
orts No. 57, VoL 4

PFOc: EINGS F THE WORLD SCIENTIFIC CONFERENCE
ON THE PIOLOGY AN CULTURE OF SHRIMPS AND PRAWNS

ACTES D LA CONFERENCE SCIENTIFIQUE MONDIALE
SUR LA BIOLOGIE ET L'ÉLEVAGE DES CREVETTES

ACTAS DE LA CONFERENCIA CIENTIFICA MUNDIAL SOBRE
OLOGIA Y CULTWO DE CAMARONES Y GAMBAS

Mexico City, Mexico, 12-21 June 1967
Mexico (Mexique), 12-21 juin 1967

Ciudad de México, México, 12-21 junio 1967

ROME, 1970

j

V

FRm/R57.4 (Tri)

A FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS

F 4 0 ORGANISATION DES NATIONS UNIES POUR L'ALIMENTATION ET L'AGRICULTURE
ORGANIZACION DE LAS NACIONES UNIDAS PARA LA AGRICULTURA Y LA ALIMENTACION

47 ?

Fisheries Re fI



- -. FAO LIBRARY AN: 100706

Flbiì/591

FAO Fioherie ynopuIo No.91 SAST - Shrimp

SYNOPSIS Oli' BIOLOGICAL DATA ON TItE COM1ON SHRIMP
Crangon crangon (LLnnaeuo, 1758)

Expoo oynoptiquo ow la b:Lologio de la orovotto
Crangon urangon (Lnnaeuo, 1758)

5inopsi eobre l biología dol carnar6n
Crangon cranon (Linnaeus, 1758)

prparod by

C TIEWS
notitut fUr KUeon- und Binnenfiochorel
Bunde oforsohungeanetalt fUr Flechero i
Hamburg, Fedorl Republic of Gormany



e. ermgon i

LIThNT ITY

1.1 Ì1omenclature

1.11 Valid name
1.12 Objective synonymy

1.2 Taxonomy

1.21 Affinities
1.22 Taxonomic status
1.23 Subspecies
1.24 Standard common names, vernacular names

1.3 Morpholojy

1.31 External norphoÏo
1.32 Cyto_morphologyC
1.33 Protein specificity

2 DISTRIBUTION

2.1 Total area

2.2 Differential distribution

2,21 Spawn, larvae and juveniles
2.22 Adulte

2.3 Determinants of distribution oLangee

2.4 ybrjdjzatjon*

3 BIONOMICS AND LIFE DISWRY

3.1 Reproduction

3.11 Sexuality
3.12 Maturity
3.13 Mating
3.14 Farti) jzatj.on

3.15 Gonads
3.16 Spawning
3.17 Spawn

3.2 Pre-adult 2baeo

3.21 Embryonic phase
3q22 Larval phase
3,23 Adolescent phase

3.3 Adult phose

3.31 Longevity
3.32 Hardiness
3.33 Competitors
3.34 Predators
3.35 Paracitee, diseases, injuries and abnormalities

- J169

CONTHNPS -

1
1

i
i
2

2

2

2

2

2z1

J.

i

i
i

i

3 1

i

i

3
3
3
3
3
5

'r

7

9
10

3i10

10
10
ii
13
13

/ This synopsis has bean prepared according to outline VersIon No.2 (H. Roma, Jr.,
FAO Floh Synopm., (1)Rev.1, 1965).



1170

4.41 Mortality rates
4,42 Factors causing or affecting mcrtality
4.43 Factors affecting morbidity
4.44 Relation of morbidity to mortl.ity r

4,5 Iynaiaios of population (as a whole) e

4.6 The population in the community and th ecosystem 6

LOITATION

Fishing equipment i

5.11 Gears i
5.12 Boats 4

5.2 i'iehjng areas 4

5.21 General geographic distribution 4
5.22 Geographie rangos 4
5.23 Dopth rangeo 5
5.24 Conditonc of tb grounds 5

5,3 Fishjn seasons 5

5.31 General patbern of nonson(e) 5
5.32 Daoc of beginning, peak and end of Boason(s) 5
5.33 Variajo in dato or duration of aeeon 5

4 POPULATION 4*].

4.]. Structure
i

4.11
4.12

Set ratio
Age composition

i

1
4.13 Size composition

i

4.2 Abundanoe and density of population 3

4.21 Average abundance 34.22 Changea in abundance 34,23 Average doneity 34.24 Changea in density 5

4.3 Natality and recruitment 5

4.31 Reproduction ratee 54,32 Factors affecting reproduction 5
4,33 Recruitment

5

4.4 Mortality and, morbidity
5

ti FRIn/891 C. orangon

eNo,

3.4 Nutrition and growth 15

3.41 Fed.ing 15
3.42 Food. 16
3.43 Growth rate

17
3.44 Metabolism 21

3.5 Behaviour 21

3.51 Migrations and looal movamente 21
3.52 Schooling 23
3.53 Responses to stimuli 24



-- 117] -

FHa i C crangon i) i

No,

5,4 'ishtng operations and resulta

5.41 Effort and intensity
5.42 Selectivity S

5.43 Catches

6 J 1JUTHCTION AN I) MAÌ4AH Ji7J ENT

6.1 Regulatory (legislative) measures

6.11 Limitation or reduction of total catch I

Limitation on the efficiency et fishing unite I

- Limitation on tof;al catches (quota): taily,
seasonal, annual I

6,12 Protection of portions of population
- Closed areas euch as spawning or nursery grounds
- Closed seasons
- Limitations on si.o or efficiency of gear or graft
- Hestrictions based on sex or condition *
- Restrictions on use of fish

6.2 Control or alteration oijh'eica1 features of the environment

6.21 Regulation of flow
6.22 Control of water levels
6.23 Control of erosìon and silting
6.24 ?jshwa,y at artificial and natural obatructioe
6.25 ish screens
6.26 Improvement of spawning grounds
6.27 Habitat improvement

6,3 Control or alteration of chemical features of the env:irexlment*

6.31 Water pollution control
6.32 Salinity control
6.33 Artificial fertilization of' waters

6.4 Control or alterations of the biological features of the
environment *

6,41 Control of aquatic vegetation
6.42 Introduction of fish foods (plant, invertebrate,

forage fishes)
6.43 Control of parasites and disease
6.44 Control of predation and competition
6.45 Poai1ation mariijalation

6.5 Artificial stocking w

6.51 Maintenance stocking
6.52 TransplantntlonJ introduction

POND FISH CULTURE *

8 REFERENCES

As no information was available to the author, these tternn
have been omitted from the text.



i IDENTITY

1.11 V,,ltd nane

0rango, Orangen (Linnamus, 1758)

1.12 Objective synonymy

Cancer gpgon
Linnasun, 1758, Syst,Nat. ed.1O, vol.1,
p.632 (original combination)

AStaOUB
(Linnanum, 1758) Fabriciu, 1775, Syet.
Eat,, p.417.

Cancer (ABtaOUO? orangen
(Linnaeui7) lierbet, 1792, Versuch
1(aturgeeoh, Krabben Krebe vol.2, p.75.

Cranon is
Fabricius,

17989
Suppl.Ent.Syst. p.38?,

Crago vulgarie
(Fabricius, 1798) Lainarok, 180]., Symt,
Aiiim.s,ltert,, p.159.

Aetacue (Cran) vu1gariu
(Fabrioius, 1798) Moore, 139, N .nat.
Hick,, n.ser.vo]03, p.290.

Crangon vu1riu,
(Fabriolus, 1798) Carus, 1885, Prodr,
Faunae Moditerr., vol.1, p.482.

Crangon
(Linnaeus, 1758) Sharp, 1893, Proo,Aoad.,
nat.Bci.Philad., 1893, p.125.

Cranon c,rargon typjoua
Doflein, 1900, Fauna Arctics., vol.1,
p.325.

1.2 Taonou

1.21 Affinities

Supragerieric

Phylum .Arthropoda
Class Cruntaces.
Subclass Malacoetraca
Series a1acoetaoa
Sparordor lkicarida

Order Decapada
$uborder Natantia
$ection Caridea
Superfamily Crangonoi.de

Family OrT nir1oo

-. -

Generic

Craon Fabriciun, 17989 Supp1.Erit
ryn*, p,387; type spacien by aboltße
.T.flym» Cancer n'nael2e, 3.95e'

(not Cian Weber, 1795). Crangon Feb-
ricius, i79 in placed as name no. 807 on
the Official Lint of Oncena Namen in
Zoology (1955, Opin.]lecl.Int.Comm.ZooJ..
Nomenol., vol.10, p.1-44, Opinion 334)
in the seme Opinion Orangen Weber, 1795
ta suppreeed and plaond, am name no.28,
on the Official Index of Rejected and
Intrali.d Øsnerio Namen !n Zoology.

Definition. First perniopod witi
strong aubohela having a median tooth on
the lower margin of the serum. Seoond leg
elender, almoBt as long as first, with a
true ohe].a oarpa u atad, 'outh
and fifth lege not broadened for wirnping.
Carapace in the anterior half with three
spinee, ne median two lateral; no other
median spines. Recently Zarenkov (1965)
revised the genus and p1it off several
genera from the old Cr&ngon s.l. Within
the genus Orangon 8.99. a new subgenus
Neocrangon Z.srnkcv was established by
him,

Objective generic eyncnynisn

Cra,o Lamarck, 1801, Synt.Anim.sane
Vert,, p.159, Typo species (by
moncypy)., Ce.ncercrangon L., 1158,

CranFoflun RafineB4uo, 1815, Anal,
Nature, p.98. Replacement name for
Crangon Fabnicius, 1798,

Subjective generic ayrionym*

racranon Kìnahan, 1B61, 'Ians.
Roy.Inish cad,, 24(1), p.56 (type
species (by mono typ)') Crangon
allmanni Kinahan).

Spec if io

Identity of type speclmona

The type material of Cancer crallgo9l
no longer exìsts, but the original des-
oriptiori ]eavee no doubts as to the
Jdnf,ity of th pno5.ea.

Type ]'.ealjty

R] tic Sea; "Habitat in M1are
¡5)thioo" (Llnnseus, i78, hy5.25i.
O, vol.1, p.63?).

1)1 agnoain

Third mz1Jlipad with n
ai rt abdomi ec'e' flpO\i aboyo



out two distinct carmas, with a longitudinal
median groove on lower surface.

Subjective synonymy

Cnon rubropunotatus
Risse, 1816, Hist.nat,Cruet,Nioe,p.83.

Crangon maoulosa Rathke, 1837, M4m,Acad.
Soi,Potorsb., ser, 6B vol.3, p.366.

Crnn'on vulgaris naculosa
Rathke) Czerniaveky, 1368, Trans,

Meeting Russian Natural. St.Petersb,,
vol.1, p.126.

Cranon maculosa typtoa
Czorniov84, Trane. 80e .Univ,Kha.-
ko, vol.13 suppi,, p.71.

Crngon anoulosus brevirostria
Czerniavsky, 1884, Trane.Soo ,Univ.IChar-

kow, vol.13 suppi,, p.72.

maoulosa euohuxnioa
Czerniavsky, 184, Trans .Soo .Univ.Khar-
kow, vol.13 suppi.., p.72,

Steiraoran on orientalie longioauda
intermedia
Czerniavsky, 1884, Trane.Soo ,Uaiv.Khar-
kow, vol.13 suppl,, p.74.

Steiracran on oriontalis brevioauda
Czerniavsky, 1884, Trans .8cc ,Uuiv,Khar-

kow, vol.13 suppl., p.75.
Crangon vul arie Sludlovskii
Oatrouinofi', 1 96, hsm,Soc,Batural,Mohv.
Rums,, vol.20 pt.2 no.3, p,75,

Artificial key to the European species
of Crrxou

Sixth abdominal somito dorsally
without osrinac

Crangong (L.)

Sixth abdominal semite dorsally
with two sharp longitudinal carinac

Cranon alimanni Ki.nahan

1.22 Taxonomie statue

Cranion ono.- .la the type species of
the ronun, Tho nuribor of species placed by
doront c'.uthoi'o in the genus varies consider
ch!y. Zoronko' (1965) who recognizes 2 sub-
go rtthl Crron, nczigna 7 opocies ,o
the ypir.l. uubnnum. Oho born plac
oro than 0 opooioo r' C'sníon. Tbo poeitìon
ot thu opo:o 'og.r to tho o]cz1y re-
1atc' OL "uiIerOLU £nr,' uop.ainp1nosn Soy,
cn ihurtc'i (, lzrIoae' Loodnßtcn to

s eoratn Ihsy migh ho nubopaoioe o' a
species or oven full synonyms of each

er,
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1,23 Subspecies

Some authors consider the southern
form of this species which inhabits the
Mediterranean and the Black Sea as a dis-
tinct subspooies Crangon crangon rubro-
punctat Risse, 1816, but as a rule no
subspecies are recognized within Crarigon
crangon.

1.24 Standard common names,
vernacular names

Standard common Vernacular
names names

crevette crevette grise

He etere je Sendhest

oommcfl shrimp brown, grey and
sand shrimp

crevette crevette grime

Nord eeegarne le Mordsoekrabbc
Krabbo, Granat,
Kraut, Porre
Sanduhl

gaz'naal Nordzeegaz'naal
Garnaat, Garn
Gs.rnaal

Sandreko

RLkhdst

1 .3 polo

1.31 External morphology

Generalized

Ehrenbaum (1890) gave a thorough
description.

Geographic varìation

Mauchor (1961) carried out comparative
measurements on the body, antenna, and ex-
tremities of two samples of Crangon
from the Forth Sea and the Baltic Sea,

Morphological definition of sub-
populations

No eubpopulations have been dis-
tinguished so far.

Deecription cf morphological changes
which occur during growth including
quantitative data

Tiowo (1954e) gava dotai1.d :lnfors-.
ation on the moan length of tho ondopoUto
of the first pleopoci, on the moon nunibor o.
the olfactory haire on tha o]fnotory branch
of tho first antenna, on the moan maximal
width and moan numbr of segments o? the
factory branch cf the firet cncnna, onO o
the number cf segmento of tb o)faotory
branch of the firct c,n.onr,o. rLthout rn
for both saxos of dtffcrent cze çv'no

Country

Belgium

Be nms.rk

England

France

Germany

F t her-
lands

Norway

Sweden
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2 DISTRIBUTION

2.]. Total area

Geographic distribution

North Seo, Baltic Sea up to the
fjords of 1'th1and, coasts of North and
Nest Europe, Mediterranean Sea (Ehrenbaum,
1890).

Biogeograp)iical and natural
oharacteristios

Main distribution in highly product-
ive estuarios with strong tidal movements
of brackish water rnasses,in the temperate
climate zones of Europe between 45°N and
57°N, on sandy and muddy substratum,

2.2 Differential distribution

2.21 Spawn, larvae and
juveniles

Larvae present from middle of May to
early October in the Sound off Ven
(Thereon, 1946), and from December to
August in the off-shore waters of the
southern North Sea (Reos, 1952). During
a 14-years observation period in the Elbe
estuary, larvae wore found in the poly-
halme region from April to October, and
with maximum abundanoe durIng May and Juno,
Not preont in January and February when
surface water temperatures were below 4°C,
During March they were found only after
warm winters. Early larval stages were
moro abundant at some distance from
the coast than close inshore. This
is supported by other observations in
whioh ovigerous females concentrate before
hatohing in the deeper off-shore waters,
(Meyor-'Waarden and Tiews, 1957), In the
F2lbe estuary C. crangon larvae appear in
doopor w6.ter later in the year. C. orangen
lai'vro were found to be more abundant
dur.r.g low than during high tide (Kiflu and
Mann9 l963a, 1963b), According to Plett
(1965a, l965b) off the coast of Ostfries-
land, the greatest abundance of larvae was
between the lO a and the 20 in line and de-
creased considerably both in shallower and
deeper waters. In the area covered by the
outer Elbe, and between Helgoland and
Bisum, the distribution of larvae was
noosiderably more seaward extending
to Helgoland. During the summer of l963,
off the coast cf Ostfriesland, luí) to 450
shrimp larvas were counted under i m27
a compared with 800-2500 in the Elbe area,
A reversed piture was obtained in 1964
(Plett, 1965a 1965b), when considerably
eers lsrvae were found off the coast of
Cstf'rjaeland in the Elbe area.

The general distribution pattern of
ehrimp larvae in the two areas appears
to depend on the system cf coastal
currents which flow in the outer Elbe-
Btsuin-Holgo1and area towards the wt and
northwest, and therefore transport C.
orangon larvae more off-shore, while a
west-east ourrent off the coast of
Ostfriesland transports the larvae
parallel to the coast and thus con-
contrates the larvae ±n a relatively
narrow strip,

No correlation could b found be-
tween larval distribution and water temper-
aturo and salinity. KOhl and Mann (1963a)
however, stated that the differenoes
observed in the abundance of larvae during
the month of May in various years might
be positively correlated with water tern-'
peraturee.

