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IDERTITY
Aol BolenG Lo uilB

1,11 ¥alid name

Crangon crangon (linnaeus, 1758)

1,12 Objective synonymy

¢ancer Orangon
Linnmaeus, 1758, Syst.Nat., 0d.10; vol,l,
p«632 (original combination)

Astacus crangon
?Linnaeua, 1758) Fabricius, 1775, Syst.
Bate, p.417.

Cancer (Astaauag crangon
zLinnaaus, 1758 Herbet, 1792, Versuch
Neturgesoh. Krabben Krebsg, vol.2, p.75.

Crangon vulgaris
Fabriocius, 1798, Suppl.Ent.Syst. p.387.

Crago vulgaris
Fabricius, 1798) Lamarok, 1801, Syst,
Anim.g.Veri., p.159.

Astacus (Crangon) vulgaris
ZFabrioius; 17933 Moore, 1839, Mag.nat.
Bist., n.ser.vol.3, p.290.
Crangon (Crengon) vulgaria

(Fabricius, 1798) Carus, 1885, Prodr.
Faunae Mediterr., vol.l, p.482.

Crangon orangon
ZLinnaeus, 1758) Sharp, 1893, Proo.fcad.

nat,S5ei ., Philed,, 1893, p.125.

Crangon crangon typiocug
Doflein, 1900, Fauna Arctisce, wol.l,
P.325.

1.2 Taionom{
1.21 Affinities

Suprageneric

Phylum Arthropoda
Class Crustacea
Subolaes Malacostraca
Series Bumalacosiraca
Suparordar Hucsrida
Order Decapoda
Suborder Natantia
Seption Caridea
Superfamily Crangonoides
Family Crangnnidaa

Jeneric

Crangon Fabricius, 1798, Suppl.Bat.
dyet., p,387; type species by absolute
e honymy s

Cancer crangon linmasus, 3158
(not Crangon Websr, 1795) . Crangon Feb~
ricius, 1798 is placed 28 name no, 307 on

the Offigial Ligt of Genaric Names in
Zoology (1955, Opin.Decl.Int.Comm,Zoo0l.
Womenel,, vol.10, p.1-44, Opinion 334)
in the same Opinion Crangon Weber, 1795
im auppressed and placed, &8 name 10,228,
on the 0fficial Index of Rejeoted and
Invalid Qenerioc Namem in Zoology.

Definition. Firet perelopod with
strong subchela having & median tooth on
the lower margin of the merus,
slender, almoet as long as firat, with a
true chela} oarpus unsegmenied. TFoucth

Seoond leg

and fifth legs not broadened for swimming.

Carapace in the anterior helf with three
spines, one median two lateral;
median spines. Reocentiy Zarenkov (1965)
revised the genus and eplit off seversl
g@enera from the old Crasngon s.l. Withim
the genus Crangon s.s. & new subgenus
Yeoorangon Zarenkov wag esbtablished by
him,

Objective generic synonyma:
Crago lamarck, 1801, Syst.Anim.sans

Vert.sy p.159. Type mpecies (by
monctypy)s  Gancev crangon L., 1758,

Crangonus Refinesque, 1815, Anal,
Nature, p.98. Replacement name for
Crangon Fabricius, 1798,

Subjective gensric synonyms

Steiracrangon Kinshan, 1861, Trene.
Roy.Irish Aced., 24(15, p.56 (type
speoies {by monotypy) Crangon

ellmennil Kinahan).
Speoifio

Identity of type specimens

The type mateorial of Cancer crangom
no longer exists, but the original des~-
cripgjion leaves no doubts as to the
identity of the speciss.

Type locality

Baltic Sea; "Habitat in Wfars)
Baltpico" (Linnasus, 1758, Syst.Way., ad,
10, vol.l, p.632).

Magnosis

no other

Third maxillipsd with an artheobranch.
aixth abdominel femile smooth above, wiihe
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out two distinct carinee, with a longitudinal
nedian groove on lower surfaoe,

Subjective synonymy

Crangon rubropunciatus
Rizso, 1816, Hist.net.Crust.Nice,p.03.

Crangon meculoss Rathke, 1837, Mém.Aced.
Soi.Petersb., ser, 6B vol.3; p.366.

Crangon vulgaris maculess

Rathke) Czernisveky, 1868, Trans.
Meeting Russian Natural. 8t.Petersb.,
vol,ly, P.126.

Crangon maculosa typlce
Czerniaveky, 1884, Trans.Sooc.Univ.Khar-
kow, vol,1l3 suppl,, P.Tle

Crangon maculosus brevirogiris
Czerniaveky, 1884, Trans.Soo.Univ.Khar-
kow, vol.13 suppl., P.72¢

Crangon maculosa suchumioa
Czerniavsky, 1884, Trans.Soc.Univ.Khar-
kow, vol.13 suppl., p.72.

Steireorangon orientalis longiocmuds
intermedia

Czerniaveky, 1884, Trans.Soc.Univ.Khepr-
kow, vol,13 suppl.y P.T4.

Steiracrangon orientalis brevicauds
Czerniaveky, 1884, Trans.Soc.Unlv.Kher-
kow, vol.13 suppley; PeT5.

Crangon vulgaris Shidlovakii
Ostroumof?, 1896, Hem.Sce.Nabtural.Nouv,
Rugge, v0l.20 pbo2 1n0.35 175,

Artificial key to the Buropesn speoies
of Crangon:

1. Sixth abdominal somite dorsally
wlthout carinae
Crangon crangon (L.)

2, Siwmth abdominal somite dorsally
with two sharp longitudinal cavinee
Orangon allmennd Kinahen

1.22 Taxonomic status

Lrangon crengon is the type species of
the genus, The number of speocies placed by
different authors in the genus varies oonsider-
ably. Zarenkov (1965) who reoognizes 2 sub-
genera within Crangon, assigned T spaecies %o
the typical subgenus. Other authors place
move than 30 gpeoles in Crangon. The position
of the speciss with regard to the olomely re~
lated N.E, American Crangon septemspinosa Say,
and N.W, Anerican C, alaskensis lockington, 1s
not certain, they might be subspecies of &
single species or ewen full synonyms of each
other,

1.23 Subspeocies

Some authors consider the southern
form of this specles which inhabits the
Mediterranean and the Black Sea as a dis-
tinot subspeocles Crangon orangon rubro-
punctate Risso, 1816, but as a rule no
subspecies are reoognized within Crangon

crangon.

1,24 gtandard common names,
vernacular names

Country Standard common Vernaocular
names name g
Belgium creveile orevette grise
Denmark Hestereje Sandhest
England conmon shrimp brown, grey .and
sand shrimp
France crevette crevette grise
Germany Nordsesgarnele Hordasesekrabbe
Krabbe, Granat,
Kraut, Porre
Sanduhl
Fether- garnasl Hordzeegarnasl
lands Garnaat, Gern
Garnaal
Norway Sandreke -
Bweden - Rékhést

1.3 Morphology
1.31 External morphology

Generalized

Ehrenbaum (1890) geve s thorough
desoripition.

Geographic varigtion

Maucher (1961) carried out comparative
messurements on the body, antenna, and ex-
tremities of two sawples of Crangon crangon
from the North Sea and the Baltic Sea.

Moxphological definition of sub-
populations

Wo subpopulations have hean dis—
tinguished so far.

Desoription of morphological changes
whioh ccour during growth inoluding
quantitative data

Tiews (1954e) gave detailed inform-
atlon on the mean length of the endopodite
of the first pleopod, on the mean numbsr of
the olfactory hairs on the olfsotory branch
of the first antenna, on the meen maximal
width and mean number of segmenis of tho of-
factory branch of the first entenna, and on
the number of sgegments of the olfactory
branch of the Tiret antenns without helrs,
for both mexes of different size groups,
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2 DISTRIBUTION
2.1 Total area
Geographic distribution

Horth Sea, Baltic Sea up to the
¢jords of Finland, coasis of North and
Wést)Europe, ¥editerransan Sea (EBhrenbaum,
1890),

Biogeographicsl and natural
characteristios

Main distribution in highly product~
ive estuaries with strong tidal movements
of brackish water masses,in the temperate
olimete zomes of Burope between 45°N and
57°K, on sendy end muddy substratum.

2,2 Differential distribution

2.21 Spawn, larvae and
Jjuveniles

Larvae present from middle of May %o
early October in the Sound off Ven
{Thorson, 1946), and from December to
August in the off~shore waters of the
southern North Sea (Rees, 1952). During
a l4-years observation period in the Elbe
estuary, larvae were found in the poly-
haline region from April %o October, and
with maximum abundance during lMay and June.
Not present in January and February when
surface water temperatures were below 400.
During March they were found only after
werm winters. Barly larval stages werse
more abundant at some distance from
the ocoast than close inshore. Thim
is supported by other observations in
which ovigerous females concentrate before
hatoching in the deeper off-shore waters.
(Meyer~-Wanrden and Tiews, 1957). In the
tibe estuary C. crangon larvae appear in
desper water later in the year. C. orangon
larvee were found to be more abundant
during low than during high tide (K{hl and
Mann, 1963a, 1963b). According %o Pleit
{1965a, 1965b) off the coast of Ostfries—
land, the greatest abundance of larvae was
hetween the 10 m and the 20 m line and de-
creaged considerably both in shallower and
deeper waters. In the area covered by the
outer Elbe, and between Helgoland and
Blisum, the distribution of larvae was
conslderably more seaward, sxtending
to Helgoland, During the summer of 1463,
off the coast of Ositfriesland, 100 to 450
shyimp larvee were counted under 1 m<,
ag compared with 800-2500 in the Hlbs area.
4 reversed pigture was obtained in 1964
{Prett, 1965a) 1965b), when considerably
more larvae were found off the coast of
Cgtfriesland in the Klbe area.

The general distribution pattern of
e¢hrimp larvae in the two areas appears
to depend on the system of coastal
currents which flow in the outer Elbe-
Bisum-Helgoland area towards the went and
northwest, and therefore tranaport Q.
grangon larvae more off-shore, while a
west-east current off the coast of
Ostfriesland transports the larvas
parallel to the coast and thus cone
centrates the larvae in a relatively
narrow strip.

No correlation could be found be-
tween larval distribution and water temper~
ature and salinity. Kihl and Mann (1963s2)
however, stated that the differsnces-
observed in the abundance of larvee during
the month of May in various years might
be positively oorrelated with water tem-
peratures

Larvae of C. orangon and Q.
allmanni occurrsd irregularly and
sparsely from May to September in the
ares off Wewcastle-~on-Tyne. All five
larval stages were found, the firsi
disappearing from samples after July
(Jorgensen, 1923).

20,22 Adults
See Ssction 3.51.

In the Baltic Ses the main-dise
tribution is near the coast, bights and
fjorda, but 1t has algo been observed
far off shore in the center of ¢the Baltio
and near Gotland (Henking, 1927). It is
found all around the Inglish and Welsh
coastline but its density varies from
area to area (Mistakidis, 1960).

During the winters 1959 to 1961 C. grangon
could be caught simultaneously on the
usual German fishing grounds and in the
deeper waters at some distance from land.
However, even the best catches taken in
this period wers about the same 23 the
average catches obiained during the end
of the usual fishing season. Morsover,
they have been obtained only in re~
siricted areags at depths between 10 and
20 m. (Meyer~Waardsn and Tiews, 19628
1963a)., Wollebask (1908) found {,
crangon in the Brevik Fjord during
NHovember and December as desp as 120 m.

2.3 Determinants of distribution
changes

See Section 3.91.
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3 BIONOMICS AND LIFE HISTORY

3,1 QReproduction

3,11 Sexuality

Hormaphredi tism; heterosexuality,
intersexuality

to Bhrenbaum (1890),

Havinga (1929), Meyer-Waarden (1934, 1935a,
1935h), Nouvel et van Rysselberge 51937)
Lloyd end Yonge (1947), and Tiews (1954a)
Crangon 1s heterosexual. Boddeke (1961,
1962a, 1962b, 19668), on the basis of histo-
logical gonad studies and intersexual
stages of the endopodites of the [irst

pair of pleopods, concluded that C. crangon
is a protandric hermaphrodite and exhibits
sex reversal, Meixner (1966a), who bred C,
erangon from the 3rd larval stage up to
gizes of 55-60 mm (20 males) and 65 mm

(5 famalas? within 14 to 15 months, did

not observe any sex change, which is
supposed to take place according to

Boddeke (1961) at a length between 42 and
4—6 mifl»

Acoording
2

Nature and exten®% of hermaphroditism

Boddeke (1961) stated that sex change
from male into femele occurs at a length
between 42 and 46 mm with & possible sex
change at a later stage.

According to Boddeke (1962a, 1962b):"A
gex change takes place in August and
Septomber. In these months egg production
begins in the gonads of the spent mele.

A%t the same time; the appendices of the
first pleopods of these spent males are
increusing in lcngth to enable the
attachment of eggs in due course. There
are indications that sex change may also
take place in February/March; The almos%
to%al absence of egg-besring 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 mskes fertilization im-
possible in these months." Boddeke {19664)
reported: "Male shrimps taking part in the
mating in October to February change their
pex to femsle in March. Male shrimps
%aking part in the mating in March to June
change sex in April to July.”

