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The ar.::ual catches of shri:;;pn caught in the Gerr::.an cO:.l.stal fisherics fron 1954 to
1961 are shown in Tablc 1. This table contuinn the total catches including also the
quantities af large nhri::r;ps used for hti1':1Un cOllSl.ll'::pticn and nmall shrimp::; used dried and
crushed for the fceding of anir.:als. It can be seen that the catches decreased annuully.
Only in 1961 therc .1US a littlc increase, but the level of the average catch for the
period 1954-1958 has not been reached agai~.

The nelcction experirr.ents huve been ~ade to find out the optinum range cf cod
end r.:esh size in thc fishsry far large, ediblc shrir.lps. A higher perccnto.ge of odible
shrir.ips j_n the lo.ndings 'tüll help to counterbo.lo.nce the bnd rrarkct for sY:'.all shrimps
ccluscd by thc kportn of cheup fish r:ea1.

Hethod nnd Rcar

Thc investigations ~Jerc carried out VIi th D. corrmercial shrir.:p fishing cutter hc.ving
D. total lenc;th of 12.9 r.:., a gross tonnage of 42.1 n3 und u diesel cngine of 75 h.p. Thc
data Hcre collo cted betueen 24. and 27. October vrithin the coastal area cf Biisum ShOWTl
in Figure 1. As dCI;:onstratcd in Figure 2, tvJO bear. trCluls v1i th different cod:~ends 1-1ere
used simultancously on both sides of thc cutter. The design of the trD.'trls is givcn in
Figure 3.

The Holl knoun tcchniqucs of seloction experincnts are (a) thc covercd cod-end
r.:cthod, (b) the r.:ethod cf o.ltcrnllting hQuls, am (e) the ncthcd of parcllel ho.uls.
During the invcstieo.tions discussed a modification of thc lClst technique UIlS employed
by using one boat instead of tuo. This modified ~71ethod of paro.llel hauls r,ivos some
advo.ntages Guch as sClving 1Iwrking time und expenses, reclucing the diGtnnce bot"leen the

. tvlO neto to a mir;ir;l1.L.":! and avoiding differenccs in time arrl speed cf louing as uell aG
of the E:anking. effect.

GenerD.lly, t.lle fisherrr,en in Scr.lcsvrig-Holstcin use a cod-end uith a I.1csh bar cf
8 f.1To1, Illthough thc~r are allo",ed to use a cod-end of 7 rruTI mesh bar, li;easuring froB thc
miJ.dle of the lmot to t.lle lniddlc of the next !D10t. These s rnll r.;eshes uro rCDpons ible
for the high proportion of sr:J.o.ll shrit:ps in the lo.ndings.

During the experin!tmts 0. cod -end vJith 0. r.:csh bar of 7.2 rr..m uo.s used o.t the port
side and cod-onds of various mesh sizes Here used at the starboard sido. All thc cod
onds were :;lado of nylon (Gce Tablc 2). Since the co.leula tion of solection factorG rc
quircs tl:e: l:noulodge of the rr:esh oponing, this measure ,-ms also to.ken. Tl1c mesh opening
i8 defincdos the im:ide dist.ance bet.,een t1lO op:::,ositc knots in the 8a..lJ1e mosh, uhen thc
mesh is fully stretched. Bott.: nesh bar and reesh opening are tabulated in Tablc 2. All
thc eed-ends investigated llere eovercd Hith lurge-mcshcd heaving bags ",ade 01' perlon
to counteract thc high strain falling on the cod-cnd v1hen huuling lüg ca.tchcs.

