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Shellfish.
Statistical Investigations on the Shrimp (Crangon vulgaris).

By
B. H a v i n g a .

I N this contribution a review will be given of 
statistical investigations on the shrim p that 
have commenced in 1951 and  that will be 

continued in the following years.
The shrim p is by far the m ost im portant 

species of Crustacea in the Dutch fisheries. The 
large individuals are used for hum an  consum p
tion and  the small ones are dried and used for 
poultry  food.

Nothing is known about the influence of the 
fishing on the stock. It is certain that the natu 
ra l m ortality is very great, bu t in  addition an 
intensive fishery is carried out and large 
quantities of im m ature individuals are caught. 
The question has often been raised whether 
the m ortality caused by this intensive fishing 
has an  im portant influence on the stock or 
whether this influence is negligible with regard 
to the great natural mortality.

This question is very im portant for the 
shrim p fishery because, if it could be proved 
that the recent m ethod of fishing is harm ful 
to the stock, it would be necessary for the 
benefit of the industry to look for protective 
m easures; it is evident tha t there are possi
bilities in this respect as a large percentage of 
the catches consist of im m ature individuals.

An attem pt will be m ade to try  to find an 
answ er to this question by exam ining the avail
able statistical data, viz., the statistics of the 
landings during a long period and  the catches 
per vessel per days absence since 1947. These 
latter data were kindly procured  by  the M ar
keting Board for Fishery Products, the Hague.

Total Landings.
In Table 1 the statistics of the landing sin 

the m ost im portant districts of the Netherlands

are given for the period 1916—1950. In order 
to eliminate the annual fluctuations, averages 
are calculated for 5-year periods. The figures 
for small shrim ps are included where avail
able: since the statistics are incomplete, a 
blank in the table does not necessarily m ean 
that no small shrim ps were landed.

Considerable variations occur in the annual 
landings of large shrim ps in the western part 
of the W adden Sea. In the period 1931—1935 
the landings fell to less than  50% of those in 
previous periods. This was caused by the en
closing of the Zuider Zee which was a very  
rich fishing ground for shrim ps. In the fol
lowing period, 1936—1939, the catches were 
extremely low due to lack of sufficient sale 
facilities. During the post-war years the lan 
dings have been fairly constant.

During the pre-w ar years, in  the eastern 
part of the W adden Sea, by far the greater 
part of the catches were used for drying as it 
was not possible to find a m arket for them  for 
hum an consumption. In  the post-war years 
the sale-facilities im proved and a m uch 
greater part of the catches was sorted for 
hum an consumption, and m ore effort was 
spent on the catching of large shrim ps.

In the estuaries of the great rivers, where 
there are no special reasons for variations, the 
catches have tended to decrease in the course 
of the years. At the end of the period 1916— 
1950 catches in the estuaries of the Scheldt 
were about 50% of those at the beginning of 
the period, and, in the estuaries of the Rhine 
and Meuse, about 60% of those at the begin
ning of the period.

It is impossible to m ake out if the decrease
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in the landings has been caused by a dim inu
tion of the ñshing intensity. In the beginning 
of the period the whole fishing fleet consisted 
of sailing vessels and now all the ships are 
provided with a motor. The num ber of ves
sels has declined, but the fishing capacity per 
vessel has increased owing to the introduction 
of m otor power and larger-sized craft. On the 
other hand  the larger and m ore powerful type 
of vessel is also used for catching fish in periods 
when this is more profitable. Due to these 
factors it is impossible to ascertain if the in 
tensity of shrimp fishing has changed.

The decrease of the landings during the 
post-war years, however, cannot be explained 
bv a decrease of the fishing intensity, and  later 
on we shall see that the catches per unit of 
effort have also decreased during the period 
1947—1950.

The decrease of the intensity of the fishery 
during the war did not give rise to an increase 
in the catches in the post-war years.

Catches per U n it of Effort.
It is a p ity  that we are unable to com 

the land ings during the whole period 1! 
1950 with, the catches per vessel per < 
absence. I can only give these statistics fc 
years 1947—1950.

