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Introduction

One of the methods of estimating the relative gbundanco of a fish species in an
exploited stock is to detemine the catches per unit of fishing effort. The fishing
effort of a trawler can be defined as tho product of the fishing power of this ship and
the time spont fishing. The fishing power can bo determined by reference to a standard
ship by comparing their catches when fishing at the same time and place (Gulland, 19563
Bovorton & Holt, 1957).

Several factors may influence the reliability of this catch per unit effort as
o measure of the relative abundance, such as variations in catchability of the fish
caused e.g. by changes in behaviour to the gear, or changes in efficiency of fishing
operations and so on. This paper deals with the offects of unequal distribution of
various age groups of plaico upon the relative abundance estimates of thesc age groups.

Catch per unit effort of different age groups of plaice

The length distribution of the total landings of plaice is determined in the
usual way by stratified sampling in tho fishmarket at IJmuiden (stratified by market
categories and by categories of ships). Tho fishing effort is expressed in number of
hours fishing of a standard ship of 200 B.H.P. For this purpose the actual number of
hours fishing of ocach ship has been converted to standard ship hours with correction
foctors based on the relation between the sizo of the catch of plaice and the engine
power of the ships (Zijlstra & de Veen, 1960). The unit of fishing effort is loo hours
fishing of the standard ship. From total landings and total fishing effort the catch
and the length distribution per unit effort are calculated.

In addition to the length measurements, otolith samples are collected for the
age determination. By means of length/age keys (per threo months) the longth distribu-
tions per unit effort are cenverted into age distribution per unit effort.

The logarithms of the numbers of plaice of each age group per unit effort landed
at IJmuiden have been plotted in Figure 1 (average of the years 1958-62). Although the
rate of decrease of the successive age groups can, with certain provisos, be used as a
nensure of total mortality (catch curve method), for our present purpose, the
"coefficiont of decrease" is used solely to characterize the age distribution.

Figure 1 shows that the rate of decrease is not constant, but changes at abt.
age group VIII. Is this change real or caused by biased sampling or age determination?

If tho age distribution of Figure 1 is scparated into thosc of male and fcmale
plaice (Figure 2) it is evident that the bend in the line of Figure 1 is caused by the
swmation of the unequal age distributions of both sexes. The decrease for males and
femanles is the some till the age group VI, but for older age groups the "coefficient of
decrease" for females is smaller than that for males.

~ Is this picture of differont age distributions of the sexes constant throughout
the year? On considering tho age distributions per quarter of the year, it is found that
the catch per unit effort as well as tho ratio of the successive age groups ropresented
by the "coofficients of decrease" arc varying in the different seasons. In all cases,
however, the "coefficient of decrease" of the malesis greator than that of the females
(Figures 3-6). The highest value for the "coefficients of decrease" for both sexes is
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found in the socond quarter. Tho catch per unit effort for females is highest in
the 2nd quarter and lowest in the 4th quarter. Thus, sanpling in one guarter of
the year only, may give a falso picture of the trus abondance ratio of the
successivo age groups. How could the most reliable data on the rclative abundance
of the various age groups be obtained?

Plaicoe is not the principal species in the Dutch demersal fisheries. lany
vessels concentrate on fishing grounds where sole sbounds. Now the distribution of
sole generally does not wholly coincido with that of the plaice. This may be one of
the reasons why the abundance of the various age groups of plaice in the landings
differs botween the seasons of the year. . :

Furthemore, the distribution of plaice in the sea is partly a funetion of
the length of the fish, to the offect that with increasing length plaice is found
at greater depth. This effect also causes differonces in the areas of distribution
of males and females, the latter growing faster than the former. Since the numbers
decrease with increasing age (and thus with length) tho density of plaice is ofton
low in the area where the big fish occur. Therefore, if fishing for plaice, the
vessels tend to concentrate in areas where young plaice and those of mediun age
predominate rather than in areas where the big ones occur rather sparsely. For
these rensons it is likely that theo relative abundance of the older age groups will
be underestimated, the nmore so the older the fish is.

In the spoawning season adult plaicec of all ages concentrato on the spawning
grounds. This gives an opportunity to try to sample the various age and length
groups more representatively. There aro, however, a few complications. First the
older plaice arrive in the spawning arca, and only later on the younger ones.
Moreover, the position of the area of optimum spawning shifts in the course of the
spawning season. If the fishery covers, however, the whole spawning area throughout
the whole spawning season, it will be possible to cbtain a reliable picture of the
age coaposition of tho adult stock.

The principal spawning arcas in the southern North Sea can be located in
the Southern Bight and in the German Bight. The lattor is heavily eoxploited during
the spawning season by the Dutch fishing fleet, whoreas the former is left almost
untouched during spawning. It is, howover, possible to collect sufficient samples
from tho Southern Bight area also.

