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According to the classification provided by Mikhailov and Gorin (2012), the estuaries of the Hairuzova and 
Belogolovaya rivers are considered as channel estuaries with mouth widening.  Such estuaries occur in Kamchatka only on 
the northwest coast, northward from the Moroshechnaya River (Fig. 1).

 
Fig. 1.  Types of Kamchatka estuaries classified by Mikhailov and Gorin 2012.  1: channel estuaries 
with mouth widening; 2: lagoon-channel estuaries; 3: lagoon-lacustrine estuaries; 4: fjord estuaries; 
5: marine proper estuaries.

A complex study of the Hairuzova and Belogolovaya estuaries was conducted in October 2011 and June-August 2012.  
The goals of this study were to determine the local hydrological and morphological conditions and to investigate juvenile 
Pacific salmon ecology during their downstream migration and early marine period of life (Gorin et al. 2012; Koval et al. 
2012).

During our field study it was determined that the morphological and hydrological regime of the Hairuzova and 
Belogolovaya estuaries separates them into two parts–river and marine (Fig. 2).  The boundary between the estuary and the 
sea is 1-2 km seaward from the outer (marine) edge of the tidal flats where the 25‰ isohaline during the spring ebb tide 
separates sea water from mixed water masses on the surface.  The boundary between the estuary and the river is along the 
extreme trajectory of the 1‰ isohaline.  During the autumnal equinox ebb tides (September–October), the boundary is 14-15 
km upriver from the marine edge of the tidal flats (5-6 km upriver from the river-mouth corridor walls of the river channels).  
During high tropic tides (June-July), the boundary moves 10 km upriver.  Thus, the total length of both estuaries can be about 
15 km in September-October and 25 km in June-July.
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Fig. 2.  The scheme of Hairuzova and Belogolovaya estuaries based on field research in October 2011 and June-August 2012. 
1–marine part of the Hairuzova estuary (length is 9.3 km); 
2–river part of the Hairuzova estuary (a–in ebb equinoctial tide in October; b–in high tropic tide in June); 
3–marine part of the Belogolovaya Estuary (length is 9.3 km); 
4–river part of the Belogolovaya Estuary (a – in ebb equinoctial tide in October; b – in high tropic tide in June); 
TF–tidal flats (covered by marine waters at high tide; dried in ebb tide). 

Several key zones with specific abiotic conditions and hydrobiont communities have been determined from examining 
the species composition and ecology of the Hairuzova and Belogolovaya estuaries.  These zones include the freshwater zone 
(river channels out to the zone of periodic tidal influence), mixing zone (within the river and marine areas of the estuaries), 
and marine zone (coastal waters of the Okhotsk Sea outside the freshwater zone; Fig. 3).  Principal inhabitants of the pelagic 
and benthic areas in the freshwater zone were juvenile Pacific salmon (sockeye Oncorhynchus nerka, chum O. keta, pink 
O. gorbuscha, Chinook O. tschawytscha, coho O. kisutch, and masu O. masu); juvenile chars (Salvelinus alpinus complex 
and Salvelinus leucomaenis); juvenile trout (Parasalmo mykiss); nine-spined stickleback (Pungitius pungitius); three-spined 
stickleback (Gasterosteus aculeatus); juvenile starry flounder (Platichthys stellatus); and Asiatic brook lamprey (Lethenteron 
camtschaticum).  The dominant inhabitants in the mixing zone were fish, including starry flounder and arctic flounder 
(Liopsetta glacialis), pond smelt (Hypomesus olidus), toothed smelt (Osmerus mordax dentex), three-spined and nine-spined 
stickleback, juvenile salmon and chars, saffron cod (Eleginus gracilis), sculpins (Cottidae gen. sp.), blackline prickleback 
(Acantholumpenus mackayi), tube-nosed poacher (Pallasina aix), and invertebrate species, including mysids Neomysis sp., 
shrimps Crangon sp. and juvenile jellyfish.  In the pelagic area of the marine zone the aquatic fauna included pond and 
toothed smelts, juvenile salmon, greenling (Hexagrammidae gen. sp.), and jellyfish.

 

Fig. 3.  Location of several key zones that illustrate different abiotic conditions and structure of the hydrobiont 
communities in the Hairuzova and Belogolovaya rivers and adjacent waters of the Okhotsk Sea in July-August, 2012. 
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In summary, the relative abundance of the total juvenile fish in the Hairuzova River was 284.0 thousand fish/km2.  In the 
Belogolovaya River, juvenile fish abundance was about half—134.7 thousand fishes/km2.  Maximum density of juvenile fish 
(919 thousand fish/km2) was observed in the lower part of the Hairuzova River during high tide, where the majority of fish 
consisted of juvenile and adult smelts (Fig. 4). 

