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=g The Pacific salmons of the Oncorhynchus genus rlght from the

beginning of the development of the Far Eastern Fisheries’ and to the end

of the l940{s were one of the basie objects'of the fisheries.  Their yieidé’, o
Vin the years before the'war_reached four hundred thousand metric tons a
:§ear; |

| Today Eecause.of the development of a powerful eeean'fishing industry,
because of.the c&clonic deterieratioﬁ of the climatic conditions, and
‘kbecause‘of the intensification of saimoﬁ fisheries bybthe Japanese, the
é'ratie ot,the Paerfie salmon to the tota1?Soviet fish industry has deereased'

considerably. Nevertheléss the Pacific salmons continue to maintain their
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p051t10n as a high quallty food resource in our country It should be .

p01nted out here that thc dladromous salmons are flsh of our 1nland

'w”*waters:since they reproduce.in rivers. Therefofe, assistance to their
‘reproduction and a control of the numbers of their stock is a highly

essential task.

'The interest for the study of the reproduction of'fish reserves

'.orlglnates, as a rule, at the exp101tat10n stage when the depletlon or at

least the llmltatlon of such reserves becomes ev1dent. Exactly at that time
‘the human thought turns towards the study of the condltlons and the pattern
according'to»which thefspecies reproduces itself.

The-verv”term "reproduction" (which very successfullyreflectsuthe

bas1c property of live organisms to reproduce 1nd1v1duals of its kind) has

4 acqulred its acceptance comparatively recently Indeed, this term- already

occurs in: the first ed1t1on of A N Eleonsky s textbook (1930, page 5),
but:in.this textbook it is basically the fishery in natural water bodies
that is discussed.

In 1937 a popular sc1ent1f1c book by‘I I. Kuznetsov "Chum and its

reproduction”ﬁwas published' in this book the author means by the term

"reproduction" a complex of measures contrlbutlng to an; increase in

_resources: the limitation of flsherles, 1mprovement (1nclud1ng also the

hiologiCal improyenent), acclimatization and fishery operations.
A.T. BerezoVsky.(l938) considers the'reproduction.of fish resources

in the Caspian. sea from the same. p01nt of v1ew, whll° B.G. Chalikov (1958)

~.and others’ do this for the alaoroaous 11sh 1n Volgq ( c1p°nser1uae)




'B.If Cherfas (1940)‘discusséé in hisvﬁonograph the problems of

natural reproduction, but he mentions only casually the'term "reproduction"

itself. In particular, he speaks of the weakening of the reproduction
process in‘connection with a decrease in the numbers:of .the producers at
the spawning grounds. In the second edition of this publication (Cherfas,.

1950) the author calls a chapter "The place of.fisherywin the system.of

" measures on the reproduction of the fish resources in natural water bodies".

During'the recent two decades in the majority of piscicultural
institutes of the USSR fish reproduction laboratories were created, whose
operation thematics usually concerns the problems of fish ‘raising,

" acclimatization of fish, but mainly thé study of the reproduction and of

the first periods of ontogenesis. The adult individuals are considered here

from the point of view of the importance their quantitative and qﬁalitative

indices have upon the progeny,_i

The term "reproduction of reserves" achieved an extensive application

thanks to A.N. Derzhavin, who published two large compilations (1941, 1947).

The study. of natural reproduction of fish may be,briefl?‘characterized:

as a complex study of the biological ?atterns determiﬁing the.dynamics of
l;hé population from the repfoductidn to the beginning of "body ripening
period" (Nikoisky, 1965) with‘the purpose of developing the systém of
:méésures contfibutingrtovtheAprosperity 6f the poﬁulation.

Thus, "theinqturél,reproduction" is a diécipliﬁeiStudying the
pOpulatiOn-ecology;,ffom he:e its comﬁlexity»origihateé: the attfaction

of the chemicdl, geochemical, physical and other methods of research for:
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uﬁdersfanding of. the mecﬁaniém of the bibiogical procegses and fof the
'chafac;eristiés of the ihtefreiation' between the orggniém and.the:
:e?yironmentf"' | | |

>Thebre§roduction proceésAcontinggs during;the'ehtire life cycle
of theisalmon,,since each‘new'geheration at‘the étage of'la;e larvae or
df”fingerling alreadﬁ»car:ies the‘éﬁﬁfyos of ﬁhe‘future generationT
it.is‘ﬁoweyerg expedient to delineate two.pﬁases 6f'thé life.cyclé:

Reproductionﬁ'multiplication and the first pefiods of ontogeﬂesis
with a fréquent aitérngtion_of the devélopment stages; a phase when the
morfality,processes~dominatevfhe gfowthvprocessesland the bioﬁass of the
‘new salmon generétibﬁ decféases from étégglto stage.'vlg‘the Paéific saimon
this portion of life cycle takes place in fresh water.

The growth and matUration begin predgminantly froﬁ thé sub—stage
vdf-séxual maturatidnf These stagesAafe ﬁrolonged; the.growth processes
dominate the natural mortaiity rate and, therefore, the Siomass of the
populgtioh increases. >in chum and pink saiﬁon‘this period of the life cycle
takes place in the ocedn water, in other Padific salmons (sockeye, chinook:
salmon, coho salmon) it takes place pér;ially in frésﬁ water,.but even in
this case a sharp increase‘in the individual growth and in the biomass of
a population takes place in the-ocean waters.

The efficiency of the‘natﬁral repfoﬁuction is primarily détermined
by the survival rate and by the food supply during. -the flrst perlods of
bontogenesisf The death rate is a directly affecting factor determlned by

abiotic causes- and by the preying oprredators, parasites and dlseases,




The food Supply‘indirectly affects the'dynamics-of-tﬁe population,'
howevér, in the Pécific salmon it has no direct affect'upoh the numbers
'Qf'the'génération.
| The ‘indirect effect of the food sﬁpply-can~in'a number of cases, w5

turn out to be the dgcisive factor in the populatién dynamics, because
the.Pacific salménS;during their‘bntogeﬁésis-live inbtwo media: in the
Afreshwﬁéter and..in the ocean.. At transition frém one medium to fhe other
the’pfeparation of the organism to the new conditions acquires a special
imﬁortancef |

The -effect of ins#fficieﬁt food s#pply upon- the numbers of salmons_~
is.realized th;ough a directly acting biotic factor, namely the predators:
an elimination of a part of the populétion takes place, however, it is
'ba51cally the weak individuals and retarded who perlsh.

-The reproductlon problems are closely 1ntertw1ned with the dynamlcs
of “fish population; the‘type of dynamics of one or.anoxher species to a

considerable degree is characterized by such indices of natural reproduction

as the fertility (of individuals and populations), the efficiency of spawning .

and\ﬁheléurviVability of eggs and jﬁveniles. T.F. Dementyevé,'Yu.Yu. Marti,
P;A; Moiseyev and G.V. Nikolsky (1961) indicate in‘theif work the importance
éf thé enumerated fagtorsT o

At the end of 1940's G.N. MOnastyréky'(1952)iexpressed~certain
Hypozhesgs‘of the theory on the dynamics of fish; Later.itSvféuﬁdations were
doicloped by V.T. Vasneisor (1947, 1953 &, b) and by C.V. Mikolsky (1956,
b, 195‘2,‘_1953).,'_ The basic theo-y of these works is the dialectic

unity of the, organism and medium, at which the ecology of
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the species (or of population) is considered as a system of adaptations,

i.e., as a series of adaptive interrelations between the organism and -

the medium. Here the term "medium" for the given organism includes all

. the other organisms connnected ecologically with it for which in each

term this organism is the element of their medium.

-~ Only after that the author had already written the present paper,

"a book of G.V. Nikolsky (1965) was published; this book expounds the theory

’

of the dynamics of the fish population. ‘Among the most important questions

in this book the problems of food supply énd of the food ratios of fish,

‘of ‘their natural mortality rate, of thé‘dyﬁamiés of population numbers

and of the biomass of the pqpulation are diécussed, in_other words, problems

of ecology that constitute the basis for a research on the reproduction

"processes.

Very important is the factrthat G.V. Nikolsky renounced the

‘generally used term "dynamics of numbers" which stresses;the quantitative

side of the phenomenon and replaced it with a more accurate one, "the

.dyﬁamics of po ulation" considerin inéeparabl the qualitative and the
P g y

quantitative changes.

The term "reproduction" may be extended to all the species of

aquatic creatures. In particular, we may speak about-the reproduction

" of the food invertebrates. Important indices in the efficiency of the

reproduction of aquatic invertebrates, as we know, are the ratios between

"the biomass agdvthe production. The transfer of these.concepts to the

~solution of the problems of the dynamics of fish population (the field of




~ichtyology) andithe determinationvof ptoduetion.poseibilities of one or
»aaotﬁer species ef fish are highlf‘prospectivef | |
1 Ibe h?story of the resezrch of Pacific salmons in the‘basin of thef
“Amur River begins with the worksAof V K Brazhhikov and .particularly
of V.K. boldatov, whom I.F. Pravdin (1940) justly calls "the founder of
‘the exten31ve scientific commercial studles of the Far Eastern salmons .
The history of the salmonvresearch in~the-Russian Far East from the»lBth
Century to 1937 is presented by_I.FT Pravdin in his survey of the research
on the Far Eastern salmon. ' This relieves us from the necessity to discuss
the pre-War studies that:were carrled out by Dalryba and by TINRO (the -
‘Pacific Research Institute for Marine Fisheries‘and Oceanography) in the
basin of the Amur River. However, we cannot but mention the etudies on the“;
'reproduction'Biology of the Amur salmonAearried out by IfI. Kuznetsov
(1928,'1937), A.Ya. Tarants (1939b) and by A.G. Smirnov (1947), as well
as‘the studies carried eut\by the Kamchatka branch of TINRO (Pacific}Research;
Iastltute for Marine Flsherles ‘and Oceanography), but first of all we must
‘mention the cla351cal works of F. V. Kroglus and E. M. Krokhlna (1937, 1954,
1956a and b) and by F. V Kroglus (1949 1951) on the blology of sockeye.
In recent times, A,Gf Smirnov (1947 to 1954) and I,B, Birman. (1947
to 1957) were carrying out research on the.Amar salmons. AfG. Smirnov
(1947) published; dnfortunately, oaly one paper in which he Hiscussed'the
salﬁon yields, their periodieity, he described the results of‘ his obsetvations
on thevmortality of eggs and larvae'of'the'Amur salmons'duriné”the periodl“

of their develdpment in thefgrouné‘and discussed the causes of their death.



A.G. Smirnov came to the following impbftant conclusions:“the fluctuationéi_
in the numbers'of the Far Easte:ﬁ saiﬁoﬁs taken oVér periodscf-cbnsidefable
'lengthlaré caused by cﬁanges in climatic coﬁditiohs”(by the change in
ﬁhe water temperatﬁre in thé,northern part of the Pacific Oceaﬁ). fhe‘.-ﬁ
-fluctuations in the;numbers of individual geﬁerations of salmon, Qtﬁer‘_ .
cohditioﬁs béing.eqUal,Lfake place basically dwing to the freezing of the
.;péwﬁing groundsT | | | |

ITB' Birman wrote a number of papers (Bifﬁan, 1951b, 1952, 1954,
1955, 1957) on the fluctuation dynamics in the numbers of the Amur salmons,
on the effect of the climatic fiuctuations’on'tﬁebconditioné of ‘their
fesoufces‘ahd'On thé:reproduction‘rate, on the pattern in the changes of
quaiitative indices‘and of the ﬁumbe:glof fall:ﬁhumf

In 1949 A.G. Kaganovsky puﬁlished a general work on the Far Eastern
pink salmon‘(l949) in which he discussés the entire life cycle of this
fish including the probiems of natural reproduction and of fluctuation in
theif r_mmbersf He uses extensively in his érticle the material of Amur
researchers I;If»Kuznetsov_and A}Yaf-Térantz. A.Gf Kaganovsky also comes
to theICOncldsion‘that the cooling and warming of the sea connected with .
the periodic disturbances in the Kurosio prodﬁce flﬁctuétions ip the numbers
of pink salmon cénsidered over lpng_pefiods7

Af the beginning of the 1950's mutual research is organized bn
the Amur salmon by the Department of Ichtyoloéybof the Moscow ﬁniversify,‘
by the Iﬁétitute of the Evolutionary Morpholpgy,of the~USSR‘Aca6emy of

Sciences and by the Amur branch of the TINRO (Pacific Research Institute -
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: for the Warine Flsheries and Oceanography) The research was-conducted

' . o under G.V. leolsky, who publlshed several papers (1952 1954) in which o
he descrlbes the ba51c pattern of the spawning: character of p1nk ‘'salmon,

spring chum and fall chum. 6. V. leolsky accepts the opinion of

A.G.. ~Smirnov concernlng the cons1derable effect of the freezing of the -~
spawnlng grounds as a factor determlnlng the mortallty rate of eggs and: f

1nd1cates that the freezing must have dlfferent effects on the. surv1val

rate of eggs of the fish mentionedgabove. He agrees w1th A.G. Kaganovsky
invthe fact that the biannual'cycle'is characterlstlc of the pink salmon, Co
taken as ‘a spec1es, and is characteristic of. 1ts*type ‘of the populatlon :
" dynamics; ‘he. also comes to the conclu51on that. ‘the cause of the drop 1n_
the SPring chum resourcesvconsistssin the unfavourable climatic condltlons
.withln its spawnlng area. durlng the period from 1911 to 1914
A conference was held in-1953 in Khabarovsk where the probems of
the salmon 1ndustry in the Fat. East were dlscussed.' ‘The results of the-
first stage of joint research were summed-up 1n the papers of I. B Blrman,
- G V leolsky, .V.V. Abramov and V.Ya. Levanldov.e The,conference prOJected
the main tasks of the scientific research works in the field of the study |
of Far Eastern salmons.
f con51derab1e importance forbthe study of the naturalyreproductlon,'
, as well as for the solution of applied practlcal problems in the field of
fishery, were the papers of N.Nf,Disler (1951, ‘1954, l957)vand of‘A.I.Smlrnov

(1954 a, 1955; 1958;11953,Al965)>on the development of salmons..




"?'ip'rz'i S , AV . | -10-

H'IheiCOntent of the present mohograoh-constitutes the results of
. 15 y_ears of res‘earch by the author o‘n- the natural‘re'product_ion of .the.
'-Amurlsainns, particularly of ithe fail chum. |
FIu the research on the natural reproductionbof,the Amur'salmons‘“
scientists from the Laboratory for Fish Resources Reproduction of the
Amur branch of TINRO (Pac1f1c Research Instltute for Marine Fisheries ‘and
Oceanography)r o participatedT In the study of the ecology of the Amur -
salmons during the freshweter period ofvtheir lives, carried out by the
'author, participated young scientists: M.D. Zézhigina L.A. Rostovtseva,
Yu S Rosly, L. A Slobodchlkova N. I Kullkova V. S Tolchanov (Manager
-of the. Observation Station at ‘the Amgun' Rlver)f Feeding and food ratios f
of the ichtyofauna inrtributsries of the Amur'Riuer were studied by
LfvfiKokhmenko.and by the author; theifeeoiug of fingerlings of the Amur
. salmon were carried out by the.'author and ,b}; IfM‘. Levanidova. The study
‘_of the ihvertebrste fauna‘in tributaries of the Amur River were'carried out

"by me and I.M. Levanidovavjointly; The coverage by the-hydrobiological

_research of extensive water territories and the detailed ‘determination
of the coilected material was only possible because of the part1c1pat10n
of colleagues and specialists from other institutes who are remembered with
ngatltude in the introduction to the chapter "Blological Product1v1ty of 17
Tributaries of the Amur Rlver ‘and Food- Resources of Flsh" | |

We received considerable help in the organization of the experimehtal
oherations snd observations at the Teplovskoye fish hatchery from its

‘manager,'late‘I.M; Vasilyev - and from~the‘piscicuLturist M.I. Muratov.
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. ‘ o ?he author expresses'his. spetial g_ra’t.itude‘ to A.P. Lav_rova,‘ Manager of
ﬁﬁeiceorgiyevskaya pisciéult;ral—meliorational station 6f the Glavaﬁugrybvod' '
Qho'participated fromﬂ194§ to 196; in the ;tudy’of the néturai féﬁroductioﬁj

. of,salmoﬂs in the Khor’liiverf Without her asé}stance;we‘COuld ﬁever have:t
completed. the long;'dften year;roundcbseryations.

In the preSentéd'paper materials are alSo-uséd which have been
.collected duringia ten to twelve year period by bther sﬁations of .
Glavamurrybvod.

A.ﬁ. Shidlovéky,vhead.of the Gla&amurryb&od, the initiatof and

,i  orgénizér of the busineSs.cooﬁération of the fish fep;oduCtion labqﬁatofy
of the Amﬁr branch of TINRO (the‘Pa;ifié Research Institute fof Marine
(fishéries and‘Oceanography) with the fish hatcheries‘and‘with fhe'fishety-“
melioraﬁional stafions of the Gosamurrbeod, contributed consiaerabiy to

. ' _‘ 'é 'succeésfﬁl ‘study of the natufél'reprodﬁction of salmons.

The author is highly grafeful.to GfV. Nikolsky, E.V. Bofutsky,-
‘ahd'AfIf_Smirhov for their valuable advice during the preéaration of
this monbgraph,.as‘well as Eo IfAfiPiskunov who was so kind as to undertake

the scientific editing of the same.
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Part I

NATURAL REPRODUCTION OF THE AMUR SALMONS =~

Brief Biological Characteristics of*the Amur Salmons

. In the basin of the Amur River, three species of the Pacific

'éalmonlmultiply: chum Oncorhynchus keta (Walbaum), pink salmon

’Oncbrhynghus gorbusha (Walbaum) and.masu salmon Oncorhynchus masu
’(Brev.)f The last species is very scant, it has no commercial importance
and never‘had; _“Its ﬁatural reproduction is poorly studied, for tﬁis
reason it will ﬁot be aiscuSSed in>;he preseht paper.

The chum and pink'salmon.are the two'most'ﬁumerous species ofu
the Pacific salmon. ‘Common ecologic;l charactefiétic distinguishing these:
two species from tﬂe other sﬁecies of this genus is the shortness of the
_ ffeshwater period of their jﬁveniles7 The juﬁeniles of pink salmon migrate
.seaﬁards from thegsﬁawning riﬁer}almost immediately after the,emergeﬁée
_from the gfpund at the ena of the larva étage of the de&eloément dr»af the-
:beginningvof the fingerling stage{

,:Chuﬁ migrates from tﬁe rivers.predominantly.dufing‘the fingerliﬁg
stage éf its devélopmén£; first year chum contitutes a small pefcentage
of all tﬁe migrating individuals. |
| The spawning populations of.pink salmon consist of coeval two¥yeaf—oid
vfish,'therefore,-their stxuctﬁre is less'complicatedlthén‘of the_chum;.
'Ihformation céncernihg dimension, weight and,fértility of the Amur pink
'salmon are presented in tﬁe pépers of V.V Abramov (1954), L.M. Kryuhtin

“and A.G. Smirnov (1962).
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As.we know, the chum is‘represeﬁtgd_in thé basin of the Amﬁr
River fy.two fofms: thé épring and;fall‘formsA(Berg, 1948).; Its' 
biologicéllipdices arexpettervstudied théﬁ those of aﬁ& other-Pacific
.saimon. Information coﬂcerning the growth&ate, diménsioné and'weight,
' fertiiity; age.and sex ratio in the spawning populations are shown in
the papers of V.K. Soldatov (1912), I I Kuznetsov (1937), E.A. Lovetsky:
‘~A(l948), I. B Birman (1951a, 1954), I B Birman and V.Ya. Levanidov (1953),
M?Lf_Krykhtin and Afo Smirnov (1962)7 Therefore, in the present paper
we will limi; oursélves only to a geheral.comparative.descriptioﬁ.
The chum.ié represented'gtAtheﬂAsiapic,and the‘Ametiéan coasts;of

the Pacific Ocean by two‘forms:.thé sumﬁer and fall chum whicH_differ‘in
the date of their spawning approach to the coast. .The fall form, as a. rule,
is largef than tﬁelsummef onéf 'LfS. Berg (1948) éléssifies the summer chum
of the»Amur River, of the Okhotsk Sea céaét north of the Tatarsky Straiﬁ,
‘the cﬁum of the Kamchatka Peninsula of the‘southefﬁ Sakhalin as well as the
.chum of thé American coas£ as Belgnging ﬁo'the suﬁmer vafiatiop. Accofding'
to Berg the fall chﬁm lives in addition to the Amuf River on. the islands‘of
Sakhalin;.Hokkaido and Hondo and, probably, in the rivers-of the southern 
ocean coasts. During the recent decades, material is accumulated‘permitting
us to complement the knowledge of L S. Berg on the distribution of the
:fall form of chuﬁ. Thus, V V Abramov (1948) descrlbed the fall chum from
the Bolshaya River (western coast of the Kamchatka).

‘.At the Américan coast, in British Columbia, the fall: chum multiplies,

it enters the fresh water later than other salmons, even later than the
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cohO'seimen;: According to the daee of Hunter (1959) the mejorfapproach
of the fall chum in thevHooknese Cfeek Ri§e£ (north of tﬁe.Brieish
:Colﬁﬁbia)féontinues'from‘September 17th to Octobef‘lSth..vAceording to
,Wickeﬁt'sudetae(l958) in the rivers of the Vencouver_lslaﬂdvthe chﬁm .
‘behteré fremvthe middle of Oc;eber to the beginﬁing‘of“December.‘.'
"'»'Aceording to the>data of thevInternaﬁional ¢ommission‘on Fieheriesf
» chum.eﬁters in the northern part of the Pacific Ocean (1962) tﬁe rivers
"of the Washington and Oregon (USA) sasically duriné-oefober._ An& finally,
Wickett‘(1964) writes that in the NaﬁaimoiRiver he qbserved spaﬁning of
chumnin Febfuary, and fhe‘latest.enﬁrancelof'a’chum ;rxale'fbr.epaWhing'waS'~
recorded on April the'9th’('), 1962' | |

| Accordlng to its dlmen31ons, the chum in the Brltlsh Columbia also
is cla351f1ed as belonging to the fall chums, thus; Godfrey (1959) presents
the follow1ng data on the average chum weight for the period 1946 to 1958
for the individual regions of British Colqmbie, . The minimum average weight
_was recorded in 1947 fer ehuﬁ from the Qeeen Charlotte Islands:end was 3.4
kilogramsT The ﬁax;mﬁm weight was‘obsefved in 1957 4dn respecﬁ.to chum from
the northern regions (6;75 kiibgrams:)f The ave;age weight of chum in
Canada‘in coastal catches was 5f3 kilogrems, accordiﬁg to the.data of the
Bulletin of the Intefnationel Pacific Commission,tﬁhe chum'in‘washingtbn
v Wae 4.5 kilograms‘and:in Oregon it ‘was epproximately 5 kilog;ams.(Bulletin,
1962; 1963), | | |

According to the data of Foerster and Pridchard (1936), of Wickett

- (1958) and.of Hunter (1959):the»Canadian fall_ehum{differs from the
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“typical Amuf form in low fertilitv The average fertility of the chum

'from the Hooknose Creek River during the. perlod '1947-1956 accordlng to

he data of Hunter (1959) was 2 468, from the Nall—Creek Rlver 2, 726

- (Neave, 1953) and from the Namu River (according to, the data of Foerster

and Prldchard) 2, 760 eges.

Accordlng to Rounsefell (1957) the fertlllty of fall chum from

Hokkaldo was 2,625 eggs, while the fertlllty at the Southern Kurlles

was bnly_Z,OOO eggs.

Likewise the fall chum from Sakhalin Island has low fertility,

which according to P.A._Dvinin-(l952) is 2,600 eggs.  Still 1owef is

the fertility of the Kamchatka fall chum, which is 2,122 % 36 eggs
(Abramov, 1948).
 The.average fertility of the. fall chum from the Amur River accordlng

to I.I. Kuznetsov (1937) is 3,456 eggs (for‘the period from 1925 to 1934),

'accofding to M.L. Krykhtin and A.G. Smirnov (1962) it:is 3.430 eggs .(for.

the period from 1951 to 1958).

"The pépulations of fall chum reproducing in the tributaries of the

- Ussuri River and in the Middle Amur River are distinguished by particularly"

high fertility. The average fertility of chum from the Khor River (a
tributary of Ussuri) taken over a period of several years, (1946 to 1953)

was according to I.B. Birman (1956) 3,676 eggs, while the average fertility

‘of the chum from the Bir River (Middle Amur) was 3,668 eggs. In indiVidual

years the average fertility of chum from the Khor River was 4,000 eggs.:
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Eggs of thé‘Amur-fail chum are relgtiVeiy smallg its diameter
is 6.0 to 6.5_millimetres while'in thevféll chuﬁ from Sakhalin Island
it is on ﬁhe average 7.2 millimetres‘(Yastrelkov,:1965), while in
the f§11 chum from America it i$ 7.4 millimetreé (Rounsefell, 1957).
According fé‘wéight’(aﬁd size) the fall chum from Amur does not differ.
significaﬁﬁly‘from the chum of the_American coast (Table 1).‘
To Fhe'north of.the estuary of thé Amur River, along the
northwgsterﬁ coast of the:Sea.ofrOkhotsk and along Both coaSts-of.
the Kamchatka Peninsula, the summer form of the chum occurs extensively.
The Amur River is the southe?n boundary on the.éontinent for this form
" of chum bn:the Sékhélin island, in its southern part 6cpurs thé summer
form of chu;p)f
The Kamchatké and the Okhotsk chums begin- to entef fresh Watér ati'
: , ] .
the begiﬁning of July, but the main movement'takes pléce towards the end
of the mOnthband in Aﬁgustf ‘The spaﬁning movement of the sumﬁer chum ends
towards Septemberf R.S. Semko (1954) indicétes~the following érrival data
for the chum in the Bolshaya River.(southwestern coast of the Kamchatka
Peninsula): the general period is from July 16th to-Augﬁsthlst, the main
movement from July_24th to August the 10th, _The‘movement data do mnot -
change much ffom year to yéarf
:Thus; the ‘summer chum (compared to the fall chum) is the northern
fofm on the Arctic-coast ofzthe Pécifié Ocean7
idéntical éhenomenon is observed at the American coast.  The

American chum enters for the multiplication purpbées predominantly into
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:,the riQefs of the Alaska Peninsulaf'-The cﬁum entefsithe riveré in the
southeastern‘part of the'Alaska Between the 23rd June and 9th Septémber;
the'avérage length of the chum taken over a period of séve;a¢ years is
62 cmf(Thor%geinson, Noerenbefg & Smith, 1963);' According to the
. dimensions and the migration data this chum is, evidéntly,.close to the
Okhotsk~and Kamchatka chums. The‘éverage-siée of the four year old
-Okhoﬁsk'chum measured -over the years 1958 to 196A is 62.3 cm, of the
West4Kamchafka chums measured over ‘the yéars;1951 to 1960, it is 62.1 cm,
of thevsuﬁmer chum from the Sakhlain Islaﬁd‘measuréa over the years
1946 to;igsz, it is 62;5;cm'(bvigiﬁ, 1952).

The Amur éummer chum is distinguished.frbm the other forﬁs by
a relativeiy‘early‘migration bto fre?ﬁ waters! it Begins to enter the
.Amur'Rivef>at the end of Jupé, and as a rule, its migration ends during
the first half of the month of Auguéé. This éhum is alsochafacterizéd
by its sméll size. Its‘avérage length megsur§d’over the years 1951 tb 1958
.was.55f7bém (Krykhtin and.Smirnov,:l962); ana over the yéars 1958 to 1964,
according to our daﬁé, was 56.5 cm. o

The Amur forms of chum are partiéularly sharply distinguished
~according to their weighﬁ, they seem to form boundaries within which the
other local chum population of the Soviet Far-Eastvafe enclosed (Fig. 1).
"Apﬁarently ﬁhe Amur éhum, while distinguishing itself from all the other'
'chum populations Qeserves a_segfegation ihto a separéte form not less than
the Amur fall‘chum<deserves among- the othepnfall populatioﬁs.

As a rule,.the four year old ones predominate among the chum
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generations, the five year olds are relatively numerous. However, in

chum generatioﬁs.in the coastal zone of the Sea of Okhotsk, within the
' béundaries of tﬁeVOkhoték fiéhery regibn, and of theachuﬁ-from the.wéstern
" coast of Kamchatka right te the present time the foﬁr'year”olds and ‘the
five year olds predominated alternatively (Semko, 1954; Birmah, 1964);?v
.Fro@ i958 Qn;'at.the western Kamchatka, the foﬁr yeér old ones begin ;6

'pfeﬂbminaté'persistaﬁtly (Birman, 1964).

kInvthe épéwning chumﬁpopulation_in Alaska and British-Columbia.
the-fourIYear oid,individuals also predbminateT

The data‘;n Table 2 indicate thaﬁ on thebaverage the iength of
the chum's life.cycle is approxiﬁately 4 years and, all the gonditiéns

being equal, after a certain period of time the periodicity of the

- ‘approaches of,particulérly‘stfdﬁg or particularly weak spawning populations

will also be on-a four year cycle.

- The ratio of sexes in the spawning population of chum at the

Asiatic and the American coasts is.usually 1:1 (Semko, 1954; Thorsteinson

énd others; 1963).

The sex_fatio in thé population of the Amur fall chum was studied

'.initially'by V.K. Soldatov (1912) in 1907 and 1908. In these years it

was: ‘53.57% and 46.52) i.e., was rather close to 1:1.2 ratio. According to the

- data of TINRO (Pacific Research Institute for Marine Fisheries and Oceandgraphy).

for the years 1935 and 1936 during the period of mass migration.ofAthe fall
chum we observed a predominance of females in the Amur liman. The 'sex

ratio was 1:1.5. 1In the years 1937, 1938 and 1940, according to A.G.-Smirnov's
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data the sex ratic of fish in the estuary of the Amur river (460 km

‘ ~ from the mouth of the river) was l:1.4. The indicated ratios were observed

- in the years of'high numbers in the spawning populatibn of'!fa'.ll"'chum.
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" Fig. 1. The average weight of the four year old chums from various .
o “local population: 1 - fall chum fiom Amur; 2 - summer ‘
chum from Amur; 3 - chum from eastern Kamchatka; & -
. chum from the Okhotsk coast;. .5 — chum from the north-.
western Kamchatka; 6 —“chum'frOm the southwestern
' Kamchatka; .7 - chum from. the Island of Sakhalin..
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Table 2

Age structure of the chum population, in percent

: ~_Bowpact _Aje
. Jlokanphsie crana © - Toam ) o ‘l 3L 'l 4t 1‘ 51 \ 6.1
Local populalic  Vedrs . _ |
fﬁll?. Aqnmn " Ocennsa Amypa , 1%&—5ﬂ ’ gi\. ;%g; _{ggh' %?.
Semmmar Awmun Jletusa Amypa - 1947—57*. v 18 128 ‘ ol
B v“kxﬁ \: - oy © CaxaJpHcKas OCEHHASA . 195r9~64 11,9 o 180 i 484 23 o1
)i‘(\, A’(“ ' ;\e; on OxoTcroro pafiona 1958—64 . L9 - 439 . -5 ,
Wait hg ‘ © 3anaasoKamyaTcxas I » . R .
Vet imeeta A Romuan) 195864 36 670 85 09
BocToynOKaM4aTCKas: : . - ’
E&()T Limohatica . (p. Kawuarka). 195864 27 - ?g'g ?g’g -1_'.5
Al Hemihs ;V s Anacxutckasn * © 195168 10,0 75,0 . .0
.\s LA . _ - . o

* Data on the Alaska chum taken from Thorsteinson, Noerenberg & Sm1th
"(1963). :

In the years after the World War II, when the level of the resources
was rather low, the ratio of sexes in the spawning populatibn wes in the

Amur liman according to I.B, Birman's data 1: 1 in 1946, 1:1.1 in 1947

and 1:1 in 1948. In 1949, when a more numerous populatlon than in the

preceding three years returned for spawning the sex ratib was 1:1 3
@‘Iﬁ lQSS,hand_in’1956.thelsex ratios, according to R.I. Enyutiﬁa's‘data,

were 1:1.1, and 1:1.5 in 1957,
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3 Aecerdipg.to ourvda;a the sex ratio was the foiloging:‘lzl in. | /16 j'

,1959,il:l.1 in 1961.

| ’.fhe presented“daﬁa.permit ps.to cbme:toifhe conclusion thaﬁ’for
" the spawning populatibn ef the falllchum the constant predominance of_
females is characterlstlc, and in the years of hlgh numbers there is a -
'.tendency towards an increase in the domlnatlon by. females. The latter
"ﬁﬁengmenOn may be considered as an edepﬁation ensuring_high efficiency of
‘the reproduceipn at-high numbers Qf“pophlation. However; the mechenism :
of this phenomenon remains unclear: it is possible that theeindicated
ratio of sexes is already esteblishedg@gring thebfresh;water,period of
their life; during the'fatfening periqd at the spawning~ground, sinee 6ﬁ1y
then the.high numbers may be en active factorf'

The sex ratio in the summer chum ﬁopulations Was determined
considerably less frequently theﬁ in ;hevpepulations of the fall chum; .
'Lt was “almost always 1: 1.,' | 1_

M L Krykhtin and A. G Smirnov (1962) present data on the sex
ratios in Amur pink salmon, indicating that in the spawning;populations,
iﬁ the years of high numbers, the males predominate; in 1958, when the
highest migration in the.letest‘thirty yeafs was-obseyved, the number
emeales was 55f5%.0f ﬁhe.spawning population, in 1948, when the migration
was likewise very high, 332, | |

:_The decrease in the relative nuﬁber of females in.multitudinous
‘:genefdtions of pink salﬁon.together with a deerease'in the fertility and

in the size of these generations may be considered as an adaptation to




o3

a weakenihg of the natural reproduction in the population, whose food
.J§gpp1y:isv10w because of its maximum numbers. In pink salmon, which
‘has the shortest life cycle, the "mechanism of autoregulation' is pronounced

v veryvdistinctly,__This.constitutes the cardinal difference between the,fall'

ghum and the pink salmon.

- When the nﬁmbers of the fall chum are high owing to insufficient

. food suppiy the growth and matﬁration rates are slowed down (the spawning

population "turns 0ld"), but at the same time these shifts are to a certain

degree compensated by changes in the sex ratios.

In pink salmon, who has pféctically coeval population, the.

Vinhibition in reproduction rates causes a decrease in the fertility and

in the relative number of females.

As Aflg Smirnov (1963) has‘eStablished; "the fask of thé maﬁimum,
fgrtili#ation of eggs under complex:ecological spawning conditions in
Pacific salmons is solvéd in two ﬁufually éompiementing ways: a) by the
development by the méles of the ability tpvproduce an enormoué amount of
spermatozoids; b) by ﬁass épawning and formation of:speCial spawning sgroups
consisting of one feméle and éeveral males"7

The first.way is chéracteristic‘of the chum. it.permits a numerical

predominance of females and as a result of this we obtain economical

-~ utilization of food resources with reproduction rates unchanged.

The second way is characteristic of the pink salmon. It requires
prédominance of males or at least a numerical equality between males
and females as a prerequisite to maintain the normal reproduction by means

of a decrease in the relative potential of the population fertility.

R eirata e ot S
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© LOCAL SALI*;ION POPULATIONS.

-.In the pre—war resesrch period, salmon in a single river basin

lor in a number of small ad301n1 g river b381ns of a partlcular geographic
region'were considered as a single population. ;It is true,‘F.V.,Krogiuswfd
and Efo'Krokhin have.elready carried out a‘research on the sockeye_fr0m

the Paratunka River which has shOWn‘the presence- in the basin of this

river of two pOpulations: one, multiplying in the Dslneye:Lake, another - /l71:

invthe~Blizhneye Lake, but the results of the research were published

only after the warb(Krogius, l95ﬁ);.,However,'in respect to the chum and

pink salmon still the. 0p1nion predominated of the homogeneity of the

spawning pOpulation. Thus E. A Lovetskaya (1948) studying the dynamics

taken over‘a number of years of the qualitative indices of the Amur chum-

» nses equally the data colleeted in the Amur liman and in individual spawning
, gronndskin the tributaries of Amur and‘Ussuri,ltaken.at different years.

' A.C} Smirnoy’(l947) on the basis that the npstreamAmigrations of the

snmmer chum into one of the third rate spawning tributaries, namely Beshenaya
. _ : \Jgig/

River, and the catches of this chum in the Amur limanYin reverse relation

in the years l934 to 1938, concludedrthat the Amur salmon_chum was generally
overharvested. R.S. Semkov(l954)'in.order to explain the fact that the
fertility of pink salmon of Bolshaya—reka was in the estuary of this

.river 47 below the fertility of pink salmon that entered the Karamaysk
_springs, expresses such a doubtful hypothesis like that the fertility of

pink salmon>increases with»the movenent upstrean. In this case the varying

fertilitygmsy be explained much simpler by local conditions.
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E.B. Blrman (1952) was- the first to express the opinion on

the existence of 1oca1 populatlons (and to use the tEImVHIOCal populatlon

- itself) of the Amur salmons and in partlcular of the fall Cuum.. Later,

I B. Blrman (1956) proved that three large local populations ("grouplngs D)
of the fall’chum from Amur differ in morphologlcal and blologlcal
.characteristics. . “According to I.B. Birman'thebAmur salﬁon chum also
~ has’ 1oca1 populatlons. | |
A. A Svetov1dova (1961) has shown that the summer chums from

various Amuritributarles differ from each other 1nba number of morphometrlcal
characteristics and in biological_indices. It is true, fish was analyzed =
with various stages of breeding colours and the mater1a1 was taken from»

parate perlods of the spawnlng mlgratlon and forv31m11ar years However,
.in a number of cases the characterlstlcs determlnlng the given local
populatlon are absolutely 1ndub1table._

' Thus, in respect to the very'conceot ﬁ}ocal population" aththe
-present tihe‘there is a certain-indefinitenessf' Thus, forvexample, one '
calls "local population" the.entire spawning population of thefall or
spring Amur chum or of the pink salmon-at the southwestern coast of the
kamchatkaT Butvtheee populations as Ith Birman has :proved consist of
_local groupings restricted to individual regions of the spawning area.

In the1r turn, these local groupings are subdiVided into populations of
1nd1v1dual spawning tributaries or even of 1nd1v1dual spawnlng grounds.

~The term "local populatlon itself'is closely connected with "the

theory of the native water basin", i.e. with the assumptlon that adult
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' sélmons fétufn for reproduction to the saﬁe watér.basiﬁs.from‘wﬁeré.
théy have left asvfingérlings. Thérefofe, diffefenﬁ &egfeeiof locality
is charactefisfic éf different species of salmon. -

',AmongVche;'salmons the qﬁality of being;bound to the‘ﬁapiveirivér-
~i§ dévéloped ;ﬁe strongest in sqckeye which is génerically connected.wifh
1érgé'1akesgvahe large lakes aré spawning and bfeeding'waﬁer bodies tﬁat
'_‘aré'm6s£ stable in time and space. | |

We_haﬁe aiready mentioned‘the_studies"of F.Vf-Krogius.and E.M. Krokhin
who éstablishea the'difference betweén local populations of sockeye in two
lakes-closeljlldéated, 5uﬁ névertheléss different in water conditions.

Later Vernon (1957);re5ented_a morbhometric characteristic of certain local
populations Qf the land-locked form_of éockeyef Hartman and Ralgygh-(l964)
héve proved experimentall? that sockeye returns to a definite native
tributary within the lake basinT |

The attachmeﬁt of coho salmon to the native river was experimeﬁtaily'
pheckedvby Wisby andeaslér (1964) by the methods of second return: the
coho ;élmoﬁs'which have already entered'ﬁhe'SPawﬁing grouﬁds wéfe remo?ed“

back to the river bed. Here the second return to the native water body

was between 71 and 1007 (among fish with severed olfactory nerve between /18 .

16 and 777 returned for the second time).
Evidently, the Amur fall chum also has a rather fractioned localization,
whose embryogenesis, as we know, takes pléce always in ground waters,'same-

aé in. the reproduction of sockeye and' coho salmon. Thé’phenomenon of rigid o

attachment to the native water body is also supported by data on extensive

e e e e e e w2 20.5% oo ———earn %8 28 A ases Yo & “Sl o oo 2o IR S Sy 's g= ASFSS & B ¢ g e e fam e . W 1S
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marking of fingerlings from'1947 to 1949 and in 1954 at the Teplonsky
hatchery Indisputably, the marked'adult fish were detected exclusively
in the Teplovsky channel in an amount of severallundred 1nd1vrdua1 (1n
addition to two or three very doubtful~cases of.finding_marked fish in
'the Bidihan-and Koor Rivers)T .Our experiments.at the Teplovsky hatchery
indicated 1007 the second return for adult fish.

;The_following example indicates the existence of‘small local
_groupings.A At the Georgiyevsky soawning grounds;-in the Khor River,
the fall chum establlshes from year to year two spawnlng nests in a
. mound, the mounds.themeelves were_relatlvely small. 90 kilometres hlgher
upstream at the Ambansk spawning'grounds, in the Khor River, in the
spawnlng mounde, as a rule, were found three nests and the mound’
was l 5 to 2 times greater than the one in the.Georglyevsky spawning
’ grounds. |

The.eggs of pink salmon and of summer. chum, as we know, develop
1n.the channel below the river. bed (the summer chum usually develops w1th
anjadmixture of ground waters, a fact indicated by higher temperature
in the spawning nests during the winter months)T

.Different_viewnoints exist in respect to the degree of loqaiization.
in‘the reproduction of these salmons. v.v. Abramov_(l954j‘claims, however,
'without presenting any proof, the extreme‘point of view, namely, pink
salmon's return to the native spawning grounds is compulsory._ Afo Kaganovsky
(1949) writes that "under. corresponding changes in the deyelooment

conditions or in the conditions of fish habitat (of pink salmon - V.L.)-
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exten51ve deviations from the usual return to the native rivers may

also be cbserued". A.P. Vedensky (1954) believes that pink salmon is

- not attached to itSunative river, but the'dlstrlbutlon of the spawning .
populatlon ulthln the boundaries of the area are the results of env1ronmenta1
: condltlons. R.S. Semko (1954) considers it possible to speak of '

absence in the salmons, partlcularly in p1nk salnon, of a- strlct attachment -
tq certaln Spawnlngvgrounds . Experlments wh1ch he carried out accordlng
to the method of second return gave.the following results: When releasing
rbelow the estuary of the spawning sprlng the following portion of flSh
returned: plnk salmon from 9. 6 to 13. 97, chum - 21. 27 and. sockeye - 357
Wheu-30'pink-salmons were released above theestuary'of the spring, not a
single fish returned to ‘the springf’ Further ouservations at the Karymaysk
Spring (Bolshaya River, west coast‘of Kamchatka) indicated clearly the |
absence of any feeling for the native suawning‘grounds-(but not for the
native river) in pink salmon of the Bolshaya Riverf “In 1950, only 18 pink
~salmons eutered tﬁe Karyuaysk Suring,'in-the spring of 1951 not a single
fingerling descended from thislspring (Semko,.1954), but in 1952, 95,000
pink salmons "returned" ro_the spring. ‘This is ‘the most striking example,
but in 1956 to 1963, we observed several cases in which the number of
returned‘adult individuals. of sockeye and coho salmon was greater @hanl

tﬁe corresuonding numbers of fingerlings who migrated downstream several
years earller

Similar cases of 1ncongruence between the number of downstream’

migrated'chum andmpink salmon»flngerllngs and the number of returned -
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v adult flshes was observed in the practlce of censurlng operat1ons at
‘4 the hatch1ng and melloratlon stations of the Amurrybvod._

Observatlons of 1. I Kuznetsov and M. Bolbat (1939) SLpport one

f‘the poss1ble causes for the dlsturbance in the feellng for the native
'trlbutary,thevobserved the spawnlng mlgratlons of the summer chum in
the Amur Rlver in 1938 when ‘owing to 1ncreased water temperature all
.; the schools turned off into the very f1rst 1arge cold-water tr1butary,.
‘the- Amgun s W1thout trylng to reach the natlve spawnrng grounds located
_further upstream from the .estuary. All this indicates that the plnk salmon,
same as the summer form-of chum,,ls attached not. to the’ native spawnlng
"grounds, but to- the natlve river system. vIn cases.when we~deal w1th -
'ad301n1ng small rivers we can, apparently, speak of an attachment to the
'vspawnlng area.
. : o | However, we cannot agree.wlth some of the sc1entists of the .
'Sakhrybvod (I K. Chernyavskaya and others) who deny ‘the attachment of
pink salmon to such large spawnlng areas as the western or eastern coast
of the- Sakhalln Island on the ground of a methodologlcally 1mperfect

marklng of flngerllngs by means of cuttlng one fin off. To what degree'

such a marklng is capable of confu51ng the issue was well proven by

_HA P. Vedensky (1954) on the example of American studles.»
Thus, the pink salmon has” local grouplngs (Enyutlna, 1954a and b)
.restrlcted to definite geographlcal reglons (local populatlons of the

first order) It is p0551ble that the populatlons ‘exist whlch are heredltarlly

. connected to large river systems w1th1n such reglons, for example, in the
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- basin of thevAmuf River there iay-exist a local population of pink
salmon in the Amgun'’ River (local pppulation of sécondiordgr), but most
pfdbabiy thegpink salmon has?po attachment to definitg.spawning»grounds 
(it has no local populations of third'ofdgf);‘ Availablemdgpa indicate .
a possibility éf an gxchange in piﬂk salmon individuals bet&een ldcal
?épﬁlétioﬁs of tﬁe seconé order.

The distribution of pihk salmon within the spawning area is
determined by the abundance of populations and by tﬁe»conditions éf
the enviror;mentf |

The matter with‘the summer chum is more,complicatedT As mentioned
-above, A,A. Svefﬁvidova has esﬁablishgd the pfesehce of morphometrical
differences in 1o¢a1’ populations iﬁ_a’ number of 1érge and small tributaries
of:the Amur River, in .particular, of the Beéhenaya River. H0wever, a.
céSe'is-anwn'which contradicts this conclqsién; *Thus, in the winter of
19532t°>1954’ in the Besﬁenaya River the‘Qpawning"grounds;frozg completel?
tovthe bottomf In 1957 Qhen the main part of‘the offspring‘of:the summer
‘chum spawned in 1953.should have feturnea to ;the Amur River, 2.6 times as
many fish_éntered the Beshenaya River than in 1953 (5,100 -individuals).
Here the age'determination according to scales indicated.that in 1957
-tﬁe fish éged 3 constituted 73% of the spawning population of the Beshenaya
‘RiQEr (scales of 100 fishVWerevanalyzéd).

On tﬁe basis ofvthis and other obéerﬁations we may assume that a
coﬂsiderablevexchange in in&ivi&uals takes‘plaqe betweéh‘the local .

" populations of third order, and in a number of cases affected by shérb
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changes-in the environment, also between the local populations of

- second order. The relatively weak attachment of the local popuiations K

of<summer:chum to thg native rivervis‘fur;hermore-confirmed by the
'report of I.I. Kuznetsov (1937), which states that in 1934 the épaWning'tm
schools of summer chum entered the Tunguska Rivé; (a'tributary_of:the»
-Amur River), which is located 350 kilometres above the area of its major
Aoccurrencéf Hefe the migration waé so abundant tha; the inhabitants of
ﬁillages located aloﬂg the 1ower'reaches of the river, in spite of the
unexpecfeaness of the summer chum appearance,_succeededvin catching about
15,0(_)0"‘55.1moﬁsf | |

A possibility of intermixture betwéen various 1oca; popﬁlatioﬁs
compiicates the morphélqgical studiesT In'particular,‘the question remains
_uﬁsolved concerning the stability over a period of many years of one or
 ahdthef‘morphome£ric featuref From this poiﬁt of view the déta on the
relative maximum body height of the fall éhum in the Teployé Lakevarev
interesting. IfB{ Birman (l956)»indiéatés that this chum together with
the chum froﬁ the Ussuri River forms a 1ong body mbrph of the fall chum,
the Amur chum proper is a different chum compared to the higﬁ body fall
chum from thé Amgun' River (a tribﬁtary of tﬁe Amur River). Table 3 indicates -
a fluctuation of this feature in the fall chum in the Amgr limaﬁ.and.in
thg Teploye Lakef

Data in the Table indicate that the relative body height of the '
fall chum from the Teplovsky population was lower during the entire period

of observation than the height of the fall chum in the Amur liman.,
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'.._.gr?“'l‘»able‘ 3

: The Max1mum Body Helght of Females of Fall Chum.in Percentage to the
Bodz Length '

" Place of dele
collectiom

1958] 1959 t 1960

" Mecto c60pa | yaog | 1040 t 1946 |ios1| 1952 i 1956 l 1957
- matepuancs | : ~.‘ [ 77 ,

Laue.T}P Temoe -

o . ». o ‘ . 79
(Bira hEAN (p Bapa) 308 305 294 284 294 288 282 294 286 27,
A'm Wi Emm ﬂuman Au)pa . 316 3 ?’1»5 3 o N 316 3‘1’?

We must.remember, that the body height in the falllchum females in the.
Teploye’Riyer'is higher-betause.of.the development of mating colours.
The difference would have been still greater if the fish was compared

under similar biological conditionms.

