area of the British Isles and neighbouring continental areas are likely to have contributed mainly to the
formation of many modern (post-glacial) populations of northern Europe.

All information gathered suggests that this refuge was not the only one, and we have noticed signs of possible
refuge existence in proglacial lakes located in the eastern part of the Baltic basin. Presumably, it is from here that
Atlantic salmon spread into the southeastern part of the Baltic basin and the southern part of the White Sea basin
(Zelinsky 1975; Kudersky 1977; Semeonova 1988; Kazakov, Titov 1991). The populations of these areas differ from
the ones of adjacent regions in the frequencies of several allozyme genes and the composition of mtDNA haplotypes
(Kazakov, Titov 1991; Koljonen et al. 1999; Nilsson et al. 2001).

Interestingly, a similar picture of refuge localisation in northern Europe was proposed also for a close species —
the brown trout, Salmo trutta L., on the basis of genogeographic data. One of the refuges was likely to have been
located along the eastern coast of the Atlantic Ocean. The southern part of the White Sea basin and eastern part of the
Baltic basin were colonised by S. trutta from the refuge adjacent to the eastern region of the Baltic basin (Makhrov et
al. 2002).

The allele ESTD*92 occurs in a significant concentration in salmon of the Kola peninsula rivers, is absent from
other European populations, but is close to fixation in North American populations (Bourke et al., 1997; Makhrov et
al., 1998, 2001). Besides that, the mtDNA haplotypes typical for North American populations were revealed in two of
the northern Kola Peninsula rivers (Verspoor et al. 1999; Makhrov et al. 2001). Thus, migrants from the American
part of the range play a role in the gene pool formation of some European populations of Atlantic salmon.

Therefore, the above analysis suggests that post-glacial distribution of Atlantic salmon throughout Europe may
have originated in refuges located in the British Isles area, in the eastern part of the Baltic basin, and in North
America.
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INTRODUCTION

The Baltic salmon Salmo salar L. is an endangered species in Estonia. By the beginning of the 1990s, six out of
the former 11 populations became practically extinct. Small native self-sustaining populations of salmon still exist in
four North-Estonian rivers discharging into the Gulf of Finland (Vasalemma, Keila, Loobu, Kunda) and in the River
Pérnu in the Gulf of Riga basin (Fig. 1). Native stocks of the rivers Purtse and Narva have been lost; in the River
Narva it has been replaced with a reared population. Salmon stocks of the rest four rivers (Pirita, Jigala, Valgejogi,
Selja) were considered to be either very weak or lost. Two of these, rivers Jdgala and Selja, had been strongly
polluted until 1990s, but later the water quality improved. Since 1997, the PSlula Fish Rearing Centre started regular
stocking of these rivers with the aim to re-establish the salmon populations there. Eggs of salmon from the River
Neva stock were imported from the Laukaa hatchery in Finland. Tagged young salmon were released into the rivers.
In the River Narva (Narova), conventional enhancement releases were carried out. For this purpose, eggs were
collected from ascending spawners.

In this paper, the status of salmon populations in stocked Estonian salmon rivers before and after stocking is
reviewed and data about recaptures of tagged salmon are analysed.

MATERIAL AND METHODS

The parr were caught by electrofishing in four relatively small (Fig. 1, Table 1) North-Estonian rivers (Pirita,
Jagala, Valgejogi, Selja) in the early autumn of 1992-2000. The area of test-fishing sites was measured and the
density of salmon juveniles of every year class (by year of hatching) per 100 m* was calculated. Data about the
recovery of tagged fish were collected. All the fish released by the Polula hatchery were fin-clipped (except the year
1999 when fin-clipping was incomplete) and some of the fish were also marked with external (Carlin) tags. The
Carlin tagged smolts and parr have been released into the River Selja since 1997, into Valgejogi and Jégala since
1998, into the Pirita and Narva since 1999 (Table 2). Prior to the activities of the Pdlula hatchery, small parties of
untagged parr were released to the River Valgejogi in 1996-1997. Data about recaptures of individually tagged fish in
the Baltic Sea were provided by fishermen. Fin-clipped fish have only been recaptured as spawners in the River
Narva and in the mouth of the River Selja.

To estimate the growth rate of the stocked salmon, the total length (TL) of individually tagged fish (n=26) which
had spent two summers in the sea (caught from June to November) was compared with the size of salmon of similar
age caught from the River Narva. River Narva salmon were caught and measured by fishermen in autumn (from
October to November) of 1998-1999 (n=171). The age of the Narva salmon was determined by scale reading.
Differences in the growth rate were estimated by the Student’s t-test.

RESULTS

There was no regular spawning of salmon in the four studied rivers before the stocking (Table 3). A few parr were
caught from the River Pirita in 1992. Only in the River Selja, reproduction had evidently taken place in 1994, 1995 and
1998. In 1999, one-summer-old salmon was found in all stocked rivers. One-year-old parr were missing from Pirita and
Jagala in 2000, but were present in Valgejogi and Selja.
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Fig. 1. Estonian salmon rivers
Table 1.
Parameters of stocked salmon rivers
River Average | Lowest Distance from Recent natural Present
flow low water | the sea to the first | production of reproduction
(m’/s) (m’/s) obstacle (km) smolts (1000) area (ha)
Pirita 6.7 1.0’ 24 <1 10
Jégala 7.2 0.2 2 0 <1
Valgejogi 34 0.1 8 0 1.5
Selja 2.4 0.1 12 <1 9
Narva 410.0 70.0 15 — —

! River Pirita belongs to the water supply system of Tallinn city. Minimum flow permitted by water licence is 1 m’;
- no natural reproduction

117 individually tagged salmon were recaptured in 1997-2000. The recaptures were mostly from the Gulf of Finland
(79%). Most fish recaptured to date were those released as big smolts into the River Valgejogi. In the Baltic proper, tagged
salmon were caught most often around Bornholm Island. The recapture rate of fish released into the rivers Selja and
Valgejogi in 1997 and 1998 as two-year-old smolts was 1.3 and 4.9 %, respectively. In the mouth of River Selja, both
tagged and untagged spawners have been caught. In 1998, 9 out of 24 and in 1999 — 5 out of 7 spawners caught were fin-
clipped. In Narva, the proportion of fin-clipped fish has risen. In 1998 two and in 1999 — 7 fin-clipped fish were caught.

Some strayers were found in the rivers not native to them. A tagged specimen stocked into the River Valgejogi in
spring 1998 was caught the same autumn in the River Selja. Two fin-clipped fish were caught from the Narva River
in 1998, i.e. before any tagged salmon from the PSlula hatchery were released into this river. Also, it is improbable
that an over 3 kg fin-clipped male caught in autumn 1999 could have grown to this size over 1 summer. A fin-clipped
female (2.2+) caught in the River Narva in 2000 can also be classified as a strayer because the fish had been released
in the spring of 1998.
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Table 2.
Number (n) and average weight (w) of salmon stocked into the rivers
of the Gulf of Finland in years 1996-1999

River Age | 1996 1997 1998 1999 Number of
n w n w n w n w individually
(th) | (&) | (th) | (2) | (th) | (2 (th.) | (g) | tagged fish
(th.)
Pirita 1 - - - - - - 24.6 | 12.0 —
Pirita 1+ - - — - 21.4 | 86.0 - — —
Pirita 2 — - — — — — 10.2 | 65.0 0.9
Jagala - - — - 19.8 | 74.0 10.0 | 79.0 2.0
Valgejogi 1 31.8 | na 5.8 na — — 284 | 12.0 —
Valgejogi 1+ — - - 143 | 66.0 — - -
Valgejogi 2 - — — [305]1190] 182 [ 64.0 2.0
Selja 1 - — — - - — 345 | 14.0 —
Selja 1+ — — — — 16.7 | 77.0 -
Selja 2 - - 29.0 | 70.0 | 39.6 | 103.0 | 199 | 71.0 4.1
Narva' 0+ — — — — | 43.0] 35 [ 550 | 23 —
Narva' 1 81.0 | 20.0 | 129.0 | 25.0 | 80.0 | 23.0 | 109.5 | 22.0 —
Narva' 1+ | 11.7]23.0] - — 1240 23.0 — — —
Narva' 2 73 [260] - — — — — — —
Narva’ 1 — — — — — - | 347 ]340 1.5

! released by the Narva hatchery (Russia);  released by the Pdlula Fish Rearing Centre (Estonia)
— no stocking; na - not available

Table 3.

Density of wild parr (n/100 m?) in stocked salmon rivers
Year River and age of parr
class Pirita | Jégala | Valgejogi | Selja

0+ 1+ 0+ 1+ 0+ 1+ 0+ 1+

1992 1.9 - 0 - - - - -
1993 - 0 - 0 - - - -
1994 0 0 0 - - 0 - 6.5
1995 0 + - - 0 0 13 0.4
1996 0 0 - 0 0 0 0 0
1997 — 0 0 0 0 0 0 0
1998 0 0 0 0 0 0 0 2.3
1999 15 1.7 0.5 0 22 1.0 0.1 0.5
2000 0 — 0 — 0.1 - 32 —

+ data unreliable because of extreme conditions; — no electrofishing;
Area under line - years of stocking

Mean length of the tagged fish caught during the first summer in the sea was 52 cm, during the second summer —
69 cm and during the third summer — 83 cm (Fig. 2), mean weight was 1.5, 3.8 and 7.5 kg respectively. However,
some individuals reached 6.8 kg after one year and 12 kg after two years in the sea. Tagged A.1+ salmon from small
Estonian rivers were significantly bigger than untagged salmon grilse from the River Narva of the same age (Fig. 3).
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DISCUSSION

In native wild North-Estonian salmon populations, the densities of one-summer-old salmon have varied across
years from 0 to 95 individuals/100 m?, two-summer-old — 0-22 individuals /100 m* (Kangur and Viilmann 1999). In
all the rivers, some year classes are weak or absent. Thus, fluctuations of the reproduction success of salmon in small
Estonian rivers are evident, and the absence of one or two year classes does not indicate that the population has been
exterminated. Currently, the main reason for the weak reproduction or total lack of some year classes is probably the
small number of ascending spawners and may be also the M74 syndrome. The mortality of newly hatched larvae due
to M74 was 20-80 percent among wild salmon in the Gulf of Bothnia rivers in 1988-1997 (Anon. 1999). The M74
syndrome has also been recorded among salmon of the Narva River since 1996 (Kivisilla et al. 1997). Native salmon
rivers of Estonia are small (Table 1) and poor in water during the summer low water period. The area of spawning
grounds is limited. The chances for successful spawning of salmon are strongly affected by the strength of the autumn
high water. The low water level may decrease the reproduction success because it obstacles the ascent of spawners to
the spawning grounds and favours poaching.

In 1999, the progeny from natural reproduction was detected in all stocked rivers, while in 2000 — only in rivers
Valgejogi and Selja. This means salmon had spawned in the stocked rivers in autumns 1998 and 1999. However,
were the spawners the stocked fish? Most of the female Neva salmon return to spawn after three summers in the sea
and most of the males return as grilse — after two summers in the sea (Kazakov 1990; Kupper 2000). In two of the
stocked rivers, the spawning of hatchery fish is probable. Catches of fin-clipped salmon in the mouth of the River
Selja indicate that the fish released in 1997-1998 had returned as spawners in 1998 and 1999. One-year-old parr
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released into the River Valgejogi in 1996-1997 probably descended next spring and could also first come to spawn in
1998-1999. But the vigorous cohort in the River Pirita in 1999 can not be explained by stocking activities. In Pirita,
remnants of the native population may have persisted and recovered simultaneously with stocking. The latter is valid
also for the River Jagala, also first stocked in spring 1998. Probably, some strayers from native populations spawned
there in the autumn 1998. Straying of stocked salmon in Estonia is confirmed by catches of tagged fish in foreign
rivers. The straying rate has possibly grown in connection with stocking activities in the late 1990s. The rivers are
small and smolts were released within a short distance from the river mouth, which may decrease the precision of
homing. Slackened homing can lead to colonisation of rivers where the salmon population is weak or lost. Thus, the
successful reproduction in all the restocked salmon rivers in Estonia in 1998 is probably the result of both returns of
stocked fish and good spawning conditions in the autumn of that year. However, the continuing reproduction seems to
prove certain success of stocking.

Kallio-Nyberg and Ikonen (1992) noted that the feeding migration of the salmon of the Neva strain takes place
mostly in the Gulf of Finland. However, some specimens were caught from the Baltic proper, too. Our results
generally support this view; nevertheless, it must be noted that a significant proportion (ca 20%) of tagged fish was
caught from the Baltic proper. Therefore, we may conclude that the Neva salmon may perform long-range migrations
beyond the Gulf of Finland. The size of smolts may also affect the migration pattern of our salmon, like it was
detected in the Gulf of Bothnia (Salminen et al. 1994).

The recapture per cent was not high, but the data are not complete yet. It takes several years before all the fish of
one year class will be recovered from the sea. Releases of large smolts into the River Valgejogi began one year later
than into the River Selja, but their recapture rate was about three times higher. One of the reasons for the better
recovery of the River Valgejogi salmon may be the better retention of the tags, as a slightly different tagging
technology was used.

The growth rate of individually tagged salmon was higher compared with salmon from other population of the
Gulf of Finland (Kazakov 1990; Kupper 2000). It is probably related to the size of the released smolts (Petersson et
al. 1996). At the same sea age, the salmon which had been stocked into small North-Estonian rivers are significantly
bigger than those that descended the River Narva as smolts in 1996-1998. The small-sized one-year-old hatchery parr
(25 g on average) released by the Narva hatchery may stay in the river for one more year and descend to the sea as
two-year-old smolts (Khristoforov & Murza 1998; Kupper 2000). Therefore, the salmon that descended the River
Narva in 1996-1998 can be classified as semi-wild smolts compared to the almost 100% smoltified larger fish
released by the PSlula Fish Rearing Centre since 1999. It is highly improbable that smolts from the Narva river had
grown to the same size as e.g. the tagged hatchery smolts released to the River Valgejogi (average weight 130 g). The
weight of natural smolts usually does not exceed 70 gram on this latitude. Thus, the better growth of tagged fish
compared with unmarked salmon caught from the River Narva is probably connected with their size differences at the
smolt stage.

CONCLUSIONS

1. Wild salmon juveniles occurred in all the four stocked Estonian rivers in 1999 and in two rivers in 2000.
Considering the short time interval between releases of hatchery fish and reoccurrence of the progeny, the natural
reproduction seems to be a combined result of stocking and straying of wild spawners.

2. Recapture data of tagged salmon stocked into Estonian rivers (the Gulf of Finland basin) indicated their good
growth in the sea and migration pattern which includes the Baltic proper, but also a certain rate of straying.
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INTRODUCTION

The landlocked salmon (Salmo salar L. morpha sebago Girard) is one of the most valuable representatives of the
freshwater fish fauna. The salmon is both of high commercial value, and of significant scientific interest. The species
has always been quite abundant in Republic of Karelia, especially in its large lakes — Onego and Ladoga. However,
the growing anthropogenic pressure on the aquatic environment and detrimental impact of uncontrolled fisheries have
resulted in a situation where the preservation of landlocked salmon stocks, especially in Lake Onego (the main
salmon water body of Karelia), needs to be addressed closely. At present, total recorded landlocked salmon catch in
Karelia is 2.5 ton/year at most, versus the 10-12 ton formerly caught from Lake Onego only.

Increased artificial rearing volumes and improved stocking material quality in combination with other measures
would help restore the abundance of the landlocked salmon. These activities are now developing rather slowly
because of the lack of adequate facilities for producing high-quality stocking material and the deficit of up-to-date
scientific knowledge of the salmon biological features. For such facilities to be created, we need to scientifically
substantiate the efficiency of hatchery rearing for the landlocked salmon and the preservation its high productive
qualities. There now exists convincing evidence that quantitatively salmon rearing in hatcheries yields good results.
About a half of the fish from recorded catches is the once released hatchery salmon. However, the quality of hatchery
fish during the lake-feeding period has not been studied so far, and it is therefore difficult to evaluate the overall
efficiency of hatchery rearing.

In view of the need to restore the commercial stocks of landlocked salmon and the expediency of expanding the
volumes of its hatchery rearing, Republic of Karelia Fisheries Committee (“Karelrybvod”) has ordered to investigate
the biological features of lake-feeding salmon, find out its population structure, evaluate the dynamics of biometric
parameters and morpho-physiological attributes, identify the similarities and distinctions between hatchery-reared and
wild individuals in the investigated parameters. Simultaneously, a tentative assessment of the fish quality during the
lake-feeding period was to be given and possible ways of raising the efficiency of hatchery rearing were to be
considered.

MATERIAL AND METHODS

Lake-feeding salmon specimens were collected in July-August 1999 using trawl lines and trap nets installed in the
Sheltozero-Brusno area (against the Lahtinskaya Bay entrance) of L. Onego. A total of 72 specimens were collected,
of which 50 (25 hatchery-reared and 25 wild individuals) were used in the morphological and morpho-physiological
analyses.

The material was treated following conventional methods (Pravdin 1966; Smirnov et al. 1972). The morpho-
physiological analysis included a survey of 9 meristic and 36 plastic parameters, size-weight structure and weight
indices of internal organs (heart, liver, gill, spleen, stomach, intestine).

The specimens were aged by examining the scales. No transition rings, spawning marks or epithelial erosion were
found on the scales. Hatchery-reared two-year-old salmon released into rivers of Lake Onego (Shuja, Syapsya,
Lososinka, Suna) are mostly marked by adipose fin clipping. This mark was used to distinguish between hatchery and
wild fish. Furthermore, nearly all hatchery-reared fish had a curvature of the dorsal fin rays, caused by necrosis. This
defect also helped identify hatchery-reared individuals.

All factual material was treated statistically, using standard variational statistical methods (Lakin 1980).
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RESULTS AND DISCUSSION

The size (AC) of the lake-feeding salmon specimens examined in 1999 ranged from 38.0 up to 79.5 cm (Table 1).
Fish sized 50-70 cm dominated, accounting for 73.6% of the sample. The body weight at all the fish examined ranged
from 0.4 up to 5.1 kg. Fish weighing 1.0 to 3.5 kg were most frequent.

Table 1.
Size-weight structure of lake-feeding salmon from Lake Onego
Parameters Limits M+m n
Length AC, cm
40 45 50 55 60 65 70 75
2 5 3 9 13 15 16 5 4 38.5-79.5 160.35+0.23 | 72
ind. ind. ind. ind. ind. ind. ind. ind. ind.
Weight, kg
05 1.0 1.5 20 25 3.0 35 40 45 5.0
3 6 12 10 15 9 11 1 2 2 1 2.26+0.26 | 72
ind. | ind. | ind. | ind. | ind. | ind. | ind. | ind. | ind. | ind. | ind. | 04-5.1
Length AC, cm Range M=+m n
40-45-50-55-60—-65—-70-75
2 | 5 [ 3 ] 9o | B3] 1516 ] 5 | 4 38.5-79.5 60.3540.23 | 72
Weight, kg 0.4-5.1 2.26+0.26
0.5-1.0-1.5-2.0-2.5-3.0-3.5-4.0-4.5-5.0
3 e 2w liis] o] 1] 2]2]1

The lake-feeding population of the Onego landlocked salmon contained fish aged from 3+ to 7+ years. Fish aged
five (4+) to seven (6+) years usually predominated, and the modal age class was six-year-old salmon (Table 2).
A.V. Valetov (1999) reported of a nearly identical age structure of the spawning salmon population in Lakes Ladoga
and Janisjarvi. According to his data, the modal age of recruits in the Ladoga spawning population is 4+-5+.
Summarising the data of different authors, D.K. Khalturin (1966) found that the dominant age in various populations
of the Ladoga landlocked salmon was also 4+-5+. He also noted, however, that depending on the hydrological and
ecological environmental factors, the modal age classes usually differ in migrating salmon populations in the northern
and southern parts of Lake Ladoga.

Table 2.
Age structure of lake-feeding salmon
Number of specimens Age (river and lake periods) Total
3+ [ 4+ | 5+ | 6+ | T+
Hatchery-reared 5 13 20 — — 38
Wild 1 5 10 12 6 34
Total 6 18 30 12 6 72
%% 8 25 42 17 8 100
% of hatchery-reared 83 72 66 0 0 53

The lake-feeding population of the Onego landlocked salmon in the Sheltosero area comprises both wild and
hatchery-reared fish. However, the ratio of wild and hatchery-reared individuals differs across age classes. The
greatest per cent of hatchery-reared individuals was recorded among 3+ fish (83%). The proportion in the following
two age classes (4+ and 5+) decreased to 72% and 66%, respectively. No 6+ or 7+ hatchery-reared individuals were
found in the catches (Table 2).

Hatchery-reared fish accounted for 53% of the total sample, proving that artificial rearing of salmon is essential to
the formation of its lake-feeding population, and should therefore be further developed and improved.

The age structure of salmon depending on the duration of life in the river and lake is given in Table 3. Analysis of
the data has shown that the salmon may spend 2 to 4 years in the river. This is in agreement with the data of
Yu.A. Smirnov (1971) for the Onego landlocked salmon and of V.A. Valetov (1999) for the Ladoga landlocked
salmon. Such duration of life in the river is typical of virtually all Atlantic salmon populations (Veselov 1998; Bartel
1998; Kazakov & Veselov 1998 etc.). On our survey, juveniles spending 2 and 3 years in the river each made up 47%
in every juvenile age class, whereas those spending 4 years there — only 6%. This ratio for the ages of juveniles
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migrating to the lake differs from the long-term data of Smirnov (1971) on the salmon spawning population in the
Shuja river. According to his data, fish spending 2 years in the river accounted for 66% on average, 3 years — 33%,
and 4 years — 1%. This discrepancy suggests that salmon from Shuja feed also in areas other than the southwestern
shore (Sheltosero-Brusno) of L. Onego.

In contrast to wild fish, all hatchery-reared individuals in our survey descended to the lake at an age of 2 years.
Only 2 of the 38 hatchery fish examined migrated to the lake at an age of 3 years. These were fish of the 1994
generation, when, as reported by Karelrybvod, a small batch of 3-year-old fish (17,600 individuals) was released into
the river. We may assume that all hatchery-reared two- and three-year-old juveniles of landlocked salmon released
into the river early in spring descend to the lake the same year.

Table 3.
Age structure of lake-feeding salmon with account of the river and lake period duration
Age 2.1+ | 2.2+ | 2.3+ | 2.4+ | 3.1+ |3.2+ | 3.3+ | 3.4+ | 4.2+ 4.3+ Ti(:[sl’
H 5 13 18 - - 2 - - - - 38
% 1 4 7 4 1 3 7 5 1 1 34
Total 6 17 25 4 1 5 7 5 1 1 72
%% of fish with [ H 95 5 0 100
different river period W 47 47 6 100
duration

Note: W — wild individuals, H — hatchery-reared individuals, n — no of specimens.

Comparison of the size-weight parameters of wild and hatchery-reared salmon revealed no clear distinctions in
most age classes. The only exception was the fish aged 2.1+ and 3.2+. Here, wild individuals were somewhat larger
than hatchery-reared fish (Table 4).

Table 4.
Size-weight parameters of salmon from Lake Onego
Age 2.1+ 2.2+ 2.3+ 2.4+ 3.1+ 3.2+ 3.3+ 3.4+ 4.2+
Weight, (W | 840+11 1400+£214.5 | 2627.8£127.5 | 4213.8+404.7 | 590 | 1986.7+456.7 | 2732.9+264.9 | 4100.0+£330.2 | 125.0
& H [ 585+66.9 | 1469.2+£107.2 | 2582.7+107.6 — — | 1203.3+401.7 2540.0 — -
Length (W | 45.5+7.5 52.842.7 65.6+1.3 74.3£2.9 [40.5 57.6£3.9 65.4+1.5 73.7£1.2 49.0
AC M HTI13200 | 55.0812 | 654510 — | 540569 62.7 _ _

Note: W — wild individuals, H — hatchery-reared individuals.

Where the conditions of reproduction hardly produce any effect on growth, the duration of life in the river tells
significantly on the size-weight parameters of fish of the same age (Table 4). Wild salmon aged 2.2+ had a greater
length (52.8 cm) and weight (1400 g) than wild fish aged 3.1+ (length 40.5 cm, weight 590 g). Within the same age
class (4+), fish spending less time in the river have an advantage of another season of foraging in the lake. This is true
also for the fish aged 2.3+ and 3.2+ (total 5+); 2.4+, 3.3+ and 4.2+ (total 6 +). Our data will are in conformity with
the results of Smirnov (1971), Valetov (1999), etc.

Analysis of the sexual structure of the salmon population foraging in the Sheltozero area has shown the per cent of
females in different age classes to range from 17 to 83%. Even though the sex ratio changes with age, females
generally prevail, at least slightly. Thus, females accounted for 54% of the population at large (Table 5).

A similar sex ratio was found by Veselov et al. (1998) in juvenile Atlantic salmon migrating to foraging grounds.
According to Smirnov (1971), females prevail in practically all spawning populations of landlocked salmon from
Lake Onego. E.g., the proportion of females in the salmon population spawning in the Shuja River in 1931-1965
varied from 61 to 80%, with a mean of 70.4%. Valetov (1999) showed that the female/male ratio during the spawning
migration of salmon from Lakes Ladoga and Janisjarvi was 2.4-3.4:1.
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Table 5.
Sex ratio (%) of lake-feeding salmon

Age (river and lake periods)
3+ | 4+ | 5+ | 6+ 7+
Female 17 61 47 83 50 54
Male 83 39 53 17 50 46
n 6 18 30 12 6 72

Sex Total

On the other hand, Khalturin (1966) reported that salmon populations in rivers Pasha and Oyat’ had equal
proportions of the sexes, males occasionally being twice as numerous as females. These reports give us reason to
believe that the male/female ratio changes in different age classes of the spawning, migrating to foraging grounds and
foraging salmon.

Results concerning the meristic parameters of lake-feeding salmon are shown in Table 6.

Table 6.
Meristic characters of lake-feeding salmon from Lake Onego (2.1+ - 3.3+)
Character M=+m Min Max CcV Td**

Lateral line scales 118.4+0.5* 113.0 125.0 2.2 -0.1
118.5+0.2 116.0 121.0 1.0

Scales above lateral line 21.6+0.3 19.0 24.0 6.9 2.3
20.8+£0.2 19.0 24.0 5.4

Scales below lateral line 20.1£0.2 18.0 22.0 54 0.4
20.0+£0.2 18.0 22.0 5.1

Dorsal rays 12.6+0.2 10.0 14.0 8.9 6.1
10.7£0.2 9.0 12.0 9.4

Anal rays 10.6+0.1 10.0 13.0 6.7 1.7
10.2+0.1 9.0 11.0 5.8

Gill-rakers on 1st arch 20.2+0.2 19.0 22.0 4.3 -0.9
20.4+0.2 18.0 23.0 5.3

Pyloric caeca 66.7+1.1 58.0 78.0 8.0 -34
73.2+1.6 62.0 92.0 11.0

Trunk vertebrae 33.4+0.4 31.0 38.0 5.8 -0.3
33.7+0.5 30.0 39.0 7.6

Tail vertebrae 20.24+0.2 19.0 23.0 5.9 -0.3
20.3+£0.2 19.0 22.0 5.7

* — in the numerator — data on wild salmon (n = 25), in the denominator — on hatchery-reared salmon (n = 25).
** — Student t-test for meristic parameters between hatchery-reared and wild salmon.

Nine parameters were investigated. The greatest variation was found in the number of rays in the dorsal fin and
the number of pyloric caeca. The coefficients of variation of the parameters were 12.0 and 10.8, respectively. Wild
and hatchery-reared individuals differed in 3 meristic parameters. Thus, wild salmon generally had more scales above
the lateral line and more rays in the dorsal fin. Nonetheless, the mean number of scales above the lateral line being
different in wild and hatchery-reared fish, the variation limits were the same (19-24). The number of rays in the dorsal
fin ranged from 10 to 14 in wild salmon, and 9 to 12 — in hatchery-reared salmon. The number of pyloric caeca and
range of its variation were greater in hatchery-reared salmon. This may be due to the use pelleted foods in hatcheries.

Data on plastic parameters are represented in Table 7. We investigated 36 plastic parameters, of which 24 were
represented as % of the body length (AC), and 12 — as % of the head length. Wild and hatchery-reared individuals
displayed differences in 4 of the relative morphometric parameters. Thus, the least body depth, length of dorsal base
and max depth of the dorsal fin were greater, and the caudal peduncle length — smaller in wild than in hatchery-reared
salmon. This is obviously due to a more elongated posterior part of the hatchery salmon body. As to the dorsal fin, its
size in wild salmon might be influenced by more strenuous living conditions, while in hatchery-reared fish necrosis
could have played a part.

Data on the weight indices of internal organs are summarised in Table 8. It follows from the data that the values of
the organ indices do not differ in fish reared under different conditions. The only exception was the relative weight of
the intestine. It was greater in hatchery-reared salmon. A possible reason for the greater number of pyloric caeca and
relative weight of the intestine in hatchery-reared salmon was the use of dry pelleted foods in hatcheries. Such foods
are known to contain more ballast substances than the live food items consumed by salmon in nature.
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Table 7.
Plastic parameters of lake-feeding salmon (2.1+-3.1+) from Lake Onego

P Wild salmon | Hatchery-reared salmon Td*
arameters
% of body length

Snout length 7.0£0.1 6.7+0.1 1.4
Eye diameter 2.440.1 2.4+0.1 -0.2
Postorbital length 11.3+0.1 11.6+0.1 -1.6
Length of an average part of head 15.9+0.1 15.6+0.2 1.1
Head length 20.9+0.2 20.9+0.1 0.0
Head depth at nape 14.0+0.2 13.6+0.1 1.7
Forehead width 8.0+0.1 7.9+0.1 0.2
Length of upper jaw 10.5+0.1 10.2+0.1 1.6
Length of lower jaw 11.9+0.2 11.7+0.1 0.9
Max body depth 21.7+0.3 21.1+0.4 1.1
Least body depth 7.0+0.1 6.84+0.0 31
Antedorsal length (Snout to dorsal 41.4+0.3 41.4+0.5 0.1
insertion)

Postdorsal length 41.3+0.2 41.3£0.3 0.0
Anteventral length (Snout to ventral 51.3+0.3 50.9+0.2 1.5
insertion)

Anteanal length (Snout to anal 69.8+0.3 70.0+£0.2 -0.8
insertion)

Caudal peduncle length 18.7+0.2 19.6+0.2 -3.4
Length of dorsal base 11.3+0.1 10.5+0.2 3.2
Max height of dorsal base 11.4+0.2 9.5+0.3 6.1
Length of anal base 10.6+2.7 7.3+0.1 1.2
Max height of anal base 10.0+0.2 9.8+0.1 1.1
Pectoral fin length 13.4+0.2 13.3+0.1 0.4
Ventral fin length 11.30.1 11.0+0.1 1.8
Distance between P and V 29.2+0.2 29.2+0.2 0.0
Distance between V and A 19.24+0.2 19.4+0.2 -0.7

% of head length

Snout length 33.4+0.4 32.2+0.6 1.6
Eye diameter 11.6+£0.4 11.7+£0.3 -0.3
Postorbital length 54.3+0.3 55.5+0.6 -1.8
Length of an average part of head 76.2+0.3 75.2£1.0 0.9
Head depth at nape 67.1£1.2 65.5+0.9 1.0
Forehead width 38.1+0.5 38.3+0.5 -0.2
Length of upper jaw 50.1+0.4 49.3+0.5 1.3
Upper jaw depth 8.2+0.2 7.8+£0.2 1.4
Length of lower jaw 56.9+1.0 56.3+0.6 0.5
Height snout of a site 41.5+£0.7 39.9+0.4 1.8
Breadth snout of a site 33.240.3 32.6+0.3 1.3
Least body depth 33.6+0.3 32.7+0.4 1.6

*— Student t-test for plastic parameters between wild and hatchery-reared salmon. (n = 25, Tdi = 2.11).
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Table 8.
Weight indices of internal organs of lake-feeding salmon (2.1+-3.34) (Td. = 2.105)
Organ M:=+m Min Max c CvV Td**
Heart 1.8+£0.1%* 14 2.8 04 20.3 -1.4
2.0£0.1 1.3 4.8 0.6 31.4
Gills 27.2+0.8 19.6 36.3 3.9 14.5 -0.5
28.0+1.4 11.7 48.7 7.1 25.5
Liver 13.3£0.9 8.8 30.3 4.6 344 0.1
13.2+0.7 1.3 20.6 3.7 28.2
Spleen 2.0£0.2 1.0 43 1.0 49.0 -1.4
2.9+0.6 1.2 16.4 2.9 101.5
Stomach 9.6£0.5 5.9 16.5 2.5 26.1 1.0
8.9+0.4 5.8 15.1 2.1 23.5
Intestine 36.4+2.6 4.6 70.6 129 354 -2.7
45.1+1.9 29.8 71.5 9.6 21.3

* — in the numerator — data on wild salmon (n = 25), in the denominator — on hatchery-reared salmon (n = 25).
** — Student t-test for hatchery-reared and wild salmon.

The fact that most internal organ indices of salmon from different rearing conditions are similar indicates that the
morpho-physiological parameters investigated can be used to evaluate the quality of the stocking material produced
by hatcheries.

CONCLUSIONS

Today, the problem of preserving and enhancing the commercial stocks of the landlocked salmon (Sa/mo salar L.
morpha sebago Girard) in Lake Onego is of particularly high significance, both economically and scientifically. One
of the ways towards the solution of the problem is artificial rearing of the salmon. Realisation of the tasks is however
virtually at a standstill due to the lack of specialised facilities necessary to produce quality stocking material and
expand the volumes of hatchery rearing. The total number of landlocked salmon stocked mainly into the Shuja river
basin is usually no more than 300,000 one- or two-year-old individuals. Furthermore, there is no morpho-
physiological quality control of the released juveniles, and their role in the formation of the salmon commercial
stocks is not investigated.

Keeping in mind the importance of creating specialised industrial facilities for salmon hatchery rearing it was
necessary to determine the role hatchery parr in the formation of salmon commercial stocks and suggest criteria for
evaluation of its quality. To this end, surveys ordered by Karelrybvod were conducted where the biological features
of lake-feeding salmon, its population structure, dynamics of biometric parameters and morpho-physiological
characters of wild and hatchery fish were investigated.

Within this survey, 72 specimens of lake-feeding salmon from the Sheltosero-Brusno area of Lake Onego were
investigated in 1999. The length of the fish (AC) ranged from 38.0 to 79.5 cm, body weight — from 0.4 to 5.1 kg. Fish
with a length of 50-70 cm and a weight of 1.0-3.5 kg prevailed. These were chiefly individuals aged 4+ - 6+. The age
of the fish in the sample ranged from 3+ to 7+. The modal age class was sixth-year fish (5+).

We found that the salmon spent 2 to 4 years in the river. The bulk of the lake-feeding population is individuals
after 2 and 3 years in the river (47% contributed by each of the age classes). Juveniles released into rivers early in
spring at an age of 2-3 years migrate to the lake the same year, whereas young-of the year and yearlings stay in the
river for at least one more year.

The lake-feeding salmon population in the Sheltosero area of Lake Onego comprises both wild and hatchery-
reared fish. Their ratio was determined. The proportions of hatchery-reared fish in different age classes ranged from
66 to 83%, with an average of 53%. This value testifies to high significance of hatchery rearing in the formation of
the commercial stocks of the landlocked salmon in Lake Onego. It was found also that the length-weight parameters
of wild and hatchery salmon are nearly the same. The only exception was fish aged 2.1+ and 3.2+. Thus, the rearing
conditions produce virtually no effect on the growth of salmon.

The duration of life in the river tells on the length-weight parameters of fish of the same age. Comparison of
average size of fish of the same age but differing in the period spent in the river shows that the longer the salmon
lives in the river, the smaller it would be by the end of the lake-foraging period. Thus, salmon aged 2.2+ have an
advantage of one foraging season over those aged 3.1+, wherefore the former are much larger the latter. Fish that
have spend equal time periods foraging in the lake have nearly the same growth rates. This means that the growth of
salmon during the lake-feeding period depends more on the feeding conditions in the lake rather than on the age at
which the migration took place.
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Analysis of the sex structure of the salmon population feeding in the Sheltozero area has shown that the
proportion of females in different age classes ranges from 17 to 83%. As a rule, females prevail.

Wild and hatchery-reared individuals were found to differ slightly on a number of meristic (3 out of 9) and plastic
(4 out of 36) characters, as well as on internal organ indices (1 out of 6).

Thus, the data reported prove that hatchery rearing of salmon is essential to the formation of its lake-feeding
population and needs to be further developed and improved. The quality of hatchery-reared salmon can be evaluated
using both the length-weight parameters, and some basic morpho-physiological parameters (heart, liver, gills and
digestive system).

Further development of salmon farming in Republic of Karelia should proceed with account of the results of the
present research and with view to improving the mechanism of regulating the utilisation of commercial stocks of the
landlocked salmon in Lake Onego.
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INTRODUCTION

Population of salmonids in the waters of Lithuania particularly decreased during 1960-1990. Therefore, scientific
and commercial interests urged to enlarge their natural resources and to extend salmon population through artificial
rearing. Artificial rearing of salmonids in Lithuania has so far been at a rather low level because of out-of-date
technologies in fish farming. Thus, introduction of new salmon farming technological processes and improvement of
existing ones are a topical task for Lithuania.

Effectiveness of artificial rearing of salmonids depends on proper application of technological processes,
especially at early development stages. These processes demand the maintenance and strict control of all
environmental conditions. A slight misbalance in the ambient parameters may disturb the development of
physiological systems and organs, utilisation of essential nutrients, weakening of the immune system and the
organism capacity to survive in the natural environment.

The main problem in artificial rearing of salmonids is to raise individuals of great vitality under artificial
conditions. The peculiarities of morphological and morpho-physiological parameters of salmonids at all stages of
their development under artificial conditions made us turn particular attention to the temperature regime and feeding
conditions (Ryzhkov et al. 2000). Fish of the Baltic salmon population are believed to adapted their growth rate to
faster changes of seasonal conditions in the native biotope in contrast to southern populations. We may thus generally
speak of specific responses and adaptations of the population to some naturally acting and changing environmental
factors (Kazakov 1998). These ideas require detailed investigations, though in this study, referring to above-
mentioned statements, it is intended to propose a thermal regime for the incubation of salmonids in the closed water
recirculation system. It would introduce some natural features to the artificial system, i.e. natural seasonal water
temperature fluctuations. The water temperature determines the intensity of metabolic processes in the fish organism.
The temperature regime is especially important to fish at early ontogenesis stages, when the organism is passing over
to new developmental stages, as it has to maintain complex metabolic processes taking place in cells (Vysotskaya et
al. 2000). Temperatures close to the top limit of preferences may induce negative changes in lipid metabolism and
impede adaptation to temperature changes. A potential consequence is weakening of the physiological status and
vitality of fish before they get into natural waters (Bogdan et al. 2000).

When fish enter the active period of life, the temperature factor, which controls the organism function, is joined by
the equally important nutritional factor, i.e. the quality and amount of nutrients. Nutrition is so important factor as it
determines successful growth and development of the young generation (Jandovskaja et. al. 1979). Proteins, lipids,
carbohydrates, minerals and vitamins should be present in extruded feed composition as they provide the developing
organism with essential substances (Jandovskaja et. al. 1979). Improper balance of these substances in extruded feed
may cause disturbances in metabolic processes occurring during artificial rearing (Bogdan et. al. 2000). Utilisation of
poor extruded feeds, essential nutrient deficit and toxic compounds in feeds can induce nutritional diseases, such as
enteritis, necrosis, cataracts and bone deformities (El-Mowafi et al. 1997; Sidorov et. al. 2000a; Sidorov et. al. 2000b;
Chernyshova 2000), as well as liver and pancreas pathologies (Chernyshova 2000).

The status of fish is evaluated by various biological parameters, both integral, which characterise changes in the whole
organism (mean body weight increment rate, somatic indices of tissues), and specific, which describe the function of
individual systems such as respiratory and immune system, and organs. The haematological status of the organism is an
important biological indicator and changes in haematological parameters are studied widely evaluating the effect of various
environmental factors, microcontaminants and diseases on fish (Folmar 1993; Golovina 1996; Luskova 1997; Jiezerska
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1988). Furthermore, haematological parameters enhance the possibilities for comprehensively evaluating the status of the
fish reared using different technologies, tuning the growth conditions, identifying pathological processes and forecasting the
survival of juveniles in the natural environment.

Histological studies revealed a wide variety of pathologies, e.g. degenerative changes in kidneys, gill hyperplasia,
necrosis in spleen, liver and pancreas. Histological evaluation combined with external examination of the body can
recognise pathological processes not only in the organ, but also viral etiology induced by poor nutritional status
(Chernyshova 2000).

The aim of the present study was to evaluate the peculiarities in the morpho-physiological parameters of salmonid
parr reared in the recirculation system with view to enhancing their survival in the hatchery, strengthening the
immune system, improving the physiological status with ultimate purpose of augmenting their capacities to survive in
the natural environment.

Additionally, we sought to determine proper thermal conditions for the growth of salmonids in the water recirculation
system, so that to improve their capacity to adapt in natural waters. The new temperature regime shall be based on natural
ambient temperature fluctuations.

MATERIAL AND METHODS

Studies were performed at the Zheimena salmon hatchery in 1999-2000. Fish were reared in the recirculation system.
Physiological status of salmon and sea trout was evaluated using a complex of morphological (mean body weight, Q, g;
mean body length, L, cm) and morpho-physiological (average daily weight increment, P, %; condition factor, CF; mean
liver weight, Q, g; liver somatic index, LSI) parameters (Bukelskis, Kublickas 1988).

The status of internal organs was evaluated visually (colour, consistence) (Jandovskaja et. al. 1979) and by histological
examination of liver (Scherbakov 1979).

The physiological status of salmonid parr was evaluated using haematological parameters: erythrocyte count, Er (T/1),
haemoglobin concentration, Hb (g/l), haematocrit level, (Hct) (/) and their derivative parameter — haemoglobin
concentration in erythrocyte volume (MHC) (I/1), leucocyte concentration (Leu) (G/1) (Svobodova, Vykusova 1991).

Salmon and sea trout fry were fed extruded feeds manufactored in Denmark, chemical and physical characteristics
of the hatchery water were continuously controlled (Table 1).

Table 1.
Chemical and physical characteristics of the hatchery water during the salmonid growing period

Parameters 1999 2000
04-05 06-07 08-09 04-05 06-07 08-09
Temperature 9.6-10.2 11.4-13.8 | 13.4-13.7 | 11.4-12.0 | 11.7-14.2 14.2-14.7
pH 7.5 7.2 7.2 7.5 7.2 7.5
0,, mg/l 10.5 10.2 10.6 10.5 10.6 10.5
NO;, mg/l 10 10 10 10 10 10
NO,, mg/l — — — — — —
RESULTS AND DISCUSSION

1. MORPHO-PHYSIOLOGICAL ASSESSMENT OF SALMONID FRY

Morphological and morpho-physiological assessment of salmonid fry reared in the recirculation system was
performed in 1999-2000 and the data obtained are presented in Table 2.

The mean body weight of salmon fry increased over the 1999 growing season 48.4 times reaching 33.9 g by early
autumn (Table 2). The body length and weight during this period ranged insignificantly being 12.5-14.5 cm and
23.2-39.4 g, respectively. The average daily weight increment in May-July and July-August was 3.23 and 1.69%,
respectively. The mean body weight of sea trout fry in 1999 increased 23.3 times reaching 10.29 g by early autumn
(Table 2). The mean body weight and length of sea trout fry ranged quite significantly — 5.0-19.0 g and 6.0-11.2 cm,
respectively. The average daily weight increment in May-July and July-August was 2.97 and 1.40%, respectively.
The average water temperature during this period ranged from 9.6 to 13.8° C (Table 1).

In 2000, the growth rate of salmon and sea trout fry during the first months (March-April) was high (Table 2). The
average daily weight increment of salmon fry was 3.7%, sea trout — 3.6%. The growth rate of both species slowed
down in May-June (Table 2). The average daily weight increment was 2.1%. In July-August as September-October,
the fry of both species were growing slowly (Table 2) and the average daily weight increment was 1.0-1.4%.
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In November, when the fry were released into the wild, salmon fry mean body weight was 20.2 g, sea trout — 26.8 g
(Table 2). The average water temperature during this period ranged from 11.4 to 14.7° C (Table 1).

Table 2.
Changes in mean body weightof salmonids over the growing season

Mean body weight, Q, g

Months Salmo salar Salmo trutta trutta

1999 2000 1999 2000

03-04 0.740.01 0.7+0.01 0.46+0.01 0.6+0.01
05 - 06 5.1310.02 4.6:0.3 2.48+0.01 4.110.2
07 - 08 13.4£2.4 7.9+0.7 7.94+0.22 8.6+0.5
09 -10 33.911.3 20.2+2.9 10.29+0.02 | 26.8£1.5

The mean body weight of wild salmon fry at the end of the first year reached 17.9 g (Kazakov 1998). According
to Lishev and Rims (1961) the best-quality Baltic salmon offspring grew at an average summer water temperature of
14.6° C. The highest fry body weight increment in Baltic rivers was recorded at a water temperature of 16-18° C
(Siginevic 1967). The optimum temperature regime for salmonids during the growing season is a gradual increase in
the water temperature from 11-12 to 15-17° C (Jandovskaja et. al. 1979).

According to Jandovskaja et al. (1979), every average summer day, salmon fry gained 3 to 5% of the weight. For
larger fry this parameter was lower, although an average daily weight increment during the growing season should be
at least 3-4%. A decrease in this parameter recorded in our studies in July — August can probably be explained either
by a rapid body weight increment within a rather short period, or by use of poor-quality extruded feeds.

2. MORPHOLOGICAL AND HISTOLOGICAL ASSESSMENT OF SALMONID FRY LIVER

In 1999-2000, the liver of salmonids was examined using microscopic and histological methods. The normal liver
of salmonid fry was dark brownish-red in colour, stiff. Stroma was distinct, liver lobules were composed of normal
hepatocytes. Solitary erythrocytes were observed in liver capillaries.

In 1999 however, various changes in the liver (spots, sponginess, bright brownish colour) were found by visual
examination in approximately 40% of salmon and 20% of sea trout fry. Histological analysis demonstrated fatty
changes: fatty infiltration in the liver parenchyma, accumulation of lymphoid cells and multinuclear bodies of
unknown genesis. Most probably, these degenerative changes resulted from the inhibition of lipid transport or
metabolism, which induced dystrophic processes in the liver (Scerbakov 1979), whilst colour changes may have been
induced either by increased accumulation of glycogen in the organ, or by the effect of oxidised lipids in extruded fish
feeds (Archavskij 2000).

In 2000, visual examination of salmon fry liver revealed liver lesions: changes in colour, destroyed parenchyma.
Obvious lipid dystrophy was observed in up to 30% of the fish studied. The colour of the liver in 30% of sea trout
was also altered, lipid dystrophy (soft, fatty liver) was observed, and only 40% of the sea trout fry at most had dark
brownish-red and stiff livers. Histological examination showed degenerative changes in the liver: destroyed
parenchyma, translucent and ruined-structure stroma. Hepatotoxic lesions of fatty infiltration were observed as well:
lipidosis and lysis of hepatocytes, approximately 70-80% of the cells were empty and destroyed. Meanwhile, 70% of
salmon fry displayed no changes in the liver (Table 3).

The liver somatic index data confirmed negative processes taking place in the liver. In 1999-2000, this parameter
for salmon fry was 1.3-1.5, for sea trout — 1.2-1.5. The liver somatic index of salmon from the natural environment
was 0.85-1.0 (Kazakov 1998). When the liver function is disturbed, substances are not metabolised and remain there
as ballast. Meanwhile, accumulation of substances, especially fat, in hepatocytes disturbs the liver function and is not
auspicious for the organism (Everaats et al. 1993).

A higher condition factor, which in 1999 was 1.3 and 1.5, respectively, testified to disturbances in metabolic
processes in salmonid fry. The condition factor of the hatchery salmonid fry was 0.85-1.0 on average (Kazakov
1998). According to Jandovskaja et al. (1979), a higher condition factor and increased amount of fat on visceral
tissues and internal organs are consequences of feeding on unbalanced extruded foods.
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Table 3.
Overall assessment of salmonid fry liver (N=21)
Parameters Salmo salar Salmo trutta trutta
June of 2000
Mean liver weight, Q, g 0.08+0.01 0.0740.01
Liver somatic index, LSI 1.840.11 1.940.12
Liver colour (N of fish, %) 30% pale, destroyed, 30% pale, destroyed,
lipid dystrophy, lipid dystrophy,
70% dark brownish-red, stiff 30% bright brownish-yellow,
soft, spongy,
40% dark brownish-red, stiff
August of 2000
Mean liver weight, Q, g 0.19£0.02 0.1840.01
Liver somatic index, LSI 2.35+0.08 2.1+0.04
Liver colour (N of fish, %) | 90% bright brownish-yellow, 90%  bright brownish-yellow,
spotted, soft spotted, soft
10% dark brownish-red, stiff 10% dark brownish-red, stiff
November of 2000
Mean liver weight, Q, g 0.26+0.02 0.29+0.02
Liver somatic index, LSI 1.29+0.07 1.08+0.04
Liver colour (N of fish, %) | 100% dark brownish-red, stiff 10% slightly grey-red, stiff
90% dark brownish-red, stiff

3. HAEMATOLOGICAL PARAMETERS OF SALMONID FRY

Haematological parameters of salmonids were studied in 1999 and 2000. In August 1999, almost all haematological
parameters of the salmon studied were close to those of adult fish. However, some peculiarities characteristic of juveniles
were found: a higher per cent of basophilic and polychromatic erythrocytes and young lymphocytes. In 2000, assessment of
haematological parameters started in June. Erythrocyte numbers in both the species studied were then high and close to the
parameters of adult fish, as well. However, high erythrocyte numbers were found only in up to 40% of salmon. Erythrocytes
were predominantly basophilic and polychromatic. The ranges of the parameter were very wide (Table 4). Sea trout
erythrocytes were basophilic and anisochromatic also, only 3-4% of erythrocytes stained as mature cells. High haemoglobin
concentration was found only in 40% of salmon and 30% of sea trout individuals. Meanwhile, a slightly higher
concentration of haemoglobin was found in almost all fish surveyed in September and November, and the derivative
parameter — MHC was quite high also. These data suggest sufficient oxygen supply to the fish organism in early autumn.

The per cent of young lymphocytes was decreasing over the growing period (Fig. 1).
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Fig. 1. Changes in young lymphocyte per cent in the blood of salmonid fry

Meanwhile, the low lymphocyte numbers determined in salmon blood in June 2000 increased almost twice two
months later and continued to increase (Fig. 2). The 32.2 g/l concentration of leukocytes was found in November, this
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level being close to the adult fish parameter (Table 4). Simultaneously, leukocyte numbers in sea trout blood did not
change significantly over the study period (Fig. 2). It is probable that the immune system in sea trout starts forming
earlier than in salmon. However, the percentage of young lymphocytes tended to change like in salmon fry (Fig. 1).

Comparison of haematological parameters of salmon from the Zheimena hatchery (1999 and 2000) and river
salmon (Virtanen et al. 1991; Luskova 1997) (Table 5) revealed that our data did not significantly differ from data on
salmon from rivers of the Czech Republic. Only the haemoglobin concentration in the river salmon blood was
significantly lower as compared to the Zheimena salmon. Haematological parameters of salmon in November 2000
were close to those recorded in autumn 1999, and according to data of other authors, were close to healthy fish
parameters (Luskova 1997).
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Fig. 2. Changes in leukocytes concentration in the blood of salmonid fry

Table 4.
Dynamics of salmonid blood parameters in 2000

Parameters Mean value/ranges
06 | 08 | 11
Salmon salar
0.88+0.05 0.8340.04 0.91+0.05
Erythrocytes, T 14 68-1.31 0.69-1.23 0.72-1.04
Haemoglobin, g/l 89.0£8.5 107.5+4.4 96.0+7.4
’ 64-102 92-135 84-116
- 132.6+8.79 109.0+7.8
MHC. pa - 78.0-167.6 76.7-160.9
Salmo trutta trutta
0.9010.06 0.70+0.02 0.97+0.06
Erythroeytes, T 14 65131 0.63-0.75 0.76-1.28
Haemoglobin, g/l 109.0£8.5 92.0+7.6 117.0£2.1
’ 96-125 75-109 84-116
- 133.4%11.25 123.847.8
MHC. pq - 86.1-182.9 87.5-157.1
Table 5.
Haematological parameters of salmon (Zheimena hatchery and literature data)
Parameter. Salmon from Zheimena hatchery River salmon
s 1999 2000 Virtanen etal. 1991 | Luskova 1997
Erythrocytes, T/1 1.07 (0.7-1.6) 0.9 (0.7-1.2) - 1.09 (0.6-1.6)
Haemoglobin, g/l 106.0 (52-144) 96.0 (84-116) 97.9+1.6 76.6 (30-120)
Haematocrit, 1/1 0.55 (0.43-0.53) 0.51 (0.40-0.55) 0.40+0.01 0.38 (0.25-0.55)
Leukocytes, G/1 37.2 (3-68) 32.2 (22-44) — 27 (1-80)
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NEW TEMPERATURE REGIME PROPOSAL FOR SALMONID FRY BREEDING
IN THE RECIRCULATION SYSTEM

Annual water temperature fluctuations in the salmon river Zheimena were estimated for two years (1998-2000)
with monthly averages derived (Fig. 3). The data obtained were compared with the temperature regime previously
employed in the hatchery for salmon rearing as well as with other conditions, proposed by many fish farmers and
other sources. Differences between natural and artificial thermal conditions were estimated for each month as shown
in Fig. 4.

Natural water temperature fluctuations were modified, taking into consideration the maximal, minimal values and
recirculation system properties, as well as the optimal conditions for salmon growth. Modified natural temperature
conditions (Fig. 5) in the salmon river Zheimena were proposed for salmonid rearing in the Zheimena hachery
recirculation system.
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Fig. 3. Biennial water temperature fluctuations in River Zheimena (Svencioniai district, Lithuania)
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Fig. 5. Biennial modified water temperature fluctuations in River Zheimena (Svencioniai district, Lithuania)

Table 6.
Morphological and morpho-physiological parameters of salmonid fry from Zheimena hatchery and the Baltic Sea

Zheimena hatchery Baltic Sea basin
Parameters Salmo salar Salmo trutta trutta Salmo salar
1999 2000 1999 2000 1998
Mean body length, L, cm 13.740.26 | 12.240.22 8.82+0.21 13.1+0.4
Mean body weight, Q, g 33.9+1.4 20.2+2.9 10.29+0.02 26.8+1.5 17.9+1.8
Condition factor, CF 1.3+£0.08 1.1£0.03 1.5+£0.03 0.9+0.04 0.7440.01
Haematocrit, % 0.55+0.03 | 0.51%0.02 — 0.4540.02 0.3540.01
Haemoglobin, g/ 1.06+£0.09 | 0.96+0.07 — 1.1740.02 0.84+0.7
Liver somatic index, LSI 1.5240.08 | 1.2940.07 1.2+0.05 1.08+0.04 1.0740.07

*After Kazakov 1998.

CONCLUSIONS

In 1999-2000, morphological and physiological studies of salmonids reared under artificial conditions were
initiated. Comparison of our data with data obtained by other authors demonstrated significant differences in some
parameters. Salmonids reared at the Zheimena hatchery in the recirculation system differed in higher mean body
weight, condition factor, liver somatic index. Haematological parameters, such as haemoglobin concentration and
haematocrit were higher, too. At the same time, visual and histological examinations of the liver revealed changes in
the colour and consistence of the liver, increased amount of fat on visceral tissues and internal organs, as well as fatty
changes and lipid dystrophy. The higher condition factor and observed changes were probably consequences of
utilising unbalanced extruded feeds.

In 1999 and 2000, lower haemoglobin concentrations and lymphocyte numbers were demonstrated by
approximately 20-40% of the juveniles released. These data suggest that the fish immune resistance and capability to
survive in the natural environment are lower. Analysing the data obtained, one may presume that during the growing
season (06-09 months) biotechnical requirements for rearing salmonids were violated. Inadequate environmental
conditions (water temperature was lower than the optimal average temperature), physiologically unbalanced feeds,
vitamin deficit might have upset the metabolic processes, thus causing a break in the normal function of organs and
physiological systems, inhibiting assimilation of energy-rich feeds, weakening the immune system and rendering the
organism unprepared for living in the natural environment.