Treatrr:ent of the material eollected

Sixtoen paired ho.uls Here 11ade o.ndthe duration of eClch varicd uotHcen 30 c.nd 120
rainutcs. These hauls Hore arro.nged in Taule 3 according to the difi'crent fishing grounds
and to thc vc.rious cod-end corr.binationG t:.scd. Frolll every catch 0. r<:prescntO-tive sarple
uas tnkcn after removing the by-cateh (fiches, erustacenns and algo.e). These sD.J:Jples
1·rere mcasurcd volul'1etrica.l1y vlith a pb.r;tie cup of 1,200 l'11. ThcviCi.:;hts of the saEPles
were more or leso tl~c Gama (630-740 g), out thc rn::.r.·,bcrs of the individua18 ~lCrc scattering
from 438 to 1,856 duo to the size of shrir.ps cm~Ght. The length of 26,409 shri.,,:ps were
meo.surcd in 5 mm groups f,E9 the ti of tbc antep.no.e to the end cf tho tc1scm Thc by
catch, thc luree nhrir:ps end the 3):':0.11 s ll'g:pa Here sepo.ro.ted by moans of a riddling
Iiln.chine and the lTcir,hts v1cre efltirnted in ~ kg (500 g).

Trclltment of the data

The length eon:position üf the smr.p1cs obtnined frorl the three eod-end combinntions
tested (ho.ving r.:esh bars of 5.601' 10.7 or 12.7 l:ll~i Clt the starboard anel 7.2 r.ml mosh bar
in the ::;tandard eod-end at tohE; port aide) has heen corrpured in Fimrcs 4 ...6. These f'ig
ures shou elca:d;y thc effoct of rr.efllt sizc:J Oll the 1enr,th eor.;position of tho ahrimp:J
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co.ught. The seloctivity of thc cod-ends testüd, hovlcver, C3.n be demonotro.tüd lr.ore
explicitly by cor.;pa:i:'ing the lieights cf lo.rgc shrirps \'Tith those of sr.mll chrirr:ps cnught
in thc cod-cnds on both sidcn of the ship. This is done in T3.blcs 4-6, from uhich it
cnn be seen that:-

1. Tho 5.6 ~~ cod-cnd in catching thc same quantity of lo.rgc shri~o/s 0.0 thc 7.2 r~

cod-ond, hut more of the sm~l shriF,ps (Table 4).
2. Th8 10.7 ~m cod-cnd is eatehinG sO~C1vho.t more large shri~po than tho 7.2 r~ eod-end,

but less cf tho sm3.11 shrimps (To.ble 5).

The 12.7 r.lr.1 cod-ond is eo.tehing ::lOmr:mhat 1e:33 large o:hrinps than the 7.2 !~m eod-end,
but mueh less of the small shrimps (Table 6).

Tho l1eights cf the by-eo.tches da not seern to be o.ffeeted to 0. romo.rkable degree
by thc nesh nize of tho eod-endn.

To.blc 7 demnstrates thc avoro.ge lle::-Eht pcreento.gos of largo and smo.ll. shrimps
found for eaeh cod-end. It eo.n bo s(;on tlw.t the proportion of lo.rge ediblo shrirnps
inereases lTlth tho increase of mesh size, uherean the proportion of small shrimpo de
ereo.noo.

From thone do.ta it may be supposed that tho lnost suitable mesh sizc for eatching
large shriY.;ps off tho Gerr~an coast is IlbO"l~t 11 r.Y'1 (mesh bar). This mesh sizo HilI in
crease the eateh of edible shrir.:ps cor;'pared uith thc yicld obtained by tho 8 r.lJtl eod
ends usod today.

Ca1culation of the seloction factern

Ir the selection runges of the t'tlQ cod-eDds used nli~ultanoously do not overlo.p
each other-' i t is clear th3. t th e 50% retenti.on lene;th of the larGcr-mcshed cod-end 13
in that lcngth of shriTIp, the frequency of \Thi~h in the sl"lo.llor-m.eshcd eod-end. A is
double trnt oecurring in thelargcr-meshed cod-end. In order to deterr.line tho scleetion
factors tho samplen eollected fron eo.ch eod-end eombim.ticn were addcd. To transfer the
truc relationslüp bot\':een thc qua.ntities cf tbe total catches to thc sur.~ples, thc length
frequencies of 1.he nanplas taken fron thc larger-cicshod cod-ends havc been nultiplied
'tlith the quotient.

total CQtch of cod-ünd TI (~ kg)
total eatch of cod-ond A (:f kg)

Those quotients are derivcd from Tublc 8. After this all the length frcquoncies
ware treated 0.8 follovm

x =frcqucncy B ~lOO
frequency A i\

in order to get the percentage ration. These percenta.gen were sr.:ootbcd in Table 9 (x.)
and reprencntated gra.phically in Figl~e 8. The nclcction data dorivcd from these sel~e
tion curves are shovm in Table 10. Thera ~30C::;3 to bo an interdependcnec bctm::en tho
seloction fo.C'tors calculuted for the nddcd hauls und the fican c3.teh I'Tci;;ht8 (Fir;ure 9).