 

Fig. 4.  Distribution total juvenile fish density (thousand fishes/km2) in the rivers Hairuzova, Belogolovaya and adjacent 
waters of the Okhotsk Sea during various phases of a high and ebb tidal cycle in July-August, 2012.  Data collected by 
seine and beam-trawl; x indicates no catch).

Abundance, distribution, and species composition of juvenile fish in the estuaries demonstrated diurnal cycles, associated 
with phases of the tide.  Juvenile marine fish (mostly smelts) entered the estuaries and lower parts of the rivers in rising tides. 
At ebb tide, juvenile salmon and sticklebacks were distributed in the estuaries and coastal waters.  During the course of the 
diurnal tidal cycle, first juvenile migrants and next the elder and larger individuals moved into the estuaries (Fig. 5).
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One of the purposes of our study was an assessment of the role played by the Hairuzova and Belogolovaya rivers in 
Pacific salmon production.  Making this assessment required published field observations and baseline data collected by 
the federal hydro-meteorological agency (Anonymous 1966; 1977) and archived data collected by KamchatNIRO on the 
production of salmon populations in Kamchatka.

The Hairuzova and Belogolovaya rivers both have huge drainage systems (basins), but these rivers are minor 
producers of Pacific salmon compared the other watersheds in the region (Shevlyakov and Maslov 2011).  For the period 
of observations since the 1930s, the annual catch of salmon in these two river systems usually did not exceed 1 thousand 
tons and averaged 435.1 tons in the Hairuzova R. (1931–2011) and 101.4 tons in the Belogolovaya R. (1962–2011; Table 
1).  Total abundance (from 1957) of all Pacific salmon species on the spawning grounds of the Hairuzova River averaged 
221.5 thousand individuals and averaged 116.9 thousand fish in the Belogolovaya River (Table 1).  Hence, the average 
annual abundance of mature adult Pacific salmon spawning in the two systems every year is estimated at 400–600 thousand 
individuals.  In comparison, the spawning stock of pink salmon in the Bolshaya River system (opens to the Okhotsk Sea 
4.5°of latitude southward from the Hairuzova and Belogolovaya rivers) can be 5.5 million individuals.  Although the three 
rivers are similar in length and basin area (Table 1), the Pacific salmon spawning stock in the Bolshaya River system can be 6 
million individuals at a minimum, which is 10 times as much as the other two river systems.

 
Fig. 5.  Changes of the basic hydrological characteristics, juvenile fish abundance (A), and the average body 
length of smelts (B) in beam trawl catches at a station located at the mouth of the Belogolovaya River that was 
surveyed throughout the day, July 22-23, 2012.
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What might be the reason for relatively low Pacific salmon production in the Hairuzova and Belogolovaya rivers 
systems?

According to our observations, the substrates in the estuaries of these rivers (and lower parts of channels) are silty and 
unfavorable for salmon to use as spawning gravel.  This is a well-known characteristic of river mouths affected by tides and 
can be explained by avalanche-type sedimentation of particles from the river in the mixing zone and regular stagnation of 
water currents when the tide phase changes.  As a result the total area of suitable spawning grounds in the Hairuzova and 
Belogolovaya rivers is substantially less than in the Bolshaya River (Shevlyakov and Maslov 2011). 

Our field observations demonstrated movement of the zone of river and sea water mixing in both estuaries during the  
24-hour period that slides from the sea edge to the top of the mixing zone and back.  In summer the movement can be up 
to 15-30 km within the estuary channel, and the maximum water current speed there can reach 1.0-1.5 m/sec (see Fig. 5).  
Juvenile Pacific salmon are required to transit across the sliding mixing zone during their movement out of the river to the 
Okhotsk Sea.  The juvenile migrants (especially pink and chum salmon that are migrating as underyearlings) cannot actively 
resist strong currents and are extremely vulnerable to piscine, avian, and mammalian predators (Karpenko 1998).  Moreover, 
the silty substrate in the lower river and estuary reduces availability of benthic attaching organisms, which play a role (like 
drift and zooplankton) in feeding and shelter of juvenile salmon (Maximenkov 2007).  We suggest that juvenile salmon 
mortality from a complex of limiting factors is higher in the Hairuzova and Belogolovaya river systems than in the other 
rivers of West Kamchatka.

Another important factor contributing to poor natural salmon production in the Hairuzova and Belogolovaya river 
systems is predation pressure on adult salmon during anadromous migrations.  The principal active predators are marine 
mammals, including killer whales Delphinapterus leucas and larga seals Phoca largha.  During the intense period of the 
pink salmon spawning run, which normally occurs in this area in early August, the number of killer whales and larga seals 
within the estuaries during high tide can reach several hundred animals.  On the rising tide, the mammals can pursue salmon 
many kilometers up-river to feed on them (Shulezhko et al. 2011).  We believe that aggregations of marine mammals are 
accentuated by the morphology of the Hairuzova and Belogolovaya river-estuaries in summer.  Whales don’t seem to 
be afraid to enter estuaries with a wide and deep entrance to the sea.  Extensive sandbars visible at low tide can increase 
effective hunting by whales and seals in such sites. 

