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PREPARATION OF THIS SYNOPSIS

The preparation of this Synopsis was promoted in view of the need to review the
abundant and much scattered information on the biology and exploitation of Osmerus
sperlanus which is the main object of a number of fisheries in the northern hemisphere.

The details set out in this paper are based on data collected by the author in the
course of personal research.work on the species and also, on information received from
various sources, most of which are listed in the Bibliography.

The author and the editor are grateful to Dr. D.I. Williamson, Marine Biological
Station, Port Krin, Isle of Mun, U.K., for his editorial work on the synopsis.
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1. IDENTITY
1.1 Nomenclature
1.11 Valid name
Osmerus eperlanus (Linnaeus, 1758).

Original combinationg Salmo Eperlanug
Linnaeus, 1758, Syst. Wat. (ed. 10), p. 310

1,12 Objective synonymy

Salmo eperlano-marinug Bloch, 1782,
Naturgesch. d. Fische Deutschlands 1, p.
P1.28, Fig.t,

128,

Osmerus eperlanuss Lacépdde, 1804, Hist.
nat.des Poimsons, 95, P 229%.

Salmo {Osmerus) eperlanuss Pallas, 1814,

Zoogr.Rosg.A8., 3, po 386.

102 Taxonony®

1021 Affinities

Suprageneric

Superphylum-Chordata
Phylum~Vertebrata
Subphylum-Craniata
Suparclass~Gnathostomats
Series-Pisces
Class-Teleosgtomi
Subclasa-Actinopterygii
Order-Clupeiformes
Suborder~-Salmonoidel
Pamily=-Osmeridae
Subfamily-Camerinae

Generic

Ogmerus Linnzeus, 1758, Syst.Nat. (ed. 10)
pe 310, Type speciess Salmo eperlanus
Linnasua, 1758. /Linnasus (1758) adopted four
pub-divisions of his geunus Salmo, one of whioh
he nemed ‘Osmerif. The generic nams QOsmerus
Linnaeus, 9758, with type-species Salmo
eperlanus Linnaeus, wes validated in Direotion
69 of the Internstionsl Commimsion on Zoologi-
oal Nomenclature.

"One large ecanine on either side of vomer,
gometimes accompanied hy smaller ones. Pala-
tine teeth enlarged anteriorly. Mexillary eX-
tends to about posterior border of orbit. Yo
striese on opercle oxr subopercle. Distance
from snout to dorsel origin shorter than from
dorsal oyigin to caudal base, A midleteral
ridge, but no anal shelf or elongaied midlate-
ral scales in male., Gillsvakers 25 to 37,
Pyleric oneon 3 to 8, Stomach with blind sac,

#APter Berg (1948) and MoAllister (1963)

Lower jaw spatulate. Anal rays 11 to 14.
Midlateral scales 58 to 72. Lateral line ine
complete. Adipose base about two-thirds of
orbit dismeter (rarely in large specimens equal
to orbit). Orbit diameter two-thirds or leas
of caudal peduncle depth. Proethmoids double.
Mesethmoid simple, without other ossifications.
Parietals completely separated by supracccipi-

tal. Pterosphencids not reaching parasphenoid
anteriorly. 81it present betwsen hyomandibu-
lar., TFour simple actinosis®s  (MoAllister,
1963).

Anadromous or landlocked forme in the
Polar, Pacific and Atlantic Oceans and their
drainages.

Subjecitive gensric synonyms
Eperlanus CGaimard, 1850-52, Voy. en Islande

et Groenlend, Paris. Atlasg, pl.XVIII, fig.2
(type-species: Bperlanus vulgaris Gaimard).

Allosmerus Hubbs, 1925, Proc.Biol.SocsWash.,

38, p. 53. (type—species: Osmerus attenuatus
Hubbs ).
Specific

Three formg of the boreal smelt have gen-
srally been recognized; 0. eperlanug of the
Nowth and Baltic eas, Q. dentex of the Pacifie
north into the Arctic and west to the White Sea,
0. mordex of the Westerm Atlantic. Following
detailed studies of their populatione Berg
(1948), andriashev (1954) and other Russian
workers peve reduced dentex to a subspecies of
operianus. Some amerTioen authors (Kendall,
19273 Hokenzie, 1958, and others) consider the
american smelt as a separate species,; but
Bigelow et al. (1963) and McAllister (1963),
who made a revision of the Osmeridae, considered
thet the genus Osmerus includes only one species,

0. eperlanus (L.

1222 Tamonomic gtatus

It is a morpho-gpecies, a polytypic species
with many geographical and ecologlocal forms.

1.23 SBubepecies

Key to subspecies of QOsmerus eperlanug
(from MoAllismter, 1963),

1(2) Pored moalem in the lateral line ususlly
14-28 (rerely 13~30). Western Atlantic, Pacif-
ic and Arvctic west t0 the White Sea and their
(’l’x’&inaﬂ'@w PRODHODOOOGO0ROLOOONOROOOOODOOONDO00N QD
Osmerus eperlesus mordex (Mitohill)
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2(1) Pored scales in the lateral line usually
6=13 (rarely 0-16)s  Baltic and North seas and
their drainages and Upper Volge RIVeT cessescos
Osmerus eperlanus eperlanus (Linnseus)

Osmerus eperlanus mordex (Mitchill) 1814#

Atherina mordax Mitchill, 1814, p. 15,
New York (Speirs 1951, indicated that this was
the type description).

Osmerus viridescens Le Sueur, 1818, p. 230,
coast of Maine.

Osmerus gergeanti Norris, 1868, p. 93,
Schuylkill River, Hew Jersey (described but not
named by Norris, 1868, p. 58).

(Osmerus sergenti auctorum)e.

Osmerus spectrum Cope 1870, p. 490,
Wilton Pond, Kennebec County, Maine.

Osmerus dentex Steindachner, 1870, p. 429,
Dekastris Bay, USSKe

Osmerus dvinensis Smitt, 1882, p. 32,
Northern Dvina River, Russia.

/The following natios named by Petrov,
1925 p. 82, 108, have no status under the rules
of the Int.Comm.Zool.Nomencl: Osmerus &. dentex
natio kaninensis, Cheshskaya Qulfj Oeeo dentex
natlo jenisseensis, Enisey River at Tyurin and
some other localitie§7o

Diagnosis

Distinguished from oiher osmerid species
by the two large canines, one on either side of
the vomer opercular siriaej the maxillary ex—
tending past the pupil. 4 to 8 pyloric caeca.
This subspecies is distinguished from Deso gpor—
lanus by the greater number of pored lateral
line scales,; usually 14 to 28,

Description
D B8-10(11)s € 193 A (12)13-15(16); V 83
P 11-13(14)s 1L (13,14)15-28(29,30)5 midlat-

eral scales (62)63-69(72)3 vertebras (58,59)
60-56(67,68,70)3 gill-rakers 8B-i1 + 1824 =
(26) 27-36(37);5 branchiostegals (6)7~8; pylor-
ic cagca 4~8, Standard length 3.8 to 4.4

times head length, 4,7 10 To4 times depth.
Pactorals reaching from one-half to two-thirds
the distence to pelvic insertion; pelvie s
1ittle more than half way to anal origine
Adlipose base short, about two-thirds of eye
dismeter,

# Diagnosls, description of subspecies and
synonymy by McAllister (1963:15-21).

Medium sized canines on dentary, enlarging
postericrly. Small pointed teeth on premaxil-
lary and maxillary. Canines on anterior end
of tongue enlarged. Pelvio origin anterior to
dorsal origine Ductus pneumaticus attached to
anterior end of gas bladder. Lateral line in-
complets, ceasing about a head's length along
the body.

Peritoneum light with dark speckles, more
intense dorsally. Ventral portion of body
pales dorsum speckled with black, more intense-
ly around exposed borders of scales, Chin and
top of head evenly speckled. A dark medio-
lateral bar without sharply delimited border.

In life sides an iridescent silver, the back an
olive green. Total length to 324 mm aocording
to Berg (1948). A larger subspecies than 0.e.

eperlanug.

Osmerus eperlanus eperlanus (Linnaeus)
(Fig. 1),

Salmo eperlanus Linnaeus, 1758, p. 310.
Eurcpean seas and rivers.

Eperlanus Schonfoldii Rutty, 1772, p. 358,
Ireland.

Salmo eperlano-marinus Bloch, 1782, p. 229,
Table 28, Fig. 1, northern and Baltioc seas and
into rivers.

Salmo eperlapus var. marinus Walbaum,

1792, ps 57.

Salmo spirinchus Pallas, 1814, p. 387,
lakes and rivers. Germany, Buropean Russia,
(Beloozero, Chudsk, and other localities).

/[Eperlanus Rondeletii Willughby, 1789,
Pe 202, Table 6, Fige 4, Anadromous in Thames
(unavailable since it is @ reprint of a pre—
Linnsean edition originally published in 1686)7

Salmo eperlanus marinug: Walbaum, 1792,
pe 57 (ex. Blooh).

/Ererlanus fluviatilis Gesner, in the syn-
onymy for Salmo eperlanus of Donovan, 1804,
pe 189 (no¥ availasble, & pre-Linnaean name citsd
in 2 synonymxiz

Bperlanus vulgaris Gaimard, 1851, p. 207,
p. 18, Fig. 2, Ioeland (this species not known
in Iceland before or since this time according
to Szemundsson, 1949).

Osmerus e. eperlanus natio ladogensis
Berg, 1932, p. 281, Lake Ladoga (infrasubspeoif-
ic nemes have no status under the Int.Rules
ZoolwﬂomencLQ7
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Diagnosis

This subspecies is distinguished from QO.e.
mordax by the lower number of pored lateral line
scales, 4 to 13.

Degcriptions

DT-93 ©C 193 A (41)12-13 (44); 7V 83
P 11m12(13§; 1L (0)4-13(16); midlateral scales
(58)61~69; vertebras (55,56)57-61(62,63)3

gill-rakers 25-37; branchiostegals 7(8), py-
loric casca 3~7. Standard length about 4 to 5
timesg head length, 5.6 to 6.1 times depths
pectorals extend one~half to two-thirds the
distance to the pelvic ingertioni pelwvics sbout
half-way to anal origine. Adipose base short,
about two-thirds the orbit diameter.

Medium sized canines on dentary, enlarging
posteriorly. Small pointed teeth on premaxil-
lary and maxillary. Ductus pneumaticus attach-
ed {0 anterior end of the =air bladder. Lateral
line incomplete, ceasing less than a head's
length along the body.

Peritoneum light with dark speckles. Back
greenish, sides silver in life. Total length
to 307 mm according to Berg (1948). A smaller
form than O,0. mordax.

1624 Standard common names and
yernacular names - See Table I.

TABLE I
Standard common names and vernacular
nameg of Osmerus eperlamus (L)

Country Standard common Vernacular
name name

Ingland smelt

France dperlan

Netherlands| amaslh

Finland kuore

Sweden nors

Norway nors

Canada amelt, éperlan

UsA smelt rainbow smelt

USSR koriushka zubatka, ogu—
rechnik, koreha
snetok, tint,
norss, salaka.

Japan kyuri=-uwo

1.3 Morphology
131 External morphology

Mchllister (1963), who studied the geo-
graphical variability of smelt, came to the

conclusion that the only difference betwesn
dentex and mordax is ithe vertebral number
(Table I1), however this may be because of
lover water ftemperaiture during fthe development
of dentex eggs. MeAllister therefore con-
gidered dentex 2 synonym of mordax. Mordax
and eperlanus differ considerably (especially
number of pored leteral line scales - Table VI),
Using this character alone over 90 percent of
all the specimens of both forms can be separated.
Since the two forms are allopatric and since
vertebral end anal ray differences all overlap
considerably it is necessary to consider the
two forms es subapecifically different. The
difference is vonclinal (MeAllister, 1963).

Data on plastic characters of different
ameld populations of Europe and Asia are given
in Pablee ITI-V, on meristic characters in
Table VI.