Tho relo..tionship bctwoen selection factorn a:J.d eatcll nizen can be dcr.:onntrated
more clearly" vIhon tho nclection factors are calculated individually for oach ha1.11. The
brokon linon n tOim in Fi[;'-1re 10, uhich are fitteQ by eye, havo 0. different slope (eor:1pare
tho scalon of the nbscinses). Thio supports t.ho ansl.l...'T;ption that tho rolation betifeen
sclection fo.ctorn and entch sizes in not lince.r. Thc fact that the soloetion factors
are not only dependcnt on the eat.ch size but also on tbc r.:esh si:3o, involves D. further
cOl':'.pliclltion. lT.n.on the JnGsh size increllsen the catch size deereanes and accordingly the
selcction factor incrcascn. Thllt recans both i'actors, ellteh nizc and r.~c8h sizo, are
Ilffect.ing thc 50~6 retention length in an antagonistic manner.

In order to D.void the cor';pliclltiom: caused by the ini'luonco of r~any :factars on
the seloction" i t 't'i"as tricd to treat scparately tho tHO most irrlportc..nt factors: c:lt.eh
sizc and I:';csll size. This has been done in FiguI'c 11 by plotting thc 50% retention length
of each haul against thc catch size multi}llicd llith t.he nelcctien fnctcr. 1'ho produet
rr;entioned contn.ins the mesh size, beea.uno thc selectiorl factor is definccl as

sf =50% rctentio~ longth
r1C8h opcn1.ng

Thin clintribution oi' the points + in Fir;1U'e 11 can be describod rather cxaetly by
tho formula

"i:J :x sf = k x L-n

or log (a x sf) =log K - n X log L

(t-J = cateh si~o in -} kg, sf = selection i'aetor -' L = 50% retention length" n a.nel k 3
eonstants).
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The constants k and n can be calculated from the equations

_ ~log (H x sf) x ":i: (log L)2 -~log L x <flog L x log (t·] x sf)]
log k l'! x:2 (log L)"- - C<log L)"-

and n =~log (V; x sf) - N x log k
?: log L

(H =numbcr of haul8 =15)

Thc rosulting equaticn

log (H x Gf) = 4.7572 - 1..6287 x log L

has been usod to calculat8 the theoretical 50% retention lcngths for 15 hauls. Theso
thooretical values arc cxpressed by x in Figura 11. Thera are only throe experimental
points deviating very nuch from the theorotical oneS, but 12 points are nearly fitted
to the theorotical curve.

Tho contcnt of Figure 11 intcrprctG that the 50J~ retention length is high, 1'1hen
the catch size is s:;;all and/or the l'i,csh opcning is largo. On thc other hand the 50%
retention length in lov!, vlhen the cc.tch size is largo D.l1d/or thc mesh opening smal1.
Thc 50% retention lcneth in not affected to a high degree, ·!tihen tho valucs on the
absciss are ran[':ir:g in higher mm.bers, but O;'l thc contrary, i t is affccted vorJ Fluch,
ivhen thc values cn tho abscins are raneing in 101-Jer numbers.