Sexual dimorphism

The endopodites of the first pair of
ploepods are much shorter in the males
than in the females. In the femnles they
nre always clearly visible and look like
narrow spoons, which are itwisted along
their longitudinal axis. In the modes

this appendix is spine-like and, Lacavan of
its smwall size, hardly visible without

2 hond lens (@hrenbaum, 1890). In animals
up to 20 mn long the endopodite of the
firat pair of pleopods is of similar sive
in both sexes, but in the males it is bent
in & hooked position over the Jjoint be-
tween basipodite and exopodite. At a

body length of 35 mm it has lengthened

and possesses three hocked and two
straight spines. Finally, at mexual
maturity, it is bent more acutely and
bears twelve hooks and eighteen spines
along the outer side (Lloyd and Yonge,
1947). The length of these endopodites
cannot be uged for exact sex meparation

at animals below 40 mm in length (Tiews,
1954a). Boddeke (1961, 1962a, 1962b)
confirms this. An appendix masculina
(Fig. 1) s attached to the endopodite of
the second pair of pleopods (Nouvel, 1939).
The endopodite of the second pair of
pleopods is biramous in the males. The
inner branch; or appendix masculina, iz
spinous on one side, while the outer
branch resembles the unbranched endo—
podite of the female and is similarily
clothed with long plumose sgetae. Tho
fully developed. appendix masculina
possesses 18 strong spines along the side
end tip of the ramus. As noted by Nouvel
(1939) 1t is late in developing, and at =
lengvh of 35 mm the ramus has only three
or four spines {Lloyd and Yonge, 1947).

Kroyer (Bhrenbaum, 1890) found that
in animals of the same size the outer
(olfactory) branch of the first antenna
has more segments and is broader and
longer in males than in females.
Olfactory hairs normally occur in two
fransverse rows on the lower side of
each segment. In the male, each row is
longer, with more haire, and the number
of segments is greater, so that the
total number of olfactory hairs is con-
siderably greater than in the female
(Tiews, 1954a). The first four to
seven segments carry olfactory hairs
in the male but not in the female shrimp
(Piews, 1954a). This oharacter permits
the separation of sexes down %o the Biaze
of 30 mm, while the appendix musculina
is & valid distinguishing character down
to the size of 25 mm, when external sexunl
dimorphism ococurs for the first time.

According to Ehrenbaum (1890) the
second antenna is longer than the total
body length in males, and shorter in
females. Although Tiows (19%4a) confirmad
thut in animals of the same vize thene
antennac are longer in males than in
femalea, he found that in most cnses eveh
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in males they are shorter than the total
body length. This character is not
practioal for separating the sexes, as in (1937), stated that it seems to be
preserved material the antennae often reagsonable "to consider the number of
break. eggs per female in Crangon orangon &

Jengen (1958), using the egg countu
made by Havinga (1930) and Meyer-Waarden

The genital openings in the females
and males are on the bases (ooxopodites)
of the third and fifth pairs of pereiopods
respeotively (Ehrenbaum, 1890).

Lloyd and Yonge (1947) stated that the

female pleopods undergo considerable changes
during development and desoribe these fully.

3,12 Maturity

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

Aocording to Havinga (1930) females
beoome mature at an age of 21 to 22 months;
at approximately one year, according to
Meyer—Wasrden (1935b), and Tiews (1954a);
at approximately two years, aooording to
Lloyd and Yonge (1947). Aocording to
Tiews (1954a) males also attain maturity ai
an age of approximately one year.

Meixner (1966a), who reared sommon
shrimpe at a constant temperature of
14°C, whioh is 4°C 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 monthsa,

Size and weight at sexual maturity
See seotion 4,13,
3,13 Hating
0, crangon is promiscuous,
See alsc section 3,16,
3,14 PFertilization

The fertilization of the eggs is
external,

See also seotion 3.16,
3,1% Gonads

The relationship betwsen the number
of egge attached between the swimmerets
and the total length measurel from the
%ip of the antennal scale to the tip of
the telson is given in Fig., 2a,

linear function of the length of the
female raised to the 3rd power" (Fig.2b),
Lloyd and Yonge (1947) gave a genaral
aococunt of the ovaries and testes

“The palred ovaries extend from the
dorsal surface of the gizzard (“oardiac"
stomaoh) to the third abdominal segment,
Growth in each ovary is slow up {to & body
length of 40 mm; but inoreases 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, buit 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 sesason there is little ovarian aot-
ivity and the animal pasmses into the
winter resting oonditions with the ovaries
only slightly exceeding their minimum
size,"

"Phe testes are situated in the mame
region as the ovaries and are also united
anteriorly and oentrally. They beocome
very aotive when the males attain lengihs
of about 40 mm, when all stages of
maturation of spermatozoa are present and
ripe spermatozoa cocur in the vasa
deferentia.®

"In Crangom the epermatophore ia
finally extruded as a thin strand-like
vermioelli oontaining masses of sperms
at irregular intervals."

Number of eggs or broods produced
by an individual

On the assumption that (. crangon
spawns thrioe a year, B,000 to 9,000 eggs
are produoed by an individual during its
gecond year of life and 24,000 to 26,000
eggs during its third year of 1life, thus
a total of at least 32,000 to 35,000 eggs
may be produced during its whole 1life
(Meyer-Waarden and Tiews, 1957).

3,16 Spawning
Number of spawnings per year

Acoording to Ehrenbaum (1890) there
are two spawnings; accarding to Havinga
51930) Meyer-Waarden (1953a), and Tiews

1954&5 there are three. Meimner (1966a)
observed that from five reared females
one spawned five times in the aquarium,
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at water temperatures of 149C, within
five months (April to August), two four
times, ome thrice, and one twice
(average 3.6 spawnings).

Spawning seasons

Wollebaek (1908) mentiioned egg bearing
females off Bergen from August to
December (deep water)., Henking (1927)
observed the first egg~bearing C. crangon in
the Baltic Sea in May. In June and July
more than 7O pergent 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), Havinge (1930), and
Meyor-Waarden (1935a) all observed spawn-
ing C. crangon in both summer gnd winter
months along the continental sghores of the
North Sea. Ehrenbaum and Meyep-Waarden,
working at Caroliensiel and the Jade Bay
regpectively, found two spawning periods,
one extending from spring %o the end of
July and the other from November until
February.

Lloyd and Yonge (1947) statedthat in
the Bristol Channel there are probably
epring and summer spawning periods, the
%wo 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 Blisum; iwo extend from April
to August, and one from November to
Marche. Very few egg—carrying females
were found during September and October.
Plett (1965b) recorded the maximum number
of larvae along the German coast from
June to August.

Spawning time of the day

According %o Nouvel (1939) and Tiews
{1954a) spawning in the aquarium takes
place during dusk.

Sequence of spawning of individuals
in a population

Henking (1927) stated that in the
Baltic Sea the larger sized shrimps begin
to spawn sarlier than the smaller ones.
During May egg-bearing shrimps were
betwoen 50 to 60 mm, and only from June
onwaxrd small shrimps, down %o 30 mm,
waye with spawn,

At Blisum, Tiews (1954a) observed
relatively more small egg~bearing
shrimps at the beginning of the summer
spawning period than later omn.

Shrimps originated from winter eggs
are likely to spawn for the first time
during the winter; and those from summer
eggs during the summer (Havinga, 1930;
Tiews, 1954a). The yesults 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 Tiews (1954a).

Factors influencing spawning time

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

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

Mistakidis (1960) stated that in the
Thames estuary where ¢, crangon are abundant
Pandalus 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 oute

Location and type of spawning
ground

According %o Tiews (1954a) mating
and spawning take place on the fishing
grounds along the entire Cerman coast.
These grounds may be sandy or muddy, and
they are shallowsr than 20 m. He con-
cludes this from the high percentage of
ripe females which had Just moulted and
were caughi by the fishery. (See also
section 2,21,

Nature of mating aot

The process of copulation in Crangon
has been described by Nouvel 2193§§1§£§‘~
confirmed by Lloyd and Yonge (1947), and
Tiews (1954a). It is essentially

similar 4o that in other Caridea such as
Athanas nitescens, Palaemon elegans, and
Alpheus dentipes. Some of the deteils
are quoted from Lloyd and Yonge (1947):
"After certain preliminary behaviour,
described by Nouvel, the male turned

the now passive females on o her back

and then bent his body in a U-shape
transversely across that of the female
about the junotion of the thorax and
abdomen so that the ventral regions of
the two animals were in ocontact."

Nouvel (1939) stated that the females
sometimes permit & second copulation.
This was not observed by Lloyd and Tonga
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(1947) and Tiews (1954a). Nouvel (1939)
also recorded the oopulation of large females
up to a length of 58 mm, with males of from
30 to 36 mm.

Tiews (1954a) observed the ocopulation
of a female of 81 mm with 2 male of 38 mm.
The author stated that copulation tekes
place only after the female hag Jjust moulted.
He found remnants of spermatophores 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 sometimes help to atitach the
spermatophores close to the genital opening
of the fomale.

Variation in mating behaviouw

Tiews (1954a) obmserved that the male
wight copulate with the female even when
swimming.

¥ature of egg laying

According to Lloyd and Yonge (1947)8
“EBggs are laid within two days of moulting
into 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 h. 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 etimulus 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 thatt
%Ag {the time Tor 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 snd copulation, the female cleans
tne egg-carrying setae by stroking move-
ments with the tips of the second pair
of pereiopods. During spawning the
enimal lies on one side with the abdomen
bent under the thorax and the eggs then
pess back in chains from the genltal
openings assisted by movements of the
spoon~like endopodites of the first palr
of pleopods.”

Further details on egg attachment
can be seen in Lloyd and Yonge (1947)
and Yonge (1955).

Moyor-Waarden (1935a) stated that
4owards the end of the egg-carriage,
the agg mass is frequently probsd and

loogened by the second pereiopods which
alsgo aspist in the final libveration of the
larvae. This has been confirmed by Lloyd
and Yonge (1947). After hatohing, the

ogg membrance and strands of cement remain
attached to the pleopods until the next
moul to

Meixner (1967) oonfirmed that spawning
may teske place in mature C, crangon without
prior mating.

3,17 Spawn
Description of external morphology

The colour of the fresh egg is & dirty
white. The eggs themselves vary slightly
in size; some are nearly spherieal dut
the majority are ovoid and have a long
axis of 0.024 in (= 0,061 mm) and a
ghort one of 0,018 in (= 0,046 mm)
(Kingsley, 1886). Immedimtely aftor spawn-
ing the egg is wround and has a diameter
between 0.35 and 0.40 mm, It grows nearly
exclusively in one direction and is of
elliptical shape shortly before hatching
(longitudinal axis w 0,70 mm, short
axis = 0,40 mm). During this prooess the
colour changes from white %o greenish grey.
Shortly before hatohing the embryos caen be
soen through the egg-shell. VWhen boiled
the colour of ripe eggs changes to blue
viclet or nearly black, while unripe eggs
remain white., After hatching the empty
egg—-shells remain attached to the mother
animal until the next moul ting,which takes
place soon after (Bhrenbaum, 1890).

Summer eggs (long axis 0.37 mm) are
smallexr than the corresponding winter sggs
(0.43mm). Eggs in the earliest siages 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
(Tharson, 1946).

The seasonal variation in the size of
spawned eggs im given in Flg. 3} after
Hevinga (1930).

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

“The egg is enveloped in a very thin
structureless envelope inside of which
were found no traces of an inner ox
¥itelline membrane, nor is there any
Bpace between the shell and the yoke.

The protoplasm occupies a central position;
it is not regular in outline, but gives
off pseudopodal prolongaiions which

remify and pass between the yoke spherules
in all directions. The protoplasm isg
granular, the granules apparently teking

a deeper stain than the rest; though
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this appearance mo be dne to o diflferent
refractive index. The nucleus is large
and vacuonlated, and in its interior is

a well developed chromatin reticulum,
which traverses it in all dircctions, the
fibres uniting on the wall of the nucleus
in a thickened layer, The yoke is
granular, the yoke globules ranging con-
siderably in size" (Kingsley, 1826),

3.2 Pre-adult phase
3.21 ¥mbryonio phase

fieneral features of development of
ambryo

OIIn
position

Crangon the anus ooccupies the

of the blastopore. In Crangon
and many other Crustacea the young -
germinal area is actually larger than the
wuoh older embryo. All the appendages
belong to the primitively postoral series
and the appendages move forward more
rapidly than the oorresponding ganglia,
There are indioations of segmental sense
organs in every segment of the embryo,
The alimentary tract proper is nearly

if not entirely, formed from the
proctodeal and stomodeal invaginations,
the entoderm giving riee to nothing but
the liver, The green gland is mesodermal
in origin and belongs to ithe oategory of
segmental organs. The genital ducts are

111 -

modified nephridia. The nauplius is an
introduced featurns and represents no aduwlt

ancestral condition iu the crustacean

phylum". (Kingsley, 1889).

of the egg during

embryo, as obndiaed
given in Table I.