’The_leveling effect_of-the:mating colour can be seen from the

followihg example. The relativevbody'height of fall chum females in the

Ussuri River is.30.27 according to I.B. tBirman's data of\the body 1ength

'but after their entry to the spawning grounds in the trlbutaries of the
Ussuri R1ver, the helght atta1ns accordlng to our data, 34.4%5 in other

words, it increases con51derably,

- /20
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It should'ﬁe noted,.that éithough the presence of morphdlogicél
..differéchs is'a sﬁffigieﬁtly feiiéble_priterioh f§r>distinction between
tﬁe_lﬁéél salhoﬁ populatiéns, ghe absénbe of such mdrphologicél differences
does not mean at»all that the fishes in.quéstiqn beiong to one?lpcai |
'-A-population._ Apparently many local populations are distinguished oﬁlj'
by a few ec&logical peéuliarities.  This is natural»since in freshwater
‘bodies theyAliﬁe under‘similar conditions, while they‘either mix in the
’sea; ofglive there.pnder.identical conditionsf' Thus;~thé.salmoﬁs'are aimoét
not subjected to any'sharbly distinguishing factors pf the envi;onment,’
_&hich ﬁay contribute to emergencé of morphological differences. (We are
épéaking:here of thejlocél populations.of the thif& order in the case of
sockeye and fall chum, and of'populations of the secon&border in the case
_ of pink salmon)T | | |

" Existence of local populations'is very important in the reproduction
of salmons: it ensures the most complete and unifofﬁ'utilization of the
spawning area and of the food base of the growth-wéter bodies.»nThe relative
stability of the numbers of local ﬁoﬁulations of the third order (lake
'sockEye, Amur fall chum) is aiso_conneéted with fhe divided-localizationT

"'Tﬁe phenomenon of the localization of ?oﬁulations is much less
pronéunced in ﬁink'salmon,.which is connected té the fresh waters to a
lesser degree and which has enormous spawning re30qrce$§ thereforé, the pink
.salmon is the species with the strongest numerical fluctuations. " If strictly’
local small populafioné wefe characteristic of pink salmon, theﬁ the

practical homogeneity innage»of the population and the development ofveggs‘
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iﬁ the sfream bélow the main channel of the river bed, which is squeét
to periodical fregziﬁgs;vauld lead to depletion of a portion.of its-
spawﬁing‘a;ea.‘

Since the‘Amur summer chum is connected with ground waters oﬁly”:-f
" to anwinsignificanﬁydegree, thevfreeziﬁg of individual rivers will not
cause their totai‘disépﬁearénce'from the spawning stock; because:fhey
have a more complex age ;tructure of the pépulatidn.

The relatively poor localization. of the spawniﬁg ﬁopulati&ns of
sumﬁer chum is an adaptétion.to a faster repopulation of depleted sections
of the spawning aﬁd growing éreés,

Loéal populafions of the fall chum are tﬁe most distinctly and -
vfra;tioﬁally pronounced améng:the Amuf-salmons. Since the reproduction
of fali chum is connected with ground watefé, the freezing ﬁever destfoys
the local population completely. This ﬁermits the fall chum, regardless
of any éeneral Aecreasés'in fheif numbers; to maintain the sameﬂdimensioﬁs
df the spawning area covering the entire.basin of the Amur River, as in
yéafs of high riumbersf

The‘e@bryonic and larval develoﬁment of fall chuﬁ in ground waters .
ensures, ‘even in the most adverse years, survival of a portion of the /21
6ffspring at each of the spawning grounds. Therefdre; the attachment of fall:
chum to the native river may be considered as adaptation to' a dispersion
"within the spawning area. This dis?ersion céntributes to the most

efficient utilization of the spawning areas and of food resources.

o SR R




-35~

‘ " The fdllbwing peculiaritiés:chéracterize the'ieproduction pf
théiﬁacificVSalmnnsﬁ'single—phése reproduction at'the end of the'life
’ cyclé; 15& fertility, large siée of eggé,Aprolonged embrjogenesis;
embedment‘of.eggs into the ground (protection of progeny from prgdators),
Ail'thé above said_peculiarities‘ensuré a rélatively higher individual
,'surviﬁnl raté of‘Pacific salmbns during the period of embryogeneéis,
than in’thé case of fish, who rebroduce repeétealy, who have a high
ferfiiity'and whn'do_npt protect their prngeny (herrings, cafns, cods and
others). | | | . |

The protection of offspring;only.has binlogical importancebin'fish
‘if the amount of fingerlings in the new generation, af thénﬁransition
moment to active féeding, denends on the‘number_of renrnducing indiyidualsf
In fish who dn not pfbtect their progeny;thezméntioned relation may bé

"upset'by climatic and binlogicai conditinné df/the envirdnment,_up to an”
”'iincluding é completeAabsence of any norrelation bétWeen‘tne numbers_of'
the-reprodnéing individuals and théirfprngeny.'

In Pacific salmons the relétion.of the’nnmbers of péfent snock to
the numners of proéeny has a curvilineér cha:acter during the fingerling
v periodfl When the spéwning areas are insufficiently, optimally or siightly
‘éx;essivély.fiiléd;the numbers of the parent stock and of their progenyf

are correlativel;'tonnected; when the'spawning groundé afe overfilléd,
the‘éfficiency of snawning&decreases and the moment may arrive, whén’an

increase in the numbers of spawning fish does not lead any more to an -

gty ey e e wseae
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increase in progeey: ‘Theblimiting;momenr'ie.the case ofifink sai@on

isrthe:size of tﬁe spewniﬁg area;'asdvin the case of chum also‘the size’

of food resourceslln the water body. |

The‘ex1st1ng be11ef that the absolute. numEer of f1nger11ngs drops
 sharply as a_result ef an increase 1n;the number ef‘spawnlng fish is nor
Supportedibybaetual?data‘ene must be considered erroneoﬁs”(Levanidoﬁ,vl964b).
‘ Airesdy the initial researchers of ehuﬁ, sockeye and other Pacific salmons
eotieed the existence of high-yield generations.yieldihg maxiﬁum harvests
at time-iﬁrervalsvequal'to the average length of the life cycle} As:
.’AﬂG}bSmirnoV:kl947) wrete, fluctuatronS‘in the'size of salmoﬁ approaches;.
«cons1dered over short periods of.trme,ohov a cyclic - character, such fluctuatrons
" once started, repeat themselves over a long period ofAtlme.. He used thls’
,ﬁyPothesis:for progﬁosticetion of fsll chum harvests in’the Amur‘glver:
'fitishosldg however, Be noted thatbfor the hydrologically:nqrmal years:
thesekproggosesAwere rathereccuratef These'progneses:were based on the:
assumptioﬁ rhat there is a reletion between rhe qpadfity of spawningi' 23
salmons and rhe number of their progeny.. | ” |
This ﬁroblem attracted.attentien of‘Cénadisn and American scieﬁtists7

durlng the 1950-ies. After the theoretical study by Rlcker (1954) a number
of. works appeared show1ng the relatlon of the numbers of the spawning
 sélmon population to the numbers in the parental.éeneratidn (Rounsefell,
1958)7 | |

Wickett (1958) expressed this relation for" the chum of the

Vaticouver Island for the period from l942[to’l94j,'bY,the'fOllOWing.
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.;sinple iinearbequation:‘resodrces a 3.31'? ¢.885'x‘(number of spawned
fish). The resources and the number of spawned fish are given_in millions
of individuals.

'Apparently; this was a period when thevclimatic-factors_did not
‘ deviate from the average values taken over a period of several years.
For the years 1926 to 1941 and for the years 1948 to 1952, when these
factors were changing sharply, the ratio resources to number ofvspawned
chum-at the Vancouver Island cannot be expressed by the shown equation.

In4pr1nc1p1e, the relation between the resources and the numbers
"of spawned plnk salmon in the Prlnce Wllllam Stralt is expressed by a
similar equatlon;br the years 1940 to 1956, in the Bulletin: of Internatlonal
.North Pacific Fishery Commission (Bulletln INDFC No. 10 1962), namely, - |
y = 17; + 0776x, where y symbolizes resources in millions‘of'indiv1duals,
and x shows the numbers of spawned fish in millions of individuais.
Johnson (1956) found that the number of first~year sockeye at the

.end of the first year of llfe is proportlonal to the number of spawned
fishfv

‘ In'the Bulletin of the International Fishery Commission (sic:)
(Bulletin INPFC, NOT 10, 1962) the equations of . direct proportionality
'-between the numbers of the spawned chum females from the Minter River
(state of Washington) and the numbers of downstream—mlgratlng flngerllngsv
are also shown as: = 0.03 + 0. 0002x,‘where y is the number of spawned
fish in mllllons,_x is the number of downstream—migrated,fingerlings in

millions. The occupation rate of the spawnlng grounds in Minter Creek;was
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.loﬁ.durfng ﬁﬁe entire period of observation. However, jﬁdgiﬁg;frem |
eehe deta:in the table, the dispersibn of the points is nevertheless
very:eonsiderable*and the equation is in poor.cbrfeiatién with the
observea data.
' Table 4 presents a plcture of the. relatlon between the nﬁmber-
Qkof spawned salmoﬁS'anammlgratlng flngerllngs in the basin of the

Amur Rlver.

 Table &

Correlation coefficient between the number of spawned fish and the

number of downstream-migrated fingerlings.

Correlation Coefficient

Rivers

Pink salmon Number  Summer chum Number

of of

years years
Iski 0.73%0.22 11 0.74 * 0.22 11
_Beshenaya 0.71£0.27 - 9 0.60 * 0.27 11
My 0.59 :0;28 10 0.67 £ 0.28 11
Im 0.84+0.33 e - -
_Somnya 0.30%0.55 5 0.59 *0.37 6
n o - 0.54 £ 0.29 10

‘The total correlation between the number of adult fish arrived for
spawning and the number of fingerlings is r = 0.35 ¥ 0.24 for Amur pink

" salmon, and r ='O.46 + 0.36_for summer chum. In the case of Amur fall

chum the correlation is r = 0 69 = 0 26. However, in each more or less
long chain of observations on the reproduction of pink salmon and summer

chum, individual years occur, in which the mentioned correlation disappears
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'(sucﬁ are the-parﬁicuiérlygiow—§ieid yeafé:"l938 té 1939 and 1958‘
tQ‘l959). But—aécepting the corrgiation between the numSérs'of two
: generations; as.ﬁell as between the number of spawned“salmogs and the
numbe#'of their progeny, it is necessary. also to accgpt‘as atloéiéal*'
. conciusion thelﬁresence of correlatién between the number of fingerliﬁgs /24
migrapéd té fhe‘sea aﬁd the age.of adult salmons,_vNeverthelesé, somew
aﬁthbrs believe thét thé number of rétﬁrﬁed éalmohs (pinkvsalmons) is
1ndependent of the number of fingerllngs mlgrated to the sea (Vedensky, 1954).
This delu31on is baséd upon a comparison of the results of the downstream |
migration.of pink salmon flngerllngs from one small spawniné_spriné with
catches of'sélmons réturned to tﬁe rivér basin. The non-correlation in
the:given case does not indicate‘that there is no relation, but in&iéates.
an incorrect solution of the‘problem. ” |
If the censusing oberatioqs 6n the downstream—migrating fingerlings.
(for examﬁle in the baéin.of the Amur River) are conducted on a éufficiéntly
large scale, then the relation between tHeIdAQnstream migfaﬁion of
‘fingeriings aﬁd the return of adult fi;h bécpmes i.ndubit'a'ble.f
In the case.of bipk_salmon the tot;l coefficient between the

.downs tream miération of finge;lings.and the age of aduit fish into the
Amuf>liman forvthe,beriod‘yanging from 1952 to 1962 is 0.55 b 0.19, for

the summer chum it is 0.77 ¥ 0.13, for the fall chum it is 0.84 * 0.22
(excebt for oné’rebroductién season, namely 195041951, when heavy freezing

-

of spéwning nests was observed). If we include data from thisvlow~yie1d

year, then the correlation coefficient will decrease.to 0.69 ¥ 0.26.




-40-

It is interestlng to note that in 1nd1v1duai separate tivers,
. to which local plnk salmon populatlons are restricted‘ the cortelatlen
coeff1c1ent is very ‘high between the downstteam mlgration of fingerllngstz
and the return of the adult flsh. Thus, in the case of plnk salmon in
 the Iski. R1ver, ‘this coeffic1ent was 0.75 ¥ 0.21 for a lZ«year perlod of
Qbservations, while for pink salmon in the My Riverﬂit was 0.81. % 0.19
for the same period. |

Pfesence ef the relations discussed“abeve_indicates that s-certeinb
'tendency is hotentially intrinsic to the ﬁohhlations of the Pééific
salmons towards the stablllty of resources, and not towards an orlgln of the
sharp fluctuations characterlz;ng the dynamics of thelt numbers. However,‘
as G.V. Nikolsky kl958, 1963) determined the.flhcthatiohs in_the numbers
‘are specifie;tovthe species beingha sﬁecies—characteristicf Therefqre;
.oﬁ‘the basis ef concehts of.the unity of otganism and.environment, one
mest'look for eauses-fot the ehangeS-in the environmentdl conditions, to
which the fluctuations are‘the adabtive'ens&er;‘ Conseqeently,>the immediate
»causes'of fluctuations in the_numbets of salmons andVin‘the efficiency
of their reproduction are.found in the abiotiguor'biotic cohditions of
environment . |

The'abioticvfactors of environment cause.destruction of salmons
, bredohinaﬁtly dufingithe ﬁeriod of'embryogenesis. After the emergence of

salmon fihgerlingstfrom the ground these factors are practically non-lethal

to the salmons any more. A.G. Kaganovsky (1949) wrote about them concerning’

the pink‘sélmon, but this.facter'is‘equally applicable to all the.Pacific

‘'salmons.

e g Bats A Temelmi e aTa. et TEpSCom.
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The.biotic factofs,.as_protéétion agginst_ﬁhichAthe Salmons
” - _ bury théif egés-.in the ground,'_ havé, : con\.rerse-l‘y', Nlittié \“(:.effect ‘duriﬁng— :
| .fhe-ehbryogenesis and-during the iarvallpériod-(teﬁanido&, 1951c),.bﬁt 
they determihe?the numbers of salmons at all the.remaiq?ﬁg stages of: “
the life cyc1é.-
.Considering fhe'entire speci¢s the-qeath raté in the»émbrfo—larval S
ﬁeriod.is in éopformity Qith the food.suﬁply‘of the salmon juveniles
 in.the fresh waters. When the numbers in the generation are too‘high
the food base §f the water bodies will be insufficient. .Pink‘salmon'is
‘ the. only exception,‘its-juvenilés'élmdst never feed'in fresh waters.

However, this contradiction is apparent; A.G. Kaganovsky (1949) pointed

QutAthafb"in thé case of_piﬁk‘salmon,'which feeds very intensively (and
compared to othér salmons is»the-most nﬁmefousisaimon. V.L:), thé amount
of fodd in the sea is ﬁotvghat-great, and'eﬁén in ordinary years, this
o ‘,fvactorllimits to .~a certain'degreé ‘.the‘.procAluctivity of the population".
A.G. Kaganovsky suppbrts his Opinibn'by indicating the close reverse re1ation
between the dimensions and the numbers’ of piﬁkhsalmon;
Still_andther indirect proof of thisvaésumgtionbapbeared during the
latest decade. After a general deérease'iﬁ'the,numberé Qf pink.salﬁon in
”fhe northwestern part of the Pacific Ocean the growth rate in the sea - /25
increéséd for the chum and sockeye in vafipus loéal pqpulations (Birman,
1959, 1964; Krogius, 1960; Petrova, 1964).
For the efficiency of reproduction of salmons and for the chéracter
" of ﬁhevdyﬁamics of these numbers it is noélthevabsdlutg measurement of the’

effect of the environment factors that is significant, but the amplitude
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of their.fluctua£ions; The facfors af environment, particularly
the abiotic factors, éhangé bécauseSof'acéidental or regular climatic
'flﬁctuations.. Therefore,‘all the-fluctuaﬁions inlphyéical and chemical
factofs are cliﬁatic fluctuétions, The biotié factorgt(preaators, foodf
Ease, parasites) are also indiréctly connected to the climatic féctors,
but théée cbnditioﬁs are very complicgted and poorly étudied, |

The typé of population dynamics is primarily a results of the
iadaptatiohal relations:formed in the biocoénosis on the baékgrouﬁd of
regularSfluctuations in climate, changing the strength of food:relations_

within the biocoenosis,

SURVIVAL RATE OF PACIFIC SALMONS IN FRESH WATERS

'.Asvwe know, the beginning and the end Sfjthe Pacific.salmonfs
'.:life éycle takes place in fresh water. The bink salmon spendg 507 of
its life (including the beriod'of embryogénesis) in fresh waters, the
sockeye sbends 40 fb 607, énd‘thé'éoho salmon from 66 to‘7SZ}‘ Chum spends
illess time in fresh waters than the other salmons, on the,aver#ge about
257 of its life, ~Natural mortality ratevamong adult fish on the way to
éﬁawn is reléfively low and, only with’féw‘ exceptioﬁs,4it does not lower
thg effigiency of the natural reﬁroduction to any significant degreer
:Conversely, at the begihniﬁguof.the life éyéle, fhe mortality rate is
éxtremely high, like in most animals, and it eliminates an overwhelming;
vﬁortioﬁ of very new generation, ”
Quantitative indices of the survival rate in Pacifig salmons at the

present time, are only determined for a few periods of the life cycle,:namely:
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'_.' - . . in the:grpund,'soon after the spawning, the number of eggs
. ” " . - deposited by the female is determined together with the mortality
“irate of the initial development stages of the embryo;
' the mortality rate during the subéequentmperibd of the embrydgeneSis;)

the survival rate prior to the migration of fingerlings from the

RS

isﬁawning grouﬁds;‘ Iﬁ éockeye,'cohé and other. salmons, whose juveniles:
:stay in fresh waters forva'long-period of.time; thé survival rate prior
to the fiﬁgerling;'stage is not élways determined; more often the survival
‘rate of juveniles is determined unfil the period of downstream migrationj
The final total surﬁival index . is the»number‘of‘sélmons retufning'
_‘to the shores after the fatteping‘period‘at sea; expqused in percentsvbf
the fertility potential this survival figure is called the '"return coefficient”.
TheAambunt of eggs found in femaleg arrived—fof spawnipg éerves as

0‘ ' the initial point to which all the indices of the survival rate are referred.

’_This value may be called the "fertility potentiél"; in the future we are
- going to usé this term. The mortality rate of eggs during thé_period of.
. embryogenesis is expressed in the ﬁércents~of this value.
| Thé number.of the downstfeam migrated fingerliﬁgs,'considered in
'bercents of the fertility botential, is called thé "coefficieﬁt of‘danétream
'migration" . |
ihe.study of natural mortality rate of salmons inlthe fresh waters
is a problem qf higﬁ methodological éompleiity.i Furthérmoré,w}t should be

“noted that for various development stages the mortality rate is determined

with very.different degree ofvaccuracy and reliability.
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For determiﬁatibn df.the sﬁrvivability of‘the'Pacific ealmon

‘. . eggs and larvae in the ground we use extensively the method of openlng

'7spawn1ng nests or mounds, or floor platforms at the spawnlng grounds.at“

I I Kuznetsov must’ be considered. as the author of. this method

s Results of the first yea;s of his_studies are describede(Kuznetsov, 1928),
but, unfortunately, theientirelextfemely valuabie‘ﬁaferial eellected endeff
' his'éuidance during tﬁe §ears ffom 1927'to 1946 remainsvunpublished{ k
In:the &earse1938_to-l94l, A,G.esﬁirnp§~(1947) ahd A.Ya. Taranets .‘ ?f 
(1939b) were epening spawnieévnests; the latter of the two eentributed
. a number of majer imbrovemeﬁts'ee:the:ﬁethodology7of determiningfthe
survival rate from the results of‘eueh'epenihgs,f
| . 'However,'the method ofvoéening spawaiag‘nesﬁe of Pacific salmons_'
- as-a measure for determination of the seriVal rate<of-eggs’aﬁ&~larvae'
- in the ground>period of 1ife has some‘major‘shortcomihgs; Fifet of all,
its results are difficult to‘compare with tﬁe'determination&fesult of the'
fertlllty in females (1n1t1a1 value) and with the number of downstream—mlgrated
‘flngerllngs (final value) . The fertility potential ieﬂfoundivery accurately'
by determlnlng fertility in a sufficien§1y-high nuﬁber of'females. The .
.coefficient of downstream migration may:also be aceuragely determined by
‘means of complete er:selective censusing. |
| A similarly accurate detefmination of the eurvival raee of eggs
‘in the ground pfeeents coneiderable difficulties.  The mortality rate in
'iAdividual salmon spawning nests fluctuates,‘even at‘theaeame Sﬁawning
groﬁhds, from 0 to lOOZ{“Becauseeof'such fluctuaeipns in the:mortalify,
rafe, it isfneceesary to perform a eonsiderable'numberfofFObservations to

obtain statistically reliable results.




In.the case of Amur fall-chum,'for example,:when fluctuations
"» . of live eggs range in a spawning mound from 0 to 3600, at a permlsmble ’

inaccuracy of IOOeggs, one hundred mounds have “to be opened -(on the
basis of the equatlon ﬁ%’ mhere t is the 1ndex of probablllty and k 1s
4 the accuracy (Plokhlnsky, 196l), at an: emplrlcally derlved ‘* 700)
The area of one spawnlng mound of the fall chum is from l 5 to 2.square
‘ metrESt’ Consequently, to . obtaln rellable results of- the surv1val rate,
we must d1g up fromvlSO to 200 ‘square metres of mebhle andlrock-ground
to a depth of one half of a metre.
The follow1ng example shows how unrellable are. the results when
_ the’number of openings isysmall.. In the fall of 1953 at the- Ambansk
spawnlng grounds of the Khor Rlver, ten spawnlng mounds with a total area
of 25 square metres uere dug up.;'The average-number.of-eggS'pergmound was
2784 4'200: Towards the end of January, l954 another 10 mounds were dug
up w1th 1dent1cal area, in thlS case the average- number of eggs per |
mound was 2271 240. ‘The rellablllty crlterlon (tq) was_%%%:=l.6, in
hother ‘words, con51derably below the flrst degree of probablllty (tq at 957
probablllty is 2.1). Consequently, the authent1c1ty of the obtalned
results is not statistically supported, regardless the difference between‘
the two batches being 513 eggs. |
. » Excavations ln the»ground»may be‘carried'out only at accessible’
*r[SQAiiSinggkgians, therefore, they do not‘give any complete picture of
the surv1val rate of eggs under various condltlons. -~ These circumstances

and the extremely timé-consuming excavatlons at a scale requlred for obtalnlng

reliable results .explain the. low popularity_of this method in the studies

of survivability.
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Cénadianvscientiéts (Neave, 1953; Hunter, 1959) were determiﬁing
the numbers of chum and'pink salmon larvae at théir emergence fromfghe_
'gréqu'by means_of'indirect'methodg namély, by summing up the dowﬁétream—
_migratea fingerlings togethervwifh fhe<calculéted amount of fingerlings
eateﬁ.by predators prior to the downstream migration. |

I;i;Kuznétsov (1§28) accumulated considerable amount of daté on
fhé»éuﬁvival rate of eggs in the ground based on comparison of.the amount
of live and of dead eggsfv_Thié scientistwevaluated’the average survival
rate of chﬁm éggs in the ground to be 50% of the,avérage fertiiity;
A.Ya. Taranets (1939) indicate& that this method gives too high results,-
because part df the eggs.deaa'dUring the period of“iﬁcubation disappear
without trace. The results obtained 5y I.I. Kuznetsov are alsé-too high
becauseva number of excavations wepecarried out at the end of April (Kuznetsov,
1928), when the fingerlings have already left the ground. In cases,
when during the excavation$ neither.live, nor aead eggs weré'found,
. i.I. Kuznetsov took the‘sgrviyal rate as 967 (?). |

Other researchers, A.G. Smirnov (1947), R.S..Semko (1954), and
I.I;-Sfrékalova (1963)»d§ened too small a number of nests to obtain reliable
indices of survivability. |

-A.Ya. Tarants carriéd_out in the Iski River considerable studies
oﬁ'the survivability of chum and pink salmon during the period of embryogenesis,
during the years 1938 and 1939. .Unfortunaﬁeiy, Bis studies remained
unpublished. A£ the end of 1938, he e#cavated 100 platfqrms’of the river
floor one square metre eachf Here thefaverage'mortality rate of pink saimon_

eggs was 29%, and of chum éggs; 39%. “In the spring of 1939 (towards the end
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‘the ground period of 1ife) 72 platfdrms weré.excavated, which were of
identical size; the mortality rate of‘eggé was. already 897 in the case

'vof chum, and 937 in.the cése'of pink»salmon. The winter 1938 --1939

Qas:catés%fophic:for the repréd@ction of tﬁe salmonsalqgg‘the entire basin
of the Amur Rivér, therefpre; the in&ices of the survival ratévobtaiﬁed |
be A.Yaf'Taranté éannotlbelﬁonsidere& as averageQVéiues chafacteriftic
6f'thevépecies,, | |

| :vIn order to determihe the average mortality rate of fall-chﬁm,
I carried out fpf a period of years togefher with scientists of ‘the
fisﬁery—meliorativé stations exéavationéjof the spawning'mouﬁdé. We
opened every year from 25 to,lQO mounds;<a~totéi of 385 mounds was

excavated. The results of the. openings are shown oh table 5.

!

§

Table 5

Survival rate of fall chum eggs during the period of_development.
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.‘Remarks:  Notwithstaﬁding the fact thétrthe Ambansk and the
Gé&rgi&evsgrsﬁéwﬁing gfoundé'oﬁ'tbe:khof.RiQer are located 90 kilometres-
froﬁ.each Q;her, the characfer of-QQiﬁosition ipto“grouﬁd is différent
- étvthé two sfawﬁiﬁg grouﬁds.v Af the.first one, the fgli chﬁﬁﬁﬁakéshone
15%ge mound ﬁith an area of 3.squar§ metrés,‘at the second spaﬁning'ground
"6né femaie, as a rule, lays her eggs into two mounds each.with-an areaf 

.. of 1.6..square metres.

A considerable npmber df openings of.the.spawning moﬁnds was carried
out by.ﬁhe fishery—meliorati;e sﬁation of. the Koor River (left-bank
triﬁutary of the Aﬁﬁr Ri#ér). _180.mounds'w§re;opened dpring{avperiod §f
eight yéars; the average sﬁrvival.rate duriﬁg_the period of.embryogeﬁesis
Mwas 28.6% of the fertility;pbten;ial;\or 40;6% of eggé laid in the grouqd.

-‘Summing uﬁ the résuifs for a nuﬁber of-years (from:1949 to 1554)
of excavations of spawning moﬁnds by six fishefy—melioratiVe'statibns
iocéted at the tributaries ofvthe Amur Rivef (the Beshenayaband Ul Rivers),
at the tributaries of the Amgﬁni River_(the'Somﬁya‘and_Im'Rivers), in the
1liman of the Amur (My Rivér)vand iﬁ the Schastye Gulf (Iski Rivér), we have;
determinea the surfivabilify of the summer cﬁum éggs’for the period of 
embryogenesis to be 24 % 4%'(according to openingscf‘lSO spawning mounds),
while the surinal rate'of pink salmon eggs was. 22 t 57 of the fertility
‘poténtial (aécording to the opening of 125 spawﬁing mouﬁds).-

Since the mortality rate of free embyos and larvae of the salmons

in the spawning nests is very small, the»in&igated valﬁes may with a certain

128
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__app?oxiﬁgtion be considered as‘indicés pf the suryiva1 rété of fhe
Amurvéalmons'during the,grouna period'of theirllife.,
The - subsequent stagé at thch’thé valuésibf the natural mdrtality‘.:
rate psﬁaily areﬁaetefmined is the'ﬁigrationlof sélmon fingerliﬁgs'
ffom the gpawning and growing Qater body. »The chﬁm migfates downstream
- from the spawning grounds basically at the finéérling'stage,’althougﬁ a
.small percentage'of.the migrants consists of late‘larvaé. -The main migration

" of the. pink salmon tekes plécefat the end of the larvalﬁstége.

The determination of the nﬁmber of migféting fingérlings is carried =
out by a cdmpléte barrier acroésvthe estuary.of-the sgawhing water body
.or byAmeans of the selective metﬁod=usiﬁg trapé of various design.
During‘recent decades Soviét, Canadian and American scientists havg
accﬁmulated a rather éubstantial material on the survivability of chum
and pink salmon in the periéd’prior to the;beginning of.the migration from
the spawning grounds. Table 6 demonstrates tﬁe longest series of
observations; the data presentedvin this ‘table are taken from the following -

sources: on the MacClinton River (British Columbia, Queen Charlotte Islands)

according to Pritchard (19485; on the Hooknose River (Brifish'Columbia,
Kihg's Island) according to Parvke‘r, (1962b) éﬁd Hunter (1959); on the
Sashin-River (south—gastern Alaska) according to Merrel -(1962) and Skud
(1958); on Ulkhan River (northweétern coast of the Sea of'Okhotsk) according
- to V.L. Kostarev (1964); on Karymaysk Spring for the years from 1942 to

_ lQSOf(baS;h of the Bolshaya River) according'to R.S. Semko (1954).. Indices -

characterizing the survival rate_Qf'chum:and pink salmon in the Karymaysk
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Table 6

- Coefficient of downstream migration of the Pacific salmon fingerlings.

2 F0p6_yu1.§ . . t 3 Kerta

< {Kpacnas [§oomys
o . = , . = = = = E-N
T I e N P T - - S T 4
Cefb a2 |7a8 |° a5 |['SSE| a2 | 233 o | 22% 233
1930 .~ 10,6 —
1932 174 —_
1934 7 90 —
-1936 69 -
- 1938 238. - —
1940 190 6,4
1941 12 o
1942 - 08 5,7 . o
1943 1,5 0.35 : 184 69"
19447 2,7 0,02 27 16,8 1,6
1945 08 0,19--- 0,68 65 065
1946 0.2 — .. 087 8,2 48
1947, - 088 20 012 099 2,7 - 99 15,9
1948 o817 17 - 735 1,5 187 035
1949 6.45 3,7 44 622 25 11,8 103,
1950 15,12 0,1 —- 1500 ° 42 10,7 13,1
1951 16,47 9.3 16,92 S .
1952, 14,42 19.41
1953 13,95 7.0 S 16,36
1954 3,22 438 —_— 6,34
1955 . 6,76 12,2 — 387
1956 2,87 0,5 —_ 1,72 25,3
1957 2,80 228 — 282 9.6
1958 1263 61 — 1533 10,0
1959 15,05 13.2 — 1545 33,0
1960 37,23 22,04 44
1961 i 21,0
1962 70 -
T 1963 0,4
1964 . A 14,4 . _
AVERaje 4,4 11,1 52 1,8 110 23 139 125 67
1. {ear of spawming 6. MacClinton river
2e Pini salmon 7. .- Hooknose river
3. Chun 8. Sashin. river
! i, .
L. Socckeye . 9. Kary-laysky spring
' 5. . Coko .. 10, Jlkhan river.
|




-51-

Spring are'considerably lower than the data obtained forvother,water
. oodies. _fhis low survival rate can, evidentiy, not enspre theAmaimtemance
of the salmom numbers and must 1ead to a catastrophic drop in resources.
R.S. Semenko'mimseif’does not.comment on his data, but these data'maVe
- attracted attention of many ichtyologists; A.G;.Kaganovsky (1949)
expressed an opinion that Karymaysk Spring is a!spawning ground
o uacharaeteristic of pink salmon and fit has a number of negative oualities
for the spamning“of’the mentionedvfish, therefore; the emergence of
fingerlings here may be low'". B.I. Cherfas (1950) comsiders the data on
the downstream migration of pink salmon for the first three years of .~
observatioms and comes to-a conclusion that these. indices belong to years
with a catastrophically 1ow'surviva1:rate, as a result of:the influence

of some unfaﬁourable factorsf However, asiindicated by the data in

table 6, during the entire observation period at the Karymaysk Spring

the coefficients -of downstream migration remaihed at the same catastrophically -

-

.1ow levei E Furthermore, in retrorespect, we. may say that the results of
the census1ng of salmons migrating downstream from the Karymaysk Sprlog in
the years 1951 to 1964 turned out to be considerably lower than at the
time of the publlshed data. |

Data shown in table 7 indicate that from 1952 on the yield of chum
fimgerlings, and particularly of sockeye and coho ones, dropped by many;-

times and, as a rule, the coefficients of  downstream migration are only

fractions of one percent. Starting with 1954 the pink salmon is not appearing

at all in the Karymaysk Spring. An almost-complete disappearance of salmon
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- 1n the sprlng, where only 20 yearsvaéo up to 120 OOOIfish usea to eome, o
is dlfficult to explaln, a phenomenon Wthh will he later dlscussed.

Acgordlng to the data of-Neave (1953)'the_coefficient.offdpwnstream
nigration of pink salmon from the-Morriéon Rivere(Canade)-was duriné

two éeasons:4.7z and 6.7% respectively. Hanavan:(i9$4)fwhen studying
'the reproductlon eff1c1ency in pink salmon above the tidal-zone, ehtained
9 2% 11 22, 13.97 and 20. 97 chkett (1952) obtalned the follow1ng
coefficients of downstream migration in the Nail-Creek Rmver: 1.47% for
’pink.salmnn in 1950, 7.2% for the same in 1952; 0.42 for chum in 1948;
A6Z:in l949;hand 7Z‘in11952{ Foerster‘(l955) records that the ground>of
thisiriver's bottom:is. "bad" for natural reproduction‘(too shellow).

In:salmon whose>juveniles_remain in fresh naters for a‘year or
more, the freshwater surviyéi rete'indices are for the samebperieé of
_deveiopment'close to the indiceé of chum and pink salmon.

All the presented data are-: obtalned by meens of a: complete permanent
‘barrler across the - spawnlng water .body and by passage of all the flngerllngs
through a censu31ng trap—recelver., Only the Ulkhan River constitutes an
exceptlon, this rlver was perlodlcally barred(only during the censu51ng)v
Thus, the ‘natural living conditions of the chum flngerllngs were not
disturbed here, and this is probably the explanation why this river has
the highest"survival rete. I used a similar method at the Khor River
(Georgiyevskiye Springs): barring of the estuary of the snewning channel,
release at the'beginning‘of the‘nownstream migration from4the spawning

grounds of fallwchum;fingerlings)markhﬁ with vital dye and their repeated
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catchlng by means of'removals. By this method high indices of fingerling .
” o survival were obtalned. In' the Years,1957.'to 1959, this vaiue .was 1?.9,
21.6 and_28.4Z respectivelyh(en'thevaverage 22.72)'of the fertility
pctential ' | | |

| Foerster (1955) presents the follow1ng data on' the snrv1vab111ty
_of Canadlan sockeye from the fert111ty potential to- the f1nger11ng (1n

.--percents) in the Scally -Creek River it is 13 7Z, 9.3%, 13.6%, 12.27 and
10.17; in the Folly—Creek R1ver, 25 2%, 1.8%, 5 1%, 8.97, 5. 07 and 13.47;
in the Six-Mile Creek Rlver, 12.0% and 19. 07 (on the average 11. 57)

' The surv1val rate of the coho salmon from the fertlllty potentlal
tc flngerllng is according to Foerster (1955), 1n the Kovichan River, '
taken over an observatlon period of twelve years,’ 22 8% (at fluctuatlons :
ranglng from 11.8 to 40%. | | |

0 p " . '- - Thus, the survival rate indices of the sockeye in the Canadlan
rivers and in the Karymaysk Spring.(in the latter for the period precedlng
| 1951) are very close. - The mortaiitv'rate of the ccho salnon‘in_thel |

Karymaysk Spring is,»however,Aconsiderably higher. than in the Canadian

rivers;
It is interesting to note that the average coefficients of
downstream migration are nractically very close‘inAsalmons as different
in.their fertility, as nink‘saimon, on the one hand, and as chum, coho
and sockeye, on the other. Only the chum and nink salmon from the Karymaysk

Spring and pink salmon from the Sashin River constitute'an:exception.‘

However,“the value of the coefficients of’downstream migration to the Sashin
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Rivgf cause a cértain doubt;~ip the calculation of pinkksalmon'é
céeﬁficient.of:feftili;y for theAentire period of dbsérvations; it wés
aCCepted:aé ponstanf and equal two thousénd?eggs,(Skud; 1955,AMerrel,
1962). Such a-fe;tilfﬁy is very-highAfor pink salmon, especially if we
take into consideration that in l940—ies;and.in 1950-ies the resources
of pink éalmons in-southeastern Alaska wére»at a ﬁigh level. It is also
difficult to assume that the pink salméﬁ fertility wés consfént.. As
Skud's data show (1958), the average‘weightjof pink_sélmon from thé Sashin
‘River fluctuated not less than by 1;5 timesvduring the years 1935 to 1953.
"In connection with the.above—said, it is interesting to eVaiuate :
the efficienqy of the reﬁroduction-of salmons not merély'éccordingvtb /31
“the relative,'but also according to theyabsolute coefficiént of dqwnstream
migration, i.e. according to the average number .of migrating fing?flings
per one épawning femalef Data'i# table 7 show that the average numbers of
progeny bér one chum female ‘during the downstream migration is éonsiderably
ﬁigber than of a bink salmon female . This fact provés‘that the éssumptioﬁ
about the higher survival raté‘of-bink-salmon in fresh waters is unfounded.
(Vedensky, 1954; Soin, 1954; Strekalova, 1963)f The relative survival rate
of chuﬁ éné ﬁink salmon in fresh waters is aﬁbroximateiy identical, while
the absolute survival rate is higher in the former than.in the latter.
Tﬁé survivél rate of ﬁink salmon fingerlings in the Sashin River
is relatively low in absolﬁte indices, but.is eﬁ?ressed by a Qalue of same
order aé tﬁe survival rate of pink salmon in HooknosévRiver.

The survival rate of Amur salmon fingerlings was initially studied
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by A.Yaf}Tarénéts.at the end of the 1930=iesg  waever, cohtrary to
‘. Pritchard, who at that ‘tim_e "waé :cehsus'-i'n'g p1nk sdlmon iﬁ th'e Mac—Clintoﬁ
e Creek River, A.Ya;_Taranets.sec as his goal to determine fhe coefficient.'
of downsﬁféam migration bf‘chum-énd pink saiﬁon not from a‘single‘spawnihg.
:ground, but ffom the.ehtire bééih of the river; the latter is'visited
for §pawning;purposeé by 1.2 ﬁillibh Salmbhé. A héximum of 0.15 million
’“pink'salﬁons eﬁtéred the Mac=Clinton River, uéually it.wés éntgred by
merely 40;000 to 50,000 fish. |
Néturally,.under'such conditions aicdmpléte éensusing of the
migréting‘fingerlings is almost impossible, therefore, A.Ya. Taranets. -
used’the'séléctive method of cenéuSihgvby means of traps (conic néts)
suspended in the water mass. The hatvest rate of'the_traps'was determiﬁed
by ﬁeans’of the release ahdﬁrecapturevof marked fingerlings.

A.Ya. Taranets obtained for the pink salmon fingerlings a correction

in the harvest rate of approximafely'Z.O‘(5ccording to Vedensky, 1954).
'For chum fingerlings, according to unpuSiishéd déta of A.Ya. Taranets, during.
three years of obServations the cdfrection in the harvesf rate was 3,3,
i.8 aﬁd 2.4, the average.bging 2.5. Largéf and more mobile'fingerlingé of
chum, aﬁﬁarently avoid thé traﬁs to.é greater degree than the pink salmon,

A correction for traﬁ avoidaﬁcé is not a constant value; this value
‘depends on the de?th and width of the river, sﬁeed of the current, weéthér'
conditions andAothér factorsT This correction véries not oniy from river

to river, or from censusing profile to censusing profile in the same river,

but it varies also within the same'profilg owing to fluctuations in the : 




o ‘ -." hydfolégical and meteorological coﬁditionsf. Theréfore, in #raétice one
. o - has to use an avéraged cér_rettioﬁ _détermining the }sounda_ries of accuracy
| .in the .method of fhe selective .censusing by means bf A.Ya; Taranets'
k o ' . ‘
traps.. . _
| fStarting.with 1951, the Amur branch of the Pacific Research
Institute for Marine Fisheries and_Oceanography‘and thé Clavamurryb&od
[Amuf.Main Fishery Department/ organizé censusing of migrating chum and
_pink salﬁon fingerlings in ail the rivers. at whiéh the.fishefyrmelioration
stations are located. During the bast fourteen years a considerable
comparison matérial ié accumulated on the‘numbers of'the;downstfeam—migréting 
'fingerliﬁgs of summer and fallvcﬁum and bink salmon. However,‘it is -far
from-always that one can determiﬁe ﬁhe cqefficieqts of.déwnstream migration: .
the fingerling trabs suspended iﬁ the wafer mass operate eVery yeér ﬁnder«
éonditions of any tyﬁe of flood waters, But‘high waters 6ftén wash‘awéy the
barriers for censusiﬁg'adult salmonsf Table 6 shows. the coefficienté_of j
downstreém migration calculated with application of correctibﬁs for aVoidance
of traﬁs. .Correction coefficients fluctuate for,pinkvsaimon ffom l.5-to;
2.0, and for summer chum from 1.0 to‘2.5;'
The average coefficient of downstream migrationvfor pink salmon
according to fable 8 is‘l6,3 *+ 3.5 (in these éalculétions the-catastrophicallyv

'ﬁddr harvest years 1958 and 1959 are excluded). The average coefficienté . /32

of downstream migration for summer chum are 16.7 X 3.9.

N ‘ ) o
In 1960' and 1961 I have tested zepelin-shaped nets of scarce

plankton gauze or of congress-canvas, which were two to three
times longer than the Taranets traps.. . At current speed of one
metre per second the correction was 1.0. '
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_‘ o Coefficients of downstream migration of pink salmon and summer chum
[o1 ckara Y EAR \§ %i'\/\aﬁc’ﬁ
o Pexa o5 | 1952 \1953\.1954 1955 | 1986 | 1957 | 1058°| 1959 | 1960 | 1961
River - , -
. : . - .+ Top6ywa Ponv salwen : .
Ny Mg @ 180 100 235 30 259 258 11~ — — 168 -
UL yp 7 _ - - = = _— — . - - 26
dm M - — 70 700 — —  — - = 06 = =
Sc,.»mv\?i\ COMHE . _— —_ 9.8 28,2 17,9 -— 33.2 _— 1,1 —_— 7—;
\ency: Bewenas — 55 = - —_ — 21,0 _— - — )
'?iv.'. ! Uekn 272 83 217 33 154 255 67 174 - 07 156 170
. e Keta _; Chuw - : -
My Mk - 67 30—  — 124 34— — 20— o
ue . ya . — — 52 916 227 280 205 140 34 — 110
$awnye Commss - .. — .87 105 125 — 35 70° 2.0 — - 9%
* BeshenuynBewenas  — 92 170 - — 22—~ 221 — 224,202 210
tsx. . Hexn - 102 81 22 —

32,6 86 — 102 1,7 105

Coefficients of downstréam migration are, possibly, too iow,
“since the mgjor part of the figures in the table refers to the period
of the decreése in tﬁe level of Amur salmon resources. They are close-
~in sizg to‘the coéfficients of downstream migration obtain by V.L. Kostarev
at the Ulkhan River and By Hunter at the Hooknosé-Creek during the observation
years 1958 to 19617V |
| Starting with 1956;'in Canada,'togefﬁer_with complete censusingA
 in spawning streams and rivers, in large.tributaries of the Skeéna River, -
one began to introduce the selective_censusing pf'migfating'fingerlings_Qf

pink salmon by means of traps suspended in the water stream. Censusing:

P T T T s s .t e TR

T RV SO TR R T T A TRV T TOR S YT ORI LS 25




e

_59-

operations were organized in three rivers: Lakeelse, Kispioks and

"~ Kitvanga. ‘The following examples indicate the importance of these rivers

in the feproduction'of pink salmon: in 1961, 705,000 pink salmons'en;ered;
thése*rivérs (325,000, 280,000 and 100,000 in each five; respectively),’fi
whiie in 1962, the first of the three rivers alone was entered by4635,000
pink salﬁéns (Aﬂnual Rebort'of the fisheries(ReSearch Board of Canada,
1962, 1964).

The éoefficient of downstréam migration»df fingerlings in 1960,
in Lakeelse River, was 187, in thé Kispioks River, 23%, and in the
Kitvanga River, 15Z.- In 1963, in the Lakeelse River, the'coefficient

of downstream migration was 137, but it must be taken into consideration

. that in 1962 a very considerable ("surplus') number of pink salmon spawned

there.
-The average coefficient of downstream migration of pink salmon
according to the data presented above is 22.5% for tributaries of the Skeena

River. Assuming that the average fertility of pink salmon in British

" Columbia is, according to Hunter (1959), 1600 eggs, we obtain on the

average 360 fingerlings of pink salmon migrating downstream from each
female. The future will show, whether these figures are the most charac-
teristié indices of pink salmon reproduction in the late 1950-ies and in

the early 1960-ies. In any case, the survival rate to the stage of fingerling

"~ of 15 to 20% is very high and is explained by the care for offspring

characteristic of Pacific salmons. Such fish like carps have a survival

rate from the fertility potential to the four-month age under natural
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conaitions of .0.0427 and even under pond conditions, where predators -

are éﬁsenﬁ, this rate only reache514{7Z (Cherfas, 1950)._

w

SURVIVAL RATE AT SEA o e oo -~€:3

vWe‘have épnsidérably fewer data:on the quantiﬁative eﬁaluatidn
_of fhe éurvival fate of éalmons while at'séa, than we-have.bn’gﬁe fresh;
watef?period.of'their life. The numbefs of chum and pink salmon fingerii@gs
infa:spawning spriﬁg are determined by complete censusing,‘but'it isv-
'impossiblé to isolafe édult fish of this wétér body in total coastél
 catches,” Furthermore; many data are aécgmulated én pink salmon suppérting o
- the opinion of A.G. Kaganovsky (1949), A.P.‘Vedénsky (19545, R.S. Semko |
(1954) and other authorS»concerﬁing the relatively poorvrestriétion 6f this
salmon to its native sﬁaWning'grouﬁd.. R.S. gemko (1954) demonstrated
eXperi@entally that the. attachment to the nétive spawning ground iS»vgry
poor in the Kamchétka pink salmon and‘chum. |

The firsf evaluations of the value -of the ﬁortality rate of sélmons
~ at sea were carried out on the basis:of the reéults of comﬁlete census in
small sﬁawning rivers.and on tﬁe basis of the returﬁ of adult fish to the
séme. Data of Pritchard on the_Mac—Cliﬁton Rivér aré well-known. According
to these data the return of.adult ﬁink salmon from the séa to the native
river (to the censusing barrief) fluctuateé from 0.3 to 6.7SZ:§f.the.number
of dowﬁstream migrated’fingérlings,at étgeoméfrical mean value of 1.02%7.

A.G.?Kaggnovsky (1949) while analyzing Pritchard's data came to the

 conclusion that fluctuations in'the.mortality rate in fresh waters are.
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'~l,;; _ - B considerably smaller than in the sea,.and that the relat1ve mortality

. ' . rate in the sea is h1gher than 1n fresh water. The loglcal consequence'
of thls concluslon is the recognltlon of the considerable d1fficulty
in_proénosticatibn of pink salmon.numbers by means-of the'number-of
fingerlings mlgrated downstream. V | |

Neave (l953) sums up" the data on three r1vers where for ‘a number - -
of §ears a complete censusing was condueted, and presents the.following
evéatah(tablev9); | | |

Table 9

Survival rate of pink salmon at sea. Return of adult fish to the
spawnlng water body in percents of the downstream-migrated flngerllngs. .

s , ' Number Age fluct- ,Geometric mean

Rivers Years 4 . '
v > of + . uation, value, in 7
' . years in 7
- Mac-Clinton 1930-1940 6 © 0429-6.75 - 0.824
' . VHMorri‘s::’n 1943 1 o= - 2.10

Hooknose  1947-1948 - 3 3.1-5.2 374

Sashin . . 1940-1945 . 6 0.6-3.5 | 1.61

Neave assumes . on>the basis of the data in this table, that the
average return rate of adult fish in the- spawnlng .rlvers is 27 of the
number of flngerllngs. Having determined the mortality rate of pinkvsalmon
caused by fishery under conditions of coastal fisheries to be 607 of the
spawning population, Neave evaluates,the total survival rate of pink salmon
at sea to be 57 of the downstream-migrated fingerlings. By comparing the

survival rate of pink salmon in the fresh water and at sea, Neave comes to . -
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-.;the conciusioﬁ tﬁat the dataFOA-thé Mac—Cliﬁton River are not
  fepresentative in tﬁié respect and that the‘mortality rate of pi#k
éaiﬁon in fresh waters at thé7ﬁcginping ofoheir.iife cycle flpétuates
considerably more than at sea. ﬁé presents the following. figures for
_ pink salmon from the Sashin Creek: the Surv1val rate in fresh waters fluctuates
by 32 tlmes, in the oceaé\)S 2 times; the surv1va1 rate of pink salmon |
from Hooknose—Creek in the fresh water fluctuates by 17 times, but in-
the ocean it fluctuates:ﬁy only 1.7 times. In the case of chum from 
British Columbia Neave calculated'the'surviﬁal rate in the ocean t be
47 of the downstream~migrated,fingerlings.