Plastic characters of the smelt vary con-
giderably with age {especially height of fins
and their situations, widih of forehead, eye
diameter ). Kirpichnikev (1935) found that
height of fing decreases with growths corrsla—
tion coefficients betwsen height of A and
standard length (L) in the White Sea smelt were
=0s40 and - 0,45 {for various samples), between
height of D and L werd -0.38, =0,42, ~0.733
between P and L were -0.45 and ~0.47, between V
and L «0.54, BEye diameter also shows a nega-
tive gorrelation: =0,79 and «0,75. Snout
length and forehead widith increase with age:
the correlation coefficients were + 0,66 and
4075  V¥alues of A=V, P=V, D-d also increase,
although the correletion coefficient is rather
low (usually less than +0.50)

The smelt scale is very specific (Figs. 2,
3)e "The smaller year-old smelt has scales
with relatively large focus and no complete
sireuli in the first growth field whereas soalss
of the larger fish have a smaller FTocus and one
to several completed circuli. Both types how-
ever exhibit olearly the diegnostic features of
a gradual shortening of the horssshoe-gshaped in
incomplete cireuli azs growth slows in late sea~
gon and & distinet cutting over the first cir-
culue of the smecond growing season. Later an-
muli arve easily recognizable. A growth field
containg a serles of complete circuli that
gradually shorten as growth slows. The first
circeulus that asppears in the following growing
season ocuts aoross these shortened cirouli®
(Bayley, 1964). The year anmuli form as scars
outside the series of incomplete circuli of the
last growing season (Figs.2, 3),  Annulus
formation starts near June. Circulus number
in the successive yesrs of growth in different
smelt populations is shown in Table VII.
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Fig. 1 Osmerus eperlanus eperlamis (L) (from Berg, 1948)

Fig. 2 Scale of 2 year-old Fig. 3 Boale of 5 year-cld
srelt. White Sea. smelt. White Sea.
Magnif. 6 x 3o Magnif. 6 x 3.
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TABLE IT
Comparison of different Forms
of Ogmerus (MeAllister, 1963)
Characiers Dentex Mozrdax Bperlamus
Lo Lo 15=28 1419 613
(mine-max, ) (13=30) (13-19) (0~16)
vertebrae 63=56 6O~63 5861
(mite=-max, ) (59-70) (58-65) (55-63)
Hoad 1L/anal height 266-302 26344 20326
Hodal anal rays 1314 13=15 f2=13
Dorsal rays 810 G { Q) T=9
Pectoral rays 12-13 | (11)42=13 11=12(13)
MNidlateral soales 63=T2 5365 6169
Gill rakers 26-35 2835 2537
Pylorie casocs Gl 4 37
PABLE IIX
Data on £ing (as % of .bhody lengih)®
(after Kirpichnikov, 19353 Fikolsky, 1956, and others)
Height Hoight Height Hoight Length Length
Locality of D of A of P of ¥ of D base of A base
White Ses ?2#-»1697 7@0“998 ?4@;%%5@3 @204“’12@9 .892”806 1‘%09‘“1209
Chesha B&,y 14:9"’?6@7 . 804 '@503 13@0 890’"‘902 ?2@3“”1302
Pochora River 160 §=1T00 10, 8. wa o To8=803 13.3
PekoveLake 16 %) 90 8 o B 8@ 5 120 4
White Lak@ 'e6a7 1007 s bl 8@6 ?302
PFinnish CGulfd @500 905 G = 89? 1209
Onega;»L&ka 76@9 1003 1593 13@8 302 ?302
L&dogambak@ 12@4@?495 9@ 3’”‘1003 1@@6 %3@ ] 707 14«3
Weva River 157 9:9 1561 1306 8.7 123
FPar Bast ﬁ2g2m14e9 6@9‘”’800 140 1”?5@6 '32@3””309 7@5‘“’803 1009"‘1209
Yonigey River 12.8=13.7T To3=804 14091503 1360=43,2 8.6 12.8
Norway 14s3 9.2 1407 1303 861 1204

“These are averages of diffsrent semples, not
min.-maxs values of charaoters.
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TABLE VI

Heristlo cheracters of different smeli populations

(after Kirpichnikov, 19353 WNikolsky, 19563 Lillelund, 196%)
locality (ill- |[Vertebrae Pored Rays in D Rays in A
rakers scales (Unbranched Branched | Unbranched Branched
in LL
White Sea 29-38 6067 1527 Joe33 510 eod] 1216
Chesha Bay 2634 6267 1624 s - . -
Pechors River 31=35 58-63 78 e T8 3] 12-14
Pakovso-Chudskoye 1 | 32-35 5850 - 2 8-9 3 1214
White Lake 32-37 57--60 a 2-3 19 3 14=13
Finnish Culf 3236 5962 8--10 23 8-9 Jeodh 11=13
Onege Lake 3035 - - 2} 89 - s
Ladogea Lake - - At} 23 10=11 3 12=14
Weva River - o 411 2=3 89 - -
Par Bast 2733 66 1828 2 9 3 12=14
Yenisey Rivexr 2632 6667 1426 23 9 3 13
Worway - 59=62 o I - - -
Baltic Sea - 5962 1013 - - - -
Chukotks L - 1420 - - n -
Ylest Germany 26=33 5560 4-11 - - - -
TABIE VII
Ciroulus number in the successive years of
growth in different smelt populations
Locality Yeara of growih Authority
1 2 3 4 p.

Rivers of Rast 14 18 910 Mapterman 1913

England

Hiremichi River 10 15 -8 Molenzie 1958

(min.-max, ) =19 10220 412

White Sea 23 9 9 5 A5 Original

{min.—max. ) O=6 T2 8«13 4T

1232 Cytomorphology (Chromosome

number et

Svirdson {1945) found that "the smelt has
short and slender chromosomes, conslderably
smaller than in the other species.
mumbor is the lowest smong the Swedlish rep-
resentatives of the Salmonides family, their
diploid numbsr being merely 58
however,; both Vwsheped and rod-shaped chromo-

BOMES OoCur, There are five

CAPOMOBOMGS o

heve one markedly long arme.

Two of them arms of approxim-
ately equal length wheress other three pairs

The

chromosomen vary in length.

Their shortes

gtudied

°

As a rule,

pairs V-ghaped

Constrioctions

bo

proximal constriction.

"o

may occur digitelly in the sghort arm of one of
those chromogome palrs,.

rod shaped
Thus the longest

vod-ghaped pair ot any rate in certain early
metaphages may be four times as long as the
One of the rod-ghaped palrs has
The meiosis was not

Owelannikov (1885), Cunningham (1886 -
cited by ILillelund, 1961) end Lillelund (4961)
heve described ripe cocyites of the smelt,
their membranes and micropyle.
studied vitellogenesis of smelt.

Lems (1904)
Kuznetsov
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(1964) gave a comparative analysis of oogenesis
of the migrani smelt of the Weva river and non=
migrant smallesized smelt (snetok) of the Pskov
lake. He found that the oocytes of the Neva
river smelt are larger ithan those of the Pskov
lake at the same phases of oogenesis. Oogena-
gig has also been situdied in the White Sea
pmelt.  According to Meyen (1939, 1944) the
period of protoplasmatic growth of ooccytes in-
oludes the juvenile phase and the one-layer
follicle phase. During the Jjuvenile phase the
oocyte sige in the White Ses smelt is about
13.5-36m, the nuclear diameter is 11.3-27 .
The ocellular membrane is thin and has no visible
gtructures. The oytoplesm is granular, There
are T=-10 miclecli in the nucleus (in a section).
During the one=leyer follicle phase the cocyte
size is from 45 to 112/, the nuclear diameter
is from 36 to 76,3 a1, A%t the periphery of the
nucleus there are 20-40 nucleoli, The oocyte
is rounded, the cellular membrans is thin.
Therse is a more intensely coloured circumnuclesar
zone at some distance from the nucleus which
disappears after vacuolization has started

(Pig. 4)o

The pericd of trophoplasmatic growth of
smelt cooytes may be divided into 4 phases.
During the phase of marginal vacuolization the
oooyte dismeter is about 1444, the nuclear
dismeter is about 81 a. A series of little
vaouoles appear at the periphery of the ococyte

{Fig. 4); these vacuoles do not contain oil,
During the phase of initiel accumulation of
vitellin and oil the oocyte diameter is 80-
1605 the nmucleus is oval but in seoction its
margin is festooned. At the periphery of the
nucleus thers are 6~12 nucleoli, The cyto-
plagm ig vacuolated (Fig. 5)3 +the peripheral
vacucles contain oil, the circummiclear ones
gontain vitellin. The oooyte membrane is a ore-
layer monz radiata. During the phase of in=
tensive trophoplasmatic growth (Fig. 6) the
cocyte diameter measures from 320 to 550 m.

The oooyte is round or slightly oval. The
long nucleus ip in the middle. its margin is
heavily festooned. The wmuclear diameter is
about 100 m, There sre from 4 to 12 nuocleoli
at the periphery of the mucleus (in a section)s
The caytoplasm is heavily vacnolated and the
vacuoles contain more oil (Fig. T). Granules
of vitellin, previously in the vacuoles, now
gppear in the cytoplasm. The ocogyte membrane
ig thick and consigts of two layerss zona
radista externa ard gzona radiaste interna.. The
firgt ie more olearly siriated (Pig. 6). Both
mgmbranes form & little bollow at the formation
of the mioropyle. During the phage of ripee
ness the cooyte of the White Sea smolt reaches
ite definitive sizme (mbout 800-900 u).  The
miclear diameter im about 120m. The nucleus

is oval, its margin ls festodned in mection.
A% the beginning of the phese there sre 6-12
micleoli at the nuclear periphery but then

Fige 4 Smelt oooytes during the juvenile
phase (right) and the end of the
phase of one-layer follicle.
Magnif, 10 x 90. 8taine lron

_haematox. (Heidenhein)

Smelt oocytes during the phase
of initial accumulgtion of
vitellin and oil.
Magnif. 10 x 8.

PMg. 5

Stains Mallory
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they dissppear. Vitellin granules and oil
globules of various gizes fill in the oocyte.
A very thin layer of fine-grained cytoplasm ad-
joine the oocyte membrane from within. The
oocyte membrane consists of two layers of wona
radiata; the thickness of gona radiata externsa
is about 11.3 My the thickness of gzona radiata
interna is sbout 13.5 A, The micropyle is
definitively formed (Fig. 8). The snimal and
the vegetative poles of the egg are defined.
The nucleus moves from the middle of the egg
towards the mioropyle. The layer of fine-
grained cytoplasm is thickest at the micropyle
& aF B

Figo 6

Oogoytes in the phase of

intensive trophoplasmatioc
Ma.gnif.
Mallory

growthe
Staine

10 x 40,

(Pig. 8). Vitellin and oil form a homogensous
mass at thée vegetative pole. After ovulation
egga come into the body cavity and are then
shed. Generally growth and developmont of
oocytes in the White Sea smelt last 3~4 ywars,
the period of protoplasmatic growth being the
longest.

133 Portein speoifioity
Studies on this gquestion are not yet pub-

lished, but Rupp and collaborators are working
on it (Rupp and Redmond, 1966 ).

