This paper not to be cited without prior reference to the author

. International Council for the C.M. 1963

-Exploration of the Sen Syaposiun on the Measurement

of Abundance of Fish Stocks
No. 30

Differential Catchability of Male and Female Plaice in the
North Sea and its Effect on Estimates of Stock Abundance

by P
R. J. H. Beverton e ® . -
Fisheries Laboratory, Lowestoft Q- T H U N E N

Digitalization sponsored
by Thinen-Institut

Introduction

A very general, though not quite universal, characteristic of fish is that
the female of the species grows to a larger size than the male and also lives longer.
Among fish of commercial importance these features are especially marked in many
species of flatfish. For example, the limiting size ( Lios) attained by male plaice
(Plouronectes platessa L.) inthe North Sea is about 45 cm while that by females is
nearly 7o cm; similarly, female plaice are sometimes recorded from this area up to
20 years of age and moro, despite fairly intensive fishing, but male plaice older than
14 years are very rare.

While thero is good reason to believe that the natural mortality rate of
mature females is indeed lower than that of mature males, in other species as well as
plaice, this is not a sufficient explanation of the observed porportions of the two
soxes in the catches. Thus, typically, males exceed females in the younger age-
groups and it is only among the older fish that the sex-ratio (defined here as the
mmber of males divided by the number of females) falls below unity. The
predominance of males is especially marked among the younger mature fish at spawning
time, and various theories have been advanced to explain it (Simpson, 1959). This will
be referred to again later; here it is enough to note that whatever may be the cause
of the seasonal changes in sex-ratio of the catches, the consequence is tkat the
offective "catchability" (an ungainly but appropriate term for the constant of
proportionality (q) relating fishing offort to fishing mortality in the equation
F = qf) of males is likely to differ from that of females. Therefore the relation
between catch per unit effort and abundance for the stock as a whole (sexes combined)
will depend on the sex-ratio which, in turn, will be influenced by the amount of
fishing.

In another contribution to this Symposium, Gulland has shown that the
increase in gross (i.c. seoxes combined) catch per unit effort of North Sea plaice
from 1939 to 1945 in thoe English trawl fishery, even when calculated on a sub-area
basis, probably overestimates the trus increase in stock abundance. In this
contribution the dota are amalysed by sexes in an attempt to measure the difference
if any, in the catchability of males and females, and hence to see to what extent
this could account for the bias in the gross catch per unit effort as a measure of
stock abundance. The sex-ratio in the commercial catches does not, of course, give
a direct measure of the relative catchability of males and females unless the true
sex-ratio in the fished stock is also known. The method employed is therefore to
estimnto from catch and offort data the fishing mortality of males and females
scparately, tho ratio of which defines the relative catchability of males to
females (qm/hf), and henco to measure the true sex-ratio of the pre-war and post-war
stocks. ’ ‘

Notural Mortality of Malo and Female Plaice

From the survival of cortain year-classes present in the commercial catch
samples both in 1939 and again in 1945, Boverton and Holt (1957) estimated the
averagc natural mortality coefficient during the war period as roughly O.l. This is
consistoent with the difference in total mortality coefficient (Z) undor steady but
different levels of fishing intensity in the 1930's and 1950ts (Gulland, No.l4,
this Symposium). Further analysis of the data for the 1932, 1933, and 1934 year-
classes by sexes gives estimates of M for male and female plaice separately, the
estimated catch per unit offort of thase year-classes in June 1939 and June 1945
being shown by sexcs in Table 1.
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Toble 1. Cotch per unit offort (Nos. per loo hrs fishing) of
mnles and females of the 1932, 1933 and 1934 year-classecs
in Junoc 1939 and 1945. The values for June 1945 arc
sstimated by back-extrapolation from sample data starting
in December, 1945, as described in the text in comnection
with the estimation of Z in the immediate post-war fishery.