Foerster (1955) presents the following'geometriéal'averages of
survival rate in the ocean until ;he return to the spawning ground;ﬁ
pink salmon from Mac-Clinton Creek; 1.016%; from,Hooknose-Creek 2.677,
from Morrison Creek, 0.93%Z; chum from Hooknose Creek, 2 6 ¥ £rom Nall Creek,
17821

AHupter‘(l959), using data 6n the returﬁ of pink salmon to Hooknose
Creek and on the fishing intensity, ‘determined the average return raté of
pink salmons (on the basis of fingerlingé)rtd the region of coastal fishery
as 6.7% with survival rate fluctuation of 10.8 ﬁimes.v |

 The average survival rate of chum from Hooknose Creek at the return '

“ifo ;hé spawﬁing river is, according to his data, 0.857%7. ‘If we assgme, as
suggeste@ by Neave, that approximately 507 of the spawning populations is
 harvested, ﬁhen the reﬁurn rate to the region of coastal fishery is evaluated‘
aé lf7Z for the British Columbia.cﬁuﬁ.- All’theseifigﬁres are obtained“by

- using data on complete censusing in one or two small spawning rivers.
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During recent years Canadian and American scientists were convinced

that the environmental factors, particulafly the predatdrs’(Vernon,,1962),

~had different effeCtst§0n a small salmon population in ‘a single spawning
spring and upon the entire offspfing of ‘the spawning population in a

river basin, switched to the selective censusing of the downstream

migration of fingerlings in such large rivers as the Skeena River (Manzer

and Shepard, 1962). According to their data, the survival rate of pink

salmon in fresh waters fluctuated during the five years (1955 to 1959)
- . \o' v
approximately by three times, and the survival“pink salmon from the

fertility potential of the spawning population of pink salmon in this

- river, calculated according.to data from annual censuses of the Canadian

Fishefy institufe (Annual Report of the Fishery Research Board of Cénada,
1961; 1962, 1963, 1964) was 0;42. These déta réfer to populations Qf
conéiderable size: in odd years qf_to 372 ﬁillion fish énd in'eQen years
from 075 to 1.7 million fish. |

As mentioned earlier, the coefficient of downstream migration of

-hpiﬁkAsalmon-in the Skeena River has a value of an orcder of 20%, consequently,

the return of.adult.fish.is ZZ oflthe number of downstreém4migfated fingerlings,

;}e; considerably lower than estimatéd by Neave and Huﬁter. At these | |
survival rate indices the fishing industry caﬁ take 657 of the spawning
population, in 6ther Qords, exactly the value derived by Neave (1953). .

Thus, in foreign literature we find few data on the size of the

~oceanic survival rate of pink salmon and individual figures on the survival

rate of chum. Data on these two species are also scarce in Soviet literature.




64—

On the ba81s of the marklhg of fall chum flngerllngs at Teplov .

hatchery and of the determlnatlon of the 1nten31ty of the fishery, I
“have calculated the return rate of chum in the reglon of coastal flshery
-.to be 1 5% of. the downstream—mlgrated fingerllngs (Levanldov, 1954a);, and
_'then (Levanldov, 1964a) I have presented data on. the oceanic survival -

.rate of the entire population .of the Amur plnk.salmon and of. the‘Amur
'?shmmerhchum. Here the geometrlcal mean velue of the coefflcients of the
voceanic survival rate for Amur plnk salmon, in even years, was 3.47 of
the downstream—mlgrated flngerllngs for the perlod from 1952 to 1960, while
for pink salmon in odd years this survival rate was 2. ZZ; The geometrical
" mean value of the coefficient of the oceanic survival rate of the summer
chum was 1.6% for the years 1955 to 1960. |
The presented data represent only an -evaluation of the mentloned
" values. based on the censu81ng operations corerlng epprox1matelv 30% of
the spawnlng stock of pink salmon and approx1mate1y 607 of the spawnlng
stock of summer chum (Levanidov, 1962)T One may assume generally that the
.natural mortelity rate(f pink selmon,in the ocean is 977 of all the-

, downstreamfmigrated fingeriihge, of chum; 98.to-99% of the same. The
sur&ival-rate equels,,consequently, one to’tho~percent of chum fingeriings ‘
and two to four percent of pink salmon fingeriihgs.

. According to data of the Canadian and American scientists (Parker;
1962a; Ricker, 1964), the bulk of the pink salmon and chum mortality takes.
place in ocean during the coastal perlod of - 11fe,Awhen fingerlings stay close
to the shores. Mortality in open sea is }ow-accqrdlng to~Parker: for plnk

salmon it constitutes 16% and for chum 447 of the entire population.
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insufficiént information on the numberé of chum and pink salmon
fingeflings migfa;ing downstream froﬁvlarge rivef‘éyétems dbés”not allow
us - to obtain‘reliablevindiceé for various local pdpulations.  Thefeforé,
for..the totai evaluation of reproauction:fates we most often ﬁse tota1liﬁdiées

" of reproduction shown above for the course of the entire life cycle without

any division into a freshwater and a marine periods.

- SURVIVAL INDICES FOR THE ENTIRE LIFE CYCLE-

The terms ﬁreturn coefficient" or hreturn in percents",."percent:
of return"‘(Cherfas, l950)-afe the moét exténsively-used ones. ihis_index
is determined by thé ratio of the ébundaﬁce of offﬁpring at ﬁhe moment ”;
when individuais reach commercial size to the fertility pbtential.

The feturn coefficient may also be calculated for ﬁhefrémainder
of the commercial populétion that returned to the spawning groupd. The
" determination of the évergge value .of the‘feturn coefficient iﬁ felation
‘to the remainder 6f population thét_participétéd in théwreproduction may
, be-relati§ely easily~calculated for varioﬁs populatiéns ofvPaéific salmon

on the basis of a certain‘average-lefel of their numberé.
Neave (1953) Qas tﬁe first to.cafry 6ut such a calculatibn for
~pink salmon. By usihg his data we may determine the average return
coefficient forbthe British Columbia pink salmon as O.OOSZTv These calculations
are obtained.from'a simpievassumption that in order to maintain constant
numbers two individuals'must survive out of each fémale'S»offépringsy if .

s

the ratio between sexes is 1:1. 1In the case of Pacific¢ salmonsy, at an average
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sex ratio of 1:1 in the spawning population and at a single reproduction.

the average return coefficient is - 2 x 100 ‘(in percent).
average fertility '

“vUndoubtédly, this index is too general to be used . directly, but

a‘cdmpafisdn with it of observed return coefficients permits us to speak

of a decrease ér an iﬁcreése in.the reprdduction efficiency.. In;cases.

, Qhéﬁ we kndw the portion takéq by thé fiéﬁery.we.can détermine the return
coefficient of thé sﬁawning population ih-the'fishing region.

Besi&es the return céefficient another index‘is used forjthe

determination of the total survival value; Qhen using this index it is

not neceééary.to.determine the ferﬁiiity of salmon53. This index is the
ratiq of the numbers of the commercial population td the ngmbers of thé

- spawning salmons of the barént generation;~ M.P. Somov (1930) and léter

I.I. Kuznetsov (1937) called this index "sqfvival coefficient"f The saﬁe
iﬁdéx, but réferred to the generation instead of the spaﬁning population,
‘was called by V.V. Azbelev' (1958) "coefficient‘of the return of generations".
kﬁickett (1958).calls this relation "proguction index" and expresses it in
» percent. A qumber of authors use this indéx, but without givipg it any
special name. T.V. Yegorova, F.V. Krogius and others (1961) use the ratio

.. of the nﬁmbérs of parent stock (accepted as a unit) to the return. The
Intérnational Commission on Fisheries in North Pacifié uses extensively ;his
index by deté;mining the return per one spawned individual (Bulletin ofb

INPFC, No. 9, 10, 1962). -Finally R.S. Semko has used now for a number of

years the term "kratnost /. "multipleness'/. Among ‘the enumerated terms
the term "survival coefficient" should not be used, because:in the fishery

- literature (Cherfas, 1950, 1956) a different interpretation is giveﬁ to this term.
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- " The "prdduétion index" is very unspecific. The term of R.S. Semko seems
. " to me to be best chosen, as it expresses well the very essence of the
concept.
" : : . ‘ /36
It is easy to see that the return coefficient and the "multipleness" ‘
.are connected by the following simple relation:
‘Return coefficient < ‘Average fertili;z_' = ‘multipleness.
100 : _ .2
‘The multipleness, as an index, has the advantage of having greater
objectivity than the return coefficient, the latter normally is very low
in the highly fertile fish and is many times greater in the low-fertile
species.’
In the case of the Amur pink salmon the return coefficient to the
Amur. liman, for the years 1952 to 1960, fluctuates between 0.02 and 1.01.
: ' The indices of the reproduction of the Amur chum are better studied
.v (table 10).
Table 10 i
g
: : ' 0
5:4 i 1 t w - G~ b)\
@ © H o o« < 5 e o te
S b o E O |[owuO R
wr 5 ey & W & SIS © c: : P —i
;‘3; - (; R c T - (L’]".:j [} —i oo IS
- iyt = Q ol b b - %l: o S et £ o .M
o ¢ oW @GP e e £ o= E ~ P
= Srod | Boa Bl 82" |5 bo =
\ E E-} @~ ,.-—{ >‘_J E, b: O %= & [T s ég‘.:‘ ;_E :
o an‘gé Sh o] mom [ma R T
947 2,2 3400 . 7480 17,5 028 4,0
igiS 0.4 3400 1360 2.8 0,21 3,5
1949 1,2 3400 4080 53 0,13 2,2 ,
1950 0,8 3325 2660 2,3 .- 0,09 1,4 ;
1951 3.3 3353 11065 - 7,6 0,07 1.2
1952 0.5 3603 : g2 ., 70 0,38 - 78 -
1953 04 3500 1400 4,2 0,30 53
1954 0,3 3238 9710 "~ 4,1 0,42 6,§ -
1955 0,6 3616 2170 - 6,0 0,28 5,0
-1956 0,9 - 3538 3184 5.2 - 0,16 2,9 b
1957 06 3300 - 1980 - 75 0,38 6,?» . :
. h ‘ " An;+kw11.c.~\( 4m‘s~_1'n L. . 0,24 43
: | Czev"“'ﬂ""“‘\ Mmedn ... . 02l 36
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e o o The_average‘return coefficient of Amurt fall chum to the spawning

' . . grounds is 2 x 100 - 0..'0567.,.: Consequently, to preserve the resources |
; 3600 - - L o

at the'same level 72 to 73% of the numhers of-the spawﬁing population may’
‘be taken. Here, in case of return coefficients like those in 1952’x1954
and 1957, the chum resoﬁrces at~a:cohstant'£ishing rate will,increase frcm -
generation to generation to the'dquble. On the other.hand, at the lowest
ththe ohserved return coefficients the fishihg indhstry may take only
207 of the fall chum;s spawning populatioh-without harhing the resources.

| The fertility cf'summer chum changed insignificantly durihg.the years
of our observatlons, therefore, fluctuatlons in the return coefficients and "
in -the coeff1c1ents of multipleness have identical character ‘(table ll)

It should be noted, that the indices of multipleness for summer chum,

regardless of the fishing prohibition, ih:three instances were less -than

.. . one (Levanidov, 1964a), a factor indicating anomolous reproduc-tion conditions.

The_index of multihleness or of returh‘per ohe spaﬁned ihdividuai
is wideiy used in recent years for the determination‘cf the efficiency in
the natural reproduction.ofbsalmOns; In tabie 12 Websee some data characterizing
the numerical value of this index according to data of different authors. /37

V.V. Azbelev (1958) points out that his results were obtained during

. a period of increase in the numbers of chum, therefore;the average value of

multlpleness is probably too hlgh.

The main character of fluctuatlons in numbers also reflects upon the
indices of other salmons. Thus, the low indices of the multipleness in
pink}salmon in Central Alaska may‘be exﬁlained by a'progressive decrease

in pink salmon resources in this region, a decrease which started in 1946 to 1947.

P A s
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Indices of the multiplenesé of Amur summer chum.
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v = ‘: 24 34 ' 4.4 £l o 1R plol = O
1947 900 @ — 3540 432 3972 44 0,42 2100
1948 600 - — . 300 46 346 06 -+ 006 - 2000
1949 1080 . 64 - 582 214 © 860 - 08 - 0,08 2000
1950 1470 - 34 1182 - 185 - 1401 1.0 010 . 2950
- 1951 1720 29 - 555 365 949- 06 . 006, 1991
: 1952 320 —  .505 81 5926 . 18- 0.17 2187
’ 1953 250 — 729 - 93 824* 33 0,33 '1938
Lo 1954 1400 - - 1590 151 1741 1,2 0,11 2300
1955 640 167 - 1790 464 2421 3.8 0,34 2250
1956 800 40 721 189 ~ 950 1.2 oll 2900
1957 . 450 . 2% 1016 300, - 1342 30 0,22 2542
. L. , Geemetan Lu'» mean. 1,54

*) In.the total numbers are included chum aged 5%+ (in 1952,
6000 fish, in 1953, 2000 fish). ‘ L E

On the whole, the ddta in table 12 show that the average value
of pink salmon taken by the fishing industry at the American coast and
f ‘of Alaska chum is approximately 607 of the entire population with the

average index of multipleness of

\

2.5 : (2.5 -1) x 100 =  60%.
: 2.5

[However, in years of the maximum reproduction efficiency the harvest percent

“may reach . 90 :+ (9 - 1) x 100 = 907.
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‘Table 12
. . ‘ _‘ . Indices of 'multiplenes"s in the ;‘eprodﬁcﬁtion of salmons -
0 @ .. g g 5
iy v o S o
.9 oo e Yoo e
] g B 0. & 3] -
a o= @ w 3
9] A  Jw H > T a8 ]
o e o [ O] o o [3]
- HD Od. DU Hed H
6] U~ -3 E g un o o 80 j=]
o >3 — o J.00 U o o
2 < E  mH Z 0 > /&N %
Atlantic . ' : | -
 salmon 4.20 1.67-7.34 -9 Tuloma and-Kolvitsa = . “Azbelev, 1958
- ’ ' Rivers S o
Pink o IR S : o
salmon 3.4 0.9-7.7 14 British Columbia ‘ Neave, 1953
‘same . - 2.45 0.17-8.21 9 British Columbia ' Wickett, 1958 "
same ~ 1.9 0.6-4.6 22 Central Alaska’ ‘
~same - 2.3 0.5-4.8 22 Kodiak Island
same 2.7 0.2-12.9 28 Southeastern Alaska, Bulletin of -
' ' I , Northern region INPFC, No. 10,
o same 2.3 ' 0.4-6.0 29 Southeastern Alaska, ‘1963 4
. » . o ' ' ‘ ~ Southern region
‘ same  2.80 1,28-7.24 18 Pudget Sound .-
same 3.1 0.8-6.0 6 Skeena River - . Annual report

F.R. of Canada,

‘ _ : 1961-62; 1962-63.
‘Sockeye 4.6 1.5-9.4 - 14 Kurile Lake - Yegorova, Krogius .

T ' ‘ ' ' and others, 1961

same 2.2 0.76-4.55 32 Elegnik River,

: ' ' Alaska _

same 3.7 0.8-7.0 .31 Naknak & Kvichak Bulletin of INPFC,
‘ ‘ o ‘ Rivers, Alaska No. 10, 1963

same 2.5 0.28-9.75 32 Ugashik River, Alaska/ . ’
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‘individuals from one pair of producers; one larva weighing on the average

_71;

‘All-the discussed survival indices show fluctuations in the

decrease of the numbers: in the gengratioﬁ'of'Paéific éalmon during the

‘course of the life cycle.

The analysis of the bioméss dyﬁamiés'of'thé generétibn'ié
doubtlessly also of great infer_éstY - |

Pink sélﬁon, The biomass of.producérs (parentvstoék) constituteé’
three weight uniﬁé, when the sex ratioiis oqélto one. The weight of
laid‘egés at a fertility of 1500heggsicbﬁstitutes 0;2754wéight units
(97 of.thevwéight of the prodﬁcers), when one egg weighs on the a&efégé
170 milligraméf' The number of.lafvae migrating from évriver‘is 250
220 milligramsthe'biomass of the offsﬁriﬁg.of one pair of producers,is
55 gramé (1782 of the weigh; of fhe produceré). Actuél observatioﬁs on the
natural'ﬁdr;ality during the étay ofvbink»salmons at éea are lécking; but
if we assume,.in accérdance with'NeaQe,,that f:om'each pair of spawned‘fish,

on the average, five pink salmons return (with no marine fishery in operation)

'then.the biomass .of the generation during this period of life will be

‘7.5 weight units, or 2507%.of the biomass of producers,‘apd‘it will exceed

by‘136 times the final biomass. of the generation in fresh water.

Fall chum. Similar calculations in the case of Amur fall chum give

‘the following values: the biomass of the producers is 9, when the sex ratio

is one to one, the biomass of fertilized eggé is one, the biomass of migrating

jfingerliﬁgs is 0.18, the biomass of the population returned to the shores

is 32 weight units. These examples show the’exclusive predominance of the

growth processes in salmon over natural mortality rate at sea.

y
|
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The presented data show very con51derable fluctuatlons in the
indlces of natural reproductlon of Pac1f1c salmons, both accordlng to
;1ndiv1dual petlods, and - accordlng to the life cycle taken as a whole.:

Because of these fluctuatlons the: correlatlon betweeu the number
pf 'spawned salmons_and~the;numbers of progeny may dlsappear; the same
may héppen to -the correlation between the numbers ef sélmén:in the fingerling .
'wpeniQd of life:and.the numbers of auult‘salmon‘duting the'laSt,PEriod.of
ontééenesié.i'Therefore,;when studying.reprOAuetiOn of salmbns, it is’a»
problem of extreme 1mportance to study the causes of fluctuatlons in

efficiency ‘and in the rates of natural reproductlon.

~
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SIVIROMENTAT PACTORS DRTHRMINING THY SPETATENGY OF T8 NATURAL

SEPRODICTION.

o
=
S
ek

wffect of the Climatic Fluctuations U“ﬂﬂ t E f101encv of

1=
=
(\J

o+

turel Renroduchion. -

L.S. Berg (1033) ¥pressed his opinion that f]uctvﬂ—,
‘tions in the n numbers. of Atlentic salimon must . be connected with.

thé,flugtuaﬁiéns.in climate, the effect of tbe unte* fluctua—
tions is reflected during their riverAperloa of life.
A.é.bSmirnov‘(lQ47)”cpnfirme ¥thi5'assum tiqntin
fegéfds t§ the Amur salmons. He was"fhe first to show that‘in‘.
_ the'years of ¢ tést:qphic freezing pf the'Spawﬁihg riVers in the

sis en extensive destruction of the snlmon ewﬂs takes place.

=
&
log
-
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1

A.G. Smirnov's viéwpoint’upon the freezing of the spovming grouras,-
as bSeing the main cause of the origin of the short-ter lvcuu"—"
vtiohs in the ners of Pacific salmon.achieved ‘elmost unlvorézl
‘recogn nition.

I.B. Birmen (1954), while developing = eonception of 'the
Lo*1~1“ of 10w—Jﬂeld chum end nink ua1mon generations under influence

' cf th climatic fluctustions, presents a number of deliberations

tures, as well as the abnormally low fall. and winter water levels
may "reflect in a most nfavouradble way, primarily, upon the
conditions of the efficiency in the reproduction of sumrer chum and

- of pink salmon." I.B. Birmen wos the first to point out that the

e




“fluctuvations in the salmon rumbers are regulerly cornected with
" the periodicity of the anar activity (El”m”“, 1957, 1059)
A¢cording to this author, the psrticularly unfarourable 1life condi~-

tiong of °lmons in fresh water dsheymine their future.low numbers

—

the sharp drop in the numders ol COJﬁP”Clﬁl population of the
summer -chum, -in -the years 1911 to 191 by low wi 2ir tempera-—

‘tures and by the small amount of precipitation in the mentioned .

1911 to 1914 the cause of not only a sharp drop in the resour-

olso the czuse of their sigmificant depression right to the begin-
ning of the 1950-ies; i.e. during 2 period of severzl generations.

hatla

ct
)
3
H
,x;
4}
3]
l_J
i
9]
3
H
o
w
(]
5
Q
[¢4]
2
{0
ot
ot
@
-
~3
[¢]
[&)]
+
[¢]
=
Vs
[¢]
©
C’)
ot
o]
th
3

- affected by abnormally -low winter temperatures. V.L. Kostarev

(1964a) believes that thers is a2 connection between the amount of

7.4, Lichev:ond, E.Ya., Rimsh (1961) hove published an
extensive work on the’effect o* climatic elements upon the dyano-




ate of C“Hﬂ Fab

(106ib)_has_also

thicimess of ths snow cover, - e correlation coefficient between
write sbout the eristencs of such = relation. Thus, Wickett

he summer water tem-
peratures in the rivers in British Columbia, and-the su*v1vgl rate

of coho vesrlings. ' Poerster (1955) points to the negative corre~

“1ation between the run-cff of the river in Ostober (fall floodings)

opd the survival rate of pink salmen from egss to migrating finger-

lings.
Neave and Wickett (1949) found relstion bétwazen the
armount of precipifsations 1n July snd August during the spam-

F

exnenditure of wate“s in the rivers on Vancouver Tsl? d end the

e chum reproduction arse ﬁoﬂnocted with a hi

“thesz V0 va11os is 0.79 = ¥ 0,25, Canszdien and American scientists -

the latest.work of Fickety (1958) zemples are shovm

s
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. S - Vernon (1:958) found = corresponding inverse correlation
‘ o (= = —O 839~) between the teémperatures of waters in the Georgia

\
St“”’t Trom Aoril to fugust in the year preceding the fishery, . I

end’ the yields of pink salmon in the Frazer River. U ' A ot

“vival percent from egg to fingerling, = d the Wﬁter expenditure
in September.and October for chum and pink salmon in Hooknose-
Creelz,

An article of Herrel (1962) shows en €xeption; in this

actors are not deci-

l"b

article the author points out. that climetic.
"~ sive iﬁ the survival of pink ‘s2lmon in the -Sashin Q1v,-. dccording
to thé.information presenﬁed»by tné autnd* the w1nters in this
‘2ge Jenvery air temperature
is only _0,5O tp —lOC, while both in December and'Pebfua_' t‘ése'

temperatures are positive (TR: i,e, quher than O u.). Under such

. conditions we cemnot evpect any freezing of .the ground in the spaw-

ct

he other hand,.Skud (1958) in his study of the sames

datz finds that the fluctuations in the survival rate o* plrk

salmen in the Sashin River are explained by cliﬁatic_conditidns,
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zre washed out of the grou mc‘.

river and the survival rate of eggs and fingerlings of saolmons.
Insofar 23 the numbers of the dormstrean-migreoted fingerlings
corra 0oz




17
two generations ond the hydrological

ndlth"" in fresh ws ter during the reproducticn period of the

This correlation ig relatively small.. 1:‘y using a .qua~

litztive "tetrzchoritic' connsction index and by comparison of winter

flhct“ﬁtlons in the pink sa2lrmon wvzﬁerc for the period ranging £rom
1936 to 1962, we obtained o correlation coe_P1c1ent of 0, 27 0.23,
Ir the case of the Armur summer chum this coefficient is 0.30 £ 0.22,
and in the czse of £2ll chum it ip0.47 £ 0,21,

indicated by the presented figures the reigtlon is.

»réther pooOT, . Aﬁ‘the same time direct observation on the surv1§91
of eggs emd on the dovmstreom-migration of fingerlin
with ‘abnormal nydrological coniitions sgoﬁ.a very heavy ef

i River ané A.G, Smirnov sn the Beshenaye River, in the

9]
Vied
|"1

winter of 1938/1039, a very haavy freeszing

i

after which only a- very smell number of fingerlings migrsted dorm-~
stream from the rivers. In 1953, at the same Beshenaya Rivef,

grounds was observed, and not

S paae

dovmstrens migration in the Sommyz end the Inm DlVﬂ*ﬁ wags poor

on t"“ ﬂVﬂrﬂ.ﬂ five to ten finperlings

o 1215 3
Lo (o (¥ s Jems = e
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wzing the connection

It chould be‘noth~,_whﬁ* enal
ibetween the fluctuations of the 1"vf‘:t'orzc-z‘coo*'cﬂo'r"cw]_ conditions
znd the curvival rate of salﬁon, that 2 high correlation coe effi- .
cieﬁt i% observed, .when z number of observafions oceurs in a‘year_

In ordinery non-

ct
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climate and the ”""V“] rate is not significant (f ig.:
rectangle), and fthe numbers of fingerlings are dete_wlned by
biotic fac numbers of speymed salmons.

tors, primerily by the

conn tlo" between the

in
' genesis has parabolic character

“from the normal towards the

is the negative corr

lation oetw n them
reproduction (flg. 2, left brench of the

even a considsreble deviation in the

-accompanied by any signif 1C¢Mt increase in

compared to the normal for the species (fi
of fhe_curve).
the

of pink salmon and upon surmer forms O

directly in rivers with. nost changea

"(f1o0ds, winter drop in water level etc.
The fell chum, same as sockeye

b3

Q

f=gd

relatlvelj independe

suyvival

direction, the

éurve).

climetic factors

The behaviouvr of ground

rate of salmon
the period of embryo-

and the efficiency of

Conversely,

favourable direction is not

survival rate as

the
g. 2, the right branch
upon the reproduction

f chun reproducing

is perticularly high).

waters is

nt f?‘om the nJ"“ometeorolOﬂlc"l conditions

/n.42

ble hydrological conditions

and cohoy multipl“os at the emergence



Of this reason the. sharp Fluctuations in thé';umbers'are more
‘f = often observed in pink s2lmon end summer chum from the -Amur River,
than in the f2ll chum,
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R - o - Thus, ‘we may -consider the climatie Ffluctuations to be
‘ - the main cause of fluctustions in the chum and pink salmon yield

in fresh waters. Fowever, it is necessary to stress the fact that
changes in the hydrometeorological factors affect the mimpers of

-

chum and pink salmon during the fingerling period ofl life, but

joN)

T

-

-

. they do 'not affect the qualitative ices of the chum fingerlings

‘which contrary 4o pink salmon feed intensely in fresh water.. In

salmons whose juveniles spend a year or more in fresh waters the
relation of the survival rate during the period of embryogenesis.
to the hydrometecrological conditions,. at the time when the dovm~

0]

treem migration sterts, is disguised by biotic factors sffecting
the population in fresh water for =z period of several years..

The Bffect of Bictic Foectors upon the Efficiency

fality of salmon fingérlings. At the initial étago of the re-
sesrch the main problem was reduced ﬁo detergination o;ftue

species composition of’predators'de?ouring the selmon juvenilgs.

Ip the basin of thelAmur River such studies were carfiéd out by
i.f. Kurnetsov (1928,41937). The same suthor also enume ated

- the nredators devouring the salmon fingerlings among the Xemchatka

P

- " At the Conference on the,problems of the, galmon econory,
T " in 1953, I presented a diagram of food relations between the-chum L

. fingerlings end the Treshwoater fishes in' the tributeries of the

fmir River (Ievenidov, 19542).
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‘Detailec cuentitative :esaa?cL on the_effect of predatory -
fish-upon:the'pOpulation-of selrmon fingerlings in small spavming

woter bodies was carried out py Cameron (1941)5,Eritchard (1948),;

wickett (1952), ®.S. Semko (1954), Funter (1959) by complete.

R.S. Semka, indicete on evceptionally heovy pressure from the side

1]
1}
P
3
4]
I
3
D
o)

of predators.-,Thus; according to the data of Semko, '¢C
S end_two-year—old coho salmons, and to 2

evoured in the Kerymaysk Spring

.
sree the sockeye vearlings d Ay g

o ) ' : ) S oo . o : )
from 20% to 85% of =11 the fettered fingerlings O pink salmon, chum,

sockeye, cono and char, thus destroying on the sverage 1.5 million

finrérliﬁgs annually. The eliminafioﬁ nercentage fluc%hates in
geies to species: 'pink galmon, from

re, from 13 to 91%, coho, from
6 50:86%. e nucber of predators flustuates in the'Karymaysk

Spring'extﬁemely}much fiom year 10 ye=r: from 14,000 in 1047,

of the spring ared, wpile thelr morimonm density reached sit, 4%
' ‘ ned>
Accordins to Wickett's cata (1952, invamoll sectlon
(] . B
pertitioned by amall dems the nredators destroy during the Tattening
neriod from 44 10 46¥f3f chum fingperlings emergec from the ground.
Hunter indicaies the following predators occurring at
‘Hoolmogse Creek: Cono salmon . DollyrVerien-char,,trcut, steelhend
(S.roivansrd Pichordson), Morickly” sculpin (Cottns 257er Richardson)

O SahadiB et S g

! . L : .
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“the Aleutian sculpin (Qottus-:lﬂ'+ﬂovg Gilbert). Only the
vearlings of cche gnd the "prickly" sceulping - attain considerable

struction of chum.and pink salmon flngcrllﬂ s by pre-

~dators in the Hoolmose Creck Tluctuates from 282,000 -to 8,,,OOO<
“individusls, 500,000 on the "verage; the average percentage of
the elimination is 45.4% with flucituatior ‘Dnging from 22.6 %o

The ermihilation percent of fingerlings by predators
in 211 the springs constitutes a valuve of zame orav_, put the

':mnlltude of ?1uctuatwon is very fferent: 1in the Kerymeysk

Spring ths meximum emount of devoured fingerlin ~s'exceed§‘thé

minimum emount by 13 times (over a2 period of 8 years), buu at

Gradually one began to doubt Wbether t%e elw 12tion
of fingerlings in the partitioned section of the spring reelly

-corrcaoor s to what is taolking plece unier ratural conditions,
- Thus, Hunter points out thet Pritharc'g data indicating th

the stomach of 2 coho yearling, in 1931, an averzage of 2,7 pink

{
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selmon fingerlinzs was found, but 3.7 fingerling:s

ooae;nﬂd under conditions of =2n srtificiszl concentration of finger-

lings. Similer ertificislly high concentrstions of f gcrllngs,-
according to him, were 2lso created in Hoolmose Creek, where he
5[ﬁas.c;rrying~out nig -obse r”t1oho. hmter refers 1o the data

of cDonn]d sccordin to wrich under natural conditions a coho
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devouring.

dota on the elimiretion of pink salmon =ond c;,_u_;gfi._gerlings in
the springs, wheére a complete cencusing was corried out; he
noints out that the activiiy of predators is an important factor

tent factor in lerge rivers, whexe the amount of migrsting pink

¥nor River we hzove organized together with the Georglevsk fishery-

meliorstion station a commlete censucing of f2l1l chum fingerlings,

During the first nalf of oy, while the barrier was

n th

[

o

the stomachs of fish spending all their life

2 in the nartitioned—-off spzce, were Filled with

lings, In 400 gudgeons (zovic zobio L.), eizht t6 thirteen

o

In 200 Amiy minnows (P‘m"* s

ESARAIN & SAN

y 0 29 ] ~ - 7 - b Y
occurrance freguency of fingerlings was 05 G o oo munber

of fincerlincs im theintestines of

A T T
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In the aseme guoaming ground ,‘but when the amount of
jiqver a period of Some years, . -
(1950 to 19 5), completely

of 2 000 ”v0~e0“" cut open

IZ‘.:‘.EOO L Iv‘»wy\_r.o-.,h .t"v

-t
EONL Ayt car Fhhnan wraav
D‘—j\) U deails [94Lo] se ‘;,7'.,:__‘ S,

ot

nd of Anril and in the first half
ofuﬁav). The conclusion thet under ertificisl conditions, i.e.
wnen ‘the spavming ground ig nortitioned off from the river, the

forces itself uvpon us. _ w44
Fost probably, it is the -disturbance of the netural life
- . conditions that m"pl:‘_n the intense devouring of solmon i ingerlings
in th; fhry""ysi Spring. Erection of a'sta+ionéry censuging. set-up
corvo“t“ +“- :;ring into a sort of 2 fish-tenl with sn area of
about 3.5 hectzras, but very shallow.. Up to six predatory fish
occur per one -sguare metre of this water body.. Usually, the pre-

the ice, dut in the K;ry“ﬂv"“ °n?"ﬂv this is prevented by the

berr er; -the latter being opened only four times 2 dey to count
- . . . -
the fingerlings. Relatively large and areful yearlings end TWo-—

avoid entering the treps ond stsv in the sprinz. The seasonal
dymexics of the dovmsitrenm™ nlﬂﬂvuwon of chum and pink salmon ‘ . :
[ ‘fingerlings, not. to mention  those of other szlmons, ere lile-

wice disturbed becsuse .of the barrier on their route. Approaching.
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parrier only after a period cf several déys, or
even saveral 130k - v
In the e:perlmeﬁts_of'McK;hnoﬁ'and Brétt~(l955) the chum
finsorlings czught in the outlet of a oma1l . artificicl loke ond
transplanted to ite upper portion, wcre*rctufﬁing during the entire

been cag
returned. . It is not very probohle

-

wt, A total of 14,45 of chun

it is more

location vhere..
and 30,8% of pink salmon
thet those who. did not return

1
likely to assume that they

were detzined somevhere elong their way.
Data of I.1. Kurenkov (1964) show that the consumption

fingerlings hy the coho yearlings is not-véry high under
Astural conditions, ~According to these dato of 947 studied cohd‘
yoafllngs only 15; (145vindiviﬁuals) contained selmon fingerlings
in:their stoﬁachs. The analyzed coho salmons also included cohoes
frém.the ¥erymaysk Spring, the lstﬁér'haVLng a complete barrier.

According to sone unnublished data of L.>, Tilrhomirova,
the coho selmon in the Utka River (WESEGTn const of the Kenchatka

peri d of dovmstrean migration

\ tend 27 during the o
fed on bénthic organlsSnis and zir insects (699 yearlings and two—
year-old were opened); the occurrence rate of selmon fingerlings

T el
in the of char FTingerlings wes 1 rpril ond Mey 185 and
~
June 175,

In the basin of the Ichi

River (western coast of

Kamchatka Peninsula, in.springs‘and'tributnries, the yearlings

2nd two—yéar—old_coho galmons, snd char yearliﬁgs feed during

the veriod of dovmstresm migration upon bentnos and adult insects.

The Utka end Ichi are rivers into which awnerous pink salmon and
;chuﬁ.populations enter, *herefore,-there is no reason for explalininrg

the absence of sglmon fingerlings

in

the fcood

the specirum of preda-
tbfs‘by'small qumber of solmon juveniles.
T the seme ysors, according fo'L.P milhomirova's
dota, in the ¥orymeysk Spring with stationaty barrier, salmon
fingerlings constituted up‘to»SOﬂ (by weighﬁ) of the,fobd of coho




g in the EKerymaysk Sprin

period described in the article

Under natural conditions the constant consumption of one

evceed considerably the food recuire-

3, when the new generstion of pinlkt f
s, the zbhsolute velue of the con-
tors must decrease considersbly, !

heing dewoured nay increase, . And,

rulation dengity of cium or pink salmon o
|

lJ-
o]
o0

absolute number of devoured fingerl

switeh o benthos Feeding in other stations of the water body, oxd
the new generation of salmons avoids its complete anninilations.

It is worth mentioning that the results of the study
2
on the efficiency of salmon reproduction in the Ferymayslk .45

&

Spring, carried out by R.S. Sermkd, oppose his thsoreticol view-—

points.  lAecording to 2.5, Semko (1961)

"miologicel compensatory systenm', i.e.
gicel compensatory system, i,

the numbers of the nonrulsiion., This is
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raproduciinon ch

Sp:ing,(accorﬂi“g to the dzta of R.5. Semko, 1954)_wa3 Lowre

Toble 13

» ’ L
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solnon and of its offspring

Years Years

1943 to 1950 1954 to 1964

i1

Aversge numbers of 2dult
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¥% etariing with 1957.

icate that in the spring converted

erease the reproduction efficiency

cresses to the extent, @t vhich
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. - : P ¥ ‘ SO 5
two zpeeies of gobies: (He:ocottnc naite] Dyo)-

and burbot (Lotz lotz I.).
Thermophylic Cyorinidse cccur in the lower reoches of .
- sthe ¥hor River 2nd in other large rivers, but are sbsent in the.

gemi-mouvntansous tributaries (th;mﬁmur minnow and the ixur ide

are excentions).

In the lower rezsches of the Amy

predators are, according to L.V. Kokhmerko (2285)

Dolly-Vi;den chor (Salvelinus

ar and yeorlings of #ssu salmon.
notes that in the Hoolmose River gobies

centimetres long 4o not eat chum or pink salmon finger—
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secoieg longer thoan 6 ceatimetres did
ninic aalmon coeour rnm:lgan'h,-'. Mo pumber
DINK Salmon Coouy resularly 412 NUIMoex

p 1 Y] +3 verd 1 1
hs inerasased proportionally wwith the
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-the rivers, for various yeasrs

growing -water bodizs, -

ichtyomass 2nd numpers ' considered over a period O
snd obtained by means of systematic catches.

of the jmur River (teble 14), In the Georgl

juveniles concenirsa
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weight chum fingerlings constitute in the food oirer'a period of
three months: 99.8%, 99.5% and 81.6;:-3 réspectiveiy._ In the Bira

. ﬁiver belbﬁ the estuary of the'river:cohneﬁting Bira tb‘the Téploye h
Lake, the,occurrenée frequenéy_of«chum f1ngerlings in the taiﬁep
stomaéhs,ﬁasi&';’fﬁ in Mayy and 28}’54';in"Junie‘." - -

" According to the data 6f‘finge:ling catches by meané of .
seine in the spring channels of the Khor‘RiVer, the biomaéé of
taimen juveniies, ih April and in.May; wés”7Q9 and 2.8 kilogram-
per hectare réspectively, end the abundance 225 and 70 individuals
>per one hectare. ‘ThéAaverage occurrenqe-frequéncy of . chum finéeflings
in-the stomachs . (excluding the years 1951 andll954, which-had a
very low yield of finéerlings) was T8%; the average‘quantity of A[jiggz |
fihgerlingé per stomach was 3.7. The weight-of_consumed fingerlinés. |

was approximately 3.53 of the taimen's welght; one may assume that

Table 14

~Chum fingerling consumption by téimens in the channels of the

Khor River in April.

Imdices . 1951\ 1954‘ 1956 |1957‘ 1058 "1959 1960 | 1961

: . \I' . »mﬁu:; - | ‘
Chem gm0 W a0 w9
Occumrrtemue f1e4uame ot 4 .93 -9, : 67 .. 75 90 -
&‘"‘ﬂw““{s“e g g 10  4<)‘ R N U
varaqr mumba of fingel- : : * -
a e;m%s per stm“f\af #3730 28 a1 38 39 .40 38 39

% Both here, and in tables 16 and 18, the averaze value is calculated
by division of the-total number of the devoured: fingerlings by the
pumber of stomachs in which chum fingerlings were found. :
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thls value corresnonds to the da2ily ration (1n percents of the body
‘ welght) Accorulng to L. V Kokhmen&o s data (1962), in Lay,

‘when the water temperature in the Teployé Lake was hlgher, the
".aaily;ratien7ef taimen was 5% of its body weight. -
| On the basis of these assumptions we may calculate the
value of the chum flngerllng annlhllatlon (n) by the oopulatlon
”of young talmens in April in the chennels and sorings. .
= 225 x 0.78 x 3.7 x 30 = 19,480 individuals per hectare.
In May the numbers: of taimens decrease to 70 individuals

pefghectare; the occurrence frequency drovs %o 43%, and the
_number of fingerlings per stomechldrops-to 2.8. Consequently,
::tﬁe Yotal cbhsumption of the chum fingerlings by_taimen, iﬁ the "
month of May, is: | |

N - 70 x 0.43 x 2.8 x 30 = 2528 individuals per hectare.

In total during the fattenlng perlod of the chun fmnger- :
iinés,“at»an‘average abundance of 250,000 fingeriings per hnectare
the taimen’pqpulation destroys 21,7007fingeflings per hectare;'
or approxiﬁately % of the average initial numbers.
. Leﬂek is one of the most common fishes:in the tributaries

of the Amu: River right from the source of the estuary. As
our (Le?anidov, 1951a) and 0.A: Klyuchéreva's‘ research (1952)
shoﬁs,'the lenok'inrthe basin of the Amur River is a facultative‘

predator; both adult lenoks and their juveniles feed on chun

fingerlings.
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depending on the<yield, %o more or less sharp fluctuations, insofarn

28 this population consists only of two age groups. Contrary to this, -

the effect of 1lenoks vpon the reproduction of: the Amur salmens is

engeoble factor, since the multi-age-level populotion of

.

lenoks cornsists of 2ight or nine 2g2 groups

oY o *

m % 3 -+ A ™5 BN 3 v = '
The basin of the Amur Biver conteins  twe forms of lanck,

4 typical form migrates for the winter dovmstresnm to. the Amur and’
the dovmstrezm migration period of .tk
“indivicdusls of the. 3
.morphologically charzcterized by a subiterminal mouth., This form
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several years in the spavming and growing water bodies in the

Knor River wes in April, 8.4 kilograns per heciare-or 400 fishes:
per hectere. The average occurrence frecuency of chum fingerlkings

in their stomechs, ewcent in years with very low yield of jpveniles

e o oaeet ' B o pa - o
,_(1951 to 1954), is 15%; the ewverage nwaber of fingerlings per stomech:

/18




- the month of April the yeariings and two-=

4

vear—-o0ld -lenoks destroy

the aversage -
400 x 0,15 > 3 x 30 = 5400 chum fingerliness per one

chennels in the

Table 15

Consumption of chum fingerlings by lenoks.in the Georgiyevsk

i

or River

1956\ 1957

1958 l 1959| 1960 l 1961

Cimdices |1951|1954

. ‘ ,\/e.-;.l\‘\'v-;)s amel Tmyum. eld Pgmu KS
Numlars of chuwm u -. »
?;M?MI;M o Fhowsent 12 780 1200 - 450 300 160 - 180 250
- J."M Nnetane: ) ] : :
Ocemmumee freguemsy., 0. 42 79 288 163 116 142 . 170
0{» ¥‘\7\3m\n\3$ i iformachs /7 ) o . : .

.Avigigf T:&MEXL;152Q5M' 0 14 23 32, 27 31 30 33
' . | o adwdt fomous '

Occunreonee ugiumey o R -
‘?’t"\gb\j»;*&); wootemadhe I 0 3 8 34 2 1 14 54

Av tage NN of Limoyu-

PUCMRtCRATR 0 114 196 123 190 172 M8 250

e aynraco
ne SVoILC
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Trhe most numerous enemy of the.fall chum juveniles in

A

the spawning hgtov bagsins *3 the Arur minnow, which is a facul-

‘tztive predofor with very high indices of predatory activity,

in respect to the salmon juveniles, When sxudylnw 550 sets of

intastines of the Amur minnows from tributaries.of the Armr River,

Cduring seasons when those trlouterles do not contain any salmon -

& ! . - o
the fish rempins are found orly in 1.3% of individuals,

Aceording to G.V. Nikoiéky's deta (1956b), the occurrence
frequency of fish food (other then salmon flﬂ@erTJM s) in the
minnoﬁs_froﬁ vzrious tributeries of the Amur River constitutés
13,15 (122 stomac;s were ope“ed), while according %o L.V. Kokhmenko's
. The .roblem:of the predatory activify

Qe poniod oy

s remained unclea,L”E?Js\ e Z£:4
time, Tt is true, I.I. i{uznetosov, (1937) indiceted that in the

tomach of almost evamv large minnow there is om one to five chun

RN

firgerlings, "t this information nresented thhout eny numerical

dsta received no attention. 0, Ya, Baykova (1954) onaned 50 Amur

i

EJ
3
o
L)
2
g
P
=
3
@]
i3
9]

minnows caurnt at the end of the month of March

T the intestines a fingerling

of fall chum (the occurrance fre-

quency thus being | |
As we see from = comparison of tno results of the opening

of the intestine s in minnowz, it iz, és_e rulég those individuals

who Ffead unon the chum fingerlings, whose body lenzht exceeds 11

centimetres. Tre chum finzerling have never been found in the food:

e T
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of Ammr minnmows shorter thon 10 centimetres: in the minnows

IR S it

Tabhle 15,

Indices .
) 1081 1052 10564 1057 1958 1229 1960 1951
Ao £ phiva Fdvncar.
amber of ez finger
Thovsoends per o
12 20 . 120  450: . 300 160: 180 250
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other words, 17,000 individuals, 104 of which 2re Ffish

visal.
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Mortality Rate.of the Amur Salmon Fingerlings durihg,thevPeriod of -

Dovmstreanm ificration -

': The move fromfspawnihg ground to the river bed, or the beginning -
" of the downstream migration, differs from species to species in the -

- Amur salmons in the_degree to-which the conditions change. Falivchum

inngerliggs, which fatien in limnocrens, or spring beds, during their

~ transition to the spavming river gét into water which differs being less

'transpareht and having a faster current, and o¢casionally also having a

'differentvtemperature. In a considerable number of spawning channelsj:

because of water entry through outlets;'similar:Changes in the hydrological

conditiohs take place at the spawning groundsvthemsélves: the spring
channel turns into a river channel.
Summer chum fingerlings, when starfing the downstrean migration,

suffer a change in the conditions which is considerably less sharp, since

the spawning grounds of summer chum are located in river channels and at

the banks of the main river bed. Pink salmon juveniles emerging from the

ground in the main river channel-léave almost without changing the customary

living coﬁditiOns at the beginning of the downstream migration. Change in
the living conditions requires a definite reconstruction of conditional
réflexes.in aS&kOO!,in-other words it requries aﬁ‘adaptation to the new
environmént. It has already been noted above,'that_in éuch periods the
mortality of juvéniies‘shgrply inqreases.; Therefore,.it may be assumed

that at the initial stage of the downsiream migration the mortality rate-

- must be highest in fall chum fingerlings COnnected to limnocrens.

L arAT e
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We know that when tre coneentratﬂon of downstream mlgratlng

Juvenlles of fall chum at the exlt from a- llmnocren to a river is

: very hlgh and constanv from year to Jear, the predatory flsh accumulatew

at such locatlons in. con51derable numbero. Such a phenomenon is
observed in the estuary of the»Teplovs kaya Rlver along wnlch hatchery—

fajs;J chun Juvenlles mlgrate downstream. In’ the perlod from 1946 to

.“1951; anvannuel_accumulatlon of 1enpks was=observed there at the end of .
: Apfii, when the downstfeam‘migration of chum fiﬁgerlings began, andewhen,e
- furthermore, a flowing aﬁay ofAitS'larvae ﬁas taking place._'In 1948,
'ZOOflenoks were caught in the estuary of the chennel;,in 25.opened-lendksf |

, chum fingerlings were found in 18 stomdché‘:the average number of fingerlings*

per stomach was 111, or 25 grans; with the aver ave welght 01 a lenok of

eGOO‘grans and a daily ration of 25 of the body welﬂht the stomack content

conSultutes a two-day ;ood reserve. mne total number of lenoke calculated

on the ba51s of recular accumilations in the estuary was apprOtlmately 1000,

Thls lenok population was capable of.consumlng a total of up to 800,000 -

Ajuveniles_during 20 days of the downstream migratibn. The total number of

the downstream~m1grated flngerllncs was 8'million in the spring of 1949,

consequently, tne mortality rate in the estuarlan space of the Teplovskaya

‘?Ylver was 10o of the migrating Juvenlles.

In 1950, on 11th and 12th of April, more than 500 lenoks were

cauuht in the estuar;, 19 of these were opened. r"he--‘occurrenc:e frequency

'of chun Juvenlles in the 1enok stomachs was 90a, an averaoe of 232 3uven11es
':*wes found in one stomach. It is true, in thls nartlcula* _case, audglﬂg from - .

