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ELECTROPHORETIC IDENTIFICATION
OF ANISAKIS SP. LARVAE (ASCARIDIDA: ANISAKIDAE)
FROM CLUPEA HARENGUS L. IN BALTIC SEA

S. Martrucct!, S. D’AmEeLio!, J. Rokicki?

U Istituto di Parassitologia, Universits di Roma “La Sapienza”, Italia; * Department of Invertebrate
Zoology, University of Gdansk, Poland. :

Abstract. On the basis of electrophoretic studies carried out on 15 gene-enzyme systems, 80 Anisakis
sp. larvae from the herring Clupea harengus, fished in South Baltic Sea and Gdanisk Bay, were
identified as Anisakis simplex B. This is the first record of Anisakis simplex B in the Baltic Sea.
The spawning migration of the herrings from'the North Sea to the Baltic Sea and the distribution

of A. simplex B are briefly discussed.
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INTRODUCTION

Several records have been reported for larval forms of Awisakis Dujardin,
1845, in fishes from the Baltic Sea. Anisakis sp. in Clupea harengus was inves-
tigated for the first time in this area by Rokicki in 1972; later Grabda (1974,
1976) studied the life-cycle and morphogenesis of Anisakis simplex and its
occurrence in Gadus morbua callarias. Recently, Anisakis larvae have been
reported in Stizostedion lucioperca by Feiler and Winkler (1981) and in Belone
belone by Grabda (1981) for the Baltic Sea. The species identification of
larvae belonging to the genus Anisakis is difficult because of the lack of mor-
phological characters at the specific level. During the last years, the analysis
of the genetic structure of Anisakis populations from the Mediterranean Sea
and North-East Atlantic, by means of multilocus electrophoresis, has provid-
ed interesting results for the taxonomy of the genus. The main observations
involved: i) the detection of two sibling species within the Awisakis simplex
complex (Nascetti et al., 1986); ii) the evaluation of the genetic divergence
of these sibling species from Awnisakis physeteris (Mattiucci et al., 1986); iii)
the biochemical identification of Anisakis both at larval and adult stages (Orec-
chia et al., 1986). The aim of this note is to provide results on the elec-
trophoretic identification of Awnisakis sp. recovered from Clupea harengus of
the Baltic Sea.
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MATERIALS AND METHODS

Anisakis sp. larvae collected from Clupea harengus, fished in April and May
1988, in the South Baltic Sea and Gdanisk Bay, were preserved in distilled
water at —70°C for the electrophoretic tests. Horizontal starch gel electropho-
resis was carried out on homogenates obtained from 80 specimens, according
to the techniques described, in detail, by Nascetti et al. (1986). The following
15 enzymatic loci were studied: Sorbitol debydrogenase (Sdb), Lactate de-
hydrogenase (Ldh), Malate debydrogenase (Mdb), Isocitrate debydrogenase (Idb),
6-Phosphogluconate debydrogenase (6-Pgdh), Superoxide dismutase (Sod), Nucleo-
side phosphorilase (Np), Glutamate-oxaloacetate transaminase (Got), Adenilate
kinase-2 (Adk-2), Phosphoglucomutase-2 (Pgm-2), Esterase-2 (Est-2), Leucine
aminopeptidase-1 (Lap-1), Carbonic anhydrase (Ca), Mannose phosphate isomerase
(Mpi), Glucose phosphate isomerase (Gpi). The electrophoretic patterns of the
Anisakis larval population studied were compared with those of Axisakis sim-
plex B from the North-East Atlantic Ocean and those of Anisakis simplex
A from the Mediterranean Sea. Isozymes were numbered in order of decreas-
ing mobility from the most anodal; allozymes were named numerically accord-
ing to their mobility relative to the most common one in A. simplex A, desig-
nated as 100 (Nascetti ez al, 1986). - - s

The statistical analysis of genotype frequencies was carried out on the
polymorphic loci. For the enzymatic locus Idh, the ¥ values were calculated
without any correction. For the enzymatic loci 6-Pedh and Got, we pooled
the classes whose expected values were lower than 1 (see Ayala and Kiger,
1980). In Est-2, Lap-1 and Gpi, rare alleles were pooled for the application
of Wright’s fixation index (Brown, 1970). This index was also applied to Mpi.

RESULTS AND DISCUSSION

The sample of Awisakis sp. larvae collected from Clupea harengus in South
Baltic Sea and Gdanisk Bay was found to be genetically homogeneous at
all the 15 loci studied. Out of the 15 loci analysed, eight were monomorphic
(Sdb, Ldh, Mdh, Sod, Np, Adk-2, Pgm-2, Ca). The remaining polymorphic
loci (Idb, 6-Pgdh, Got, Est-2, Lap-1, Mpi, Gpi) proved to be in Hardy-Weinberg
equilibrium (Table 1), thus indicating that all the individuals belong to a
single species. The genetic structure of the population studied corresponds
to that of A. simplex B collected in North-East Atlantic previously studied
(Nascetti et al., 1986).

