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Introduction

For a_long time fish otoliths have attracted the attention of
scientists. Asa rule the external morpohology and some internal
structural elements ofotoliths are species-specific. Thisaccounts
forthe interest directed towards the otoliths by sKstema_tlsts and
paleontologists. The primary interest of ichthyologists and
ecologists concerns the inner structure of otoliths where the
main events of the fish life are recorded. Interpretation of these
"records” isa complicate byt interesting work providing valua-
ble material for both fisheries science and practice. =

The present Guide for the use of Baltic sprat otoliths in fishery
studies is the result of international cooperation of specialists
from several Baltic countries. The work isaimed at generalizing
the results of long-term studies on Baltic sFrat otoliths, show,m%
their significance and potentials of use in tishery and ecologica
studies. The results obtained by analysing the structure of Baltic
sprat otoliths are highly important in stock assessment and
protection of this valuable commercial fish, as well as for
monitoring the condition of pelagic layer in the Baltic Sea.

The possibilities of usa?e ofotoliths, including those of Baltic
sprat, infisheryand ecological mvesﬂgaﬂons are far from being
exhausted. _Contemf)orary_ |I%h’[ and electron microscopes
combined with problem-oriented systems for image automatic
analysis will enable in the near future to widen the possibilities
ofthe otoliths structure analysis as a method contributing to the
knowledge of the ecology of fish. Considering that mentioned
above the present Guide should be, reﬁarded as a summary of
Perseelg%wary results in this dynamically developing field of
The authors are greatly indebted to their co_IIe_algues from the
Baltic Fisheries Research Institute (ngaz and its Tallinn Depart-
ment (Tallinn), Thanks are also dué to colleagues from the
Tallinn Technical UnlversnY_ (Tallmng, the Institute of Sea
Fisheries (Gdynia), the Institute of Sea Fisheries and Fish
Processm_? (Rostocf() for valuable discussions on the Problems
related with the study of Baltic sprat otoliths, but also for useful
critical remarks during the preparation of the manuscript.

1. Systematic pertinence and population structure of
Baltic sprat

Baltic sprat Sprattus sprattus balticus gG. Schneider, 1904) isthe
Baltic subspecies of European sprat Sprattus sprattus L. (genus
Sprattus, family Clupeidag) which inhabits the West- and South-
European seas$ from Gibraltar to the Lofoten Island, the Baltic
Sea, northern Mediterranean and the Black Sea/39/.
Within its area, European sprat is classified into several popula-
tions. Baltic subspecies serves as one of those populations,
which has adapted to live in the brackish Baltic Sea /27/.
Thehighgradient ofphysiochemical characteristics ofthe sea in
the area otthe Belts, préventsthe mixing ofBaltic and North Sea
sprat populations. . .
he unity and integrity of sprat populations, as well as its
subdivision into intrapopulational units - subpopulations - is
determined by the reproduction pecularities. Intrapopulational
subdivision isbased on remarkable and permanent attachment
of the main s;)rat concentrations to more productive Baltic Sea
areas /37, 39/, determined by the sea floor reliefand system of
surface currents /23, 38/. In productive areas better feedmg
conditions promote the survival of larvae and Young fish an
resultinthe aP earence and maintenance of spatial héterogeni-
ty ofthe spra %opu[atlon. _
International Council for the Exploration of the Sea (ICES) has
differentiated three Baltic sprat assessment units: ICES subdivi-
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sions 22, 2425, 26-28 and 27, 29-32. In view of oceanological
and hiological data available, these stock assessment units can
be regarded as the Baltic sp_rat subpopulations /3/.
|t has been established that in the 1980s, the variability of sprat
%rowth parameters hy sea areas was too small to Prowde the
asis for reliable distinguishing of subpopulations /3/.
The results of morphometric analysis and growth allometry
studies cannot serve for characterization ofsprat intrapopulatio-
nal subdivisions either/4/. The use of "natural tags" observable
Inthe structure of otolith enabled to establish the"attachment of
spratto itsmain distribution areasand showed that this fish does
not perform extensive migrations /33/.. ,
The greatest differences between Baltic sprat subpopulations
are expressed in the year-class strength, and as a result in age
comFosmon. The structure of Baltic sprat population, as a
whole, depends on the abundance dynamics of its subpopula-
tions —their areas in dependence of the abundance may
considerable change and the houndaries between them are
quite conventional.

2. Collection and storage of sprat otoliths

Gen_eralﬂroblems, relatedwith the collection and storage offish
otoliths have been discussed in literature /12, 25, 26/. Less
gwtgi?trﬁgl /9%7 appeared on collection and storage of Baltic sprat

Forage, microstructure and shape studies otgliths are taken from
freshorfixed in ethanol fish. Spratotoliths, fixed in formaldehy-
de are unsuitable for further treatment, As a rule, preparéd
otoliths, two from each fish, are placed into dry storage or on
object glasses. In the latter case, the pairs of otoliths may be
arfanged in rows —25-50 pairs of otoliths on each glass and
Boured overwiththe Canadian balsam. The Breparatlon neednt
e covered with %Iass. The preparations obtained, are conve-

nient to handle, the losses of otoliths in _agiemg are excluded.
Sprat otoliths can also be stored on special transparent (some-
times on o‘)_aque)plastlc plates with numbered cavities. The
pairs of otoliths are placed into cavities, and in case of ageing,
poured overwiththe Canadian balsamorwith some transparent

Flastlcs. 100 pairs of otoliths are usually placed on one plate.
fthe samples are_Prepared forstudying under light or electron
hs are kept in rY storage, on plates with

microscope, ofoli
ubes in 75% ethanol.

numbered cavities, or in small glass

3. Maorphology of sprat otoliths
3-1- External morphology

The external morphology of Baltic sprat otoliths has been
described gn the baswoﬂmages, attained by means ofscanning
electron microscope (SEM) /28, 31/. _ _
The following parts are distinguished on Baltic sprat otoliths:
rostrum, postrostrum, anterostrum and pararostrum (Fig. ). The
dorsaledgeoftheotoflth,_betwee_nanterostrumandpararostrum
isusually smooth, sometimes sligthly carved. The ventral edge
betweeri rostrum and postrostrim 15 usually notched. A blﬁ
excisuramajor is between rostrumand anterostrum, and asma
exicura minor between postrostrum and pararostrum..
The outerside ofthe otolith, which isturned offthe brain offish
has a relatively smooth surface, where sometimes the central
area and grooves can be seen. The internal side of the otolith,
which is"turned towards the brain of fish, has a strongly
pronounced relief(Fig. 2). Sulcusacusticusdividesthe innerside
ofthe otolith into dofsal'and ventral parts.



Fig. 1

The outer side of the Baltic sprat otolith:

1- rostrum, 2- postrostrum, 3- anterostrum,
4 —pararostrum /31/

The external structure of Baltic sprat otoliths doesnt show any
important differences from the otoliths of the other sprat
subspecies /28/. There is a remarkable S|m|Ia_r|t?]/ in the structu-
re of the otoliths of Baltic sprat and Atlantic herring Clupea
harengus harengus L. /18, 19/.

3-2.

While_speakinglaboutthe inner structure of Baltic sprat otoliths,
attennontshoud be paid to their seasonal zones and daily
Increments.

Seasonal zones of Baltic sprat otoliths appear as a result of
seasonal growth ofthe fish /28/. In sprmg, inthe period before
spawning, a relatively narrow winter growth check zone is
formed on the otoliths. At the end of Spring, sprat intensive
feeding period begins and on its otoliths a reIaUveIY wide
summergrowth zone startsto form. In _caseofone-¥earo dsprat
the most intensive growth of otoliths is observed fromJune till
September, inclusive. In connection with spawning in older
year-classes the period of more intensive somatic growth and
growth of otoliths may shift towards autumn._Bythe beginning
of the :succeedlngi hydrological winter (the first months of the
foIIOV\Inrt]gdyear) he formation of summer growth zones is
completed. o

Summe_rfqrowth zones and winter discontinuous growth zones
have different optical densﬂ* 128/. In transmitted light to the
periods of summer growth of sprat more trans;garent (hyaline)

Innerstructure

zonescorrespondand lesstransparent (opaque) otolithzonesto
the P_enods of winter 9rowth checks (Fig. 3). It has to be
mentioned thatonlyons,udrm?verythm microscopic sections,
with the zones perpendicular fo the section’s surface, we can
speak about relative transparency of the zones, in a more strict
sens_eofth_eword.StudylngIlghthenetratlonthroughthewhole
otolith or its parts having complicated structure one can only
udge in general lines, about the relative transparency of single
ayers.

Bg5|des, accordingto M. MINA/20/, visual qualitative evaluation
of optical density of otolith zones is relative - neighbouring
zoneson otolithscan be visually differentiated only incase ifthe
%_raﬂlent ofﬁ)ptlcal density onthe boundary of these zones is

igh enough.

Fig. 2
Thge internal side of the Baltic sprat otolith:
1- excisura major, 2—excisura minor, 3—fossa /31/

Differences in optical density of otoliths growth zones are
connected with different ratio of mineral and organic compo-
nents /9, 16, 21, 26/. The structure of the Baltic Sprat otoliths
growth zone was studied by x-ray microanalysis. It has been
established, that the winter opaqueé zones of Baltic sprat otoliths

Fig.
Thge gor_sal part of the Baltic sgrat otolith in transmitted light:
1-8 - winter growth checks, 8 —dorsal edge



compr}g%/relanvely more organic matter than summer hyaline
zones /30/.

In studg_mg daily growth increments of Baltic sprat otoliths, one
has to distinguish'some basic morphological elements. For this
Purp_ose use has been made of the currently acknowledged
erminology /10/: _ . .

(1) . Primordium - optically relatively thick formation. On the
basis of optical characteristics and the results of etching of the
surface ofsections, itcan be concluded that primordiums offish
otoliths, Baltic sPrat inclusive, consist mainly of organic matter.
Preparln?,sam,p es forSEM, the area ofthe primordium of Baltic
sprat otoliths is usually etched deeper (Fig. 4).

Fig. 4
Etched section of the Baltic sprat otolith, viewed with a SEM:
1- primordium, 2- nucleus/s2/

(2) Nucleus - reIatlveIK homogenous zone of calcified mate-
rial, surrounding otolith’s primordium, it is rather distinctly
delimited from fne succeeeding re%wn of reqular increments
(Flg.4).Sectlonswhoseplanespasst rou?hpto ith primordium,
show that the nucleys of Baltic sprat ofolith has a form of a
sghere, about 20 (im in diameter.