The advantages of the proposed temperature regime, compared to many artificial temperature regimes, are as follows:
it imitates natural fluctuations — this may promote the fish adaptability to the environmental conditions after release;
extreme temperature fluctuations are avoided, thus not disturbing severely the fish growth rate.
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MUT'PAIIMOHHOE MOBEAEHUE JIOCOCHA U KYMKHU
B CPEJJHEM TEUEHHMHU P. KIOMUHOKH,

IO KHAA OPUHJIAH/ANUA

(ITO JAHHBIM BUOTEJIEMETPUYECKOI'O
HPOCJIEZKUBAHUA)

M.U. ba3apos, B.K. I'osioBanoB

bopox, UBBB PAH, 152742, bopok, Apocaasckoti oonacmu, Hexoyszckoeo pationa,
(08547) 24042 E-mail bazarov@ibiw.yaroslavl.ru

[TockonbKy GONBIIMHCTBO HEPECTOBBIX PeK DHHIITHANY 3apETYINPOBAHO, YUCICHHOCTH MOITYJISIIMN aHaAPOMHBIX
pBIO B TOCTIEIHEE BPEMSI MOJIEPKUBACTCSI B OCHOBHOM 32 CHET BBIITYCKa MOJIOJM HCKYCCTBEHHOTO BOCIIPOH3BOJICTBA
B HIDKHEM TEUCHHUH peK. B TO ke Bpems Ha 3aperyaMpoOBaHHBIX YYacTKaX PEK CYIIECTBYIOT HMOTEHIHATIbHBIE
HEPECTIIIUILA JIOCOCEBBIX PHIO.

B uncropuueckom npormiom p. Kromuitokn cityxuiaa MECTOM Pa3MHOXKEHHs 3HAYUTEIBHOIO YHCIJIA aHAJAPOMHBIX
BUOB (JIOCOCSI, KyMXH, a Takke cura). [IpupoaHble momysiiyuy 3THX BHIOB UCYE3IH B PE3YJIbTAaTe 3aperyINpPOBaHUS
CTOKa M 3arpsA3HCHHA BOJbI B 3TOU PEKeE. Haunnasg ¢ 80-x roaoB, MHTCHCUBHOC UCKYCCTBCHHOC BOCIIPOU3BOACTBO U
BBIIYCK MOJIOJIH PIO B 3CTyapuH PEKU CO3/aIM OCHOBY YCICHIHOTO MpUOpPEKHOro pribosoBcTBa (Saura 1989; Saura,
Mikkola 1990). BoccraHOoBneHHs €CTECTBEHHOTO BOCIIPOM3BOJCTBA aHA/JPOMHBIX PBIO HE INPOU30LLIO, TaK Kak
IUIOTUHBI TPEMSTCTBYIOT HEPECTOBOW MHUTpaluM Ipou3Bojuteseil. [lepecamka MHUTpUpYONMX HPOU3BOAUTENEH
LICHHBIX BUIOB PBIO, OTJIIOBJICHHBIX B HIDKHUX Obed)ax rHApOy3JI0B, O-BHIUMOMY, MOXKET 00ECIIEUHTh €CTECTBEHHBIN
HEepecT Ha COXPAHUBIIUXCS HEPECTWININAX U MOTYYEHHUE )KU3HECTOHKONH MOJIOH PHIO.

C menpio BBISBICHUS BO3MOXXHOCTH HCIOJB30BAHUS MPOU3BOIUTENSIME Jlococst Salmo salar L. u xymxu Salmo
trutta L. cOXpaHMBIINXCS HEpecTHIHNI] B OacceliHe p. KioMHiiOKM POBEECHBI NCCIIEIOBAHNS MTOBEACHUS 3THX BUIOB
BO BpEMs HEPECTOBOM Murparmu oceHsio 1992 u 1993 rr. [ u3ydeHuns nepemMenieHnii Ipou3BOIUTENEH JTOCOCEBBIX
NPUMEHSIIA METOJl YIbTPa3ByKoBOH OmoTenemerpur. [laHHas paboTa BBHIIONHEHA IIPU NOAJEPIKKE (UHCKUX KOJIIer
n3 HUW oxoTHMYBEro u peIOHOTO XO03siicTBa M PriOoxo3siicTBeHHOTO OoTAeneHusT Keivu Ounnsaann: Huemu A.,
@®puman E., ITaitBapunta I1., Bagpsuen I1., a taxxe npu axtusHoMm yuactuu JI.K. Manununa u B.Jl. JInunHukKa —
cotpyaHukoB MHcTUTyTa OMosoruu BHyTpeHHuXx Boa PAH.

Murpupyromiie IpOU3BOIUTENH JIOCOCS M KyMXKH, TIO/IOLIE e B HIDKHUN Obed rutoTunbl AxBeHkocku (1992 r.)
n KoiiBokockn (1993 r.), ObIIM OTJIOBNICHBI, @ 3aT€M BBINYIIECHBI BBIIE IUIOTHHBI HA Pa3HOM YIAJIEHHH OT Hee B
MecTax C pa3HbIM T'HIPOJOTHYEecKUM pexxumoM (puc. 1). Becero 6bu10 moMedeHO YIbTPa3BYKOBBIMH IepeiaTYUKaMU
moneneir APM-30-15-1 u APM-50-15-1 (CapargoB 1983) 41 0co0p, B TOM YHCIIe TPON3BOAUTEINCH aTIIAaHTUIECKOTO
mococst — 27 (B 1992 1. — 15, B 1993 — 12), npomusBoaureneit kymxu — 14 (8 1992 . — 9,8 1993 r. — 5).

VYIIbTpa3ByKOBBIE NEPENATUYNKH KPENHIM HapyKHO COOKYy Y OCHOBAaHHS CIIMHHOTO IUIABHUKA MO METOANKE
ommcanHo# ['peem n Xaitnecom (Gray, Haynes 1979). Ilepen meuennem pri0y aHecTe3upoBaiu pactBopom MS-222
(1992 r.). B 1993 1. B KauecTBe aHECTETHKA JJIS ABYX JIOCOCEH MPUMEHSUTH pacTBOp OeH3okamHa. OCTaIbHBIX PHIO
MeTwin 06e3 aHecte3uH, clienys pekomenaausiM Moxyca n Xosuanaa (Mohus, Holland 1983). Meuenue npoBoaniu
B BOJIE, IOCTOSIHHO HACBIIIAEMOIl KUCIOPOIOM BO3AyXa. PhIO 3aKkpblBaJIM TUIOTHOM TKAaHBIO, IPUKPBIBAsk UM TJja3a.
[enenranuio pbI0 OCYMIECTBISUIM C TOMOIIBIO OPUTHHAIBHOW OTEYECTBEHHOM amnmaparypbl JBYMsI METOJAMH:
TPUAHTYJSIIMK M Hae3la. Perncrpanmnio MecTONoI0KEHHsT MEUSHBIX PbI0 MPOBOAMIIM C MOTOJIONOK U ¢ Oepera. Ha
OJTHOM M3 JIOIOK €XKEIHEBHO 00BE3KAIN MECTa Ha yJacTKax IocieJHel perucTpauun ocodeil. B oTnenbHbIX ciaydasx,
KOTJIa MEYeHbIe PHIObI MPOSBIIUIN TOBBIIIEHHYIO JABUTATEIbHYIO aKTUBHOCTD, 32 HUIMH NPOBOAWIN OoJiee /IeTaIbHbIe
HaOJIOJICHNs], PETUCTPUPYST MECTOIONIoXKEeHNE PhIO Kaxasle 10-20 MuHYT. 3a Nepuoj MCCIEAO0BaHUS TEMIlEpaTypa
BoAbI B peke cHm3machk ¢ 16.0° C mo 12.6° C. CKOpocTh TedeHUs BOAKI (10 pe3ysIbTaTaM 3aMepOB THAPOIOTHIECKON
BEPTYIIKOH) Ha pPa3NUYHBIX YYacTKaxX paiioHa HCCIeAOBaHHS HM3MEHsutack B mpepenax 20-156 cm/cek. JlaHHBIE
HaHOCHJIM Ha maHieTHele kapthl 1:10000, 1o KOTOpPBIM, 3aT€M PaCCUUTHIBAIA CKOPOCTH U HAIIPaBJICHUE ABUKCHHUS.
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3aBHCHMOCTh CKOPOCTEH M HamlpaBlCHUS IUIaBaHWS MEYEHBIX pPHIO OT MX TMONa, [UIMHBI, AJIUTEIBHOCTH
HaOJI0ICHNUH, TPOMEXYTKH BpEMEHH Mex 1y Toukamu HabroneHui (elapsed time between observations) oneHuBanu
nByMsi criocobamu. Bo-mepBeix, npumensiin Kruskal-Wallis TecT, kak HemapameTpu4ecKHil aHaIoOr OJHOMEPHOTO
aHanu3a BapuaHT. PamxupoBaHHbI Kod(duumenT koppensunu CrnupMeHa ObUI NMOJACYMTAH JUIS BBIYHMCIICHUS
OTHOLICHUSI MEXIy CKOPOCTSIMH [IBM)KEHHS, OMOJOIMYECKUMH XapaKTepPUCTHKaMH MEYeHBbIX pbl0 u T.. M3-3a
TPYZHOCTH OLEHKH pEaJbHBIX CKOPOCTEH IUIABaHUS MEUYEHBIX PBIO MBI HCIIOJIB30Bald B OCHOBHOM CKOPOCTH
IUIaBaHUsl OTHOCUTENILHO OPUEHTUPOB OeperoBoii JTMHUH. ECTECTBEHHO, YTO pealibHbIe CKOPOCTH JABMKEHHS MEUSHBIX
pBIO ObUTM OOJIee BBICOKMMH, YEM CKOPOCTH JBMIKEHHS OTHOCHTENBHO OEperoBOd JIMHHM, TAaK KakK B JIONOJHEHHE K
CKOPOCTH JIBIDKEHHUSI caMOW PbIOBI 00aBiIsieTCs CKOPOCTh Te4eHHs BoAbL. Jlist pacdyera 3HAYMTENLHOCTH Pa3IHIUN
CKOpOCTEH IIaBaHMs MBI HCIOJIb30BasM TecT ManH-ButHu (Mann-Whitney, U test).

Ilpn anHanmmse cKopocTel NBIKEHWSI PHIO B TIEPBYIO OYepelb BBIIBISUIM CTATUCTHYECKUH THIT PACTIpeieNCHUs
HCCIIelyeMbIX IapameTpoB. icxoas n3 Hero, BEIOMpPaTH CTATHCTUYECKHE MPOLIEAYPbI, ONTUMAIBHbIE I aHAIN3a TAHHBIX.
Tak, mpyU CTATUCTHYECKN AOCTOBEPHBIX OTIMYMSAX PAcHpeeNeHUs] BapbHPYIOLUIMX BEIHYMH OT 3aKOHA HOPMAJIbHOTO
pacnpeneneHys, NMPUMEHUIM HelapaMeTpHYecKue MeToApl oOpaboTku. Hampumep, Iuist XapaKTEpHCTHKH CKOPOCTEH
TUTIABAHUSI UCIIOJIB30BAIN MEINaHy, HY)KHUI M BEpXHUI KBApTUIIH; TSl XapaKTEPUCTUKU N3MEHEHNH CKOPOCTEH TIIaBaHus
pbi0 B pasHble CyTKM HaOmroieHuit ucroibzoBanu multiple box-and-whisker (Tukey 1977), npu 3Tom Uit Kaxaoit
TIOATPYIIIBI ONPENEISUIN MeMany (TOpU30HTalIbHAs YepTa B boxX), BEPXHUI M HWKHUK KBapTHWIK (TpaHuLbl box), range
(vertical lines), flagged data (situated more then 1.5 interquartile intervals from median).

CormocraBiieHne pe3yIbTaTOB BBITYCKa PHIO B TpeX pasHbIX ydyacTkax (kak B1992, rak u 81993 rr.) nokasaio, 4to
HavMeHee IPUro/JJHa B KAa4eCTBE MeCTa BBIITyCKa BEPXHsIs Kamepa ppiooxo/a. BelTyck MeueHbIX phIO B HEe MTPUBOJIUI
K OOJIBIINM 3aTpaTaM 3HEPrMU MEYEHBIX PHIO Ha CONPOTHBJIEHHE IOTOKY BOJBI B PbIOOXOJE. DTO HE IO3BOJISLIO
pBIOaM BOCCTAHOBHUTBH CHJIBI ITOCIIE CTpPEcCa, BBI3BAHHOTO MEUYEHHEM M X3HIIMHTOM. B pesynbrate, u3 OBYX pbIO
(J1ococst M KyMKH), BBICAKEHHBIX B BEPXHIOIO KaMepy ppl00X0/1a, KPYHHBIH caMel] JIOCOCs, TTO0Cie TOro, Kak CKOPOCTh
TEYEHHs BOIBI B phIOOXO/AE OBbUIA YMEHBINEHA, BBIMIEN W3 BEPXHEH Kamepbl ppI00OXola B MPUIUIOTHHHYIO 30HY
BepxHero Obeda perysuOHHOM IUIOTHHBI, U yxke depe3 20 MUHYT CKaTWICS BHH3 IO TEYEHHIO Yepe3 IUIOTHHY, a
kymxa norubia. Takum o0pa3oM, mpuMep 3THX pbIO IOKa3bIBaeT, 4YTO Naxe OIS TakUX pPbIO C BBICOKOM
IUIaBaTENbHON CIIOCOOHOCTBIO, KaK JIOCOCh M KyMXa, BBIIIYCK MEUYEHBIX 0CO0€H B KaMepbl PpIOOXOJ0B C BHICOKMMU
CKOPOCTSIMU TE€UEHHS HE KeJaTelIeH.

3HAYUTEIBHO 0OJIce TMPUEMIIEMBIMU JUIsi O0ECIICUCHHUS] XOPOIIMX YCIOBHU JUIS OTAbIXa MEUYCHBIX OCO0CH cpasy
IocJie UX BBIMYyCKa OKAa3aJlMCh JBAa APYTHX MecTa BbiMycka — B 50 M u 700 M BhIIe peryasuuoHHOM miotunsl ['9C
KoiiBokocku, riie ckopocTy TedeHust He npesbimanyd 30 cm/cex. MedeHble 0COOH, BBINYIIEHHBIE HA 9THX y4JacTKax,
MIPOJIEMOHCTPUPOBAJIM OOBIYHO HAOIIO/IaBIIEeCs HAaMH MOBEAECHHE JIOCOCEBBIX: Cpa3y IOCIe BBITYCKa — MEAJICHHOE
MepeMEIIEHHE BHHU3 110 TEYECHHIO C MOCIEAYIOIMMU IOHCKOBBIMH IIE€PEMELICHUSIMU, WM OCTaHOBKa B paiioHE
BBIITyCKa HAa HECKOJIBKHUX YacOB.

XapakTepHbIe CTEPEOTHUITHI ITOBEICHNS MEUYEHBIX PHIO mprBeneHbl HA puc. 2. Cpemy HCCIeIOBaHHBIX PHIO 0COOM
C pa3HoOH peopeakieli ObIIHM MPEACTABICHBI B Pa3IMYHBIX T0JsX (Tabm. 1).
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Puc. 2. Kapra-cxema nepemenieHnii MedeHsix jococeit (A) u kymxu (B) B pexe Kromuiioku rociie Bblrtycka o/ IJIOTHHOW AXBEHKOCKU B 1992 1.
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Ta0muma 1.

CooTHoIIIeHHe MEUCHBIX PHIO B TPYIIIax 3a BECh EPHO.T HAOMIOIeHHS

Peopeaxmus, Jlococh Kymoxa
Bun Cam1pl CaMxu Camupl CaMku
TlonoxxurenpHas 6 1 2 3
Heonpenenennas 7 3 4 3
OtpurnarenbHas 7 2 2 2
Bce 20 6 8 8

Oxono 1/3 wactu mococelt IPOAEMOHCTPUPOBAIN TIOJIOKUTEIBHBIN peoTtakcuc. K 3Toit rpymme peid mpuHamieKaIn
4 camra. ITocne BBIycKa 3TH PHIOBI MPOSBIIN KPATKOBPEMEHHBIN CKAT BHU3 10 TEUEHHUIO, 3aTEM B TEUCHNE HECKOIBKUX
YacoB OTCTAMBAIMCh Ha OJHOM MECTe, IOCJIe Yero HaYWHAIA MOABEM MPOTHB TEUSHHUS JIMOO B JEHB BBHITYCKa, JIOO K
KOHITy BTOPBIX CYTOK TOCJI€ BBITyCKa. Y JIOCOCEH TepBOil Ipymbl Oblia BhIpaKEHHAS TEHICHIMUS K CyMepeuHO-HOUHOM
JIBUTaTEJIbHON aKTUBHOCTH.

B noBeseHuu BTOpOH TpyHIbl JOCOCEH JOMHUHHMPOBAIM MalOMacIITaOHbIE IOUCKOBBIE II€PEMELICHUS
CPaBHHUTEJIFHO HEJNAJIEKO OT TOYKH BbITycKa. J[st 3THX pbIO ObUIM XapaKTEpHBI KaK JOBOJBHO OBICTPBIA CKar C
TIOCIIEAYIOIIEeH [UINTEIbHOW OCTAaHOBKOH B NMPHUITIOTHHHOM Y4acTKe BEpXHeEro Obeda, Tak M BHIPRKEHHBIE TOMCKOBBIE
TIepeMeIIeH s Pa3InYHOro MaciuTaba B paifioHE BBIITyCKa ¢ TEHICHLMEH K NMepeMeIleHHI0 BHU3 110 TeUeHHI0. Takum
00pa3oM, 1 IS JTI0COCceit BTOPOi TpymITbl OBLT XapaKTEpeH TOCTaTOYHO IMUPOKUHN CIIEKTP IBUTATEIEHBIX PEaKITHA.

Bonee crepeoTHHBIM OBIIO MOBEAEHUE TPETHEH TPYIIBI JOCOCEH, CKATHIBABIIMXCS BHHU3 IO TCUCHHIO, IIEpPBast
0COo0b CKAaTHIIACh Yepe3 IUIOTHHY BCKOPE TOCIEe BBIXO/IA M3 BEpXHEH KaMephl PpI00X0a y peryTUpOBOYHON TNTOTHHBL,
a BTOpas CKaTIJIach BHU3 Yepe3 IUIOTHHY Ha TPEThU CYTKH IOCIIE BBITYCKA.

Meudenble KyM)KH TPOSIBIITH TOJIOKUTENBHBIA peoTakcuc. Ilogbpem peid BBEpX MPOUCXOAWI B 1-2-bIe CyTKH mocie
BhITycKa. 11 HMX OBUTM HE XapaKTepHBI BBIPAKCHHBIC ITOMCKOBBIE II€pEMEIICHUs. Murpamus KyMyX BBEpX
MIPOMCXO/INIIA KaK B TEMHOE, TaK U B CBETJIOE BpeMs CyToK. CaMKa KyMyKH, OTHOCHBLIASICSI KO BTOPO# rpyIie pboi0 1o
peopeakiuy, B IEepBble Yachl IOCJIE BBINYyCKAa CKaTHiack BHU3 1o TedeHuto Kk motuHe ['DC KoliBokocku u
HaXoAWIach BOMU3MU MWIOTHHBI 10 cyTOK

BapwuarmonHsie psipl CKOpocTel IIaBaHus Kak JIOCOCEBBIX IIEPBBIX ABYX I'PYIII, TaK U KM IEpBOH IPYIIIBI UIMEH
YETKO BBIPaXEHHBIE aCHMMETPHIO M JKCIecC. 3aMEe4YeHO, YTO JIOCOCH M KyM)Ka, aKTMBHO MHIPHPYIOIIHE HMPOTUB
TEYEHHsI, UMEJIM HECKOJBbKO Pa3IMYHBIA XapakTep BapbUPOBAaHUS CKOPOCTEH IUIaBaHUs. Y KyMIKH IOJISI BBICOKHX
cKopocTelt TuiaBaHust Obiia OombIre, 4eM y Jococs. CTaTHCTHIECKHE TIOKA3aTeNd CKOPOCTEH IIaBaHUs MEUYEHBIX PHIO
mpuBeOeHBl B TaOi. 2. ['McTOrpaMMBl CKOPOCTEH IUTaBaHHMS MEYEHBIX JIOCOCEBBIX, CTATHUCTHYECKH IOCTOBEPHO
OTJIMYAIOTCS OT HOPMAJIBHOTO PACTIPEIETCHHS.

IIpu comocTaBineHnn cKOpocTel MIaBaHusl MedeHbIX peI0 B 1992 u B 1993 rT. BBISBIEHO, YTO CKOPOCTH TUTABAHMS
JI0COCeH MepBOi TpynIsl JocTOBepHO He oTnudanuck (U=1.67, P<0.1), ckopocTu miaBaHus J10COCEH BTOPOU TPYTIIIBI
B 1992 r. ObUIM CTaTUCTUUECKH JOCTOBEPHO BhIIe, 4yeM B 1993 r. (U=4.38, P<0.00001), 1 KyM>KH IIEpBOil rpymIibl
ckopoctu wiaBanus B 1992 r. 6putn nocroBepro Hmwke (U=2.97, P<0.003).

[IpuBeseHHbIE BbIIIE 3HAYEHUS! CKOPOCTEH IUIABaHUSI PACCUUTAHBI Uil BCEro Mepuoja HaOIIoAeHHH, T.e. croja
BOLIUIM JIaHHBIC HAOJIOJNCHMH, KOTAa phIOBI HE MpOSIBISUIM aKTHBHBIX I€PEMEUIeHHH, OTCTauBasCh IOCIe
TIPEOJI0JIEHHSI IOPOTOB WIIM HaXOZsICh B IIPUILIOTUHHON 30He HIkHero 0bedpa ['DC AxBrokocku. UToOb M30aBUTHCS
OT MCKa)KaIOIIEro BIMSHMS YKa3aHHBIX OTCYETOB (OOJIBIIOE YMCIIO HAOJIONEHMH), MBI CHIENIalIM HONBITKY OLIEHHTH
MaKCHMAaJIbHO BO3MOYKHBIE CKOPOCTH MUTPAIIMY MEYCHBIX HAMH PHIO B HAYANFHOU (ha3e IBIHKEHUS BBEPX IO TEICHUIO
(Tabm. 3).

[IpuBenennpie B Tabn. 3 3HAYEHHS CKOPOCTEH IUIABaHWS B HAYANbHBIA MOMEHT MUTPAWN 3HAYUTEIHEHO
pacxonsaTcsl ¢ TaKOBBIMM Uil JIOCOCEH ECTECTBEHHOM IMONYJISILMM M3 WoTiaaHAckod peku Dee. Jlococu us aroit
MOMYJISIMK UMeNH OoJiee BEICOKYIO CKOPOCTh BIDKeHHs BBepX 110 peke (1.68-21.99 km/nens, a y Hac — 9.49 km/neHb)
u Oornee UIMTENBHBINA MEpHOJ MOIbEeMa IO peKe ¢ BBICOKOH ckopocThio (0.84--17.11 nmme#t, a y Hac — 69 mHeid)
(Hawkins & Smith 1986) no cpaBHEHHIO C HAIIMMU HOAONBITHBIMH pbiOamu. I10 JaHHBIM yKa3aHHBIX aBTOPOB,
npakTiyecku Bce puiobl (10 jococeit), MeueHble neperaTyuKaMu, OBICTPO MPEOIOJIETH ACTyapuil U HIXKHIOKO 4acTh
PeKH, a 3aTeM CKOPOCTb MX JABWIKEHHS 3ameluisuiach. [10 cpaBHEHHIO C IOJyYeHHBIMH B Hallei paboTe JaHHBIMH
cxeMbl orbeMa pui0, puseaeHHsle Hawkins, Smith (1986) O6buti 3HaunTEIBHO €AMHOOOpa3Hee.

[To nammm HaGmonenwsiMm (test Kruskal-Wallis) y mococeii mepBoif rpynmnsl cKOpocTh IIaBaHHS 3aBHCENA OT
JUTUTENIFHOCTH TIPOCIICKUBAHNSA M OT HANPaBJICHUS MEPEMEIICHHUS PhIO; y JOCOCEH BTOPOH TPYIIIBI BBISBICHA CBS3b
CKOpOCTeH IIaBaHUs C AITUHON PHIO, BpeMEHEM OIpeIeIeHUs] MECTOIOJIOKECHHS M HAIpaBIICHUEM UX TIepeMeIICHAN
(Tabm. 4).

[lo nmaHHBIM KOPPETSAIMOHHOTO aHalW3a BUAHO, YTO CKOPOCTH IUIABAHMS PHI0 OTHOCHTENIBHO Oepera y Bcex
MIPUBEICHHBIX TPYIII JOCTOBEPHO KOPPEIUPYET CO BPEMEHEM MEXKIY PETHCTPALUsSMH MECTOIOJOKEHHS PHIO U
HaIpaBJICHHEM ABWKeHus (Tabi. 5).
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Tabmura 2.

CraTucTU4ecKre XapakTepUCTUKU JBUKESHHSI MEUEHBIX pbI0 B 1992-1993 rr.

Bug | Jlococh | Kymxka
CTaTHCTHYECKHE XapaKTEPUCTUKH JBHKCHHSI MEUEHBIX pbI0 B 1992 .
['pynmsr 1 2 3 1 2 3
N 29 51 71 47 14 18
Menuana
CkopocTts, cm/cex | 0.77 1.11 0.87 0.74 0.49 0.04
AcummeTpus 2.44 2.81 5.09 1.93 2.26 3.75
CraHgapTHbIE
AcumMmerpus 5.36 8.19 20.31 541 3.45 6.50
Okcnecc 5.92 8.80 39.58 2.58 4.43 14.96
CraHjapTHbIe
DKcuece | 650 | 1282 | 6809 | 361 [ 339 | 1295
CraTuCTHYECKHE XapaKTEPUCTUKH JIBI)KEHHUS] MeYeHbIX pbi0 B 1993 .
I'pynms 1 2 1
N 130 247 84
Menuana
Ckopoctb, cM/cex | 0.61 0 10.47
Acummerpus 2.57 10.61 2.24
CraHjapTHbIe
Acummerpus 11.96 68.06 8.36
Okcuecc 6.98 135.63 7.09
CraHjapTHbIe
Dkcrece | 16.26 | 435.11 | 13.27
Tabnuua 3.
CkopocTH IBHKEHHS JIOCOCEH U KyMIK IIEPBOI IPYIITBI BO BpeMsi HAYaIbHOU (pa3bl
JIBIDKEHUSI BBEPX 110 TEUCHUIO
Bux Komectso Jucranuus BBepx Bpewms, CkopocTh
10 TEUCHHUIO, KM JHU NPOJBIKEHHMS, KM/JICHb
Jlococh 1 2.12 0.41 5.16
3 15.85 3.07 5.16
6 13.70 1.15 11.92
12 1.55 0.60 2.56
Kymxa 1 7.00 0.71 9.88
2 6.96 0.71 9.83
3 10.30 0.75 13.73
Ta6muma 4.

Tect Kruskal-Wallis mist ckopocTy mtaBaHust pel0 B 3aBHCHMOCTH OT X OHOJOTMYSCKUX XapaKTEPUCTHK,
JUTNTEIHOCTH MTPOCIICKUBAHKS, HAMIPABJICHHUS NIEPEMEILECHH S, JUTMHBI 1 BPEMEHEM OIPEEJICHUS] MECTOIIOJIOKEHHUS

Kruskal-Wallis Tect
Bun I'pynna Bpewms mexny Hampasnenue
Ilon Jnuna Jlenp oToBa
HaOJII0ICHUSIMU JIBMDKEHUS! PBIO
Jlococs 1 - 3.63NS 23.43 65.78NS 90.94**
2 0.35NS | 25.47** 18.18NS 134.80** 190.41%*
Kymxka 1 2.64NS | 3.23NS 39.83** 63.05* 39.78%*

NS — He cymiecTBeHHas pasnuna; * P<0.05; ** P<0.01

113



Atlantic salmon: biology, conservation and restoration, 2003

Tabmnwma 5.
Spearman k03 pUIHEHTHI KOPPEIALNT MEXTY HAIIPABICHUEM, CKOPOCTHIO IJIaBaHUS, OMOJIOTHYECKUMHU
XapaKTEePUCTUKAMH U BPEMEHEM MEX]ly PErHCTPalUsIMH MECTOIOI0KEHHS PbIO

Bix TTapamerp on Jimma Juu Bpewms mexny Hanpasnenue CkopocTb
HaOIofeHusl | HaONIOICHUAMU JIBIDKCHUSI TUIaBaHHS
Jlococs 1 Hampasnenue - 0.05NS 0.27** 0.13NS 1.00** 0.18*
N=130 CkopocTh -0.10NS -0.05NS -0.22%% 0.18* 1.00%*
TUIABaHHS
Jlococs 2 | Hampasnenme | 0.02NS | -0.0INS -0.00NS 0.0INS 1.00** -0.28**
N=247 CkopocTb 0.04NS | 0.0INS -0.14%* -0.15* -0.28** 1.00*
TUTABAHUS
Kymxa 1 Hampasnenne | -0.04NS | -0.10NS 0.16NS -0.23* 1.00** 0.56**
N=84 CkopocTb -0.18NS | 0.1INS -0.2INS -0.63%* 0.56%* 1.00%**
TUIaBaHHS

3HaunMOCTh KO3 (HIMEHTOB KOPPEILILMK Spearman npHuBesieHa B TaoJL. 4.

VY rpynmel oco0ei, He MPOSIBUBLIMX IOJOXHUTEIBHOTO PEOTAKCHCA, CKOPOCTh IUIABAHUS TAK)Ke OTPUIATEIHHO
KOppenupoBala ¢ JUIUTETbHOCTHIO HAOIIOAEHHH, T.€. TI0 Mepe HaOII0ACHUH 3a STUMH PhI0aMH X CKOPOCTH TUIABaHUS
nagany. Crexyer OTMETUTb, UTO JUTA 00EMX TPYIII JIOCOCEH M rpyNIbl KyMXKH C MOJOKHTEIBHONW peopeakunei Obuia
XapaKkTepHa OTpHUIATENbHAS CBSI3b CKOPOCTH IJIaBaHHA CO BPEMEHEM MEXIy HaOmoJeHusIMH (T.€. HaWBBICIINE
pacdeTHbIE CKOPOCTHU IJIaBaHWSA OBLIM OTMEYEHBI IIPM MHUHHMMAJbHBIX 3HAYEHHAX BPEMEHH MEXIY HaOIIOACHUSIMH
MECTOIOJIOXKEHHS PbI0). Y TPyl JIocOCe M KyMK C BBIPQKEHHOW IOJOXHUTEIBHOW peopeakiueid ObUT OAMHAKOB
XapakTep CBsI3M CKOPOCTEH IUIaBaHHMs C HEKOTOPBIMU IIapaMeTpaMHu: OTPHLATEIBHBIH CO BPEMEHEM MEXIy
HaOJIONCHUSIMH M TIOJIOXKUTEJIBHBIA C HAIllpaBICHHEM JBID)KEHHs (T.€. NPH ABMKEHHHM PbIO MPOTHUB TEUYEHHS X
CKOpOCTb IUIaBaHMsl OTHOCHTENILHO Oepera Oblla BbIIIE, YEM NPH JBWKEHHH BHH3 IO TEUEHHMIO). Y Jiococeil obenx
TPYIII BBISIBJIEHA JIOCTOBEpHAs OTpULATENbHAs CBA3b CKOPOCTEH IUIaBaHWs M JUIMTEIBHOCTH HAOIIOACHHH.
Amnanornysasi 3aBUCUMOCTh Oblta oOHapyskeHa y jococs p. [lenoockor (Power, McCleave 1980). [To-Bunumomy, B
3TOM TMPOSIBJISICTCS OO0IIasi 3aKOHOMEPHOCTb CHIKEHHsI CKOPOCTEH IUIaBaHUsI MUTPHPYIOIIMX HPOU3BOAUTEIEH
aHaJPOMHBIX PBIO IO Mepe MX MPHOIMKEHNS K HEPECTHIIHIIIAM.

WHTepecHO cpaBHUTH HANPABICHUE ABMKCHUS PBIO PA3IMYHBIX TPYI B TEUCHNE BCETO MIEPHOAA IPOCICKUBAHHS.
VY nococeit W KyMXH TEpBOW TPYyNIBI B HaYabHBIA TMEpHOJl HAOIMIOJCHUH HEMHOTO Ipeodiafaid IepeMeneHus
IIPOTUB TEUCHHS W OCTAaHOBKHM, K KOHIly INEpuOoJa HAOIIOJEHWH OTCYTCTBOBAIM IEPEMELICHUS] BHHU3-BBEPX IIO
TEUEHHIO, PBHIOBI MPEATIOYNTAIN HAXOMUTHCS HA OMNPENENICHHBIX ydyacTKaxX. Y JIOCOCEH BTOPOH IpyHmbl B TEUEHHE
BCET0 NMepHro/ia HaOI0ACHUH TIepEMEILIeHNs] BBEPX-BHHU3 110 TEYEHHIO U OCTAHOBKHU OBbIJIM PaBHOBEPOSITHBIMH.

Ckopee Bcero, 3Ha4YMTEIbHOE Pa3HOOOpa3ue Tpacc JIBMXKEHHMs IOJIOBO3PENbIX 0COo0eil JI0COCs, MONYyYEHHBIX OT
HCKYCCTBEHHOTO BOCIIPOW3BOJICTBA, SIBISETCS CJIEJACTBHEM HEANAlTUPOBAHHOCTH MEXAHHW3MOB OpPUEHTAIMU
BCEIISIEMbIX PHIO0 K KOHKPETHBIM YCJOBHSIM BojoeMa. [lonTBepkaeHue 3TOMY IMOJI0XKEHHIO MOKHO HaWTH B paborte
Power, McCleav, (1980), wuccremoBaBmIMX Tpacchl MEPEMEIIEHUH II0JIOBO3PENbIX ATJIIAHTUYECKHX JIOCOCEH,
BCEJICHHBIX HA CTaJIMM CMOJITOB Ha pa3lIMUHBIX ydacTkax peku IleHoOckor (Maine, USA). JIBmkeHue 3TUX pbIO
MIPOMCXOMIIO HE TOJIBKO IT0 PEKE BBEPX, HO YACTO MEPEMEKAIOCH POJOIKUTEIFHBIMA OCTAHOBKAMH M CIUTBIBAHHEM
BHHU3 110 Te€4eHHI0. YacTh pbI0 HE MPOSBMIA MOJOXHUTEIBHOTO peoTakcuca. JIs cxeMm IBW)KEHHS YKa3aHHBIX PbIO
OblTa XapakTepHA Takas jK€ BBICOKAas CTENEHb Pa3HOOOpas3Ws, KaK M ISl JOCOCEH, NMPOCICKEHHBIX HAMH B P.
Kromuifoku. O BBICOKOH CTENEHN U3MEHUYMBOCTH MHUTPAILIMOHHOTO MOBEAEHHS ITPOM3BOAUTEINICH JT0COCS, MOIYIEHHbIX
OT UCKYCCTBEHHOT'O BOCIIPOM3BOICTBA, CBUACTEIBCTBYET TOT (DAKT, UTO MPH MPOCIEKUBAHIH MEPEMEILEHHUH T0cOCEn
B p. [leHoOckoT 20 MEYCHHBIX paaHONepeIaTInKaMu 0COOCH NPOILTH Yepe3 PrIO0XOIbI IVIOTHH B BEpXHUU Obed), a
3aTeM CKAaTHJIMCh BHU3 110 TEYEHHUIO 4Yepe3 IUIOTHHBI, W JIMIIb 4 0cOOM HE CKaTHIIMCh, Npoiis 3ToT myTh (Power,
McCleave 1980). Takum o00pa3oM, CTEpEOTHIIBI IOBEACHUS MPOU3BOAMTENCH JIOCOCEBBIX, IOJYUYECHHBIX OT
HCKYCCTBEHHOT'O BOCIIPOM3BOJICTBA, XapaKTEPU3YIOTCS BBICOKOW CTEIEHBbIO HEYCTOHYMBOCTH W OOJIBIION [OJed
BEPOSITHOCTHOTO KOMITOHEHTa. CllelyeT OTMETUTD, YTO MEYCHHBIE HAMH ITPOM3BOAMTENN KYM)KH UMENIN 3HAYUTEIBHO
Oosiee yCTOWYMBBIA CTEPEOTHII MHUIPAIMOHHOTO IOBEJCHUS, YE€M JIOCOCH. JTO TeM Oojiee YAWBUTENHHO, YTO B
cucreme p. KioMuifoku rpu 3apbl0eHHH CMOJITOB JIOCOCS BBIITYCKAJIHM KaK B CPEAHEH, TaK U B HIDKHEH 30HaX pe4yHOH
CHCTEMBI, @ CMOJITOB KyM>KH BBIITyCKaJIM B 3CTyapHHU.

Jnst MUTpUpPYIOINX aHaJpPOMHBIX IPON3BOIUTENEH MPUPOIHBIX MUTPHUPYIOIKX momy snuii (of nature spawning
populations) 60ee CBOWCTBEHHBI YCTOHYMBBIE CTEPEOTUIIBI MUTPALIMOHHOTO MTOBEIEHISI — HAIPABICHHOE ABIKCHHE
K HepecTHJIMIIaM ¢ oTcyTcTBUeM Onyxaanuit (Hawkins, Smith 1986; Heggberget 1988). CyriecTBeHHbIe OTIHYUS B
MOBEJICHUH IPOU3BOAUTEINICH aTIaHTUUECKUX JIOCOCEH, BEIPOCIIMX OT IUKHX M CMOJTHOHLIUPYIOIIMXCS B 3CTyapuH
farmed ocoOeif, oTMEueHbI M HOPBEKCKMMH HccienoBarensiMu. [l Tpou3BOIUTENEH OT HMCKYCCTBEHHOTO U
€CTECTBEHHOT'0 BOCIIPOU3BOJICTB OBIJIO XapaKTEPHO OJHOBPEMEHHOE MOSBICHHE BOJIN3U ICTyapusi HEPECTOBOM PEKH,
Ho wild fishes 3axonunu B pexy paHbllie W YXOAWIM MO3XKE, YEM PBIObI OT MCKYCCTBEHHOTO BOCIPOW3BOJICTBA.
[Mocnennue nMenu Goliee BHICOKUH YPOBEHB JABUTAaTEIIbHOM aKTUBHOCTH, CUIIbHEE TPAaBMHPOBAINCH B peke, U 13.5 %
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camok u 36.7 % caMIOB yXOAWIM M3 PEKH B MOpPE HE OTHEPECTHBLIMCh. M3 NMKMX Npom3BOAHTENEH B peke
HepecTUIIUCh Bce caMku U 96.2 % camuos (Johnson et al. 1990).

INomyyeHnble OaHHBIC BBIBWIM HHTEPECHBIE CTOPOHBI MHUIPAlMOHHOIO IIOBEINEHHMS pbIO, IMOJTYyYEHHBIX OT
HCKYCCTBEHHOT'O BOCIIPOM3BOJICTBA, BBIIYIIEHHBIX B BH/I€ MOJIOAN B BEPXHEH dacTu dcTyapus peku. Ilocne Haryna B
MOpe co3peBlIne PbIObl BEPHYJIMCh B BEPXHIOW yacTh dcryapus. IIpu mepecanke Nmpou3BOAWTENECH ITHX PbIO B
BEpXHUH Obed IIOTHHBI, (PaKTUYECKH Ha HE3HAKOMBIH [UIsl HUX YYaCTOK PEKH, PhIObI IEMOHCTPUPOBAIH JIOCTATOYHO
pa3Ho0Opa3Hoe IOBEICHHE.

VY nococeit 1 KyMXH MO CTEPEOTHUIIaM TIOBEICHHS CPEIU MEUYEHBIX PHIO MOXKHO BBIJIEIUTH TPU TPYMIBI OCOOCH.
Bo-niepBBIX, pBIOBI, aKTUBHO pEarvpylollye Ha IMOTOK M CTPEMSIIMECs JBUTaThCs BBEPX HPOTUB TEUYEHHUS 0
HETPeoI0IMMOM nperpaasl. YacTh 3THX phIO NpojoiDKaia OCTaBaThCsl BOJIM3M MPEISITCTBUS, OJJHa 0COOb IOCiIe CKaTa
BHOBb IOAHSIACH K IUIOTHHE. BO-BTOPBIX, 0COOM, COBEpIIAIONINE IOMCKOBBIC IEPEMELICHHs] BBEPX W BHHU3 II0
TEYEHHIO. B-TpeThux, ppIObI, OTPHIATEIHHO pEarnpyroline Ha TEUYCHHE M, KaK MPaBUJIO, CKaThIBAIOIINECS BHU3 MO
TEYEHHI0. Y JI0ocOCced M KyM)KH, aKTHBHO MHUTPHUPOBABIIMX NPOTHB TEUCHUs, BAPbUPOBAHUE CKOPOCTEH IIaBaHMSA
MMEJIO Pa3JInYHBIA XapaKkTep — Y JIOCOCs JI0JIsl BRICOKMX CKOPOCTEH IIaBaHus OblIa MEHBILIE, YeM Y KYMOXKH.

Takum o00pa3om, CTEpeOTHIBI IOBENCHHS IPOU3BOJMUTEINICH JIOCOCEBBIX, IOJYYEHHBIX OT HCKYCCTBEHHOTO
BOCITPOM3BO/ICTBA, XapaKTEPHU3YIOTCS BBICOKOH CTENEHBI0 HEYCTOMYMBOCTH M OOJNBIIOH H0JIeil BEpOSTHOCTHOTO
KoMmroHeHTa. ClegyeT OTMETHTh, YTO MEUYCHHbIE HAaMH NPOW3BOJIUTENNM KyM)KM HMENIHM 3HAYMTENFHO Oosee
YCTOWYMBBIH CTEPEOTHII MHIPAIlMOHHOTO TIOBEJCHUS, 4eM JococH. Kak yke ykas3pIBaJoch, 3TO TeM Ooiee
YAUBUTENBHO, YTO B cucTeMe p. Kromniiokn mpu 3apbIOJIeHHH CMOJITOB JIOCOCS BBIITYCKAIM Kak B CPEAHEH, Tak U B
HIDKHEH 30HaX PEYHOM CUCTEMBI, a CMOJITOB KYM>KH BBIITYCKAIH B 3CTYapHH.

Taxkum 06pa3oM, aHaIM3 MOTYYEHHBIX M JIMTEPATYPHBIX JAHHBIX MOKa3all, YTO 3HAYECHUs] CKOPOCTEH IJIaBaHHS B
MEPUOA MUTPALMK Y MPOU3BOIUTENEH (MCKYCCTBEHHOE BOCHPOM3BOJCTBO) OTIMYAIOTCS OT TAKOBBIX y 0COOCH U3
€CTECTBEHHBIX MOIYJISIIUI JIococeBbIX. CXeMBI MOJbeMa phI0 M3 €CTECTBEHHBIX MOIYJISIU Ooliee eaMHO00pasHBI,
4YeM IMOJy4YeHHble B Hamux HaOmoneHusx. Ckopee BCEro, 3HAUUTENBHOE pa3HOOOpa3ue Tpacc ABHKEHUS
MOJIOBO3PENIBIX ~ JIOCOCEH, IOJNYYEHHBIX OT MCKYCCTBEHHOTO  BOCHPOM3BOJCTBA, SIBISIETCS  CIIEACTBHEM
HeaJanTHPOBAaHHOCTH MEXaHM3MOB OPUEHTAINH BCEJIIEMBIX PhIO K KOHKPETHBIM YCIIOBHSIM BOIOEMA.

[Nomy4eHHble naHHBIE, HECOMHEHHO, BaXKHBI JUISI PHIOOXO3SMCTBEHHBIX LeIeil M NPEICTABIISIOT HHTEPEC ISl OLIEHKH
aJIaNTalOHHBIX BO3MOXKHOCTEH JIOCOCEH HCKYCCTBEHHOTO W ECTECTBEHHOTO BOCIpOM3BOACTBA. [Ipm mombITKax
PEMHTPOAYKIMHN JIOCOCEBBIX B BOJOEMBI, IZIe 3TH PHIObI paHee OOHMTAM, TIEPBBIE ABE IPYHIIHI PHI0 MOTYT CO3MaTh SIPO
HEpEeCTOBOH TOMYIMH. BO3MOXXHO, yBEIMYEHHE 0N TPOM3BOINTENECH, aKTHBHO PasbICKUBAIOIINX HEPECTUIINIIA, 32
CUYET MacCOBBIX BBIITYCKOB MOJIOIM KOHCHEM(HIHBIX JIOCOCEBBIX B PEKH, TI€ IPOBOIUTCS PEUHTPOLYKIIHS.

JIUTEPATYPA

Gray R.H., Haynes J.M. Spawning migration of adult chino salmon (Oncorhynchus tshawytcha) carrying external and internal
radio transmitters // J. Fish. Res. Bd. Can. 1979. V.36, N 9. P. 1060-1064.

Hawkins A.D., Smith G.W.. Radio-tracking observations on Atlantic salmon ascending the Aberdeen shire Dee. Dept. of
Agriculture and Fisheries for Scotland, Marine Laboratory, Aberdeen. 1986. Scottish Fish. Res. Report. N 36. 24 p.

Heggberget T.G., Hansen L.P., Neesje T.F.. Within-river spawning migration of adult Atlantic salmon (Salmo salar) // Can. J.
Fish. Aquat. Sci. 1988. V. 45. P. 1691-1698.

Johnson B., Johnson N., Hansen L.P. Does juvenile experience affect migration and spawning of adult Atlantic salmon // Behav.
Ecol. Sociobiol. 1990. V. 26, N 4. P. 225--230.

Mohus 1., Holand B.. Fish telemetry manual. SINTEF Rep. 1983. N 48. Trondheim, Norway. 107 p.

Power J.H., McCleave J.D. Riverine movements of hatchery-reared Atlantic salmon (Salmo salar) upon return as adults // Env. Biol.
Fish. 1980. V. 5,N 1. P. 3-13.

Saranchov S.I. Application of biotelemetry techniques in fisheries investigations / Summary inform. Fisheries (ZNIITEIRH).
N 1. Moscow. 1984. 76 p.

Saranchov S.1. 1984. Application biotelemetry in fisheries investigations. Summary information Fisheries. N 1. 76 pp. (In Russian).
Saura A. Fry and parr releases of Neva salmon and parr biology in the Vantaanjoki and Kymijoki rivers. Manuscript, 1989. 8 p.

Saura A., Mikkola Y. 1990. Iohen ja meritaimenent palavittamines Vantaanjokeen ja Kymijokeen // Suomen kalatalous. N 56. P.49-56.
Tukey J.W. 1977. Explorary Data Analysis. Reading, Mass: Addison-Wesley.

115



Atlantic salmon: biology, conservation and restoration, 2003

OCOBEHHOCTHU MOP®OJOI'NMYECKUX U
OU3NOIOI'MYECKHUX MTAPAMETPOB JJIOCOCEBBIX
PbIB, BBIPAIIIUBAEMbBIX HA ')KEUMEHCKOM
PbIBO3ABO/IE

. Bupouckac, H. Kaznayckene, M.3. Bocuiune, E. Jlesmyna®, I1. CracuyHnaiire,
. Jlykcuene

Institute of Ecology, Akademijos 2, LT-2600, Vilnius, Lithuania, Tel: 370-2-796312,

E-mail: ekolfiziol@aiva.lt; Fax: 370-2-729257

* Lithuanian State Pisciculture and Fishery Research Center, Juozapaviciaus 9, Vilnius, Lithuania,
e-mail: aegida3@centras.lt

PE3IOME

BrusHue ycnoBuii OKpysKaromend cpeisl Ha poCT aTIaHTUYIECKOro yiococs (Salmo salar) n Kymxu
(Salmo trutta trutta), BEIpaIIMBaeMbIX B PEHUPKYIALHOHHOW CHCTEME OICHHBAJIOCh HAa OCHOBAHUHU
Mopdooruuecknx U (Gpu3noNorndeckux nokasarened. Kpome toro, mpou3BOAWICS IMCTOIOIHYSCKUIT
aHaJIn3 MCYCHU, U OUCHUBAJIUCH I'EMATOJIOT'MYCCKUC ITapaMETPhI.

CpaBHeHHE HalllMX JAHHBIX C ITapaMeTpaMu pbI0 W3 €CTECTBEHHOI Cpelbl BHISBUIIO Pa3IMYMs MO
HEKOTOPBIM TMOKa3aTesIM: CpeaHss Macca Tena, YHNUTAaHHOCTh (IIOYTH BJIBOE), KOHIEHTpalus
remoryiobnHa (710 26%) ObUIN BBILIE Y «3aBOJCKOW» Mojoan. Tem He MeHee, BU3yaIbHO HaOJIt0gaeMble
W3MEHEHHS TEYECHH, TUCTOJIOTMYECKNE NCCIIEJOBAHMS, TOBBIIICHHBI COMaTHYECKUH MHIEKC ITIeYeHH U
ociabieHne UMMYHHOU cuctemsl (oOHapysxeHHbIe Y 20-40% 00cinenoBaHHBIX PbIO) CBHIETEIBLCTBYIOT
0 HECOBEpPLICHCTBE OMOTEXHOJIOTMYECKHX IPOLIECCOB, INPHUMEHSEMBIX NPH BBIPAIIUBAHHU DPHIO, U O
mucOaliaHce B YCIOBHAX OKpY)Kalomed cpensl (Temmeparypa BOOBI He ObUIa ONTHMATIBHORN),
BBI3BABILEM HapyLIEHHs IIPOLIECCOB MeTab0NIN3Ma B OpraHU3Me PhIO U YCBOEGHHS LIEHHBIX MUTATEIbHBIX
BemecTB. OOHapyKEHHbIE M3MEHEHUS MO3BOJIMIN IIPEANONIOKHUTD, YTO BBDKHBAEMOCTh «3aBOJCKOI»
MOJIOJH TIOCTIE BBITyCKa OyAeT HU3KOM.

HOJ’Iy'-leHHble JAaHHBIC II0 €CTCCTBCHHBIM KOHe6aHI/l§IM TEMIECpATypbl BOAbI B PEKE MOCITYKUIN
OCHOBOW JIIsi BBIPAOOTKM NpEMJIOKEHUH 110 BBEACHHIO HOBOTO TEMIIEPATYpHOrO peXuma Ha
JKeitmeHckoM prIOO3aBOIC.

KaioueBslie ciioBa: iococesvie, pocm, mopghorocuyeckue, pusuonocuueckue napamempul
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XAPAKTEPUCTHUKA, BBI'ZKUBAEMOCTD

N NPOI'HO3UPOBAHUE YUCJIIEHHOCTH
INPECHOBOJAHOTI'O ATJIAHTHYECKOI'O JIOCOCHA
PEKHU YA (BACCEHH OHEXKCKOI'O O3EPA)

P.B. I'aiina, U.JI. lllypos, B.A. Illupoxos

CesHUUPX Ilempl'Y, na6. Baprayca, 3, [lemposzasoock, Poccus

BBEJIEHUE

B cBsI3M ¢ MOBCEMECTHBIM YMEHBILIEHUEM YHCIEHHOCTH CTaj IMPECHOBOAHOIO JIOcOcs B pekax Kapenun octpo
CTOUT BOIIPOC O CHOCO0aX PAlMOHAILHOTO YIPABJICHHs 3a[1aCaMH JIOCOCS B PEKaX, COXPAHMBIINX B HACTOSILEE BPEMs
JIOCTATOYHYIO YUCIIEHHOCTh. OMHOM M3 Takux pek Ha Teppuropun Kapenuu siBisercst peka Illlyst (¢ mpuTokoM peku
Csinicst), Bnagaromas B OHeXCKoe 03epo.

W3yyenune npuyKH, ONPEACISIONIMX YUCICHHOCTh OYAyIIEro MOKOJICHHS, UMECT BaXKHOE IPAKTUUCCKOE 3HAYCHHE.
UuCIeHHOCTh OyIyIero MOKOJIeHHs (TeHEePAIiK) aTIaHTHIECKOTO JIOCOCS B IIEPBYIO OYEPE/Ih 3aBUCHT OT YCIIOBHI KU3HH
Ha PaHHUX CTAIMAX Pa3BHUTHSA M (PAKTOPOB BHEIIHUX YCIOBHH Cpelbl, 0COOCHHO B IEPBBIN TOJI KHM3HU B peke. (A30ernes
1960; Baneros 1999; Jumes, Pummr 1961; Muranc 1980; Illycros 1983; SIkoBenko 1976).

MATEPHUAJI U METObI

Mostozp 10COCS OTIABIUBAIH ATEKTPOI0BOM. OOIIOBBI OCYIIECTBILUIICE B IeproA ¢ oceHu 1999 mo ocens 2000 roma
Ha HEPECTOBO-BbIpacTHBIX yuacTkax peku llyn. Cranimu Ha HBY BeiOupasich Takum 00pa3om, YTOObI TOIyYHTh IaHHbIE
MO TUIOTHOCTH 3aCelIeHUs MOJIOJbI0 BCEro Mopora, a He TOJBKO IS XapaKTepHbIX MecT oOurtaHus. Bcero Obuio
obpadorano 200 3k3. pa3HOBO3pacTHOM Moyoau. [IpoMepsl M B3BCHIMBAHWC MPOBOIMIOCH HA KMBOM MarepHaje Mo
crangaptaoil Merouke ([IpaBaun 1966), ocne yero MoJob JI0COCs OTIyCKal o0OpaTHO B peKky. [lmoTHOCTh 3acenenus
Mosoasio HBY paccunteiBamm o meroy 3urmmHa (Zippin 1956).

JAuHamuka yJi0B0B

[ly#ickuit 10cOCh ABISUICS CaMBIM MHOTOYHCIICHHBIM CTafjoM B OHEXCKOM 03epe, JaBaBIIMM a0 75 % yJIOBOB IO
o3epy (Koctemer 1974; PenkkoB, KocteuteB 1984). YnoBer 6putn ctabuinbabl A0 1960 rona, mocie 4ero mocTosHHO
camwkanmnce (CmuproB 1971). B 1993 mpomsicen Ol mpekpamieH, s KOHTPOJA dYHciIeHHOCTH B 1994 romy
YCTaHOBIIEHO pBIOOyUYeTHOEe 3arpaxaeHue (PY3), umcmeHHocTsr HepecToBoro craga omnerera B 2000-2500
npousBoauTeneii (Baseros u ap. 1995). YioBs! mryiickoro Jiococst 3a psiz JIET NPUBENICHbI Ha pHC. 1.

BI/ID,HO, YTO KOJIMYCCTBO HEPECTOBLIX MHUIPAHTOB JAJICKO HE CTa6I/lJ'II>HO, U UMECT TCHIACHIHIO ITOCTOAHHOI'O
CHUKCHUS. le/l'-II/IH])l OTOT'0 XOpOIIO M3BCCTHBI U XapaKTCPHbI AJIsI HNPAKTUYCCKHU BCCX HOHyJ’IHIJ,l/Iﬁ ATJIIAHTUYCCKOI'O
mococst CeBepo-3anana Poccun. [To mammum onenkam (Iaiima u gp. 2000) B pexe m3bimaercs He MeHee 70-80 %
MIPOM3BOANTENIEH OT YHCIIA TOJIBKO yuTeHHBIX Ha PY3e. HeoOxonmumo ormernts, uto B 2000 romy Ha peIiOOydeTHOM
3arpakJIeHUN OBUIO YYTEHO caMO€ HH3KOE 33 BCIO MCTOPHIO KOJIMYECTBO Ipou3Boaureseii — Bcero 9 (!) ak3. OT0
MOXET SBJIATHCS CIEACTBHEM ABYX Hanbosee BepOsATHBIX MpHuuH. IlepBast - kpaiiHe HU3Kas YMCIEHHOCTh MOJIOIH Ha
OCHOBHBIX moporax B 1994 roxy (Baneros u ap. 1995). imeHHO 3Ta reHepanus J0JDKHA ObLTa COPMHPOBATH OCHOBY
HepectoBoro crajga 2000 roga. Jpyras Bo3MOXKHasi IPUUKMHA — PE3KO BO3POCIIMN HEYUYTEHHBII BBUIOB HAryJbHOI'O
nococs B akBaTopu OHEKCKOTo 03epa, Aocturapmuid B 1999 r. okomno 100 T.

XapakTepucTuka MoJI0IH1
Bonpocs! BEKMBAEMOCTH OPTaHM3MOB MMEIOT HE TOJNBKO Ba)XKHOE MPAKTUYECKOE 3HAYCHHE, HO NMPEACTaBIAIOT U
TEOPETUUYECKUI HHTEpPEC, TaK KaK CBSI3aHbI C BOIIPOCAMH JUHAMUKU YHCIEHHOCTH, PA3HOKAUECTBEHHOCTU OHTOreHEe3a

M MEXaHW3MaMHU €CTECTBEHHOM peryjaaunu 4YuCJICHHOCTH. Hamei pa60qel71 l"pyHHOﬁ BIICPBLIC MMOJYYCHBI JaHHBIC 11O
paSMepHO-BO3paCTHOI>i U3MCHYHUBOCTU MOJIOAH JIOCOCA MJIAAIINX BO3PACTHBIX I'PYIII pAAaa peK-IMIPHUTOKOB OHEXKCKOro

117



Atlantic salmon: biology, conservation and restoration, 2003

o3epa (Lys ¢ mputokamu, Bomna ¢ mputokamu, Ilsuiema). B Hame#t paboTe cymiecTBEeHHOE BHUMAHHUE YIEISIOCH
BOIIPOCAM M3MEHYMBOCTH OCHOBHBIX ITPU3HAKOB MOJIOAM (pa3Mep, Macca, BO3PacT), TaKk Kak OT 3TOr0 B IOCIEACTBUN
3aBUCHT €€ BbDKHMBaeMOCTh. JlaHHble o Monoau pexu Lllys npencrasneHs! B Tabnuie.

