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Abstract

Like in many previous years, the distribution pattern of G. tigrinus was followed. G. tigrinus

proves to have recovered from its decline after the severe winter of 1978/1979.
Likewise the distribution of C. pseudogracilis was checked, three year after its first discovery
in the Netherlands. Some minor range extensions were found. In a monthly sampling program and in

laboratory experiments information was collected on the biology so far unknown for this species.
Its possible future interaction with local amphipod species is discussed.

INTRODUCTION

After its introduction (probably in 1964) Gamma-

rus tigrinus successfully invaded most of the

oligohaline waters in the Netherlands (see Die-

leman & Pinkster, 1977)- In every sampling sur-

vey up to 1978 the area inhabited by this

species was larger than before. In 1979 it

became apparent that, apart from some minor

range
extensions in the southwestern part of

the country, G. tigrinus had disappeared from

a great number of formerly inhabited waters,

especially in the northeastern part of the coun-

try. On the other hand, local species like G.

d. duebeni Liljeborg, 185,2, and G. zaddachi

Sexton, 1912, which had almost disappeared from

the area previously invaded by G. tigrinus

showed a remarkable recovery. The severe and

long winter of 1978/1979 is considered to be

the main cause of the sudden decline of G.
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Fig. 1. Distribution of Gammarus tigrinus in the Netherlands at the end of 1982. • localities

with G. tigrinus; o negative sample. The minimal area occupied by the species at the end

of 1979 is hatched.
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Since 1979 a survey is made each year

throughout the former distribution area of G.

tigrinus and the adjacent areas to follow its

interesting and sudden decline. The same was

done for C. pseudogracilis, together with a

monthly sampling program and a series of labora-

tory experiments in order to obtain information

on the biology of this species.

THE POSITION OF GAMMARUS TIGRINUS

AT THE END OF 1981

During our survey in the summer and autumn of

1981, old and abandoned localities of G. tigri-

nus have been revisited, as well as the areas

adjacent to the known distribution area. It

appeared that in most parts of the country G.

tigrinus had reoccupied the formerly abandoned

positions. It again is the dominant species in

the province of North-Holland and in the oligo-

haline waters in Friesland and Groningen. In

the IJsselmeer, the former Zuiderzee, it is the

only species found. In a few localities only,

especially in the northeastern part of the coun-

try, it has not yet returned; in these locali-

ties the position of G. tigrinus is taken

over by G. zaddachi and G. duebeni. In the

southwestern part of the Netherlands, the Del-

taic region of the Rhine, which was recently

invaded (Pinkster et al., 1980) the range exten-

sion of tigrinus seems to have come to a stand-

still. Apart from two new localities on the

island of Voorne-Putten, no new localities have

been found (Fig. 1).

THE POSITION OF THE INDIGENOUS SPECIES

IN THE INVESTIGATED AREA

Gammarus p. pulex (Linnaeus, 1758).

The position of G. p. pulex did not change

much since our last survey. It is still the

dominant species in the central part of the

province of South-Holland. In the provinces of

North-Holland, Friesland and Groningen G. p.

pulex still maintains its position in the fresh

and oligohaline waters on sandy bottoms. It is

the dominant gammarid species in the running

fresh waters in the eastern and southern parts

of the country.

Gammarus d. duebeni Liljeborg, 1852.

After the collapse of G. tigrinus in 1979

G. d. duebeni was more frequently found than

in the previous years, sometimes in rather

dense populations, but it never did benefit on

a large scale (Pinkster et al., 1980). During

the present survey it became clear that this

revival had only a limited and temporary charac-

ter. Most probably the reproductive capacity of

this species is too low to profit on a large

scale of the (temporary) disappearance of G.

tigrinus. It can only maintain its position

when G. tigrinus is absent as is the case in

some mesohaline waters behind the dikes, on the

isles of the Deltaic region and on the Frisian

isles.

Gammarus zaddachi Sexton, 1912

The position of G. zaddachi. did not change

since the last survey in 1979- It is still the

dominant species in the meso- and polyhaline

waters behind the dikes, on the isles of the

Deltaic region and on the Frisian isles, where

it coexists with G. d. duebeni.