) Increment, daily %rowth increment - a structure, usually
peing formed during 24 hours and consisting of two parts:
incremental zone and discontinous zong. Under light microsco-
pe, in transmitted light, daily growth increments look like an
adjacentwide hyaline growth zone and narrow gpaque discon-
tinuous zone. On the samples, prepared according to standar
technique for SEM/15/, daily growth increments resemble a
relatively wide lightly etched area (incremental zone) and a
naE_owsand deeply etChed area (discontinuous zone), asisseen
In Fig. 5.
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Fig. 5
Ingrement_al growth sequence in a juvenile Baltic sprat otolith,
viewed witha SEM/32/

LOH%ItUdIr_\&ﬂ sections ?lve agood idea of the innerstructure of
otoliths (Fl(i: 6). The structures, observable on transversal sec-
tions of otoliths, have their peculiarities. _
First of all, one has to consider the bipartite structure of Baltic
sprat otoliths. Structurally, otoliths are rather distinctly divided
into external and interrial ﬁarts (Fig. 7). The more ‘massive,
external part of a otolith is characterized by the regularity of its
increments. The structure ofthe internal part, where belongs the
area of sulcus acusticus is less reqular, increments are compres-
sed and difficult to distinguish.

Fig. 6 o
Etched surface of the Io,ngltudma e

! | section ofthe juvenile Baltic
sprat otolith, viewed with a SEM/32/

It is shown /7/ that the described increments on otoliths are
reallydaily increments, and their formation startson the sixthday
after'the hatch of larvae at water temperature of 15°C.

3-3- Allometric growth

Growth of Baltic sPrat has been relatively well studied/1,
28,34/, However, atthe same time, only the firststeps have been
taken stud mP allometric growth of ‘this fish /4/, Allometric
growth of Balfic sprat otoliths has remained practically unstu-



Fig. 7

Etghe_d surface of the transversal section of the central part of
juvenile Baltic sprat otolith, viewed with a SEM:

A- external and B- internal parts of otolith /32/

died. It is a pity, because the results of investigations of the
allometric growth could remarkably widen the possibilities of
classical morphometric analysis in populational studies.

The scheme presented in Fig. 8, can be used for studying of the
allometric ?rowt,h of Baltic Sprat otoliths. Allometric growth of
Baltic sprat otoliths was studied on the basis of the material
collected from ICES subre%mns 22, 24 and 25 (the South-
Western Baltic) in 1982-1988.

The contour of the Baltic sprat otolith. _
1- dorsal and 2 - ventral distances, 3- total length of otolith
L - rostral, 5- postrostral, 6 - pararostral and 7 - anterostral

distances

The results obtained by studying allometric c]]rpwth of the
features of otoliths presented inFig. 8 versus total fish length gL,
cm) are given in Table 1. It is worth of mentioning that in the
considered interval oftotal length ofsprat, growth ofthe majority
of studied features of otoliths is close to the isometric (the value
of coefficientb insimple allometry equation Y - aXAbis close to
1). Here we have a weakly pronounced positive (b>1) or
negative (b < 1)allometric growth.Weakly pronounced positive
allometric growth characterizes rostral, postrostral, pararostral

distances of sprat otoliths. Dorsal distance and total length of
otolithsshowed weakly pronounced negative growth allometry.
Only the ventral distance revealed more proriounced negative
allometric growth i.e. in the studied total length interval of the
fish, the ventral part of otolith grew relatively slower than the
sprat total length. , .

rowth of various parts of otolith can be studied versus the
growth of one of them.

Table 1

Values of sprat otolith characters (mm) by th

total Ien%th (L, mm) calculated b S|m‘ple,allomet_ry equation

gY-a_X_A_) and coefficients a and b of this e(iuatlon In ICES
ubdivisions 22, 24-25 in 1983-1988.1 - dorsal and 2-ventral

distances, 3- length of otolith, 4 - rostral, 5—postrostral, 6 -

pararostral and 7 - anterostral distances.
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Table 2 presents the results obtained b){_ studying allometric
9rowth ofdlf_ferent%arts of Baltic sprat otoliths versus the otolith
otal length, in the South-Western Baltic.

Table 2

Values ofsprat otolith characters (mm) b){the intervals ofotolith

total Iength (mm) calculated by simple allometry equation
gY- aXAD) and coefficients a and b of this equation in ICES
ubdivisions 22, 24-25 in 1983—4988. 1—dorsal, 2—ventral
g'-t rostral, 4 - postrostral, 5- pararostral and 6 - anterostral
istances.

IOtoliﬁhs Otolith character

ne1rr]ng[' 1 2 3 4 5 6
19 Quzs 0381 0535 04994 04218 04000
A ENEE
1w W N e
P e o W
i do0nt 8€§§8 s §§g4§ I%  oseo
%% 085ng 8%56% %8?% 0.9934 8%%% 8?%6
7 068 0560 1048 LoA O, 0753
22 0.7092 05956 1.0901 | 0019 Qotor  (0.7840
s

B a4 B S



Theabove holds entirely true also inthe following case: growth
of various parts of sprat otoliths versus their length is usuallyf
close to isometric. In the present case dorsal and ventra
distances of otoliths serve as an exception, since their growth is
characterized by more deeply pronounced negative growth
allometry. It means that the width of an otolith (fhe sum of the
ventral and dorsal distances) grows relatively slower than their
length: with the increase in"age the otoliths become more
elongated in form. This is revealed_in the increase ofthe otolith
length/width ratio increase of otolith length (Fig. 9).

Otdith length, mm
Fig. 9 : . : :
The Baltic sprat otolith length/width ratio versus otolith length

The variability of the allometric growth in different Baltic Sea
areas is also of interest. Table 3 presents the distribution of
average lengths ofotoliths by the intervals offish total length and
by the ICESSubdivision. Asisseen, the growth of otolith Ien%th
IS’ characterized br WeakIY pronounced negative allometry
(b<1), the variability of allometric growth by the Baltic Sea
regions Is insignificant.

Table 3

Length of sprat otoliths (m m? by the intervals of fish total Ienc};t_h
calculated by simple allometry’equation gY- aXAb) and coeffi-
cientsaandbofthis equation bythe ICES Subdivision 22,24-29,
3211n 1986-1988 /34/.

:eiﬁhth ICES Subdivisions
i 2w 5 % A B N 3
1 . g, % 1
y 4 BB o8 E g
‘AN N
38 1J§§ 12§§ 187 187 J§§ 187 18 1
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The main difference of the investigations of %rowth allometry
from the traditional morphometric analysis isthat compared are
not the mean values obtained by méasuring single parts of
otoliths, but the character of their relative growth. This enables
to considerably widen the possibilities ofthe traditional mor-
phometr|can_al¥3|s.TheuseofallometncgrowthQurvesof3|ngle
morphometric Teatures, enables one to Speak with confidence
about the existence of possible differences or about their
absence inproportions ofotoliths from different Baltic Seaareas.

3-4. Variability in otolith shape

Variability in shape offish otoliths, including those ofthe Baltic
sprat, may be due to both the fishage and seaarea. Animportant
indicator of the shape of otoliths is the silhouette. _
InFigure 10isshown the development ofthe silhouette of Baltic
spratotolith. As is seen in the course of the first four months of
life the concentric core develops into a typical silhouette of the
Baltic sprat’s otolith.

Fig. 10
Forming of the Baltic sprat otolith contour during the first
months of fish life /5/

The perimeter and area of the Baltic sprat otolith silhouette
increasewithage. Forexample/5/, the perimeterandareaofthe
silhouette ofotoliths may increase from 3.8L mmand 0.7 mm for
one-y&ar-old fish to 6.95mm and 2.01 mm for six-year-old fish,
accordingly. . :

In addition to the traditional methods applied for the morpho-
metric analysis of the shape of Baltic sprat otoliths /28, 33/,
semigutomatized system for image analysis /5/ was used for
describing and comparing of the otoliths, o

Baltic sprat otoliths were studied by the SEM, their silhouettes
were digitized and recorded in the com?uter memory. Fourier
expansion of radius-vector, drawn from the centroid 0fa shape
asa function ofanqleaboutthecentrmdwasobtamed/5,8/. In
otherwords, the silhouettes of sprat otoliths were presented as
the Fourier SRec,tra. Figs. 11 and 12 contribute to the under-
standing of the imporfance of a single Fourier harmonics in
reconstructing ofthe shape of Baltic sprat otoliths. It isseen that
the gross shape ofsprat otoliths isdetermined by the sum ofthe
first'5-6 harmonics, The silhouette of sprat otolith can be
recorded quite precisly b}/ the sum of the first twelve Fourier
harmonics. The sum of the 0 to 127 harmonics enables to
reconstruct the shape of otoliths in detail /5/.



Fig. 11
One-year-old Baltic sprat otolith contour reconstruction by
addition of Fourier harmonics:

0 harmonic-1, sums of harmonics 0-2-2, 0-3-3, 0-4-4,
0-5-50-6-6,0-11-7 and 0-127 - 8/5/

Itisof interest that while reconstructing otoliths contour starting
with low and ending in h|?h order harmonics one has, as ift0
do with the reoccurgnce of main stages of the development of
sgrat otoliths shape in ontogeny. The shape undergoes gradual
change from rounded towards more complex silhotette ofadult
Baltic sprat otoliths. S

The preliminary results, obtained in this field, indicate that the
silhouette ofthe otoliths turns more complex and variable with
increase in the age of sprat /6/. No systematic differences has
been observed in'the shape of left and right otoliths of sprat of
the same age from different Baltic Sea areas.

|t has been established that the pecularities of otolith shape are
more_prominent in the variability of the Phase than In the
amplitude ofthe Fourier series harmonics/6/. Under typization
the f|nd|_n%_ of a typical otolith is meant, in whose shaBe
characteristic features of the type as much as possible would be
reflected. Forthis purPose, itisenough to calculate the correla-
tion matrix ofshape ofall the studied otoliths. Most typical isthe
otolith with the form showing the hest correlation with that of
all remaining ones (e.g. the sum of its correlation coefficients
with all the others is the highest).

Six-year-old Baltic sprat otolith contour reconstruction by addi-
tion"of Fourier . .
harmonics: 0 harmonic- 1, sums of harmonics 0-2 - 2,0-3 =3,
0-4-40-5-5

4. Ageing of Baltic sprat
4.1, Age inyears

Methods of Baltic sprat agem(]] b)/ seasonal layers in its otoliths
are described quite completely /28/. For that purpose otoliths
kept in envelopes are transferred by means ofa scalpel onto an
objectdepressionslideandare cleared up by 2-5drops 0£80-90
per cent ethanol. Xylol, toluene, or some other or%amc liquids
are notrecommended because oftheirtoxicity. Otoliths putinto
the Canadian halsam or plastic are examined without any
additional preparation.

