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Summary

This account io apart of an assessment of the shrimp resources
around Scotlund. Thc fishery for brown shrimps LCrangon crangon (L.27
frcm Annun on the SOhlOY Firth io tho anly shrimp fishery in Scatland
and emplo;ys six boats uoing be()...":). tral'11s. . ,

The biology of the·brown shrimp in thc Solw~r Firth'is descri~ed.

The sex ratio varies seasanally, males being most abundant in the autumn
and almost absent in the latc uinter'. Females 'become egg-hearing at a,"
size of 8-9 mm carapace length~ Egg loying commcncesin the late
autumn and the proportion of berried females increascs to a peak of some
80% in thc sprins, after which it dccreases to zero in the early autumn.
Thc menn size of ~ales is smaller than that of females throughout the
yeo:r:.

The abundance cf shrimps varies oeasonally, Sh01'ling t~m peaks, in
theautumn und spring, lJith intervening periods of scarcity in the winter
and late sun~ero These changes are reflccted in thc catch per'unit
effört of the commercial boats. Fishing ceases in thc winter.

The gear used in the fishery io described, including an interesting
develo'pment of thc Dutch "double-decker" ohrimp trm'vl. The lauer cod-end
has been dispenscd with, lcaving inotead a hole through which fish und
rubbish are allowed to escape.

Introduction

As part'of an assessment of the ohrimp resources cf the watcrs .
around Scotland'a stu~ is beine made of thc only'existing Scottish shrimp
fishery,that for thc 'brO'lffi ohrimp :based en l.rinan in the' ,Soh-ay .Fi:r;-th. ;
The present' pa.per se~sout the prel:ilninar'J dat.a, so far ~vailable.·'

Ovcr the ~eriod 1963-1966 the average annual yield:ofthefiohery was
some 2475 c~~ ~125, 700 ~~), valued at ~12,3qO. Fishing oeeurs usually
in thc shallol~ upper reaehes of the Sohiay Firth, in the ITel1biCi-Southerness
urea., but also fUrther liest,. in depths of 6-12 ft (1.8-3~7 m)" ..' Formerly
(sec FUllarton, 1899;, Williams" Perkins & Rinde, 1965) the best area was
off lrel'lbie, but ehangesin the sand banks and ehannels 'have 're'sulteci in a
moveme.llt ,of the shrimps, aecompanied by a shift in emphasis from' lmnan to
Silloth as the chief port. At present same 10-12 boats fish from'
Silloth. The boats, at present six in number at Annan, are 30-34':ft
(9.1-10.4 m) Ions nnd draw only 3ä-4 ft (101-1.2 ro) owin~'to theshallo11­
ness of the lvater. The boats are pouered by engines cf 27-36 h.p., ,
have a crew ef one er twe men, and.each tows one bewn trawl 18-20 ft
(5.5-;-6.1 ,m)~ ldde. ,
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The net in tOHed for up tp 1thourn in euch haul andthe catch is
then sieved to rcmove small shrimps, fish and rub;)ish (see p~ 4~)0 'nH~
retained shrimps are boH0.d on 'b,~ard the bca~. On bE"~in8' lc.ndecl, t~c

shells are removed in "pit;kcriea" end tllC m'~at:J. sent to a faeto:!.'Y für .
.processing.·

I.raterial and Methons

During thc period October 196~-Decenb~r 1963, in the course cf his
studies in. the Sol..:ay F:Lrtil~ Dr R• .r. Fcrkli.3 (-t~icn' cf the UnIted Kln.gd.om
Atomic ~lergy Al.r~hority) r.:ade trarvl hü.ulo a:t t19 fiva s td.lo1JS sholm in
Fig. 1e m.wrcver possil'.t.:~ h,mls W(~re n~i.de month!_y at en0h statj on,
thougb. there arG same gapn in thc l'ecG1:·dn. I}lhc trmvl t'.rwd 11as an 18 ft
benm trawl of cou:::-lene nt;tting, 75 1:0;:<.:1 per y[1.I'd tlr~··::11 ..1.~~h()~lt, cxccpt the
cod·-cnd, uhi.ch ~'!ä.a 80 ro'm j,X>J.' J~n:::-d... Jt~, Pc:::,ki..'lS k.:'~ldly- maüe i;~le s:lt':!.np
catcha;, n.viJJ la~~J.c to thc M::...,:,i:.1.C 1.",,1";;oro.-i;o-:'';Y1 lllleJ:c the:r fOl:'rJzd th8 b:l.~ÜS