Larvae of C. orangen and C.
ailmanni occurred irregularly and
sparsely froc May to September in the
area off Newoastle-on-Tyne. All five
larval stages were found, the first
disappearing from samples after July
(Jorgensen, 1923),

2.22 Adults

See Section 3,51,

In the Baltic Sea the main -dis-
tribution is near the coast, bights and
fjords, but it has also been observed
far off shore in the center of the Baltio
and near Gotland (Banking, 1927). Ii Is
found all around the English and Welsh
ooastline but ite density varies from
area to area (Mistakidis, 1960).
During the winters 1959 to 1961 C, Qra on

could be caught simultaneously on the
usual Gorman fishing grounds and in the
deeper waters at some distance from land,
However, even the best catches taken in
this period were about the same as the
average catches obtained during the end
of the usual fishing season, Moreover,
they have been obtained only in re-
stricted areas at depths between 10 and
20 a. (Meyer-Waarden and Tiewa, 1962,
1963e). Vlollebaek (1908) found C..

on in the Brevik Fjord during
November and December an deep as 120 ei,

2.3 Determinants of distrIbution
chan)Le s

See Section 3.51.
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3 BIOVOMIOS AiD LIFi HISTORY

3.1 Reproduction

3.11 Sexuality

Hermaphroditism, heterosexuality,
intersexuality

Acoord!n to Ehrenbaum (1090),
Havina (1929), Meyor-Waarden (1934, 1935a,
1935b), Nouvel et van Rysselberge (1937)
Lloyd. and Yongo (1947), and Tiuwe (1954a

is heterosexual. Boddoko (1961,
1962a, 1962b, 1966P.), on the basis of histo-
logical gonad studies and intersexual
otages of the endopodites of the first
pair of pleopods, concluded. that O. cranjofl
is a protand.rio hermaphrodite and. exhibits
sex reversal. Meirner (1966a), who bred C.
orangon from the 3rd larval stage up to
sizes of 5-60 mm (20 males) and 65 sim
(5 females) within 14 to 15 moth, did.
not observe any sex change, which is
euppoeed to take plaoe according to
Bocideke (1961) at a length between 42 and.
46 mm.

Nature and extent of hormaphroditism

Bod.deko (1961) stated that sex change
from male into female occurs at a length
between 42 and. 46 sim with a possible sex
change at a later stage.

According to Boddeke (1962a, 1962b)"A
sex change takes place in August and
September. In these montho egg production
begins in the gonads of the spent male.
At the same time, the appendices of the
first pleopods of these spent males are
increet3ing in length to enable the
attachment of eggs in due course, There
are indications that sex change may also
take placo in February/March. The almost
total absence of egg-bearing shrimps in
the period 15 September to 15 October can
be explained in terms of absence of
functioning males in August and September.
Obviously this makes fertilization im-
possible in these months." Boddeko (l966)
reported: "Male shrimps taking part in the
mating in Uctobor to February chango their
sex to female in March, Male shrimps
taking part in the mating in March to .Tune
change sex in April to July."

Sexual dimorphism

TIi,i endopoditea of the first pair of
ploopode aro much shorter in the malee
than in the females. In the females they
are always clearly visible and looP like
narrow spoons, which are twisted along
the ir longitudinal axis. In the ma] or

- 1175 -

this appendix is spino-'liko and , l,oaaV
its small size, hardly visible without
a hand lens (Rhrenbaum, 1890). In anima Ì
up to 20 ¡mn long the endopodite of ho
first pair of ploopods is of similar ciao
in both sexes, but in the malos it is Lest
in s hooked position over the Joint bo'-
tiann basipodite and oxopodite, At a
body length of 35 mm it has lengthened
and poasesees three hooked and two
straight spinee. Finally, at sexual
maturity, it Is heat moro acutely and
boors twelvo hooks and eighteen spines
along the outer side (Lloyd and 'lange,
1947). The length of those endopodites
cannot be used for exact sex separation
at animals below 40 isis in length (Plows,
1954a). Boddeke (1961, 1962a, l962b)
confirme this. An appendix masculina
(Fig, i) is attached to the ondopodite of
the second pair of pleopods (Nouvol, 1939).
The endopodite of the second pair of
pleopods is biramous in the malsa. The
inner branch, or appendix masculina, is
spinous on one sido, while tho outer
branch resembles the unhranched endo-
podite of the female and is similari]:'
clothed with long plumose setao. rho
fully developed. appendix masculino
poesesses 18 strong spines along the nid
and tip of the remue. As noted by NouveL
(1939) it is late in developing, cml at a
1engh of 35 msi the maus hOe only three
or four spines (Lloyd and Yonge, 1941).

Kryer (Ehrenbaum, 1890) found that
in animals of the same size the outer
(olfactory) branch of the firot antenna
has more segments and, is broader and
longer in males than in females.
Olfactory hairs normally occur in two
transverse rows on the lower nids of
each segment. In the male, each row is
longer, with more hairs, and th number
of segments io greater, so that the
total number of olfactory hairs i con-
siderably greater than in the female
(Tiews, 1954a). The first four to
seven segments carry olfactory hairs
in the sale but not in the female shrimp
(Tiws, 1954e). This character permits
the separation of oozes down to the size
of 30 mm, while the appendix musculina
is a valid distinguishing character clown
to tho size of 25 mm, when externa] snxuul
dimorphism occurs for the first tiar'

According to hron'baum (1090) the
c'econci antenna i.e longer than the to tal
holy length in males, and shorter in
i'orriale. Al though Tiers (i 954e) conl'i rise cl
tIja t in animals of the some nizo thooe
autounac aro longer in males than in
lema] es, he found that In 1)100 t 00000 'l'oh
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in malos they are shorter than the total
body length. This character is not
practical for separating the sexes, as in
preserved material the antennae often
break,

The genital openings in the females
and malee are on the bases (ooxopodites)
of the third and fifth pnlr of perejopocle
respectively (Ehrenbaum, 1890).

Lloyd and Yonge (1947) stated that the
female p1eopode undergo considerable ohangee
during development and desorh these fully,

3.12 Maturity

Age at which sexual maturity is
reached and its variations with sex,
aubpopulations, size and rate of
growth

According to }favinga (1930) females
beoome mature at an age of 21 to 22 months;
at approximately one year, according to
Meyer-Waarden (1935b), and Tiews (1954a);
at approximately two 'ears, according to
Lloyd and Yonge (1947). According to
Tiews (1954a) males also attain maturity at
an age of approximately one year.

Meixner (l966a), who reared common
shrimps at a constant temperature of
14°C, which is 40C above the annual
average temperature in the German Bight
where Crangon has its main oentre of
distribution, observed that male and.
female shrimps attained maturity at the
same age of approximately 10 months,

Size and weight at sexual maturity

See section 4.13.

3.13 Mating

C. oran is promieououe.

See also section 3.16,

3.14 Fertilization

The fertilization of the eggs is
external.,

See also seotion 3,16,

3.15 Gonads

The relationship between the number
of eggs attached between the swimmersto
and the total length measural from the
tip of the antonnal scale to the tip of
the telson is given in Fig, 2a.
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Jensen (1958), using the egg oountt
made by Huvinga (1930) and Meer--Waarden
(1937), stated that it seems to be
reasonable "to consider the number of
eggs per female in Crangon crangon a
linear function of the length of the
female raised to the 3rd power" (Fig.2b).
Lloyd and Yonge (1947) gave a general
aaoount cf the ovaries and testes
"The paired ovaries extend from the
dorsal surface of the gizzard ("cardiac"
stomach) to the third abdominal segment,
Growth in each ovary is slow up to e. body
length of 40 mm, but increases greatly
with the approach of egg laying in the
summer of the second year, After spawn-
ing the ovary is reduced to about 1/10
of its former mass, but during the summer
new eggs are rapidly formed and by the
end of the period of egg-carriage the
ovary may have regained half of its
former size, After the last spawning of
the season there is little ovarian aot-
ivity and the animal passes into the
winter resting conditions with the ovarios
only slightly exceeding their minimum
size,"

"The testes are situated in the sarna
region as the ovaries and are also united
anteriorly and centrally, They become
very active when the males attain lengths
of about 40 mm, when all stages of
maturation of spermatozoa are present and
ripe spermatozoa oocur in the vasa

"In the spermatophore i
finally extruded as a thin strand-like
vermicelli containing masses of sperms
at irregular intervals,"

Number of eggs or broods px'oduoed
by an individual

On the assumption that C. oranon
spawns thrice a year, 8,000 to 9,000 eggs
are prod.uoed by an individual during its
eoond year of life and 24,000 to 26,000

eggs during its third year of life, than
a total of at least 32,000 to 35,000 eggs
may be produced during Its whole life
(Meysr-waarden and Tiewe, 1957).

3,16 Spawning

Number of epawnings per year

According to Ehrenbaum (1890) thoro
aro two spawnings; aoocrdin to liavinga
(1930) Meyer-Waardon (1953e.), and Ticzo
(1954a5 there are three. Meiznor (1966a)
observed that from five reared females
one spawned five times in the aquarium,



at water temperaturen of 1400, within
five months (Aprii to Auguot), two four
times, one th:ricn, end one twice
(average 3,6 ni:i.mings),

Spawning seasons

Wollebaek (1908) mention egg bearing
females off Bergen from August to
December (deep water). Honking (1927)
observed the first egg-bearing C. crangon ii
the Baltic Sen in May. In June and July
more than 70 peroent of the shrimps were
with eggs. No observations could be made
by him in August and September, and he
did not observe any egg-bearing Crangon
during October to December,

Ehrenbaum (1890), Havinga (1930), and
Meyer-Waarden (l935a) all observed spawn-
ing C. crangon in both summer and winter
months along the continental shores of the
North Sea, hrenbaum and Meye-faarden,
working at Caroliensiel and the Jade Bay
respectively, found two spawning periods,
one extending from spring to the end of
July and the other from November until
February.

Lloyd and Yonge (1947) otatedthat i
the Bristol Channel there are probably
spring and summer spawning periods, the
two overlapping. The first starts at the
end of' January or in early February and
lasts until mid-April or the beginning
of May. Egg-berried shrimps occur in the
Severn only during the spring,from March
or April to June,

Tiews (1954a) found three spawning
periods at Btisum; two extend from April

to August, and one from November to
March. Very few egg-carrying females
were found during September and October,
Flott (1965b) recorded the macimum number
of larvae along the German coast from
June to August.

Spawning timo of the day

According to Nouvel (1939) and Tiews
(l954a) spawning in the aquarium takes
place during dusk.

Soquenoe of spawning of individuals
in a population

Honking (1927) stated that in the
Baltic Sea the larger sized shrimps begin
to spawn earlier than the smaller onee.
During May egg-bearing shrimps wore
between 50 to 60 mm, and only from June
onwaxl small shrimps, down to 30 mm,
were with spawn.
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At Büsuni, Tiewe (1954a) observed
relatively more small egg-bearing
shrimps at the beginning of the summer
spawning period than later on.

Shrimps originated, from winter es
are likely to spawn for the first time
during the winter, and those from summer
eggs during the summer (Havinga, 1930;
Tiews, l954a). The results of both
authors differ in that the shrimps are
then about two years old according to
Havinga (1930), and only one year old
according to Tiewe (l954a).

Factors influencing spawning time

Low temperatures may delay the
spawning period (Lloyd and Vango, 1947)

Relation of the time of breeding
to that of related and/or
associated species

Mistakidis (1960) stated that in the
Thames estuary where C. crangon are abundant
Fandalus montagui spawns from November
through winter with the highest peak in
January. By the beginning of April the
majority of the eggs will be hatched out,

Location and type of spawning
ground

According to Tiews (l954a) mating
and spawning take place on the fishing
grounds along the entire German coast.
These grounds may be sandy.or muddy, and
they are shallower than 20 n. He oon-
dudes this from the high percentage of
ripe females which had just moultecl and
wore caught b.y the fishery. (See also
section 2.21.)

Nature of mating act

The process of copulation in Crangon
has been described by Nouvel (1939) and
confirmed by Lloyd and Yonge (1947), and
Plows (1954a). It is essentially
similar to that in other Caridea such as
Athanas nitescens, Palaemon alegane, and
Alpheus dentipes. Some of the details
are quoted from Lloyd and Yonge (1947):
"After certain preliminary behaviour,
described by Nouvel, the male turned
the now passive female on to her back
and then bent his body in a U-shape
transversely across that of the female
about the junction of the thorax and
abdomen so that the ventral regions of
the two animals were in contact."
Nouvel (1939) stated that the femalos
sometimes permit a eeeond oopulation.
This was not observed by Lloyd and Yona



- 1179 -

3:5

loosened by the second porelopods whoh
also assist in the final liberation of the
larvae, This has been oonfirmod by Lloyd
and Vengo (1947). After hatching, the
egg membranes and strands of cement remain
attached, to the pleopods until the next
moult,

Meixner (1967) oonfirmed that spawning
may take placo in mature C. orangon without
prior mating.

3.17 Spawn

Description of external morphology

The colour of the fresh egg is a dirty
white. The eggs themselves vary slightly
in size; some ars nearly spherical but
the majority are ovoid and have a long
axis of 0.024 in ( 0.061 mm) and a
short one of 0.018 in (r. 0.046 nun)
(Kingsley, 1886). Immediately after spawn-
ing the egg is round and bas a diameter
between 0.35 and 0,40 mm. It grows nearly
exclusively in one direotion and is of
elliptical shape shortly before hatching
(longitudinal axis 0,70 mm, short
axis = 0,40 mm), During this process the
colour changes from white to greenish grey,
Shortly before hatching the embryos can be
seen through the egg-shell. When boiled
the colour of ripe eggs changes to blue
violet or nearly black, while unripe eggs
remain white. After hatching the empty
egg-shells remain attached to the mother
animal until the next moulting,whioh takes
place soon after ('Shrenbauin, 1890).

Summer eggs (long axis 0.37 mm) are
smaller than the corresponding winter eggs
(0.43mm). Eggs in the earliest stages of
development are whitish and nearly
spherical, while those with embryos ready
to hatch are greenish with pigments, much
bigger, and shaped like a hen's egg
(Thcrson, 1946).

The seasonal variation in the size of
spawned eggs is given ici FIg. 3 after
Havinga (1930).

Size and shape of vitellus, vitelline
membrane, number of oil globules

"The egg is enveloped in a very thir4
structureless envelope inside of which
were found no traces of an inner or
<rite11ine membrane, nor is there any
dpace between the shell and the yoke,
Pbs protoplasm occuplea a central position;
it is not regular in outline, but gives
off paeudopodal prolongations which
ramify and pass between the yoke ophorulso
in all directions, The protoplasm is
granular, the granules apparently taking
a deeper stain than the root, though

FSm 591 C. cranon

(1947) and Tiews (1954a). Nouvel (1939)
also recorded the oopulation of large females
up to a length of 58 mm, with malos of from
30 to 36 mm,

Tiews (l954a) observed the copulation
of a female of 81 mm with a male of 38 mm.
The author stated that copulation takes
placo only after the female has just moultod.
Ho found remnants of spormatophores on the
endopodites of the first two pairs of pleo-
pods in 35 out of 89 males whioh had just
copulated. He concluded that these endopo-
dites might sometimos help to attach the
spermatophores close to the genital opening
of the female.

Variation in mating behaviour

Tiews (1954a) observed that the male
might copulate with the female even when
swimming.

Nature of egg laying

According to Lloyd and Yongo (1947):
"Eggs aro laid within two clays of moulting
intc the egg-carrying condition irre-
spective of copulation. If copulation
has occurred, spawning normally follows
within 24 h. Nouvel states that small
females spawn immediately after copula-'
tion, larger ones after 24 h, but very
large ones after 48 b. Where copula-
tion has not occurred the eggs fail to
develop and drop off. This is apparently
due to the very limited amount of
secretion produced by the cement glands,
the stimulus of copulation being
apparently necessary possibly by way of
the production of some hormone which
affects these glands as suggested by
Yonge (1937)". They also stated that:
"As the timo for spawning approaches, the
animal refuses to eat and retires into
a sheltered position. The pressure of
the ovary on the stomach may prevent
normal intake of food. Following moult-
ing and copulation, the female cleans
the egg-carrying setas by stroking move-
ments with the tips of the second pali'
of pereiopods. During spavmirig the
animal lies em one side with the abdomen
bent under the thorax and the eggs then
pass book in chains from the genital
openings assisted by movements of the
spoon-like eridopodites of the first pair
of pleopods."

Further details on egg attachment
can be soon in Lloyd and. Yongo (1947)
and Tongo (1955).

Meysr-%Vaarden (l935a) stated that
towards the end of the egg-carriage,
the ogg mass is frequently probed and
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t h i s appearari n On d i e t o o ri i fforcn i
refract i ve lud ex TO r ni 1 rina i s large
and vacuolatod, and in jt interior im
a well developed chromutin reticulum,
which traveraca it in all directions, the
fibres uniting on the wafl of the nuoleun
in a thickened layer, The yoke is
granular, t he yoke l oho 1cm rangi n g coo-
mideribly in size" (Kin1iey, I 1306)

3,2 Proadult phase

3.21 Embryon i o phase

(1'ooraI features of development of
embryo

"In Crangon the anuo occupies the
position of the blmìutupore. In Cranon
and many other Crustacea the young
germinal area is actually larger than the
neh older embryo. All the appendages
belong to the primitively postoral series
and the appendages move forward more
rapidly than the corresponding ganglia,
There aro indioations of segmental sense
organs in every segment of the embryo0
The alimentary tract proper is nearly
if not entirely, formed from the
proctodeal and etomodeal invaginations,
the entoderm giving rise to nothing but
the liver. The green gland is mesodermal
in origin and belongs to the category of
segmental organe. The genital ducts are

modifi ed nephri dia, The nmipliuu le an
in t roduced fr i t ire and repro ei t a no ad u) t
ancestral conditi on i ir t he crusts oeao
phylum", (Kingsley, 1889).

