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SUMMARY 

(1) Tbc genetic variability of the prawn Paiaemoneles varicms was measured by means of the 
frequency of alleles and heterozygotcs for the enzymes GPI. IDH and PGM. 

(2) The animals were collected from eight more or less isolated brackish waters in the Delta 
area of the rivers Rhine, Meuse and Scheldt (S.W. Netherlands) and one sution in the Slack estuary 
(Ambleteuse. N.W. France). Salinities ranged from 1 to 18 °/oo-

(3) The isozymes examined all showed two alleles; the average observed heterozygosity was 
0.30, the expected beterozygoaty was 0.28, thus a slight excess of heterozygoies occuned. 

(4) The frequency oi the GPI alleles showed a signiftcanl relationship to salinity; the frequency 
of the fast allele increased with increasing salinity. For' PGM, (he excess of heterozygotes diowed a 
significant increase with increasing salinity, especially at salinities above 10 °/oo-

(5) It is likely that at the higher, unfavourable saliniües, animals heterozygotic for PGM and 
with the fast allele for GPI are better able to survive. 

C6) For one station, a relatively high genetic distance from an other staticni studied was found. 
We concluded that the prawns It this station are of a different variety (ecotype). 

INTRODUCTION 

Strong differences have been found in the life cycle of the piawn Palaemonetes varians firom inland 
wateis with different salinities in the Dutdi Delta area, at the mouth of the livers Rhine, Meuse and 
Scheldt. In waters with salinities ranging from 1 to 14 °l^, a normal life cycle with one to two 
reproduction periods per year (Jeffries, 1958) was found for P. varians (Bogaards, 1979; Gijswijt, 
1988). At one station, EUewoutsdijk ^ . 1 in Rgurc 1) with salinities from 6 to 14 °l^, a different 
life cycle was found; no juveniles during some years, slow growth and only one reproduction 
peiitxl per two years. These difterences t n i ^ t have been caused by differences in the envirotmicnt, 
such as in salinity, or by genetic variability (phenotypic verstis genotypic differences). 

The aim of this study was to assess the genetic variability of the prawn ƒ*. varians in the Dutdi 
Delta area. Animals were collected from eight brackish inland waters. As a possible extreme 
indication of genetic variability, a distant station in the tidal area of the Slack estuary (Ambleteuse, 
France) was sampled too for P. varians. 

MATERIALS & METHODS 

Adult prawns, with a rostium-carapace length of 6 mm or longer, were collected from eight inland 
waters in the Dutch Delta area (Figuic 1), and one tidal station in the Slack estuary in France. Forty 
to forty-six animals were analysed. The animals were homogenised individually for a few seconds 
in 5 ml of gel buffer. Electrophoresis was carried out in horizontal 12% starch gel at 4 "C for the 
isoenzymes GPI (Glucose phosphate isomerase, E.C. 5.3.1.9), IDH (Isocitr.iie dehydrogenase, 
E.C. 1.1.1.42) and PGM (Phosphoglucomutase, E.C. 2.7.5.1). The buffer systems used were 
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Figure 1. Location of the sampling stati<xis (excluding one tidal station in the Slack cstuaiy in 
France). 
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Figure 2. Frequency of the fast allele of GPI in relation to salinity. The line of best fit is indicated. 
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Tris-citric acid gel buffer (respectively 0.008 and 0.003 M; pH 6.7) and Tris-citric acid electrode 
buffer (respectively 0.223 and 0.086 M; pH 6.3). Staining procedures were run in Bush B buffer 
according to Menken (1982). The faster allele is called A, the slower B. The expected 
heterozygosity (He), observed heterozygosity (Ho), heterozygote deficiency (D) and genetic 
distance were calculated according to Nei (1972, 1975). 

Salinity was measured in the simultaneously collected water using the method of Mohr 
(Strickland & Parsons, 1965). 

The homogeneity of the genotype frequencies amongst stations was analysed with the G-statistic, 
and the contribution of individual stations to the total heterogeneity was analysed (Sokal & Rohlf, 
1981). Correlations between salinity and allele frequencies. Ho or D were calculated; the 
significance of the correlations was read from the Z-table (Sokal & Rohlf, 1981). 

RESULTS 

The isozymes examined all showed two alleles. The results are compiled in Table I. The 
frequencies of the genotypes of the isozymes IDH and PGM showed significant heterogeneous 
distributions amongst stations. For IDH, only station B.l contributed significantly to this 
heterogeneity; for PGM it was station B.l and the most saline station, W.l. For GPI the genotypes 
were homogeneously distributed amongst all stations. 

However, only in the case of GPI did the frequency of the alleles show a significant relationship 
to salinity; the fi^quency of the fast allele increased with increasing salinity (Figure 2). 