Discussion

It may bo supposcd that uith thc usc of n suitn.blc rlcsh sizo, that is to sn.y
about II r:.n ~esh bar, thc shrin;p fishery off thc Gormn.n coast will gi'\"o a highe!' quan
tity of large shrimps. At the sarr:e time thc amount of smal1 shrimps HilI bo recluced.
This ilill hclp to facilitate thc n.arket condition. Horeov8r, the shrimp stock I:lay bo
protected to Cl. certcin extent for a bettel' production in thc future.

n in l-:nmin froIil the BüsuPl aren that the female ShriI"lPS ripen at 0. nean length of
54 r.r:J. and thc r.....l1e shrirr.ps at 40 r.Jr.J. length. If the 50% retention length for thc cod-ends
used eould bc adjustcd to 40 mm, then the stock of shrimps in this area nill not be
affeeted essential1y by the fisheries ••

By thc hclp of the equlltion describing thc curve in Figure 11 it is possible to
ca1cul<:ltc thc !"lesh opening and thc nean cntcIl sizc, whieh are corrcluted vJith the 50%
retention length of 40 IilFl. HOvlcver, in doing so, it is indispensable to ea1culate thc
melll1 of 1111 thc selectioE factors obtaincd rar.(;ing fron 1.3 to 3.3. This mean has been
found to be 2.41. According to Fj_guro 11 thc 50% retention length (thßt is in this ease
40 11m) is corrcla.tcd iÜth an abscinsa vnlue of 141.

ExproGsccl r.n.thenatically HO hn.vc nou

'H x sr = 141

and besides the formula far the se1ection factor

Lsf = --:----:-
Flesh opcning

Substituting nOll sf and L, thc 17iCan cetch size is found to bc 29 .. 2: kg DJld thc
mesh oponi...'1g is found to be 16.6 rCJ11. Thc laUcr corresponds vlith 0. mosh bar of nearly
11 mr.J. (sec Table 2). Tl1is theoretica1 l~:esh sizc corresponds lJi th thc n:esh sizo suggcsted
according to thc practicnl rcsults.

The thcorcticnl wcights of thc ffienn catchcs m1d the theoretieal mesh sizes for
sone other 50% retention lengths are givem in Tnble 11..

Refe~ 1)

Bohl, H., & Koura, R. "Se1d::tionsversuche mt Gnrnc1enkurren vor der nord-friesischen
Kl1ste". Protok. z. Fischercitech., §.: 1-33. 1962.

1) This paper is an abstract froI!l-the paper citcd bolon.
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Table 1

Annual yield of theoGerma.n shrimp fisheries in tons

Ycar Total eateh largo shrimps Small shrimps

Average 1954/58 33,012 5,725 27,737
1958 28,349 6,036 22,313
1959 25,686 4,414 21,272
1960 24,0:}..5 3,626 20,389
1961 26,817 4,486 22,331

Table 2

Ntlterial, mesh sizes and thiekness af the Imots of the cod-c nds used

Mnterilll

Nylon Td 210x 9
Nylcn Td 21Ox12
N;{lon Td 210x15
Nylon Td 210x15

11esh bar Hesh bar l~esh opening ThickJJ.ess of
ordered rneasured the knots

(mm) (Trn) (rnJ:! ) (rrn)

6 5.6 8.2 2.3
8 7.2 11.5 2.9

10 10.7 16.1 3.4
12 12.7 19.4 3.4

Tabl0 3

NU1'Ylber of hlluls vlith different cod-end eOI'1binations on different
fis hing grounds

Fishing ground

Sandloch
~esselburcner Loch
Süder Piep
Norder Piep
Fahrwtlsser von Büs~~

Number of hauls
Port./Sa.rboard.
7 .. 2 mm/5.6 Trn

2

2
1

earried out "ldth eod-end eombination
Port./Starboa.rd Port./Sta.rboa.rd
7.2 rnrn/l0.7 rmn 7.2 mm/12. 7 mm

3
5

3

Table 4

Heir;hts of large shrimps, small shrimps und bo'-eo.tehes in .~ kg
Cod-end eombino.tion 7.2 r~/5.6 rnn