DISCUSSION

It is clear that G. tigrinus has rapidly re-

covered from its severe decline in the winter

of 1978/1979. This was to be expected because

its reproductive capacity is much higher than

that of the local brackish water species (Pink-

ster et al
., 1977 ) • Only in regions with a

relatively high salinity G. zaddachi and G. d.

duebeni can maintain their positions. It will

be very interesting to follow the future devel-

opments and the long term effects of the varia-

tions in the climatic conditions on the posi-

tion of G. tigrinus and the other brackish

water species. Likewise it is clear that G.

tigrinus is not able to invade the fresh (and

often running) waters in the eastern and south-

tigrinus, an opinion which is in accordance

with the results of Pinkster et al., 1977•

During the 1979 survey, another amphipod,

Crangonyx pseudogracilis, was found, a species

so far unknown to the Dutch fauna.
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era part of the country. Here G. p. pulex is

still the dominant species and this situation

does not seem to alter. In contact zones be-

tween G. tigrinus and G. p. pulex, e.g. in the

Hierdense Beek (Province of Gelder land), the

division between the two species did not move

upstream (or downstream ) during the 1 S years of

the present investigations.

CRANGONYX PSEUDOGRACILIS Bousfield, 1958

Introduction.-

After the introduction of Gammarus tigrinus

in the Netherlands and its subsequent rapid

dispersal over great parts of the country, we

were anxious to follow the distribution pattern

of the recently discovered Crangonyx pseudogra-

cilis, particularly since this species was al-

ready widely distributed in Great Britain and

Ireland. We also were curious to see if this

species would be as successful as tigrinus and

what again the influence would be on the local

gammarid species. Since, at the time of its

first discovery almost no information was avai-

lable on the biology of the species, we started

to collect data on its life cycle, the incuba-

tion period of the eggs, the time needed to

reach sexual maturity and the fecundity of the

species. In a later stage these data have been

compared with data on the local gammarid spe-

cies (if available) in order to foretell even-

tual future developments and the impact on the

local gammarid fauna.

Distribution .-

In 1979 C. pseudogracilis was first discover-

ed in a rather limited area in the province of

Fig. 3. Yearly temperature

changes and percen-

tage of ovigerous fe-

males in a population

of Crangonyx pseudo-

gracilis.
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Fig. 4. The population composition in Crangonyx pseudogracilis from Boerakker. Lengths are express-

ed in mm. The mean length and standard deviation are indicated.
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Groningen (see Fig. 3 in Pinkster et al.,

1980). In the three consecutive years we follow-

ed the distribution of the species; in 1980 and

1981 no range extension was found and the spe-

cies even disappeared from one locality. In the

summer of 1982 however, some progress could be

observed in nearly all directions. In one for-

merly inhabited locality it could not be re-

traced (see Fig. 2).

Life cycle.-

From October 1979 till January 1981, the

reproductive cycle of one of the populations of

C. pseudogracilis was followed. At this locali-

ty (near the village of Boerakker, province of

Groningen) monthly samples were taken; we tried

to collect at least 100 specimens, but this was

not always possible, especially not in winter

because of the low population density. At the

same time some physico-chemical factors, such

as temperature, chlorinity, pH and (sometimes)

oxygen saturation, were measured. It was con-

cluded that temperature was the most important

and variable factor. All other factors (within

a certain range) appeared to be more or less

stable. In Fig. 3 the temperature changes du-

ring the period of investigation are illustrat-

ed.

Every month, the composition of the popula-

tion was determined by measuring the cephalic

length of every individual (for methods see

Dennert et al., 1969) and population diagrams

were made (see Fig. 4). The samples were divid-

ed in 4 categories: juveniles, males, non ovige-

rous females and ovigerous females. Likewise

the percentage of ovigerous females (of all

females) was calculated and illustrated in

Fig. 3-

When comparing the yearly temperature

changes and the percentage of ovigerous fe-

males, it becomes evident that C. pseudograci-

lis hardly reproduces during the winter months

when temperatures are low.

From Figs. 3 and 4 it can be learned that a

sharp increase in ovigerous females occurs in

April and May, together with a steep rise in

temperature. In the beginning of June almost

60% of the overwintering females is carrying

eggs. In the next two months this percentage

rapidly declines, due to the death of the over-

wintering population. Almost at the same time,

the first juveniles can be found. The second

peak in breeding is found in the end of August

and beginning of September. Juveniles from this

second peak first appear in our samples at the

end of November, after about 3 months. Juve-

niles originating from the first peak most pro-

bably die in or just before the winter, as can

be seen both from the low population density in

the winter and the structure of the population.

Juveniles originating from the second peak over-

winter and produce new offspring as soon as

water temperatures are high enough.

The life cycle of C. pseudogracilis as shown

here resembles that of G. tigrinus and G. p.

pulex in so far that it also has its main

reproductive time during the warm summer

months. It is in so far different that the

reproductive cycle as a whole proceeds much

slower than in the other two species.