The size inorerree of the egg dune:
the development of the embryo, ea n Lodi pi
by Ehrcmnbaum (1890) is given in table J.

tIntes and. periods of development
and, survival and factors affecting
these, including parental care

Ilavinga (1930) calculated the duration
of the development of the embryo in the
eggs in relation to different temperatures
using the relative abundance of four different
developmental stages of shrimp eggs in catnh
samples. Tiews (l954a) kept freshly spawned
shrimps in a 50litre aquarium and determined
the time of hatching of the larvae under
three different conditions, The results of
both authors (Fig, 4) are in agreement ant
clenionetrate the relationship between the watei'
temperature and the duration of the embryonic
development. Under optimum feeding conditions
larvae hatoh after three weeks at 18°c and
after four weeks at 14°C (Meixner, 1966b).

From observations on berried females
of C. OranGen on the German North Sea coast,
Neixner (1967) estimated the incubation time
of eggs as shown in Table II.

TABLE I

Size increase of' egg during development of embryo

Stage of development length, mm width, moi

Mature eggs, but unfertilized 0.32 0.35 0.32 0.35

Beginning segmentation 0.35 0.35

Gast rule 0,37 0.38 0.33

Embryo without extremities 0.40 0.34 0,35

Nauplius etage 0,42 0.43 0.37

Al]. extremities laici out 0.47 0,48 0,42

First traces of eyes 0,50 ;. 0,52 0.42 0.42

Large eyes and. much pigment 0,58 059 0.40 0.41

Shortly before hatching 0,60 0.61 0.35 0.36
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3.22 Larvae phase

Generai features and, development

dhrenbaum (1890) gave the following
description for the five larval doges:

The larva, slightly coloured by few
obrornatophorec, hatches as a zoca-larva,
being approximately 2 mrs lang, excluding
the antennae arid the setae of the telson.
ilaxillipedes and telson serve as a loco-
motor organs, which enahlø the zoa to
uovo to the upper water layers. Stage 1
is characterized by 14 setas at the hind
edge of the telson and stage 2 by 16.
lin this stage the appendaPes of the 6th
abdominal segment, enclosed with the
telson, are visible through the skin
(length of stage 1 1.134 mm and of
stage 2 = 2.5 to 2.0 mm).

In stage 3, these appendages are
liberated and branched into two parts,
but have not yet reached the length of
the telson. The internal branch is near-
ly 1/3 shorter than the outer branch.
Abdominal segments 6 and I are for the
first time clearly separated. Above the
anal opening an anal spine his been
formed. Finally the swimming branch
of the first pair of walking legs has
developed, so that the zo6a has meta-
sorphosised to a mysis larva (length
3.2 to 3.4 arm).

Stage 4 is characterized by the
length of the appendages of the 6th
bUomiaa1 segment being the same as of
the telson. These appendages are densely
coverod with setas on their hind nd inner
edges. On the abdomen the 5 pairs of
wi.nimerets are clearly visible, on which
endopoditos start to develop. On the
last 4 pairs of' legs of the thorax the
initial segmentation is visible. On the
bases of the first 4 pairs of 'legs the
il1s start to develop as small buds
1ength 3,8 mm).
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In st ogs 5 the t horae a i 'g; aro

pletely developed and five giLl buds are
present (i ength 4,6 to 4.7 mur) (Fig. '),

The first larval s tage is u,atly trarre-
ra-nt, with yellow pigment arr the eye,

the aider; nf the carapace, dorsally rand
ver; tre i ly on the hind region of the abdorr -

iuial segments, and on the telson. There
Irr also a little brown pigment with the
yellow in each chromatophore. The yellow
pigment shines and sparkles to give a
silvery effect in reflected light. The
lar-va is slightly curved. All animals in
thi L; J;rrval etage have the same character-
.ltie coloration, although this may vary
in [n arrr; i Ly, arid they also show the
following characters: a sharp, thin
keoled rostrum; three teeth on the
antorior part of the lateral edge of te
carapace; a strong backwardly directed
spine on the posterior edge of the third
abdominal segment; and two long lateral
tooth-like processes on the posterior edge
of the fifth abdominal segment (Williamson,
19115).

Shrenbaum (1890) estimated thø
duration of total larval development
during spring to ho approcimately five
weeks so that each larval stage lasts an
average of eight days.

Thereon (1946) confirmed this tto-
ment saying that the larvae occur in the
plankton from early spring to autumn rind
the pelagic life will, taire about five
weeks, i.e., there is about one week be-
tween two noultings.

Type of feeding

lihrenbaum (1890) identified in
the stomachs of the larvae remnants of
different marine diatoms rind unidentified
zoo-organisms.

April May June July A;i-rct p,stem'-r

o
POmpera tore (J

I ucuhation time
ir; weeks 10

9-10 13-14

4.5

15-16

3,5

16-17

3,5

15-16

Sw/ c. orangon 3:9

TAILIW 11

incubation time of Crangon eggs
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PIagsann (1939) investigated twelve
soda larvae, of which nine had empty stom-
ache, while fragments of chitin were found
in three; in one a piece of Biddulphia was
also found.

Meixner (1966m) found that zoal stages
III, IV and. V can easily capture the living
naupili of Artemia salina,

3,23 Adolescent phase

General features of development

In the iuot postlarval stage (stage 6)
the second antennae carry long flagella
and the pleopods bear long swimming hairs
1'i, 5 D). The rostrum is shorter; the
slcon has diminished in width towards the

back and the number of' spines have been
reduced from 8 to 5, The next stage (stage

7) measures 6 mm; stage 8, 7.5 mm, sto.ge 9,
10.5 mm (ii11iamson, 1901).

Tiews (l954a) studied the growth of
the outer branch of the first antenna
(olfactory branch) from moult to moult.
Until the timo of sexual dimorphism the
:imber of segments of the olfactory branch
increases gradually by one from moult
to moult, When the sexes can be separated
for the first time by external characters
the olfaotory branch ham h segments,
The shrimps hayo then a length of approx,
25 nm, With further development the
growth rate of arles and females differs
and. oLo the numijer of segments of the
olf'ao.oy branch, At the tine of satur-
ity, hoch males and females have 24
segmente on their olfactory branch, but
melee measure then approx, 40 mn, the
females approx, 54 mm.

Rates and periods of devulopment and
survival and factors affecting these
including diseases, parasites and
predators

The duration of intermoult periods
io influenced by various factors. The age
of C. oraníon snr the temperature sea

Peun, 95'a) plays an important
i.1 u u hc niou ing rhythm (Fig. 9
e ro ne co;i.o. 3,43). Having
iaaohjh eru y lue moulting intervals
of f'eer,ls O, uranron are shorter than those
of ib.. ma1ee ' the amount cf food is

to cover all metabolic needs,
r. i.r-i. . increase in the moalting intervals

ohuorvod (fei'ne, 1966m), Maturity
n c:'rllr rc'achei ono year, During

fLr flf J '.i'o th shrsp is subject
e . '.t on oy i' I. ah (TI cus, 1965).
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Effects of environment, eub-
populations, density on rater
of development and, survival

See section 3.34

Differences from adults in diet,
feeding, methods, etc,

Flagsann (1939) found i.n five speoi-
mens of the first postlarval stage
mpormatophorss of oopepod.s, diatomS and

in one came copepods (see also 3,42).

Neixner (l966a) stated that in his
breeding experiments the larval stages of
C, 2Ni (zoNa III, IV, and V) and the
first postlarval forms easily captured
the living nauplii of Anemia. The puber-
tal and postpubertal Crangon apparently
had diffioulty in seizing the relatively
emall brine shrimp larvae with their
ohelipeds and. had to be fed with post-
larval Artemia,

3,3 Adult phase

3,31 Longevity

Average life expectancy

According to Nouvel-Van Rysselberge
(1937) female shrimps die during their
third year of life and males during their
second, Tiew (1954a) states that female
shrimps rarely reach the end of their-
third year of life, The males appear to
di in the beginning of their third year
of life,

See also section 3,43,

Maximum age

Three to five years, (See section 3,43)

3,32 Hardiness

Limits of tolerance to changes in
or of' environment and feeding

C, orangon can endure great ohanges of
salinity and temperature. It is found
during the wars season up river in nearly
fresh water (Havinga, 1929), DurIng
summer it usually survives water tempera-
tures of 30°C in pools which remain at
low water on the tidal f1at of the
Madden See, Younger shrimps can endure
lower salinities than older shrimps. ThIs
may explain the ocourrence cf C orangon ini

the middle part of' the Ba1'o Se rhcrc

the predominant salinity voleco arc eue
than 100/00, However, the dnoity 01 ouch
a population is muoh lower .ben en the
fishing grounds of the North hen.
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Limits of tolerance to handling and
life in aquaria or other confíned
environments

C. crangon died 7 to 8 hr after
being placed in fresh water, and one day
after being kept in water of 0.15 to 0.16
%oNaCl (Mathias, 1930).

C. crangon under aquarium con-
ditions has survived after ice has formed
over the surface of the undiluted sea
water (Lloyd and Yonge, 1947).

Cauclrj (1937) found that at a
temperature of about 4°C the optimum
salinity for survival of young shrimps
was 34%o1 whereas at 18.9°C the lowest
mortality was between 20 and 30%o.

Broekema (1942), determining death
ratos in two-year--old animals kept in
different combinations of temperature
and salinity, came to the conclusion that
the salinity optimum for survival depends
on temperature, At a temperature of 200G
the optimum salinity proved to be about
29%o, while at 4°C about 3?/oo. For one-
year-old shrimps the salinity optimum at
about 20°C appears to be low, varying
between 15 and 20%o. This may be the
explanation of the fact that during
summer young shrimps penetrate further
into the brackish waters than the older
specimens,

A combined influence of temperature
and salinity could. aleo be demonstrated
in newly hatched shrimp larvae, Moreover,
the salinity limits for normal development
of the eggs proved to be similarly depend-
ent on temperature,

Although generally low temperatures
are more favourable than higher ones,
en extremely low salinity is relatively
better endured when the temperature io high.
This is in agreement with the fact that
in mature C. orangon is found in low
ealinities during the warmest months of
the year.

The question of possible influence of
temperature on the osmoregulation in C.
cranpi has been treated by Fligel (1960),
who critically discussed the results of
Broekema (1942). His analyses give the
physiological explanation for the fact
that "im the northern Baltic Sea Crangon
is not capable to live in water of low
salinity at temperatures near the freezing
point. No difference between males and
females was foundT in the osmoregulation.
The osmoregulatory erformanoe of small
individuals (2.1 n) was lower than that

of bigger ones (4.9 cm). In newly inoulted
arid in injured individuals the difference
of the freezing points of internal and
external mediums was always smaller than
in normal individuals. Adapted males and
females from the North Sea showed the same
efficiency as those from the Baltic Sea."

Flügel (1963) stated that the
electrical conductivity of the body
fluid of C. crangon is higher than the
exteria1 medium in a range from to
23-25oo. Between 25%o and 40%o the
electrical conductivity of the blood is
relatively lower. The performance of
ionic regulation is always higher in
animals adapted to 5°C than in iadividuale
which are adapted tc 15°C. The performance
of ionic regulation decreases at tempera-
tures below 50 (distinctly at 2°C).

On the basis of preliminary expon-
meats and field observations Lloyd and
Yonge (1947) concluded "that males cannot
withstand such low salinities as females
and that optimal salinity, at a tempera-
ture of 15°C, is higher for males than for
females. The powers of osmoregulation
in the males are not as great as in the
females. "

Mistakidis (1958) studied mean sur-
vival rates of brown shrimps which were
exposed. up to 30 min at different air
temperatures then re-immersed in sea
water, The survival rates varied between
75 and 86 per cent. The shrimps did. not
show any narked. difference in survival as
a result of varying air temperatures,which
were, however, not above 190G.

Meirner (1967) found. that young
shrimps taken from water of 2'oo could b
transported alive when kept in water of
temperatures between l'?o and. 24°C and
salinhties between 7.5 and 26%o.

3,33 Competitors

Types and abundance of competitors
for spawning area, food., shelter, etc,

Several fish species occurring in the
coastal waters, where Crangon is abundant,
have to be considered as competitors for
food, Carcinus and Macropipus also como
under the same category, The relative
abundance of the fish and braohyuran
fauna of the German shrimp fishing grounds
is given by Heidrich (1930), Wulff and.
Btckmann (1932) and by Meyor-Waardon
and Tiews (19655, The degree to which the
fishes of this area have to be considero
as food, competitors can be found. in
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Kühl (1956, 1961, 1963, 1964e and l964b)
arid Plagmaxin (1939). Many of the coast3l
marine animals may compete with the
adult and. larval stages of Crandon.

3.34 Predators

Types of predators

Hordman (1892), Gills (1952), Kflhl
(1956, 1961, 1963, 1964a, 1964h) and others
have found that many fish species feed
heavily on C. crangon. (Seo Table III).

On the basis of stomach content
inve5tìgations carried out by Kühl (1961f
1963, 1964e, 1964b), Tiow (1965) conclud-
ed that the main predators of C. crangon
on the German North Sea coast, listed
in order of relative importance, are:
Sea snail (Liaris vulgarim), goby
(Pomatoechistus minutus), armed bullhead
(Aonus cataphractus), whiting (Merlangus
mer1anus), smelt Çosmerus eperlarnis),
dab Limanda limanda), short-spinod sea
scorpion K,yoxocephalus scorpius),
rookling Giunta mustela), sol pout
(Zoarces viviparus), gunell (Pholis
gunellus) (iable III),

Kühl also found that, on an avaro,
the stomach content of sea snails included
C'angon: 7.8; armed bullhead: 4.0;
rockling: 3.6; whiting: 2.7; short-
spined sea scorpion: 2.7; dab: 0.3;
smelt: 0.3; goby: 0.3; eel pout: 0.2
and gunell: 0.2.

In 1949, during the course of his
investigations Kühl noted that at low
tide, large numbers of small sized
shrimps gathered in the shallow pools of
the tidal flats in the Wadden Sea, thus
becoming easy prey for all types of sea
birds.

On the Belgian coast, according to
Gillis (1952), tho main predators, in order
of importance, are whiting (4erlangus mer-
langue), thorriback ray (Raja claveta),
bib Trisopterus luscus), eole (Solee
solee), dab (Limanda limanda), flounder
iatiohthye flesus) and plaice (Piouro_

nnctes piatessa), Others are conger eel
onv.er conger), cod (Gadus morhua),

dragonet (Cellionymus gurnard
(Trigla epj) and turbot (Soophthalmus
maximu).

Predation as controlling factor of size,
density, end size composition of population

Piews (1965))calcuiating the loûo of shrimp
stock caused by predatory fish along the German
North Sea coast for the years 1965 to 1963, found
tha. on an average, at least 145 i 109 shrimps
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were eaten off annually by predatory
fish species, Fie also found during this
research period that at least 1.7 to
4.3 times as many shrimps were taken
annually by predatory fish as by the
fishery, Under different assumptions
the author has estimated that loss
through predation is 5.1 to 12.9 times
higher than the catch. A negative
correlation was found, between the loss
of shrimp stock caused by predatory fish
and the catch of shrimp 1x1 the following
year (p . 4.9 ), (Fig. 6). The preda-
tion on ono year's stock influences the
catch in the next year iii as much as the
shrimps caught are usually approximately
one year older than the shrimps being
removed by predators. This result
indicates the inadequacy of protection
measures under the given circumstances,
as the factors determining the size of
stock on the fishing grounds aro un-
controllable.

3.35 Psmns'ltes, diosamem, injuries
and abnormalities

Nature and oausos

Injuries are rather frequent,
especially since freshly moulted speci-
mens are often attacked by ,Crangon or
other animals, as can be observed in
the aquarium,

Ability of regeneration

Nouvel Van Bysoolbergo (1937)
studying the ability of regeneration in
various shrimp species found that re-
generation in Orangen is
completely different from that of Palaem
slogans, Athanas nitescens, Hippolyto
varians and Thoralus oranohi, It
differs also from that known in braohy-
urans, In Crangon the regenerated
pereiopod. resembles, at the next moulting,
a completo miniature of the lost part
of the poreiopod, In younger shrimps it
normally takes three moultings to re-
generate the normal walking log. In
older specimens th,io can last four or
more moultings. The process of re-
generation of one and the same part can
be repeated. several timee. The ability
of regeneration is also not influenced.
when two, three, or four poreiopods ero
to be regenerated.. The loss of five
persiopods of one sido, however, loads
to a decrease in the ability of re-
generation along the longitudinal axis
of the shrimp, Regeneration also takes
place when several pairo or all
pereiopods are lost but the general
rhythm of the regeneration process is
disturbed,
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The regeneration of one or two
perelopods leads to a small decrease in
the longth of the interTnoult periods,
The regenerating activity of the shrimp
decreases when fasting (Nouvel-Van
Bysselberge, 1937),

iffeot on physio1o' and survival
of individuals

See section 3.53.

