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On the Mesh of Herring Drift-Nets in relation
to the Condition Factor of the Fish.
By
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T is well known to herring fishermen that, in order to get the best
returns, the mesh of their nets must correspond to the size of the
fish on the grounds, but that this correspondence must take account

of both the length and the weight or condition of the fish has not, I
think, been clearly pointed out.

I have tried in this paper to express in definite figures a relationship
between the size of the mesh and the condition and length of the
fish taken together.

The lower limit of capture by a net is obviously the smallest fish
which cannot push its way through the meshes. It is difficult to
ascertain this size experimentally, as we cannot, as in the case of a
trawl, arrange a fine-meshed net to retain the escaping fish. It is
possible by fishing a train of nets of different meshes to ascertain the
size of the fish on the grounds, and by comparing the lower limits of
capture of the various nets comprising the train to tabulate the
proportions of each size respectively retained and allowed to escape
by each net. It has been shown in this way!) that there is not an
absolutely sharp division between the sizes retained and escaping, but
that of fish below a certain size a larger and larger proportion of each
successive length can escape. A purse seine might also be used to give
a true sample of the stock on the grounds.

The upper limit of capture of a net is the largest fish that can push
its head sufficiently far through the meshes to be retained. These large
fish may be meshed by the maxillary bones, by the vertical ridges on
the preopercle, and by the operculum. It seems probable that the
proportion of fish caught by the maxilla is insignificant. As regards
the preopercular ridges it is easy to shake a fish meshed by the head
out of the net, and the practice of fishermen is to haul the net with

1) Hodgson. a. Journ. du Conseil II, 3, 1927.
b. “The Natural History of the Herring”. 1934. (Buckland
Lectures for 1933.).




44

the side on which the fish are mainly meshed uppermost, to avoid the
loss of these fish which would drop out into the sea. The number of
fish caught in this way is also probably a small proportion of those
striking the net. A fish, however, that has pushed its head through a
net till the mesh has passed the operculum is secured until it is forcibly

removed.
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Figure 1. Girth behind gill cover and greatest girth shown as percentage of

total length of fish of different condition (K) values.
Broken line, fish measured to vertical through tips of spread caudal fin.
Unbroken line, fish measured to tip of longest caudal ray.

The main range of sizes taken by a drift-net lies then, we may
suppose, between these two limits, the smallest fish that cannot get
through and the largest that can get its head through as far as the
gill cover; and it was with a view to finding to what lengths this
range would correspond for different values of K (i.e., 100 ttimes the
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weight in grammes divided by the cube of the length in centimetres)
that the following measurements were made from time to time on a
number of herrings; (a) length, (b) weight, (c) greatest girth, usually
a short distance in front of the dorsal fin, (d) girth of head immediately
behind the gill cover. The range of sizes measured was from 20 to
30 cm. and the condition from spent to spawning. The girth was
measured by a piece of stout thread encircling the fish closely but not
so closely as to constrict the body noticeably. Probably in actual
practice the body of a meshed fish is definitely constricted but it would
have been difficult to gauge the right amount of permissible tension if
the thread had been allowed to constrict the body.

The fish were taken at various times in various localities round the
coast of Ireland and were measured without regard to sex, so that the
results give a general average which may not hold good in individual
cases. The possibility of irregularities due to differences in the specific
weights of male and female gonads has been ignored.

The length measurements were made in the first instance, as in
Heincke’s original method, to the vertical through the tips of the

spread caudal fin, and the condition K :1—0?3X of each fish calculated

for this length. As the length measurement approved by the Inter-
national Council (Lowestoft 1930) is to the tip of the longest caudal
ray, bent up or down to the middle line, the equivalent value of K for
the length thus expressed has been calculated on the assumption that
the international measurement is longer than that of Heincke by
50/o, a figure which numerous duplicate measurements have shown to
be reasonably accurate, and these revised values of / and K have been
used throughout the paper except where otherwise stated.

In the two following tables are given the results of measurement
of 235 fish arranged according to successive values of K, (a) the original
figures based on the measurement to the tips of the spread caudal,
(b) the equivalent values when the fish are measured to the tip of the
longest caudal fin ray. The figures in brackets are the number of fish

examined in each K group.

Table 1.

