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1 IDENTITY

1.1 Non,enclaturei/

1.11 Valid name

Fandalus montagui Leach, 1814

Leech, W.E., 1814) Brevstor'm edinburgh
Encyclopaedia, 7, (Col Div, Crustaceology):
432, 436.

1.12 Objective synonymy

Aetacus naculatus (Monic.0 MSS) Leach,
1814 (invalid becauséd publiiìd in synonymy),

Pandalus annulioornis Lecb, 1815

1,2 Taxonomy

1.21 Affinities

Suprageneric

Phylum krthropoda
Clase Crustacea
Subclass Malacostraca
Serios Eunalacostraca
Superorder Eucarida
Order Decapoda
Suborder Natantia
Section Caridea
Family Pandalldae

Generic

Pandalue Leach, 1814, Brewster's Edin-
burgh Encyclopaedia, 7:432. Gender masculine.
Type species by monotypy: Pandalus montagui
Leach, 1814.

The generic concept as used by Rolthui
(1955) has been adopted by the authors. The
diagnostic characters employed in his 'Key to
the Pandalidae' are listed below,

Carpue of 2nd perelopods consisting of
sore than 3 Joints. No longitudinal carmas
on the carapace except the poatrostral crest,
Rostrum not movable, Eyes well developed,
cornea much wider than the eyestalk, Third
maxilliped without exopod, Laminar expansion
of the innor border of the isehium of the let
pair of persiopods wanting or inconepiouous,
The first 4 pereiopods with epipods, Arthro-
branche present at th bases of the first4
pere iopoda.

]J For a diecussion on the nomeniolature of
this peoios see Hemming (1965).
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1:1

Posterior lobe of scaphognathite acutely
produced. Upper margin of rostrum with movable
spines only.

Specific

Identity of type specimen

The specimen examined and described by
Leach was collected from Zetland (Shetlands),
and is now available at the British Museum
(Nat.Rist,London) (Dry 267d, Leach cabinet no.
29). This specimen was selected the lectotype
of the species,

Typo locality: "Zetland" (=Shetland Islands).

Diagnosis

Third maxilliped without exopod. Rostrum
with 10 to 12 teeth above and 5 or 6 below,
dorsal teeth not extending beyond middle ci'
rostrum; apical spine of antennal scale extend-
ing beyond lamellar portion; 3rd abdominal
gomito smooth dorsally. (Kemp, 1910).

Subjeotivo synonymy

Pandalus levigatus Stimpaon, 1853
Pandalus leptorhynchus Kinahan, 1858 (not

P. leptorhynchus Stimpson, 1860, not P, lepto-
rhynchus Sars, 1882).

The larval species Boreocaris moebiusi
Ortmann (1893) ham been incorrectly referred to
the synonymy of this species (see Pike and
Williamson, 1964).

Artificial key

There is no one key to all the known spe-
cies of Pandalus: but keys are given to the
pandalids 000uring in the northeast Pacifie and
the northeast Atlantic. No key is available to
the pandalide of the northwest Atlantic.

Key to northeast Atlantic pandalids
(after Kemp, 1910).

I. Third maxilliped without oxopod

A. Carpue of 2nd pereiopod on right
gide with many (at least 20) annula-
tions; antennal scale not much nar-
rowed in front, outer edge straight,

i. Rostrum with 12 to 16 teeth above
and 7 below, the dorsal teeth ex-
tending well into the anterior
third; lamellar portion of anton-
mal scale extending beyond apical
epine; a blunt dorsal carina ter-
minating in a tuberole on the 3rd
abdominal semite, P, borealis.
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Fig. I Pandaluo montaii Leach (after Rolthuie L950).
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ii. Rostrum with 10 to 12 teeth above
and 5 or 6 below, the dorsal
teeth not extending beyond middle
of rostrum; apical spine o± an-
tonnai scale extending beyond
lamollar portion; 3rd abdominal
somite smooth dorsally, P.
montagui (Fig, i).

B., Carpum of 2nd pereiopod on right side
with 4 annulations; antennal scale
very narrow in front, outer edge con-
cave, P. proinquus,

110 Third maxilliped with oxopod; carpus
of 2nd pereiopod on right side with 4
annulations, Dichelopandalas bonniori.

Key to northeast Pacific Pand.alid (after
Butler, 1964).