The figures were collected at 6 landing 
distributed along the whole coast of the 
therlands, in  each of them 6 vessels, 3 relal 
large ones and  3 sm all ones, were select» 

In F igure  1 the m eans of the catches 
vessel p e r  day’s absence calculated for 
vessels a re  given for each landing port, 
would hav e  costtoo m uch time to collectthe 
for all the ñshing days of the year only th( 
ches in the  firstweek of each m onth are dealt 

In spite of the capriciousness of the ci 
it is clear th a t there are some regular fea 
common to  each year. This is still more 
ous in  Fig. 2 in which the m eans of the fi¡ 
for the no rthern  and for the southern dis 
are plotted.
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Figure 1. Catches of shrim ps per vessel p e r d a y ’s absence. 
Means of 6 vessels from  each of the ports of, (a ) Zoutkam p, 
(eastern  W adden  Sea), (b ) Harlingen an d  (c) T exel (w estern 
W atten Sea), (d ) IJm uiden  (N orth Sea shore), (e) Stellen
dam  (estuaries of the Rhine an d  M euse), an d  (f)  A rnem ui- 

den (estuaries of the Scheldt).
Solid lines, daily catches in each m onth ; 

b roken  lines, moving averages calcu la ted  for 6 m onths.

Table 1. Catches of Shrimps 
Human Consumption and f 

Drying.
Mean figures for 5-year periods an d  £ 
figures for the  years since 1946 (100' 
T he figures for the landings of sm all s 

a re  incom plete.

fo  Period
Estuaries of 
the Scheldt. 

For hum . For
cons.

1916— 20 2354 
1921— 29 2029 
1926— 30 2041 
1931— 35 2084 
1936— 39 1585 
1946— 50 1360

drying

6315
820

Estuaries ol 
R hine an d  Î 

For hum . 
cons. di 

850 
997 
845 
840
913 1
702

d 1946
1947
1948
1949
1950

1097
1951
1400
1163
1188

12 451
854 949
180 1045

1685 524
1367 542

W . W adden  Sea 
(and  Zuyder Sea) 
For hum . For

E. W adder 
For hum . ]

cons. drying cons. di
1916— 20 3035 — 130
1921— 29 2246 — 96 1
1926— 30 2550 — 115 2
1931— 35 1019 — 172 4
1936— 39 316 — 83 10
1946— 50 617 468 583 3
1946 573 206 406 2
1947 678 701 476 5
1948 645 289 675 2
1949 604 280 682 2
1950 583 863 675 4
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In this figure it is quite obvious that there is 
a m arked correspondence in  the course of the 
curves and in the distribution of m inim a and 
m axim a except, however, in  the autum n of 
1948. This discrepancy will be discussed later 
on.

The correspondence in  the course of the 
curves in  Fig. 2 is a proof that they are not too 
m uch affected by chance and that in both areas 
the shrim ps are subject to the sam e conditions, 
save that in one single case a difference has 
evidently occurred.

One m inim um  in the landings occurs in 
w inter (Fig. 1); often the fishery is not even 
carried out at all in  January  because of its 
not being profitable. Another m inim um  occurs 
in m idsum m er, either in  Ju ly  or, more com
monly, in August. This m inim um  can be ob
served to occur with great regularity in every 
year in  all the districts; it appears also very 
clearly in Figure 2.

Figure 2. Means of the catches per 
vessel p e r d ay ’s absence in  the n o r
th ern  districts (graphs a—d of Fig. 
1) and  in  the sou thern  districts 

(graphs e a n d  f  of Fig. 1). 
Solid lines, daily  catches in  each 
m onth ; b roken  ¿nes, m oving av er

ages, calculated for 6 m on ths .

years than in 1949 and  1950, but the difference 
is so small that it can quite well he explained 
by the influence of n a tu ra l fluctuations.

In  the southern districts (Fig. 1, e and f) 
there is a sudden fall in  the catches in the sum 
m er of 1948, which is a  usual feature, but in 
this case it is not followed by the norm al re 
covery in  the autum n. The catches becam e so 
poor that in some ports the fishery was d is
continued for a few m onths.