. 2000

KonuuecTso, 1t

Puc. 1. Ilpumeuanue: ¢ 1994 koaudecTBO NPOM3BOJUTENEH IIPUBOAATCS IO JaHHBIM paboTel PY3

Tab6nuia.
XapakTepucThKa MOJIOJU OCHOBHBIX NOporoB peku Llys
1999 | 2000
Buoanwi
AB,cm CV,% |[Bec, e CV,% AB,cm CV,% | Bec, ¢ CV,%
0+ 16,52+0,17 10 2,5+0,1 31 7,52+0,09 8 2,75+0,2 42
1+ |11,43+0,58 7,35 [12,75+1,0 22 11,06+0,8 21 [|11,44+2.67 66
becose
0+ |6,78+0,48 10 2,86+0,3 29 8,02+0,12 3,5 |3,5+£0,34 24
1+
Huorcnuii becosey
0+ 16,52+0,42 11 2,55+0,21 27 7,53+0,22 3,6 |[2,16+0,17 19
1+ |11,2+1,36 14 12,21+1,93 35

Kax BuiHO M3 TaONUIIBI Macca MOJIOJM XapaKTepu3yercs ropazfo oonbumm kodddunuentom Bapuaimu (CV), yem
pa3Mepsl. DTO XapakTepHO Ui jococs u m3 Apyrux pek (Kasaxor 1987; Jlumes, Muranc 1974; Mensaukosa 1970;
Cryznenos u ap. 2000). Kpome Toro, momoas nococst 1999 rona, mo cpaBHeHmro ¢ mosnoapio 2000 roxa xapakTepusyercs
OonpumMu  KOO(QGUIMEHTaMH Bapualy IIPU3HAKOB. JTO OOBsCHSETCS KpailHe HeONIaronpusITHBIMU PEYHBIMU
THAPOMETEOPOIOTHUECKUMH YCIOBHAME 1999 ronga (o4eHb HU3KMH YpPOBEHb BOABI M BBICOKHE JIETHHE TEMIIEPaTyphl
BOJIbI). YCWJICHHE BapHaOEIbHOCTH POCTa CBUJCTEILCTBYET O TOM, YTO IOMYJIAIMS HAXOAUTCS B HEOIArONMpPHUSITHBIX
ycroBusix xu3Hu (JIumres, Pummn 1961), 4to no/mkHO cKazaThCst HAa ypOXKaHHOCTH COOTBETCTBYIOIIEH TeHepaIyy.

AHaiM3 dYemyn M pa3MEepHO-BECOBBIX XapaKTEPHCTHK MOKa3aJl CYIIECTBEHHYIO 3aJIep’KKy pOCTa MOJOIM BCEX
BO3PACTHBIX TPYII, 0COOEHHO cerojeTkoB 1999 rona. 3amesieHHBI POCT OTPULATENHHO BIMSIET Ha MOCIEMYIOIIYIO
BBDKHBaeMOCTh, ocobeHHO 3uMoi (Kymkak 1998). [lo MHEHIIO HEKOTOPBIX aBTOPOB, HIDKE OIPENEIICHHOTO Pa3MEPHOTO
Iopora CETOJIETKOB aTiIaHTHIecKoro Jococs (70-72 MM mmmHB Io CMUTTY) 3HAYUTENHFHO YBEIWYHMBACTCS CMEPTHOCTH
sumoii (Myers et al. 1986). [Ipumeuarensho, uto nByxiietkd (1+) npoosr 2000 ropa ycTymnaroT o pa3Mepam JByXJIeTKaM
1999 rona, BeposATHO, 3a7epKKa pOCTa B IPEABIIYIIIEM FOIy B 3HAUYUTEIIHHON CTENIEHH CKa3bIBACTCs Ha BECH ITOCIICAYFOIIIN
0Tpe30K oHTOreHes3a. I1o pesynpraTaMm oceHHMX 00JI0BOB KOHTPOJIBHBIX CTAHIIMI MBI PACCUUTAIN YHUCICHHOCTH IBYXJIETOK
(1+), 9TO TIO3BOJMIIO OLICHUTH BEDKUBAEMOCTh OT OCEHHHUX ceroiieTkoB (0+) (puc. 2).

Hawnbosp1ast BBbKMBaEMOCTh MOJIOAW XapakTepHa st Bunanckoro mopora — okosto 25 %, 4To ropaszio MeHblIIe, 4eM
YKa3bIBAIOCH APYTUMHU aBTOPAMH JIII HEKOTOPBIX pek [Ipubantiku — 50 % 3a 3umy (Muranc 1980), Ces. [Ipunanoxes
— 60 % 3a 3umy (Banero 1999). [ apyrux moporoB BEDKMBAEMOCTh OKa3aiach elle Hibke: becoBerkuii mopor —
okoJo 5 %, HmwxHebecoBenkuit — okoio 10 %. [TpuunHy cTonb pasnuyaronuxcst Mex 1y coO0H TaHHBIX HEOOXO0IMMO, Ha
Hall B3I, UCKaTh B XapaKTEPHCTHUKE CaMMX IOPOroB, KaKk MecT oOMTaHMs MOJIOIM Jococs. Bumanckuii mopor —
HanOoJee TIyOOKMA M3 TPEeX WCCICHOBAHHBIX, BEPOSTHO, MEHEE APYTUX IIOIBEpP)KEH 3UMHEMY 3aMEp3aHHIO, U CaMbIi
TIPOJOIDKUTENBHBIN (5,5 kM), 9To maeT Momomu OoJbIIe MIAHCOB Ha IOWCK ONTHMAIBHBIX MECT UL 3WMOBKH, TIPH
HEIIOCTaTKe KOTOPBIX (OTCYTCTBUH BaJyHOB, KPYIHOW TalbKU W T.JI.) MUTpUpPYeT Ha sMbl U 1wieckl (Becenos, IllycroB
1991), roe craHoBHUTCSA HOOBIYEH XUITHIKOB (HaIpHMeEp, 3UMYIOIIEro Ha siMaxX MPOXOJHOro ITyHCKoro HaiamMma). Kpome
TOTO, MOJIOJTb ATIIAHTUYECKOTO JIOCOCS 3aHIMAET B CTPYKType MXTHUOLICHO3a TAJIeKO He BeyIiee rnojoxenue (puc. 3).
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Puc. 2. BepkrBaeMocTh aTJIaHTHIECKOTO JIOCOCS Ha PA3IMYHBIX 3Tanax OHTOTCHE3a
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Puc. 3. Crpykrypa HXTHOLIEHO3a

[paktiyeckn Ha Bcex moporax B mpodax 1999 m 2000 romoB mo OTHOCHTENBHOW M aOCONIOTHOM YHMCIIEHHOCTH
IMAMpyeT ObrYoK-noKaMenmk. OcoOeHHO Ooblasi ero YHUCIEHHOCTh HA roporax Obuia 3aduxcupoBana Hamu B 2000
roxy. CrHenuaibHBIX HWCCIEIOBAHMHA BIHMSHHUSA HA BBDKHBAEMOCTH MOJIOOHM JIOCOCS NPYTHX BHIOOB pPHI0 HAMH HE
MIPOBOMIIOCH, OAHAKO cymiecTBYrOT nanHble (HoBocenor u ap. 2000) o TOBOMBHO 3HAYHMTENHHOW CTETICHH IHIIEBOTO
cxonctsa (CI1=82,2 %) momoau tococs U ObIUKa-ToAKaMeHIIHKa. KpoMe Toro, Bo BpeMst 3MMOBKH MOJIOAb STHX BHIOB
3aHMMAEeT CXOTHbBIE OHOTOIIBI, YTO BIOIHE MOXKET OTPA3UTCS HAa BEDKHMBAEMOCTH JIOCOCS 32 3UMY, TaK KaK OH IPEIIIOYUTAET
3aHUMAaTh YKPBITHA o KaMmHAMH B omuHOYKY (Cunjak 1988). Takmm oOpa3zoM, cieqyeT COTTIaCHTHCS, YTO OBIYOK-
MTOJIKAMEHIIMK CO3/1a€T YTPO3y MOJION aTIIAHTHIECKOTr0 JIococs B peuHoi nepron xu3an (Ctynenos, Hosocenos 2000).

PE3YJIBTATBI 1 OBCYXKJIEHUE

AHanu3 pa3MepHO-BO3PACTHOM M3MEHYMBOCTH MOJOAM MOXKET CIY>KHThb XOpPOIIEH XapaKTepHUCTHKOM COCTOSHUS
TOMYJSIMKA B PEKe, IPHYEM pa3Mepbl MOJOAM Ooiee IMOKa3aTelnbHO OIEHHWBAIOT olliee cocrosHue. Bec Mmomomm
XapakTepu3yercsi OOJBIIMM BapbHPOBAHHEM M MOXKET CIYXWTb Ul OIEHKHM TOJNBKO TEKyIIero cocrosHus. Ilpm
JIbHEHIIIEM HaKOIUICHWHM JAHHBIX CTaHET BO3MOKHBIM OIEHKA IOMYJIAIMH C TPHBIICYCHHEM KOHKPETHBIX THMAPO-
KIIMMAaTHYECKUX JaHHBIX M CO3JaHUE MATEMATHIECKOH IPOTHO3HON MOJIEIH.

[o-BumrMOMYy, €CITi PUHATH OO T BCEH PEKU MPOIEHT BBLKUBIIHNX CETOIETKOB 0K0I010 %, To B memoM 3Ta
udpa xapakTepHa Wi Ooliee CEBEPHBIX MOIYIBIUUK JIococs. B paccMOTpeHHBII HAMH OTPE30K OHTOTeHe3a He BXOIHUT
JIETHUH niepuoa. B 3To BpeMsi cMepTHOCTb MOJIOZM MOJKET OBITh 3HAYMTEIIbHA, U3-32 MIEPEX0/ia Ha SK30I€HHOE MUTaHHE 1
TMIOBBIIIEHHOW KOHKYPEHLIUH 3a TeppuTopuio. C IpyToii CTOPOHBI, BECEHHE-IETHUI OTPE30K VIS Mepe3uMOBaBILEH MOJIOAN
XapaKTepu3yeTcsi TOpa3io MEHBIIMM YPOBHEM CMEPTHOCTH, 32 BECh I'0ZI0BOH 0Tpe3ok He Oomee 15% (I'puniok 1977;
CmupHOB 1971). Takum 00pa3oM, INONydeHHbIE HaMH 3HA4YEHHWS CMEPTHOCTH CIIEAYET IOHMMAarTh (DAKTUUECKH Kak
CMEpPTHOCTB 3a NEPUOJI 3UMOBKH. AHAIN3HUPYsI BAapHALMOHHBIA Psiji pa3MEpHON M3MEHYMBOCTH TOZ0BUKOB (puc. 4) B 1999
n 2000 roxy ciemyer OTMETUTh 3HAYHUTENHHOE MOBBIICHHE 10U KPYMHBIX ocobeit B 2000 roxy mo cpaBHeHuio ¢ 1999
TOJIOM.

OtoT (aKT, M0 HAmIEeMy MHEHHIO, MOATBEP)KAACT BHIBOA O 3HAYUTEIHHOW AIMMHUHALMKM HETIOATOTOBJICHHBIX K
3UMOBKE MEJKHX ceroieTkoB 1999 roma, B pe3yipraTe 4Yero BBDKWIJIM TOJNBKO KPYIHBIE CETrOJICTKH, KOTOpBIE
coctaBuin okoso 50 % xpymabix nByxierok 2000 romga (12-14 cM.). AranorunyHas Bo3pacTHas rpynma B 1999 romy
cOCTaBWIIa JIUIIH OKOJIO 12,5 %, 1 XOpOIIo MpOoCIeKUBAeTCI MOJANbHAs TpyIna ¢ pasmepom mopsaka 11-11,5 cm.
Taxkas xe curyanus xopouro onucana ans pek Ilpubantuxu (JIumes, Pumm 1961). Hecmotps Ha T0, uTO 32 nepuos
3MMOBKM TIOTMOJa OOJbIIasi YacTh CEroJIeTKOB, B KOHEYHOM MTOI'€ 3TO HE CWIJIBHO OTpasuTcsi Ha oOuied
penpoayKTHBHOW (YHKIMM BCEHl MOIYJSIMU IIyKHcKoro jococs. [lo HammMm pacueram, BBIXOJ B3POCIBIX PBIO C
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HCCIIEIOBAaHHBIX MTOPOTOB COCTAaBUT He MeHee 15 3k3. ¢ 1 ra HBY. Tem He MeHee, STOT OKa3aTelb MEHbBIIE OOBITHBIX
(CvmupHoB 1971), xapakTepHBIX Ui MPECHOBOIHOW TOMYJISIMM BEIHYMH B cpegHeM Ha 3-5 5k3. ¢ 1 ra HBY. B
[IEJIOM TIOTEPH TOJBKO H3-3a HEOJIArONPHUATHBIX KIMMATHYCCKMX (DAaKTOPOB COCTAaBAT B 1eaoM okojo 300-350
npousBoauTenei. B 1enom, aHanu3upys CHUTyaluro, ClIoXuBInyrocs Ha peke lllys, HEoOXoaMMO IMOJYEPKHYTh
cleayrollee:

® B nienom B Hacrositiee Bpems 3pQEeKTUBHBIA HEPECT IPOUCXOIHT JIMIIb HAa TPEX OCHOBHBIX Noporax. [1o Hamum
oleHkaM Ha Bumanckom mopore Hepectutcst okono 80 % Bcex 3aXxOofsIuX B peKy npousBoguteneil. Ocrapmascs
yacth Hepectutcss Ha BecoenkoM (okono 10 %) m HikaeOecoBenkoMm (okono 5 %). Ha ocraBmmxcst moporax:
Kunnacosckom, Kyrmkemckom, IOmannmkn, Tosmum HepecTHTCS JIMIIb HE3HAUYMTENbHAS 4acTb IIPOM3BOAMTENEH,
XOTS OHH COCTaBISIOT JOBOJBHO OOJBINYIO YacTh HepecToBO-BhIpacTHOTO (oHma peku (Llypo m mp. 2000).
Xopomue IOTHOCTH MOJIOON OTMedueHBl Hamu B peke Csrce (2000 rox), ocobenHo Ha KpakyibpckoMm mopore (OKoJIo
50 5x3/100 M, ozHako u3-3a Toro, uto Kapenpbi6Boa mepHoanyecky BbimyckaeT B CANCIO HEMEUEHBIX JBYXJIETOK
JIOCOCSl Ha [OpALIMBAaHHE C YBEPEHHOCTBIO OMPENEIUTHh IPOUCXOKACHHE MOJIONM (3aBOACKAs WM AWKas) He
MIPEACTABISIETCS] BO3ZMOKHBIM.

o [IpexpalieHue NPOMBICIOBOTO HU3BATHS HE IPUBEJIO K YBEIWYCHUIO YHCIEHHOCTH HEPECTOBOIO CTaja,
(1)aKTI/I'-IeCKI/l IIPOMBICEIT B HaCTOﬂHJ,l/II‘/II MOMECHT INIOAMEHCH 6paKOHbepCKI/IM JIOBOM, B OTHOCHUTCJIbHBIX BCIMYHHAX OH
coctagisier okoiio 80-90 %, B abconoTHBIX — He MeHee 1500 npousBoauTeNeH eXeroIHo.

e biiaronapsi ClI0KHOM CTPYKType CTaja HapylleHHH B PpENpOAYKTHBHOW (QYHKIMH MOMYJSLMK IOKa He
HaOmonaercst. KoapuumeHT Bocripor3BoACTBa UIYHCKOTO JIOCOCS JOBOJIEHO 3HAYUTENIEH U COCTABISIET OKOJIO 1+6,
1 +8, 4TO 3HAYMTENBLHO OOJIBbINE, YeM JJIs PAAa CEeBEpHBIX momyssiuid (A3oenes 1960), u mpuOIMKaeTcs Mo 3TOMY
ToKasareto K jjococto IIpubantuiickux pek (p. Canarma), riae 3T0 COOTHOIICHHWE COCTABIIACT 1+5, HE cUunTas U3bATHS
MopckoM mpombiciiom (Mutanc 1975). IIpu4ynHO#M CTOJIb 3HAYMTEIBHBIX BEJIMYUH, 110 HAIIEMY MHEHUIO, SBJISETCS
KOMIUIEKC OJIaronpHsATHBIX (PaKTOPOB M OCOOEHHOCTEH CTPYKTYpbI CTajia, B YaCTHOCTH: OTCYTCTBHE €CTECTBEHHBIX
BparoB B HAryJbHBIM NEepHox (M B TOM YHCIE M MHOCTpaHHBIH npombicen). B peke IloHo# no nanueiM I'puHioka
(1977), HepecToBo€ CTanO BBIEIAECTCSI MOPCKMMHU MJIEKOIMTAIONIMMHU HE MeHee 4eM Ha 15-20 %.

o JloMrHHpOBaHNE B HEpecTOBOM craze caMok (mo 80 %), 3To B mepecueTe Ha OJHOTO IPOHU3BOIHUTENS JAcT
Oonpmmii ko3 GUIHEeHT Bocmpou3BoacTBa. CyIiecTBOBaHHE O3MMOM (OPMBI B MOMYJIAIHMH IIYHCKOTO JIOCOCS HE
JIOKa3aHo.

e OTCyTCTBHE PE3KOTr0 IIEpPEeXoAa M3 MPECHOH BOABI B COJCHYIO, BEPOATHO OOyclaBimuBaeT Oojee IUIaBHYIO
aJlanTalii0o K HOBOMY 0Opa3y JXHM3HH, YK€ B TEUEHHE IEpPBOIO JIETa CMOJTHI aKTHBHO PACCEISIFOTCS IO BCEH
akBaTopuu OHEXCKOTO 03€pa, U HE 3a[CP>KUBAIOTCS B 3CTyapHUU PEKH, KaK MOJIOJb aTJIaHTHYECKOrO JIOCOCS (CEMTH).
OTcrofa, BBDKMBAEMOCTh 3a HAarylbHBIA IEpUOJ], CJEJOBATElIbHO, W 0OO0INas BBDKUBAEMOCTh W KOI(Q(HIMEHT
BOCITPOM3BO/CTBA IPECHOBOJHOIO JIOCOCS JOJDKEH OBITh HAaMHOIO BBIIIE, YeM Y MOpPCKOro. M3BecTHO, 4TO
3apbliOneHne o3epa Berrepn (LlIBenus) [BYXroJoBaJIbIMU IIOKaTHUKAMHU IIPECHOBOIHOTO JIOCOCS J1ajlo BO3BpAT OKOJIO
28-38 % (CmupaoB 1979).
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Puc. 4. BapuannoHHsli psiJi pa3MepoB ABYXJIETOK LIyiickoro jococst B 1999 u 2000 ropax.

TIpumeuanue: ITo ocu abermce — pasmepsl MoJioau (AB, cm)
Ilo ocu opuHAT — NPOLIEHT B BBIOOPKE.
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Takum 006pa3oM, BEBDKHBAEMOCTD OT “AUKHX CMOJITOB MPECHOBOAHOTO JIOCOCS JOJDKHA OBITH €IIIe BBIIIE.

Tem He MeHee, OOJBIIYIO POJIb B COXPAHEHWH YHCIEHHOCTH HIPAcT MCKYCCTBEHHOE BOCIIPOM3BOACTBO, HO JaXe
MIOBBIIIIEHHE OOBEMOB BBIIYCKA M KadeCTBA MOJIOAM HE B CHJIAX HAa CETOJHAIIHUI MOMEHT YIJIYYIIUTh CHUTYAIHMIO.
OpHa U3 OCHOBHBIX NPHYHMH 3TOTO — BO3POCIIMH OECKOHTPOJBHBIA BBIJIOB HEMOJIOBO3PENIOr0 HATYJIBHOTO JIOCOCS B
OHEXCKOM 03epe M HEPECTOBOTO B PEKeE.

B o0mux ueprax CTPyKTypa HOMYJALUH HIYHCKOTO JIOCOCS JOJDKHA BBITJIIIETH CIEAYIONIMM 00pa3oM.
EcrectBeHHOE BOCIIPOM3BOACTBO oOecnieunBaeT He Oosee 50 % oOuieii YNCIeHHOCTH CTaja, YTO COCTaBIISIET He Ooee
800-1000 mpousBoauTenell. OTH JaHHBIE OCHOBAHBI HAa PE3yJIbTaTaX ydeTa YUCIEHHOCTH Pa3HOBO3PACTHON MOJOIU.
Ecnu yuects, yro HepecroBoe crano Ha 50-60 % cocrout mM3 “3aBOJICKON” PBHIOBI, TO HEPECTOBOE CTAI0 B IEIIOM
coctaBuT okoio 1500-2000 sk3. (mo 2500 B HEKOTOpBIE TOIBI), YTO COOTBETCTBYET YUTCHHOMY KOJHYECTBY
npousBoauTeneit Ha PY3e.

BBbIBO/JIbI

1. Pa3mepHO-BecoBble MpPHU3HAKM MOJOAM IPECHOBOAHOTO JIOCOCA BAapbUPYIOT B 3aBHCHUMOCTH OT YCIJIOBMH,
CJIIO)KUBIIUXCA B peKe B HepBblﬁ-BTOpOﬁ roa KHU3HHU. 3TO MO>XXHO OILICHUTH IIO JIOCTI/IFHyTI)IM K OCCHH
MTOKA3aJIeNSIM JITMHBI. 3HAYNTEIIFHOE BapbUPOBAaHHUA IPU3HAKOB, 0c00eHHO HHBL ( CV>10%), MOXKET CIyXHUTb
XOPOIIMM MOKa3aTeJIeM TOTO, YTO MOMYJIALUS HAXOJUTCS O] IeHCTBHEM HEOJIaromnpusTHhIX (pakTopoB Cpelbl.
OT0 HEOOXOAMMO YUHUTHIBATh B IMOCIEAYIOIIMX PAcUyeTax YMCICHHOCTH Oy Iyliel reHepauy.

2. E>XeromHbId y4eT YHCICHHOCTH M COCTOSIHUS MOJIOIM HAa OCHOBHBIX IOPOTaX HEPECTOBBIX PEK MOXKET CIIYKUTh
OCHOBOW IJIi TPOTHO3MPOBAHUS YHCICHHOCTH Oymymiedl TreHepanud, OCOOCHHO B YCIIOBHSIX 3HAYHTEIHLHOTO
HEKOHTPOJIHMPYEMOTO U3BSATHS MIPOU3BOIUTEICH, U OLCHUTH IPUMEPHYIO BEJTHYUHY 3TOTO U3BSATHSL.

3. BaxHOW COCTaBISIOIIEH MPOTHO3HPOBAHUS YHCICHHOCTH SIBISETCS HCCICAOBAHHS BBDKHBAEMOCTH MOJIOIH,
0COOCHHO B TIEPBBIN TOA JKM3HM B peke. VIMEHHO B TEpBBIA TOJ 3aKIaIbIBaCTCS YHCICHHOCTH OyIymIeH
TeHepallud, NpPUYEeM B TMpelenax CYIIECTBYIOIIETO KOJIMYECTBA HEPECTOBBIX MHUIPAHTOB KOJHMYECTBO
MIPOU3BOAUTENECH HE OMpeAessieT YNCICHHOCTh OyOyIIero mokojeHus. KpoMe 3Toro HeoOX0auMO MpPOJOIIKHUTH
paboThI MO UCCIeN0BaHUIO 3(PPEKTUBHOCTH €CTECTBEHHOI'O HEPECTa W BEDKUBAEMOCTH MOKATHUKOB B 03€pe, OT
3TOr0 3aBUCHUT TOYHOCTH IIPOTHO3a

4. EcTeCTBEHHOE BOCIIPOU3BOJCTBO MPECHOBOAHOTO jococs B peke Illyst U oCTadbHBIX HEPECTOBBIX MPUTOKAX
OHEKCKOTO 03epa HAaXOJWTCS B JICIPECCHBHOM COCTOSHHUH. B IENsIX COXpaHEHHs ECTECTBEHHOTO (oHIa
BOCIIPOM3BOJICTBA HEOOXOAMMEI pPEallbHbIC PHIOOOXPAHHBIC YCHIHS H CTPOUTEIHCTBO HOBOTO PHIOOBOIHOIO
3aBOJa, B MPOTUBHOM CITyd4ae IIOJl YIPO30H OKaXETCsS M MCKYCCTBEHHOE BOCIPOHM3BOJICTBO JIOCOCS, TAK KaK OHO
Oa3upyercs Ha MPOU3BOIUTEISAXK, OTIOBICHHBIX B PEKE.
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CPABHEHUE PAHHETO OHTOTEHE3A MEXKTY
JOCOCSIMU ATJIAHTUYECKHUX (POJ SALMO)
U TUXOOKEAHCKHUX (POJI ONCORHYNCHUS) BUJIOB

1O.H. I'opoaunos, E.JI. MeibHUKOBa

Buonozuueckuii uncmumym Canxkm-Ilemepoypeckozo 2ocyoapcmeennozo ynusepcumema

Pe3rome

TmiaTensHOe CONOCTABICHUE CTAAWH Pa3BUTHS SMOPHOHAIBHO-TMYMHOYHOTO IEPHOJAa MEXIY BHIAMH aTJIaHTUYECKHX (poj
Salmo) u tuxookeaHckux (pon Oncorhynchus) nococeil MOKa3blBaeT YAUBHUTENBHYIO CTENEHb CXOACTBA B MX OCYLICCTBICHHU
9TOrO MepHoAa OHTOreHe3a. HekoTopsle 0COOCHHOCTH B KOCBEHHOM IS 3apojbllieil mponecce 3MuO0auu (oOpacTaHus XKenTka
6yacToepMoii) U B pa3BUTUH TAKHX BTOPOCTEHECHHBIX OPTaHOB KaK IUIABHUKU HE IPUBOJST, HO-BUIUMOMY, K JUBEPIeHIUU 1O
5TUM npu3Hakam. Co3faeTcst BIieyaTIeHHe, YTO KOHCEPBATH3M B PEan3alii PAHHETO OHTOTCHE3a Pa3HBIX BUJIOB M POJIOB JIEKHUT
B OCHOBE aHATOMO-MOP(OIOTHYECKOTO0 KOHCEpPBAaTH3Ma HX B3POCHBIX (OPM, UTO MPOSBISLETCS B OTCYTCTBHH HaJEXKHBIX
MOP(hOJIOTHYSCKUX KPUTEPUEB UL CHCTEMATHUKH JIOCOCeBHIX PhIO. [To-BHIuMOMy, BHI00Opa30BaHUE IIOCIEIHUX MPOUCXOIHUT
IyTeM pa3BUTHs aJaNTHBHBIX KOMIUICKCOB B IIPOLIECCE OCBOCHMS HOBBIX apeajoB, a HE 3a c4eT MOP(OIOTHYEcKOit
nuBepcudukarmu. O6cykaaeTcs IPOUCX0XKAEHNES HEKOTOPBIX BaXKHBIX afalTal[Hii, CBOMCTBEHHBIX JI0COCIM pona Oncorhynchus,
JUTS. WILTFOCTPALMH TI00OHOTO IyTH HEMOP(OIOrHYECKOT0 BUI000pa30BaHNMSL.

BBEJEHHE

BeInosHeHHOE HAMH B JIOCTATOYHO JIaBHEH yke paboTe TIaTeIbHOe CPABHEHHUE YMOPUOHAIBLHOTO U JINUUHOYHOTO
Pa3BUTHUS Pa3HBIX KOJOTHYECKUX M TAKCOHOMHYECKHUX (popMm m3 3-x X0porio 000COOICHHBIX BUIOB JIOCOCEH poja
Salmo (S. salar, S. trutta, S.gairdneri') OGHAPYXWIH HOYTH TOJHYIO TOXIECTBEHHOCTh MPOLECCA PAHHETO
OHTOTeHE3a BCEeX ITUX (POpM: Cpe/ii COTEH PACCMOTPEHHBIX HMPU3HAKOB HE ObLIO BBISBICHO HU OJJHOTO, KOTODBIH Obl
ormmuan ux apyr ot apyra (Iopoxmmon 1988)*. Takoi pe3yabpTaT IMOCITYXXIJI OCHOBAaHHEM ISl BBIBOAA O
TOXACCTBCHHOCTU MpOrpaMM pasBUTUA BUIAOB B Mpe€aciax OAHOIoO poja. MoxHO 6bIJ'IO 6])1 MpeaAnoJIOXUTb, 4YTO
Mopdonoruueckue M MOp(HOMETPHUECKHE pa3jiuusi BHYTPU- W MEXKBHIOBOIO YPOBHS BO3HHMKAIOT YXKE B
MOCTJINYMHOYHOM OHTOTEHE3E.

[ockonbKy B mpenenax OJHOTO poja He yJalloCh BBISIBUTh KaKUX-JIMOO a3yl B paHHEM OHTOI'€HETHYECKOM
Pa3BUTHH Pa3HBIX BHIOB HU IO MOP(OJIOTHYECKUM IMPU3HAKAM, HU 10 BPEMEHHBIM COOTHOIICHHSIM B (DOPMUPOBAHHUH
MPU3HAKOB, TO JIOTMYECKH BBITEKACT 3ajla4a PAcCMOTPETh Oojiee YAaleHHbIE MO TAKCOHOMHYECKOMY CTaTyCy
00bekThl. OUEBHHO, YTO CIEAYIONICH CTYNEHBIO IOJKHO OBbITh COIMOCTABJICHHE HA YPOBHE POJAOB, HO B Ipeeiiax
onHOrO cemeiicTBa. Takas BO3MOKHOCTh MMOSIBUJIACH B CBSI3M C U3YyUCHUEM U OMHCAHHEM HAMHU PAHHETrO OHTOTCHE3a Y
IIATH BHJOB THXOOKEAHCKHUX Jiococe m3 poma Oncorhynchus (maHHBIEe TOTOBSTCA K mynukanuu). ComocTaBieHne
paHHEro pa3BUTHS MPEACTABHUTENEH IBYX POJIOB JiococeBbiX pbid Salmo u Oncorhynchus oka3anoch BO3MOXKHBIM,
MOTOMY YTO BCE JaHHbIE ObLIM MOJY4EHBI M0 IUHON METOMKE, COMOCTABICHHE BEJIOCh HA OJIHUX U TEX XKE CTaJUsIX
U B OIMHAKOBOM BPEMEHHOM MacIuTaoe.

Onucanue craauii pa3BUTHSA BUAOB ponaa Salmo npezacrasieHo B psae nmyonukaruii (Copoxmnos 1988, 1998;
Gorodilov 1996). TouHoO Takue *e OMHUCAHUS PAHHETO OHTOT€HE3a C UCIOJIb30BAHMEM TOM JKE KITACCH(PHUKAIIUN dTOT0
Neprosa, Pa3lelIeHHOTO Ha CepuM CTaauii ¢ 0003HAYEHHEM KaXKAOW CEpHH OJHOTHITHBIX CTAJAWH HOANEPHOOM
(B padore 1988 r. moamepnosl 0003HAYANINCH €lle MepHoAaMu) ¢ Ooliee MoIpPOOHON XapaKTepUCTUKONH IMPUMEPHO
TeX e CTaui, YTO M y BUJOB Salmo, ObIIM BHIIIOJIHEHBI HA NSATH BUIax pona Oncorhynchus (O. keta, O. gorbuscha,
O. nerka, O. kisutch, O. masu). COonocTaBIeHHE ITUX ONICAHUI ITOKA3aJI0 TIOYTH TAaKyIO K€ CTEPEOTHITHOCTH PaHHETO
OHTOTeHE3a BCEX BUIOB 3TOrO POJA, KaK TO ObUIO MOKa3aHO HAMH paHbIIIE NPU CPABHEHUH PA3BUTHUS BHIOB Poja
Salmo. HeGonblirie BHYTPUPOAOBBIC pPAa3MYMs MEXIY BHAAMH KAacalHWCh TOJBKO HEKOTOPHIX MPOBH30PHBIX H
BTOPOCTENEHHBIX OPTaHOB.

! Henasuo MexayHapoaasiv HomenkmatypHsiM KoMUTETOM 110 PECTAaBICHIIO aMEPUKAHCKUX cicTeMaTHKoB (Smith, Stearly 1989) paxyxnas
dopenb Salmo gairdneri nepexnaccuduimpoBana B coctas poaa Oncorhynchus non HazBauueM O. mikiss.

HexoTopsle oTian4ns ObUTH BBISIBICHBI TOJIBKO B OHTOTEHE3€ panysKHOH dopenu S.gairdneri, KCcTaT, IOATBEPKAAIONIHE €€ OOJIbIIYIO
TAKCOHOMUYECKYIO OJIM30CTh K poxy Oncorhynchus.
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MATEPUAJI U METOJUKA

Wkpy amst ucciiefoBaHusi THXOOKEAHCKUX JIOCOcel codupainu B pa3Hbix pailonax Caxanuna u Kamuarku u Bcerna
JIOCTABISUTH CPa3y IOCje OIUIOJOTBOPEHHUSI UKPBI B TEPMOM30JIMPOBAHHBIX SIIUKAX C OXJIAXKICHUEM OOBbIYHO 3a 1-2
CYTOK OT MecTa cOopa UKpHI J10 JIabopaTopHbIX HHKyOaTopoB B buosiorndeckom nHcruryre Cankr-IlerepOyprekoro
rocyaapctBeHHoro yHuBepcurera B Ctapom Ilereproge. Onucanue onHOW M3 Mojelneil MHKyOaTopa NpUBEICHO B
Hamei pabore (Gorodilov 1996). Panpmie B 3Tux e HMHKyOaTopax ObUIM INpOBEIEHBI BCcE HAOMIOACHHS 3a
AMOPHOHAEHO-THYMHOYHBIM Pa3BUTHEM BUJIOB pona Salmo.

CpaBHeHHE MOPQOJIOTHUSCKUX CTaIAWid TPH PA3BUTHU PA3HBIX TAKCOHOMHUYECKHX TPYII MPOU3BOAMIH
YCTaHOBIICHHEM CTCIICHU CXOJICTBA BEAYIIErO MPU3HAKA, 10 KOTOPOMY O0O3HAYACTCS Ta WJIM WHAs CTaJaus, a TAKXKE
KOMILIEKCA COIYTCTBYIOUIMX €My MPHU3HAKOB. V3MepeHus IpoI0KUTEILHOCTH PAa3BUTHS BEIPAKAIM B TAy-COMHTAX.
Tay-coMUT, UITH Tg - BpeMsi JOPMHUPOBAHHSI OJTHO Mapbl COMUTOB B TCUCHHUE PABHOMEPHOT'O COMUTOI€HE3a.

[ocnennuii BKiIrOUaeT B ce0sl y pa3HBIX BUAOB JIOCOCEBBIX 0Opa3zoBaHue He MeHee 60-64 map cOMUTOB (CUMTAas
c 1-it mapel) ¢ 3arparoil omuHakoBoro BpemeHH (Ts) (I'opommioB 1988, 1990). Ilocie BBUIYIIICHHS JIHYHHOK
HaOIONAa TIPU TEeX JKEe YCJIOBHSIX JO IMOJIHOTO paccachiBaHHs KenTka. OTHOCHUTENBbHYIO JJIMTENBHOCTh CTallUuil B
OKBUBAJICHTAX Ty pAaCCUUTBHIBAJIM KaK 4YaCTHOC OT ACJIICHUA T,/Ts, IA€ T, — BPEMA pa3dBUTHA OLUCHUBACMBIX CTaLlldﬁ.
OTHOCHUTENBHO JAPYTUX JISTAJCH METOUUECKUX YCIOBHIA MBI OTChUIaeM K Oojiee paHHuM padotam (I"opomuinor 1988;
Gorodilov 1996).

PE3YJIBTATBI

1. CKOPOCTbh COMMTOI'EHE3A Y PA3HBIX IIPEJICTABUTEJIEN
POJOB SALMO U ONCHORHYNCHYS

Biarogapst o4eHb CTPOroi pUTMHYHOCTH MPOIIECCa COMUTOTEHE3a U €0 OOJIBIITON MPOTSHIKEHHOCTH, BKITIOYAIOIICH
1m0 60-64 paBHOBENIMKHMX O BpPEMEHH MOP(GOTCHETHYECKHUX AaKIMi, yIaeTcs ONpPEAETHTh HHTEPBAlI T, C OYCHB
OOJIBIION TOYHOCTBIO. BBISICHMIIOCH, YTO 3aBHCHMOCTH Ty OT TEMIIEpaTypbl, a B OoJiee IIMPOKOM IIIAHE M BCETO
SMOpHOreHe3a, XOpOILIO OIMCHIBACTCS YypaBHEHHEM KpajpaTuyHo mapaboinbl (opoamioB 1992). Jlnst Bcex
paccMaTpHBaeMbIX BHOB ObLIHM OINPE/eIICHbI apaMeTphl JaHHOM (hopMyisl (Uit BUIOB Salmo cm.: ['opoaunos 1992;
i BuioB Oncorhynchus Heomy0:.). bnarogapst 3Toit opMysie MOKHO TOIyYUTh 3HAUCHHUS Ty TSI KAXKIOTO BUIa HE
TOJIBKO B TpeJesiax JOMYCTHMBIX Ul 3apOJbIlIe TeMreparyp, HO M 3a IpeleslaMd TaKOBBIX, HMEIOIINX TOJBKO
TEOPETHUYECKOE 3HAUCHHE.

Ms1 pemmny CpaBHHUTh CKOPOCTH PAa3BUTHS Pa3HBIX BUIOB JIOCOCEH MO BENUYMHE Ts. [IOCKONBKY HAKIOH
rpaduKoB mMapaboIBl A pa3HBIX BUIOB HEOJWHAKOBEHIM, TO TaKOE CpaBHEHHE JIyYIle MPOBECTH I HECKOIBKHUX
Temreparyp. B Tabn. | mpuBeneHsl JaHHbIE s TpeX pasHbix Temieparyp: Huskon (0.8°C), cpemneit (6.0°C) u
BbIcOKO# (10.0°C). Mbl NpUHSIM HAUOOJIBIINE 3HAYEHHS T, IUIS KAXKIOHW TEMIIEPATYPhI 3a |, pacCUMTaB Kakyo I0JIH0
[0 OTHOIICHHUIO K 3TOMY MAaKCHMYMY COCTaBJISIIOT COOTBETCTBYIOIINE 3HAYCHHUS Tg U Kaxaoro Buga. CyMMUpOBaB
OTHOCHUTEJIBHBIE JIOJH Ty JUISl KOKAOM TeMIlepaTypbl M 3aTeM pasZejuB CyMMY Ha 3, Mbl MOJy4aeM (TpEeTbsl CTpOUKa
cHM3y B Taby. 1) cpemHee 3Ha4yeHWe AOJIEi Ty JUIl BCEX TEMIeparyp, KOTOpOE SIBISeTCS Kak Obl IOKa3areieM
YCPEIHEHHOTO 3HAYECHUSI CKOPOCTH AMOpHOreHe3a Ul Kax1oro Buaa. [1o 3TUM AaHHBIM BHJHO, YTO HEpKa SIBJISIETCS
BUJIOM, Y KOTOPOTO HanOosiee MEIJIEHHO pa3BUBAIOLIMECS 3apOAbIIIH. Ecin NpUHATH NPOJOIKUTENEHOCTD Ty HEPKU
3a 100 % (mpeamnocnennss crpoka B Tabin. 1), To ycpeaHEHHas: NMPOJOJDKUTENBHOCTh TOTO )K€ WHTEpBajia y BCeX
OCTaJbHBIX BUJIOB cocTaBiser oT 76.5 mo 98.4 %. B3sB B pacder, 4TO AIUTENBHOCTH PAa3BHUTHUSA (Ts) HAXOJUTCSA B
00paTHO MPOMOPIIOHATIBHON 3aBUCUMOCTH CO CKOPOCThIO pa3Butus (V), T.e. V= 1/1,100 %, 1 npuHIMas CKOPOCTh
pa3BUTHS 3apOXBIIICH HEpPKH 3a 1, MBI MOXKEM OIEHHTh HACKOJBKO OBICTpee HEPKU DPa3BHBAIOTCS BCE JAPYTHE
CpaBHHBaeMbIe BUIBI. ATIAHTUYECKHAN JOCOCh MMeeT Oojiee BHICOKHU IMOKa3aTelh CKOPOCTH Pa3BHUTHS, YeM HepKa,
Bcero Ha 0.016 (1.6 %), a ropOyia u kera Ha 7.8-8.0 %. Kmxkyu, cuma u pagyxHas Gopenb pa3BuBatoTCsi ObiCcTpee
Hepku Ha 20-30 %.

2. MOANEPUOAbI JPOBJIEHUSA, BJIACTYJIbI U TACTPYJIbI

NMeroTcs BHYTPUPOAOBBIC Pa3InYKs B pa3Mepax U B OKPACKE MKPUHOK Y THXOOKEAHCKHX JIOCOCEH, IO KOTOPHIM
MOXKHO TPHUOIH3UTEIBHO CYIUTh 00 WX BUIOBOHM NMPUHAUICKHOCTH. TakK, MKPUHKHA y YaBBIYM M KEThl Hamboiee
KPYIHbBIC IO pa3MepaM, a y HEpKH U CUMblI Hauboliee SPKO OKpAIICHBI B OPAHXKEBbIN IBeT. B 3TOM OTHOIICHUH
HWKPUHKU aTIAHTHYECKHUX JIococell poma Salmo He WMEIOT aaxke Takod Bujocmnenuduunoctr. Uro xe Kacaercs
MPOLIECCOB Pa3BUTHS, TO BCE OHH, 332 UCKITIOYEHHEM OTMEUYCHHBIX BBIIIEC PA3IMiMil B CKOPOCTH Pa3BUTHUS, MPOTEKAIOT
COBEpIICHHO OJJMHAKOBO Y BCEX BHIIOB CPABHMBAEMbIX POAOB (KPOME OTMEUYEHHBIX PAaHbIIIE PA3InyUil Uil pagyKHON
¢dopenu, cm. TopomminoB 1988). OrtHOCHTENBHAS MPOAODKUTEILHOCTh Pa3BUTHS OT OCCMEHEHHs 0 Hayaia
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racTpyJsiliik Y JABYX BHUJIOB poia Salmo (aTIIaHTUYECKH JIOCOCh W KyM)Ka) M y MATH HUCCICIOBAHHBIX BHOB POja
Oncorhynchus cocrtaBnser 34-36 OKBHBalIEHTOB T, NpWdeM 0Omass NPOIODKUTEIBHOCTh IOANIEPHOIOB
OIUIOOTBOPEHUSI W JpOOJIEHHsT cocTaBisieT, mmo-suaumomy, 12 (IopommmoB 1988), a mpoaomKHUTENsHOCTH
monnepuona Omactymsimmu 22-24 1. OTHOcWTeNnpHas MPOAODKUTEIBHOCTh IOANEPUONA  TacTPYJIIIHM,
3aKaHYMBAOLIETOCS Tepe]l HAyaJloM COMHUTOIE€He3a, OJMHAKOBA Y BCEX CPaBHMBAEMbIX BHJOB U COCTaBISIET
npumMepHo 20+1 1.

Tabnwma 1.
3HaueHus T; B MUH (B YHCIMTENE) U OIS ATUX 3HAUCHUH (B 3HAMEHATENE) OT MAaKCUMAaIbHON BEJIMUMHBI Tg
TIPH TpeX TEMIIepaTypax Uil Pa3sHbIX BUAOB poaoB Salmo n Oncorhynchus
C OLICHKOM OTHOCHUTEJIHOM CKOPOCTH Pa3BUTHS 3apOJIbIILIEH KaX10ro BUa

o HasBanue BuioB
Temmeparypa, ° C
FopOyma | Kera | Kmxyu Hepka Cuma AT Panyxnas
JI0COCh ¢dopens
0.8 1016 | 1005 | 893 | 1124 724 1050 825
0.904 0.894 0.794 1.000 0.644 0.934 0.734
6.0 370 | 369 | 340 | 394 326 397 307
0.932 0.930 0.856 0.992 0.821 1.000 0.773
10.0 201 | 202 | 183 | 214 191 216 167
0.931 0.935 0.847 0.991 0.884 1.000 0.773
Cpennee 3HaueHue
Jojen ts, cymma X/3 0.922 0.920 0.832 0.994 0.783 0.978 0.760
3HaveHwue T,
BEIpakeHHOE B % 92.8 92.6 83.7 100 78.8 98.4 76.5
JUINTEIbHOCTH
CKOpOCTh pa3BUTHS,
V=100/1y, 1.078 1.080 1.195 1.000 1.269 1.016 1.307

3. HOAIIEPUOJ COMHUTOI'EHE3A

B TedyeHue sTOro monnepuoAa NPOMCXOAUT 3aKNIAJKa M YaCTUYHOE Pa3BHTHE IOYTH BCEX OCHOBHBIX OPraHOB H
(GyHKIMOHANBHBIX cucTeM. Havano 3akiaj ok, Kak 1 HEKOTOpbIe MOMEHTHI UX HOCIEAYIOMero Mopgoresesa, yno0Ho
COOTHECTH C YHCIIOM COMHUTOB, M HAJM4YHE 3TOTO IOKAa3aTels MO3BOJISIET COIOCTAaBHTh STH KIFOUEBHIE MOMEHTHI B
Pa3BUTHH pa3HBIX OPraHOB MEXAY pasHbIMH BHAAMH. BBIACHMIOCH, YTO y 3apopbllieil BceX BHIOB O0OMX
CPaBHUBAEMBIX POJIOB MOSBICHHE 3aKIaJ0K OANHAKOBBIX OPTaHOB MIIM CXOJHbIE MOP(OIOIrHIECKHE TPeoOpa3oBaHuUs
BCErJla COYETAIOTCA C OJHUM M TE€M K€ YHCIOM COMHUTOB. OO 3TOM CIHCKE NPU3HAKOB, MOSABISIOIIMXCSI B TEUCHUE
COMHUTOIeHe3a, MOXKHO CIIpaBUThCs B Oosiee panHuX Hammx padorax (opommnoB 1988, 1998). Kaxux-nubo
MOP(OJIOrHUECKUX OCOOCHHOCTEH MIIM TeTePOXPOHHIA Pa3BUTHS IIPEICTABICHHOI0 Habopa MPU3HAKOB YCTAHOBHUTH HE
yJIAJIOCh: Pa3BUTHE BCEX BUAOB NMPOHCXOAMT KakK OBl IO OJHOW M TOH >Ke IporpamMe, HACTOJIBKO ITOCTOSHHBIMHU
OKa3bIBAIOTCSl HE TOJIBKO KOMIUIEKCHI IPU3HAKOB, HO U IIOCIIEIOBATENLHOCTD NX pa3BUTHS. CXOTHBIM OKa3bIBaeTCs U
oOmuit Bo3pacT 3apojblliei, BBHIPRKEHHBIH B Ty, JUIS CTaJdi C OJMHAKOBBIM KOJMYECTBOM cOMHUTOB. OnHAKO
UMEIOTCS JBE OCOOCHHOCTH B PA3BUTHH 3apOJBIIICH B TEYSHHE 3TOr0 HOANECPHOIA, IT0 KOTOPHIM MOXKHO Pa3jIMYHTh
XOTs ObI YacTh BUAOB pona Oncorhynchus ot BUIoB poxa Salmo.

IlepBoil OCOOCHHOCTBIO 31ECh OKA3alHCh JAHHBIC, CBA3aHHBIC C IPOLECCOM OJMUOOIMU WM oOpacTaHus
XKEJITOYHOTO MEIIKa CJI0eM OacTofepMbl. DTOT MpoLecc HauyMHAeTCs B KOHIE OyacTyisuU-Hadyajae racTpyJisiluu
HIOCJIe TOTO KaK 00pa3yeTcsi 3apoblIeBOe KOJIBLO 10 Kpar OJacTOANCKA, KOTOPOE MOCTEIIEHHO PAcIpOCTPAHAETCS
OT aHMMAJIFHOTO IIOJIFOCA K BETETaTUBHOMY M TSHET 3a COOOH KJIETOUHBIA ol Omactomepmbl. Ilockombky y
JIOCOCEBBIX MPOLIECC SMHOO0IMU OOBIYHO COBNAJAeT C COMUTOIEHE30M 3apOJbIlIei, TO pa3Hble CTAAMU SMUOOIHH
yInoOHee BCero WACHTH(GHUIMPOBATH IO YUCIY Map COMUTOB. B Tabi. 2 MbI IPUBOAUM JaHHBIC O CTAIHSIX Pa3BUTHUS
COOCTBEHHO 3apoJblllia, BHIPAKEHHBIM YHCJIOM COMHTOB, COOTHECEHHBIM CO CTaJueld 3aBepLIeHUs] mpolecca
smubonuK y BceX BUIOB Oncorhynchus M HEKOTOPBIX MpeacTaBuTeneit ponaa Salmo.
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Tab6muma 2.

Konu4ecTBo COMHTOB y 3apOblilieid pa3HbIX BUAOB U HOIMYJISILHUI JIOCOCEBBIX PBIO
u3 ponoB Salmo n Oncorhynchus X craiuy 3aBepLISHHs! TPOLIEcca ANO0INH

Bun Juamerp nkpunok, | Cramust 100%-it smbonmmn
MM (10 ymcCITy IIap COMHTOB)
Hepxka O. nerka 5.6-6.5 25-27
Kwxyu O. kisutch 5.8-7.5 27-30
Yassrua O. tschawytscha 7.0-9.0 60-62
Cuma O. masu 6.1-8.0 60-62
opbyma O. gorbuscha 5.6-7.9 56-58
Kera O. keta (Caxanun) 6.7-8.0 56-58
(Kamyarka) 7.0-8.0 42-44
Arnantuueckuii jocock S. salar (pexa Hesa) 6.7-7.1 27-30
S. salar (pexa Komna ) 5.0-6.0 17-20
OsepHelit n0cock S. salar lacustris
(JTamoxckoe 03epo) 6.2-7.9 17-20
Kywmka o3epHas S. trutta lacustris
(JIamosxckoe 03epo) 5.0-6.0 17-20
Kacmuiickmii 1ocock S. trutta caspius 25-27

XOoTs HEKOTOPBIMH aBTOPAMHU OTMEYAeTCsA, YTO CTaiusd, Ha KOTOPOW 3aBEpIIAETCsl Ipolecc 3MUO0IHH, Y
3apo/IbIlIel U3 OJHOW IMOIYJISIIMY WIIH JJaKe OT OJTHOM CaMKH 3aBUCHT OT JuamMeTpa xkentouHoro Meinka (Koposuna
1978; UrnateeBa 1979; I'oponunor 1982), HO 0OBIYHOE BapbHPOBAHUE B MpeieiaxX OAHON MOMYJSIMHA JTOCTUTAET
3/1eCh BEJIMYMHBI BCETO HECKOJBKUX COMHTOB. B TO ke Bpems M3 JaHHBIX TaOJMIBlI SICHO, YTO BUABI M3 poja
Oncorhynchus 1o 3ToMy IIPU3HAKY pa3lIeITIOTCS Ha JIBE YETKO 000CO0IEHHBIE IPYIIIBI: B OJHON HAXOAATCS KXY U
HEepKa, y KOTOPBIX 3MMO0JHs 3aBepuiaeTcs Ha cragusax 25-30 map cCOMHUTOB, a B Jpyrod yaBblYa, cMMa, ropOyma u
CaxaJIMHCKasi KeTa, y KOTOPHIX OKOHYaHHE SMUOOJMHM NPUXOIUTCS Ha cramuu 56-62 map. C apyroil CTOpPOHBI,
pa3nuyus HaOMIOJAr0TCS W Ha BHYTPHUBHIOBOM YPOBHE MEXKAY CaXaJIMHCKOM M KaMYaTCKOM KETOH, a Takke BHYTPH
Buna Salmo salar mexnay OanTHHCKOM M KOJIBCKOM MOIYJSIIMSAMHM, TAE PAa3IW4Ms B CTAAHMAX 3apoAbllia B KOHIE
anuboauuu gocturatot 10-15 map coMmuToB.

JlpyruM CyIIeCTBEHHBIM INIPU3HAKOM, KOTOPBIH OTIMuAaeT yxke Bce BUAbI poma Oncorhynchus oT BUAOB pona
Salmo, ABNAIOTCS MaKCHUMalbHBIE YHCIIA AP COMMTOB, KOTOpPbIE OOpa3yloTCsl B TEUCHHE COMUTOTEHE3a y TE€X H
JIpyrux BHIOB. B Tabin. 3 MOXHO BHIETh, YTO y aTiaHTHYECKUX Jiococeil (1.e. y S. salar u S. trutta) MakcumaibHOE
YHCJI0 COMUTOB 65-68 1 HHUKOTIA MX HEe 00pazyeTcs 70 win OoJibIie.

Tabmuna 3.
MakcuManbHOE YHCIIO Nap COMUTOB, 00pa3yIOIIUXCs B IPOLIECCe COMHTOIeHe3a
Y pa3sHBIX BHIOB PBIO U3 poaoB Sal/mo u Oncorhynchus

Bun MaxkcuMaiabHOe B rom umcie
YHCITO TIap COMHUTOB | TYJIOBHIIHBIX XBOCTOBBIX
ATJaHTHYECKU# 10c0oCch Salmo salar 66-68 35-36 30-32
Kywmka Salmo trutta 65-67 35-37 28-30
Cuma Oncorhynchus masu 71-73 38-40 32-35
Hepxka O. nerka 71-74 39-40 32-35
Kwxyu O. kisutch 72-73 40-41 31-33
Keta O. keta 74-76 39-41 32-36
lopbyma O. gorbuscha 75-77 42-44 32-35
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B To e Bpems y BCeX THXOOKEAHCKHX JIOCOCEH COMHUTOTCHE3 3aBepIraeTcst oOpa3oBaHrneM He MeHee 70 map
COMHUTOB M B pE3yJbTaTe y HUX 00pa3yercsl 3THX CTPYKTYPHBIX €OWHHUI] MUHMMYM Ha 3-6 M MakcuMyM Ha 7-9
Ooupllle, YEM y ATIAHTUYECKHX. MHTEpPECHO, YTO y THUXOOKEAHCKHX JIOCOCEH aHyC, OTHOCHUTEIBHO ITOJIOXKCHUS
KOTOPOTO COMHUTBI IEJSITCS Ha TYJIOBHIIHBIE M XBOCTOBBIE, CIBHHYT Oojee KayJaJlbHO IO CPABHEHHIO C €ro
MOJIO)KEHHEM Y aTJIAHTHUYECKHX JIOCOCEH, 0COOEHHO Yy TOpOyIIH, XOTsI IPOIOPLHH TeJla, MO-BUIUMOMY, COXPaHSIFOTCS
3a CYCT YBCJIMUYCHUA YUCIa XBOCTOBBIX COMHTOB. 3aMeTI/IM, YTO 4aCTb XBOCTOBBIX COMHUTOB 3aTE€M PECAYLUPYETCA U
KOHEYHOE YHCII0O METaMepOB (CErMEHTOB, TIO3BOHKOB H TIP.) MEHBIIIE YKCIa 00pa3yeMbIX COMHUTOB.

4. MOAIIEPUOJ BACKYJIAPU3ALIMU KEJITOYHOI'O MEIIKA

B koHIe meproma COMHUTOTEHE3a MPOMCXOTUT 0Opa3oBaHWE >KEITOYHON BEHBI, KOTOpas 3areM (opMHpYyeT Ha
MTOBEPXHOCTH JKEITOYHOTO MEIIKa MOIIHYI0 KaMMUILAPHYI0 ceTb. Hapsmy ¢ 5TUM B Iia3HBIX OOKalaXx HadyMHAETCS
CHHTE3 MEJIaHMHA, TPaHyJbl KOTOPOTO TIOCTENIEHHO TOSBISIIOTCA CHadaja Mo KpasM OOKaloB, a 3aTeM
pacupoctpanstorcss mo ux chepe. IlpuBenem xapaKTEepUCTHKY OCHOBHBIX HPHU3HAKOB, OTMEUYCHHBIX B IIEPHOJ
BaCKyJISIPH3AILH Y JIOCOCEH IBYX CPAaBHUBAEMBIX POJIOB (Tabm. 4).

Bech noaneproa BaCKyJISIPU3ALUH KEITKA JUIUTCS 0KoJio 60 T, B Tabi. 4 Mbl IPUBOIUM ONKCAHKE JIUIIb YaCTH
BHCIIHUX ITPU3HAKOB, KOTOPLIC PA3BUBAIOTCA CXOJHBIM O6p330M Y BCE€X BHUJO0B, B TO )K€ BpEMs CTPEMACH YKa3aTh 110
BO3MOXXHOCTH BCE€ pa3jiniusl, KOTOPBLIC HaM y1aJIOCh BbIABUTD. B ocHOBHOM 3TH pasaniusa KacaroTCd BTOPOCTCIICHHBIX
MIPU3HAKOB U MPOIECCOB, KOTOPBIE HE UTPAFOT CYIIESCTBCHHOW POJU IS Pa3BUTHS 3apOJIbIIA, TAKUX, HAIPHMEP, KaK
pa3iuums B CKOPOCTH OCBOOOXKICHUS TOJIOBEI OT JKENTKA. boliee CymecTBEHHOW IUIsi OHTOTeHe3a MOXKHO CUUTATh
3aJIepKKy 3aKJIalKd IUIAaBHUKOB J[ M A, TOCKOJNBKY 3TH IUIABHUKK y Jococell w3 poxa Salmo HaYMHAIOT
(hopMHUPOBATECS B 3TOM MOANEPHOAE, TOTAA KaK y BUAOB pona Oncorhynchus 3TOT MOMEHT CABHHYT Ha CIICITYFOIIUI
IO IIEPHOT.