Yoor- June 1939 | June 1945
class Age-group i Males | Females g Age-group | Males Fenales
!
1932 v 652 750 | XTI 252 365
1933 VI 302 376 | XIT 76 147
1934 VII 111 192 | XIII 31 11o
4
Total 1065 1318 % 359 622

Assuming the catchability of each sox to bo the same at the lower ages
(i.0. in 1939) as at the higher (i.c. in 1945), these data give estimates of total
mortality coofficiont between June 1939 and 1945 of

6 2 = l.09
n

6 Zf

]

0.75

There was, however, an appreciable amount of fishing in the western North Sea in
the second half of 1939 (Margetts and Holt, 1948); no precise allowance can be
made for this but it probably generated an F of not less than 0.2 to 0.3.
Subtracting o0.25 from the above values and dividing by six gives estimates of M
during the war period of

M = 0.14
m

M
f

B

o.08

The precision of these values to the second decimal place cannot be relied upon,
but the important thing in tho present context is that the difference between M
and My is much less than that betwoon Z, and Zp in both post-war and pre-war
fisheries, as will now be shown.

Total Mortality and Relative Catchability of Male and Female Plaice in the

Post-Tor and Pre-Tar Fisheries

Tho high catch (in weight) per unit effort of plaice in the English
fishery when fishing was rosumed on the main plaice fishing grounds of the western
North Sea in the summor of 1945, and its rapid decline thereaftoer, has been documcnted
by Margetts and Holt (1948). From July 1945 onwards an cstimate can be made of the
total number of fish caught poer loo hrs trawling. In Figure 1 is plotted, as natural
logarithms, the number caught per loo hrs (Lowestoft and Grimsby combined) in cach
month as a ratio of tho average numboer in the corresponding month and rectangles
during the pre-war years 1931-38. This proccdure, which gives an index of numbers
caught per unit effort cemparable to that of weight shown in the lower curve of
Gullandt!s Figure 1, minimises that part of the scasonal and regional varigtion in
catch per unit effort common to both the preo- and post-war fisheries, and so
clarifies the underlying trends. During the first year of fishing the relative rate
of decrease is effectively constant, giving an cstimate of total Z of about 1.3
(cf. Holt, 1949). .

Otolith sampling began in December 1945, and from then onvards tho
decrcase of males and females of the constituont year-classes can be followed
separately, the total catch per unit index of Figure 1 being apportioned accordingly.
It is not practicable to show all the data graphically in this vway, bubt an example
is shown in Figuro 2 for the 1939 ycar-class, which comprised age-group VI in
Docember 1945 and was the dominant year-class in the catches, both by mumbers and
weights; it can be taken as being effectively unfighed until the summer of that year.
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The data for both males and females arc graduated well by linear regressions, that
for males being considerably steeper than that for females; tha total mortality
coefficients estimated from the slopes of these regressions fitted by least
squares are

Z = 1l.84
o

Zf = 1.08

Subtracting the above values of Mn and Mf gives

F = 1.70
n

Ff = l.oo

and hence a relative catchability of males to females (denoted by Y‘q) of

Y, = 17 heo = 107

Estimates of Z , Zf and r for the other fully-recruited year-classes (1938 to
1932) obtained in the samOQWay aro given in Table 2, the values of Z being shown
in Figure 3 plotted against the age of tho year-class in the suamer of 1945.

Toble 2. Estimates of Z and F by sexes for the fully-recruited
age~groups in the immediate post-war fishery, and the

relative catchability of males to females ( 1*q)
Yoar-class Age~-group Zm Zf Fm Ff *7q
1939 VI-VII 1.84 l1.08 1.70 l.00 1.70
1938 VII-VIII 1.75 1.14 1.61 l.06 1.52
1937 VIII-IX 1.62 1l.086 1.48 0.98 1.51
1936 IX-X 1.62 0.89 1.48 0.81 1.83
1935 X-XI 1.66 0.97 1.52 0.89 1.71
1934 XI-XII 1.44 0.89 1l.3%0 0.81 l.60
1933 XII-XIII 0.92 0.74 0.78 0.86 1.18
1932 XIII-XIV 0.67 0.98 0.b3 0.90 0.59
1931 XIV-XV - 0.30 - 0.22 -
1930 WN-XVI - 0.4 - 0.26 -

1t will be seen that 7, is consistently higher than Zy except among tho oldest
fish. The monthly abundance indices for the 194c year-class (age-group V in 1945)
are not linecar but fall on a curve which steepens with time, indicating that the
year-class was not fully-rcecruited in 1945; ovon so, the average slope for males

is steeper than for feamales, rough estimates being Z; = 0.9 and Zp = o.4. The 1941,
1942, and 1943 year-classes mwere certainly recruiting during the period 1%945-47 and
cannot be used to estimate total mortality direcctly.