It is supposed that in  the severe winter o f 
1946—47 the eggs or larvae were killed1). 
Shrimps with dead an d  decaying eggs were 
actually observed. If  th is explanation is right 
it is, however, difficult to understand why in 
the northern districts (Fig. 1, a, b, c), very 
large catches occurred in  the autum n of 1948.

There is another difference between the 
northern and southern districts. In  the southern 
districts (Fig. 2, b) the m oving average in 1947 
and in 1948 up  to July  is varying around 175

200
O

The cause of the winter m inim um  will most 
probably be the low tem perature which induces 
the shrim ps to migrate to deeper water. P re
sum ably they arc then dispersed over a wider 
area which m akes the fishery less effective.

The m inim um  in July or August is m ore dif
ficult to explain. The fact is know n to the 
fishermen, but it has never before been ob - 
served by scientists. W hich biological factors 
are responsible for this phenom enon is not yet 
quite clear, and it would take me too far to 
discuss this m atter here.

The graphs provide a good picture of the 
density of the stock in the last 4 years, 
especially if we look at the moving average.

During the war and in 1945 the fishery was 
carried out with m uch restricted intensity; even 
in 1946 the fleet had  not regained its former 
capacity. If the fishery has a m aterial influ
ence on the density of the stock one might 
expect large catches per unit of effort in 1947, 
and perhaps also in 1948. It is true that the  
catches in all districts were larger in  these

kg., in 1949 it varies around 100 kg. and in 
1950 it does not even attain that value. Such 
a considerable fall is not observed in the nor
thern districts. At the end of 1950 the moving 
average is at about the same level as in 1947 
and only a little below the high level of 1948.

It is impossible to give an explanation of 
this difference with the data at hand. The 
cause m ay be sought either in  the influence 
of natural fluctuations such as changes in 
natural m ortality e.g. due to varying num bers 
of predatory anim als or in  the effect o f  the 
fishery. It is expected that a continuation of 
this investigation will give an answer to this 
question and  to the other ones that have been 
m entioned above. I t is especially the statistics 
of the catches per unit of effort over a longer 
period that will be of m uch value in this 
investigation.

D Shrim ps take  about 2 years to a tta in  a size at w hich 
they are fit for hu m an  consum ption. (H av inga, B. “ Der 
G ranat ( Crangon vulgaris Fab r.) in den  holländischen 
G ew ässern.” Jo u rn . du  Cons., V, 1, 1930.)
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Larvae and Spatfall of Oysters in the Oosterschelde (Holland) in the Year 1950.

By
P. K o r r i n g a  

Bergen-op-Zoom, H olland. 
Governm ent Institute for F ishery  Investigations.

F  O L L O w i N G  the usual observations on 
the num ber and size of oyster larvae in the 
water o f the Oosterschelde (Holland), in our 
efforts to aid the local oyster industry by p re 
dicting the intensity of setting, plankton sam p
les were collected and  examined in  the year 
1950. The methods used in collecting samples 
of 100 litres of w ater and in  counting and m ea
suring the larvae in  such samples have been 
described previously ( K o r r i n g a 1) ) .  The sam p
les were collected at the station Yersche Bank 
in the centre of the Basin of the Oosterschelde. 
Daily sam ples were taken at high slack water 
from 12. June up to 24. June inclusive; twice- 
daily samples were taken, at high slack and 
low slack water, in the height of the season 
from 26. June up to 28. July  inclusive. To 
follow the events in  the rem ainder of the season 
which is, as a rule, of very limited practical 
importance, sam pling once a day was carried 
through from 27. July  up to 12. August inclu
sive, and  every other day from  14. August up 
to 30. August inclusive. For technical reasons 
it was impossible to collect p lankton samples 
on Sundays. W here two plankton samples were 
taken in  a day, the average num ber of larvae 
in each size-class has been computed per 
100 litres, and is depicted in the diagram. The 
intensity of setting was m easured by exposing 
lime-coated glass slides at an angle of 45° in 
concrete containers for periods of 3 days, 
in the m anner described by H a v i n g a 2)  and 
K o r r i n g a 1) .