5. HOANEPUO/ OPA3OBAHMS JTYYER-JEIIUJTOTPUXUA B XBOCTOBOM ILVIABHUKE

Bckope mocne o0pa3oBaHUsl CKOIUICHHS ME3EHXMMHBIX KIIETOK B XBOCTOBOM IUIABHHMKE, 3/1€Ch HAYWHAIOT
(OpPMHUPOBATHCS JTyUU-JIETUIOTPUXHUU, KOTOPBIE 3aKJIa/(IBAIOTCS 110 OJHOMY C MHTEPBAJIOM IPUMEPHO PaBHBIM 7 Tg.
Beep u3 21-22 nyueii o6pasyeTcs K KOHILY mojnepuoa. Bech 3TOT MOANEPHO SIBISETCS JOCTATOYHO MPOTHKCHHBIM,
npoxoipkasick okoio 150-160 1. Ero Hauamo y TMXOOKEAaHCKHX JIOCOCEH MOXKHO MAEHTH(UIMPOBATH 110 3aKIIaJIKe
CHayajia aHAILHOTO, a 3aTeM JIOP3ILHOTO IUIAaBHUKOB, B TO BPEMsI KaK y aTJIAHTUYECKHX JIOCOCEH 3aKIaKa dTHX JKe
IUTABHUKOB TPOUCXOIUT OJHOBpPeMEHHO u paHbmie Ha 10-15 1. B Tabm. 5 MBI mpHBOAWM IaHHBIE IO BO3PACTY
3aKJIaJK{ HE TOJILKO 3THX JIBYX HEMAPHBIX IIABHUKOB, HO 1 000OMX MapHBIX, IS TOTO, YTOOBI HAIJISAHO COTIOCTaBUTh
CXOJICTBA M Pa3JIMUMsl B Pa3BUTHH 3THUX OPTaHOB y BCEX CPAaBHUBAEMBIX BHIOB

W3 T1abm. 5 MBI BHOUM, YTO 3aKJIAAKH BCeX 4-X THUIIOB IUTABHUKOB y O00OMX BHIOB poaa Salmo MpOUCXOIAT Ha
OJIHMX U T€X K€ CTaausxX. Y Bcex BUIOB poaa Oncorhynchus o06a mapHBIX MIIABHUKA 3aKJIaAbIBAIOTCS HA TOW XKe WIN
MIPaKTUYIECKH Ha Toi ke craauu. [locnexyromee mocne 3akinanku A, I u OpIONIHBIX TNIABHUKOB Pa3BUTHE 3apOAbIIIIEH
y TUXOOKEAaHCKHX M aTJIAHTHYECKHX JIOCOCEH B OCHOBHOM COBMajaeT. PacXo’kAeHHs HAYMHAIOTCS Iepe]] HadyaaoM
BBUIYIUICHUS! ¥ OHM HE CBSI3aHbI ¢ MOP(OJOrHYECKUMH CTPYKTypaMu, a CKOpPee C pasiinuusiMU B (YHKIIMOHAILHOM
COCTOSIHMU 3apoAbIllell ByX POAOB. OTH DPA3IUUUs MPOSIBIAIOTCS B Pa3IMYHOM OTHOUICHHWH ATIAHTUYECKUX U
TUXOOKEaHCKHUX JIOCOCEH K TeMIiepaTrype HHKyOalnuy rnepes BEUTYTUIEHHEM M B IPOLIECCe BBUIYIICHUS 3apOIbIILeH 13
obomnouek. Okazanoch, YTO Ha IMO3/JHHUX CTaIUsIX SMOpPHOreHe3a 3apOJbIIIM THXOOKEAHCKHX JIOCOCEH CIIOCOOHBI
3aMeJUIATh Pa3BUTHE TP BBICOKUX TeMIeparypax. JTo siBJieHHe OblIo OOHApyKEHO HaMH IPH U3MEPEHHUSIX BO3pacTa
3apoAbIIIeH B OTHOCHTEIBHBIX €AMHHWIAX BO BpeMs MEpHOAA BBUIYIICHHs. J[0CTATOYHO M3BECTHO, YTO HAYAIO
BBUIYIUICHHSI 3apOABINIEH HE NMPHYpPOUYEHO K ONPEICICHHONH MOP(OIOTHYECKON CTaAuud M MOXET CABHUTaThCA Ha
JIpyTHE CTaUX B 3aBUCUMOCTH OT Pa3HbIX ()aKTOPOB M OCOOEHHO OT TEMIIEPATyphl. Y aTIaHTHYECKHX JIOCOCEH, KaK
Yy MHOTHX JpPYTHX PbIO, TOBBIIIEHUE TEMIIEPATypPhl CABUIAET BBUIYIJICHUE 3apObIIICH Ha Oosiee paHHUE CTaAuH, T.€.
CTUMYJHPYET 3TOT mporecc (Tabdi. 6).

Oka3anoch, YTO y THXOOKEAHCKHX JIOCOCEH BBICOKas TEMIIEpaTypa HE TOJIBKO HE CTHMYJIHPYET IPOLECC
BBUIYIUICHHSI 3apojbIlIed, HO JaXe 3aMeJIsieT ero Hayajo, NpuYeM B TeM OoiblIeld CTENeHH, 4YeM BBbIIIe
temreparypa. Haubonee sipko 3710 3amemieHue mnposiBisiercss y ropOymm. [lpuBemem Tabi. 7 OTHOCHTEIBHOM
TIPOJIOJDKUTENBHOCTH PAa3BUTHS TOPOYILHN OT OIUIOOTBOPEHHUS 10 Havyasla, CepeIMHbl M KOHIIA IIEPHO0/1a BEUTYTUICHHS.

OueBHIHO, YTO YeM BBIIIE TeMIlepaTypa B HHKyOaTope, TeM B 0ojee I037AHEM BO3pacTe IPOHCXOAUT
BBUIYIUIEHHE: MUHUMAIIBHBIM BO3pacT MaccoBOro BeuryILieHus y ropOyumm 330 4 (1°), makcumanbubiii 600 g (14.4°).
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Tabnuma 4.

Bospact u xapakrepucTHKa CTaanil pa3BUTHUs 3apoAbliel peId U3 poaoB Salmo u Oncorhynchus
B MOIIEPUOIC BACKYIIAPU3AIINH )KEITOYHOTO MEIIIKa

Cragus

Bo3spacr, T,

OcHOBHBIE COOBITHS Ha JAaHHOU CTaIuU

1/5-1/7
BaCKYJIIPH3aLMH HKEITOYHOTO
MelKa

(BXKM)

1/4-1/3 BXKM

2/5-1/2 BXXM

1/2-3/4 BXXM

4/5-6/7 BXM

3asepmenue BXKM

124-127

134-137

142-145

154-156

165-170

178-180

Hauunaercss oOpa3oBaHuE CJIOS MEJIAHWHOBBIX 3€pEH I10
BEpPXHEMY  Kpaw Tha3Hbx 1my3siped. Y  Salmo
yCTaHaBJIMBaeTCsl MaKkCUMajbHOE (67-68) 4MCIO COMUTOB
(cermentoB), y Oncorhynchus Takoe Xe YHCIO HE
SIBIISIETCSl  OKOHUarenbHbIM. Ilo 4 kabepHBIX Imenu
00pa3oBaHbl € KaXKIOH CTOPOHBI TONOBBL. [onoBa
3apoAblllla OCTAETCS NPHUKPEIUICHHOW K JKEITOYHOMY
MEIIKY OT ypoBHs I1a3. KpoBooOpaimieHue mo kKayIainbHO’
aprepun gocturaetr 14-15 XBOCTOBBIX CETMEHTOB.

Obmee uncno cerMeHTOB y  BumoB  Oncorhynchus
nJocturaet 72-74, y xetsl u ropOymu 75-76. MenaHnHOBas
nurMeHranus BUJIHA II0 BCe OKPYXXHOCTH TJIa3HBIX
OOKaJIOB ¥ HAYMHAET PACIPOCTPAHSATHCS 110 HAIPABICHHUIO
K JuH3aM. ['00Ba HauMHAeT OCBOOOXKIATHCS OT CBSI3H C
JKEJIITKOM JI0 YPOBHS BepxHeH (Kera, ropOyIa, HepKa) WiIn
HWKHEH (KWKyd4, cuMa W BHIBI Salmo) ryd, XOTs poT
ocraeTcsa 3akpeIT MemOpaHoil. KpoBooOpamenwne mo
Kay#aiapHON apTtepum mocturaeT 18-20 XBOCTOBBIX
CETMEHTOB.

KaymanpHbII KOHEIl XOpABI [lelNaeT W3TH0 BBEpX.
LepebpanbHast apTepusi JOCTUTAeT YPOBHS 0OOHATEIHHBIX
OpraHoB, a KayjanbHas 23-25 XBOCTOBBIX CErMEHTOB. B
spurpobnactax moseiasercs Hb, uYTo mposBisercs B
nprOOPETEHUH KPOBBIO PO30BOT0 OTTCHKA.

Y 3apopmplmield BceX BHUJAOB IPOUCXOIUT  3aKiajKa
MTOTYKPY>KHBIX KaHAJIOB B CITyXOBBIX My3bIpbKax. HukHAS
ryba ocBOOOXKITaeTCs OT JKENTKa W TOJOBAa CTAHOBUTCA
cBoOomHOW. BopoHka pra CTAaHOBHUTCS  OTKPBITOM.
Haunnator QyHKIIMOHMPOBATH /1Ba KaOEPHBIX U TIEPETHIE
CETMEHTHBIE COCY/IbI.

[IurMeHTHpOBaHHOCTh  IJIa3  CTAHOBUTCS  HACTOJIBKO
MHTEHCUBHOM, YTO YEpHBIE IJla3a XOPOIIO BHUIHBI Yepes3
000s10uKy. B TUIaBHMKOBOM CKiajike B 30HaX OyIyIInx
nop3ainbHoro (1), amampHOoro (A) M KaynaJbHOTO
IUTAaBHUKOB ~ IOSIBJISIIOTCS ~ CKOIUIGHUSI ~ ME3EHXMUMHBIX
kaerok. KpoBooOpameHue ocymecTisercs uepe3 3
XKaOepHBIX IyT'H U OOJBLIYIO YaCTh CErMEHTHBIX COCYIOB.

Kenrounas BeHa crabWiIM3HpyeTcs B BHAEC HEOOIBIION
NEeTIM Kak pa3 HOA DPBUIOM 3apoiblma. Y BHIOB pola
Salmo (mo He y BuOoB Oncorhynchus) B MHOTOMax B
obmactu Oynymux A u [ 06pa3yroTcss MyCKyJIbHBIE TOYKH
— HaYMHACTCAd Ppa3sBUTHUC OTUX IIJIABHUKOB. KpOBI)
HUPKYJIUpyeT uepe3 4 jkaOepHbIX IOyI'M M 4Yepe3 Bce
cerMeHTHble  cocydpl.  Okpyrible  3MOpUOHANIBHBIC
SpUTPOOIIACTHI CMEHSIOTCS neUHUTUBHBIMA
9pUTPOOIACTAMH, MIMEIOIIMMH OBAIBHYIO (OpPMY.
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Tabnwma 5.
OTHOCUTENbHAS IPOAOJIKUTEILHOCTh PA3BUTHS PA3IMYHBIX THIIOB [UIABHUKOB
Y pa3HBIX BHJIOB U3 poIoB Sal/mo u Oncorhynchus

OTHOCHUTETHHOE BpEMS Pa3BUTHS (B €IUHUIIAX Ts)
Bun OT OILTOJIOTBOPEHUS JI0 HAavaja 3aKJIaAKH IUIABHUKOB!
IPYIHBIX aHaJIbHOTO JIOP3JILHOTO | OPIOLIHBIX
ATmmanTHueckuii mocock Salmo salar 111-113 177-180 177-180 212-215
Kymxa Salmo trutta 111-113 177-180 177-180 212-215
Kera Oncorhynchus keta 115-120 190-192 195-200 212-215
Top6ymia O. gorbuscha 113-115 190-192 195-200 212-215
Hepka O. nerka 113-115 190-192 205-207 212-215
Kuxyu O. kisutch 113-115 190-192 195-200 212-215
Cuma O. masu 113-115 190-192 195-200 212-215
Tabnuma 6.

Bospacr 3aponsiiieii atnantuueckoro jiococst Salmo salar (B Ts) B Ipoliecce BbUTYTUICHHS
IIPU Pa3HbIX TEMIIEpaTypax UHKyOanun

X BbUIyTIICHUS 13 Temneparypa B EpHO HHKYOAIMH
00011049€eK 1.0 2.7 4.8 7.0 8.0 10.0
Hauaso (5 %) 315 305 285 285 281 278
Maccogroe (50 %) 320 314 300 300 290 285
3asepiienue (95 %) 330 318 320 313 305 300
Tabnuna 7.

Bospacrt 3apogsitieii ropoymm Oncorhynchus gorbuscha (B Tg) B Ipoliecce BEUTYIICHUS
[IPU pa3HbIX TEMIIEPATYPax UHKYOAIuu

X0t BHUTYIUICHHS 3 Tewmreparypa B epro WHKYOAIH
0607109eK 1.0 2.6 4.8 6.0 9.0 9.8 11.0 144
Hauao (5%) 316 325 328 355 400 410 445 490
Maccosoe (50%) 330 340 345 395 460 435 460 600
3asepmrenue (95%) 345 - 375 430 — — 480 —

6. IOAINEPNO/J O®OPMJIEHUS HEITAPHBIX U ITAPHBIX IINTABHUKOB

B »TOT moarneproa MBI BKIIFOUMIIA BCE pa3BUTHE IMOcie 00pa30BaHUs MMOHOTO Beepa U3 JIy4eH-JIICTUIOTPUXUHN B
xBocTtoBOoM TmiaBHHKE (340-360 1) 1O OKOHYATEIHHOTO pacCachIBaHUS JKEITOYHOTO MeEIIKa. Y aTIaHTHYeCKOTO
JIOCOCSI PaHBIIe MBI BBIIEILSIIN MOANEepHo] cBOOOMHBIX 3MOpHOHOB (0T 340 mo 450 1) M NUIMHOYHBIA TEPHOX
pasButus (ot 450 mo 600 t5) (F'opommnos 1998). Temeps MBI pemImIN YOPOCTUTH KIACCU(PHUKAIMIO 3TOM YaCTH
OHTOTEHE3a, BRIACIHB Iporecc o(popMIIeHNS IUIABHUKOB KaK OJWH U3 MOANEPHOJOB B COCTaBE BCETO IMOPHOHAIIEHO-
JUYUHOYHOTO TIEpHOJIA.

B srom mnoamepuone Haumbosnee 3aMeTHble MOP(OJOTHUSCKHE MPOIECChl CBSI3aHBI C MPeoOpa3oBaHUSIMU
IIJIABHUKOBOM CKIIQJIKM BOKPYT Te€ja U BbIIENIEHHEM U3 ee cocTaBa [, A a taike xupoBoro (JK) mnaBuuka. Bee atu
MIPOIIECCHI TIPOUCXOAT TOCTATOYHO OJMHAKOBO U B CXOJHOM IOCIEIOBATEIbHOCTH. Pasnuune Mexay Bugamu Salmo
u Oncorhynchus 3aKr04aeTCss B OCHOBHOM JIUIIb B TOM, YTO Y IIEPBBIX OHH MPOXOIST B 00JIee paHHEM BO3pacTe, YeM
y BTOpBIX. Pazmuuus Taxke HaOMIOMAIOTCS B MpoIleccax MUTMEHTAIMU IIOKPOBOB Tella M 3aKIFOYAOTCS OHH B TOM,
YTO B pa3HOM BO3pacTe M B pPa3HBIX YacTAX Tela MOTYT HpeoOianarh MmecTpsTouyHas (MeaaHo(popsl), cepedpucTas
(mpumodopsl) win 30M0THCTas (KCAHTO(UIIIB) OKPACKH.
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Tabnuma 8.
Bospact u xapakTepucTHKa CTaAUK Pa3BUTHSA 3apOABIIIEH 1 THIHHOK PbIO U3 ponoB Salmo u Oncorhynchus

B noAnepuoae opopMICHHU HEMAPHBIX U MAPHBIX IJIABHUKOB

Cragus

OCHOBHBIE COOBITHS HA JAHHOH CTaguN

Bospacr,
Ts

3akaaka JenuI0TPUXHUH
B IMapHBIX IJIaBHUKaX

ITnaBuukoBas ckmaaka (IIC) mepex [ B 3HauuTenbHOW Mepe
penyumpyercsi. B mpomecce pesopbrmm  Takke Haxomutes [1C,
PacCIioJIOKEHHAsA MEXKIY I[ 1 XBOCTOBBIM IIJTABHHUKOM. HCHI/IL[OTpI/IXI/II/I B
MOCJIEIHEM HAYMHAIOT JAEIUThCS Ha CErMEHTHI Oyaroniapsi pa3BUTHIO B
HUX pacwICHSIONIMX 00pa30BaHui (4JICHUKOB).

Salmo: PazpuBaercs 1-il psiJi YWIEHHUKOB, JEJSAIIUE XBOCTOBBIE JIYUH-
JIEMHIOTPUXUH HA JIBE YACTH: MPOKCUMAIFHYIO U TUCTATIBHYIO.

Jmnuna tena (ls) cBoOomHBIX 3aposimieii 21-22 MM.

Oncorhynchus: B XBOCTOBBIX IEIHIOTPHUXISIX TaKKe pa3BuBaeTcs 1-it
psan unenukoB. [nmmHa Tema (lp) cBOOOAHBIX 3aponBINIei TOPOYIIH,
HEpPKH, KWXKyda, CUMBI 22-25 MM . JnunHa Tena 3apoapimeii ketsl (lk)
26-27 MM.

360-380

380-400

[Tonnas penykuus [1C
mexay [l u XK maBau-
KaMu

[Ipoucxonut moyiHas pe3opOius Brepean J| W HECKOJNBKO IMO3XkKe
mexy J u XK. Odopmmncs nepeannit kpait XK, a B TeutbHON yactu XK
o0pazoBajics IPSIMOYTOJIBHBIN YCTYII.

Salmo: Menanodopsl TycTo, HO paBHOMEPHO IOKPBIBAIOT BCIO
MMOBEPXHOCTh 3MOpHOHOB. Ha yyax XBOCTOBOrO  IUIaBHHKA
oOpazyercst Tpu psiaa WIEHUKOB. ls= 23-24 Mm.

Oncorhynchus: Haunnaetcs nporiecc cepeOpeHns kabepHbIX KPBIIIEK
W YacTH OpIOIIHOW ITOBEPXHOCTH Tesa OJyiarojapsi OTJIOXKEHUSIM
IIUTMEHTa TyaHWHA; OCTAJIBHOE TEJNO TOKPHITO PABHOMEPHO
Menanodopamu. Ha mydax XBOocTOBOro IutaBHHKA oOpasyercst 2 psaaa
YJIE€HUKOB. lo= 23-25 MM ; Ix - 28-29 mm.

420-430

430-450

Otnenenue A ot
BEHTPAJIbHO-Kay 1aIbHOU
yactu [1C

B npupone nmruMHKY MOKHUAAIOT THE3Ja B peUHOM JHE. A, a Takxe JK
MOJTHOCTBI0 000coOmnch ot octatkos I1C.

Salmo: Menanopopsl Ha OOKOBBIX IOBEPXHOCTSIX Tejla 00pa3yroT
HECKOJIBKO CTYLIGHHH — HA4yajo pPa3BUTHA IECTPSITOYHON OKpAacKH
“parr”.Ha jryqax XBOCTOBOTO IJIaBHUKA 00pa3yeTcs 4-i psijl WICHUKOB.
ITo 1 psany uneHukoB obpasyercs Ha jiydax [l u A. Ig=25-27 mm.
Oncorhynchus: CepeOpeHre OpIOUIHONM YacTH Teja, CBSI3aHHOH C
KEITOYHBIM MEIKOM. Jlydn XBOCTOBOTO IJIaBHUKA Pa3AEISIOTCS 3-Ms
psiaMM 4JICHUKOB, a B Jl 1 A oOpasyercs 1-# psj] TOJIBKO Y KETHI.

lop =25-26 mm; Ig = 29-31 Mm.

450-470

480-500

3aBepuieHue
(hopmoobpazoBaHus
TUIABHUKOB

Salmo: Pazputre NecTpITOYHON OKPACKH 110 BCEIl MOBEPXHOCTH TeENa.
5-it psnx WieHHKoB (GOPMHUPYETCs Ha JTy9axX XBOCTOBOTO IUIABHUKA, 2-i
Ha mydax J[ m A, 1-if Ha ;ydax MapHBIX ITaBHUKOB. OCTaTOK JKENTKa
cocraBiser 7-10 %. Ig=27-28 mm.

Oncorhynchus: Bcs HIKHSAA 9acTh Tella OCTaeTcs cepeOpHcToi, a B
BEpXHEH, rycTo MOKPBITOM Menanodopamu, HaYHWHAIOT
(OpMHUPOBATHCSI HECKOJIBKO CTYIIEHHH MUTMEHTHBIX KJIETOK. Y KeThl
KOJIMYCCTBO YJICHMKOB BO BCCX IIJIABHUKOBBIX JIy4daX, KaK Yy BHIOB
Salmo , y octanbHbIX BUJOB OOBIYHO Ha OJUH psii MeHblIe. BHemHui
KEJITOK y ropOyIIM, KIXKyda U HEPKH IPaKTHYECKH paccachIBaeTcs, a
Y CHMBI M KETHl COXPAHSETCS TOJBKO HEOONBIION HE3aMKHYTHINA
CTCHKaMH OpIONIHHBI 0CTaTOK. lo = 28-31 Mm; Iy = 35-37 mm.

520-540

600-620

OBCYJKJEHUE

B naHHOM HCclenoBaHMU MPOU3BEIEHO JETANbHOE CPABHEHHE PAHHErO Pa3BUTHs PbI0 CEMEHCTBA JIOCOCEBBIX,
MIPUHAAISKAMAX K ABYM poaaMm Salmo u Oncorhynchus. IlpenBapuTtensHoe HCCIeq0BaHNE MOTOOHOTO ITUIaHa OBLIO
MIPOU3BEICHO TOJILKO Ha BUAAX poja Salmo, xorna ofaun u3 aBTopos (['opoawmios 1988) cpaBHHBaI SMOPHOHAIBHOE U
JIMYHHOYHOE PA3BUTHE PA3HBIX SKOJIOTUYECKUX U TAKCOHOMHUYECKUX (POPM aTIIAHTHUYECKOTO Jiococs S. salar, KyMmxu
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S. trutta, a TakKe OTHOCHMOW B TOT MIEPUOJ K STOMY K€ POAY pamykHou Qopenu S. gairdneri. B pa3BuTHU MepBHIX
IBYX BHUIOB OblTa OOHAapy:KEHa IOJHAs TOXKJIECTBEHHOCTh B IPOIIECCAX PAHHETO OHTOTEHE3a, MPUYEM HU OJHOTO
MIPU3HAKa, KOTOPBIA OBl MX OTJIMYAN JIPYyT OT Apyra B 3TOT NEPHOJ OHTOIeHE3a, He ObUI0 0OHapyskeHo. UTo KacaeTcs
panyXHoil ¢opesd, To B €e Pa3BUTUM ObLT BBIABICH €AWHCTBEHHBIH CYIIECTBEHHBIH NPH3HAK TAKCOHOMHYECKOIO
paHra, KOTOpbId OTJIMYajJ €€ OT JAPYIMX BHJOB B 3TOM poje, — OOIIee YKMCIO COMHUTOB, (pOPMHPOBABIIMXCS B
MpoIecce COMHUTOTCHE3a, Yy 3apojblieil pamyxHoit dopenu Obuto Ha 3-6 map OoJjblie, YeM y KyMXH H
ATJIAHTHYECKOTO JIOCOCS. DTOT MPHU3HAK COMMKAN paLyKHYI0 (opelib OOJBIIE ¢ THXOOKeaHCKUMU Oncorhynchus, aem
¢ amtantnueckumu Salmo (Iopomunos 1988). C ydeToMm Bcero 3TOro mpeiacTaBisiIo MHTEPEC CPaBHUTH MEPUOJIBI
PaHHUX OHTOT€HE30B y PAa3HBIX BHJOB M3 ABYX 3THUX poAoB. Hamm mccienoBaHus 10 ONMCAHUIO PAHHETO OHTOTEHE3a
y IATH BUI0B Jococeid 3 poaa Oncorhynchus npenocraBuim Takyo BO3MOXHOCTb.

B pesynbTare TIIATEIBHOTO COMOCTABICHHS CTAUH 3a CTalel BCEro SMOPHOHAIBHOTO M JINYNHOYHOTO Pa3BUTHSA
ZIByX BHJIIOB U3 pona Salmo u natu BUOOB u3 poxa Oncorhynchus Mbl IPUXOINM K BEIBOJY O HEOOBIYAfHO BBICOKOM
YPOBHE CXOJICTBAa KaK IO OTAEJIBHBIM IPU3HAKAM M KOMIUIEKCAM IPHU3HAKOB JUIS KaXIOW U3 CTaAMi, Tak U MO
MIPOTIOPIMAM BPEMEHH, HEOOXOANMOro AJsl 00pa30BaHMs OONBIIMHCTBA CONOCTABISIEMBIX NPHU3HAKOB. DTOT BBIBOJ
OCHOBBIBA€TCS HA OIHCAaHUM W cpaBHeHHMH He MeHee 40 craguii, HE CcUMTas 3HAYUTEIBHOIO KOJIMYECTBA
MPOMEXXYTOUHBIX CTaJHi, ONMHCAaHHE KOTOPBIX CHELMATbHO HE MPOWU3BOJIWIN, HO MPOCIEKHMBAIM B Ipolecce
pa3BuTus. MOXXHO TOBOPUTH O THII&KHOCTH CEpUH CTaAMH Pa3BUTUS M 1IEJIBIX KOMIUIEKCOB MOP(OIOTUYECKUX H
(YHKIMOHANBHBIX ITPU3HAKOB HAa JTHX CTaAMsAX, 00 WX CTAaOWJILHOCTH B XPOHOJOTMYECKOW OUYepeJHOCTH H B
OTHOCHUTENBHBIX MPOIOPIMAX MEXAy CO00H, M 3TO HaOmIogaeTcss MOYTH Ha BCEM IPOTSHKEHHH SMOPHOHAIBHO-
JIMYMHOYHOTO Pa3BUTHsL. B TO ke BpeMsi HEKOTOpBIE pa3sInuus MEXIy STHMHU poJaMHu ObIIM BBISBICHBI.

B nepByto odepens 3/1ech HY)KHO OTMETUTH Pa3IH4Ms MEXIY POJaMH MO MaKCUMaJIbHOMY YHCIy Iap COMHTOB,
KOTOpBIE 00pa3yIOTCsl B pe3ylIbTaTe COMHUTOTEHe3a. JTH JaHHBIC CBEICHHI B Tabn. 3. 31ech MOXKHO BHIETH, YTO Y
3apOABIIICH aTIaHTHYECKUX JIOCOCEH KOJIMYECTBO 3THX METaMepoB 00pa3yeTcsi MEHbIIE, YeM y Pa3HBIX BHIOB
TUXOOKEaHCKUX JIOCOCEH Ha BemM4mHy OT 3-6 m0 7-9. VIMEeHHO 3TOT mpH3HAaK COMIDKaeT pagyXHyl (opens c
nococamu U3 popa Oncorhynchus ¥ HaHHBI (aKT MOXKET CTaTh elle OAHUM apryMEHTOM B IIOJIb3Y BKJIIOUCHUS
dopenn B 310T pon. Jpyroil mpusHaK, CBA3aHHBII C Pa3HBIM YHCIOM COMHTOB Y T€X W JPYIUX BHIOB, Kacaercs
YBEJIMUYCHUSI 4YHCa TYJOBUINHBIX CETMEHTOB 3a CUET CABMIa IOJIOXKEHUs aHyca y 3apoaelmiei Oncorhynchus B
KayJaJlbHyI0 4YacTh TeJla B OCHOBHOM Ha 3-5, a y ropOymu pgaxe Ha 6-8 cermeHToB. WHTEpecHO, 4YTO Yy
TUXOOKCAHCKHUX BUAOB YBCIIMYMBACTCA TaKKE YHCIO XBOCTOBBIX CEIrMCHTOB, HO O3TOT MPU3HAK HE SABJIACTCA
CTaOMJILHBIM, IIOCKOJIBKY HECKOJIKO HanOoJIee KayallbHbIX CETMEHTOB I03/IHEE AerpajupyoT.

JIOBOJIBHO HMHTEPECHBIMH OKa3aJllCh TakXe JaHHbBIE, CBA3aHHBIE C IIpOLecCOM SMUOOIMM WM oOpacTaHus
JKEJITOYHOTO MellKa cioeM Osactonepmbl. CaM nporiece 00pacTaHus B 3HAUUTEIBHONW Mepe NMPOTeKaeT aBTOHOMHO H,
MO-BUIMMOMY, HE CKOPPEIHPOBaH C IporeccaMu (OpMHPOBaHMSA COOCTBEHHO 3apoablmia. [IpomomknTenbHOCTh U
OKOHYaHHE MpOIecca SMUO0INH 3aBUCAT OT Pa3MEPOB JKEJIITOYHOTO MEIIKA U HE SBISIOTCS OJHO3HAYHBIMU y 0coOei
Jla’kKe U3 OJHOM MOIYJISIIUK, HO BAPbUPOBAHUE 3/1€Ch OOBIYHO HE HPEBBIMAET 3-5 cCOMHUTOB. B To ke Bpems naxe B
npenenax BUAA CTaaus, Ha KOTOPOH MOXET HaXOAUTHCS COOCTBEHHO 3apOAbIII Ha MOMEHT OKOHYaHHUS mHpolecca
3MHUO0NINH, OKa3bIBAETCSl HACTONBKO pA3IMYAIOLICHCS, YTO OOBSCHEHHE 3THX PACXOXICHHH TOJIBKO pa3MepaMu
HKPHUHOK ObUIO OBI SIBHBIM yNpoIeHHEM. Paznnuus Mexy caXxalMHCKOW M KaMYaTCKON TMOMyJISUAMH KEThI, a TAKKe
BHYTpHU Buaa Salmo salar Mexnay OanTHHCKOW M KOJIBCKOHM MOMYJSIUMSIMHU B KOHIE arubonuu nocrurarot 10-15 nap
comutoB (Tadu. 2). Emie Oousblime pasiuyus MO 3TOMY MPH3HAKY JOCTUTAIOTCS MEXKIY PasHbIMHA BHIAMH POJa
Oncorhynchus. B 3ToM pojie YeTKO BBIJEIMINChH JIBE TPYNIBI BUJIOB. B 0fHOM rpyIine HaXxoAsTcs KIKyd M HepKa, y
KOTOpBIX 3MMOONNS 3aBepmiaercss Ha cragusx 25-30 map COMHTOB, a B JApPYroil — 4aBblya, cuMMa, ropOyma u
CaxaJIMHCKas KeTa, y KOTOPBIX 3TOT MPOLIECC 3aBeplIaeTcs Ha CTaausix 56-62 map.

Hexoropble aBTOpHI HCHOJB30BAIM PA3IMUYMs B CTagusX 3apojbllield POJCTBEHHBIX BHIOB, Ha KOTOPBIX
3aKaHYMBAJICS TPOIECC SIUOOINH, ISl TOCTPOCHUS CHEKYNSTHBHBIX (uioreHernmdeckux cxem (Koposuna 1978;
Pemeraukos 1980). Bruto Ob1 3aMaHYMBO Ha OCHOBAaHHH ITOYYSHHBIX (DAKTOB, CBSI3aHHBIX CO CKOPOCTHIO SIMHOOIIHH,
TIOTIBITATHCS BBICTPOUTD TAaKXKe HeKHe (rtoreHernueckne cBsi3u. OHAKO HAKOIUICHHBIN HAMU MaTepuail 0 MHOTUM
BUAAM KOCTUCTBIX PBIO CBHICTENBCTBYET O MajoOil LEHHOCTH TakuxX mocTpoeHud. [lostomy MbI mpeamourem
BO3/IEPXKATBCSI OT TEOPETU3MPOBAHMA, IPEAIoaras, 4To MPOLECcC 3MHOO0IMU HACTONBKO ABTOHOMEH OT pa3BUTHUS
COOCTBEHHO 3apOJblIlIa, YTO OH MOXET JIETKO U3MEHATh CBOIO CKOPOCTh U 3aBEPIIATHCS ObICTpEe MM MEIJICHHEE, 10
OIPEJIeTICHHOTO BPEMEHH, HE BJIMss Ha pa3BUTHE MocieqHero. Buaumo OnacToiepManbHblil CI0H HAuMHAET UTPATh
CBOIO 0oJiee BaXKHYIO POJIb C HAYAJIOM IIpOLEcca Pa3BUTHS JKENTOUHONW KPOBEHOCHOW CHUCTEMBI, T.€. BACKYJISIPU3AINN
JKENITOYHOTO Memka. B To jxe Bpems Obuio Obl MHTEpecHO B OyIyIleM BBISICHHTH, IIOYEMY JBE TPYIIIIBI
TUXOOKEAHCKHX JIOCOCEH 0UeHb PE3KO OTIENMINCE APYT OT JIpyTa 110 PacCMaTPpUBAEMOMY ITPHU3HAKY.

[Ipn ompenenennn craguil 3aKkiafKd pasHbIX THUIIOB IUIABHUKOB HAaM YJajlOCh BBISBUTH JIOBOJIGHO YETKHE
TETePOXPOHUH 110 BO3PACTY 3aKJIAJKH aHAIPHOTO M JAOP3aIbHOTO HEMapHBIX IUIABHUKOB Y THXOOKEAHCKUX JIOCOCEH
IO CPABHEHUIO C aTJIAHTHYECKUMH (TalI. 5).

CorylacHo Hambosiee TOMyJISPHBIM B COBPEMEHHOM JBOJIONMOHU3ME B3IJIAJaM CUMTAETCS, YTO OCHOBHOM
NPUYMHON (UIOTeHeTHYECKHX NpeoOpa3oBaHuil ABISIOTCS BO3HUKAIOIINE B OHTOTCHE3€e I'€TEPOXPOHUH BO BPEMEHH
3aKJIAJIKH, B CKOPOCTH Pa3BUTHS M T..I., TeX WK HHbIX pu3HakoB (Gould 1977; Gilbert et al. 1996). IIpeanonaraercs,
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4T0 HEOOJbLIMNE W3MCHEHHS B pPAHHEM OHTOTCHE3e MOTYT, KACKaJHO YBEIMYMBAsCh, BbBI3BATh OOJbBIIHE
(deHOTHIIHYECKHE TepecTpoiiku B AeuHuTHBHBIX npu3Hakax (Gould 1977, 1992). BeiiBUB CTONB peaKue, Kak
IoKa3am JanHoe U npeapaymee (I'oponmnos 1988) Hamm uccnenoBaHus, B OHTOTEHE3€ JIOCOCEBBIX TETEPOXPOHHU,
MOYHO OBLIO Obl OXKHATh KAKUX-TNO0 NEePEeCTPOCK MM M3MEHEHUI B INIABHUKAX y MPEICTABUTENEH CpaBHUBAEMBIX
POaOB. OI[HaKO HU3BCCTHO, YTO CHCTCMATUKHU HHKOIraa HE BBIACIAIOT KaKI/IX-J'II/l6O OCO6eHHOCTeﬁ B CTPOCHUU HIIU
(opMe IUIaBHUKOB Y 3THX JIOCOCEH, U, CIIe0BATEIbHO, ONIMCAHHBIE TE€TEPOXPOHUH HE BIHAIOT Ha UX Je(PUHUTUBHOE
COCTOSTHHE.

[Ipomecc pacxoxIeHWs B HANpaBICHHOCTH W B ypoBHE Au((EpPCHIUPOBKHM MEXAy BHIaMH Salmo U
Oncorhynchus B Kakoi-TO Mepe Ha4MHAETCs I10CJI€ BBUTYIUIEHHS 3apoAbllied n3 000J0YKM SiIa B MOINEPUOJE
(dhopMUpOBaHHS TUIABHUKOB (Ta0i. 8). DTO MpOSBILETCS B HEKOTOPOM OTCTABAHWU PA3BUTHS WICHUCTOW CTPYKTYPHI
OMOPHBIX JIy4eH-JICNUJOTPUXUII BO BCEX THUINAX IUIABHUKOB Y OJHOPA3MEPHBIX JHYMHOK JIOCOCeH H3 poja
Oncorhynchus 10 cpaBHEHHIO ¢ IMYUHKaMH pona Salmo. J[pyroe oTindme CBA3aHO C TeM, UYTO y JMYUHOK JIOCOCeH m3
pona Salmo HauMHaeT pa3BHBATbCS IMECTPITOYHAs OKPACKa, TOTAA KaK Yy TUXOOKEAHCKUX JIOCOCEH IMPOsBISETCS
MpU3HAK DPaHHEW CMOJTHU(PHUKAIMU — pPa3BUTHE ‘‘cepeOpucTOl” oOKpacku Tena. JlaHHOE OTIMYME CBSI3aHO C
00513aTEIbHOCTHIO MIIM BO3MOXKHOCTBIO CKAaTa TUXOOKEAHCKHUX JIOCOCEH B MOPE yXKE B JINUMHOUHBIN MEPUO/I.

Wrak, perambHOE COINOCTAaBJICHHWE HSMOPHOHAIBHOTO M JIMYMHOYHOI'O Ppa3BUTHS Jlococell W3 JIBYX
OJIM3KOPOJICTBEHHBIX POJOB OOHAPYKHMIIO BHICOKHH YPOBEHb CXOJICTBA, @ BCE BBISBJICHHBIE PA3JIMYMsl CBSI3aHbI JIHOO C
MPOBU30PHBIMH OpraHaMy, JIMOO HE YYHTBIBAIOTCS B TAaKCOHOMHMYECKMX paborax (Kak, HamnpuMep, YHCIO
TYJIOBUIHBIX ~ CErMEHTOB). MOXHO OBUIO OB MPEONOJOXKHTH, YTO pealbHbIC MOP(QOIOTHUCCKUE H
MOp(hHOMETPHUYCCKHUE PA3INIHs BHYTPH- H MEXKBHIOBOTO YPOBHS BO3HUKAIOT B MOCTIMYMHOYHOM OHTOTeHe3e. OIHaKO
3HAKOMCTBO C pa0OTaMu, ITOCBSIICHHBIMH OIICHKAM CHCTEMAaTHYECKOTO CTaTyca phIO CEeMEHCTBa JIOCOCEBBIX,
MOKAa3bIBAET, YTO CPEAu TeorpapuyecKuX, CE30HHBIX. KAPHOTUIIMYECKUX KPUTEPHEB BHIOBOW 000COOICHHOCTH
HavMeHee YeTKUMH M HauboJee CHOPHBIMHU SBIISIOTCS aHATOMO-MOpQoioruueckue mnpusHaku. Hampumep, s
pasnuueHusl pas3HbIX BUIOB poxa Salmo w noapona Parasalmo, KOTOpbIN paHblIe BXOIWI B JaHHBIH POj, Mocie
JIOJTUX HCCIEAOBAHUIl yAaloCh BBIICIUTh 4 OCTEOJIOTHUECKHX IPH3HAKa B XOHAPOKPaHUyMe. JTO KacaeTcs
HEKOTOPBIX JIeTajlell CTPOeHHUs COIHKKA, Supraethmoideum u eme nByx kocreit (JJopodeena 1985). 3HakomcTBO €
MPEICTABJICHHBIMA HILIFOCTPAMSIMA 00pasioB (C. 6)OCTaB/seT BICUATIICHHE MAJIOCTH Pa3anddii B (opMe 3THX
KOCTeﬁ, XOTs MbIl HE IIbITAEMCs CTaBUTH I10J] COMHCHHUE UX HAJIUYUEC. Mpl POCTO XOTUM NNOAYEPKHYTH yﬂHBHTeHbelﬁ
YPOBEHb KOHCEPBAaTUBHOCTH, KOTOPBIM IPOSIBISETCS B COXPAHCHUU [AXE JAETaledl CTPOCHMsI XOHAPOKpPaHUyMa U
BCEro CKeJsieTa B IpeAeiaX He TOJBKO POJOB, HO M, BUIUMO, Ooyiee KPYNHBIX TaKCOHOB. CHCTEMaTHKH, KOTOpBIE
BCErJla 3aHMMAIOTCS IMOWCKAMH Pa3lM4YUii, 3TO CBOHCTBO OCTaBIsUIM OOBIMHO Oe3 BHUMaHHWsA. Ham jxe ocraercs
CBsI3aTh MEXy co00ii Be cepur ()aKTOB: KOHCEPBATHBHOCTh AaHATOMUYECKOTO CTPOCHHS B3POCIHBIX PBIO U3 Pa3HBIX
BUJIOB U POJIOB JIOCOCEBBIX JIOTUYECKH BBITEKACT M3 KOHCEPBATUBHOCTU WHAMBHIYAILHOTO PAa3BUTHS BCEX ITHX
BUI0B. MlHaue TOBOpS, Mbl HE HAXOJIUM CYIICCTBEHHBIX OTIHYHI B MOP(OIOTHH B3POCIBIX PbIO, IOTOMY YTO OHHU
MPOKCTEKAIOT U3 CXOJCTBA UX MHAUBUIYAJIBHOTO PA3BUTHSI.

[IpobnemMa TakCOHOMHH JIOCOCEBBIX PBIO aKTHBHO paspabarbiBaeTcs cBbime 100 yieT W Bcerna mpeacTaBisiia
TPYAHYIO 3ajiady, IIOCKOJIbKY MHOTHE BHAbI HMMEIOT 0ojiee WJIM MeHee UIMPOKYI0 IepeKpbIBAEMOCTh BCEX
IUIACTUYECKUX U MEPUCTUYECKUX MPU3HAKOB. DTO OTCYTCTBHUE YETKHMX Pa3/EIUTEIbHBIX TPAaHUL] MOXKHO OOBSICHHUTH
CIIEIYIOIIHM 00pa3oM.

VYike paHHHE MPEIKOBBIE BBl JIOCOCEBBIX BBHIPAOOTAIN JOCTATOYHO COBEPLICHHYIO (hopMy Tela, 4TO MO3BOJISIET
UM HaxXOJUTBCA JIO CHUX IOpP B COCTOSIHMM Ouosorumueckoro mporpecca (Iepomibckuit 1967). JlanbHeliiee
COBEPIIICHCTBOBAHUE W HBOIIONUS BUAOB MPOUCXOAAT HA IyTH BHIPA0OTKM HOBBIX aNaNTalliii W 3aTpardBarOT B
Oonpmieii Mepe He aHaTtoMo-Mopdoiornveckrne, a (QyHKIMOHANBHBIE CHCTEMBbI opraHuzMa. COOTBETCTBCHHO,
TAKCOHOMHYECKass 000COOJEHHOCTh (DOPM MOKET OCYLIECTBIISITHCS HE HAa YPOBHE aHATOMO-MOP(OJIOrHYECKHX
MPU3HAKOB, & HA YPOBHE KOMILJICKCOB aJ[anTalnii, BOSHUKAONIMX B U30JMPOBAHHBIX MOMYJIALUIX B KOHKPETHOW ISt
HUX DKOJIOTO-Teorpaduyueckoii cpeae oOnTaHusI.

Ipoitecc Takoro BUA000PA30BAHUSI MOYKHO MPEJACTABUTh B BUIE PS/a MOCIEA0BATEILHBIX ITAIIOB!

1) Beigenenne B mpenenax MCXOMHOTO BHAA JBYX WM HECKOJBKHX H30JIMPOBAHHBIX Teorpapuyecku
NOMYJSIIKI, T.e. TOJNyYeHHE aJIONAaTPUYEeCKOro CTaTyca, KOTOpBI SBISIETCS 00s3aTEelbHBIM  YCIOBHEM
Bu0oOpazoBanus (Maiip 1968).

2) OcBoeHHE HOBOW DJKOJIOro-reorpaMyeckoil 30HBI, €€ IIHIIEBBIX PECypcoB, IIPHCIOCOONIEHHE K
KIIMMaTU4€CKUM YCIIOBHUAM, nepeCTpoﬁKa CTpaTeruu ) XU3HECHHOI'O HUKJIA.

3) Ilo xomy O3TOro OCBOCHHS IPOUCXOAHUT BEIPAOOTKA HOBBEIX KOMIUICKCOB aJanTaluii, KOTOPHIC
COBEpLICHCTBYIOT yCJIOBHSI )KM3HU B HOBOH peasIbHOM cpejie.

4) OIHOBPEMEHHO T'E€HETHKO-aBTOMATUYECKHE IPOIECCHl MOTIH O0ECICYHTh TEPECTPOUKY KapHOTHIIOB U
3aKPEMUTh U3OJSILIUIO BH/IA MKy OBIBIIMMHE HOMYJISLUSIMU OHOTO BHJIA YK€ HA [IUTOJIOTUYECKOM YPOBHE.

5) B Tex chydasx, KOrja TI'€HETHYECKHE MEPEeCTPONKH JOCTUTHYT TAKOrO YPOBHS, YTO CIIOCOOHBI OYyIyT
00ecreunTh TeHETHYECKYI0 M30JIIHI0 MEX/Y ABYMS TAKUMU HOBBIMH BHJIAMH, OHH MOTYT BHOBb COBMECTHTHCS B
OJHOH M TOH )K€ DKOJIOTO-TeorpaduIecKoit cpese, T.€. ONATh CTaTh CUMITATPHYHBIMH.
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6) CocymlecTBOBaHHE BHIOB B OJHOM apeaie IOANCPXHBACT W Naiblie OTOOpP B CTOPOHY JajbHEUIIEro
YCHUIJIEHUSI TEHETUIECKON PEeNPOSyKTHBHON U30IISILIUH

Ilocnennss cutyarys XOpOIIO MPOCIIEKUBAETCSI HA HEKOTOPBIX Mapax BHIOB, KOTOPbIC SIBIAIOTCS OMU3KUMHU TI0
3aHMMaeMOMY HMMH apeaiy, 110 JKU3HEHHOMY IHKIy, CIIEKTpy MHUTaHHsA, MecTaM Hepecta M T.A. Takoi mapoi
OIIPEJENICHHO SIBIISIIOTCS aTJIAHTHUECKHH JIOCOCh M KymiKa. DT 00a BHJa UMEIOT OIPOMHBIEC apeasibl, 3HaUnTeIbHas
4aCTb KOTOPLIX COBIAJAACT. Onu COCYIIECTBYIOT B OJHUX M TE€X KC 6I/IOI_leHO3aX, o CyTH, ABJIAACH NHUIICBBIMU
KOHKYPEHTaMH U KOHKYPEHTaMH Ha HEPEeCTUIMINAX. B To ke BpeMsl M3BECTHO, YTO 10 KapUOTUIIAM OHHU HUMEIOT
caMmble CYIIECTBEHHBIE CpelIy JIocOoCceBBIX pasnmuuus. S. trutta wumeer 100-102 xpomocomubix 1reda (NF) B
JMIIONTHOM Habope. S.salar 3aHEMaeT COBEpIIEHHO 0c000e MECTO BO BeeM ImojceMeiicTse, nMesi NF paBHBIM Bcero
72-74. COOTBETCTBEHHO MOJAIBbHOE YHUCIO XpoMocoM Yy Kymxku 2n = 80, mpuuem u3 Hux 20 Mera- u
cyOMeTaneHTpuIeckux (m/sm), Wik IByIiednx, u 60 Temo- u CyOTeloneHTprUecKuX (1/st), WM OXHOIUICYHX; Y
aTJIIAHTHYECKOTO JIOCOCS YMCIIO XpoMocoM 2n =54-58, m3 Hux 14-18 m/sm u 38-46 t/st (Bukroposckuii 1978; Hartley
& Horne 1984a, b; Phillips, Rab 2001).

Hpyroii momxoOHON Mapoil SBISIOTCS THXOOKEAHCKHE JOCOCH — KeTa u ropOyma. U3 6 BunoB pona Oncorhynchus
9TH BUABI JEHCTBUTENBLHO Hanbosiee ONM3KO COCYIIECTBYIOT M OCOOCHHO OXKECTOYEHHO OHH KOHKYPHPYIOT Ha
Hepectmininax. Kpome Toro, aTv Bubl HauboJee jKECTKO CHELUATM3UPOBAHbI [0 CBOEMY KM3HEHHOMY LIHKITY, YTO
NPOSIBJISIETCS. B PaHHEM, €lle B JIMYMHOYHOM BO3pacTe, CKaTe B MOpPE U B OTCYTCTBHHU XKHJIbIX GopM. B To xe Bpems
9TH BHJIbI UIMEIOT HAHOOJIBIINE CPEIM THXOOKEAHCKUX JIOCOCEH OTIIMYMSA B CTPYKType KapuoTumnoB. HecMoTps Ha TO,
4yro 00a BHAA, KaK M BCE OCTaJIbHBIE cpenu poxa Oncorhynchus, IMEIOT B KapHOTHIIE NPAKTUYECKH OJMHAKOBOE
yucno NF (100-104), crpykTypa MX XpOMOCOM SIBJIS€TCS BecbMa pa3zin4Hod. IlokazaHo, 4ro y ropOymM 4ucio
XpOMOCOM pPaBHO 52 W Bce OHM siBisitOoTCS MertareHTpukamu (['opmikos, ['opmkosa 1981; Phillips, Thssen 1985).
YV xeTsl uncio XxpoMocoM 2n = 74, u3 kotopsix 26 m u 48 t/st (Phillips, Thssen 1985; Phillips, Rab 2001). OcransHsie
4 BHJa TIO COOTHOIIECHHWIO METa- M TEJIONEHTPHUYECKUX XPOMOCOM 3aHHMMAIOT IPOMEKYTOYHOE MOJ0KEHHE MEXKIY
keroil u ropOymieir. Corimacao P. M. Bukroposckomy (1978), sBomorust kapuoTuiioB B pone Oncorhynchus mna B
OCHOBHOM IO IIyTH LIEHTPHUYECKUX CIMAHUN M y HamboJiee MPOABHHYTON M KpaiHe CTIeHaTU3UPOBaHHOIN ropOymun
BCE BO3MOXKHBIE NMPEOOPa30BaHUS KAPHOTHIIA MyTEM LIEHTPUUECKUX CIUSHUN Y>K€ MCUEpPIIaHbl, T.K. BCE XPOMOCOMBI
cTanu MetaneHTpukamu. Ctosmas psaoM ¢ ropOyiieil Mo ypoBHIO CHELUAIN3alUK KETa, B TO K€ BPEeMs CTOUT Ha
JIPYTrOM MOJIKOCE 3TOM IpyNIibl BUAOB MO CTPYKTYpPE KAPUOTUIIOB: K€Ta UMEET HAMMEHBIIEE YHCIIO METALEHTPUKOB.

CylecTByeT MHEHHE, YTO Y JIOCOCEBBIX MEXAY KOJIMYECTBOM XPOMOCOM (IIPH 3HAYUTEIHHOW CTAOMIBHOCTU
yucen NF) n pasHooOpasuem crpaTeruil >KU3HEHHOTO [UKJIA CYIIECTBYET IpsiMasi CBSI3b: BHJbI, UMEIOLINE OObIINE
grcia 2n (T.e. B ©IX XPOMOCOMHOM Ha0Ope MMeeTCst MHOTO t/st) UMEIOT Oosiee OOIIMPHEII apeal u 0OJbIlle BAPHAHTOB
JKU3HEHHOH cTpareruu (03epHbIe, PEYHbIE, aHAJPOMHBIE), YEM BHJIbI C MEHBIIMMH 21 (B UX XPOMOCOMHBIX Habopax
OosbIle BCEro XpOMOCOM THMAa Mm). OTH MOCJIEAHHE CUYUTAIOTCS OOBIYHO JKECTKO CHENHATN3MPOBAHHBIMU
aHagpoMHbIMu Bunamu (BukropoBckuit 1978; Phillips, Rab 2001). CpsBanbl 1 Mexmy co00il SBOIOIUSL
MOP(OGHU3HOIOTHIECKNX ATANTANA W BOJIONUS KapHOTHIIOB WM OHU M3MEHSIOTCS HE3aBUCHMO JpYT OT apyra?
B npuHIMIIE HE3aBUCUMOCTD DBOJIIOIIMY TEHETHYECKOTO MaTepraia MOXKeT 0a3upoBaThCs Ha OTKPHITHIX emne B 1930-x
rogax H.II. Hyomnunsim u C. Paiitom (S. Wright) renermko-aBTOMaTHUecKuX mporeccax. OmHako BpsAn Jin
CYLIECTBYET IIOJHAs HE3aBHCHMOCTH 3BOJIOLUHM KAPHOTHUIOB OT (DaKTOPOB €CTECTBEHHOro 0TOOpa. TaxkoBbIM
(dakTOpOM, MOIIACPKUBACMBIM €CTECTBEHHBIM OTOOPOM, MOXET OBITh CO3JaHHE T'CHETHYECKOH H30JSIMA B
JJTONATPUYECKUX MOMYJIALUIX BHaYalle Ha TPaHUIIaX MX apeajioB, a 3aTeM I10 Mepe COBMELICHHUS MECT OOUTaHus, ee
nocieayolee ycuienue. Tak, BUANMO, TPOMCXOAMWIO B Cllyyae pacCMaTpUBA€MbIX HAMU BHJIOB, Y KOTOPBIX OTOOp
OTIpPENIETIMII Pa3BUTHE T'€HETHKO-aBTOMATHUECKHX IPOLIECCOB B INPOTHBOIIOJIOKHBIX HAIPABICHHSAX, @ WUMEHHO: Y
ropOyIIn B CTOPOHY CIHSHUS TEIOLEHTPHYECKHX XPOMOCOM M YBEIMUYCHHS UHCIIA METAEHTPUKOB, a Y KETHl B
CTOPOHY pa3JIeJICHNs] METAlEHTPUKOB ¥ YMEHBIICHUS UX YHCIIA.

Tot dakr, uTo y 3THX HamboJee OIM3KO COCYIMICCTBYIOIINX BHIOB UMEIOTCS HaHOOJBIINE Pa3IHdisl B CTPYKTYpE
KapHOTHUIIOB, 4TO 00eCHeYnBaeT HAnOOJBIIYI0 IUTOIOTHYECKYIO0 H30JHMPOBAHHOCTB, MO3BOJSET C(HOPMYINPOBATH
CIIEAYIOIIEE MPABUIIO: YeM MeHee 2e0zpapuuecku U30AUPO8aHsl POOCMEEHHbIE 8UObL, Mem 00able OHU OOJHCHYL
ObIMb U30IUPOBAHBL 2EHEMUYECKU 3a CYem Nepecmpouky cmpykmypbl kapuomunog. Vinu, naade rosopst: Ycnoguem,
CO2NACHO KOMOPOMY 08a 2e02paduuecku U30IUPOBAHHBIX BUOA MOSYM HAYAMb BHOBb COCYWECBO8ANb 8 eOUHOI
ceozpaghuueckou  30He, OOMNHCHA OblMb  OOCMAMOYHO  HAOEMHCHAS  YUMOJO2UYecKds UMU — 2eHemuyecKas
HecoeMeCmumMoCb.