Estimates of the average total mortality coefficient by age and sex from
catech per unit offort data for Lowestoft and Grimsby during the period 1931-38 are
given in Table 3, page 4, and shown graphically in Figure 3 for comparison with
pre-war estimates. Values of Fp, Fp and ¥ for this period, obtained by sub-
tracting the same values of M, and Mp as before, are also given in the table.
Again 7, is considerably greater than Zp, but both are lower than in the post-war
fishery oxcopt for females older than XIV years. :

There are therefore two genecral features emcrging from Figure 3 and
Tables 3 and 4. One is that the fishing mortality coefficient of male plaice is
higher than that for females, and secondly that the coefficient for both sexes vas
highor in the immediate post-war fishery than pre-war. It is, however, only the
first of these that is immediately relevant in the prosent context, and it confirms
that the effective catchability of males is indeed higher than that of femnles.
The averare ratio of r, for tho main fully-recruited ago-groups (V-X in the pre-war
fishery and VI-XI in tHe post—war) is obout 1.6 in toth periods.




Table 3. Estimates of Z and F by sexes for the fully-recruited

age-groups in the pre-war fishery (1931-38), and the
relative catchability of males to females ( rq ).

Age-group Zm Zf Fm Ff Tq
V-VI 0.75 0.72 0.61 c.54 0.95
VI-VII 0.91 0.68 0.77 0.60 1.28
VII-VIII 0.86 0.54 0.72 0.46 1.56
VIII-IX 1.14 0.58 l.00 0.50 2.00
IX-X 0.83 0.43 0.69 0.35 1.97
X-XI 1.28 0.52 1.14 0.44 2.59
XI~XII 0.89 0.22 0.75 0.14 5.35
XII-XIII o0.70 037 0.56 0.29 1.93

XI1I-XIV - 0.32 - 0.24 -
XIV-XV - 0.52 - o.44 -

XY-XVI - 0.39 - 0.31 -

{

In detail, however, there appear to be some differences in the relative
catchability of the sexes between the two periods. Thus r. for the youngest
fully-recruited age-groups in the pre-war fishery (age-groups V and VI) is
apparently not much different from unity and substantially less than in the posit-
war fishory. If this difference is real it could mean either that males of these
ago=groups were nore catchable rolative to females, or females less catchable
relative to males, in the post-war compared with the pre-war fishery.

There is no way of proving from these data alonc which explanation ig
the correct one. However, the fact that the greater effective catchability of
nales is certainly caoused partly - if not mainly - by their greater catchability
at spavning timo (as is discussed later), suggests that thoe offective catch-
ability of males is moro likely to be gsensitive to a change in the seasonal
distribution of fishing than is that of females. For example, if the post-wor
fishery concentrated nmore on or ncar the spawning grounds than did the pre-war
one (and there are some indications that this was the case (Margotts and Holt,
1948)), it could have resulted in more males being caught relative to females.
On this hypothesis, tho interpretation of the pre—war/bost-mar differences of
Figure 3 is that while the pattern of distribution of Fp with age for females
remained the same (even though its level increased, for other reasons), that of
F, for males increased relatively more omong the youngest age-groups.

In order to calculate the changes in the effective catchability of the
pre~- and post-war stocks two procecdures will therefore be used. Onec is to
disregard the apparent changes of F with age in both sexcs (which are in any
event of somowhat dubious interpretation from this evidence alone) and to usec
the same average value of r_, = 1.6 for both periods and for all ago-groups. The
other is to accept the values "of r, shown in Tables 3 and 4 for each age-grpup
as real, and to assume that it is %he nale catchability which has changed.
Because r, incroased in ths younger age-groups which contribute to the catch, '
this sccond procedure results in something like a maxinmum estimate of the change
in catchability of the post-war stock compared with pre-war.

The Sex-ratio and effective Catchability of the Pre-~ and Post-Var Stocks compared

To calculate the effective catchability of the stock, in so far as
this deponds on its sex composition, it is necessary to know/bg y the relative
catchability of males to females but glso the true ratio of the sexcs in the
stocks. This latter can be dotermined by dividing the sex-ratio in the catch
by the relative catchability factor r,. If the sex-ratio of the catches is
denoted by r, and that of the stock by rg, the offcctive catchability of the
stock (in numbers), taoking the catchability of females as unity, is

r X r + 1
S q © 9 & 90 %P0 OO RO OSBRSS (1)
» + 1

S

e
where r_ = /}
S !