Antonnules twice the length of carapace;
merus of 3rd maxilliped, and ischiuin of
1st pereiopod with longitudinally developed
laminate expansions, with long bristles,
Pandalopeis dispare

Antennulee not longer than carapace; no
laminate expansions on morue of 3rd maxil-
liped or imchiuni of let periopod.(2)

Third segment of abdomen in part compressed.
and carinated, the oari:ls. forming a more or
less well-defined. lobe or apine in front of
the posterior margin. (3)

Third segment of abdomen not compressed or
oarinated, (5)

3., Third. and. 4th segments of abdomen each
armed. with a median spine of the pOsterior
margin, Pandalus borealis.

Third and 4th segments of abdomen without
median spines. (4)

4, Rostrum unarmed on distal half of dorsal
margin, P. goniurus.

Rostrum with spines on distal half, P.
jordani.

,
Dorsal spines not present behind middle of
carapace. (6)

Dorsal spines preeent behind middle of
oarapaoe. (7)

6. Sixth abdominal segment more than twice am
long am with. P. montagui tridene.

Sixth abdominal segment loss than twioo ae
long as wide, P. platoeros.
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Dorsal spines more than 15 (17 io 21),
P. hypeinotus,

Dorsal spines less than 15 (8 to 12),, (8)

Antennal scale very narrow, distal half
of blade narrower than the thickness of
the adjacent spine, P. stenolepis.

Antennal scale of moderato width, distal
half of blade wider than the thickness of
the adjacent spine, P. danae.

1.22 Taxonomic status

Pandalus montagui Leach is the type species
of the gnus Pandalus. About 15 species aro now
placed in this genus. The western Atlantic form
of Pandalus montagui has been described as a
distinct speoies Pandalus lovigatus Stimpoon,
but is currently synonymized with thu yploal
eastern Atlantic form, In the North Paoiflo
a distinct subspecies Pandalus montagui trtdons
Rathbun, 1902, is usually recognized.

1.23 Subspecies

Pandalus montagui tridoris Rathbun, 1902,
Proc.U.S,Nat. Mus, 24, 901. Type iooality
0ff North Head, Akutan Island, Alaska, 132 s.
Range: iring Sea south to California and the
Kuriles,

Pandalus montagui montagui Leach, 1814,
Range: Arctic Atlantic south to British Isles
and Massachusetts,

1.24 Standard common naines

United Kingdom: The pink shrimp
Norway: Spragloto raeke (or roke)
Denmark: Rejekongen
Germany: Felsengarnele
Newfoundland: The striped pink shrimp

Vernaoular names

United Kingdom: Prawn (The 'dash)
Sprawn (Morecambo Bay)
Shank (Northueni Enfiand)

1.3 Morphology

1.31 Hiternal morphology

The speoies has been described in det
by Calman (1899).
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2 DISTRIBUTION

2.1 Total area

Land areaei' 212 British Columbia (Butler,

1964); 214 Ontario (Whtteaves, 1901); 215
Quobec (Whiteavee, 1901); 216 Newfoundland
and Labrador, St.. Pierre and Niquelan (Squires,

1957); 217 New Brunswick, Nova Scotia, Prince
Edward I. (Squires 1957); 250 Greenland
(Stephensen, 19355; 511 Denmark (Bjorok, 1913);
513 Iceland (Wollebaek, 1900); 514 Norway
(Norman, 1894); 515 Svalbard Bear I, Jan Mayen
(Oriog, 1926); 516 Sweden (Jersten, 1936);
521 Netherlands (Wollebeek, 1900); 522
Belgium (Wollebaek, 1900); 531 Ireland (Kemp,
1910); 532 United Kingdom (Calman, 1899);
534 Scotland (Orkneys, Shetlands, Hebrides)
(Kemp, 1910); 535 Northern Ireland (Kemp,
1910); 716 Soviet Is, in Arctic Ocean and
Spitsbergen (Novaya Zemlya, franz Josef Land,
Severnaya Zemlya, Novosibirs Kiye, Ostrova)
(Greig, 1926).

Sea areas:Â/

ANE (Atlantic, N.E.) North limit 78°N,
South limit 50°N; ANW (Atlantic, N.W.) North
limit 65°N, South limit 41°N; IE (Pacifio,
N.E.) North limit 65°N, South limit 39°N.

The main features of the area of distri-
bution appear to be low temperature, and
moderate to high salinity.

2.2 Differential distribution

2.21 Spawn, larvae and juveniles

Eggs are carria externally by the females,
atieohed te the pleopods, mainly during the
period oa to March, while the adults are
in the oZfsiiore part of their range (Mista-
kidìo, 1957)..