The size incrense
the development of the
by Ekhrenbaum (1890) is

Rates and periods of development
and survival and factors affecting
thess, including parental care

Havinga (1930) caloulated the duration
of the development of the embryo in the
egrs in relation to different temperatures
uging the relative abundance of four different
developmental stages of shrimp eggs in catch
samples. Tiews (1954a) kept freshly spawned
shrimps in a 50~litre aquarium and determined
the time of hatching of the larvae under
three different conditions, The results of
both authors (Fig. 4) are in agreement and
demonstrate the relationship between the water
temperature and the duration of %the embryonio
development, Under optimum feeding conditions
larvae hatch after three weeks at 18°C and
after four weeks at 14°C (Meixner, 1966b).

From observations on berried females
of ¢, orangon on the German North Sea coast,
Meixner (196]) estimated the incubation time

of eggs as shown in Table II.

TABLE I

Size inorease of egg during development of embryo

Stage of development length, mm width, mm
Mature eggs, but unfertilized 0,32 - 0,35 0,32 = 0,35
Beginning segmentation 0.35 0.35
Gastrula 0,37 — 0.38 0.33
Embryo withoui extremities 0. 40 0,34 = 0,35
Wavplius stage 0:42 =~ 0,43 0,37
Al) extremities laid outb 0e47 = 0.48 0,42
Firet traces of eyes 0, 50 - 0.52 0,42 = 0,42
Large eyes and much pigment 0,58 = 0,59 0.40 - 0.41
Shortly before hatohing 0.60 - 0,61 0.35 = 0,36
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TARLE 11

Incubation time of Crangon eggr

3 Larvae phase

L
General features and developmeni

fhrenbaum (1890) gave the following
description for the five larval stages:

The larva, slightly coloured by few
chromatophores, hatches as a zofa-larva,
being approximately 2 mm long, excluding
the antennae and the setas of the telson.
Maxillipedes and telson serve as a loco-
motor organs, which enable the zoéa %o
move to the upper water layers, stage 1
is characterized by 14 setae at the hind
eadge of the telson and stage 2 by 16,

In this stage the appendsges of the 6ih
abdominal segment, enclosed with the
telson, are visible through the skin
{length of stage 1 = 1.84 mm and of
gtage 2 = 2.5 to 2.8 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 7 are for the
first 4$ime c¢learly separated. Above ths
anal eopening an anal spine has been
formed. f[inally the swimming branch
of the first pair of walking legs has
developed, so that the zoéa has meta-
morphosized to a mysis larve (length =
3.2 t0 3.4 1m).

Stage 4 is characterized by the
length of the appendages of the 6th
abdominal segment being the same as of
the telson. These appendages are densely
coverad with setas on their hind and inner
edgos. On the abdomen the 5 pairs of
swimmerets ave clearly visible, on which
endopodites start to develop. On the
last 4 pairs of legs of the thorax the
initial segmentation is visidble. On the
bagses of the first 4 pairs of ‘legs the
gills start to develop as small buds
{length = 3.8 mm).

April Ma.y June July Augualt | eptemier
o
Temperature C 6 910 13~14 15-16 16-117 15-16
Incubation time
in weoks 10 4.5 3.5 3.5 3.0
59 In stage 5 the thoracic legs are cowr-

pletely developed and five gill buds are
present (length = 4.6 to 4,7 mm) (Fig. 5).

The firet larval stage 1s mostly trans-
parent, with yellow pigment on the eye,
the sides of the carapace, dorsally and
ventrally on the hind region of the abdom-
inal segments, and on the telson. There
is aleo a little brown pigment with the
yellow in each chromatophore. The yellow
pigment shines and sparkles to give a
silvery effeot in reflected light. The
larva is slightly curved. All animals in
this larval stage have the game character-
istic coloration, although this may vury
ir intensity, and they also show the
t'ellowing charscters: a sharp, thin
keeled rostrum; three teeth on the
anterior part of the lateral edge of tue
carapace; a sBtrong backwardly directed
gpine on the posterior edge of the thixd
abdominal segment; and two long lateral
tooth~like processes on the posterior edge
of the fifth abdominal segment (Williamson,
1915).

ghrenbaum (1890) estimated the
duration of total larval development
during spring %o be approximately five
weeks so that each larval stage lasts an
average of eight days.

Thorson (1946) confirmed this stote—
ment saying that the larvae occur in the
plankton from early spring to auftumn and
the pelagic life will take about five
weeks, i.e., there is about one week be~
tween two moultings.

Type of feeding

Khrenbaum (1890) identified in
the stomachs of the larvae remmants of
different marine diatoms and unideniified
LOo~organisms.
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Pisgmann (1939) investigated twelve
soBa larvee, of whioh nine had empty siom~
achs, while fragments of ohitin were found
in threej in one a piece of Biddulphia was
also found.

Meixner (1966a) found that zoal stages
111, IV and V oan easily oapture the living
nauplii of Artemia salina.

3,23 Adolesoent phase
General features of development

In the firsi postlarval stage (stage 6)
the second antennae carry long flagella
and the pleopods bear long swimming hairs
{Fig, 5 D). The rostrum is shorter; the
telson has diminished in widith towards the
back and the number of spines have bheen
reduced from 8 to 5. The next stage (stage
7) meassures 6 mm; stage 8, 7.5 mm, stage 9,
10,5 mm (Williamson, 1901)°

Tiews (19542) wmtudied the growth of
the outer branch of the first antenna
(olfactory branch) from moult %o moult,
Until the time of sexual dimorphism the
~umber of gegments of the olfactory branch
inoresases graduwally by one from moult
$0 moult, When the sexes can be separated
for the first time by external characters
the olfactory branch has 8 segments,

The shrimps have then a length of approx.
25 mm, HWith further development the
growth rate of males and females differs
and also the number of segments of the
olfactory branche 4t the time of matur-
1ty, both males and females have 24
pegments on their olfactory branch, but
meles measure then approx. 40 mm, the
females approx. 54 mm.

Rates and periocds of development and
sprvival and factors affecting these
including diseases, parasites and
predators

The duration of intermoult periods

is influenced by various factors. The age
of €. grangon and the temperature sea

water (Tiews, 1954a) plays an imporitant
role in the moulting rhythm (Fig. 9
and also mee ssotion 3.43). Having
reached maturity the moulting intervals
of female G, grangon are shorier than those
of the wales, If the amount of food is
ingufficient %o cover 2ll metabolic nseds,
8 large inovesse in the moulting intervals

hos besn obzerved (Meizner, 1966a). Maturity

im generally reached after one year, During
the first yeayr of life the shrimp is subject
to heawy predation by fish (Tiews, 1965).

Bffecte of environment, sub-
populations, density on rates
of development and survival

See seotion 3,34

Differenoes from adults in diet,
feeding, methods, etc.

Plagmann (1939) found in five speoi-
mens of the first postlarvael stage
spermatophores of copepods, diatoms, and
in one case copepods (see also 3. 425

Meixner (1966a) mtated that in his
breeding experiments the larval stages of
C. grangon (zo®a III, IV, and V) and the
Tirst postlarval forms easily oaptured
the living nauplii of Artemia. The puber-
tal and postpubertal Crangon apparently
had diffioulty in seiszing the relatively
small brine shrimp larvae with their
chelipeds and had %o be fed with post-
larval Artemia.

3,3 Adult phase
3,31 Longevity

Average 1life expectancy

Acoording to Nouvel-Van Rysselberge
(1937) female shrimps die during their
third year of life and males during their
msecond, Tiews (1954a) states that female
shrimps rarely reach the end of their
third year of life. The males appear %o
die in the beginning of their third year
of 1ife.

See also section 3.43.

Maximum age

Three to five years. (See seotion 3.43)
3,32 Hardiness

Limite of tolerance to changes in
or of envirvonment and feeding

C. orangon oan endure greai changes of
galinlty and ftemperature. It is found
during the warm season up river in nearly
fresh water (Havinga, 1929). During
summer it usually survives water temperie
tures of 30°C in pools which remain a%
low water on the tidal flats of the
Wadden Sea., Younger shrimps can endure
lower salinities than older shrimps. This
may sxzplein the ocourrence of . grangon in
the middle part of the Balitic Sea whers
the predominant salinity values are leus
than 10°/o0. However, the density of suoh
a population is muoh lower than on the
fishing grounds of the Norith Sea,
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Limits of tolerance to handling and
life in aguaria or other confined
environments

C. crangon died 7 to 8 hr after
belng placed in fresh water, and one day
after being kept in water of 0.15 to 0.16
JooNaCl (Mathias, 1935).

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

Caudri (1937) found that at a
‘temperature of about 4°C the optimum
salinity for survival of young shrimps
wag 34 %o, whersas at 18.9°C the lowest
mortality was between 20 and 30960.

Broekema (1942), determining death
rates 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 20°C
the optimum salinity proved to be about
29%o, while at 4°C about 33)bo. For one-
year-old shrimps the salinity optimum at
about 20°¢ appears to be low, varying
between 15 and 20700. 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 also be demonstrated
in newly hatched shrimp larvae. Moreover,
the salinity limits for normal developmen®
of the eggs proved to be similarly depend-
ent on temperature.

Although generally low temperatures
are more favourable than higher ones,
an extremely low salinity is relatively
better endured when the temperature is high.
This ig in agreement with the fact that
in nature C. crangon is found in low
galinities during the warmest months of
the year.

The question of possible influence of
temperature on the osmoregulation in C.
crangon has been treated by Fliigel (1960},
who eritically discussed the results of
Broekema (1942)., His analyses give the
physiological explanation for the fact
that "in the northern Baltic Sea Crangon
is not capable to live in water of low
galinity st temperatures near the freezing
points No difference between males and
females was found| in the osmoresgulation,
The ocamoregulatory performance of small
individuals (2.1 em) was lower than that

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

Fliigel (1963) stated that the
electrical conductivity of the body
fluid of C. crangon is higher than the
external medium in o range from 3.6%o to
23-25/00.  Between 25%o and 40%o the
electrical conductivity of the blood is
relatively lower. The performance of
ionic regulation is always higher in
enimals adapted to 5°C than in individuals
which are adapted to 15°C. The performance
of ionic regulation decreases at tempera-
tures below 5° (distinctly at 2°C).

On the basis of preliminary experi-
ments and field observations Lloyd and
Yonge (1947) concluded "that males cannot
withstand such low salinities ag 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 wers
exposed up ito 30 min at different six
temperatures then re-immersed in sea
water. The survival rates varied between
75 and 86 percents The shrimps did not
show any marked difference in survival as
a-result of varying air temperatures,which
were, however, not above 19°C.

Meimner (1967) found that young
shrimps %taken from water of 2950 could Db
transported alive when kept in water of
temperatures between 17° and 24°C and
salinities between T.5 and 28%o.

3.33 Competitors

Types and abundance of competitors
for spawning area, food, shselter, etec.

Several fish species occurring in the
coastal waters, where Crangon is abundant,
have to be considered as competitors for
food. Carcinus and Macropipus also come
under the same category. The relative
abundance of the fish and brachyuran
fauna of the German shrimp fishing grounds
is given by Heidrich {1930), Wulff and
Biickmann {1932), and by Meyer-Waarden
and Tiews (19653. The degree to which the
fishes of this area have to be considered
a8 food competitors can be found in
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Kiihl (1956, 1961, 1963, 1964a and 1964b)
and Plagmann (1939). Many of the coastal
marine animals may compete with %the

adult end larval stages of Crangon.

3.34 Predators
Types of predators

Herdman (1892), Gilis (1952), Kiihl
(1956, 1961, 1963, 1964a, 1964b) and othera
have found thaet many fish species feed
heavily on G, crangon. (See Table III),

On the bhasis of stomach conient
investigations carried out by Kiihl (1961;
1963, 1964a, 1964b) Tiews (1965) conclud-
ed that the main predators of . crangon
on the German North Sea coast, listed
in order of relative importance, are:

Sea snail (Liparis wvulgaris), goby
(Pomatoschistus minugus), arme% bullhead
{(4gonus cataphractus), whiting (Merlangus
merlangua), smelt (OsmeTus eperlanus,,
dab (Limanda limanda), short—spiged 868
scorpion (Myoxocephalus scorpiusg

rockling (Ciliata mustela), eel péut

(Zoarces viviparus), gunell (Pholis
gunellus) (lable 111 )»

Kdhl also found that, on an average,
the stomach content of sesa snailes inoluded
Crangon: 7.8; ermed bullbead: 4.03
rookling: 3.63 whiting: 2.73 short—
spined sea scorpion: 2,73 dab: 0,3
smelt: O.35 goby: 0,33 el pout: 0.2
and gunell: 0.2.

In 1949, during the course of his
investigations, Kihl 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
Giliis (1952), the main predators, in order
of importence, are whiting (Merlangus mer-
langus), thornback ray (Raja clavata),
bib (Trisopterus luscus), sole (Solea
solea), dab (Limanda limanda), flounder
{Platichthys flesus) and plaice (Pleuro-
nactes platessa). Others are conger eel

Couger conger), cod (Uadus morhua),
dragonet (Callionymus lxrai, gurnard
(Trigla spp) and turbot (Scophthalmus
maximug ).

Predation ms conirolling factor of size,

density, and size composition of population

Tiews (1965) caloulating ‘the loss of sghrimp

stock caused by predatory fish along the German

North Ssa coast for the years 1965 to 1963, found

that on an average, a8t least 145 x 107 .shrimps

Were saten off annually by predatory
fish species. He aleo found during this
rgsearch 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 timea
higher than the catch. A negative
correlation was found between the loss
of shrimp stock caused by predatory fish
and the catch of sghrimp in the following
gear (P = 4.9 %), (Fige 6). The preda-
tion on one year's stock influences the
catch in the next year in as much as the
shrimps canght 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,
ag the factors determining the size of
stock on the fishing grounds are un-
controllable.