Teble 4 therefore sumunrises the catch sex-ratios for the pre-war
years 1931-38 and in the immoediate post-war fishery. The values for December
1945, 1946 and 1947 are token from the fitted regressions for the fully-
rocruited age-greups (e.g. Figure 2) or from free-hand curves for the younger
ago-groups; they therefore reflect, intentionally at this stage, only the
genoral trend in scx-ratio as the accunulated stock was fished down, not its
seasonal variation. Data for the youngor age-groups in the post-war fishery
aro highly varigble and only rough values can be given; these are shown in
parenthesis.

Toble 4. Sex-ratio in the age-groups comprising the catch and fished stock

during 1931-38 and in the immediate post-war period, the latter
being calculated from the values of r, given in Tables 3 and 4.
Values in paranthesis are rough estimates only (seo text).

Sex-ratio in catch Sex-ratio in stock

Age- Average June Dec. {Dec. |Dec. |Average |June {Dece Dec. | Dec.
group 1931-38 1945 1945 (1946 1947 1931-38 1945 1945 |1946 1947
III 0.93 - (1.5)](1.5) | (1.4)}| (0.93) - (0.91)(0.91)(0.85)
Iv l.02 (1.7) (r.6)1(1.5) | (1.8)} (1.02) | (1.03)|(0.97)(0+91)(0.97)

v 1.03 (3.4) 2.70| 1.64 1.45/| 1l.08 (2.06)| 1.641 0.99| 0.88

Vi l.1lo 3.76 2.59{ 1.83 1.49 0.86 2.21 1.52| 1.08} 0.88
VII l.lo 1.85 1.36] 1.22 1.1l o0.70 1.22 | 0.90] 0.80] 0.73
VIII 0.70 1.50 1.15} o0.74 0.55 0.35 0.99 0.76| 0.49 | 0.36
IX 033 1.54 l1.06] o0.64 0439 0.17 0.84 0.58]| 0.35| 0.22

X 0.23 1.16 0.78] o0.51 0.37] o©.090 0.68 | 0.46{ 0.30! 0.22

XI 0.09 " 0.68 0.50| 0.43 0.24 0.0l7 0.42 0.31! 0.27} 0.15
X1I 0.04 0443 0.38] 0.29 0.21] 0.020 0.36 0.33]| 0.25! 0.18
XIII 0.03 0.24 0.28] 0.34 0.17 0.015 0.41 0.48| 0.57| 0.29
XIv 0.002 - - 0.36 0.27 0.001 - ~ | 0.61] 0.46
Total 0.97 2.21 0.61 1.38 |

It is evident from this table that the faster rate of decline of males
conpared with females caused the sex-ratio in the catches to change rapidly in
the immediate post-war period, so that the sex-ratio in June 1945 when fishing
started would have differed appreciably from that in December when detailed
sompling began. The fact that the decrease of both the total numbers and of the
constituent age-groups and sexes was progrossive, even on a monthly basis
(sec Figures 1 ana 2), suggests that sex-ratio of the fully-recruited ycar-
classes in the catches in June 1945 can be estimated rcasonably well by extra-
polating the linear regressions back to that date, as shown by the broken lines
of Figure 2. Thus the sex-ratio of the 1939 year-class in the catches in
Junc 1945 is predicted in this vy as 3.76 comparcd with the interpolated ratio
in December of 2.59.

With the simpler procedurse outlined above, in which the relative
cotchobility of males to females for the fished stock as a whole is taken to bo
r, = 1.6 in both the pre- and post-war periods, it is sufficient to use¢ simply
t%e total catch sex-ratios shown at the foot of Table 4. These arc 0.97 in ths
pre=war fishery and 2.21 in Junc 1945; in other words, males and females wore
present in about equal numbers in the pre-war catches but males outnumbered
fenales by two to ono in the immediate post-war catches. The sex~-ratios in the
fished stocks are therefore calculated as

r, = 0.97/1.6 = 0.61

in the pre-war stock, and as

A A

r 1.6

S

in the Junc 1945 stock. Using eguation (1), the effective catchability of
the pre-mar stock is
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= 1.22

= 1.35

Therefore the June 1945 stock was

1.35 . .
/1.0 = 111 = +11%

times more catchable, in numbers, than the pre-war stock, due to the differential

catchability of the soxes and the changs in sex-ratio.