D k o r r in g a ,  P. 1941. E xperim ents an d  observations on 
swarm ing, pegagic life an d  setting  in  the E uropean  flat oyster, 
Ostrea edulis L. Arch. N eerl. de Zool., Vol. V, pp . 1—249.

2)  h a v i n g a , B .,  1939. P red iction  o f th e  tim e of setting of 
oyster sp a t and  a  m ethod of control. Jo u rn . d u  Cons., Vol. 
XIV, pp. 3 9 4 -4 0 0 .

Our predictions, based  on the num ber and 
size of the larvae, and on  water tem peratures, 
ran  as follows :

In  the general outlook (based on the size of 
the oyster population an d  on lunar periodicity, 
K o r r i n g a 3) ) ,  a fair production of larvae was 
predicted, which could lead in a not too cold 
season to a reasonably good set. A m axim um  
in the production of larvae was predicted 
about 9. July, though it was considered p ro 
bable that num erous larvae would appear 
already around 25. June.

Although by as early as 14. June the num ber 
of larvae was considered rather high for the 
time of the year, a set of comm ercial m agnitude 
could not yet be announced. On 20. June an 
increase in  the num ber of larvae was reported, 
and it w as stated that the very first spatfall 
could be expected towards the end of that 
week, which spatfall could not yet be of com 
m ercial interest. On 24. June  the num ber of 
larvae was given as fair, bu t the w ater tem pe
ratu re  was unfavourable at that time so that 
no set of practical im portance was expected. 
On 28. June  the spatfall to be expected was 
still described as of m oderate intensity. On 1. 
Ju ly  a further increase in the num ber of larvae 
and a reasonable water tem perature were said 
to co-operate in ameliorating spatfall prospects, 
so that the intensity of setting would improve 
towards the end of the next week. On 5. July 
the developments were described as satisfac
tory, though a really abundant set could not 
yet be announced. On 11. July  the set was said 
to be fair or good at that m om ent and was said

3)  k o r r i n g a , P . ,  1947. Relations between th e  m oon and  
periodicity  in  th e  breeding of m arine anim als. Ecol. Monogr., 
Vol. XVII, pp . 3 4 7 -3 8 1 .
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to be expected to rem ain of commercial interest 
for the next days, notwithstanding the rough 
weather. On 15. July  a decrease in the inten
sity of setting was announced. On later occasions 
it was said that spatfall prospects were poor 
and no further set of practical importance was 
predicted.

The results obtained by the oystermen with 
shells and tile collectors were fair in the year 
1950, locally even good. Practically all the 
collectors were placed early in July, so that all 
of those could benefit under the m aximum  in 
setting around 13. July.

It can be derived from the diagram that the 
m easured intensity of setting agreed well with 
our predictions. The total production of larvae 
was fair with high figures around 9. July, and 
a m ore diffuse, bu t im portant m aximum  in 
swarming from 20. June up to 30. June, in 
clusive. The latter production did not lead to 
a spatfall of com m ercial magnitude, probably 
because of the rough weather and rather low 
water tem peratures prevailing at that time. 
Roundabout 10. July  larval development was 
considerably better and led to a set of com m er

cial m agnitude, which had  its m axim un 
tensity fro m  12. Ju ly  up to 15. July indu  
Considering the rather high water temperal 
prevailing in the second and third deeae 
July, the percentage of the larvae reachinj 
setting stage and the resulting intensity oí 
ting were som ew hat disappointing, comp 
with o ther years. M aybe the weather, w 
was frequently  very rough and rainy (the 
not affecting salinity perceptibly) had  an 
favourable influence on larval developmei 

As the num ber of large and m ature la 
observed correspond well with the meas 
intensity o f  setting (as usual) and as our í 
fall predictions can be said to give a reli 
outlook fo r the setting prospects, it is c< 
dered th a t  our m ethods are satisfactory 
this purpose . Although a greater frequem 
sampling and  a greater num ber of stal 
certainly could lead to a m ore detailed pic 
and to a greater statistical reliability of the 
depicted, we confine ourselves for reasor 
economy to  the m inim um  frequency in ss 
ling requ ired  for a reliable prediction of 
intensity o f  the spatfall.
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