3.35 Pearagites, diseases, injuries
and abnormalities

Nature and causes

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

Ability of regeneration

Houvel —Ven Bysselberge (1937)
ptudying the abllity of regeneration in
various shrimp species found that re-
generation in Crangon crangon is
completely different from that of Palsemon
8legans, Athanas nitescens, Hippolyte
variang and Thoralus cranchi. 1%
differs also from that known in braohy-
urans. In Crangon the regenerated
perelopod resembles, at the next moulting,
a complete miniature of the lost part
of the perelopod. In younger shrimps it
normally takes three moultings to re-
generate the normal wallding leg. Im
older specimena this can last four oxr
more moultings. The process of re-—
generation of one and the same part can
be repeated several %times.  The ability
of regeneration is also not influenced
when two,; three, or four pereiopods are
to be regenerated. The loss of Five"
pereiopods of one side, however, leads
to a decrease in the ability of re-
goneration along the longltudinal axis
of the shrimp., Regeneration also takes
place when several pairs or all
pereiopods are lost bub the general
rhythm of the regeneration process is
disturbed.
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Pig. 6 Relationship between predation and landinge
of Crangon orangon in the immediate follow-
ing year on the German comst (Tiews, 1965).
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The regensration of one or two
pereiopods leads to a small decreame in
the lenpgth of the intermoult perioda.
The regenerating activity of the shrimp
decrenses when fasting {Nouvel~Van
Hysselberge, 1937).

iffeot on physiology and survival
of individuals

See gection 3.53.

3.4 HNutrition and growth

3.41 leeding
Time of day

Havinga (1929) stated that C. orangon
rests quietly, buried in the substratum
during the day, and feeds by night,

Tiewa (1954a, 1954b) observed that C.
crangon in aguaria feseds during the day

a3 woll as during the night. Neverthe-
less, it is possible that, since C. crangonm
has its active phase in the dusk, its

main feoding time is during the night,

Place; general area

Teeding takes place throughout the
distribution areas on the bottom and also
above the bottom.,

Manner, methods of capiure,
selection

During feeding, Crangon congumes
graine of sand whioh assist to c¢rush
the food in the oardiao part of the
gtomach. The inner lining of this part
of the stomach is composed of relatively
soft setas which cannot by themselves
orush the food partioles. From ob-
gervation of shrimps with full stomachs
put into an aquarium and kept there
without food, it has been noted that they
emit grains of sand periodiocally until,
alfter some time, thse bottom of the
aquarium is covered with a thin layer of
sand. After mew feeding, grains of sand
from the bottom of the aquarium are to
be found in the stomach,and this sand
obvicusly serves as a subastltute for the
stomach mill as described for Potamobius
{Plagmann, 1939).

When searching for food, Crangon
gwims in & slgzag course over the bottom
or hunts in higher water layers, bending
1ts oarapace., With the aid of its first
and seoond pairsof perelopods,, squipped
with strong subchelate pincettes, the
\shrimp seizens its prey. Aided by the
‘apcond palr of pereiopods the prey is

brought olose 4o the sternum, while the
firat and second palrsof maxillipeds and
both pairs of maxilleemake baock and
forward movements continuously over the
prey. while overcoming the prey, the
shrimp sinks to the bottom, at the same
time attempting to cut it in pleces.
Plagmenn (1939? observed several young
shrimps seizing an 8-cm long worm
(Nereis diversicolor) and trying, with
soms success, to cui it in pieoes. Large
shrimps are 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. Unails
and mussels are selzed direotly by the
maxillae of the shrimp while schizopods
or amphipods are atitacked with the walking
legs., Plankton prey is captured by
generating a water ourrent in the direot-
ion of the mouthparts. Crangon can often
be grouped among the "“gulpers" sinoe
whole animals can often be found in the
lumen of the stomach.

Plagmam (1939) gave & detalled
degcription of the predigestion stage.
The first post-larval forms of Crangon
eagily capture live nauplii of Aritemla
galina. The pubertal and post-pubertal
Crangon appavently have difficulty in
selzing the welatively small brine-
shrimp larvae with their chellpeds
(Meixmer, 196613])@

Frequency

There is little information on the
frequency of feeding.

Variation of feeding habits with
availability, season, age, mlze,
asx, physiological condition

A comparison beiween spewning tlmey
migrations, feeding and quality of dist
indicetes that the months of July, Augusd
and September represent & period of ip—
creased feeding activity which follows
the period of summer spawning activity
(Plagmann, 1939).

Plagmenn (1939) found that male
shrimps eat & large variety of food and
many planktonic food items. A lesser
variety is eaten by the female shrimps
whioh aleo sat fewer planktonic itemm.
Aocording to Tiews (1954m) the males are
better prepared for hunting esoctivity by
their relatively well developed olfactory
organs (oompare 3.23),

See also section 3.42.
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Abgtention from feeding

Meyer—wWaarden (1934) reporied that
females which are kept in an agquarium
shortly before spawning hide and refuse
%o take food. After spawning the females
resume feeding. Plagmann (1939) found
that 62.0% of females with fully developed
ovaries had empty stomaohs. The respec~
tive percentages of females with empty
ptomache in the other four stages of
ovarian development were between 20,5 and

32,8,

3.42 Pood

Food investigations have heen carried
sut by Ehrenbaum (1890), Herdman (1892),
Havinga (1930), Kihl (1949), and Plagmenn
(1939), whose work is the most comprehen=
sive. 'The brown shrimp is omnivorous.
Nevertheless, worms, amphipods, schizopods,
copepods, cyprid larvae of Balanug, snails
and young mussels constitute the main food
items. The variability in the composition
of the various food items in the stomsch
of the common shrimp is very great.

During the course of its life the
shrimp slowly changes its diet. For young
shrimps below 30 mm the main food item is
Corophium; for sghrimps of 30 to 45 mm
the main food items are worms and amphi-
pods and in larger and older shrimps worms
alternate with schizopods. Much
cannibalism has been observed among the
older shrimps and those between 30 and 45
min hive the widest range of Ffood (Plagmann,
1939).

4 food chenge in the course of a year
has been observed by Plagmann {1939) as
followss worms/amphipode/copepods/musse15
cyprid layvae/snails/schizopods. From
January to May & crustacean component was
observed io be constant in the dist. The
copepod diet increased as the worm diet
decreaged. Irom June to September a
wmixed summer diet prevails, and from

October to Descember the summer diet de-
creages in favour of a malacostracan dietb,

Herdman (1892) found in %he stomachs
of Grangon crustacean remaing such as
amphipods, small crabs, young shrimps and
copepods and also & considerabls amount®
of mollusc remains such as Scrobicularia
alba, Cerdiun edule and Tellina balthica.
Amnelids muet also form & fair proportion
of the food, from the number of poly-
chaete setae in the sitomachs, and the
considerable fragnments of Pectinarie
tubes and the horny jaws of nereids.
Oacasionally the stomacha contain

Foraminifera, small spines of sea urching
and sometimes green sea-weeds, minute
filamentous and miocrogcopic algae and
diatoms. After experimenting on shrimpd
in captivity, the same author Ffound thal
they will also eat other animal material,
such as pleces of dead fish, other
shrimps, beef, etc.

In Dutoh waters, annelids,
especlally Nereis succineaz and N, divergi-
color, form the main diet. Second in
abundance as food liems are crustaceans
among which Corophium is the most
important and less abundant are Gemmarus,
Heomysig and Praunus. Young fish or fish
larvae and molluscs, such as Hydrobia and
Mya arenaris 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 % crustaceans only,
9 % had fed on worms and crustaceans
and 22 % on detritus (Havinge, 1930),

'The younger shrimps in the Wadden Sea
feed on Corophium which occur there inm
luge quantities up to 40,000 per mZ. The
tagte of the shrimps is determined
largely by the type of food taken. Shrimps
which chiefly eat crustacean food have
the best taste, while those feeding on
worms develop a goaky meat. The so
called "green heads™ feed on mud, which
oxplaing the greenish %o blackish color
of the "head", and their muddy taste
(Kithl, 1949). ‘

Volume of food eaten during a
given feeding pesriod

"The average food consumpiion of
Crangon froikr the time of hetamorphosis
to the time of reproducition (size of
animals 55 mm) amounts to 600 mg dry
gubstance of Artemis for the female and
710 mg for the male. At the same time
the average body weight (in mg dry
substance) increased by 279 mg and 248 mg,
reapectively, The conversion factor is
approximately 2.2 for the female and
3.1 foxr the male C.crangon.  These
regults were obtained when shrimps
were reared at & salinity of 30%0c and
a temperature of 14°C in aguaria®
{Meixner, 1966a). The food uptake of
Urangon varies acocording to the iype
of food, as Meixmer {1966a) has de~
monstrated when feeding Aviemia larvae
and adults (Table IV).

There is some evidence that the
frogquency of spawning of females of

C.. crangon is influenced by their food
uptake %Tabla V) {Meizner, 1966a),
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TABLE IV

Food upteke of two C. orangon of the same intermoult stage
Temperature: 14°C.  Salinity:s 30%o
Food: Naupliil and adult forms of Artemia salina

Weight in mg dry substence

Crangon I {Crangon II

Length (mm)
Stage of Artemia

Food uptake (mg)

Albumin (in dry substance) (Coo) 63 38

15 15
larval adult
1.0 4.9

3.43 Growth rate

Relative and absolute growth
patterns and rates

Ehrenbaum (1890) estimated the age
of & 60 1t9 70 mm shrimp to be one and a
half years. According to Havinga (1930)
female shrimps born in January are 40 mm
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 a%t about the end of the
second year of life, FFemale 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
apawn for the first time about 21 months
after birth.

Influence of foed uptake (mg dry
Before the experiment all

Weyer~Wasrden (1935b) came to %he
conclusion that female shrimps born in
Pebruary reach a length of 48 mm after
one year and 72 to 78 mm after the
second year. The shrimp spawns for the
first time at the beginning of its
gecond year of life,

Fouvel-Van Rysselberge (1937)
concluded fhat female shrimps grow from
5 mm to 54,5 mm in their first year of
life (June to June) and up 70.5 mm in
their second year of life.

Lloyd and Yonge (1947) statedthat
during the first year of 1life the growth
rate of the two sexes appears to be very
gimilar. Subsequently the females grow
more rapidly. Females of 50 to 60 mm are

TABLE V

substance) on oviposition of four Crangon erangon
females had successfully spawned

Temperature: 18°¢. Salinity: 30%o
Food: Artemis salina
o I o IT 6 IIT o IV
+ % + +
Experimental period (weeks) 3 3 3 3
Ration of food (mg) 96,7 82,8 40,2 53.4
Spawning after next moult 4+ 4 = o
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in the third year, femsles over 60 mm in
their fourth year and those of 80 mm in
the fifth year. Males of 40 %o 45 mm are
in the second 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 sach
moult by a definite number; which varies
regularly between 1 and 3 according to
the age of the shrimp. Knowing the time
between two successive moults and the
normal average length at each moult
{as determined from gamples taken at saa)
he was able to draw growth curves for
maleg and females. These curves are in
agreement with the growth rate am estimated
from the displacement of the frequency
maxima in geries of length measuremsnuis
~baken quarterly from sea samples. Hig
findings were: at the age of six months
and &t a length of 25 mm, the sexual
¢havacter can be noted externally. After
this time the two sexes grow at different
rates. At an age of about one year, when
both males and females are mature, the
average lenglth of the male is only 40 mm,
while the female attains 54 mm, i.9.
marketable gize. Afbter maburity the
growth rate decreases considerably. At
the end of the second year of life the-
length of the female is TO to 75 mm, thab
of the male 55 to 60 mm (Fig. 739

9

Boddeke (1966a) stated +that shrimps
born in December and January reach market—
able size (52 mm) in 9 months. Shrimp
larves, hatched in the period Marchto July
do not reach marketable size befors April
of the following year.

The growth~curves for male and
female shrimps shown in Fig. 8 were
obtained by Meixner (1966a) from vearing
experiments at a constant temperature of
147¢, which is approximately 4°C higher
thay the snnual averags water temperature
on the (erman coast. Under the experi-
mentel conditions, females grew from
6 mnto 62 mm and males from 6 mm to
55 mm in ons ysar, The most intensive
growth wae between 25 and 50 mm, as
postulated by Tiews (1954a).

For mature shrimps within the
gizse~rangs 40 o 50 mn, the increase
in size st sach mould is much less in
males than in females, and maeles
maulty lese fraguently than females

of the same length. This explains
why oommercial catches of G, crangon
of wmore than 50 mm consist weinly of
females (Meixner, 1966a).

Condition factors (ponderal index)

Havinga (1930) found K (X = Jiw)
o be approximately 0.007. L3
He meagured the length from the tip of the
antennal scale to the tip of the telson.
The relationship beiween length, weight
and the number per 1 kg of female shrimps
at the end of May ig as followss

TABLE VI

Relationship between length, weight and number

ver 1 kg of femele shrimps

Length Weight No. per 1 kg
s} &
31 0,20 5,000
44 0.57 1,754
55 1.16 862
64 1.90 526
75 3.14 318

Relation of growih %o fesding,
spawnling, other activitiea and
environmental factors (temperature,
crowding, ebc.