The second procedure is to accept the values of r_ for the various age-
groups given in Tables 3 and 4 as real and to assiume that Phere t in the post-war
fishery differs from the pre-war, it is due to a change in the ro%ative catchability
of males, that of females remaining unchanged. The calculation in this case is
similar, but is perfomed for each age-group separately, tho resulting catch-
abilities being weighted by the percentage contribution of the year-class to the
total catch and then summed. The socond part of Table 4 shows the stock sex-ratios
calculated by dividing the catch sex-rutios at each age by the corresponding value
of rq. For the partianlly recruited age-groups, for which no direct estimate of
mortality rate is available, r, has been taken as unity in the pre-war fishery and
1.6 in the post-war fishery, which is consistent with the hypothesis that there was
o real increase in the catchability of the youngest males in the post-war fishery.
From here, the calculation of offcective catchability can be illustrated by taking
ago-group VI as an example. Its sex-ratio in the pre~war stock is estimated as
0.86 with a relative catchability of rq = 1.28; its offective catchability was,
thereforc, from equation (1)

0.8 =x 1l.28 + 1

1756 = 1.13

The sex-ratio of age=-group VI in the post-war stock is, howsver, ostimated as 2.21
with a relative catchability of l.70, giving an offective cotchability of

2.2l x 1.7 + 1

3.21 = 1.48

Cn this basis, age-group VI was thereforc

1.13

times more catchable in the post-war fishery than the pre-war cne. Performing
similar calculations for the other age-groups, weighting by the percentage age-
composition in the pre-war and June 1945 fisheries shown in Table 5, page 7, and
summing, gives an effective catchability for the whole pre-war stock of 1.03 and
for the June 1945 stock of 1.36, the changc between the two periods being

1.36 - -
/1.o5 = 1:33 = + 537

These two estimates of change in effective catchability, + 11% and + 33%,
are measures of the extent to which gross catch per unit effort (in numbers) over-
estimates the true increase in the number of fish in the fishable stock in June 1945
compared with pre-war due to sex differences. A further bias, opposite in direction,
arises in the use of catch in weight per unit effort as a mcasure of the changs in
stock biomass in such circumstances. This is because the weight of maturec male
plaice becones progressively less than that of mature females with increasing agoe;
therefore the gross average weight of an individual fish (sexes combined) in the
post-war catches was less than in the pre-war ones beccause the proportion of mature




rmales was highor. From the catch sex-rotios of Table 4, the ratio of weight of male
to female plaice at each age are given in Table 5, and the percentage composition by
woight of tho age-groups comprising tho pre- and post-war catches also given in
Table 5, the average weight of an individual fish in the post-war catches is found
to be about 6% less than in the pre-war ones because of the higher proportion of
nales.

Iabloc 5. Percentoge age-composition by numbers and weight of pre- and
post-war catches, and average weight of maoles to females at
each age. Mean of Lowestoft and Grimsby samples.

I Average weight .

% by numbers nale/famale % by weight
Age~ - June : ‘Juns
group 1931-38 1945 1931-38 1945-46 1981-38 1945
I1 2.1 - l.00 0.97 1.1 -
II1 18.9 - 0.94 l.00 11.8 +
Iv 34.4 2.3 0.91 l1.03 26.3 1.3
v 24.6 Ttk 0.86 l.00 25.5 5.2
VI lo.9 36.0 0.78 0.93 14.6 3l.0
VII 4.6 24.2 0.73 0.77 8.0 24.5
VIII 1.9 13.2 | 0.68 0.72 4.1 15.0
IX l.0 7.8 § 0.63 0.69 2.7 9.7
X 0.7 5.5 0.59 0.63 2.1 7.6
XI 0.4 2.3 0457 0.57 1.5 3.5
XII 0.3 0.8 0.63 0.56 1.3 1.3
XI1I 0.2 0.5 0.59 0.53 l.o0 0.9

The resultant bias in gross catch (in weight) per unit effort in June 1945
as g measure of tho change in stock biomass compared with pre-war is thercefore either