'tne tl“P of the season, 1t vias not the dounstream-ml"“atlng flnoerllngs




that were eaten, but larvae at final steges of develoopment carried

ceut by the water current. The dovmetream-risrotion of the hatchery-

3

was 3% million in 1950, If we assume

. et 2 tegs ,
year destroyed twice as many

the mortelity rate of firgerlings
v &
A e a 03 an TS o g
50 of the fingerlings.
Thug, we can see that when thenonulstion of the dovme

cerlings ig excescivel

of juveniles dos ok Gimengions as in'the Tepnlovsk

fish hagchery, 2ref ] > r observe any concentration

During ymstireon-mizratd zge the juveniles of
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1211 =2»d summer chum 14 e 3 3y e apaorming river
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along with

-

yrocess of

P

A Ry a y Y Ae b g revres b AT
weter mass, oub during time of the mizrationary movement only 2
the benlts, while the remainder hides
h Al i rrw -2 e




.5 ~i
3 [Tg
£ : !
o £ H ;
. - i
N , m 5 L RS LB 3 m__ e
. o & @ o ! _ i v ) .
S “ o £ & . \M.J \Lﬂw_ 42 . = G- &) L £ $1
= @ ©H c. ® > 3 ' S o] £+ P o 13
ired [0} £4 ! O P 5 g m_!_ <t G o -l (9] - d [
o] W o o s ﬁ £ i =] ! i n G-t G- el <
o S| T e S T & . o @ - & ! o ..t b
% © d Pl g ] 0 $4 o ~ zd! —i ’ 3 : - i
% - . & £ . @ m.u_ i - 3 G G = o Yoo f o <
Q0 . 2 ' 3 . <o %4 E - O . H O :
3 < e £ w.u - ~r - Q@ 4 12 i (¢} . o 4oy - «.ﬁ [ @ :
B 8§ 8 £ 5 B T 3 8 g f ¢ & owo o H 8 4 &
o v - ! * P : 1 2 £ FL} ) ! e}
© : ¢ B 8 g8 T R M~ S - v ) © Yy @ S S
o ¥ R = A T A R T A YT < SR R
£ o @ @ o @ 1 LY 4 @ -~ & £ S 3] o e~
o R SR § o 8 o« ) el v ® o .
W — 3 & n & b A & SR (e S 4 o ! E £y
o L2 . : o m.u ;s o i O o] ] [N H -l ’ S 42
, \ 3 2 N & al iEl I @ P> E-l @ . ]
40 " Rt o © M..M Am,_ ! \ o 3 ai 4 € © ol S
- . RIS o8 0w 5 oo B %, ) )
£ - < <) 1 ¢ f3) o ~ < ! 0 © . ¢ £ el o
g £ i P £ 0 — & ) i ¢ o g 8 o~ b © ) -
S & . g ) wog H ty @ 5 & .= 4 & o g
e 3] o ol ! | o = @ = + Xe} G -0 . ~ f4 B <y )
¢ o o o o4 Y B OS5 o5 L © s S d
o e - s s o oo g o o e 0 R
4. P By 45 ) ' g pa Q T L Y QY o I B £
0w IR = I e o 2w LR 5 = N> SR
. o d & 3 DI ot o ) & - ! h Py ] H
. i by +2 4 e} ! i — { ) Ci
> rf +2 @ i L A . ! a 0 + 53 43
ORI = B ¢ ’ by iy U o S .S o o~ o 6
4 o] e} . s a ! S w s — oy Q £ = e} '
i & ~ i < i . " 54 ~ ., 0 ¢ ) < " .
o . i M h b MC S W\“ 1 ~— 3 £ 1 b] 0 1
o 8o = o S o = o 4.4 = . o o c
o o o = A I , 4] Y T - £
5 o 43 s & ai - © i £ o] G — @
SR i £ S e @ { & Lol . 0 -t SIS ~
© : £y ) T cl 0 S i ;. goowoe
o & o 1, ..wu a 3 kru, 2 —i N - £ <
@ o R Y oo el G - T S @
< B &! G @ ‘ E . 3 A N L8 e +
e o } ~ o] £ P ool oy 4t gow el - L
© G 18 el . ] i ot X [ 4] — o 5 £ et N
. . o pa ' C oG ! , & ook
S0 A~ @ 2 = 4 A £ b b @ o + <
o iy o S s e 5 & T
G @ 40 s \ T~ o kY O o o £
= 5 I b i 1 194 o] — ™ 42 wrd .
< lel Ct 43 i : M Y o il £ [ f4 (&
: ¢ Lo y P O L IR« S SR
1 @) ) e = o - i + £ + © C 0
G [T £ oW © L < £ qQ e £ Sy ®©
¢) o o . o . £ . & ! s R v ol
QG . pal i a | b o 15 < >
B it o £ Kt G It} [} ) e e p! et e 4_
. ! B W 5 o < ) A S I o o §
h g1 O - t9 @ o8 T £ ¥ ¢
S . ; LY ot ; ; T
g4 b < 8 5 8 N < R o A4 A
) . N H ' " o - o x) ] taly -
& & 3 ¢ 8 B B o 8 g 8 4 - -
. S - L 2 - . ot Y [ 3.
+ o L G LIS o [ t) i REREY o &,




o . ‘ "y
Y i . -l ..v\_.e’
cur rc”t whers the

being in the

v3
3
(D
\.?

r3
0
5
14
3

&
6]
ot
)

ct
(&)

emerge in - the rive
on of.chun fingarlings
< :'—“"Q'

o b:/r nr

edators

_AL

5_ 1,“1 ner +'lacs

oW~

1w nl\ ces

l 1951

1952

1954|1955 1956

1957 | 1958

1959

1960

Namber o ik

Oremrrame c\wcnq‘ Y
'u/mavt E ‘J\L*\
¥ pr ‘(—Tfﬂw;\vk ¥

NV\’MRM L"{.. f“>l‘

30
0

10

Duuttence frgpaancy, %0

\Nwm&u\ b %'v\asm\wn
r 3P aeh

1S

12,0
17

20
50
30

Lencad
22 100
11,0

a0
25 0
30 0

\’,ul e
69

1,8

70
214

2
0 0
0 0 2,0

11 25
‘90 0

34
(7
20 10 0

50

18,0
1.7

40 37
75 0

55

1,7 0.

‘2

=imilar tyve

of o

Hohpr

e TR

LAAN

atresm rﬁ

or River and. other

ponulations’

PR

o
(o}

sincle cham fingerling W

AA(_} v o e
Arguyr Winllue-s

risrars of
o~ M(

7.3

1,5

19
34
2,0




e S 105,
Z4T intestines of whitefich

Cend 184 of félse—CQp were atudied in the vazrs 1951 to 1962,

- The.ohundance of tike in the ¥hor River is congiderably

verst of lenok, The secale of %he pike!s consumption of chum
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(e}
3
g
3
t
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Q
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fincerline in the lower resches of the river snd th

where the f211 chum reproduces, axnmi-

irg the dovmstrean nmigration is very

B (& e

cthe major risge of the Amur ide rcoincicdes in time with the inten-
give dovmeireom migrstion of szlmon juveniles, this fiszsh is a

serious enermr of summer chum end particularly of pink selmon finger-
: ‘ ¥ . 0: £z

Lecording to our observetions, in cmall rivers of

- - 0 3 o
“mountonsous or Toothill $yve, muc!

Beghenaya, Gera

TR T aor X ) S P .
snd othner rivers, the lanoks are more

oot b s |




salmon juveniles than in large tributaries.. The populantion
dengity of lencks in such rivers is considerably higher and the
comditicms for cotching juveniles are michsmore favourehle.

Tha ocourrence frequency of chum end x oS

- fingerlings in

the stomeche of lenoks in the collections from the ¥Khivenda 2iver,

. . ‘ 5 7 ~1 . P o . 4
in the wears 1040 ond 1950, was 1870 and 285 respectively (50 indi-

[

toimens end fmur rminmovs
sre relatively scarce in these rivers., Minor tributaries of the .
Amur River ofien run-into small fleood-Dbed lakes; like Ffor example:

Ynivende, Rysirays, Krivaeya Kenzha, Gera, Mcsha and other Tivers.

vater level in the Amur Piver the basinsg of

b
D

thege rivers ere.predominantly £311ed either with cold and clear
weter from the mentioned rivers, or with the warmer turbid water

of the Amur Eiverj

lalke with the fmmr
on the.level of. the Amur River. MNigrating dowm to such lakes
the salmon fingerlings find themselves under different ecological

conditions of time is required for an ad-

justment to f this tokes place during high-waters

in the Arur River and Quring the £illing out of the leke basing
. -
with woter from the Amur Diver, numercus oredatory fish come here

ond destroy szlmon juveniles in tre estuarian sections..

Vavr considershle accumuliations af nredatory 1
Y - N - - v

particulardy of pile, =are also obzarved at the esiuory of small
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T Fifect of the Juveniles
of the Szlmon Ponulation during t
~In the :nalvs1s of the
sbundance of pzré;tam stock and it

Justly concludes that in many 1ﬁs+°ﬂ09~ the sbsence of direct
correlat between the number’'of spevmed eggs and the-size of

the juvenile harvest is e\gle'ned by fhe fact_that the researchers
do mot take into consideration the quality ol léid eggs. Undoubte
of stiil greater importanée to the surv1val ”mue at sea is the
uelity of the dovmstrezm-migrated Flnserlings'or juveniles'of

:ﬁv\(’)-v-f‘} l—1 ion.
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 ; ’»’; 'agéi;st O.llﬂ:dufidg the period of 1§z8'to_1952,-in éthér-ﬁpfds
f}:li, S ~,thgs'cééfficio“t'inéreased_hy 2.7-times,'régardleés of the‘ofigin
"'.’a'. - - | : | | SRS
e of & new, snd & var] strong_factor for decrease in the cbundance o

. dinerezse in the survivel

Tocding chum fingerlings at
_ 3 m finge )

e 0D

neriod of their onerciion. As o regult, the numbers in the populo-.
ES . ) -~ ) - : & ‘

" tions reproduced by the hatchery method in the rivers, where there

incressed Dy severzl i

Table 19,

" phe relation between the Fluctuatiomin the numbers of fall chua
and the growth rate during the first year of life.*®

. ; < - -'./»> : ‘ »
od- T, Sl ]
o ; £ ‘; g NV d
< e s 2 = § g ..
4 @ 0 &€ o & J 's
< \ > . o) . o 4‘
DA I PN o |l ey €
1952 5 +.
1933 27,8 =
1954 280 +
1048 282 +
. . . 1953 . 29,0 =
‘ ’ 1928 - ;300 +
. b 1947 - 7300 +
- 1 1925 - : 30,7 +
‘1942 25.9 -
- 1943 © 26,3 -
1944 . 269 -
1950 .- v 270 - .
1951 - 27,0 "
. 1945 27.1 + _
- 1949 27.2 Y S

tﬁmSymbol f-(minus) indicates QrOQ in {the numbers compared to the
- parentzl vooulation; + indicates an increase in the numbers;
= indicates stability of the numbers. S
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Let us show one example more iilustratiﬁg'tbe effect of
the dimensions‘attained3by”cbun‘toward3“the end of the first year”

of:life upbn 1%s future sbundance (table 19).

-t oy helraw Fram oG O T;owfmte'lraya

i -

- - . . R . o e e
»(L?dg), 1.3, Birmen (19510;, Helw Mrylintin omd A0, Smirnev (1962).

Am alvarns mar ) ~ FRp | 2 S Py 2. EaX1 3 L - -".' .
A3 ghowm oy the doln in toble 19, whan the fingld size of o reaxling

the populotion decraanse,

Af 15 F-
4

¢f 1ifz is accompohnizd
Ty hisher mortolite watae
..tv' -.—-L.‘.-v_” sl a un.—_'—ud -—— e
SOy L oy A5 - LI 4 3 e T I st v
The exsmples digcussed zbove indicate that the qualitaiive

indices of the chum fingerlinzs dwring the migration pericd do not

hove less importance in the suxrvivol of these Tingerlings, thon

ths dimensions of sockeye juveniles have in the survival of salmon.

. Tna 3ize ond weight of the migrating chum fingerlings are 2lso

determined by the food supply, same as in-the sockeye or in the chinool

juveriles: G.V. Hikplcky includes in. the concept "food sunply® the
value and quality of the fcod dase of the food. availability, the /.57

s LI 2 g~ <43, o N 3 - 3 ooy T Aats -
arviotic conditions of the fatiening, xnumbers cof the vonulaitions oI

the commetitors and predaters. The dynamics of the Tood dbose, accor-

ding to Mik@lsky, determines in meny respects the dymemics of the
vield of the generations ond'the growth rate of fish., e aoree
viith nim and thus in the sitwdéy of natural reproduction of the sal-

mons mist sconsider the study cf the food base, feeding and food rotios
to be. one of the most irmortmt tosks.  We are’

nroblens iz the subseguent part of this book.
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thege bodies during the summer, the weter in these gulfs 1ls warnmex
3 1 i 3 “rvter thege vl Fa atre covered with ‘o, thiel

fhow 9n the river; in winter these gulfs sre COVETET Wit & bot=s

ther are located

the Ussuri =nd

The - summar chum rmultiplies only at the spawming grounds
af the lotter fyve. The spawming of summer chum ine river and in
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A e R 3 - FRE I 5 g
Tho pos concitions ave infereciing, dirnsofor oz they
. .
chow %0 which breecine conditions tha chum fincorlinss hove
cerlings ha

- '~ L‘?.a- —— -~ -
spoarmning ond 3*0T11~ water bodies of the £211 chum *),

ct
12
o
D
)
ct
o
0
[¢]
3
5
14
}JA
i3

" The fattening s

- JI
s gerling

ongd - fotts “lﬁg water bofizs be

thefirst days of April, snd in the limmocrens, slresdy in the
L Ax 2lready in th

micdle of lMarch and continuaz to the middle of June, although

the bulk of. the fingerlincs lezves the water bodiss in May. Thus,

thc ‘1r~or1 5 of f211 chum fatten ot water temperatures of 5 o
on o

10 C. Ohum begins to feed upon exterior food already while still

hoving consid D]e yoll reserves at the larval stnge. At that

(V)]

atory ground form of 1if:

to the facultative ground life. The lorveoe emerge from the mounds /1,65
for o brief period of %ime end hide ogain inside the mounds; gra~

Ayy e LY 1 - EX : 2 < - . 3
dually they keoep emonding their hunting zrez end towards the.end

4 - o R
he gebbles at. any seciion of the bottom.

vAlready N.P. Navozov-Lavrov (1927) was finding out about
the facultative-ground life form of the fall chum larvae; he vrote

that "the fingerling tries to make several excursions from its

* In tables 20 and 21 the Bolshay-channél in the river bed of
Khor River, the Teploye Lake and the Orekhov Spring are 1imnocrens,
all the other valer bodies are spring channels.




Thprm,l conditlons of‘thp fﬁll chum's spawn
in degrees (C

v 3 F | e Sl | Ot Fu o~
v\“,ﬁ“vm‘- v“i‘ o a- Mae . >t g_' V:v D’: .
Hasibanue Bozoema |- lFoam ’ flupaps 3 - ’ Centabpe © c. ) &
water Gedy SENEE 3 | : | 3| B
) SAY . 7«:;\.\ % 8 = = S 2 &
B“*‘S““]’“ V‘“‘“"“l 1950 01" 01 . 01 20 149 169 . 142 7,% L2 “ ol
. 195 01 01 02 2.0 - 145 16.0. 4° . 43. 03 01

PC\\"*“”“”\Y Spramy L1950 23 26 50 77 110 1.2 10,0 - g2 - 52 - 36
, -1956 25. 18 29 51 115 14,0 12,6 76 54 . 3.1
Suma >,k;lskuvx_ .. 1956 L I W 2.4 36 . 14,0 15,1 12.4 90 .56 28
Pofodalis .. . . . 956 59 45 4T 56 14,6 15,5 12,5 ‘89 . 57  56.
Tele fom - o .- .. . 1950 21 2.5 3,0 40 16.0 17,3 105 81 56 30
e O 13 26 3.0 40 14,5 16.0 11.6 +3 40 28
Krywihww « o .0 0. 1956 42 45 45 45 - 13,6 16,0 12,4 45 42 42
Vevaloh: wia - . - 1935 1.4 11 2.3 6.2 . 12.2 13.6- 125 6.2 25 15
Beidyt, v . .. .195 34 26 26 54 1,5 13,5 124 8.1 50 3.6
Teplo e "Caws -7 0195 39 33 35 . 43 80 . 93 6.4 11 40 - 32
Y : .1957 35 33 33 - 50 112 123 7.9 42 40 36

Orevhov 3pramy =

ing water bbdles,

0z 51983

e




T T TR WG S e |

Cvvren content in the surface waters in spawning water bodles of fnll chiam®
bR : . ) i RARRY oer Doales Oof PRI ST Cliiam

’ v | o /\‘;5 AM‘RX \)_“,“-* ‘);-\\7 ’\“;y ‘;\\,‘\ , '.';;~ \X,\;. Dz\ .
Haasaune BozOEM2 [okazarenun flusapn despars | Mapr X Mai Hious] Hioas E Centatpn ‘E,{ Hon6pn Nekabpy
Nt ;'{ A INTS W wE R - & ) & . 2 . V
"'l Ywilv2es WM - Mur. < < ©
| LAY - . ! 5
1 . T
, .
E . . pporoxa Bonbmasa t° moaw ' ol 0,1 . 02 1,0 8.8 11,0 15.8 140 130 ° 45 03 S0
. Solivmmrn Chennel O, Mrfa 88 87 - 95 10,8 105 10,0 9,4 9,6 9,0 9,5 8.8 9.7
; ’ % wacwtut. 3 61,6 60,2 65,8 76,6 90,0 91,0 . 94,9 .933 - 856 73,7 61,2 - 67,1
% Terepon = . t° Boam 47 3.2 3.8 3.8 .68 128 - 160 142 184 46 2.8 .04
Tl = an .. 0p ur/a 6.9 7.8 8.7 10,2 100. 94 8.9 88 . 93 94 87 97.
o - " % mnacwutsy - 539 53,7 66,5 77,9 833 89,1 90,2 85,9 892 ~ 732 64,8 69,4
- nqmeﬂosquu kg t° poapt ! 3.1 2.0 28 . 48 7.8 11,2 13,2 14,9 14,0 7.6 6,0 3.2
o : DPTe Op mr/n L 90 89 8.4 90 .. 92 9,1 9,2 8,0 8,2 76 7.4 9.1
. o % Hacniut, > 67,5 64,9 62.5 70,5 . 71,7 82,3 88,0 79,2 797 640 . 59.8 707
o Cymacuwesamas ' {° Boam ' 20 1.8 2.3 3.2 88 120 162 - 150 138 92 6.6 © 30
G ymacaradshave Qe Maov o 90 9.0 95 100 96 92 . 90 93 86 78 8.4 %2
Simasshadshave o pewm vy 656 652 607 752 832 . 857 915 928 833 682 697 688
- ﬂoromumcx; - t° Boam v 72 - 46 6,6 4,8 92 134 16,4 162. 139 9.4 6.8 5.2
: Patorpilis 0 Opmrfa o 0 18 6.2 44 7.2 88 82 86 70 78 6.8 5.8 ~ 6.6
; - C % uacum. - 649 484 36 564 © 769 786 879 804 752 597 478 523
: ~ Kpiouxn © e poam ' 44 50 - 44 42 58 112 15,6 141 132 4.8 © 40 41
CKpviahly . - Og Mrla 58 1.6 1,8 3,2 80 . 82 8,4 8.1 7,6 74 . 82 68
| ‘ : % macum.s - 450 126 139 248 627 - 732 844 TBE 727 58.0 629 523
' Tennoe 03epo t° Boawt 32 33 35 . 49 62 .80 98 80 6.4 41 4,0 3.2
Taploys Lale O, mrfa 5,46 5,68 6,51 9,04 988 -988 993 962 .947 ~ .9.37 8.04 6,20
S % wacni, > 40,5 423 50,0 71,7 790 - 823 86,2 80,2 760 70.9 60,9 46,0
Centionz: 1 - t° of water ' 3
2 - 0, mi Miffr"‘m s per litre o
3 - % 2of saturation 5
3 + - ‘ \ . ) . - N
- *)  The analyses were ca rried out on the 1hth to 15th of each month, =
; at 1 to 3 p.m., for a period of 3 years. Average vValues are shown in
' the the table.
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Cmeit ond every Sime endevours to return, - I.I. Taumstoor (1928)

obnarvad thot vtLe'fingcrllrge emerged from pabhbles.do nots leavd
S . : v

thais ranic itmedia%ely.' Talding trinc alonge, the spring thoy

Tetui 10 the GI13’2&1 ncint where new fingerlings gradually

: - it
soin them, '

I oucceeded to observe the faonltati ve-ground *o  of

e under ermerimentol corditicns. A%

-
)
14
B
(@]

b
ct
D
by
[
]
1=
(e
I
[
B
)
f)

~the cversge ln“~ 5 bf.a larva was 29 millimetres ond
the'v“ cht 23 5*&111@3“ .
‘The downstrea;umigration of chum from the.lirmocrenc

“an? spring chornels begins in the end; of 2April, continues the

entire month of Illzy cnd ends in Jume, therefore, it is difficult

Judee the individual changes in the weight of fingerlirizs
during the Tattening period. From table 22 we see uh°t mENY
spring chammzls the average weight of<a fingerling migr atir ng.

seswerds is only slightly ~bove the average weicht of a lerva
-a% the end - of Morch.,  This iS»explained~byithe irregular. rates
aneeis, by different dates of spawning and by the

£hiowuocing lercht of the fathening period.

<Experimental studies of feeding and growth of fall chum

fingerllnos indicate, that they feed intensely and.grow fast undef

favourable food conditions. (Levanidov, l954b, 1955)




Table 22

12;4’(a)’ -

Size (1n mlhmetres) and-~ welght (1n _.1111:;rams) of flngerllngs

o lea.v:l.ne> snavmlng water bodies.

a ) : .
Sumascnedshavya Chanae
AR S A OBAT R SR §o i N

A\.“l Anpeas May \\aﬁ
Boaoeym Ton ) . ’
\\} \\ i1 LDJ)’ 7“'”. 2530 1—-10 \ 11—2() \21——31
1058~ amma 330 33,0 333 332 .
- Bec L. 235 244 233 242
SEY 2 1960 2IHHA | 345 34,0 © 343 0 342
‘BEC & . 285 - 294 275 280
i< 1954 aauHa : 31,1 31,2 326 3349
- Bec L - 242 236 247 « 260
ik 1962 AJAKHHE 32,4 31,4 32,1 31,7
Bec 2 . 250 ¢ 266 28 - 242
- 1954 ATHHA A 36,0 358 37.2 35,8
pec -1 - 300 325 365 353
1954 A1dHAE-A 310 314 32,0 330
pec . L 220 934 996 . 20 . -
1953 AmiHa b 317 34,0 34,8 . 338 -
N gec U 226 ° 273 322 = 315
: 71958 . Aauua ® — 349 35.1 34,3
: 369 35 . 342

sec = L. -
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studied both from
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849, o thorough study of benthos

1952). The main task of the expeditioh was to study the biology

- P .
v ledre of the taxoromiczl brot

of the agquatic invertebrotes

ond others).
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river bed of the imur snd ‘Us‘,su:‘i_f%n‘.vers, therefore, the tribu- ' ’
tories of these rivers were studied relsiively little.
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: . In the Orekhov Spnng llndocren the spec:Les compos:.tlon l

' and the numbers of thls category of benthos are:

Cyclopoida f‘Acanthocyclops viridis (Jura)‘ S . 5400
',Harpaéticoida - Canthocamptus sp. - ' 1600
‘Cladocera - Chydorus sphaericus : 800
»  Sida orystallina O.F.H. 1200
.. Ostracoda - Eucypris sp. . 14600
Condona candida O.F.M. 38400 - s
Pydracarlna - Lebertia sp. spe o ‘ 500 |

A total of 62500 individuals
per square metre. . .

Amonv the snring channelsthe greatest abundance of
planktobenthos and mlcrobenthos was observed in Polevaya chennel -
of the Xhor Rlver, which is dlstlngulshed by its slow current

’(about 40 metres per hour) and by its consmderable accumulaulon

_ ‘ - - of 'silt and detritus.'
The species comD051tlon of the mlcrobenthos 1n this channel

-is the same in the limnocrens, but the numerlcal ratios -are dlfferent.

Per one square metre of bottom vie flnd'

Cyclop01da - AcanthOCJclops v1r1dls : - . 260

Harpacticoida - Canthocamptus sp. : - 20

_Cladocera - Sida crystallina . 30

R ‘ Chydorus crystallina - 30

Ostracoda - Candona candida B 50

'Hydreearina - Lebertia spesp. . ' - 10
| Total . 400 individuals

per one square metre.
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‘ .Iﬁ’othef épriﬁg chénnéls the-ﬁ#crobepthoquccurs in
an'abundéhce éf 200.to 400'épeciméﬁs per one squafe.metre.ﬁ‘u

. In the beds éf cold€Wafér semimbuntanedus'rivers the
'.¥mlcronlaﬁ%obenthos occurs only in 1nd1v1duals 1nstances. The |

. most common among the mites here are: Hydorbates octuous, Atractides .

‘fnodinalnis.constrictus Sokol., Sgerchon~g;andulosus and'certaln _
"species of the genus Lebertiz.. .
 V.N. Greze (1957) having studied the connectlon between

5fthe micrqbenthos of the»Yenlsey_R;ver and the speed of the CUIrent'
{ pointéd out that;the abundance of the’benfhopelagié_plankton orv
V.the micronektobenthos (Dlanktoﬁenthoé according to ?.I; Zhadin) is

: :orooortlonal to the speed cf current, other conditions belng equal.
”1The planktobenthos attains a con51derable den51ty in the channels.

'10,869 specimens per square metre on the silt and on;y 102 specimens

per square metre on the pebbleé.:
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" Benthos in the Tributaries of the Amur River

The Fauna of Bottom Invertebrates in the Amur Basin and its

Connection fo the Hydrorauna of the Aajoinihg,Terfitoriés"

The ZOOgeographicel,analysis ofbthe innertebrate'fauna
| of ‘the Amir basin is outside our task. We may touch upon this.
;*qnestionionly insofar as classification of‘a‘species to:one of‘

another zoogeographical complex determines~fo a considereble‘
degree thelr ecologlcal features and the dlstrlbutlon pattern .
accordlng to the water bodles.

The problems of the zoogeography of 1nd1v1dual groups

'of the aquaﬁic invertebrates in the Amur basin‘Were discussed in

monographs.and articles of a number of euthors_(Martynov,'l924,
'-Vl§29; Zhadin, 1952; Chernova, 195é, 1958; Zaytsev, 1953;"Lukin,

1955, 1960; Sokolskaya, 19583 Chekenovskeya, 1962;

Levanidova, 1964b and others). . The zoogeography of freshwater

fish is discussed.in'works of A.Ya. Taranets,(lézga), G.U..Lind-

berg (1947) and of L.S. Berg (1949).

" As we know, the Amur basin is located in the Amurian

(Manshurien) transitional zoogeographical subprovince of the

}I21earctlc (prov1nce according to L.S. Berg). Of this reason.

"its fauna is genetically heterogeneous and consists of Palearctlc /D T

‘SinafIndian and Arctic species. |

| Fish in the Amur River were-subject to fhe mosf comnlete
_zoogeographlcal analy51s among the freshwater animals; they were

-studled earller and better than other ‘graups. G.V. leolsky (1956b)
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'kwent very: successfully into the depth of the zoogeographlcal.
analysls of the ichtyofauna of the Amur River using the ecologlcal
methed. G.V. Nikolsky- took “the fanunistic group of species that
”1 wastonnecﬁed.by:eommon geographical origin and defelopment'within*:lf
one geographlcal zone as a unit; he substantlated the belongn.ng
of ‘“the Amur fish to six faunlsth complexes, The flrst %our com-
plexes;are.Palearctie:' the ancientvUpper=Tertiary consisting -of
‘ thermophilic relicts characferized'in the contemporary epoch by
~areas interruptedvon the territoty»of Siberia, the Boreal flafland
complex and the Boreal foothlll complex formed of: less thermophilic -
elements of the Tertiary fauna, who have preserved continuous Trans— -
palearctic areas, and the Arctlc freshwater»complex, the most cold—
'vloving.element in the Palearctie fauna. * Species of-Sino—Indian
origin are distributed in two complexes: the. Chinese flatland
complex aad the Indian flatland complex.

| This-ecological—geographical elassifibatien; we believe
is fully acceptable also in the case of'lnfertebrates, who for a
‘blong geological~period were developing ﬁﬁder the same climatie
conditions in the water bodies which were precursers of the Amur
hiver, Among them are found representatlves of all the complexes
segregated by G. V. leolsky, plus, probably, the elements of the |
Slnq-Indlan foothill complex.

Contrary to fish, the species eomposition=6f the fauna

.vof aquatic ievertebrates in the Amur River is still far froﬁ

.being.fully clarified and in a very differant degree in different
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. jtaxonomlcal groups.A Tne bounaaries of tneir areas on‘theo'
1territory of our ‘country /the USSR/ and. partlcularly of the
v,ad301n1ng countrles of .the southeastern Asla remaln still only-
partly known for.a»whole number of spe01es.- However it lS‘
vextiemeiyuimpoftant t0'note that owing toﬁintense»faunistio 
t.studies in the later years carried out in Siberia (Zapekine;Dnlkeit,
19615 Versh‘jmn,ul%z- Golyskicina, 1962; Sukatskene, 1962; |
Kazlauskas, 1963), as well as the publlshlng of the results of
the faunistic development of the earller collected extenslve'

data (Greze, 1957; Chernova, 1958) the boundary of the areas of -

. a number of "Amurian'" species, particnlarly of mayflies and caddis.

~ flies, "moved" far to the northwest. In a number of instances
bthe areas of European species-end»even of genera. have '"expanded"
to the eest.' A characteristic exampie of this is‘the occurnencef
of the representatives of the European.gennssTorleza (ﬁayflies)
~in the Angare River'(Snkatskene,.i962°AKézlanskés,kl963),'and
later in the Elbanka River (Amu.r basm) and in the Khor Rlver
(Lavanldova and Levanldov, 1965)*)

However,v'at the cont‘empvorary stage, of the faunistic
v knowledgerof Asia a mofe precise determination"of the belonging 
of a:species to0.one ortanother zoogeographicai oomplex often.
causes diffioulties. On the othef hand, the oresenoe in a consi-

derable‘nunber of invertebrates living in the Amur basin of extra-

*) R S. Kazlauskas made the spe01es determlnatlon of

pad ica Kazl.
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uofdiné?y‘axtensiye areas*) stretchingvmainly in.the=;oﬁgitudiﬁél
difection, is now bdeyond any douﬁt,"ﬁefe, nétu;élly, the»ﬁumber
qf'the,Aﬁﬁrienrﬂendemic spécies” decreased, and the, degree of the
'coﬁﬁonﬁeSS of_fanna with.the_adjoining territorieé increased
.(iévéhiébva, 1964b), =2 fact 6f hign im@ortunce in the détermiﬁation‘
of thé écold§ica;‘peculiarities»of the Amur benthos and of the
distridbution patiern of its represenietives within the hyd oéraphical
grid,

‘Specieé with areas otretchlng in latluudl al d*rectlon belong

mainly -to the complexes of cold—lovinr Torms of G, V. HMikols ~the
¥ . -1 > 5 _

Boreal fdothill, the Boreal flatlend and, possibly, the foothill /0. 12

Sina-Indian complexess 4 small portion of species belongs to the

thermophilic Sino~Indian fauna (lacronema ra 61auum, Aetheloptera

: . W)
rossica andé others).

Table 23 shows data on Tthe occurrsnce of species with exten~

ct

sive -areas of hnabitat, belonging to the relatively stenobiontic

" groups oi invertebrates, who a2s-a rule do not have the capacity for
- ***)
exténsive propagation (ﬂay~lles, stoneLlles, caddls 111eu)

‘However, a considerable part of {the species of bottom invertebrates

1

of the Arur basin do not leave the confines of {he Amur zoogeo-

grephic suborovince.

- %) The meridionel stretching o f hese areas in the. terrluorj
of Siberia is determined only for a Tfew forms.

#%)  The authors of the species are indica ted in tables 23, 25,
and 263 zuthors of the species not included in these tables are
~quoted in the text. : : :

&m“) For the com vllatlon o; the table, in addition to the published
, datu 1ncluling tnose of I.I4 vanidqQva and me,. our unpublished data
yiere used., Certoin data on tne Sdnhalln fauna are based on Ihe
collect¢onu of L L. Zhuyxova determined by L.M. Levanidova..

~

V.73




Go??ariﬁ5 the extent*cf occurrence of:the individual téxono-‘:
mlCul grours in total, wa can. suy that the Lore eurybiontic rroubo'
are cha “acte*l ed<by'the most extensive geographical occurrence.

The chironomids are~theAextreme nember of fhis series, -a. phenomenon
explained by their widely imown diological. chera acteristics. Therefore,

)

it is cquite natural that the commonness of the fauna of this group

must be great, perticularly in tne Chironominae subfamily..

The list of chircnomids Irom the Amur tribute “1eo contulng,
at tb sent tlme, 200 Torms (tuole 25) not countlhg the clearly .
new ones hat are not yet described. 'Thus,'while the work of A.S. . e

Konstantinov (1950) was published this list was enlarged by 80 forms.

The enlargement took place mostly because of the Orthocladiinae subfamily,

: _ hu.\r\ weae

whose species live in foothill urlbuua;lec relatively poorly covered

by oPerations of the~ezpedition of tne Moscow Siate Unlver51uy. However,
~it:is difficult o compare the faunistic lists of the‘ghironomids.from

different territories, insofar as- besides species {they also contain

Getermination down to & group of species (according to larvae). It /P18

snould be also noted nere that from one larval form, when hatched
;bj‘ﬁé; we elways obtained gnats of only one species, while it is known
$hat from one form of lervae adult gnats‘émefgé belonging to two or
three Gifferent species (Chernovsky, 1949),. Almost in 211 our cases

thése turned out to be species widely occurring or kmovm from other

territories of the Soviet Union, sucn as: ZPaorastend &lbitlblgj-

.

- Ladierbornia chlorvophita, iHeropsectra viridis - gcutellata, Syndionesa.

orlez lis, S. nivosa (Devanidov and Levanidova, 1962).

i e e s

i




The geograpnical occurrence of certain major species of the bottom

Table 23 -

invertebrates in the tributeries of the Amur River.

Rurapenn NI,

" Altay

Yem;ey Rasin

vas o

Zage Veim s
breze

ZO\"'\’.K.H\"‘~.

Groeze

Speats o  Epponeiickuii
Biran E ot USSR Aatail | Bacceiiit Eincest
& ‘Cerep CCCP : :
B .
1 NEEEE 4 5
. .Bgcuunxu ‘Zape..(im.; 4
Pteronarcys reticulata - 3anexkHHa, Kaoponen, 1949
JBurm., 1955
: . 3anexkuna, 1955
) : Tpeze, 1957
Rhabdiopteryx quadrata Koponen, 1949
Kopon. - B ' 3anekuna, 1957.
’ . _ Zhiltseva o o
-Amphinemura borealis’  Brinck, Xuasuona, | 3anekniHa, 3anekuita, 1958
Mort. ' 1952 1964 - 1953 :
Capnia.nigra Pict. Buaukii, 3anexkuna, 3anexnna, 1959
woe T 1905 ¢ 1955 Lo
A (Syn: Capnia co-
Binw. mica) - -
Capnia- pyginaea (Zett.) Buaukuy, JKunbuosa. 3anexuna, 1958
o180 1964 - . .
- lIsoperla lunigera (Klap.) 3anekuua, - 3anekuna, 1958
" 1soperla obscura Zett. Klapalek, : " 3anekuHa, 1958
L : 1914 - . \ . R
: o (Ces. Ypaa)
Arcynopteryx brevis Ko- Koponen, 1949
pon. T ’ 3anexkunna, 1958
5 L. no ] .
Arcynopteryx cogpacta  Brinck, JKunsuona, 3anexHna, | 3anexuna, 1958
McL. . 1952 1964 1955 :
Diura nanseni Kemphy  Brinck, : )Ku'm}maa. " 3anekuna, 1958
. 1952 1961 - o
- Chloroperla. mediata Na- . 3aneknHa, 1958
Tovas . . )
Haploperla ussurica Na- Ipese, 1957
3anekuna, 1958
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W

’b gyl aoveas,

Usouri Revet, Aaverns
A chu I'Ipnoau-

A .\5‘-.1\ \ <)
mue B " | Pexa Yccypu, pexu 10x- Ttnar Waiditaly

l\a'lbﬂ Aurapa " bacceiin Amypa | Seath D ek the Coastal Mpoune mecTa o6HTaHuA
Baals 10 bparcxa . o woro [lpumopost : .
QN
6 A | R 9
“Blame” Levamidav Togewinn
. Buauku, 1905 Jlesanunos, _3anekuHa, 1959
: ‘195Ta .
Levanidaia Levz\n;;.\o.\l\ -
~ JleBaun10sa Jlesanuzosa . (8 ne- K. Caxaauu (cGopul. S Sabhabom (\.\\u\wl
(B nmeuati) yatn) (O ‘W\J) E. H. Xyiikosoi). £:1.Zhuywnva)
(i it Kamyatka (MaTtepHam K,vm.\m*vu (i.M-kevs
» : H. M. Jlesaunzosoin)’ mrdsvd s dara) -

: - 3anekuna, 1939 Jlesanuiosa, 19646 . 10, Caxaaux (cGoput - Walim {cotlect
Zapthina ‘Zv\"t‘&\M Levarny Aoy - E. H: Xy#ixoso#) SL/S Lv‘ ;k:),&.: \3
3anexuna, 1957 3anekuna, 1959 Jlesanuiosa (B me-  SInounus, Typs\ecrau iom Tuavestaw!

- . (Syn. G. conica) aath) . (= \-Ww‘) " (Buanku, 1905), Kas- (g ‘\;‘_ 1905), (aucasw §

: ka3 (Kuabnosa, 1964), : !

RN . (2hitTsoua , 1764 {

Kasmuatka (matepuanst 3 A Levas -

: H."M. Jlesannnosoi) \(m;:kn e l*l

o 3anexuna, 1959 ' : o Mededas dlata i

L. ZC\ RS Y o

Klapalek, 1923 3anekuna, 1959 3anexuna. 1959 Lk

3anekuna, 1957 - Zopkine S

Z"‘T”‘"" 3anexuna, 1959 'ﬂenamuoa.n (in litt)) B i

o LLaNvAwm Ao ] : - g

3an<.;Kqu_a, 1957 3anekuna; 1939 3anekuna, 1959 Oxotckoe noGepexbe -OK\«nhv. Sea 65;;" o

(Syn. A dichroa o PRV ITALNN (3anekuna, 1959), (Zaptwina, 195 :
var. polaris) . (?) : o Kamuatka (MaTepHaul. Kamc\\&\m\(\ ™. \.Q\I’

- Levamdayr Levim. davn H. ‘M. Jlepanuaosoi) midoua's  data)
3anekuna, 1957 Jlemanizosa, Jlesanniosa, 19646 p. Jlena, o. Caxaaun Lena Rives, 5*”‘ A _
(Syn. A, dichroa) 19646 S (Klapalek, 1912), Kam- ~ (Klap il ek, 112), V\mn

: yaTka (MaTepuansl Chatwa (VM. Levan: - o

Zapakiva Z ok Ao W. M. Jlesanunosoit) - dovxs dabta) - :

3anekuua, 1939 "~3auexuna, 1959 ‘Kamuatka (marepnaiuw o i

Levamdova H. M. Jlesaungosoi) '

JlesaunioBa Na\as 1925 KamuaTka (MaTepHa/b
~(in litt.) 3anexina, 1959 ~H. M. Jlesanuaosoh) i h)

3anekuna. 1957 Jlesanuiosa, - Navas, 1925, 10. Caxaamu (cGoput . S 5\\0\:\\-\(\;\\ w :

v (Syn, lsopteryx™ . 19646 3anexsua, 1959 E. K. )Kyiikoso#t). 2 E.LZku w,,\) PR
’ . Levus \'V\\(.\A”J N / 7

sp.)
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Neophasganophora  bre-- Koponen, 1949
vipennis Navas _ }
‘ - Kaonu Walan Buys
. Micronecta wui Lundblad Wroblewski,
LT e - 1963 -
“'Microniecta guttata Mat- - Wroblewski,
sumura o 1963 . -

. . EXN ql\ > » ;

. Monenxu Mayples . Cheamasa
Ephemera amurensis Na- Yepuona, .
.vas | oo _ 1952

_ - o - Chawsun Creza
- - Epeorus _ latifolium Ueno - Yeprosna, Tpese. 1957.
- : 1949 3anexuua, 1961
B Z_A“\‘,Vu"‘”\
~ lron mégulatus' Tshern. Yepuosa, .
' : 1949 . Greze
Heptagenia soldatovi : Tpese, 1957.
Tshern. : . 3anexuua, 1961
ol Zar:v,m.\
Heptagenia .arsenjevi = ‘ :
‘Tshern, . ‘3anekuna, 196!
 Heptagenia yoshidae Ta- © Uepnosa, -
".. kahashi : 1952
Acanthametropus nikols- -
_ kii Tshern.
Pseudcclocon  tubercula-
tum Kazlauskas
- Pseudcecloeon  sibibricum :
Kazlauskas . Chavmaen Cheanava : :
Chitonophora mucronata Uepnosa, Yepnosa. [pese, 1957
. Bngtss. 1952 - 1952 . Craze
" Ephemerella - triacantha . Yepuosa, - I'pese, 1957
" Tshern. : 1949 S
Ephemcrella latipes
) Tshern. Tapawing
.. Ephemerella thymalli . 3anekuHa, 1961
Tshern. - _ Bionik Chanavn -Tipese, 1957, Grrze
Ephemerella ignita Poda Buauku, tHepHosa, 3anexsta, 1961
(=sibirica Tshern). 1905 1941 Tofoan v m

" Ephemerella lenoki:

Tshern.

" Ephemerella ruia

Iman.

. Ephemerella lepnevae

~ Tshern. .- | )
‘ Py«ﬂu’uu“ (,(mlol;'. :‘1._:.;

' . Rbyacophila impar Mart.

) Rhyécophilé retracta

Mart.

Cheanovad
~ Yeprosa,
1949 -

Maa ty m_c; J

Maprinos, -

Lefarvd
-Jlennesa,
19496,

I'pese, 1957, trerz
- 3anexkuna, 1961

z ar AN

3anexina, 1961

Lapnevy .
Jlennena, 1948,
-3anckiHa, Z st A
1961 -

- Maprsinos, Mm"f\y nov

19146

Munycunckniv k.

~ Mimw Wmak A efs\dm .
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6 7 l -8 9
. .\\’2V~\V\.\
- Navas, 1912 '3ancv\uha 1959
: (p. Xop) (v '\w)
Jlesauniosa, 1964

© Wroblewski, 1963

G\Z'\"h@‘;.\

YepHona, .1952

Sukalswene
Cyxaukene, 1962

Cykauxene. 1962

_Cyxaikene, 1962

Cyxankese, 1962

.+ Cykauxeue, 1962
Suvalswene
- Cykaukene, 1962
Wi\l\ﬁ\ﬁs Y
Kaaaaverae, 1963
Uazlauswes .
Kasaayckac, 1963

Cyxauxeue,. 1962

Sy\\(',\\s WRn .
Cyvrankene, 1962-

Cysanreny, 1962
. Cvranxewe, 1962
Sukatsuent
Cyraikene, 1962

»i C}'Kauxcuc. 1962

Cyiankene, 1962

Uharmev
Yepuosa, 1952

Lavam: dounn
-Jlenanuzosa,
1964a

JleBauuiosa,
1964a

Yepuosa, 1952

. Cheanaon

Yepuoba, . 1952 -

Yeprosa, 1952
C\\Lf\‘ko-l-\

YepHoBna, 1948

Jlepauuinsa,
1964a Levawdava
JleBanuinaona,
1964a

Yepnona. 1932
CheAmoyiy '

"Yepuopa, 1952

Lavam dave
Jesanutosa,

- 1968

Yephona, 1952
Chaamava .
Yepuona, 1932

- Yepuona, 1952

- Jlenanyiona, -

1964a
LQ\J Nh@cl-o/c.

CJMenamstiona.

1964a -

Jlesanuosa!

19642

Levomdowa

HwMman Lev‘\\lo,a\
(pL\ )

:,.‘\,,\ nav.

: Wfoblewsk_x, 1963_

Wroblewski, 1963

Cheamaya
Yepuosa, 1952 - °

S Lavama Ao
ﬂenamuon 1939
{(p. Xop) C Waan wi)
JlepaHniosa. 1964q
(p “MERH Ledanyvlavn
Jlenauuiosa,
Bayw
auZoaa 1954 (¥knn '1)
_{p. Xop)
-Jlesanuaona. 19646
(Mman) zuansdow
Jlepaunaos. 19518
Levamidov

19646

Jlepannzosa, 19646
Levanidoua
Jdesanniona. 19646

Nesanniopa. 19646

Jeramutosa. 19646

Lheamoin
Yepuona, 190"
B\Z\Lov\ K\Ahgq /1)
Barixosa. 1954 -
(p. Xop). Jlcanuao-
Ba, 19646 (p. llsan)
Jlenauni1osa,

1968

Jenanuacsa, 19646

CLevamdava & Lev.\hlio_-/
1 Jlena-

Jlepanniona
uton, 1965

Uepuona, 1952
Lhzame s

Leuamidavy
“Menannion,

19646 -

Y“\:).-Q‘W oY
Maptoinos, 1934,
Jlesaiu10os,”
{p. Xop) .

- 1962);  os.

(Yepnosa, 1952)

[E L NEEN N

('\‘Mul \)

- 1952)
Caxaamn (Kazaayckae, SaVh alim (Kc‘z—\““‘v~“‘
. 1963) ' ’?b:)

‘ ”Kawl'arxa (Marepnanu.v
. M. JleBauu.1080f)

. SInoHus
*1952), Kamuarka.(ma-

™an A

.Ba, 195‘2)

1939 Levs A ]
T (Vnoa nav)

© Maprunos, 1934 M-f\q\’\’ nov -

Kasaxckan CCP, \Kuz N Vs\\ SR,

Kuran. SInouus Chivwa . ""?“M .
(Wroblewski, 1963) ' \3 ‘
p. -Buawn (Bepuwuns, V\\“V‘7 Roon (\)wskw“\

‘70) Zouyaan.Lave,

j Y“y\ V\J)LUI C"“"“ .o
(s, 1952)

) 5nkkx\“"~ j\v“""
(Cheamova, 1952)

‘3afcan,
Snouus, KO'DEH Knrah
(YepHosa, 1952)

10. Caxaaun, Sinonns,

KaMuatka (MaTepHaan -
H. M, JlesanwrioBoit)
KaMyaTtka (MaTepHaasl
H: M. JleBauuaosoit) ..~

Vo chatva (1M Leua -
mydava’s A;{u{o‘)_ .

S

S~ SCAV\"&\\;‘\ ) MQ-)\ ékﬂl{§
(Chaamaua, 1952)

j;‘rcn\ ((kwvnsv A, I‘)‘;l) V

0. Caxaaun, Manpu-
Aypua (Yeprosa,
1952) _

Sinoups (tlepuosa,

Kaan: ‘\-JVL& (\ Moleva -
ARSI
T Bern s )
KQ\ML\\;\‘V.C\L\.t\I:\V\t -

(YepHosa,

repuaant M. M. Jlesa- cova's - dota) |
HH20BOM) » R o
10. Caxamus. Kopes 5. Savhalin, Veoresn |
(Yepnosa, 1952) : Clanmsss, \951)

. .Smkko\(“ (Cheanova,
1952) -

10. Caxanunn (qepﬂo-

Lyt

) (\\\‘\J\ O )

Caxaauy, fInonus, Ko-
Vigaza (Guameun,

pes (Uepnosa, 1952)-

ln\/
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" " 'Rhyacophila lata Mart. .~ . . o -+ Jlesaumaosa,
B o L'?,Fl\l\l'\ . Le‘ﬂruﬁ'\
Mystrophora altaxca . , o , Jlennesa, : J'lermeaa .
Mart _ : . -1949a, 1948 - ‘
o ) - MapTHHOB, )
E L&C NN LZ,\”;W\‘L\):\ T 1934 ZC\FL\L\YN\ 'y e \\C‘\‘M
S Mystrophora mtermedla Jlenuesa, JlenHesa, - M’-\'\‘*/’M“‘". - C6opw  3aneku- ]
l\lap 1964 (ce-. 1964 ' U Hot (onpemenecHnl I
- - pepHag # - . . , _ Jlesauu1080f) N
-~ cpennan) L o . ('C\L\UV'MN'{ y_.TLw:\\m > w) 1
Mystrophora ussurica h\.. Ahim & ‘ L ' ' ;
L Mar_t.'. . minod ) . - - X RE
. "Mystrophora -angarica’ : ' e © 3aneknua, 1961 Zapevena ¥
Levanidova o T Manty ey Lepnax C : ,
'-Dlploglossa nylanden MapTbinos, MapTHNOB, Jlenuecsa, 1949a, Maptninos, 1934 l"\mh,«,\\.._/
. McL. 193¢ - 1934 Mapruson, 1934 Jlennesa, 1948 Lapmasa
) Agapetus sibiricus Mart o . Mapruinos, 1934 MapThiHOSB, V\MH'\H
_ : L o Mz\'ﬁ\,' noV :1934
Agapetus Jakutorum Mart.. . . ~ 3anekuua, 1961 Zap 2 wima

ﬁ' ‘Padunia forcipata‘ Mart.

}Padunia bikinensis ‘Mart. , - L ) _ .
. Padunia adclungl Mart, . C MapruiHos, 1934 Maprbinos, Manly we

. L Mot 7')\0 -4 1934
,.,‘Paduma lcpnevae Mart . S . Mapmnoa .
. S Stonopsychu griseipennis A o Maprunos, 1934, Tlermesa. 1948 Lepmeves
‘ ‘McL. , . C : o
Psyéhomyieﬂa composita . . ; Mapthinos, Tt MapTLHOoB, M:\'ﬂ y vod
-Mart. . ' _ : 1934 - oo 1934
» o . . B : (H. T)Hrycxa) U_:wn \\.\M,L‘sus'v-tx»'l.)
- Psychomyiefla minima ‘ . Mapruisos, Mapruinon, 1934 - _
Mart. o o 1934 - (R’ “Tyurycka)
Paduniella uralensns ’ c i '
N . Mart. : ) Maatynav : : '
- Hydropsyche I\ozhantshl ‘ _ T MaptuiHos, Maprunop, 1934, Mty nad
_ kovi Mart. o ’ 1934 - 3anexknHa, 1961 Zapav.ama
4Cheumatopsyche -czeka- : e - Mapthios, 1934° . Maatyma/
nowskii Mart. ) . ) © Jlenuesa, 1948)__ )
: Macronoma radiatum . o . : .. -Jlenmesa, 1947 ep s
“McL. ‘ : ) : ‘
: ) e  Mealywew
,_~;_‘Aethaloptera rossica . . : : : MapThiHOB,
. : Mart _ : o , . 1934
N s « S Mtxd,yv\o'/ - : s )
~Apatama zonella tht Mapthinos, Mapriios, . Jlennesa, 4 o S
. . S 1924 1924 1949 :
SLapnevn
2 Neophvlax sturlensls - S “Jlenuesa,” : , : o .o
S Mart. & S : 1949 . qu,‘h, a : .
~ QOligoplectrodes potamm P . Mapmnos - Jlenuesa, 1918 - »
Mart. - ) o 1924 :
: - : Mt\ﬂyw.')v )
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.Lt\] “ur.vt/’\, EXN .