PaccMoTprM HEKOTOpBIE KOMIUIEKCHI aalTallui, KOTOPbIE OTIMYAIOT THXOOKEAHCKUX JIOCOCEH OT aTJIAHTUYECKHX
W TIONbITaeMCs BBIACHUTH IIPHYMHBL, KOTOpPBIE IIPHBEIM K WX BO3HHKHOBEHHMIO B KOHKPETHOH 3KOJIOrO-
reorpaguueckoii oocranoBke pernona Ilammdukn. Kak cuurator, pon Oncorhynchus mpou3oles 0T THXOOKEaHCKUX
nococeii noapona Parasalmo, xotopsle oOuTaroT B Hanbosee ceBepHbIx paiionax [Taunduxu (Neave 1958; Vladykov
1963). 3aBoeBaHHE HOBBIX apeajoB MPOUCXOAWIO MO MyTH MPOABIDKeHMs Ha for. [lomymsamum Parasalmo mo mepe
pacIpocTpaHeHus Ha 10T HallUIM 37IECh YPE3BBIUAHO OJIArONPHUATHBIE YCIOBUS JUIS YBEIWUICHUS YUCICHHOCTH. OTO H
MSTKAH KIMMAaTHYeCKHH PEeKMM M UYPE3BBIYANHO ONAronpusATHBIE YCIOBHUS IS HAryJioB B OKEaHE C M300MINEM
KopMa. OTH YCIIOBHS, a TaKKe€ CBOHCTBEHHAas JIOCOCEBBIM 3a00Ta O IOTOMCTBE, OOECIIEUMBAIN IIOCTOSHHOE
MOBBIIICHUE YHCIEHHOCTH HOMYJIALMHA, KOTOpas CTajla JMMUTHPOBATHCS OIPAHUYEHHBIM KOJHMYECTBOM HEPECTOBBIX
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IUTOMaie W HHU3KOH KOPMHOCTBIO CYHIECTBYIOIIMX 3[€Ch IPECHOBOAHBIX BOMOEMOB. lIpenkn OHKOPHHXYCOB
OCBOMJIM MOCTENECHHO BCE PEKH, PEUKU M PYyUYEHKH IO a3MaTCKOMY M aMEpHUKaHCKOMY mobOepexbsiM THXoro okeasa.
B 10 xe Bpems HencuepraeMble 3amachl KOPMOBBIX PECYpCOB B OKEaHe Bce 0ojee YBEIMYMBAIM YHCIEHHOCTh
HEPECTOBBIX CTaJ, BO3BPAINAIOIINXCA B pPEeKH. UTOOBI paspemiuTh 3TO HPOTHUBOPEUYHME, HA 3TOM IyTH CTalu
BbIpa0aThIBaTHCS MEXAHU3MBI IIOCJIEHEPECTOBOM Jierpafaly 1 rudeian HepecTyromux peio. PeIObI mocie HepecTa B
OoJIbIIMHCTBE THOJM B JIIOOOM Clly4ae, IOCKOJIbKY HE MOTJIM HalTH KopMa B peke. BriocneacTBuu 3TH MeXaHH3MBI
BO3HUKIIHU YIKC KaK O6H33TeHbH])le 9JICMCHTBI )KU3HCHHOTI'O IIUKJIA.

C npyro#i cTOpOHBI, OTPOMHOE KOJIMYECTBO OTJIOKEHHOM MKPBI CO3/1aBaJIO MPOOIIeMy, KOT/Ia BECHOH MOSBIISIIACH
Macca JMYMHOK, KOTOpble ObUIM HE B COCTOSHHM ITPOKOPMHUTHCS B peke. TOJIbKO HEMEIUIEHHBIH CKaT B MOpe, Iie
nMmeercss Ooratas KopMmoBasi 0a3a, MOT O0ECHEYHMTh IIAHCHI JJIsI BBDKMBAHUS. JTO CTUMYJIMPOBAJIO pa3BUTHE
MEXaHM3MOB JINUMHOYHON cMmonTHdukammu. Takas peKOHCTPYKIMS Pa3BUTHSA JAHHOW aJalTaliiy MOATBEPXKIACTCS
TEM, 4TO y Haubojee MHOTOYHCICHHBIX BHJOB — TOPOYIIN M KETHl — 3TOT MEXaHW3M, OOECIIeUMBAIOIINHA CKaT
JIMYMHOK B MODE, SIBJISIETCS TIOYTH OOIUraTHBIM. Takue ’e BUABI KaK HEpKa, 4aBblua, KIKYY, CHMa UMEIOT MEHBIIYIO
YHUCIEHHOCTh, U Y HUX MEXaHH3M JIMYMHOYHOIO CKaTa B MOpPE PETyJIHpYyeTcs B 3aBUCHMOCTH OT YHCIEHHOCTH
nomyisinuy. Hampumep, Oosee MHOTOYHCIIEHHAsl 4aBblua aMEPUKAaHCKOTO MOOEPEKbsi MUTPUPYET B OKEaH YXKe B
HepBOE JIETO JKU3HU, TOr/la KaK Ha a3MaTCKOM I00epekbe OHA MAJOYHCIEHHA U OCTAeTCs B IPECHOH BOJE HE MEHee
roga (JIeanunos 1976).

Eme ogHO#M HEOObIUHON afanTanyeil, BOSHUKIIEH Y THXOOKEAHCKHUX JIOCOCEH U OTCYTCTBYIOLIEH Y aTIaHTHUECKUX
JIOCOCEeH M y MHOTHX JIPYTHX DBIO, SIBISETCS CIIOCOOHOCTH 3apojbliel u3 pona Oncorhynchus 3aMeIuIiTh pa3BUTHE
IIPY BBICOKHX TEMIIepaTypax. SIBJIeHHe 3aMe/IeHUs] OTHOCUTEIbHBIX TEMIIOB Pa3BUTHS NPU BBICOKOH TeMIlepaType
MOXXHO paccMaTpuBaTh KaK ONPEIEIEHHOE OHOJIOTHYECKOE IPHCIOCOOJIEHNE K CE30HHBIM IMKJIaM HpPUPOJBI,
CIIOKMBIIIEECS B CBSI3U C OCOOCHHOCTSMH OOWTAHHSA M Pa3MHOXKEHHA 3TuX pri0. Kak m3BecTHO, pBIOBI BHIOB pona
Oncorhynchus B OCHOBHOI Macce HEPECTATCS B KOHIIE JIETA - B IIEPBOH MOJIOBHHE OCEHHU, KOTJja TEMITEpaTypa BObI B
pekax MokeT ObITh Ha ypoBHe 15-18° (CmuprOB 1975). IpH Takoii TeMiepaType pa3BUTHE JO Hadalla BEUTYTUICHUS
3apOJBIIICH, CKaXkeM, y TopOyIn, HepecTsmeiics B KOHIe aBrycra, 3anuMmano 061 30-35 CyTok C 3aTpaToil modTh
MIOJIOBUHBI 3aracoB jkenTka. Ecimu 6bI He ObLIO MEXaHHM3Ma 3aMEAJIEHUS] OTHOCHUTEIBHOW CKOPOCTH Pa3BUTHA, TO
JMYUHKaM ropOyIM MpOCTO HE XBaTHJIO Obl 3alacoB JKENTKa, YTOOBI JOXKHUTh JO BECHBL. B0O3MOXHO, 4TO mMyTeMm
3aMCJICHUSA WKW CHUHXKCHUSA MeTa6OHH3Ma, 3apoAbllln  BHagardT B COCTOAHHME, B YCM-TO HAIIOMHWHAIOUICC
aHa6l/IOTI/I‘leCKOC, X0Td B OTJIIMYUEC OT 061)I'~IH01"0 aHa6l/I033 OHO BBI3BIBACTCA HC INOHMKXCHUEM TCMIIEpATyphbl, a €C
noBeiieHueM. biarogaps sTomy pa3Butue He GOpCUpyeTCs IIPU TEIUIOBBIX CE30HHBIX aHOMAJIMSX M 3aracoB XKeJITKa
XBaTaeT Ha BECh 3UMHE-BECEHHUH MEPHOI.

BBIBO/IbI

1. CpaBHeHHE 3MOPHOHAIBHO-TMYMHOYHOTO PA3BUTHS Y Pa3HBIX BHIOB JIOCOCEBHIX M3 PoAoB Sal/mo (3 Buma) u
Oncorhynchus (5 BUOOB) OOHApYXXHIIO MPAKTHYECKH MOJTHYIO TOXAECTBEHHOCTh B PEAIM3AIMH IPOTPAMMBI
paHHErO OHTOTEHE3a y BCEX BUJOB 00OMX POJIOB.

2. HeOonbmme pasnuuusi, KOTOpble ObUIM OOHApPY)KEHBI, CBA3aHBbI JMOO C KOCBEHHBIM JUIsl Pa3BUTHS CaMOro
3apo/iblllia MPOLECCOM SMHOO0JIMU WM CABHIOM BO BPEMEHH 3aKJIafOK TaKHMX BTOPOCTENEHHBIX OPraHoOB Kak
w1aBHUKA. [10-BHIMMOMY, 3TH OCOOCHHOCTH OHTOreHE3a HEe TPAaHC(POPMHUPYIOTCS B KaKHE-THOO JAMBEPTECHTHHIC
N3MEHEHHS TAKCOHOMHYECKOTO PaHra.

3. KoHcepBaTu3M B OCYIIECTBICHUH OHTOI€HETHYECKHUX IPOrpaMM Ha BHJIOBOM M POJIOBOM YPOBHSIX, ITO-BHIUMOMY,
JISKUT B OCHOBE aHAaTOMO-MOP(OIOTHYECKOr0 KOHCEpPBATHU3Ma, XapaKTEepHOTO JUIl B3POCIBIX OPraHM3MOB Y
Salmoninae; xak M3BECTHO STO MOJCEMEHCTBO XapaKTEPH3yeTCS OTCYTCTBHEM HAJEKHBIX MOP(OIOTHIECKUX
KPUTEPHUEB I TAKCOHOMHYECKON MICHTH()UKAITIH.

4. OrtcyTcTBHE 3aMETHOH MOP(OIOTHIECKOH M3MEHYMBOCTH Y YETKO 00OCOOJIECHHBIX BHIOB CATIMOHHUA MOTIIO OBI
03Ha4aTh, 4TO BHI000pa30BaHUE Yy ITHUX BUIOB IMPOHMCXOAWIO Yepe3 Pa3BUTHE KOMIUIEKCOB CHElM(DUUIECKUX
aJanTaruii, KOTOphIe CYIIECTBEHHO Peo0pa30BaIy KU3HEHHBIN ITHKIL.

5. [emaetcs mOMBITKAa PEKOHCTPYKIIMK B Pa3BUTHH HanOoJIee BAKHBIX aJalTallli y THXOOKEAHCKUX JOCOCEH.

Pabora mojyiepkana rpaHToM MUHOOpa30BaHKs B 00JIaCTH €CTECTBEHHBIX Hayk, per. Ne075-0602-281-21.
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PE3IOME

Yacrora pacnpenenenus ramotuna GH1 cpean EBpomeiicknx T0COCEBBIX MOIYIISAIUA TOKa3bIBAET
palioHbl UBEPreHUMU MEXKAY AaTJaHTMYECKMM U bBanTuiickuM JIocOceM Cpeau aTJIaHTUYECKUX
HOMYJIALUHA, 00JIaIaI0IUX TPEMs TIOTUIIAMU ¥ BanTHICKUX NOMyJIALUA, Y KOTOPBIX SIBHO HJIM HESIBHO
(UKCHpyeTCsl OIMH U3raJOTHIIOB.

Opnako bantuiickuil JI0COCh CXONIeH C BOCTOYHMH MOMYJIALUSAMH M3 OacceiiHa Oenoro Mops, a
Takxke u3 p. Ileyopel — BCE OHM HUMEIOT BBICOKYIO BcTpedaeMocTh ranotuna GHl-a, m y Hux
orcyrcTByeT ranotun GH1-c. 9To ciy>XuT 1OMOIHUTENBHBIM IOATBEPKACHUEM THIIOTE3BI O BOCTOUHON
konoHuzanuu bantuiickoro mopsa. OnHako mosiBieHue amiantudeckoro ramoruna GHl-c B aByx
MMPECHOBOIHBIX momyisinusax Jlagoxkckoro o3epa (Xwuifrona, Crockyaifokn) TOKa3bIBAaeTH, YTO BCE KE
HEJb34 UCKIII0YATh U aTJIaHTUYECKYH0 KOMIIOHEHTY.

KiroueBble ¢j10Ba: canomun, amiaumuieckull 10Cocb, OAImulicKull 10cocb

136



Atlantic salmon: biology, conservation and restoration, 2003

GYRODACTYLUS SALARIS B PEKAX HOPBEI'NH

B.0. Honcen, A.M. Uencen

Norwegian Institute for Nature Research, Tungasletta 2, N-7485 Trondheim, Norway
Phone: +47 73801505, Fax +47 801400, E-mail: bjorn.o.johnsen@ninatrd.ninaniku.no

Pe3rome

Gyrodactylus — 3T0 poj MOHOTEHEH, MOpaKAIOIIMX HECKOJFKO HAapYXHBIX dacTed Tema peid. B
1975-1979 ObUIO BBIBIEHO 3apakeHWE NPECMONTOB aTIaHTW4YeCKoro yococs Gyrodactylus n ero
pacnpocTpaHeHue Bo Bce Oosibliee 4yncio pek Hopseruu. Bbiio opraHH30BaHO HCCIIEIOBAaHUE MOJIOAN
aTJIAHTHYECKOTO JIOCOCS Ha PhI003aBO/IaX M B BOJOEMAxX PErHOHA, B paMKax kotoporo 3a 1980-1985 rr.
Obu10 oOcienoBano mpumepHo 200 pek. G. salaris Obin oOHapykeH B 25 pekax. bbiia BblsgBIeHa
CTATUCTUYECKH 3HAuMMas CBs3b MeX1y pacrpoctpaHenueM G. salaris B pekax Hopsermn wu
3aperucTpUPOBaHHBIM BBO30OM I10CAJIOYHOIO MarepHana ¢ MHQUIMPOBAaHHBIX pbido3aBoioB. C 1985 r. x
obmemy criricky u3 40 3apakeHHBIX pek mobasmwinch emie 15. B 37 pekax nossierne G. salaris MOKHO
OOBSCHHUTH BBITYCKAMHU PBIO C 3apaKEHHBIX PBI003aBOIOB, COCEICTBOM C 3apa)KEHHBIMH PHI003aBOIaMU
WM paclipoCTpaHEHUEM U3 3apaKEHHBIX PEK depe3 paclpecHEHHbIC BOAHBIC YIACTKH.

Ob6cnenoBanre 50 TBHIC. SK3EMIULIPOB MOJIOAM JIOCOCS W3 PEK IO BCEH TEPPUTOPHU CTPAHBI
mokazano, uto G. salaris He HacemnseT pexu HopBernn ecrecTBeHHBIM IyTeM. B 139 oGcnemoBaHHbBIX
pekax oOHapykeHo 6onee 90 FK3EMIUTIPOB MOJIOIH JIOCOCS, HE 3apaKEHHBIX 3TUM mapa3utoM. Eciu Ob1
PacIpOCTPaHEHHOCTh Tapa3uTa B OJHOW M3 ATHX peK Obuta Obl 5% WM BEINIE, TO BEPOSTHOCTH €r0
oOHapy>xeHus Obla 061 99%.

OoHapyxenue G. salaris B p. BedcHa u ee mpuTokax ykas3pIBaeT, YTO MAPa3UT PACIPOCTPAHHUIICS
BBEPX 110 TEUEHHUIO, U 32 JIBa rojia Mocje ero neppoit Haxonku G. salaris 3acenui Bech BOAOTOK. JlaHHbBIE
TI0 JIPYT'MM 3apaKeHHBIM pekaM HopBernu 1atoT cxo)kyto KapTHHY Ype3BBIYAHO OBICTPO KOIOHU3AIHH.

Pex B Ka)XJJOM U3 PETHOHOB PacIoNOKEHbI HACTOIBKO OJIM3KO APYT K IPYry, 4To Haxonku G. salaris B
COCEeTHUX peKax MOKHO OOBSCHHTH PACIPOCTPAHEHHEM C PBIOOI depe3 pacrpecHeHHbIe BOIBI (PHOPIOB.
Hanpumep, B Pomcaanedropme mapasut 3a 13 et pacmpocTpaHmics W3 PeKH, KyAa OH OBUT 3aHECeH
TIEPBOHAYAIILHO, B YETHIPE IPYTHE PEKH, BIAIAIONIHE BO PHOP.

HccnemoBanms B pekax JlakcenpBa m BedcHa mokasamu, uro 3apaxenwe (. salaris BBI3BIBACT
CYIIIECTBEHHOE CHIDKCHHE YHCICHHOCTH 10 MPAKTHYECKH IONHOTO MCYE3HOBEHHS MOMYJIALUA MOJOAN
sococst. [ITOTHOCTE MOIOTH JIOCOCS B 3apa’keHHBIX PEKaX COKPATHIIach B cpeaHeM Ha 85.5%.

3apaxxenue pek Gyrodactylus xapakrepu3yeTcsi ObICTPBIM IIEPEXOIOM B COCTOSHHE SIUIACMUH, CO
BCe pacTylueit yactoTol u prevalence and intensity.

BbUIOBBI JIOCOCS COKpaTWIMCh B 3apaKeHHBIX pekax B cpeaHeM Ha 87%. Exeromnble morepu
pedHoro yijoBa B pesynbrare 3apaxenust G. salaris oueHuBarorcsi B 45 ToHH. Ecim Obl He ObLIO
MIPUHATO HUKAKUX Mep, HHPEKLUs cOKpaTHia Obl 00Luii yioB Jiococs B pekax HopBernn MUHUMYM Ha
15%.

Ha ceromns, 25 u3 3apakeHHBIX peK ObUTH 00pabOTaHBI POTEHOHOM C IENbI0 YHHUTOXKEeHUS G. salaris.
[omynsmuu Moi0An JT0COCs OBICTPO BOCCTAHOBIIIMCH B TEX peKax, IJI€ YaCTh IOIYJISINH HAXOJMIACh B
MOpe Ha MOMEHT 00pa0OTKH pOTEHOHOM WIIM TIie MPOM3BOAMINCH 3HAYUTEIBHBIC BBITYCKH 3aBOICKOM
peIOBL. B pekax, koTopbie ObUTH 00pabOTaHBI POTEHOHOM BCKOpe Tocie obHapyxeHus G. salaris u tae
YacTh MOMYJISIIMM HAXOMIack B MOpE, WJIM TA€ TMPOW3BOIIUINCH 3HAYUTENBHBIE BBITYCKH CMOJTOB,
YIIOBBI JIOCOCS BHOBB JOCTUTJIM BBICOKOTO YPOBHS yxke uepe3 1-2 roma. Tam ke, rie MOMYJIALUS JTOCOCS
BBIMEpJIA, U BBIIIYCKOB HE IPOM3BOAWIOCH, YJIOBBI OCTaBAINCh HU3KMMH M 4Yepe3 MHOIO JIET MOcCie
00paboTKH.

Karouessie ciioBa: Gyrodactylus salaris, amnanmuueckutl nococw, pexu, Hopeezus
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Pe3iome

Jlococw 3aHeceH B Kpacuyro Knury JlutBpl. AHanm3 OmopasHooOpasusi pex JIMTBBI mokaszai, 4To
pyuseBas gopens ooutaeT B 135, kymxka — B 69 pekax, a 10cock HeKoraa ooutan B 16 pexax. DTH peKu
ObLTH pa3leNeHbl Ha 3 TPYNIBL: PEKH, MO-TPEKHEMY HACEJICHHBIE JIOCOCEM, T.€. PEKH C €CTECTBEHHOU
TIOITYJISINNEH; PEKH, T/Ie B JAaHHBIH MOMEHT MOMYJISLIUH JIOCOCS HET, HO €€ BOCCTAHOBJICHHE BO3MOXHO —
«IIOTEHLIUAIIBHBIE» PEKH; U PEKH, T/IE JIOCOCh OOJIbIlle He 0OMTAET — «yTpadyeHHbIe» peku. B HacTosmee
BpEMsi, ECTECTBEHHOE BOCIPOM3BOJACTBO CMOJITOB JIOCOCS MMEET MecTo B pekax JKeiimena, Hepuc u
MuHBS; B IPYTHX PEKaX JOCOCh Pa3BOAUTCS B 3aBOJCKHX yCIOBHSIX.

o oneHkam, BOCIPOMU3BOJICTBO €CTECTBEHHBIX MOIMYJIIMN cocTaBisier Oojee 20 ThIC. CMOJITOB B TOJI.
[IsTunernee nccnenoBanue pexk JIMTBBI MOKa3alo, YTO MUTPALMST CMOJITOB JIOCOCSI OOBIYHO CTapTyeT B
Hayajle ampesisi M IPOJOJDKAeTcs J0 Hadana Mas. Mwurpauus uaer HauOojiee WHTEHCHUBHO IIPH
temneparype Boabl 9-13° C. CMONTHI NPEHMYIIECTBEHHO MHUTPUPYIOT B Bo3pacte 2 (1-3) ier.
UucieHHOCTS JIocOcs BhILIE Beero B Oacceline p. JKelimeHa, a kymxu — B Oacceiine p. Munbs. CpenHsist
IUIOTHOCTh MOJIOZIM JIOCOCS B PeKax AO0BOJBHO HuU3Kas — 1,4 5k3./100 M’. MakcuMasibHas IIOTHOCTh
Moo Jtococs B p. XKeiimena nocturaer 5,6-9,7 5x3./100 M, cpenHsist IotHOoCTs — 4,56 3K3./100 M,
¢ npeobnasaHueM Bo3pacTHOH rpymmbl 0. [IIOTHOCT MOJIOJHM JIOCOCA B APYTHX PeKax 3HAYMTEIBHO
Huxe. JIoB nococs pazpereH B JIutse Tosbko B bantuiickom mope.

KutioueBble c10Ba: OarmuiicKuil 10COChb, YUCIEHHOCMb, pacnpedelienie, COCMosHue
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N3IMEHEHUSA KIIMMATA U JOJIT'OINTEPUOJHBIE
OJNYKTYAIIUU YNCJTEHHOCTH
ATIAHTHYECKOI'O JIOCOCHA

JI.b. Kinsiiuropun

Bceepoccuiickuit Uncmumym Puionozo Xossiticmea u Oxeanoepaguu (BHUPO), Mocksa
E-mail: klyashtorin@mtu-net.ru

Pe3iome

YucneHHOCTh ATJIAHTHYECKOTO JIococs 3a nocnenanue 50 JieT M3MeHsIach CHH(BA3HO IMHAMHKE YMCICHHOCTH TJIABHBIX
IIPOMBICIIOBBIX pbI6 CeBepHOIl ATIAHTHKH: TPECKU U CEIbIN ¢ MaKCUMYMOM B 1960-1970-x rr.

NTH

JlMHaMuKa YUCIEHHOCTH JIOCOCS TECHO KOPPENUPYET ¢ HHASKCOM “MepuIHoHaIbHOH” ATMocdeproit upkymsiumu (ACI) u
npoTrBO(a3Ha JI0ITONEPHOJHBIM H3MEHEHHUSM [7100aIbHO# TemnepaTypHoi anomaiuu (dT).

B cooTBeTcTBMM C OMHAMUKOW KIMMAaTHYeCKHX mokaszatened (rmobaneHoit dT u “mepuanonansHoit” ACI), MOXHO
IpeJIoaraTh, 4o 00Iast YHCICHHOCTh ATIIAHTHYECKOTO JIOCOCs OyeT OCTeNIeHHO BO3pacTaTh ¢ Hayala BeKa IPHOIN3UTEIEHO
10 2020-2030-x 1T

BBEJIEHUE

KnuMar okeaHa M KiIMMAr TpWIErarolleidl CylmM 4Yepe3 KOPMOBBIC YCIIOBHS, TEMIIEPaTypy, OCAJKH,
THAPOJIOTUYECKUH W BETPOBOH PEKWMM BIUSIOT Ha Bce dTambl ku3HU ATtnantudeckoro Jococs. (Friedland
1998).YncneHHOCTh MOMOJHEHUS cTafa ATIAHTHYECKOTO JIOCOCS B 3HAYMTEIHLHOW Mepe 3aBUCUT OT IPHPOIHBIX
YCJIOBHIA B MEPBBIH IOl MOPCKOTO MEPUOAA KHU3HU CMOJITOB, YTO HEMOCPEJICTBEHHO OTPaXKaeTcsl Ha YJIOBAax JIOCOCS U
YHCIICHHOCTH €ro HepecTOBOW Nomyisiuuu. JlodronepuoaHble W3MEHEHHS YJIOBOB aTJaHTHYECKOTO JIOCOCSH
paccMaTpHBaloTCs Kak JIOCTOBEPHBIN MHANKATOP Kojiebanuii ero obmeit uncnenHoct (Friedland et al. 1993, 1998).

Henpto sToli paboThl OBUIO BBISBIEHHE CBS3M JUHAMHMKM KJIMMAaTHUECKMX IIOKa3aTelied W YHCIEHHOCTH
aTiaHTUdeckoro jococst (1),a Taxke BO3MOXKHOCTH HPOTHO3UPOBAHHS JOJTONEPUOJHBIX M3MEHEHUH IOIyJISLUN
sococs Ha omwkaiimue 10-20 et (2).

MATEPUAJI U METO/

Jannpie 06 ynoBax ATiaHTHYECKOTro jococs ¢ 1950-x rT. mpuBeneHs! B pabotax @puananna u coanrt. (Friedland
et al. 1993; Friedland 1998).Haubosnee neranpHas CTaTHCTHKA YJIOBOB aTJIAHTHYECKOTO Jiococs 3a nepuos ¢ 1960 mo
1999 npusenena B nzganusx ICES (Anonimous 2000). [lanusie 06 ynoBax jiococst Ha EBponeiickom ceBepe Poccun
conepxkarcsi B MoHorpadpun (Kasakos, Becenos 1998). /lonroneproaHble TpeHAbl HPOMBICIOBBIX PHIO TPUBOISTCS IO
odunmansroii cratuctuke ®AO n3 padot (Klyashtorin 1997, 1998).

BpemenHoii psin riiodansHoO# Temneparyproi anomanuu (dT) 3a 1861-1999 rr. B3st u3 padotsr (Bell et al. 2000).
Wunexc Atmocdepnoit Hupkynsuun (ACI) Banrenreiima-I'upca (I'mpe 1973) xapakrepusyeT KpynHOMacUITaOHbIE
npoLecchl  aTMOC(HEPHOr0 IepeHoca, IOApa3AeisieMble [0 HANpaBJICHHIO JBIDKCHHS BO3IYIIHBIX Macc Ha
“MEpUANOHATFHYI0” BKIIOUYAIONIYIO IEPEHOC BO3AYIIHBIX Macc C CeBepa Ha T W OOpaTHO, W ‘“‘30HAIBHYIO”,
BKITIOYAOIIYTO TBIM)KEHUE BO3IYIIHBIX Macc B 3allaJIHO-BOCTOYHOM (30HaimbHOM) Hampasiennu (Klyashtorin 1998).

HHTerpanpHble KpUBBIE “30HAIBHOTO” H ‘“MepuauonansHoro” ACI 3a 1891-1999 rr. mpencraBieHsl Ha puc 4.
Bpemennsie psnabl uaTerpanibHoii ACI m ¢ 1891-ro mo 2000-# rr. Opum Jr06€3HO mpenocTaBieHsl OTaenom
JIOJITOCPOYHOT0 METEOPOJIOTHIecKoro nporuosa Mucrutyra Apkruxu u Anrapktuxu B C. IlerepOypre.

yﬂaﬂeHI/Ie BCKOBBLIX TPEHAOB KIIMMATHYCCKUX BPEMEHHBIX PAJAOB NPOBECACHO C MCIIOJIB30BAHUECM CTaTUCTUYECKOMN
nporpammebl Statgraphics (1988).

PE3YJIBTATBI U OBCYXJIEHUE

JuraMuka o0muX yIoBOB ATIAHTHYECKOTO JIOCOCs 3a rmociieanue 50 Jet npeacrasieHa Ha puc. 1.
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Puc. 1. Y10BbI ATJIIAHTHUYECKOTO JIOCOCS B IJ1aBHBIX pernoHax CeBepHOil ATIIaHTHKHU (4- JIETHEE CrilaKMBaHUE)

Xopomo BHAHO, YTO YNOBHI Jococs B mesoM 1o CeBepHOH ATiaHTHKE M B TIJIaBHBIX PETHOHAX €ro
BocnpousBozicTa (EBponeiickom n AmeprkanckoMm) Bozpactanu ¢ 1950-x rr., qocturnu makcumyma B 1970-x, mocne
Yero Havajgu MOCTENECHHO CHIDKAThCs. YIIOB jococeit poccuiickoro Cesepa cocramiser MeHee 10 % oT oOmux, He
HMeeT BBIPa)KEHHOI'0 MaKCUMyMa, HO IEMOHCTPHPYET TEHJCHLIMIO K IOCTEIIEHHOMY YMEHbIIeHHUo ¢ Hadana 1960-x.

CXO0/ICTBO TPEHJOB JOJITOIEPUOJHBIX YJIOBOB ATJIAHTHYECKOTO JIOCOCS TJIABHBIX PETMOHOB JaeT BO3MOXKHOCTD
IIpeAroaraTe CyIIECTBOBaHME OOMIMX IPHUPOAHBIX (DAaKTOPOB, ONpENEeNSIOMNX IHUHAMHKY MOIMYJSIUN JI0coCs
CeBepHOI ATIaHTHKH.

VYI0BBI ATJIIQAHTHYECKOTO JIOCOCS COCTABIISIOT JIMIIL HEOONBIIYIO0 YaCTh OOIIMX YJIOBOB IJIABHBIX IPOMBICIIOBBIX
ppi6 CeBepHoll AminanTukd. [IpencraBiseT WHTEpec, HACKONBKO IHHAMHKA YJIOBOB ATIAHTHYECKOTO JIOCOCS
COOTBETCTBYET IMHAMUKE YJIOBOB IJIABHBIX MPOMBICIOBBIX BUIOB CeBEpHOI ATIaHTHUKH

Ha puc. 2 npeacTaBieHbsl KpUBbIE JOATONEPUOIHBIX H3MEHEHHUH YIOBOB JIOCOCS U TJIaBHBIX IPOMBICIOBBIX BUIOB
ATIaHTUKM: CeNnbIM M TPecKH. JIMHAMHUKa YJIOBOB BCEX TpPEX BHAOB JOCTATOYHO ONM3KAa U MaKCUMyM YJIOBOB
npuxoautcs Ha koHer 1960-x — navano 1970-x rr.
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Puc. 2. lunaMuka yjao0BOB ATJIAHTHYECKOTO JIOCOCS, ATIAHTHUECKOM TPECKHU U CeNbau (4-JIeTHee CriIaKUBaHHE)
OOmMit yI0B TPECKH U CENIbJM B MAaKCHMyME JOCTUTAeT 8 MIH. T U MPEBBIIIACT YJIOB aTIIAHTHYECKOTO JIOCOCS

npumepHo B 600 pa3. CXOJACTBO MOJTONEPUOTHBIX W3MEHEHWH YHCIEHHOCTH BCEX TpPEX BHUJOB, MO-BHIAUMOMY,
00YCIIOBIICHO BIMSIHUEM OOILIUX MPUPOAHBIX (KIMMATHYECKHX) (PaKTOPOB.
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C KakMMH KIMMaTHYECKMMH MOKa3aTesIMA MOTYT KOPPEIHPOBATh YJIIOBBI JOCOCS M TJIABHBIX ITPOMBICIOBBIX
Bu10B CeBepHOU ATIAaHTUKH?

I'maBHBIA MOKa3aTeNp KIMMAaTHYECKHX H3MEHEHMH B TOJIyIIAPHOM U IN00aIbHOM Maciitabe — riobaibHas
TeMIepaTypHas aHOMaJHs Mpu3eMHOro cios Bo3ayxa (dT) macTpymeHTansHO m3Mmepsiemas 140 mer (puc. 3 A, b).
Mexronosbie Bapranyuu dT oueHb BEIMKH U JJIsl JOCTOBEPHOM OLEHKH X0Ja KJIMMAaTHYeCKOr0 TPeHAa Heo0X0IuMO
UX CIUI&XKHMBAaHHWE CKOJIB3ALIMM ocpenHeHneM. M3 puc.3A xopomio BUIHO, 4TO criiakeHHas kpuBast dT ucnbIThIBaeT
MyJIbTHIICKAIHbIC (DIYKTyaluu Ha (JOHE BEKOBOTO MOBBINIAIOIIETOCs TemreparypHoro Tperaa (Conedkus u np. 1997,
Sonechkin 1998).

Ilocne ymanenuss BekoBoro JswmHeWHoro TtpeHnxa (Statgraphics 1988) npunamuka dT nemoncTpupyer
npubau3uTenbHo 60-71eTHHE nepuoandeckue (IIYKTyaluu ¢ MakcuMymamu okoiio 1870-x, 1930-x m 1990-x rr.
(puc.3 Bb).
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Puc. 3. lunamuka rio6aisHO# aHOMaJIMK TIPH3EMHO# Temrepatypsl Bozayxa (dT) 1861-1998
Jpyroii BaxkHbI MOKa3aTelb IOJTONEPUOJHBIX M3MeHeHuil kiumara — WHnekc Atmocdeproit upkynsimn
(ACI), xapakTepu3yeT IepeHOC BO3IYIIHBIX MAacC B MEPHANOHAIHHOM MU 30HANbHOM HampasieHusx (Klyashtorin

1998).
Ha puc. 4 npencraBiieHs! JOArONEPHOAHbBIE TPEH B! “MepUIoHaNbHOr0” U “30HanbHOr0” ACI 3a mepuoz ¢ 1891
o 1999 rr., uameHsromuecs B mpoTuBodase.
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Puc. 4. CpaBHeHue AuHaMUKa “30HanbHON” U “MepuaroHanbHOi” ACI 1891-1998

ComocTaBiieHHEe OCHOBHBIX Kiumarnueckux mokaszareneir, dT m ACI, mokassiBaer, uro xoa KpuBbix dT wu
“sonanpHON” ACI mpakTrdyecku coBmagaet (puc. SA), toraa kak uameneruns dT u “MepuaHOHATIBHO

MIPOUCXOIAT B MPOTUBO(DA3E.
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OTO0 O3HaYaeT, YTO MAKCHUMYyMBI, ‘MepuanoHaibHoii” ACI COOTBETCTBYIOT MepHoaM MOXOJIOHaHUHN (CHIKCHUIO
rnobanbhoit dT), a MakcumyMbl “3oHanbHOI’” ACI nepronam norerienuit (yBennuenuto rinodaiproi dT).

Kak 6pumo mokazano panee (Klyashtorin 1998), nuHamuka yinoBOB TJIaBHBIX MPOMBICIOBBIX BHAOB CeBepHOI
ATIaHTHKH: TPECKH U CENbIN TECHO KOppenIupyeT ¢ xoaoM ‘“‘MmepuauoHanbHoi” ACI, a MakCHMyMBI YJIOBOB
MPUXOAATCS Ha TMEPUOABl MOXOJoAaHuil. J[MHaMuKa yJIOBOB ATIIAHTHYECKOTO JIococs (puc. 6) TakkKe XOpOIIOo
Koppenupyetr ¢ xomoMm ‘‘mepumunonanbHoi” ACI (koad. koppessiiuu 0.72),1 COOTBETCTBYET AMHAMHKE OOIIEH

puroonpoaykTuBHOCTH CeBEepHON ATIAHTHKH.
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Puc. 6. JluHamuka yinoBoB ATIAHTHYECKOTO JIOCOCs U “MepuanoHanbHoi” ACI (4-1eTHee criaxuBaHue)

YII0BBI THXOOKEAHCKUX JIOCOCEH NOCTHraloT BETWMYMHBI Oosiee 1 MITH.T. M MPEBBIIAIOT YJIOB ATIaHTHYECKOTO
mococst moutu B 100 pas. IlpencraBnser WHTEpeC, HACKONBKO COTIIACYIOTCS IOJITONEPHOAHBIE TPEHIBl yIOBOB
nococerr CeBeproit Atnantuku u Ceseproit Ilamudpuku. Panee (Klyashtorin 1997, 1998) 6puto mokasano, uro 80-
JIETHUH TpeH]l YJIOBOB TUXOOKEAHCKHX JIOCOCEH TECHO KoppenupyeT ¢ xonoM “3oHanbHOi” ACI. /lunamuka ynoBoB
ATJIAHTUYECKOTO JIOCOCS, HAIIPOTUB, KOppenupyeT ¢ xoaoM “mepuarnonanbHoi” ACI, a ynoBsl sococeln CeBepHOU
Atnantuku u Ceeproii [Tannduku namenstores B npotuBodase .(koad.koppemsauun 1 = -0.8), (puc. 7). MakcuMyMsI
YHCICHHOCTH THXOOKEAHCKHX JIOCOCEH COBIAJAOT C TMEPHOJAaMH MOTCIUICHUH, a MAaKCHMyM YHCICHHOCTH

ATJIIAHTUYCCKOI'0O € IEPUOJAOM MMOXOJIOAaHUSA.
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Puc. 7. CpaBHeHHE AMHAMUKH YJIOBOB ATIAaHTHYECKOTO U THXOOKEaHCKHUX JIoCOCei (4-1eTHee Crila)kuBaHue)
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MOo>KHO T TIpeACTaBUTh BOZMOKHBIC U3MEHEHHS YHCIICHHOCTH ATIaHTHYIECKOTO JIococs Ha Ommkaiimme 10-20 set?

JonroneproqHblid TpeHI OyAyLIIMX YJIOBOB BO3MOXHO OLCHHTh Ha OCHOBE IPEICTAaBICHHH O IHUKIMYECKOM
XapakTepe (QIyKTyaluid KIMMaTa i CBA3aHHBIX C HUM (DIIyKTyaluil YUCIEHHOCTH JOCOCEH.

60-70 JeTHAs UWKIMYHOCTh HM3MEHEHHMH KiIuMaTa 3eMJIM IOKa3aHa B psjie HEAaBHUX pPabdOT W3BECTHBIX
kiuMatonoroB (Schlesinger, Ramankutti 1994; Minobe 1998, 1999). IpubauzurenbHo 60-1eTHSS LHUKIMYHOCTH
W3MEHEHHH KIMMaTta M pbIOONpoxyKTUBHOCTH B Atiantuke u [lanuduke nokazana B paborax (Kusmuropus,
CupnopenkoB 1996; Klyashtorin 1998). IlpuGmusurensHo 60-1€THsIE NEPHOANYHOCTh (DIYKTyaluil 4YHCIEHHOCTH
TUXOOKEaHCKUX Jiococel 3a mocnennue 140 yer mokaszana psiioM aBtropoB (Beamish, Bouillon 1993; Klyashtorin,
Smirnov 1995; Klyashtorin 1997).

50-70 yieTHsI MEPHOMUYHOCTH KOJICOAHMH YMCIEHHOCTH HauOoliee MacCOBBIX BHIOB (CapAWH M aHYOYCOB) 3a
nocnegaue 1500 yiet BBISIBIICHA HA OCHOBE PEKOHCTPYKIIMH YUCICHHOCTH PhIO MO pe3ysbTaTaM MOCIOHHOIO aHAIN3a
KOJIOHOK IOHHBIX OTJIOXeHWH s peruoHoB Kammdopuuiickoro u Ilepyanckoro amseiummara (Baumgartner et al.
1992; Baumgartner et al. in prep.).

Ilo manHBIM aHamM3a 0'"® nemoBbIx KEpHOB TPEHJIAHACKOTO JIEOBOTO muTa 3a nocienHue 1500 jer BbIsBICHA
60-70 neTHsIs UMKIMYHOCTH KosebaHuii Temneparypsl Bozayxa (Dansgaard et al. 1975).

AHanu3 KoJjel pocTa JONTOXKHUBYIIMX AEPEBLEB B apKTUYeCKoM peruoHe 3a nocienaue 2000 et nmokasan 70-100
neTHHe QuyKTyarmu jietHux Temmepatyp (Briffa et al. 1990 ).

CoBnazeHue xoa peKOHCTPYUPOBAHHBIX ¥ HHCTPYMEHTAJIBHO M3MEPEHHBIX TeMIIEpaTyp MOKa3aHOo Ha pHC. §, rae
60-70-netHne tmkiamyeckne konebanus dT 3a mocnexnue 400 jeT PEeKOHCTPYHPOBAHHBIE MO JICAOBBIM KEpHaM
XOpo1mIo coriacyrores ¢ xonoM rtodansHoi dT o uacTpymenrtansabiM u3mMepenusM (Klyashtorin 2001).
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Puc. 8. Llukindeckue (IyKTyaluy TeMIIepaTypHOil aHOMaTHH PEKOHCTPYHPOBAHHO 110 cofiepkanuio nzorona O'
B JIE/IOBBIX KepHaX ["peHIIaH/ICKOr0 JIEA0BOro muTa 3a nociexuaue 400 et
B CPaBHEHUH CO CIVIAXKEHHBIM TPEHJOM HHCTpYMeHTalnbHO n3MmepenHoi dT 3a mocnennue 140 ner

Hcxons u3 npubnusutensHo 60-eTHEH NIMKIMYHOCTH U3MEHEHUH KITMMaTa, MOXKHO MPEIIoNaraTb, 9YT0 TeKyIUN
OUKT TOJBbEMa TEeMIIepaTypsl, HadaBmmiicas B 1970-x moimkeH mpoWTH depe3 MakcumyMm B Hadane 2000-x u
3aBepuinThes B 2020-2030-X IT. 0YepeHbIM CHIDKEHUEM Ti100anbHoi dT.

B cootBercTBHM C¢ 60-IeTHEH HUMKIMYHOCTBIO M3MeHeHMH MmepununoHanbHOM ACI MoXHO mpenmonaraTh, 4ToO
CIIEAYIOIIMHA LUK €€ yBeJIMYeHUs], HadaBIMics B KoHue 1990-x, nocturuer makcumyma B 2020-2030-x (Klyashtorin
1998).

MakcumyMm mnponnioi  “mepuanonansHoOR” smoxu ACI 1950-1970-x coBmaman ¢ MakCUMyMOM oOumied
puroonpoaykTuBHOCTH CeBEepHOI ATIAHTHKM U MakCHMyMOM YJIOBOB ATJIaHTHUYECKOTO Jiococs. I[lepBble mpu3HaKu
HACTYIUICHUsI HOBOW “‘MepmamoHanmbHON” 3moxu ACI yxe HaOmIOarOTCsA MO YBENIMYECHHIO B HACTOSIIEE BpEeMS
YHCICHHOCTH W yIOoBOB ariaHTmueckoi cenmpau (Klyashtorin 1998.). B cooTBeTcTBUH ¢ TECHOH Koppemsmuei
YHCICHHOCTH AaTJIAHTHYECKOTO Jococs M xona ‘‘mepumuoHanpHOi” ACI, B Ommxkaiimme 10-20 et BeposiTeH
MIOCTETICHHBIN POCT 00IIEH YUCIEHHOCTH aTJIaHTHIECKOTO JIOCOCH.

Beposrnas Oymymias TMHAMHAKA YUCICHHOCTH ATIaHTHYECKOTO JIOCOCS MPEeCTaBIeHa Ha puc. 9.
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Puc. 9. lunamuka ‘“mepuanoHansHoi” ACI 1 Oy ayImx yIoBOB ATIaHTHYECKOTO JIOCOCS
3AKJIIOYEHUE

UHCICHHOCTh aTIaHTUYECKOTO JIOCOCS HM3MEHSCTCS CHH(A3HO C YHCICHHOCTBIO TJABHBIX MPOMBICIOBEIX PBIO
CeBepHON ATIIAHTUKU: TPECKOU U CEJIBIBIO.

JuHaMuKa YHCICHHOCTH JIOCOCS TECHO KOppelIHpyeT ¢ mHAekcoM ‘‘MmepunnoHanpHOi” ACI m mpormBodaszHa
¢ykryarnusam rinodanpaoi dT.

B cooTBeTcTBMU ¢ JUHAMHMKOW KIMMAaTHYECKWX Tokazatened (rmobampHoit dT w “mepummonanbhoii” ACI),
MOXKHO IIpefnojaraTb, 9YTO OO0INas YHCICHHOCTh ATIAHTHYECKOTO JIOCOCS B Omrpkaiimee necstuierne Oyaer
BO3pacTaTh npuosmsuTensHo 10 2020-2030-x TT.
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YT ®OPMHUPOBAHUSI COBPEMEHHOI'O APEAJIA
EBPOIIEUCKOI'O NIOABUJA ATIAHTUYECKOI'O
JJOCOCHA

JLLA. Kyaepckuii*, C.®. Turo**

Hnemumym ozeposedenus PAH*
Tocyoapcmeennblil HAYYHO-UCCIE008AMENbCKULL UHCIUMY I 03€PHO20 U PEUHO20 PbIOHO20 X03AUCMEA
(I'ocHUOPX)**

Pe3iome

EBpomefickuii momBu aTIaHTH4eCKOro Jococs Salmo salar salar Linnaeus, 1758 mpenctaBieH Tpems 3KOJIOTHYECKUMHU
(opmMamu, OCHOBHOE PasIM4ne MEXKIY KOTOPBIMU 3aKII0YaeTCss B OCOOCHHOCTSX Cpelibl OOMTAHUs B HAryJIBHBIX YacTAX apeala.
K ceBepoaTnanTHdyeckoil opmMe OTHOCATCS MHOTOYMCIEHHBIE IOITYJISIIUY, pa3MHOXalomuecss B pekax 3amagHod u CeBepHoi
Espons! ot Ilopryramuu Ha 3amane no p. Kapsl Ha Boctoke u HarynmBatomuecss B CeBepHON ATJIAQHTHKE M CBSI3aHHBIX C HEIO
OKpavHHBIX MoOpsiX. BTopass skonmornmueckas ¢opma — Oanrtuiickas. CocTaBisfioliMe €€ MONMYJIALMH HaryJMBaoTCs B
COJIOHOBAaTOBOAHOM banTHiickoM Mope M pa3MHOXKAIOTCS BO BIIQJAIOIIMX B HErO peKax, He BBIXOJS 3a IpaHULbl MOps. TpeTbs
JKoJIOTMYecKass (opMa — O3epHasi HaryJuBaercs B psane KpynHblx ozep Kapemuw, Jlenunrpanckoi oGmactu, DunnsHauu,
[IBennu. OTHOcAIMECS K HEH NOMYJSUMHM PAa3MHOXKAIOTCA B PEKax, OTHOCALIMXCS K OacceiiHaM KaXkK[oro KpYIHOTo o3epa.
MOKHO CYMTATh, YTO BCE TPH IKOJOTHYECKHE (OPMBI UMEIOT JOCTATOYHO YETKO OTPaHUYCHHBIC apeaibl. B CBI3M ¢ HalUYHeM
y €BpOIEICKOro MOABUIA ATIAHTUYECKOrO JIOCOCS OXapaKTePU3OBAHHBIX BbIIIC TpeX (OPM JOCTATOYHO CIEHUPUUECKHX
B 3KOJIOTHYECKOM U reorpa)iIecKoM OTHOIICHHUSX, BIIOJIHE IIPAaBOMOYHA IIOCTAaHOBKA BOIPOCA O Iy TSX UX IPOHCXOXKICHUSL.

CraHOBJIEHHE HKOJOTHYECKUX (OPM aTIAaHTUYECKOTO JIOCOCS TECHO CBSI3aHO C TAKMMH KPYHMHBIMH IPeoOpa30BaHUSIMH, KaK
MepHOIMYECKH BO3HMKABIIME TOKpoBHBIe oneneHeHus CesepHoit EBponbl. He BpaBasck B JeTanbHBIA aHadM3 ITUX SIBICHHM,
OCTaHOBHMCS HAa 3aBEPILAIOIIEM 3Talle, BKIIOYAIOIIEM MOCIEAHEe MEXJICIHUKOBbE M XapaKTEepHOE I HEro 3eMCKoe Mope,
nocjeaHee MOKPOBHOE OJICICHCHHUE U MO3/IHEe- U MOCIeNeHUKOBoe BpeMs. HacTynuBlee nocie MUKYJIMHCKOTO MEXJICTHUKOBbS
nocienHee (BalgalicKkoe) MOKPOBHOE OyefeHeHHe 3aHuMano B EBpome oOmupaeie miomaau ot Mpnanaun no Ypana. PeibHOoe
HAceJIeHHEe BOJOEMOB BCEX 3TH TEPPUTOPUH JIMOO ObLIO YHHYTOXKEHO HACTYNABIIUMH JIEIHHKaMH, JHOO IEepeMecTHIOCh B
cBOOOZHBIE OTO JIbJJa MOPCKHE AaKBATOPHU WIIM B HOBBIE IPECHOBOIHBIC CHCTEMBI. BoJoeMamH, IMOCIYKUBLIUMU pedyruyMaMu
UL pbIO, OKasaluch MNpWIIeralolue K 3amanHoil EBpore y4acTKM BOCTOYHON ATIaHTHKH M IIPUICJHUKOBBIC BOJOEMBI,
pa3MelaBIIrecs y I00KHOI KPOMKH JISTHIKOBOTO TIOKPOBA OT 3araaHoi rpanunsl bantuiickoro 6acceitna no 6acceiina p. [leqopsr.
B pedyruymax mepBoii rpynmnsl COXpaHWINCH MOPCKHE BHABI U T€ M3 IPOXOJHEIX, KOTOPHIE CIIOCOOHBI OOMTAaTh B YCIIOBHSX
OKEaHWYECKOIl COJIEHOCTH, BTOPOW IPYIIIBI — IPECHOBOIHBIEC BUIBI M T€ M3 COJIOHOBATOBOAHBIX M IPOXOJHBIX, OCMOPETYJIATOPHBIE
MEXaHU3MbI KOTOPBIX MTO3BOJLIFOT MM CYLIECTBOBATH B IPECHBIX BOJIAX Ha IPOTSHKEHUU BCETo )KU3HEHHOTO IIHMKIIA.

Cpenu pedyriuyMoB HaMOOJIBIINKE HHTEPEC JUIS PACCMATPUBAEMOM HaMHU MPOOIEMbl IPEACTABIISAIOT IPUICAHHUKOBBIC BOJOEMBI,
QHAJIOrOB KOTOPHIM B COBPEMEHHBIII Iepro HeT. Kak CBHACTENbCTBYIOT I'€0IOTMYECKHEe MaTepHaIbl, NPHICAHUKOBBIE BOJOEMbI
XapaKTePH30BANUCh TAKUMH YepTaMH, KaK 1) JIUTENFHOCTh W HEMPEPHIBHOCTH CYIIECTBOBAHHS, 2) OOLIMPHOCTH aKBaTOPHIA;
3) OoTHOCHTENbHAs HM30JIMPOBAHHOCTH OTACNBHBIX CHCTEM BOJOCMOB B CBSI3M C HAJIMYHEM CAMOCTOSTENIBHBIX JOJIMH CTOKa B
MOpPCKHE aKBaTOPUH W3 Pa3JIMUHBIX PAlOHOB KPaeBOH 30HEI JIGAHHKOBOTO IUTA. B NPHIETHUKOBBIX BOJOEMAaX BBDKIJIA YacTh
nXTHO(AYHBI MUKYJIMHCKOTO MEXKJICTHUKOBBS.

ATIaHTHYECKHH JIOCOCh COXPAHMIICS KaK COCTaBHAs YaCTh CEBEPOEBpOIIeiickol nxTnodayHsl OJlaroaaps yxoay B PeruoHbI, He
MOKPBIBABIIUECS JICIHUKOM U MMEBIIUMH, BO-TIEPBBIX, peUHbIe O0acCelHbI MPUTOHBIC ISl PAa3MHOXKEHUs] M OOMTAaHUsI MOJIOJH H,
BO-BTOPBIX, HAryJIbHbIE aKBATOPHU C a0MOTHYECKUMH YCIOBHAMHU O00ENEUMBABIIMMH BO3MOXKHOCTh OOMTaHMS M OTKOpMa. OHUM
U3 TaKUX PErHOHOB ObUTH CBOOOJHBIC OTO JbAA YaCTH ATIAHTUYECKOTO OKeaHa. [IomyJisuuM JIococs, yulealue B 3TH PalioHBbl,
MMeNN BO3MOXKHOCTH Pa3MHOXKAThCsS BO BIAAAONIMX B ATIaHTHKY pekax ®Dpanmmm u Ilupeneiickoro momyoctpoBa (puc. 1).
BTOpBIM pernoHOM, B KOTOPOM JIOCOCH TIEPEXKHIT TIEPHO/] OJIEICHEHH S, OKA3aJINCh MPUICAHHKOBBIC BOJOEMBI, Pa3MEIIABIINECS Y
I0)KHOTO Kpasi JIeJHUKOBOro muTa (puc. 1). XapakTepHO, YTO NPHICAHHKOBBIE BOJAOEMBI B IIMPOTHOM HANpaBJICHHH He ObLIN
00BbeMHEHBI BOJHBEIM CTOKOM B eauHylo cucteMy oT lleHrpameHoii EBpomsl no VYpama, a pacmamanuch Ha psii Tpymmn
OCTaBaBIIUXCS JIMOO H30JMPOBAHHBIMU BECh IEPHOJ NETJLINUALMH, JHO0 COCOUHSBIIMECS KPAaTKOBPEMEHHBIMH CBSI3SIMU.
brnaronaps Takoil 0COOCHHOCTH elle B JIETHUKOBOE BpeMsl (POPMUPOBAIUCEH PA3IINUMSI MKy HMOIMYJISLUIMHU JIOCOCS U3 OTACIBHBIX
IPyNI NPHIEAHUKOBBIX BOJOEMOB, YTO HAaXOAUT OTPAXCHHE B HACTOAIICE BPEMs IPH MCCIENOBAHUAX 110 OMOXHMMHYECKOH
TeHETHKE.

B mporecce OTCTYHaHHS M IOCIEAYIOMEr0 HCYE3HOBEHHUS JICIHUKOBOTO MOKPOBA PHIOBI 3aCEIsIM OCBOOOXKIAIOIIMECS OTO
JbJa aKBAaTOPHMHU. ATIAQHTHYECKUE MOIMYJSLHUU JIOCOCS IEPEeMECTHINCh K CEeBepy M OCBOMJIM HepecToBble pexu Wpnanmuu,
Bbpuranun, Hopeerun, Kombsckoro moiyoctpoBa u 3aHMMaeMasi HIMH 9acTh BHAOBOTO apeana B CeBepHOI ATiaHThke nprodpena
COBPEMEHHBIH BHA. PHIOBI IPHIEAHNUKOBBIX BOJOEMOB, B TOM YHCIE JIOCOCH, IIEPEMEIAIICh K CEBEpY BMECTE ¢ MUTPHPYIOIIIMU
no pensedy BOZOEMAaMM, M MCTOPHMS O3CPHOI OKOJIOTMYECKOH (OPMBI JIOCOCS BKIIOHYANa CTaJHU: JEMCKOe MOpe —
HPUIIETHUKOBEIE BOJOEMBI — COBpeMeHHBIe 03epa. CBOM 0COOEHHOCTH NMENO BOCCTAaHOBIICHUE NXTHO(AYHBI HA MO/IBEPraBIINXCS
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JeTJISIIMalyy TepPUTOPUSAX I0oKHOU yacTH OacceliHoB benoro n bapeniieBa Mopei, HO 3Ta TeMa MPeICTaBIsIET CaMOCTOSTEIbHBIN
HMHTEPEC U B HACTOSIIEM COOOIIEHHH HEe 00CYyXKIaeTcs.

Amnanormyao OonpmuM o3epaM, banrmiickoe Mope MHONYydYHIO XOJOJHOBOAHBIE BHABI PHIO BMECTE C JIOCOCEM H3 DPAOa
MIPUJICTHUKOBEIX BOJOEMOB, PAcIONAraBIIMXCS K IOTy OT €ro COBpeMeHHOW Oeperomoif munum. Ilepsas ¢asa KoHconmmarun
GaITUICKUX MOMYJIAINHA ¥ (GOPMHUPOBAHUS OANTHHCKOH HKOIOTrHYecKoi (pOpPMEI JT0coCs IPUXOJUTCS HA IIEPUOJ CYIIECTBOBAHHUS
IIPECHOBOJHOrO bBanrmiickoro n1emHHMKOBOrO 03epa, B COCTaB KOTOPOTO BXOAWJIA BCsS LEHTpaslbHas 4acTb Mops. Ha Bcem
MOCJISYIOIEM BPEMEHHOM OTpe3Ke 10 COBPEMEHHOCTH MECTHas »JKojorudeckas Qopma sococss obuTana B YCIOBHSIX
nonepeMeHHo npecHoBoaHoU (bantuiickoe neqHuKOBOE U AHIUIIOBOE 03€pa) U cojoHoBaTOBOAHOM (MonpaueBoe, Jlutopunosoe
U COBPEMEHHOE MOpsi) cpenbl. B utore Oantuiickas skonorndeckas Gpopma J0ococs MPOoLUIa CI0KHYI0 UCTOPHIO (GOpMHUPOBaHUS:
3EMCKOE MOpe — IPUIICTHUKOBBIE BOZOEMBI — IOMEPEMEHHO 03€pa U MOpPs B KOTJIOBHHE bantuiickoro Mopst — coBpeMeHHOe
COJIOHOBAaTOBOJIHOE Mope. DTa (opMma MpoHHKala Takke B o3epa Jlamoxckoe (wactuuHo), Caiima, BeHepH M Ap. B mepuozb!
TpaHCTPECCHH, TPONCXOANBINNX HA PA3IMIHBIX CTAAMSIX CTAHOBIEHHS banTuku.

Kak cBHIETenbCTBYIOT NPHUBEICHHBIE PEKOHCTPYKIMM, OCHOBAHHBIE Ha [JAHHBIX 110 TEOJIOTHMYECKOH HCTOPHH CEBEPHBIX
TEPPUTOPHH, NAICOIUMHOJIOTUY, SKOJOTHH PBI0 M HX TeorpapuyecKkoro paclupocTpaHeHusi, (GopMmmpoBaHHE BCEX Tpex
9KOJIOTHYECKUX (HOPM €BPONEHCKOTO IOJBHAA ATIAHTHYECKOTO JIOCOCS Ha 3HAYMTENBHBIX OTPE3Kax BPEMEHH IPOTEKaIo
HE3aBUCHMO, W MX apeibl CONM3WINCH M NPHOOpPEN COBPEMEHHBIE TI'PAHMILBI IIOCIE Pacraja M HCUYE3HOBEHUS IOCIISIHEro
JIETHUKOBOTO ITOKPOBA.