Catch per unit sffort of mature plaice of differont age proups

In tho first quarter of 1960 and of 1961 mature plaico was samploeu
oxtonsively from landings at IJmuiden and Scheveningen. The landirgs cane from three
regions, viz. the Southern Bight and the German Bight spawning areas and a transition
zone (Figure 7). Length/hgo keys wore calculated for each area per fortnight in the
case of males, whercas for mature females (occurring much less frequently in the
semples) only one length/hgo key by area and scason could be produced.

The age distributions per unit effort of the males wore calculated por
fortnight and by averaging these figures the age distribution per unit offort for the
whole season has been found. For the females the age distribution per unit effort
per oareca was calculated direcctly for the whole season. '

In Figures 8-lo the average age distributions (for 1960 and 1961) are given
by area and sex. Clear differences do occur between the arcas. Although the youngest
adult male age groups are of about the same abundance in the three areas, the
"coofficient of decrease" in the Southern Bight aren is much less than in the German
Bight and the transition area. The agbundance and the abundance ratio of tho ago
groups of the females in both spawning areas do not differ much, whereas these values
in the transition area are quite different. Furthermore, it is striking to find that
the abundance of the femalos is in general much less than that of the males. This
will partly be caused by a difference in bchaviour between malesand fcmales. Whereas
mature females spend a relatively short time on the spawning grounds only, tho males
stay thero for wecks and weeks as was found in recent tagging experiments on mature
plaice. Another fact is that tho detormination of the maturity stage is more
difficult in males than in females. That is called mature in males may include
partly spont and nearly ripe individuals, whoreas in femnles the criterion mature

‘can be defined more precisely. The difference in the "coefficients of decrease" of

thu nales from both spowning areas reflect a differcnce in mortality rate, which is
partly caused by differences in fishing intensity at the spawning grounds. It has
also been shown (de Veen, 1962) that the plaice of the two spawning areas belong to
separate spawning communities.
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From recent tagging experiments on mature plaico in both spawning areas
it oppeared that with the cxception of the'first quarter of the year when the
landings consist mainly of German Bight group plaice, a mixture of the Southern
Bight and German Bight groups is landed. The difference in the abundance ratio
of the various age groups betwecn seasons, described in the previous section, may
therefore partly bo due to seasonnl difforences in the proportions of both plaice
groups in the landings. o

Comparison of abundance estimates of age groups, based on samples of landings

throughout the year, with thoso obtained from sompling the spavming stock

Taking into account that the armual landings of plaice in the

Netherlonds consist of a mixture of fish belonging to the group spawning in the
German Bight and that spawning in the Southern Bight, it could be expected that
thoe "coefficient of decreasco" of the age groups estimated from the annual landings
should be intermediate between those obtained from the two spawning areas. It is
notoworthy, however, that the annual figure for female plaice is higher than those
found for both spawning areas. The annual figure for males comes very close to the
~ high figure obtained for the German Bight spawning group, though a far lower figure

would have been expected for a mixture (the landings in the 3rd quarter c.g. may
consist for more than 6¢% of Southern Bight plaice).

Proctically all plaice reaches maturity at an age of four or five yoars.
It is very unlikely that the low "coofficient of decrease" for spawning plaice of
5 to lo yeors of age is duc to delayed recruitment to spawning. It is, therofore,
concluded that the hypothesis developed above, that in the amnual landings the
abundance of older plaice is underestimated, is correct. The most rcliable
information on the abundance ratio of the year-classes of plaice and thus on
nortality will indeed be obtained from sampling the spawning stock.

It is obvious that for a study of the two spawning communities of the
North Sea ploice, sampling of the spawning stock is essential, since in the
remnining part of the year the landings are a mixture of these two groups.

It should, however, be remembered that the sex ratio in the samples from
the spawning stocks gives a completely false picture of the real sex ratio, grossly
underestimating the females.

Sumnary and Conclusions

The catch per unit effort of the different age groups of plaice has been
determined from somples of Nethorlands! landings throughout the year and has been
compared with the catch per unit offort of the different age groups of spawning
plaice.

The following results have been obtained:-

1) The age distributions of male and female plaice are different. In females
old fish are relatively much more abundant.

2) Tho abundance ratio of young and older plaice of the same sex obtained in
various seasons is different. Probably this is partly due to tho fact that
in most seasons plaice is only a by-catch of the Dutch sole fishery, and
partly to the fact that the landings consist of varying proportions of the
two main plaice spawning communitios, which demonstrate different age
distributions.

3) Samples of the spawning stock contain relatively more old fish than samples
taken throughout the year, even if adult fish only is considered. It is
concluded that, because of the different distribution of young and old
plaice, the old fish is not properly represented in the landings outside
the spawning season. The samples of the spawning stock givo a reliable
picture of the ago composition of tho total stock. The age composition of
mature plaice is different in the two spawning arecas studied.

4) The sex ratio from samples of the spawning stock is not representative for
the total abundance of males and females and is very different from the sex
ratio determined from samples collccted throughout the year.

5) The older ago groups of plaice spawn earlier and in another part of the
spawning area than the youngoer age groups. For a correct abundance
estimate it is necessary to sample throughout the whole spawning season and
over the entire spowning area.
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