1.11 x 0.94 = l.04 = + 4%

or

1.33 x 0.94 1.25 = + 257

according to whether it is assumed that the relative catchability of the younger
males remained the same or increased. The first of those biasses is so small that it
can for all practical purposes be neglected, this despite the considerable difference
in catchability of the sexes and the marked increase in sex-ratio in the post-war
catchos. The second could be a more substantial error, but is clearly

generated by the unproven assumption that the catchability of the yumnger males in
the post~war fishery had increased rolative to femalos, and as such 1s a maximun
ostimate of error. Strictly spesking, the opposite assumption, that the change in r
was due to a relative docrease in tho catchability of females, is equally valid on
the ovidence available, in which case the effective catchability of the post-war
stock would have becn less thon the pre-war, not greater. In view of these un-
cortainties it is therefore of relevance to roview briefly some other evidence
bearing on the relative catchability of male and femnle plaice.

The Phenomenon of Differential Catchability of Male and Female Plaice

The predominance of males in catches at spawning time has of course long
been recognised as a feature of plaice fisheries. FEarly writors (e.g. Hofford, 1916)
were inclined to the viow that this was sufficient to explain the gradual decline of
the proportion of males in the older age-groups, and assumed that the sexes were
cgually catchable at other times of year. More rccently, Simpscn (1999) has roecorded
sex~ratios as high as 5o in age-group II, and butween 5§ and lo in age-groups IV and
V on the Southern Bight spawning grounds in 1948-50. How much this is due to the
earlior maturation of males than femalos, or because they stay longer on the spawning
grounds, or possibly because their recaction to the approaching gear makes them more
intrinsically "catchable", remains unresolved by.such evidence alone; there is,
however, some inferential evidence to suggest that the greater catchability may not
be confined to the spawning season or cven to fish which have reached maburity.
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A peak in the sox ratio at spawning time is present in the commercial catch
data analysed here. Figure 5 shows the proportion of males, on o logarithmic
scale, in the catches of age-groups V and VIII at Lowestoft (solid circles) and
Grimsby (open circles) separately in 1946-47, which brings out two interesting
features. One is that although the sex-ratios are usually highest at spawning
tine (December to February) the seasonnl trend does not appear to be strictly
confined to these months, and thero is a suggestion of a secondary peak in the
sunner, cspecilally in the Lowestoft catches. The other is that the sex-
rotio in the Grimsby catches is usually lower thon in the Lowestoft ones, the
difference being morc marked among the older fish than the younger and occurring
in both winter and summer. Probably this is due, mainly at least, to a difference
in the areas fishod by the two fleets, although this is unlikely to have boen
very marked in the irmediate post-war fishery.

If true differential catchability is in fact confined +to the spawning
season it might be expected thut it would be also restricted to mature fish. It
is therefore relevant to exaomine briefly the data from the lines of trawling
stations running roughly at right angles to the Dutch coast into the southern
North Sen which wero worked by Dutch and English research vessels in 1950-53,
since the catches were of nainly immature fish. Figure 6 shows the total number
of male and femnle plaice of age-groups II, III and IV caught at each station of
the Texel Line in 1950 and 1951, which were worked in the some month of ecach
quarter excepting July 1951l. A complication is that the ncan distance from the
coast of males at each age is a little greater (1-6 miles, on average) than that
of females. Even so, it is clear that there is o prepondorance of males at all
oxcecpt the innermost stations, and it seaus unlikely from the general shape of
the distributions that thers could in recality have been a concentration of
females close to the coast sufficient to make much differcnce to the averall
sex-ratios. The full evidence is not, however, centircly consistent. Thus,
included in Table 6, page 9, are sox-ratios from the other two occasions wvhen
the Toxel Line was worked (April 1952 and January 1953), and from the parallel
IJruiden Line which was worked in April of the years 1950-52. Of the 39 ratios,
23 are significantly greater than unity at tho o.05 probability level (underlined
in Table 6), 14 do not differ significantly from unity, and 2 (parenthesised,
both in age-group IIL) are significantly less than unity. The data as a wholo
are therefors consistent with the hypothesis that males, throughout the year and
even when irmature, are genernlly spescking morce readily caught by a trawl than
are females. Other possible explanations are that the true sex-ratic has usually
been altered in favour of males at a still earlier stage of the life-history -
pqr@aps pyon at birth or that therc has usually boen a segregation of the sexes
/ff%ﬁé‘%héycoast during the first two ycars of life. Some such phenomena could
be the cause of tho two sex~ratios of Table 6 which are significantly less than
unity, but in any event there is mufficient variability of the sox-ratio .te imply
differsnces in either the truec or apparent abundarces of the sexes which are )
rather romarkable at such an early age and which cannot be related to maturations