Fige T

Oocytes in the phase of
intensive trophoplasmatic
growth. Magnif., 10 x 8.
Staint Suden-ITI

Pig. 8 Part of an oocyte in the
phase of ripeness. Magnif.
10 x 20, Steins Mallory
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2. DISTRIBUTION

2,1 Total area

Anadromous and landlocked fishes in the
Pacific, Arvctic and Atlentic oceans and their
basins (Fige. 9)s According %o McAllister
{1963), "“the simplest explanation of the unw
usual distribution of the two subspecies
(particularly the Aroctic hiatus of 0O.eperlanus
mordax) involves an origin of the species in
the North Pacific or adjacent Arctice. Spread
then took place westward along Arctic Russia
%o the White Sea. From the White Sea they
were oither "sluiced-up" in proglacial lakes
or dammed in front of advancing pleistocene
gleciers and carried into the Baltic. Or they
may have migrated around Scandinavia to the
Baltic while isotherms were depressed southward
during glaciation. In either ocase, following
deglaciation, the populations were left strand-
ed in lskes and cooler portions on the Baltic
+0 glowly undergo adaptation to higher tempera-
ture and lowered salinities, the intervening
populations along the outer Norvegian coast
disappearing. During the resultant isolation
the present eperlanus type evolved. The
origin of easitern North American mordax from
wegtern North American populations of the sub-
species can be ascribed to a migration across
Aroctic Canada during a more recent interglacial
period or during the warm postglacial hypsi~
thermal period. Cooling them resulted in the
present separation of populations. If the
migration took place during an interglacial
period; one may assume that intermixing took
place during the hypsithermal thus preventing
differentiation of east and west populations.
Thus the two subspecies; one with disjunct dig-
tribution; can be readily derived. Range of
mordax: South to Barkley Sound, Vancouver Island,
British Columbia, in the east Pacifici south to
Wonsan, Korea, in the West Pacificj in the Arc~
tic east to Cape Bathurst,; Worthwest Territories,
vest to the White Sea. The northernmost point
is on the southernm island of Novays Zemlya. In
the Western Atlantic it is known from Pike Run
Cove; Lake Melville, Labrador south to Delaware
River, Pensylvania, and questionably to Virginia.
Range of eperlanus: the Baltic and North Seas
and their drainages, southward, inocluding
England to the mouth of the loire River, Frances
upper Volga system® (lMcAllister, 1963). During
the last 10-~15 years small smelt have spread
down: the Volga River system to the Gorkov and
Kuybishev waterbodies. (Kuznetszov, 1951;
Kojevnikov, 1958).

Over its large range the smelt lives under
various eocological conditionss salinity varies
from oceanic to freshwater, temperatures vary
from below 0°C (in winter) %o + 20°C and higher
(in summer). Land~locked forms of the smelt
inhabit pure lakes, some over 30 m in depth,
others shallow, with rumning water (Arnold,

1920), with high oxygen saturation, high pH
(7.8~8.6 and more), high degree of mineraliza-
tion and low oxidability (Petrov, 1940) and
rich development of mooplankton (about 300-
1300 mg/m3).  Kojevnikov (1955) found that the
Finnish Gulf smelt migrates and spawns in rivers
and estuaries at water temperstures from +20C
to 12-13°C.  pH from 7.0 to T«5, oxidability
from 8,94 to 15.13 mg/l, concentrations of bi-
carbonates from 19.23 to 27.28 mg/l, oxygen
about 100 percent saturated. In summer the
smelt stays in open waters of the Fimnish Gulf,
below the epilimnion layer at temperatures
about 5-7°¢, In autumn the smelt stays at
depths of at least 20 m, at water temperatures
of 5-3°C, pH of 7.0~T.4, salinity of 3-4 ©/oo.
In winter the smelt stays at depths of 20-~30 m,
temperaturss of + 2° and salinity of 56 °/oo.
Generally the Finnish Gulf smelt spawns at
temperatures from 5~6°C to 10-12°C, feeds at
5-10°C, spends the winter at +2°C. The White
Sea smelt lives under more severe climatic con-
ditions, The See covers with ice during 6~7
monthe of ithe year, the water temperature drops
below zero. As the ice breaks the sea begins
to warm and in summer the temperature of the
surface layer rises to 16-18°C (and higher),
The average salinity of the surface layers of
the White Sea is 25-26 0/00, of deeper layers
30-31 ©/oo; it is lower near the river mouths
(r1ega, North Dvina and others), Subarctic
populations of smeld inhabit waters with average
zooplankton biomass of 50-400 mg/m3 and average
biomass of bentho. of 4-30 g/m? (exocluding
Mollusca and Bchinodermata which the smelt does
not feed on)a

202 Differential distribution

2.21 Spawn, larvae and juveniles

The smelt spawns in rivers or near their
mouths . Eggs are demersal, adhering to the
subgtratum. When hatched; smelt larvae drift
downgtream where they are carried back and forth
under the influence of the tide. Fingerlings
stay offshore; feeding in pelagic waters in the
pame regions as adults.’

20,22 Adulis

The smelt stays near the shores for most
of the yeax. It comes to the deeper waters of
seas (or lekes) only in summer when ghors wabers
become too warm. Smelt of ell ages spend the
winter in esiuaries and mature fishes migrate
upstream in spring.

2.3 Doterminants of distribution changes

See 201, 3816@ 3032



282

FRm/S78 Smelt

2.4 Hybridigation

241 Hybridss frequency of hybridi-

zationy species with which hy-
bridisation ocoursj methods of
hybridization

Interspecific hybridization is not known.
Lillelund (1961) writes thet experiments on

fertilization and breeding of eggs from fast
growing ccastal smelt and slow growing smelt
from fresh waters (inland lakes) have shown
that it is possible to hybridize these two mor-
phological reces, which have been isolated since
the Yoldia geological period. Evidently the
date relate to migrant and landlocked smelt of
Germany ).

APPROXIMATE SCALE

lolﬂ() 20]00
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Pig., 9 Distribution of Osmerus sperlanus mordax-cirocles,

and 0.e.gperlanug-iriangles.
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3 BIONOMICS AND LIFE HISTORY

3.1 Reproduction

3,11 Sexuality

The smelt is normally heterosexual.

According to Hoffmeister (1939) sbout 3.7
percent of adult individuals of the Elbe river
smelt are hermaphrodites {(these individuals
have male and female elements in the same go-
nads)e  According to Lillelund (1961), the
figure for the same river ig about 2 percent.
These individuals do not lose the ability to
raproducee. Hermaphrodite individuals occur
more often among young smelt: Lillelund (1961)
reports that 14 percent of the O~group smelt of
the Elbe river are hermaphrodites, Probably
some of the hermaphrodites become males in the
future. Hormaphroditism occurs more often in
migrant smelt populations than in landlocked
ones of West Burope (Hoffmeister, 1939). Herma-
phrodites occur very rarely in the smelt popula-
tions of eastern Europe.

Sexual dimorphism is described by McAllister
(1963) who states, “paired and ansl fins slight-
1y larger in males, large tubercles on scalesj
small omes on head and leading rays of dorsal,
anal, ceudal and palred fine in males. Tuber-
cles reduced in females. There is & tendency
in the msales for a lateral muscular ridge to
form; to be darker and to have & punctate oper-
culum®,

l. 42 Maturity

The 2ge at which sexual maturity is reached
differs widely in different populations (Table
VIII), Most cmelt populations reach maturity
at 2-3 years. The age of maturity gradually
decreases on advancing from the northern part
of Bast Burope eastwards to Bast Siberian shoms.
Some workers mote that males reach maturity a
year earlier than females,; but others do not
note such a difference.

Both sea and freshwater smelt populations
are often biologically heterogeneousj ‘there
are ecological forms differing in size and rate
of growth, age and size at maturity; period and
place of spawning and other peculiaritles.
This holds %rue for the smelt populations of
the Baltic Sea bays (Marrs, 1931s Kojevnikov,
1955), lakes of BEast Burope (Arkhiptzeva, 19563
Stefenovekaye, 1957 and meny others), and Worth
American populations (Kendall, 1927 and others).
The smaller and earlier maturing form is always
non-migratory, the larger and later maturing
one usually migrates for more or less consider-
able distances from feeding {0 spawning grounds.
Existence of these ecologicel forms promotes
the more complete use of food supply and spawm-
ing grounds.

Intengive growth during the first year of
life is correlated with earlier maturity (lake
populations of Burope and North Ameriecaj popu—
lations which grow more slowly reach maturity
later (Table VIII). Fast growing year—oclasses
reach maturity earlier than those growing more
glowly in the same population (Morosova, 19603
Lillelund, 19613 original data on White Sea
smelt).

Size and weight at sexual maturity
See Table IX.

3,13 Mating

Each female usually spawns in the company
of one male. The female extrudes her eggs,
then lsaves the spawning ground. Aocording to
Hoover (1936) and Lillelund (1961) an individuel
female may continue to spawn for several days,
but the process is completed in several hours
in White Sea smelt (original data). HMales
continue spawning with other females. Males
spawvn for & longer time and stay at the spawn-
ing grounds longer thaun females.

3,14 PFertilization
FPortilization is external.
3,15 Gonads

Aceording to Kendall (1927) ... the go-
nads of the smelt are unsymmetrical organs, one
on each side of the abdominal cavity. The or-
gan of the left side is very much larger than
that of the right and they are situated one be-
hind the other. The left gonad is much larger
in both sexes; the right being guite small and
not far behind the outlet”.

The correlation coefficients for different
years between egg number and body weight in the
White Sea smelt were +0.89 and 40.95, between
egg number and body length 40.85 and +0.91
(Belyanina, 1966a). The egg number produced
by & female inocreases with age; ag & rule old-
er fishes produce more eggs tham younger Tishes
of the same size (Table X). Data on fecundity
of various smelt populations sccording to sise
and age ave given in Table XI and Teble XII.
Lend-locked freshwater forms and Siberian popu-
lations have the lowest feocundity; migrant
forms (White Sea, Baltic, Elbe river) have the
highest fecundity.

Variability of relative welght of ripe
ovaries (%o body weight) in different smelt
populations is rather small: from {8 to 22 per-
cent (Pable XIII). Weight of ripe testis is
about 5 percent.

According to Iillelund (1961) for the
Blbe river smelds
y = 207373{ - 0028637

vhere "Y' = fecundity, “z" = body length
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TABLE TX

Size and weight at maturity (Tiret spawning
geason) in different sinelt populstions

Locality Length Weight Authority
(cm) ()
Rybinsk waterbody 6,0-9,0 169-6,2 | Lapin, 1955-56
White Lake 6,0~8.5 1e5=3.5 | Schetinina, 1954
Ilmen Lake 40 T=8.2 te1-4.3 | Donrachev & Pravdin, 1926
Lazmiaden Lake 9,3=41.8] 50,1-8,5 Willer, 1926
Kurishes Haff 6.3 14 Marre, 1931
Ladoga lake 8.0~11.0| 3.3~8,7 | Arkhiptzeva, 1956
Onega lake 8,8-10.6| 3.7-601 Stefanovekaya, 1957 and otheré
Elbe River 1605~-18,2 abt.17 Lillelund, 1961
White Sea 18:8-22.6 41.7=75.5 Original
Ob River 18¢3-19,3| 42.5-48,5| Amstislavsky, 1959
Yenisey River 20, 3+22.3| 51.2-68,0| Tyurin, 1924 and others
Lena River 1946-2304 | 53.0-94.,0| Pirojnikov, 1950
Upper Lake 14.0-16.0| 17.0=25.,5| Bayley, 1964
TABLE X

Fecundity (thousands of eggs) of females Of the same
gizes but different ages (White Sea smelt, original data)

Iength Apoaea grouype
(om) 3 4 5
Average min.-max.|Average mine.-max.|Average min.—max.
1900""1909 3706 2506"‘4405 4200 370 1"“5000 had -
20002009 53.0 45.5-61,0 53.2 AQ, T=66,3 - -
21-0-21@9 5208 A 62‘21 4309""8308 hid ot
24,0-24.9 - - 88.6 87,7-90.0 95,5 88,8-10263

Fumber of eggs per 1 g of body weight of

one female is given in Table XIII.

Siberian

smelt populations have the lowest value of
this character, the Pskov lake smelt have the

highest.

The smelt spawns once a year, so the number
of eggs produced by a female during a year may
be found in Table XII.

Small smelt (Pskov-

leke, Tlmen lake etc.) spawn once only (Lapin,

196034

tions have a

Kuznetsov, 1964 ).

longer life oycles

Migrant sea popule~
most White Sea

smolt spawn once or twice during their lives
and mome spawn three times (Belyanina, 1966a).

Siberian smelt apparently may spawn more often,

but there is some evidence that such fish do

not spawn every year (Kravochuk, 1958).
number of eggs produced by an individual during

The

a lifetime may be calculated from Table XIT.

Belyanina (1966b) reported that White Sea smelt
contained less fat and had lighter gonads, lower

fecundity and smaller eggs after the heavy
winter of 1960-61 than after the good winter of
196462 (Table XIV).