(a) Herring measured to vertical through tips of spread caudal.
Greatest girth, Girth behind operculum,

I;(rml,'!\:e A\t}?(lagc 9/ of length /o of length
101 — 105 101.9 54.0 (11) 39.9 (11)
96 — 100 97.8 52.6 (22) 39.8 (22)
91 — 95 93.1 51.2 (24) 39.6 (24)
86 — 90 88.0 49.2 (26) 39.4 (25)
81 — 85 83.1 47.6 (38) 39.0 (37)
76 — 80 78.4 46.1 (30) 38.2 (28)
71 — 75 72.3 43.3 (20) 37.7 (27)
66 — 70 67.6 41.8 (41) 37.2 (42)
61 — 65 64.1 40.6 (15) 36.7 (15)
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Table II. It will be seen from these tables that while the greatest girth of a
(b) Herrings measured to tip of longest caudal ray. fish may vary from about 40 to 53 per cent. of its length according
Average Greatest girth,  Girth behind operculum, to whether it is a spent or full fish corresponding to values of K of
2% . osféeagth % of length from 60 to 100, ripe males being usually heavier than females of the
92.1 515 g’g(l) same length, the girth behind the gills shows a much smaller but

87.7 50.1 38.8 appreciable range of 36 to 39 per cent. ]
82.9 48.3 386 As an illustration of the implication of these measurements, taking
78.2 46.7 38.2 for instance a fish of a length of 25 cm., they show that in good
73.9 45.2 37.5 condition, K = 95, the girth behind the gills will be 39.0 per cent. of
ggg 42.5 37.0 the length, ie. 9.5 cm., and the greatest girth 52.5 per cent., or 13.1
60.3 2%0 36.5 cm., but in poor condition, K = 65, the corresponding girths will be
. ’ 8 36.0 36.7 per cent. and 41.5 per cent., or 9.2 cm. and 10.4 cm., which means
These figures are shown as a graph in Fig. 1. that a fish in poor condition will go easily through a net which is well

adapted to its capture when a full fish.

Table III. Considering the question in relation to the mesh of the net and
assuming, as suggested above, that the girth behind the gills and the

B2 opof Upper Limits of Capture.
g8 'L 367 372 377 382 387 389 391 | greatest girth represent the effective limits of capture, we find, to
58° k=65 70 75 80 85 90 95 138'2 132'20 T take an example, that a mesh of internal circumference of 10 cm., or
1219 33.20 32.78 3235 31.85 31.48 31.34 31.18 31.10 31.10 approximately 36 rows to the yard, will take fish of between 19.0 cm.
11.80  32.14 31.71 31.30 30.85 30.48 30.33 30.18 30.10 30.10 and 25.5 cm. in length if they are in good condition with K = 95,
ﬁ?)g g(l)}g gggg gggfl; gggS 29.53 29.38 29.24 20.16 29.16 but if they are very thin, with K = 65, the range of sizes will be
lo7e 3930 2718 2938 28.1'27 %?gg %ggz §§.35 28.28 928.28 from 24.1 cm. to 27.2 cm. This relationshiP is shown in Tables III
1045 2846 28.00 27.70 27.30 2699 26.9 26:'?3? gggg- ggg.g. ilnd %IV, fwlllllc}i give ;hi up}{:.elz:l and lower limits of capture, ie., the
1016 27.66 2731 26.94 2656 2625 26.12 2048 2o oo 2666 engths of the largest fish which would be meshed behind the gill cover
9.89 2695 26.58 26.23 25.85 2555 25.40 2530 5594 o on = and the smallest which would be meshed round the body, for nets with
9.63 26.23 25.88 25.53 25.17 24.88 24.74 24.63 2457 245 from 30 to 41 rows of meshes to the yard and for values of K from
038 2554 2522 24388 2452 2423 2411 2400 5309 2uon 65 to 105.
g%g 24.90 24.58 24.24 23.90 23.61 23.49 2338 2335 23.32 | In these tables the percentages corresponding to the values of K
s gg'gg gggg gggg %ggg %gg% 22.90 2281 22.74 29.74 ) 1 are taken without correction from the graph, Fig. 1, given above. Also
. - - . 71 19.60 19.51 19.46 19.46 j no allowance is made for the thickness of the twine in calculating the
Tabl ;' internal measurement of the mesh from the number of rows to the
apie IV. d N h . . f h h f f
S Lower Limits of Capture. yarh, Le., ; 1e 1n1§ernal cucurpfcrence of the mesh of a net of 36 rows
5270 415 s34 456 474 492 s08 5 to the yard is taken to be 4 inches or 10.16 cm.
5%° k=65 70 75 8 8  op 95~6 133.3 lgg.ll) In reality the size of the mesh must nccgssa?ly be smaller than the
12.19  20.38 28.10 26.75 25.70 24. dimensions given in the table, probably by from 2 to 5 per cent.
78 24.02 2317 2246 21.73 | according to the thickness of the twine and whether it is barked or

11.80 28.44 27.20 25.90 24.87 23.99 23.3 ‘
42242 21.74 21.04 < tarred. To get some idea of what the limits would be, rough measure-

1143  27.55 2634 25.08 24.10 23.24 29.59

11.08  26.70 25.53 24.30 23.36 22.52 21.81 g%gé g(l)gg %83; J| ments were made of three nets, two new barked nets of fine cotton

%3-12 %29,3 g%g gg-gg gg.gz %i.gﬁ 21.17 2043 19.83 19,18 ,, and one old net heavily tarred. S .