Egg incubation period.-

Data on the reproductive cyle do not give

information on the total offspring and the num-

ber of generations that can be produced in one

year. To investigate these factors it is neces-

sary to know the duration of the egg incubation

period and the time that is needed for a female

to reach sexual maturity. As we know, the dura-

tion of the development of eggs is temperature

dependent. We, therefore, in August 1980 and

January 1981 started two series of experiments

in which we tried to determine the lapse of

time in days between the apparance of eggs and

the day when young were released from the brood

pouch at three different temperatures. The

values thus obtained are shown in Table I, to-

gether with other data on C. pseudogracilis and

data on four Gammarus species (Sutcliffe & Car-

rick, 1981).

From this table it can be concluded that our

results are in relatively good agreement with

those from Sutcliffe & Carrick. When we compare

these with known data on the four Gammarus

species we may conclude that egg development in

C. pseudogracilis is a little slower than in

G. zaddachi and G. tigrinus but much faster

than in G. p. pulex. At higher temperatures
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it is a little faster than in G. d. duebeni.

Time to reach sexual maturity.-

It is not just enough to know the egg incuba-

tion time of a certain species, but likewise it

is important to know how long it takes to reach

sexual maturity. We have no experimental data

on this phenomenon but from our observations in

the field we know that it takes nearly 3 months

before the juveniles from the beginning of June

start reproducing.

Sutcliffe & Carrick, 1981, calculated the

interval between the subsequent moults and from

these results we can roughly calculate the time

needed to reach sexual maturity which is about

84 (80-106) days at 15°C, and 60-85 days at

25°C. In Table II these data are shown together

with data on 4 Gammarus species from Pinkster

et al.
, 1977-

Fecundity.-

The success of a newly introduced species in

its competition with local species, not only

depends on the length of the incubation time

and the time to reach sexual maturity, but also

on the number of eggs produced per batch per

female. This fecundity depends on species, age,

egg stage and environmental conditions like tem-

perature and salinity (Goedmakers, 1981; Kinne,

1961). As females grow older, fecundity in-

creases; the relation between (cephalic) length

and fecundity is linear (Goedmakers, 1981).

From October 1979 till January 1981 all ovi-

gerous females from our monthly samples were

individually isolated in small tubes, and after

being measured the number of eggs was counted.

For the same purpose a great number of ovige-

rous females was collected in October 1981,

August 1982 and September 1982. For the samples

taken from October 1979 to January 1981 and

during October 1981 we calculated the relation

between the cephalic length and the number of

eggs per female, as well as the mean number of

eggs per female (for the total sample). The

results are illustrated in Fig. 5 and Table

III. In August 1982 and September 1982 we did

Fig. 5. Relation between number of eggs and cephalic length of female Crangonyx pseudogracilis.
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not calculate this relation since all females

belonged to the same length class. The calculat-

ed mean number of eggs per female for the two

samples is indicated in Table III, together

with data obtained from literature (Goedmakers,

1981 ; Chambers, 1971; Kinne, 1953, 1961). Al-

though it is clear that our knowledge about

other species is scarce and available data are

not easily comparable with our own data, it

nevertheless can be seen that the number of

eggs produced by C. pseudogracilis is considera-

bly higher than in the local species G. p.

pulex and G. tigrinus and comparable to or lo-

wer than the numbers found in G. zaddachi and

G. d. duebeni.

Seasonal and annual variation.-

Limited data on seasonal variation are avai-

lable. In C. pseudogracilis there is neverthe-

less an indication of seasonal fluctuation in

the mean fecundity/cephalic length ratio (com-

pare data of October 1981, August 1982 and

September 1982). In September 1982 the mean

number of eggs was considerably lower than in

August 1982 (19.85 versus 33 • 44 ) • However, mean-

while the mean cephalic length decreased from

0.77 to 0.68 mm.

Discussion. -

Since its discovery in the Netherlands in

1979, Crangonyx pseudogracilis maintained its

position and even slightly extended its range.

However its dispersal was not as rapid as might

be expected from its rapid distribution all

over the British Isles (Gledhill et al., 1976).

In the area inhabited by C. pseudogracilis,

with fresh and oligohaline waters on sandy bot-

tom, only two other amphipod species, G. p.

pulex and G. tigrinus, are found. The life cy-

cles of these two species are roughly of the

same type as in C. pseudogracilis, viz. a repro-

duction period during the warm summer months.

Egg incubation time and the time to reach sexu-

al maturity is longer in C. pseudogracilis than

in G. tigrinus but shorter than in G. p. pulex.