J..rvae are liberated mainly during the
spring and the summer (ApìI to Ocbober)
wbls the adulte are in the more inshore part
of their total range. (bour 1940, l947;
Allen, 1963),

2,22 iu

i] Land and sea aroma as given by Hoithuin
and Rosa (1965).
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P. montagui is more common in shallow
water, where, in depths between 10 and 50 fm
(18,3 and 91.5 m) it may support oommeroial
fisheries,

There is a pronounced movement into estuar-
ies and shallow wators in the spring and move-
ment back into deeper water in about October.
In southeast England a small proportion remains
in shallow water throughout the winter months
(Mistakidis, 1957).

P, montagui tends to occur in the shallower
water, with P, borealis replacing it at depths
greater than approximately 50 fm (91.5 rn)ø
(Wigley, 1960; Allen, 1963). Very considerable
fluctuations in commercial catches have been
noted to occur from day to day (Niatakidle,
1957), and from year to year.

2,3 Determinants of distribution

Temperature range

Adults are found in waters of temperature
range -10C to 21°C (Allen 1963; Mistakidis,

1957; Squires, 1957, 1961j. However, this
species is widespread at the lower, rather than
the higher temperatures within this range, On
the American Atlantic coast, all records are
from water below 10°C (Wigley, 1960).

Substratum

Adults are found in areas with. substrata
of sand, mud, gravel and rock, but many obser-
vations indicato that abundance is often corre-
lated with a hard, rather than a soft bottom.
They are rarely abundant in extensive muddy
areas, or in the bottoms of fjords and basins.
(Mitakidis, 1957; Griog, 1926),

Booth

Seo section 2,22,

Food

Small crustaceans, bivalve molluscs, and
encrusting animals are all eaten, together with
tubiculous worms such as Sabeliana and Peo-
tinaria (Mistakidis, l9575'

in estuaries, coastal
waters, fjords . ;he opon sea, The depth
rango is apprc 2 to 3 fm (3.7 to 5,5
a) to approma 1 400 fe (7.2 a).. (Rathbon, P, mon:a occurs in water of salinity
1904; de 1O; Griog, 1926; Mistakidis, ranging fron '/oo to 35°/ao, hut is most
1957; Squirse, 1961; Allen, 1963). uua1iy found in water of salinity betwon

32°/ and 34'/co.

Salinity
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3 B1ONOMICS AND LIFd HI3PoRr

3.1 Reproduction

3.11 Sexuality

Hermaphroditism

Populations of P, montarui contain varying
proportions ol' protandrous hermaphrodites. Up
to 50 peroont of O-group individuals staí't life
as males and subsequently change sex to become
secondary females. The remainder of tho popu-
lation mature and continue through life as
primary females (Mistakid&s, 1957; Allen 1963).

On the Canadian Atlantic seaboard transi-
tional stages have been noted among catches of
P. mont,jii, but no primary females were found
Squires, 1965). No primary females have been

observed among catches of P. monag ridennJ

on the Canadian Pacific seaboard (Buler,
1964),

Sexual dimorphism

The secondary sexual characters cf the
genus Pandalus appear on the endopodites of
the let and 2nd pairs of pleopods, In the
male the endopodite of the ist pleopod bears
a copulatory organ and the endopodite of. the
2nd pleopod an appendix masculina. The latter
structure is absent in the female and the endo-
podite of the let pleopod is lanceolate in
shape (Mistakidim, 1957). These structures can
be distinguished in young individuals of 5.0
mm to 6.0 mm carapace length, but below 4.6 nun
the copulatory organ is not easily dis-
tthguishod and the whole appearance of the
endopodite is not unlike that of a female
individual (Nistakidis, 1957).

The detailed development of the copulatory
organ and the appendix masculida has been des-
cribed by Nistakirlis (1957), Both these or-
gane are fully developedat copulation, After
mating, which usually occurs in autumn, these
organs undergo atrophy and the female condition
is approached (Mistakidim, 1957),

The devwlopment of the female involves
elongation of the dictai end of the endopodite
of the ist ploopod which eventually beoome
fanceolate in shape, The appendix interna
associated with the ondopodite of the 2nd pleo-
pod gradually enlarges but it is always adja-
cent to the endopodite at its base, The
ovigerouc oetae appear before oviposition and
disappear with the first moulting after the
hatching cf larvae (Mistakidis, 1957),

Generally the males are smaller and nar-
rower in body, while the females are broader
and p0050cc lrtrger epimera, The latter become
deeper before oviposition and protect the eggs
arid the abdominal segments (Ristakidim, 1957).
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In the female the genital orifices aro
present on the inner side of the coxopodite
of the 3rd pair of pereiopods and in the male
on the ooxopoditem of' the 5th pair of percio-
pode.

