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ABSTRACT

Essential fluctuations are typical of ichthyoplankton species com-
position. A characteristic for variations in ichthyoplankton com-
munity of the northern latitudes ecosystem was given by the indi-
ces calculated for species diversity and "domination - diversity"
curve., The calculated indices for species diversity were compa-
rable with water temperature variations and with the values for
total commercial fish stock in the Barents Sea and adjacent wa-
ters.

Bggs and larvee of ©0 fish species, pertaining to 20 families,
occur in the northeastern Norwegian and southwestern Barents Seas.

28 species of them are boreal, 20 - north-boreal, 11 - Arctic and
1 - cosmopolite. Index for species diversity varied from 0.10 to

0.40 and the "domination - diversity" curve was en S-shaped in

the community pre-set.,

Variations in species structure of ichthyoplankton community take
place over the area surveyed by a type of allogenic succession.

In the years of high heat content of water masses when the main
commercial fish stock was at the high and average levels, eggs

and larvae of commercial fish species were predominant in ichthyo-
plankton community with the index for species diversity being low.
While cooling and reducing of the stock, the abundance of fish
drops at stages of ecarly ontogeny and the index for species di-
versity increases due to a growing number of eggs and larvae of

non-commercial species.
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INTRODUCTION

Reproduction of a majority of fish specles, inhabiting the Iuro-
pean North seas, takes place over a vast area. However, there are

some sections, where the spawning intensity of complexes of fish .

species, different by ecology of reproduction, is by some orders
higher than that in the adjacent areas., Such sections got the
name of tobal reproductive zones. One of such zones is in the
North Atlantic in the northeastern Norwegian and southwestern
Barents Seas (Serebryakov, 1988). Psammo- and lithophilous (her-
ring, capelin, sand eel), pelagophilous (Gadidae and Pleuronec-
tidae) and viviparous speciles (Sebastes marinus) spawn here.

Species composition of ichbthyoplanlkton is representative of con-
ditions of reproduction and early ontogeny of fish, for most of
which, mainly for commercial ones, considerable fluctuabions in
abundance are typical., Therefore, studying of ichthyoplankton spe-
cies diversity is of interest and its dynamics should be conside-
red within _"the total reproductive zones", since a populational
reproduction takes place duc to the spawning grounds available

to the extent of these peculiar oceanic incubators.

Species diversity can be described by number of species or their
percent relationship (Baranenkova, 1974). llowever, it is more
convenient to present it as calculated indices, used in ecology
to compare different communities ox seasons} as well as to desc- -
rivbe variations in ecosystems ( Odum, 1986; Norvillo, 1991).

Aim of the paper is bto retrace trends of wvariations in species
diversity of ichthyoplankton community in the reproductive zone

" in the border area between the Norwegian and Barents Seas.
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MATERIAL AND METHODS

Data from the ichthyoplankton surveys conducted in April-July in
the northeastern Norwegian and southwéstern Barents Seas for 1968-
1990 were used in the paper (Fig.1). A peculiarity of these in-

‘vestigabtions consists in the following, i.e. the areas, term,

work and methods for comprehensive observations have been similar
annually (Mukhin, Dvinina, 1979). 24419 ichthyoplankton samples
were analysed for spccies composition of egss and larvae. VWhen
identifying fish alb carly ontogeny stage the determinants of
T.A.Pertseva (19%6), T.S.Rass (1949) and Russel (1974) were used.
Abundance of egps and larvae is given in natural logarithms. The
nost abundant and frequently occurring species are pooled into
famlllcu. Gadidae family includes Gadus morhua . (L. ), Melanogram =~
mus seglefinus (L.), Brosme brosme {Ascanius), Trisopterus esmarkii
(Wilgson), Pleuronectidae - Hippoglossoides platessoides (Fabr. ),
Pleuronectes platessa (L.), Microstomus kitt (Walbaum), Scorpaeni-
dae - Sebastes marinus (L.), S.mentella (Travin), S.viviparus
(Kroyer), Osmeridae - Mallotusg wvillosus (Muller). Non-commercial
specics Leptoclinus maculatus (L.), Licodes polaris (Sabine),
Liparis liparis (L.), Liparis koefoedi (Parr), Leptosonus decago-
nus (Shneider),Chirolophis ascanii (Walb.). were combined into a

separate_group. .

The 1ndey calculated by Odum's formula (Odum, 1985) was used to

egtlmate species diversity:
W -1 o,
B = ] *
n

where: .
B — index of species diversity;

W - number of species in community;
N - total abundance of comnunity.