Cleared up otoliths are examined in transmitted (Fig. 13) or
reflected fl)ﬂg 14-145) light by means of a microscope. In most
cases 80-100 times magnification will be adequate for ageing.
Magnification up to 250 times is necessary only for ageing of
some older specimens. Good results are obtainéd by the usage
oftransmltted,FoIanzed lightand ofthe phase contrast, because
then the otolith zonality Is seen more clearly and on a dark
background human eyes become less tired.
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Ageln?_of Baltic sprat consists of recognition and counting of
annual increments inotoliths, i.e. ofthe zones which are formed
durmg a full year. Annual increments in Baltic sprat otoliths
include two néighbouring zones: awider summer hyaline zone
and a narrower winter opaque one (Fig. e). Summer hyaline
zones may include one or several narrow opaque zones of
intraseasonal growth checks which are not regarded in the case

of ageing.
In tr?e BgHIC sprat ofolith the distance from the otolith center to
the first opaque winter zone in the dorsal direction is nearly
0.4mm. The first opaque zone is followed by the second
comparatively_wide hyaline zone and the second narrow
opaque zone. The distance from the first opaque winter zone to
the second one is about 0.1 mm, but it IS 0.osmm from the
secondzonetothethlrdone.A%eofsprat isusually determined
on the dorsal edge of the otolith where the growth seasonality
can be seen the most clearly. o
During microscopai examination of whole sprat otoliths in
transmitted light additional light effects often arise due to inner
hete[oq_eneltyo_fotollths.TheseeffectscanbemodlfledbyW|de
possibilities oflight adjustment. The opaque center ofan otolith
andthe flrstoPaque winter zone look, as a rule, darker than the
adjacent hyaline zones in transmitted conventional light at
magnifications up to 200 times. The second and the following
narrow opaque winter zones may look more dark or light than
the adjacent hyaline zones deperiding on light, adjustment and
orientation ofotoliths on the stage. Smootfi changes of otolith
orientations on the_ microscope stage allow to gbserve all
possible transitions in relative optical density of neighbouring
rowth zones. S , o
pplication of polarized light in sprat otolith studies raises
considerably the contrast of image, but it als may cause some
additional light effects. Itisto he Stressed, that under microsco-
Fe both in transmitted conventional or polarized light clear dif-
erences in optical densities of otolith growth zones are pre-
served in any case, irrespective of light adjustment and otolith
orientation on the stage. Therefore, only relative differences in
optical densities ofthg zones and peculiarities oftheir morpho-
logy are to be taken into account in ageing of Baltic sprat.

4.2. Dailygrowth increments

Studies of daiIIy growth increments in fish otoliths can provide
a lotof valuable information/10/. The determination ofages in
days for fish larvae and juveniles turns to be the most effective.

10

Fig. 13 _
The Baltic sprat otolith in
transmitted light: _

1 - nucleus, 2-8 - winter
growth checks, 9 - dorsal
edge of otolith

C_ountln% of daily growth increments in otoliths permits to find
birth dates of fishes, as well as to investigate the factors
influencing upon their growth and mortality.
Both lightana electron microscopymethods/5,7/ can be used
for studies pfdallr growth increments in otoliths of Baltic sprat
larvae and juyenilgs. _ _
In the case of application of the scannm% electron microscape
1SEI\/_I2 separate parts of otoliths are to be %rmded to receive
ongitudinal or transversal sections. In ordero obtain a longitu-
dinal section inthe frontal plane an otolith is gluedto a metallic
pedestal. Clean surface ofa pedestal isvarnished and then it is
dried. The otolith is pressed into the nearby dryvamish, itsouter
side being turned upwards. The appropriafe position of the
otolith is controlled with a stereoscopic microscope. The whole
preparation isthen varnished, and afteritsdrying up, the otolith
IS grinded with abrasive to the level of its core. burmg the
grinding the surface is periodically controlled by means of a
microscope. Grinding isstopped when the otolith core isgoing
to be seen directly under the surface. The surface obtained is
gtghgd by 1 per cent hydrochloric acid, then it is washed and
ried up. . : :
T0 gan? transversal sections of otoliths they are put into the
epoxy resin, e.g., and further preparation is made Dy the above
described method. _ _
Prepared surfaces of samples are vacuum-coated with a thin
layer of gold. Exploration of the samples via SEM is usually
carried out with the acceleration voltage of 5-15kV. The
samEIes are examined _usmgi the secondarg or backscattered
electrons at magnifications from 60 to 15,000 times (general
view, chosen fragment, detail). An object isinclined atan angle
of about 20 degrees for better exposition of its relief.
Forthe case of Baltic sprat the most regular zonality is observed
inthe dorsal partofthe otoliths, Therefore itisadvisableto begin
counting of the dally_(‘;rowth increments from the core in the
direction to the otolith dorsal edPe. However, the general
Battern of zonality differs noticeably depending on the object
elmg examined: eitherthe longitudinal surface or the transver-
sal section. , , , _
Longitudinal sections, ﬁrowde adequate information on the
inngr structure of otoliths. It is not very difficult to make longi-
tudinal sections, they have a drawback. Due to a concave form
ofotolithsitisimpossible, as a rule, to getsections which would
expose the daily growth increments across their whole exten-
sion from the core to the edge. Ifthe study isaimed at counting
and measurement ofwidth 0fthe daily growth increment, then



Fig. 14
Thge Baltic sprat otoliths in reflected light
(ICES Subdivision 25): 1-9 - age groups 1-9
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Continuation Fig. 14:

direction. In the other case the width ofthe increments is prak-
t|_call}/_ the same as that in the longitudinal sections, but the
direction of_countmg needs certain _an%esdue to the congave
form of otoliths. It should be emphasized that the directions of
counting of daily Hrowth increments may only be recom-
mended. Asa rulé, the direction of counting does not influence
appreciably to the precision of agemg[ but it confributes
essentially in the back-calculation ofgrowth rate by otolith daily
growth increments. To gain comparable results measurements
ofincrementsare to be performed always inthe same direction.
Itisquite advisable to measure the width ofthe daily increments
in the direction from the core to the dorsal edge.

The following method of counting of daily growth increments
in sErat otoliths using light microscope”were gre_sented by
S ALSHUT/71. Otoliths are removed from the labyrinth of the
inner ear of larvae by means of a thin needle under the micro-
scope at 50 times magnification. Then otoliths are separated
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asection has to be made ouf ofthe dorsal part ofthe otolith, the
plane ofthe section being disposed perpendicularly to thedallz
growth increments. But éven in this case a part of daily growt

increments, can remain out of the section plane. "Angther
drawback is that very thin edges of sections are sometimes
e%che(tj, and some growth increments atthe edgesare, therefore,
absent,

Transversal sections passing through the otolith core cross all
dailygrowth increments from the core, totheedgeoftheotoljth.
When' studying the_ transversal otolith sections two possible
directions 0f counting of daily ﬁrowth increments are to be
considered, i.e., from the core to the outeredge, orfromthe core
to the dorsal edge. Certain difficulties appear in the first case
connected with counting ofda|lygzrowth increments, which are
becoming ex_ceedlngIY narrow atthe otolith edge. However, in
this case” daily growth increments can be counted in one

from the tissues, washed in a drop of distilled water and 96 per
cent ethanol. Ctoliths are being dried up in the air durin
3 hours, then they areplaced on the object slide into a drop 0
immersion oil and protected by a cover glass. Preparations are
examined under the light microscope using phase contrast at
magin_mca_nqns up to 1,000 times.

Certain difficulties emerge in the process of proper focus
adjustment ofa microscope to real series of increments, when
counting daily growth increments in otoliths of sprat juveniles
0-group). The Tesults of the counting can be improved, ifthe
on?nudmal sections of otoliths are used, instead of the whole
otofiths. Forthis purposethe otolith isputonthe objectslide into
the Canadian balsam, its outer side bem? turned ugwards.
Subse_quently!tlngrlndedapprqmmatelyto he level ofthe core
by a fine abrasive. The longitudinal otolith sections put into the
transparent resin can also be used, though itwill complicate the
studies to a certain extent.
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Continuation Flg. 15:

Filtration of the high order spectra obtained can be carried out
to smooth down and reduce the effect of noises.
The smoothed quasi-periodic functions are backcalculated by
means, of the inverse Fourier expansion. Then the extrema are
found and distances between the minima of the quasi-periodic
curve &ln Jim) are calculated corre_sP]ondm% to the width of
concrete daily increments in the otoliths. The low order harmo-
nics of the FOurier spectrum give.the main contribution to the
formation of quasi-periodic functions describing the periodici-
ty of otolith growth. High order harmonics are determined to a

reat extent, by noises.” N o

uite a serious problem is the recognition of subdaily incre-
ments in fish otoliths, including Baltic sprat otoliths. Thé area of
probable exhibition of subdaily increments in Baltic sprat
otoliths are the first 30-40 increnients. Usually they are not nu-
merous - only few subdaily increments. Grooves of subdaily
increments in sprat otoliths are characterized by noticeably
smaller depth and cannot be duly recognized.
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Automatic |ma1ge analysis system proved to be very effective for
examination of daily growth increments in O-group Baltic sprat
otoliths/5, 32/. The'images obtained both by I|gh_tm|croscopes
and electron microscopes.are processed via microcomputer.
Thisprocess provides certain standardization inthe recognition,
counting and measurement ofthe daily increments and, hence,
quite good productivity.

An image is recorded into the computer m,emo%y within the
limits ofa scanning band being ofa certain width. hescannl_ng
band is arranged as perp_en_dlcularIK as possible to the ofolit
dall?/, increments, The orlcTunaI method of automatic timing is
applied to keep the front otscanning and the otolith increments
parallel. The results of image scanfing are obtained as quasi-
periodic functions. The Fourierharmonics (spectra) correspond-
Ing to these functions are calculated by the Fourier expansion.