of a d~'.l.dy of' iJ.t3 biolcGr a::ld ;:)<clan0ne,l <:.·ina:d;xll~;;j cf tlJ.e nhriiJl:(lo ):;:1
Dddit~?;.l, c<.>.i;cl~/c':'f()rt (h";,. of tlw CC!J'J'j(·... l'(:::.<.Ü 13!Hiülf,'iJ cf f:~"·/o 1}o3.ta
'tV'CJ.'l,.; pro\i~iu.Gd -b,:,r SiJO-ttj°i..8.\ ~~D.f·o'.;~~.:J l,~;:-J.",., .t~~1;1"\~.~ [lJJ.(l ~o t; Dn.d ~j.~v\~ r~oJ.l:::ctiCl..l

ha...te "L<:,;;n 0 ~u.J.ied lly d;L:Cect ()b;::"U.·Vl!.-cll'Ü~J a Ii L,~J. c.u C O'-::J;Cro.1.al b;)~~·k ..

Biclog-z

A sample of approximately 100 ßhrimps was examincd in detail from
each station, und the seasonal cycle determined by combining all these.
Thc carapace length (rear of eye socket to real' ofcephalothor&~)was
measured to 0.1 rum and total Iength (tip ofrootrum to tip of telson)
to 1 mm accuracy. The relation between thc. two over thc range of
carapace.lengths 5.0-17.1 mm is given by the equations

, ..

I\~alcs T 8.1 + 3.9 0

Females T = 6.1 + 3.9 0

The sex of each individual llas dHtcrmineil. l;y an c:Z:"'~'"1ination of thc
secondary sexual characters of t~lü pleo:pcc.n. I-t i8 possible to do this
in individuals l1ith a total le!lC'th of 20 renn (O.I,....~ 3.5-4.0 r:un). .
(Lloyd & Yonge, 1947; Meredith, 195~), m,d fevT er no specimens smaller
thun this nere retained by the trmd. The :resul tc are presented in
Pig. 2, which ShOt-TS the size d:i.strilmtioLl (cu-n:pace Iength), sex­
composition und proportion of berricd (o~~gcrous) to non-berrled females
in each month). . .

The sex-ratio varied seascnal~ (Pi~. 3). lhles made up 68% of the
c~tch in October 1962, but the proportion fell steadi~ to a minimum of'
3% in Ma.rch. lfules particularly are unable to with~tMd low temper- .
atures combined lüth lOll salj~lities (Llcyd und Yonge, 1947), and this
minimum might bc accounted for by a differential migrationof males into
deeper w3ter, 01' by a lower activity 01' higher mortality in males thml
in females. The proportion of males bcgun toincrea.se later in the
spring as the new brood entered the catches (Pig. 2) und rose to over

.60% in October and December 1963.

Fe~ales appearto attain maturity (a~ sho~m by egc-bearing) a~ a
size of 8-9 mm carapace length. Eerried females were present in the
catches at most times of the year (Fig. 2). Egg-l~ing commenced in the
late autu~ of 1962, und the proportion of females of carapace length .
"fi 9' mm carrying eggs incrcased steadily throughout the winte:r to a
peak of almost 80% in April 1963 (Fig. 4). It decreased durine the
spring und summer until no berried femalcs were found in September und
October. They renppeared in !Tovember 1963 und in0reased inD~cember•.
Pig. 4 shOl"lS no oign of the t~TO spaiming periods per year fotlud in"
QEE:?:l~:tl._<?.ranß:0n in the Bristol Channel and Severn estuary by Lloydand
YongE-l (19471 and in the Uelsh Dee estua:::-y and EorecD.."nbe Eay by. lIeredith
(1952). .
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'. The 'neu brood'of sma11 !shrimps, presumably. arising from·the eggs .. '
.borne 'in the1'1inter, appeared in the catches .in ,the .spring·at· a carapuce ~

length of 4-6 mm (Pig. 2)" Males uere sma11er ,thon females at 0.11 '
times of'the year, and.bothllcre,at their lOllest meon'size in the"spring'
and summer after the .influx of ,the newbrood' (Fig.· 5). :. Few males were .
found with'carapace length.10 mm.or greaterand the 'largest WaS 13.5 mm, :
llhile females .14mm and'over..were cOmmon and.the:largest found l1as17.5,mm
(Pig. 2). : Llbyd and Yonge (1947) found ,that during the, first year.of. ,. ,
life,. the,growth rates of the~woscxes.are·similar, though.subsequently.
females grOl'/' more quickly.. ·, 'Heredith (1952) further' suggested that there
is a'greater mortali~J.of.malesnnd,that females live .at leaot'a year '
longer. A further possible,hypothesis is,that there' is a change:of sex:
from male to f emale, though, like J!eredith, I failed t 0 find D.1'lJ. evidence
of this from ~ examining cither the gonads or the. pleopods.·. ; '.:' :- ~. ,

,: .:
Seasonn,l.abundance ,

" . .. . '.