7.2 :mlll eod-end 5.6 Jr.m eod-end
Haul No. Inree Small Largo Srnll

shrirnps shrimps By-eateh shrir:ps SP.rimpR B;y-eateh

9 12 70 45 12 75 45
10 15 70 33 15 75 33
II 35 70 33 35 015 33
12 35 80 12 35 100 ,12
13 12 40 5 15 50 5

Total 109 330 128 112 375 128
Average 22 66 26 22 ,75 26

Table 5
Weig}~s of largo shrimps, sl7:aD. c!lrirrr,l-)s (lnd by-eo.tehes in! kg

Cod-end combina.tion 7.2 rnI'1/1o. 7 mrn

7.2 111m cod-cnd 10.7 rnJ)1 \eod-end
Haul No. Inrge Srnall Inrgo SP1f.l.ll

shrimps shrimps By-eatch shrimps shriP1ps By-eateh
1 60 225 14 60 180 16
2 55 225 12 55 180 12
3 20 60 17 20 40 17

14 20 45 16 20 30 16
15 20 60 53 20 40 53
16 70 300 6 90 300 6

Total 245 915 118 265 770 120
Average 41 153 20 44 128 20
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Tab1e 6

tveie;hts cf large shrirlps, snall shrimps and by-catches in ~ kg
Ccd-end combination 7.2 nm/12.7 rr~

7.2 rum ccd-end 12.7 m:n cod-end
Haul Ho. large Smo.l1 largo Sma11

shrimps shrimps By-catch shrimp:::; shrimps By-catch

4 20 50 50 15 10 50
5 15 45 60 10 15 70
6 20 30 50 20 15 50
7 7 20 8 7 10 12
8 10 120 3 10 40 3

Total 72 265 171 62 90 185
Average 14 53 34 12 18 37

Table 7

lIeight pcrccntages of 1arße a~d sma11 shri~ps in the average
catch of each cod-cnd (uith8Ut bv-c.J.teh)

Hesh bar (Irr!) Number of hauls Iarge shrimps (r>') Snall shrin:ps (%)/01

5.6 5 23 77
7.2 16 22 78

10.7 6 26 74
12.7 5 40 60

Table D
')~~hlMJ .
DeviaLlv71 01' the eonversion faetors fro~ thc eateh size

Cod-end

B
A

B
A

B
11.

Hesh bar
(mm)

7.2
5.6

10.7
7.2

12.7
7.2

vJeight 01' shrimps per ca.tell
(~ kg)

82+85+105+115+52
87+90+110+135+65

240+235+60+50+60+390
285+280+80+65+80+370

25+25+35+17+50
70+60+50+27+130

'Ta.ble 10

Total eateh
(~ kg)

439
487

1,035
1,160

152
337

Totcl eateh B
Total catch A

0.90

0.89

Seleet.icn dnta cf eoel-end uscd

50% retention 1cngth (l1rrn)
1'1osh opcning (mm)
Seleetion faetor

7.2 rrJl'l eod-end

26.;;
11.5

2.3

10.7 lTlJ11 eod-end

32.5
16.1
2.0

12.7 mIn e:;d-end

53.5
19.4

2.8

T3.blo 11

Thoorotieal rclnti<mship bi3tVlecn 50% retention 1enGth, eateh size nnd
mosh sizes for a sc1cction factor of 2.41

50% retention length
(mm)

30
40
50

Cateh sizeo kg)

93.2
58.4
40.6

Hesh opening
(mm)

12.4
16.6
20.7

He8h ba.r
(rmlJ.)

7.8
11.0
13.6
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Tablo 9. Relative length composition of the total catches and determination of tho
selection curves (Explanation in the text).

r i . -r-------'----'-·--T--x-----------l-' i - -~(i-)-1-- ~ --' ---x(%)--r---

i 17.5 I 89 I 14 j 16 28 I 35 'I 11 31 29 21 1 5 I
, I I I I I II 22.5 I' 190 I 64 i 34 35 I 204 I 66 33 33 197 12 6 I
I 27.5 I' 394 i 213 I 54 54 I 565 I' 199 35 40 I 533 46 9!