3,4 Nutrition and growth

3.41 Feeding

Time of day

Havina (1929) stat& that C. orntngori
roste quietly, buried in the substratum
during the day, and feeds by night,
Tiews (1954a, 1954b) observed that C.
cangoa in aquaria feeds during the day
as well as during the night. Neverthe-
less, it is possible that, since C, crangon
has its active phase in the dusk, i te
main feeding time is during the night,

Place; general area

Feeding takes place throughout the

distribution area on the bottom and also
above the bottom,

Manner, methods of capture,
selection

During feeding, Crangon consumes
grains of sand which assist to crush
the food ini the cardimo part of the
stomach, The inner lining of this part
of the stomach is composed of relatively
soft setas which cannot by themselves
orush the food particles. 'rom ob-
corvation of shrimps with full stomachs
put into an aquarium end kept there
without food, it has been noted that they
emit grains of sand periodically until,
after some timo, the bottom of the
aquarium in covered with a thin layer of
sand, After new feeding, grains of sand
from the bottom of the aquarium aro to
be found in the stomaoh,and this sand.
obviously nerves as a substituto for the
stomach mill as described for Potamobius
(Piaginann, 1939),

Thon searching for food, Crangon
svrirnn in a zigzag course over the bottom
or hunts in higher water layers, bonding
its carapace. With the aid of its first
and second pairsof perelopoda,. equipped
with strong eubcholate pincettes, tho
shrimp seizes its prey. Aided by the
second. pair of pereiopods the prey is

1189 -

brought close t the sternum, while the
first and. second paireof maxillipeds an
both pairs of maxilleamake back and
forward movements continuously over the
prey. ,Ihile overcoming the prey, the
shrimp sinks to the bottoni, at the same
time attomptin to cut it in pieces.
Plagisann (1939) observed several young
shrimps seizing an 8-cm long worm
(Nerein divorelcolor) and trying, with
some succss,to cut it in pieces. Largo
shrimps aro even known to attack an
entire worm which they do not eat and
digest at once, but after satisfying
their hunger, leave the remains pro-
truding from their mouthparts, inailo
and mussels are seized directly by the
maxillao of the shrimp while sohizopods
or amphipods are attacked with the walking
legs. Plankton prey is captured by
generating a water current in the direct-
ion ci' the mouthparts, Crangon can often
be grouped among the "gulpors" since
whole animale can of ten be found in the
lumen cf the stomach,

Plaginann (1939) gave a detailed.
description of the predigestion stage.
The first post-larval forms of Crongon
easily capture live nauplii of Artemia
salina, The pubertal and post-pubertal
Crangon apparently have difficulty in
seizing the relatively small brine-
shrimp larvae wth their chelipeds
(Meixner, 1966b ),

Frequency

There 1 little information on the
quonoy of feedIng.

Variation of feeding habite with
availability, season, age, size,
sex, physiological condition

A comparison between spawning time
migrations, feeding and quality of diet
indicates that the sonthe of July, August
and September represent a period of in-
creased feeding activity which follows
the period of summer spawning activity
(Plaginann, 1939).

Plagmann (1939) found that male
shrimps oat a large variety of' food and
many planktonic food items. A lesser
variety is eaten by the female shrimps
which also oat fewer planktonio itomn,
According to Tiews (l954a) the malee are
botter prepared for hunting activity by
their relatively well developed olfactory
organs (compare 3.23),

See also section 3.42.

I'JÙn/P91 C, crangori 3m15
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Abstention from feeding

Meyer-Paarden (1934) reported that
females which are kept in an aquarium
shortly before spawning hide and refuse
to take food0 After spawning the females
resume feeding0 Planann (1939) found
that 62. of females with fully developed
ovaries had empty stomaohe. The respec-
tivo percentagea of females with empty
stomaohs in the other four stages of
ovarian development were between 20.5 arId
32.8.

3.42 22i

Food investigations have been carried.
ut by Ehrenbaum (1590), Herdman (1892),
Havina (1930), KiShl (1949), and Piagmann
(1939), whose work is the most comprehen
sive, The brown shrimp is omnivorous,
Nevertheless, worms, amphipods, schizopods,
oopepots, cyprid larvae of Balanus, snails
and young mussels constitute the main food
items. The variability in the composition
of the various food items in the stomach
cf the common shrimp is very great,

During the course of its life the
shrimp slowly changos ite diet, For young
shrimps below 30 mm the main food item is
Coroph4um; for shrimps of 30 to 45 mm
the main food items are worms and amphi-
pods and in larger and older shrimps worms
alternate with achizopods, Much
cannibalism has been observed among the
older shrimps and those between 30 and 45
ma have the widest range of food (Plagmana,
1939).

A food change in the course of a year
has been observed by Plagmanc (1939) as
foliowsz worms/amphipods/eopepods/mussels/
cyprid larvae/snails/schizopods. From
January to May a crustacean component was
observed to be constant in the diet, The
copod diet increased as the worm diet

::::d, From June to September a
mi:: summer diet prevails, and from

October to December the summer diet de-
oreases in favour of a malacostracan diet,

Herd&ui (1892) found in the stomachs
of 0rang, cnstacean remains such as
axsphipods, ranll crabs, young shrimps and
copopods and also a considerable amount
of molluso :ematas such as Sorobicularia
albe.- Corium snub and Tollina balthioa.
wolics une also form fair proportion

of 1ie foo2 uu the number of poly-
chas ¿e seìc is ho s omachs, and the
'Yo) oc rabio fragments of P ectinaria

:-;od the horny jaws of nereida.
0.c-Yionnlly the stomachs contain
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Forarninifera, small spines of sea urohim
and sometimos green sea-weeds, minute
uilamentous and microscopic algae and
diatoms. After experimenting on shrirnp
in captivity, the sano author found thai
they will also eat other animal material,
such as pieces of dead fish, other
shrimps, beef, etc.

In Dutch waters, annolids,
especially Nerois succinea and N, diversi
color, form the main diet. Second in
abundanoo as food items aro crustaceans
among which Corophium is the moot
important and lass abundant aro Gammaruo9
Neomysis and. Praunus. Young fish or fish
larvae and molluscs, such as Hydrobia and
M,ya arenaria have seldom been taken,
Larger shrimps feed mainly on worms,
while the smaller ones feed on Corophium,
38 of the shrimps investigated had
eaten worms only, 31 7. crustaceans only,
9 % had fed on worms and crustaceans
and 22 on detritus (Havinga, 1930).
The younger shrimps in the Walden Sea
:eod on phium which occur there in
huge quantities up to 40,000 per m2, The
taste of the shrimps is determined
largely by the typs of food taken, Shrimps
which chiefly eat crustacean food have
the best taste, while those feeding on
worms develop a soaky meat, The so
called "green heads" feed on mud, which
uxplains the greenish to blackish color
uf the "head", and their muddy taste
(Khl, 1949),

Volume of food eaton during a
given feeding period

"The arerage food consumption of
Cranon l'rea the timo of thetamorphosis
io the tIme of reproduction (size of
animals 55 mm) amounts to 600 mg dry
substance of Anemia for the female and
770 ing for the male, At the same time
the average body weight (in mg dry
substance) increased by 279 mg and 248
respectively, The conversion factor is
approximately 2.2 for the female and.
3.1 for the male C.crangon. These
results were obtained when shrimps
were neared at a salinity of 3O'oo and,
a temperature of 14°C in aquaria"
(Meixner, 1966m). The food uptake of
Cranrqon varios acoording to the type
of food, as Moimmer (1966e.) has de-
monstrated wham feeding Artemia larvae
and adults (Table Iv),

There is some evidence that the
frequency of spawning of females of
C., 2D2 is influenced by their food
uptake (Table V) (Moixner, 1966e.).



3.43 Grow-tb rate

Relative and absoluto growth
patterns and rates

Ehrenbauin (1890) estimated the age
of a 60 to 70 sen shrimp to be one and a
half years. According to Havinga (1930)
female shrimps born in January are 40mm
long at the end of the first year of
life, 58 mm at the end of the second year
and 74 mm at the end of their third year
of life, According to the author, matur-
ity is reached at about the end of the
second year of life. Female shrimps
born in July reach a length of 33 mm
after the first year, and are 58 mm long
in the following July. These shrimps
spawn for the first time about 21 months
after birth.

TABLE IV

Food uptake of two C. crangon of the saine intermoult stage
Temperature: 14 C. Salinity: 30%c

Food: Nauplii and adult fores of Artemio salina
Weight in mg dry substance

TABLE V

Influence of food uptake (mg dry substance) on oviposition o± four Crangon oranom
Before the experiment all fma1es had aucoesefully spawned

Tomperature2 18 0. Salinity: 30%o
Food: Artemio salina

Meyer-Waarden (l935b) came to the
conclusion that female shrimps born in
February reach a length of 48 mm after
one year and 72 to 75 mm after the
second year. The shrimp spawns for the
first tine at the beginning of its
second year of life,

Nouvel-Van Ryaselborge (1937)
concluded -that female shrimps grow from
5 mm to 54.5 mm in their first year of

1fe (June to June) and up 70.5 mm in
their second year of life,

Lloyd and Yorige (1947) statedthut
during the first year of life the growth
rate of the two sexes appears to be very
similar, Subsequently the females grow
more rapidly, Females of 50 to 60 mm are

FRmLS9lC. crangon
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in the third year, females ovor 60 mm in
their fourth year end those of 80 inn in
the fifth year, Malee of 40 to 45 inn are
in the seeond. year while those of 70 mm
are possibly four years old,

Tiews (1954 a) found when observing
shrimps in an aquarium, that the number
of segments of the olfactory branch of
the first antenna increases after each
moult by a definite number, which varies
regularly between 2. and 3 according to
the age of the shrimp, Knowing the time
between two successivo moults and, the
normal average length at each moult
(as determined from samples taken at sea),
he was able to draw grow-h curvos for
males and females, These curves aro in
agreement with the growth rato as estimated
from the displacement of the frequency
maxima in series of length measurements
taken quarterly from sea samples, His
findings were at the age of six months
and. at a length of 25 mm, the sexual
character can be noted oxternally. After
this time the two sexos grow at different
rates, At an age of about one year, when
both males and females aro mature, the
average length of the maie is only 40 mm,
while the female attains 54 neu, i.e.
marketable size, After maturity the
growth rate decreases considerably. At
the end of the second year of life the
length of the female is 70 to 7 inn, that
of the malo 55 to 60 mm (Fig. 7),

Boddeke (1966e) stated that shrimps
born in December arid January reach rnarket
able size (52 mm) in 9 months. Shrimp
larvae, hatched in the period March to July
do not reach marketable size before April
of the following year.

The gxcwth-'curves for malo and
female shrimps shown in Fig. 8 were
obtained by Meixner (1966a) from rearing
exeriments at a constant temperature of
14 C, which is approximately 4°C higher
than the annual average water temperature
on the German coast. Under the experi
mental conditions, females grow from
6 cinto 62 'nm and sales from 6 mm to

55 mm in one year, The most intensive
growth wee between 25 and 50 mm, as
postulated by Tiows (1954a).

For mature shrimps within the
eiserangs 40 to 50 mis, the increase
in size t each moult is such lees in
males than in females, and males
moult ICOS frequently than females

of the same length. This explains
why oommerciai- catches of C. crangon
of more than 50 ace consist mainly of
females (Meixner, l966a).

Condition faotoz's (ponderal index)

Havinga (1930) found K (IC i'

to be approximately 0,007, L3

He measured the length from the tip of the
antennal scalo to the tip of the toison,
The relationship between length, weight
end the number per 1 kg of female shrimps
at the end of May is as follows,

TABLE VI

Relationship botweerc length, weight and number
per 1 kg of female shrimps

Relation of growth to feeding,
spawning, other activities and.
environmental factors (temperature,
crowing, etc,)

The time between two successive reoults
verles with temperature and the age of the
shrimp until maturity i.e reached (Fig, 9)
(Tiews, 1954a). Meiner (1967) found
that the lenth of intermoult periods de-
creases by 1/3 in animals kept at 20°C as
compared. to those kept at 14°C.

The duration of the intermoult
periods depends more on the ago than on
the length of the animal, This explains
why males and females of the same ago
have more or less 'the same moulting
freq,uency although they differ greatly in
length (Tiews, 1954 a).

Meixner (l966a) reared shrimps and
measured the length increase during a
17-days' intereoult period. Ho distin-
guished three different phases of the
moulting cyole

Length 'is ight No, per 1 kg

31 0.20 5,000

44 0.57 1,754

55 1.16 862

64 1.90 526

75 3.14 318
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Phase I s The first 3 days after eodysis,
no aise increase

Phase II i The following 13 days of the
intermoult period, a continuous
but relatively small growth

Phase III The day of eodyeis, a rapid
growth (Fig, io),

While the growth at moulting time is
a ealtatory one caused by water uptake,
the increase in length during the
ro1ative]. long iptermoult period
(Phase II) is slow and gradual (Fig, lo).
The rate of increase is related to the
amount of food digested (Meixner, ].966a).

Moulting takes place mainly during
darkness (Tiewm, 1954a; Meixner, 1967),
Plankemann (1935) stated, that shrimps
moult a few days after being placed into
an aquarium, Laok of oaloium in the
water does not influence moulting, The
oaloium-oonoentration of the sea water
inhibits moulting. The development of the
exuvium is not terminated within a certain
time after the moult. Chitin and calcium-
oarbonate are oontinuouely deposited
into the shell, A certain relationship
between ohitin and calcium-carbonate is
maintained, Marine sea water, with de-
creased pH through ud, has no influence
on the moulting, Moulting, however, is
accelerated in sea water enriched with
CO2 or neutralimed with NaOH, Both
lead also to an increase of shell weight,

Food rich in glycogen accelerates the
nioulting, This is also the case when the
shrimps are kept hungry, Plankemarin
(1935) assumed that the deposit of
ohitin in the shell protects the animal
against an abnormal increase in blood
sugar, The number of moult s and
shell weight is subject to fluctuation
during the oourse of the year. They are
determined on the one hand through the
propagation period and through the
maturity stage of the gonads, and on the
other hand through the resting period
during winter, Short-wave light leads to
en increase of the metabolio rate and
ooissequon1y to an increased moulting rate,
The carbohydrate metabolism determines
the moulting rhythm,

From hatching, a female 86 mm long
will have passed through 34 ± 2 moults,
a male of 62 ans through 30 i' 2 moulta
(Tievs, ]954a), From metamorphosis
ujifl. rat spanlng, a female of 57.5 mm
'1) hv mou1od 23 to 25 times and
a piale of 51,5 mm 22 to 25 times

1967),
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Food-growth relations

Laok of food decreases or otope the
growth or orn even lead to a decrecoc ei'
total length (Nouvel-Van Ryoselbeigo9
L937; Plows, l954a; Meixaor, 1967),

3,44 Metabolism

Endocrine systems and hormones

¡Coller (1925, 1927) showed that
blood from drangen adapted to a black
baokground caused molanophore dispersion
in animals adapted to a white back
ground; the reverso experiment, ansi'r
of blood from white-adapted to blaok-

apted Crangon was without effect,
Blood from individuals adapted to a
yellow baokground also disperse the
xanthophores in white-adapted individuale,

¡Coller (1928) found a blanching
hormone in the eyestalks in Crangon d
presented evidence for an additional
darkening hormone that originates in 'J
rostral region, Thus two hormones izo'c
postulated, a "contraotin" arid an
"expantin",

Goodwin (1960) stated that the
pigments in the eyes and in the epideria!s
of' C, orangoxi are not melanin as 1eporsc
by Verne (1926) but pigments soluble .Ui
cold NaQXi which appear to be re1aed tu
the oinmoohromes first described by
Becker (1941),

The riboflavj.n oontent of C,
orangon is low (Goodwin, 1960), Un-
identified neutral xanthophylls have been
found in small amounts in whole animal
extracts of Crangon ep (Goodwin, 1960),

3,5 Behaviour

3,51 Migration and looal
movement a

Extent of' movements or migrations

Direot evidence on migration can be
provided by marking experiments, Plo;ri
(1953b) tagged C, orangon by trrappinr
thin silver zire around the enimal
between the carapace and the first
abdominal sogmen, ho tTlre being 'm-'
tamed up to three auooessivo jeoul1,s
MUmming (1960, 1962) tested vari.ous yp
of stains to mark shrimps arid found thc'
"Gentianna Violet B" (Merck, Darmate1)
gave the best results, In several tlC
experiments ali recaptures iora nade 'iitli-
In 10 to 15 nautical miles from the point
of release,
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Fig, 1]. Tagging method or Cran&on cranEon

A prepared tag

B lateral
C dorsal view

(Tiews, 1963 a)

FRm/S91 C. orangon



?Rn/591 C. orangon

Since 3.962 more than 50,000 Bhrimps
have bean tagged at the Institut fUr KUsten-
und Binnenftechorei, Hamburg, by applying
tho method described, by Tiews (1953b),
The silver wire used for these field experi-
mente had a diameter of 0.18 mm and was
used with coloured discs of 6 mm (Fig, ii),
This method gave larger return rates than
the staining method. The best return
rates were obtained when using red-white
odour combinations (Plows, 1963a; Kourlet,
Mauch and Piews, 1964; Tiews, 1964).

In experiments made during the
winter of 1962/63 marked shrimps retained
their tags for 3 to 5 months, while in
numerous previous experiments tag re-
tention was only up to 2 months. All
marked shrimps were recaptured In the
spring of 1963 in an area of 15 miles
from the point of release, The results
indicated that shrimps tagged at the
beginning of winter were more or less
stationary and. did not perform winter
migrations, but hibernated close to or on
the usual fishing grounds,

Crangon has its moat active phase at
dusk. During darkness Crangon leaves
the bottom of the aquarium where it has
been hiding during day time, swims rest-
lessly up and down the walls of the
aquarium and buries again at dawn, The
animals aleo swim around during the night
even after full feeding, so food search
oannot be the reason for their continuous
activity. Light intensity was found to be
the determining factor (Tiews, 1954a),

Function of migration

Meyer-Waarden and Tiews (957)
distinguished a spawning from a feeding
migration, The feeding migration
commences with the warming of the coastal
waters at the beginning of Marchi, when
the shrimp migrate towards the coast
to feeding grounds in the brackish waters,
From May to July most of the egg bear-
ing females migrate back to offshore
waters for hatching the larvae, but
return afterwards to areas nearer to the
coast, In October, most of the shrimps
migrate to their winter quarters in the
moro saline parts of their coastal
distributiou area.