The observed heterozygosity was on average 0.30, the expected heterozygosity was 0.28. Thus, 
on average, only a slight excess of heterozygotes occurred. The excess of heterozygotes was clear 
for the three most saline stations, thus at salinities above 10 °IOQ> «md most explicitly with the 
isozyme PGM (Table I). Significant relationships between salinity and Ho or D were, therefore, 
found for the isozyme PGM and the average (Table I; Figure 3a,b). 

The genetic distance between the prawns from most stations is smaller than 0.01, including the 
French station (Fl , Table II). The only diverging station is B.l (Ellewoutsdijk), with an average 
genetic distance of 0.04 to the other stations. The genetic relationships are clarified in a dendrogram 
(Figure 4). 

DISCUSSION 

An average observed heterozygosity (Ho) of 0.30 is high. Comparable electrophoretic studies on 
species of Palaemonetcs however, are scarce. In a study on two related species, Palaemon 
adspersus and P. squilla , a Ho of 0.01 to 0.08 was found on the basis of eighteen monomorphic 
as well as polymorphic loci (Bergland & Lagercrantz, 1983). Normally, a Ho of 0.10 to 0.20 is 
found (Berger, 1983). The reason for our high Ho is that we based our value on only three 
polymorphic loci; if we had included monomorphic loci (with an Ho of 0) they would have lowered 
our high value. However, monomorphic loci (with only one allele and without heterozygotes) were 
not relevant to our study where we sought to find a relationship between allele frequencies or 
observed heterozygosities, and salinity. 

Indeed, relationships with salinity were found for allele frequencies (GPI), as well as for the 
number (and excess) of heterozygotes (PGM and the average). Relationships with salinity have 
been rej)orted before, not in crustaceans, but in bivalve molluscs, and mostiy for the enzyme LAP, 
but also for PGM and GPI (Boyer, 1974; Koehn et al., 1976; Theisen, 1978; Rose, 1984). The 
relationship between salinity and the enzyme LAP has been studied in detail for the mussel Mytilus 
edulis (Koehn, et al., 1980; Hilbish, et al., 1982; Deaton, et al., 1984). Animals with the double 
allele LAP 94 prevailed in water with high salinity. These mussels appeared to have a higher 
enzyme-activity than the other LAP-genotypcs and therefore showed a more energy-consuming 
osmoregulation, thus being at a disadvantage in low salinities. A comparable difference in the 
enzyme-activity of GPIa and GPIb is not known. 

The excess of heterozygotes in the adult P. varia/iï was primarily found at salinities above 10 
°/oo. Adults tolerate a wide range of salinities, from almost freshwater to hypersaline water 
(Jeffries, 1958), but for juvenile stages, an optimum salinity for growth and survival was found to 
be around 9 °/^^. Selection of the prawns probably occurrs in the juvenile siage.s, during which the 
more heterozygotic animals are better able to survive at the less favourable salinities. This idea fits 
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T:il.lr l. 

GcwKyjM; («a. ab, W>) ami allele (a.l>) frequencies; aiul ex]x.-<;le<l (I te) and olwcrwctl (Ho) heter<>/.yg«sily and 
hcler/ygotc deficiency (D) Tor PalttcnvfnrUx varianx. The results «f ihc G-xtati.slic (G:) and correlations 
wiih salinity (S:) are showti in the laM column. (n.s. = non significant: if G was significant then the 
individual sialioas cau.sing the hctcnigcneity are indicated with x-ücrlsks). 

Station VV.I S.l T. l B.l T.2 S.1 11.2 F.l W.l 

Salini»y"/oo 1.0 5.6 5.7 6.3 8.7 10.5 12.5 15.5 17.7 

Statistics 
GPI 

ab 
bb 
a 
b 
He 
Ho 
D 

10 
18 
18 
0.41 
0.59 
0.48 
0.39 

7 
25 
14 
0.42 
0.58 
0.48 
0.54 

-0.19 0.11 

8 
30 

5 
0.53 
0.47 
a 4 9 
0.69 
0.40 

7 
24 
15 
0.41 
0.59 
0.48 
0.52 
a 0 8 

13 
21 
12 
0.51 
0.49 
a 4 9 
a 4 5 

-0.08 

15 
16 
15 
0.50 
0.50 
0.50 
0.34 

-0.30 

10 
28 

8 
0.52 
0.48 
0.49 
0.60 
0.22 

12 
22 

6 
0.58 
0.42 
0.48 
0.55 
0.13 

11 
24 
11 
0.50 
0.50 
0.50 
0 J 2 
0.04 

G: n.s. 