The time between two successive moul is
varies with temperature and the age of the
shrimp wntil maturity is reached {(Pig. 9)
(Tiews, 1954,), Meizner (1967) found
that the length of intermoult periods de-
creases by 1/3 in animals kept al 20°C as
compared to those kept at 14°C.

The durstion of the intermoult
periods depends more on the age than on
the length of the animal., This explaine
why males and females of the same age
have more or less the same moulting
frequency although they differ greatly in
length (Tiews, 1954 a).

Meixner (1966a) reared shrimps end
measured the length increase during @
17~days? intermoul’ period. He distifi
guished three different phases of the
moulting cycles
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Phase 1 t The first 3 days after eodysis,
no size linorease

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

Phase 111 ¢ The day of eodysis, a rapid
growth (Fig. 10).

While the growth at moulting time is
8 saltatory one caused by water uptake,
the inorease in length during the
relatively long intermoult period
(Phase 11? is glow and gradual (Fig. 10).
The rate of inorease is related to the
amount of food digested (Meixner, 1966a),

HMoulting takes plaoce mainly during
darkness (Tiews, 1954a; Meixner, 1967),
Plankemann (1935) staited that shrimps
moult a few days afier being placed into
an aquarium. Laok of oaloium in the
water does not influenoe moulting., The
caloium-oconocentration of the sea water
inhibits moulting. The development of the
exuvium is not terminated within a certain
time after the moult, Chitin and calcium-
carbonate are oontinuously deposited
into the shell., A oertain relationship
between chitin and oalcium~oarbonate im
meintained, Marine sea water, with de=
oreased pH through HCl, has no influence
on the moulting, Moulting, however, is
accelerated in gea water enriohed with
€0, or neulralized with NaOH, Both
lead also to an inorease of shell weight.

Pood rich in glycogen accelerates the
moulting. This is also the case when the
shrimps are kept hungry. Plankemann
(193%) assumed that the deposit of
ohitin in the shell proteots the enimal
against an abnormal ingrease in blood
puger, The number of moults and
ghell weight is subjeot to fluotuation
during the course 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 peried
during winter, Short-wave light leads to
an increase of the metabollio rate and
ocongetquently to an increased mouliing rate.
The ocarbohydrate metabolism determines
the moulting rhythm,

Prom hatoching, a female 86 mm long
will bave passed through 34 % 2 moulis,
e male of 62 mm through 30 + 2 moulis
{Tfieuwn, 1954a), From metamorphosis
until firet spawning, 8 female of 57,9 mm
will have moulted 23 to 25 times and
g male of 51.5 mm 22 to 25 times
(Heimer, 1967).

Food~growth relations

Lack of food deoreases or stops the
growth or oan even lead to a deorease of
total length (Nouvel-Van Rysmelberge,
19373 Tiews, 1954a; Meixner, 1967).

3044 Metaboliem
Indoorine gystems and hormones

Koller (1925, 1927) showed that
blood from Crangon adapted to a black
baockground caused melanophore dispersion
in animals adapted to a white back-
ground; the reverse experiment, transfor
of blood from white-adapied to blaoclk-
adapted Crangon was without effect,

Blood from individuals adapted %o &
yollow background also disperse the
xanthophores in white-adapted individuals.

Koller (1928) found a blanching
hormone in the eyestalks in Crangon snd
presented evidence for an additional
darkening hormone that originates in the
rostral region. Thus two hormones wsre
postulated,; a Ycontraoctin® and an
Hexpantin®,

Goodwin (1960) stated that the
pigments in the eyes and in the epidermis
of C, orangon are not melanin as reported
by Verne (1926) but pigments soluble in
cold NaOH which appear to be related to
the ommoohromes first desoribed by
Beoker (1941),

The riboflavin content of Q.
orangon is low (Goodwin, 1960}, Un-
identified neutral xanthophylls have besn
found im small amounts in whole animal

extracts of Crangon sp. (Goodwin, 1960},
3.5 Behaviour

3,51 Migration and loocal
movements

Extent of movemenis or migrations

Direot evidence on migration can be
provided by marking experiments., Tiews
(1953b) tagged C. orangon by wrapping a
thin silver wire around the animal
between the carapace and the first
abdominal segment, the wire being re-
tained up to three successive moulis,
Miinzing (1960, 1962) tested various types
of stains to mark shrimps and found thad
"Gentianne Violet B" (Merck, Darmatadt),
gave the best regulits, In seversl tagging
experiments all recaptures were made with~
in 10 %o 15 nautical wmiles from the polint
of release,
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Mg, 11 Tageing method of Crangon crangon

A wm prepared isg
B = lateral
C = dorsal view

(Piews, 1963 a)
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Sinoce 1962 more than 50,000 shrimps
have been tagged at the Institut fir KUsten~
und Binnenfischerei, Hamburg, by applying
$he method desoribed by Tiews (1953b).

The silver wire used for these field experi-

ments had a diameter of 0,18 mm and was

used with ooloured disos of 6 mm (Fig. 11).
This method gave larger return rstes than
tha staining method, The best return

rates were obtained when using red-white
colour combinations (Tiews, 1963a; Kourist,
Mauoh and Tiews, 1964; Tiews, 1964},

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

Crangon has its most aotive phase at
dusk. During darkness Crangon leaves
the bottom of the aguarium where it has
been hiding during day time, swims resi-
lessly up and down the walleg of the
aguarium and buries agein at dawn. The
animals also swim around during the night
even after full feeding, so food search
oannot be the reason for their acniinuous
gobivity. Light intensity was found to he
the determining factor (Tiews, 1954a),

Punction of migration

Weyer~Waarden and Tieus {1957)
distinguished a spawning from & feeding
migration, The feeding migration
oommences with the warming of the coastal
waters at the beginning of March, when
the shrimp migrate towards the soast
to feeding grounds in the braokish waiers,
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 mearer to the
ocoast, In October; most of the shrimps
migrate to their winter quarters in the
more saline partes of their coastal
digtribution aresa.

Havingse (1930) stated that the
availability of food is without any doubt
the cause for the irregular smaller
wigrations of the shrimps. On the other
hand he considered that the great
seagonal migrations of the shrimps
prebably depend on ohanges in tem—
perature, the migrations always being

from lower to higher temperaitures,
Direction of movements

Minzing (1962) oconoluded from his
tagging experiments that there was not a
homogeneous trend of migretions, In May
1961 shrimps had migrated towards the
sea as well as towards the shore, but,

&8 was expected, the migration towards
the shore predominated, During an
Qotober tagging ezpeviment, the larger
pert of reoasptures was obtained in the
shallower parts in the Randzel Wadden Ses
although, acoording to the general theowy,
one would have expeocted that an off-shore
migration of shrimps would have been
demonstrated,

Pime or season of migration

Acoording to Meyer~Wearden and Tiews
(1957) feeding migration into the coamial

waters oommenoes in Maroh to April, while (o

orangon leaves the braokish coastal waters
during the months Ootober to December to
oocupy its offshore winter quariers,
Spawning migrations ooour from April to
the middle of August., From July %o
September recruit shrimps cscur in large
quantities on the fishing grounds,

Changes in pattern of movements o
migrations with age, physiologionl
state, season, Lemperature and
environmental conditions

Tiews (1954b) observed that the
average catoh of shrimps per fishing hour
in the BUsum area was higher when the
veloeity of tidal currents was sbove the
average (spring tides), than during low
velooity (neap tides)a Tiews amsumed
that the sironger displaocement of water
at spring tides oarries more shrimps
inshore. MNoreover; the turbidity of the
water is inoressed. This wmay have the
effeot that, at least in shallow waters,
the shrimps will swim more actively and
therefore be caught more easily by the
traulj whereas at neap tides, in less
turbid water, they are more likely to
bury in the send as they generslly do im
aguaria during daylight,

See also section 4.6,
3,52 Schooling
Extent of schooling habits

No spesial sohooling habits observed,
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Compesgition of siocks by size, age pressures have effects dependent on their
and sex magnitude. At 50 atm (about 500 m) in-
oreased looomotor activity results. A%
Age groups and sexes are widely 150 atm (about 1,500 m) paralytio
mixed on most of the fishing grounds, but effeats appear after a short time; at
in the most braokish parts of the disiri- 200 atm (about 2,000 m) these are more
bution areas of §. orangon young shrimps rapid and complete., Nevertheless, even
and female shrimp predominate, after brief exposures to pressures
equivalent to 5,000 m depths, reoovery
See seotion 4, of normal swimming oceurs after about

an hour at 1 atm.
Mixing of stocks within speocies at

verious stages of the life oyale Schéne (1952, 1954, 1957, 1959,
1961) studied static position orientation
Mixing of different stocks of C, in Decapod Crustacea, inoluding Crangon,
prangon has not been reported. and oame to the conclusion that the.
function of the statocyst is basically
Mizing between species the same as in fish. He gives a ocareful
analysis of his experimental results to
Very little mixing takes place which reference should be made.

between C, grangon and C. allmanni on

the German fishing grounds. C, crangon moves against the ourrent

or at least moves its head against the

See section 4.6, current, as demonstrated in an experiment~
al current channel. Rheotaotic
Vertical movements orientation ceases immediately aftor ex=
tirpation of the first antenna whioch
C. crangon has been frequently indicates the location of the sense for
caught in large numbers as a by-oatoh of current orientation in the antennules
the smelt fishery, pursued by staked bag (Luther and Maier, 1963),
nets in the Elbe and Weser estuaries.
In 2ddition other fishing gear, such as Verwey (1960) stated that ¢, crangon
bagkets and stow nels, which usuwally belongs to the area of tidal currents.,
hang free from the bottom sucoessfully It moves passively with the tides, but

oatch Crangon (personal observations)s has a firm control over its displacement,

During ebb tide when approaching a oreel, Co

3ize, density and behaviour of orangon moves diagonally to the currént.

schools in relation %o time of day, There are indications that it uses the
geographic location, season, sun for orientation,

oceanographical faotors, physio-

logical oconditions Chemioal (olfactory, gustatory,

galinit radients
Crangon buries in the sand in the 7 & )

light, and leaves its hiding plaoce in Balss (1913) found that ohemo-

the dark., The light intensity in the receptors are not only looated on the

water, therefore, may determine the be- outer branch of the firet antennae, but

heviour of individuals and schoois. also on the pereiopods and on the mouth
extremitien.

The schools of C, crangon are
dengest duving labe summer and autumn when In Crangon specific ohemicals, such
O-group animals enter the fishing grounds as vanillin, acetio aoid, quinine,
in huge guantities. sucrose, NaCl and others were used as
stimulating agents, A teohnique was used
3.53 Reaponses to stimuli whereby the outer flagellum of the
antennae alone oould be stimulated under
water, Under these conditions the
animal responds to both sapid and odorous
Mechanical (reactions %o pressures, chemiocals. The response oriterium in this
surrents, sound)} case is an initiation of, or inorease in,
movemenis of body parts such as both
Florkin (1960) reported that pairs of antenna, head and chele
laboratory experimentd on shallow water (Spiegel, 1927a, l927b),
shrimps (Palaemon, Crangon, Pandalus)
have shown that incoreased hydrostatio

Environmental stimuli
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There are observations whioh suggest
ot least partislly independent olfaotory
and gustatory chemo-reoeption., When
the antennules in C, crangon are
gtimulated under water without affecting
any other part of the body, only
awekening or alarm reaotions result,
These oontrast with the food-seeking and
feeding movements evoked by similar
stimulation of other areas of the body.
The methods used do not reveal & threshold
difference between the antennules and the
rest of the body, but this may be due to
the existencé of olfactory receptors on
other body parts as well, There are,
however, wide threshold differences be-
tween substanoss that generally stimulate
olfantory receptors and those that
normally are oongidered odorless but are
effeotive stimuli for taste receptors.
Thus threshold conoentration of ocumarin
and vanillin is 0.0001 %o 0,00005 %
while that of aoetio acid is 0,01 %;
saccharin 0.5 %o 0.1 %5 NaCl 1.3 %o T.15 %3
quinine chloride 0,001 to 0,0005 %,
Nevertheless, i% has been maintained that
taste and smell are not differentiated in
Crangon beoause both odorous and sapid
substanoes stimulate the antennules and
beosuse extirpation of the latter does
not alter the threshold., Support for
this notion is sought in the fallure to
find more than one morphological type
of chemo-reoeptor on the antennule,
However, morphologioally indistinguishable
reoeptors may, indeed, have widely
different response properties (Spiegel,
1927a, 1927bs Barber, 1961),

Sch8ne (1961) stated that acoording
$o Ubrig (1952) and Buddenbrock (1952)
when the CO, conoentration of the water
is inorease&, Daphnia, Palaemonetes,
Grangon and other orustaoea swim upward,
related to the direction either of the
gravitational field or of the light.