) "Natural tags"
5.1. Seasonalincrements

Studies ofvariabilityofthe meanwidth ofgrowth zones in Baltic
sprat otoliths_have_begun not long ago; in early 70s b?]/
A LINDQUIST/L7/. The mean width otthe first summer growt
zone in sprat otoliths from the Northern Baltic was shown to be
less than'in the otoliths from the Southern Baltic.
Inthe middle ofthe 70sthe otolith measurements were used for
back calculations ofsprat length, the specimens were taken from
the Bornholm and Gdansk_ regions of the Baltic Sea /14/.
Differences in radii dimensions of sprat otoliths from those
regilons were also shown in the paper. _
Lateritwassupposed that the mean values ofthe firstand second
growth zones and their statistical parameters could be used as
natural tags" in poRuIatlon studies /28, 33/. It was established
that the mean width of the first summer growth zone in Baltic



spratotolithstended to decrease rather smoothly inthe direction
fromthe Southern Baltic regionsto the Northerriones. The mean
width of the firstgrowth zone inthe otoliths of 1972,1975,1982
and 1963 sgrat year classes was shown to be characterized for
the ICES subdivisions by the following values: 0.43-0.45 mm for
subdivisions 25; 0.41-0.44 mm forsubdivision 26; 0.40-0.43mm
for subdivisions 27 and 28; 0.40-0.41 mm for subdivision 29
0.38-0.40 mm for subdivision 32 /33/. The mean width of the
second %rowth zone inthe otoliths ofthe same year classes was
within the limits of 0.09-0.16 mm. _ _
The mean width of the first growth zone in sprat otoliths
depends most probably on the time of spawning season and
8rowth conditions durln(i the first year of life. The existing

ifferencesinthose charac erlstlcsareapparentlxcause_db |ater
spawning of sprat in the Northern regions of the Baltic Sea.

he mean width of the secondrgrowth zone depends on the
f_eedmgcondltlonsandgrowtho s_pratdurl_n({|tssecondyear_of
life and on its length reached during the first year. The otolith
"natural tags", i.e. the mean widths of the first and the second
growth zones are shown /33/inmany cases to be applicable for

Ifferentiation, e.g., spratoftheGulfof Finland fromeratofthe
Baltic proper. AlSo separate sprat year classes from the Gulf of
Finland can be usually differentiated br these characteristics.
The relative temporal stability in the values of examined otolith
characteristics for separate year classes and sea regions ?IVGS
evidence to a definite attachment of sprat to concrete Targe
regions of the Baltic Sea and to the fact that sprat does not
undertake extent migrations.

5.2. Microstructure

Microstructure of Baltic sprat otoliths, as shown above may be
revealed by the methods oflightand electron microscopy. Some
peculiaritiés in otolith microstructure of sprat juveniles can be
used as "natural tags" /29/:

1. the number of daily growth increments which corresponds
to the age in days with a certain correction;

2. meanwidthofthe dailygrowth increments and the character
of its variability depending on age of fishes;

Flg. 16 _
Dorsal part of the Baltic sprat
otolith:

1 —winter growth check,
2—summer growth zone

3. the pattern ofgrowth reqular periodicity, the period fluctua-
ting from 3 days to 3 weeks;

4. the characteristic checks of single irregular growth disconti-
nuities caused by sharp influence of environmental factors,
e.g., low temperature.

Distinctionsinotolithmicrostructure are due to differences inthe
%081 Itexnyofenvwonmentalcondltlonsmvarlouspartsofsprat
abitat.

6. Prospects of usa?e of fish otoliths in the studies on
fisheries and ecology

By M.V, MINAand G. A KLEVEZAL /35/ the recording Structu-
res of plant and animal organisms "... are characterized b%the
fact that parts of a structure emerging at different times have
different morphological parameters, and once appeared, the
structural pecularities ofnewI}(formed, parts are preserved then
for a long time". The properties of fish otoliths as recordin
structures, i.e. their lamellarity, mor?_hologmal heterogenity 0
their parts being formed at different times and correspondence
ofone oranothérstructural elementto definite events in fish life
were used in ichthyological (ecological) studies long ago. The
analysis of otoliths, of these truly unique formations, can be
conSidered as a method in studies on fish ecoIoHy.
Mostoftenotollthsareusedforagnelragofflshes.T eageofmany
fishes inthe temperate zone can'be determined by the [eﬁularly
forming otolith yearly layers. For ageing of tropical fishes the
otolith daily growth increments are used at least in the firstyears
of their lives/10/. Nevertheless relatively few examples of fish
%giemg methods can be found which are smentlfl_cally valid.
aboration ofsuch methods can become a perspective trend of
studies. Correctageing determines the quality ofall recomenda-
tloni concerning rational use and protection of exploited fish
stocks.
Studies in fish fqrovv,th are closely connected with their ageing.
Examination ofotolithdaily incréments opens new prospects for
thesg studies /10/. The main problem iswether the width ofthe
otolith increment reflects the actual growth of fishes by da¥s.
When the problem is solved, a unique possibility appéars tor
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detailed studies on the influence of ecological factors upon the
growth rate of fishes. The difficultiesarising in precise measure-
ments of increments having widths of some micrometers only,
scasr}eﬁ]es surmounted using problem-oriented image analysis
here also exists an attractive ppportunlty to use otoliths in
systematics and population studies. Asa rule, the external mor-
phology and some elements ofinner structure, including otolith
microstructure, are species-specific. The possibility to study
varlabllltgofotollth silhouettes for herring /8,13/, as'well as for
sprat /5, o/ was demonstrated using image analysis systems.
Alot ofpecularities inthe otolith lamellarstructure that depend
on fish ecology are successfully used as natural (e_colpglc_alﬁ)tags
inpopulation Studies and inthe research on fishdistribution and
migrations. The ratio of the stable oxyqen and carbon isotopes
inotolith substances allows to measure the water temperature in
the inhabit places.of the fish and in some cases to reveal its
migration tendencies/11, 22/. The stable mtrog_en isotope ratio
?2||40/WS to draw conclusions on the character offish trophic level

Studies on otolith elemental composition are of great interest
[10/. Series ofdaily increments are being examined by means of
SEMand microanalyser. That contributes to better understand-
mgzoft,hestructure ofincrements/30/. Moreover, possibilities of
detecting of certain specific elements (pollutants) in otolith
Btébas&%ﬂgglgnd ofthe time when those have affected fishes, will

Conclusions

1. UseofBaltic spratotoliths in fisheries studies allows to solve
a number of problems related with dlstlngwshln? of stock
units, stock assessment and manaqem_ent, as well as with
revealing of stock recruitment regularities.

2. Seasonal zonesand microstructure of Balticsprat otoliths are
gelﬁ%cliacffmtegral indicator of many changes in the Baltic Sea

3 Application of new approaches, e.g._isoto?e and elemental
analysis, con5|derabl)(,|nc_rea§es the importance of the anal-
ysisofBaltic sprat otoliths in fisheries and ecological studies.
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Introduction

Studies ofthe Baltic herring otoliths are of great |mPortance_ for
the stock assessmentand management. By means otthe otoliths
not only ageing of specimens is carriéd out but also their
belon?m%to a definite biological group is determined,
Despite the existence of several well elaborated classification
systems forthe Baltic herring otoljths, their practical application
for identification of the stock units often brings disagreements
between differentworkers/36/. The cause lieson the one hand
in the complexity of obtamlng| the objective assessments (the
objectofstudies is rath_ercomﬂ ex),and onthe otherhand inan
inadequate formalization of the existing systems of the otolith
classifications. o ,
The present Fap_er is aimed at the data compilation on studies,
usage, and classification of the Baltic herring otholiths. Taking
Into’ account the significance of the herring otoliths for the
fishery studies, this paper, not claiming on the completeness of
exposition, can providean ideaofmorphological diversityofthe
Baltic herring otoliths. _ .

The paper has been prepared according to the joint programme
adopted b% specialists from Institut fiir Hochseefischérei und
Fischverarbeitung (Rostock), Morski Ins&{tut Rybacki (Gdynia),
and Baltic Fisheries Research Institute (Riga). ~
Thaauthors are grateful forvaluable help inpreparin thlsEaEer
to the colleagues: V.BELYASHOVA R GRZEBIELEC,
G. KORNILOV, A’NAGLIS, A PAAT, T.RAID, B. SHLIMOVICH,
N. KRASOWSKAIA

1. On Baltic Herring

The history ofthe Baltic herring studies numbers more than two
hundred years when C.LINNAEUS /20/ had defined Baltic
herring (Clupea harengus varietas membras L) as a variety of
Atlantic herring (Clupea harengus harengus L.). Data on diffe-
rentaspects ofherrin b|olog{are Iven in summarizing papers
by G. SCHNEIDER/35/, J. LUNDBECK/21/, N.BIRYUKOV
/31, E. OJAVEER/5/, E.BIESTER/11/, G. OTTERLIND /30/.
Sprin -and-autumn-spawnm?,hemngs|nhab|1|ngthe Baltic Sea
differby the time of maturation an spawnln and adglpt to
spring and autumn maxima of zooplankton productivity. These
two groups of herring have different complexes of morphome-
tnc_Parameters which reflect the differences in the feeding
habits, temperature conditions for embrgonal and larval deve-
lopment, migration patterns, etc./I, 2, 6, 10, 12, 17, 26, 33/.
Spring and autumn herrings are relatively well identified by
means of the otoliths, the size of the central field and the form
of the first %rowth zone being the main criteria /4/. _

In its turn, the poBuIatmn of the spring and auttumn herrings
consists of a number of smaller bloloa;lcall groups which need
special studies for their taxonomic status identification.
Accordmg to E. OJAVEER/5/ these herring groups differing by
many biological, Farameters, e. 0. sexual cycle, spawning fime
and place, conditions ofe%gs and larval development, etc., are
self-reproducing, although not always panmictic and corre-
spond to the local population /5/. . .

So far as many climate factors undergo clinal changes in the
Baltic Sea, morphometric her_rlngi parameters have analogous
clinal variahility too. The herring Tength and weight are decrea-
sing, the width ofthe otolith first rowthzone|sd|m|n|sh|n?,t,he
ratios between the otolith length and head length, the otolith
length and head height, the head length and body length are
increasing with the decrease of salinity and vegetation period
rBedltuct}g/n from the Western Baltic to the Northern and Eastern

altic /5/.

Comparative analysisofherring biological groups from different
%rzeagss?fthe Baltic Sea was made in many papers /6, 8, 10, 12,
Atbresentg(JXulationsoftheseaandgulf,herring,saredistin uis-
hed by E. OJAVEER/27/amongst the spring herring ofthe Baltic
Sea. The qulf herrings can be divided into five populations of
differentabundance dynamics, morphological features, spawn-
ing times, etc. /5, 29/.

These are the following:

Gulf of Riga herring;
Gulfof Finland herring;
Gulf of Bothnia herring;
Bothnian Sea herring;
Swedish fjord herring.

Sea _herring{s can be subdivided into the following pogulatipns
of different abundance dynamics, growth rate, morphological
and other features /5, 11, 29, 31, 33/

Swedish east coast herring; _
herrm? ofthe Eastern partofthe Central and Northern Baltic;
coastal herring of the Southern Baltic;

- Western Baltic herring (mainly Riigen herring).

Seven populations are distinguished amongst autumn herrin
[211. 1}?1626 are: ’ ’ .

- Western Baltic herring;
Southern Baltic herring;
Eelrtr_mg of the Western part of the Central and Northern
altic; ,

herrm?ofthe Eastern partofthe Central and Northern Baltic;
Gulfof Riga herring;

Gulf of Finland herring;

Gulf of Bothnia herring.

2. Studies of Baltic herring otoliths.

2.1, Methodical aspects.