I I,
32.5 605 I 452 I 75 70 772 Ho 53 50 I 792 10tJ: 13 i 15

37.5 I 703 I 586 I 81 79 967 I 600 62 66 I 550 119 22 i 20

42.5 I 933 I 747 I 80 84 1067 I' 891 83 79 725 177 24 I 29, I I i
47.5 I 699 \ 639 I 91 87 889 820 92 96 564 223 40 j 37

I' I II 52.5 452 I 402 i 89 91 I 510 I 575 113,104 446 205 46 I 51

I
, 57.5 I 157 147 94 91 I 204 221 108 \107 I 172 113 66! 56

62.5 1 163 119 91 11.12 1 190 191 101 \104 181 101 56! 64

i 67.5 116 139 120 111 i 163 I 167 102 I 99 137 97 71 I 61

I 72.5 47 58 I 123 118 I 77 I 73 95' I 90 I 94 .53 56 I 65

L:~j_~L T ~ l:~1 ~, J_ 3: 1__~ ~__l~_l~ J_~~~~::L~ __
Note: the frequencies gtv6n for the cod-end3 Bare corrGcted by the conversion

factors tabulated in Table 8.

I

~

I
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Figure 1.·Aren of fis hing gro~~ds.

5 m dcpth line

1 m depth line

Figure 2. Schene of a shrimp cutter with two beam trawls.
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Cotton
Nm 20/12

Nm 20/12

Nylon
Td 21Ox12

550 ()
'---r-S\J-~--- /

390 /
\--.T----'

430 /

26~(
~200 200

140 140

Wedge shaped side piece

600 :.> Depth '\)

-72oofT160
400 /

440 /
200 200

240
2ro--'

\Wj
11401

. 1

9

S

10

~ II Ir.rn

50-60 \>

~llrrJn r7
~

Upper part 1::lvler part

Figure 3. Construction of the net.

20
lS
16

14
12
10

8
6

4
2

20

18
16
14'
12
10

8

6
4
2

......

%
20
18 ,.j~
16 .:....1 "'1\./ ..
14 ..... / 1....·\

12 t 11/
1

' 1'\
10 I ·t\- I' i '.S' I'

6 ~ /) t'I~ \f------ 2~
; =,/i/ I [\1'. 11~ 18

,A/', / .~_ J ,~- 15

'/ I \ ~

1·:/ j \\ 10:; ,',
: I:

! I' 8

=- //'1 )1\ I \j=:::::.. ~..~//I ...-;f \\ I .... 2
..:.::..... .~ Ci I '\ I -" _ "./j ;~

} ~
}I ,\.'.
jl I I \ ~)/ I"

;' J\{ \ ....)~ 20

_~ .. ' ./ \..1\ Y "".....> lS

/;[-~----~\- ~~
.... ' \ 12

/11 ! · \ 1~......{Jd~\"./1\ ~ 6- // )\ l:"~ ~~~/ .. : ~~.... /'1 \!\ - .~_ ..

/ 1),\
./ l\~~.

....... I I I .
t=::..=r:-:----!.....,--~.,._,_....:..~_;_. I _ ~.

17.5 27.5 37.5 47.5 57.5 67.5 77.5 mm
Figure 4. Length frequency polygons of thc samples.

-- 7.2 rn.rn cod-end • • •• 5.6 rrJl'l cod-end

Haul No. 9

n =731--
•••••• n - 952

H:ml Ho. 10

n =87S--
•••••• n =1099

Haul No. 11

n =772--
••••••. n = 801

Haul No. 12

__ n =745
n =931

Hau1 No. 13

n =894--
•••••• n =806

l
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Figurc 5. Lcncth frcquency polygons
of thc sll.!.T:plcs.

7.2 riiln cod-end--...••. 10.7 ~~ cod-crfl

?igurc 6. Lcngth frequency polygons
of thc sn.mplcs.'

7.2 rrL"11 cod-end--
••.... 12.7 ~n cod-cnd
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7•2 mrn. cod-end
- n =4020

••• 5.6 ~~ cod-end
n =4589

7.2 ~'!1 cod-end
- n =5693

••• 10.7 ~'!1 cod-end
11 =4777

7.2 mrn cod-end
- n =4470

••• 12.7 rum cod-end
n = 2860

t

Figure 7. Length frcqucncy polygons for the addcd samplcs
of thc cod-end combinations.
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