Havinga (1930) stated that the
availability of food im without any doubt
the cause for the irregular smaller
migratione of the shrimps. On the other
hand he considered that the great
seasonal migrations of the shrimps
probably depend on ohanges in tern-.
peratnre the migrations always being
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from lower to higher temperatures,

Direction of movements

Munsing (1962) oonoludod. from his
tagging experiments that there was not a
homogeneous trend of migrations, In May
1961 shrimps had migrated towards the
sea as well as towards the shore, but,
as was expected, the migration towards
the shore predominated, During an
October tagging experiment, the larger
part of recaptures was obtained in the
shallower parts in the Randsol Wadß.en Sea
although, a000rdiug to the general theory,
one would have expected that an off-shore
migration of shrimps would have been
demonstrated,

Time or season of migration

According to Meyer-Waardon and Tiot;e
(1957) feeding migration into the coasn
waters commences in March to April, ihl1u Q
orangon leaves the brackish ooaetal waters
during the months October to December to
occupy its offshore winter quartes-o,
Spawning migrations occur from April to
the middle cf August, From July o
September recruit shrimps occur in larga
quantities on the fishing grounds,

Changes in pattern of movements or
migrations with age, physiologioal
state, season, temperature and
environmental conditions

Tiews (1954b) observed that the
average catoh of shrimps per fishing hour
In the Blisum area was higher when the
velocity of tidal currents was above the
average (spring tides), than during low
velocity (neap tides), Plows assumed
that the stronger displacement of water
at spring tides oarriea more shrimps
inshore, Moreover, the turbidity of the
water is increased, This may have the
effect that, at least In shallow waters,
the shrimps will swim more actively and
therefore be caught more easily by the
trawl; whereas at neap tides, in less
turbid water, they are moro likely to
bury in the canil as they generally do in
aquaria during daylight,

See also section 4,6.

3,52 Schooling

Extent of sohooling habita

No special schooling habits observed,



Composition of stocks by size,
and sex

Age groups and sexes are widely
mixed on most of the fishing grounde, but
in the most brackish parts of the distri-
bution areas of C. orangon young shrimps
and female shrimp predominate,

See seotion 4,

Mixing of stocke within species at
various stages of the life cycle

Mixing of different stocks of C,
orangon has noi; been reported,

Mixing between species

Very little mixing takes place
between C., orangon and C. alimanni on
the German fishing grounds.

See mention 4,6,

Vertical movements

C. crangon has been frequently
caught in large numbers as a by-catch of
the smelt fishery, pursued by staked bag
nets in the Elbe and Weser estuaries,
In addition other fishing gear, such am
baskets and stow nets, which usually
hang free from the bottom successfully
catch Crang (personal observations),

Size, density and behaviour of
schools in relation to time of day9
geographic location, season,
oceanographical faotorm, physio-
logical conditions

Crangon buries in the sand in the
light9 and leaves its hiding place in
the dark, The light intensity in the
water, therefore, may determine the be-
haviour of individuals and schools,

The schools of C. orangon are
dencest during late summer and autumn when
O-group animals enter the fishing grounde
in huge quantities.

3,53 Responses to stimuli

Environmental stimuli

Mechanical (reactions to pressures,
currents, sound)

Florkia (1960) mooned that'
1abonomy exper!monts on shallow 'aor
mhmir (Pcin.ci9on, Crengon, Pandaluc)
hava ui;ii hai inoreucod hydrostatio
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pressures have effects dependent on their
magnitude, At 50 atm (about 500 m) in-
creased locomotor activity resulta, At
150 atm (about 1,500 m) paralytio
effects appear after a short time; at
200 atm (about 2,000 s) these ars moro
rapid and complete. Nevertheless, even
after brief exposures to pressures
equivalent to 5,000 m depths, recovery
of normal swimming occurs after about
an hour at i atm,

Sch5ne (1952, 1954, 1957, 1959,
1961) studied static position orientation
in Decapod Crustacea, including Cranflon,
and came to the conclusion that the
function of the statocyst is basically
the same as in fish, 11e gives a careful
analysis of his experimental results to
which reference should be made,

C. crangon moves against the current
or at least moves its head against the
current, as demonstrated in an experiment-
al current channel, Rheotaotio
orientation ceases immediately after ex-
tirpation of the first antenna which
indicates the location of the sense for
current orientation in the antennulee
(Luther and Maier, 1963).

Verwey (1960) stated that C. omangon
belongs to the area of tidal currents,
It moves passively with the tides, but
has a firm control over its displacement,
During ebb tide whan approaching a creek, C,
orangen moves diagonally to the current,
There are indications that it uses the
sun for orientation,

Chemical (olfactory, gustatory,
salinity gradients)

Balms (1913) found that ohemo-
receptors are not only located on the
outer branch of the first antennae9 but
also on the pereiopods and on the mouth
extremities,

In Crangon specific chemicals, suoh
as vanillin, acetic acid, quinine,
sucrose, NaC1 and others were used as
stimulating agente, A technique was used.
whereby the outer flagellum of the
antennae alone could be stimulated under
water, Under these conditions the
animal responde to both sapid and, odorous
chemicals, The response oniterium in this
case is an initiation of, or increase in,
movements of' body parts euch as both
pairs of antenna, head and ohe].a
(Spiegel, l927a, l927b),
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There aro observations which suggest
at bart partially independent olfactory
and gustatory ohemo-reoeption. When
the antennules in C. orangen are
stimulated under water without affecting
any other part of the body, only
awakening or alarm reactions result.,
These contrast with the food-seeking and
feeding movements evoked by similar
stimulation of other areas of the body,
The methods used do not reveal a threshold
difference between the antennules and the
rest of the body, but this may be this to
the existencé of olfactory receptors on
other body parts as well. There are,
howevèr, wide threshold differences be-
tween substances that generally stimulate
olfaatory receptors and those that
normally are considered odorless but are
effective stimuli for taste receptors,
Thus threshold concentration of oumarin
and vanilljn is 0.0001 to 0,00005 %
while that of acetic aoid is 0,01 %;
saccharin 0,5 to 0,1 %; NaC1 1.3 to 7,15 %;
quinine chloride 0.001 to 0,0005 %,
Nevertheless, it has been maintained that
taste and smell are not differentiated in
Crangon because both odorous and sapid
substances stimulate the antennules and
because extirpation of the latter does
not alter the threshold, Support for
this notion is sought in the failure to
find more than one morphological type
of chemo-receptor on the antennule,
However, morphobogically indistinguishable
receptors may, indeed, have widely
different response properties (Spiegel,
192m, l927b; Barber, 1961),

Schno (1961) stated that according
to Ubrig (1952) and Buddenbrook (1952)
when the CO concentration of the water
is inorease, Daphnia, Palasmonetes,
Cran on and other crustaoea swim upward,
related to the direction either of the
gravitational field or of the light,
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Kleinholz (1961) stated that in
C, orangen adrenaline and norsdrana-
line in diluted solutions produce
melanophore dispersion; ephedrine,
Voritol and Sympatol are effeotivo only
in high concentrations. Aoetyloholine
elicits malanorphore dispersion in Crangon,
but the oholinesterase-blooking drugs,
physostigmine and prostigmine, do noi.,
The aoetyloholine-bbooking agents,
tubocurarine, atropine, and scopolamine
do not prevent melanophore dispersion in
response to an illuminate black back-
ground (Florey, 1952)

Thermal (temperature)

See section 3.32,

Optical (light)

Colour vision has been found in
C. orangon by Keller (1927) using
chromatophore responses mediated through
the compound eye. Adaption is possible
to yellow, orange, and red; yet the
speoific responses to these colours cannot
be evoked by any shade of gray from white
to black (Waterman, 1961),

In Crangon the abundance and distri-
bution of the polyohromatio ohromatophores
permit adaptive ohanee to background col-
our (Kleinholr, 1961).
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4 POPULATION

4.1 Structure

4,11 Sex ratio of' the catch

Ehrenbaum (1890) Havinga (1930) and
Lloyd and Yonge (l947 found relatively more
malee in zones of high ealinitiem than in
those of low salinities (Table VII).

Tiewo (1954a) determined the sex ratio
in industrial catches In order to establish
the percentage of male shrimps, as males
hardly reach edible size, More than 50 per-
ont of' the catches of small shrimps (30 to
50 mm in elze) made in Biisum during 1951
oonsisted of males, of which only lese than
5 percent would have reached edible size,
The relatively high percentage of cale
shrimpm is attributable to the age composi-
tion of these catches ae shrimps of 30 to
50 mm size are composed of two male age
groups (o and l-group) but of only one fe-
male age group (0-group) (Table VIII)0

The catch of' edible shrimps above 55 mm
in length is almost exclusively composed of
female shrimps (Meyer-laarâon and Tiews,
1957)0

4,12 Age composition

Age at first capture

In Germany and. Netherlands, where small
shrimps are fIshed for utilisation in shrimp
fipur production, the age at re capture
s approximately six months. Sa countries

where larger shrimps of over 50 mm mizo are
fished mainly for human consumption, their
age at first capture is approximately 1 year.

Seo section 3,43.

Age at maturity

According to Havinga (1930) and
Lloyd and Venge (1947) maturity m reached
at a little less than two years; but
according to Ehrenbaum (1890), .leyei'

1aarden (1935 b), Nouvel-Van Hysselberge
(:1937), and Tiews (1954a) at approximately
one year,

Manimun age

The maximum age of female C. 9gn
is given by Havinga (1930) c four years,
by Lloyd and Yonge (1947) n five years,
and by Tiewe (l954a) as thine ,yoar3,
S''th old shrimps were found to be o'-

rare and their percentage n
hes was only 0,3 percent (Tiews, l954a),
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The maximum age of male C. orangon is
given by Lloyd and Yangs (19473' as four
years, and by Tiews (1954a) as a little
more than two years.

4,13 Size composition

Length composition of the population
as a whole

Havinga (1930), Meyer-Waarden (1935b)
Lloyd and Yonge (1947), and 'news (1954m)
have given length frequency distributions
of female Orangen populations; while Lloyd
and Yonge (1947) also give data on male
C, orangon in the Bristol Channel,

Variations with depth, distance otf'
the ooast, density, timo of day,
season

During autumn, when industrial
catches of small shrimps are largest,
they are obtained maInly from the
shallower fishing grounds near the coast,

Size at first capture

Havinga (1930) gives the size at
first oapturo am 20 mm, Meyer-Waarden
(1935b) 15 mm, Tiewm (l954a) 18 mm, and
ICuro, Faure and Laurent (1965) 30 mm,

Size at maturity

The smallest size at maturity
acoording to the different authors is
given in Table IX,

According to Havinga (1930), Piece
(1954a), and Kurc, Faure and Laurent
(1965a, 1965b) the majority of female C,
Orangen reach maturity at a length of
approximately 52 mm, The size at first
maturity, however', appearm to be lower
in the Baltic than In the North Sea.

Maximum size

The maximum size of' female C.
was recorded am 91 mm by Havinga1930)
and as 95 mm by Piece (1954a) while the
maximum mizo of male C. pn io 75 mc
according to Havinga T1930) and 68 cm
(Tiews, 1954a) and 60 mm (Boddeke, 1966b),



Months North of
No. 1

1951

Hackfeld.
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TJI.BLE VII

Percentage of male shrimps in zones of highest (Z.H.S.) and of lowest salinity (Z.L,S.)

in the Dollart and. in the Jade (Ehrenbaum, 1890), in Zuidersee and Westerschelde

(Havinga 1930) and. in the Bristol Channel and. Severn Estuary (Lloyd and Yonge, 1947)

TKBLE VIII

Percentage of male shrimps in the 30 to 50 mm size group

in the catches off Basum during 1951/52 (Tievs, 1954a)

Suder-Piep--.

Channel
Norder-Pi ep-

Channel
various
cree1s

Month Jade Dollart Zuidersee Westerschelde
Bristol
arid. Severn

Estuary
Stolford

Z,HOS,

25

O1x

Channel

QZ.L.S,Z,H,SO Z,L,S, Z.H, S. Z.L.S,

January 51 18

February 45 o

March O 47 31 - 31 14

April 50 0 29 0 12.5 5

May 19 0 23 0 22 19.5

June O 14 0 27 0 2.5

July 4.6 4.1; 11 66 49 24 23 38

August 78 39 43 36 34

September 68 27 29 61 34.5 44

October 20 4.5 53 13 25 50 46

November 23 15 73 48 26 0

De cember 56 53 36 0

May 60,8 61 4 55.0 66,3 54,3

Jitas 81.3 83.9 79.1 80, 8 79,4
July 30.1 22,0 29.3 28.2 40,3

August 61.4 62.8 71.3 63,8 59,3

September 64.3 57.1 69,7 58.4 82.1

October 68.9 73,0 56,8 69.3 69,2

November 58.3 80,2

1952

Ma r ch 10.7

April 70, 3 46,4 65.3 66,3

May 59,3 30,8 63,7 35,3 36,3



Author

Wollebaek

(1908)

Havinga

(1930)

Henking

(1927)

Meyer-Waarden

(l935b)

Lloyd and Yonge
(1947)

TABLE IX

Smallest size at maturity

males females locality
mm mm

54 Bristol
Channel
and Severn

Kurc,, Faure,

- 50 Frenchand Laurent
ooast(1965)
normally

47 Gulf of
Gas cogne

37

4.2 Abundance and denj
of population

4,21 Average abundance

Eatimates of population size have not
yet been made but studies in this field
are carried out at the Institut fur
Ktisten- und Binnenfjscherej, Hamburg,

4,22 Changes in abundance

Changes caused by hydrographie
conditions, food competition, predation,
fluctuations and fishing

Tiews (1954b) found a positive
correlation between the average catch of
shrimps per trip and the water temperature:
the higher the temperature (above 16°C)
during the fishing season, July to

Bristol
Chann el
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_c. QZ'F2flÇQfl 4r3

September, the greater the catch per tZ'ip.
An average difference of 1°C in the
temperature resulted in an average inoz'ease
of 100 kg catch per net per trip, It is
the water temperature during late summer
that greatly influences the total catch
of' the year in this area. Unfavourable
tenperature conditions in summer may have
been the cause of the low ontohes in the
BUsum fisheries during the years 1949,
1951, and 1952 (Figs. 12 and 13). The
influence of predation on the changos in
abundanoe, as found by Tiews (1965) is
d.eeoribed in section 3,34,

4.23 Average density

Annual mean density

According to Tiews (1954b) the
annual average shrimp catch (of all groups)
per trip of the fishing fleet of BUsum
during the years 1930 to 1952 was as
follows (each trip corresponds to a fish-
ing time of approximately 5 h):

TABLE X

Annual average shrimp catch/trip of
the BUsum fishing fleet

year kg year kg year kg

1930 310 1938 379 1946 409

1931 378 1939 412 1947 379

1932 447 1940 505 1948 315

1933 464 1941 616 1949 345

1934 412 1942 353 1950 425+)

1935 301 1943 433 1951 274+)

1936 436 1944 563 1952 248+)

1937 532 1945 170++)

-f) During these years fishing with two
nets was introduced in Blisum, while
earlier the boats fiahed with one net
only, Figures refer to the catch of
one net. The size of neta was then e,
1±ttle smaller than in the previous
years.

++) Data incomplete, since catches of amall
shrimps are not included,

Norwegian
- 45 fjords

- 42 Dutch
(March) coast

30-34 ?o,neranian
coast

42-48 Outer
Jade

Tiewe 38 44-52 BIeu.m area

(1954a) normally

l3odd eke 22 37-42 Dutch
(1966b) waters
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Deneity of adult females

The annual average oat oh per trip of
edible shrimps (the size of which corres-
ponde to that of adult females) of the Basum
fishing fleet for the years 1936 to 1951
(Tiews, ].953a, 1953b) was as follows
(each trip corresponde to a fishing time
of approximately 5 h):

TABLE XI

Annual average catch/trip o± edible shrimps
of the BUswn fishing fleet

) During the years 1940 to 1947 fishing
effort was very much reduosà
(1/5 to 1/7) and probably the catches
were much moro carefully sorted for
obtaining all edible shrimpe Con-
sequently those figures cannot
directly be compared with those
collected in the other years.

-1.4) Durn thece years fishing with two
nets ,au introduced in BUsum,
P'igueo refer to the oatoh of one net,

4.24 Changos in density

Seasonal variations in available
stock

Tiows (l954b) gives the following
seasonal variation of the average catch
per trip of shrimps of all size groups
of the entire fishing fleet of BUsum
for the yerc 1930 to 1939 as follows
(eaoL t.-p oorrc-cponds to a fishing time
of rppoatoly 5 h).

1204
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Table XII

Seasonal variation of average catch/trip of
shrimps of the Blisum fishing fleet

4,3 Natality and recruitment

4.31 Reproduotion rates

Annual egg production ratee

See section 3,15,
No calculations for whole population

avai labio.