.JlepanHzao0Ba, JleBannaosa.

19646 o
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Bottonm InV““ELbl tes in T

A considersble number of species of botton invertebrates 1s

“ouna 1n "l“ the l”ﬁ*c t“louuarleg of the Amur Biver, as well as in

e
[\]

mgny mediuﬁfs ed and suall tributaries of the same, in the rivers on

Iy

tﬁe western coast 0 the Sed of Jepan and of the Peter the Great Gulf.
In table 24, fhié commonness of hydrbfauhé_can be traced from the
soutneastefn border of thé country to ithe tributeries of. the kid idle
.Amur. Fauﬁ}stic‘déia on the basin of the uppérmcurrentu are almost .
absént, butnmany’of the species showz in thevtabie are found in the
upper reggpes of the Amur ﬁiver (Borutsky. Klyuchafeva, Hikolsky, 952§
Chernova, 1952). ‘

P

forns -of ipver%ebraﬁes widely occurring

o

mpe pumber of species v

in the Amur- basin 1s consideravly sreater then shovn in table 24, vihich

- : jncludes only the major species or species numierous in the.water bodies
among the most stenobiontic orders (nayflies, stoneflies. caidiS»flies)

end among the latter.-onlyﬁrepresentétives of %he most stenoblontlc
jamilies or fenera.
Among ACOUPS. tnat are most cosmonolluan in their cheracter

N

(chironqmids; 01igocnaetae,-leecheé)»the similerivy of the-species—
compositioﬁ of %the fauna;in=iﬁdividual«rivers'ﬁithin the.basin is
'5%111 greaber. ’

”he irresular le tion of colwms in tL table is parily

o

explained by unegual degrec of the knowledge of fmanz. Thus, to the

poorly studied ones pelong the rivers in the soutnern Pacific Coast




prgvinca (jbe firgt two colurms). the Kbor River, the Ammun' basin is

,lass'stuiied-thgn the Khor aﬁd’;ﬁén.ﬂifars;‘ The cata on the benthos

in the rive: bed. of the imur and the Ussuri Rivers éreff;gﬁ““qtal and
~ ey ; .

partly based on the collections from the water nass. Consequently, in

the course of further resezrci, a siill areater‘similarltv in fauna

will probably manifest itself. It is natural, that the first prereguisite

for such a com:or ess must be the extent of the habitat arcas of many.
species constituting the Amur feauna, as already discussed.
In 2ll the ‘texonomicel groups we observe a certain impoverishment

in the speoleo compoblulon from south to north, and from east to west,

A

in connection with the pearance of those species of the Sino-Indien.

comnle“, whose areas cover only the southeastern part of the Amur basin,

)

-or only the rivers on the coast of the Sea of Japan. Thus, the lervae

=

of the ceddis flies Psilotreta Xkisoensis Iwata have been found only in
vater bodies in the enviroanments of Vladivostok; the caddis fly

N . . e i _
Apzi oc%ore“p E%mm?HuJ tart. nes not been» found north of the water-sned

betiwesn the rivers Bikin and Luo 3 mayflies Chaenkgenesia natans Buld.

~lives orly in the Knanka LeXe and in the tridbutaries of the Lower Amur;

the stoneflies of the genus Kemirmria, the mollusks Polvoylis hemisohaerula

(Bens. ), C”"ﬁtocer s rezvoji(Iindn.) and certain other caddis 7lies were

of these species, as we often

<k

not found north of the Iman basin., A par

see at a boundery of habitats, occur in the Amur basin u01&u.uously, but

. in individual numbers.
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Iron maculatus + . + . -+ + A+ -+ . L . .
iron sp. Ne 1 : o + : : + + + + o o .
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Isonychia japonica + - + + 4 + o + + ' + +
Ameletus montanus T4 + . : C + o+ o+ + .+
Ameletus sp. Ne 1 S+ E T o+ + - : i . i . T

. Parameletus minor R + .+ - + S . co o -
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lata : S+ : + + '+ R .+ o : .
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Ephéme’rella. {riacantha -
 Ephemerella’ latipes

Ephemerella ignita
Ephemerella sp. «naz»
Ephiemerella’ thymalli
Ephemerella lepnevae
Ephemerclia- taeniata

.Pteronarcys reticulata

Rhyacophila impar
Rhyacophila narvae
Rhyacophila retracta

: Rhyacophila lata

Diploglossa- nylanderi »

. "Mystrophora intermedia
{ Mystrophora ussurica =~

Mystrophora angarica
Agapetus sibiricus
Agapetus jakutorum .
Stenopsyche griseipennis
Arctopsyche palpata.
Arctopsyche amurensis
Hydropsyche nevae
‘Macronema radiatum
Goera sajanensis

" Oligoplectrodes potaninl.' '

Apatania-crymophila

“ Dicosmoectis palatus
_ Neophylax ussuriensis

Hydatophylax nigrovitta-

tus il

“Arctoecia servata
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Belnb wnable to discuss the zoo"“ogranhlccl probleds connected
}With tae. oounuarles of the habitat areas of 1nd1v1dual sp901es, let us’
merely-note;thelfollowing. The occurrence ourdcrles of the representap‘
tives cf thermophilicAinvertebraies of ﬁhe Sino-Indian complex (for '

~

,_c:a.nle. many caddis-flies, certain mollusks, leeches and others) may
‘be associated with the 1asu*;101ently high summer tevperauures of the
water. hat concerns the boundarles of tho occurrence oi the denlzens

in foothill rivers, which are cool in the summer, for example of caddis

fliescﬁ, sutsc us, many Ephemerel 1; representatives of Hentazeniidae,
_oUCﬂ ooanugrles may be linked with uhe temperature merely in the g :enera1'
clisatic sense (seasonal Gynarics of the tenperatures, heat total etc. ).
Among the tributaries of the Amur River studied by us, tne .
:fiatland. rlouterles OL Kiy, Ia*usukne and others, Wnlch are geobraphically
restricted %o tne Ussurl ”er*:tory, are reservoirs of uhe thermophlllc .
Indochina-facna /sic! TR; prooaoly Sino-Indien fauna/. It is natural
that the benthofauna of tnese rivers contains the lo'est (althoﬁgh still
cons 1derable) anount of species in ‘cormon with unev_OOuhlll rivers. These
.ccﬁmon soecies velong to Te etively eurythermalvihvertebrates; |

mhv.s, we come o *he con0lu81on thet the geographical factor coes

not. nl@y eﬂy considera ble pars 1n the I urltlc peculiarities of the botton

fzuna of the Ioouhlll rivers. chever, the determination of the faunistic
compositioh of the benthoifauna in 13d1v1aucl b S'th rivers is ohly
tpc_firstws{epfthards'understanding‘of the pattern in thecdistribution'
cf'the:inyerteb:aﬁes.

' 'The commonness cf the fauna of the rivers in~the Armur bas1n,

shown above, is govcrned in addition to the geos”évhical factor also by

H,

fhe‘ act thet tqe megomlty of thcsesrivers belong to one large hydrolo sical




' category, namely: they are foothill end semi—mountaneous'fivefs,rthis
2lso deteérmines the common type-of the nydrochemical and thermal

. conditions andé oi the grounds.t-However, as the below-stated data indicate -

the conditions of the eavironment in these rivers are not identical.

Fy

- Individual sections of the rivers, és we;l.as‘varigus biotopes within-

.the confines of a single r;?erfsection ﬁiffer sti}l nore‘frdm one another.
These difzérences>in uae‘QOndifions 0% theﬂenvifonﬁenfAgovefnjnot
merély th; differeﬁce-in the,qualitativé compdsition of %he benﬁhos in
ri&éré.and their'sections, but also the guantitative relation betwéén
'its individﬁal'cpmpdnenﬁé. The ﬁider th; ecelqgicél-épectrum of <he.
species is, the greate: the»nuabér of'Qaridus categories of the Water;-

bodies and of various stations which this spectrum inhabits.

Distribution of Boitom Invertebrates within the River Systens of

the Amur 3ssin.

EZavironzental factors affecting the life of organisms in the river

)

~are: the rate of the currens, grounds, btransparenc

2
o)
F
o
C
o
o]

M
’.J
ot
o

¢chemism, developuent of vegetation andé other Jactors. However. these

factors do not have equal effect upon invertebdbrates; furthermore, some

© of thew are to a considerable degree Gestermined by other factors.

V.I. Zhacin (1940, 1950) believes that the current is the mein

I
43
Q
ct
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]
ct
o
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[
£
'.J
©
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H
P.

bution of the faune in a rivers ne points ouu that
the role of the current consists not only in tae hydraulic pressure. but

<>

also in the ‘tramsportation of alluviz, Food, oxygeny and Tfor removal .

of'waste products of life-activity. The current sorts out the srouncs

ct

g
o,
ct
+

5}
ol
Ui
;:L
w
<k
5]
H
H

ines the. distribution of entire bioccoenoses along the

“river bed. Thus. tae pmost important factor in %he formation of the -

‘rivér biotopes and bottom commmmities is the ‘charactier of therﬁround 




distrivution, which is more constant in time, than the rate of current.

Therefore, in the classiiicatioh'of the river‘biocoenoées of the o
bentnos aevelogod'by V.'I.’thadinA(lééo‘, 1950, 1960) the sround chéraéfe;éé)"
is uséd as the.distinguishing féature and‘not the differences in fhe_
rate of current. . ‘.. R _ ‘ :
. } o B C fo82
ated five basic biocoeﬁoses: lithorheophile,
phytoranDQ1le, arrlllorneonhlle, nsummor éyhlle and velorheophile, and
a:few,intermediate types. “hlo c1a331¢1catlon prlnclplu was accepued
in a numbér of hydr001olo~1cal mono»ranhs (leln, 1950; Greze, 1957;-
Y;rosnenko, 1957, Sokolova, 195 3).

In his monograph on’the Yenloey River - (1957) V.L. Creae dlut1n~
1gulshes the following three sharply differing biocoenoses; the lithor-.
heophile,;thewpsammorheophile and the pelophile; with'inte:mediaté
forms: the lltho—psammoraaopnlle, the psummo—nelophlle (in the lower -
reéchesfof.the rivers) and uhe paytopaile (in the **1butary syutem) The
author,bhowéver;:indidates that b;causézof the presence in the_riverébof
numerous transitions betﬁeen-various grounds and becauée of the exten-
sive. adeptability of many orgahisms~to thesé transitional fypes, the
cIésSifiéationjof tie bottom invertebrates to one or anofher ecological
qategorylis”pften difficult. This assumpfioh ié«justified to a still
'a gfea%§r'deg#eé in respect to the tributaries of the Amur River. Oﬁ‘thev

_one- hand, %he environmental conditions in the tributaries of the Amur

*) Mur= correctly, the character of the substratum, insofar as.
uo»ecner with the population of various grounds.we also discuss the
population of llcne“ growth, of hluner vegetaulon, of tree stumps ‘etc.

TS A, AR i AR g5




work V.I. Zhedin's classific

Experinents of Ex 1ks¢n (1963a, 1963b) show how important is the uality
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River are more variegated and the spaulal change 'in thenm t tes placer

considerably more often,'than in'the Yenrsey,Rlver. On the: ouher hand‘

< o

tne;a&aptability_of the invertebrates, as we shall see Trther belov,
is nigher in the- tributeries of the Amur -River. Acceptiing in the- present

tion vie huve 1ntroduceﬂ several additionel

o

gradations of botton substreata.

+3

he preferance by the bo ton invertebrates of.one or another

£
=

ground 1s associated with their adapiations to the life in respect to
theﬁcurrent;'feeding character or the methods of ‘hiding from .exemies.

oo b

of the ground to the lire of invertebrates and 1ow fine the selectivity

N

nmay be in respect to the bottom factor. The optimal substraius for the

igging lexvee of noyflies nnhemera ul;uluﬂu ual cer ana H ::ggen:t.'1
linmbata (Serville) was the ground witn particle size of %wo to four

Lllll@utfes,. the digzing aCulflty being casier at this substratum. &n
increase or a decrease in the diameter of th ‘ground ‘perticles’ produé ed
a noticeable incr° se in the respiration coe¢iicient.
Téblgs 25 and 26 reilect the diyersity 6fﬁthe-1ife;conditions_off’
botfom invertebraﬁes and the ecolo 1cul spectra of species that are the
% significant in the“bentho;_in.respect“¢0»the.two-most impoftanﬁ
factors of the envix conment: the substrﬂtum 2nd the current.

The use of the term ”blocoenouls” (1ﬁ V I. “hadin's understending,

1950; page > '“) for large ecolos 1001 rouolngg, such as the lithorixco-

- pniles, or psammorheophiles, we.bullcve 4o be more jusil jfizble. Dut in

2

a pumber of instences tals term is %o a‘consic erable Gegree conululcnul,

' pecouse of our poor knowledge of the ecoloegy o? the huaorlty of agua tic

1
;
1
‘
\
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1nverueo““ues, of fheif biocoehoticireietions, and~cf the environmenfai
chditionerin fhe»micfobiotopes ofjthe wefer bodiee;' Thusy the term__
"rneooh_le” is uoually used for 1nvertebraues 11v1nc at the b0utom of
the ri.' ds characterized DYy considerable rate of current. However,
as- nrodxl (1 /9, 1962) p01nu ad out, the rate of curreﬁt 2t points of
immedi Vf  6> Lfibutien of 1nve“te0“"tes is often snall, eometlmes it
» equuls'zero.- |
Ta&lnb the gans in our knoﬁledge into consideration, evidently,
o . » : .
w2 must-coneiier:here not the blOCOv“Oulo, but the complex of orgenisms
- populating the bictope,.although from-tle‘termlnoloblcal point of v1ew
tnls is not completely eccurate_ .
gihe_predomin anb ~round in the foothlll and secl-uountaneous
uributariee cfvthe Amur River is a- stony one consisting of large and
medium pebbles anG stones. This typlcal r*"'oxmd for the salmon rivers
 covers 80 to 90% of the entire area of the river'oottom. To tne gtony
ground with current a vast comnleA of 1nve”t°brates, lltnorheonnlleo,
is chefe teristic, fof-the majo:ity of which the presence of very
'cleerly pfcnounced'ada;tetions t0 the env1ron4ental conditions 18
characteristic (such adeptations are: flattened boly shepe,esuckefs, - /p.83
"aclcrOulaed 501ny bocy covers etc. ) Besides this category among the
stones ana pebbles lives a conalae“aole number OL Iacultetlve lithor-
heoohlleg,>wko ﬂo pot have, uch sharp adepuatlono to the current.’ The

iatter do not stand up to the curren“, but nlacs;rom it in crevices,

- under . stones, in vegetations.

#) This term ig accepted in a number of cases.also by V.M.
“Greze (1997) : A _ R

‘ *%)‘As we lmow, it is accepted to czll the place-vihere & biocoenosis
lives ‘'piotope'. _ : .

et ame A e, e,

B T
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- Owing to high biomass;of the stony grounds, particularly at the
sandbanks of the middle amd upper portion of the lower.reaches of a

BN

river, as well as the predominance of such grounds over the other, the

lithorheophiles play the leading role in the fauna of the iributaries ..

of the Amur River.

0y

The stones znd pebbles in the river bed are almost never

completely naked. Even at a strong current their surface is covered

with an incrustation of algae or with a thin silt deposition, a phenomenon

to which ths invertebrates contribute rmuch ]

V. evtaching theéir huts or |

o3

catching nets to tne siones. IFurthermores, otvher veriations of stoney

grounds are extensively developed in the tributaries of the Armxr Ziver.

At shallow sections of the river bed, particularly at the sandbanks:

and in small foothill rivérs, the siones in the current grow over with

water moss and with algae (Ulothrix,.Dranarnaldia, diatoms) anda form.-a

special biotope which offers the animels completely different possibilities

()Y

or the existence in the river stredn. Hefé they are able to stay.by

means of claws on thelr legs (mayflies, stoneflies); small animals like

" the Helmintinee beetles, Orthocladiinae chironomids, Tenytersini and

otﬁefs consfituting the algobryorheophile. complex are particularly

charactefistid of this.bio£0pe. The biomass of overgrowth'benthos;in tne

“tributeries of the Amur River is, as a rule, considerable. N
In the lower reaches ahd-in the reaches ofithegfoothill rivers,

in the sections of thé slow cu:rent;ihe:gfoundwis fq?médmof mediumacbaréeA

“or fine pebbles with -2 considerable sand: admixture, the latter sometimes

t

B e T
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even Lo*ms the maln cognonent of 1t; surface lader. This.kind‘of
' bidtoPe is nopulat d, as aluo 901nuea out for the’ qu1say River by V.h

‘GreZu, o; a conalex of a itreansitory type, the psummollthorheophlle
co glvh; In aaaltloﬂ to the relatively eunﬁonlc 1nvgrt°braueo occurrlng
. én stones;,éniuin the sand, a kind of mosaic (according to V.l. anadln s
. 1 ‘mwcl-,_\\..__/ : .

-termlnolo"y) OlOCOQHOulo;/iQ which llV° stenotopg animals, like caddis
flles of %the uenoooxcq genus, whlle in the sand and gravel o°“ween
,and under ithe pebbles live the may*lleg of the Ephe g@nus.

Puraly sandy gr ds oceur very sel om-in the f06thill rivers;
'uvuglly these are temporary deposits ~o:med as a result of eddies, "hlén
are rinaly washed away when uh°‘1€V81 and current flows ere chan&ed.

QThe ponulation in thﬁse sections hes 2 relatively small number of typical

DSSﬂL@*HaOphllGO (such as may*lles of uhe Amstrovodides family and

VCertain oligochaetae). The biomass of the ben hos at -the unsiltea_sands
fié small.' | | | |
In onén gul‘s of the rivers and in very slow flatland rivers
”den081ts o? pure and zlrpost unsilted sand ere ;ormed.‘ This biotope.
- occupies a small area, its mbcrobenthos is poor in SpGClea, and its
1bidhass is smell.
The biotope of uhe olltcd sand occurs in the river in sectlons,
f>where-the'rate of current is getting so slow,vthat not only the sand,
vbut also the silt DTEClDluui from the-suspeﬂéion. Thisvtakes place "
'1n the send y ripal in the lower and occa51onwllg 1n the middle reacnes
of the rlverg, as vell as in their closed gul‘ and invthe estuarlun

jsecﬁio“s of the lirmnocrens. The accuwmlation of detritus in a river is
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usuallr for med on the sand or in the silty ground bengnﬂ the- sand spits
‘or onallowa, along the banks of-the‘rheocrens“énd of the spring chamnnels,
'wh e the current weakens and reverse Tlows and eddies are formed.

The last two biotopes are populsied by ecologiczlly heterogeneous:

organism;,-whbse species -composition end quantitative‘relétions between  /p.84 ¥
‘ individual‘componehts ofibenfhos change in relaulon to the content of-
detritus énd silt, thé chemical'cozposition of the lattef,'and in relation.
.to the rate of the,current; The same factors also detérmine{thg‘biomass-
“of* benthos, but'ﬁSUally it-ig rathéf high. The'areég occu?ied by}these

biotopes are very smzll.

In the gulfs of spawming chennels and at the banks of limmocrens,

unéer conditions of week flov, coarse detritus accurulates on the silty
bottom. Here, lives bLSldeﬁ th° velophiles, a number of species ecologi-

cally connected with detritus, particularly the caddis-ilies (ﬁrtoecia_

servata, Genonema. extensum and‘otheré), wno build their hut out of'the?
~ detritus. | | |
The very extensively occur“l 5 transitional type, wnich occupies .
considerable areas in the rivers and particularly in ﬁhe.tributéry.
‘«system,.t‘e biotéée of silted stones in the current. The silt is fqrmed
in this case of decomposed aguatic vegetation andrcontains‘an admixture
of *allochthonous detritus (so letines & llutle of sand). : | | o %
‘We—find-in tﬁis biotOpe'representativéé‘oftvarious ecological
complézes,.the specific rat@os'ofvwhich_change'depending on the siiting,
thé curfentvrafe and thé temperature conditioné'of the water body. In
the 1ver bed and in the nuaor channels the silt luyer doe° usuully not

exceed a few centimetres; the lithorheophiles predominate nere, a
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“considerable number of them withstands the silting in the rivers of the.

Amur basin, if the current rate is maintained. .In the-limnocrens, in.

the coaStal!area'and in the reaches of the streams’ runnlng from them,

.end in . the ripals of the reaches of .the sSpring channels under condltlons

of,sharp drOp in the rate of current, and in places of an insignificant:'_

depth, a'cdnsi@erable_layer of silt witih detritus admixture is deposited
upon the pebo es. The populat 1on of thls biotope is from the- ecologlcal
nolnt of v1ev,st111 more beteroveneous than on the- sllt-covered stones

in tne rlver bed We observe here<all the“sradations of the transition -

*)‘

rrom a pelollthonhlle comnlex ta the pelo(rheo)nhlle and pelophile ones ;

. The counosltlon und structure of the silt in varlous sections of

these water bodies is highly variegated, a phenomenon reflecting upon the
composition and the biomass of the benthos. Furthermore, for a consider-

. able number of organisms the selective Ffactor here (under conditions of

uhiform ground) is the current. All this does not-allqw any segregation-

of "a complex of organisms spe01r1c to the given blotone (or rather, to

the series of related biotopes).

Besides the limocrens the,pelophile complex of the bot on inverte-

brates is characterlstlc of the river bg ays, buu its specific composltlon

-aiffers considerably from the limnocrens.because of the high summer

teunera ures or water. A number of eurythermal species are common 10

~

water bodies (leeches, part of

*) The category of the oelorheowhlles is sebregated by LeSe

Weizvestnovae-Zhadina (1937). However, we agree with V.I. Greze: (1957)
-.thet all these are organisms for which the current rate is not compulsory,

thererore,‘we dcslgnate this group of orgenisms as pelo(rneo)nnllca._
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'oligo auae, ucuatlc 1°onous and 0uhers), butiﬂm more stenothernal lnve*-”'

tebrates se mauerlul dl;Le"erces in the spe01e° COEDOulthﬂ of the
population of these ectlons of the river- syutem.

Thebioto) s ﬁf stones ouu~1ae of the current in the system of

footnlll rivers occur only in lisnocrens wnere tne groun'q waters- emerge.

These Stones are "ually cove*ed with & uhln 1ayer of 51lt dep051t or .
an incrustation of green algae. . Their ;Quna is ve*y poor and poorly

studied in the ecological respect. The-areas covered with this biotope’

'are’insirnificant;

Very smell areas in the river beds, bvt rutner'considerable_ones

in the llmroc*eng; streams ruming Irom the. lirmocrens, and in spring

_channnls are occxm:J.e'q by nlgher aquaulc vegetation (pondweeds, cooniail-

grgss,‘eé;fgrass), as viell as by £iliform al aef(Soirogyra, Rhi#oclomum).

For the limnoérens and for the streams emerging from the_same-thé water

mbss is pa;ticul°“ly chargcterlstlc, the latter reaéhes occasionally a.

nelbht 0% 1 to 1. 5 metres. This. ve"euatlon develops bonh on tne siltyv

sand, as well as on the stony—sana Tsilty ground. ‘Phytorheoohlles end  /p.865
phytophiles are éharacteristic of the thickets of.tpe higher vesetatlonu, |

namely uhose con31uz1ng ot may;lles, cnlronomlds and caddis-flies, but

 the'hi6h°st Dlomhss of benthos is'formedon.uhe grounds located below

the thchets, it con31ots ba ically of nhytonhiles end pelorneopnlles.,
. The accu“alhulonu of green- filamentous algae, o_tnq overgrovm with

diators, are usually characterized by a nlbh blomags of benthos baglcally

formed»of Iitho(rheo)philes (tnek§natap13 gonclla caddlo fly), pelopnlles
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(aquaulc loODOm), eurytonlc mollusks (Pisidium casernatun and “Gyraulus

acrdgious151b1 cuu) ard of otner.unone01f1ea soeCLes.

V$Tree femains (submerged trees, p arts of ubem, oot system of
buﬂnes and irees undercut by the rlvnr) are one of the varieties of the
N_Eard ET und of tne rlvar, along. the rlver JElow thej are populated by
~comnlex”of invertebrates close to ‘the lluhOTheOphlle. However, in the
,;OOuhlll “1vers the population of the tree studns aiffers Irom tne
prpulatloq of the stony grounds by a smaller diversity of species compq—.=
s1t10n end by the preoence of dendrophile forms tnat are biologically -
connecte to ceCO“p031ng wooa.) Thusg'for'e ample, certaln larvae of’
>ch1ronom1ao are ;eedlﬁv upon. uhe'protozoic fauna and bacterla aevelop1n6
on the deca"1n¢ MOOG re“Q1ns. Iﬁ th e‘fl and *1vero, where uhe hard
ééﬁbstratﬁﬁ occupies relatively small nart of the. bottom, all the lluho;
:heophileé occurriﬁg in this section .;e‘ctla upon tree stumpse. |

"iﬁ the tributaries of the Amur River ax ~1llacoous grounds ere:
almost noﬁiexi stent, since the river bed here is_mainly'stony;' The\
arglllaceouo bottoa of 1ﬂd1v1auul sections of the ripal of the main bank
is almost a.ruys covered with Sllu, sand or gravele. The-poéulation offi
fhesé sections‘is ecologically ungpnclxlec. In the. lower flatland seétibn
of tne river the ”1110pc11es (purulcularly the ul”"lng larvae oi the
Ephemera neyflies and others) occur 1n_tne'"“blllaceou° oonx—scarpo.

A‘éeculi r iﬁne?manent argillo—vegetaiive substratum is-fbrmed'in

‘the~basin of thé mur River aurlnb “the summer: owing 1O the: p;olongad

. *) 0.S. Zvereva (1947 , 1950) records the latter pecullarity for
tne no”une n rivers. o - ‘

\
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IlOOdl s coverlng the floodlard. ~ Such oECulOnS a_e partlcularly exteny
S1ve in tne lowcr reaches of the rlvers.' The water overflowing 1ts
banks’ 1nunuaues “the coastal vegeuatlon of various type. grassy meadow
"vegetafioﬁ or vegetation bordering water*wlth marshy sedge—co#ered
ihu_eo ks | |
SOllS along the river banl are mostly'argiliaceous or argillacebuslyll
-sandy. aen ;loodeu uhese s0i l are rupldly covered vifh silt‘&eposit;
whic@ is parulcularly heavy: at the constantly inundated sectlons of the
bahk.f
The flooﬁed sectlong are 1nte 1sely pooulaued with invertebrates
brought nere wwth waier; this process pfoceeas oarticulaily intensively
beeauoer$ he presence of ﬁoe{ﬁrnal migrations by acuatic insects
. S 7 » o
(Levenluova and bevapldov, 1962, 1905) as well as by means/ovipositions
by flying imagos. We have not included;this peculiar biotope inlthe
table, since 1t is empo”““y blOque existing ou%side oz tﬁe_watér basin's
permanent bounuarles,of this reason we-will briefly enumerate here its
,.composiﬁion.

The benthos of flooded sections of the bank Conolsﬁg meinly of
certain nektobentnic forms: meyflies and arnnlnods.' It is dlstlngulsned
bykité'paucity in species composition, but by occa 31onally hlgh blomus
incdices. Thus, in the Sigov Gulf ‘0L the Amgun' River the biomass of the

.neyfliee alone was ab the end of .June, from T. '8 to 18 grams per square

QEtre._ The mayflies were etcluulvelj repreSLnted by thﬂ,ulnqlonurldee

family (mainly: Siphlonurus ueuter tedti, and by 1nd1v1duul gpecimens

of P"““"“leuS minor and Amelctus Joﬁtanue) Upon the veget“tion proper

ALl

'oevelop vhyuonhllc 1arvae of chnirotomigs. S. zetterstedil mayrlies
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~ constantly populate similar biotopes also in the Khor River and in other °

rivers. In addition %o what has already been enumerated, in the ground . /.86

and in the silt deposit of the flooded participants we found pupae of

'chirpnomids, of Helonho:gg SDe beetles, of the Eg}onhdrus Sp. beetlés,

——r

.of the.Ilimeea auriculeria olicata and of .others.

The population of {the -inundatved terrestrial vegetation represents

an impoverished complex of the biotope of the higher subaguatic vegetation

the ‘supplementzl system.
The fauna of the tributaries, as well as of the Amur River itself,

is extremely variegated: of the chironomids along (see table 25) we

£ind about 200 species and species—groups. A list of bottom invertebrates

belonging to other {axonomical groups (see table 26) includes mainly
only the major and ordinary forms of benthos (327 species) and mainly from

‘ ' *
the river beds, from the river chamnels and from the limmocrens ). A

‘corplete 1ist of the bottom invertebrates of the Amur tributaries kaown
- today is cohsiderably greater. The tables are compiled with:consider-
~ ation of two environmental factors: the ground (or of the substratum)

and the current.

. . Data shown in tables 25 and 26 reveal that the larvae of amphibiotic

insects are the predominant group of invertebrates.according to the

species composition and also, as we will see below, according to the
biomass particularly on the stony grounds of. the river: bed. In the

mountain rivers end in the rivers that are Tull of rapids in the-western

‘ *),In'tablesi25 and 26, the symbol + symbolizes the usual form;
++ indicates the often occurring form; +++ is the "mass", i.e. major form.
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part<of'thé Soviet.Unipn larvée of thrée inseét.ordérs predominafe,
these“are: caddis fliesj rayflies and stbneﬁiie§ (Zhadiﬁ;_l940),ﬁbut<
i the -oothlll Aributaries - of the Amur River, because of the powerfuiu.'ﬁ
‘develooment of une over~rowth oy 11cheﬂs and algae tne.cﬁironozid‘
‘larvae (mainly Ortaocladiinze) are aa“ed to thefformer thrée.orderé._
The folldmb mist be sala, wqen we °v“luaue tne role of the

thermal conalulons in the distribution. of invertebr ateo 1n various
water bOulES and accoralnb to various morpnologlcal elemﬂn S'of>the rivér.
vThe difference in;the;mean monthly surmer Water temperatures befween-the
extreme variations ofbfhe thermél seriés of't.é rivers feaches 9 to 10%

fof exaﬁple; the.Kiya and the Khivaﬁda‘RiVers). The temperature'

2,

Gifferénce between the rivers of moderate thermal conditions.(Khor.and

Iran éifers_in their ﬁiddlé and loﬂer-raéches)'and the>cold ones is
cgnsidérébly less, only»}Ito 600. A'diffefence of same ordéf exists:
befwsen the middle .and the lower reaches of such rivers, as khor, Iﬁan
and Bilin. |

Compéring'the“species compdsitibﬁ of benfhos in theée rivers and
“in their.seCtions,.we find that a16ng considerable:Stretches.of theée
rivers and in river d ffering in thermel conditions the species
-bompoéition of the béﬁthofauna changes relatively little, mainly in
>suen0uhermal spec:.c,s-v . Thus; ﬁovi“g'from the'lcwér reachés-to the

sources,‘certain species become sCarce and are replaced by other species,

often by closely related ones. (irctopsyche emurensis by A. palpata;

#) There are no eurybiontic and eurythermal species in the p*oner
‘sense among the denizens of rumming waters; but-a number ofi forms in
the bagln of the Amur River are relaulvbly euryt“,rmhl
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,wStenonsyché P;résfi by'§;,gri§pinennis‘etp.).

_?he &ifference in‘thé*Species compbsition bf benthos ihjtheA
moderately waran rivers (the middle and the lower réaches of the Knor and’
:iﬁan‘ﬁi‘ers) "”d in such a wern-water river flatlana river as the Kiyl.r
RiVéffﬂnsis_cohsiderably “O“e.ol”nlIlC nt in addition to the thermal

conditions also other di;ferences in the charqcter of the rivers

o

are reflected here., HoOWever, the nreoence in these rivers of a number

of common species from theoohlles permits us to considgr'the lauter as

k-

relative eurytherms and even as euryblonts. Sucn are, for example,

Heptagenia soldatovi, H. ar$enjgxl,_§. kibunensis, Choroterpes trifurcatus,
phemerelle tzeniata, E. ignite § . ‘nagz" Imenishi, Siphlonurus SP.,

et loieatiainad

g

%*)

po3sibly Zpeorus latifoliua 7, “ucronema radiatum, Stenopsyche bergeri, p.111

Psychoryiella composite, P. minima.

*) This spec1es described by O.Ae Chex nova (1052) from the ‘basin: of
the Amur ?1ver according to a larva such as ‘Ephemerella sibirica is consi-
dered by R.S. Kazlauskas (1963), wno had imagos oi amalogous’ Tarvae from
‘the basin of the Angara River, to be identical with . 1qn1ta Poda (an

extensively occurring Suropean spe01ea)

_ %%) In the tributaries of the Amur Rivew occur two Tforms, both
well-distinguishable morphologically, and, eop601ally, ecologically, which
vearl*er (Zevanidova, 19642, looub) were classified as separate species.
However, later R.S. vaslauskas and O.A. Chernova having studied an extensive
series of larvae from the tributaries of the Amur River: came to a conclusion
“that all these forms belong to a single species: ‘Epeorus latifolium
(per°opal 1H;ormaulon) This conclusion is based upon the presence e of
transitions dbetween the morphological types of larvee froh the cold-water
. and werm-water rivers. The population ofslarvae sron the rapidly flowing
cold-woter tributeries of the lzur River are: Lornnolo"lcallj close to th~ B
Alteyan specimens, accoréing to which the description of the species I
latifolium was carried out (Chernova, 1°w9) " The populations living 1n
%he werm-water flatland rivers of the uly River type on the contraxy, i fer,
' convlue“aoly fron the Altayan ones.




_blomass of the bonthos an~ +he main spe01es of the 1nvertebrates ao

the floodland.. Such elements arée the following:. the estuarian section

169

' fhé ben hofauna in the thorous n;y 7afmeﬂ bays and'inithe meaial of -
the river becShave almost ﬁo species in cormon., Common species in the .
fauna of uhe buya end in the river: rlpal belong %o th;wcatégory of
eurybionts.  A.considerable number of common species occﬁrs in the bays

of rivers and in the limnocrens. 411 these are typical eurytherms from

: o : _ » .
. various groung (leecheu, Olluocﬂufub, rites, mollusks and others).

We nay conclude from the said that the fzuna of bottom inverte rates

of homo zeneous SUQtlons (for example, otony ground the nedlal of the

middle reaches of *he ;00u“111 rlvers) contulnu 8 considerable nucleus

of ccmnon species in the entire basin of the Atur River, while in ihe

neuerogeneoug Su&tloﬂu, even those located in the same section of some

river, differ in the specles composition to a con51derably greater extent.

Therefore, further dowvn in the text we are g01nb to dlscuss tbe

applicable to individual morphological elements of the river bed end of

and the lower reaches of a river, the foothill section, which usually

‘occupies & considerable portion of the river, the semi-mountaneous section

(most often the upper reaches of the river), side~-branches of the river.

String chamnels, bays, limmocrens and rheocrens.-

Pl e dicis
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floacem. Chironominae ‘ v , _ _— E _
Corynocera ambigua Zett. oo + + . o+ . ’ ' o 4
Tauterbornia chlorophita chff ’ + - S o S ++ - .
,, Lauterbornia sp. ) o+ + . R
Micropsectra curyicornis Tshern + ++ N - .
: Miceopsectra gr. praecox Mg, Lo+ + B S ey + + B O + + + i
Micropseetra viridis — scutellata a o : . _ L ‘
Goetgh. ++ : + ' a + . + - +
Stempelina gr. bausel Kxeff + v o ++- o .
@ Stempelina secptentrionalis Tshern. . i + .+ B SRR
H Tanytarsus aequidens Tshern, R s o R : o .
7 Tanytarsus gr. exiguus John. + . " R o ~ o+
1 Tanytarsus gr. gregarius Kielf. + ' . o+ + . T ;
Tanytarsus gr. lobalifrons. Kieff. ; . oo + ’ + - +
Tenytarsus gr. mancus v. d. Wulp. ++4+ -+ + ' "
‘Tanytarsus tuna mancus Ne' 3 Zvereva . - - - 4 - , ++
Tanytarsus Tna mancus Ne 5 Zvereva - R o - Rt : B
Tanytarsus tuna mancus Ne 7' Zvereva ., . .. SN SN
Tanytarsus’ monodentatus Konst. 4+ o+ s
‘Tanytarsus nikolskyi Konst. ' A x +
Tanytarsus sexdentatus Tshern. R R . .
Tanytarsus tetradentatus Konst. + 4 . R g )
.Tanytarsus gr. lauterborni Kle[f B S IR L + - C .+
Tanytarsus sp. , . ok - g + o+ o '
. Zaurelia sp. : L + <4 o+ .
Shctochnronomus sp. (=Allochirono- B ' ; A —
mus) . A + . B
uyptochxronomus gr. anomalus Kieff. . S e o P -
Cryptochlronomus ar. breupalpls Konst L ‘f. T S VRIS ' R S
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Cryptochironomus borysthemcus
Tshern. )
Cryptochironomus borutzl\u Konst.

Cryptochxronomus gr’. camptolabis

Kieff.
Cryptoduro'\omus~ gr.
- Kieff :

Cryptochxronomus defectus Kieff.
Cryptochironomus demeijerei Krus.
Cryptochironomus dnepricus Tshern.
Cr)plochlronomus -« gr.  fuscimanus
Kiefi. -
Cryptochironomus fridmanae Tshern.
- Cryptochironontus latidentatus Tshern.

conjungens

Cryptochironomus macropodus Ljach. -

Cryptlochironomus ussouriensis Goetgh.
) =nigridens. Tshern.)
(Zryptochxronomus gr. pararostratus
Lenz.
Cryptochironomus nonstrosus Tshern.
Cryptochironomus rolli Kiritshenko
Cryptochironomus viridulus Fabr,
Cryptochironomus gr..yulnératus Zett,
Cryptocliironomus - gr:
Goetgh.

Parachironomus  vitiosus Goetgh.'

{=Chironomini gen. Ne 7 Lipina)
Chiropomini e«gen. Ne 9» Lipina. '
Einfeldia gr. carbonaria Meig.
Bndochironomus tendens F. Kieff,
Endochironomus - gr. dispar Meig.
Endochironomus albipennis Mg.

" - Endochironomus stackelbergi Goetgh..

Endochironomus sp. Ne'l
Glyptolendipes gr. gripekoveni Kieff.
Glyptotendipes paripes Edw:
Glyptotendipes sp. .

- Phytochironomus- sp. -

- zabolotzkyi ‘
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. Microtendipes gr. chlofis’ Meig. .
Microtendipes gr. tarsalis Wolk. .

Léhterbornielia gr. agrai!oidesAKieffA
Lauterborniella sbrachylabis Edw.

Lauterborniella marmorata v. d. Wulp. .
. Limnochironomus gr. nervosus Staeg.

Limnochironomus albipes Kieff.
Limnochitonomus gr. tritomus Kieff.

Paratendipes gr. albimanus Meig.
Paratendipes alhitibia Kieff.
Pentapedilum exectum Kieff.
Pclypedilum breviantennatum Tshern.
Polypedilum (Chironominae. gen. Ne 3
Lipina) )
Polypedilum convictum Walk.
Polypedilum gr. pedestre Meig.
Pojvpedilum monodentatum Konst.
Pelypedilum tridentatum Konst.
Polypedilum gr. nubeculosum Meig.
Polypedilum gr. scalaenum_Schr,

" Pseudochironomus gr. prasinatus Mall.

Stenochironomus sp. . o
Stictochironomus (econnectens Ne 2»)
Lipina .

~ Stictochironomus gr. histrio Fabr.:

Stictochironomus psammophilus
“Tshern. S

. Stictochironomus sp. . :
. Sergentia? flavondentata Tshern.

Sergentia gr. longiventris Kieff.
Sergentia lv. -ordinaria ** - -
Sergentia? baicalensis Tshern. .
‘Sergentia sp. e

Chironomus [.'1v. bathophilus Kieff. - o

Chironomus §{. lv. plumosus L

" Chironomus f. Iv. plumosus reductus

Lipina

++

e+
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+
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' Chironomus f. lv, reductus ALi‘plr-xa
Chironomus f, lv. thummi Klelf
- Chironomus “salinarius Kieff.

Chironomini
. Tshern:
Lipiniella: sp.

gen? macrophtalma

Chironomini lv. minuta Kruglova .
‘Xenochlronomus xenolabis Kieff.

5 u@ %6\ ™ ‘7’ nouceu Orthoclad:mae d

. Abiskomia vxrgo Edw.
Brillia gr. modesta Mg.
Brillia pallidg Sparck.
Brillia dendrophila Zvereva

- Cricotopus biformis Edw. - |
Cricotopus brevipalpis Kieff.

- Cricotopus gr. silvestris Fabr.
Cricotopus gr. algarum Kieff,
Cricotopus? versidentatus Tshem
Cricotopus™sp. Ne ] **. ,,

. Cricotopus sp. Ne-2**

Diplocladius _ cultriger Kieff.

.. Eukiefferiella
S Eukiefferiella
. Eukiefferiella
Eukiefferiella

" Eukieffericlla
Eukiefferiella

- . Eukiefferiella
Eukiefferiella

" Eukiefferiella
Eukiefferiella
Eukiefferiella
Krenosmittia

bicolar Zett.
coerulescens Kteﬁ
hospita Edw..- .
discoloripes -Tshern. . .
longicalcar Kieff.
alpestris Goetgh.
longipes Tshern.

gr. .lobifera* Tshern.

-quadridentata- Tshern.

cf. similis. (Savrel)
cf. tridentata Linevitsh
ginocera Edw.

Limnophyes gr. pusillus’ Eaton
- Limnophyes gr. prolongatus Kieff.
Limnophyes septentrionalis Tshern.
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- Orthocladiinae  gen?  Iv.

Metriocnemus gr. marcidus Walk,
Metriocnemus gr. hvgropetncus Kieff.
Meutriocnemus sp.

. Orthocladius gr. bathophtlus Kieff.
Orthocladius corosinensis Tshern,*

Orthocladius gr. dorieri ‘Goetgh.

-Orthocladius nudipennis Kieff,

Orthocladius oxyrhynchus Linevitsh
Orthocladius gr. olivaceus Potth,
Orthoctadius gr. piger Goetgh,

. Orthocladius paratatricus Tschern.

‘Orthocladius putamophilus Tshern,

- Orthocladius reofilus Linevitsh
© Orthocladius saxicola Kie¢fl

Orthocladius pr. semivirens Edw.

‘Orthocladius thienemanni Kieff:

Orthucladius tv. abundans **

-~ Qrthocladius lv. carbonaria **

Orthocladius Iv. cyancus ** :
Psectrocladius ~ gr. - “dilatatus v, d.
Wulp.

- Psectrocladius gr. dendrophila Zvereva
" Psectrocladius gr. psilopterus Kieff.
‘Psectrocladius septentrionalis Tshern.

Pseudoorthocladius curtistylus Goetgh
Smiltia ephemerae Kieff.

Smittia microcera Konst.

Smittia gr. stercoraria Degeer -
Smittia muscicola Kieff.

Smittia septentrionalis Tshern.
Smittia sedula Konst.

" Smittia- tshernovskii Konst.

Trichocladius inaequalis' Kieff,

':' Trichocladius gr. lucidus Staeg.

Orthocladiinae gen? acutilabis Konst.

Tshern,

karelica -

+ +

++++ +
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(71

Orthocladiinae gen? v, Mmacrocera

. Tshern.
Orthocladiinae ~ gen. Iv.
© " Tshern. '

. Orthocladiinae gen?. Iv. z.aluts_hicola _

Lipina -
Orthocladiinae gen? sp.
Diamesa baicalensis Tshern.
Diamesa campestris Edw.

. Diamesa coronata Tshern.
- Diamesa gaedi Mg.

Diamesa cf. “longicagtis Linevitsh

Diamesa gr, prolongata Kieff.
Diamesa-quadridens Linevitsh.

Prodiamesa gr. bathyphila Kieff. -

Odontomesa fulva Kieff.

(=Prodiamesa flabellata Kieff).

Prodiamesa oljvacea Mg.
Prodiamesa rufoviltata Goetgh.

Prodiamesa (Monodiamesa) sp. **¢

Protanypus morio Zett.
Syndiamesa hydropetrica Kieff.
Syndiamesa gr. nivosa Goetgh.

Svndiamesa orientalis Tshern..

Syndiamesa jacutica Zvereva
. Syndiamesa s )

Thinemaniella Haviforceps Kieff.

. Thinemaniella sp. )
Corynoneura celeripes Winn.
Corynoneura sp. - ‘

. Su Q?;\ v;\.'_ly Moacem. vPelopiin_ae

Ablabesmia éurticalcar Kieff.

Ablabesmia gr. lentiginosa Fabr,

Ablabesmia gr. tetrasticta Kielf,
. . Ablabesmia gr. monilis L.
- Ablabesmia flavida Kieff:

triquétra -
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Ablabesmia fulva Kieff. ] o o : ++ . L . + .
‘Anatopynia-sibirica Tshern.” . R i R S + i ' : ) : :
_ Apsectrotanypus trifascipennis Zett. e t + ++ S +
Clinotanypus nervosus Mg. » . o +4+ B . - B . _ I W
Pelopia punctipennis Mg. - y ' - + e . ++ -+ L+
Pelopia sp.. - Co - o ' : o v o - v . L
Procladius sp. Ne. 17* + } B + + : + 7+
Procladius sp. ~Ne 2'** . R ' ' + + +4+ o ; + +
*) . Ve follow the newest taxonomy for the Chironomidae family created by Brundin

(1950) and Fittkau (1962) quoted according to A.I.shilova (1966). Brundin ‘and Fittkau,
in varticular, have excluded the subiamllles Dlane51nae andl Corynoneurlnae and specleg

CODStltAtln” these subfamllles are now 1ncluded 1n ‘the Orthocladiinae %ubfamlly. Spe-

cies of the Diamesinae subfamlly are separated 1nto DldN@Slnl trabe -and up601€S of the

Coqynoneurlnae ubfanmily, lnto uetrlocncmlnl tribe,

¥#%) - New larvae (Levénidbv.and quénidova,'l962).

k% ) Species new to.the science; it is determined by its adult phase by Ah.A.Li-

nevich.
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- BecHaskr 5‘07}?&—‘1;;; ¢ .
va Cem. Nemondae _ .
Amphmemura borealis Mort 4+ + + + 4+ o+ ++ +++
Nemoura cinerea Retz ++ o ++ - ++ S +
Nemoura sp. T4+ S ++ ., +++ + ++ +
Capnia nigra Pict; +++ - + ++ . :
Capnia sp. Ne 1 (sp. nova) +++ R
Isocapnia 51b1r|ca Zap Dulk ®?) . ++ o+
Isocapnia sp. Ne 1 - C++ + T ++
FamCen.. Taemopterygidae ' '- S
Rhabdiopteryx quadrata Kopon + + + "+ 4
Te.. Cem. Pteronarcydae . .
Pleronarcys reticulata Burm. +++ 44 ++ +4++
Fom Ceum, Perlodidae . e
Arcynopteryx brevis Kopon. +4 ++ . ++
Arcynopteryx compacta (McL) + 4+ - ++ . +++
Arcynopteryx (Megarcys) och- - 4 : '
racea Klap. . 4 ++ +
Diura nansenij Kemphy 4t + +4+ +
Diura sp. : ++ s i +
Isogenus sp. ; ++ . +4
+ +
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1 . \ 2 l 3 l 4 " 5 \ 6 \ 7 \ 8 ‘ 9 I, 10 | 1 \ 12 t 13 \ 14 '\ 15 ‘fxé
lsop‘erla junigera  (Klap.) N A . A T . . : ‘ -
- 1soperla sp. e 1 lv. nova ++ ’ +4+ _ o +++ o . o

Isoperla sp.- Ne 2 lv. nova
_Isoperla sp. Ne 3 lv. nova

++

++
+
+

Fam.Cem. Chloroperlidae

Chloroperla mediata Navas +
Chloroperia sp. Ne 1 . +
- Haploperla ussurica Navas +++ +
Haploperla sp. nova’ . ++ +
Paraperla sp. ST o + +

Fa~v. Cew. Perlidae

Neophasganophora brevipennis - . o g . .
Navas =~ - +4+ . ++ _ N +++

Oyamia amurica Klap? =~ + o ‘ + ; . _ + 44+
Acroneuria sp. : + o A ) ' o T '

++
+++

++++
+++
+ 4+
+
o+t

++++

nonenxuk MO\)’%!M S

1"am- Cew. Ephemeridae

. Ephemera amurensis Navas
Ephemera forinosana Ulmer
Ephemera strigata Eaton
- Ephemera sachalinensis Mats?