The index of species importance and its status in cormmnunity
structure was determined by the "domination - diversity" curve.
(Whittaker, 1965).
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The paper presents data on waber btemperature in 0-200 m layer
on the section from the North Cape to Bear Island (No.3) per month
of temperature minimum (lMarch), as well as a size of the spawning
stock of fishes from the Barents and Norwegian Seas by the data
from ICES Working Group (Anon., 1992).

RESULTS AND DISCUSSION

Availaobility of few comnon® or dominating species, represented by
large number of specimens and most infrequent species with a
small amount of specimens is a typical feature of the northern
latitudes community. '

The importance of gpecies and its status in a community can be
deternined by the “domination - diversity" curve, suggested by

Whittaker (Whittaker, 1965). It can be of 3 types (Fig.2). In case

of the most abundant species two times larger than the following,
and this one, in its turn, twice larger than the third onc, then
a straight line is produced on the plét (1). In such comuunities
each species occupies, first of all, a free niche, without over-
lapping anothers. In case a space of the niches is separated into
~random, adjacent, however, non-overlapping sections, the curve is
producedA(II). These two possibilities present éxtremo cases,
usually a majority of species in nabural open systems ave avai-
lable under conditions of competition for resouroés, and a zood
deal of adaptations gives a possibility to. divide niches without
specific exclusion from habitant, therefore, distribution of spé-.
cies in communities has an S-shaped form curve (III) (Odum, 19886).
The steeper is a curve, the less is a total diversily or stronger
is a predominance of one or SGVGra% species.”

Eggs and larvae of 60 species (20 families) occur over the area
surveyed : of them -~ 28 species are boreél, 20 - north-boreal,

11 - Arctic and 1 - cosmopolite (Rass, 1954 ; Baranenkova, 1974;
Mork, Solemdal and Sundes, 1983; Norvillo, 19971; Mukhina, 1992 in
press). According to our data the "domination-diversity" curve

has an S-shaped form and indicates a predominance of eggs and lar—
vae of several species in the area surveyed: Gadus morhua; Melano—~

gramnus aeglefinus, Mallotus villosus , Sebastes sp., Hippoglosso-
ides platessoides (Fig . 2, IV). Such structure of ichthyoplank-
ton community agrees with a type of the northern latitudes connu-
nities,. ‘ ~
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To analyse temporal variations in cémmunity the indices for-
species,diVersity areﬂused‘(Simpson, 1949; Pielow, 1966).~Forﬂ

a long time the ecologists were agreed that the higher an index |
for diversity is, the more stable the syStem; Such systems wefe
called "balanced" (Margalef , 71968). Recent investigations
approve the oppoéite opinion, i.e. the ecosystems, enduring

" intermittent disturbance, arg as a' rule, characterized by lar-

ger diversity’of:species‘and got the name of "unbalanced"
(Huston, 1979). | ‘ |

Calculated indices for species diversity varied from 0.10 to
0.40 (Fig.3). The indices showed the variations to be in a

. structure of ichthyoplankton community. Periods of both the

high and low species-dbundance were observed, i.e. the ecosys—
tem of ichthyoplankton went from “balanced" to "unbalanced"

state and vice versa. Since the index for species diversity is
8 value dependent on the abundance of the species themselves,.
some factors, limiting the abundance of fish at stages of ear-

- Lly ontogcny, which influence a structure of community, were

analysed.

Coumplex-of biotic and sbiotic factors, of which water tempera-
ture has the highest value, influence the sbundance of the main
commercial fish in early périod of 1life ( Seetersdal and Loeng,
19é4;7E11ertsen et al., 1987; Mukhina, Yaragina, 1988; llukhina,
Dvinina, 1989). In the years when water temperatures were at
high and aVerage»levels in the area surveyed, the abundancec of
fish at stages of early ontogeny was high and was presented
mainly by some commercial specieglrelated to the north-boreal
type (Gadus morhua, Melanogrammus aeglefinus, Mallobus villosusg,
Sebastes sp., Hippoglossoides platesscides), therefore, the
index for species diversity had low values (Fig.3). With cool-
ing in-1978—19814and 1986-1987 the abundance of eggs and lar-
vac of predominent fish species reduced. This influenced the
index of species diversity, an importance Qf which markedly
increascd due to a growing of commercial species abundance ,
mainly, of Arctic type, i.e..Myoxacephalus scorpius, Leptocli- .
nus maculatus, Liparis liparis , Leptogonus decagonus ,