S: p = 0.0S 

S: n j . 
S: n.s. 

IDH 43 43 43 
ab 

27 
18* 

43 44 40 

bb 
a 
b 
He 
Ho 
D 

P G M aa 

ab 
bb 
a 
b 
He 
Ho 

0 
1.00 

0.00 

0.00 

0.00 

0.00 

31 
14 
1 
0.83 
0.17 

0.28 

0.30 

0 
1.00 

0.00 

0.00 

0.00 

0.00 

27 
18 
1 
0.78 

0.22 

0.34 

0.39 

0 
1.00 

0.00 

0.00 

0.00 

aoo 

31 
10 
2 
0.84 

0.16 

0.27 

0.23 

1 
0.78 

0.22 
0.34 

039 
0.15 

42 
4» 
0 
0.96 

0.04 

0.08 
0.08 

0 
0.97 

ao3 
0.06 

0.06 

ao3 

35 
11 
0 
0.88 

ai2 
0.21 

a23 

1 2 O 
0 0 0 
0.92 0.98 1.00 
0.08 0.02 0.00 
0.15 0.04 0.00 
0.16 0.04 0.00 
0.09 0.02 0.00 

23 
20 

33 
13 

23 
17 

D 

3 0 0 
0.72 0.86 0.79 
0.28 0.14 0.21 
0.40 0.24 0 3 3 
0.43 0.28 0.42 

0.06 0.15 -0.14 0.05 a i 4 0.07 0.16 0.27 

45 
1 
O 
0.99 
0.01 
0.02 
0.02 
O.Ol 

16 
24* 
O 
0.70 
0.30 
0.42 
0.60 
0.43 

G : P < 0.001 

S: n.s. 

S: n.s. 
S: n-s. 

G: P < 0.001 

S : TLS. 

S: F = 0.08 
S: P = 0.02 

Average He 0.25 0.27 a25 030 a25 035 0.26 0.27 031 
Ho 0.23 031 031 0.33 a25 031 031 0.32 0.38 S: P = a04 
D -0.04 0.09 0.09 0.09 -a03 -0.04 0.14 0.13 0.16 S: P = 0.08 

Table U. 

Genetic distance (GD x 10-4) between sutions. 

S.1 s a W.l y/a T.l TJ B.l 
S.2 
W.l 
W.2 
T.l 
T.l 
U.l 
B.l 
F.l 

67 
56 
8 
68 
82 
369 
71 
105 

23 
103 
84 
118 
411 
95 
68 

102 
86 
148 
575 
114 
59 

67 
61 
297 
60 
125 

15 
354 
4 
17 

227 
3 
62 

276 
488 

B.2 

37 

with tlie common hypothesis that heterozygotes are more able to cope with a heterogeneous and 
harsh environment (Zouros, et at., 1980; Berger, 1983; Mitton & Grant. 1984). In confonniiy with 
this, the highest excess of heterozygotes was found at the most saline station (W.l). lliis agrees 
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Figure 3. Observed heterozygosity (Ho) and heterozygotc deficiency (D) for PGM (Figure 3a) and the 
average of all isozymes examined (Figure 3b) in relation to salini^. The lines of best fit arc shown. 
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FiRiire 4. Dcntlrogram of the gcnciic relationships between jvawns from ihe nine .sampling stations 
as based on Nei"s genetic dislance. Dendrogram constructed by means of flexible sorting according to 
Legendre & Legemlre (197*)). 
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with the significant heterogeneous distribution of genotypes for PGM at this station. 
The only other significant heterogeneous distribution of genotypes was found for station B.l 

(Ellewoutsdijk). Tliis station exhibited a relatively high genetic distance, of on average 0.04 to the 
other stations. Still, this distance is not on the level of subspecies; Avise (1974) mentioned an 
average genetic distance of 0.15 for subspecies. Yet, the higher genetic distance of Ellewoutsdijk is 
remarkable because the other stations showed no genetic differentiation from the French estuarinc 
station which was thought to be much more distinct; distinct because of its distance and because it 
was tidal, whereas the other stations were non-tidal inland waters. Ellewoutsdijk was also the 
station showing an aberrant life cycle for the prawns (Bogaards, 1979; Gijswijt, 1987). Tlierefore, 
on the basis of the coincidence of a higher genetic distance and the differences in the life cycle, we 
conclude that P. varians at station B.l has to be a different variety (ecotype). The isolation of this 
variety is probably not due to salinity, because the salinity at this station is in between that of other 
stations. 

Nevertheless, we also conclude that at the other stations salinity may play a substantial role in 
determining the genetic constitution of P. varians, because quite clear relationships were found 
between salinity, allelic frequencies, and the number of heterozygotes. 
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