3.12 Maturity

On the east coast of England mature
males are found when about 7 mo old (in Novem-
ber) at a carapace length of 9 bo 1]. mm, The
first sign of transformation from male to fe-
male is found in February. Transitional
stages occur throughout the summer months be-
coming less and less numerous by the end of
December and January, A small percentage of
individuals in the active male stage oocurs
throughout the year, indicating that they
might function twice as males before under-
going change to the female condition. The
ovarios begin to mature in early August and
the majority of females reach maturity by
N ovember-Decembsr,

3.13 Mating

Mating is believed to be promiscuous,

3.14 Fertilization

Fertilization is external and ocourm at
the time of laying eggs.

3.15 Gonads

Njstakjdjs (1957) found a direct ¿orrc]a
t ton between carapace length and the number of
eggs carried by female pink shrimps (Fig, 2)
the smallest number of eggs carried was 136
(carapace length 7.2 mm) while the largest was
3,796 (carapace length 16,0 mm),

There is no substantial variat ion in the
number of eggs carried at the beginning, mid-
dle and end of the breeding season (Mietakidis,
1957).

Allen (1963) calculated that the number
of larvae hatched out inshore exceeds the num-
ber hatched offshore by 1.5 times; but stated
that many of the larvae produced by the deep.-
water population were lost either by predation
or current drift,

The parasitio isopod, Hemiarhvuc
abdominalis, was found to cauce up o a 50
eroent decrease in the number of eggu carried
(Nimtakidim, 1957),

3,16 Spawning

Number of spawnings per year

Each female lays one batch cf ogge during
the breeding season (Allen, 1963),
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11ig. 2 The relationship between eie anti
fecundity in Pandalue montagui.

(from J4iatakidis, 1951)



Spawning seasons

In the North Sea, egg laying oommences at
the beginning of November and continues unti].
January or February with a maximum of ovigeroui
females in December (Mistakidis, 1957).

Sequence of spawning of individuals in
a population

The larger females in the population lay
their eggs first, followed by the females
which spawn for the first timo in their lives
(Nistakidis, 1957),

Relation of the timo of breeding to that
of related species

The time of breeding of P. montagui and
the rate of development of the ova follow a
pattern similar to that of P. borealis.

Egg laying in the Northumberland popul-
ation of P. borealis occurs between the
beginning of October and the end of November,
the larvae hatching by the middle of April
(Allen, 1959).

Location and typo of spawning ground

In southeast England, concentrations
of ovigerous females are found in areas of
deep water, One of the wintering grounds was
located off the suffolk coast at depths be-
tween 30 and 40 I'm (55 and 73 m) (Nist&ci.dis,

1957)

Ratio and distribution of sexes on
spawning grounds

On the offshore wintering grounds off the
3uffolk coast, England, 74,00 to 97,50 percent
of th population were found to be females, of
which 95 to 97 percent were ovigerous (Mista-
k1di, 1957).

3.17 Spawn

Eggs nay be spherical or slightly ovoid
in chape and measure, at laying, 0,6 to 0,8 mm,
Initial colour is bright emerald greell, chang-
irig, as the eggs develop, to light green with
a slight violet tint, They are attached by a
cement-like substance to the ovigorous setae
which are developed on the pleopodm before
ovipouitiofl,

3,2 Pro-adult phase

32l Embkyonic phase

Nistakidis (1957) observed that eggs laid
in November showed no appreciable grawth'durin;
the first three months of incubation. By Feb-
ruary a considerable proportion nhowsd an in-
croase in oize, mainly t1ìo exhibiting late
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gastrula and 'early' eye_pigmentation stage.

During April and May the majority of eggs were
between 1.00 mm and 1.20 mm in length, all

being tn 'early' or 'late' eye-pigmentation
stage. Hatching probably takes place shortly

after the 'late' eye_pigmentation stags is

reaohed (Nistakidim, 1957).

Generally eggs above 0,88 to 0,90 mm in

length are in the 'early' eye-pigmentation
stage and eggs above 0,98 mm in length in

the 'late' eye-pigmentation stage. In the

latter stage the eyes of the embryo measure
0.12 to 0.20 mm, and the yolk does not occupy

more than 1/5 to 1/4 of the volume of the egg

(Mitakidis, 1957).