Thus, it is our view that low abundance of Pacific salmon in the Hairuzova and Belogolovaya rivers is a result of the 
hydrological and morphological specifics of the estuaries, including: 

(1) silty substrate making the lower parts of the rivers useless for salmon spawning; 
(2) long length of the estuary and extremely strong tidal effects that cause high mortality of juvenile salmon during 

downstream migration; 
(3) aggregation of predators (especially marine mammals) that increase mortality of adult salmon during upstream 

migration.
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Table 1. General morphological and hydrological characteristics, average salmon annual catch (tons), and average salmon 
density on spawning grounds (thousands of individuals) of the Hairuzova, Belogolovaya, and Bolshaya River systems.  

River

General characteristics* Salmon species**

TotalLength 
(km)

Area of 
basin 
(km2)

Average 
discharge 

(m3/s)
Pink Chum Sockeye Coho Chinook

Hairuzova 265 11,600 181***
72.7 263.3 24.2 72.6 2.4 435.1
151.0 51.5 4.3 9.9 4.7 221.5

Belogolovaya 226 4,000 63***
21.2 55.7 6.6 17.6 0.2 101.4
91.1 15.8 1.8 6.3 1.9 116.9

Bolshaya 275 10,800 317***
4877.3 398.4 240.2 292.1 93.8 5901.8
2773.5 42.8 90.2 53.6 18.9 2978.9

*source: Anonymous 1966, 1977.
**source: KamchatNIRO data archive.  Bold number above the line is average annual catch.  Number below the line is average 

annual density on the spawning grounds.
***authors’ calculations.



NPAFC Technical Report No. 9

227

REFERENCES

Anonymous.  1966.  Resources of the surface waters of the USSR.  Hydrological review, Volume 20, Kamchatka. 
Hydrometeoizdat, Leningrad.  258 pp.  (in Russian with English summary)

Anonymous.  1977.  Resources of the surface waters of the USSR.  Principal hydrological characteristics, Volume 20, 
Kamchatka.  Hydrometeoizdat, Leningrad.  294 pp.  (In Russian)

Gorin, S.L., М.V. Kоvаl, K.V. Kоzlоv, S.D. Levashov, D.A. Nikulin, P.N. Terskiy, and М.N. Shtremel.  2012.  The first 
results of complex study in estuaries of Hairuzova and Belogolovaya Rivers (West Kamchatka).  In Materials of XIII 
International Conference “Protection of Kamchatka’s Biodiversity and Coastal Waters”, November 2012.  KamchatPress 
Publ., Petropavlovsk–Kamchatsky.  pp. 76–80.  (In Russian with English summary)

Karpenko, V.I.  1998.  Early marine period of life of Pacific salmon: monograph.  VNIRO, Moscow.  165 pp.  (In Russian)
Koval, М.V., S.L. Gorin, K.V. Kozlov, D.А.Nikulin, and М.N. Shtremel.  2012.  Ichthyologic researches in estuaries of the 

rivers Hairuzova, Belogolovaya and Kovran (West Kamchatka) in July–August 2012.  In On realization of the “Concept 
of the Far East basin program of studying Pacific salmon”.  TINRO–Center, Vladivostok.  Bulletin No. 7.  pp. 91-106. 
(In Russian)

Maximenkov, V.V.  2007.  Feeding and interactions between juvenile fish, inhabiting river estuaries and coastal waters of 
Kamchatka: monography.  KamchatNIRO Publ., Petropavlovsk-Kamchatsky.  278 pp. (In Russian)

Mikhailov, V.N., and S.L. Gorin.  2012.  New definitions, regionalization, and typification of river mouth areas and estuaries 
as their parts.  Water Resources 39(3): 247-260. 

Shevlyakov, Е.А., and Maslov А.V.  2011.  The rivers, determining Pacific salmon production in Kamchatka, as a basis for 
estimation of the percent use of spawning grounds.  Izv. TINRO 164: 114–139.  (In Russian with English summary)

Shulezhko, Т.S., K.K. Tarasyan, F.V. Kazansky, D.I. Ivanov, D.M. Glazov, and V.V. Rozhnev.  2011.  Abundance, behavior 
and age-sex structure of white whales in the estuary of the Hairuzova and Belogolovaya river systems (Northwest 
Kamchatka).  In Materials of XII International Conference “Protection of Kamchatka’s Biodiversity and Coastal Waters”, 
November, 2011.  KamchatPress Publ., Petropavlovsk–Kamchatsky.  pp. 198–202.  (In Russian with English summary)

Koval and Gorin