WznoxeHnHas cxemMa HaXOIUT MOATBEP)KICHUE B JAHHBIX M0 OMOXMMMYECKOH reHeTuke. I1o 3TUM MaTepuanaM eBporneickuit
MOABU/ ATJIAHTUUECKOTO JIOCOCS PACMafacTcsi Ha IBE OOIMIMpHBIE TPYMIBl MOMYJISLHUHA, OJHA M3 KOTOPBIX COOTBETCTBYET
CEBEPOATIIAHTHYECKOH KOIOTHUecKoi (opme, npyras — OanTuiickoil u o3epHOW (opmam. M3 puc. 3 BUAHO, YTO ITH JOCOCH
o0pa3yloT IBa TJIABHEIX KJIAacTepa, OJMH M3 KOTOPHIX OOBEOUHSECT IOMyJSIIUM pa3MHOXKaromuecss B pekax Kombckoro
MOJTyOCTPOBa, BTOPOI — pa3MHOXKaroIuecs B pekax Oacceiina banruiickoro Mopst. Kpome toro, momyssimn jiococsi, oOuTaromme
B 03epaXx M pa3MHOXKAIOIIMECS BO BIAJAIONIMX B HHUX pPEKaX, OTIMYAIOTCSA OT coOcTBeHHO Oantmiickux. M301mpoBaHHOCTH
OaNTUICKOW M O03epHOH DKOJIOTMYeCKHX ()OPM OT CEBEpOATIAHTHYECKOH YOEANTENHHO IOATBEPIKIACTCS TaKKe NaHHBIMU
pecTpuKLIMOHHOTO aHanu3a mutoxouapuid JTHK.
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NCTOPUA ®OPMUPOBAHUA APEAJIA MOHOT'EHEHN
GYRODACTYLUS SALARIS MALMBERG, 1957 —
ITAPABUTA MOJIOAU ATJTAHTHYECKOI'O JTOCOCH
SALMO SALAR LINNAEUS, 1758

JLLA. Kyaepckuii*, E.Il. Memko**, b.C. Ilyabman®*

* Unemumym o3epoeedenus PAH
** Unemumym 6uonoeuu KapHIL] PAH

BBEJIEHUE

B mocnemHme pecATHieTHS IIMPOKHE MaciuTabbl mpHOOpeno ciydaifHoe pacceieHrne (WMHBa3HsA) BOIHBIX
OpraHM3MOB, TPSMO WM KOCBEHHO OOYCIOBJIEHHOE XO3siicTBeHHOH maesrenbHOCThIO (Kymepckmii 1975; 1999).
CityyaliHble BCENEHIBl B HOBBIX U HUX MECTOOOMTaHMAX Hepeaxo (GOpMUPYIOT MHOI'OYHCIEHHBIE MOIYJISIIUH H
OKa3bIBAIOT HEraTHBHOE BIIMSIHKUE HAa aDOPUTEHHBIE BUBI PO, KOTOPOE MPOSBIISIETCS KaK KOHKYPEHIHS U3-3a KOpMa,
XMIIHUYECTBO, Napa3utusM u T.1. (Bugbl-Bcenenusl... 2000). K monoOHbIM ciydaiiHBIM BCEJICHUSIM OTHOCHTCS
BHe3aIHoe nosiBicHue B pekax Hopeeruu monoreneu Gyrodactylus salaris Malmberg, 1957, nopasxarorieii HOKpOBBI
1 IJIABHUKU MOJIOJU aTJIaHTHYECKOro jJococs Salmo salar Linnaeus, 1758.

Briepseie snmzootust G. salaris 6pia ormeuena B Hopseruu B 1975 r. B mocnenyromue rogpl napasurt IHAPOKO
pacIpocTpaHiiICs 10 MHOTMM HOPBEXCKHM peKaM M IOSBWIICS B JIOCOCEBBIX phIOOBOIHBIX (epmax (Heggberget,
Johnsen 1982; Johnsen, Jensen 1986; Bakke et al. 1990 u np.). K magany 90-x rogoB G. salaris Ob11 yxe oOHapykeH
B 34 pexax u B 35 ppIOOBOIHBIX XO3SIMCTBax. B Tex pekax, B KOTOPHIX MOSBILSUICS MapasuT, MOJIOAb AUKOTO JIOCOCS
nojHOCThIO morubana. Kartactpodudueckne mnocieactsus BceneHust G. salaris NPUBIEKIN BHUMAaHHE HE TOJIBKO
CHELHANICTOB, HO U IIUPOKOH OOLIECTBEHHOCTH B CBA3M C YIpO30i, BO3ZHHUKIIEH IS CYIIECTBOBAHUS IUKHX
MOMYJSIIMI [IEHHEHIIIET0 MPOMBICIOBOTO BHJA — ATJIAHTUYECKOTO JIOcOCA. AKTHBHO OOCYKHAIOTCS BO3MOXKHBIE
METO/ibl OOpHOBI C ITUM ONACHBIM I1apa3uTOM, BKJIIOYAs TOTAIbHYI0 00pabOTKY MXTHOLMAAMH HACEJIICHHBIX UM pEK.
Kak mokasanu paboTel 1o yHHYTOXKEHUIO G. salaris ¢ IOMOIIBIO POTCHOHA, 3TOT METOJ] OOPHOBI ¢ MApa3uTOM JaeT
MOJIOKUTENbHBIE pe3yibTaThl (Johnsen, Jensen 1991).

B 1nococeBbix pekax besoro mopst mapasur 6but Brepssle otMedeH B 1992 r. B pexe Kepers (Memko, [lynman
1994). 3necy MoOIb CEMIHM TaKKe MOYTH ITOJHOCTHIO MOrHOJIa U BO3HKKIIA yrpo3a pactupoctpanenus G. salaris 1o
JIpyruM pekam, BragatomuM B benoe mope (Ilynmeman m ap. 1998). Ilyrtu nponukHoBenmst G. salaris B pekn
Hopsernn n benmoro mopst He ycraHoBieHbl. Hanbonee BepoATeH 3aHOC Iapa3wWTa MpW IPOBEICHUH PYTHHHBIX
PBIOOBOAHEIX PaboOT (TIEPEBO3KU MOJOIM JIOCOCS, PHIOOBOIHOTO 0bopymoBanus u T.1.) (Malmberg 1989; lllynesman u
ap. 1998).

Kak cBHmeTensCTBYIOT MCCIEIOBaHMA MO mapasuTodayne peid, G. salaris OTMEUEH B IPUPOAE HA TOM ydYacTKe
apeaja aTJIAaHTUYECKOTO JIOCOCS, KOTOPBIA Pacrlojio’keH B TpaHHIAax Oacceitna bamruiickoro mops. B To e Bpems
3HAYMTEJbHAs YacThb apeasa JIococs, MPUypPOUCHHAsI K pekaM BrajaaromuM B benoe, bapennieso, Hopsesxxckoe mops n
Bocrounyto ATiantuky, Obila cBOOOJIHA OT paccMaTpuBaeMoro mnapasuta. Bompoc o mpucyrctBun G. salaries B
Oacceiine Jlamoxckoro ozepa noka ocraercs OTKpbIThIM. Ilo mpenaparam ¢ CeBepo-Jlajgoxkckoro pelOOBOJHOTO
3aBona, nepeaaHHbiM E.A. PymsHueBbiM, D. DpreHcom 3TOT BUJA ObUI NEPEONHCaH W OLUIMOOYHO YyKa3aH IJist
Jlamoxxckoro ozepa (Onpemenurens... 1985). Hamm wuccnemoBaHWs TOCHETHHUX JIET MOJIOAM JIOCOCS B peKax
BIIQJIAIOIIMX B 03epO HE NOATBEpAMIM Hamuuus y HuX G. salaries. B HacTosiieM COOOLIEHWH PaccCMaTpUBAIOTCS
NPUYMHBl 3TOH OCOOCHHOCTH pacnpocTpaneHus G. salaris ¢ yderoM wucrtopud (GOPMHUPOBaHUS —apeana
aTIAHTHYECKOTO JIOCOCS B IIETIOM.

PACITPOCTPAHEHUE

Bun G. salaris Obl1 BiepBble onucad B 1957 r. mo Marepuanam, COOpaHHBIM B OJIHOM U3 PHIOOBOIHBIX XO3SHCTB
HIBeunn (Malmberg, 1957). IlozaHee oH ObuUI OOHApyKEH B HEKOTOPBIX ECTECTBEHHBIX BOJOEMax W JPYIHX
PBHIOOBOAHBIX X03stiicTBax 3Tol crpanbl. [lomumo IlIBenuu, G. salaris ykaspiBaercs s @unnsanun (Bakke et al.
1990). B nureparype UMErOTCSl CBEACHHS O PACIPOCTPAHEHHH 3TOTO Mapa3HuTa B peKax M PbIOOBOMHBIX XO03sCTBaxX
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UYexocnoBakuu u p. Ceper (mpurok p. Juectp) (Johnsen, Jensen 1986; Bakke et al. 1990). Omgnako mocrenyromime
HCCIICAOBAHMs HE OATBEPAWIN JaHHbIe 0 BecTpeuaemocTr G. salaris 3a npenenamu banruiickoro 6acceiina (Johnsen,
Jensen 1986).

W3 BomoemoB Poccmm G. salaris yxaszpBancs mns p. Iledoper (ExumoBa 1976), HO mpum mocienyromem
MEPEOTPEICIICHUH 3TO coolIIeHne He moarBepamwioch (Jloposckux 2000). JlocTOBEpHO yCTaHOBJIEHA BCTPEYAEMOCTh
G. salaris B 0acceitne Onexckoe o3epo (Ilepmskos, Pymsiaues 1984; Memko u mp. 1995, 1998; Pymsuues 1996;
PymsHieB u ap. 1999). Tak B peke [lsnbMa 3KCTEHCHBHOCTB 3apaKeHHs MOJOJAM Jiococs cocraBisuia 73 %
(ITepmsikoB, Pymsnnes 1984). B pexax Kymca n JInmxkma BcTpedaeMocTh napasuta gocturana 25 %, Mpyu 3TOM Kakux
00 MATOJOTHIA CBA3aHHBIX C 3apakeHreM otMedeHo He Obuio (Memko u ap. 1998; lynsman u np. 2000).

Takum 00pa3om, Bce M3BECTHBIE K HACTOSIIEMY BPEMEHHM BOJOEMBI, UISi KOTOPBIX JIOCTOBEPHO YKa3bIBAETCS
BcTpedaeMoctb G. salaris, TOKaTM30BaHBI B Ipenenax OacceitHa bamrtwmiickoro mops. IlosTomMy ecth OocHOBaHUS
MIPUCOCTUHAUTHCS K MHEHHUIO HCCIIEIOBATENCH, CUMTAIONINX pacCMaTpUBAEMOTO IapasuTa dHIEMHKOM banTuiickoro
Oacceiina (Bakke et al. 1990). OrpanudeHHblii apeai, TeCHas CBsi3b Napa3uTa JIMIIb C JBYMS DKOJIOTHUECKHMH
(dbopmamu jococst (0anTHiiCKOi U 03epHOI) U OTCYTCTBHE JI0 TIOCIIEHET0 BPEMEHHU Y TPEThEH - CeBepOaTIaHTHUECKO
(dbopmbl, M03BOJSIIOT cuntaTh G. salaris MONOABIM BHJOM, OTIIEHMHMBIIMMCS OT ONMKalIIMX MpeAcTaBUTENeH pona
Gyrodactylus B OTHOCUTEJILHO HEZIaBHEE BpEMsI.

3a mpenenamu ectecTBeHHoro apeana G. salaris Obil BuepBble oOHapyxeH B Hopsermn B 1975 r. B
MOCJIEAYIONINE TO/bl OH LIMPOKO PaclpOCTPaHHUJICS M0 HOPBEKCKMM PEKaM OT FOro-3arafHoi 10 CEeBEpPHOW dacTel
CTpaHbl U BCTPEYAaeTCsl KaK Ha MOJIOJM JIOCOCS TUKHX IOIYJISIINI, TaK U B PhIOOBOJHBIX X03sHcTBax. B Tex pekax
Hopserun, B koTopbix nossisics G. salaris, MOJIOIb TUKOTO JIOCOCS HOJHOCTBIO Mcde3ana. JTO HAHOCHUT ymiepo He
TOJILKO IPOMBICITY, HO M CO3JaeT yrposy OmnopazHooOpasuio uxTthodayHbsl Bcero pernoHa. He uckiowaercs
BEPOSATHOCTh PacCeICHUs Iapa3uTa [0 MHOTHM JIPYTUM pekaM kKak HopBeruu, Tak i ocTainbHBIX cTpad EBponeiickoro
KOHTHHEHTA.

B oTimume oT HOPBEKCKUX PEK, B HEPECTOBHIX pekax banrmiickoro OacceliHa BIAJAIOUINX B MOpPE W OONBIIHE
o3epa (Onexckoe, BeHepH u np.) MaccoBas THOETs MOJOAM JIOCOCS HE OTMEYanach, HECMOTPS Ha NPHCYTCTBUE
G. salaris. 31ech OMyIAINN X03WHA (MOJIOB JIOCOCSA) M Mapa3uTa COCYLIECTBYIOT B COCTOSIHHUHM 3KOJOTHYECKOTO
paBHOBecus. B mureparype HeT yOenuTeNbHON THITOTE3b, OOBSICHAIONICH NPUUUHBI OTCYTCTBUS G. salaris y Monoan
MOMYJIAIUI CeBEPOATIAHTHYCCKON IKOJOTHUECKON (DOPMBI JIOCOCS U BCTPEUAEMOCTh Y OANTHHUCKOM 1 03epHOI (HopM.
Hywke MbI paccMOTPUM BO3MOXKHOE 00BSICHEHHE 3TOMY (DeHOMEHY .

B Bomoemax Poccum 3a mpenenamm ecrectBeHHoro apeana G. salaris, Obl1 BIEpBbIE JOCTOBEPHO OTMEYEH B
1992 r. Ha MOJIOIU CEMTH, BBUIOBJICHHOW Ha OXHOM U3 moporoB p. Kepers, Bmamaromieir B bemoe mope (Memiko,
ynaeman 1994; llyneman u ap. 1998). B mocnenyronmye rojsl mapasuT paccesIiIcs MPaKTHYECKH 110 BCEH peke,
BKIIFOYAsi BEpXHee TEUeHHWE, W ObI OTMEYEH Takke B mputoke p. Keperb — p. Jloykce. HemaBHee mosiBieHHE
G. salaris B p. Keperp moarBep)kmaeTcss DaHHBIMH MPEOBIAYIINX HccienoBaHuid. [lpyn n3ydeHUn mapa3suTodayHbI
Momomu cemru p. Keperp B 1961-1962 rr. sror Bua He ObUT OOHapyKEH, HECMOTpS Ha OOnbmION 00BeM
ncnosib3oBaHHOTO MaTepuana (100 k3. momoau mmHoi 8,7-18,0 cm) (Manaxosa 1972).

JluHamuka 3apakeHHOCTH Mosioau cemru p. Kepers mapasutom G. salaris otpaxena B Tabn. 1. Kak BumHO u3
JIAHHBIX OTOM TaOJHIbL, KaTacTPO(UYECKHE IIOCIEACTBUs TMOSIBICHUS I1apa3uTa B HOBBIX Uil HEro pekax
00yCIIOBIICHBI, B YaCTHOCTH, PE3KMM YBEIIMUCHHEM IOKa3aTeslel 3apaKeHHOCTH MOJIONU. B ecTecTBEeHHOM apeaie
NPOLIEHT M WHTEHCHBHOCTb 3apaKeHMs MOJIOAM Iapa3UTOM OOBIYHO HeBbicOKa. B HOBBIX ycnoBusx (p. Keperb)
G. salaris Hepeako mopaxaer a0 100 % mornoaum cemru, mpu4eM Ha OJHOM pHIOKE HACUMTHIBAETCS IMOYTH JIO
400 napasuroB. Takas BCHBIIIKA YacTOTHl BCTpEeYaeMOCTH M obowims G. salaris — OOBIYHOE SIBJICHWE JJISI BUJIOB-
BCEJICHIIEB, TaK KaK a0OpPHUIeHHBIE OPraHU3Mbl OKa3bIBAIOTCS HE aIalTHPOBAHHBIMH K BCTpEUYe C HOBBIMH JUIS HUX
KOHKYpEHTaMH, XMIIHUKaMH WK napasutamu. Cleayer Takke OTMETUTh, YTO MHTEHCHBHOCTH 3apa)KeHUsI MOJIOAN
mococst B peke KepeTb pe3ko Bo3pacTaeT ¢ MOHIDKEHHEM TeMIIepaTypbl BOIOBL. B cBs3m ¢ dem, yke B CEHTAOpe
(Tabm. 1) cpenuss mHTeHCHBHOCTH mpeBbimaeT 1000 3k3. mapa3ura Ha ogHY 0c00b. JlaHHBIE, TOTy4YeHHBIE B 1998 T.
MTO3BOJISIOT TPEIIOI0KHTE, YTO OCCHHEE YBEIMYCHHE 3aPaXKCHHOCTH IMapa3uTOM SBISIETCS PEIIAONHM (PaKTOpPOM
KaTacTpo(pUIECKOT0 CHIKEHHSI BEBDKUBAEMOCTH MOJIOH B ITOIJICTHBIN MIEPHO.

Tabnwma 1.
3apaxeHHoCTh Mostoau ceMru G. salaris B p. Kepetb
ITopor Tonr
P 1992 1993 1994 1995 1996 1998
Mopckoii 0(0) — 100,0 (75,0) | 100 (1157,1)

Bapartkuii 100,0 (225,9) 56,5 (13,2) 100,0 (398,5) — 100,0 (313,6)
Cyxo# — — 93,3 (6,4) 100,0 (312,7) 100,0 (65,6) 33,3 (26.0)
Bepxuuit — — — 0(0) 80,0 (7,2)

H[)I/IMC‘I&HI/IeZ YHUCJIO - DKCTCHCUBHOCTH 3apaKCHUA B %; YHUCIIO B CKOOKaX — HUHICKC O6I/IJ'II/I${, OK3; 4€pTa O3HA4YacT OTCYTCTBUEC Hcciae10BaHui.
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OTtpaxeHHas B JaHHBIX Ta0nl. 1 “Harpy3ka” mapa3WTOB HAa MOJIOAb CEMTHM HE MOTJIa HE BBI3BAaTh HEraTUBHOTO
s¢pdekra. Kak u B pexax Hopseruwu, nponuknoBenue G. salaris B p. KepeTb mpuBeno K pe3koMy COKPAIICHHIO
YHCIICHHOCTH MOJIOAM Ha XapaKTePHBIX JJIs Hee MecTooouTanmsx (tadi. 2) (lynsman u mp., 1998).

Tabnuua 2.
2
[TnotHocTh 3acenenus p. Kepers ceronerkamu cemri, 3x3./100m

lopg
1990 1991 1992 | 1993 1995 | 1996
Baparknii 62,0 42,0 6,0* 0,37* 0,8% 0,21%*
Cyxoit 72,0 — — 1,8% 6,0* 0,92%*

ITopor

H[!HMe‘{aHHeZ * MOJIOJb 3apaK€Ha ImapasuToM; IPOYEPK O3HAYAET OTCYTCTBUE NJaHHBIX.

Kak BugHO u3 Tabm. 2, B 1996 r., npu mpeaeabHO BBHICOKOH SKCTCHCHBHOCTH 3apaKCHHS MOJIOAU M BBICOKOM
o0mu MapasuTa MIOTHOCTh 3aceleHus p. KepeTtn ceroseTkamMy ceMru COKpaTtwiach Mo cpaBHeHHIO ¢ 1990 . Ha
mopore Baparkuit moutu B 300 pa3, Ha mopore Cyxom B 78 pa3. [1o ocpeqHEHHBIM JaHHBIM IFIOTHOCTH 3aCENICHUS P.
KepeTb MoIOzbI0 ceMru coctaBmma (9k3./100m” ): 1990 — 97,0; 1996 — 2.3; 1997 — 0,04 (Illyasman u ap. 2001).
Sapaxkenue G. salaris CyIIECTBEHHO MOBJIMSIO HA BO3PACTHYIO CTPYKTYpY Mojoau cemrd. B 1990 r. 10 mosiieHus
napasuTa yAeJIbHbIH BEC Pa3IMYHBIX BO3PACTHBIX IPYII MOJIOIH ObUT OOBIYHBIM U cocTaBisil (B %) 0+ — 64,2; 1+ —
28,2; 2+ — 4,9; 3+ — 2,7. K 1996 r. Bo3pacTHasi CTPYKTypa MOJIOIM 3HAYUTEIBHO Mpeodpa3oBanach U mpruodperna
Bux (B %): 0+ — 97.5; 1+ — 1,0; 2+ — 1,0; 3+ — 0,5 (ILlypos 1998). To ectb, crapimne Bo3pacTHBIE TPYIIIBI
MIECTPATOK IOJT BIMSHUEM TIAPa3HUTa MIOYTH ITIOJTHOCTHIO UCUE3IIH.

Habmonenus, BemonHerHase B 1997 1. 1 1998 r. mokazanm, 4To mI0oTHOCTH 3aceneHus p. KepeTb Monoapio ceMri
OCTaeTcsl Ha OUYeHb HU3KOM YpOBHE. B OTIHYNH OT IpeIpIAyIInX JIET, MOJIOIb UCUe3/1a HAa BEPXHHUX MOPOTax, U BEIIIE
Cyxoro MoJI0/ib CeMr Hamu He oOHapyxeHa. Ha nmopore CyXxoM BCTpedalnuch TOJIBKO CErojeTku. Mx 3apakeHHOCTh
cocraBisuia B mtone 60 % mpu muAekce obmmus 5,0, B centsOpe 46,4 % npu namekce obmmus 35,0. Ha mopore
MOopCKOM BCTpEYaHCh CETOJETKH M IBYXJIETKH, ITOKA3aTeIN MX 3apaKeHHOCTU MpHUBeAeHB! B Tabn.3. EctecTBeHHO,
YTO NP TAKOW BHICOKOW CTEIIEHH 3apayKEHHOCTH MOJIOJIb CEMTM B OCHOBHOM TOrnbania.

Tabmnwuma 3.
3apaxkenHOCTh MOon cemru G. salaris B p. Kepets Ha mopore Mopckom B 1998 .

Wrons CeHts10pb
Bospact | DkcreHCcUBHOCTH HNupexc oOowus DKCTEHCUBHOCTH Hnpexc oOmims
3apaxkeHus1, % 3apakeHus, %
0+ 100,0 (1-139) 32,8 100,0 (15-2531) 800,6
1+ 100,0 (144-340) 242,0 100,0 (3037-5895) 4710,0

Karacrtpoduueckoe yMmeHbIIEHHE UYHCICHHOCTH MOJIOMM B pEKe IPU IOYTH IIOJIHOM OTCYTCTBHUH CTapIINX
BO3PACTHBIX TIPYII IECTPITOK OOYCIOBIMBAET CHW)KEHHE KOJIWYECTBA HPOM3BOAMTENEH, 3axXOmALIIMX JUIs
pasMHOXeHus. Ha cokpaimieHme YHCICHHOCTH MPOM3BOAWTENCH HETAaTUBHO BIMSACT Takke HWHTCHCUBHBIA
OpaKOHBEPCKH JIOB, pe3ko Bo3pocmmii B 90-¢ TOABI M HEe MOANAIONIMKCA TOYHOMY ydery. OmHAKo, CpaBHHBAs
COCTOSIHHE TIONYJIALIUN CeMTH pa3HbIX pek bemomopckoro OacceitHa He mMetonx G. salaris ¢ p. Keperb, MOXHO
JIOCTOBEPHO CYMTATh, YTO PE3KOE YMEHBIIEHHE YHCIEHHOCTH CTaJia HPOMU3BOAUTENIECH B IOCIEAHEH SBUIIOCH
MIPEUMYILECTBEHHO CIIEACTBHEM INOsBIeHHUsA mNapasut. COKpalleHHe YHCIEHHOCTH ceMrd B p. Keperb HarisigHo
WUTIOCTpUpyIoT manHbele Tabn. 4 (lypos 1998), cocraBmeHHON MO MarepuanaM IOJCYETOB MPOM3BOIHUTEICH Ha
PBHIOOYYETHOM 3arpak[JeHUH, YCTAaHOBJIEHHOM BOJIM3U YCThbi pekd. Jlo mosiBnenust G. salaris KOIMYECTBO AMKUX
MIPOU3BOUTENEH CEMI'H, YUTEHHBIX Ha 3arpaxaeHuu B 1,2 kM oT ycTbs p. KepeTs, nmpeBbliano B OTIENbHBIE TObI
2 1eic. T. U 10 1990 r. He omyckanock Hibke 1341. B 1994 r. ux Obwio yuteHo Tonbko 50 mr. Takke pesko
YMEHBIIWIOCH YHCIIO YYTEHHBIX IPOM3BOAMTENEH, IOJIYYEHHBIX OT 3aBOACKOW MOJIOJH, BBITYCK KOTOPOH B
1985-1995 rr. coxpansiiicss Ha JOCTATOUYHO BEICOKOM YPOBHE.

CoBMeCTHOE paccMOTPEHHE MaTepHajoB 10 CTENEHH 3apaXEHHOCTH MOJIOJM CeMIH mapasutoMm (1adm. 1 u 3),
PE3KOMY CHM)KEHHIO IUIOTHOCTH 3aCEEHHsS PEKH MOJOABIO (Tabi. 2) W yMEHBIICHHIO KOJIMYECTBA 3aXOIIIIUX Ha
HEpecT W3 Mops mpowsBoauTened (Tabin. 4) HAMIATHO OTpaXkaeT KaTacTpO(UYECKHE IIOCIEACTBUS TTOSBICHUS
G. salaris B p. Kepers. BMecTe ¢ TeM IpeacTaBIeHHBIE JaHHBIE XapaKTEPU3YIOT CTENIEHb ONACHOCTH, BO3HUKIICH I
MOTYJIALUI CEMTH Pa3MHOXKAIOIINXCS B APYTUX pekax OacceifHa bemoro Mops u mpuiiexamux pernoHoB. B cBs3u ¢
9THM I[ENeco00pa3sHO OCYLIECTBUTh MEPOIPUATHA 10 YHHUYTOXKEHHIO mapasuta B p. Kepers, um mpuHsITH
NpeAyNpeIUTeNbHbIE MEPbI, HallpaBJIEHHbBIC Ha MIPEAOTBpalleHne pacipocrpanenus G. salaris o HEPECTOBBIM peKaM
Kounsckoro nonmyocrposa, Kapeniu u ApxaHrenbckoid 00actu.
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Tabauua 4.
Benunuuna HepecToBoro cTana cemru p. Kepersb
YureHHble Brimyck 3aBoackoit Moo,
Tonpt TIPOU3BOIUTENH TBIC. IIIT.
Jlukue 3aBOJICKHE

1985 2161 1779 164,1
1986 1781 1449 160,8
1987 1341 1086 161.4
1988 1998 1296 155.4
1989 1728 1803 98,5
1990 864 1653 82,4
1991 374 316 80,2
1992 121 415 99,1
1993 231 456 131,3
1994 50 703 1453
1995 411 655 70,2
1996 171 220 157
1997 62 118 80,9
1998 196 411 111,9

OBCYJKJEHUE

Juiis moHmuMaHus TpoOieMbl B3amMooTHomeHWd G. salaris m S. salar WMelOT 3HaYeHHE CIEIYIOUINE IBE
0COOCHHOCTH aTIIAHTUYECKOTO JIOCOCs. BO-epBBIX, KU3HEHHBIA UK 3TOH PBHIOBI pacragaeTcsl Ha ABa KPYIHBIX
stama. OAWH W3 HUX — PEYHON — CBs3aH C Pa3MHOKEHHEM B peKax M OOWTaHMEM B HHUX MOJIOAHM B TEUCHHE
HECKOJIBKUX JIET O JOCTIDKEHHS IMTOKATHOTO COCTOSHHS. 3/1€Ch jK€ HaXOIATCS MOSBIIONINECS WHOT/AA KapIUKOBBIE
CaMIlbl. BTOpOﬁ OTall HAYMHACTCd ¢ MOMCHTA YXO/Jla MOKATHUKOB B HAr'yJbHBIC aKBATOPHHU U 3aBCPUIACTCA BO3BPATOM
B HEPECTOBbIE PEKU PbhIO CO 3pENbIMH IOJOBBIMH IpOAyKTaMH. Bo-BTOpbIX, Bua S. salar mpencraBieH Tpems
3KOJIOT'HYECKUMHU (l)OpMaMI/I, CYIIECTBECHHO PA3JINYAaOIUMHCA 110 YCJIIOBUAM Haryila. Bce onn Pa3MHOKAIOTCA B pE€Kax
B IIpesiesiaX OTHOCHTENIFHO €IMHOW B reorpaduyeckoM OTHOIIEHHH PENpOAyKTHBHOW yacTu apeana. Ho HaryibHbIE
aKBaTOPUH 3THX (OPM pa3lIMuHBI M PACIIOIOKEHBI JaleKo JIpyr o apyra. CeBepoaTsiaHTHYECKas SKOJOTMYecKas
(opMa HarynmMBaeTcsi B THIIMYHO MOPCKHUX (OKEaHWYECKHX) yciaoBusax CeBepHOl ATIIAHTMKH M OKpaMHHBIX MOpEH,
YaCTUYHO MUTPHPYS BIUIOTH 10 ['pernanmun. PazmHokaercs 3Ta ¢popma B pekax 3anaxHor u CeBepHoit EBportsr ot
[opryramun Ha 3amazae go p. Kaper Ha Boctoke (bepr 1948). BanTmiickas sxomormdeckast ¢popMa HaryJinBaeTcs Ha
aKBaTOpUM banThku u pa3MHOXKAaeTcs B pPeKax, BIIAJAIOIINX B 3TO Mope. HakoHem, o3epHas skomorndeckas popma
HaryimBaeTcs B psane 6ompmmx o3ep CeBepo-3amana Poccun n @eHHOCKAaHINH, Pa3MHOXKASACH B CBA3aHHBIX C HAMHU
peKax.

G. salaris mapa3uTHpyeT Ha MOJIOIW JIOCOCA B TEUYEHHE PEYHOTO dTama >KU3HeHHoro mukia S. salar. [lostomy
MOXXHO ObUTO OBl Okumath npucyrcrBue G. salaris Ha BCEW pPENMpOAYKTHBHOW YacTH BHIOBOTO apeaja JIOCOCs.
OpHako (hakTHYECKH, KaK I0Ka3aHO B MPEIbLAYIIEM pa3lielie, 3TOT Iapa3uT BCTpEeYaeTcs B PEKax, OTHOCAIIMXCS K
OacceitHy banTuiickoro Mops, U TECHO CBsI3aH TOJBKO C OANTHIICKON M 03epHOM dKOJOTHYeCKUME Gopmamu S. salar.
Jnst ceBepoaTIIaHTUUECKON KOJIOrHYecKoi (opmbl Jococst G. salaris 10 TOCIeTHEr0 BpeMEHU He ObLI M3BECTEH U
nosiBuiicsl B pekax Hopeerun u B peke Kepers B pe3ysbrare X03SHCTBEHHOH AEATEIBHOCTH. XOTS PENPOAYKTHBHBIE
YacTH apeajioB BCEX TPEeX JKOJIOTHYecKHX (opmM Jococs compukacarorcs Ha CKaHAMHABCKOM IOJIYOCTPOBE W B
Kapenmun, HO ectecTBeHHBIM TTyTeM G. salaris HUTAE HE TPEOIOIEN BOJOPA3ILIIOB MEXKAY Oacceitnamu banrtuiickoro,
Hopsexckoro, benoro u bapenuesa mopeit.

[To Hamemy MHEHHIO 3Ta OCOOCHHOCTh €CTECTBEHHOTO pacmpocTpaHeHus G. salaris TECHO CBS3aHa C MCTOpHUE
(hopMHpPOBaHHUSI COBPEMEHHOTO apealia eBpPOIeNHCcKOro MmoJBUIa aTJIAHTHYECKOTO JIOCOCs, KOTopasi B KpaTkod ¢opme
MOJKET OBITh M3JI0)KEHA CIIeTyIOINM 06]33.30M.2

dopmupoBanue apeana S. salar TPOUCXOAWIO TOJA BIMSHAEM KpPYIHBIX TC€OJOTHUECKUX COOBITHIH,
HaOroaBIIMXCS Ha ceBepe EBpoIeiickoro KOHTUHEHTa B KOHLIE IJIMOIIeHA, TUICHCTOLEHE U rOJIOLeHE, BEAYIIUMHU U3
KOTOPBIX ABJIAJIMCb HEOAHOKPATHO TIOBTOPABIIMECA IOKPOBHBIC OJICACHCHHA W CMCHABHIME WX ACTiIsIIUAllUA
Tepputopuid. [l paccMarpuBaeMOil B HAacTOSALIEM COOOIIEHMM TEMbl Hanboyiee Ba)KeH IEPUOJ], OXBaTHIBaBILIHMH
nocieanee (MHUKYJIMHCKOE) MEXIIEIHUKOBbE, TNocieaHee (Bajjaiickoe) IIOKPOBHOE OJICICHEHUE, II031He- W
TIOCIIENIEIHNKOBOE BpeMsl. B MHUKyJIMHCKOE MEXIIEHUKOBbE KIMMAaTHUYECKHE YCIOBUs ObUIN OJIM3KH K COBPEMEHHBIM,

2 IMoxpo6uo 3TOT Bompoc paccMoTpeH B crathe (Kynepckuii, Turos 2001).
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HO 3HAYUTEJbHBIC TEPPUTOPUHM OBUIM 3aIUTHI BOJAAMH MOPCKON TpaHcrpeccuu. DEHHOCKAHAWS B ITOT MEPHON
npejcTaBisia coOOH OCTPOB, a MO I0KHOMY KpParo CyIECTBOBABIIEr0 MOPCKOIo OacceliHa pacroiaraliich KpyIHbIe
3aJIMBBI, JIaJIEKO BJABABILIMECS B MATEPHUK MO JOJIMHAM OONBIIUX pPeK. ATIAHTUYECKHH JIOCOCh, B OTIMYHE OT
COBPEMEHHOH 30X, UMEJI BO3MOXKHOCTh HIMPOKO MHUIPHPOBaTh B TPAHUIIAX ITUX AKBATOPUHA M €CTh OCHOBAHUS
CUNUTATb, YTO €TI0 MOMYyJISIIUN B MUKYJIMHCKOE BpEMs €11I€ HE paclaJaiuChb Ha OTACIIbHBIC OKOJIOT'MYECKHUC q)Ole)l.

Bo Bpems mocienHero (BajamaiCKOro) OJICACHEHHs JICAHUKOBBIA IIUT MOKPHIBAN OOIIMUPHBIC MPOCTPAHCTBA H
pacnojiaraBmecsa Ha HUX BOOOCMBI. O6MTaBHJldI71 B HUX JIOCOCH 6bIJ'I OTTECHCH B JIBYX OCHOBHBIX HAIIPpABJICHUAX: B
CTOPOHY CBOOOHBIX OT JICTHHKOBOTO TOKPOBA MpHIIEraBIMX K 3amanHoi EBpone yyactkoB BocTouHo# ATiaaHTHKA
U B NPWICIHUKOBBIC BOJOCMBI, 00pa30BaBIIAECS y FOKHOTO Kpas JICIHUKA OT 3almagHON TpaHMIbl banTuiickoro
Oacceitna no VYpama. I[lpuyeM COXpaHEHWIO JIOCOCS B NPWICTHHKOBBIX BOJOEMax CIHOCOOCTBOBAlIO TO
00CTOSITENBCTBO, YTO OHM BO3HHMKAJIM B Hayalle HA MECTE INIyOOKO BABAaBIIMXCS B CYIIy MOPCKUX 3aJIMBOB M 3aT€M
MepeMEeIIAINCh K IOry 10 peibedy MECTHOCTH IMepejl KpaeM HACTyMaBIero JeqHuka. K MOMEHTY MaKCHMAaIbHOTO
pa3BUTHUS BaJJACKOro OJie[icHeHHss Ha EBpONEeCKOM KOHTHHEHTE CIIOKHIIACh majeoreorpaduyeckas oOCTaHOBKA
CXEeMaTHYEeCKH M300paXeHHas Ha IPUIaraeMoM pUCYHKe (pHuc.).

Puc. IIpeanonaraemslii naneoapean Monoreneu Gyrodactylus salaris B epuon mociieJHETO (BaIgaiickoro) oJieJeHEeHH .
A — ceBepoaTiaHTUUECKas YacTh Hajgeoapeana jococs; JI — J1eHUKOBBIN OKPOB; 3alITPUXOBAHHBIE IPSIMOYTOJIBHUKY — CXEMaTH4ECKOe
U300paKeHHE TPUIICAHNKOBBIX BOJIOEMOB; TOYEUHAs IPaHMIla — MpejrnosaraeMbiil naneoapean G. salaris

EnuHbIi B IEprol MEKYJIHHCKOTO MEXIICHUKOBBS apeall JIOCOCS BO BpeMsi HAaMOOIIBIIero POABIKCHUS JICTHUKA
K IOTY OKAa3aJICsl pa30pBaHHBIM M OBUT MPEACTABICH ABYMsS HaJIEKO OTCTOSBIIUMHU JPYT OT Apyra yactsamu. OxHa u3
HUX OKa3alack NPUYpPOUYCHHON K BocTouHOW ATnaHTHKEe W pekaM Tex Teppuropuii 3amamHod EBpombl, KoTOpBIE
0CTaBaJIMCh CBOOOAHBIME OT JIGJHUKOBOI'O MOKPOBA. BTopas Oblia CBsi3aHa C CUCTEMaMH MPHUJISTHUKOBBIX BOJIOEMOB.
BocTtounass ATnaHTHKa ¥ MPUICTHUKOBEIE BOJOEMBI CITY>KHJIM HE TOJIBKO pedyrHyMaMu, B KOTOPHIX COXPAaHMINCH
OpTraHM3MBI, paHee OOMTABIINE B MOKPHITHIX JICAHUKOBEIM IIHTOM BOJOE€MaX. B HUX MPOHUCXOIMIIN TaK)Ke MPOLIECCHI
(hopMo0oOpa3oBaHusi, KOTOPbIE WHIYLUPOBAINCH OCOOCHHOCTSIMU CPEAbl OOMTaHUSI OPTaHU3MOB B ATUX Pa3JIMuHbIX B
OKOJIOTUYECKOM OTHOIICHUHN aKBaTOPHUAX. B YaCTHOCTH, B NPUJICIHUKOBBIX BOJOCMaxX MOIJIa BOBHUKHYTH PyUdbEBasd
MHHOT, TPOTEKaIN MHTEHCUBHBIE MUKPOIBOJIIOIIMOHHBIE IPE0OPa30BaHus y cUra, 00pa3oBauch pa3iinuHble GopMbl
PAIYIIKY U penuKToBOH poratku u Ap. (Kynepckuii 1969; 1990; 1998).

Bnaronapst ocoO€HHOCTSIM ITPOLIECCOB MUKPOABOJIIOLUH B YCIIOBHSAX NPUIICIHUKOBBIX BOJIOEMOB B HUX CIIOXKHIIMCH
TIOITYJISAIIUH JIOCOCS, COXPAHHUBIIUE PA MPEIKOBBIX YepPT, IPUCYTCTBOBABIINX y 3TOH PHIOBI B MHKYJIHHCKOE BpeMs U
paHee. DTH TOMYJSAIHMA ITIEPEMECTIUINCh MPH OTCTYHNAHWW JIENHUKA B KOTJIOBHHBI banThku um Oonbmmx o3ep,
peoOpa3oBaBIINCh 3/I€Ch B COBPEMEHHBIE OANTHHCKYI0O W O3epHYI0 HSKoilormueckue (Gopmel. B cBoro ouepens,
oyl BoCcTOYHO# ATNAaHTHKH, OTKJIOHMBIIMECS OT XapaKTEPHOH Ui MHUKYJIHHCKOTO BPEMEHH MPEIKOBOM
(GbopMBI B CBSI3M C OCOOCHHOCTSMH OKEaHHMUYECKHX YCJOBHH CYIIECTBOBAaHUS, Oald HA4yajlo COBPEMEHHOM
CeBepOaTIAHTHUECKOH dKoorndeckoi hopme jococs. B HacTosiiee Bpemst pa3iuuusi Mexy OanTHIICKOM U 03epHON
(dbopmMamu, ¢ OJHOW CTOPOHBI, M CEBEPOATIIAHTHYCCKON, C APYroH, KacarTCs HE TOJILKO HEKOTOPHIX OCOOCHHOCTEH
9KOJIOTMU (HArysl B IPECHBIX, COJIOHOBATBIX M IIOJHOCOJICHBIX OKEaHWYECKHX YCIOBHAX M Jp.) U MopdoTura
(coxpaHeHMEe WM TOTEpsl HEKOTOPBIX KYMIKENOJIOOHBIX 4YepT M 1p.), HO W mapasutodayHbl. B wacTHOCTH, Ha
Oantuiickoii M o03epHOl (opMax B TEUYEHHE PEYHOro dTalla >KM3HEHHOro NWKiIa mnapasutupyer G. salaris,
OTCYTCTBYIOLIMH Ha MOJIOJIM CEBEPOATIIAHTHYECKON SKOJIOTHYECKOH (DOPMBI.

Paznuuns B mapasuTtodayHe OTHENBbHBIX OKOJOTHYECKHX (OPM JIOCOCS CIOXWINCH €elle B IEpPHoJ HX
cyliecTBoBaHusl B BocTouHOl ATiaHTHMKE M NPUIEAHMKOBBIX BOJOEMax BO BpeMs Bajjaickoro osieaeHenus. Ha
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OCHOBaHMM COBMECTHOTO aHajM3a 300Teorpauyeckux MaTepuasnoB, OCOOEHHOCTEH 3KOJIOTMH OTHEIBHBIX (GopMm
aTIAHTHUYECKOTO JIOCOCS M MCTOPUM (DOPMHMPOBAHMS PA3IMIHBIX YaCTEH €ro BUIOBOTO apeajga MOXHO CUHTAThb, YTO
G. salaris Momomoil BuA, OOpa30BaBIIMICS B OTHOCHMBHIMXCS K bantuiickomy OacceifHy 3amagHBIX TIpymmax
MPWICAHUKOBBIX BOJOEMOB B KOTOPBIX MPOTEKAIM AKTHBHBIC 3BOJIIOLMOHHBIE mpouecchl. IIpeamonaraemsiit
najieoapea napa3suTa noka3aH CXeMaTHYECKH Ha IPUIaraéMoM PHCYHKE.

Takum oOpazom, G. salaris m momons Oynymmx OanTHHCKOW W O3€pPHOM HKOJOrHYecKux (opMm Jococs
JJIUTCIIbHOE BpPEMA COBMCCTHO OBOJIIOIIMOHUPOBAJIM B MNPHUICIHHUKOBBIX BOJOEMaAX, HpO;II[ﬂ 34€Ch IpoLeCC
KoaJanrauui. Y MOJIOJIH JIOCOCS BBIPAOOTAIMCH IPUCIIOCOOIEHMS, HEHTpalu3ylomue arpeccuBHocTh G. salaris n
MEXAY MOMyJSIMAME XO3fMHA M Mapa3sdTa YCTaHOBWJIOCH OOBIYHO HAOII0aeMOE B ECTECTBEHHBIX YCIIOBHSIX
9KOJIOTUYECKOE PAaBHOBECHE, OTMEYAEMOE U B HACTOSAIIIEE BPEMSL.

Monones monymsinuii tococst BocTouno#l ATiaHTHKM oOwTana B pekax 3amamgHoil EBpOIBI, pacmonokeHHBIX
Jajeko OoT paioHa mnpoucxoxneHus G. salaris B cucrteMax TNPHICIHAKOBBIX BOJOEMOB, M OKa3ajach HE
alaTHPOBAHHOM K 3TOMY IapasuTy. PenpomyKTHBHBIE Y4acTKH apeanoB BCEX TPEX 3KOJIOTHYecKHX (opm jococs
cOomm3uancy Ha CKaHAWHABCKOM IOIYyOCTPOBE JHIIb IIOCIE MOJIHOTO HCYE3HOBEHHs JIEAHUKOBOTO IOKpoBa. Ho
G. salaris HE cMOT €CTECTBEHHBIM ITyTEM IIPEOI0JIETh BOAOpa3aen Mexay Oacceiinamu bantuiickoro m Hopeexckoro
Mopei u nonan B peku Hopseruu nuie B HeaBHee BpeMsl B PE3yJIbTaTe X031MCTBEHHOM €ATEIbHOCTH.

BbIBO/bI

Nmeromumecs: B HacTosIIee BpeMsl JJaHHBIE 10 IpoOiieMe B3anMocBsizu mexny G. salaris v S. salar no3Bonsior
c(hOopMyITHPOBATH CIEAYIONINE BBIBOJIBI.

1. EctectBenHoe pacnpoctpanenue G. salaris oTMedaeTcs Ha 9acTu apeana S. salar, XOTs HAMH HE UCKITIOYAeTCs
BO3MOXKHOCTh OOHApYKEHHSI 3TOTO Mapa3uTa U BOCTOYHEE.

2. OTmeueHHas 0COOEHHOCTh pactupoctpaneHust G. salaris o0ycioBiIeHa HCTOpUEH (OPMHPOBAHUS apeaja ero
xo3suHa S. salar B MO37HEM IJICHCTOLIEHE — TOJIOLEHE M CBsA3aHA C COXPAHEHHMEM YacTH MOMYJSIIHH JIococs B
MIEpUOA TOCIEAHEro (BalJaliCKOro) OlefeHeHUsT B pedyruymax, B KaueCTBE KOTOPBIX CIYKWIN HPHIICIHHUKOBBIE
BOJIOEMBI, pacroyiaraBlIdecs Y FOKHOTO Kpasi JISQHHKOBOro IuuTa. B 3Tux pedyruymax, BO-IEPBbIX,
chopmupoBanuce G. salaris w nomyssaunuu S. salar, npeoOpa3oBaBIIKeCs MOCIE NCTIIANUAIMA B OanTHHUCKYIO U
03epHyI0 dKosiorudeckue Gopmsl stococsi. Bo-BTOpBIX, B HUX MPOTEKaja KoaJanTanus rnapasuTa U X03suHa.

3. Pedyruym, oxBaThIBaBIIMH HepecTOBbIE PEeKH CBOOOJHOM OT Jyibna Tepputopum 3anagHoil EBponsl u
HaryJbpHYI0 akBaTOpuio BocTouHOW ATiaHTHKM, OKazaincsi cBOOOmHBIM OT G. salaris W BO3HMKIIAS 37€Ch
ceBepoaTNaHTHUYEeCKas 3Koyormdyeckas ¢opMa Jococss He ObUla aJanTHpOBaHAa K  B3aUMOJCHCTBHIO C
paccMaTpUBacMbIM HapasuTOM, YTO CTaJ0 NPUYMHOM MaccOBOM TrmOenn Moyomu 3ToH (DOpMBI JIOCOCS B peKax
Hopserun npu BHe3amHOM TOsIBIICHHN B HUX G. salaris aHTPOIIOTEHHBIM ITyTEM.

4. BzaumootHomeHuss G. salaris W aTmaHTHYEeCKOro Jococs B pekax Hopmermm u p. KepeTh aHanorudHbl
sIBIIEHUI0, oTMedasmiemycst B 30-e roxel XX cronerus mis mapasuta Nitzschia sturionis M apalbCKON HOMYIIALUN
muna Acipenser nudiventris. O6a Buza coBMecTHO oOuTaroT B Kacruiickom mMope 6e3 Kakux Ju00 OTpUIATEIbHBIX
MoCIeACTBHH Juis pbiObl. OHaKO nepeBo3ka N. sturionis B ApajibCKoe MOpe BMECTE C MHTPOIYLIUPYEMOIl CEBPIOTroi
BbI3BaJla MHTEHCHBHOE 3apaKeHHE Mapa3uToM apajbCKOro HIMNAa W ero maccoByro rubenb (orems, Jlyrra 1937;
JIyrra 1941). Dror ciydvail cTalm XpPEeCTOMATHHHBIM U OCBEIIACTCS B pslie CBOJOK M YYEeOHOH JMTEepaType.
B Hacrosimiee BpeMst OH ITOTIOJIHUIICS CXOJHBIM BapHaHTOM B3aUMOOTHOWeHUH Mexay G. salaris u S. salar.

5. TlponnkHoBenue G. salaris B pexu Hopermm u p. Keperp (bemoe mope) ¢ karacTpoduyecKUMH
TIOCJIEACTBHUSIMU JUTS MOJIOIN aTJIAHTUYECKOTO JIOCOCsS HE0OXOIMMO paccMaTpHUBaTh €lle KaK OJUH CHT'HAJI TPEBOTH,
TpeOyromuii ycuneHns BHUMaHMs K 9KOJIOTHYECKHUM TTOCIIEACTBUSIM aHTPOIIOT€HHOI eITeIbHOCTH Ha BOAOEMaX.

Baaropapuocru

ABTOpBI  BBIpaXKatoT HCKpeHHIo0 mpu3HatenbHocTh M.JL IllypoBy 3a momoms B cOope u oOpaboTke
HXTHOJIOTMYECKOT0 MaTepuasa.
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BJIMSAHUE 3APBIBJIEHUSA HA OCJIABJIEHHBIE
N NCUHESAIOIIME TONIYJIAIIUAU JIOCOCHA
B OCTOHUU

T. HaaBepl, I1. Kylmepl, M. Kaﬂryp2

Institute of Animal Science, Estonian Agricultural University, Kreutzwaldi 1, EE51014, Tartu, Estonia
’Estonian Marine Institute, Viljandi mnt. 18B, EE11216, Tallinn, Estonia

Pe3rome

B Ocronuu Beitycku siococst u3 craaa p. Hesbl mpousBogstest ¢ 1996 r. ¢ 1enbio BOCCTAaHOBIIEHHSI CAMOCTOSATENBHBIX
MOMYJSIMA B peKaxX, TJIe CCTECTBCHHBIC TIOMYJSIMA YTPaueHbl WM ocnabiu. EcTecTBEHHOE BOCHPOU3BOICTBO
3apErucTPUPOBAHO B YETHIPEX PEKax, TIe MPOU3BOIIIIICE BHITYCKH, B 1999 1. 1 B 1ByX pekax B 2000 r. OxHaKo, yIUTHIBAs
MaJTbIii BpeMEHHOI MHTEPBAl MEXK/Ty BBITYCKaMH 3aBOACKON PHIOBI M TIOSBIICHHEM TIOTOMCTBA MOKHO TIPEATIONIOKHITE, 9TO
HEPECT SBIACTCS PE3yIIETaTOM HE TOJIBKO BO3BPAILICHHUS «3aBOJICKIX) PBIO, HO M CTPIMHTa IPOM3BOAUTEINEH, BBIPOCIIIX B
€CTECTBEHHBIX yCIOBHsAX. Cy/sl IO MOBTOPHBIM OTJIOBAM MEYEHBIX PHIO OT MOJIOIH, BBIMYIIIEHHOW B 3CTOHCKHE PEKH,
Brajaronme B GUHCKHI 3auB, JTOCOCH YCIEITHO POC B MOpe, €ro MUTpaliy BKiIrodann [ maBHbI Oaccelin banruiickoro
MOpsI, HO TIPH 3TOM B HEKOTOPOH CTENIEHU MPUCYTCTBOBAI CTPIHHT.

KuroueBble ciioBa: banmuiickuil 10coch, 3apvibiienue, pocm, CImpIuHe
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JJIOKAJIM3ALUA JIEJHUKOBOI'O PEOYI'HYMA
ATIAHTHYECKOI'O JIOCOCHA (SALMO SALAR 1..)
C HOMOILIbBIO AMIVIOBUMHbBIX MAPKEPOB

A.A. Maxpos, E.A. Caamenkosa, FO.I1. Aaryxos

Hnemumym obweii cenemuxu um. H. U. Basunosa PAH, Mockea e-mail: makhrov@yvigg.ru

Pe3rome

B nepuon osieieHeHUs] NONMYIISALUH aTIIAHTUYECKOTO JIOCOCS! COXPAHSJIMCh B HE 3aTPOHYTHIX JIGJHUKOM PErnoHax
— pedyruymax. B Hacrosimeii paboTe MBI TIpEANPHMEM IONBITKY BBISBUTH MOIMYJSIMH, OOWUTAIOIIME B 3TUX
perMoHax B HACTOsIIEe BpeMs. JTO BO3MOXKHO Ha OCHOBE IPEJCTaBJICHHS O 3aKOHOMEPHOCTSX TeHETHYECKHX
MIPOIIECCOB B MOPA3ACICHHBIX MTOMYJISIHAX (TOMYIAIIHOHHBIX CUCTEMAX).

[MomysIIMOHHBIE CUCTEMBI OOJIAIAI0T TOMEOCTAa30M, T.€. CIHOCOOHOCTBIO MOJJIEPKUBATH CBOK CTPYKTYpYy U
OTPEJICNICHHBIA YPOBEHb TN€HETHUYECKOTO pa3HooOpasusi. VCKIoueHHe - HEJaBHO BO3HUKIINAE NOMYJISLUH, MOYTH
HEM30€)KHO TPOXOAUBIINE CTA[UI0 MAIOW 4YKCIeHHOCTH. [loCKOJbKY mpu (OPMHUPOBAHUU HOBBIX IOMYJISIHNA
HM3MEHEHHE YacTOT T'€HOB MPOUCXOUT Pa3HOHAIIPABICHHO, BUJ B LIEJIOM COXPAHSET YaCTOTHI [C€HOB, CBOMCTBEHHBIE
“mpamnomysiun” (Antyxos, Perakos 1970).

B HacTosmmelt paboTe HCIIONB30BaHbI paHee OIyOJIMKOBaHHBIE COOCTBEHHBIE U TuTeparypHeie (Bourke et al. 1997,
Skaala et al. 1998) naHHble o YacToTaM ajuiesel AEBSATH HOJIUMOP(QHBIX JOKYCOB, KOAUPYIOMNX Oenku (sAAT-4%,
ESTD*, FBALD-3*, IDDH-1*, IDDH-2*, IDHP-3%*, sMDH-3* mMEP-2%*, TPI-3*) B IeBsITHAAATH TOMYJIAIHIX U3
pPa3HBIX 4YacTed apeajla aTIaHTUYECKOro JIococs. YacToThl I€HOB B IPEJKOBOM IONMYJISILIMHM BBIYUCISIU IIyTEM
YCPEIHEHHsI COOTBETCTBYIOIIMX YacTOT B COBPEMEHHBIX MOMyJsiuax. CTEeNeHb CXOACTBa MEXIy ONpeAeIeHHBIMU
TakKuM 00pa30oM reHETUICCKIMHU XapaKTePUCTHKAMU MPEIKOBOW MMOMYJISAIUU U COBPEMEHHBIX TOIMYJISAIHNA OI[CHUBAIH
C TIOMOIIBI0 TeHeTHYecknx aucTtannuii (Nei 1978).

Haubosnee cxomeH C PEKOHCTPYUPOBAHHBIM TEHO(MOHJOM MPEIKOBOH MOMYyNSIMKA TeHOMOH I MOy
BpuraHckuX OCTPOBOB M JIByX M3 ISITH MPOAHAIM3UPOBAHHBIX Tomnyssinuii Hopeernu. M3ydeHHble NOMYNISIUA TPEX
npyrux pexk Hopseruu, Konsckoro momyoctpoa, CeBepHoit Amepuku, Vcmananu, buckaiickoro 3ammBa, bantuku,
Benoro mopst Oonee CHITBHO TUBEPTHPOBAIIH OT “IIPATIONYIISIINH .

IOxxHass okoHeYHOCTh BpHUTaHCKHX OCTPOBOB HE MOJBEprajiach BosnaelcTBuio jemHuka (Benn & Evans 1998).
HecomHeHHO, 3Ta TEppUTOPHS BIIOJHE MOIJa OBbITh pedyrHyMOM ISl MOMYJISIIUI aTJIAHTHYECKOTO JIOCOCS, XOTS,
BEPOSTHO, 3TOT peyruym He ObLT CTUHCTBEHHBIM.