3,22 Larval phase

Newly hatched larvae have a length be-

twn 2.4 and 3.4 mm, Under laboratory
conditions larvae have been reared to the
megalopa stage throngh 11 zoeal stages at

10°C, but only to stage 5 at 18°C. Zoen
larvae collected from the plankton in the
Firth of Clyde and the Irish Sea showed mix
stages of development.

The approximate lengths of zoma larvae
at successive stages are as follows (measure-

ments taken from the tip of the rostrum to the

tip of the telson):

Stage: I II III IV V VI

Length: 36 4.3 5.2 6,5 8,3 9,8
(mm)

Planktonic specimens have red or orange
ohromatophores on each antennular peduncle
and antennal scale, on the anterior face of
each eye stalk, and on the posterior face
after stage II, on the mouthparts, maxillipsds,
pereiopodm, the junction of the 6th abdominal
somite and the telson, A large chromatophOro,
usually predominantly yellow, is always pre-
sent beneath the central oarapace, with 2

smaller orange chromatophores just in front,

The rostrum bears both dorsal and ven-
tral teeth in the last stage (Pike and
Williamson, 1964).

3,23 Adolescent phase

Little is known of the early adolescent
phase. Immature O-group individuals with
carapace length of 5 mm to 9 mm, have been
recorded in mid-July by Mistakidis (1957)
and Allen (1963),

3,3 Adult phase

3,31 Longevity

Average life expeotanoy is 3 to 4 yr.
Individuals of carapace length between 16 mm

and 19 mm are conwidered to be 4cr 5 yr old,

FRm/392 P, montagui 3:3



3,32 Hardiness

When pink shrimps were exposed to air for
30 min the:ij- survival ratos varied between 1,5
and 15 percent at temperatures between 10°C
and 17°C. The survival rates were found to
Vary with temperature and weather conditions
(Mistakidie, 1958).

3.34 Predators

Gadus merlangus and Gadus lusous are known
to be major predators, but other speoies of
fish such as Pleuroneotes sp., Baia mp., Soles.
spa, and Cottus sp., which occur vary frequent-
ly on the fishing grounds of southeast England
(Mistakidis, 1958) are also believed to be
predators0

In eastern Canadian waters P, montagui
is eaten by cod in Newfoundland, Grand Banks
and Labrador (Mi1th'd1covich, 1964). Squires (1957)
observed the presence of P, montagui in the
stomachs of cod and of seals, Fifty specimens
have been recorded in one seal stomach in
eastern England (Sergeant, 1951), Tuck and.
Squires (1955) refer to a colony of guillemots
in Ungava Bay, Canada, feeding on limited num-
bers of pink shrimps,

3.35 Parasites, diseases, injuriai,
and abnormalities

The external parasite ]emjarthrus
s.bdomina1i (1cryer) has been noted on P,
jpgvi caught off Greenland, Norway and
Britain (Allen,l966), In most populations,
the percentage of parasitized individuals is
low, Mintakid.je (1957) records infection of
less than 3 percent and, Allen (1963) of 2
poroent, of pink shrimp populations of eastern

3,4 urition and owth

3.41 Feeding

Mietakjdje (1957) stated that it was not un-
usual to obsaz've variations in the composition
of stomach contente from individuals feeding
over dif'en t and widespread grounds, He
fuxd t-bat co'centratjons of pink shrimps often
occurred ka ay.eas inhabited by Sabellari et,
Oooasionally complete heads of Sabeliana were
seen in the stomach contents wh2ch seemad to
ruggeot that "P, montagui cra1s over th
Sabeliana ooiony, cutting off the protruding
heads of the sedentary worms",

Mistakictia (1957) observed 8050 paucity
in feeding before egg laying; but Allen (1963)
stated that even during the last week or so
before egg laying, when the ova are occupying
almost all the available spaoe, P. montg
continues to feed, It seems likely that the

only time that pink shrimps do not feed is
when the mouth parts are soft following a
moult (Allen, 1963).

3,42 Food

P, rnontagd ocou.rring off the southeast
coset of England are found to feed. mainly on

polychaetes of which Sabeliana spinu1e 0052-'
priee 30 to 50 percent L1ista1cidic,l95), The
polychaete fraotion of the otomach contento
of shrimps caught off the Northumberland
coast is dominated by Pectinaria (Allen, 1963).