As a result it may be concluded that the repro-

ductive capacity of C. pseudogracilis is much

greater than that of C. p. pulex (and proba-

bly G. tigrinus) . If C. pseudogracilis tends

to occupy the same habitats as the local gamma-

rid species and if it is subjected to the same

controlling factors (which is unknown) then its

greater reproductive capacity will finally re-

sult in a gradual replacement of G. p. pulex

from these fresh and oligohaline waters (it

must be emphasized here that G. tigrinus is not

able to reproduce in fresh water and consequent-

ly is no competitor at all in this biotope).

It is difficult to predict the future devel-

opment in the oligo- and mesohaline parts of

the country since so far nothing is known about

the salinity tolerance and/or preference of C.

pseudogracilis. However when comparing the date

on the life cycle, egg incubation time, time to

reach sexual maturity and fecundity of C. pseu-

dogracilis with those of the brackish water spe-

cies G. tigrinus, G. zaddachi and G. d. duebe-

ni, there is no reason to assume that these

species will be easily outnumbered by C. pseudo-

gracilis (except may be G. d. duebeni).

Summarizing, the best opportunity for a

future range extension of C. pseudogracilis will

be in southern and southeastern direction into

the provinces of Drente and Friesland with dorai-

nantly stagnant and slowly flowing fresh waters

on sandy bottom, in which G. p. pulex is the

only gammarid species.
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data

from

Sutcliffe
&

Carrick,

1981;

<?<?)

own

data;

A

from

experiments
started
in

January

1981;

B

from

experiments
started
in

August

1980.

The

number
in

parentheses
indicate
the

number
of

females
that

produced

offspring
in

the

various

experiments.

60
-

70

28
-

30

19
-

20

13
-

14

40
-

50

21 IS 10

20
-21

14
-

15

9-10

36
-

40

21
-

30

18
-21 (14.2)

A

32.4
+

1.8

(9)

B

29.9
+

2.7

(23)

A

17.4

1

0.9

(13)

B

17.2

+

2.1

(41)

A

11.7

+

1.1

(19)

B

10.1

+

2.1

(23)

5

65-5
+

3-0

10

(26.6)

IS

14.8
+

1.5

20

10.5+1.7

25

7.0

+

0.7

C.

pseudogracilis @

C.

pseudogracilis @@

G.

p.

pulex @

G.

tigrinus @

G.

zaddachi @

G.

d.

duebeni @

T

(°C)

(sub)species
at

various

temperatures.

Gammarus

and

four

Crangonyx

pseudogracilis

Table
I.

Egg

incubation
time

(days)
of
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no. of days to reach maturity at

10°C 15°C 20°C 25°C

84 (80-106)

40-42 32-34

60-85

27-29

170-180

150-210

40-50

c.90

90-120

Sutcliffe & Carrick, 1981

Pinkster et al., 1977

(Kinne, 1954)

(Hynes, 1955)

(Kinne, 1961)

(Hynes, 1955)

(Heinze, 1932)

species mean number of eggs n source other data/remarks

per female

14-9

11.1

28.8

21.59

7-44

9.05

9.08

51.1

52

25.23

25.94

33-44

19.85

45 Goedmakers, 1981

1513 Goedmakers, 1981

703 Goedmakers, 1981

? Chambers, 1971

? Chambers, 1971

5986 Chambers, 1971

? Kinne, 1961

? Kinne, 1961

? Kinne, 1954

79 own data

99 own data

6l own data

160 own data

on 12 May 1969

on 12 September 1969
whole year 1969

99 of 8 mm

99 of 13 mm

99 of 13-14 mm

October 1918

October 1979-January 1981

Augustus 1982

September 1982

C. pseudogracilis.is much faster thanG. tigrinus

seems to be a

little bit faster,

Gammarus zaddachiG. p. pulex.orG. d. duebeni

is much faster in

attaining sexual maturity than

C. pseudogracilisAlthough these data are far from complete it is clear that

C. pseudogracilis

G. d. duebeni

G. zaddachi

G. tigrinus

E. berilloni

G. fossarum

G. p. pulex

species based on own

research and literature.

Gammarusand 6Crangonyx pseudogracilisTable III. Data on fecundity of

Gammarus p. pulex

Gammarus zaddachi

Gammarus d. duebeni

Gammarus tigrinus

Crangonyx pseudogracilis

species

species.Gammarusand four

Crangonyx

pseudogracilis

Table II. Number of days required to reach sexual maturity at various temperatures for