4.32 Faotore affecting
reproduction

See sections 3.34 and 2,21,

4,33 Rooruitmont

Factors determining recruitment
(growth, transformation, movements)

Since growth is related to temperaure
(Tiews, 1954a), the temperature conditions
may influence the timo and magnitude of
recruitment to the fishery, Temperature
appears also to have some influence on the
displacement of year-olasses over the
fishing grounds (Tiews, 1954b),

Seasonal pattern of recruitment

The seasonal pattern of landings of
small-sized shrimps on the German coast
shows a major peak in August to September
and a minor peak in April to Maar.

4.4 Mortality and morbidity

4.41 Mortality rates

Tiews (1965) found that loss oaused by
predation was several timem greater than by
fishing mortality,

Meixner (1967) found that during a
total observation period of 13/2 years
only one out of 129 Crangon died during
the various ecdyses, when individuals were

year kg year kg

1936 89 1944 249

1937 96 1945 170

1938 96 1946 161

1939 97 1947 123

1940+) 185 1948 116

1941 238 1949 59

1942 194 1950 49 ++)

1943 171 1951 49 ++)

April 221 kg August 717 kg

May 244 kg September 605 kg

Juno 313 kg October 433 kg

July 493 kg November 316 kg



kept separate, i.e. one of 1,028 recorded
moultings failed to be suoceasful. This in-
dioatea a moulting mortality of lesa than
1 percent and. less than i per thousand if re-
ferred to the total number of soulte.

High mortality due to cannibalism ham
been observed in C. crangon immediately after
moulting, when individuals were kept together
in aquaria (Tiews, l954a).

4,42 Factors causing or
affecting mortality

Predators

See section 3.34,

Direct effects cf fishing

Intensity of fishing is known to be
high, but fishing mortality rates have not
been assessed.

4,6 The population in the community
and the eoosystem

Species composition of the community
and relative sizes of their popul-
at ion

Hoidrich (1930), Wulff and Btlokmann
Çl932) as well as Meyer-Waarclen and Tiews
(1965a, 1965b) have studied the catch
composition of the Gorman shrimp fishery.
According to Meyer-Waarden and Tiows
(1965a, l965b) the most abundant fish
apeales caught along with shrimps was the
goby, with a total average catch amounting
to 732 million individuals per annum
during the years 1954 to 1960, followed
by the plaice with 215 million. Herring,
pipe fishes, common solo, smelt and dab
were caught in the order of 80'to 50
million individuals; armed bullhead,
Lihiting, sea snails, flounder and sprat
in ike order of 30 to 10 million, and
finally the three-spined sticklebaok,
eel-pout, eel, short-spinod sea scorpion,
cod, sand-eels, dragonet, solonette, gunell,
anchovy, rocklings, gurnards and horse
mackerel amounting to lesa than 10 million.
shore crab and swimming crab were found to
range between 120 and 100 million individ-
uals, All the fish and crustaceans caught
along with the shrimp show distinot fluctu-
ations in their abundance from year to
year,

The industrial catches of the German
shrimp fishery during the years under
observation contained less than 10 percent
of undorsized protected fish mentioned in
Annex II of the Fisheries Convention
(1946).

In the years when the industrial
catches were large, as in 1954, 1955 and
1957, the percentage of fish was low
(about 5 percent), whereas when the
shrimp catches were poor, as in 1960,
the percentage of undersized fish tîas
close to l0. In 1959, also the indueria1
shrimp catches included nearly 10 percon'
of fish, but this is attributable to ho
strong 1959 year-class of whiting that
had immigrated -to the German coastal
waters increasing the normaloatch of
undersized protected fish (some 2,000 tone
per annum) by about 50 percent.

Although the fishing effort in the
German shrimp fishery has increased
3,5 to 4 times sinoe 1930, nc decrease
in the density of population of young fish
could be observed in the oase of plaice
and sole (Meyer-Waarden and Tiews, 1965a,
1965b),

Interrelationa of the population cf
tho species in the community and
ecosystem; place in the food chain;
trophic level, etc

C. crangon is the moat important food
of several fish speoiem in the community
(Tiows, 1965),

See section 3,34,

Type of fluctuations (cyclic and
non-cyclic

Fluctuations seem to be non-cyclic
(Tiow, 1954b, 1965),

Changes in environmental factors
and their effect on the population

See section 3,32 and 3,34,
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5 1XPLOITATlON

51 Fishing equipment

5,11 Gears

Present gear (type and. size of twine,
webbing, shape, assembly1 size, mesh
sìO)
The moet common gear now used. in the

Crang fishery is a paix' of beam trawle,

The German shrimp trawl has been desorib-
j fully by Meyer-Waarden and Tiews (1957)

and von Brandt (1959),

The length of the iron tubular beams varies
between 6 and 9 m, and the shoes have a height
of 50 to 60 orn, The ground rope is armed with

32 to 36 wooden bobbins. The design of the
net varies greatly. The total length of the
net is 10 to 12 m, of which the ood end im
2.5 to 3 in.

Von Brandt (1959) described in detail a
number of typical nets used in Husum, T$nning,
Btisum, Friedrichskoo3 and Neuharlingersiel.

Formrly the nets were made of cotton,
but at pres3nt synthetic materials are used.
Twin beam trawle were introduced on the coast
of Ostfriesland after l930 and in Schleswig-
Holstein in 1948 (Tiews 1952), At present
shrimp fishing in Germany is nearly exclusive-
ly carried out with two beam' trawls.

The fishermen of Ostfriesland use small
trial n.is before setting the main gear0 A
description of a try-net is given by von
Brandt (1959),

The Dutch shrimp fishery also used beam
trawis of a similar typo (Toech and de Veen,
1938), This was also the case in the French
uIhery (Belice, 1938) until recently, but
now etter trawis yield the larger part of th
ratches, Only smallor boats with small engines
o' 20 io 25 hp are still using beam trawls,
n Pclgium hesm raw1s were in use (Verbrugghe,

l9j), but uora later replaood in most cases
by thu otter trawl. During recent years, how-
ever the Belgian fishermen changed over to
beam trawis again, as they consider them more
effective in the tidal areas where the shrimp
fishery is carried out, The French hrirnp

otter trawl is described by Kuro, Faure, and
Laurent (1965a) (Fig. 14).

Iuro (l964) Kuro, Fnure, and Laurent
(1965b) docribed anew otter-trawl developed
Nr shrimp fishing in the Gulf of Oascoyne,
the so-called "Devimes modifie" type (Fig,l4 ),
Ihr net is divided in two sections and has

-. 1206 -

'wo cod ends with different mesh sisee, The
ma1l mesh of the upper section catches the
hrirnps which jump through the netting that
separates the lower from the upper section,
The lower cod end has largor mesh to allow
any small fish caught to escape easily.
Catches of undersized fish are thus consider-
ably reduced,

The design of the two-section shrimp
trawl has been sodified and used. recently in
a Dutch model of a beam-trawl (Boddeke,
l965a, l965j (Fig, 15,), According to Boddeko
(l965a) by-catches oan be reduced by one
sixth by using this new type of beam trawl,
But Tiews (1966), experimenting with the same
net, dici not obtain the same resulte when
used over the German fishing grounds.

On the east coast of England the beam
trawl is exclusively used for fishing brown
and pink shrimps (Mistakidis, 1958), In the
Thames area the otter trawl has boon intro-
duced recently. On the northwest ooast in
addition to the beam trawl, fishing of brown
shrimps is done by push and shank nets, the
latter being small trawis pulled by horse
carts, In the Bristol Channel small quanti-
ties of brown and pink shrimps are taken in
salmon putts and stall nets, However, ap-
proximately 90 percent, if not more, of the
total landings are fished by the beam trawl,
The length of the beam varies between 5.5 in
and 7,3 m, depending on the overall length
of' the boat and the length of the shrimp net
is usually one and a half times the length
of the beam, their mesh sims varying from 19
to 25 mm full mesh,

Changes in types of gear during the de-
velopment of' the fishery

On the German coast push nets and he
shrimp basket used to be the common geac Nr
catching shrimpo, but today the latter has
all but completely disappeared (Meyer_-Waarden
and Tiews, 1957),

A description of the shrimp basket and
of another primitive shrimp fishing gear, the
fyke net with wings (Fig, 16), is given by
Meyer.-Waarden (1931),

A more modern, but also disappearing gear
in the Gorman shrimp fishery is the shrimp
stow net, While the shrimp basket io a fish-
ing gear for the shallow and more sheltered
fishing waters, the shrimp stow net io for the
deeper creeks with more rapid currents, This
net has been described by Meyer-Waarden (1931)
and von Brandt (1959),

These stow note can fish only either in
the ebb or flood tide,
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Pig. 15 Tew 'Dutch beam shrimp trawl
with two bags (Boddeke, 1965b).
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Cod end for
.shr imps

Cod end for
fis h

Fig. 16 German shrimp fyke net with
wings (Meyer-waarden, 1931).

Fig. 17 Modern German shrimp fishing vessel frora
Cuxhaven (Meyer-Waarden and Tiews, 1957).
(Photos Dx. iolte)
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lais type of stow net has been modifIed
so facilitate opratìou during both the tlde,

a epecial hanging design that pormit
considerable increase of catching power0 Never-
tholoss the modified gear Is no-t widely used.
ov shrimp fishing (eyor-'earden, 1931).

llenklng (1927) described some beam trawle
which are used in the BaltIc Sen for fishing
C, orangon. Shrimps aro caught there only
as bait for the cod fishery, since large
shrimps aro riot abundant enough to cuetain a
large-scale shrimp fishery.

A description of the original "shrimp
net" used in the neighbourhood of the Themes
Estuary, prior to 1830-40, its modification
in early 1850, and the introduction of the
"four beam trawl" at the sano period is given
by Mimtajcidjs (1960),

In early days horses were used for tow-
ing shrimp nets in Belgium (Verbrugghe,
1932) and England (Davis, cited by Schnaken-
bek, 1942), The Belgian shrimp trawl was
kept open by a ground. beam in the middle of

a stick was attached to keep the mouth
of the net open0

Use of echosounding or fish detectors

@chosounding is used now in the German
shrimp fichery, but Crangon cannot be detect-
ed on fish finders (sonar).

5,12 Boats

Type, SIse, Power, Changes in types of
boats during the develoeent of the
fishery

In the early days in Germany small
wooden, open or covered, sailing boats were
need for shrimp fishing, Notorisation etar-
ed around 1900 and by 1927 mli shrimp f ich-
Ing boats were powered (Tiews, 1953a).

Today the typo of boat remains the sanie
except in siso, the length varying from 12 to
17 n and equipped with enines between 50 and
75 hp (Tiews 1965) (Fig0 ìî)

All boats aro equipped with 50 litro oil-
tired boilers to cook the oatoh of edible
shrimp immediately after hauling, sorting and
cleaning the catch0 Nearly all vessels are
equipped with mechanical si&VeS for sieving
th catches, Post of the vessels do not
possess fish rooms, Only the largor ones have
refrigerated fish rooms0

In the Netherlands shrimp vessels are
larger than in Germany, up to 21 n long and
'havíng engines up io 150 hp0 These boats
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fich sh'r&ap during the winter also and much
farther :.u- -r 1mm their home perth than the
German fiuhirig boats do. The average engine
power ha:: tcadily increased from 45 hp in
1951 to 93 lip tn 1962 (Boddeke, 192a, 1962b,
1966e),

In Prance, small fishing vessels having
engines from 40 to 80 hp ars used. for Dhrimp
fichthg (Kuro, Paure, and Laurent, l9d.5a),

5.2 Fishing areas

52l General geographio
distribution

Geographic distribution

Crangon fishing, on commercial scale,
is carried out along the entire coasts of
cormauy (North ea coast), the Netherlands
and Belgium, as well as on the east and west
coasts of England, arid in evorai areas on
the French òoast, There appéars to be some
prospects for Orangen fishing on the Danish
North Sea coast, at loat in th southern
aroa However, tille is not exploited by -the
Danish fishing industry.

5.22 Geographic rangos

Distances from coast

Crangoix fishing is pursued close to the
coast, the fishing areas varying in diotanoe
from half to 20 n ml (37 km), depending on
their location,

Drains-go basins

The fishing areas are usually within or
close to estuarios,

Areas of greatest abundance (political
or geographical designations or degrees
of latitude and longitude)

Areas of greatest abundance are the
entire coasts of Germany and, the Netherlands,

M'er-Waardon and Tiews (1957) state that
the brown shrimp is caught along the entire
German North Sea coast, The fishing grounds
are in the estuaries and in the region of the
large and. small creek systems ot' the %addon Sea'
They are limited, in the sea, by the 15 to 20
m line which rune along -the coast of Sch)oeri,-
Enlstein, in the E1be/eser estuary up to 21)
to 25 n mi (46 km), off the coast and along
the coast cl' East Friesland up to 10 to 15
nautical muse. During spring and late ruum-ì
the fishing is carried out more seaward iban
during the months July to October, when fIsh-
ing is almost exclusively confined to crema
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c1oe to the coast, There aro good shrimp
fieh"ng grounds near the estuaries of the
rivere Eider, Elbe1 Weser and Ems, Hydro'
grapoioa11y the entire fishing area is charao
or1ed by strong tidal currents of strengh
up to 3 is/sec, and by continuous diechargo of
fresh water into this area by the rivers men
tionod., Because of the marked annual and
seasonal îluotuation in the quantity of
fresh water disohars, the salinity on the
fishing grounds is subject to great fluotua
tionso

Nistakidis (1960) stated that in England
the three main centros of the shrimp fishery
are the Wash, the Thames estuary, and the Lan
cashire coast, Landings of pink and brown
shrimps in the areas amount approximatsiy
to 80 percent of the total landings,

Euro, Faure and Laurent (l965b) stated
that along the French coast there are areas
in the Atlantic as well as on the Channel,
which aro rich in sand shrimps, especially
those close to the estuaries of the rivers
Gironde, Loire, and in the Bight of the Seine
(Fig, l3) In each of these areas about one
third of the total annual produotiom (which
is between 1,400 and 1,800 t) is produood
There is also a small shrimp fishery along
the coast of Vendo, in the Bight of Mont
Saint Nichel and on the east coast of Conten.
tin,

Differential abundance associated with
hydrographical features

See section 4l1

Changes in ranges during development of
the fishery

When only push nets Lesho e md s

nets were used, the fishery 'nr fairy '.' oce
to the shore, When irawliaL a s !ntioducod,
the range depended on the acor. redius o ,ho

boat0 Sailing boats operated along the coast,
while powered boats could fioh further out to
sea,

5,23 Depth ranges

Bathymetric contour

5ie 'ehery along the German cocci is
lici by tn 15 to 20 ni depth line (Meyer-
Waackc O3C Tiews, 1957)

Variations of density with depth

During spring and late autumn the density
of ahrmn oca is greater in ho deeper
cre hau o ;he ,ihailow, The contrary is

uosc. durnç iho months of July to October
1'5o 953b),

1210

5:5

5,24 Conditions of the grounds

The fishing grounds have sandy or muddy
bottoms with usually rich food supply,

5,3 Fishing seasons

5,31 General pattern of meaeone(e)

The main fishing season extends from
spring to late autumn depending on the migra-
tion of Cran on in the fishing grounds (see
section 3,51 o

In the Netherlands there is a regular
winter fishery, In the other countries the
shrimp fishing boats aro too small to permit
a winter fishery0 In Germany a winter fish-
ery is of no interest to the fishermen,
mince prices are fixed upon agreement between
the fishermen and the industry for the whole
year, and so the lower winter catohea do not
yield a profit,

For small fishing boats bad weather pre-
vailing during winter would greatly hamper
f ishing operation0 Another factor hampering
the conduct of a successful winter fishery
in the German waters is that heavy winter
storms usually destroy the markings of the
numerous creeks making navigation extremely
difficult (Meyer-Waarden and Tiews, 1963b),

532 Dates of beginning, peak and.
end of season(s)

Apprciinato dates in various fishing
areas

The German shrimp fishery usually starts
at the end of 1rrch or the beginning of April
when water teness. ures are generally above
5 0, and termnates at the end of November0
Maximum catches of small sired shrimps ara
obtained during July to 0cober, when 70 to
80 percent of the annual ce hohes are taken,
The catches o large sized shrimps, i,e,
those for human consumption, are much soro
balanced with peake in April to May and in
October (Fige 19) (Noyer-Waarden and Ti.ows,
1957, 1965a), Also the Belgian shrimp fisb
ery lasts from March to November (Gilís, 1952),,

The Dutch fishery for large sized shrinpe
operates through the year,

In 1963 and 1965 maximum production was
recorded during September to October (Boddoke,
l9G6b),,

5,33 Variation in date or thu'aíton
of season

Severe and prolonged winters retard the
beginning of the fiehery, juct as early idn
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tors cause its earlier termination, In warip

years Gorman fishermen may extend the fishing
season until Christmas,

During the years 1930 to 1939 the peak
of the f' ishing season was usually in August.
Since 1949, quite likely due to climatologioal
changes and, consequent cooler August tempera-
tures, the peak has shifted to September/Oct-
ober (Tiews, l954b),

5.4 Fishing operations and. results

5.41 Effort and intensity

Typo of unit of effort

Since most of the fishing trips in the
Gorman shrimp fishery do not oxoeed 16 h,
one fishing trip can be considered a unit
of effort. Since 1958 nearly all shrimp
cutters fish with two nets, whij. oexore 1930
they fished. with one net only0 Two-net fish-
ing was introduced on the coast of Niedersaoh-'
son during the years 1930 to 1939, and on the
coast of Schleswig-Holstein from 1948 to 1958,

Tiows (1954b) designated oatch per unit
effort for the fishing fleet of Biisuin, as the
catch per not per 10 h trip taking into con-
sideration the seasonal variations in fishing
time

The fishing trips of tho large Dutch
shrimp fishing vessels last five days, The
catoh per trip of these boats cannot, there-.
fore, be compared with that of the smaller
boats which go fishing, as the German boats
do, from early morning until the afternoon
(Boctdeke, 1962a, 1962b). (lilia (1960) ex-
pressed. the catch per unit of effort of the
Belgian fleet, as the catch per 100 h fishing,
multIplied by the hp of the engine0

Landings per unit of fishing effort

Tiows (l954b) has given the average land-
ings of small and edible shrimps per trip for
the period. 1930 to 1952 for the shrimp fish-
ing vessels stationed in HUsum.