•

. ';' The duration of traul"hauls at thc five .stationn varied from ·10 to
32 minutcs, though mont uere of15 minutcs. The:catches of shrimps ware

standardioad aO.numbers taken. per 15 minutes t .fishinB'.'and subjected: to
statistical nna~sis by ~~ w. E. Hall, to whom mY thanks·are due. ' The
data ware very variable, ranging from several blank hauls to catches of
over 7000.shrimpn. To offset this variability logarithms-of'the·catches
have been.used. 'The data for September 1963 have been discarded aS'on~
one station l'TUS sampled.. The seasonnl date. ·liere avernged over ,~the five ..
sa.mpling stations. ; Pig., 6 Sh01'1S that ·there was' a'.continuous .'dröp· in' ,
abundance from October 1962 to a minimum in February~1963. This· ~"'as '
followed by'an increase to a peak ,in Ju~, a suggestion'of a decrease·in
AUßUst, a further rise. to a peak' in- October andthen ·adecline. :'::.Ana~sls
ohm'led that thc seasonal pattern uas constant at 'the five '-stations,· but
there .,were, significant differences in abundance (p <,0.05) ainong are'as, . :
shrimps ,being most abund,~t at.Ellison·Scur, falling to'minima at Newbie"
and Horth Uorkington Bank (Fig. 7). '. " .. ,'. . ,

..:. Theoe .oeaoonal differences in abundance are rcflected in the catch
of;shrirnpo of,commercial size (sieved) uhich arelanded per'unit of
fishing effort·by theAnnan boats. These data (Fig. 8) ure expressed as
stones of shrimps landö~ per'boat per d~ (1 stone = 6.35 kg). The data:
for 1964-:1966 ehO"1 cven more clearly thc tuo maxima .(May-June and October­
november) and t1'10 minima (ldnter und July-August) .eachyear.:!: As a'· .... " .. ;
result of scarcity.of shrimps, coupled ldth advers'e 1'1eather" fishirig. is':' .
usually abandoned durine; the l'1intcr months,' . " . .. .' .

'. '

The winter minimum might be accounted for by an offshore.migration .
such as was found in the Severn estuar,y by Lloyd & Yonge (1947), resu1t1ng
from,the' suscept.ibility.of:the:shrimps, especially males, to'lcw salinities
combined.withlow,temperatures.' Certain1y;the minimum·bottom salinities :
at three of .the stations,' Ueubie, Silloth und': Ellison Scar, are bufficicntly
101'1 (lcss ,than 16%0) to make this fca.sible (Perkins; Eailey '&, 'tfilliums, ': .;;,
1964). Alterna1iive~.it might.. be:due 'tc reducedactivity of the"shriID.ps':·.
or morta1ity induced by unfavourable conditions.

". ' ..
.. • I .: • ".' , • ... ,. _0" w·" ~ ~'.' _

I{;ee~~~~'~~t: likcly, th~t';th~ ·SUI:'.mcr ninimum·reoults from thc:death
cf lurger 'shrimps, such,as wasifound by Meredith (1952),. 'and the"subsequent
increase, in numbers ,fram the nm'l brood gr01V'ing to a size' at l'l'hich it enters
thc landingo. .: ',,' , " .'

Nets and sieve-selection

Until recently all nhrimp fishing from .Annan has been by means cf the
traditional beac traul, 18-20 ft (5.5-6.1 m) wide and some 24 ft (7.3 m)
long, typicul~ uith a mesh 75 rowo per yard (approx. 24 mm mesh) through­
out, except the cod-end, which is 80 rows per yard (approx. 23 mm roesh).



There might'be ablinder, or sereen, inoide.the net abeut 7 ft (2.1 m) .
in frent'ofthe eod-endto eateh tho larger fish, ehiefly plaiee and dabs.
The shrimps, together.with smallor fish (young flutfioh, gobies, ~~,
sprat etc.), ohore erabsand rubbish,cuch as leaves and .twigs, pass into
the cod-end.· Most of, the wl't'lanted objects, .'t'lhich often constitutea' :'
large part cf' the contents " are removed by a shaking through a "erab ' .