[Momymnsiuny aTIaHTHYECKOTO JIOCOCS I0r0-BOCTOYHOM YacTu OacceliHa bantuku u 10xHOM yactu Oacceitna benoro
MOpsL OTJIMYAIOTCSA OT MOMYJSAIMA CMEXKHBIX PETMOHOB YacTOTaMH HEKOTOPHIX TeHOB. [Ipemmomaraercs, d4to
aTIIAHTHYECKUIA JIOCOCHh 3aCElHII 3TH JIBa PEruoHa m3 pedyruyma, HaxomuBIIerocs B Oacceitne banruiickoro mops
(Semeonova 1988; Kazakov & Titov 1991; Koljonen et al. 1999; Nilsson et al. 2001; Makhrov et al. 2001).
OnpeesieHHY0 polib B OPMUPOBAHUH TeHO(DOH/1a EBPOMECHCKHUX MOMYJISIIUI aTIaHTHYECKOTO JIOCOCS MIPall TAKKe
ITOTOK TEHOB U3 aMepUKaHCKOW yacTH apeana Buaa (Makhrov et al. 2001).
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MOP®OOPUINOJOI'MNYECKHUE OCOBEHHOCTH
HATI'YJIBHOTI'O JIOCOCSA OHEKCKOI'O O3EPA
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Pe3rome

[IpencraBiensl pe3ynbTaTsl paboT MO M3YYEHHIO MOPGODH3NOIOTHIECKUX HMPH3HAKOB JIOCOCS M CTPYKTYPHI €ro
HaryneHoOro ctafga B OHexckoM o3epe. MccrnemoBanuck BO3pacTHas M IMOJOBas CTPYKTypa, pa3sMEPHO-BECOBBIE
MOoKa3aTeNd, MEPUCTUYECKUE U IUIACTUYECKUE IPU3HAKU U MHICKCHl BHYTPEHHUX OpPraHoB. B pesyibraTe 3THX
paboT BBISIBIEHBI KaK CXOJCTBO, TAaK M HEKOTOPBIE PA3NIUUYUs MEXKAY OCOOSIMH U3 €CTECTBEHHBIX U MCKYCCTBEHHBIX
ycIoBHH BOCIpOu3BOJACTBAa. [loKa3aHO CyIIECTBEHHOE BIMSHHUE BOCHPOH3BOACTBA JIOCOCS B HCKYCCTBEHHBIX
yCIOBHAX Ha (OPMHPOBAHHE €r0 MPOMBICIOBBIX CTal. YCTaHOBIEHHBIE OCOOCHHOCTH JIOCOCS 3aBOACKOTO
BOCIPOU3BOACTBA PEKOMEHIYETCSl HCIIOIb30BaTh JUII KOHTPOJSI KadecTBa BBIPANIMBAEMOIO II0CAJ0YHOTO
Marepuaa.

BBEJEHUE

Osepubiit mocochk (Salmo salar L. morpha sebago Girard) omun w3 Hambonee ILEHHBIX IIPEACTABUTEICH
NIPECHOBOAHOM nxTHO(ayHbsl. OH UMEET Ba)KHOE 3HAUCHHE B XO3SIMCTBEHHOM OTHOIICHHH M TIPEJCTaBIISET OOIBbIION
Hay4HBIH MHTEpec. UuciaeHHOCTh o3epHoro Jjiococsi B Kapenum Bcernma Obuta BecbMa 3HauMTeNbHA, OCOOCHHO B
Oonpmmx o3epax pecnyOnmkn — OHexxckoM # JlagoxkckoM. OQHAKO B pe3ynbTaTe YCHIIEHHOTO aHTPOMOTCHHOTO
BO3ICUCTBUS HAa BOJHYIO CPely M HETaTUBHOW POJIM HEPEryJHpyeMOro MPOMBICIA B HACTOSIIEE BpeMsl BO3HUKIA
HEOOXOAUMOCTh OOPaTUTh CEPbEe3HOC BHUMAaHHE Ha COXPAaHEHHE 3allacOB O3EPHOTO JOCOCs, 0COOeHHO B OHEXCKOM
03epe — OCHOBHOM JiococeBoM BogoeMe Kapenmuu. Bmecto 10-12 T BbuTaBIMBaeMbIX paHee TONBKO B OHEXCKOM
o3epe, B HaCToAIIee BpeMst OOLIMI yYTEHHBII BBIIOB 03€PHOT0 JIOCcOCs B 1ieoM 1o Kapenuu He npeBbImaeT 2,5 T/Tox.

VYBennueHue O6"beMOB Ppa3BE€ACHU B HCKYCCTBECHHBIX YCJIIOBUAX U MOBBINICHHUE Ka4€CTBA MOCAJ0YHOI0 MaTepuala,
Hapsily C JPYTMMH MEpaMH, MOTYT CIIOCOOCTBOBAaTh BOCCTAHOBJICHWIO BBICOKOH YHCIIEHHOCTH O3€PHOIO JIOCOCS.
B Hacrositiee BpeMmsi pa3BHUTHE 3TOrO HalpaBieHUs CTAOWMIIM3UPOBAJIOCh Ha JOCTATOYHO HHM3KOM YPOBHE H3-3a
OTCYTCTBHUS CHELMATM3UPOBAHHOW 0a3bl JUIA TOJIyYeHHS] KadeCTBEHHOI'O IMOCAJ0YHOTO Marepuajia M HeloCTaTkKa
COBPEMEHHBIX HAayYHBIX MaTEpPHAJIOB 110 €ro OMOIOrHYeCKUM 0COOCHHOCTSIM. J[ist co3nanust Takoi 6a3sl HE0OOX0IUMO
UMETh YeTKOoe HaydyHoe 00ocHOBaHHME 3((EKTHBHOCTH HCKYCCTBEHHOI'O BOCIIPOM3BOJCTBA O3EPHOTO JIOCOCS W
COXPaHEeHUs €ro BBICOKHMX MNPONYKLHMOHHBIX KadecTB. K HacTosmieMy BpeMeHH yOeIHMTEIbHO HOKa3aHO, YTO B
KOJIMYECTBEHHOM OTHOLICHHH 3aBOJCKOE pa3BEICHHE JIOCOCS IaeT XOpowHue pe3ynbTaTbl. OKOJIO IOJOBHHBI B
VYTEHHBIX YJIOBAaX COCTABIISIOT PBHIOBI BBHIPOCIIME M3 IOCAJI0YHOIO MarepHana pPhIOOBOAHBIX 3aBOAOB. OnHAKO
Ka4yecTBO “3aBOJACKUX’~ PBHIO B HATYJIBHBIA MEPHOA A0 CHUX IOpP HE M3YyYalIOCh M MOITOMY TPYOHO OIICHHUTH OOIIYIO
3¢ (EKTHBHOCTH 3aBOICKOTO BOCIIPOM3BOICTBA.

VYuurtsiBass HE0OOXOOUMOCTH BOCCTaHOBJIEHHS IPOMBICIOBBIX 3allacOB O3EPHOTO JIOCOCA M Lenecoo0pa3sHOCTbh
pacuMpeHusi 00beMOB €ro 3aBOJICKOr0 BOCIIPOM3BOJICTBA, 10 3aka3y KapenpbiOBoJa mpenroiaraiock UccieaoBaTh
OMOJIOTHYECKUE OCOOEHHOCTH HAryJbHOTO JIOCOCS, BBUIBUTH CTPYKTYPY €ro MOINYJISUWH, OLEHUTh JHHAMUKY
OMOMETpHUECKHX MOKazaTened 1 Mop(opHU3MOIOrHYecKuX NPHU3HAKOB, OIPEACIUTh CXOJACTBO M PA3IWYUs IO
WCCIIEOBAaHHBIM TIOKA3aTeNIsiM MEXAy OCOOSIMH 3aBOJCKOTO M €CTECTBEHHOTI'O BOCHPOM3BOACTBA. OIHOBPEMEHHO
MIPEAIIONarajoch AaTh IpeBapUTEIbHYIO OLICHKY KauecTBa pbI0 B HATyJbHBIN [IEPUOJ M PACCMOTPETh BO3MOKHOCTH
MOBBIIEHUS 3((EKTUBHOCTH 3aBOJICKOTO BOCIIPOM3BOICTBA.

MATEPHAJ U METOJAUKA

Martepuain o HaryJapHOMY JIOCOCIO coOHMpaics B urosie-asrycre 1999 roga u3 ynoBoB Mpoa0IbHUKA-BEPXOIUIaBa
CTaBHOI'O HEBOJA, YCTaHOBIEHHBIX B paitoHe Illentozepo-bpycHo (akBartopus mpoTtuB Bxoaa B JlaxTuHCKyIO TyOy)
Onexckoro o3epa. O0umii 00beM COOpaHHOr0 MaTepualia COCTaBWI 72 3K3eMIUIpa, B T.4. HA MOP(OIOTHUECKUN 1
Mopdodu3roNornieckuii  aHaiu3 ObLIO  Hcmojdb3oBaHo S50 sk3emmusipoB (25 oco0eil HMCKYCCTBEHHOTO U
25 ecTecTBEHHOT'O BOCIIPONU3BOJICTBA).
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O6paboTka MaTepHana MPOBOAWIACE IO oOmenpuHITEIM MeToaukaM ([IpaBaue 1966; CMupHOB ¢ coaBT. 1972).
B Mopdodu3nomorndeckoM OTHOIIEHUH JIOCOCS UCCIEA0BAIHN M0 9 MEPUCTUYECKUM U 36 MIACTHYECKUM MPU3HAKAM,
pa3MepHO-BECOBOMY COCTaBY M HHIEKCAaM BHYTPEHHHX OpPraHoB (CepAre, Ie4YeHb, XKaOphl, Celle3eHKa, KETYIOK,
KHUIIICYHWK).

Bospact ompenpernsuics mo yenrye mnpu nomonu OuHOKyJsipa MBC—6 (KOHTpOJb MHPU HOMOIIHM MHKPOQOT).
[epexoaHbIX 30H (TIEPEXOIHBIX KOJIEI]), HEPECTOBBIX METOK M *’3IIUTEIMOMHON 3p03uK’’ Ha Yelrye He 00HapyKeHO.
JIBYXTOJIOBUKH JIOCOCS, BhIpallliBaeMble Ha PHIOOBOJAHOM 3aBOJIE U BbITyckaeMmble B pekn Onexckoro o3zepa (Illys,
Csniest, Jlococunka, CyHa), B OCHOBHOM, METATCSI OTPE3aHHEM >KUPOBOTO IUIaBHUKA. [0 3TOMy NpH3HAKy pa3inyand
pBIO 3aBOJCKOTO M €CTECTBEHHOTO BOCIHPOW3BOJCTBA. Hapsimy ¢ 3THM moytH y Bcex pblO, MOJIOAb KOTOPBIX
BBIPAIIMBAETCS B 3aBOJICKUX YCIIOBHSX, MMEETCSl WCKPUBJIEHHE JIydell CIMHHOIO IUIaBHHKa, oOpasylomieecs B
pe3ynpTate Hekposa. I[lo ykazaHHOMYy naedekTy TakKe HMEeTCsl BO3MOXHOCTHh BBIABISTH OCOOEH 3aBOICKOTO
BOCIIPOHM3BOJICTBA.

Bech ¢aktugeckuit Mmarepuan oOpaboTaH CTATHCTHYECKH, C IPIMEHEHHEM CTaHJAPTHBIX METOIOB BAPHAIIMOHHOM
cratuctuku (Jlakua 1980).

PE3YJIBTATBI 1 OBCYXJIEHUE

Pa3meps! nccnenoBannbix ocobeit (AC) HaryisHOTO Jlococst B 1999 roxy konebamcs B npezenax ot 38.0 mo 79.5 cm
(tabmn. 1). B ocHOBHOM mpeoOnaganmy peiobl pasmepoM ot 50 o 70cM, KoTopble B 001meM o0beMe BBIOOPKH COCTaBIISIIN
73,6 %. Macca Tena y Bcex M3y4eHHbIX pbI0 m3meHsuach ot 0,4 mo 5,1 xr. MakcuMansHO OBLIM TPEACTaBIECHBI PHIOBI
Macco ot 1.0 go 3.5 kr.

B HarympHOM cTaze OHEXCKOTO JIOCOCS BO3PAcT HCCIEHOBAaHHBIX PBIO Koiedaics ot 3+ mo 7+ mer. OOBIYHO
npeobanany peIOBI B Bo3pacTe At (4+)-cemu (6+) jeT, MogaidbHast BO3pACTHAS IPYIIa — MIECTHIIECTKH (Tabi. 2).

Tabmmma 1.
Pa3MepHO—BECOBOI COCTaB HAr'YJILHOTO Jococs OHEKCKOro 03epa
ITokazarenu Hpenens Mtm n
Jmuna AC, cm
40 45 50 55 60 65 70 75
2 5 3 9 13 15 16 5 4 38.5-79.5 160.35+0.23 | 72
JK3. DK3. JK3. JK3. JK3. DK3. JK3. JK3. JK3.
Bec, xr
05 1.0 15 2.0 25 3.0 35 40 45 5.0
3 6 12 10 15 9 11 1 2 2 1 2.26+0.26 | 72
9K3. | OK3. | 9K3. | 9K3. | 9K3. | 9K3. | 9K3. | 9K3. | DK3. | 9K3. | JK3. 0.4-5.1
HAmuna AC, cm Kone6anus M+m n
40-45-50-55-60—-65—-70-75
2 | s [ 3 ] 9 [ 3] 15[ 16] 5 | 4 [380795 [6035£023 |72
Bec, kr 0.4-5.1 2.26+0.26
05-10-15-2.0-25-3.0-3.5-40-45-5.0
3 6 12 10 15 9 11 1 2 2 1
Tabmuma 2
Bo3spacTtHoii cocTaB HaryJbHOTO JIOCOCS
Bospact (pedHsie U 03epHBIE TOJIBI)
KommaectBo prio T i 5T or T Bcero
3aBOJCKOT0 BOCIIPOM3BOICTBA 5 13 20 - - 38
EcTecTB. BOCIPOM3BOICTBA 1 5 10 12 6 34
Bcero 6 18 30 12 6 72
%% 8 25 42 17 8 100
% 3aBOJICKHX PBIO 83 72 66 0 0 53
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[Toutn aHaANOTMYHYIO BO3PACTHYIO CTPYKTypy oTmedan B.A. Bamero (1999) B HepecToBOM cTame I0coCs
Jlagoxckoro o3epa u SAuuchsapsu. I1o ero maHHBIM MOAANBHBIA OOIINK BO3PACT B IMOIMOJHEHUH HEPECTOBOTO CTaja
JAI0KCKOTO Jiococs cocTaBisieT 4+-5+. [lpu o6oOmenun matepuanoB pasabix aBTopoB J[.K. Xantypun (1966)
ITOKa3aJI, YTO MpeoOIaJarouii BO3pacT B pa3IMYHBIX CTagaX JIALOKCKOro Jiococs Takxke 4+-5+. B To ke BpeMs oH
OTMETHUJI, YTO B 3aBUCHUMOCTU OT TUAPOJIOTUYCCKHUX M IKOJIOTHMYCCKUX (baKTOpOB Cpelibl MOAAJIBHBIC BO3PAaCTHBIC
IpyIIbl B MUTPUPYIOLIUX CTaJax JOCOCS CEBEPHOU U I0KHOM yacTed JIamoskcKoro osepa yalle BCEro pasiMyaroTcs
MEXIy co00¥0.

CrpyKTypa HcCiIeayeMoro HaryJabHOTO CTajia OHEXCKOro jiococsi B paiione lllenTosepo mpencraBiieHa psioamu
KaK U3 €CTECTBEHHBIX, TaK U UCKYCCTBEHHBIX (3aBOJICKHX) yCIOBHI BocIpon3BoAcTBa. OTHAKO COOTHOIIEHHE 0cO0er
U3 ECTECTBEHHBIX M HMCKYCCTBEHHBIX YCJOBHH BOCHPOM3BOJCTBA B PasHBIX BO3PACTHBIX TPyMINax HEOIMHAKOBO.
MaxkcuManbHOE OTHOCHTENBHOE KOJMMYECTBO ‘3aBOACKHX’ PBHIO HAONMIONANOCh cpeau deThIpexieTok (83 %).
B crenyronmx AByX BO3pacTHBIX Kiaccax (4+ u 5+) ux qoist cHu3miack 10 72 % u 66 % coorBerctBeHHO. Cemu (6+)
1 BOCBMIJIETHHX (7+) pBIO 3aBOJICKOTO BOCTIPOM3BOCTBA B YJIIOBaX HE OOHApYX eHO (Tab. 2).

B menom cpemm Bcex HCCIENOBaHHBIX JIOCOCEH ‘‘3aBoCKWe” ocobu coctaBisiim 53 %. DTo 3HAYMT, UYTO
BOCIIPOM3BOZICTBO JIOCOCSI B MCKYCCTBEHHBIX YCJIOBHAX HMMEET OUY€Hb OOJBIOE 3HA4YCHHE B (POPMUPOBAHHH €ro
HaryJjbpHOTO CTaJa 1 TpeOyeT NalbHEeHIIero pa3BUTHS U COBEPILICHCTBOBAHMS.

Bo3pactHoii coctaB J10coCs B 3aBUCUMOCTH OT MPOAODKMTENBHOCTH PEYHOTO M O3€PHOIO IEPHOJIOB IKU3HU
Npe/ICTaBlIeH B Ta0M. 3. AHaJIM3 MPUBEACHHBIX JAHHBIX TIOKa3all, YTO PEYHOM IIePHOJI XKHU3HHU JIococs Kosebiercs ot 2 1o 4
ner. Oto cornacyercs ¢ nmaHHeiMu FO.A. Cmupnosa (1971) mns onexckoro jococs u B.A. Banerosa (1999) nns
JIAZI0’KCKOTO JIOCOCS. AHAIOTWYHAsl MPOAODKUTEIFHOCTh PEYHOrO NEPUO/A JKU3HM CBOMCTBEHHA IPAKTUYECKH BCEM
TOMYJBILHSM aTiiaHTHaeckoro jiococs (Becenos 1998; Baprep 1998; Kazakos, Becenos 1998 u ap.). Ilo Hammm 1aHHBIM
MOJIOJIb JKMBYIIAst B peke 2 1 3 roma coctasisieT 1o 47 % B KXol BO3pacTHOW rpyrie, a 4 roja — BCEro Julib 6 %.
Takoe COOTHOIIEHHE BO3pAacTa MHUTPHPYIOIIEH B 03€p0 MOJNOIM OTIMYACTCS OT MHOrojeTHHX HaHHbIX FO.A. CmupHOBa
(1971) mo HepecToBOMY CTamy mIyiickoro jococs. Ilo ero JaHHBIM BCTPEYAaeMOCTh PHIO C JIUTEIBHOCTHIO PEYHOTO
mepriosia 2 ToAa COCTaBIseT B cperHeM 66 %, 3 roma — 33 % u 4 roga — 1 %. D10 moKa3bIBaeT, YTO HIYWCKHH JTOCOCh
HaryJIMBaeTcs He TOIBKO B paifoHe 1oro-3anagHoro nmodepexss (Lonarosepo — bpycno) Onexckoro ozepa.

ITo HamMM JaHHBIM B OTJIMYHE OT PhIO €CTECTBEHHOT'O BOCTIPOM3BOJICTBA BCE “3aBOACKUE’ PHIOBI CKATHIBAIOTCS B 03€PO
B Bo3pacte 2 roja. M3 38 uccieoBaHHbIX 3aBOACKUX PHIO TOJIBKO 2 0COOM MUTPHPOBAIIH B 03€PO B BO3pACTE TPEX JIET. ITO
oKazanuch phIObl MokosieHus 1994 roma, a B 3ToM roay, no gaHHeiM KapenpeioBona, B p. Illyto Obiia BblmylieHa
HeOoublIasi mapThs TpexrojoBukoB (17.6 Teic. mrt.). BeposTHo, BCsl 3aBoACKas MOJIOAb NPECHOBOJHOTO JIOCOCSH,
BBIIIyCKaeMasl B PEKH paHHEH BECHOU B BO3pacTe J1Ba M TPH I'0/id, CKaTHIBACTCS B 03€PO B 3TOM K€ TOJIy.

Tabmuma 3.
Bo3pacTHOIi COCTaB HArYJILHOTO JIOCOCS C YYETOM PEYHOIO M 03EPHOTO MEPHOI0B KHU3HEHHOTO IIHKIIA

Bospacr D1+ | 2.2+ | 2.3+ | 2.4+ | 3.1+ | 3.2+ | 3.3+ | 3.4+ | 42+ | 4.3+ | Beero,
9K3.
3 5 13 18 - - 2 - - - - 38
)i 1 4 7 4 1 3 7 5 1 1 34
Bcero 6 17 25 4 1 5 7 5 1 1 72
%% pbIO ¢ paznuy. | 3 95 5 0 100
peuHbIM nepuonoM | JI 47 47 6 100

O0603Ha4CHHUS: Z[ — JIOCOCBh €CTECTBEHHOI'O BOCIIPOU3BOJACTBA, 3 — JI0COCh 3aBOJICKOTO BOCIIpOU3BO/ICTBA.

[Ipn cpaBHeHMM pa3MEpHO-BECOBBIX IIOKa3aTeNleld Jococeld W3 pa3IMYHBIX YCIOBHUI BOCIIPOM3BOJCTBA B
OOJNBIIMHCTBE BO3PACTHBIX IPYIIT YETKUX PA3INYUi He BBISABICHO. MICKIIIOUEHNE COCTABIIIM JIUILB JIOCOCH B BO3pacTe
2.1+ u 3.2+. B 3THX BO3pPacTHBIX IPYIIIaxX JIOCOCH €CTECTBEHHOTO BOCHPOU3BOACTBA OBLIM HECKOJIBKO KpyIHEE I10
CpPaBHEHUIO C PHIOAMH, MOJIOAb KOTOPHIX BEIpAIIMBAIach Ha PHIOOBOIHBIX 3aBojax (Tadu. 4).

Tabnuna 4.
PasmepHO-BecoBbIe TapamMeTpsl 1ococsi OHEKCKOro o3epa
Bo3spact 2.1+ 2.2+ 2.3+ 2.4+ 3.1+ 3.3+ 3.4+ 4.2+
I | 840.0+ [ 1400.0+ | 2627.8+ | 4213.8+ | 590.0 | 1986.7+ | 2732.9+ | 4100.0+ [ 125.0
Bec,r 110.0 214.5 127.5 404.7 456.7 264.9 330.2
3 | 585.0+ | 1469.2+ | 2582.7+ - 1203.3+ - -
66.9 107.2 107.6 401.7

AC.on JI [45.54£7.5] 52.842.7 | 65.6£1.3 | 74.3£2.9 | 40.5 | 57.6+£3.9 | 65.4+1.5 49.0

’ 3 |41.3+0.9| 55.0+1.2 | 65.4+1.0 - - 62.7 - -

O6o3HaveHus: H — JIOCOCHh €CTECTBEHHOI'0O BOCIIPOU3BOJACTBA, 3 — nococh 3aBOJICKOT'O BOCIPOU3BOJACTBA.
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Ecnu ycnoBust BOCIIPOM3BOICTBA JIOCOCS MPAKTUYESCKH HE OKA3bIBAIOT BIMSHUS HA POCT, TO MPOIOIKUTEIBHOCTD €ro
PEYHOTO Teproa )KU3HH CYIIECTBEHHO CKa3bIBACTCS Ha Pa3MEPHO-BECOBBIX MOKA3ATEINAX OHOBO3PACTHHIX PHIO (Ta0m. 4).
VY 110coCs €CTECTBEHHOTO BOCTIPOM3BOICTBA B Bo3pacte 2.2+, mmHa (52,8 cm) u Bec (1400 r) O6pumm Gombiiie, 4eM y peid B
Bo3pacte 3.1+ (mmmHa 40,5 cm, Bec 590 r). Ilpu Oosee KOPOTKOM pedHOM IEPHOAE y PBIO 0HOTO 0bIIero Bo3pacra (4+)
MMeEEeTCs PEMMYIIIECTBO B OJIMH HAryJIbHBIN CE30H B 03epe. JTO XapaKTEepHO Takke st peld Bo3pacTa 2.3+ u 3.2+(00wmuii
5+); 2.4+, 3.3+ u 4.2+(obumii 6+). Hamm naHHbIe COMIAacyroTCs ¢ pe3ysbratamu uccienosanuii FO.A. Cmuprosa (1971),
B.A. Banerosa (1999) u np.

Kax mokasbIBaeT aHaJlM3 IOJOBOM CTPYKTYpBHI IIEITO3EPCKOrO CTaja HaryJbHOrO JIOCOCS, JIONS CaMOK B Pas3HBIX
BO3PACTHBIX Ipymmax kosieomnercst ot 17 no 83 %. OngHako, HECMOTpsI Ha BO3PACTHBIE M3MEHEHHSI B COOTHOIICHUH T0JIOB
Yalre BCero HaOJoaeTcsl, XOTs. M He3HAYMTENbHOE, HO Ipeo0iaianue caMoK. Tak, 1o cpefHHM I0Ka3aTelsiM CaMKH B
9TOM cTajie cocTaBsum 54 % (Tabmn. 5). AHamormdHOE COOTHOIIEHHE TT0NIoB oTMedeHO A.E. BecemoBeM ¢ coaBt. (1998)
Y MUTPHUPYIOIIEH Ha HAaryJ MOJIOAu atiaHTudeckoro jococs. [To nanaemM FO.A. CvupHoBa (1971) mpakTtiudecku Bo BcexX
HEPECTOBBIX CTaJaX OHEXKCKOIO JIOCOCS KOJIMYECTBO CaMOK IPEBAIMPYeT Haj camiaMH. Tak, MPOLEHT CaMOK B
HEpEeCTOBOM CTajie LIyickoro yococs 3a neprox ¢ 1931 mo 1965 rr. xonedancs ot 61 mo 80 %, B cpemHem cocTaBisist
70.4 %. B.A. BaneroB (1999) nokasamn, 9To BO BpeMsi HEPECTOBOM MHTpanuu jtococs Jlamoxckoro ozepa u STHUCHAPBU
COOTHOLIEHHE CaMOK M camLoB Obu10 2,4-3,4 : 1. B 10 e Bpems JI.K. Xanrypun (1966) Ha npumepe stococst u3 pek [lama
n OsiTh OTMEUaJ paBHOE COOTHOILIEHHE IT0JIOB, @ B OT/IEJBHBIX CIIyYasix BCTPEYaIoCh AaXe JIBOHHOE NpeodiiajaHne CamIioB
HaJl CaMKaMM. HpI/IBe[leHH])le Marepurajibl Jal0T OCHOBAHUE T0J1aratb, YTO COOTHOMICHHUE CAMOK MU CaMIIOB UBMCHACTCS B
Pa3IIIYHBIX BO3PACTHBIX IPYIIIAaX HEPECTOBOTO, MUTPUPYIOIIETO Ha HATYJ U HATYJIEHOT'O JIOCOCS.

Tabmuna 5.
CootHomenue 11osoB (%) y HaryJIbHOTO JIOCOCS

Bo3spact (peuHoH 1 03€pHBIA NEPHOIBI
ITon o P (£+ o i or P 7+) Bcero
Camku 17 61 47 83 50 54
CaMIIbl 83 39 53 17 50 46
N 6 18 30 12 6 72

Pe3ynbraThl H3ydeHns MEPUCTUYECKUX TPU3HAKOB HAryJbHOTO JIOCOCS MpeacTaBieHsl B Tabu. 6. MccienoBanne
MIPOBOJWJIOCH IO 9 MpHU3HAKaM.

Tabmuma 6.
MepucTtryeckue Mpu3Hakyu HaryasHoro Jiococsi OHexckoro o3epa(2.1+ - 3.3+)
[pu3Hakn M=+m Min Max CV Td**

Yemryii B 00KOBOH JINHIH 118.4+0.5* 113.0 125.0
118.5£0.2 116.0 121.0 1.0

Yeuryit Hax O0KOBOM JIMHHEH 19.0 6.9 2.3
20.8+£0.2 19.0 24.0 5.4

Yemryii moq O0KOBO¥ THHHIEH 20.1+£0.2 18.0 22.0 54 0.4
20.0+£0.2 18.0 22.0 5.1

Jlygeii B [ 10.0 14.0 8.9 6.1
10.7+£0.2 9.0 12.0 9.4

Jlygeii B A 10.6+0.1 10.0 6.7 1.7
10.2+0.1 9.0 11.0 5.8

Terauaok Ha 1 xab gyre 20.2+0.2 19.0 22.0 4.3 -0.9
20.4+0.2 18.0 23.0 5.3

[Tunopudeckux MpUAaTKOB 66.7+1.1 58.0 78.0 8.0 -3.4
73.2+1.6 62.0 92.0 11.0

[T03BOHKOB TYJIOBHIIIHBIX 33.4+04 31.0 38.0 5.8 -0.3
33.7+0.5 30.0 39.0 7.6

T103BOHKOB XBOCTOBBIX 20.2+0.2 19.0 23.0 5.9 -0.3
20.3+0.2 19.0 22.0 5.7

* — B YHCIUTENE JAHHBIC MO JIOCOCKD €CTECTBEHHOIO BOCHPOM3BOJACTBA, B 3HAMCHATECIEC — IO JOCOCK 3aBOJCKOIO

BOCIIPOH3BOACTBA; (n = 25).
** — xputepuit CThIOICHTA 10 MEPUCTHYECKUM TIPU3HAKAM MEXLY JIOCOCEM 3aBOJICKOTO M €CTECTBEHHOTO BOCIIPOM3BO/ICTBA.

Haunbonee n3aMeHUYMBBIMH SBIISIOTCS KOJUYCCTBO queﬁ B CITMHHOM INNTABHUKE W YUCJIO IMMUJIOPUIECKUX ITPUAATKOB.

Koadpdrmument Bapuamum paHHeIX mnpu3HakoB coctaBmi 12.0 m 10.8 coorBercTtBeHHO. Mexmy ocobsMu
€CTECTBEHHOT0 M 3aBOJICKOTO BOCHPOM3BOJCTBA OOHAPY)KEHBI Pa3Uuusl MO 3 MEPUCTHYECKUM MpHu3HaKam. Tak,
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KOJIMYECTBO YeNIyil HaZ OOKOBOI TMHHEH U Tydel B CTIUHHOM IUTaBHHUKE B CPeIHEM OOJIBIIIE Y JIOCOCS €CTECTBEHHOTO
Bocripon3BoacTBa. OMHAKO, MPU pasHbIX CPEIHHMX IOKA3aTeNsiX 4Yucia Yeuryil Hajg OOKOBOW JIMHHEW y pbiO U3
Pa3IMYHBIX YCIIOBHHA BOCIPOHM3BOJICTBA, MPeneNbl NX Konebanus ognHakoBHl (19-24). KonmndecTBo my4yeil B CIMHHOM
IUTABHUKE Yy JIOCOCS ECTECTBEHHOTO BOCIpOM3BOACTBAa m3MeHsercss oT 10 mo 14, a y Jococs 3aBOACKOTO
BOCIIPOM3BOACTBA — OT 9 110 12. Uncao muiopuuecKux NpUIaTKOB M pa3Max ero KoJieOaHui y JI0COCs 3aBOJICKOTO
BOCIIPOM3BOICTBA 0OJIbIIIE, YEM Y PHIO €CTECTBEHHOIO BOCIPOU3BOACTBA. DTO MOXET OBITh CBS3aHO ¢ KOPMJICHUEM
JIOCOCH I'pa”HyJIMPOBAHHBIMU KOPMaMU BO BpEMs €10 pa3BUTHA B 3aBOJICKUX YCIIOBUAX.

JlaHHBIE O TUTACTHYECKUX MPHU3HAKAX IPEACTaBICHBI B Ta0I. 7. MccimenoBaHo 36 miacTH4eCKUX MPU3HAKOB, 24 W3
KOTOPBIX MPEJCTABICHEI B % OT JUIMHBI Tena, U 12 — B % OT JJIMHBI TOJOBEL.

Ta6muma 7.
[TracTiaeckue mpuU3HAKK HATYIBHOTO Jococs (2.1+-3.1+) OHexckoro ozepa
Jlocock JIocock 3aBOACKOrO
[Tokazarenmn €CTECTBEHHOI'O BOCITIPOM3BOICTBA Td*
BOCIPOU3BOACTBA
B % mimHEBI TENA
JnnHa pita 7.0£0.1 6.7£0.1 1.4
Jwnamerp rimaza 2.4+0.1 2.4+0.1 -0.2
3aria3sHUYHBIA OTHEI TOJIOBEI 11.3£0.1 11.6£0.1 -1.6
JlnvHa cpenmHei YacTH TOJIOBBI 15.9+0.1 15.6+0.2 1.1
JlmrHa roJToBBI 20.9+0.2 20.9+0.1 0.0
BricoTa roJyioBHI y 3aThlUTKa 14.0+0.2 13.6+0.1 1.7
[upuna n6a 8.0+0.1 7.940.1 0.2
JInHa BEpXHEUEIIOCTHON KOCTH 10.5+0.1 10.240.1 1.6
JIHa HUKHEH YenocTi 11.7£0.1 0.9
HauboibIras BEICOTA TeNa 21.7+0.3 21.1+0.4 1.1
Haumensbiias BeicoTa Tena 7.0£0.1 6.8+0.0 3.1
AHTeopcaNbHOE PACCTOSHUE 41.4+0.3 41.4+0.5 0.1
IToctnopcanbpHOE paccTosiHUE 41.3+0.2 41.3+0.3 0.0
AHTEeBEHTpaJIbHOE PACCTOSTHHE 51.3+0.3 50.9+0.2 1.5
AHTeaHaJIbHOE PacCTOSIHUE 69.8+0.3 70.0+0.2 -0.8
JlyinHa XBOCTOBOTO CTEOJIS 18.7+0.2 19.6+0.2 -3.4
Jlnuna ocHoBanus 11.3+0.1 10.5+0.2 3.2
Hauboubiias Beicota /] 11.4+0.2 9.5+0.3 6.1
JlnmuHa ocHOBaHuUs A 10.6+2.7 7.3+0.1 1.2
HawnGonblas BeicoTa A 10.0+£0.2 9.8+0.1 1.1
Jnuna P 13.4+0.2 13.3+0.1 0.4
Jnuna V 11.320.1 11.0+0.1 1.8
Paccrosane mexay Pu 'V 29.2+0.2 29.2+0.2 0.0
Paccrosiane mexay Vi A 19.2+0.2 19.44+0.2 -0.7
B % nimHBI TOI0BEI

JlnmHa peina 33.4+0.4 32.2+0.6 1.6
Junamerp rimaza 11.6+0.4 11.7+0.3 -0.3
3aria3sHUYHBIA OTHEI TOJIOBEI 54.3+0.3 55.5+0.6 -1.8
JlnvHa cpenmHei YacTH TOJIOBBI 76.2+0.3 75.2+1.0 0.9
BricoTa roJioBHI y 3aThlTKa 67.1+1.2 65.5+0.9 1.0
Iupuna m6a 38.1+0.5 38.3+0.5 -0.2
JIniHa BEpXHEYETIOCTHON KOCTH 50.1+0.4 49.3+0.5 1.3
[ITuprHa BEpXHEUYETIOCTHON KOCTH 8.2+0.2 7.84£0.2 1.4
JIHa HUKHEH 4enrocTi 56.9+1.0 56.3+0.6 0.5
BricoTa pbUIbHOI MIOIIAKU 41.5+£0.7 39.9+0.4 1.8
[ITupuHa peUIPHON IIOIAAKH 33.2+0.3 32.6+0.3 1.3
Haumensbiias BeicoTa Tena 33.6+0.3 32.7+£0.4 1.6

* KpHTCpHP’I CTBIOZ[eHTa 110 TUTAaCTUYCCKUM IIPU3HAKAM MEXKAY JJOCOCEM €CTECTBEHHOI'O U 3aBOJACKOTO BOCIIPOU3BOACTBA
(=25 ,Td ypur. = 2.11).
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Mo oTHOCHTENBHBIM MOP()OMETPUUECKUM IOKA3ATENsIM MEXKIY OCOOSIMH 3aBOJCKOIO M €CTECTBEHHOTO
BOCIIPOM3BOJICTBA BBISBICHBI pasivuus Mo 4 mpu3HakaMm. Tak, HaMMEHbIIAS BBICOTA TENA, [UIMHA OCHOBAHHS M
HauOOJIbIIAsT BICOTA CIIMHHOTO IUIABHUKA OKa3aJHCh OOJIBILE Y JIOCOCS €CTECTBEHHOIO BOCIIPOM3BOJICTBA, a JTUHA
XBOCTOBOTO CTEOJISI MEHBIIIE, IT0 CPABHEHHIO C “3aBOACKUM”. DTO, OYEBHIHO, 00YCIOBICHO OONBIICH BBITSHYTOCTHIO
3aHET0 OTneNa Tena ‘‘3aBojckoro” nococss. UTo KacaeTcsi CIMHHOTO IUIaBHHKA, TO €ro pa3Mephl Y JIOCOCS
€CTECTBEHHOTO BOCIIPOU3BOJCTBA MOTYT OIPECIATHCS O0Jiee CIOKHBIMU YCIOBHSIMH CYIIECTBOBAaHUS, a Y JIOCOCS
3aBOJICKOTO BOCITPOM3BOJICTBA HA Pa3MEPhl 3TOTO MPH3HAKA MOTJIO TIOBJIMATH CIlle HEKPO3HOE 3a00JIeBaHHE.

Martepuaisl 10 HHACKCAM BHYTPEHHHX OpPraHOB 0000IIeHbI B Ta0n. 8. M3 3TUX JaHHBIX CIEIYET, YTO BEITHMYMHEI
WHJICKCOB HCCIICOBAHHBIX OPraHOB Yy PBHIO M3 pa3HBIX yCIOBHH BOCIPOHM3BOJCTBA HE pa3diuyaroTcs. VckimodeHne
COCTaBWJIM JIMIIb TIOKA3aTeIM OTHOCHTEIEHOW MAacChl KUIICYHHUKA. Y JIOCOCS 3aBOJICKOTO BOCIIPOU3BOJICTBA MHIICKC
KUIICYHUKA ObUT OOJIBILIE TT0 CPABHEHHUIO C JIOCOCEM €CTECTBEHHOIO BOCIPOM3BOJCTBA. Ha yBennueHne KOJIMYecTBa
MUJIOPUYECKUX TMPHUIATKOB U OTHOCHTEILHOIO BeCa KHIIEYHHKA JIOCOCS, MOJIOJb KOTOPOIrO BBIPAIIMBAIACH HA
PBIOOBOJIHOM 3aBOZIC, MOIJIO OKa3aTh BIMSHHE KOPMIICHHE PbIO CyXHM IpaHyJlUpOBaHHbIM KOpMOM. Kak m3BecTHO
CyXHe TpaHyJIMPOBaHHbIE KOPMa UMEIOT OOJIBIIYIO MacCcy OaJIACTHBIX BEIIECTB [0 CPABHEHHUIO C KUBBIMU MHIICBHIMU
00BEKTaMH JIOCOCS B €CTECTBEHHBIX YCIOBHSIX.

Tabmuna 8.
MHpeKcsl BHYTPEHHHX OPraHoB HaryabHOro jococs (2.1+-3.3+) (Td pume.=2.105)
Opran M+m Min Max c CV Td**
Cepaue 1.8+0.1* 14 2.8 04 20.3 -1.4
2.0£0.1 1.3 4.8 0.6 31.4
XKabpsr 27.2+0.8 19.6 | 363 39 14.5 -0.5
28.0+1.4 11.7 48.7 7.1 25.5
[Teuenn 13.3+0.9 8.8 30.3 4.6 344 0.1
13.2+0.7 1.3 20.6 3.7 28.2
Cenesenka 2.0£0.2 1.0 43 1.0 49.0 -1.4
2.9+0.6 1.2 16.4 2.9 101.5
Kenynox 9.64+0.5 59 16.5 2.5 26.1 1.0
8.9+0.4 5.8 15.1 2.1 23.5
Kumreunnk 36.4+£2.6 4.6 70.6 12.9 354 -2.7
45.1£1.9 29.8 71.5 9.6 21.3

* — B YHCIMTENIE JAHHBIE 10 JIOCOCI0 €CTECTBEHHOT0 BOCIpon3BoacTBa(n = 25),
B 3HAMEHATeJIe — I10 JIOCOCKO 3aBOJICKOTO BOCIIPOU3BOJCTBA (N = 25).
** — kpurepuid CThIO/IEHTa MEK/TY JIOCOCEM 3aBOJICKOTO M €CTECTBEHHOTO BOCIIPOU3BO/ICTBA.

CXO}ICTBO OOJIBIINHCTBA BEJIWYUH HHACKCOB OpPraHoB JIOCOCA U3 PA3JIMIHBIX yCJ'IOBl/Iﬁ BOCIIPOM3BO/JICTBA
IIOKa3bIBACT, YTO HMCCIICJOBAHHBIC Mop(botl)mnonomqecxne Mokaszatejm MOryT OLITh HCIIOJIL30BAHBI JUIA OLICHKHU
Ka4yeCTBa MoCcajovHoro MmaTrepuajia, BblpaliuBacMoro Ha p]:l6OBOLlHI>IX 3aBoJax.

3AK/IIOYEHHUE

B Hactosmee Bpems mpoOiieMa COXpaHEHHS W TOCIEAYIOMIETO YBETUYEHUS IPOMBICTIOBEIX 3allacOB 03€PHOTO
nococst (Salmo salar L. morpha sebago Girard) B OHeXCKOM 03epe MMeeT OCOOSHHO Ba)KHOE 3HA4YECHHE, KaK B
XO3STCTBEHHOM OTHOIICHHH, TaK U B HAY4YHBIX Iensax. OMHUM W3 HalpaBlIeHUH PEIICHUS 3TOW MPOOIEMBI SBISIETCS
pa3BeIeHHE JIOCOCS B HCKYCCTBEHHBIX YCHOBHSX. OmHAKO H3-3a OTCYTCTBHUS CIICIIHATU3MPOBAHHON Oasbl yis
MOJTY4€HHsI KaueCTBEHHOTO I10CaJ04YHOI0 MaTepHaia U paclIupeHus] 00beMOB 3aBOICKOTO BOCIPOU3BOJICTBA JIOCOCS
3aJla4yd 3TOTO HANpaBJICHHs MPAaKTHYeCKUA He pernarorcs. OOmue 00beMbl BBIPAIIMBAHUS MMOCATOYHOI0 MaTepualia
03EPHOTO JIOCOCs, pa3MeIaeMoro B OCHOBHOM B Oacceiine peku Ilyu, gaie Bcero He mpesbiiatoT 300 ThIC. ocobeli B
Bo3pacTte oaMH — JBa roxaa. [Ipu stom orcyrcTByeT MOp(hoH3NOIOrNIecKHii KOHTPOIb KauecTBa BBITyCKaeMOH
MOJIOAN M HE UCCIIeyeTcs ee 3HaueHne B (POPMHUPOBAHNH ITPOMBICIIOBOTO CTaJa JIOCOCH.

VYunThIBasg Ba)XKHOCTh CO3JaHUS CIICHHMAIM3UPOBAHHOM IPOM3BOACTBEHHON 0a3pl IO Ppa3BENEHMIO JIOCOCS B
HCKYCCTBEHHBIX YCIIOBHSIX HEOOXOIWMO OBLIO OIpPENeNHUTh 3HAUYE€HHE 3aBOJCKOW MOJOTU B (OPMHPOBAHUU
MIPOMBICIIOBBIX 3aI1aCOB JIOCOCS U AaTh KPUTEPUH OLIEHKH ee kauecTBa. C 3TOH 1emnbio 1o 3aka3y KapenpreiOBoma ObuH
MPOBEACHH pabOTHl IO WCCICIOBAHUIO OMONOTHYECKHX OCOOCHHOCTEH HAryJBHOTO JIOCOCS, CTPYKTYpPBHI €ro
MOMYJISIMK, AWMHAMUKA OMOMETPUYECKUX ToKazarenedl u Mophodu3noIornyeckux MpPU3HAKOB PhIO 3aBOJCKOTO U
€CTECTBEHHOT'O BOCIIPOM3BO/ICTBA.

s pemenus 3amad 3Toil mpobiemsl B 1999 rony B paitone Illentoszepo-bpycHo Omnexckoro ozepa Obu10
UCCIIE0BAaHO 72 3K3eMIUIsIpa HaryjibHOro Jiococsi. Pasmepsl uccnenoBanHbX pol0 (AC) H3MEHSUIMCH B Ipesenax oT
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38.0 mo 79.5cm, macca tema — ot 0,4 1o 5,1 kr. KonmmgectBenHo npeobnamanu peidel mmmHOW 50-70cM 1 BecoMm
1.0-3.5 kr. D10 OBUIM B OCHOBHOM 0CO0H B Bo3pacte 4+ - 6+. OO0uiuii BO3pACcT MCCIIEI0BaHHBIX PHIO KoJiebancs ot 3+
1o 7+. MonanbHasi BO3pacTHas TpyIna — IMIECTHIIETKH (5+).

YCTaHOBIICHO, YTO PEYHOI MEpHOJ| KU3HHU J1ococs konebnercs oT 2 10 4 ner. OCHOBY HAryJbHOTO CTaJa JIOCOCS
COCTaBJISIIOT OCOOM C PeYHbIM HepuozIoM ku3Hu 2 U 3 roma (mo 47 % xaxnias Bo3pacTHas rpynma). Monojp jococs,
BBIITyCKaeMasi B pEKH paHHEH BECHOI B Bo3pacte 2-3 rojia, CKaThIBa€TCsl B 03€PO B 3TOM )K€ TOJTy, @ CEr0JI€TKU U FOI0BUKH
MPOBOJST B PEKE ellle He MEHEE OJTHOTO roJia.

HarynbHoe crano onexckoro jococsi B paiione Illentozepo mpezncraBieHO ppldaMH Kak U3 €CTECTBEHHBIX, TaK U
HCKYCCTBEHHBIX YCJOBHHM BoOcnpou3BojcTBa. OmpenesieHo uX cooTHomeHue. Jlonst pbeid, MOJOAb KOTOPBIX
BBIpalMBATAaCh B 3aBOJICKMX YCIIOBHSX, B pasHBIX BO3PACTHBIX IpymIax Kojedaiack oT 66 mo 83 %, B cpenHeM
coctaisist 53 %. BenuunHa 3TOT0 Mokaszatesnsi CBUACTEIbCTBYET O OOJIBIIOM 3HAYCHUH 3aBOJICKOTO BOCIIPOU3BO/ICTBA
03epHOro J0coCsi B (DOPMHUPOBAHUK €r0 MPOMBICIOBOTO cTaga B OHexckoMm o3epe. IIpu 3TOM yCTAHOBJIEHO, YTO
JIOCOCH W3 PAa3IM4YHbIX YCJIOBUII BOCHPOM3BOJCTBA IO Pa3MEPHO-BECOBBIM I1apaMeTpaM IPAaKTHYECKH He
pasznmmuaroTca. VICKIIIoueHWe COCTaBWIM JHWIIb peIOBI B Bo3pacte 2.1+ m 3.2+, Takum o6pa3om, yciIoBus
BOCITPOHM3BO/ICTBA JIOCOCS MTPAKTUYECKH HE OKA3bIBAIOT BIIUSIHUS HA €T0 POCT.

VY Jococss ogHOro 0O0IIEro BO3pacTa MPOJIOJDKUTEIBHOCTh PEYHOTO Iepuojia XHM3HM CKa3bIBa€TCS Ha €ro
pa3sMepHO-BeCOBBIX Tapamerpax. CpaBHEHHE CpeIHHX pa3MepoB pbIO OJHOro BO3pacTa, HO C pPa3HOM
MIPOJIOJDKUTEIBHOCTBIO PEYHOTO TMEepHO/a TOKa3bIBAET, YTO YeM JOJIBLIE JIOCOCh JKUBET B PEKE, TEM MEHBILE €ro
KOHEUHBI pa3Mep IpHu Harylie B o3epe. Tak, jococu B Bo3pacTe 2.2+ MMEIOT NPEHMYIIECTBO Hepen peldamMu B
Bo3pacte 3.1+ B OAMH HaryJbHBIH CE30H, MOITOMY IIE€PBbI€ 3HAYMTENBHO KpylHee BTOpbIX. [Ipu paBHOH
MIPOJIOJDKUTEIBHOCTH BPEMEHHM Haryjia B 03€pe POCT JIOCOCS MPAKTHYECKH OAWHAKOB. JTO 3HAYUT, POCT JOCOCS B
HaryJbHbINA TIEPHOJ MaJIo 3aBUCUT OT BO3PACTa MOKATHUKOB, & B OOJIbILEH CTEIICHN OMPEACIsIeTCs YCIOBUSIMU HaryJia
B 03epe.

AHanu3 TMOJOBOM CTPYKTYPhI IIENTO3EPCKOr0 CTaja HAryJbHOTO JIOCOCS IIOKa3al, YTO JIOJsl CaMOK B Pa3HBIX
BO3PACTHBIX Ipymmax kKoiedaercs ot 17 1o 83 %. Yarme Bcero HabIrOIaeTCs MpeodiafaHnue CaMoK.

Mexay oco0sSMH 3aBOJICKOTO M E€CTECTBEHHOTO BOCIHPOW3BOJCTBA BBISIBJICHBI HE3HAYMTENbHBIC Pa3duus IO
MepuctrdeckuM (1o 3 u3 9) u miactudecknM (o 4 m3 36) mpu3HaKaM, a Tarke MO WHIEKCaM BHYTPEHHHX OPraHOB
(o 1 u3 6).

Takum 00pa3om, NpUBElICHHBIE MaTepHaIbl CBUIETEICTBYIOT O TOM, YTO BOCIPOU3BOJCTBO JIOCOCS B 3aBOJCKHX
YCJIOBUSIX MMeEET O4eHb OoJblIoe 3HaueHHe B (POPMHPOBAHMM €r0 HArylbHOTO CTaga W TpedyeT AanbHeWIero
pasBuTHS U coBeplieHcTBOoBaHMs. OleHKa KadecTBa 3aBOJCKOH MOJIOJH, KPOME pa3MepHO-BECOBBIX ITOKa3aTelieH,
MOXET IPOM3BOAMTLCS II0 OCHOBHBIM MOPp(HO(U3NOIOTHYECKHM IapaMerpaM (cepAle, IeYeHb, XaOpbl H
MUIEBAPUTENILHAS CHCTEMA).

JanpHeiimee pa3BuTHe JococeBoacTBa B PecmyOmuke Kapemus cieayeT OCyIIECTBIATH C YYETOM Pe3yIbTaToB
JIAHHOT'O MCCJICJIOBAHUSI U COBEPILCHCTBOBAHHS MEXaHU3Ma PEryJIMPOBAHUS UCIIOIB30BAHKS POMBICIOBBIX 3aI1acoB
03epHOro jococsi B OHEXKCKOM 03epe.
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COCTOSIHHUE IONYJISIIIMA 1 BOCITPOU3BOJICTBO
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Pe3lome

[IpencraBneHsl TEHOCHLUUHM Pa3BUTHUA MEXIYHApOJHOTO IIPOMBICIA aTJaHTHYECKOro jococs B banrtuxe.
AHanu3upyercsl JMHAMHMKA YUCICHHOCTH IOMYJSAIMH NaHHOTO BHIA B pekax Poccuu, Bmajaromux B 3TO Mope.
CraenaH BBIBOA 0 HEOOXOIUMOCTH AalbHEHIIETO yBETUUEHHSI 00hEMOB BEIITyCKa Pa3HOBO3PACTHON MOJIOIH JIOCOCS
C HaIMOHAJIFHBIX PHIOOBOIHBIX 3aBOJIOB PETHOHA.

BBEJIEHUE

Ha Geperax BanTHiicKoro MOpsi, NPEICTABIAIOMEr0 CcOOO0H OTHOCHTENbHO HeGOMbIIOH (386 Thic. KM’)
MTONTy3aMKHYTBIH BOoIOoeM, B 9 rocymapcTBax MpOXXKHMBAIOT OKojo 80 MIIH. YeJOoBeK. 3/1eCh M3JaBHA Pa3BHUBAIOTCS
MIPOMBIIIUICHHOCTh, CEIIBCKOE XO3SIMCTBO, PBHIOHBIN MPOMBICET W K HACTOSILEMY BPEMEHH HCIIOJIb30BAaHHE BOJHBIX
pecypcoB, MOJJEPKAHUE 3aMacOB TAKMX LEHHBIX BHUAOB PBIO KaK aTIaHTHYECKHH JOCOCH PEryJUpPYETCs IMyTeM
COIJIAaCOBAHHBIX JIEWCTBHH Bcex NMPHOpPEexXHBIX cTpaH. C 3TOH Lenbio co3naH psa MexayHapoIHbIX OpraHu3aluid U
skcnepTHbIX rpynm. K ux uucny otHocsresa: MexnyHaponusiii Coser no Mcnomns3oBanuto PecypcoB Mopeit (ICES
— International Council for the Exploration of the Sea, BkiIrouas ero sKCHepTHYIO rpymmy o baatuiickomy J10coCko
n kymxke — WGBAST (The Baltic Salmon and Trout Assessment Working Group), MexxayHapoaHbIii KOMHTET 110
psroonoBetBy B bantuiickom mope (IBSFC — International Baltic Sea Fishery Commission), banruiickuii komuret
mo 3ammre Mopckor cpenpl — HELKOM (Baltic Marine Environment Protection Commission — Helsinki
Commisson). B mocnenHue roxpl npeAnprHUMAETCS MONBITKA OOBEANHUTh YCHIMS 3THX OPTaHHM3alMid B paMKax
nmonroBpeMenHoro Crpartermueckoro [lmama Jletictmit (“Strategic Action Plan), mpu3BanHOTO yiay4muTh oOriee
COCTOSIHHE€ DKOCHCTEMBI MOPSI, OIIEHUBAaEMOe celdac Kak “dKCTpEeMalibHBINA cTpecc”.

JloB nococsi B bantuiickom Mope perymupyercs €IWHBIMH IpaBHJIaMU PHIOOIOBCTBA, KAaCAIOIIUMMUCS
IIPOMBICJIOBOI MEPBI, CPOKOB, palilOHOB U Opyauil joBa. [Iporpamma KOHTpOJIsL HaJ IPOMBICIIOM IIPEUIOKEHA €IlIe B
1902-1903 rr., a 3atem noiy4uia pa3BuTre Ha MexayHapogHoMm peidooBHoM Konrpecce B Bene B 1905 1. 1 Ha 1-Mm
MexnynaponHom banruiickom Konrpecce B Pure B 1910 r. (Henking 1913). B coBpemeHHBII nepuoja oOuiue
00wembl momycTuMbix yiioBoB (OY; TAC — total allowable catches) exeromHo ycTaHaBIHMBAIOTCS C y4ETOM
JMHAaMHKH TIOTIOJHEHHs cTajga. HannoHanpHble KBOTBI PACCUMTBIBAIOTCS MCXOJS M3 BEIMYHMHBI ATOTO MOKA3aTels U
KOJIMYECTBa CMOJTOB Jiococss (“3aBOJCKMX’ M “IUKHMX’), IOCTYNAIOIMX B MOpPE M3 PEK KaXIOW CTpaHBbI.
VHTEHCHBHOCTD MEXyHAapOIHOTO MPOMBICTA Ha OOIINX [UIs MOIMYJISIMI pa3HbIX CTpaH MECTax Haryija pel0 B MOpe,
a TaKKe Ha IYTAX WX HEPECTOBBIX MHUTPALMA K pEeKaM OKa3blBAaeT CYIIECTBEHHOE BIMSHHE Ha BO3BPAT
MIPOM3BOANTENEH B PEKU. B CBA3M ¢ 3THM, 33/1a4a MMOJAEPKaHUS HAMOHAIBHBIX MOITYJLIIUI JIOcOCS HEOTAEINMA OT
o01m1ei mpodaeMbl coXpaHeHus 3TOro Bua B Oacceitne banruiickoro Mopsi.

IMPOMBICEJI 1 BOCITPOU3BOJACTBO JIOCOCS B BAJITUKE

BruioB nococst B banTuke npeteprnen 3HaunTeNbHBIC H3MeHeHus 3a nocienaue 100 et (Anon 1979; 1999, 2000,
2001). K navamy XX-ro Beka BEJIMUMHA €r0 B BECOBBIX €AMHHMIAX cocTrabisuia MeHee 500 T W mo3xHee MeIUIeHHO
yBennuuBanachk 10 okoHdaHus 11 Muposoit BoitHEI (puc. 1). C 1945 r. BEUIOB pe3k0o BO3POC M BIOCIEICTBHH HE
omyckancs Hmwke 2000 1. CaMblif 3HAUUTETBHBIN POCT €ro OTMedeH HaduHas ¢ 1984 r. MakcuManbHBIX 3HAYCHUH
BELTOB JIococst B bantuke moctur B 1990 1. (5636 T), HO B IOCIEAYIOIIHE TOABI CHU3WICA 0 YPOBHEH, COTIOCTABIMBIX
¢ TakoBBIMH B 1945-1983 rr. OCHOBHOI NMPUYMHON CHIXEHHS YJIOBOB cUHTaeTcs 3aboneBanne M74, BBI3bIBaBIEE
rubens 6onee 50 % mauanHOK B mepuon 1992-1996 r. u, COOTBETCTBEHHO, CHI)KEHHUE KOJIMYECTBA MPOU3BOIUTENCH
nmococst (Report... 1993; 1995). B kadecTBe WHBIX TPUYMH HA3bIBAIOTCS HETaTHBHBIE W3MEHEHHUS B COCTOSIHHUH
9KOCUCTEMBI MOpsi M TmepesioB. He HOIKHBI HMCKIIIOYAaTbCS W3 PAaCCMOTPEHHMS W MHOTOJETHHE (IIyKTyaluu
YHCIICHHOCTH, XOPOLIO U3BECTHBIE Y JIOCOCS, HAr'YJIMBAIOLIETOCs Kak B BalTHIICKOM MOpe, TaK | 3a €ro MnpeJesiaMy.
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Puc. 1. MHoroneTHss JUHAMUKa 00IIEro ¥ HALMOHAJIBHOTO BBIJIOBA Jiococs B banTuiickom Mope.
B nepuon ¢ 1972 o 1980 rr. — nannsie no CCCP, no3aHee — no Poccun

O6mas Benunna OJ]Y 6buta cHmkena B mepuona ¢ 1993 mo 2000 r. ¢ 770 teic. mt. 10 540 ThIC. WIT. PeanbHbii
€XKEroAHbIM BBUIOB Jococd B 90-e roasl Bo Bceil akBaTopun bantuiickoro mops ouenusaercss B 500-600 ToIc. miT.
HaubGounbinee xommvectBo peid oTnaBimBaeTcs B [aBHOM OacceiiHe u B boTHHdyeckom 3anuBe. B @unckoMm 3aimBe
BBIJIOB B ITOCJIEHEE AECATHIETHE OOHAPYKUBAET YCTOMUYMBYIO TCHACHIMIO K CHIDKEHHIO: ¢ 653 T B 1991 1. 1o 164 T
B 2000 r. (Anon 2001).