1016 2449 9349 9998 2145 20.64; 5887 19.86 19.25 18.63 ‘, A new net of barked cotton stretched by hand without excessive

989 2382 2278 2167 20.85 20.10 19-4% ig.Sl 18.73 18.11 straining “on the diamond”, i.e. with the meshes closed, gave 30%%

9.63 23.19 22.18 21.12 20.30 19.57 18.97 18.’3{(9) 18.22 17.64 1 rows to the yard. The internal diagonals of 30 meshes of this net,
) o9 17.74 1717 stretched between a fixed point and the point of a lead pencil, gave

9.38 2261 21.62 20.58 19.77 19.08 18.47 17.83 17.20 16.73

914 2204 21.06 2004 19.23 1858 1801 17.37 lag o0 the following measurements: —

892 2149 20.53 19.59 18.79 18.13 17.56 16.95
763 1837 1757 1673 1608 1551 1502 1449 1yos Loon \ Mo 7 % B R
1) By extrapolation. ‘ . Average: 59.20 mm
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The stretched diagonal without allowa i ine 1
diaga ) nce for thickness of t
59.9;;x mm., which gives a difference of .76 mm. or 1.27 ;er Cenv:me ®
n old net, heavily tarred and stiff, stretched as above gave 31.5
rows to the yard and the measurements of 30 meshes were .

mm. 53 54 55 56
No. 3 16 10 1
Average: 54.30 mm.

Average without allow :
Difference: 3.76 mm.“:;nge.élgog/;.h read: 58.06

A third net of barked cotton, unused i
) , mea
hand as above, 32.5 rows to the yard, ga"eﬁ:l?fﬁ whe? stretched by
meshes ge of sizes for 30

mm. 52 53 54, 55
No. 2 2 1 11 ?g 5'{
Average: 55.13.

verage without al] :
Difference: l.Ol’l7 :l ngwoa;mie:gfzog/(t)l:lread: 56.20.

These measurements besides givi
1 1des giving an approxi indicat:
actual size of the mesh also show wha P anmate indication of the

in any one net.
This variation, as might be expected in g machine-made
- net,

t variation in size may occur

graduation .in size of the fish escaping t .
small part in this. In actual practlz)ice,g a?ev;::lzf, IIII:SUgh 1t may play a

s}:arp se.lecu?'n })y the net in cases where it is clea:r?}’, there is not a
the net is a limiting factor, but the division between that the {neSI} o}i:
€ escaping fis

and those retained is graduated H
s over a wide ran i
e el
or Ilcl)vyer l.lmltsd of capture by the net. If Val‘iatgion Pherhat the upper
mﬁs hlS rejected as an explanation of thig graduatio In the size of the
whether variation in the value of K my N we may consider
causing it. ¥y not be of importance in
Taking three exampl i
) s ples from drift-net
ca .
discarding the extremes, both large and SIEZI;foPH the Irish coast and
i

been subject to selecti § i
ection, the range of K ; > Which may have
is found to be B
considerable.

K No. %%

(2) Kinsale; 8th May 1928,
gg 3 2.8
70 i% (}2(6) Length: 26.5 — 29,6 cm,
» a . Vainly recovering spent
80 0 228 in stage VII — 1T, pents

K=

qQ

PR
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K No. %0
(b) Howth; 26th June 1928.
75 1 1.4
80 3 4.3
85 22 31.4 Length: 25.5 — 27.5 cm.
90 27 38.5 ( Mainly stages II and IIL.
95 15 21.4
100 2 2.9
(c) Howth; 30th July 1930.
80 4 5.8
85 15 21.7
90 23 33.3 Length: 24.5 — 26.5 cm.
95 18 26.1 Stages 1I to V, mainly IIIL
100 6 8.7
105 3 4.4

These examples, taken at random, are representative of the normal
variation of K in almost every case where its values have been worked
out in Irish samples. Small errors due to post mortem shrinkage of the
fish and to inevitable inaccuracies in weighing and measuring will have
made the range appear a little wider than it is in reality. A difference
of 1 mm. in the length of a fish is equivalent to 1.5 in the value of K
in a small fish of 20 cm. and 1.0 in a large one of 30 cm. Direct
measurements of the mesh of the nets by which the samples were taken
were not made, so that it is necessary to take the best evidence avail-
able. Measurement of the girth of the fish where they are clearly
marked by the net gives an indication of the mesh, not very satisfactory
but probably often nearer than the fisherman’s own estimate, which
often differs widely from the size as shown by direct measurement,
e. g., a net described to me as 36 rows to the yard has been found
to measure 41 rows.