Kleinholz (1961) stated that in
Co orangon adrenaline and noradrense
line in diluted molutions produce
melanophore dispersion; ephedrine,
Veritol and Sympatol are effective only
in high concentrations, Acetyloholine
elioites malanorphore dispersion in Crangon,
but the cholinesterase-~blocking drugs,
physostigmine and prostigmine, do not,
The aoetyloholine-blooking agents,
tuboourarine, atropine, and scopolamine
do not prevent melanophore dispersion in
response to an illuminate black baok~-
ground (Florey, 1952)

Thermal (temperature)
See meotion 3,32,
Optical (1ight)

Colour vision has been found in
Co orangon by Koller (1927) uging
chromatophore responses mediated through
the compound eye. Adaption is possible
to yellow, orange, and red; yet the
speoifio responses to these colours ocannot
be evoked by any shade of gray f£rom white
4o black (Waterman, 1961),

In Crangon the abundance and digtri-
bution of the polychromatio chromatophores
permit adaptive changes to background aole
our (Kleinhols, 1961),
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4 POPULATION
4.1 Structure
4,11 Sex ratio of the oatch

Fhrenbaum (1890), Havinga (1930) and
Lloyd and Yonge (19475 found relaiively more
wmales in zmones of high sglinities than in
those of low salinities (Table VII),

Tiews (1954a) determined the mex ratio
in industrial catches in order %o establish
the percentage of male shrimps, 2s males
hardly reach edible gize., More than 50 per-
oont of the catches of small shrimps (30 %o
50 mm in size) made in Bisum during 1951
sonsisted of males, of which only less than
5 percent would have reached edible size,
The relatively high percentage of male
ghrimps is attributable to the age compogi-
tion of these catches as shrimps of 30 o
50 mm gisze are composed of two male age
groups (0 and 1-group) but of only one fe-
male age group (O-group) (Pable VIII).

The catoh of edible shrimps above 55 mm
in length is almost exclusively composed of
female shrimpe (Meyer-Waarden and Tiews,

1957},
4,12 Age compositlon
Age at first capture

In Germany and Netherlands, where small
gshrimps are fished for utilization in shyimp
flovy production, the age at Tirst sapture
is approximately six months., In countries
where larger shrimps of over 50 wmm size are
fighed mainly for human consumption, their
age at first capture is approximately 1 year.

Ses section 3,43,
Age ot maturity

Aoccording to Havinga (1930) and
Lloyd and Yonge (1947) maturiiy ie reached
at a little less than two years; but
according to Fhrenbaum (1890), Meyer—
Wasrden (1935 b), Nouvel-Ven Rysselberge
(1937), and Tiows (1954a) at approximately
oue year,

Heximum age

The maximum age of female . crangon
is given by Hevings (193G) as four years,
by Lloyd and Yonge (1947) as five years,
and hy Tlews (1954a) ns three years.
Suoh 0)d shrimps were found to be ex—
tremsly rarve and their percentage in
satohes was only 0,3 percent (Tiews, 1954a).

The maximum age of male C. crangon is
given by Lloyd and Yonge (1947) as four
years, and by Tiews (1954s) es & little
more than two years.

4,13 Sige compogition

Length compoglition of the population
88 a whole

Havinge (1930), Meyer-Waarden (1935b)
Lloyd and Yonge (1947), and Tiews (1954a)
have given length frequency distributions
of female Crangon populations; while Lleyd
and Yonge f1947) also give date on male
C, orangon in the Bristol Channel,

Variations with depth, distance off
the coast, density, time of day,
season

During autumn, when industrial
catches of amall shrimps are largest,
they are obtained malnly from the
shallower fishing grounds near the coasts

Size at first capture

Havinga (1930) gives the size at
first capture as 20 mm, Meyer-Waarden
(1935b) 15 mm, Tiews (1954a) 18 mm, and
Kurc, Faure and Laurent (1965) 30 mm,

Size at maturity

The smallest size at maturity
acgording to the different authors im
given in Table IX,

According to Havinga (1930), Tiews
§1954a), and Kuro, Faure and Leuvren$
1965a, 1965b) the majority of female G
crangon reach maturity at a length of
approximately 52 mm. The size at first
meturity, however, appears %o be lower
in the Baltic than in the Norith Sea.

Maxinum size

The maximum size of female (. orangon
wag recorded as 91 mm by Havinge (1930)
and as 95 mm by Tiews (1954a) while the
maximum Bize of male C. orangon is 75 mm
according to Havinga (1930) and 68 mm
(riews, 1954a) and 60 mm {Boddeke, 1966b).
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TABLE VIX

Percentage of male shrimps in zones of highest (Z.H.S.) and of lowest salinity (Z.5.8.)
in the Dollart and in the Jade (Ehrenbaum, 1890)9 in Zuidersee and Westerschelde
(Havinga, 1930) and in the Bristol Chammel and Severn Bstuary (Lloyd and Yonge, 1947)

Bristol Channel
Month Jade Dollart Zuidersee Wegterschelde and Severn
Egtuary
Stolford
. Oldbury
Z2.H.S, Ziolio So ZoHoSe § 2,008, | Z.H,So [ ZoL.8s | ZuHoSe (Z.L,Se
Janvary - - 51 - - - 25 18
February - - - o 45 o -~ 0
March - 0 47 - 31 - 31 14
April - - 50 0 29 0 12,5 5
May - - 19 0 23 0 22 19.5
June - 0 14 0 27 0 2.5 -
July 4.6 4.13 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
December a - 56 - 53 - 36 0
TABLE VIII

Percentage of male ghrimps in the 30 to 50 mm size group
in the ocatches off Biisum during 1951/52 (Tiews, 1954a)

Months North of Hackfeld { Svder—Piep— Norder-Piep- various
No, 1 Channel Channel creexs
1951
May 60.8 61.4 55.0 66.3 54.3
June 81.3 83.9 79.1 80.8 T9.4
July 30,1 22,0 29.3 ’ 28.2 40,3
August 6L.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 5668 69.3 69,2
November 58.3 o - - 80,2
1952
Harech - o - - 10.7
April 70.3 46.4 65.3 - 66,3
Hay 59.3 30.8 63.7 35.3 36.9
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TABLE IX

Smallest size at maturity

September, the greater the catoh per trip.
An average difference of 1°C in the
temperature resulted in an average inorease
of 100 kg catch per net per irip. It is
the water temperature during late summer
that greatly influences the total catsch
of the year in this area. Unfavourable
tenperature conditions in summer may have
been the cause of the low ocatches in the
Biisum fisheries during the years 1949,
1951, and 1952 (Figs. 12 and 13), The
influence of predation on the changes in
abundance, as found by Tiews (1965) is
deaoribed in seotion 3.34.

4.23 Average density
Annuval mean density

According to Tiews (1954b) the
annual average shrimp catch (of a1l groups)
per trip of the fishing fleet of Bilsum
during the years 1930 o 1952 was ag
follows (each trip corresponds to & fish-
ing time of approximately 5 h):

TABLE X

Annual average shrimp oatoh/trip of
the Blisum fishing {leet

Author males females locality
mm min

HWollebaek Borwegiean

(1908) - 45 fiords

Havinga - 42 Dutch

(1930% {March) coast

Henking - 30-34 Pomeranian

{1927) coast

Meyer~Waarden - 42-48 Outeyr

(19356) Jade

Lloyd and Yonge - 54 Brigtol

(1947) Channel
and Severn

Tiews 38 4452 Bisgum ares

(19542) normally

Kurc, Faure,

and Laurent - 50 French

(1965) coash
normally

" = 47 Gulf of
Gascogne
" - 37 Bristol

Channel

Boddeke 22 3742 Dubch

(1966%) waters

4,2 Abundance and density
of population

4.21 Average abundance

Estimates of population size have not
yet been made but studies in this field
are carried out at the Institut filr
Kiisten— und Binnenfischerei, Hamburg.

4,22 Changes in asbundance

Changesn oaused by hydrographic
conditions, food competition, predation,
fiveotuations and fishing

Tiews (19%54b) found a positive
correlation between the average catoh of
ghrimps per trip and the water temperature:
the higher the temperature (above 169C)
during the fishing season; July to

yeay kg year kg veay 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 1704+)

+) During these years fishing with two
nets was introduced in Bisum, while
earlier the boats fished with one net
only. Figures refer to the catch of
one net. The gize of nets was then a
little smaller than in the previous
years,

+4) Data incomplete, since catohes of mmall
shrimps are not included.
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4 temperature ranges (a — d) and average
catch of ghrimps per trip (1930 %o 1939)
in the Bileum area (Tiews, 1954b).
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Fig. 13 Water temperature (A) and yield of shrimps per trip (B) given ad
monthly mean for & = 1930-1939, b= 1937 and ¢=1930 in the Bisum
area, The dotted curves (8 = 1937 and ¥ = 1930)are based on the
water temperature - catch relationship found (Tiewa, 1954b).
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Density of adult females

The annual average oatch per trip of
edible shrimps {the size of which oorres-

ponds %o that of adult females) of the Blisum

fishing fleet for the years 1936 to 1951
éTiewg, 19%3a, 1953b) was as follows
each trip oorresponds to a fishing time
of approximately 5 h):

TABLE XI

Annual average catch/trip of edible shrimps
of the Bisum fishing fleet

year kg year ke
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 ++)

+)  During the years 1940 to 1947 Ffishing
effort was very much reduced
(1/5 %0 1/7) and probably the catohes
were much more carefully sorted for
obtaining all edible shrimps:; Con-
sequently these figures cannot
directly be compared with thome
collected in the other years,

4+4) During these years fishing with two
nets was introdusced in Bisum.
Figures vefer to the catch of one net,

4,24 Changes in density

Seagonal variationsg in available
atook

Tiews (1954b) gives the following
seagonal variation of the average catch
per trip of shrimps of all sisze groups
of the entire fishing fleet of Blisum
for the years 1930 to 1939 as follows
{eash trip vorreaponds to a fisghlong time
of mpproximately 5 h),

Table XIX

Seasonal variation of average catoh/trip of
shrimps of the Bisum fishing fleet

April 221 kg August 717 ke
May 244 kg September 605 kg
June 313 kg Ootober 433 kg

July 493 kg November 316 kg

4.3 Natality and reorultment

4.3) Reproduoction rates
Annual egg productilon rates

See section 3.15,
Ne ocaloulations for wheole population
available.

4,32 Factors affecting
reproduotion

See Bections 3.34 and 2,21,
4,33 Reorulitment

Faotors determining recruitment
(growth, tranaformation, movements)

Sinoe growth is related to temperature
(Tiews, 1954a), the temperature conditions
may influence the time and magnitude of
reoruitment to the fishery. Temperature
appears also to have some influenoe on the
displacement of year-olasses over the
fishing grounds (Tiews, 1954b),

Seasonal pattern of recrulitment

The seasonal pattern of landings of
gmall-gized shrimps on the QGerman coast
shows 2 major peak in August to September
and @ minor peak in April to May.

4.4 Mortality and morbidity

4.41 MNortallty rates

Tiews (1965) found that loss caused by
predation was several times greater than by
fishing mortality.

Meixzner (1967) found that during a
total obeervation period of 1V2 years
only one out of 129 Crangon died during
the various ecdyses, when individuals wers
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kept separate, 1.6, one of 1,028 recorded
moultings failed to be sucocessful, This in~-
dioates a moulting mortality of less than

1 percent and less than 1 per thousand if ve-
ferred to the total number of moults.

High mortality duve to cannibalism has
been observed in C. orangon immediately after
moulting, when individuals were kept together
in aquaria (Tieuws, 1954a),

4.42 Faotors causing or
affeoting mortelity

Predators

See sesotion 3,34,

Direct effects of fishing

Intensity of fishing is known %o be
high, but fishing mortality rates have not

been assessed,

4.6 The population in the community
and the eocosystem

Speoles composition of the community
and relative sizes of their popul-
ation

Heidrieh (1930), Wulff and Blockmann
§1932) as well as Meyer-Waarden and Tiews
(19658, 1965b) have studied the catch
composition of the CGerman shrimp fishery.
According to Meyer-Waarden and Tiews
(19652, 1965b) the most abundant fish
gpecies oaught along with shrimps was the
goby, with a total average catoh amovnting
to 732 million individuals per annum
during the years 1954 to 1960, followed
by the plaioe with 215 million, Herring,
pipe fishes, common sole, smelt and dab
were oaught in the order of 80 %o 50
million individuals; armed bullhead,
whiting, sea snails, flounder and sprat
in the order of 30 to 10 million, and
finally the three—spined sticklebaok,
sel-pout, eel, short~spined sea soorpion,
cod, sand-eels, dragonet, solenette, gunell,
anchovy, vocklings, gurnards and horse
mackerel amounting to less than 10 millilon,
Shore orad and swimming orab were found to
range between 120 and 100 million individ-
vals, All the fish and crustaceans oaught
along with the shrimp show distinet fluotu-
atione in thelir abundance from year o
yoar,

The industrial catobes of the Uerman
shrimp fishery during the years under
observation oontained less than 10 peroent
of undersized proteoted fish mentioned in
Annex II of the Fisheries Convention
(1946).