Baltic hern_n%otohthsare examined undera IlgPtmlcroscope in
reflected light against a dark background. There are some
methods for preparing the otoliths to be examined under the
microscopie.

1. Anotolith isput on a object depression slide, its outer side
being turned upwards. To obtain a clear image it is full
submerged in ethanol or xylol. When required, the otolit
examingd may be turned upside down by means ofascalpel or
pincers, or its position may be changed’in order to obtain the
Clearest |maPe of growth Zones on a rostrum. This is of great
importance for ageing of older specimens.

2. Before examination the otoliths are put on a special black
plasticplatewith depressignsandare covered by Canadabalsam
oranothertransparent resin (or Plastm%. Usually 100 galrs ofthe
otoliths can be placed on one plate. The plates may be made of
transparent plastic. In this case the otoliths are examined against
ablack background.

3. Tostudy the microstructure of herring otoliths, their Ion%i-
tudinal or transversal sections are made In advance using the
methods described in Part Il of the present paper dealing with
the sprat otoliths. _

Magnifications of 6x8 or 4x12 are usually adequate for Baltic
herrlngagem%b)étheotollths.Photosforthepresentpaperwere
made Using the S-T model of zoom-stereoscopic microscope
OLYMPUS with PM-10M photographic nozzle. For inner light
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measurements and determination of the exposure time, an intensity was 1second. The otoliths presented in this paper are
automatic EMM-7 exponometer was used. Photographic mate- Ewen_m scale of 21.4:1.

rial was the 35mm ORWO film withe the light'sensitivity of  Forthis paper50otoliths ineveryage group were collected from
15DN. The otolithswere put in 96 %ethanol and photographed  the spawnerssampledinthe main spawning areas (Fig. 1)dur|n%
agamstablackback?round.Tw,ol| htsourceswere used. They  the spawning periods of 1987 and 1988, Itshould'be noted tha
were located paralellto the otoliths Tong axis and directedtoan  those yearswere nottmeaI as regards thermal conditions of the
object at an angle of about 60°. Exposure at a proper light  Baltic'Sea environment /37/.

1Rugen
2.Niechorze-Kolobrzeg
3.Ustka-Rowy
4.Gdynia-Gdansk

5. Vistula-Bay
6.Pionersk-Klaipeda
7.Estonian-Islands

8.Gulf of Riga
9.Gulf of Finland

Fig.l
Herring spawning areas with the places of sampling (1-9)

The long-term cooling begun in 1984, inconsiderably decreased

only in" 1988. This Tactor probably violated thé spawning

migrations of herring at Poland coasts (instability and low

density of spawning concentrations, certain displacements of

some spawnln? concentrations among the s_pawnln%grounds).

The evidence o the phenomena was manifested through the

increased number of specimens infected by Anisakis simplex

nematode of Gdansk and through agreater number of speci-

mens with a higher growth rate. On the other hand, the

occurence ofspecimenswith the otolith characteristic ofthe gulf

herring was noted on the spawning grounds near Klaipeda in

1985 987/13/-The3|tuat|o_ndescnb_edwassquosedtoaﬁect

the results of morphometric analysis, smoothing down the

differences between s_eﬁarate spawning areas. Fig. 2
Measurements of otoliths from principal spawning areas were Sc%eme of Baltic
carried out by the coordinated scheme (Fig. 2). herring otolith.

Stereoscopic mmroscoi)e with ocular micrometer was used for TOL - "total otolith
measurements. The value of one ocular micrometer point was ength;
0.0462 mm for the otolith samples from the Riigen area, and it TOW-total otolith
was 0.025mm for all the rest. _ width;
The following relative parameters of the otoliths were calcu- RmL ~— rostrum
|ated: Ieg\?th; ,
, , _ , OW, - the first
— ratio ofthe second (third, etc.) growth zone width to the first growth z0ne
growth zone width, width;

SR +100 (for all samples); rRadlll?j - otolith
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- rgrtg V(\J/f total otolith length (TOL) to the total otolith width
- Tgwmrsamples from the Riigen area, the Vistula Bay, the

Pionersk-,KIaipedare?ion eastern partofSubdivision 29, the
Gulfof Riga, the Gulf of Finland); ,
- ratio of the )total otolith width (TOW) to the total otolith

Ien%h (TOL
- TOW 409 (for samples from the Niechorze- Kolobrzeg,

Ustka-Rowy, Gdynia-Gdansk reg%ions); ,
- {%I(I)OL)Of rostrum length (RmL) 1o the total otolith length

Tr T «100 (for all samples).

2.2.  External morphology

Baltic herrm?s_ have the typical otoliths for hernm}; in general.
Principal dafails of the “herring otolith outer structure are
described /22, 23/. , , _

Baltic herring otoliths have the following basic elements of their
outer structure; rostrum, anterostrum, postrostrum and pararo-
strum (Fig. 3). Ventral (between rostrum and postrostrum) and
dorsal (between anterostrum and pararostrum) edges of the
otolith have ratherpronounced dentation. The otolith outer side
is relatively smooth. The otolith central field is often protruding
as a kind of rising of the outer side, radial grooves are slightly
marked. The acoustic groove ((jsulcus acusticus) dividing the
ofolith surface into ventral and dorsal parts is Seen on the inner
side turned to the brain (Fig.4). _

There is a pit (fossa) approximately in the middle Bart of the
acoustic groove which thus isdivided intoa fore and back parts.

2.3- Classification ofotoliths
Since the time when Baltic herring became an object of studies
validcriteria for differentation ofits biological groups heve been
searched for. K. Anwand /9, 10/ studying spring and autump
herring near the Riigen Island found cartain differences in their
otolithstructures. The ratioofthe second zone width andthe first
zone width were 19% and 23% for autumn-and spring-spawn-
ing herring, respectively. _ -
Imaginary line connecting rostrum into une(i]ual_parts inspring
herring, and into equal parts in autumn herring. In Riigen
autumn herrings, exisura minor was developed more consider-
able than that inspring ones. ~~~~ *
E. OJAVEER/24/showed the possibilityto distinguish the North-
Eastern herring seasonal /groupsb the otoliths. Later these
studies were continued: A KOMPOWSKI /18/ Eubhshed the
classification of Southern Baltic h_errm? otoliths, E. QJAVEER et
al. 25/ gave a detailed classification ot herring otoliths throug-
hout the Baltic Sea using the methods of multidimensional
statistics. Structural differences in the central part of the otoliths
ofSBrl_ng andautumn herring juvenileswere revealed in relation
to theirabundance in the Southern Baltic /15/-
Morphological analysis of Baltic herring juveniles (age group 1)
showed that the magorlty of the otolith morphometric parame-
ters are closely related to their length and hence, to the growth
of fishes. Five moth_ometn(_: ﬁarame_ters of the otoliths were
revealed which well distinguis edsprlngherrlng}uvenlles(age
%&ou y from the Southern and Northern Baltic /7/.

.GRYGIEL /16/ exposed morphological differences amang
the otoliths of spring open sea herring, spring coastal herring

ig-3
ter side of Baltic herring otolith,
- Tostrum;

- anterostrum;

- pararostrum;

- postrostrum;

- central field:;

- radial groove;

- excisura major;

- excisura minor.

|t
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and autumn herring /16/. The shapes (silhouettes) of herring
otoliths inthe Western Balticwere studied using semiautomate
image analysis technique /14/.

2.3.1+ Classification by G. RAUCK /34/.

Anattempt to cIassﬁgthe otoliths of Western Baltic herring was
made by G.Rauck /34/, who distinquished three types of the
Western Baltic otoliths. Otoliths of }/_peA had an elongated
shape with a small nucleus, a wide_first growth zone and a
narrow first winter zone. Excisure minor was well developed.
Withinthe fwstgrowth zone so-called "metamorphosis ring" with
aradius 0f0.2-0.65 mm was often observed. The appearance of
the ring is most probably connected with the changes of a
biotope by 60-70mm hérring juveniles. After reaching this
length, herring juveniles pass from the coastal zone to the distant
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Fig.4 o
Inner side of Baltic herring otolith.
1- crests;

2- sulcus acusticus;

3- fossa.

parts of the Western Baltic. Herring of this otolith type are the
objects of the fishery in the Bay of Kiel in spring.
Otoliths of Type Bhad a large first growth zone, a large nucleus,
especially in'juveniles, and poorly developed excisura minor.
HerringsofB1ype otoliths were sampled inautumn, had gonads
ﬂfl\[— maturity stages, and were identified asautumn spawning

erring.
Ot_olltﬂs onyﬁeC had numerous growth zones, their widths
being smallerthan those in Atype otoliths. Thesizeand location
of excisura minor were analogous to sprlngi_herrmg. G. RAUCK
suggested that the herrings with Ctype otoliths were a mixture
of qifferent spawning groups, which mlg{ht be subsequently
divided into other types, e.q. E, Dtypes, €lc.

2.3.2. Classification by A. KOMPOWSKI /18/

A most detailed classification of otoliths collected from the
Southern Baltic herrm% was elaborated by A KOMPOWSKI
118,19/ who stated that they showed cansiderable diversity. In
spite ofthis fact, three defiriite frequently encountered typés of
otoliths could be distinguished. _

Type . Otolithsare |arge and considerably elongated witha long
rostrum. Nucleus is tsually small. The first growth zone is
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relatiyeh{large. Excisur_aminor,isincisedsharpllybut,notdee?ly.
The line'led frough excisura minorand the nucleus is paralell to
the long axis of the otolith. _

Typell. Otoliths are large but not so elongated as in Type . The
first growth zone is refatively narrow. The number ot growth
Z0Nes is genera_IIY_ much greater than in the otoliths of Type.
Other characteristics are similar to those of Typel.

T)(pe_ll can be subdivided into three subtypes. SubtypelIA
Otoliths are large and have a long rostrum. ~

The nucleous is small or medium size. The winter zones are
broader than in Typel. The first %rovv_th_z_one is small, the
foIIowm(]; zones aré narrow, gradually diminishing.

Subtype [l B. Otolith are large, massive, having rough surface
and rregular shape, The nucleous is small or medium, but
?enerally hardly visible trough an opague substance secreted
_awlYabundantIy.Theflrstgrowthzone|ssmall,thesecondzone
Is refatively broad. o

Subtype Il C. Otoliths are similar to those of Subtype Il A, the
difference exists in the second and in the third and sometimes
inthe fourth zone which are ismuch broaderthan the following
0nes.