According to Lillelund (1961) the yield of
different year-classes in the Elbe river shows
a positive ocorrelation with the water level and
is affected by temperature and food conditions
during the four wesks after hatching. Some
workers note that the yield tends to increasse
in colder years.

3.16 Spawming

The smelt spawns once & year as & rule but
Kravohuk (1958) noted that some Siberian smelt
do not spawn every year

Sometimes smelt spawn under lce. in mos%
areas spawning continues for about one month,
but peak spawning usually lasts only 2«4 dayss
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TABLE XIII

Fgg number per g of body weight, sime of ripe eggs and relative weight
of gonads {as % of body weight) in different smelt populations

Bgr namber Average Relative
Locality per g of diameter gonad Authority
hody weight | of egg (mm) weight
Pskovsko-Chudakoye lake 1050 0.55-0,75 18.4 Lapin®s data
Kuznetgzov, 1964
Whits Lake 580 0. 85-0,90 - Fedorova, 1953
Schetinina, 1954
Rybinsk waterbody 710 0, 70~0, 90 20,7 Lapin's data
Schetinina, 1954
Pysozero (Karelia) 560 0.79 13.5 Melyantzev, 1946
Ladoga lake 610 0,80 18.2 Markun, 1926
Arkhiptzeva, 1956
Kurishes Haff 665 0,82 - Marre, 1931
Finnish CGulf 630~T700 0.75~0.95 1801 Lapin's data
Kojevnikov, 1949
Elbe River 650 0.70~0.90 1819 Lillelund, 1961
White Sea:
Kandalaksha Bay 700 0.86-0,94 22 Original data
Onega Bay 710 0.77 22 Balsgurova, 1957
Ob River 350 1,06 18-20 Amstislavaky, 1959
Yenisey River 370 0.96 20 Tyurin, 1924
Suyfun (Far Bast) 530 - 18.4 Dulkeit, 1937
TABLE XIV

Comparison of fecundity of females of the same
weight in 1961 and 1962 (White Sea, original data)

Weight (without internal organs) Number
Characters (g of
30 « 45 - 60 - 75 - 90 - 105 fishes
1961 Fecundity (thousandsofeggs) | 33.5 42.5 66.1 T4.9 86.6
Fgg number per g of body 884 862 947 927 910
weight 100
Average weight of gomads(g) | 10,1 11,3 22,8 23,1 27.3
Average diameter of an egg 0.83 0,79 0,87 0,87 0,85
(mm)
Fatness (% of wet weight) 107201
1962 Feoundity (thousands of eggs)| 36.5 48.6 68.6 78,0 99,2
Egg nunber per g of body 893 913 1008 980 1016
weight 204
Average weight of gonads(g) | 11.2  15.7 21,9 25.1 33.4
Average diameter of an egg 0,91 0.92 0.92 0.92 0.93
(mm)
Fatness (% of wet weight) 2.9-3.0
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TABLE XV

Spawning seasons of smelt in different areas

Area

Spawning season

Authority

West Burope March
Baltic and drainage | April - May
Upper Volga system April - May

White Sea, Karslia

Siberis, Far FBast

Atlantic coasts of
North America

northwards )

May,; early June

June, early July

From Fabruary
{the south bound-
ary of the area)
to the beginning
of June {the Mir~
smichi River nnd

Iillelund, 1961

Probatov, 1927 and others

Fedorova, 1953 and othersa

Melyantzev, 19463 Balagurova,
1957, and many others

Agapov, 19413 Amstislevsky,
19633 Ivanova, 19553
Kuznetzova, 1962

MeKennie, 1964

according to McKenzie (1964) in the Miramichi
river it lasts 510 days. There may be several
spawning peaks, depending on weather conditions
and population heterogensity (subpopulations).

As a rule smelt spawn at night (Domrachev
and Pravdin, 19263 Kendall, 1927, Hoover, 19363
Lievense, 1954, Rupp, 1359, McKenzie 1364, and
original data).

The majority of workers have noted a de-
crease in the size of smelt during the spawning
runs the older and larger individuals spawn
first. Changes in the sex-ratio on the spawn-
ing grounds are discussed below.

According to Rupp (1959) the character of
the spawning run depends on ice conditions:
the spawning run of smelt in Maine, U.S.A. (in
B0 percent of oases) begins within the first 10
days after the ice has broken. The spawning
run breaks off when the weather ig stormy or
the moon is very bright. Colour of water does
not influence the spawning run.

All over its great range(see Table XV) ihe
smelt begins to spawn when the water temperature
is about +4°C (sometimess 1-2° lower or higher).
The spawning peak occurs at water temperatures
of 6-9°C (Chunayevekaya~Svetovidova, 19453
Marcotte, 194635 Marcotte and Tremblay, 1948;
Dryagin, 19493 Schetinina, 19543 Ivanova,
19553 Stefanovekaja, 19573 McKenzie, 1964,
e%6. ).  Spawning breaks off at a sharp de-
crease in water temperature. It laste longer
in cold years than in warm ones. The spawn-
ing smelt usually avoids temperatures lower
than 4°C and higher than 12°C, Spawning

beging earlier in warm years with high water
level. The smelt enters rivers and spawns at
high tide. Sometimes the spawning run is de-
layed because of ice movements.

Esox Jlucius, Leuciscus idus, Rutilus
rutilus, Misgurnus fossilis, Acerina cernus

spawn almoet at the wame time as smelt in
frash wateras of eastern Burope (Meshkcv and
Sorokin, 1952).

Ag a rule smelt ascend rivere %o spawn
(see 3.51), but some freshwater smelt popula~
tions ®pawn pear river mouths and do not as-
cend the rivers (Melyamtzev, 19463 Fedorova,
19533 Sochetinina, 1954, etc.). Many authors
note that water depths at smelt spawning
grounds very from several centimetres to sevw
eral metres, Aocording to Stefanovskaya
(1957) smelt eggs oocur at the depths of 17 m
in some Karelian lakes. The eggs are deposit-
ed on stones, pebbles, water plants, submerged
parts of bushes, grass and other things. They
do not occur on muddy bottoms. The ocurrent
velocity in the mpawning grounds of the White
Sea smelt is between 0.3 and 2 m/sec (original
data)o

Spawning areas are larger in the years
with high water level. Rupp and Redmond
(1966) ncted that smelt taken from spawning
grounds in rivers and introduced into mome
laker of Maine did not enter other rivers but
spawned near the banks of the lakes.

A number of authors, including Kendall
(1927), Baldwin (1948), Lillelund (1961),
Amptislaveky (1963), and unpublished data re-
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ever according to Unanyasn and Soin (1963} only
dead egge of the White Seas smelt bescome de-
tached from the substratum,

The witellus is round or a little oval in
shape. A thin layer of cytoplasm surrounds
it. The vitelline membrane im thin, and nume-
rous 0il globules are dispersed all over the
vitellus (see 1.32).

302 Pre-aduli phase

3.21 Embryonic phase

The embryonic phase is described by Unanysn
and Soin (1963). After extrusion into water,
the egg immediately swells. Its diamster ine
creases about 0,2 mm, perivitelline space forms
between the vitellus and the membranes. In dh
(temperature of 8,5%C) the blastodisc Torms at
the animal pole of the egg (Fig. 10.1). 1In 8h
after fertilization 2 blastomeres are present
(Fig. 10.2)5 in 13 h 30 min, 8 blastomeres are
present (Pig. 10.3). In 2.5 days after fert—
ilization (129C) the blastula has formed (Fig.
1046 ). Tormation of the embryonic plates be-
gine 2 days 14 h after fertilization (Fig. 10.7)
In 3 days gastrulation is complete (Fig. 10.8).
In 4 deys 5 h (10.59C) the embryo has eyecups
(Pig. 11.3, 4)3 in 5 days 5 h after fertiliza~
tion (10003 segmentation of the mesoderm begins,
the main parts of the brain form, anditory vesg-
icles and crystalline lenses in the eyes are
present. The embryo has a chorda, 30-32 myo-
tomes,; and the caudal part begins to separate
from the yolk sac (Fig. 11.5,6,7)s In 7 days
10 h the embryo has a long tail separated from
the yolk sac, the eyes have developsd black
pigments the embryo shows twitching movements
within the egg (Fig. 11.8). In 9 days and 16h
after fartilization (9,5°C) hatching glands ars
present all over the body surface, particularly
on ths head and pectoral fins; +the parts of
the brain are well formeds; the black pigment
in the eyes become stronger and yellow pigment
appears. The yolk sac is egg-shaped. The
embryo has olfactory vesicles; gemiociveular
canales are present in the auvditory wvesicles.
The head is not distinet from the yolk sac.
The mouth is at the lower side of the head.
Four rudimentary gill slits and a rudimentary
operculum are present. Melanophores are found
on the ventral side of the caudal myotomes,
under the alimentavry canal, and on the yolk sac,
The heart pulsates regularlysy 11t consists of
two chambers. The hlcod hes no oorpuscles.
Thaere are 42 pre-anal and 17 post-anal myotomes
(Figs 12-1).

During embryonic develcpment there are no
differences between migrant and small freshwater
smalt except the hody size and number of myo-
tomes (Grib, 1946).

Egg predators include insects and Tishes
(stickleback, smelt itself and others). BRggs
may become parasitized by Saprolegnia.

Many suthors (including Schneberger, 19373
Meghkkov and Sorokin, 19523 Unanyan and Soin,
1963) have remarked on the high rate of survi-
val of smelt eggs during incubation. Accord-~
ing to Lillelund (1961) the rate of mortality
increases only at the end of the incubation
period, when about 86 percent of eggs of the
Blbe river smelt die. However Rothschild
(1961) has stated that loss of smelt eggs in
the Dean—Brook river, Maine, U.S.A., is 99,5
porcent, The main causes are drying after the
water level has dropped, overwarming and pre-
dation {(zee above).  Influence of these fao-
tors ie least in cold years with high water
level,

Rothschild (1961) and McKenzie (1964)
found that the number of larvae produced per
unit ares increases up to egg densities of
about 11-13 per om? and declines when +he den-
sity of eggs is higher, The relative larval
production is highest (hatching rate 3.6%)
when the average density of egges is 0.5 per om?
and declines to 0.03% at an egg density of 194
per cm“.

Before hatching, the embryo begins to move
very energetically, the caudal part moving esg~—
pecially sharply. The membrane bursts and the
tail comes out first. Moving energetically
the embryo f{rees itself,; the egg-case remains
on the substratum or is torn off during hatch-
ing,

3,22 Iarval phase

The period of incubstion varies in differ-
ent smelt populations (Table XVI). Generally
small forms have a shorter period of incubation
and the newly hatched larvae are smaller.
Naturally the sum of day-degrees from fertili-
zation until hatching is not comstant, but in-
oreases exponentially with decreasing water
temperature.

A newly hatched pro-larva has the yolk sac
about 0.7 mm in length. There ig an oil glob-
ule in it. The globule resolves after the
yolk.  Grib (1946) described 4 stages in the
larval development of the Neva river smelte

Te Pro-larva with yolk-sac. This stage
lasts 7-9 days. The dorsal fin fold begins at
the second segment. The pre-anal fin is well
developed. Pootoral fins are present. Pig-
mentation is on the ventral part only. The
body is itransparent. The blood has no cor-
puscles. The mouth becomes terminal at the
end of the sgiagee The pro-larve begins feed-
ing while the oil globule is sHill present.
The pro-larve measures to T mm in length

(Fig. 12.2,3).



Pig. 10 Barly stages of development of eggs of the
White Sea smelt (to the end of gastrulation)
(from Unanyan and Soin, 1963).

Fig. 11 lLate stages of development of eggs
of the White Sea smelt (%o hatching)
(from Unanyan and Soin, 1963)«
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TABLE XVI

Duration of period of incubation and body length at
hatching in different emelt populations

Locality Sum of Body length at Authority
day-degrees hatching (mm)

Pslcov—lake 80 3.8 ‘Maghkov and Sorokin, 1952

Valday-lake 110 602 Chumayevakays~Svetovidova, 1945

Rybinsk-waterbody 138 424 Schetinina, 1954

Elbe river 60110 50 0-6 Lillelund, 1961

Weva river 140~180 5o =6 Grib, 1946

White Sea abt. 170 6,0 Unanyan and Soin, 1963

Ob estuary 132 - Amstislaveky, 1259

Miramichi river 174 5.0 MeKenzie, 1964

2, Llarva without yolk~sac, 6.8-13.4 mm.