Chirolophis ascanii (Fig.3).
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Besideé, the cooling in 1986-1987 coincided with a period of re-
ductlon in total commercial stock of fish in the Barents and Nor-
weglan Seas (Anon., 1992). These two factors resulted in essen-
tial reduction in abundance and variation in ichthyoplankton com~
munity structure. Since 1989 against a high level of heat content
of water masses on the Norwegian and Barents Scas watershed and
increase of stocks of the main commercial fish, their abundance .
at early stage ontogeny has increased again which led to a dec-
rease of the index for species diversity and to stabilization of
ecosystem at the level of ichthyoplankton community. ’ '

Irrational conducting of fishery in the Barents Sea aﬁd unfavou~
rable temperature conditions for .fish survival at carly stages

of developnment .in 80's caused a variation in the eqosystem spe-—
cies structure, which was pronounced at ths level of ichthyoplank-=
ton comnmunity as a reduction in abundance of eges ond larvae of
the north-boreal fish species and increase in' the Arctic ones.

In this connection an increase of index for species-:diversity

in ichﬁhyoplankton community of the northern latitudes occurred
to be an indicator of the system instability. Analysis for inter-
acting factors allows to consider the variations in the ecosyév
tem of the region mentioned to be of allogenic succession type.
Index for species diversity can be a criterion of the Barents Seca
ecosysten status. :

Increase in cbundance of eggs and larvae of the main predominant
species in ichthyoplankton 001mun1ty,_bbserved since late 80's,
is one of the indicators for the systems stability restoration.

CONCLUSION

The investigations on species structure of fish at the level of
ichthyoplankton community in the northeastern Norweml&n and
southwestern Barents uO S allowod to mahe the follow1n0 conclu~-

sions:

Iy
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YDomination - diversity" curve of ichthyoplankton communify
has a S-shaped form in the region mentioned, which agrees |
with a distribution of species of the northern latitudes com--
munity. Species structure is fepresented by some numerous spe-
cies, mainly, of the north-boreal group, i.e. cod, haddock,
capelin, re@fish and long rough dab. Most less abundant non-
commercial species relate to.the Arctic and boreal groups.

Value of the index for species diversity- varied from 0.10 %o
0.40. Change of value of the index for species diversity is
related to the variations in total abundance of eggs and lar-
vae of the main commercial fish species. Reduction in abun-
dance of fish at stages of early ontogeny in 1979-1981 and in
1986-1987 occurred to be a consequence of decreasing in heat
content of waterbmasses and total stock of commercial Cish

specles.

Tactors, influencing the species structure of ichthyoplank-
ton community, allow to consider the variations,taking place
in this reglon ecosystem, to be of allogenic succession type.

Index Tor species diversity of ichthyoplankton community can
be a criterion of the Barents Sea ecosystem status.
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Fig.1. Area of ichthyoplankton investigations in one of
reproductive zones of the North Atlantic
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Fig.2. "Domination - diversity"'curVes for hypothetical selections
(I-III) and for ichthyoplankton community on the border area
between the Norwegian and Barents Seas (IV).

I - distribution of species with a priority of capbturing the

niches;
- II- ecological niches are not overlapped, their values are ran-
dom;
I1T-ecological niches are multldlmenolonal and overlapped;

. IV - species distribution typical of the communities of the

northern latitudes;

1. - Gadus morhua; 2 — Melanogrammus aeglefinus; 3 - Mallotus
~ V1llosus )4 — Sebastes sp.; 9 — Hippoglosoides platessoides;
! - Mlcrostomus kitt; 7 - Trisopteris esmarkii;& - Brosme

brosme 39 - Ammodytes marinus;10 - Clupea harenpus,

TT = Pleuronectes platessa; 12~ non-commercial fish;
1% - Pollachius virens;i14 - Molva molva; 15 - Argentina
silus, Argentina sphyrena; 16 - Macrurus berglax;

17 - Micromeristius poutassou.
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Relatlonshlp between the indices for abundance of fish - . .
at stages of early ontoveny, index of, species diversity, -

water temperature -and - stock-of commer01al fluhOS of the : _ i
. Barents and Norweglan Seag.' : S

I =~ Gadidae family; 2 - Scorpenidae ; 9 - Pleuronectldae,

4 ~ Mallotus villosus(Mul.) 3 5 — a ﬁroup of non-commercial
fishes; © - mean water temperature in 0-200 n layer
in the section % in March; 7 - index for species
.diversity; 8 - stock of commerC1a1 fis heg of the
.Barents and Norweglan Secas. ' ‘ .