Type lll. Otoliths are smaller than those of the preceding tyi)es.
In'young herring, the nucleous is large and transparent, inolder
specimens it iS very often coveréd by a secreted opaque
substance and seems to be much smaller than it really is;
sometimes the nucleous is even completely conealed. The first
growth zone s relatively IarPe. Exisura minor is poorIY devel-
oped, frequently even completelymissing. The line led through
exisuraminorand the nucleous formsan angle withthe long axis
ofthe otoliths. The exisura minor is deeﬁ)_and frequently most
noticeable !nyoungrspeumen_s. The most intensive growth rate
is characteristic for Type | otoliths which are dominant amongst
spawners ofthe southern coasts of the Baltic Seain sprm_gh e
lowest growth rate is observed for Typen. Herrings with this
type of otaliths prevail in summer-autumn season on feeding
grounds of the southern Baltic. The majority of those herrings
migrate to these areas from the north, from Swedish coasts.
Otoliths of T¥pe Il show a very raE|d_ %rowth durm? the first
three years of herring life. TheSe otoliths are characteristic of
gerrmgspawnmg Inautumn nearthe southern coastofthe Baltic
ea,

The analysis of the data on the occurence of hernngis. with
definite otolith types in various areas ofthe southern Balticand
in different seasons resulted in the following conclusion
(A KOMPOWSK] /18/). The otoliths of Type | are characteristic
ofherringsdescribedbyj. POPIEL/31,32,33/, 1.e. coastal spring
herrmg{swhmh inhabitwaters of low salinity inthe river mouths
and estuaries at the southern Baltic coasts. They spawn in the
Pomeranian Bay from March till May and in the Bay of Gdansk
from April till May. Theseare herrings with a short life cycle and
a high qyowth rate abruptly inhibited when reaching maturity.
Theoto |thsofTPy e llareencountered inthe sea herringswhich
according toJ. POPIEL /31, 32, 33/ andJ. ELWERTOWSKI /12/
have a longer life cycle and a Io_wer%rowth rate as compared to
the coastalherring. Forthefirsttimet eyprobabl¥spawn|nthe|r
third or fourth year. Most ofthese hernn?s cometo the southern
Baltic _feedln? grounds from the north: from central Baltic and,
sometimes, from the Aland Islands. This was proved b/y
G. OTTERLIND who had performed taggmq of herrings /28/.
However, asmall partofthese herrln(%s may stay inthe southern
Baltic in certain years and spawn Together with the coastal
herring.. Sea spring-spawning herrings are a mixture of many
populations. o -

Therefore, structures of their otoliths are quite diverse. Due to
this Type 1 can be divided into three subtypes.



Subtype [1Ais frequent in the Bornholm area and in the Bay of
Gdansk. Subtype Il B is less occuring: in the Bay of Gdansk
mainly. Subtypell Cis rare. o .
The otoliths of Typelll are characteristic of autumn herrmq
encountered throughout the Baltic Sea and especially frequen
in itswestern part. They are spawning from August till Novem-
berinthe coastal zone and probably inthe seabanks (the Middle
banks, the Slupsk bank). These herrings reach maturity in the
second or third year of life.

Classification ofthe otoliths proposed by A KOMPOWSKI ¢an
be applied in identifying the three main biological herring
groups, i.e. autumn, sprln? sea and spring coastal herrings
Inhabiting the southern part of the Baltic Sea.

2.33. Classification by E. OJAVEER,

A'special study concerning the problem of spring and autumn
herrings identification using their otoliths was carried out by
E.OJAVEER/45,24,25/. North-Eastern Baltic herrings could be
distinguished nearly always b)(,the central field size and the first
growth zonewidth oftheir otoliths. The distance fromthe otolith
gentertothemne,ropa(%ueed eofthe firstsummergrowth zone
Is taken for a radius ofthe otolith central field. The central field
is usually distinct especially when placed in xylol for 1-2 minu-

tes. , o

The central field radius is usually 0.18-0.25mm for autumn
herring otoliths, and up to 0.15mm for spring herring. The
spring” herring otoliths have deeper %rooves than those of
autumn herring, and the angle between the medians of rostrum
and anterostrum is greater in the first case. Besides, the first
growth zone_of the autumn herring otolith is much wider as
comparedto itssubsequentzonesthan itisinthe spring otoliths.
Postrostrum and excisura minor are better developed in spring
herrmlg otoliths. _ , _

The classification of autumn and sprin herrlng otoliths of the
North-Eastern Balticwas also alaborated by E. OJAVEER/5/, the
following parameters for autumn herring being under examina-
tion:

- degree of central field coating by opague substance;

- otolith general form;

- relative widths of summer growth zones;

- size ofan otolith;

- firstwinter zone width;

- peculiarities of the otolith surface;

- number of additional rings;

- percentage of abnormal, 1.e. partially hyalined otoliths.

Autumn herring otoliths. o ,
Autumn her_nn% otoliths were divided into types on the basis of
differences int e%rowt,h pattern, i, e, relative widths of growth
zones. The size ot otoliths, peculiarities of their surfaces, the
number of additional rings and the Percentage of abnormal
otoliths were chosen_ as supplementary characteristics. The
foIIowmgtyFesofotohthswereyngledoutontheba_5|softhese
parameters for the autumn herring of the Gulf of Riga and the
adjacent part of the open sea, _
Type . The second and the third growth zones, and, sometimes
even the fourth one, are considerably broader as compared to
the subsequent zones. Otolith surfaces are even, smoath,
additional rln%s being insmall numbersor absentatall. The first
winter growth zone is indistinct. Type | is characteristic of
autumn herring in the Central and Southern Baltic.

Typell. The second growth zone is 5|%1n|f|_can_tly broader than
the subsequent ones. Otoliths are smaller in sizé than those of
Typel, and their surface is rougher. Additional rmgs are obser-
ved on some otoliths of this type. Type I1is characteristic of the
Northern Baltic autumn herring. .

Typelll. Otoliths are small in size having a comparably narrow
second growth zone. In juveniles they are comer-like. A lot of
grooves (rsulm) and additional rings are observed on a rou?h
Surface of the otoliths, Partjally hyalined otoliths are encounte-
red inthistype inconsiderablenumbers. Type Illischaracteristic
of the Gul a_utumn_hernn?. _ .
Autumn herrings with the Ttype otolithsare characteristic ofthe
Balticproperbuttheyalsooccurinthe GulfofRigainratherlarge
amounts during the pre-spawningand spawning seasons, being
seldom encountered there in the inter-spawning period. Au-
tumn herrings with the Iltype otoliths are found chiefly in the
Strait of Irben, but they may also occur in the Gulf of uf,a and
inthe Baltic proper. Autumn herring with the 111type otoliths is
typlcalfortheGquofRnIJa,espemallyfont_seasternandsouth,ern
parts, In the Gulfof Finland specimens with the [l type otoliths
dominate amongst autumn he_rrmg;_herrm(];s ofthe Iltype
otoliths are numerous too, Herring with the Ttype otoliths are
encogmtered in the central part ofthe Gulf of Finland in small
numbers.

Spring herring otoliths. , _ _ _
Generalizing Study of the Baltic Sea spring herrlnjq Q/O ulation
composition andthe otolithswas carried outhy OJAVEERet al.
125/, Quite_comprehensive classification of the Baltic spring
herring otoliths was prepared basmgg onmorphological peculia-
ritiesoftheir structure. Itwas stated that the otoliths ofthe Baltic
Sea spring herring could be divided into three main types with
respect to the widths ofthe two or three firstgrowth zones, sizes
of otoliths and Iengths of rostrums. The first two t}/pes were
subdivided into subtypes. Consideration of the subtypes is of
special interest. _ _ _

ypel, Suptypel-I. Otoliths are large with a relatively long
rostrum and"a large first %rowth zone. The growth zones
beglnnlng from the second o _the fourth, or even to,the sixth
zoneare broad orevery broad. The firstwinterzone isindistinct.
Additional ringsare few orabsentatall. Su_btyFe -lins awnmg
concentrations is mamlty encountered in"the Western ani
Southern Baltic, and less frequently itoccurs at the Central Baltic

C0asts. , , _

Subtype 1-2. Otoliths are large with relatively long rostrum. The
second andthe third growth zones are wide, much broader that
the following ones. The first winter zone is mostI){, indistinct.
Additional rmgis are few or absent at all. The otoliths of this
subtype differ from the previous one mainly by a smaller width
ofthe second growth zone. In spring concentrations, Subtype I-
2 oceurs generally inthe Western, Southern, and Central Baltic.
Thissubtype isericountered in smaller numbers as compared to
other subtypes. _ _

Suptype 1-3. Otoliths are large with relatively Ionﬁ rostrum, The
fwstg_rowth zone is very large. The second; or the second and
the thirdgrowth zones are vérywide, considerably broaderthan
the following ones. Beginning from the third or the fourth zone,
their width sharply décreasés. The first winter zone is seen
distincaly. The central field is relat|velysmall._ Subtype 1-3differs
from other subtypes prmc,gnallybza argerﬁrst%rowth zone by
afasterdecrease inthe wiaths of the subsequen %rowt_h 20NeS,
bz/ a narrow first winter zone and by a small central field. The
otoliths of Subtype 1-3are typical for the coastal herring of the
Southern Baltic. , L
Typell, Subtype 11-1. Otoliths are large or of medium size, with
a’long rostrum. The first growth zone is medium or broad.
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Growth zones from the second to the fourth-sixth ones are
relativelybroad. Thefirstwintergrowth zone isusually indistinct
mosr%nplesfromthe South, and ifisclearlyseen inthose fromthe

Subtyﬁe |- differs from Subtype 1-1 by smaller firstand second
rowth zones; and from Subtype 1-2by a smoother decrease in
_ewdthsoftheqrowth zones beginning from the third one; it
differs from Subtypel-3 by a smaller Tirst growth zone, a
smoother decrease in the growth zone widths and by the
indistinct first winter zone. In spawning concentrations,
%glt%ltgpe [1-I is mainly encountered in the Central and Northern

Subtype II-2. Otoliths are ofmedium size and broaderthan those
ofthe previous subtypes. In most cases, the flrstgrowth Z0ne is
not large. The second, orthe second and the thir ?rowth z0nes
are mych wider than the following ones. The first winter zone
ofotoliths from the Southern Balticis indistinct, butthat from the
Northern Baltic is well distinctive as a rule. Otoliths of Sub-
type 11-2 have usually additional rings. The otoliths in which
opaque substance is completely or partially missing are some-
timesencountered. This subtype difreresfrom the Itype otoliths
by a smallerfirst growth zong; itdiffers from Subtypes 1-1, 1-2 by
a_conventionally narrow first winter zone; it differs from
SuthpeII-I by smaller growth zones beginning from the third
usually narrow, first winter zone and by a larger number of
additional rings. The otoliths of Subtypell-2 are typical for
herring from thie Northern and Central parts ofthe Balfic proper.