.riddle" uith meshes 'of chiekcn .i'lire 1!r:X: 1 in. ,(38 :x: 25 IIltl). 'The
residue, almest entirely shrinps, with a few very small fish, is then
shaken through a so-called "threepenn,y riddle", which has reotangular
spaces tin. (6 mm) l1ide and al101'lS small, umlanted shrimps to escape~ .
Thc selectivity of a "threepenny riddle" is' sheim in Table1. "The 501j
seleetion point is at a carapace length·of about 8.8 mm•.

Recently th~.new Dutch,not described by BOdd~ke(1965) has been'
tried at Annan. This has tuo eod-ends, onc above the other, the part
of the roof of the tunnel leading to the lower cod-end which forms·the .
floor of the upper cod-end, being of large mesh (48 mm) 00 that shrimps;
which jump off the bottom, can easily p.:Lss through into the upper cod-:end,
l'lhere they are rctained.by the small meshes. Fish are retained in the '
lower, large-mesh(75 mm) cod-end, and the srnallest'escape together with
crabs and rubbish.

1~ G. l1illacy, of Scottish Seafoods Ltd,Annan,.ada~ted,thisnet for
the M.B. "Florence Elizabeth" but reta.i.ned a,small'mesh t20 mm) for both
upper and louer cod-ends in orderto assess the Clu<mtities of nhrimps
uhich liould be lost throUßb, a large-mesh lO',ler cod~end:the,roof of the
Imler cod-end beine still of larger mesh (50 mm)'in order toallou shrimps
still to, pans upivards. " In April 1966 an observer from the Harine' Laboratory
watched the net in action and noted the quantities.of·shrimps in both cod­
ends in five haulo.of 1~1i hours t duration. The results were 80S shown
in Table 2. The .catch in the upper cod-end i-TaS almost pure shrimps, but
that in the lO1'ier cod-enduas lo.::'gely of fish, crabs, leaves and tuigs,
with shr~ps scattered through them.

At first the small proportion of shrimps retained in the lower cod­
end were sortedfrom the rubbish and kept. This 1iao, however, laborious
and it uas decided to leave the louer cod-end open and aUol1 its contents
to escape. The time saved in sorting has made more timeavailable for
fishine. A later development has been to cut out the lower cod-erid'
0.1together" but to have a large-mesh (50 mm) blinder running obliquely
bacblards and do~mwardsin the tunnel of the net, with a hole in the
belly just in front cf it to allow fish and' other rubbish to escape
(Fig. 9); the shrimps pass through tho blinder into the fine-mech
(20 ~~) cod-end.· , .

,
Uhile an· observer uas on board the "Florence Elizabeth" in October'

1967,the escape hole UClS laced up to determine i'lhat uould have escaped;'
this amounted to 22 ke,of fish und other rubbish.and onlyO.3 kg of .
shrimps.· '.The cod-end contained 75 kG cf shrimps, which·on·sicving yielded
32.kg of marketable.shrimps, and only 8.5 kg of.small fish~

Thio indicates that few shrimps and ~uch fish and other rubbish are
lostthrough the escape hole. Indeed, so effectivc is the method thät
i t has been found possible to dispense l1ith the crab riddle. . l~ont of
theAnnan ~oats are nou usine the modified net arid the skippers Sa;{

their daily catch of ohrimps has increased.

"
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TABLE 1

Selection of shrimps by the "threepenn,y riddle"

Carapace
length (mm)

No. retained
by riddle

No. escaping 1 cl •

th h 'ddl t fO reta~ned...roug r~ e r

4

5

6

7

8

9

10

11

12

13

14

15

36

80

73

19

3

2

1

1

41

171

101

42

22

20

6

0..0

0.0

0 .. 0

0.0

0.0

62.1

80.0

92.4

100.0

100.0

100.0

100.0

TABLE 2

Catch of shrimps in the upper ~d lower cod-ends of the
Dutch-type modified trawl; M.B. "Florence Elizabeth",

April 1966

Haul Noo 1 2 3 4 5 Total

Vit of shrimps in
15·9 19.1 15·9 12·7 12·1 16.3upper cod-end (kg)

Vit of shrimps in 1.6 4.8 1·9 4.8 4.8 23·9lower cod-end (kg)

%of shrimps in 91 80 67 13 13 16upper cod-end
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PEF~CENTAGE OF MALES IN TOTAL CATCh.
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Fig.S. MEAN CARAPACE LENGTHS OF MALES AND FEMALES.
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