In the years when the industrial
oatohes were large, as in 1954, 1955 and
1957, the peroentage of fish was low
(about 5 peroent), whereas when the
shrimp oatches were poor, as in 1960,
the peroentage of undersized fish was
ologe to 10, In 1959, aleo the industrial
shrimp catohes included nearly 10 percent
of fish, but this is atitributable to the
strong 1959 year-olass of whiting that
had immigrated to the German ooasial
waters inoreasing the normal ‘oatoh of
undersized proteoted fish (some 2,000 fona
per annum) by asbout 50 percent.,

Although the fishing effort in the
German shrimp fishery has increased
3.5 %o 4 times sinoe 1930, no decrease
in the density of population of young fish
could be observed in the case of plailce
and sole (Meyer-Waarden and Tiews, 1965a,
1965b).

Interrelations of the population of
the species in the community and
eoosystem; place in the food -chaing
trophic level, eto

C. crengon is the most important food
of several fish gpecies in the community
(Piews, 1965).

See smection 3.34.

Type of fluotuations (oycliec and
non~cyolic

Fluctuations seem to be non-oyclioc
(Tiewa, 1954b, 1965).

Changes in environmental faotors
and their effeot on the population

See seotion 3,32 and 3.34.
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5  GXPLOITATION

5.3 Fishing sequipment

5.11 Jears

Present gear (typs and size of twine,
webbing, shape, assembly, size, mesh
gize)

The most common gear now used in the
Crangon fishery is a pair of beam trawls,

The German shrimp trawl has been desorib-
eq Ffully by Meyer-Waarden and Tlews (1957)
and von Brandt (1959).

The length of the iron tubular beams varles
between 6 and 9 m, and the shoes have a helght
of 50 to 60 om. Thn ground rope is armed with
32 40 36 wooden bobhins. The deasign of the
net varies greatly. The total length of the
net is 10 to 12 m, of whioh the cod end is
2.5 %0 3 me

Von Brandt (1959) described in detail a
number of typical nets used in Husum, Tonning,
Blisumn, Friedrichskoog and Neuherlingersiel.

Formzrly the nets were made of cotion,
but at presant synthetic materials are used.
Tyin beam trawls were introduced on the coast
of Ostfriseland after 1930, and in Schleswig-
Holstein in 1948 {Tiews, 1952)., A% present
ghrimp fishing in Germany is nearly exclusive-
iy oorried out with two beam iravlse

TPhe fishermen of Ostfriesland use small
trisl nats before setting the main gear. A
demoription of a try-unet is given by von
Brandt (1959).

Th: Dutch shrimp fishery also used beam
trawle of a similar type (Tesch and de Veen,
1938)., This wés also the case in the French
fishery {Bslloc, 1938) until recently, but
now biter trawls yield the larger part of the
datohes. Only smaller boats with small engines
of 20 6 25 hp are still using beam trawls.
in Belgium beam trawls were in use (Verbrugghe,
1932), but were later replaced in most cases
by the otter trawle During revent years, how-—
ever +the Belgian fishermen changed over to
beam itrawls again, as they consider them more
effeotive in the tidal areas where the shrimp
fishery is carried out. The French shrimp
otter trawl is described by Kurc, Faure, and
Lawrent (1965a) (Figs 14).

ture {1964}, Kurc, Faure, and Laurent
(1965b) desoribed g new otter~trawl developed
for shrimp fishing in the Gulf of Gascoyne,
the sowcalled "Devidmes modifid" type (Figeld ).
The net iz divided in two sections and has

$wo cod eonds with different mesh sgimes. The
gmall mesh of the upper mection oatches the
phrimps which jump through the netting that
separates the lower from the upper seotion,
The lower cod end has larger mesh to allow
any small fish caught to escape easily,
Catches of undersigzed fish are thus considere
ably reduced,

The design of the two-mection shrimp
trawl has been modified and used recently in
a Dutch model of a beum-trawl (Boddeke,
1965a, 19654 (Fig. 15), Acoording %o Boddeke
{19652) by-catches oan be reduoed by one
sixth by using this new type of beam trawl,
But Tiews (1966), experimenting with the same
net, did not obtain the same results when
used over the German fishing grounds,

On the sast coast of England the beam
travl is exclusively used for fishing browm
and pink shrimps {Mistakidis, 1958)., 1In the
Thames area the otter trawl has been intro-
duced recently, On the northwest ocoast in
addition to the beam trawl, fishing of brown
shrimps is done by push and shank nets, the
latter being small trawls 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-
proxzimately 90 peroent, if not more, of the
total landings are fished by the beam trawle
The length of the beam varies beiween 5.5 m
and To3 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 sisze varying from 19
to 25 mm full mesh,

Changes in types of gear during the de=
velopment of the fishery

On the Qerman coast push nets and the
shrimp basket used to be ths common gear for
catching shrimps, but today the latiter has
2ll but oompletely disappeared {Meyer-Waardem
and Tiews, 1957).

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

A more modern, but also disappearing gear
in the Qerman shrimp fishery is the shrimp
stow net, While the shrimp basket is & fishe
ing gear for the shallow and more sheltered
fishing watersy the shrimp stow net is for the
deeper creeks with more rapid currents. This
net has been desoribed by Meysr-Waarden {1931}
and von Brandt (1959)e

These stow nets oan {ish only either in
the ebb or flood tide.
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Pig, 14 French otter board shrimp trawl made of nylon, knotless, as used
in Vendée, 12,20/16.60 ms (a) = classical type, (b) = the same net,
but with second selection bag of the "Devismes"-type, as demonstrated
on top (¢) (Kurc, Faure and Laurent 1965b).
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Cod end for
shrimps

Fig. 15 HWew Dutch beam shrimp trawl

with two bags (Boddeke, 1965b),
Cod end for
fish

Fig. 16 German shrimp fyke net with
winge (Meyer-Waarden, 1931).
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Fig. 17 Modern German shrimp fishing vessel from
Cuxhaven (Meyer-Waarden and Tiews, 1957).
(Photo: Dr. Nolte)
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Thig type of mlow net has been modified
wo facilitate operation during both the tides,
wi.th & speocial hanging design that permits
considerable increase of catching power, Never-
thelesg the modified gear is not widely used
for shrimp fisbing (Meyer-Waarden, 1931),

Henking (1927) described soms beam trawle
which are usad in the Baltic Sea for fishing
Lo orangon, Shrimps are caught therse oniy
ag bait for the cod fishery, since large
shrimps are not abundant enough to susitain a
large-scale shrimp fishery.

A description of the original "shrimp
net" used in the neighbourhood of the Thames
Estuary, prior to 1830-40, its modification
in early 1850, and the introduction of the
"four beam trawl" at the same period is given
by Mistakidie (1960]}.

In early deys horsges were used for tov-
ing shrimp nets in Belgium (Verbrugghe,
1932) and England (Davis, olted by Schnaken-
bek, 1942). The Belgian shrimp trawl was
kept open by a ground beam in the middle of
which a stick was attached o keep the mounth
of the net opene

Use of echogounding or fish deteciors

Bchosounding is used now in the German
shrimp fishery, but Crangon ocannot be detect-

ad on fish finders(sonari.

5,12 Boats

Type, Size, Power, Changes in types of
hoatas during the dewelopment of the
fishery

In the early days in CGermany small
wooden, open or covered, sailing boats were
used for shrimp fishing, Motorization starg-
ed arvound 1900 and by 1927 all shrimp fish—
ing boats were powered (Tiews, 1953a),

Today the type of boat remains the game
axcept in size, the length varying from 12 to
17 m and equipped with engines between 50 and
75 hp (Tiews 1965) (Pig. 17).

A11 voats are eguipped with 50 litre oil-
fired boilers to cook the caltoh of edible
shrimp immediately after hauling, sorting and
cleaning the catoh, Nearly all vessels are
equipped with mechanical sieves for sieving
the catohes., Most of the vessels do not
poesegs fish roomse Ouly the larger ones have
refrigerated £ish rooma,

In the Netharlands shrimp vessels are
largsr than ian Germany, up to 21 m long and
having engines up to 150 hpe These boats

fish sbhrimps during the winter also and much
farther sway from their home ports than the
German fishing boats do, The average engine
power has steadily increased from 45 hp in
1951 to 93 hp in 1962 (Boddske, 19622, 1962b,
19668},

In Fronce, small fishing vessels having
sngines from 40 to 80 bp are used for shrimp
fishing (Kure, Faure, and Laurent, 1965a).

5.2 Pighing areas

5,21 (eneral geographic
distribution

Geographic distribution

Crangon fishing, on commercial soale,
is carried out along the entire coasis of
Germany (Norih Sea coast), the Hetherlandw:
and Belgium, as well asg on the east and west
coasts of England, and in geveral areag on
the French coast. There appears to be some
progpects for Crangon fishing on the Denigh
North Sea coast, at least in the southern
area. However, this is not exploited by the
Danish fishing industry.

5.22 Geographic ranges
Digtances from coast

Crangon fishing is pursuved close 1o the
coast, the fishing arsas varying in digtance
from half %o 20 n wi (37 km), depending on
their location,

Drainage basine

The fisghing arveas are uspually within or
close fo essiuvaries,

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

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

Heyer-Waarden and Tiews (1957) state that
the brown shrimp isg caught along ths eniire
Qerman North Sea coast. The {ishing grounds
are in the estuaries and in the region of ithe
large and small oreek systems of the Wadden Ses.
They are limited, in the mea, by the 15 %o 20
m line which yuns along the coast of Schleswig-
Holztein, in the Elbs/Meser estuary wp to 20
to 25 n mi (46 km); off the coas’t and along
the coast of Bast Friesland up to 10 io 15
nautical miles. During spring and lste aviuman
the fishing is carrled out more seaward than
during the months July to Qotober, when {ishe
ing is almost exclumsively confined %o arsas
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slome to the coast. There are good shrimp
fighing grounds near the estuaries of the
rivers FBider, Elbe, Wemer and Ems, Hydroe
graphically the entire fishing area in charaos
teriged by sirong tidel ourrents of strength
up %0 3 m/esc, and by continuous discharge of
fresh water into this area by the rivers memn=
tloned, Because of the marked annual and
geaponal Pluciuations in the quantity of
fregh water discharges, the salinity on the
fishing grounds is subject to great flustus-
tiong,

Mistakidis (1960) stated that in England
the three main centres of the shrimp fishery
are the Wash,; the Thames estuvary, and the Lanws
cashire coast. Landings of pink and brown
shrimps in these areas amount approximately
to B0 percent of the total landingse

Kurc, Faure and Laurent (1965b} stated
that along the French coast there are areas
in the Atlantic am well as on the Channel,
which are rich in sand shrimps, esmpecially
those cloge to the esgtuaries of the rivers
Gironde, Loirs, and in the Bight of the Seine
(Pig. 18), 1In each of these areas about one
third of the %total annuwal producticn (which
ig between 1,400 and 1,800 %) is prodvceds
There is also a small shrimp fishery along
the coast of Vendfa, in the Bight of Mont
Saint Michel and on the east coast of Conten-~
ine

Differential abundance associated with
hydrographical features

See mection 4011

Changes in ranges during development of
the Tishery

fihen only push nets, baskets and stow
nets were wsed, the fishery was fairly oclose
te the shore. When trawling wes introduced,
the range depended on the action radius of the
boat, Halling boats operated along the ovast,
while powersd boats could fish further out %o
Bea,

5023 Depth ranges
Bathymetric contour

The f{ishery zlong the German coast is
limited by +the 15 to 20 m depth line (Meyer-
HYearden and Tiews, 1957).

Yariations of density with depth

During spring and late anbumm the density
of shrimp ztocks ils greater in the deeper
areas than in the shallow. The contrary is
th: cese during the monthe of July to Octobewr
{Tisws, 1993, 1953b).

50,24 Conditions of the grounds

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

5.3 Fishing seasons

5.31 Gensral pattern of saasona(e)

The main fighing sesson extends from
spring to late autumn depending on the ?igran
tion of Crangon in the fishing grounds (see
saection 3«51§@

In the Netherlands there is & regular
winter fishery, Iun the other countries the
shrimp fishing boats are too small to permit
a winter fishery. In CGermeny & winter fish-
ery iz of no interest to the fishermen,
ginoe prices are fixed upon agreement between
the fishermen and the industry for the whole
year, and so the lower winter catches do not
yield a profit,

Por small fishing boats bad weather pre-
vailing during winter would greatly hamper
fishing operation. Another factor hampering
the conduct of a successful wintesr fishery
in the German waters is that heavy winter
gtorme usually destroy the markings of the
numerous crecks making navigadion exiremely
difficult {Meyer~Waarden and Tieus, l963b)°

5,32 Dates of beginning, peek and
ond of seagon(s)

Approximate dates in various fishing
areas

The German shrimp fishery usually staris
at the end of March or the beglming of April
when water temperatures are generally above
5°¢, and terminates at the end of November,
Hfaximom catches of small sized shrimps are
obitained during July %o October, when 7O to
80 percent of the annual catches are ialen,
The oaiches of large sized shrimps, Los.
thoge for human consumption, are muchk more
baulanced with peaks in April %o Mey end in
October (Figs 19) (Meyer-Haardenm and Tiews,
1957, 196Sa§a Also the Belgian shrimp fishe
ery lasts from March to November (0ilim, 19523,

The Dutch fishery for large siszed shrimps
operateg through the ysar.