The limitation of all evidence from satches alone is that the truc
sex-ratio on the grounds can only be inferred or guesscd. Estimation of the
differential fishing mortality rate of the sexes, as employed here, is a some-
what roundabout way of overcoming the difficulty; the more direct approach would
seoa to be by tagging oxperiments. Given a representative distribution of
tagged £ish in time and space, ard assuaing that practical complications such as
the unreliability of reporting from spawning grounds noted by de Veen (1962)

(a crucinl point in this context) can be dealt with, the ratio of tho recapturc
rate of males to females should give a direct measure of the relative catchability
foctor S, as definod here, especially if the data are analysed by mothods such

as Gulland?s (1961) which is specifically concerned with estimation of q. Recent
tagging studies do not sean to have been much concerned with this queostion, but
Borley (1916) analysed the early English plaice tagging data from the North Sea
with particular refercnce to differences in the recapture rate of the sexes. He
concluded that the recapture rate of males was higher than that of females at all
tines of year, although the difference was greatest at spawning time. Fron
Borley'!s summary Table 7, the mean ratio of malc to female rccapturc rate is

1.62 in tho winter (Jamuary to March) and l.04 in the sumier (July to September),
which latter does not appear likely to differ significantly from unity. - C

xj A possible cause of this variability is diurnal variation in the catches
affecting males and females unequally, but the information to test this was
not available to the author at the btime of preparation of this paper.




Table 6. Sex-ratio in catches of age-groups IL, III and
IV on Texel and IJmuiden Lines of trawl stations.

:

II g I1T ;g IV
‘ i x N i
Line Date } F M s i F M S F M S
f C i C & C
1 & 1
Jan. ) | 323 214 | 1.51 5295 173 1.71 | 125 50 2.50
Apr. 31950 182 169 | l.08 [359 302 1.19 | 336 266 1.26
July ) 178 137 | 1.30 l158 132 1.20 || lo5 96 1.09
Oct. % 1lo 87 | 1.26 {160 105 1,43 92 66 1.39
|
Jan. ) 262 144 | 1.82 l312 133 2.35 | 174 72 2.42
Texol Apr. g1951 142 134 | l.06 Y214 168 1.27 | 257 204 1.26
Oct. ) 247 188 | 1.31 {114 lod l.lo § 140 | 117 1.20
i
Apr. 1952 | 473 811 | (0.58) [679 563 1.21 | 269 203 1.33
Jan. 1953 {258 276 | 0.93 {176 202 0.87 44 42 1.05
‘ Mean ratio 1 1.21 1.37 1.50
Apr. 1950 |382 464 | {0.82)]248 168 1.49 | 158 | 140 1413
Apr. 1951 | 860 624 1.38 {317 146 2.17 | 199 115 . 1.73
IJnuiden Apr. 1952 |331 311 1.07 1219 | 162 1.35 49 51 0.96
Apr. 1953 |259 202 1.28 {196 156 1.26 82 70 1.17
) i
) Mean ratio 1.14 1.57 1.25
However,

the summer value is affacted by two particularly low ratios from small numboers of
fish; 4if the individual ratios are weighted roughly by the square root of numbers,
the weighted mean summer ratio becomes l.lo, the wintor ratio being 1.67; +this is
suggestive but no more. In view of the major changes in plaice fishing methods and
gear which have occurred in the past (e.g. tho introduction of the Danish seine)gnd
arc still happening (o.g. the re-introduction of the beam trawl), a better under-
standing of tho intrinsic catchability of the sexes would be worth having, and
properly designed tagging ezperiments sewm likely to offer a fruitful line of
investigation.