Crustaceans, foraminiferans, hydroido
and fish scales are aleo frequently found in
the stomachs of pink shrimps (Mietakidie, 1957;
Allen, 1963).

In the laboratory, Miatakidis (1957)
found that the mea-t of Mytilus eduli and
Creiduia fornionta was readily eaten by
montagui.

3.43 Growth rate

Growth of both sexes is rapid during tho
first year, becoming much less during the next
2 or 3 years (Mitakidis, 1957; Allen, 1963)0

By November the 0-group males off north-
east England reach a moan carapace length
of approximately 10,0 mis, the females having
a mean carapaoo length of 11.5 mm Thio din-
purity between the mglos and femai-o s
maintained throughout their lives and lo du
to the fact that the males maturo 3 to 4.weeks
before the females (Alien, 1963).

1-group males not having undergone a sex
change after the first breìd.iug season attain
a mean carapace length of 14 mm by their second.
winter and males surviving to the third yecr
attain a mean carapace length of' approatniaeiy
17 mm (Allen, 1963).

305 Behaviour

351 Migration ad local movements

Miatakid,s (1957) showed that populations
of , ntaíui occurring off the southeast
coast of ingia.o. are migratory, appearing in
shallow water in early spring and largely, al-
though not completely, disappearing in lato
autumn, He concluded that the offshore emi-
gration is related to low temperature and
breeding,

Allan (1963) found no evidence of a masaiv
inshore migration in Northumberland waters,
Migrations appeared to be restricted to the otf-.
shore movemao of 1-group and 2-group shrimps0
Malou that do not change sex eiigrat.o to doope,'
ustor during tlarch when they mciuio r,. socond
imo am mala. itos1,s' of' t-ho fonalco also migroto

to deeper but- this tn"ceo placo during

FRm/592 P. montagui
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October (Allen, 1963). Mistakidi (1957) also
reported ill-defined summer migrations whioh
he related to high temperatures and feeding,

3,52 Sohooling

Murie (1903) and Kemp (1910) desoribed P.
montagui as being gregarious and migratory. No

precise information on the gregarioum habits
of the species is available but rapid decreases
in catohes at oertain times of the year in-
dicate either mass movements to another area or
scattering of the population,

315



4 POPULATION

4.1 Structure

4,11 Sex ratio

In the first year 30 to 50 peroent of the
year-class mature am primary females (Jager-
stem, 1936), the remainder as males. In the
second year primary females continue to fumo-
tion as females, Some mature males continue
as active males, but a large majority of the
male population changes sex to become seoond-
ary females. In the third and possibly sub-
sequent years, almost all individuals in the
population funotion am females (Mistakidis,
1957; Allen, 1963).

Sex ratio of the catoh

There is invariably a predominance of fe-
males taken in the catoh, The proportion of
malos taken is depondant largely on mesh size.

Sex ratio on spawning grounds

See section 3.16.

4,12 Age composition

Allen (1963) found that the population of
P, montagui off the Northumberland coast is
composed predominantly of 0-group males and fe-
males and smaller numbers of l-group females
while that in 50 fm is composed predominantly
cf 1- and 2-group males and females, This dif-
ference can be explained in terms of sex chango
and.. migration. (Table I).

The age distribution of the catches and
the age of shrimps at first capture are depen-
dent on mesh size, However, shrimps are
generally caught first at an age of 3 to 4 mo.

A at maturity

Na.j.es and females mature at 7 to 9 mo
(Mistakidim, 1957; Aller., 1963).

4,13 Size composition

Allen (1963) found. a difference in the
size oomposition of populations of P, montagui
in shallow and deep waters off the Northumber-
land coast (Fig. 3), Theme differences can be
explained in terms of sex change and migration
(see also 4,12).

Fox and Wingfield (1937) noted a difference
in size of populations of P. montagui at Ply'-
mouth and Kristinoberg, The maximum total length
of the Timnoc population (90 mm) contracto with
a single opocimen measuring 160 sun from a depth
of 100 s off the t'ect ooast of Norny (Uollebaek,
1906; Mistakidic, 1957). Thic difforenoq in
size may, in addition to depth, be correlated
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with low temperature in high latitudes, as was
found in P, borealis (Allen, 1959),

The length at first capture is dependan-t
to a certain extent on mesh size. Fishing
trials during 1955 showed that the smallest
specimens wore oaught during July at the iino

of the appearance of the new year-grcup Nc'e
of mesh size ranging from 14,5 to 22.5 sm
(between opposite knots of a strotohod. mesh)
caught shrimps of oarapaco length of approxi-
mately 4 mm (Mistakidis, 1958),

Catches are riddled to separate the corn.-
merciai and non-commercial sizes of shrimps
and the latter returned to the sea, The rid-
dle most commonly used in the Thames area has
a mesh size of approximately 5.2 mm, Mista-
kidis (1958) showed that riddling did not
separato all the non-commercial shrimps from
the catch, and that a large proportion will
perish if the period between hauling and rid-
dling the catch is more than 20 min.