Bonpme Bcero noBar OGanruiickoro nmococs Ouansgamus, [sernws, JaHus M 3TH k€ CTpaHBI UTPAIOT BEIyIIYIO
pPOJTb B MOIICPKAHUHU €0 3alacoB. 3HAYUTENBHBIA PEYHONW TPOMBICEN JIOCOCS, HApsITy C MOPCKHM, COXPaHWIN JO
HacTosmero Bpemern Tonbko llIBenns n @unnsaaana. o 29 % ocobeil B peyHBIX YJIOBaxX 3THX ABYX CTpaH eIe
COCTaBJISIIOT PBIOBI OT €CTECTBEHHOTO HepecTa (“muKme”), TOrAa Kak B I[elNoM Mo banTuke O0is MX yXe He
mnpesbimaer 10 %. Ilo caMpIM ONTUMHCTHYECKHM OIIEHKaM €CTECTBEHHOE Pa3MHOXKEHHE JIOCOCS MPOHMCXOIHUT He
Oonee yem B 40 pekax, Bmajaromux B bantuiickoe mope. OOliee KOJIMYECTBO €XKETOAHO MHUTPUPYIOLIIMX M3 HHUX
“IMKUX” CMOJTOB 3TOro Buaa B KoHie 80-x - Havane 90-x rofoB OIeHMBACTCS NMpuOIu3nuTeabHO B 600 ThHIC. IIT.
Bcenencreue M74, ono camxkanoch Kk 1997-98 rr. go 350-460 Thic. miT., HO ¢ 1999 r., Kak 0XXKAAIOCH, BHOBb MOTJIO
JIOCTUTHYTH TPEXHEro ypoBHS. OOLIMIA €XEToJHBIH BBIMYCK “3aBOJCKHAX~ CMOJTOB JIOCOCS BCEMH CTpaHAMH B
Bantuiickoe mope B 1998-1999 rr. cocraBisin 6,4-5,9 (B cpeaneM 5,27) MiH. mT., B ToM 4ucie B OUHCKUIA 3aUB
(Ounnsaaguelt + Poccuelt + Dcronueit) — 824-891 thic. mit. Iiis mieneil BOCIIPOU3BOICTBA SKETOAHO UCIIOIB3YIOTCS
0KOJI0 5 % OT Yrcia BEUIABIMBAEMBIX JIOCOCEH.

Tak Ha3piBaeMbIe ‘3a/ep)KaHHbIC BHITycKH BbIpameHHoi momomu (Eriksson 1991; Report... 1994 u mp.)
nposoasaTcs Beuuneit u Janueit B pailonax octpoBoB bopuxonsm u 'otnana, a OunnsHauen — y AJaHACKUX
OCTPOBOB M oOOecmeyuBaroT ceiiyac mopsgka 5-15 % ot oOmero BeuioBa sococss B ['maBHOM Oacceitne. Takue
BBIITYCKH YBEIHMYMBAIOT CTPIUHT MUTPAHTOB. ECTh COOOIIEHHS O peruCTpaiy B OTAEIbHbIE roAsl 10 500 mT. tococs
OanTuiickoro mpoucxoxnaeHus BHe 3Toro Mopsa. o 10 % 3axomsmux B HEKOTOPBIE PEKH MPOU3BOIUTENEH
COCTaBJISIFOT MHOTAA “‘UyHe” 0coOu OT “3a/1epyKaHHBIX BBITYCKOB”.

Poccust B 90-e roapl exeroaHo otTiaBiuBaiia B OacceitHe bantuiickoro mMops oT 5 a0 9 ThIC. WIT. JIOCOCS, UYTO
cootBercTBoBajo 0,89-3,68 (B cpennem 1,79) % ot obwero BoutoBa (puc. 1). JIoB mpoBoauiICS MPEUMyIIECTBEHHO B
26-m monpaiione. B 32-m moppaiione (®uuckoM 3ammBe) B 1996-2000 TT. KOMTUYECTBO OCOOCH, YYTEHHBIX B

HAIIMOHAJIFHOM MPUOPEKHOM JioBe, coctaBmio 1485, 1023, 65, 96 u 79 mwir., a B pekax — 325, 401, 682, 964 u 666
IIIT., COOTBETCTBEHHO.

UCTOPUSA U COBPEMEHHOE COCTOSIHUE MONYJIAIAN BAJITHUCKOT O
JJOCOCH B PEKAX POCCHUH

Jlococs perynsipHo 3axoaut u3 bantuiickoro mops B 3 kpymnusie peku CeBepo-3anana Poccun — Hey, HapoBy u
Jlyry. IIpomblIlIEHHBIH JIOB €r0 B 3TUX peKax B HAacTosllee Bpems He Beaercs. [IponsBoauTeneit OTaaBIMBalOT JIUIIb
JUTSL TIeJield 3aBOJICKOTO BOCIIPOU3BOJICTBA. AHAJIM3 JaHHBIX, MOJYYEHHBIX aBTOpPaMU B IPOIECCE MOHHUTOPUHIA B
MoCTeNHee JIECSTWICTHE, a TAKKE W3yYeHHE apXMBHBIX MAaTCPHAJIOB, OTPAKAIOMIUX JEATEIBHOCTh PHIOOBOIHBIX
3aBOJIOB U COCTOSIHME MOMYJISLMI B MpeALIECTBYIOIUNA MEPUOI, TO3BOJIAET MPEACTaBUTh MHOTOJIETHUE TE€HACHLIUU
YUCJIEHHOCTH JAHHOT'O BUJIA B KaXXI0M U3 HA3BAHHBIX PEK PETHOHA U OLIEHUTH NEPCIIEKTUBBI €r0 COXPAHEHUS.
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Pexa HeBa, npoTsnkeHHOCTBIO 74 KM, K Hadarry XIX-ro Beka oOecreunBaia €KerOIHBIA BBUIOB 0K0Jo 10 THIC.
IT. Jococs Tobko B paitoHe [loporos. K 60-M rogam TOro ke Beka TaKoe KOJIMYECTBO PHIO JIOBWIIM JIMIIL BO BCEH
peke. JlanpHelee CHIKEHHE BBIJIOBA MPOM3OIIIO K Hadalry XX-ro Beka, HO 10 1916 r. Ha Tone y a. JlyOpoBku
no6siBanock eme a0 100 mr. gococs B cytku. B 1930-34 rr. MakCHMamIbHBIN TOZOBOM BBIJIOB €r0 B PEKE COCTABIIIT
okouo 3 teic. T. (Ilepco 1935; 1937; XKykosckuii 1939). Hepectunuia iococst HaXOIWIKMCh Ha ydacTke p. HeBsbl
ot a. [Toporu 1o ucroka y r. lllnuccens0ypra u . lllepemerseBKH.

PriboBoHBIE pabOTHI Ha 3TOH peke Havamuch B 1881 r., korma B [letepOypre ObLIO CO3MAHO MOKA3aTEIBHOE
otaenenue Hukosibckoro peidoBoaHoro 3aBoja. Cropaaniyeckue BBITyCKH HEOOIIBIIOT0 KOJMYECTBA MAIBKOB JIOCOCS
MIPOBOAMIIMCH 3THUM 3aBojoM 70 1915 r. B 1921 r. Obii opraHu30BaHbl MyHKTHI JJIs1 cOOpa M MHKYOalnuu MKpHI B
OcTpoBKax M 3TOT TroJ| CUMTAETCs BpEeMEHEM OcHOBaHMs HeBckoro pwiooBomHoro 3asoxa (mo 1927 r. — 1-ro
TlocynmapctBerHoro 3aBoma). B 20-x - magame 30-x romoB ¢ HeBckoro 3aBofa BBIMYCKaIH TOJNBKO JUYHWHOK, a C
cepenunbl 30-x ronoB u ceronetok (puc.2A). C 1937 r. mpoBOAMIOCH ONBITHOE BEIPAIIMBAHUE IBYXJICTOK M MEUCHUE
3aBOACKON MPOAYKIHWH. B ITOCIEBOEHHBIN TNEpPHOA MPOM3BOJICTBEHHAS AEATEIFHOCTH 3aBOJa BO30OHOBHIIACH C
1947 1., a BelpamuBanue aByxieTok — ¢ 1960 1. (puc. 2Bb). B 1965-67 rr. HeBckuii 3aBo IPaKTHYECKH MTOTHOCTHIO
TeperIes Ha BBITYCK ABYXJIETOK M YacTh MPOAYKIIMH CTaJ BBIITYCKAaTh B JBYXT0I0BaJIoM Bo3pacte. Jloms “3aBoackux”
(TToMeYeHHBIX IyTeM OTpe3aHMsl >KUPOBOIO IUIaBHUKA) PhIO cpeau Bo3Bpalatoimumxcs B HeBy mpousBomureneit
ObICTpO yBenuuuBasiach B nepuoxa ¢ 1960 mo 1970-e rr. ¢ 22 mo 89 % (IlepcoB 1971; MenbaukoBa u ap. 1980).
HemHorouuciaeHHble HeMeueHbIE pbleI TaK>X€ MOIJIN 6I)ITI) 0co0sIMH 3aBOJICKOTO IIPOUCXOKIACHHUA, MOCKOJIbKY
METWIA TOJIBKO 4YacTh BBITycKaeMOM Mosogu. Ilo pacyeTHBIM [aHHBIM TeX J€T Ha JOJI0 €CTECTBEHHOTO
BOCIIPOM3BOACTBAa NpUXOIMIOCh yxke He 6onee 10 % pri6. K 80-M romam npu xpaiiHe orpaHHueHHOM M HE JAI0LIeM
Pe3yJIbTaTOB €CTECTBEHHOM HepecTe yXe 5-6 mokosieHui jococsi B p. HeBe BOCIIpOM3BOAMINCH MTOJTHOCTBIO 3a CUET
nestenpbHOCTH HeBckoro peidoBognOro 3aBoaa (Kasakos 1982). OTo moaTBepaAniIy U JaHHBIE TIPOBOJMBILIETOCS HAMHU
MOHHTOPHHTA: OTHOCHTENBHAS YHCICHHOCTh OCOOEH, KOTOpBIE MO CTPYKTYpE PEYHOW 30HBI YEIIyH MOTJIH OBITh
oTHeceHb! K unciy “aukux”’ B 1990-1994 rr. ne npessimana 1-2 % u Takue ocodbu oTcyTcTBOBaNM no3anee (Murza,
Christoforov 1992; Xpucrodopos, Mypsa 1998, 2000a, 0). Yrpara 3pPEeKTHBHOIO €CTECTBEHHOTO Pa3MHOMXEHHUsI
smococst B p. HeBe He MoxeT OBITh OOBSICHEHA BBIJIOBOM BCEX BO3BPAIIAIOIIMXCS MPOU3BOIUTENEH, MOCKOIBKY B
HEBCKOW MOITYJISAIIH Ha MPOTSHKEHNH MHOTOJIETHETO IIepHoia HaOIIOJeHUH OCTaBajloCh 3HAUYNTEIBHBIM KOJIHMYECTBO
oco0eil ¢ Tak Ha3bIBAGMBIMH ‘‘HEPECTOBBIMH Mapkamu’ Ha derrye. Jloys Takux peid cocraBimsuia B 1929-1936 rr.
9,2-15,7 % (IlpaBoun 1939), B 60-e roasr — mo 15,1 % (Xanrypuna, [llumanoBckas 1969) u B 90-e roapl —
4,2-28,0 % cpenu camok u 21,0-38,5 % cpeau camioB (Xpucrodpopos, Myp3za 1998, 20000). dopmupoBanue
“HepecTOBBIX MapoK~ OTpa’kaeT M3MEHEHHE KaJbIIMeBOro 0OMEHa NPU CO3PEBAHUH MPOU3BOJMTEIICH 1 HE CBSA3aHO C
npouieccoM Hepecta. [103TOMy HamMuMe 3THX CTPYKTYP Y BO3BPAILAIOIIMXCS IIPOU3BOJIHUTENICH HE MOXET CIIY>KHTh
apryMEHTOM B TIOJb3y COXPAaHEHHUS €CTECTBEHHOTO HEPECcTa, HO JOKA3bIBA€T, YTO PBHIOBI HE OBUTH MONMAHBI MPHU
IEPBOM 3axo0jle¢ B PEKy B MPEIIISCTBYIOUINE TOABI W BEDKWIM. Hambornee BeposTHas NMpUYMHA OTCYTCTBHS WA
Hed(QEKTHBHOCTH HepecTa Jiococs B HeBe B COBpEeMEHHBI MEpHON — H3MEHEHHE SKOJOTHYEeCKHX YCIOBHi. B
1975-1978 r1r. yHWYTOXEHBI VIBaHOBCKME IOPOTH, CIy>KMBIINE OCHOBHBIMH MecTamum Hepecta. K 1986 r.
3HAYUTENbHAs 4YacTh HeBCkoW TryObl, SBISIOMIENWCA TPAH3UTHOM 30HOM HA MYyTAX MHUTPAUUdN MOJOOU U
MIPOU3BONTENCH HEBCKOTO JIOCOCS, OKa3aJlach MEepeKphITa coopyxeHnsamMu Kommekca 3amutsl CankT-IlerepOypra
OT HaBoAHeHHH — “nam6Ooii”. Kpome toro, B 80-e roabl IPOUCXOAMIO YCHIICHUE CY/I0XO/ICTBA, 3arps3HEeHNE BOJbI U
rpyHTOB KaKk B p. HeBe, Tak u B ®unckom 3anuBe (Kudersky 1997). Ha ¢doHe 3THX M3MEHEHUII HAMH OTMEYalIOCh
YXYZLIECHUE KaueCcTBa raMeT Y BO3BPALLABIIMXCSA B PEKY IPOU3BOAUTEIEH U CHU)KEHUE YPOBHEH I10JIOBBIX TOPMOHOB,
IpeXJe BCEro TecTocTepoHa, B WX KpoBu. Jlume B 90-e romsl sKojornyeckas oOcrtaHoBKa B p. Hese u
PENPOAYKTHBHBIE XapaKTEPUCTUKH JIOCOCS, SIBIISIOIIETOCS YyBCTBUTEIBHBIM OWOWHANKATOPOM  COCTOSHHS
9KOCHCTEMBI, BHOBb CTAJIN YIIy4IIaThCS.

KommuectBo nmponsBoauTenelt Iococs, OTIABIMBABIINXCS B p. HeBe B ociieBoeHHEIH niepro 1 (puc. 3), mposSBIsSET
YEeTKYIO 3aBUCHMOCTh OT YHCJIEHHOCTH U Ka4eCTBEHHOTO COCTaBa BEHIMycCKaBIelicss HeBckuM pbIOOBOIHBIM 3aBOIOM
momnonu (puc. 2b). Tak, B pe3ynpTare peryisipHOr0o KOMOMHHPOBAHHOTO BBHITYCKa B IIEpHO ¢ KOHIA 60-X 10 Havaia
80-x romoB ot 35,9 mo 110,6 TeIc. WT. ABYXJETOK U OT 1,4 no 11,9 Thic. mIT. ABYXTOIOBUKOB, €KETOJHBIN BBIJIOB
sococst B 1969-1975 rr. mpesbrman 1000 mrt. [To3nuee (¢ 1983 mo Hawana 90-X ro0B) BRITYCKH CHH3IINCH U 3TOT
(hakTOp HEraTMBHO CKAa3aJiCsl HE TOJBKO HAa YMCICHHOCTH, HO U Ha CTPYKType HeBckoW nomyssuuu. Habmomanoch
CYIIECTBEHHOE COKpallleHHE YKCiIa KJIACCOB CaMIIOB M CAMOK JIOCOCS C Pa3JIMYHBIM COOTHOILIEHUEM JUIUTEIHHOCTH
PEYHOro ¥ MOPCKOrO HEPHOIO0B *HU3HU. Tak, eciu B 1973-1985 rr. ObUIO 3aperucTprupoBaHo 25 KIIaCCOB CaMIIOB H
27 xnaccoB camok (Kazako, MenpaukoBa 1987), To B 1986-1989 1T. ux KoNMM4YecTBO CHH3MWIOCH 0 15 u 12, a B
1990-1991 rr. 5o 7 u 5 (Murza, Christoforov 1992). B nociensee necsatuineTne, Korna 00beMbl BEIITYCKOB U COCTaB
BBIITyCKaeMOM MOJIOJM BHOBH CTAJIM HPUOIMXKATHCA K TakoBbIM 60-70-X ToJI0B, HAMETWIACH TEHJICHLUS K POCTY
KOJIMYEeCTBa OTJABIMBAaEMBIX TNpomW3BOAUTENCH. B0300OHOBIIEHHE BBITYCKOB Pa3HOBO3PACTHBIX — IECTPSTOK
CIoCcOOCTBOBANIO YBEIHUYCHHUIO PA3HOKAYECTBEHHOCTH JIOCOCS IO IMPOIOJDKUTEIHLHOCTH PEYHOTO IEePHOAa JKHU3HU:
OTISITH CTAJI THITMYHBI OCOOH, MUTPHPYIOIIUE Ha HAryJl B BO3PACTE HE TOJNBKO 2, HO Takxke 3 u, nHorna, 4 roxa. Jlomm
MHUTPAHTOB 3THX BO3PACTHBIX KIIACCOB B pa3HbIE TOIBI BapbHpyIoT B mpexaenax 31,3-84,1, 10,0-64,9 u 0-11,0 %.
Pasmepsr cmontoB B 1924-1937 rr., Korma B peke elie MPOMCXOAMIIO €CTECTBEHHOE Pa3sMHOKEHHE JI0COCs, TIO0
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JAHHBIM HETIOCPEACTBEHHBIX M3MEepeHHH cocTaBsui 13,4-15,6 cM ¥ 0 TaHHBIM OOPAaTHBIX PACUHCICHUH IO YelTye
npousBoauteneir — 12,7-19,2 cm (CeroBugoBa 1941). B npenBoeHHbIe TOABI JJIMHA Tea OTJIOBJICHHBIX B p. Hee
“mukux”’ W “3aBOJICKMX” CMOJITOB COOTBeTCTBOBasa 16,0-17,5 cm B Bo3pacte 2 roga u 17,5-20,0 cm — B Bo3pacte 3
roga (AumoBckas 1941). biu3kue 3Ha4eHUS MONMYyYeHBI HAMH B pe3yJIbTaTe€ PAaCUMCICHUS pa3MEpoOB CMOJITOB U B
coBpeMeHHbIl niepuoa: 13,5-19,7 cm. Bpemst Murpammu cMOJITOB — Mail — Havyayio UIOHS.
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Puc. 2. BhIITycKH MOJIOJIH JIOCOCS pa3HOTo Bo3pacTa HeBCKMM prIOOBOIHBIM 3aBOJIOM B IPEBOCHHBII (A) U mocieBoeHHblit (B) mepuoabt
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Puc. 3. JlunamMuKa 9UCIEHHOCTH IPOU3BOAMUTEINEH JI0COCS, YITEHHBIX B CTAaTUCTHKE BbIoBa B p. Here B 1928-2000 rr.
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Bemnmunna xoadduipienTa yuTeHHOro Bo3Bpara Jiococss B p. HeBy oT BbimyckoB mMonoanm B 90-e ronsl Wb
HE3HAYUTENIbHO CHU3WIACh, TI0 CPaBHEHHIO ¢ paccunTaHHoU B 60-70-e roasl (Ilepcos u ap. 1980), u cocraBmia: ot
BhImycka ceronetok — 0,1%; oT BeImycka romoBukoB u aByxietok — 0,2-0,9, B cpemnem 0,4 %; oT BhIIycKa
nByxrogosukoB — 1,0-3,3, B cpennem 1,9 % (Xpucrodopos, Myp3a 2000a, 6). ITi naHHbIE, KaK U PE3yJIbTAThI
KOHTPOJILHOT'O OTJIOBA MECTPSITOK 3aBOACKOTO IMPOUCXOXKJIEHUS B p. HeBe, CBUIETEIbCTBYIOT O HAJIMUUH B 3TOH peke
YCJIOBUH AJi )KU3HU MOJIOJH JIOCOCS.

CoBpeMeHHBIIl eXeroaHslil 3axoA Mpou3BoauTenedl Jsococs B p. HeBy mo HammM pacdeTHBIM JaHHBIM
ouenuBaercs B 200-400 mr., HO B OnmKaiiiMe roabl MOXKET HPEBBICHTH 3TOT ypoBeHb. Ce30HHas IMHAMHKa
aHaJIPOMHON MHUTpallMM oOcTajach Takoi ke, kak B 30-e roap! (IlpaBmuH 1939; CeeroBumona 1941). Hexoropsie
0co0M MHTPHPYIOT BJIOJIb CEBEPHOI0 Modepexbs PHHCKOro 3annBa BecHOW M 3axonsT B HeBy B Mae — uIoOHE, HO
OCHOBHOH XOJ MTPOU3BOAUTEINECH OTMEUaeTcs B aBI'yCTe — OKTAOpe. B meproa HaryIbHBIX MATPAIIHiA JTOCOCH HEBCKOH
TIOTYJISALIUH JEPKUTCS TPEUMYIIECTBEHHO B ceBepHOil yactu @unckoro 3ammBa (Toivonen 1973), Ho 3HaunMTeNbHAS
gacTh ocobeit murpupyet u B LlenTpansuelii 6acceitn (MensaIKOBa, [lepcoB 1968; Kazakos u ap. 1986).

B mepuon ¢ 1988 mo 1994 rr. B p. Hese, a mo3anee B p. HapoBe, perncTpupoBainch CiIydadl MOMMKH “dyXKHX
ocobeit armantuaeckoro jococsa (o 0,5-1 % ot umcneHHOCTH Tpom3BoauTeNnei). HekoTopeie n3 3TuX pHIO OBUTH
IIOMCUYCHBI NIBCACKUMU, (l)l/IHCKI/IMl/I, JIATBUHMCKUMU U 3CTOHCKUMHU IIOABECHBIMU METKAMU. le/I’-Il/IHaMl/l CTpOUHTa, KaK
YCTaHOBIICHO, ObUIM “‘3aJiepiKaHHbIE BBIMTYCKH~ MOJIOJIM JIOCOCS HENOCPEACTBEHHO B banTmiickoe Mope, nnbo
BBIITYCKH B MaJIbIC KYMIKCBBIC PEKU.

P. HapoBa, npoTspDKeHHOCTBIO 77 KM, AOCTYIHA JUISl JIOCOCS TOJIBKO B HM)KHEM ydacTKe. MUrpallMOHHBINA MyTh
€ro 1o S5TOH peKe HCTOPMYECKH ObUI OrpaHWYEH HENpPEoNOJMMBIM BOJIONAJOM, HIKE KOTOPOTO B IOpPOTax
Haxomuiuck Mecta Hepecra (I[IpuBonbHeB 1962). MaccoBble BBIITYCKHM MOJIOJAW JIOCOCS M KYMXKH B CHCTEMY CTOKa
p- HapoBer (tounee B IlckoBcko-Uynckoe 03epo W MHTAIONIYIO ero p. Bemmkyro) ocymecTBisuinch Hukombckum
peIOOBOAHEIM 3aBogoM W IIckOBCkoW 3eMckoit ympaBoii eme B 1874-75 rr. UWCIIEHHOCTh TaKHX BBITyCKOB
cocraBisia 16-30 Teic. mT. (Ckatkud 1962). B mocneayromuii mepro ppIOOBOTHBIE MEPOIIPUSATHS HA 3TOH peKe, Mo-
BHIMMOMY, TIPOBOJIUINCH B HeOombImx MacmTadax 3aBonamu Dctornd (Caxyn 1950; [nmrosckuit 1950).

[Tocne Bropoit MupoBoii BOWHBI yCIIOBHA B peKe M3MEHWJINCH B pe3yibTare ruapoctpoutensctBa. C 1953 r.
Havajochk 3anoiHeHne HapBckoro Bomoxpanmmmiia, a B 1954-1955 r. p. Haposa Opina 3aperynmpoBaHa INIOTHHON
Hapgckoii I'DC, noctpoennoit B 14,9 kM 0T ycThs. |0 NOCTPOWKHM IUIOTHHBI BBUIOB JIOCOCS (COBMECTHO C KYMIKEi)
B pEKe OCTaBaJICS 3HAUUTEIBHBIM M COCTABIS, Hampumep, B 1948 r. mo pasnuysHbM gaHHBIM OT 18 T mo 25,5 T.
B 1952 r. peibakamu Poccuu notimano 6,3 T 1 peidakamu DctoHnn — 17,2T (1aHHBIE O BBUIOBE JIOCOCS DCTOHHMEH MO:
Arman 1967). B nocnenyronmii mepro/| YMCIeHHOCTD HOIYJISIIHK U yJIOBBI OBICTPO CHU3HINCH (pHC. 4).
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Puc. 4. luHaMuKa YUCICHHOCTH MIPOU3BOIUTEIIEH JIOCOCS, YITEHHBIX B CTaTHUCTHKE BbUIOBA B p. Hapose B 1948-2000 rr.

HapBckuii pprOOBOAHBIA 3aBOA OBUI CHAaH B OSKCIUTyatanuio B 1957 ., HO OCBOGHHE INPOU3BOACTBEHHBIX
MOIIHOCTEH Mpopoipkanock emme 6-8 ner (1o 1965 r.). K aToMy BpeMeHM HaTHBHBIE HMOMYJISALUH JIOCOCS M KYyMXKH
p- HapoBs1 okazanmce noHOCTEIO yTpadeHs! (bapanankosa 1962). HoBast momyIsmus J10cocs CO3aBaiach Ha OCHOBE
HKpBbI, JOCTABISBIIEHCS C IPYTUX peK: npeuMyliecTBeHHO HeBbl U, B MeHblIel cTeneny, ¢ Jayrassl, I'ayu u Jlyru
(Kazakos 1990; u np.). BeipamuBanne MoI0Iu TIEpBOHAYAIFHO MPOBOIMIOCH TONBKO B Tpynax, HO 1966-1979 rr.
ObUT OCBOCH M OacceifHOBBIA MeToa. B pexy Bwimyckamm mojons B Bo3pacte 1, 1+ u 2 roma (puc. 5). C 1967 r.
B p. HapoBe BHOBP MOSBMIMCH MTPOM3BOIUTENH Jococs W ¢ 1969 1. 3aBox cTanm peryisipHO OTJIaBIHMBATh
B BO3PACTAIOIIMX KOJUYECTBAX UX Ay 1eneit passenenus ([lepcos u ap. 1980). C 1978 r. B 310 peke BO30OHOBIICH
MIPOMBICJIOBBI  JIOB JIOCOCS, INPUYEM B COCTaBe YJIOBOB OBUIM IPEACTAaBICHBI TOJBKO PBIOBI 3aBOJICKOTO
npoucxoxaeHust. DPpdeKTHBHBIN €CTECTBEHHBI HEPECT HE BBISBIICH U B MOCIEAYIOIUH nepuo. CpenHsis BelMurHa
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YYTEHHOTO BO3Bpara Jococs B p. HapoBy oT BBITycka IBYXT0oH0BUKOB 3a mepuos ¢ 1970 mo 1981 rr. cocrasmsuia 0,9
%, a B OTIEJIbHBIE TOabI JocThraia 3 %.
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Puc. 5. Belmycku Mooz j1ococst pa3Horo Bo3pacta HapBckum peiOOBOHBIM 3aBOJIOM
(1T — 1-ronoBaiibie pbIOBI, BEIPAIIEHHBIE C IPUMEHEHUEM TEILION BOJIBI)

HUcnons3oBanne Hapeckum 3aBogoM B 1980-1994 rT. MHTCHCHBHOW OMOTEXHOJOTMU BBIPAIUBAHHS MOJOIU B
3UMHHHI NIepHoA Ha TerIoi Boge cOpocHoro kanaia [Ipudantuiickoit 'POC no3Bosisiio eKeroJHo BBITYCKaTh OKOJIO
100 TeIC. TIT. XpymHOM Moxoau B Bo3pacte 1 roga. Ot 70 mo 90 % w3 umcia 3THX phI0 CTAHOBIIIUCH CMOJITAMH U
MUTPHUpPOBAIK B Mope B Tox Beimycka (Kazakov et al. 1988). Takue BBITyCKH CIIOCOOCTBOBAIH JalbHEHIIEMY POCTY
YHCICHHOCTH HapBCKOW momyisinuu Jjococsa. B 1984-1990 rr. B peke ormaBmmBamm ot 945 ngo 2200 .
mpousBoauteneii. [locme 1994 1. BeIpamuBaHWe MOJOOM HA TEIUIOH BOAE MPEKPATHIOCH M3-32 TaMOXXCHHBIX
npobnem, u HapBckuii 3aBoJl BHOBb CTaJl BBIPALIMBaTh MOJIOIb NPEUMYIIECTBEHHO A0 Bo3pacta 1 m 1+ mpm
€CTECTBEHHOM TEMIEPATypHOM pexuMe. MOHHUTOPMHT TIO3BOJIMI HPOCIECAWTh JUHAMHUKY  yBEIHUCHUS
OTHOCHUTENIBHON [OJMM 0coOell, BBIPAIIEHHbIX O€3 NPHMEHEHHUs TEIUION BOABI B COCTAaBE BO3BPALIAIOMINXCA B
p. HapoBy nipoussomuTteneii nococs (Xpuctodopor, Myp3a 1998, 2000a). Ona cocrasmia B 1996 1. 1,4 %, 1997 —
42,0 %, 1998 . — 72,4 % u B 1999 r. — 99,0 %. B Hacrosiee Bpemst He Gonee 2-3 % ocoOeil mperepreBarT
CMONTU(HKAIMIO B BO3pacTe | roja M MHIPHUPYIOT K MECTaM OCHOBHOTO Haryja B MOpe B Toj Bblmycka. [lis
CpaBHEHHS OTMETHM, 4TOo B 1970-e rompl nois Takux pel0 Takke He npesbimana 4-12 %. Ilopasmsromniee
OOJIPIIMHCTBO MOJIO/IM CTAHOBHUTCSI CMOJITaMH B Bo3pacTe 2 rojia, HO OT/eNbHbIE, IIPEUMYIIECTBEHHO CaMIlbl, B 3 U
4 roma. DTO KOCBEHHO JIOKa3bIBaeT Hajn4ue B p. HapoBe ycioBuii st MPOAOIDKUTEIBHON KU3HHU TECTPSITOK JIOCOCS,
XOTSI SMM30ANIECKHE COPOCHI CTOYHBIX BOJA HEOJHOKPATHO 3a MEPUO/] IESTEINbHOCTH 3aB0/Ia HETATHBHO CKA3bIBAINCH
Ha BBDKMBAGMOCTH HWKpBI, JMYMHOK M BBIPALIMBACMO MoJonu. Pa3sMepbl cMONTOB, OIpeneieHHbIE HaMHU IyTEM
HETIOCPEICTBEHHBIX M3MEPEHHH PBIO, OTIOBIEHHBIX B HapBckOM 3anmBe, U METOAOM OOpPaTHOTO PACUHMCIECHHS IO
yemnrye npousBoauTeneit, cocrarisaor 13,0-18,0, a y oraensHBIX ocobeit 1o 25,6 cM.

YacTp BBITYCKAaEMBIX C 3aBOJa MECTPATOK JIOCOCS TAKXKE MUTPUPYET B MEPUOJ C KOHIIA alpessi 0 KOHEI| Mast B
IIpeabyCcTheBble yuyacTku HapBckoro 3ammuBa. 30Ha pOCTa, COOTBETCTBYIOIIAsl 3CTYapHOMY MEPHOAY JKU3HU MOJIOAH,
MIPOCJIEKHUBAETCSI U Ha dYelllye MHOTUX Ipou3BoauTeneil. V3BecTHO, YyTO B MepHOA Haryjia HapBCKHH JIOCOCH
cosepmaer murpauuu B Punckom 3anuse, [nmaBHoM bacceline bantuiickoro Mops M u3peAka 3axOIUT B
Borunueckuii 3anus (KazakoB u ap. 1991). Iyt HepecTOBON MHUrpaliy JIOCOCs K peKaM 0KHOH yacTd PHHCKOTO
3a]1MBa HpOXoAsT K tory or o-BoB JlaBeH-Capu, Ilemu-Capm u Ceckap (Kyumna 1939) u, xak ormedan erme
O.A. I'pumm (ITporokousl... 1908), maccoBelii 3axox ero B p. HapoBy mmporcxoanT Beeria paHsiie, 4eM B p. JIyry.

Hecmotpst Ha TO, YTO COBpeMEHHas MOIYJISIHKS JIOCOCS CO3/1aBajiach 3a CUET JOHOPCKOTO MaTephaia U3 pasHbIX
PEK, Ce30HHas IMHAMUKA 3aX0/1a Mpou3BoauTeNeit tococs B p. HapoBy octanmack Oxm3koi k TakoBoii B 30-e (Rannak
et al. 1983) u 50-e roxsr (bapanaukoBa 1962): Hayano ero MpUXOOUTCA Ha Mai, a MUK HA aBTyCT — OKTAOpH. s
CTPYKTYpPBI HEPECTOBOM YacTH HOMyJALHHK Jococs: p. HapoBel B HacTosiiee BpeMs XapaKTepHbI OUYCHb HU3KUE JIONIN
ITOBTOPHO CO3peBaromux ocobeil (¢ “HepecToBrIMH Mapkamu~ Ha demrye): 1,4-3,0 B cpemem 2,2 %. Oto
00BsCHSIETCS, 0-BUIUMOMY, HHTEHCHBHBIM BBUIOBOM PBIO, KOHIICHTPUPYIOLIMXCS HA OTPaHMYEHHOM YYacTKE PEeKd
JI0 TUIOTUHBL. [IJist cpaBHEHUsI OTMETHM, 4TO B 1950 . 1onu peIO ¢ “HEpeCTOBBIMH MapKaMH’~ B HAPBCKOW IOIYJISILIHH
nocturanu 52,7 % cpenu camioB u 26,2 % cpenu camok (Xantypun 1964), Ho cHuU3UIUCH A0 3,6 % KO BpeMeHH
BBOJa B sieiictBre HapBckoro 3aBona (bapannukosa 1962). Bennunna xoadduiienTa yuTeHHOT0 BO3Bpara JIococs B
p. HapoBy ot BBIITycKOB oHOTO10BanoN Mononu B 1981-1984 rr. cocraBnsuta 0,97-4,4, B cpennem 2,95 % (Kazakos
u 1p. 1991), a ot BeITyckoB 1986-1989 rr. mocrenenno cHrwkanack ¢ 1,8-1,9 % g0 0,1-0,7 % u B HacTosIIEee BpeMs
ocraercst Ha yposHe 0,2-0,6, B cpemnem 0,5 % (Xpucrodopos, Myp3za 1998, 2000a, 6). IIpeamonaraercs, uTo
CHIDKEHHE BO3BPATa MOTJIO OBITH 00YCIIOBICHO M3MEHEHHUEM PEXHMa MPOMBICIIA Ha Iy TSX MUTPALMHA JTO0COCS K peKaM
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Poccun. Tak, B 1990-¢ roasl 3HAUHTENEHO BO3POCTA WHTCHCHBHOCTH IPHOPEKHOTO MPOMBICTHAa DCTOHHHU. BBUTOB
J0cocsl B MPUOPEKHBIX BOAAax 3TOW cTpaHbl B mepuon 1992-2000 rr. yBemmumics ¢ 5-7 go 21 T, B ToM 9mcie B
®dunckoMm 3amuBe — ¢ 1 g0 14 T (Anon 1999, 2000, 2001). OO11ee KOIUYESCTBO SKETOAHO 3aXOAAIICTO B HACTOSIICE
Bpems B p. HapoBy nococst coctaBisier mo HamuM pacdeTHeIM HaHHBIM 1000-1300 mr. B mocnennue roasl OTIIOB
IIPOU3BOIUTENEH B PeKe MPOBOAUTCS HE TOJIBKO POCCUHCKOM, HO Tak)Ke 3CTOHCKOI CTOpOHAMH H, HaunHas ¢ 1998 r.,
pbiooBoanbd 1eHTp “IIburyna” BhIMycKaeT yacTh BbIpaiuBaeMod Mosiogu B p. HapoBy. HapBckuii 3aBon mpu
COBPEMEHHBIX 00BEMax €XEeroJHoro Bbimycka okosio 100 ThIC. INT. TOJOBMKOB M CYIIECTBYIOLIEH BEJIMYMHE
Koa(uimeHTa Bo3BpaTa CIIOCOOEH M Jaiibllle CTaOWIBHO IOJAEPKUBATH HOMYJALMIO Jiococs p. Hapossl, HO
onTUMaNbHBIA 3()(deKT, 6e3ycIOBHO, MOXET OBITh JIOCTHI'HYT NpPHU KOOPAWHALMHM YCHWIMH JIBYX CTpaH Ha 3TOH
MOTPAaHUYHOU pEKe.

Pexa Jlyra, npoTspkeHHOCTBIO 363 kM, K KoHITy XIX-Tr0 Beka obecrieunBaia eXXeroJHbIid BEUIOB OT 2 10 5 THIC. IIT.
Jococst M KyMku (0e3 pasneneHus 1mo BUmam). JIOCOCh HepecTHIcsl B OKTAOpe Ha 7 MOporax OCHOBHOTO pPyClia PEKH,
npexxae Beero SMOyprekux, CropoHcknx, CaOCckux, a Takke B KPYHHBIX nputokax — Openexe, Cabde u apyrux (I'puvm
1899). CHmxeHne yaoBOB ObUIO O0YCIOBIEHO YXYALIEHHEM YCIOBHH ISl PAa3MHOMKEHUSI PHIO BCIIECTBHE JIECOCIUIaBA U
3arps3HEHNS] BOJ| IPOMBIIIICHHBIMU CTOKaMH. [IpakTuuecku Ha BCeX MPUTOKAaX ObLTM BO3BEECHBI MEIIbHIIHBIEC TUIOTHHBL
C yd4erom storo, Mmneparopckoe O6miectBo PridoBozacTBa 1 PribosnoBeTBa npunsiio B 1889 r. pemieHust o pacuucTke
pycia peku, BBEJACHHUHM MPOMBICIOBOM Mephl M OrpaHuyeHuil mpombicia jococsi B p. Jlyre (IIporokosm... 1890).
ApeHzaaTopbl BoJ| 00S3bIBAIIMCH NMPOBOAWTH IPU COASHCTBUM HuUKOIIBCKOro phIOOBOIHOrO 3aBOJa BBINYCKH HE MEHeEe
200 ThIC. IIT. MAJIBKOB 3TOT'0 BHUAA PBIO B roj1. Takue BBITYCKH OCYIIECTBIIUIMCH HA NPOTsHKeHNH 3-4 JieT, a 3ateM B 1897 1.
6611 ocHOBaH Jlyxckuii ¢uman storo 3aBoxa (I'pumm 1905; Bopoaun 1909). Esxeromusie BBITyCKM MajIbKOB JIOCOCS
(B TOM YHCIIC HEBCKOTO ¥ JIAJIOMKCKOTO IO MPOMCXOXKICHHIO) YUCICHHOCTBEO B cpeHeM 1o 600-650 THIC. IIT. POBOIIINCH
¢mmmanom 1o 1912 1. B pe3ynbTrate STHX Mep BBUIOB IMPOM3BOIUTEINCH JOCOCS B PeKe YBEIHUMWICSA C 2-5 TBHIC. IIT. HA
npotspkeHnd 1889-1897 rr. mo 10 Teic. mT. k 1901 1., HO ¢ 3aKpBITHEM 3aBO/IA COCTOSHUE JTY>KCKOH TMOMYISIIMHA BHOBB
cTano yxymmarsca. B cBs3u ¢ atum, B 1933 1. Ha onbITHOM myHKTEe JIeHpHIOOBOATpECTa OBLIO MPEANIPUHATO OIBITHOE
BBIZIEP’)KUBAHNE OTJIOBJICHHBIX B KOHIIE aBI'yCTa MPOU3BOUTENEH U K CEpEANHE OKTAOPS OT HUX MOILYYUIIH HKPY.

HeraTtuBHOE BiusiHUE HA COCTOSTHUE MOMYIIALUK Jococs p. JIyru oka3ano MHOTOJIETHEE CYIIECTBOBAHUE MIIOTHHBI
KO)KEBCHHO-KapTOHaXKHOI (abpuku B paifone Kunrucenma, mnperpaxaaBiueil IOCTynl MpPOU3BOAUTEIAM K
6onbiimHeTBy Hepectwnm. C 30-x mo Hawana 50-X roJoB oOCyXIalicsi BOIPOC O CTPOUTENLCTBE PbIOOXOAA B
rwiotuHe (LumnoBckuii 1950). CymmapHBIN €XeroiHblii BbIIOB Jococst U Kymxu B Jlykckoi ryde u Jlyre B ToT
nepuon gocturan eme 30 — 40 T (Muxun, Aatunosa, 1932; Kyuuna, 1939). B cocrase yioBoB 0bu10 3,0-3,5 ThIC. 1T,
nococsi. B camoit p. Jlyre Ha peiboBonHOM nyHKTE y I. DemopoBku (35 kM ot Yerbs-Jlyru) no6srto: B 1933 1. —
10,5518 1934 1. — 9,37 1., B 1951 1. — 5 1. 1 B 1952 — 3,33 1. niococs. B mocnenyromiye roapl NONbITKA OTIOBA
mpousBoauTeneii B dTod peke mmi HapBckoro um  HeBckoro preIOOBOIHBIX 3aBOJOB OKAa3alHCh ITOYTH
0e3pe3yNIbTaTHBIMHY, MO0 YAaBAIOCh OTIOBUTH TOJIBKO KyMXKy. [locienHne moaoBo3pernsie 0cOOH JIyKCKOTO J0COCs
ObuTH yuTeHHI Ha myHKTe y Kuarucenma B 1964 r. (6 mT.) 1 1969 . (2 mT.).

Ko Bpemenu BBozma B 3kciuryaTarro Jlyxckoro peiooBogHOro 3aBofa B 1989 r., HaTHBHASA MOIMYIAIWS JIOCOCS B
p. Jlyre okazanach yTpaueHa, a MOIYJIUMA KyM)KH IIOTepsula IPOMBICIOBOE 3HaueHHe. B mepBble rozsl paboThl 3aBOJ
HCTOJIb30BaAJl UKPY U MOJIOIb, AocTaBiisiBLIMecs ¢ pp. Hayrassl, Haposbsl u Hessl. Ilo3nnee B JIyry cranu Bo3BpaiaTbes
TIPOU3BOJIUTENN OT BBITYCKOB 3aBOCKOIM MOJIOJIM B 3Ty peKy (pHc. 6). [Ipu npoBeieHnH ONBITHOTO CETHOTO JIOBA JIETOM U
ocenbto 1993 n 94 rr. yureno 12 u 3 T. npousBoauTeneit gococs, a Takxe cBbiite 30 mT. kymxu. B mociemyromye roasl,
KOrJa JUisi OTJIOBA MPOW3BOJMTENEH CTaM MCIIONB30BaTh IepekpbiTHe y 1. CTPyIMIoBO, J10COCh ObUI MpENCTaBieH B
BO3BpaTe €XKErofHO, NMPHYEM €ro YHCICHHOCTh M BO3PAaCTHOW COCTaB OOHApYy)KMBAIM YETKYIO CBS3b C JIMHAMHKOW
TIPE/IIIECTBOBABIINX BHITYCKOB Moj1o (puc. 7.). Bce ocodu mococst n ot 54 no 70 % ocobeii Kymxu, yureHHbIX B 90-¢
TOJIbI, HAECHTH()UIMPOBAHBI [0 CTPYKTYPE PEUHOH 30HBI YELITyH KaK PHIOBI “3aBOJICKOT0” MPOUCXOKIeHUsT. MakcumansHoe
YHCII0 BO3PACTHBIX KJIACCOB CAMOK M CaMIIOB JIOCOCS C PA3JIMYHBIM COOTHOIICHUEM JINTEILHOCTH PEYHOTO U MOPCKOTO
TIEPHOIOB KHM3HHU B BO3BpaTe OJHOTO Tona cocTaBsuio 12 u 10. B mporecce popmupoBaHiss HOBOH JTy>KCKOH TTOITYIISAIIIA
3TOTO BHJIa OTMEUEHO YBEIMUEHHE O PBIO ¢ “HepecToBbIME Mapkamu™ ¢ 4,0 no 16,0-38,5 %. OrmeTnm a1 cpaBHEHUS,
gro B 1934 r., KOT1a emie CyIIecTBOBaI PEYHOM MPOMBICE, TOJIS TIOBTOPHO CO3PEBAIOIINX IPOM3BOAUTEINEH JIOCOCS B .
Jlyre coctasisina 3,9 % (Kyuuna 1939).

CoBpeMeHHasi BeJIMYMHA YYTEHHOTO BO3BpaTa JIOCOCS B 3Ty PEKy OT BBIITYCKa T'OJJOBUKOB, BBIPALICHHBIX 0€3
HCIIOJIb30BaHUS MOJI0TpeBa BoJibl, olleHuBaetTcs Hamu B 0,2-0,3 % . [To gannbpiM MoHuTOpUHTa, MeHee 10 % u3 uncna
PBIO, BBIITyCKaeMBIX € 3aBOZa B BO3pacTe | rojia, MUTPUPYIOT B MOPE Ha HaryJl B TOT JK€ I'OJ1, & OCTaJIbHbIE OCTAIOTCS B
peke 110 2- 1, MHOTAa, 3-rooBajoro Bo3pacra. CpenHue pasMepbl CMOJITOB, PACUMCICHHBIE 110 Yellye BEPHYBIIMXCS
MIPOU3BOJIUTENEH Jy>KCKOro jococst B 90-e roapl, BapbupoBaiu oT 15,0 no 19,4 cm. U3zBectHO, uTo U B 30-€ rosl,
KOI'Jla IPOUCXOUII €CTECTBEHHBIH HepecT, 93,9 % Monoau MUTPUPOBAJIO U3 PEKH B 2 roaa, a 6,3 % — B 3 roxa. ITux
MHUTPalid CMOJTOB TPHUXOAWICS TOTAAa Ha BTOPYIO IIOJIOBHHY Mas, IIPUYEM dYacTh pbBIO OCTaBaloch Ha
MIPOJIOJDKUTENbHOE BpeMs B PUHCKOM 3aiuBe. PacunciieHHBIe B TOT MEpHOA Pa3Mephl MOJIOIN COCTABILSUTN K KOHITY
2-ro rofa pevHoi xu3Hu A0 12,9 cMm, k koHIy 3-ro roga — 15,3-17,3 cM, a ¢popMmupoBaHUE “TIEPeXOTHON” 30HBI
mpoucxonuno mpu amuHe Tena 20,2-23,8 cm (Kyuuna 1939). bamskue pasmepsl cepeOpHCTON MOJIOIU JOCOCS U3
IpexycTheBoro npocrpanctsa p. Jlyru, mpusoaut u O.A. I'pumm (1905) — 17,8-22,2 cm.
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OO1mmas YUCIEHHOCTh NPOU3BOJMUTENEH JIOCOCS, E€XEroJHO 3axXOAsmMX B p. JIyry 1O pacyeTHBIM JaHHBIM
cocTaisia K KoHIy 90-x romos 50-100 mit., a kymxu — 200-300 mwr. (Xpucrodopos, Myp3a 1998, 2000a, 6). Kak n
B 30-e roxasl 3axoj HauMHAETCS B Mae, MpPEpbIBaeTCs B IEpPHOJ HAaWUOOJBIIEr0 IPOrpeBa BOJBI JIETOM U
BO300HOBIISIETCS B aBrycTe-CeHTsI0pe. ONBITHBIHA OTJIOB BBIMYIIEHHBIX C 3aBOJA MECTPATOK MOKA3aJl HAIW4NE B 3TOH
peKn OJAarONPHATHBIX YCIOBHHM U JKM3HM MOJOAM JIOCOCsA. PeareH mampHEUHMH POCT YHCICHHOCTH ITy>KCKOM
TIOITYJISIIMK JIOCOCS 3@ CUET YBEIMYEHHsS O0OBEMOB BBINTYyCKa 3aBOACKOW NMPOAYKIMH, HO OCTAE€TCS HESICHBIM, Kakoe
BIIMSHHE OKaXET Ha HEe CTPOUTENILCTBO [TIOPTOBOTO TepMuHana B JIyxckoii ryde.

IMEPCIIEKTHUBbI

IlpuBeneHHbIE BBIIE [aHHBIE IOKA3bIBAIOT, YTO Ha MNPOTSXKEHUHM XX-r0 BEKa YHUCIEHHOCTb MOIYJISLUUN
aTIaHTH4YecKoro Jococst B pekax Cepepo-3amana Poccum, Bnamaronmx B banruiickoe mope, cranma Hibke. OOmuit
3axo0J npousBoauteneil atoro Buaa B pp. HeBy, HapoBy u Jlyry ouenuBaercst ceiiuac no JaHHBIM MOHHMTOPHHTA B
1250-2000 mt. EcrecTBeHHOE BOCIPOU3BOACTBO JOCOCA B 3TUX pekax JaBHO yTpadeHo. Paxrtudecku 100 %
YYTEHHBIX 3a IOCIEeNHUE AECATh JIET NMPOU3BOAMTENCH MMENH 3aBOJCKOE NMPOUCXOXKICHHE. YCIOBHS IS KU3HH
BEIITYCKAaeMOH C 3aBOZOB MOJIOH JIOCOCS B HA3BAaHHBIX PEKAaX COXPAHMIINCH, HO M3MEHHBIIIEECS COCTOSHUE SKOCHCTEM
HE JaeT NOKa OCHOBAaHWHA pAacCUMTHIBATE HAa BO300OHOBJICHHE A(PPEKTHBHOTO E€CTECTBEHHOTO €T0 Pa3MHOXKEHHS.
AHaJIOTHYHAs CUTyalusl M3BECTHA Ha MHOTHX pekax 3amanHoil EBpombl n CeBepHoit AMmepuku. B cBsizu ¢ 3THM,
“IBSFC Salmon Action Plan 1997-2010” u pexomenmaiun HELKOM 19/2 or mapra 1998 r. “Protection and
improvement of the Wild salmon population in the Baltic Sea Area” Bpsia JIM NPUMEHUMBI 0 OTHOLICHHIO K
pp. Heee, Hapose u Jlyre B Toil ke Mepe, kKak K pekam CKaHAMHABCKUX CTpPaH, B KOTOPBIX €IIe COXPAHUIIOCH
€CTECTBEHHOE BOCIIPOM3BOJACTBO Jococs. B pamkax ymomsnytoro Ilnmana pp. Hesa u Jlyra Bxmouens! IBSFC B
1998t B cmucok “Wild Salmon rivers”, To e€cTb peK, B KOTOPBIX YCIEUNIHO OCYMISCTBISCTCS ECTECTBEHHOE
Pa3MHOKEHHE TIPUPOAHBIX MOIYJISIKH J1ococs, a B 1999 1. oTHeceHsl, BMecTe ¢ p. CHCTOI, K 00IIel KaTeropuu peK ¢
€CTECTBEHHBIM M CMEIIAHHBIM THIIAMH BOCIIPOM3BOJCTBA 3Toro Bujaa. [lnaH mpemycmaTpuBaeT NpeKpalleHue B
2003-2005 rr. BBEITYCKOB BHIPAIIEHHOW Ha 3aBOJAaX MOJOAM B PEKH 3TOW KATETOPHUH C LENBI0 YBEIWYCHUS IOIHU
“maxoro” nococst k 2010 r. (Baltic Salmon Rivers... 1999). [Tonaraem, uto Takas Mepa He OyAeT CIOCOOCTBOBATh
COXpaHEHHWIO Jococs B pekax banrmiickoro permoHa Poccum W paccUMTHIBATE CIENyeT TONBKO HAa 3aBOACKOE
BOCITPOM3BOJICTBO. [Ipon3BoACTBeHHAs 0a3a OTEUECTBEHHBIX PHIOOBOAHBIX 3aB0a0B Ha CeBepo-3amnaae B 90-e TobI
3HAYUTEIHHO OOHOBJIEHA ¥ MPOJOIDKACT OOHOBIATHCA, YTO CO3JA€T OOBEKTHUBHBIC MPENNOCHUIKM I pOcCTa
KOJIMYEeCTBA BBITyCKAEMOM MOJIOIM W, COOTBETCTBEHHO, YHCICHHOCTH MONyJui. BakeH BbIOOp ONTHMambHON
CTpaTeruu HAIMOHAIBHOTO JiococeBoacTBa. Ocoboe BHMMAaHHE Ha COBPEMEHHOM JTame IOJDKHO OBITh YICICHO
BBIITYCKaM Pa3HOBO3PACTHBIX MECTPATOK, B JOMOJHEHHUE K BBITYCKaM CMOJTOB. [[yiss paboThl ¢ MKPOH U JIMYMHKAMHU
[P HECTAOMIILHOM TEMIICPATYPHOM PEKUME B BECCHHHI U OCCHHUH MEPHO/IBI 11EIeCO00pa3HO OCHACTHUTH BCE 3aBOJIbI
CUCTEMaMHU TEPMOPETyJSIIMA BoOJbl. J[0 MOCTPOMKM OTEUECTBEHHBIX MPEANPHUSATHII MO MNPOU3BOACTBY KOPMOB
HEOOXOJUMO TPOJODKUTH 3aKYNKYy KAa4eCTBEHHBIX MMIOPTHBIX KOpMOB. D((eKTHBHOCTH pabOTHI 3aBOJOB OyaeT
3aBHCETh TAaKXKe OT OpraHU3aliy padoT MO OTIOBY M BBIACPKHBAaHUIO Npom3BomuTenei. ONTHMaNbHBIE CPOKH
OTCaIK! MX Ha KaXKJOU peKe MOTYT pa3IM4aTbCs, HO CIIEAYET CTPEMHTHCS K COKPAIICHUIO BPEMEHH BBIICPKIBAHUS.
[NoiiMaHHBIX PBIO peAKO ymaeTcs BBIACPXAThb B caJkax W OacceifHax Oonee 1-1,5 mecsamneB u naxke 1-2-HemenmpHOE
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IpeObIBaHNE B HEBOJIC MOXKET HETATUBHO CKA3bIBAThCS HA OBYJIIMM y CAMOK M KaueCTBE CIEPMBbI Y CaMIIOB JIOCOCS.
XenarenpHo, 4T0OBI MOMYJSIPHOE CeHYac, HO JAJIEKO HE BE3ZE ONPABJaHHOE C OMONOTMYECKOM M SKOHOMUYECKON
TOYEK 3PEHMs, BBIPAIIMBAHME HA JIOCOCEBBIX 3aBOJIaX HECKONBKMX TEHepauuil pbpl0 MaTOYHBIX CTal He
OCYIIECTBISIIOCH B yIepO BBIPALIMBAHUIO ECATKOB THICAY IITYK CMOJITOB Ha TEX K€ MPOM3BOJICTBEHHBIX IUIOIIAIIX.
B xauecTBe pazMepHOro ctaHAapTa CMOJITOB JOCOCSH, BBIITYCKAEMBIX C OTEUECTBEHHBIX 3aBO/IOB, IIpeAIaraeM CYMTaTh
JuHy (o CmutTy) 0T 14 M, COOTBETCTBYIOUIYIO MPUHATON B JIOCOCEBOACTBE psAja cTpaH banTuiickoro pernona.
AXTyaJlbHO CO3[JaHHE HOBOIO OMOTEXHHYECKOTO PYKOBOJCTBAa II0 pAa3BEJICHUIO aTJIAHTUYECKOIO JIOCOCs,
YUUTHIBAIOLIETO POTpece B 3TOH 001acTH B HalIel cTpaHe U 3a pyoexoM. OCHOBHBIM I1oka3zaresieM 3((GeKTHBHOCTH
PBIOOBOIHEIX 3aBOJIOB JOJDKHO OCTaBaTHCS COCTOSHHE MOJAEPKUBAEMBIX UMH IOIYJISIIMK. B mepcnekTrBe 00beMbl
BOCITPOM3BOCTBA JIOCOCS HEOOXO0ANMO yBeIH4YHTh B 5-10 pa3 ¢ Tem, 4ToObl obecrieunTh BO30OHOBIEHHE IIPOMEBICEIa
B HaIllUX peKax.
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