Bar(ling (1964, 1965) found. that a fish-
ing boat of 14 to 16 m length fished. nearly
twice as many shrimps as one of 10 to 12 rs
length.

The fluctuations in landings per unit of
fishing effort of' the Belgian shrimp fishery
for the period l93 to 1959 are given by (lilia
(1960)(Table XIIi ).

Catches por unit of fishing effort

In the Thames estuary the catch per hoar
ualìy 32 to 68 kg, the quantity dependin
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on ie fishing ground and on the season of th
year. Catches of' 225 to 270 kg are not un-
usual, However, there aro also records of
only 9 or 13 kg of shrimps caught in two
hours trawling (Mis takidis, 1960).

French shrimp catches during winier
generally do not exceed 3 kg of edible
shrimps per h During June to July the
catches per h ero between 2 and 15 kg
wiile in December they are often below 1 kg
(Kuro, Paure and. Laurent, l965b).

Fishing effort per unit area

No information,

Total fishing intensity

The German shrimp fisherj c.rried out
51,715 fishing trips (or less one day
eaoh) in 1964. Of these, 30,58V er on the
coast of Niedersachsen, This showc,'A a doo1in
in fishing effort as compared. to the period.
1958-63, when on an average 32,958 fishing
trips were made. The changes in fishing ef-
fort on the German coast during 1954 to 1964
havebeen traced by Tiews (1965)

The number of' Belgian shrimp fishing
boats has declined steadily since before the
second. World. War, In 1936 it was 285 end lu
1959 only 149. However, the size of eciuo
has increased from 33.2 hp during the years
1935 to 1939 to 62,7 hp during 1956 to 1959
(Pable Xiii) Gilis, 1960),

The sizes of the Dutch shrimp fishing
fleet in the years 1951, 1954, 1957, 1960 and
1961 are given by Boddoke (l962b),

Causes of variation in fishing effort
and intensity

The German shrimp fishing fleet amounting
to 690 fishing boats in 1937, decreased to 674
boats in 1955 (Meyer-Waarden and Tiews, 1957),
In 1964 only 489 boats were operating as a
result of a special scheme sponsored by the
government under which certain fees were paid
to the fishermen upon retirement on condition
that their old boats were destroyed for thin-
ning out the fleet in order to make it more
profitable (Tiews, 1965),

5.42 Selectivity

The cod ende as well as the anterior
parts of the net contribute to selective fish-
Ing (Bohl, l963a, l963b).

The absolute catches of edible shrimps
ere largest when mesh sizes of 11 to 12 mur
(from knot to knot) in the cod. end are used,
Smaller mesh sizes yiold smaller oatches of



Number of Moan Horse Number of Total Moan Yield
outters Power Fishing Hours Yields por 100 FR

(FR) n Horse n HP (kg)
Power (HP)

1935 264 30,2 7 440 025 2 670 969 35,9
1936 285 29,6 7 666 817 3 496 069 45.6
1937 256 33,6 8 135 032 4 059 381 49,9
1938 236 35,6 8 452 478 2 949 915 34.9
1939 201 38.8 8 368 266 2 728 055 32.6

Average 248 3302 8 012 523 3 180 878 39.7

1946 250 39,7 4 172 168 1 289 200 30,9
1947 226 40,0 5 729 473 2 033 963 35,5
1948 210 49,4 5 541 345 1 651 321 29.8
1949 191 49,4 6 346 759 1 796 133 28,3
1950 211 5101 6 790 653 1 548 269 22,8

Average 218 45,5 5 716 079 1 663 777 2901

1951 195 5406 8 081 989 2 068 299 25.5
1952 i88 54,5 7 888 720 2 608 057 33.1
1953 187 54,7 7 455 812 1 961 880 26.3
1954 189 57.0 6 692 910 1 514 175 22.6
1955 181 58.2 7 123 992 2 100 346 29,5

Average 188 55.8 7 448 684 2 050 555 27.5
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TABLR XIII

Fishing effort and shrimp landings in Belgium from 1935 to 1959 (0i1io 1960)

1 508 797 23.6

2 132 171 30,8

1956 186 62,9 8 495 949 3 193 010 37,6
1957 176 62,6 6 524 808 1 004 414 15,4
1958 154 61,5 4 749 476 764 988 16,1
1959 149 63.3 5 784 426 1 072 776 18,5

FRin/S91 C. orarlon 5 9

166 62,7 6 388 664verage

Total average 207 47,0 6 917 952



mxiible shrimps but considerably larger catches
o! smaller shrimps (Gills, 1952; Mista-
kidis, 1958; Bohl and Koura, 1962; Kuro, Fau.re
and Lauront 19651,)., The relation between the
50 percent retention length and the valuo of
catch sizes timos selection faotor is given by
Bohl and Koura (1962) (Fig. 20),

A000rding to Bohi (1963a, 1963b), since
the anterior parts of the net have selective
properties, the following mesh sizes obtain
the basi catches of edible shrimpn

TABLE XIV

Mesh sizes

Anterior

Medium

Posterior

Cod end

Part of the Meh bar Number of meshes
trawl (mm) (depth)

14 ca 125

12 ca 145

10-l]. ca 155 -175

10 - 11

The chango in mesh cimes is claimed to
yield the following advantages

A larger quantity of edible shrimps
is caught for no extra expenditure or work,

Because of the large mesh size the
quantity of small shrimps caught is reduced and
bettor and larger catches of large-sized
edible shrimps are obtained...

The larger mesh of tio ood end
(10 to 1]. mm) allows an immense number of
juvenile shrimps to escapo, thus helping in
the protection of shrimp stocks,

In the Gorman shrimp lishery the mesh
mizos of the cod ends have been increased
since 1362 because of the difficulty in mar-
keting small sized shrimps consequent to the
abolition of the law that guaranteed the sell-
ing of small sized shrimps (Meyer-Waardon
and Tiows, 1957)

5,43 Catches

Total annual yields

The Yearbook cf Lishery Statistics pub-
lihed by FAO gives the total annual yields
in various countries (FAO, l965)(Table xv).
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Total annual yields from different f ish.-
Ing grounds

Mistakidis (1960) reported that the lane-
ingo of pink and oonmon shrimps in England
and Wales during the past 48 years showed
fluctuations between 890 t and 3,700 t.
Certain distinct falls in landings may have
been due to the roduoed effort during the war
years and immediately after, and. to the severe
winters of 1928 to 1929, 1939 to 1940, and
1946 to 1947. Even if these exceptionally
poor years are not taken into consideration,
on the whole, landings during the past 25 yenxn
were smaller than for the period 1910 to l930
Whether reductions in landings was the resulV
of a decline in the stock, or of reduced Iich-
ing effort, it is difficult to determine as
there are no available data with regard to the
number of boats and mon engaged in the shrimp
fishery.

Meyer-4laarden and Tiews (1965a) have dee-
cribad the development of the German shrimp
fishery during 1928 to 1960 and furnished the
yearly landing figures (Table XVI). The
yields showed considerable fluctuations during
this period. The German shrimp landings by
areas am given in Table XVII indicate however
that the development was different from area
to area, During the period 1949 to 1959
catches of edible shrimps increased in Olden-
burg, Ostfriesland and Schleswig-Holstein, and
decreased in the Elbe/Weser area.. During the
came period catches of small industrial
hrimps decreased in Oldenburg and Elbe/Weser,
.ut showed an increase in Ostfriesland and in
ohleswig-Holstein..

Catch statistics of the Belgian shrimp fish-
ery have been collected sinos 1935. During
the years 1935 to 1939 the annual catches
fluotuated between 2,671 and 4,059 t and
amounted, on an average, to 3,181 t., Proie

1946 to 1950 the catches varied between 1,289
and 2,034 t and wore on an average 1,664 t.
During 1951 to 1953 the annual average catch
amounted to 2,051 t and decreased during the
period 1956 to 1959 to 1,509 t (Table Xiii)
(Gills, 1960), In Belgium there is no fishery
for small shrimps for industrial use, as
im also the Oase in France (Personal commuai-
cations),

The Dutch landings of edible and email
shrimps for 1951 to 1961 aro given by
Boddeke (l962a, 1962b, 1966),

Maximum equilibrium yield

No information,

5 10 FRm/591 C. crangon
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Fig. 20 Relation between the 50% retention length and the value of

catch size times selection factor (Echi and Koura, 1962).
TABLE XV

Landings (in t) of common shrimp by countriec according to Yearbook of Fishery Statistics

Tho Landings given for Algeria are considered doubtful by the author
.1 I,ndint', nf r,j,nk shrimo (}andalus montagui)

1938 1948 1958 1961 1962 1963 1964

øta1 46,0 31.0 48.0 47.0 45.0 T2,0 57,0

1/Algeria 0.3 - 0.7 - - 0.4 0.2
Belgium 3.0 1.7 1,1 1.4 0,9 1.3 1,4
Denmark 0,2 0.4 0.2 0.3 0,2 0,1 0.1
France 2.4 1.7 1.9 1.7 2.1 2.4 2.8
Germany, Federal Hepublic 34.2-r 15.13/ 29.4 27.6 24.8 42.4 28,7
Netherlands I - 9.2-" 13.3 14.9 16,4 24.7 21,9
Saeden

f,,,

U.K. (England and Wa1es)_tf 2.4
0
2.6

0
2.1

0
1.0

0
1.1

-
1.4

-

IJK. (Scotland) - - - 0.1 0.1 0,1



Years Elbe - Weser Oldenburg
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PABLE XVI

German common shrimp landings in tons

TABLE XVII

German mean landings on common edible shrimps (a) arid small
shrimps (b) by districts in tons

Ostfriesland SchleswigHolstein Total
1andins

(a) (b) (a) (b) (a) (b) (a) (b) (a) b

309 13 589

292 28 311

420 26 557

Year e Edible Shrimps Small Ehrimps Total

1928 3066 9 176 12 424
1929 3077 15 114 18 191
1930 3784 16 476 20 260
1931 3304 21 962 25 266
1932 3003 19 837 22 840
1933 3100 24 000 27 100
1934 3414 26 686 30 100
1935 3887 19 753 23 640
1936 4698 34 991 39 689
1937 6060 44 540 50 600
1938 5755 33 620 39 375
1939 5404 29 406 34 810
194Q 5131 18 092 23 223
.94J. 7392 16 366 23 758
942 4207 6 334 10 541

1943 1957 2 651 4 608
1944 1650 2 741 4 391
1945 1689 541 2 230
1946 2858 3 748 6 606
1947 3928 7 261 11 189
1948 5962 8 212 14 174
1949 3437 15 685 19 122
1950 637 30 165 32 802
1951 3302 23 311 26 613
1952 3286 21 078 24 364
1953 4295 35 656 39 951
1954 4456 28 738 33 194
1955 5641 37 281 42 922
1956 5412 27 476 32 888
1957 5689 29 158 34 847
1958 6051 22 301 28 352
1959 4413 21 278 25 691
1960 3603 20 276 23 879

1928/30

1931/39

1949/59

1

881

079

786

3

6

3

142

162

945

89

200

250

1 733

3 512

2744

224

312

565

5

8

9

387

624

499

2

2

2

115

700

820

3

10

10

337

021

369

3

4

4



6 PROTECTION AND MANAGEMENT

6,1 Re latory (legislative) measures

6.11 Limitation or reduction of
total catch

Limitation on the efficiency of fishing
units

There are no limitations at all in the
Belgian shrimp fishery. The Dutch "Produkt-
sohap voor Vis en Visprodukten" has presorib-
d that fishing boats landing shrimps are

not allowed to have a dragging power above
2,000 kg.

In England the different Fisheries Dis-
tricts have exercised various legislativo
restriotions on the sizes of fishing boots,
length of beam of trawls and. push nets, diam-
ter of nets, duration of operation of

trawls and obligatory release of undersized
fish,

Limitation on the number of fishing
units, fishermen

In Germany credit faoilities for replace-
ment of old shrimp fishing boats are given
only on condition that the old boats are de-
boyed in order to limit the number of fishing
boats. However, so far a number has not been
fixed by the law,

Limitation on total catches (quota)
daily, seasonal, annual

ihen catches are large the processing
firms in Germany that have oontracts with
fishermen for supply of edible shrimps for
processing fix a coiling for the daily quota
to be delivered, Such restrictions do not
normally exist for small sized fodder shrimps.

Acoording to tbe Fisheries Convention for
the NE Atlantic (24 June 1959), the industrial
by-catches of the shrimp fishery are not al-
lowed to contain more than 10 percent o under-
sized proteoted fish, Meyer-Waarden and Tiews
(1965a) have calculated that the industrial
catches of the German shrimp fishery during
the years 1954 to 1960 contained loss than 10
percent of undersized protected fish.
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6.12 Protection of portions of
population

Closed areas such as spawning or nursery
grounds

In Franco the shrimp fishery is prohibit-
ed in certain areas, mostly in bays, in order
to prevent oatohos of undersized oommeroial
fish,

Closed seasons

In England, a closed season for shrimps
and prawns (December through April), is im-
posed in the Lancashire and Western Sea Fish-
eries District.

Limitations on size or efficiency of
gear or craft

The State of Sohleswig-Holstein in Ger-
many has rou1ations prohibiting mesh sizoa
below 7 mm (from knot to knot). There aro no
other governmental limitations in the German
shrimp fishery, except some marketing ordinan-
oes (Neyer-Waarden and Tiews, 1957).

In Franoe the minimum mesh size in the
cod end of nets made of synthetic fibres has
been fixed at 21 mm (stretched),

In the Netherlands coastal fishery the
lower limit of mesh size of shrimp trawls is
fixed t 17 mm.

In Fiingland, the Dee Fishery District, the
Kent and Essex Sea Fisheries District, the
Cumberland Sea Fisheries District, the South
Wales Sea Fisheries District and the Lanca-
shire and Western Sea Fisheries Joint Commit-
tee, all exorcise limits on mesh size of
shrimp and prawn nets, The last two agencies
also impose obligatory release of undersized
shrimps. The Cumberland Sea Fisheries Dis-
trict have restrictions on the size of fishing
boats as well,

FRm/S91C. orangon 621



8 REF}RENCES

Bales, H., Ober die Chemorezeption bei Garnelen. Biol.Zbl., 33(8):508-l1
1931

Barber, S.B., Chemoreception and therrnoreoeption. In The physiology of cruetacea, edited by
1961 T.H. Waterman, New York Academic Press, vol.2:109-31

Hartung, G., Betriebewirtechaftliche Mitteilungen, 2. Bericht 1962. Betriebeaufeand und -ertrag
1964m in der "geniimchten° Krabbenfischerei. Fiecherblatt, 12(3):53-60

Betriebewirtschaftliche Mitteilungen, 1. Bericht 1962. Betriebsaufwand und
1964b -ertrag in der "reinen" Krabbenfischerei, Fischerblatt, 12(2):29-35

Betriebswirtschaftlioho Mitteilungen, 1. Bericht 1963. Der Betriebserfoig in der
1965 "reinen" Krabbenfischerei. Fischerblatt, l3(2):25-31

Becker, E., Die Pigmente der Gamin- und Ommatingruppe, eine neue Klasse von Naturfarbetoffen.
1941 Naturwissenschaften, 29:237

Belloc, G., Die Fischerei auf Krebstiere. Hanb.Seefisch.Nordeurop., 7(l)83-7
1938

Boddeke, R., ICES, C.M. Shellfish Committee, (50):1-2
1961

Methods to improve the yield of the Dutch shrimp fisheries. ICES, C.M, Speoial
l962a Meeting ori Crumtacea, (33):l5

Resultaten van drie jaar garnalenonderzoek. Vieserijinieuwe, 15(5):66-70
1962b

, Men beter garnalennet. Visserijinieuws,18(l):2-8
1965e.

Men beter garnalennat. Visserijinieuws,18(7):213-5
l965b

Im it possible to forecast the landings of brown shrimp? ICES, C.M., Shellfish
1966m Committee, M:7

Sexual cycle and growth of brown shrimp (Crangon crangon). ICES, C.M., Shellfish
1966b Committee, 14:6

Hohl, H., Further investigations on the selectivity of beam trawle in the German shrimp fishery.
1963m ICES, C.N., Shellfish Committee, (55):l-5

Weitere Untorsuchunger Liber die SelektivitNt der Garnelenkurren vor der nord-
l963b friesischen KUste. Protok.FiscbToch., 8(38),23l-51

Pohl, H. and R. Koura, Selektionmversuche ait Garnelenkurren vor der riordfriesiechen KOste.
1962 Protok.FischTech,, 8(35): 1-33

Broekoma, M.M.M., Seasonal movements and the osmotic behaviour of the ehrimp Crangon crangon L.
1942 Archm ner1.Zool,, 6l-l00

Caudri, L.W.D, Einfluss der Temperatur und des Saingehaltee auf dio Sterblichkeit von Garnelen
1937 (Crangon crangon L.). Arche ner1,Zoo1., 3:179-96

Davie, F.M., An account of the fishing gear of England and Wales, Fishery Inveat. Lond, (2),

1927 9(6): 122 p.