The Kinsale sample of 8th May 1928 was said to have been taken
with nets of 31—32 meshes to the yard. Assuming that the net was
of 31 rows, with an internal circumference of 11.80 cm., theoretically
the catch in a uniform shoal with equal numbers of all sizes of fish

would have been —

K 65 2.8 per cent. between 28.44 and 32.14 cm.
70 196 ,, ., . 2720 , 3171 ,,
75 440 ,, ., , 2590 , 3130 ,,
80 280 ,, , 24.87 , 3085 ,,
8 56, . 2399 ,, 3048 ,,

Actually, the catch was just within these limits, the percentage com-
position being

em. 24 925 92 27 28 29 30 31 32
0/o 5 56 66 172 152 217 243 82 5
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This is shown in the graph (Fig. 2) where the highest point of the
graph of the actual catch is made-equal to 100 on the graph of the
theoretical catch. It seems probable that in this case both the upper
and lower limits of the catch were affected, if not determined, by the
mesh of the net.

1007

501

24 25 26 27 28 29 30 a1 32
Figure 2. Kinsale, 8th May 1928. The broken line shows the theoretical limits of
capture, the unbroken line the actual catch.

In the second example, Howth, 26th June 1928, the mesh of the net
was not stated but measurements of the circumference of the fish, where
they were marked by the net, indicated that the mesh probably had an
average internal measurement of 10.7 cm. Taking this as 34 rows to
the yard, or an internal circumference of 10.76 cm., the theoretical
catch of the net would have been —

K 75 1.4 per cent. between 23.60 and 28.54 cm.

80 43, . 2260 , 2819
85 314 . . . 2186 . 27.80 ..
9 385 ., .. . 2117 . 27.64 .
05 214 , . . 2045 . 2750 ..
100 29 .. . . 1083 . 2745 .

Actually the catch was —

em. 22 28 24 25 2 27 28 29
o 6 25 160 290 284 184 49 3.1

In this case again the actual catch was within the theoretical limits
except for a small re_51due, ca. 3 %, of large fish which were probably
meshed by the maxilla or preopercular ridges. This is shown in the

graph (Fig.3). In this case there were apparently no smaller fish
present than those actually taken.

100 -

19 20 21 22 23 24 2S5 26 27 28 29 30

o v Figure 3. Howth, 26th June 1928.

In the third sample, (Fig.4), Howth, 30th July 1930, the mesh
of the nets was said to have been 30—31 rows to the yard but this
was probably incorrect, though it may have been the original mesh
when new, since measurement of the net-marked fish gave an average
mesh of 10.99 cm. Taking this as 33 rows, the nearest whole number,
or 11.08 cm, circumference, we get the theoretical limits of —

K 80 5.8 per cent. between 23.36 and 28.97 cm.
85 21.7 ,, ,, 2252 ,, 28.65 .,
90 333 ,, ., , 21.81 , 2847 .,
95 261 .. . ” 2105 . 2835 ..
100 87 . . " 2042 . 2828 .,
105 44 ,, ., 5 19.90 ,, 28.23 .

The composition of the actual catch was —

cm. 23 24 25 26 27 28 29 30
0/ 1.5 89 304 207 200 14.8 3.7 A

The distribution of this within the limits is very similar to that of the
previous Howth sample. o

Though these examples do not prove the reliability of the measure-
ments here put forward, they are not inconsistent with them; but to
determine how far the figures set out in these tables and graphs will
hold good in actual practice, extended experiments will be needed,
made with carefully measured nets of definite mesh, the catch of each
net being weighed individually as well as measured. .

Hodgson!) has published some records of catches made in the
course of two experiments with measured nets on the east coast of

1) Loes
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Figure 4. Howth, 30th July 1930.

England, but since particulars by which the value of K could be
determined are not given, these experiments cannot be used as a
definite test. It would seem, however, that most of his results can be

~ brought within the scheme by selecting an appropriate value of K, but

not all, for on two occasions, with a net of 48 rows in the first
experiment and with a net of 35 rows in the second experiment, the
sizes of the fish taken were larger than could have been accounted for
by any possible value of K. On the first occasion this is explained by
the comment of Buchanan-Wollaston') on the experiment
when he says that almost all the fish were caught by the nose, and
possibly the same explanation may apply in the second case. Fish

caught in this manner have been deliberately omitted from the measure-
ments which I made.

Summary.

Measurements of the greatest girth of herrings and the girth behind

the gill cover have shown that the girth is proportional to the condition
factor, K, of the fish.

It follows from this that the catching power of a net is dependent
on the condition of the fish as well as on the length.

An attempt is made in the paper to express in figures the relationship
between the length and K of the fish caught and the circumference of
the mesh, based on the observation that the greatest girth ranges from
41.5 9/g of [ when K =065 to 54.3 9/ of [ when K =100 and the

d ) girth
behind the gill cover from 36.7 %/ to 39.2 9/ of ! for the same values
of K.

1) Journ. du Conseil II, 3. 1927.