Conclusions

The changes that had occurred in the sex-ratio in the North Sea plaice
stock when fishing resumed in 1945, and the immcdintely following trends, are broadly
consistent with what would be expected if maleos werse normally more catchable than
females. Thus the scarcity of males in the older age-groups of the pre-war stock is
cvidently due, partly at least, to them being "fished-out" more rapidly than females
owing to their greator catchability; as would also be expected, their abundance had
increased much more than had that of females in 1945 after six years! respite from
fishing. Figurce 4 shows in graphical form the estimated changes in sex-ratio of the
fished stock from Table 4, whoreo it can bs secn that by the end of 1947 tho sex-
rotio in all except thoe oldest age-groups of the stock had become nearly the same as
in the pre-war stock. Certain other features of this dingram arc less easy to
explain. The uncertainty attaching to the rclative catchability in the younger age-
groups hos been referred to previously; the assumptions made in Table 4 and Figure 4
result in stock sex-ratios in these age-groups which are about unity and similar
in both the pre~ and post-war fisheriss, but imply a substantial difference in catch-
obility betwean the two periods. This apparently greater relative catchability of
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males in the post-war fishery also extends to ago-groups V and VI, and may have been
partly duec to a groater concentration of fishing in the south-eastern North S=a than
pre-war (see Margetts and Holt, ibid.). More surprising are stock sex-ratios
appreciably greater than unity in tho previously unfished age-groups V and VI in June
1945 and even in Decaaber., This may reflect a later onset of maturity than in tho
pre-war stock, and while there does not seem to bo direct evidence to test this, it is
certainly the case that the average age ot recruitment to the post-war fishery was

at least a year higher than pre-war. .

A proper interpretation of peculiarities such as these would require a
nore detailed analysis of the data than is possible here; it would nced to take
account, amongst other things, of the differences in the magnitude, sex-ratio and
distribution of the catches of tho Lowestoft and Grimsby fleets separately, instead
of combining them rathor superficially by simply averaging their catch per unit
efforts, as has been done here. This mean, in effect, treating males and females
throughout as separate populations - which indeed they are in all important respects
excepting, presumably, that their initial year-class strength is the same, although
it is their differential catchability which is likely to be responsible for the
biggest discrepancics if sexes are combined; especially if this is sensitive to
changes in fleest distribution or type of gear, Nevertheless, the answer to the main
question which it was intended to explore seems to emerge clearly enough. It is,
that of the total blas in catch por unit effort as an index of abundance in the
immediate post-war fishery, which Gulland (No. 14, this Symposium) cstimates as at
least 754 in June 1945, only o minor part, at ths most about onc-third, can beo
attributed to differences in catchability and relative abundance of the sexcs. Tho
main peculiarity of the post-war fishery ccompared with the pre-war is that the total
mortality rate of both sexes (except the oldest fish) was apparently much highor than
can be accounted for by the amount cf fishing (Figure 3). Different reasons nust bo
sought to explain this, such as a greater concentration of fishing on the mediun
sizes and ages of fish (for which there is somc indication from Table 5), or changes
in the local distribution of fish and fishing within the smallest statistical unit
of aren, as suggested by Gulland.

Suaary

1. A feature of the English North Sea plaice fishery during the immediate
post-war poriod (1945-47) was a marked increase in the proportion of males to females
in the catches compared with tho pre-war fishery, suggesting that males arc more
"eatchable" than females. This wos confirmed by finding that the fishing mortality
coefficient for males (and hence their relative catchability) was some 50% higher than
that for feamanles in both the pro- and post-war fisheries.

2. The sex-ratio of the fished stocks in the two periods was calculated by
dividing the sex-ratio in the catches by the relative catchability of males to

fenales. 1In this way it is estimated that stock as fished in June 1945 night have been
up to 33% morc "catchable" in numbers, and 25% more by weight, purcly through
differences in the proportions and catchability of the sexes, although these are
naxinum figures.

3 "Catch per unit effort" (scxes combined) therefore overestimates the true
incrcase in stock in June 1945 compared with pre-war for this reason alone, but this
can account, at most, for only about one-third of the bias detected by Gulland

(No. 14, this Symposium). There remains the anomaly that the fishing mortality rate
of both males and females was considerably highor in the post-war fishery than pre~
war without there being, apparently, a corresponding increase in fishing intensity
to account for it.

4. Some eddence is discussed which suggests that male plaice, at all times
of year and whethor mature or immature, may be intrinsically more readily captured
by a trawl than females, although the effect is most marked among mature fish at
spawning time. It may bo worth while to revive something of the interest in this
phenomenon shown by the pioneer fisheries scientists, using modern tagging techniques
and with reference to various types of fishing gear.
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