Blood corpuscles are present. The fin fold

is reducad, dorsal and anal rays are developing,
Pigmentation is similar to that of the pro-
larva; a pighent spot of two melanophores is
present under the anus. The alimentary canal
ig tubular. A rudimentary gas-bladder can be
seen at the end of the stage. This stage

lasts from 10-14 days after hatching (Pig.13).

3, larvas of 13-13 mm. The body is trans—
parent. Tha dorsal, anal and adipose fins
have formed. Raye are present in the unpaired
fins, The caudal fin is rounded. The pre-—
anal fold begins from the eighth pre-anal seg-
menta

4o Larvas of more than 18 mm (28 mm in
average ). Such larvae appear in the Neva
river in July-August. The caudal fin is in-
dented. The final number of rays are present
in the dorsal and anal fins. The embryonic
fin fold can be distinguished on the ventral
gida in fish of up to 30 mm. The ventral fins
are situated more posteriorly than earlier as a

result of growth of the gas bladder. Upper
and lower vertebral arches are present. The
operoulum covers the gills completely. Pig-

ment is concentrated mainly on the ventral side.
Melanophores appear on the operculum, on the
top of snout, under the eyes, along the chorda,
on ths body sides and on the dorsal part of the
tail to the end of the stage. larvas and
adults have similar meristic and plastic cha~
racters. The number of myotomes does not
change during the larval period.

According to Rass (1949) in general the
smelt larvae belong to the "herring type" hav-
ing a2 relative short caudal part, isometric
pigmentation, low disposition of the pectoral
fins, homocercal tail and so on.

Swelt egge and larvae ave fed om by the
threa-—apine stickleback, gobiids, herring,
perch and other fishes (including the smelid
itgelf) aund larvas of Insecta. One of the
main causes of egg mwortality is Saprolegnia.

Unanyan and Soin (1963) stated that larvee
c” the White Sea smelt begin to teke food within
6 days of hatching and are entirely depsndent
on external feeding 9 days after hatching.
According to Gril (1946) the Hevs river smesltb,
beging to feed 7-9 days after hatching. The
sorresponding time for Pskov-lake smelt im T-8
days (Meshkov and Sorokin, 1952).

Ii:lelund (1961) stated that a pro-larva
with yolk~sac may live without feeding for 10—
14 days at a temperature of 10-129C.

Larval smelt feed on emall plankionic
formss young stages of Copepoda and Rotaboria,
larvas of Gastropods and Lamellibranchiata.

3.23 Adolescent phase

hecording to Grib (1946) the adolescent

phase in the Neva river smelt begins in August—
September when the first scales form {age 4 me).
Fhrenbaum (1909) gave the same data for the Blbe
river smelt. However McKenzie (195%) shtated
that first scales in the Miramiochi »iver smeli
form at a length of 20-25 mm {agzs 2 wo). By
this time the pigmentation of ths dorsal partd
becomes more intense.

The main mortality occurs during the fliret
months of life, Lillelund (1961} found that
the mortality coeffioient is the highest from
May-August, its value decrsases %o October and
then it is of little importanoce.
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Fig. 12 1. Embryo of White Sea smelt, egg-membranes removed

253. Prolarvae of White Sea smelt (from Unanyan and Soin, 1963)
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Fig. 13 ZLarvae of White Sea smelt after resorbtion of yolk
(from Unanyan and Soin, 1963)
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The young smelt feeds on planktonic drug-—
taceans (Copepoda, Cladocera) and other groups
of zooplanktona

3.3 Adult phase (mature fish)

3,31 ZLongevity

Longevity varies greatly in various popula-
tions of Osmerus eperlanus (Table VIII). Oen-
erally small freshwater smelt do not survive
for more than 3 years. Individuals of 12 and
even 15 years old may be found in the smelt
populations of esituaries of the Yenimey, Lena,
Anadyr and Khatanga rivers (Agapov, 19413
Mikhin, 19413 Lukyanchikov, 1964). The max—
imal age of males is usually 2 years less than
that of females.

3032 Hardiness

The environment of smelt populations is
digcussed in section 2.1.

According to Lillelund (1961) experiments
made in Hamburg harbour showed that eggs develop
in spite of sewage water. Only in the last
phase of development whers there is very little
current is there a great mortality of eggs,
caused by the accumulation of detritus, proto-
zoa and algae on the eggs. Eggs of smelt are
fertile up to a salinity of 16 ©/oo. The sus-
ceptibility of eggs to salinity during the
period of incubation depends on the stage of
embryologioal developmente. A salinity below
10 0/oo is neither injurious to eggs nor to
larvae. The upper limit of temperature toler—
ance of early eggs lies in the range 17.7-20.7°C
for later stages it is 21-24°C. Comparable
data for adult smelt are not available.

3.33 Competitors

The main food competitors of Siberian
smelt are Coregonidae and Acerina cernua feed-
ing on Chironomidae larvae and nsktobenthic
Crustacea (Pirojnikov, 1950, 19553 Amstislaveky,
1963, and others).

Young of the White Sea smelt compete for
zooplankton with herring, adults compete forxr
Amphipoda, Mysidacea and some Cumeacea with
herring in April-May snd September-October
(Bpstein, 1957). There iz great similarity
in diet (especially on the basis of Polychaeta )
between the White Sea smelt and Eleginus navags,
Myoxocephalus scorpius, M. guadricornig (Russa-
nova, 1963), Oasterosteus aculeatus (Timakova,
19573, Pleuronectes flesus and Liopsetta
glacialis {(Kudersky and Russanova, 1963).
According to Abdel-Malek (1963) there is no
food competition between adults of smelt and
three-spined stickleback. In the early summer
the Finnish Gulf smelt competes for planktonic
crugtaceans with young and partly adult

Cyprinidae {Rutilus rutilus, Alburnus alburnus,
Abramis brama, Leuciscus idus and others) and
peron (Perca fluviatilis) (Kojevmikev, 1955).
The young of the Elbe river smelt oompete for
food with the young of Clupea finta from May to
August (Lillelund, 1961). The fresh water
smelt of the north-western part of USSR occupies
the food niche of a plankton-feeder in open
woterg and competss for zooplankion with Core-
gonug albula, Abramis ballerus, Alburnus albur—
me, young of Perca fluviatilis, sometimes with
Rutilus rutilus and Aoerina cermua (Petrov,
1940 Meshkov and Sorokin, 1952, end others).

30,34 Predators

Sea mammals, birds and fishes (cod in
particular) feed on migrant spawnivg smelt in
subarctic waters. Ggox lucius, Iucioperca
lucicperca and largs individuals of Perca flu-
viatilis feed on emelt in European fresh and
brackish waters. Salvelinus fontinalis,
Cristivomer namaycush, Coregonus clupeaformis,
Stizostedion vitreum, Perca flavescens, Anguilla

rogtrata, Micropterus dolomieu, Morone americanz
and lota maculoga feed on smelt in North American
waters (Kendall, 1927).

There im some evidence that the specific
amell of smelt stock scares away other fishes.

3.35 DParasites, diseases, injuries
and abnormalities

According to Petrov (1940) 28,5~36.6% of
the Pskov-lake and 20% of the White lake smelt
are parasitized. Parasitism is less intensiva
in other lakes of West Burope. Shulman and
Shulman-Albova (1953) list 16 species of para~
gites for the White Sea smelt.

The list of smelt parasites recorded from
waters of the USSR is given in Table XVII

3.4 NWutrition and growth

3.41 TPeeding

Amstislaveky and Brussynina (1963) stated
that the Ob river smelt feeds during day and
night but with different intensity: maximpum
feeding takes place at 13 and 21 h corresponding
to vertical migration of zooplankbon; minimum
feeding is at 5 h.

Migrant smelt feeds in coastal and offshore
waters of seas and in river estuariess land-
locked forme feed in open waters of lakes.

The smelt searches in the water taking food
organisms selectively (Table XVIII).

According to Timakova (1957) the White Sea
smelt feeds on fish (berring) and Crustacea
during the posi-spawning period. Intensity of
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TABLE XVII
Parasites of amelt (for territory of USSR)l/
Clasgs or Stage of para- Infeoted Other hosts
Order Speoies site infeoting organs and stages Area
amelt in them
Miorosporidia | Glugea herwigi®* | Adult Musocles, gills, Baltio, White
Weissenberg, mesenteries, and Barentz
1921 eto. Seas and their
basgins, lakes
of the Upper
Volga, Amur.
Cestoidea Triaenophorus Larva {pleuro—|Musoles and Procerooids Area of Esox
orassus Forel, cerooids) internal in body cavity | lucius and
1880 organs of Copepoda, Esox reicherti
adult is a
parasite of
pike
Trisenophorug * Larva (enoys- |Liver and Any Copepods, All over USSR
nodulosus ted pleuro- other organs the final
{(Pallas, 1781) cercoids) hosts are pike,
peroh and
other predators
Eubothrium Adult Intestine Pleurocercoide | Within the ar
orassum Bloch, in intestine of] area of Sal~
1779 peroh; proocer- | monids
ooids in any
Cyolops
Dyphyllobothrium | Larva (pleu~ |Musoles, liver | The final homt-| North-Western
Iatum {L.,1758) | rocercoids) and other mamnals USSR, Volgea
organs Yenimey, Ob
Rivers, basins
Diphyllobothrium| Enoysted Tissues of Final hosts Yot recorded
norvegioum Vik, Pleuroocercoids| intestine and mammals and
1957 stomaoh birds
Protscoephalus Adult Intedtine North-Western
longiocollis USSR, Siberia
{Teder, 1800) Kamochatka,
Amur River
Trematoda leioithaster sp. | Adult Intestine Not reoordsd
Orientophorus Adult Pylorio oaeoa Far Bast,
atrovi Kamchatka
iLayman, 1930)
Podoootyle Adult Intestine Basins of the
reflexa White, Barents,
iCreplin, Japan Seas
1925)

1/ Table based on "A key for identifioation of

edited by B. Byhhovsky (1962)

parasites of freshwater fishes of USSR",
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TABLE

XVII (continued)

Glasg or Stuge of para- Infected Other hosts
Order Species site infecting organs and stages Area
smelt in them
Trematodea Bucephalusg Adult Gill tissues, Baltic and White
Qolzmorghus under skin Seas basins,
Baer, 1827 Siberian and Far
East Rivers
Cotylurus pile- Cyets Tissues of Final hosts~ | Baltic and White
atus (Rud., 10602) gas bladder [birds Sea, Volga
and other Siberian Rivers
internal Rybinsk waterbody,
organs, body Karelia
cavity
Tetracotyle ##% Larva Heart Adult unknown| Not recorded
intermedia
Hughes, 1928
Diplostomum #%#% | Iarya Crystalline FPinal bosts~ | Wot recorded
gpathaceum lens of eyes birds
(Rud., 1819)
Hematoda Contracasscum Adult 8t mach, ceso- North-Western
aduncum phagus, pylo- USSR, Ob and Amur
(Rud., 1802) ric caeca Rivers, Japan
| Llarva Liver, mesente- and Okhotsk Seas.
ry, musocles basins
Porrocaecum Adult,
eperlani larva Dorsal muscles North-Western
{Linstow,1879) under skin USSR
Cystidicola Adult, Gas bladder Baltic, White,
farionis larvae Barentz, Bering
Fisher, 1798) Seasm bagine
Camallanusg Adglt, Intestine Everywhere, ex-
lacustris layvea cept the Amur
(Zoega, 1716) River basin
Camallanug Adwdt Intestine ¥verywhere, ox~
truncatus larve cept the Amur
(Rud., 1814)
Philometra Adult, Body cavity, Hot recorded
laxrva the skin bet- )

ganguines
(Rad.; 1947)

ween f£in veyn
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TABLE XVII {continued)
Class or Stage of para~ Infected Other hosts
Ordexr Speciesn site infeoting organa and stages Area
smelt in them