In 1963 and 1965 maximum production wasm
regorded during September 4o Ootober {Boddeke,
1966b),

5,33 Variation in date or duration
of meason

Severe and prolonged winters reterd the
beginning of the fisghery, just ag early wine
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tere cauge its earlier termination, In warm
years Usrman fishermen may extend the fishing
seagon uwntll Christmas,

During the years 1930 to 1939 the peak
of the fishing season was usually in Auvguste
Since 1949, quite likely due to climatologioal
changen and consequent cooler August tempera~
tures, the peak has shifted to September/Ootn
ober (Tiews, 1954b),

504 Fisghing operations and results

5041 Effort and intensity

Type of unit of effort

Since most of the fishing trips in the

German shrimp fishery do not exoeed 16 h,

one fishing trip can be considered a unit

of effort. Since 1958 nearly all shrimp
cutters fish with two nets, whiie verore 1930
they fished with one net only. Two-net fish-—
ing was introduced on the ooast of Niedersaoh-
sen during the years 1930 to 1939, and on the
coast of Schleswig-~Holstein from 1948 to 1958,

Tiews (1954b) designated catch per unit
effort for the fishing fleet of Bisum, as the
catoch per net per 10 h trip taking into con-
sideration the seasonal variations in fishing
time .

The fishing trips of the large Duich
ghrimp fishing vessels last five days. The
catch 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
(Boddeke, 1962a, 1962b), Gilis (1960) ex-
prassed the catch per unit of effort of the
Belgian fleet, as the catoh per 100 h fishing,
multiplied by the hp of the enginse,

Landings per wnit of fishing effort

Tiews (1954b) has given the average land-
ings of small and edible shrimps per irip for
the period 1930 %o 1952 for the shrimp fish-
ing vessels stationed in Biisum.

Bartling {1964, 1965) found that a fish~
ing boat of 14 4o 16 m length fished nearly
twice as many shrimps as one of 10 to 12 m
lengthe

The fluctuations in landinge per unit of
fishing effort of the Belgian shrimp fishery
for the poriod 1935 to 1959 are ziven by Uilis
(1960} (Pable XII1 ).

Catches per unit of fishing effort

In the Thames estuary the oatch per hour
is usunlly 32 %o 68 kg, the quantity depending

on the fishing ground and on the season of thp
year, Catches of 225 to 270 kg are not un~
usual, However, there are also records of
only 9 or 13 kg of shrimps caught in twa
hours trawling (Mistekidis, 1960),

French shrimp catches during winter
generally do not exceed 3 kg of edible
shrimps per h. During June to July the
catches pexr h are between 2 and 15 kg
wpile in December they are often below 1 kg
(Kure, Paure and Laurent, 1965b).

Fighing effort per unit ares
No information,

Total fishing intensity

The Jerman shrimp fishery carried out
51,715 fishing tripe (of less %han cone day
eaoh) in 1964, Of these, 30,58{ sere on the
coast of Niedersachsens This ghowed a decline
in fishing effort as compared to the period
195863, when on an average 32,958 fishing
trips were made. The changes in fighing ef~-
fort on the CGerman ooast during 1954 to 1964
havebheen traced by Tiews (1965) .

The number of Belglen shriwp fishing
boats has declined steadily sinoe before the
gecond World War. In 1936 it was 285 and in
1959 only 149. However, the size of smgime
has increased from 33,2 hp during the years
1935 %o 1939, to 6207 hp during 1956 %o 1959
(Table XITI) (Gilis, 1960).

The sizes of the Dutch shrimp Tishing
fleet in the years 1951, 1954, 1957, 1960 and
1961 are given by Boddeke (1962b).

Causes of variation in fishing efford
and intensity

The German shrimp fishing fleet amounting
0 690 fisghing boats in 1937, decreased %o 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 pald
to the fishermen upon retirement on oondition
that their old boats were destroyed for thine
ning out the fleet in order to make it more
profitable (Tiews, 1965).

5042 Seleotivity

The cod end, as well as the anteriox
varts of the net contribute to seleotive fighe
ing (Bohl, 1963a, 1963b).

The absolute catohes of edible shrimps
are largest when mesh sizes of 11 to 12 mm
{from knot to knot) in the ood end are used.
Smaller mesh sigzes yield smaller oatohes of
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TABLE XIIL

Fighing effort and shrimp landings in Belgium from 1935 %o 1959 (Oilie, 1960)

Yoar Number of Mean Horse Number of Total Mean Yield
outtors Power Fighing Hourg Yields per 100 FH
(FH) x Horse x 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 3409
1939 201 38.8 8 368 266 2 728 055 32,6
Average 248 33.2 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 3565
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 51,1 6 790 653 1 548 269 22,8
Average 218 4545 5 716 079 1 663 777 29,1
1951 195 5406 8 081 989 2 068 299 25,5
1952 188 5405 7 888 720 2 608 057 33.1
1953 187 5467 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 5508 7 448 684 2 050 555 27.5
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 5 184 426 1072 776 18,5
Average 166 62,7 6 388 664 1 508 797 23,6

Total average 207 47,0 6 917 952 2 132 171 30.8
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eflible shrimps but considerably larger catches
of smaller shrimps (Gilis, 1952; Mista~
kkidie, 19585 Bohl and Koura, 1962 Kurc, Faure
and Laurent, 1965b)s The relation between the
50 percent retention length and the value of
catch sizes times gelection factor is given by
Bohl and Koura (1962) (Fig. 20).

Aocording o Bohl (19632, 1963b), since
the anterior parts of the net have selsotive
properties, the following mesh gizes obtain
the best catohes of edible shrimps:

TABLE X1V

Hesh sizes
Part of the Mesgh bar Number of meshes

(trawl) ) {depth)

Anterior 14 [+ 125
Modium 12 oa 145
Pogterior 10 - 11 oa 155 -~ 175
Cod end 10 - 13

The change in mesh gizes is claimed to
yield the following advantages:

{1) A larger quantity of edible shrimps
is caught for no extres expenditure or work.

(11) Because of the large mesh size the

gquantity of small shrimps caught is reduced and
better and larger catohes of large-sized
adible shrimps are obtained.

{4i1) The larger mesh of the cod end
{10 %o 11 mm) allows an immense number of
juvenile shrimps to escape, thus helping in
the protection of shrimp stockse

in the German shrimp iishery the mesh
plizes of the cod ends have been increased
since 1962 because of the difficuliy in mer—
keting small sized shrimps consequent to the
abolition of the law that guaranteed the sell~
ing of small siged shrimps (Meyer-Waarden
and Tiswe, 1957).

5043 Catohes
Total annual yields
The Yeasrbook of Fishery Statistics pub-

lished by FAO gives the total annual yields
in various countries (FAO, 1965)(Table XV).

Potal annual yields from different flsh-
ing grounds

Mistakidie (1960) reported that the land-
ings of pink end oommon shrimps in England
and Wales during the past 48 years showed
fluctuations between 890 + and 3,700 %o
Certein distinot falls in landings may have
been duwe to the reduoced effort during the waer
years and immediately after, and to the severs
winters of 1928 +to 1929, 1939 %o 1940, and
1946 to 1947. Even if these exceptionally
poor years are not taken into consideration,
on ‘the whole, landings during the past 25 yepwm
were asmaller thun for the period 1910 to 1930,
Whether reductions in landings was the result’
of a deoline in the stock, or of reduced fish-
ing effor®, it is difficult to determine as
there are no available data with regard to the
number of boats and men engaged in the shrimp
fisghery.

Meyer-Waarden and Tiews (1965a) have des—
cribed the development of the German shrimp
fishery during 1928 4o 1960 and furnished the
yearly landing figures (Table X¥VI). The
yields showed considerabls fluotuations during
this period, The Uerman shrimp landings by
areas as given in Table XVII indicate however
that the development was different from area
4o area. During the period 1949 to 1959
oatches of edible shrimps inoreased in Olden-
turg, Ostfriesland and Schleswig-Holstein, and
decreased in the Elbe/Weser area.  During the
pame period catoches of small industrlal
ghrimps decreased in Oldenburg and Elbﬁ/ﬁeser,
Yut showed an increase in Osifriesland and in

fichleswig-Holstein,

~ Catoh gtatistics of the Belgilan shrimp fish~
ary have been colleoted since 1935. During
the years 1935 to 1939 the annual catcheg
fluotuated beiween 2,671 and 4,059 % and
amounted, on an average, to 3,181 t, From
1946 to 1950 the catohes varied beiween 1,289
and 2,034 t and ware on an average 1,664 %.
During 1951 to 1953 the annual average caioh
amounted to 2,051 ¢ and decreased during the
period 1956 to 1959 to 1,509 t {Table XIII)
(Gilis, 1960), In Belgium there is no fishary
for small shrimps for indusirial use,; as
is also the oase in France (Personal communim
oationsa)e

The Dutech landings of edible and small
ghrimps for 1951 to 1961 ars given by
Boddeke (1962, 1962b, 1966).

Meximum equilibriuvm yield

No information.
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Fig. 20 Relation between the 50% retention length and the value of
catch size times selection factor (Bohl and Koura, 1962).

TABLE XV

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

1938 1948 1958 1961 1962 1963 1964 |
Total 46,0 31.0 48,0 47.0 45,0 12,0 5760
Algeria Y 003 - 0,7 - - 0.4 0.2
Belgium 3.0 1.7 1.1 1.4 0.9 1.3 1o4
Denmark 0,2 0.4 0,2 0e3 0es2 0ol C.1
France 2.4 1.7 1.9 1.7 2.1 2.4 2,8
Germany, Federal Republic 34.23 15.12/ 29.4 27.6 24.8 42.4 28,7
Nethorlands ] 7 9.2 13.3 14.9 16,4 2467 21,9
Swusden 2/ ¢ [} ¢ ¢ ¢ - -
U.¥, §England and Wales) = 2.4 2,6 2.1 1,0 1.1 1.4 1.6
¢ Uako (Scotland) ~ - - - 0.1 0.1 0.1

1/ The landings given for Algeria are considered doubtiul by the author
T Biinans dwnaltnda alas landines of pink shrimp (Pandalus montagui)
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TABLE XVI
erman common shrimp landings in tons

Years £dible Shrimps Small Shrimps 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 39 275

1939 5404 29 406 34 810

1940 5131 18 092 23 223

1941 7392 16 366 23 758

1942 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 2637 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 %412 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

TABLE XVII
Uerman mean landings on common edible shrimps {(a) and small
shrimps (b) by districts in tons
Years Elbe - Weser Oldenburg Ostfriesland Sohleswig-Holstein Total
landings
&) (M () __(m () () () () () (v)

1928/30 881 3 142 89 1733 224 5 387 2 115 3337 3 309 13 589
1931/39 1 079 6 162 200 3 512 312 8 624 2 700 10 021 4 292 28 311
1949/59 786 3 945 250 2744 565 9 499 2 820 10 369 - 4 420 26 557
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6:1

6 PROTECTION AND MANAGEMENT

8,1 Regulatory (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 "Produlkt-
schap voor Vis en Visprodukten" hag presorib-
@d that fishing boats landing shrimps are
not allowed to have a dragging power above
2,000 kge

Iin England the different Fisherles Dig-—
tricts have exeroised various legislative
regtrictions on the siges of fishing boais,
length of beam of trawls and push nets, diam-
pter of nets, duration of operation of
trawls and obligatory release of undersiszed
fisha

Limitation on the number of fishing
units, fishermen

In CGermeny credit facilities for replace-
ment of o0ld shrimp fishing boats are given
only on condition that the old boats are de-
#royed in order to limit the number of fishing
boats. However, so far a number has not been
fired by the law.

Limitation on total catchesm (quota)s
daily, seasonal, annual

When catches are large the processing
firme in Germany that have combraots with
fighermen for supply of edible shrimps for
processing fix a ceiling for the daily quote
to be delivered., Such resitrictions do not
normally exiet for small sized fodder shrimps.

According to the Pisheries Convention for
the NE Atlantic (24 June 1959), the industrial
by-catches of the shrimp fighery are not al-
lowed to contain more than 10 percent of under—
aized protected fish, Meyer-Waarden and Tiews
(196%a) have caloulated that the indusirisl
satohes of the German shrimp fishery during
the years 1954 to 1960 contained less than 10
perosnt of undersized protected fish.

6,12 Protection of portioms of
population

Closed areas such as spawning or BUPsery
grounds

In France the shrimp fishery is prohibit-
ed in certain areas, mostly in bays, in order
to prevent catches of undersized commercial
fishe

Closed seasons

In England, a closed season for shrimps
and prevns (December through April), is im=
posed in the Lancashire and Western Sea Fish—
eries Digtricte.

Limitations on gige or efficienoy of
gear or oraft

The State of Sohleswig-Holstein in (Ger-
many hag regulationg prohibiting mesh sizes
below 7 mm fgrom knot to knot)s There are no
other governmental limitations in the German
shrimp fishery, except some marketing ordinane
oes {Meyer-Waarden and Tiews, 1957).

In Pranoce ths 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 at 17 mm.

In fngland, the Dee Fishery Distrioct, the
Kent and Fssex Sea PFisheries Distrioct, the
Cumberland Ses Fisheries District, the South
Wales Sea PFisheries District and the Lanoca-
shire and Western Sea Fisheries Joint Commite
teo, all exercime limits on mesh size of
shrimp and prawn nets., The last two agencies
also impose obligatory release of undersiszed
ghrimps, The Cumberland Sea Pisheries Dig—
trict have restrictions on the size of fishing,
boats as well,
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