There is considerable variation in th
maximum size reached by P. montagui over its
rango of distribution, Maximum sizes (overall
length from tip of rostrum to tip of telson)
recorded for the species in various areas aro
as follows:

P. montagui

Balos, 1926)
Squires, .1961)
Butler, 1964)
Histakidis, 1957)
Squires, 1957)
Scattergood, 1952)
Wollobaok, 1900)
Squires, 1957)

P, montagui tridens

North Pacific coast 110 mm (Rathbun, 1904)

The relation between oerapace length and
total weight for shrimps occurring off the
southeast coast of England is shown in Fig, 4,

Measurements of total length and carapace
length show that growth is isometric, For both
the sexes and the traneitionals total length
can be derived from the carapaoe length by the
multiplication factor 4,5 for shrimps from the
southeast coast of England (Mistakidis, 1957),
and 4.26 for shrimps occurring in Northumber-
land waters (Allen, 1963).

4,2 Abundance and density of population

4.21 Average abundance

In the shrimp fishery of southeast England
an average trawl tow of ono hour takes a catch

North Sea
Newfoundland
Vancouver
Southeast England
Ungava Bay
Naine
Norwegian coast
Labrador

160 min

130 mm
90 mm
90 mm
108 mm
110 mm
160 mm
130 mm
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TABLE I

Average percentage age-group composition of shallow
and deep-water populations of Pandalus montagui off
the Northumberland coast for the years 1954-1961

(after Allen, 1963)

a Total population b Female population

o Peroente of females present in each year group

Shallow (20-30 fm) Deep (50 fm)

Gp O Gp 1 Op 2

yearly

Op O

vel'age

Gp 1 Gp 2

a 76.4 23,4 002 9.7 80.8 9.5

b 71,0 28.7 0.3 9.3 72 O 18.7

o 44.5 59 o 100 4207 38.9 85,0

Average Íbr breeding period, November-May

a 86,5 13,4 0.1 36,2 63,2 0,6

b 76.0 23.8 0.2 27.4 71.6 1.,0

o 46,8 96,1 100 41.1 61.4 100
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Pig. 3 Population histograms showing sex changem in the shallowwater
population over a full year and including, for comparison, records
from the deepwater population for the months Juno to September.

(from Allen, 1963)

4,3FRm/592 P. montagui

5Ofm june



4:4

- 1242

CARAPACE LENGTH (MM.')

/392 P. montagui

e

s
e
S

s

s
0
s

*

s
S

s
s

.5
00

o
o

o
o0 O

50 P5,
s

000 0
o

e

00
o

o

?ig. 4 The rolationehip between caz'apaoe length and body weight in Pandalus
montagui, males and females from various areas in southeast ngland.



Rm/S92 P. mont i

of between 32 and 70 1. Catohes vary with the
time of year, state of tide and on the fishing
area0 Catches of foui' times this quantity are
not unusual and catches of 450 1/h have been
known (Mistakidie, 1957).

4.24 Changes in density

Variations with depth

Though P. moniag occurs in depthe be-
tween2 and. 400 1m (301 to 732 m), commercial
fisheries normally occur in areas of depths
between 10 and 50 1m (18.3 to 91.4 m).

Seasonal variations in available stook

See 'Migrations' (3.51).

4,3 Natality and recruitment

4.31 Reproduction rotes

Annua] egg production rates

Allen (1963) calculated that there were
1.5 times as many larvae released inshallow
water (20 to 30 fm (36.6 to 55 m)) as compared
with deep water (o t'in (91.4 m)) off the Nor-
thumberland coast, but that seven times as many
0-group adults 000urred in shallow watex'ae
compared with deep water. The most probable
enplanation is that deep-water larvae are eaten

- 1243 -

by planktotrophio adult . borealis, the domi-
nant species of the deep-water natant community,
although currents may carry deep-waor larvae
inshore, Zoeao of P. monta i have been found.
in the stomaoh contents of P borealii by Allen

(1963). (See also 3,15),

4,33 Reoruitment

There is no preoise information on the
variation in annual reoruitment but large varia-
tions over a number of years have been experien-
ced in southeast England.