O
+

+ N
- Z r . . i ]

»_l?"“"“ Cem. Potamanthidae _ Tl
- Potamanthus luteus L. +

+
+
+

F“?“ . Cem. Ephoronidae

Polymitarcys sp. (virgo-+nigri- _ T - - ’ B
dorsum) SR + + o ++

8LT




1 '2,3‘!4'5 6'7’8'9 10'11'12'13'14'15'16

Ff"'“Cea,a.,Hépt-ager'xiidae _ ,

Rhithrogena unicolor Tshern. +++ T ++ ++ +-
" Rhithrogena sp, Ne 1 - _ ++ : AR T :

Epeorus aesculus Ueno B + _

Epeorus latifolium Ueno e - +++ e o
- Heptagenia arsenjevi Tshern. + . ++ - ++4+ F++ + ++ B o e S S 3 +
Heptagenia kibunensis Iman. ++ -+ ’

Heptagenia soldatovi Tshern. + ++ + 4 ++ +++ ‘

‘Heptagenia yoshidae Takahashi- + 4+ + 4 +4+ +++ +++ +4++ + +
Ecdyonurus tobiironis Takahashi- + . + + . . - +

Cinypgma sp. - - C ++ ) .

Cinygmula grandifolia Tshem +++ - ) . R N

Cinygmula altaica Tshern. B o i P _ + : +

Iron maculatus Tshern. ++. ++ + ++

JIron sp. Ne 1 B

ch\ Cevﬁ‘ : z\nn::h'opod_idae - ' . .

'Me!retopus sp. - - ’ + T+ . B

Fm., Cew, Slphlonundae v o

Acanthametropus nikolski _

. Tshern. : .+ o+ : : . ) ,
Siphlonurus zetterstedti Bngtss. + ++ 4+ 4+ 44+ +++ ++  + + S +++ +4 -
Siphlonurus sp. + + - _ ++ L + + 44
sParameletus minor Bngtss. o L E K o o s o o o S + 4+ +++ +++
Ameletus montanus Iman. : e + + 4+ +

Ameletus sp. Ne | : i ‘ . : +4+ + + A

Isonychia japonica Ulmer - 4+ ‘- + . RN L

_FW,,. . Cem. Baetididae ‘ ) ) '

Centroptilum pennulaturn Etn. - S + o+ 4+

Baetis sp. Ne | ua rp. B rhodani - _ + . o

Baetis sp. Ne 2 w3 rp. B. chmo S S .

nonis. SRR v +

Baetis trlcolor Tshern ' ++ + E - ++ - o+

6LT




1 o [ 2 1. 3 4 5 l 6 ' 7 ‘ 8 ' 9 | 10 l 11 ‘ 12 13 l 14 ‘ 15 ! 16
Baetis sp. Ne 3 u3 rp. B. carpa- ) ) o : o .
- tica . ++ + 4+ - + 4. -
Baetis vernus Curt. - ++ + + + . . . + . ++
Baetis thermicus Ueno . s A + 4 4 + 4 *

Pseudocloeon sibiricum Kazlaus- . . . : -

. kas . - -k ++ +- : ' L +

* Psendocloeon tuberculatum Kaz- - | . o g .

) lauskas ‘ ‘ + o B : o o ++
* - Fam. Cen. Leptophlebiidae o ) :

‘Choroterpes trifurcatus Ueno ++ . + - - o - R )

Paraleptoplilebia. lunata Tshern. . +4+4+ " ++4+ +4+ - . N oL L S ' o S ’

Paraleptophlebia chocolata Iman. . 4+ . .k : T . . ’ L Lol
Fawm Cew. Ephemerellidae ] ) . ) o . ) . ' :
Ephemerella basalis Iman. R s s o B et ) e
Ephemerella triacantha .Tshern. 4+ + ++ - - TR R o o ' o
Ephemerella Ilv. nova H3 rp. : e T ) . :

triacantha - + S ) ) S
Ephemerella sp. . Ne 3 A + ++ . e _ o
Ephemerella fepnevae Tshern. 2 b R ++ i . v ++
Ephemerella levanidovae Tshern. - 44+ . - . + G o+ ++
Ephemerella tshernovae . Baik. . I ¥ : - o
Ephemerelia lenoki Tshern. e S ++ ' .

- Ephemerella- thymalli Tshern. i ) S o ' s o NPT PR PN T
Ephemerella ignita Poda = I T P L X R e S b + o FE+ o+ R T SR

- Ephemerella sp. Ne | (lv. «naz» . L : : o : o co o SR e e
-~ Iman.) R S + - ++ . o . ’ + o e -

" Ephemerella taeniata. Tshern. 4 o+ ++ 4+ ++ +. . 4+ . ++4+ +4+ +F . - -+ -
Chitonophora sp. Iv. Ne 2 . . . + + . : o : . — oL o)
Torleya padunica Kazlauskas o e ) + + + o
Chitonophora mucronata B o ' _ :

" Bngtss. ) . 2 L oo+ + -+ ++ 0 e+

- Chitonophora sp. e 1 =~ . +4+. = +++ +++ ++ + . +++ R R

. Chitonophora sp. Ne 2 . "




» Fam. Cewm. Psychomyndae

" Psychomyiella minima Mart. =+
. Psychomyiella composita Mart. +

queﬁnmm chu\s 2[.:4
lu‘mCeM Rhyacophnhdae

- Rhyacophila impar Mart. ++
Rhyacophila narvae Navas- o+ +
‘Rhyacophila lata Mart. ++
Rhyacophila kardakoffi Mart. ++
Rhyacophila depressa Mart. A
Rhyacophila retracta Mart. ++
‘Rhyacophila sp. Ne'l: ++
Apsnlochorema 5utschanum Mart.  +
[epm Cew Glossosomatldae )
Diploglossa nyldnderl Mcl. +++

" Mystrophora - altaica. Mart. v+
‘Mystrophora ussurica Mart. ++
Mystrophora intermedia Klap. ' ++
Mystrophora  angarica’ Leva- :

nidova : oo +++
Agapetus sibiricus Mart. -7 . +4++
Agapetus jakutorum Mart. . +++
Padunia lepnevae Mart. : 4+

. I'awm. Cem. Philopotamidae *
Dolophilodes sp. L o+ 4+

Foawi. Cew. Slenopsychldae

Stenopsyche griseipennis McL +++
Stenopsyche bergen Mart + 4+

+ +

++  +
o ,
F++ o+
o+
L
.
T+
+

4+

+ 4

- + :

++
++

s ' 9 ‘ 10 l 11‘12' 19 l uls

BT

+ S+
ot
+4+- f
+
+ :
++

18T




! '2'3'4'5 6,7’8, '1olnl12,13|14l15|16
E;,.,_ Cewm. Ecnomidae . _ _ _ o _ B . , g
Ecnomus tenellus Ramb. +. B S ] . R R
Pseudoneureclxps:s sp. g L AR S ) o

.FM Cew. Polycentropodldae R ) T .
Plectrocnemia kusnezovi Mart, ~-  +4 + T

Ncurecllpsus bimaculata L. o+ : . : - . + +
.ch Cem. Arctopsychxdae o . S : . S
. Arctopsyche amurensis Mart. ++ . R
- Arctopsyche palpata Mart. o +++ R o e - e
fam . Cewu. Hydropsychidae : ‘ '
Hydropsyche nevae Kol. R e + + T4+
Hydropsyche - kozhantchikovi o
Mart. o ) . C + . +
('heumatopsycht. infascia Mart, ++ S + o
Cheumatopsyche sp. ) ++ AP 8 ) i
Macronema radiatum McL. + R + ‘ N + :
Amphipsyche pro]uta McL. SR . + T T ¢
*fim . Cew. Phryganeldae ' g ._':_; . ’ s
Phryganea sinensis McL. T S T R R
Holostomis atrata Gmel. " - .. R + e 4+ T +
Holostomns phalaenondes L. IR, L JEE + + +4+ ‘ L0 e 4+

" Cen: lenoplulldae

. Apatania zZonella Zeit. " - -+
Apatania parvula Mart. - ° . T 44
- Apatania crymophila’ Wall. N
_Apatania sp. Ne I.- - T
Imania slchotalmensns Mart, - +
Neophylax ussuriensis Mart.- +4
. chosmoecus palatus McL -+

Z8T
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‘Nemotaulius admorsus McL. = : ‘ . L A + K . et ) e
Arctoecia servata McL. "~~~ - . : : ++ , + + + R B e o ++ . +4++
Limnophilus correptus McL. ' 4+ ++ . s AT - o -
Hydatophylax magnus Mart. - ++ .. o ++4 o : T ) +++
Hydatophylax . nigrovittatus - o L oo . S
McL. . + . F+++ O+ 4+ FHE A+
'Hydatophylax soldatovi Mart. L A . . . S A
Hydatophylax grammicus McL. : . T + - 4 T o +,'_"+ +
" Fam Cem. Goeridae I L o R ' o ‘;
. Goera sajanensis Mart. = - T C S - +- T ;
Goera squamifera Mart. . 4+ + + -+ e e . !
. : . - . - L C . i
F_v» . Cew. Lepidostomatidae ; ' S L - '
. Lepidostoma hirtum Fabs. S . AR N B B S
. Lepidostoma sp. : A o : 4+ : : . + o+ ;
» (an. Cen. Brachycentﬁdae . - o '
Brachycentrus subnubilus Curt. S +
' Brachycentrus bilobatus Mart. 44 . ++ ;
' Oligoplectrodes potanini Mart. +++ <+ + ++ ) ;
- Micrasema sp. - ++ 4+ . o+ + L !
fam. Cewm. Calamoceratidae | o » A e AT L ‘
Ganonema extensum' Mart. o , S +++ + 0 ++ e + . ++
Anisocentropus pallidus Mart. =~ - + + R ++4 . 4+
. ~Motannidae- N A R . ‘
" Molanna angustata Curt: . L L * R o+ c
" Molanna submarginalis McL. I S o o+ * ' o+
Leptoceridae ) » _ . R - o ‘ -
- Leptocerus variabilis Mart. ++ : DR 2 - ' -
Leptocerus excisus Mart, ot ol ++ o G+ 4t -
: ‘ : ) ~:l.,_ : 5‘
]




‘Leptocerus annulicornis ~Steph. : R o4+ ) ' o+
. Leptocerus sp. Ne 1 Co + ‘
. Leptocerus sp. Ne 3. + . . +

Mystacides dentata Mart. : +

Oecetis testacea Curt. . . -+

Oecetis notata Ramb. +

Crpexoast Dr:a\f)ovs ‘Zl'us‘
-.E{M~ Cewm. Calopterygidae
Calopteryx virgo japonica Se- . :
g , . ++
Fem. Cem. Agrionidae .

~ Agrion lanceolatum Selys
Lestes sponsa Hans.
Surm’. fam ..
Hazacem. Aeschnoidea

, Nihonogomphus " heterostilus ~ , S Lo o : L

l . Bart. . : ' : _ L ' + + + ‘ R

' o . » Anisogomphus amurensis Bart? - L : - . S

Ophiogomphus cecilia obscura ‘ | R : S S D : :
Bart. o . ' "7 : ST e +
“Trigomphus anormolobatus Bart. : - o _ : o+ +

. Sieboldius albardae Selys : . ot o +
- Gomphidia gen. sp. = . ‘ _ S v . e : : : o
. Aeschna crenata Hag. - o : : ‘ : . ' : " - F P
* Aeschna juncea orientalis Bart. -~ -~ o : . s . ) S ) I

~ " Fam Cew. Libellulidae

Macromia amphigena Selys o -+
Epitheca bimaculata Charp. o
" . Cordulia aenea amurensis Selys .- - . +

A
+

‘+~+._+.,
++

veT
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Vit

Somatochlora metalhca exube-
rata Bart,

" Leucorrhinia rublcunda mterme- .

dia Bart. -,
- Sympetrum sp.

e« -

I“awm.Cew: Haliplidae
Haliplus lineolatus Mnnh
Haliplus sibiricus Motsch.

Faw . Cewm. Dytiscidae

Noterus ]apomcus Sharp.
Bidessus japonicus Sharp.
Hydroporus tristis (Payk)
Hydroporus sp.

Oreodytes rivalis Gyll.
Gaurodytes adpressus (Aube.)
Hibius lateralis (Gebl) .
Ilibius crassus Thoms.
Hibius poppiusi Zaitz. -
Rhantus notaticollis Aube

~ Eretes sticticus (L.) -
Hydaticus laeviusculus Popp
Acilius canaliculatus Nic.
Ditiscus dahuricus Gebl,
Ditiscus distans Feng. -
Ditiscus delictus Zaitz.

Fl\»\‘ Cem. Hydroph;hdae

Helophorus sp. '
Hydraena riparia Kuvel
Hydraena sp.

" Berosus signaticollis Sharp
Hydrobius fuscipes L.

Kyxn Bectles )

e+

++
+

++
o+

+
FE
<+

+++
+++

+ .

++++++ +
+ o+
+ optEtEEt
+ . .

+ .

++
++.

++

.4+

++

+ .
+ o+
S+
+
o+
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' Anauaena limbata F

Enochrus sp.- -

Laccobius bedeli Sharp

Laccobius czerskii Zaitz.

Limnebius truncatulus Thoms.
Tam Cen. Driopidéc

Helmintinae gen. sp. '

Fam Ceu. Pscphcﬁidae '

" Psephenus sp.

Bonbmexpunue

Sialis sp.

+++

B

‘M(\cnor*‘ﬂ‘\ ,

Peprena (&)(g4 t b‘\l’\bmo‘ynul )
. Aeyxpuase, (Kpome XHPOHOMHA) -

: CForm Cem. Cilindrotomidae |
. Triogma sp. ‘

i [am. Cem. Lxmonudae

: Eriocera sp.
- Dicranota sp. |
Dicranomia sp.
Dactylolabis™sp.
. Ormosia sp.

_ "”" Cew, Tlpuhdae
‘ Tipula (Arctotipula) sp. sp.

! Tipula (Yamatohpula) sp sp.-

Tnpula (subgen’) sp

Faw. ‘CeM. Psychodldae
. Pencoma? sp. -

++ . ++

++.

++

++

-+

-+

<+
++ ++
+ o+

++
++

981
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i Cromm, Cet. Culicidae

_ Dixa amphibia Deg:

Fom.Cexn. Melusinidae

Prosimulium irritans Rubz.

Eusimulium bicorne Dor. et
Rubz. . :

Eusimulium pigmaeum Zett?

Gnus malyshevi Dor. et Rubz.

Gnus pavlovskii Rubz.

Foam Coum. Blepharoceridae

.. Blepharocera sp. |

Philorus sp.
Bibiocephaly sp.
Thaumaleidae gen? sp,
Tanvderiidoe gen? sp.
Stratiomyiidac gen? sp.

I}M . Cem. Rhagionidae

Atherix sp.

“ Fava.CeM. Tabanidae

Tabanus sp.

Chrysops  sp. ,
Fiwm Cew. Ephydridae

Ephydra .sp.

T 1

++
+++
+++
+ +

Knonu. Waﬁ_u; Q,w?

Favw. Ceum. Micronectidae
Micronecta wui. Lundblad

S A+

++

++.

R

F4

+++ +
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: R E\.M _. Ceum. Corixidae -

Sigara sp.
Corixa sp. .

Fom - Cem. Nepidae
Ranathra chinensis Mayr.

Fown . Cenm. Aphelochiridae

Aphelochirus amurensis Kir.
Aphelochirus ussuriensis Kir. +

Frm- Cem. Gerridae
Gerris sp. sp. ’

Pakoobpasuste (rustaceims

D 0rden Otpsaa Isopoda-

Asellus hilgendorfii Bov.
Asellus dentifer Birst. et Levan.
‘Livoneca amurensis (Gerst.) '

* Under Orpaz Amphipoda

Crangonyx arsenjevi-(Derzh.) :
Gammarus lacustris G. O. Sars. o+

01 Orpsx Decapoda .
Cambaroides schrenkii (Kessler)

. 'Palaemonetes sinensis- (Sol-

laud)

] Boasnue xnemu
Fu}'m. Cewm. Eylaidg"é
Eylais rimosa Piers.-

Waler ywites

++

R

++

++

T+

+4

++

e

. ++.

+++ 4o

L ++

ot

++
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C - Evlais miilleri Koenike
Eylais tantllhformls ‘Sokol.

_ Fam- Cew. Sperchonidae C , )

Sperchon glandulosus (Koen) Co . o+t
Fom - Cewm. L_eburtidaé_‘ '

Lebertia sp. sp.

++

T e + o+ L
{'ow-Cem. Atractideidae - ) o ) )

Atractides nodnpalpls constric- S _ : -
. tus Sokol. o _ P + - _ I +
Foam Cem. Hydrobatidae o E ) ) '

Hydrobates octoporus (Dad) - . : ++

Hydrobates foreli (Lebcrt) - ' +. : +

Faw Ceu. ‘Unionicolidae e . '
Unionicola ypsilophora - (Bonz)  : Ha xka6pax Margaritana (mnoro) -

<
B
3
4
3
1

" Moanocku Meilwsks

Faw. Cem. Limnaeidae

Limnaea auricularia (L.) plica-

tula Bens. ++
Limnaea peregra (Mill)
Limnaea palustris liogyra West. - )
Limnaea :pervia (Martens). . ) -+ . R

[“vwCeym. Planorbidae . o
Gyraulus acronicus var, sibiri- R . . - . : c : . .
Gyraulus acrenicus var? + + ) . ) L . o S :
. Gyraulus filiaris (Gredl) - B ) . o
" 'Polypvlis hemisphaerula (Bens) ‘ : S . -+ ’
Camploccras rezvoji (Ldn) o . . ' ‘ o B . S .+ |

++ 0+ N T

+
+++
++
4+
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© Faw Cem. Ancylidac

© v Acroloxus ‘lacustris (L)

Acroloxus lacustris var.

“Fawm Cew Val\rafi(lne

" Valvata _stelleri (Dyb.)

Valvata sibirica Midd.

Fevm- Cem. Viviparidae

“Viviparus praerosus (Gerst)

Viviparus ussuriensis (Gerst.)

Faam. Cem. Hydrobiidae

" Amnicola sp. nova . .

Bithynia ussuriensis ' Ehrm,

Faam. CeM. Melaniidae
Semisulcospira cancellata
(Bens)
Semisulcospira
amurensis Gerst.
Semisulcospira laevigata
(Gerst.) .

- Semisulcospira libertina ‘(Goﬁld)

Izv- Cem. Margaritanidae

Margaritana dahurica (Midd.)

"Fam. CeM. Unionidae

» ‘Unio douglasiae Griff. e PidgA.

Anodonta woodiana (Leach)

* Cristaria plicata (Leach)

F“_“’“‘ Ceu. Sphaerii(\ivae
Sphaerium nitidum Clessin.
Sphaerium compressum. Mouss

“Pisidium amnicum (Mull.)

cancellata [~

++

++

++

++

S+

+ o+

++

++

4+

++

-+t

+4

++
++

++

+t

+++
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Pisidium casertanum (P(;li), . + +4++ 4+ L+ + + . ++
. Pisidium punctatum Sterki ' B ’ + o
Pisidium pulchelluin Yen. R ‘ + + +

Typbeanspun  Tualzllgaia
F_M*Cey. Dendrocoetidae
Bdellocephala grubeiformis Z,

. Sab. .
Bdellocephala parva Z. Sab.

o+
‘Bdellocephala mediobuccalis Z.
Sab. + + .
Bdellocephala sp. +++ + +
Baicalobia guttata Gerst. + +
i Baicalobia sp. ’ : +
Dendrocoelum  sp. - . . + .
Fow- Cesm. Planariidae : - v _ T
Seidlia schmidti H. Sab. ++ ‘ _ S : R ' . '
Penecurva. sibirica H. Sab. +++ +4+ o+ +++ + + :
Penecurva mesorchis Liv. et Z. ' ' : : ' . :
Sab. - T4+ o S+ + .+
Penecurva teletzkiana v. ‘ ' - . . '
7 longopharyngea Liv.et Z.Sab, ++ = ++ + o+ . cT . +
Dugesia tugubris v. wytegrensis - - . - ; : :
H. Sab. : a + . . +
Dugesia tugubris v. amurensis : ‘ o
Z. Sab. - +
Bonocarnin . Nemalomonrpha
- Tom. Cem. Gordioidae o . . -
Gordius sp. : o 4 o + . ‘ +

"y
\O
o
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‘ Faw Ceuw. Naididae

Specaria josinae (Vejdovsky) o+ )
Uncinais uncinata (Orsted) + .
Stylaria lacustris (L) + +
Dero sp. +
Cem. Enchytraeidae sp. sp. + +4+  ++ 4+ 4+ + 4+ . . - ++ +4+4
Vo Cen. Tubificidae
W © Branchiura sowerbyi Beddard | . : } + .
4 . Rhyacodrilus coccineus (Veid) . +++ ++ . . ++ ) ¥
r Rhivacoedrilus sinicus (Chen) . + + - . - + . +°
Bothrioneurum vejdovskyanum . o . g : S R - ++ ‘
3 Limnodrilus  udekemianus Cla- : : A ' : ' :
g parcde + + + . ' ' +++ o .
3 Tubifex tubifex (Miller) ) : . - B + A . - + ,
Peloscolex nikolskyi Lastockin | o +++ 4+ a o ++ ‘ - 4+
Peloscolex apapillatus Lastoc- o : . . S ; . _
©kin , sl : T+ : L+ . S : ++
Peloscolex sp. ‘ . ‘ -+ . . ; .
Aulodrilus sp. ‘ + ) ' 4 ‘
Fovew: . : S ’ " : : . . .
Cenm. Haplotaxidae gen? sp.? . : + + 4+ + 4+ R _ : .
_Fxw-Cem. Lumbriculidae ' : :
- Lumbriculus variegatus (Mil-
' ler) . ’ . L +
Lumbriculidae sp. o C e ’ ++ _ +4+ o+
‘Mussku  Leeches
Fam cgu. Ichtyobdellidae Upew Lin ps amd  Salmens:
Piscicola geometra L. 11a xapnoBmix H n0cOCEBHX phbax
Trachelobdella taimeni Epstein * Ha nococesux pufax

Wpon = Salmoms

Zé'[
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Fom Cew. Glossiphoniidae -
- Hemiclepsis marginata
(O.F. M) ~ :

- Glossiphonia complanata (L)
Glossiphonia- heteroclita (L.)
L Glossiphonia weberi lata (Oka)
R - Helobdella stagnalis (L)

3 " FamCey. Gnathobdellidéé .

Haemopis sanquisuga (L) +
Whitmania laevis (Baird.)

+
+++

" Feom. Cen. Herpobdellidae o
Herpobdella octoct}l.atz‘l Ly  + 4+

4

wlse upon Jizl, :
a Takke Ha phibax - T

4
++
+++

S

+
o

++

B S S R R o SR,
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' "_je QUANTITATIVS CH:?}CTEAIS“I OF THE BENTHOS IW THS TRIBU”AnIuS OF ‘

VARIOUS HYDROLOGICAL T TYTIS A 1N ”"‘I’i S5CTION.

Tributaries

The Tiower Rezchss of the Foothill

~(Hoderately TWarm-Hater Tyne).

the Ussuri and the Amur Rivers

6

Tne benthos in the loner reaches of

was stualea by an expedition of the Hoscow University in the years 194

o l9b9 (Borutsky, <1Juchereva, Wik olshy, 1952). . Tne results of these

stuales ere shovm in table 27.
- Insofar as all the quoted flgures are based on, oae-uay observations

carried outv on different aays, wt is 1mn0331ble to judge the comparative

' value of the,biomass of the»benthos in these rlve;s.

”he authors present llSuS of the benthofauna determinations Irom
which we may conclude +hat in the lower reecneo of -the 1arge rivers such

as- fhor, Bikin and amgun', which comnletely have a flatland characte

the follbwing forms predominate: Chironomus f.lv, g umo§3§,.gg. £.1v.

Teuteborniella brachylabis,

thunrd,Liviniella sbey TProdiemesa gr. babhyphila,

E. & 5aua

C A

" mollusk

s Viviparus praerosus, mayilies Enhemera arurensis,

Heptagenia kibunensis.

In the lower reaches of the rivers Knelzana, XKhivanda and Dzhappi,

‘which are distin ﬂulsned by their small size, Yow summer temperatures of.

the water (19 to 14 C) and by a relatlvely fast current, the Iauna COmpPOS—

chironomids nredoulnated or cladines

ition was different. Among the
51lvestr10,.

(Crthocladius gr. o“.1001&, Crlcouot)u~ bl;Orﬁlo, Cr. gr.

“uyflles are reoreuentea by ecolorlcally

Diamesa gaedi and others).




‘Amgun' River, it supPOrts the édata of the Moocox University expedition. p.112
-inus, seveial surmer series 01 .Samp es taken by means of the Petersen's

~botioen grab,in the main channel of the river in 1950, permitted a deter-

Ipeorus Sp., Ephemerelis tenax).

195

neter géneous ies. (,iphlonurus zetterstedti, Heptag: nia yosnidce,

o,

Our ;ateriél is collected 70~kilometres'zrom the estuery of the

- . ~

mination of the summer biomass of ihe benthos to be 0.88 gram per square .

meire, inclucirg the Cﬂl”OﬂOmlC larvae as Q. 73 gram,nnr sguare netre,

1arvge of other aiptera, 0.11, deleas, O 02 and ofroligochaet“v, 0.02 B

- gran per-square_metre. Conseq‘ lj, the biomass of benthos 1n the lower

reaches of the Amur'tributar es, as well as in the Amur muy. River nroner

-

(accorii 1z 4o the data of the Lioscow University expedition) is extremely

low and.ranges petween 0.01 and 0.32 7ram'ner sduaré metre (excluding the
O i =} 1S :

mollusks). If the salmon fingerlin"s at this atage of the migration

route continued to feed on benthos,-then their food supply,would,be much

- lower t“an in the onawniqg rivers, noruicu.arly, be»ausa the -biomass

of fish, which are com@etitors.amd.fee' upon the benthos in the channel

of the Amur:Fiver, 1s greater’than tne one in the tributaries. Further

“dde, in the chepter on the feeding of the fingerlings, it will be shown

how the character of fingerling Ieeuing'changes along the migration route.

g e e e s




. e mable 2T.
' ‘Thée Suzmer Biomass of the Benthios. im the EstuariaxSections of the Amur -

Tributaries, in grams per sguare metre. .

] : o
S Tjé ,—T i » g p .él
Gzougs of 5% gt oF - dg
overteorates 85 B, SE 4 SE . wa
SRVeIebrales o ¢ S g2 9b o o
[¢] . © £ -~ 0 f«7) - 0
59 b 3 a4 3% 44 BEs
‘A g, éi) &"H @, A+ Ao =
Aug. Aug. June July July July dJduly
13 17 9. 27 21 17 14
Chironomids 0,09 2,11 0.44 0.38 0.14° 0.12 -0.03
Geleids = - = = .= - 0,01 - 0.01
® . Other aiptera  0.05 - - - - - . 0,01
Mayflies 110 - 0.39 0,11 0.09 0.28 0.0L
Caddis flies. . 0.24 - - 0,14 = - -
Orlflies - = 0,15 = - . = -
Dregonflies 0,01 -~ - - - = = -~
' Vater bugs o - - 0.01 0.01 - - -
Amphipods - - - 0.23 - 0.01 0.01
Oligochaetae - 0.1 - 0,01 0.21 0.12 -
Nematods = = = | - - = = 0.01 -
o : - Total without . - o , ' ” ' '
R mollusks 1.47  2.22 0.99 0.88 0.45 0.54 0.07
o Hollusks 0,200 0.08 - ° - 0,09, 0.05 0.3%
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. Foothill SectionS’of~the%Tributaries of the Amur Riven.

iy o - e

(Koderately—cold—water tygé)a

Iﬁ the Foothili ééctions the falls; répidé‘(déep séétions of fhe
vrlver with narroz bed), reaches, which are clp arly divided into @
medial“and a ripal, as well as small open bays are dlstlnctly pronounced;
V;To eech morpholopically distinet elemept of the rlver bed corresponds,

é rate of currenu, grouna dlspers1on, 1ntehsity of-the depdsi%ion.§f
susPendea arc carrled deposits,y wnlch are characteristic.oi it and
,dlSulngulsnable from. the adjoining elemcnts. The 1nvertebrates of thélb

- medial live in the main channel and are less depenaent on the fiuctuations
‘injthe river level. At the same tlme, the denlzens of the shallow rlpal
-(uéﬁally developed near one of uhe oanks) must be aaanted to a perlodlc
drying of'a considerable zone of the bottom. However, as we shall see

 in the following, a éonsiderable emount of inverfebrétés_in the foothill .
 rivers is not strictly restricted tb_the-individual sections of the river

profile. ‘The potamophile group is cheracterized by the greatest stenot-

opicity among. the number of deep medial denizens (1izcronenma radlatum,

-igﬂmhipsyche Droluta), who.do not live_in'thg ripal or in the falls of
a2 foothlll rlver.

In the trlbutarleu the absence- in a considerable portion of the
invertebiaﬁes‘o-‘a otrlct restriction to one or cnother station is |
e}énlained primarily by a high dynamicity of the en\rlronme*ltal ,cor\dl’c:\.ons, ‘

particularly in the rlver sectians, Snarp chan”es in the water 1evel in

/D.115
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rxver, several times a year erase “the. ooundarles between4the ;5115 and
the raold, ”1041 and ﬂealal.“ Lhus, the 1nvertebraues 11v1ng et the
f&lls, during a oerlod of a few days, eﬁenquenhﬂg(and occas1ona11y for
a prolOn ed period of tlme) under a Water layer of two to three metres,
'1n otqer nords, under completely dlf;erent ecological cohdltlons.

| The: animals, if tney bJ Chance haooen to be uruer unfavourable
env1;on~epthl condltlons, may to.a certaln degree avoid such condltlons
by means of nocturnal migr aulons, but the pupae. or 1arvae in the ﬁJmDnoW
stage (caddls flies, black flies and ce*taln otner dlotera) are denrlved

of such a possibll;ty'and mst adapt'uhemselves to these conditions.

Thus, - the environmental conditions in.the foothill rivers form populations

-

o} invertebrate /1uh a Wlder ecologlcal spectrum

_gggijjggj_ls c1v1ced into two cateaorles a.cco*'d.nb to its character
of ground and its rate of current. Grounds in the rloal at a shallow
bank, are cheracuerlzed by a developmenu o¢ smaller fractlons, such as,
fine silted pebbles, gravel with 2 con31oeraole admlyture of sand; in
spots, particularly where chennels and streams enter, and in open bays~
the_sandy—silty groonds predominate. The current, compared to the medial,
is very slow, therefore the water temnerature here in the surmer- 1s
higher than in other Sectiohs'of the river bed. A narro} rlp $ a
-deepubank-i usuolly dist invuished by'its large—pebbled‘or,stOny bottom.
V‘In areas, where the.basic rocks are washed out into the rlpel the clay,
~sand anc humus are pe rloolchlly pre01oltated. The current here is
coo51de“°bly faster then in the ripal at o shallow bank. |

ine ripal, pertlcularlj 1ts upper level, if comnured w1th other

elements of the river profile, has a smaller*number 01 forms that are
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characteristic of it alone. Thest forms will primarily be the larvee

of mayflies (Ephemerella iznita, Chitonophora micronata, certain’Baetidae),

stoneflies Arphinermra borealis S, 1arvae of the diptera Arctotlpule, bugs

&1c"onecta wui, mollusks Semisulcosoira cancellata and certain other

invertiebrates. rurthermore, here occur invertebrates, viaich are nore

characteristic of the nedial and falls,but their density is mmuch lesser

in %he ripal. They occur in the.ripal'mainly at the early stages of their

developrment. The latter phenozmenon, apparently, is eonnected with the
'generaily xnoim biological peculiarity.of the majorit§\bf acuatic inverte-
brates consisting in the fact that at early stages tﬁey.are less denending
in respect to'en#ironmental conditions, in other_worde,_they are nore
eurybiontic. In the ripal a number of biotopes may.be segregated differing
.meinly in the character of ground and in the srrength of current. These
factors determine the quantltatlve and special distrlbutlon of benthos,
o a phenomenon illustratlns the data o? the hydroblological series carriea
.‘:out at the end of June, 1960 (table 28) at the shallow banL° Thne semples
‘uwere taken three to six days ufter the flooding. The mayflies are |
{_represented here’ malnly by young Baetis sp.sp, ‘and individually by very

~ young themerella tricantha, Rhithrogena unicolor and Rh.sp. No.l; the

gtoneflies are represented by adult larvae of Auphinemura borealis.
The nect two stations are cheracterized by close indices of biomass,
\ but differ in the comnosition of population. In a stony ripal located

inj:mmuianepro%imity to a fall, forns predominate which are restricted

to strong and medium~strong current: ;Reorus latirolium, nhlthrogena unicolor,

;gy sp No.1l, Hentagenia soldatovi, Pseudocloeon sibiricum, Baetis sp. Spe s

-~ r.«_*,mv_.‘«?'w-xmwwvm:‘-




Ameletus montonus. ut\nen ~ellidae were represe Ced ery YOung
: < pre; by very jox

o

B. friacanine; scarce caddis-Tlies are represented by lerge forns of

tenovsyche griseivennis, fydropsyche nevae: stoneflies, by larveae of
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ormra porsalis and Henlope

Section with pebbles and sand, far away from the falls, was
cheracterized by a slower current and a lessary diversity in forms. leyflies:

4 the section of

o)

were repres sented only by young Baetis sp. The benthos

sand and clay is 21so very poor in the special and quantitative respect. ' 45.114

The richest biotone, namely, stones in the falls, differs from the biotope
of stones located below the Talls only in the strength of the current.
Here we find basically the same species (except chironomids), but Heptagenia

soldeto Vi (a form characterisiic of a moderate current) and the mollusis

and emphipods are absent.

The benthos of thes ripal (like +the one of the entire river)fis

[
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subjected to con 1d rable quantitative changes. The June

series shown in tsble 28 cheracterize the minimua period of the biomass
originating afv er the svring flight of a considerable number oif species

of amphibiotic insecis. Insofer as the benthos of the ripal consists to

a considerable extent of mayflleg, the seasonzl fluctuations of its blomass

" correlates in the majority of cases to thelr life-cycle.. A high biomass

of mayilies is observed in April ana liay, when itne species of Ira

1

‘e"ellluab'

Lai

W¢tn a oqn—year life-cycle (g, taeniate, C Chitonooh nora rucrinata, Ch. so.
Ho.1) attein their medium or maximua allenulOﬂg. In June the biomass oF

the ripal is decreased. as o result of the metamorpnosis of a. considaera ble

pért of +he population of this species; in Jduly bnﬁ blou~ s increases
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- &% .the poorest section (peobles at the shallow bank) 4 ‘grans per'dne
ezain, In table 29 we see certein data characterizing the Iay and Augu

~by the river. The denuded intertwinings of willow roots are located 1.5

. taenista, Ch. mucrinata, Ch. sp. Fo.l, Zphemera arurensis, Z. sacnalinen-

SR TR

i1

201
again, neinly owing to the growtn of Iphemerella iznita reaching even

scuare metre, including 1.5 grexsconstituted by Z. ignita. In August

. igrita flies and the biomass of the benthos of the ripal decreases

enthos iz the ripal. In this table vwie primerily see the original biotone

located on almost the vertical secsions of the forest bank underwashed

to. 2 metres from the witer level. During the flood~ time large and Tine

detritus, river refusz and silt accurmlate here. DU4L“/ nigh waters the

1]

sis, as well as Czenis sD. , Boetis sp. predominate in the benthos. Among

<

stonesflies, in addition to A. bore alis and the species of the genus

Chlox opeﬂla, wnich are common here, prior to the metamorpnosis to the

winzed steze, the large specles Arcynootervs, Lsoverla, viura cather her
A “sv Pt Settrt ~iiibotead e | b (<]

Tne l&be :aollus s S.._gw___g__e_}j‘gl_ta are also charescteristic of this station,
_they'u§ually occur in accuzulatvions anong the roots.and are almost never

cal sht‘by fhe quéﬁﬁiiéfiv; catching Gevices. - A significent part of the - /p.115
invertebrates in- this bioto?e velong to den hllvg.' In Hay, on the

sandy ahd peobled ground and on sandy ground a high ratlo of Lﬂyllleux

is likewise characteristic. The more dendrophile (end lithoPhile)

theme ella taeniasa ceces the leading role in the sandy biotopes to

2]

~5T e(tl, Ephemera auurensis,

¢

CﬁluoﬁOﬂﬂOTa I roaauq,’qinhlbnurus:ze




202

et | s e o i e

. 3. .scchalinensis, very many S. comeelleta; beetles Ilybius lateralis also.

. occur. "~ The lervae fneletus nontenus are- frecuent on the. pebbles .among

-

send. In Augusi, alfter the flight of Aphemerellidze the oventhos

consists meinly of mayflies dphemera +o which the larvae of Ketretopus

Ppnt-Setpippivhatiee S

. SDe, Centroptilum pemulatum, oligochatae, chironomid larvae are adted;

there ere still many nollusks.

Table 28.

- Apundence (4) and biomass, in grams PeT sauare metrev(B)tin benthos in N

vexrious bilotopes in the ripal of the Xhor River, June 24th to 50th, 1960.
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Mne gandbank _ »
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5 TWore homogeneous accord
ditions -than the ripe

the waser level of the river. ;ccori n tb

.

sections in the medial: Talls, mediel of T

The caddis

Its porulation depen

Alrost all the large Tforms of aquatic‘insects are characier—
flies are representad

navee, Diploglossa nyland

203

ding to the environmental con-
ds less upon the changes in

depth we segregate ihe following.

rapid sections and the mediedl of

by Arciovsy- -

eriy, by

che srmrensis, A. palpeta, Iydroosycne

species of the genera Psvc“uﬁv*nlla, Padunia

1

and others. The mayilies are

[0}

(2. latives, -

represented. by larvae of the genera Enheﬂev g, Dphener olL

Oinvemla srandifolia Cinesmmula
o 1) b

Rhithrqgena unicolor, BR. Sp«

Badticidae (species of the genus Pseudocloeon) end obhers. Almost

1

511 the large stone #lies. (Arcynonteryi, H¥eophaszenophors, Diura, Pteronar-

cys and others) are also restricted to this

the FTollowing aTe common here:

*o

o

zone of the river. OFf chiromids

Stictochironorus histrio, Polypedilum gTe

tho cladius

convictum, Tenylarsus £7. lauterborai, Tanyltersus gr. HeNCUS,

gr. soricola, Oricotopus silvesiris; Or. &@e

klﬂosu 211 thes

put the lauE“” are usually denser ponulatea

greater biomass than the medial of the rapids or o the reach.

charecteristic of the talls. ave the caddis flie

s forms constitute also the

algarum, species

of the genus

zenus Diamesa (D. prolongate,

“udlgl fauna of the falls,
ond ‘are char aracterized by a

Particularly

tcnon°"chb bergerl and

R}
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Teble 29.
Abundence (4) and biomass in grams ver.one square metre (3) of benthos

in the ripal of, the khor River in 1957 and in 1958,

‘Rapid section - ' Reach
Groups of . : -
orgenisis Soil, roots, Pebbles and -Slightly silted- sand,
' Inundated -sand, slight- . detritus o
" Erass ly silted
End of L.ay ’ August
Chnironomids 4 550 200 400 . 52
. B 0.3 063 : 0.2 - 0.05
ther dip- ' : ’ :
tera A 100 o - 104
. B .7 0.36
Lieyflies A €00 760 S00 , 468
) B 9.7 8.3 o 29.2 : . 2.0
Storeflies 4 1050 200
B 2,0 0.3
Caddis Flies :
Beetles A 50
B 2.6
Amphipods A 250 200
' B 3.3, 0.7
- Oligochaeteae A 364
: : : B 0.47
Total without
"mollusks A 2090 1050 : 1700 1508
o B 15.3 12.9 ' 30.4 5.9
Follusls A 100 : . 520
T B

43¢ 20.2

Pres KL SRR
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8. griseivennis, diptera Sirmlildac, Blevharoceridae end mayflies Epeorus

letifolium.

In deep .sections of the medisl (deeper than two metres) live meinly,

the larvse of caddis flies, particularly the potamophiles Hacronsma radiatun,

Armhinsyche proluta,. as well as Olizoplectrodes potanini, Brachycentrus /p.116

]

S.griseipennis, mayflies occur less freguently. For all ihe

sections of the medisl the station of the submerged tree-remains, such as:

trunks or stumps, is characteristic. Vood that stayed in the river for a

long period of time is usually populated very densely, specizlly with mayflies

§ A ’ oA o I : . . . . 0 e
(occurrence 22ﬁ), caddis-flies, chironomids and mollusks. The most den@é%nlllc

™

ones: egmong the mayrflies are: Heptasenia soldstovi, H. arsenjevi, Hndthrogena

1,

unicolor, Rh. sp. lo.l, Zphemerella taeniata, D. pbasalis, E. latipes, 5.

—

leonevae, Chitonophora rucronada, Chiltonophora sp. Ho.l, among caddis-flies:

Hydatoohylax mesnus, H. nigrovittaius, Arctoecia servata; among stoneflies:

* P{econercys reticulata, species of the genus Arcynopteryx, Isoperla; among

chironomids: Brilliz pallida, Polyvedilum zr. pedestre, Pentapedilun exectum; .

smiong mollusks: Semisulcospira cancellata, Timeea auricularia plicatula.

— o e s

Abous one half of tne sturps is populated with amphipods . lacustrise

The biomass of -the benthos medial (fable 30) is greater than of the
fipal and on the everage constitutes 13 to 19 grams per scuare metre.

In the fall ﬁnd winter period the biomass of the benthos both in the

ripal, and in the medial is nigher than in the swmmer; it increases pariticularly

at the falls. With the fall decrease in the river level a considerable paxt

o the ripal goes dry, the rate of current, particularly at the falls,




decraases sherply, a massive Gevelopment of the fouling algae takes place.
The differcnce between the ripal and the medial, particularly. at the/Falls,

‘is levelled off to a considerable extent. All these factors-contribute to

a mixing of fauna from various statiéns and to its concentration at the

falls; The bioméss increases also owing to thé growth of the insect iarvae'

of thé new geheration. Thus, towards tThe end of October the bionass of benthos
at the Shishlov Falls (the Kho} Ziver) was 40 grams per square‘metre, 15 of
which were mayflies and_éB.B grams were amphipods, In the ripal of the nigh
bank,-in one of the poor sections (sandy talus) the biomass.of benthos consist-

g

. - . L e ) :
ing of amphipods and oligochataes was as high as 8.3 grams ver sguare meire.

The ecological differentiation of the benthofauna according to various sections
of the river bed takes place in April with the Tfirst rise in the water level

-

-and is carried out basicélly Dy neans of ﬁigrations of iny%%é;rates in tne
mass of the river Iflow (Levanidova and Levenidov, 1962, 1965).

On an-éverage the biomess f benthos in the foothill sections is 6f
en order of 10 grams per scuare metfe.

The average bilomass of benthos in the lithorheovhile bioéoenoses_of
the Yenise River; iﬁ the section runz'ngifrom securces o gstuary o the
v:ﬂizhﬁyayabTunguska River, flucituates within the‘raﬁge of 0.7 to 2.2vgrams
per scuare_Jetre; wnile in the lithopszmmorheophile biocoenoses it fluctu~
' ates between 0.2 and 0.4 grem per square metre (Gresze, 1957). The biomess
of benthos in pebble and boulder ground in the Podcherem River ( a

5.59 grams per sguare metre (Zabolotsky,

[¢2]

tributary to the Pechora River) wa

1959). Thus, the bilomass of benthos in these :ivérs is considerably inferior

ct
o]
Liek
P
O
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(¢

in the foothill sections of the Amur tributaries.
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“oothill sections of the river bed of many Am trlbut *1eo, for
cxmazmle, - of Iman, Khor, Anyuy,<3ira, ﬁhungari and. Amsun' Rivers serve as
spawning-grou;ds of the fell chun. P “tléuLorly significant are uhe
spavning grounds in the river bed of the Iman River Stretching 100 kilometres.

| Among the Iresinwater ﬁenthos~eating fisn in the foothill sections of
the river fhe following fish are fatvening: lenoks; whiteiish,‘”“ﬁyllnbs,
Armar minnow; also predgtory fish live here, such &as taimen and pike. The
bentnos of foothill sections is relatively accessible 1o fish, since the

noderate rate of current does not prevent their search for food. A relatively
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Bays.  Bays deeply indenoéi into the baﬁks ars meinly loceted along
. the mid*;e.tna the lower reaches of the foothill rivers, thers ﬁhere the
letter enm érbe 1nuobthe flatlend. The bays may be divided into spring bays,
which nave.an inflow cf ground waters (as a fule, 2 very insignificant one

compared to the water masses of the bay) cnd the river bays, the water exchange

of whicnh taxes place exclusively with tae 'f'lver (1'ts degree. changes in -

relation to the river level). Accoriing 1o hydrological conditions bays are /D-

& cons 1cer ole derree clo e to staenant water vodies, During the open

water period unaér gqnditions of a hot summér, characteristic of the Amur
basin, the water in the bays werms up considerably more than the watlsr in a
river; in July and nuruot the éifference in the water.témperature reéchvs_5'
to'6OC.v mhe bottom of the bays is covered, With a layer of silt'up-to'O.S
métre fhick;'heré and there, coarse Cetri%u" is accumuiated together with
large-tree remzinz. In the estuarian part the‘sandy—siity grounds vpredominate.

The higher vegetation atteins considerable developuent.
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The bottom feunz is formed predeminently. of pelophiles, detritophiles
to the *Her OUlllu and to the eurythermzl -
forms. Almost total absense of oxypnile species, lixe stoneflies and caddis

flies, end the aoundance of dregonilies, which live on the silty. grounds:

o the mhgorlby of dragently species such water podies serve as the

mein nebitats in the floodland oi the foothill rivers (*estes sponsa, Aeschna

cranata, Cordulia aensa amurensis, Dpitheca bimaculata,. Lebellula &pOd imecu-

lats orientalis, Leucorrhinisa rubicunda intermedia, Sympetrum sp.sp. and

others
Among other emphibiotic ingects the orlflies Siglis are characteristic. -

liayflies are represented in thne bays by a few forms: larvae of the genera

.u”,):le_

era, Siphlconurus, euryoion Wphemeralle ignita. Among the chironomids

- Stictochirinomus, Phytochironomus, Tndochironcmus gr. dispar, Cryotocsironoius

conjugens, Cre £r. vulnerstus Tendipes f.lv. plumosus and the predatory

anube sryia gr. monilis en ?rocl"ﬁ us are cormon. A considerable quentitative

develo ment ‘is acnleved by the oligochaetae: Peloscolex nikolskyi, Fe -

apani llqtuu, zou.._nozcuru“-sp., Limnodrilus sp., AOys codrilus coccinsus, as

-

well as leec es: 'rlscicola geomethra, Herpobdella octoculata, Hemiclensis,

Hemiclevsis marginata. Among the mollusks predominate: - Valvata sibirica,.

Bithynia ussuriensis Lirmeaea auricularia. Aquatic isopods are numerous.

Ais data in table jl show, the dbiomass of benthos  in the bays is rather

cons 1aerub Le, but here tne DTODOTulOD of tne large forms that are nov used

by tnﬁ chur fingerlings is high; forms such as: 1ee~hes, dragonfly larvue,-

“()

mollugag. A cna:acterlvtlc gocullarluy of the bottom fauna in the bays is

the nign rooortlon in the biomasz of D‘@thorr invertebrates. The benthos.
& P
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in the bays is an important food reserve for cyprinids and freshwater szlmonids
(Aﬂmr ide, carp, lenok znd others). Certain fish, such as, for exanple,
crucian carp, Pseudobagrus fulvidraco, live constaantly in large bays in the

lower reaches of the Khor, Iman znd Bildn Rivers.

' The chum Tingerlings enter bays in gcmall numbers. In some cases, when

“the chum spawms in the upper reaches of & Mspring" bay, this water body

becomes a growing vater body for the juveniles.
&) &} )

Secondary Water Bodiss in the Foothill Sections of the Amur

~

The soring channels are of the greatest importance 4o the reproduction

cof fall chum. 1In swmmer, wnen they Ifunction as river chammels, their current

‘speed is slower than in the main bed, the amount of suspended material enterin

witnh them is also lower than in the water of the river bed. As a result of

this, aguatic vegetation can establish itself therein. Pedbles and stones

occupy in the spring channels from 50 to 705 of the entire area of the river

bottom; the silty sections are extensively developed. Peculier "dual"

conditions of the spring chennels (river conditions in the swimer and spring

S
conGitions in tne winter) meke its imorint upon the special composition and

- biomass of their bottom population. The most characteristic and well-studied

in this T specf are the Georgievsk channels in the Knor River.

The biomass of the benthos in the spring chgnnqls is-grééter in the>.
majority of the biotopes-than in the main chamnel and in the river branches;
the algeal foulihgs,'stones at the falls and the remains of tree vegetation

P
.

are distinguished by a particularly high biomass of tae benthos (table 32), /».121

e




Ca stony grounds, the leating forms are the caddis fly larvae:

Stenonsyche bergeri, Hydropgyche nevee, Agepetus jacutorum, A. 1@;{59uo.