Typelll. Otoliths are small and broad with a relatively short
rostrum. The first growth zone is usually not large. The Second
%row_thzone|sgenerallymuqhbr_oadert anthe following ones,
he firstwinterzone is indistinct in the otoliths with a very small
firstgrowth zone, but itis distinct in the otoliths with a broader
first growth zone. The otoliths surface is generally uneven,
havm? many grooves. The otoliths have a lot0fadditional rings.
Somefimes opa1qu,e substance is completely or partially missin
hnemﬁgotohths. his type of otoliths is characteristic of the Gu

The occurence of herring with different otolith types in the
spawning areas within the Baltic proper gives evidence to the
fact that otoliths of Type| are typical for the Southern and
Western Baltic, and those of Typesll, Il are typical for the
Eastern and Northern Baltic.

2.4. Problemsofldentification.

Three principal classification systems of Baltic herring otoliths
are reduced to Tablel basing on the descriptions of otolith
structures and on the analysis of occurence of herring with
different otolith tyBes which were glven in the studies by
G. RAUCK; A KOMPOWSKI, and E. OJAVEER /5, 19, 34/.

Ata certain experience it is evidently possible to identify quite
surelyatIeastfourlarge?roulpsofherrmgsfromthe Balticproper
by outer appearance of otoliths and the length of fishes:

autumn-spawning herrings in all areas of the Baltic Sea; .
- spring coastal herrings ofthe Southern and Western Baltic;
- Sé)rmg ogen sea herringstypical forthe Central and Northern
altic (Some difficulfies™arise in identifying the feeding
period or when they are caught in the Southern Baltic);
- spring qulf herrings from the Gulf of Riga and of Finland.

It can be noted that the principal parameter for identifying the
spring herring isthe growth rate which isis reflected by absolute
and relative values 0f the otolith growth zones widths and the
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Tablel
Interrelation of the main classification systems of Baltic herring
otoliths (A, B, C; I, Il, Il are types of ofoliths).

Areas of the Baltic Sea

Seasor;al According to
Central

group h .
s RMOTRAR g

Autumn  Kompowski A
herring

Ojaveer E

ring  Kompowski A | 1A, 1B, 11
stgrnr?g P coastal herring Open Sea herﬁng
OjaveerE 11 -1, 1]-2 . A, 1B
coastal herring open sea herring gulfherring
coasta%gerring

13

coastal

herring

fish length. So far as the Ienfg]ths and the growth rates are
g_raduallydec_reasmgz from south-west to north-east, morpholo-
%mal peculjarities ofthe otolithsallow rather roughlyto consider
altic herring either "northern" or "southern” populations, Inthe
open sea herrings gy esC, II-A, B, C: 11-12) caught during the
f_eedmgbpenod in the Southern Baltic the origin-based differen-
tiation hetween "western”and “eastern” is extremely difficult,
although just this kind of identification would bé of_great
importance for herring stock assessments. Besides, a considera-
ble decrease in the growth rate of the Southern Baltic coastal
herring is observed in recent years. This effects the structure of
otol|thsmak|ngthemresembletheopenseahemn otoliths.On
the other hand the occurence of migrants from the Northern
Baltic on spawnlng (tqrounds of the Southern Baltic coastal
herring also constributes to the difficulties of herring identifica-
tion with respect to stock units.
It must be stated concerning otoliths from the Western Baltic
herring that the studies of numerous otoliths of the Riigen
herringand practical attempts oftheirindividual distinction from
otherpopulationsdid not resultina well-definable uniform type
of "Ruigen herring otolith". The morphological and morphome-
tric characteristics of otoliths are extremely varying in one
sample, and even to greater extent they are difterent when
comparing samples_taken at different times. This fact cannot
surprise under consideration of different herring qroups spaw-
ning in different places and times in a relatively wide total
spawning area and later migrating to wide feeding areas with
different environmental and feeding conditions. It can be also
assumed that spawners not always use the former spawning
places. These tacts support the stated high variance of the
otoliths characteristics.
Nevertheless, the Riigen herring can be distinguished by means
of otoliths from autumn spawners and from herring originating
from ICES Subdivisions 26, 27 and from distant northern areas.
Nearly impaossible is a serious individual distinction of herrmg
originating from the Northern Arkona Basin, the Hand Bay, an
the"area around Bornholm.



When studying Southern Baltic coastal herring, certain difficul-
ties also arise from the fact that coastal spring herrings spawning
at Poland coasts undertake feeding migrations in the direction
ofthe Southern Baltic open sea or the Danish Straits. This refers
to herring from the Pomeranian Bay, from Bornholm Basin and

rob_ablg from,the Bay of Gdansk. The herring feeding in the

anish Straits is infected by nematode of Anisakis genus, thus
recelvmga"naturalta%". Infected specimensareencounteredon
spawning grounds inthe Bay of Gdansk and sporadically inthe

istula Ba be[n?dlstlgmsh_ed by a highergrowth rate. Ifcan be
assumed that infected Specimens on these spawning grounds
are migrants from the Western Baltic. The increase innumber of
infected herringson s awnlngagroundsmtheeasternpartofthe
Bornholm Basin coas s&PoIan coast) and inthe Bay of Gdansk
was observed in 1985-1987 when strong cooling 0f sea water
occured. Itissupposed that extrem chariges in water tempera-
ture made_spawnln? herring migrate intensively from the west
%_otheeastmsearch oroptimalthiermal conditions forreproduc-
jon.

Thus spring coastal herrings migrate along the Southern Baltic
coastwithin considerably vastarea. However, itisimpossible to
determine in detail orl?ln of several specimens using only the
otolith characteristics. Itshould be emphasized that for the Stock
assessment the most essential problem is individual identifica-
tionofanyherring specimeninaccordance withe the stock units.
The reference of herring otoliths to a definite type isapparently
subjectiveand dependsnotonlyon as_PeuaIls Sexperience but
onatimeand place ofsampling. Otoliths of fishes cau?ht inthe
spawmnP period on the spawning grounds or near them are
more or less easily identified. When identifying h_err_lnq caught
in the feedln? Penod on the feeding grounds difficulties are
quite frequent. Inthis respect it is esséntially difficult to analyse
samples obtained from the fishery places in'the summer_Penod
in the Southern Baltic where mixing of fishes having different
origin occurs more intensively.

3-2. Niechorze-Koiobrzeg

3. Baltic herring otoliths from the main spawning
regions.

3.1. Riigen

Statistical parameters of herrin% otolith morphometric features
aregivenin Table 2, photographs of otoliths are shown inFig. 5.

Table?2

Statistical parameters of Baltic herring otoliths from the Riigen
area (M is average, 5 is standard deviation).

Designations are given in 2.1.

Parameters Age group
2 3 4 5

M 5 M 6 M 5 M 6
TOL 319 019 38 025 398 04 441 o
TOW leo 008 187 009 lea 008 209 009
RmL 119 011 142 012 147 014 167 013
owl 18 007 12 Q09 L7 007 124 008

100 010 109 QI1 099 009 104 008
Q 3 01 147 012 13 010 145 009
R . : 168 011 15 010 16/ 009
R : . 16 012 182 008
IFOL - - - - - - 19 009
TOW 200 009 207 011 208 013 214 010
BLaw  ogoa % o2 ®8 25 M2 23
A om0 B3 102 %5 07 41 05 04 79
R - - 192 12 202 13 24 66
R-R,
) . - - - 124 44 143 52
Rfroo - . .~ . . w0 3

Statistical parameters of herring otolith morphometric features are given in Table 3, photographs of otoliths are shown in Fig. 6.

Table3

Statistical parameters of Baltic herring otoliths from the Niechorze-Kolobrzeg region (M is average, 5 is standard deviation).

Designations are given in 2.1,

Parameters
1 2
M 6 M 6 M
TOL 242 017 319 018 344
TOW 1.27 0.08 157 0.08 1.68
RmL 0.89 010 1.5 011 134
ow, 125 0.08 12 0.07 1.09
104 0.09 1.03 0.09 0.89
135 011 1.28
. 145
i - 52.2 28 192 19 138
o
Rm 36.6 25 391 30 388
tot 10
316 9.0 446
203
Hf53 10
R-R,
R 100
RR,
100

Age group
3 4 5
6 M 5 M 6
017 372 020 39] 018
0.08 180 0.09 1.88 0.08
0.09 140 0.11 144 110
0.07 113 007 1.14 0.08
0.08 0.95 007 0.95 0.08
0.08 132 0.08 134 0.08
0.09 148 0.09 151 0.09
159 0.09 161 0.10
R - - 1,69 0.10
0.27 485 19 483 214
23 378 26 369 18
88 304 6.8 21 8.0
64 180 48 181 6.4
114 44 107 37
82 25

25



3-3m Ustka-Rowy
Statistical parameters of herring otolith morphometric features are given in Table 4, photographs of otoliths are shown in Fig. 7.

Table4 L : : : : -
Statistical parameters of Baltic herring otoliths from the Ustka-Rowy region (M is average, 5is standard deviation).
Designations are given in 2.1,

Parameters Age group
M 6 M 6 M 5 M 6 M 6
TOL 245 018 KN 019 358 119 376 0.21 380 0.6
TOowW 128 0.08 157 007 17 0.07 181 0.08 184 007
RmL 094 0.11 124 0.10 137 0.10 141 0.13 148 0.10
ow, 15 0.09 119 0.08 118 0.07 116 0.08 1.1 0.07
i 106 0.09 100 0.10 0.99 0.08 0.98 0.10 0.94 007
E _ - 1.3 0.12 137 0.09 %%g 888 %%8 0.09
- - - 155 . . | i 0.10
g - - - - - o 1.61 0.11 158 0.09
5‘,1 _ - _ _ - - - - 165 0.09
A.100 52.2 22 49.6 2.2 484 19 482 2.8 485 2.2
o
A100 382 31 390 25 383 22 315 25 313 24
tor
R-R, 348 78 385 12 383 10.2 27 87
* U0
VR 188 43 164 71 184 54
jp-ioo
R-R 115 45 9.0 46
1100
6.6 24

3-4, Gdynia-Gdansk
Statistical parameters of herring otolith morphometric features are given in Table 5, photographs of otoliths are shown in Fig. 8.

le.5 L : : : : - "
Et%%s?mal_ parameters of Baltic herring otoliths from the Gdynia-Gdansk region (M is average, 0 is standard deviation).
Designations are given in 2.1.