As far as it is known, the geographic distribution of Anisakis simplex
B involved mainly the North-Eastern part of the Atlantic (Nascetti e al,
1986). The results presented in this note would extend the distribution of
this species to the South Baltic Sea. Nevertheless, Grabda (1974) hypothe-
sized that the spring-spawning herrings found heavily infected with Anisakis
larvae in the south-western Baltic Sea, were those which spawned in this
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TasLE 1 - Genotype distributions, allelic frequencies and probabilities for expected Hardy-Weinberg
equilibrium distributions for the polymorphic loci of A. simplex B from Baltic Sea.

Genotype Observed Expected ¥2 contributions
Idb
[ 93/ 93] 12 12.02 0.000
[100/100] 4 4.02 0.000
[ 93/100] 14 13.99 0.001
x*=0.001 0.95 = p < 0.98
93: 0.633  100: 0.367
6-Pg
[ 93/ 93] 12 10.84 0.124
[ 97/ 97] 1 0.49 0.531
[100/100] 12 9.92 0.436
[ 93/ 97] 5 4.61 0.033
[ 93/100] 18 20.73 0.359
[ 97/100] 3 4.41 0.451
¥* corrected 2DF =1.117 050 = p = 0.70
93: 0.441  97: 0.098  100: 0.461
Got
[ 88/ 88] 0 0.14 0.143
[ 93/ 93] 20 19.75 0.004
[ 97] 971 2 0.81 1.748
[100/100] 2. 0.81 1.748
[ 88/ 931 4 3.36 0.122
[ 88/ 971 0 0.68 0.682
[ 88/1001 1 0.68 0.150
[ 93/ 97 8 8.02 0.000
[ 93/100] . 7 8.02 0.130
[ 97/100] 0 1.63 1.628
. % corrected 2DF =3.017 020 < p < 0.30
88: 0.057 93: 0.670 97: 0.136  100: 0.136
Est-2
[ 96/ 96] 0 0.03 0.026
[100/100] 30 30.54 0.009
[105/105] 0 0.31 0.309
[ 96/100] 2 1.79 0.025
[ 96/105] 0 0.18 0.180
[100/105] 7 6.14 0.120
F=—0.13 1.96/V N =0.31
96: 0.026 100: 0.885  105: 0.089
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Tasre 1 - Genotype distributions, allelic frequencies and probabilities for expected Hardy-Weinberg
equilibrium distributions for the polymorphic loci of A. simplex B from Baltic Sea.

Genotype Observed Expected x> contributions
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[ 93/100] 18 20.73 0.359
[ 97/100] 3 4.41 0.451
x* corrected 2DF = 1.117 050 < p < 0.70
93: 0.441  97: 0.098  100: 0.461
Got
[ 88/ 88] 0 0.14 0.143
[ 93/ 93] 20 19.75 0.004
[ 97/ 971 2 0.81 1.748
[100/100] 2 0.81 1.748
[ 88/ 93] 4 3.36 0.122
[ 88/ 971 0 0.68 0.682
[ 88/100] 1 0.68 0.150
[ 93 97 8 8.02 0.000
[ 93/100] - 7 8.02 0.130 -
[ 97/100] 0 1.63 1.628
x* corrected 2DF =3.017° 0.20 = p = 0.30
88: 0.057 93: 0.670  97: 0.136  100: 0.136
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[ 96/ 96] 0 0.03 0.026
[100/100] 30 30.54 0.009
[105/105] 0 0.31 0.309
[ 96/100] 2 1.79 0.025
[ 96/105] 0 0.18 0.180
[100/105] 7 6.14 0.120
F=—0.13 1.96V N =0.31
96: 0.026  100: 0.885- 105: 0.089
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TaBLE 1 - Genotype distributions, allelic frequencies and probabilities for expected Hardy-Weinberg
equilibrium distributions for the polymorphic loci of A. simplex B from Baltic Sea.

Genotype Observed Expected ¥* contributions

Lap-1

[90/90] 15 15.14 0.001
[94/94] 0 0.05 0.054
[97/97] 0 0.01 0.014
[90/94] 2 1.81 0.020
[90/97] 1 0.92 0.007
[94/97] 0 0.05 0.055

-—0.09 1,96V N = 0.46

90: 0.917 94: 0.055 97: 0.028

Mpi

[ 95/ 95] 0 0.01 0.013
[100/100] 78 77.93 0.002
[ 95/100] 2 2.05 0.005

F=—0.01 1.96/V N =0.22

95: 0.013  100: 0.987

Gpi

[ 88/ 88] 0 0.004 0.004
[ 93/ 93] 1 .0.25 2.250
[100/100] 56 55.35 0.008
[ 88/ 93] 0 0.06 10,063
[ 88/100] 1 0.95 0.003
[ 93/100] 6 7.38 0.258

F=+0.16 1.96/V N =0.24

88: 0.008 93: 0.062  100: 0.930

area, from the North Sea, from November to May. These fish acquired their
infection during the summer months. Herrings that had spent all their lives
within the Baltic were only occasionally infected. The agreement between
the allelic frequencies found in the Anisakis simplex B populations from North
Sea and those from Baltic Sea could confirm Grabda’s hypothesis.

According to these results the use of Anisakis larvae as a biological tag
(Smith and Wootten, 1978) may prove to be a powerful approach for investi-
gations on the dynamics of fish stock populations.
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