—

Rhyacophila lata, Plectrocnemia kuznezovi,  larvae of mayflies:' Ephemerella

basalis, larvee of stoneilies: Pleronercys reticulata, The chlronomldo are

rientalis end 3. nivosa occur freguenily. On the tree stwmps precdominaie

23

the lervee o: caddls flies: Holostomis vha "“ﬂOlQpS, Hemotouli

]
1)
I
Y
i
18]
H
0
o
b

Arctoecis ser*\ta,HydatoDhylax nigrovittatus, Anatenia crymophyla. Iiayflies

are represented by specles iuhemerells basalis, I. faeniata, E. levenidovae,

- Heptagenia arsenjevi, Heptezenis soldatovi.

+

It is necessary to note that the seasonal ch¢n”ea in biomass of benthos
are devermined not merely by the processes of growvh end natural decrease, but
\Ll’€ W)
also by *1gratloﬁs of bottom.organisms. Particular 1y 31gn141canﬂﬁune seasonal
migrations of the benthic animals === noticeable in spring chermels, where
the swomer and winter living conditions are sha Dlj distinguished. During the
summer, when the channel fuﬁCulOA as a river branch, the botton organisms,
excepyv thehforms typical of the falls, spread along its bed pépulating bays
and the temporerily immndated zone. Ia the winter-the animals continué_to'
feed apd grow in the water bbdies that are copiously fed with ground waters.
Toe water level curing this season is lowest, and the animals concenirate in
the main river bed seslecting the most suitable biotopes.

A characteristic Jeature of the conditions in the syring chamnels, wnich
are not covered with ice during the entire_winte", is_the devélopment ox elgal
and Lnossy fbuiings reaching their masimun towards the end of Liarch and in the 
beg 1nflng of Aarl L. The rise in the'vegetatién_ is éau. 2d by considerable

transparency of the chammels and by the increased conceniration of carbon
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dioxide. diatonwous ones) e

falls anc on the surfece of ihe £21l chum spawning
restricizd to the exits of the ground waters. In th

¢

of %the benthos also increases grogréssively from fall to the beginning of
spring (ou:luL o the individual growsh of the ootuon orgenisms end to Taeir
intense intrusion from other bio%opes)~a3d by tiarch it achieves wery
significant'va;ues. AThus, for example, in the end of Octooer, immedlately
after the spavming of fall chum in the‘Sumassheishiy Chennel, the bionas
of the epif guna in the spnwnlng mounds is 3.25 brwns per squére nmetre and

consists of diplera ond stonex lv larvas; towerds the
epifauna is alrveady 26.0 grams per sguars cné is formed oi aphipods,
and of stonefly, ceddis-fly and chir 4d lervae (the biomass of the latter

0110

larvas

is only 0.27 gram ner sqguare metre); at the end of larch, when the
chum lervae emerge Iron tne mounds . and begin their active feeding, the

A

21

velop intensely at the
mounds whicn are

YA oy ey

iz biotope the biomess

end of December the

biomass of the benthos in the spavmning mounds attains 101 grams per squaré ;
metre, including 35,4 grems per sguare meire of chironomids (10,650v |
individuals). In the "Potopilis" Chamnel the average biomass at the surface |
of the épawaz 1 mounds was ab the end of October 2,16 gramas per square metre
(aﬁpﬁipods ané mayily lervee), at the end of March, 52,2 grams per square

netre, thereof the cnironomids con wstituted 29.9
(9970 individuals). At el between

1 falls located be
es are only

Cbiomass of the chirononid

individuals). . Towards the end of liarch when pebbles

o

ox

foulinss, tne 0101*53 the chironcmids

‘grams per square netre

the spavming xounau, in
slightly silted, the

ram per square metre (678

are covered with algal

uare
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indicate that. the increase

Tre complex of chironomids living oa the

of the LolWO'Wﬂ"‘

e lagy

cultriger,

setriocreius gr.

- gasdi, Syndiamesa nivosa

ally bzca
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with a total biomass o bﬁntnos o 68.8 grems

the chenge in the numbers of laxvae shovm above

in the viomass of the chironowdds, in this
of an invasion Irom other dblotopes.

ennln; mounds is formed

cropsectra gre Darecox, tricotopus bl:@.rrm:_ C.

g serivirens, O. potemophilus, D olocl adius

11_4129

parciaus, Limnophies gr.

pusilis, Budet-

raz, Crthocladiinae gen. sp. Digmesa

Besides the chironomids the stoneflies of the

genera. 0@9410, Isoperla, Avcynovteryx:, mayflies gh;throwepgzgg;gg;ggt_gg.

crule grandif

P, lunaote and amphipods are

sandy grounds, which occupy
of April, when the water is

to the merging of the sxits

olia, C. 2ltaica; Paraleptophlebia chocoleta,

COIINOl.

5

ed migrabi L to the ;Oullﬁb-blOuODea from fall
biomass is takwng vlace on the stony and stony-
the major-part'éf the bobttom area. In the end
rising, owing.to the mélting of.thé Saleltd a;d

o~

(oY

1.

+the chennels to the river, the benthic organ-

isms begin to spread along the bottom. During the Kay Tlooding the dissemin-

venthos at the falls consti

the biotove consisting of

o]

(‘n

the epifouna in June is 7.8

square netre (?7) inGividua
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i already in June the biomass of

tutes 27.4 grams per sguare metre, and only 0.27

ram. per metre are formed by chironomids. On the former Spavming mounas in-

sbbles with an zamixture of sznd the biomess of

(0

9 grams per sgusre meire including O.14 grom per

1s) of chironomids. A sharp drov in the




g

SR T K P S e%

-

-~ X#HpoHOMHAN -
[Mpoune aBYKpHLILE

- TMoaenkn
‘BecHsauxu
Pyuefinnru
Brciokpuinku

Kyxn

Boaskuie Kionu

~ boronnasu
Oanroxeru

“Tlususkn
TMaauapun

Beero Ge3 M0a110CK0OB

- Mo.amocki

kr&35uwi3~n5

]
°
[

Rc\\aa‘(l
Seaclicm

l;\,\;mgmswnbh‘
Uthn Deproras

Moy (-l. N

btuv\c %\'*’

T c}v\>
Ol i o
MReedled
vJ,\‘Q w

A oy

R }s
R ‘,_\,\o\dnb
Lee a2

l

Pl muaenn SEN

Tude

Munu\&\hx

i
i
i
i

2967

0, 02

0.50
0,02

0,10

{ wre Moy ud Haitusyp 92

[ -

2

©
1

[ R g ]

Qw.l:]

. }-1wv)s

NSRS 5Y

5

T2 9774 -
\,Lawq,

v\\’\
ol

Myl™
w3

593
0.97
6.46
713

0,12

0,01
0,19

0,57.

0,04

21,52

032

TR REY

— ef

Z =T

faelt S 3

. < A

~ s v

© .

g <

> S

s
2,94
15,56
1,43
4,39
0.03
0,23
756
26,66

<228 7d

045

0,41
1,74
0,18
223
0,01
0,04
0,84

5,90

6,30

c"‘*’“¥§

'a‘;\lo\v

: Ii Wl

Swivway 23U

T’? w2

Y: Wy g

EB R L)

STOUURIO
JO “SRUOTIQ Jawims

SUB.IH

axenbe

o

DLLIOAY

ssuTadg

ut

oya

$I9ATYH

Jod
I
Fis

<

27T

1

T4

3]

e e e

T

TsI008y5 oyq Ul

1SA

~
-

N
. }.NJ



217

"Chiraﬁomid biomass, as wéll_ﬁs o a number of other insect larvas is
explained, nsturally, not only by migration %0 other Biotopes,fbut'also
by their flight, as well as by their-being”devoured by chun %ingerlingé.
‘Such dyﬁaxics oi the biom&ss'evidentiy obserfed only ongspawning

of fz2ll chun .

of fall chum. Chua larvee, on leaving the mounds, come uander’

with their "duol" regimen ere very favourable to the

conditions of nigh concentration of food organisms and spend minimum energy

on food search. In the future the larve of late stages and fingerlings

~are better adjusted to food search and to the defence against enemies, they .

spread now alcng the entire spavming ground, like the fo0d organisms do.

Small rumning water bodies are divided into three groups: otreazus,

riheocrens and rivers running out of limnocrens.

)

the ground usvally consists oi pebbles, which are more or less silied, of

!

1

sandy sections of the bottom amd of silt depositions. Thne aquatic vegetation

-:eaehes considgrable developrent in springs ruaning out of limnocrens and
rheocréns, but ére less develoved in streams. Sfreams‘emerging'from the
limnoérens, the farther théy are from the outlet, the more do they acquire
the charactér of an.ordinary stream. The streams of foothill»tribﬁtaries,
faSt—rtnniné and with'low:watef temperature, ere populated predominantly
with the lithoﬁhéophile foruse In streams and rheocrens the characteristic

o~

feature of the fauna is species and the numerical predorin-

ance 07 caddis-Ily and mayrly

stoneflies.

energing from limmocrens, the

is

‘aceans it

tha

larvae over the larvae of chirononids and

ia

major form of crustaceans is the Gammarus

sometimes nuierous. In the rivers and streanms

plonarians are also nwserous, out of crust-

usually the acuatic isovods that develop (as a rule, the




arrphipods and the aguatiic isopods do not live together). In the upper
reacnes of hese streams the chironomid learvae ‘predominate, these larvae

cede their lewlnT position to nayflles_a;d caddis flies in the lower

, " reaches.
Streans and rivers emerging from the lirmocrens with their relatively
repld current ~“d low Geptn illustrate-excelle ntly the process called by

V.I. Zhedin (lOLO) tne transit accurmulation.of organic matier.: Véry consid-
erable food fésources?formed in the river, aé ﬁell_as those carried out of
the limocrens, are coébined with the high conqentration_of oxygen and with
considerable rates ofvcurreﬁt.' Tnerefore, tae breat 21n~ and Ie;dlng
cohditions of b,;gnlc animals are close to optimum the entire year round.
The Teplovskaya river is a uyplC exémple of the streamyri§ér
emergl“q from & limmocren; thié river was described in dgtail earlier

(Levanicov and Levanidova, 1962). In hydrology, composition of .fauna and

in its quantitative development the Teplove FuJa Hiver is dlu decd into wo

sections: the upper section, ihe so-called Hdvaya PR: "Hew'/channel,

which is approximately 0.5 kilometre long, and the lower section, which is

_ epproxinately 5 kion tres long, the so-czlled Staraya /TR: "0ld"/channel.
The Noveya channel is connected t0 the Bira River oy means of an ertificial

river bed, and tie mein waiter moss runs along this channel. The pebble

and sand bottom of this chamnel, at the beanits and in the extensive bays

("noles™) is heavily silted and contazins rmeh detritus; algae Rhisocloniun
develop nhers copiously, so do the diatomous overgrowth upon stones, send

and moss. In the ¢ rzl part of the chamnel occur ﬂound ¢ thickets of

‘ ' pondvesds end hornwort. . o L _ .
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The. totzl biomass of benthos in the Novaya ch«nael from Lecemoer
to Lpril-is 217 to 228 graas per Sguare metre, in surzaer and fail it

n 1955, the gre:hoe emnnusl

sguare metre, of which the chironomid
e metrs, i.e. 6075 of the total

congiderable (Chitononzora sp.

ceddis flies predominate Avatanis zonella, the predatory “rvacounwl irpar
and Dn. narvee are rather abundant,less Irequenily 06cur the stoneflies

Cepnia sp. and tae orlilies (mainly in the days). Acuatic isopods and swmall

mollusks form-a considerabdble biomass (Psidivm casertmnum, Gyraulus acronicus

(!)

ver, sibiricus), the olig ochﬁmge play & somewhat lesser role. Fredatvory

planerians sre common and rether numerous: Fenecurve sivirica, L. teletzldana

)

mzea, 2. mesorchis. The leeches occur rarely. On tre wnolb

the cicnass of benthos‘is characterized oy a relatively homogenous distribu-
$ion over all the blotopes (thes relative poverty distinguishes only the
sections of 'maked" pebbles'in strong current)f This homogéneity is explained
by similer éoﬁditions Qf life: <the ground of the'ghannel consists e#erywhere‘
Cegrse of silting.

The Starays chammel is poorly cennected at the outlet to the Hovaya

chonnel; in zddition to the latter, it is also fed by emerging spring

weters and is a fast-running shallow stream with a smell waver expenditure

iv nas a peobled and slightly silted bottom. Its blomass ( sble 33%) is

incom ““aoly lovier tnan in the Hoveya chamnel. Toe botton fauna in the Staraya

channel, is Tormed b ve*al €colo ical Aroupings.  The Tollowing caddils
? - (=} & 5 £

B ™

fl¢co beloqb to cold-loving Hnithrophiles (¢enizens of cool streems and

szald r1v1ro) - Keopnylex ussur iensis, Discomoecus palatus, Rnywmcophila
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a. imper, Xa. norvee, Holostemis atrata, Goers sajenensis,

ora intermedia, meyflies: Lpheierella "naz", Bedyonurus , tobliironis,

Q

‘ @peorus aesculus , Cinygmula 2ire "ML, Sinygrula altadca, beetles Oreodytes

‘rl'ul 5 end ‘o%hers. TO bottOM‘invertebratas, whicn as a rule are connected

to spring‘wmters, belong: caddis flies A. zonella, crironomids Syndiamesa

1vosa end ﬁ*ocl dius;. end, probably, the mayflies Chitonophora sp. Nou2..

1,3

N

Such species are cons raoly less frequent here, than near the outlet.

Lo

fns toSt pumerous group is Iorn ed by speciés ocourring in various

a0

foothill rivers snd in thelr sridbutary system. Such species are ne cetdis

cninerure borealis, the

peetle Gaurodites sp., C

Sosectrotanyous

Cricotopus biformis, Stictochircnoius B

it

trifescipennis Procladius sp., Bays "lies Chitonophora Sp. Mo.1l, Spheme: 61°T°Lla

sleptophlenia lunata, Thithrogema

- b 2 i
I. basalis, 2.

SivhlopuTus Sp. - Accoréing to the species cozgcsition the chironomids

represent an impoverisned complex oI the denigzens of Hovaya ‘channel; &among

other groups nany species do not occur near the outlet or occur only in

" individual numbers.

the both parts of the. river that

(2]

It is characteristic of the fauna ©

novis a considerable aur yur0p101uv towards the

I
=
5
0
}.,l
o
B
i
&
@
H
o)
-4
©
'
o
o
+
®
0
w

etrluuu), ndlln sonle species menifest the same 2lso

Qv

- ground (pebbles, silt,

v O

tonarés the teuperature. To such Species belong, For eTiaIn

. sp. HOo.1 and: uhltOﬂOD"O“ﬂ g0, 102,

nircénomids Poratendipes 1lblulOld, Prodicmesa olivacea,:
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Teble 33 indicates that the biomass of benthos in the streams with

a pebble and sand bottom is ralatively "ﬁuil and is by several times lesser
then the biomass of the rheocrens, as well as of the streams and of the - /p.126
. rivers emerging from the limnocrens. The cause the small biomess in

the streszms it prodebly caused by the heavy freezing of the latter during
the winter and psrtly by the lesser transportation of orgenic substances,
which do not Form say silty devosits in these streams

As a rule, thle rasocrens are used by the fall chum and bJ other Amur

0

salmons Ffor spavming; in the streams we merely observe spawning of & few

specimens. The ichiyofauna of the rheocrens is nov segregated from the

ichtyofauna of a river; it consisis ol small Sreshweter fisaes: Amur and

[&]

5 o o Ins -, N e e S yamy o
ordinary ninnows, &na tlv.lebuv” These Tish concenitrate during cervaln

a

easons (early spring, £211) in the rheocrens, but leave mostly for the

rivers during the suumer. Besides these fish, the juveniles of len 10k, and |

grayling fatten in small quentities in the rheocrens.

The lirmocrens are extraordinary original and productive spaming

Hyo

.xr

WL Ue )

T bodies of fall chum; they ere distinguished by hignh biomass oi benthos.

tjﬁlCul 11mn00“v" end simultancously also an importent spavming ground

of fall chwn is ths Teploye Lake; we have Gescribed 1t earlier (Levanidov

and Tevonidova, 1962). Therefore, we will not discuss it
3 b

'y& ological

w

RN

conditions in detailbtere; but we will merely remember that the mainKChér~‘~
actefisﬁicﬂfes+ r2 of the limmocrens is the si abi llty in the congltléno of
’*%E'WGQiﬁm (sﬁall a:@‘*tudes’oflﬁ :3onal end diurnal temperaturé ;luCuu&thﬂo,
low OI’;?H content in the water incress:d >arbon dioxi@e pOncentration, |

hizh trensperence, circulation of water and an  alaost uncnqn"oable water level),

“«




In the Teploye Lake we find &ll tne grounds and growths of aguatic
) . 2

vegetation, &3 in the river emerging Irei +nis lake, but the bilotopes..
corresoonding 1o these are distinguished oy en almost complete absence:of

, although U e woter circulatio on is considerabl e (the entire volume

curren
of wiebser. is renovated from 1.2 to 1.9 times per 24 hours). However, even

Ticlent for ta¢. trensportation of dis solwcﬁ oxygen

Taus, the Teploye Lake, llle 211 the limnocrens in general, is character-

B

R o _
ized by the prese

ce o7 biotopes that are intermediate onea according to the

environmental conditions of the ruaning &and tne.ﬁyagnan% wetver bodies. The
ree‘of circulstion determines the distriputicn of grounds end of the
population. Thus, “he left-bank pert of the lake, where the m&iﬁ weter flow
runs, the bottom is covered with a thick layer of proauctive 5ilt with an

2 21xtu:e of sand upon underlying ng peboles. This zone has many COMION forms

of invertebrates 1o the denizens of silt in a river runping from 2 limmocren,

put the specles composition and the biomass of Ihl" zone's banthos 1s

(¢}

huldev ply poorer. Ine population of silts in the circulating part of the
limmocrsns belongs ecologically to ihe pelo(rheo)philes (Lccording to v.1l.

Znadin). - The ¢ “rant, in the conditions under wnich these species live in

A

the river, is, conseju uenily, not a nacessity to them. A typical revresentative

of this group 1is the.abundazuly—occu*flud-species of the chironomias ST uEWCtO—

,

chironomus 28 aﬁ“onnllho.

Pudigimasat —

The,right-bank-part of tre Teploye Lake is d;stinguished vy a thick

¥

Yayer o poorly minerslized silt vith & considerable sdrmixture of coarse

N

*) A noticeable current is observed onLy near ine outlet from tne
ent

laite; in odner sections it eguals one ¢ inetre per second.

N e
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o

ormed of eurythermel pelophiles, .

-

detritus. The bventhnofauna is basicelly

by -

it is relatively poor in species, the biomass of the benthos is relatively

small. The complex of organisms living here may-be callsd pelophilic.

Compared with the pelophilic population of the bays and smaell lakes it is
considerably pcorer (2 result of the selective effect of the thermal conditions).

The .population ci the biotopes of the vegetatiod (higher and Tilementous

alga) consists basically of paytophiles and éetritophiles (aquatic isopod) snd -

- ox% phyto(rheo}philes, to wnich among the sbuncantly occurring forms belongs

the baddis’fly Apetenia zonella., The biotbpes of the vegetation and of the

silts éover 80 to 90% of the limnocren ared.. The‘rezainder is constituteé

by the stony.end pebbled grounds. The silted pebble grounds are developed in

the shallow pért of the lirmocren near the outlet. wing to tne current the
¥

leading role in the benthos is played by forms characteristic of the channel 1
g 1 _ ’ pir7

such as Syndienesa nivosa, Faratendipes albitia, the biomass of which is great.

As data in table 34 show, even the poorest biotopes of the poorly
silted stones and of the black silt, eirceed considerably-in the biomass. the
mejority of river biotopes. & characteristiic Tfeature of the biomass of

e
benthos in limmocrens is the domination of chironomid and oligochata lervae

and the relatively small imwortence of meyflies, caddis flies and stoneflies.
Y 39 ’

ften the bidmass of the aguatic isopo@s end 6f the amphipods is very consid-
erable. Compared with the river benthos, the limmocren Benthos is more
accessible to the chum fingerlings 1n respect to the:dimensions of the inver-
tebraies aﬂd,té 2 considerable degrée.may be classified as,belonging to the -

food bentnos category. Iiovever, the aveilability of food invertebrates is
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nas a nuooer of Torm llve in the s;lt where the

‘chun fingerlings cannot. reacn them. The chlronomlco, nhowever, Lecome an

A

at ths

easily available foo

W

pupal stage vnen they float up to the surface of

‘Tl)_qnn_em\ 2 Teavyea Meds 'tr) 4
Az elo ».)) (o )M .-Ja..x.i_.'}_\.. .LI‘lOU. “}_J:;_e_s_

of the Amur River

In the seminountaneous sections of rivers the grounds with predominent
large—Stoﬁe fractions occur most extensively, althougn pebbles of various
dimensions ;euaiﬁ as their constant component.,

The spec 1e5'cdéposition of the botton populatvion ol these grownds
conv ts of an impoverished lithorheophile complek of foothill areés; the
forms sensitive to tThe decrease in water femperature and to the increase in
The current rate are sifted aJaJ, these forms poD laue not merely the foothill
rivers butl also the flatlend ones.

mhe upper reaches oi large t ibutaries baihg the least'accessible for

resular studies are considerable less im wﬁ, Than the other sections o* tae
rivers. The afereﬁﬁ blOuﬂS of the venthos of stones in the upper reaches of
~the Iman and hor Rivers is, according to ﬁhe few available data, 2.55 grams
‘per square meire, consisting oi the foilowing componentvs: caddis flies:
0.83, mayflies: 0;72, stonefiies: 0.2, chironomids: 0.46, larvas of bléek
flies: 0.03, larvee of other diptersa: 0.26 gram per squaré~ﬁetre; only

indiviaual OllUOCuuvﬁﬁe end arpitipods were found.

Tne numbers oif selrons spavaing in the footnill sectiions are suall

o
g
‘_.I
©
)
0]
5
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o
a3
o
.
3
<
)
&

and the lover is the,percen*““e ox neboles in the pe

the fewer salmons spawmn here.
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FR - S R L34 = eres ~ TR .~ D . P - P e v o -
Lecording to the average indlces oF the biomsss tne. seminounvaneous

ereas of lerge rivers in the Amur basin are close to the- semimountaneous

. streams of the Transcarpathie, for 'nwcn V.S, Iviev and B.V. Ivesik (1061)

Al o 1.1

SOV a plomess O0X 0enviaos o

i

Y]
19}

1.8 S0 3.46 srams per sgtuare metre, as well
to tne stone ani pebble grounds of the r*vers in the Kola Peninsula, where
the averszge blomass ac coréing to V.I. Zhadin (l9—u) is 2.25 grams per. square

melvre.

“Poothill rivers (cold-water type) possess considerably lower depths,
than - the foothill sec ulOAS of. tne lerze tributaries. . Therefore, even at
: oA b

comparatively small rates of 10w (0.5 to 0.8 netre per second) the movement

of water distinguishes itseli by such a hlgn tursulence, that an impression

S.G. Lepneva (1949a) writes about similar smell ruaning water bodies:

" ..in uhc naao ~ity of cases tnese are saall turbble 1t and foaming torrents,
however, the rate of current seldom rises in then to;more than one metire per:
second.
At almost the identical "Fue of current (l o 1.3 meires per second),,
chéracter'stic oz thé Lower~Amur, the movenens or water tases place smootnly

and, seemingly, not too FTast, waile in whe Iuor 2iver's lcwar resches, where

B

the waiter noves at a speed of 2 mevres per second, the rovement remains an

impetuous but smootn strean. The increased tur? ulence, anpurenuly, ensures

5
[
(o
[%]
o
jal)

the intense excnange of .suspended substan eposits petween the water
ané the botiom, i.e. 1T ensures an increcsed transporiation oF¥ organic subst—

o - 4_' . Ciemmd et
snces for benthic orglinilniS.

- In the foothill rivers the litnox neopnile biocoenoses elso predominate

and occupy Ioou
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the ground ofi the river bdttom is 50 to 60 sguare centimeires. At the falls
over stony ground ve often Find algal or mossy overgrowth. In the foothill
rivers akrelatively greater area ig covered by sandiy-stony grounds (aoout

lOﬁ), a5 well 23 by sendy-s5ilty grouﬁds, than in the foothill sections of

1arg “Lributeries. In the sandy-siliy bictope, cwing to the constant adrd ;fure

of the detritus, besides the pelcnsammcphiles~a*considerable pars is played

by Gstritovaile forms.

in the Amur basin is thne extensive distribution and a conalaeraOTe biomass

of the larvees of simuliids snd of dipbtere of the Bleoharoceridae Family. The

gnecies composiiion of the larvaes of Tlies, mayflies,'sﬁoqeflies,
molluo“u and of ollrochmeuae_does not differ from the épecies composition
in énalogous bidtopes of the large tributaries, but th gnv;l cal ratios
between the individual specles are QiLIe rent.

As examples, let us discuss data on the biomass of the benthos ot

o

1be foothill rivers located in different section

1]

some 0Of of the spavming

area oi the Armr salmons.

The Hemptu River enters the Amuxr River from the latter's righthenc

L)

bank slicnitly below the city of Knabarovsk. It staris in the mounta2ins o

The Fauna of invertebrates developing in -the algal overgrowth of

of the chircnorids Diamesa gr. prolongata constiitute here a biomass of 110

FYEIS DeT Square .etre, vinile CL soxicola *stitutes 50 grams
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per scuare metre and the mayflies of the genus Eggvmerella (B. bg§§li§ and

thers), 20:groms per. square metre.. The beetles Anacaena limbata were Tound .

in this biocoenosis only.  The high biomess of the rival, partﬂcul rly of

A s e i e R iiuhhit

the “tred remains, is usually composed of large larvae
IHydateoprlar nizrovitiatus

In fhe triouta“y systiem of ithe rivér and in_its tributaries(‘that,ére
conQLM r“OlJ lesser tnen uhc river itvself ) the biomass oi' the benthos is
“hnigh fz*nanﬁln’ihe “iVer-bgd.' Thus, - the lithor neophile bio;oenosis‘of the
river charmels gives a biormegs of 30.3 grams per équure metre, a congsiderable
periion of wihich (18.4 gfgﬂs) isvcomprisei T the l arvae of the bla v; flies
Simumliuvn sp; sp.' The biomess of the chirononid larvae is relatively high
hére (é.B-grams per square‘metre); The bioﬁass of the caddis Ilies and of
the moyflieévin the brench chennels |s. somewhat lower then in the main
river chammel.

The povxlbulon of the sendy-siity grounds sad o detriius in the

ributaries and in the river bed has a.high biomass. In the branch channels

demm

ributeries it is P"lﬂly comprised of mollusks, while in the river

and in the

‘bad predominate the larvee of coddis flies and of meyflies. The following
species are comion ne the meyflies Hevntogenia soldatovi, O&:gl;PtO“h%E?fa
chocolata and various Zonererella, the caddis rlies uVQ&uOOﬂ'lu" necnuUs - and |

H. nigrovittatus, the mollusiks Semisulcospira cancellata and particularly

S. livertine.

-~

Certain ideas concerning the seasonal df“umlcs of the biomass ol ihe

“penthos present the followir *‘*1”ureu. The biomass in Hay end Juné’was 20

2

PR : \ o ; - ~ . .
r square metre (average value of 32 samples) and at the end of QOctobver,

g
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15,1 grams per square meire (15‘samples). o T
‘The Ly River studied by L.V. Kokmenizo which runs inte the Amur limen.

south of the Armir estuery also belongs t0 the Toothill type. The surmer

o aia T . . . e sa wn 20
r temserature 1n une Ly Biver.is relatively low: in Hey it is 0.2 to 4°C;
in June, 6.7 to ¢.4°C; in July S.7 to 13.4°C. This -river belongs o . the

liman type of rivers, which are still visited by a rather considerable number

of salmons. The biomass of benthos in the liy River is also high (teble 36).

4 characteristic westure of the benthos in the Iy River is the .

ubicuitous occurrence and the nigh mumoers of the chironomid larvae. Among

the lithorneopniles the larvae of the subfamily Orthoclediinae and in-

paxticuler of Syndiemcsa nivosa and S. orientalis predominate., Very numerous

are also the Tanytarsini,particulerly Iicropsectra gr. praecox thatb plays

the basic role in the biomass of beninos in the overgrowth, as well as

Texnyybtarsus gr. Dancus. The psarmophiles and the pelophiles are mainly rep-—

resented DYy Cryptocihironomis box sthenicus, Polypedilun (Chironominae gen.

: *
¥o.3 ILipina), 2. breviantennatum and P, gr pedestre. In the algee and mOSSeS )

overgrowing the stones in the current, live in addition to the chironomids

2lso larvae of caidis flies liicragema, of meyflies Siphlonurus zebterstedti,

lentopnlebia lunata end Baetis sp., the aguatic isopods and the oligochatae

gen. sp.). The larvae oI the caddis Fflies Goera sajanensis,

- e e o ot

Arctonzycne naloata,'ggxgggpgilg_gg;dakoffi predominate on the stones; tne

meyflies are nainly represented by the family Sohemerellidae (Zpnemerella

1y

#) Solid algal overgrowths‘(Q;aqggggygég, Ulothrix, blue-green algae

of +he order iormonalis ond others) with abundant hHopulation are very

characteristic of the tributary systen of the Vy River with slow current.
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ta, Chitonophora rueronata). The Iski River i's close in nydrological

conditions to the Iy River, this river issues into the Scha tye Gulf located
north of the estuary of the Amur River. Studies oI +his river were carried
' out by LoV Aoﬁnwenho. Phe Iski River belongs to the -cold-water foothill

type, conirary to the Iy and lNempitu Rivers, the aqu Stlc vege taulo (overgrovtn)

i3

is con 51cerao‘y more abundantly developed. The biomass of benthos in the
Iski River is also hign (table 57).

The seasonal fluctuationé;in the biomass of benthos on the stony, and
on the pebble and sand brounds of the lower reaches of thé Iski‘ﬁiver (in
gre;ms Der sguare mey e) are the Lolloaﬂn,. at the end of June a@d in the

veginning of July, 23 (awer se value of 18 samples), in August, 3844 (39
sarples), and in Septembér, 50.3 (6 semples).

The biomasses of benthos of the basic 5%one_and pebble_and other
biotopes iﬁ the Iskki and Iy Riveis are very close.‘ In the Iski and Ky Rivers,
even tqday, entering populations of.pink salmon and summer chum number more
than one million. The.food base of super chun fingerlings (pink salmon
fingerlings Teed very pocrly ia the 1iman rivers) is ver; great'in these

’ri§ers{ it meinly consists of tThe lervae of chircnomids ana aguatic isbpods,

to o lesser degree, Of erall larvee of mayilies and stoneflies. Besides the

Pacific sglimons muliitudinous populations of Dolly Vardcen char and Siberian

o)
[y
i:;;
1
&‘J
o
o]

n in these rivers, together with some non-rigrating fish that

~feed upon bentnos.




T
4

SWinJIo
(Tanp

1wt

Jad
sy

o

agenbs
DUCOas

R.\\DQQ ; ‘ M;&Ca\’z' - g ‘St
v . ) R A " ¢ . —~ {0 ‘.‘- Wt Rivea
(7 Wew P Raameh S:u")xm\ Rg“ h } o tls _ )

%)

0-5‘36\ MY S Am -

ITRY
"_'V{!l

EE=NMRSIN

T0
o

o

e

Ars
\Y‘-“g\
d
i

Loy

1)

o=k
. C-.‘;

[

)
AN

& w .WY
<o %O_LC
d

TJ VRS S
Y <2992
9

Y
2
x4

?b»@;y:w.}ﬁ.\t

Sy 'zL?p

¥ wos

):'l(.\.‘

')ra”‘c /\;WCAIS

1 Ut wu

-0
W
TR 98
Tg AIEQNQTIY SAT UT DUR I8ATY N

%3
4
\

“ XHPOHOMM b Lhiasnerads 2 34 - 1,04 0,39 —
Mowxn CBlawn {Ww 1840 A l _
JIuunexy  ap. ABYKPBIALIX kL»dw'-— 4,46 433 091 . —
Moneukn ., H\I“f‘\"”“no 2588 2,99 346
Becuanku w\,“;(\.w X 0.17 0,13 —
Pyueiinugn {ude aluy 5{.\ > 3,90 . 19,02 0.65 —
Boasnue xykn Maten Leetles — N — :

Boxonaas  Ammwwi iy i, - : 3.97 ‘ 2,34 _— : 0.21
"Osmroxett Ol 3 o e haclae — 073 — 3

o0 .
Bcero 603 MontiockoB \Txfnlw““BO 20 " 56.14 7,41 , 5.02 5,5 _
\1011wcxu’ Meollayws — 021.. = —_— _ 0.62 . _

| Sor——o
BBETES
<
EANE:
I
ISITT B

)
f=X:
=
%)
L) NeN——o
— |l oxoidente
N QWG -
A
(31}
o

2,60
38,22
60,51

T
7

B

£l

T

&

[o 23

. N

13

—_

!QC\J

o
2

T
Jo

‘aunp

A%



River v K; AAQ' . | ' _MtcL\*a.‘?—

sy Jo ssprioTq ATnp

- B . :
Branch| © Rup o d ' » A
. ) ’&CL\ " . , - : e :
. ‘ Sectiom RL ‘ rc\ub R“)"'“’k Sectien. RQL:»\.;\A
&?LQva <
- : o
I\ Ve 45
0 £ 7 [} N o
' A e e I - = | o F e
_-— R o, o es > - o N o .
e . 5 — b (i“ 4 3 > o e e o L = 3 g
N i\) S AR IR ™S \\/ ¢ 3 S i ? s S b“ 3 o (:.:‘ .;, :—- :‘? };;
. . S - [ A 4 - g >
» - " + \tr o 4 & A -t . e \ S
T A - s . . : - s — . c
< 9 ” o v ’ st *
;. < 3 v 3 T 7 v 3 P ey <& :
g — o o - - P
5 - = E = = = =
e Ll L . e R . . NS VR _ T e
Niponosian G Agmemds 130 0 17,01 208 15,92 1747 2,86 655 6,11 <
“Mowxs 0 Blak ,{,|, o> — .- —_ — . 0,13 } — - o —
ST 2D, ARVKDPLUINN Lwvae  — 0,65 —_ — - 0,36 _— 0,16 35,36 *
CTorenkt Mg SR 2 Bt 052 2,38 11,22 6,94 . 0.69 2:90 % .
- Beewsnrn Shoome iy — — - 043 13 0.} 0.39 : — -
o DPvycimpgn Qe Aoty Ll es 2522 — — 3.97 Co 9,44 o 26,04 320 0 1.43 o
eaokpuaR Sat fta s -— — : — : 1,17 — - — o
Boelity Mt e > < — -— ) 0,63 0,30 — . —_ 0.05 . ’ — (_!]'
Bokoraanst Armprspods — — 1,05 - 081 - - | - o]
Oanroxerm . Vlhiaseheerae 1,04 013 - 2,02 - 5,53 241 - 6.02 616 @ N}
BotsHLIe OCIHKH /\.\'M\\ N — 3,85 © 009 19,53 — 0,26 228 B _ \\:
Beero 663 MOATIOCKOB Q{;“Lt&&;ﬁiﬁﬁ ©1921 11,02 39,11 59.09 30 o288 5134 :

Mosmocsn  Mollusws . 9800 104 — B - - -

aaenbs

ct

e
T
.




—----—--cﬂn—-ouununq-‘—-u—‘—-‘-’u-u.uuu---n...-.-—:n:..‘--.-o.---a'--....-----n—-aq-

Averaoe Summer Biomass of". the Benthos in the Isk1 River

(in grams per square metre).

RLver,

Falls | Reach Tataya Iska
— o river bed

Groups of organisms
Stones and pebbles
Pebbles wipﬁ sand
Sand,and'detritus

algae and moss
Pebbles with sand |.

Stones fouled by

Silted pebbies
Silted sqnd

Sand

. Chironomids 1.9 0.26 3.64 3. 61 12. 69 11.83 7.58 0.43

. Black flies 1.5 = "= G- - - -

" Other diptera'l.61f72;hsiflg65;fO 07f'0.68  - = h3.68
. Mayflies 466 2,96 1.21 0.39 ~3.25 1.82 11,78 8.79
 n Stoneflies. : l.Ol‘EO,Bg.WM;' ﬂ' - 0,18 10.52 = . 0.69
. Caddis flies 23.68 2.60 4,16 0.19 0.86 1.98 0.65 1.0k

o orlflies - = e e 0,200 - . - -
'3, Water bugs ‘ ;0.0114 - 'j?ff_ - St . e
 Mites . 0,02 0,13 0.08 0,07 0.18 =~ = -
‘Amphipods 0402 1,567 -  0.39 0.29 1.75 0.65 1.65
Oligochaetae . 0.12. 0,36, 3.99 0.78 3.24 2,15 3.25 -
Leeches »~0.07. ‘5* S : f3f  ‘5 - -~ - 1.65
- - Planarians 0,10 - . -.”};'_ e - - =
Aquatic isopods - = = 7.1 - = - - -

Total without ' ; . o : B
 mollusks  33.94 10,65 21.84 5.53 21.57 20.05 23.91 57.93

Mollusks = = k.2 0,59 0.62 8.06 1.69 -




explained oy

may be assumed that in such “mall rivers as,uy andflski,,when /n J””
pqpulations of millions o‘-suluong multiply in them, that<ﬁhcxproductiviby

of the waacr‘ ody increasses beéauée of an introduction into it of organic

and minera} swostances with the bodies of szlmons dead arfier the spexming

(1 o«q1“, 1959). Evidently, the high biomass of the benthos in the liman

9, R

rivers compared witn.larger tributaries of the Amur River is partly explained
by this introduction. |

Semimountaneous _f;gg§§”(of cold-water type) 1ncl1ﬂe tributaries of:the.
Khor, Imena and Bikin livers, és wéll as the Xhivanda, Gera, Khilka and -

Beshenaya Divers, the tributaries of the lower reaches of the Amgun', of

Somaya end of lizhnyaya Uca., In guentiiative respect the benthos of these

the fact that the collectiorns were carrled out by a sitrathimeiric

1

tube which onlJ czught fine vebbles (less then five centimetres). Large
larvae of caddis flies constitute the basic part of the beninos of the stones
& are very imporiant in the diomass of the stoay grouads. Thus, five

samples (in table %8, these are not included) from nedium-sized and small

stones have shown that the caddis ;lles Arctopsyche palvata, Royacopnilsa

impar, Hydropsychinaze sp, sp, predominate updn them; the total biomass was

14.3 grams ver square meire. Tae larvae of the diptera of the Blepnaroceridae

ferily occur in coasiderably lesser nwibers, 4.l grams per scuare metre and

r

the larvae of the mayflies Heptageniidae, l.1 grams per square metre (g}pqgmqgg

sp. and others).




e totel biomass of benthos on: tne stones in the Wizhnyaya Uda

River constitutes (according to Tive sarples) 20.5 grams per square metre,

in otaer worés, the biomassAin {he $oouhi1L seciions of large ¥ ibutaries
end in the small fuotnili tributaries of the Amur River is identice .

The Knivenda . River, a rig ‘.—banﬁ trivutory oi the Amgr; is a_typical
cold-water river.of the éemimountanebus tyée; the summer temperatﬁre of
waler Goes nov éXCeeG 1300. In the Xhivanda River all forms oif th e Amor
salmon are mulitiplying, but oﬁly relatively few masu salmons or fall chﬁms
enter>this rivér; tne sunmer chum and pink salmon predbmiﬁate. Only the
lower reaches (epproximately 2 LllOkbureS) of tais river are covered by
éugntitative hydrobiological studies; this part of the river constitules a
véry considerable portion of its -spavming stocl.

Tﬁe Kniveanda River, in its lovier rea c'es,>is a ra;ig and shallow

river with blurredly pronounced Falls and reaches, ripal and medial. wing

’

to a poor morphological segregation of the river bed a distinct topological /p.l132

division of +he invertebrates belonging to various ecological groupings is
absent. The botﬁomvis almost everywhere of stone and pebbles; there are

meny tree stumps carried away by the cuprent one may judge the composition
and +the abundance of animals in the studies seciion of this river by means

of Gata in teble 39.
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Table 38.

The Average Summer Biomass in the Nizhnyaya Uda River (Tri- .

butary of the Amgun' River), in grams per square metre.

b , .
_ . Ripal | Medial
Groups of . fall reach (fall |reach
Organisms ' ' _ , -
< | o
) T %
o & ) <0
K4 m ~p> P 3
2] T o' 2] )]
0 - [ S ’ 2 Q (]
(V] ’ o L moa 1 — —
T (c] W) @ 0 T 2 Ko
25 £ R £.C A 2o L o)
L @ [V —~ Q P v Rso T Q Q-
(SR ] [92] o~ Qe © ] jo3 [oH
Q. w O L ¥
~ Chironomids 0.88 0.61 0.6k 0,05 0.87 0.0k 0,77
mayflies 7.5, 0.23 41.61 10.50 67.32 1.92 0.85
. | stoneflies ' 1.50 0,13 0.20 0.03 1.30  0.43 0.60
caddis flies 0.59 - 0.59 2,08 3.69 0.13 -
orlflies - 0.01 3,11 = . = - .-

- dragonflies R - - - 1.95 - -
¥ater bugs - e - - 0.02 - -
water mites _ - - ~0.21L 0.03 - - -
amphipods 2.4,1 0.21 1.62 0.02 2.67 2,30 5,50
oligochatae - 3.27 Oely3 2.85 6.83 1.62 3.29
leeches - - - - 0.45 - -
aquatic isopods 0.07 =~ - 3,40 3.62 0.43 0.17 -
Total without - _ ' : v
mollusks e - 9.56  3.55 - 6.61 11.01
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- For the extensive stone and pebble section of the rapids and falls

the following forms are characteristic; on the one hand, the typical forms

of the falls: meyflies Iron maculatus, Bpsorus latifolium, Ephemerella

lepnevee, lervee of diptera: Simmlium and Bibiocephala, caddéls Ilies

liystonnora, Arctopsyche palpata, and on the other hand, denizens .of areas

with slow current and backwater places: larvae of mayflies 3Baetis thermicus,

Ephenerella taeniata, Chitonoohore mucronata, caddis flies Rhyecophila impar,

g;t;nafvaqz_gg. retracta, Lepidosta hirtum, bgapetds sibiricus, Goesa Sve,
larvae of chironomidé. The inverﬁebraies of The second group,are“locatei
behind stones circumflUxed-by.water, below such stones in dead zoneslforme
be*ween'VOrteﬁes5 and,in the.qvergrowths. On stones overgrovm Wi%h élgae

) - il i3 ) N ~ g ~ . i e
( referably diatomous algae), the larvee of ine 12 Tlies Lphenerella
O b 2 o T T

chironomids: Tenytarsini, Diemesa gaedi; the emphipods constitute up to

80/ of the biomass by weight.
- The .tree stumps are exceptionally densely pooulated, in particular

witn the larvae of the caddis-fly Hydatoohylax nigrovittatus; larvae of the

nayflies Ephenerella taeniata, Cnitonopnora rucronata, fmeletus montenus,

¥

amphipods and large stoneflies Fieronarcys reticulata are also numerous here.

Such rivers occur most extensively in the basin of the Ussuri and the

- }iddle Amur Rivers. These are short and shallow rivers with a snall basin,
" they run through an area with flatlend relief. Usually in the upper

‘readnes of thne basins of ‘such rivers, we find rivers and streams of the

footnill tyve, while in the iributary systom ve have itributaries with pebbled




Table:39. el
rBiomass'of the Benthos in thé Lower Reaches of the Khivanda
River in the End of June and in the Beginning of July,

(irn grams per square metre).

Ripal ' Medial
L Fall - Reach |Rapids|Fall
G : el jols -
o w < g w el = 3] o] QP
B = o3 ol . 3] = o
0w ] o @ o n n- o 0z
Qoerd [ o - w ol 3 Q
30 0~ i fa w e (L] o] + g ) N UJS_G)
[o ] (e} QP o > Q o o © .0 0 =g
R SR 4] joliie] > ROl B M) + 4 @ =0 (el ol
& o Q © T 0L [olp ¥ — 0 o Q QO S~
o | Sol @ ae o 2 o0 -4 -85
w &) Bl o @ A 7% N
' Chironomids  2.00 0.05 0.29 0.10 0.10 7.80 0.08 0.10
Black flies  L.40 0,02 1.22 - - - - -
Larvae of other T i
: diptera - 3,00 - - - - - -
- Mayflies = 7.00 2.40 0.46 - - .= 7.9 8.75
- Stoneflies = =~ 6,60 - . - = = - 5,76 0.65
. Caddis flies -  1.38 -  10.20 -~ 5.46 5.45 0.38
Amphipods - 506 - = - 572 - 47,75
- Oligochaetae -~ - = . = 9430 - - -
“Plenarians - - 0.22 - - - - - -
Total 13,40 18.73 1.97 10.30 9.20 19.98 19.23 57.63
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bottom and even:lirmocrens; in the river beds we have sections of pebbled
‘ground with outlets of ground waters, that sometimes are powerful outlets.

/02135,

-The f2ll chunm entvers such rivers. in'sdali numbers to spaii. Apparen-
'.tly, thé {iya River, which runs through the same valley as the Khor River, |
nad the greatesJ'lJport nce for the spavming among rivérs of such typee.
Accordlnu to 1nforaat10n of V.Xe Soldatov (lCIB), in the years beiore thé
wars-up 4o 50,000 fall chums viere cuubnu annually in this river.

High development of/aquatlc vegetation is a cheracteristic of these
rivérs. A cherascteristic river of this type 1s the Xiya River manticﬁed,
qbov Suony grouﬁub occupy only smell ar as in the latter and are 1ocated
a*IShOTu fallu only. The main areas of the bottom in the lo rer and middle
reaches of the Kiya Rdver are occupiéd byvheavily'silted pebbled grounds.

In this biétope, which isithe basic one in the XKiya River, the pelo(rheo)
§hile$ predominate. |

The richest bioto?es zre the pebbled_and pebble and sand sections of
the bottbm\(tabie 40); thé.biomass of benthos in other biotopes is relatively
small'and is inferior to the biomass of analogous blotopes in the cold-water
Tiverse.

According to the data of the Loscow University éxpedition,(Bofutsky,
Klyuchareva,fNikoléky, 1952).the biomass of benthés in the flatland rivers
rurning out into the hanka Leke and into the Ussuri River- (41tnout larfe

mollusits) reaches one to seven rams per sguare metre, but most often is

determined by a value between. 1 and 2 grams per square metre, in other words,

it is close %o the bionmass of the ps ammorheophile and oelodeurltonhllc

cormplexes of the Kiya River.

|
|
i
i
;
i
i
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Table 40.

Biomass in the benthos in the Kiya River at the end of July,

(in orams per square metre).

‘Ripal _Medial _
Groups of reach Fall Reach
organisms | o @
- — 0 0
9 0 ® 0 ®
e fo) ~ —~ 3
W o 0 0 o o
e 2 3 O =
. - Q O N 4]
i : 4 [o¥ ST ®
s 0 S )
@ o @ e T o
9] ~ Q O] Q
o3 o | » Lo »
P o) s b par
o o - B ot e @ ot
» A, ) N ® 2
Chironomids - - }'QH"1.22 2.00 -
Larvae of other . S ' '
diptera 20020 - - . - -
" Mayflies = 8.16 12,02 3.08 0.40  6.39
Stoneflies S I - -
‘Caddis flies - - 1.36 - - - 1.36
Dragonflies' 0.21 - - 0.91 - -
Amphipods - . 1.36 1.50 0.36 - 1.77
- Oligpchaetae -1.09 1.36 2.21 1l.54 0.45° -
Total without o »
mollusks 1.51 12.92 15.73 7.11 2.85 9.52
Mollusks - - - - - 3,00
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The benthofeuna in the Kiye River, regardless of the presence of.

common ‘species, differs sharply irom the fauna of cold-water . and temperate~

'co‘v—wqucr rivers. Here predorminate the thermophile representatives of the
southeastern zoogeographic complex and the eurythermal palearcis. Among

nayflies the major Torms in the foothill rivers, the Heptagenia arsenjevi and

H. soléatovi, relinquisa their leading vosition to H._yoshidae; the large - |

Ppeorus latifolivm are comnmon end abundant at the falls. Polymitarcys
¥

virso, Ephemera amurensis, bohemers SQCAallﬁeQulu, IoopJﬂPWa Jeponica, end

the represeniatives ol the F;fchzgeridae.family are characteristic of The

silty—-saniy grouand. The larvae of itne meyilies Choroterpes triruvrcata

are characteristic of the sandy-stony grounds. The specles comovosivion of

the Zohermerellicdae is richh and original lenoki, Dohemerell
"naz", Zphemereila ignite and some more still undescribed species. The

following ceddis flies are characteristic of +the mecrophyies, which in places

s, water chestnut, water lillies,

971 .

attain copious development (pondwee

cowlillies, water buclovheat and others): Fhyrasanea sinensis, Anisocentropus
b § Ihson s

X

pal 11idus, Qsceti S testacea, lervae of the buiterlies Iymplwla sp., larvae

Hy

of the dragonilies Aﬁrloq glacisle, A, lenceolatum, On the siliy-detritus

ground and on the tree stwsps live caddis flies Genonema

noseta, on the finely sioned ground with an admixture of detritus live large DeL36
2V ULVl &3 5 -

lervae of nquocerus sp.” Birulia (Occisrus) orientalis. Stones and pebbles

oL

at the falls ave populeied with larvae of the caddis flies Dtenoo“yc~p

Plectroneria sp. ani others. At the sanly.