Ehronbaum, E., Zur Naturgeschichte von Crangon vu1arim Fabr. Berlin, ]Jtmch.Seefisch.- Verein,
1890 Mittl,Sekt.KCieten- u.Hochseefisch., Sonderbeilago: 9-124

- 1219

FBsn/S91 C. crangon 8:1



1220 -

8 2 FThz S91 C. orangon

FAO Tb.Fieh.Statiot. (18)
1965

Florey, E., Untersuchungen fiber die Natur der Farbwechsel-hormone der Crumtaoee.n, Bio]..Zbl,,
1952 71*499-51]

Florkin, M., Ecology and metabolism. In The physiology of crustaoea, edited by P.R. Waterman,
1960 New York, Aoademio Press, vol.1:395-406

Fifigel, H., tibor den Einfluss der Temperatur auf dio osmotioche Resistenz und die Osmo-regulatiort
1960 der deoapoden Garnele Crangon crangon L. Kieler Meeresforech., l6(2):186-200

Elektrolytrogulation und Temperatur bol Crangon cranon L. und Caroinus maenae L.
1963 Kieler Meeresforsch,, 19(2), 189-95

Qilim, C,, La peche crevettiro sur la c6te bslgit eon évolution au cours des années 1935-1951
1952 et son influenoo sur le stock do la crevette, Mém,Inst.Etud marit.Belg,, (8):l-55

Grise Crevettiro sur 1m o6te belge, ICES, C.M,, Comité des o11usquea et
1960 Crustacés, 18

Goodwin, T.W., Biochemistry of pieents, In The physiology of cruetaoea, edited by P.0.
1960 Waterman, New York, Academic Press, vol.1:101-35

Bavinge, B., Erobse und Weichtiere, Hanb.Seefisch,Nordeurop., 3(2):1-l42
1929

Der Granat (Crangon vulgarie Fahr.) in den ho11ndiecben GewUseern., J.Cons.perin,
1930 1nt.Eq1or.MeÍ', 5:57-87

Heidrich, R., Untersuchungen über die sogenannte Grunmelfischerei an der prouseimohen NordeOm-
1930 kOste. Z.Fjsch., 28,13-82

Henking, H., Der Fang der Nordsee-Garnelen (Crangon vulgarim L.) in der Ostsee, Midd,dt,Seefish
1927 Ver,, 43(l):1-14

Herdman, W,A, Report on the investigations carried or: in 1892 in connection with the Lancashire
1892 sea-fisheries laboratory at University CoLlege, Liverpool. Rep.Lanc.Sea-fish.Lab.,

pp 1-48

Jensen, J.P., The relation between body size arid the number of eggs in marine Malacostrakes,
1958 Medd.Danm,Fish.-og-}Iavunders., 2(19): l-25

Jorgensen, O.M., Cruetacea, In Marine plankton, plankton investigations. Rep,Dove Mar.,Lab.,
1923 N.S,, 12:112-33

Kingsley, J,S,, The development of Crangon viAlgaris. Bull.Eeeex Inst., l8(7-9)z99-15l
1886

1889
The development of Crangon vulgarie, Bull.Essex.Inst., 2l(l-3):1-34

Kleinholz, L.H., Pigmentary offeotor. In The physiology of crumtaoea, edited by P.O. Waterman
1961 New York, Aoademio Prese, vol.2:133-63

Koller, G,, iber den Farbweohsel bei Crangon vu1caris. Verh.dt.zool.Ges., 3Ol28-32
1925

über Chromsophorensymtom, Farbensinn und Farbwochmel bei Crangon ZariS.
1927 Z,ver'i,Phyoiol,, 5:191-246

Versuche Über die inkretorischen Vorginge beim Oarnelenfarbweohael. Z.vergl
yoio1., 86O1-l2



Kourist, W., E. Mauch und K, Tiews, Ergebnisse von im Jabre 1962 durohgeffihrten Garnelen-

1964 inarkiorungeexperimonten, ¡rch.FiohWios., 15(1):16-22

Kühl, H,, Muscheln und Garnelen, Fisoherei:welt, 1(1)

1949

Untersuchung der Nahrung von jungen Soehasen (Cycloptorus lumpus L,) im
l95MUndungsgebiet der Elbe. Arch,FieohWiue., 7(i):40-7

___, Nahrungsuntersuchungexi an einigen Fischen im Elbe-Mündungegebiet. Ber.dt,wism,
1961 Kommn.Meeresforsoh., 16(2):90-104

Über die Nahrung der Scharbe (Limanda limanda L,). Aroh.FimohWiss,, l4(1/2)8'-.17
1963

Protokolle zu den Nahrungsuntersuchungen an einigen Fischen der Elbmfindung,
1964a Veröff.Inst.KUst.-u.Binnenfisch., (32): 1-30

Protokolle zu don Nahrungsuntereuchungen an Scha.rben (Limanda limanda L). Ver3ff.

l964b Inst,Kfist.-u.Binnenfisch., (33):l-27

KUhl, H. und H, Mann, On the distribution of shrimp larvae (Crangon orangon L) in the estuary of

1963a the Elbe Ver5ff.Inmt KOst -u,Binnenfisch., (27) 50-2

Das Vorkommen von Garnelenlarven (Crangon orangon L.) in der Elbemündung. Arch,

1963b FischWiss,, 14(1/2):l-7

Kurc, G., Premtro edrie d'exp4riencem sur la edlsctivitd du ohalut & poissons, Sci,P8ohs
1964 (123):1-6

Kuro, G., L, Faure et T. Laurent, La pêche des crevettes au chalut et lee probThmos de sdleo-
1965a tivité. Rev.Prav.Inst.(scient.tech.)P8ches sant,, 29(2):l37-61

Essais d'un nouveau type de chalut équipé d'un dispositif de eleotivit4 pour la
l965b pohe des crevettes, Sci,Pêche, 136:1-7

Lloyd, Ad. and G.M. Yonge, The biology of Crangon vulgaris L. in the Bristol Channel and'
1947 Severn estuary. J.mar.biol,Asc.U.K., 26:626-61

Luther, W, und H. Maier, Versuche fiber die Funktion der 1, Antenne von dekapoden Kren aim
1963 Strdmungssinnesorgan. HelgplEnder wiss.Meeresunters,, 8(4): 321-332

LOhmann, M., Bericht fiber die Struktur der Krabbenfischerei. (MS)

1963

- 1221 -

Mathias, P,, Sur la résistance de Palaemon squilla L. et de Crangon
1938 de salure de l'eau. Bull.Soc.zool.Pr., 63:337-43

Maucher, W.-D., StatistisckUntersuchungen fiber Unterschiede in den
1961 zwischen der Nord-und Ostseeform von Crarigon orangon L.,

219-27

vulgaris F, & la diminution

Kérperproportionen
Kieler Meeresforech., 17(2):

Meixner, R., The effects of food supply on moulting, growth and spawning of the shrimp Crangon
1966a orangon (L.). ICES C.N,, Shellfish Committee, M:5;l-7

Eine Methode zur Aufzucht von Crangon orangon (L.) (Crust. Decap. Natantia),
l9b Arch.FisohWies,, l7(1):l-.4

Experimentelle Untersuchungen zur Biologie der Nordsoegarnele. Dissertation,
1967 Univ. Haiiburg.

Meyer-Waarden, P.F., Die im .Jadebusen gebrucb1ichen Granatfanggenkte und ihre Eignung für don
1931 Fang. Mitt.dt.Seefiech Ver., 47:3-3O

FRrn/S9l C. crangon 8:3



1E)yor-WaoÏden, P,F., Ein Beitrag zur Eiablage der Nordeeekrabbo (Granat) Crangon vulgarie Fahr.
1934 Zool.Anz,, 106(7/8):146-56

Ein T3eitrag zur Frage der Laichperiodizitt bei der Nordseekrabbe (Granat) Cranon
1935a vulgarie Fahr, Zoo1.Az., 109(l/2):23-32

Wachstums- und Altereuntersuchungen an der Nordseekrabbe (Granat) Crangon vulgaris
1935b Fabr, ¿ool.Anz., 11l(5/6):145-52

Ein Beitrag zur Frage der Brutbiologie der Ostseekrabbe Leander adepersus (Rathke)
1937 var, fabrjcjj Rathke in der Wisinarchen Bucht, ZooJ..Anz,, 117(7/8)16l-8

Meyer-Waardsn, P.F. und K, Tiows, Krebs- und Musoheltiero, I. ToiL Krobstiore by K. Piews.,
1957 Arb.dt,FisohVerb., (8):1-56

Further results of the German shrimp researoh. Verff' Inst.0Ktlst.-u.Binnenfisoh.,
1963a 27:24-38, also issued as ICES, C.M. Special meeting on Crustacea 1962(35):l-13

Catch composition of the German shrimp fishery in 1962. Veriff.Inst.KUst.-u.
1963b Binnení'iech., 27:39-4].

1'o.,,, 4,, ,.,.., A., Garnelenfischrei in den Jahren 1954-1960.J'S as c.0fl an s,,, .0 .405 A04A VCI.0LVflS

l965a or,dt,wiss.Komm,Meoresforsch,, 18(1): 13-78

9 Grundlagenniatorial zu "Die Zusammensetzung der Funge der deutschen Garnelen-
1965b fishcerei in den Jahren 1954-1960, ;.r.dt.wiss.Komm,Meeresforsoh,, 18(1), also

issued as Verff,Inst.KUst.-u,Binnsnfisch., 35:1-29

Mietakidis, N.M., Comparative fishing trials with shrimp nets, Fishery Invest,,Lond.(2),22(1):
1958 1-21

The shrimp industry in Essex. seex Nat,, 30(4):228-44

Münzing, J., FKrbungsversu.che an Nordseegarnelon zur Markierung. Infn Fischw.Auslda, 7(5/6):
1960 151-2

, Farbmarkiorunger: an Nordeeegarn1en. Infn Fiohw,Aue1ds, 9(1/2):20-1
1962

Nouvel, L., Observation de 1'aooup1emont clulz une ospêoe de crevette Crangon orangon, C,r.hsbd.
1939 Séanc.Acad.Sci.,Part.a, 209:639-4].

Nouvel-Van Rysselborge, L., Coatribution t ltude do la mue, de la croissance et do la
1937 régén6ration lee Crustacee Natantia. Reo.Inst.zool.Poz'ley-Rousseau, 6:5-161

Plagmann, J,, rnthrungbio1ugio der Garriele (Crangon vu].garis Fabr.). He1go1nder wise.
1939 Meeresuntere., 2(J)?.113-(2

Plankemann, H,, Beitrüge zur Phjcio1ogie der ûarnelenhMutung, Schr.naturw,Vor.Schlesw.Holet.,
1935 21(21): 195-216

J'iett, A,, Further resulte on the distribution of shrimp larvae (Crangon orangen L.) on the
1965a German coast during 1964. ICES, C.M., Shellfish Committee (25)

Über das Vorkommen von Garneleniarven (Crangon cranon L.) vor der deutschen
1965h KOste in den Jahron 1963 und 1964. Arch.FtschWiae,, 16 1):54-67

Hee, C.B., Continuous plankton records: The decapod larvae in the North Sea, 1947-1949.
.1952 Bull ,rnor.Kcol., 3(22): 157-84

..oh:.:Jonbeek, W., üchlppntz. Hanc11.Seefioh. Nordeur., 4(l-2):1-42
194 ¿

., Zur Funk ti on der Dekapodenstatooy:te. Verh .dt .zoo) .0cc,, pp. 89-96

1222

8:4 FRIn/S9l C. crangom



FRrn/S91 C. crangu

Schdne, H., Statozyatenfunktion und statische Laeorientierung bei dekapoden Krebsen, Z.vergl.
1954 Physiol., 36:241-60

KuLrssteuerung mittels der Statocyaten (Messungen an Krebsen). Z.vergl,Physio1.,
1957 39x235-40

Die Lagaorientirung mit Statlithenorganon und Augen Jdrgebn.Biol., 21x161-209
1959

Complex behavior. In The physiology of orustaoea, edited by P.R. Waterman, New
1961 York,Academio Press, vol.2:465-515

Schwarz, A., Splllsaum aus Exuvien von Garnelen (Cranon). Senckenbergiana, 14:1-428
1932

Spiegel, A., tYber die Chemorezeption der sogenannten Riechgeissel bei Crangon vulgaris Fahr,
l927a Zool.Anz., 71:43-52

tibor dio Chemorezeption von Crangon vulgaris Fahr. Z.vorgl.Physiol,, 6(3/4):
1927b 688-730

Pooch, J.J. und J. de Veen, Die niederlthdisohe Seefisherel, Handb.Seefisoh.Nordeurop., 7(2):
1938 1-99

Plows, K., Zur RentabilitWtsfrage der Krabbenfischerei. Fiochoreiwelt, 4(3)
1952

Zur Biologie der Nordoeegarnele. In 20 Jahre DETJKO. Heziburg DEIJKO-Gosollsoh.
1953a F6rd.Küst,Fioch., pp.12-6

Studien zu der Btisumer Garnolenfischerei, ihren biologischen Grundlagen und ihrer
1953b wirtschaftlichen Struktur, .Disseration, University of Kiel, 141 p.

Dio biologischen Grundlagen der BOsser Garnolenfischerei. Ber.dt.Komm.Meeres-
l954a forsch., l3(3):235-69

Einfluss der Gezeiten und der Wassertemperatur auf dio Qarnelenfisohersi, Ber,dt.
1954b Komm.Meeresforsoh., 13(3): 270-82

On the use of plaetio tags for tging brown shrimp (Crangon vulgaris Fahr,).
1963 ICES, C.M., Shellfish Committee, (7):l-4, also issued as Veröff.Inst,KUst,-u,

Binnenfioch., (27):42-9

rther results of the Gorman shrimp tagging experiments (Crangon vulgarie Fahr.),
1964 ICES, C.M., Shellfish Committee (l1):1-2

Lichtung des Nordseegarnelenbestandes (Crangon orangen L.) durch Wegfrase, Arch.
1965 FiohWlss., l6(2):169-8]

Erprobung einer neuartigen hollMndischen Garnolon-kurre. Fischarblatt, (2): l-3
1966

The use of plastic tags for tagging small shrimps (brown shrimps, Crangon vulgaris
1967 Fabriotum) and on tho problems of tagging experimente cf this species of shrimp,

§p.Ser.mar.bio1.Ass,India, 2(4):l296-l300
Thoreon, G,, Reproduction and larval development of Danish marine bottom invertebrates, with

1946 peciai reference to the planktoriio larvae in the Sound (Øresund). Modd.Danm,Fisk,
Havundersçg, 4(1): 1-523

Ubrig, H., Der Elfiuse von Sauerstoff und Kohlenioxyd auf die taktischen Bewegungen einiger
1952 4assertiere. Z.vergl.Ph,ysiol,, 34:479-507

1223

8 5



Verbrugghe, L,, Die belgische Seeuischerei. Handb.Seefisch.Nox'deurop,., 7(3):1-39
1932

Verne J., Lee pigmente dans l'organisme animal, Paris, Dein, 608 p.
1926

Verwey, J., ih,er die Ortontierung wandernder Meorestiere. HelgolEnder wiae.Meoresuntere., 7(2)*
1960 51-8

von Brandt, A, Fanggorite der Kutter- und KUstonfischerei. Sehr-Reihe AID, (113)U-105
1959

von Buddenbrock, W., Sinnosphyeiologio, In Vergleichende Physiologie, .sel, Verl. Birkhusor,
1952 vol.1:504

Wstermann, P.H., Comparative ph,ysiology. In The physiology of oruetaoea. New York, Aoademio
1961 Press, vol.2:521-84

Williamson, H.C., Ori the larval stages of deoapod Crustacea, The shrimp (Crangon vulgarie Fabr.).
1901 Rop.Fish,Bd Scot., 19(3):92-120

Cruetaoea Decapoda. Larven. Nord.Plankt., 3(6):315-588
1915

Wollehaek, A,, Remarks on decapod oruetaceans of' the North Atlantio on the Norwegian fjorde I
1908 and II. Bergens Mus,krb., 12:1-74

Wulf, A. and A. Bückinann, Der "Garnmelfang" der Garnelenfisoher und dio Bedeutung dem Fortfangem
1932 junger Plattfieche fUr den marktfhigen Plattfiseh-Bestand in der Deutmohen Bucht,

Helgo1bnder wies .Meersunters, l9(1) l-61

Vorige, C.M., The nature and significance of the membranee eurrounding the developing eggs of
1937 Homarus vulgaris and other Decapoda. Proc,zool,Soc,Lond,, 107:449-517

Egg attachment in Crangon vulgarle and other Caridea, Glaegow,University of
.955 Glasgow, Department of Zoology, pp. 369-93

Zarenkov, N.A., Revision of fami1ie Crangon and Sclrocrangon (Decapoda, Crustacos). Zool.Zh.,
1965 44(12):1761-74

- 1224 -

8:6 FRm/S91 C. orangon