Acantocephala| Fchinorhynchus | Adult Intestine ot shown Not recorded
padi Miller,
1776
Pgeoudoechi- Adult Intestine Intermediate Bverywhere
norhynchus hosts~Qammarus
clavuls {Du- pulex and
jardin, 1845) Pontoporeia

affinis

Metechinorhyn- | Adult Intestine Intermediate
chus salmeonis host~-Ponto-
(MiT1er, 1780) poreis effinis
Pomphorhynchus | Adult Intestine,
laevig liver Gammarug pulex| North-Western
(MiiTer) - | USSR, Volga
Corynosgoma Larva Body cavity Final hosts —~ |North and Fast
gemermne gea manmals Seas of USSR
(Forssell, 1904) rarely birds
Corynognons, Larve Body eewvity, Final hosts = |North and Bast
strunosum magoles, ine ges mammals Seas of USSR
(Rud., 1802) ternal orgons rarely birds

Copapoda Bregasilis bri- {Adult Gills Baltic, Siberia,
ani Markewitsh, Amur River
1932
Brgasilis sie-# Adult Gills Baltie, Japan Sea
boldl Nordmann, Siberia
1832
Caligus macaro-| Aduld Gills, skin Par Best
vl Gussev 1951

Branchiure Arpgulus folia~* Adult Gills and Burope, Siberis

eus iey1758) slcin

* May cause mags mortality of fish

#%  Causes lose of welight

Ey s

Causes blindness and mortality
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TABLE XVIII
Selection of food organisms by the Lena river
smelt (after Pirojnikov, 1955).
Fishes were 6~11 ysars old and measured 16{-317 mm
Components share (in %) Share in the
in plankton in nekton diet of smelt
Copepoda 51.2 - 0
Cladocera 32.9 - 0
Mysidae - 24.2 6703
Amphipoda - 1.9 11.4
Isopoda - 1o 0
Cuma.cea - 7.0 0
feeding incresses until July. Polychaeta (45%4) (Cyclops sp., Diaptomus sp. etc.). The main

and herring eges (27%) are the main food compo—
nents. In summer older individuals feed on
Polychaeta, Decapoda and fishes, in autumn they
feed on Polychaeta and Amphipoda. Intensity of
feeding decreases until December. In winter it
ig low, and food consists of nektobenthic Crus—
tacea. Amstislaveky and Brussynina {1963)
noted that the Ob river smelt feeds on Amphipodas
in winter. During the vegetative season Mysi-
dacea, Copepoda, Cladocera and young smelt are
important in smelt diet. The Lena river smelt
has the same diet {(Pirojnikov, 1950, 1955)s The
Elbe river smelt feeds on Burytemora from April
to October and Gammaridae from November to March
(Ladiges, 1935). Planktonic Crustacea dominate
in the diet of small freshwater smelt. Their
importance in the diet depends on seasonal
abundance.

According to Timakova (1957) intensity of
feeding of males and females of the same age
varies with the season: after spawning females
feed much more intensively than males; in July
and August males feed more intensively.

Females oconsume more fish than males.

The assortment of food components, their
sizes and quantity change with growith. Young
of all populations feed on zooplankton., Fishes
aged 2 years eat Mysidae, Amphipode, Insecta
larvae and fishes. The importance of fishes
inoreases with age,

In winter the smelt feeds very little.
As a rule smelt abstain from feeding during the
spawning and pre-spawning period (Nikolsky,
1956, and others).

3642 TFood .
Young and adults of small freshwater smelt

feed on planktonic Crustaceas Cladocsra
(Bosmina sp., Daphnia sp. etc.) and Copepoda

food groups of adults of different populations
are Mysidacea, Amphipoda and young fish. The
smelt of the Atlantic coasts of North America
feeds on pelagic Isopode (Kendall, 1927). The
diet of the White Sea smelt consists of 60 com-
ponents (Kudersky and Russanova, 1963),
Polychaeta playing the main role (mainly Nereids
vhich do not occur in smelt diet in other areas).

3.43 Growth rate

According to Belyanina (1968) nll smelt
populations mey be divided into 2 groups based
on character of the growth rate during ontogenys
(1) populations whose individuals grow most
intensively during their first year of lifes
then the growth rate decreases oomparatively
gharply (smelt populations of West and East
European basins, excluding the extreme North,
and North-American waters%;

(2) populations whose individuals grow com-
paratively slowly during their first year while
their rate of growth incresses more or less
sharply during their second year, Then it
decreases gradually (smelt populations of the
¥hite Sea, the Cheshskaya Bay and Siberian
soasts). Sizes of individuals of different
pmelt populations in successive years of life
are given in Table VIII. Values of the linear
growth {in % to maximal length) of some popula-
tions of both groups are shown in Plg. 14.

Condition fuctor (Ponderal index)

The well-known length-weight relation in
fish may be expressed by the following equation:

Q = A1™, where
A = conste,

Q = weight, 1 = length,
n - near 3

Valuea of "n" for different smelt populations
are given in Table XIX.
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TABLE XIX

Values of "n" for different smelt populations

Loocality n Authority
Landloocked White leke 2,70 Schetinina, 1954
Rybinsk waterbody 2.91 Schetinina, 1954
Kurishes Haff 2.87 Marre, 1931
CGreat lakes 2.82 Lillelund, 1961
Sea~migrant Blbe river 3.28 Lillelund, 1961
Mirvamichi river 3,20 MoKenzie, 1958 Lillelund, 1961
White Sea:
Kandalaksha Bay 3,48  Original data
Dvina Bay 3,36 Kirpichnikov, 1935
Yenisey river 3,15 Tyurin, 1924 and others
Rybinsk waterbody o Finnigh Gulf
60 60O
4.0 4o
20 20 7
T 2 3 vears I 2 3 4 5 &6 years
Ao Populations of the {-group
White Sea Yenisey River
50 Ie¥e)
Ii¥e 40
20 ////’\\\M\“\N\\thm__~_ 20
I 2 3 &L 5 6 1 2 ) 4 5 6 7 8
years ot life “years of life

B. Populations of the 2-group

Fig. 14 Linear growth of fish in suoccessive years of
life (as % of maximal length) of different
smelt populations (from Belyanina, 1968).
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TABLE XX

Rate of growth in different smelt populations
(from data in Table VIIL)

Loocality
1 2 3 4

Length inorease in successive years of life

) 6 T 8 9 10 11 12

Ireghwaters

Pakov-leke
Ilmen lake
Valday lake
White leke
Rybinsk wib
Kurishes Haff
Dadey lake
Lazmiaden lake
Ladoga leke
Onega lake
Michigan
Upper lake

o L4 -3 2 & @
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Chesha Bay
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Amur river
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The populations of the first group live
under temperate climatic conditions. Their
season of growth lasts 6~T7 moniths. They live
in waters with a good supply of small zooplank-
ton which the fry and young feed oni the
ylankton biomass is about 300-1300 mg/m s 88
may be concluded from various literature
sources. The rate of growth of freshwater
landlocked populations deocreasses sharply during
ontogeny {Belyanina, 19683 Tables VIII, IX,
XIX, XX3 Fig. 14). Populations of the second
group live under severe sub-arctic conditions,
Their meason of growih lasts 5-6 monthe (White
Sea smelt) or only 4 months (Bast Siberian
populations)@ The average zooplankion biomass
is about 50~300 mg/m3 during the season. The
later spawning period (May-June and even July)
compared to that of the Buropsan and American
populations {March-ipril)}, the lower tempera-
ture during the season, the earlier cold in
antumn, the poorer food resources ~ all these
factors determine the slow growth-rate of the
young smelt of thess reglons. However, rate

of growth increases during the second year of
life and greatly exceeds that of the first year
(Fige 14). 'This is evidently a result of
changes in feeding habitsy the smelt begins to
faed on larger Crustaceans (Amphipoda, Mysidacea).
The Kandalsksha Bay smelt (White Sea) is remark-
able for its most rapid growth (linear and
weight) during the second (and third) year of
life {Tables ¥III, IX, XIX). This population
lives under conditions of higher salinity (25-
28 °/00) than do all other smelt popalations.
The food regources of the White Sea are richer
than those of estuaries of Siberisn riverssj the
average biomass of benthos of the White Sea im
about 10-30 g/m® (excluding Mollusce and Echino-
dermaia which smelt does not feed om), while
this value is only 4-5 g/m? for the estuariss

of the Siberian rivers (Grases 1957, end othera)a
Also the Kandalaksha Bay smelt feeds intensively
on heteronereid stages of Polychaeta, mainly
Nereis virens (Abdel-Malek), 19633 Xudersky and
Russanova, 1963), which is an easily accessible
and very asbundant food in this regilon.
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The length of the growth season is differ-
ent for different age groups: young fish hegin
to grow earlier and finish the season later
than older individuals (Lillelund, 1961 and
others), This may be related to spawning in
spring or in the beginning of summer.

Smelt grow faster in warm years and slower
in cold ones (Kirpichnikov, 19353 Meshkov and
Sorokin, 1952, original data on the White Sea
gmelt)a The effect of temperature on growth
is seen more clearly in younger fish.

Generally strong year-classes grow more
slowly than weak ones (Lillelund, 19673
Morosova, 1960, and original data)s. According
to Abrosov and Agapov (1957) the rate of growth
of the small smelt of the Jijitzkoye lake de-
creases with increasing population density.

3044 Metabolism

The metaholism of smelt has not been
studied.

Leviyeva (1952), Kleimenov (1962) and some
others give data on the chemical composition of
smelt (Table XXI). Data on fat are shown in
Table XXII. Siberian smelt have the most fat
in the body and reproductive products. The
amall smelt of the Upper Volga system have the
lowest fat content. During the spawning period
the fat content of the body and internal organs
of males (except gonads) is higher than that of
females. Chechenkin (1952) reported that the
fat of the Pskov lake smelt consists mainly of
non-saturated fatty acids, with oleic acid
dominant.

Fatness changes during life and by seasons
(Belyanina, 1966b). Localization of fat in
smelt (in per cent to total fat) is shown in
Table XXIII,

Ripening of the female gonads results in
congiderable changes in the localization of fat
and its breakdown. The fat of the intestine
and mesenteries is used up almost entirely.
This process is much less intensive in males.,
According to Belyanina and Makarova (1965) a
female smelt uses up about 65% of initial fat
during spawning, 53% being removed as fat of
extruded eggs and 12% being used in activity.
A male uses up about 47% of its fat, fat in
extruded reproductive products being 6—10%;

a great part of the fat is used in activiiy

during spawning.

Endocrine systems and hormones and osmotic
relations of the smelt huve not been studied.

3«5 Behaviour
3051 Migrations and local movements
During most of the year smelt stay near

shores. After spawning the fish migrate to
deeper water, evidently to avoid high tempera-

tures. In autumn fish of all age-groups keep
together. Smelt tend to form local popula~
tions. Feeding migrations of smelt are short.

They spend the winter at river mouths. In
spring they migrate to spawming areas upstream.
Extent of mpawning migrations is given in
Table XXIV, season of migration in Table XV.
After spawvning adult smelt actively move down—
river, prolarvae drift passively.

Differences in the migratory behaviour of
different populations are mentioned in Seotion
3.120

3052 8chooling

Bvidently smelt form schools during sll
stages of the life cycle (Kendall, 1927 and
others). By our observations only the largest
and oldest examples of White Sea smelt (68 yr
0ld) do not form schools but search for fish
alone. Spawning and wintering concentrations
are rather dense, and feeding schools are of
1 38 density. In autumn and winter, smelt
concentrations consist of fish of both sexes
and different age groups. In spring, mature
individuals form .pawning aschools, grouping by
size or age.

Gobiids, flatfishes and other species
sometimes occur in fishing nets together with
the White Sea smelt; herring, stickleback,
sprat and others with the Finnish Culf smelt.

Larvae and young smelt feeding on plankton
perform vertical movements (Amstislavsky, 1963}
McKenzie, 1964).