4.4 Nortalit and morbidit

4.42 Factors causing or affeoting
mortality

See seotion 3,34,
There is no indication that fishing is a

major source of mortality in any fishery for this
species.

4,43 Factors affecting morbidity

It would appear that P. pntag, le more
ausoeptiblo to chemical pollution -than most
other speoies (Porimann, personal oommunioation),



5 EXPLOITATION

5.1 Fishing equipment

5.11 Gears

In the United Kingdom, although some use
is mad.e of small otter brawls, a majority of
boats fish for P. montagui with beam travis,
The length of the beam is normally between 18
and 25 ft (505 to 7.6 m) and may be of wood
or metal tubing. Trawl heads are 'D' shaped
and of mild steel construction, Ground ropes
may have a chain, wire or rope coro, covered
by rubber discs, wooden rollers, or possibly
wrapped with several layers of old rope

, to a
diameter of 3 to 10 in (7.6 to 25.4 cm), depon-
ding on the nature of the ground to be worked
(Mistakidis, 1958),

Trawls are invariably of nylon or cour-
iene, In the Thames area a mash size between
19 mm and 22 mm is generally employed, Trawls
are protected beneath by rubber or netting
chafers, and sometimes buoyed by corlzs on the
upper surface, The early large beam trawle
have been replaced by smaller, lighter gear and
recent developments have tended towards mul-
tiple beam trawl rigs, towed by one vessel,

Echo sounding gear is of limited applica-
tion, being of value only in the identification
of substrates and the avoidance of submarine
obstruct ions,

5.12 Boats

rawling is carried out by 30 to 45 ft
(9,1 to 13,7 in) decked boats, powered by die-
sel engines cl 30 to 50 hp and equipped with
boilers for cooking the catch, There has been
no significant change in the type of boats em-
ployed in recent years,

5.2 Fishing areas

5,2]. General geographic distribu-
t ion

The main fishing areas in the United
Kingdom are the Wash (east coast), the south-
east ooast (including the Thames estuary),
Morecambe Bay and the Solvay Firth,

No fisheries outside the United Kingdom
are known to the authors.

5,22 Geographic ranges

Commercial fisheries occur in coastal
waters in depths botwen 10 and 50 fin (18,3 to
91,4 m) and are generally associated with es-

tuaries,
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5.3 Fishin seasons

5.31 Generai pattern of season(s)

In southeast England fishing is carried on
between April and October, or possibly to Decem-
ber, depending on weather conditions.

5.4 Fishing o erations and results

5.41 Effort and intensity

No attempt has been made to measure fish-
ing effort and so no data are available.

5,42 Selectivity

Changes in mesh size and their effects

From data collected from fishing trials
with shrimp nets of varying mesh, Mietakidis
(].958) found that satisfactory catches of
commercial-size shrimps were obtained with
nets having meshes of 21 and 23 mm in the coi-
end. Nets with small mesh retained higher
percentages of non-commercial shrimps and
yielded bigger catches, while nets with large
mesh retained smaller percentage of non-
commercial shrimps but with a corresponding
decrease in the size of the catch,

5.43 Catches

Total annual yields

Statistica relating to catches of shrimps
in the United Kingdom include both .
and Crangon orangon, the brown shrimp0 Aunad
yields for both species together fluctuate
between 900,000 and 3,700,000 kg. An estimate
of the proportion of each species making up
the total catch is difficult since different
proportions are caught in different areas,
Mistakjdjs (1957) estimated that 60 peroen of
the total shrimp catch in the Thamo area taz
. montagui, while in the Norocambe Bay fIsh-

ery P, montagui accounts for as little an 5
peoont of the total catch,

FRm/s92 P. montoju 5il
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6 PROTECTION MID MANAGEMENT

6,1 Regulatory (eis1ative) measures

In the United Kingdom the Sea Fisheriee
Committees have the power to introduce bye-
laws relating to shrimp fishing, These regil-
lations Eoveru the dimensions and mesh size
of the net, duration of the haul, mesh size
of the riddle, minimum depth of water for the
return of the riddlings and the close season.
The bye-laws enforced by the various Sea
Fi9heries Committees are summarized in Tabla II,
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