‘shallows, in the silted baoni: area and in the silted pebbles we Find the

mollusks Semisulcospira concellata, dregonflies Fihonogompius neterostylus

in sbundence. In sility grounds live various oligochaectae: Feloscolex
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niiolsiyd, P. gpapillatus, Lumbriculidse gen. sp. On tree stumps and in

resetations, sometimes among the silty vebbles, occur large

~larvee of the Japsnese specles of the dragonily lacromia akﬁhluvna.

o

- hmong the snell rivers of the flatland. type of consicderable interest

is Ythe Birushle River, a left-benk tribvutary of the Kiya River; tais river

runs between the Kiya and the Khor., It is a small 7~1v%, 25 u_lometres

long; its basin is extremely small., The Birushka is fed witn ground waters,

which enter from springs along its upper reaches.. This explains the consvant
water level in the 3irus (annual anmplitude in the lower reaches are less

B — s s s : - o
than 50 centinetres). In summer the woter of this river warms up W0 25 or 28 °C
’ g b

-

in winter, rapid open Falls remein elong the entire lengih of the Birushka.

o 1.8

Chum spavms in the lower reaches of the Birushka, but without rising higher

than 5 kilometres from the estuary.

A charactveristic feature of the "“ounuo in the Birusnhlza is the

-

relative predorminance of the medium—sized and lerge stones over the small

stones and pebbles, this predominance is particularly sharply pronounced at

P,

the falls. It mey be assumed that in the recent past the upper reaches of

the Birushka vwere connscied Yo the nor River, and the Forier was on impe-

\

)

HUous cnﬁgnbl from the falls of which “ine pebbles were carried avay. . Witk
the deepening of the Xnor's river bed snd lowering of tne erosion vase, ine
upper reaches of the Birushita became isolated from the Kaor, the amount of

water running through it decreased and it furned into a flatland river with

auite moderate rates of current, even at the falls, and with a ground

consisting of large stoncs. “Duaronuly, the constant level and the ciharacter
the ground determine the nigh biomoss oi the falls in the J;;Muuhu,

£
B
ct

—~
cr
o
o
',_J
o
e

o
.

vihere the larvae of caddls ilies are very apuna

N —_—— A
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Zable 41

Averaze Swmmer Biomass of Benthos in the Lower Reaches of the Birushka River.

(in greams per square 'metre). N

Groups of "Falls?7J'“"‘. - Bays and reaches

-:organxsms Large - Pebbles | Silted. |Higher
stones and sand -vegeta-

and sand- . tion
pebbles . ' ' '

-Chironomids K _ O;h8! L - - -
Mayflies = . L3k . 17.27  .0.13 -
Caddis flies -~ 6l.74 1233 - -
Amphipods 4.6l . . Lu3h o = -
Oligochaetae - o e B 2,71 . 0.82
Leeches e S e N 8.02 -
Planarians’ 146 ‘ | - - -
Agquatic isopods . 0.04. . - ) - R

- Total without ST I
mollusks 72,67 33.94 - 10.86 0.82

Mollusks - 17.20 - - 38.90

Tow water desth in this biotope at constant level creates favourable
conGitions for the existence of large and poorly mobile forms. The bionass

of the larvae of the caddils fly Mecroaema racdiatum, at the beginning of July,

6]

constitutes 35 graus per scuare metire, and of Stenovsyche bergeri, 16 gran

. Patniuiteuils shoug TANES —

U]

1,

per sguzre meire. "In addition to these two major-occurring species the stones

are populated with larvee of Ruyacophila kerdalkoffi, Goera sp.; on the silted

£

stones and tree stumos live Ganenewa exvensud; Lirmopnilus correptus,

Stenopsyche sp. and others. Among tae mayflies Epeorug latifolium, Sphemerella

et




N
&

lenoki, Zohe a_sp. lio.dl (aoz"), Heptagenia yoshidae, Polymitarcys virgoe-

ond others are numerous. large mollusits

ira cancellata, Vivipe-

rus ussuriensis stay on the si i1ted stones and among the vegetatlon.

© Oa the averzg the biomass of benthos (without molluslks) was on

. e mmA T aTea nel . S R - 1 meam vAn P e e : ) P
stones end large pebbles: $3 grams per squars metre 23 the begimming of June,

52,5 grans per scuare retre at the beginning of July, 13.4 grams per g iare

metre on the TFine-vebbled silted ground in August. The species composition

of theé botiom invertebrstes is alwosy identical to the fauna in the Xiya
River, bub cuentivatively the benthos is much richer. ~In the Bishkura River,

like in the Kiye River, live thermophile fish: crucian CQID, carp, Snaienead,

Onseliichtis sinensis, also many pikes stay nrere.

ics of the beninos in various

T

Concluding the uentitative chearacteris
typblogical sections of the iﬁu; urlDUuarlP Sy let us determine the place
the Aruxr tributaries ave zmong oLher rivers with hard grourﬁ oottom. Publi-
shed .on the biomasses of beathos of such rivers are fev., e Tind the
following figures in the substantial monograph of V.I. Zhadin (1940). In
Caucasus, in the Dskhal-Tsiteli River, this biomass is 4 gr°?* per uuuare

metre; in the Karelian rivers, fpom 0.2 %0 13%.2 grams per square netre; in

— . . . . . \ )
the Veldayka River (Central Tugsisn Blevation), 2 grams per, square metre.

_ hccovrding to D.I. urvenidze (lGiO) the biomass of benthos on stones is in

slurianka River (Caucas sus) from 6 to 20.7 grams per square nietle.

ct
W
©

b

Tpne average o0ilonmass of the lith rheophile benthcs on the pebble anc- .

~ poulder ground of the Atlantic salmon river Podcheryon (tributary of the

* o~

Peciiora Rivér) constitutes 5.0 grams per square netre (Zabolotsky, 1959). The

-

bicmeoss of the lithorheophile biocoendses of pebblu brm s in the upper

/p2151

v et



reaches of the Yenlsey Diver is 2.2 grems per sguare Lelre, o the-middle
and lower reaches it is 0.7 grem per sguare neire (Greze,a;957).' The

piomess of the 1iv¥

cr
|3
(e}
+
o
(9]
[e]
. E::"
t...l
(6]
o’
‘..J

ocoenoses of tne upper reaches of the

. Drnestr miver (Yaroshenito, 1957) is 4.4 grams per square netre, 40> of the.

3

¥

numbérs of tne venthos 1is comprised of mollusizs.

While stﬁdying the mountvain rivefs of the- Transcarpathia, ¥
tion of which consisis elmost exclusively of lithorheophiles, VeS. Ivlev
established that their biomass Fluctuates between 1.8.andi6.3‘grams per square
. netre, resching in indiviaual cases 25 grams per square metre. Thié'auwhor
points outAthaﬁbthe biomess in small mountain rivers is higherfﬁnan in the
large ones, and that the slower the current is and the larger thevgrOund
particles are, the more gbunée't.is the benthos. It should be noted that
the latter cohditions do not correspond o tne typical relations in mouantein
rivers between the ground and the current. &5 a rule, the faster is tne
- current, the larger are theiparﬁicles of the ground, since the relativelj
small particles under such conditions are dragged along the river boticm.

pointed out by this author, may exist either in a siream

arse-sione oved, or in those instances, when the waver nass

o

viver chamnel sherply decreased, but no increase in the

small fractions has yew occurred.

LA, Sedovsky (1949, 1963). established that in mountain rivers in

u

Coucasus the biomass of benthos decreases fron the upoer reacies. dowm to the

estuaxry.

~ N .

Zecently appeered 2z extrerely interesting and comprenensive wiork of’

‘M. Yu. Sokolova (1 5) in which information is presented on the biomass OF




m 3 4.9
nIvRNos 1In

vhe lithorheophile ber

(\

stony falls. the biomass'is

per uyuarD metre of- mollu»“o. The

Som

OlluﬂO neopnlle complex

9.1 grams per square metre,

4
¥

RHegardless of th

(9]

areas of

development

viie Upper re

mall volume of
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aches of the lioscow River. At

.9 grams per sduare metre, including 7.2 granms

stony-sandy falls. populated with

were voorer, the biomass of benthos here vas

the compared nsterial, one may

that the compleites of'lithOﬁﬁophiles populating the basic

the bottom in the salmon trloutarleq of the Ammur Hiver attain a

greaver quantisative thean thoge in various rivers of the Buropean -
part of The USBRE and of the Siveria.
In the tributaries of the Arur River the maximun biomass o the

lithorheopnile benthos is observed

ury n& end with a 10%#

ds, the lower is

(=R

changes into reap

biomass of benthos

D

2 and gravel blotope

\

River approrimave in biomass

n The Liosc

'»J-

K4

enisey River (0.2 %o

)

The p°1onn11e benihos in

e
aivuvelins

yroductive water vodies of

3

part of the Soviet Union.

o

Hiver (e::cluulvxu the mollusks)

svone pottom,

the -blomass of

75 amqo—lluJO“neOdnlle complexes of ¥the bot
(6.7 o 13 grams.ner
o Riﬁer and are conslderebly fich er
0.4 gram per squ
thé trivutary sysjem of the
ievelopment in the limnocrens, whefe it
odiaﬁd

the

snallow f£alls with small speed of

at

“The deeper the fell, which gradually

benthos. As a rule, the

is greater on the stony growuwnd than on the pedbbled ground;

is particularly poor in bentnos.

/p.138 -
tom population of the drmur
scuare metre) the complexes

thun the complexes of the
ere metre).

Armar trivuteries
equals the most
in flatland rivers in the Zuropean

ELa i S

piomass in the 1004 1¢na of the Oka

onstitutés according to V.I. Zhadin (1540)




6475 of vhne long-
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rams per sguare meire, and of the Volkhov River,; 38 grams

Tong-Tern Fluctuations in the Biomass of BQanOU in the Tributaries

The late 1940-ies, when our svudies were initiated, were a period .of
a relgvive snsllowness in the Tributaries of the Lower and the liiddle Amur
and in the Ussuri Rivers.

In the Xnor' Rive Ty the lowest summer water expenditures comprising

_only 48 to 755 of the averagse long-term e: xpenditures were observed in 1849
’

1950 ana in 1951 (in'ﬁugust 1951 a considerable flooding uooh vlace). In
The  Iman Eiver the period of 101 expendltures cové:ed the yeaxrs 1947 4o 1951
(agzin, éxcept the 1951 fell flooding, ead in July, 1949 and 1851, as well
es in June, 1950, the water expenditures were only O to 25% of the longéterm
average.

.The éyerage annual water expenditures in the kno; River, ih 1949, was
berm average, and in 1951, it was 70j%. In the Irman River
the average annual expenditure in 1947 was 7745 of “he long—tefm averaée, and
in 1949, 585, in 1950, 65 In the Bira end Bi zhan Rivers (*”1butar1eo of .
the lower :eaches,of The Idddle Amur) the shallow period also covered the

years 1947 to 1852, In the Bira River the averagze annual expenditures.in

‘1950, 1951 and 1932 were 325, 725 end 85 of the long-term average, respectively.

-

This period lasted $ill 1954 (1853 was an exception), and stariing

with 1955 a higL—mater’period began, which continued until the 1960-ies. The
difference in muter ‘evel from year 1o year, and from period to period has a

.

rvlﬂulvely snall erfect upon the winter expenditures of water. Thus, in the




the 17u1O“P“OD ile complexes in

Yhor Diver in the snallow pbflOQ, only in Januarytﬂ'd in Pebruary of 1951,
did the Watervexpeﬁditures differ’mateLlally from the long-term average
4he latter.

Tn the foothill riversean increase in the run-off is accompanied Dy

e ~

‘meverisa 1 changes in the hydrological conditions: the sumner temperature O

weter uﬂc”eﬁ es considerably and o moderately-warm-water section turns into

a colda-water section, the tu*bluluy and the. gmount of t”ansvorteu deposits

increases. Tae channel-springs turn into river braaches for the entire

surmer period; these river bra’ches'are filled with turbid river_water; the
developrent in then of higher vegetavion and o_ a]gal overgrowtn is inhibited
or ceases. On the stones of tae river beds énd in deeply inundated falls
sand, gravel and c¢lay particles are deposited, a factor deteriorating the
feeding conditions of the inw-*uobrgﬁes, Wno are consuners of algae, dgtritus
end of vredators with ca tching nets.

Lhé saidé paenomena permit us to expect that prolonged chénges in the
water mass (change of high & nd low water periods) rmst have a material effecd

o

upon the viomsss and the species composition of bobttom organisms. TFrom the

following ecxamples we miy judge the effect oFf the increased surbidity end of

The Bira

U‘

2 conoiacvaole ariouns of suspended and transpor ted deposits
River, in which the turbidity is consideréble during the surmer period

(visibility to 25 or 30 centimet s), is at’the presént time considerably
poorer in benthos than any other river uer“ave uuuﬁl a, regardless of tae-

similarity in current speed and therna 1 Condluloﬂg. The surmer biomass of

ne Pira niver consiitutes 2 grams per square

ct

netre on the sltones, and 1.2 grams per °quare metre on medium .cized pedbbles.

i s - . g
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It is easy.to:see, thal These datg are slighily below tnose in other rivers,

Wie may, as andther example, discuss one of the small channels called

o]

"Pelelcn' 4n the system of the Georgiysvsk spavming grounds in the ilior /D259

~

Fver. Uatil 1955, "Telefon” was poorly connected at the outlet to the

river bed. After a Geespening at the outlet it furned into a river dbranch.

®

The summer biomass of benthos at the falls of this channel-spring, which

in 1949 and 1950 averaged 20.7 grams per sguare metre, decreased in 1955 and

“in 1956 40 9.8 g

cramg per squsre medre. The ‘decrease in the biomass was

primeri aused by the almost complete dissppearence of the previously

popsycine griseivennis, liecronema radis-

(:'OTV' v r s o e i, e e+
, Tun,
o | -
Comparison of our observations on the benthos in the XKhor River, in
tno years 1949 to 1951 and in 1957 %o 1861, shows that in a river bed, when

eriod, chenges in the

- o4

a shallovw-water period is replaced by a nLQA-.ater

g

species composition and in the blOﬂaus of the lithorheophile benthos, are

basically analogous to the ones described above. In the years l9e9 to 1951,

the larvae of the caddis flies Stenopsyche bergeri, liystrophora altgigg,
Agepetus sibiricus, ArcthHy31e amirens 1s, Egloubg, Hydropsycne nevae

were very comuoa;j in the rnedizl the larvae oflggnlogloqgg nylenderi,

nlnlxu, young Arctopsyche are common, and in its deepest sections: Liacronena

‘mhipsyche proluta. - The frequency ofi the occu:rence'of these

species in %tne Uualwtgulve samples was between 6O unl 85750 The average
. : abundence of caddis fli 28 2% the fells was 1005 gpecimens per sscuaore. meire

in the summer. Very nuierous were the larvee of the mayiflies LJhC erclle
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v

o t0 20 To 247, their average abundance

oty

&t the veme falls Gecreased to 430 individuals per‘square metre. The larvae

of Fg; /c”owvlcll¢ becane such a rerivy, that one had fo spend mich time in

order to.find 1 or 2 larvae. . In 19581, we observed no large irago of
!

aurln; the summers 1949, 1950 and in 1961, anc at

‘Izcronena rediatum flying at the river. On ithe whole, tThe number of flying:

" anmphibiotic 1ﬁSﬂcts, jols! ?tLCUlc“ly of muj’lleo un caddis flies, decreased

by

shexrp ly s compared to shallow pariod; the abundance of stoneflies decreased

The entomological collections were carried out particularly re'ulaily
the same sections of the

by

bank. DJuring the first two years the standard catch of ten throws of the net

usuully leLQGd Sﬂveral tens of‘adult insects: caddis flies, mayilies,
stoneflies =znd others. Their species. compos ition changed in accordancé'with
the date of Qollection, but tﬁe abundance was the ssame during the entire
summer starting with early’spriﬁg.

. In the summer of 19f1; other conditioné‘béing. ecual, uSUQllj Only th

afnt, mayflies and ceaddis fllé° viers caughnt

-

inegoes of storeflies wers ci

[

onlj in individual nuabers, most often there was nov more than 2 L0 3 speciles

per catci.

The insects walch have diseppearsd or whose mumbers have been sharply -

curtailed belony to the group of species the lervae of which feed upon

vegetation detritus and’unon small anima suand algae carried.by tne ilow of

watér; Insoler as they dive in the hIlDUUq¢lﬁu of the Amur Hiver in a rather

wide range ox waber tﬁﬂwcﬂwvures and -0 the current rates, we mast’not consiaer
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these factors es thevcuuse oi tnv'inhibitionwasamuch asaihefgeterioratibnxin'
the féeding;con“i ions. Speaking of stoneflies; it rust Bg'pointéd out
that meny of bheir'speéies are predators or facuitative predaiors

vﬁndér éonditions of sharp flucfua%ioﬁs in factors of the environments
énd primerily of the water level in the river, .the specieS‘ﬁith ﬁhe~shortest
life—épan find themselves under the most favourable cond 1tlons, und
furthermore, within this BLTOUD the advanta age 1s on the side of thosebwith_
the.shortest period of active aquatic stages.

Among the emphibiotic ins cto many chironomids have more than one
»gene;a tion per year. The one-year life cycle is characteristic of a consid-
erable npm5eriof other chironomid species, of the'majorify of stoneflies,
mayfliés end -caddis flies, Thus, species of Lpacnmerelle, numerous in Zihgig
the basin of the Arur River, are charécterized by a one-year cycle, however,
their -Cevelopment type is varying (Levanidova and Rubanenkova, 1965).

“T : _yellu ignite has a long latent oe*lod at the egg stage, its juveniles
appeai in ﬁhe watef body in spring. During the period of thé heaviest
floodings, in the first half of the sumer, B. ignita is représented in the
benthosvby“ydung lar&ae, whiéh afe, es we know, less susceptible to the un-
fiavourable'influehce:of»the environment.  In August and Sepfember thé eantire
podulation flieé out. These peculiarivies, as well as the relative ewry-
blOulClty of the larvae contribute to the p;ogress of this sbecies during
the hishywater periods. On the other hand, in years with unstable water

level conditions and w1tn all the unfavourable enV1ronJentul Tactors accon-

[e3)

pa yln ~ucn coq itions, the insect species with an extended flight perio

have a definite'advantage, In such species the proc es of :ot IOrpRosis

egg-loying, development of juveniles nave a chance, even in a fraction of



the.noPulation; tc coincide ¢ith fovoureble periods f summer. "As examples

o ’

;lelontlc insects may

)
%

of a,thnlv extenced period of myltiplication oI

", g 3 N PRI S I
serve may.‘.Llesvmpeoms latitoll

>dyonurus toblironis,

Friropsyche nevaeg, Azapel s sibiricus,:

as well as very nany chircnomids.

The flight periods, ¥ shich restricted to early spring or fall, when
ususlly there are no nigh £loodings, are also favourable vo the reproduction
: =l -€5 IS

of species. To tne late-~Fall species belongs, for exammwple, the widely

occurring and very nunerous caddis fly Arctoecia . servata, which emerges in

[0}

[0

many

P

the second helf of September. Aimong ‘the early-s spring speciles we hav

stoneilies (spécies of the genera Arcynopteri, Diufa,-? 300100u€;j§), as
well as certain E@ggggggg;gégg_ané Cepniidae. Insofar as eggs oI many
species of stoneflies remain several mom s in a state of latency, ¥The young
generation of these species appears only &t the end of the sumer, in the

féil or in winver, when the floods are OVeTs It is jnteresting that a number
of snecies emerge, ab least péﬁtially, it seems, during the rost unfavouradle

time of the year in respect to The alyr temperature. Thus, the mayilies

which moult at the s

tege of subimaego, were found in the.Tatiba
-~

River (o tribvutery of nman) as late as October 12%th; flight ol Syndiesmesa

nivoesa of the swmer generation is siretched uwntil Hovember inclustively, .

wnile I found the imago of certain Ortnocl: iiinae in the hoor River in

s

Liany specles with strong mnd mobile larvae, capable of active

locomotion, Rave definite atventeses during the high-water period. Such




genera Pieronarcys, ALCvuODuegj Ty

'gﬁonerl’ end the femi

In the years *ith‘saar_ Tluctuavions in the water level the larvae

cf ingects with JfOlOﬂS@Q ;x:ooile stages, sensitive %o the external
conditicns, are in a most unfavoursble position. To {ais group primarily

velong the larvee of cadais Flies living at the falls and in other shellow

5

sectlons., The prepupal and puvel stages during which the animal stays in

‘e, chamber or/closed casing last in the studied water bodies from Tour or
- Tive weells To several months depending on the species (;Mc* vsyche, Stenopsyche,

3

Liystrophora, Dinloslossa and othersj. In this condition the iaverteorates

. E P A& 3 4 1% e » ! i g
perish easily Iron aesiccavion, s1iving, Ifreezing ar.:‘l.ov“ﬂex‘ causes connecied

with the sharp Fluctuaiions in the waier level in the river.

flies

5]
N

e

water periods sto

over The other anm OJJDlOEWL lnSCVbo

wad chironcmids have
caused by the, 0101053 of these groups. .
In low=-vater perioas the picture of the benthos distribution changes

-

along the transverse proiile of the river. The low level of water in

S the
surmer causes a contraction in the ripasl areas and cpyroximation of the medial
conditions in the sections of rapids to the conditions of the ripal. Therefore

the differentietion in the distribution of “the bottom enimals is less pronoun-

4

ced and the coastal areas (thne ripal) are populated considerably more densely

i

nen in the high-water years, the grezter consiancy - in the level, also‘éon;
tributes hereto.

Ig The high-waier pericds ihe species whichh are wmore ““enoblonulc
reduce their nuibers, the curjoipnﬁic ones suffer less loss. Thne more thermo-

N

Twad T e ~ a ia AT e PR N van - 5 4 . . . > :
phile specles cede tu@ll-ﬁluLC c0 the nore cold-loving ones. Thus, insteud

/0141

N




. anwrensis, in the XKhor

instead of mayflies

. Tpis pattern is ruch

stronser pronounced in the lower reaches, and partly in the middls reacnes,

of the rivers. In the upper seciions +he pish-water periods have a lesser

effect upon the fauna‘bGC“use of a greater s%ability‘of hydrological‘
contitions.

Alternavion bebwveen high;water and low-water periods haﬁ no visible
effect upon the hottom Tauna in the limnoccrens and bays in the rivers., This
is unie;standable insofar as the fluctuations of their water level are

Cinsignificant and the environmental conditions are incomperably more stable.

Seagonal Dya of the Fjuctuations in the Biomass OFf Benthos and

=t

the Growth of Invertebrates.

The size of <he biomass of benthos in the foothill rivers cnanges
uﬁéer giftect of counteracting processes: 1% increases with the increase in
the in@ividua‘ ﬁeiﬁéo of the aquatic organisms and with the rise in the
'numbers-éf the popalétion, wneh a new generationvappeafs, ant. vecreases owing
to natural nortality, including the predation.of these orgenisns; in the
amphibiotic’in;ects it also decreases as a result of the Yrensition o Tae
winged phase.

O . i

The flicht of amphibiotic insects sives a very acute character to

she fluctuations in numbers o {their lervae, the ore S0, since in many species

sueh o flight tekes place 2 105t sirulteneously. In insecis vith one-year




cycle tne larval blO s in meny cases drops after the flisht to zerc, and

or. & "ertGA“ period of tlne,tne entire species is excluaeu from the

I3}

cquatic biocoenoses, tais, of course, does not happen even at the he aviest

-

devouring{ This éoﬁsﬁit@tes 2 materiel differ ence in the Qy'amlcs o; the
numbers of the aguatic steges of ampnlolotic insects from the dynanics of
crusteceans, mollusks, worms etc. However, if we consider separatély one
"“ﬂe_utl;ﬂ oi the axuatic invertebrates, then at a constant decrease in
numbers its biomass constitutes fhe resultanf value between the raxe.of the
individual growth and the rate'pi.the natur al nortallty, the first value
exceeds the second one &% 1east'in thevbeginning of the 1life cycle, and in

neny aquatic insectsy 1% excaeds the latter.right to. the Ilight, as a result

it vie u1ﬁ*e~ﬂ“~ tae 1nn1b1 1ons in growth that are connected in the

larvae of acuatic insects with moultings, +then the rate of growth mey,

with certain admissions, Dbe expresoed by the following equavion:

vhere vy is the initial weight,

PR . o

¢ is the specilic rate oxr &F wTh,

4 is tne growtn period, and
e is the vase of the naturel logaritinms (Schmalhausen,-l955).

Insofor.as we speak here oI very epprorimate caleulations, en

ordinary algebraic couatlop for compound ‘interest nay be useds:

vihere £ and‘Po are the initial and tersminal “Llfﬂ s for the period,

q is the ave;uue ulurnul W“luht 1ﬂcre \se expressed in oevcenuU.
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The average nauurul morvality rate is expressed by The ecuation
opposite to the growih ecuation:

Moo Nl
: o]

ct

- wnere VL and Y\O are the sbundance at the beginning and av the end of the
5 :
perioa (t).
X is the loss coefficient.
Wnile comparing these vuuatloa 5, Ricker (10 2. ) and Parker (l 362 )

used for the dete:hlnuulo cf changes in the biomass of the soc Xeye
4.

population caused by the growtn processes and by the najurel mortelity rate,

the fellowing equation:

n
1% -
- z~1) . 100 and ? =P « B
= e'w ) - “n ) ’

vwhere g is the growith index of the average individual weight for the period

i is the indeéx of the "iastantaneous' : mortalisy for the same period

(in fractions of one unit, for which the population abundence is accepted),

P and P are thc biomass at the end and in the beginning of the period.
AL the present time we have in the hydrobiologicel literature a
relatively sunll rumericel matericl on the rate of welght increase of iresh-
w@ter‘invertebrates,

In nis monograph 4.,5. Konstantinov (1555) discussed thg character -
and the growih rate oI the'chironomid lorvae and presented dava on the in-
crease -in the 1»ulv1u 2l weight, i.c. the value showiﬁg by now nany pcrcent;

08T day the weight of the larvae increases on the average. The author




~snnularis the averze index-of

—a R

increases its weight on the

of the weight increase de-
celereses with the age, end during the lest 5 davs (The entive development
lasts 20 days) the index of the weight increase is l.1ld. In larvee

the 50 days of development

is 1.17, but during

%

the last 10 days it is 1.06. For Ch. éorszlis ¢ 1s 1.55 for the 13 days,
7. For Gliptotendipes pellens g = 1.53 -

.

ror 17 days of develcpment, but for the lest Tive days it is l.2. ¥or

occurring also in - the urLOlt aries of the Arwr River q = 1.57 Toxr the nine

Geiys of development anéd 1.3 for tho 1ast two days. Judging by these data,
the chironomid larvae grow with a phenorenal speed: vhe average dally
weight increase is during ‘the period of developnent about 505 of the body

weight, nowever, such an intensive gr wth is connected to a considerable

degree with high viater teanperatures. Tnree speciles tnat showed the greatest
veletive grovtn rate (Ch. dorsslis, B. sendens, C. silvesizis) were kept
o niOj . .
at & temperature of 24 C, G. pa 11““5 and Ch. annularis, at a tem erature of
2 y He PELLEZS Lhe gmmuilarls,

22°¢., and Ch. plumosus, which showed the smallest growih rate, vias kept

0f great imporiance to the calculation of the weight increase in
chironomids is the stebility of ta s ration of the weight to the cube of

linear Clﬂbqolo 5 talren over the devclopment period as proved by 4. S

(3

Kbrsm;xuinov on o consideradle Factua voterial. It is knowm +hat with each
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3.

moulting the linsor dimensions (in e

H
<t
X
QO
o
H
;)

ar the widih of the head capsule)

P
far
o]
5
t.’
g
0]
o
<
®
o
®
! El

crtain number of times. This coefficient, according to-

——

4.8, Konstantinov, is for the head capsule of the chironomid larvae 1.6 vo.

lata on individual w01g

o

1.7. In the cage of other.acuatic insecis the

O

ineresse 1may oe obtainad for our purpose Irom immediate ovservations in the

3

water body by means of measurements and welgkings. A certain cifiiculiy

here consists only in the le“b » of the emergence period of the new generation,

but at a detailed anelysis we always succeed in determining the time of

- major emerﬂﬁﬂcc’of the new generation and to trace its growth during the

entire period of develcopnent.

The crustaceans seldom have a2 distinetly limised season for rmltipli-

cation, afier which a general aeN*erulon of the old generation would ©

place. ZFPontovoreia ai

inis is an excepiion in this respect, a phenomenon

ot

7hicn allo rod V.. Greze (1951) to determine

and to develop a nmethod

1

or the calculation of all the similar cases (in

iy

varticular this meihod 1is applicable also to the larvas of insecis with
sirmltensous emergenoe).
The matters are more complicated in the case of aguatic isopods, which

milsinly during the course of the year, av various intensity so thal their

3

opulation consists of seruelly inmatvre ;)uven"1 es and adult individualg, 2

&)

o7 which, having achievéd the. meximm age, dies. Here an experinental

Geternination of the growin rate in une ﬂouarluﬂo and tanks is poosibley as

M.V, Zneltenxova (1952) dic

(.’)
|d '

for the acuatic iso

i
’,J.
ot

opod Asellus aquaticus L.,
or a vuermllwulou of tne average increase according 1o extensive measurements

at certain intervals of time end exclusion irom the comparison material of

he individuel weight, productiion,
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£

juveniles, who appeared aftter-the beginning of .the selection of semples.

liere it is often convenient to eveluate Tthe changes in the-individual weight

from the shitt ia the modulus of the varistion series.

RIS
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In table 42 dava are sanowa on.the individuzl vieignt increase in

o runper ol insect and crustacean larvee in %he period of intensive

growth durins spring and summer months.

Zable 42.
'Helative Speed in Veight Increase in Certain Botton invertebrates.
T ]
G - S .cS S g o
Species © .o Season of oo U5
8 tq the year Yoo o0& Source:
T O Sy Py
= O N QU T TQ
Hz o = T = Q
1 2 3 L5 6
Chironomid larvae
Polypedilum gr. o o )
© scalaenum 1.087 July-Aug. 30 19.9-22.8 A.8.Kon-
¥ , S . - ’ stantinov
~ Tanytarsus gr. - o . (1950)
mancus - 1.193 May-Jdune - 30 11-22 " :
Chironomus plu- ‘ - | : .
- mosus 1.173 June-July L9 18  A.S.Konstan-
’ : L . : tinov (1958)
Cricotopus sil- : ' o
. vestris 1.338 July 5 24 "
Syndiamesa orien- : _ - : .
talis 1.033 Dec.-April 120  3.0-6.0 Our data
Syndiamesa nivosa : . “\
(winter senera- 1.029 Aug.-Feb. 180 9,0-3.0 it
tion) o o :
Syndiamesa nivosa ’
(summer gen,) 1.065 May-dune 60 6.5-7.5 "
Diplocladius cult- , - : ’
riger = ~1.031 Sep.-March - 180 be5-7.0 w




- Continued:
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1.030

3 L 5 6

Orthocladius 1lv. : - ”';

cyanesus '1.035 -Jan.-April 80 3.0-7.0 Our data.
Orthocladius 1v. _ | s

abundans 10035 Jan.-ApI‘il 80 3.0"700 1
Paratendipes'aln; _ _ :

bitibia // 1.040 Jan.-June 150 4.5-6.5 "
Lauterbornia ~ | S

chloropthita  1l.113 June-July 30 7.6-7.6 "
Stictochironomus : o : -

psammophilus . l'o 030 Jul’le—oct. 120 610"9.0 "t
Larvae of Caddis flies |
Rhyacophila narvae 1.031 &pril-May 32 6.0-10.0 Our data
Rhyacophila impar 1.024 Aug.-Jan, 150 L,O-lo.O:‘f_.n
Hydatophylax nig- | o : :
~ rovittatus 1.050 July=-Sep, 70 10-12.0 - ™
Larvae of mayflies - i
Chitonophofé sp.No2 v ,

(E.dentata Baik.)* 1.047 May-June 35 § -1 "
Crustaceans |

- Asellus hilgen-' : ' ’

dorfii - 1.025 June-Sep. 92 _8 - 11 "

~Asellus aquati- . .
S .  kova (1952)

Pontoporeia af-

finis 1.014 June-Feb. 240 - V.N.Greze

| | - - (1950)

Rivulogammarus : o S

lacustris May-June.. 60 8 - 14 - Our data

/Continued/
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Continuation:
12 3 L 5 6 -
Gmelinoideé fas~ o S
ciatus 1.022 June-Oct. 120 15 M.Yu.Bek- "
. e " man(1962)
_Micruropus pos=- : o
solskii 1.035 June-Oct, 120 15 "

%) The major species Ephemerellidae characteristic

N

of the water flows with the lowest summer water'temperaturé

(TeplovskaYa River, outlet of a limnocren, Nemptu River and

others).
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_The growih rate taken over considerable periods of time is far fronm

uniforn; in many chironomids species the growth of larvae during the winter

almost ceases, while in the early spring (in Herch and April), at the

‘same weter temperatures (or at slightly nigher ones), the growih is very

intensive. In Spring the rate of weight increase in the cnironomid larvae
¢ & ’

' . o . . PR as '
at . a temperature of 4 to 8°C, is expressed by the following indices ol the

welznt increase:
Syniianesa orientalis

Hiplocladius cultriger.

1.074

1.111

Crihocladivs sp. (1v.cyaneus) 1.102

Criaccladius sp. (1v.abundans) 1.108

Porzsendipes albitibviea
auserbornia chloropnita

{ricotopus silvestris

-

‘(?ebruary—ﬂarch)

(Harch_A ril)
(April-iiay)
(April-¥ay)
(iarcn-Aoril)
(arch-fpril)

(April-liay)




The deaily weight increzse in the chironomid lervae’ in spring is

o

5-the ‘average annual weight inerease

1y S

.qppro;: _m':telj ‘three times-as high o

':J

per 24 nour period; it is interesting to notice here that this exceptionally
high relavive growih rate is observed in larvae of older ages prior to

nouliing into pupa.

The relative growth rate of ,

of the chironomid larvae exceeds .consideradly

)

the 5ro/ug rate of chum fingerlings, who in the same water bodies increase

bhelr welzght aeily oy 2.5 to 3 (Levanidov, 1955)., The difference in the
relative growta rate leads to the fact that during the fatue41no period of
tne chum Jingerlings the number oi the chironomid larvae of one and the

-

same species devoured by one single xlngerllnb in one day decreases with

s
L1NC .

Other larvze of ‘aouatic insects such as: meyflies, caddis flies,

2

stoneflies, and most probably, also of other orders, grow at idenvical
temperature conditions epproxizately av the same rate as tne higher cruste- /p.145
L

ceans, and considerably slower thnan the larvae oi chironomids.

4t such a hlud relative rate of weight incfease, which is character-
iStio of the chironomid larvae (¢ = l.lOO), these larvae can withstand =

| very co"glderéble devouring,‘and heir blOT LS5 ,ill remain at the same level,
or will evenircrease. Thus, at the :entioned indéx:the natural morfality
-(inciudln: the ae#ouxlnr) may be 945> of the numbers of one generation per

one single monitn, but the biomass will still remein at the same level. Under

natursl conditions the biomass of the chironomid lorvae oif each new

N

B . TR
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In crusy caceans, whose ¥

the curve of

watursl morudllty is bulCally determined by’

-~

ot the end-of the life-cycle (after repeated

the blomass dynamics has a smoother character-

° tne biormass usually occurs atbt the end of winter, or

-1,

Septenber.

vbes the dynemics of

lerated. In the case oI acquatic isopod

Te ﬁlovssayu River tak es place in Kay and in

tne biomass in the choronomid, ‘
stacesn larvae in the Teplovskays #iver. As the greph

i Rn. narvee have Dlouwass dynarics typical of

+

mely: a compressed period of mwlul?jlcaulOﬂ and

L

czrence) after the multiplication, For such-a

regular increase in the blomass and an increase in the- abun-

~

found‘in the population of the ar-Zasiern 5211:0nS) .

ion. ﬂ}ﬁamlcb of the aquatic isopods have a more complicated

7 'all the species with a life-cycle of about one

rltiplication cycle witn two natina (in April and in

ary the percentzge of females with ovisac

opulation from 1.7 to 3¢5 of vhe numbers of Tfemales, while

t0 8,15, in April to 25.05, in May and June it drops to

trarch 1t ris

A

ddle of July itV is 26,59, while in August and Septenber

1 5.8, :esp00ulv ]J. After tne rmliinlication die only the largest

g R S

|
l
1

the population




1%

M

Crams et S4WEHE
esm?

20

15}

vit 1X X X1 X

A i
; ou v v v Vi U

mom Ths

<

\

the population biomass of certain
e 0 he Arur River. 1 - chironomid

malbituai
lervae (

=
0
the caddis Tly

L & T
ic isopod Asellus nileendorsii; 3 - larveae of
b b loil ettt 3 Rglbaaitnuo e bt




268
and, probadly, the-oldest’ individuals. The numbers of dead 1nd1v1cualu, atter
the multiplication are very high in April, but; considerably-lower.in July.
The duzl peak curve iz xpldln d on the graph by tue two periods of intensity
in multiolication.

e total curve of the biomzss of the chironorid larvae indicates, “how

ey

the difference in species levels-the extent of the fluctuations in groups

¥

(o2

o

species, the abundance of larvae of each of them drops in the period of

-

rultiplication pract cc¢1y-to zero. The dynamics of biomess in the individual .

species of chironomids fron the‘TeplOVSLﬁva Qiver are showm in the work of o

_— . s . - \
Levanidov and Tev ova (1962).
When the flight of the scuatic insects is stretched over a period of

e e S a2

two to thres nonths (as, for example, in the ca eddis Ilies Diploglossa ny landeri,
- 3 / s - - L L

Acepesus gibiricus, Hydropsyche ne _»;J or when the life cycle lasts ssveral

years, as in stoneflies Pleronarcys reticuleta, Eeogha~..naohora brevipennis
end certain ouheL.Wﬁr»lwes, then the seasonal fluctuations in biomass;are;
expressed relatively poorly,

1

An increase in the blomass of benthos in z salmon rivér does not cease
:ithroughéut the entire winfer owing to the 1na1v1auhl. roQuh of the vottom
ivvertel rates. The portality caused by ebiotic factors during the périod

of hibernation is, as a rule, sﬁall,'although in the individual years, when
here is a catastrophié drop in the level, in some rivers we observe death of

benthic animals Irom-starvation. and freezing, Thus, in the mlnter 01 19 1/1952,

we sad desiruciion of stonefly and caddis fly larvas in the fro:en river—bed of
the Ampun' River, but such phenonena are relatively few. The growth of i Wwer-
4.

tebrates in the winter period particularly intensive in the limnocren and in

the spring channels because of the relatively hiza water tomuemwbuwo.
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JIHG OF THE

e -

fhe benthos animels (except the vredoiors) are the first heteroirophic

nain o the salmon rivers; they are the mein consumers of

the primary snroduction of the asutochionous and allochtonous origin. The

-

feeding character-of the bottom crgenisms is determined to a considerable

2

o

degree by the peculierities of the biotope; Forms living in swifi current

©

and on & stony ground, are relelively immobile; thus have develoned a numbder.

%’

of adapiztions verrititing them to feed upon rood traasported by tne current,
as wall as upon the overgrowin on the stones. The more mobile representatives
of the evifeuna of sandy and silty grounds, to whom the resistance to mech—

anical force of the current is not itheir mein tasiz, sezrch their Jocd by

ively moving along the voTtom.

Tne degree to which the feeding of the aguatic invertebrates of the .

mountansous and semimounianeous rivers nas been studied is insuificient for

the compilation oi Tood spectira and Ior the &

etermination of the amount of
food devoured by each spescies; however, the available materilal cea slrzady

ensble us 10 determine the difference in the feeding cheracter of the orgenisk

category ané the numerical ratios of them in various ecological complexes.

de follow the exermple of B.V. Borutsiy (1955, 1959, 1G61) end divid

she azouatic invertevbrates cccording to the feeding type into three groups:

plantivorous (vhytop:
'.(“hytOZOOphages>, pho in their turn are subdivided into smallsr groupings.

5.¢, Lepnovae (1964) indicates that

on stones in she mountain streams live the clgopnages, such as larvee
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following conclusion: 'In tne ... the Teeding o

larvas 1S

aifferentiated being connectsc with the

2

species: the microphages, the dullders o)

. , s ' *' o-living species, thne bulldef of %he catching
the carriers oﬁ the houses are plantivorous. In thebv
suborder of Integripaloia, wWhose 1avvee consist entirely of nouss-car ~iers
the feeding on Gecaying of ire ﬁ Ol‘nt‘f od precominate , which is character-

igtic of this orcer; this suboxder comteins n predators in the proper sense

- nis conclusion ~agts to & coasideraple degree on she work of L.Ve

Korolenwina (1951), in whose experiments the larvae of the femily FPhryseneidas,
i outright to take animel Tood. However,

when plant Tood wes evailable reiusad

7.I. Kaoshiin (1958) proved, tasat under natural conditions the larvee of

cnrye



Ponfobunaddl 5 S Rodvbuitun Satert

0.5L. Zachelova (1 oO) the lorvae Inxyganee

on'anl'wl fooi: on larvag, ox chironcmics

rum

o gr. nervosus, on meyilies Caenis sp., oa aguatic

Proclaodiug,

isopods, on micy

Tarosobicoida end dotresois. In

the feedine of other species ol the same femily (Agryonie.
: i 2E

obsolets } 2lso the larvas of mayflies, chironomids, aquatic 1500048,

clsodocerens ete, ave found in considershle =aount together with the plant

C.L. Kachalova iustly points out, these .species of

natursl conditvions, typical socphtopheges; they may [Ds1&

Tn our studies, we fowad the large larva Holostonis pinalazenoides
living. in the spring-channels end in warm-water rivers to be a

the -alimentery tract of six larvae, . opened by us, vie Tound nothing but

: ‘ *
: i : S P . . e .
remains of eninal orgenisus: larvee ox shoneilies Capnisa sp.. (505 7 and

Desides the inssct larvae, we found in the alimentery tract v remains of aguatic
isopoas snd vlqn rians. Under aguarieal con¢1nlor the large lervae Paryganssa

sinensis demonsirated the predatory way of feeding.

thot within the confines of one Zenus

$he occurrence Ireguency in percent.
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the feedinz of different species, as o rule, is of one and the sane character,

vie con, on the basis of S.G. Lepneva's daba classify the lthornbonalle CauulS

—y

Lla,

the irur River belonging to the genera Hhyacep:

natonsyche as Tacultative n”euu ors. Sﬁgﬁquyc;e

rriseipennis end S. bergeri eaccording to I.iL. ILevanidova's observations

(Lepneva and Leveanicova, 1955) feed by gethering from the surface of the
catching net the microflora and microfauna organisms ce ubnt in the former together
with org “anic substances orought with the current. In the intestines of these

species, ovened by me, the green and diatomous algae, detritus, minute enim al

organisms and snall mineral varticles predominated. S.G. Lepneva (12064)

classifies the larva S. griseipennis as microphege, which is a part of the

group of thre omnivorous enimals, the phytozoopheges (Box uuaky, 1961).

(/)

Such inhabitents of stony rapids and fall as liystrophora altaica,

i, ussurica, as well as species of the genus Agapetus, belong %o periphytopheges.

Iiving in water bodies with weal current and low water temperature on stone

¥

and pebble grounis, the larvae of the genus Avetania feed Thewsslves by
scratching off algal deposits Irom stones and may be classified es belonging
to phytozoophages.

The limmopnile caddis ilies, waicn llve in slowly running rivers, reaches,
spring chamnels, river boys, lirmocrens and otheér éimilar water bodies, end.
who comprise the dendrophile, detritophile and pelopnile complexes of organisms,

()

are basically phytophages according to their method of Teeding themselves.
VAR DRAE , TN

-Furthermore, as L.V. Xolenkina (1991) demonstrated, these larvae also feed upon

the decaying leaves of trees. According to our observations the plent food




(detritus and algae),is used by the larvae of the widely occurring species

Hydat ﬁ‘, asz'nigrovivtatus, | vdatonhvlu; magnus, Arctoecia servata, Asteno~

novauliuvg 20IMorsus and others. Among species. that are common

";EEE}(UQG Calamoceratidae family), which

~lives in pieces of wood hollowed by itself or in reed canes, and it is a
facultative benthophage belonging to0 a group of omivorous enimals. In its
intestinel tract are found ‘green algae and Temains of the larvae of mayflies

Heptagenia soldatovi and unnennrellg u&eﬁlata,'Of stoneflies Capnia so4,

caddis flies ZRbyacophila sp., chironomids Prodismesa olivacea, Cripiochironomus

Gefectus, as well as of amphipods Carmn“uo lacustris.

Peeding of the meyfly lervas. Iiaterizl pn the feeding ol the Aruxr
. mayflies is smell., To obtain quelitative characteristics of the feeding of

this group, I.1. Levanidove and I have ovened intestines in larvae of major

gpecies (vnpublished material) collected meinly during the warm period of
the year., The feeding during the winter period of some of the most widely Zb
occurring species of the Dphemerellidae family was studied by L.A. S[obodchikova

Ephemera are presented

(1964). Data on the feeding of larvee of the Amur
in O.A. Chernova's work (1952).

.iﬁf (burying) larvee living in the sa ﬂcy-peboleu,
clayey-sandy and clayey grounds, we have studied the content of 1nt scln

in 15 oﬂec1meno of Iphemers anurensis and Zphemera sacih l}§g§§;§, collected

from iey tc October. The intestines in all the larvae were filled and well-
v1 sible through skin-covers. The content con 31otea oi ratvher homogeneous

‘moss of fine organic substance rixed with a considersble cuantity of cuar

"J




were found. Similar composition of

is indicated by O.A. Chernova (1952), who
believes wi%h‘justification that the basic connonenn in this mass are the-

becteria., According o E.V. Borutsky's classification (19 55) these-larvae

‘bel‘oizg;: %0 plantivo: detritophages). ';ﬂaccording %0 0.%. Kachalova (1960),

the larvee oF z e fed with detritus and algae, and ogetqe

with th vbtrltuv they also receive renains.of dead plankters. |

In the H“*‘‘fler;er'eJJL dee family we have determined the Teeding of

sy , Lo o 1 s P N
Ephererella sibirica (a~total of 11 larvae were opened in July and in August),

Chitonophora rmcronata (6 larvae of the three last steges, in lay), B.

levanidove (2 lervae o medium age in I'ay) and Z. taeniata (18 lervee of

various ege from 4 to 11 millimetres in length collected from April to June).

The intestines of all the themere}lidae.also contain en unformed organic
substance, out contrary to the IZpne lenere, We nnrolﬂ* ntly f£ind here also green
‘elroe in the Form of long.threads, and particulerly in Ch. rmeronata, we find

valves of diaioms (sometimes the cells still contain coloured chloroplast) end

even parits of insect larvae (probably semi~-decayea remains), end elso mineral

- oo 1% B e T SR Gl s . S EX LR, Ty ,;,..‘ £« EX A -p oy
particles. The content of intestines indicates vact the lervae feed themselves
K : Rl SEYEE > .

, P S e sl e e AT
by scratching oif the Ovar srowth from the stones and from ctiher odbjects.

Conversely, in the homogenous orgomic unformed contents of two studled intes-

this indicates that the larvee collect and not seratcn oif Their food.

fne intestines oi three larvae of the-Caenis Sp. (Brachyceridae family)
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Intestines of three larvae...../TR: Typographical error: First line

of tﬂe previous paragraéh is repeated here, but first line-.of this paragraph )
is, gnfortunafely,vomitted/,.....;.biidae) speciés, whicyyare extensively
oécurring in the Khor RiVér, contained green algae and diatoms (July'and‘.
August, six speciﬁens)..‘ |

In the Heptageniidae family we studied the feeding of iarvae Epeorus

latifolium. The intestines of the larvae of medium and older age (9 speeimens)

mainly contained filiform green algae and valves of diatoms. -

Larvae Ephemerella taeniéta,.g; levanidovae and E. basalis, according
to the data of L.A. Slobodchikova (1964) feed in winter upon fiﬁe plant and
animal detritus, on diatoms and green filiform algae. In the food of E.
- taeniata fihe detritus predom;nated,'inlg;‘1evanidqg§g pfedominated diatomous
- ' algae,'as well as filamentous algae; a seasonalify was observed in the feeding
Q ofv_]_i}_._ basalis: in Decexﬁber (yox_mg larvae).fine detritus and green filamentous
aigae predominated in the intestines; the diatoms were SCarcé. The intesfines

of May_(adult) larvae, on the contrary, were filled mainly with diatomous

algae of diverse species—composition., Ephemerella taeniata and E. basalis
are very numerous in the benthos and live in many biotoées, particularly on
the stones, pebbles»and tree stumps.

According to data of a detailed research carried out by S.S. Ivanova -

(1958), fhe food of mayflies of the genera Heptagénia, Baetis, Potamanthus,

Clofon, Ephemerella and Siphlonurus consists of green, diatomous, desmids /p.150

and, to a lesser degree blue-green and Heterocontae algae, as well as of

watermoss Fontinalis, of decaying higher aguatic plants and of detritus.

Furthermore, the larvae of the genera Heptagenia, Ephemerella and

‘ \._‘ ‘ L-eptophleb_iidae feed upon decaying tree leaves that fall into the water. In