The behaviour of spawning schools is dis-
oussed in Section 3.16.

3.53 Responseg to stimuli

Kendsll (1927), Baldwin (1948), Dryagin
{1948) and others have noted that adult smelt
avoid strong light. Strong light destroys
developing eggs. Hatching larvae react
positively to light (Unanyan and Soin, 1963).

Unanyan and Soin (1963) noted that sea-
water of 26 o/bo psalinity has a harmful effeot
on the reproductive products of smelt, prevent-
ing fertilization. Seawater of salinity above
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TABLE XXI
Chemical composition of smelt
(from Leviyeva, 1952 and Kleimenov, 1962)
Organ Month Chemical composition (%) Calorific
Water| Fat Total | Protein | Extractive | Total protein| Ash value
N N N (=N 6.25)
Neva river:s
males May 154 | 5.2 | 2.67 197 0.70 16,69 2656
(entire) June 79.5 | 3.3 | 2.39 1096 0.43 14,94 2,30 | 85,2-89,7
Females May 76.4 3.9 1 2.77 2,13 0,64 17031 2652
(entire) June 81.4 | 2.1 | 2.27 1.84 0.43 14,19 2031
bodies June 81.4 | 1.4 | 2.49 1.94 0.55 15,56 1.84
heads May 78.4 2,9 | 2.20 1.43 0. 77 13.75 4045
June 80.6 | 2.9} 2,05 1.48 0.57 12,81 4041
livers May 149 | 7.6
June 79.8 | 3.9
internal May | 597 1273
organs with- | June 78.3 | 8.3
out reproduc-
tive products
Far East
entire May T7-18| 4.4~ 166 1=17.0 160 110.6
5.0 1o
eges 62 | 12,0 23,0 2,0
testis 66 700 24.0 350
Contents in mg/100g
K Ca | Fo Mg | P (CH3 )3N03
388 | 83 | 0.7] 20 | 246 335
Aminonold content me % of protein
Isoleuocine | Leucine | Lysine | Methionine | Phenilalenine | Treonine | Valine
408 7.8 1901 2,8 400 4ol 504 .

There are 2340 international units of wvitemin D in {1 g of smelt
liver fat and 170200 i.u. in 1 g of fab of internal orgaens
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TABLE XXIT

Fat content of spawning smelt from different populations

Locality Fat content in % of wet substance Authority
body eggs testis :
White Sea 1T ~ 369 8 -9 5 Belyanina, 1966b
Weva viver 2.5 = 3.5 o - leviyeva, 1952
Siberia 4o =~ 563 12 T Kyzevetter, 1949
Uohinskoye 065 ~ 2.4 4.8 « ToT 6 Original data
waterbody
Worth Germany - 0.2 51 Morawa, 1956
TABLE XXIIX

Localization of fat in smelt (as % of total fat)

Locality Sex Organ Season
April-May August October
White Sea Females body 4453 59«65 72
gonedg 45-57 23 T
other internal organs to 4 3338 21
Males body 78-88 6379
gonads 612 4=6
other internal organs to 16 2033
Uchinskoye Females body 36 i
waterbody gonads 64 8
and, other internal organs very little 15
Rybinsk
waterbody | Males body 61 78
gonads T T
other internal organs 32 15
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TABLE XXIV

Extent of upriver migrations in different amelt populations

Extent of
Looality migration Authority
(fem)

Yenisey river 1000 Tyurin, 1924, and others
Lena river 180-200 Pirojnikov, 1950
Amur river 270 Kuznetzova, 1962
Suyfun river and other

rivers of the Far Bast 16-18 Ivanova, 1955
Elbe river ‘ 120 Lillelund, 1961
Rivers of the White Sea 2ma3 Balagurova, 1957 and others

basin
Saint Jawrence river 300 Magnin and Bealieu, 1965

Miramichi river

MoKenzie, 1964

13 /o0 Tesults in pathological changes in
developing eggss flowing out of yolk, deforma~
tion of body of embryo, absence of orystalline
lens in eyes, destruction of brain, delay in
hatching, sometimes death of embryos. Barlier
stages of development (till complete gastrula-
tion) are more sensitive to salinity than those
later (after the embryo body has formed).
Hatching prolarvae resct positively to salinity

by migrating downstreams Freshwater has a
bad effect on the survival of smelt larvae in
later stages of development (Unanyan snd Soin,
1963),  Lillelund (1961) stated that salini-
ties below 10 ©/,, have no harmful effect on
developing eggs and larvae. The upper limits
of thermal tolerance during early stages of
development of eggs lie within the range 17.7-
20,7°C, at later stages within the range 21-
24°C.
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4 POPULATION
401 Structure
4,11 Sex ratio

According to Kirpichnikov (1935) males
predominate in the majority of smelt popula~
tions. The number of males decreases in older
age—groups becauss of their shorter life cycle
(Table XXV). A decrease in the relative
number of males in each age-group may be seen
on comparing the sex composition of spawning
and feeding concentrations. This may be
caused by the higher total mortality rate of
males during spawning (Tremblay, 1946).

The sex ratio on spawning grounds is dis—
cussed in Sesction 3.16,

4.12 Age composition

The age composition of different spawning
populations is given in Table XXVI, Catches
of feeding snd wintering concentrations in-
clude some younger immaiure fishes.

For age at first capturs, age at maturity
and maximum age see Table VIII. Moast of the
spawning (and fishing) stocks are formed by
fish of minimal spawning ags -~ Jee Table XXVI.

4013 Sime composition

Nata relating length to age and maturity
in different stocks are given in Table VIII.

The length-weight relationship of differ—
ent stocks is given in Table XIX.

4.2 Abundance and density (of population)

4,21 Average abundance

Lecording to McKenzie (1964) the smelt
stock of the Miramiochi river is emstimated about
375 million fishs Lillelund (1961) estimated
the stock of the Klbe river of 60-~85 million
fish.

4.22 Changes in abundance

Domrachev and Pravdin (1926), Petrov
(1940, 1947), Dryagin (1948) and others have
noted sharp changes in abundance in short—lived
smelt populations. Lapin (1960) gave an analy-
gig of ocauses of that phenomenon. Sharp de-
creases in abundance are related to poor density
of one or two year classes. Usually the popu~
lation density recovers in several years.
Sometimes a fall in density is a result of an
epidemic (Van Oosten, 19473 Patterson, 1948,

& | others). In most areas fishing has no

TABLE XXV

Sex ratio in different age-groups of
White Sea smelt {original data)

Year and season Sex g e groups Numbexr
of sempling 2 3 4 5 T-8 of fishes

1961
Spawning Females - 41,5 37.0. 100 100 100 184
concentrations Males - 58.5 63.0 - - - 270
(spring) :
Feeding Females 5261 54.5 75.0 75,0 100 100 234
concentrations Males 47.9  45.5 25.0 2560 - - 192
(summer )

1962
Spawning Femalos - 66,0 50.0 72,7 66,7 100 335
concantrations Males - 34.0 50,0 2703 33.3 - 282
(spring)
Feeding Females 5201 56,7 T0.5 100 - - 152
concentrations Males 47.9 43,3 29,5 o - . 127
{summer)
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TABLE XXV1
Age oomposition (%) of spawning stocks in different smelt populstions
locality Agoe groups Authority
1 2 3 4 5 6 7.8 910 1112 13 14 15

Pakoveko-Chudskoye lake 90 10 Meshkov & Sorokin,
1952

Rybinsk waterbody 17 71 6 Schetinina, 1954

Dadey lake 74 17 8 1 Willer, 1926

Lazmiaden lake 6 37 38 15 4 Willer, 1926

Ladoga lake 6 24 32 25 1t 2 Arkhiptzeva, 1956
and others

Onega lake 4 28 4020 T 4 Alexandrova, 1963

Miramiochi river 66 30 4 McKenzie, 1964

Huron lake 54 38 8 Baldwin, 1948

Upper lake 3249 17 1 1 Bayley, 1964

Neva river 1284224 3 1 1 Kojevnikov, 1949

White Seas

Onega Bay T 32 41 17 3 Balagurova, 1957
Kandalaksha Bay 30 46 23 14 Original data

Yenisey river 8 20 43 23 6 Kravchuk, 1958

Lena river 6 14 8 39 28 5 Pirojnikov, 1950

Chatanga river 310 10 19 28 25 4 1 Lukyanchikov, 1964

Anadyr river 172133143 7T 4 3 1 14 Agapov, 1941

serious effect on population density, but Moro-
sova (1960) and Amstislavsky (1963) have stated
that intensification of the fishery has led to
a sharp deorease of catohes in the White lake
(Vologda district) and the Ob estuary.

4.24 Changes in density
Annual variations in landingse per unit of
fishing effort for the Miramichi river, Canada,
are given in Fig. 17.

Smelt ocour in relatively shallow waters.

Seasonal variations in the available stock
are mentioned briefly in Section 3.52

4.3 Natality and recruitment

4.31 Reprcduction rates

Rupp (1959) found that the survival rate
of eggs of the smelt of Maine is about 6%.
Acocording to Kojevnikov (1949; survival co-
afficient {from eggs to adult) in the Neva
river smelt is about 0.02%.

4,32 Factors affecting reproduction

See Sections 3416, 3.21, 3.22, 3.23

4.33 Recruitment

Slowly growving year classes mature and
join fishable stocks later than those which
grow faster. Unpublished data show that the
1958 year—class of White Sea swelt grew slowly
during the first year of life and reached
maturity only at the fourth year (only 20%
matured at the third year of life). The 1959
and 1960 year classes grew faster and matured
during the third year of life. Similar data
are given by Morosova (1960) and Lillelund
(1961).

Recruits enter the spawning stock in
spring. The relative number varies from year
to year because of differences in the strength
of year—~classes and in the rate of maturing
(see above and 4022).

dod Mortality and morbidity

4,41 Mortality rates

Acoording to Lillelund (1961) average
fishing mortality coefficient in the Elbe river
smelt is 0.173 natural mortality coefficient
for different age groups is as followss

Age 1 2 3 4
Mortality co-— 0.90 1,08 1,30 1,59
efficient
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4:3

McKenzie (1964) stated that uverage annual
fishing mortality coefficient in the Miramichi
river smelt is about 3-5% of the stock.

4.42 Factors ceusing or affecting
mortality

Predatorss See Sections 3.13, 3022, 3.34.

Food of larvae and post-larvae and its
avallability: See Section 3,22.

Physical factors:
Sometimes stocks of smelt become frozen in ice
during the spawning migration in Siberian
rivers.

Direct effects of fishing: See Section

4041'
Indirect effect of fishings
Samsonov (1310) showed that great mortal-

ity of eggs of freshwater smelt is oaused by
fishing gear.

4.43 TFactors affecting morbidity
Parasites and diseases: See Table XVII

It is well known (Van Oosten, 1347, and
others) that mass morbidity and mortality of
smelt occurred in the Great Lakes in 1942/43.

{ 8o

Fig.

1960).

See Sections 3,15, 3.17.

R

The epidemic was apparently caused by a virus
or a bacterium.

Physical factors causing morbidity of adult
smelt are not known.

4.5 Dynamics of populations (as a whole)

Lillelund (1961) gave a model of dynamics
of year-classes in the smelt population of the
Blbe river in 1953-60.  Lapin (1960) has worked
out a scheme of dynamics of age—groups in the
vopulation of the small smelt of the Rybinsk
waterbody (Fig. 15). This model is made on the
assumption that the Rybinsk smelt spawns once
only before death., The model demonstrates that
different rates of growth and maturing may cause
changes in the age composition of the stock.

4.6 The population in the community and
the ecosystem

Pirojnikov (1955) included the Siberian
smelt in the Arctic freshwater complex of fish
(Hucho hucho, Salvelinus fontinalis, Stenodus

leucichthys, Coregonids). (1949)

Ponomareva
noted that smelt larvae in the Kara estuary
occur together with larvae of Coregonus
avtumnalis, Salvelinus fontinalis, Myoxocephalus
scorpius, liopsetta glacialis and Eleginus

navaga.
See also Sections 3,33, 3.34, 3.42

mature fish of one-year old

mature fish of two-year old

i

mature fish of three-year old

immature fish

§

15 Scheme of dynamics of year-—classes in populations of small smelt (from Lapin,
Seasons are shown on the horizontal axis, body length on the vertical.