Parameters Age group
1 2 3 4 5
M 6 M 5 M 5 M 5 M 5
' . 310 015 355 017 3.66 0.14 381 0.21
T s 009 156 007 i 009 i 007 t; 008
RmL 084 0.11 1.20 0.11 1.3 0.1 1.3 0.10 14 0.12
ow . 0.09 120 0.09 120 114 0.08 1.11 0.08
4 o8 o5 0 o5 0 % @ B ow
R B = o 157 009 151 883 11%3 010
Ri — _ 160 0.09 1.60 0.11
_ 166 0.12
g(ﬁL i00 530 26 504 2.09 491 25 81 1. 486 22
oL 10 3%9 25 %6 26 319 26 %9 24 313 25
{j/\_lOO - 339 103 36.2 6.0 385 1.2 412 8.7
h/\ i00 174 42 le.9 55 180 54
gall-R,.m _ _ _ - - 97 34 103 36
_ 12 25
A ' >m

26



Fig.
Hegrr|5ng otoliths from the spawning area near Riigen.

- age groupd4, fish length 22.5cm, 1984 year-class;



Flg. 6
ngring otoliths from the spawning region Niechorze-Kotobrzeg.

- age group?, fish length 18.5cm, 1986 year-class; -~ age groupb, fish length 28.0cm, 1983 year-class;

- age group 3, fish length 20.5cm, 1985 year-class; _agegroupb, fish length 22.5c¢m, 1983 year-class; otolith can
be retferred to open seaherring, probably from eastern Baltic
coast;

- age group4, fish length 25.5cm, 1984 year-class; age group 6, fish length 26.0cm, 1982 year-class;

28



Continuation Fig. 6.

- agegroup 6, fish length 29.0 cm, 1982 year-class, infected by
Anisakis nematode;

Fig.7
Hegrring otoliths from the spawning region of Ustka-Rowy.

age group L, fish length 12.5cm, 1987 year-class;

- age group 2, fish length 17.5cm, 1986 year-class;

- agegroup 8, fish length 29.5 cm, 1980year-class, infected by

Anisakis nematode.

- age group 3, fish length 21.5cm, 1984 year-class;

- age group 4, fish length 23.5cm, 1984 year-class;



Continuation Fig. 7

— age groupd, fish length 24.5cm, 1982 year-class;

- age group 8, fish length 28.0cm, 1980 year-class;

Fig. 8

— age group 1, fish length 12.5¢cm, 1987 year-class;

30

ng'ring otoliths from the spawning region of Gdynia-Gdansk.

—age group9, fish length 26.5cm, 1979 year-class

- age group2, fish length 18.0cm, 1986 year-class;



Continuation Fig. 8

- age group 3, fish length 19-5cm, 1985 year-class;

- age group4, fish length 21.0cm, 1984 year-class;

- age groupd, fish length 23.0cm, 1984 year-class;

ageqroup 4, fish length 26.5cm, 1984 year-class; infected b
Ag |sga| |%ema ode: J Y Y

age group6, fish length 25.5¢m, 1982 year-class;

age %oup6 fish length 22.5cm, 1982 year-class; otoliths
may be referred to open sea herring;

3l



Continuation Fig. 8

— age group 8, fish length 27.0cm, 1980 year-class; —ageqroup 9(8), fish length 23-5¢m, 1979 year-class, otoliths
k. . J n?aygnergfer(rgdtooper?seaherrlngorev%ntogulfherrlng.

Elleqr'r?ng otoliths from the spawning region of the Vistula Bay

- age group 2, fish length 185cm, 1985 year-class; - age group 3, fish length 18.6cm, 1984 year-class;

— age group 3, fish length 16.5cm, 1984 year-class; - age group 3, fish length 20.5¢cm, 1984 year-class;
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Continuation Fig. 9

—age group4, fish length 21.4cm, 1983 year-class; —age group 5, fish length 25.8cm, 1982 year-class; otolith
shape is not typical;

- age groupb, fish length 25.1cm, 1982 year-class; -~ age groupé, fish length 25.4cm, 1981 year-class;

- agegroup 5, fishlength 15.2 cm, 1982year-class; otolithsmay - age group6, fish length 23.4cm, 1981 year-class, otolith
be referred to open sea herring or even to qulf herring; shape is not typical.
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Fig. 10
Hegrring otoliths from the spawning region of Pionersk-Klaipeda

- age group 2, fish length 17.2cm, 1985 year-class; — age group 4, fish length 23.0cm, 1983 year-class;



Continuation Fig. 10

gegroup 4, fishlength 16.8 cm, 1983year-class; otoliths can
e

- 4
be referred to gulf herring (from northern Baltic);

- agegroup 4, fish le

ngth 16.7 cm, 1983 year-class; otolith can
be referred to gulf he

rring (from northern Baltic);

Fig. 11

- age group 5, fish length 23.4cm, 1982 year-class;

- age group 6, fish length 26.0cm, 1981 year-class,

Herring otoliths from the spawning region near the Estonian Islands (North-Eastern part of ICES Subdivision 29)

- age group 2, fish length 13.6cm, 1986 year-class;

- age group4, fish length 15.6cm, 1984 year-class;

3



Continuation Flg. 11

—age groupé, fish length 18.9cm, 1982 year-class;
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Fig.I2
Hegrring otoliths from the spawning region of the Gulf of Riga

age group3, fish length 12.9cm, 1985 year-class; --age group>, fish length 15.0cm, 1983 year-class;



Continuation Fig. 12

— age groupé, fish length 19.4cm, 1982 year-class; —age group7 (8), fish length 19.2cm.

Fig. 13
Hleqrnlng otoliths from the spawning region of the Gulf of Finland (Eastern part).

—age group 2, fish length 14.1cm, 1986 year-class; -age group 3, fish length 14.6cm, 1986 year-class;



Continuation Fig 13

- age group 6, fish length 22.3cm, 1982 year-class; - age group 8, fish length 22.0cm, 1980 year-class



3-5m Vistula Bay

Statistical parameters of herring otolith morphometric features are given in Table 6, photographs of otoliths are shown in Fig. 9.

Tahle 6

Statistical parameters of Baltic herring otoliths from the Vistula Bay (M is average, 8 is standard deviation).
Designations are given in 2.1,

Parameters

M 5 M 6 M
TOL 317 0.13 352 017 391
TOW 154 0.05 169 0.06 183
RmL 117 011 125 011 14
ow, 12 0.04 119 0.04 120
R 102 0.06 104 006 105
K 137 0.08 138 0.9 131
R - : 15 011 19
R _ : : 160
TK8L i (.09 209 008 214
TOW
14100 %8 22 33 23 %5

338 34 333 45 b4
¥Ry
Re~-A 100 175 39 167
R-R. 108 107
frioo

3-6. Pionersk-Klaipeda

Statistical parameters of herring otolith morphometric features
are %lven in Table7, photographs of otoliths are shown in

Fig. 10.

Table7

Statistical parameters ofBaltic herring otoliths from the Pionersk-

Klaipeda region (M is a\_/era%e, SisStandard deviation).
Designations are given in 2.1,

Parameters Age group
2 3 4

m 6 M 6 M 6
TOL 330 0.6 378 021 402 027
TOW 163 007 181 0.10 193 0.09
RmL 125 012 140 013 149 014
ow, 124 0.06 122 0.08 119 0.06
R 102 0.09 104 0.09 098 011
R 140 009 14 0.09 138 013
R - 165 010 158 014
rl - - - - 173 013
ToL 202 0.10 209 011 209 012
TOW

318 31 369 24 31l 25
£-m»
J*i00 315 97 31l 103 21 147
. 216 6.9 208 8.3
ih-00

o 154 503

40

Age group
4 5

5 M 6
0.18 4,05 0.30
0.08 192 011
0.12 148 0.15
0.06 118 0.06
0.07 1.00 0.07
0.10 140 012
0.09 1.60 0.10
012 170 011
. 177 0.09
0.10 2.10 0.10
27 358 32
55 39.7 6.2
34 200 41
24 101 36

3.7. ICES Subdivision 29, near Estonian Islands

Statistical parameters of herring otolith morphometric features
|egre %iven in Table8, photographs of otoliths are shown in
ig. 11.

Table8

Statistical parameters of Baltic herring otoliths from the North-
Eastern part of ICES Subdivision 29 (M is average, S is standard
deviation). o

Designations are given in 2.1.

Parameters Age group
2 3 4 5
m 8 M 6 M 5 M 5
TOL 280 028 32 05 443 026 367 030
TOW 147 009 16 009 1p 010 1§ Ol
RmL 200 016 113 016 12 014 131 016
ow, 100 015 105 01 107 008 woe 007
Rl 081 o1 08 009 08 009 083 010
R 124 0155 15 009 12 008 12 009
R - : 43 010 13 010 138 0l
Rl - - - _ 150 012 151 8.13
- - - - - 1.62 14
%L 19 010 200 02 200 011 203 009
TOW
RmL %5 28  H2 30 B4 24 BT 26
to t 10
¥ H loo 557 195 449 11 406 123 46 157
| 25 68 208 80 208 75
R 100
44 7o 74
Ao 149
~ - - - - — B3 4
100



3.8.

Statistical parameters of herring
aregiveninTable 9, photograp

GulfofRiga

otolith morphometric features
sofotolithsareshown inFig. 12

Table9 . .
Statistical parameters of Baltic herring otoliths from the Gulf of

Riga (M is average, 8 ist standard deviation).
Designations are given in 2.1,

Parameters Age group
M 6 M 5 M 5 M 5
ToL 243 0.13 217 017 297 018 314 0.23
TOW 1.26 0.06 141 0.08 152 011 160 0.10
Rml 0.84 0.07 0.96 0.08 1.02 0.10 1.060 81(3)
owl 0.89 0.08 091 0.08 093 0.08 093 0
R %2 0.08 0.69 0.08 0.0 0.07 0.1 0.07
R | 0.07 107 0.07 101 0.08 107 0.09
B - - 118 0.07 120 0.09 120 011
4 - - - - 126 0.08 129 013
for w008 e 001 e 022 IR0l
1.90 ) 190 | 1.90 . . .
TOW
348 21 34.6 20 343 2.2 336 21
10 515 142 518 182 54.1 172 50.6 132
10 163 13 183 46 185 50
BR 100 83 3¢ D1 a8
Ae100 5.7 2.1
39  GulfofFinland

Statistical parameters of herring otolith mothometric features
%[e %ven in Table 10, photographs of otoliths are shown in
ig.

Table 10

Statistical parameters of Baltic herring otoliths from the Eastern

Bart,ofthe GulfofFinland (Misaverage, 8isstandard deviation).
esignations are given in"2.1.

Parameters Age group
m 5 M 6 M 6 M 5
R EER LR
Rl d 0% 16 8D ih o ik
oW, 09 009 0% 009 o 0% o
Ri 078 008 074 079 07 009
R 113 006 e 009 Ll oo0s
R : 13 kR
: ooy B
igbv 9 0@ 19 0 19 0 Tfo o
RiL ue 34 %2 2 B2 2 3 28
) 6 3
RRY BT ML s Al w2 w1 g5 156
yi 10 28 86 s w4 w1 sl
£5y 10 122 62 1553 62
91 39
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