Arrows show that an age-group (or part of it) has reached maturity and spawned

in spring (circles signify laid eggs).
shows that smaller fishes remain immature.

The dotted line on the level of 60 mm
Two cases (A and B) with different

initial age structure of population are considered.
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5 EXPLOITATION

501 Fishing equipment

5.11 Gears

In the Elbe river they catch smelt in
river-stow-nets, which lie on either side of
a ocutter, or the nets may be anchored to the
bottom of the river. Bach cutter has one or
two river—stow-nets (Lillelund, 1961). In
the Qreat Lakes thsy use nylon gill nets of
25-38 mm mesh or smaller (extension measure )
these are 75 m long. Otter trawls are used
alsos these are semiballoon type, with heead-
rope lengths of 945-1250 cm and mesh sizes of
62 mm in the wings and body and 12 mm in the
cod end. Shore seines are used during the
spawning runs these are of 12 mm-mesh cotton
twine, 180 cm deep and 76 m long. Smelt
from rivers are captured at sea~lamprey bar-—
riers in weir traps of 420 x 180 x 180 om
constructed of 6 mm-mesh (bar measurement$
hardware cloth over wooden frames. Spawning
run smelt are captured in commercial pound
nets 210 cm deep made of cotton twine of 30 mm
mesh, shrunk to about 24 mm mesh through treat—
ment with preswvrvatives. The boom shocker
consists of two electrical wire paddles sus-
pended from booms extending ashead of a 16-ft
outboard-powered boat. Power for the shocker
is supplied from a portable 2.5-kw, 220-volt,
3~phese, AC generator (Bayley, 1964).

According to McKenzie (1964); in the
Miramichi River "open—-water fishing gear is
used at the beginning of the season unless the
ice is strong enough to set winter fishing
gear. Open~water gear consists mostly of bag
nets set on stubs or pickets near shores pro-
tected from the full force of storms. The
gear is fished from catamarans and man-propelled
gscows 6-9 m long".

In Russia, smelt is fished by speocial
traps ("mereja") made of small-mesh cotton
twine stretched on 4-6 hoops of wood with two
wings. Traps are fixed by anchors at mouths
of spawning rivers. Shore seines of 80-170 m
long with mesh sizes of 32-30~28~26-20-18-16 mm
in wings and 16=-12-8 mm (inwards) in the cod
end (Tyurin, 1939). Large river-fixed-nets
and trawls are used also.

Angling for smelt ocours also in some
regions (Canada, north-western part of USSR).
Baits are earth worms and young fishes.

During the development of the fishery
~there has been a tendency to change from simple
traps and cotton gill nets to nylon gill unets,
trawling and eleotrical fishing.

Echosounders and fish detectors are not
used by smelt fishermen.

Smelt is frightened by light, and effec-
tive methods of attracting the fish are not
Known.

5.12 Boats

In Burope smelt are usually fished from
motor boats of 12-14 m long and 4.5 m wide of
40~75 hp (Lillelund, 1961). In North America
catamarans and man-propelled scows of 6= m
long are frequently used (McKenzie, 1964).

5.2 Fishing arsas

5021 Qeneral geographic distribution
Within the ares of distribution (mee Fig.
9) smelt are fished in ocoastal waters of geas,
agtuaries of rivers and lakes. During the
spawning period smelt are fished in rivers.

522 Geographioc ranges
See Section 5.21

Smelt are most abundant in the north-
western part of U.S.S.R. and the Amur river
basin, Atlantic coasts of Canads and U.S.A.

Wew ranges of smelt fishery ares Great
lakes, where the smelt was introduced in the
first quarter of the twentieth century
(speirs, 1951); esmtuaries of Siberian rivers,
wvhere the smelt fishery did not develop until
after 19353 artificial waterbodies of the
Upper and Middle Volga system.

5.23 Depth ranges
Smelt occur in midwater or near the bot-
tom in relatively shallow places. The young
stages carry out vertiocal migrations in pur~
suit of plankton.

5.3 TFishing seasons

5.31 Ceneral patiern of season(s)

Smelt are caught mainly in spring, during
spayning. The fishing season is rather short
(see Sections 3.6, 5.33). In autumn the
fishery is based on less dense concentrations
than in spring. In winter angling is used
(McKenzie, 1964, and others).

5032 Dates of beginning, peak and
end of season(s

The beginning of the fishing season coin-
cides with the formation of offshore feeding
concentrations in sutumn and continues in
winter, The psak of the fishing season is
based on spawning concentrations (see Table
XV). The season ends after spawning when
smelt have migrated to deeper waters.
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5633 Variation in date or duration
of season

The fishery for spawning smelt is influ-
enced by water temperature and other factors
which control spawning (see Section 3.16).

According to McKenzie (1964) the fishing
season in the Miramichi river basin from 1931
1963 varied irregularly from 77 to 136 days.
This variation in length of season appears to
have little effect on the final total catoch.

The highest proportion of large smelt is
caught early in the spawning sesson. Size
of fish deoclines as the season progresses, and
the price of fish deoreases.

5.4 Fishing operations and results

541 Effort and intensity

Lillelund (1961) and McKenzie (1964) have
given statistics of the smelt fishery in the
Blbe river and the Miramichi river for many
years, inoluding data on catches per unit of
fishing effort. Data on Miramichi annmuaal
commercial smelt landings, 1931/32-1962/63,
and catch per licensed net per season sre given
in Figs. 16, 17.

thousands of owt
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Pig. 16 Miramichi annual commercial smelt

landings, 193132 to 1962-63.
(£rom McKenzie, 1964 ).

5.42 Selectivity

Bayley (1964 ) reported that "the gill

nets from 25-125 mm mesh ocaptured almost ex—
clusively fish of age group II or older. The
shore seine, welr trap and pound-nets, fished
only in the spring, sampled solely the spawn-
ing population. Since segregation by maturity
precedes the spawning migrations, immature spe-
cimenas (all fish of age-group I and part of
age-group 1I) were absent. The otter trawls
and boom shocker fished at times other than the
spewning period, appeared to be the least sel~
ective gears. Trawl collections usurlly in-
cluded smelt of all sizes and age groups. The
boom shocker fished only in shallow water seem-
ad to sample adequately in the waters fished".

According to McKenzie (1964) "Increasing
the wesh gize from 29-32 wm increased the gill-
ing 5 times and in the 38 mm net 7 times. Most
smelt under 10 cm escape the commercial nets.
Size selection by the nets is one of the fac-
tors oausing diminution in the size of smelt
caught as the commercial season progresses".

5.43 Catches

Total annual yields for various countries
are given in Table XXVII and average yields for
different fishing grounds in Table XXVIII.

pounds
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39=40 49-50 59-60

Fig. 17 Miramiohi gmelt catch per licensed
net per season (from McKenzie, 1964).
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TABLE XXVII

Total annual yields of smelt in various countries
(thousands of metric tons)
(Yearbook of Fishery Statistios FAO, 1966)

Average annual ylelds from different

Country Years
1958 1961 1962 1963 1964 1965 1966
Total 25.0 27.0 25.0 25.0 29.0 28.0 28,0
U.S.8.R. 145 15.1 1543 15.5 1641 167 16.6
Canada 413 7«-3 1.5 1.6 2.1 201 2.1
U:8.A, 6.0 245 202 - 263 2.4 1.8 104
Finland 0.1 1.1 0.6 0.4 0,7 0,8 0.9
France - 0,3 0.2 0.1 0,1 - -
Federal Republio
of Oermany 0.4 0.2 0.2 0,2 0.4 0.3 0.3
Netherlands 0.2 001 0.2 0.1 0,2 0.3 0.3
Yorway - 0.9 - 0.1 0.6 0,2 0.2
TABLE XXVIII

fishing grounds

Fishing grounds Average yield Ysars Authority
(tons)

Pakovesko~-Chudskoye 3600 1931=1963 Shirkova & Pihu, 1966
lake

Ilmen lake 363 1946-1958 After Kudersky, 1962

White lake 261 1945-1958 After Kudersky, 1962

Onega lake 623 1945-1959 After Kudersky, 1962

Ladoga lake 1374 1946-1954 After Kudersky, 1962

Yeva river 400 1932=-1948 After Kojevnikov, 1949

Finnish Gulf 640 1932-1948 After Kojevnikov, 1949

Kurishes Haff 983 1948-1957 After Noskov, 1959

Elbe, Eider, Weser 311.5 1955-~1959 Lillelund, 1961

White Sea 400

Yonisey 150, 7 1946-1955 Podlesnyy, 1958

Ob estuary max. 1540 1960 Amstislaveky, 1963

Amur 1000 1949~1958 Kuznetzova, 1962

Miramichi river 126 1931=1963 McKenzie, 1964

Great lakes 7264 1960 Bayley, 1964

1
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6 PROTECTION AND MANAGEMENT

6.1 Regulatory (legislative) measures

6.11 Limitation or reduotion of
total catch

In many cases catches of smelt may be in-
creased, as only & small part of the popula-
tion is removed by fishing. However, in some
cases it is necessary to limit catches
(Morosova, 19603 Amstislaveky, 1963).

6.12 Protection of portions of
population

The size of caught smelt is limited by
the market: for example in the Elbe river
they do not catch smelt smaller than 14 cm
(Lillelund, 1961).

6.2 Control or alteration of physical
features of the environment

Physical features of the environment may
be altered to improve spawning grounds by
clearing such impassible obstacles as brush
jams, old dams, steep rapids or falls, sluice-
ways, pulpwood, logs as well as road culverts.
McKenzie (19645 noted that "at moderate cost
much can be dons to overcome these situations.
Streams full of brush and debris from lumbering
operations can be cleared and laws enforced
to prevent recurrences. 01d dams can be re-
moved or if in use can in some cases be opened
during the smelt spawning season. '"Smeltways"
cen be built also to permit passage over the
dams. Orades through culverts should be made
to conform to the slope of the original stream
bed with addition of baffles, if necessary, to

break the swift smooth flow. The bottom of
the culvert at the outfall (at least when
built) should be level with, or preferably low-
er than the ptream bed. Action to facilitate
the passage of smelt through highway culverts
to their spawning grounds would be of congider—
able importance to the smelt fishery in New
Brunswick. Smelt often escape the strong cur-
rents in streams during spring freshets by
going out over banks and spawning far from the
regular stream bed. In some locations it
seems practical to prevent loss of both eggs
and parents from stranding by constructing
dykeso In the larger Miramiohi branches and
tributaries flood control by means of dams
would no doubt increase the larval production".

6.5 Artificiael stocking

6,52 Transplantation, introduction

Transplantation of smelt from the Green
lake (Maine) into the Crystall lake (Michigan)
wag made in 1912 and in following years and
has given excellent results (Van Oosten, 1937;
Creaser, 1926, 1929, and others). Smelt has
spread all over the Great lakes and formed a
good fishery population there (Table XXVIII).
In Russia smelt was repeatedly transplanted
into some lakes of the Leningrad and Novgorod
Districts (Tikhiy, 1941). These operations
have given good results in 42% of cases for
small smelt but for long-lived smelt only 17%
have been successful. As a rule unrepeated -
transplantation has rarely given good results.
Smelt was introduced into some Ural lakes also
(Karabak, 1930). Some introduction of smelt
into the waters of Karelia were proposed by
Stefanovskaya (1957).
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7 POND FISH CULTURE

7.9 Transport

Smelt has not been cultured in ponds.
According to Karabak (1930) and Suvorov (1939)
smelt eggs may be incubated and transported in
& cool wet atmosphere. Mortality of eggs

during 5-6 days is less than 5% (Karabalk,1930).
Good survival of transported smelt egge and
larvae wes noted by Richardson and Belknap
(1934), fishes of 6~10 om length being the most
hardy. Barly lavvae are too delicate and they
ghould not be transported. Smelt egge are
gathered on special screens during the spawn-
ing period.
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