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A Met hod for Inducing the Sexual Mturation of
Lugwor ns The present invention relates to the

wa@owaowdpur e of marine worns and particul arly POT/GB2004/004596

control of sexual maturation of marine worms. Marine
worms are aninals in the O ass) Pol ychaeta of the

Phyl um Annelida or in the Phylum Si punculida. Such
worns are the natural foodstuff for fish, crustaceans
and other marine organisns, and therefore find utility
as bait for anglers and other fishernmen. Additionally
certain mari ne worns have been extensively studi ed and
are recogni sed as being useful for toxicity testing
and ot her scientific purposes. Marine worns al so find
utility as a dietary itemfor aquaculture either in
fresh or frozen formor incorporated into food
products in a variety of formul ati ons. However, the
natural supply of marine worns is finite and serious
concerns have been raised2 regarding the potentia

envi ronnent al danage caused by unsustai nabl e over
harvest. An environnmentally acceptable alternative to
collecting marine worns fromthe wild is their

aquacul ture to provide a sustainable supply. The
aquacul ture of marine worns provides the additiona

benefit of known and quantified content of, specified
B (Maeq HFOT CHRERCIAN] Hife SSETRY M HHIh @ of

SR&&hdiks Pat hogeni c

The present invention relates to the aquaculture of
marine worms and particularly to the control of

sexual maturation of marine worms.

Marine worms are animals in the Class Polychaeta of
the Phylum Annelida or in the Phylum Sipunculida.
Such worms are the natural foodstuff for fish,
crustaceans and other marine organisms, and
therefore find utility as bait for anglers and
other fishermen. Additionally certain marine worms
have been extensively studied and are recognised as
being useful for toxicity testing and other
scientific purposes. Marine worms also find
utility as a dietary item for aquaculture either in
fresh or frozen form or incorporated into food

products in a wvariety of formulations.

However, the natural supply of marine worms is

finite and serious concerns have been raised
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organi sns provi di ng aquacul ture feeds that may be
desi gnat ed as having Specific Pathogen Free status.

wab@saepeacul ture of the pol ychaete worns Areni POI/GHBa@®4/004596

(commonly known as "lugworns”) has attracted sone
interest (see Ganbi et a ., 1994; dive 1993) ,
especially since bait di gg% ng for these animals was
cors ey #he heoteercaiske @fviemnmenrsein tddmatmratpal Jeske

Qive, 1993). i col i | ) i
QLYo 1959 entcol g muige (40WA. Loy
'Aé&@ﬂ%&@%l@rm it &S VEd St {d afde iand Wddnee,

1973) . . marina is a marine deposit feeder (Jumars,
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escribed by D Asaro et al.,_1976 but did not |ead to
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successfully farmng the worns or their |arvae, such

that the body wei ght of the worns increases. However,
t Hee metireseiet Bg5S desctipertpchaste worms

Arenicolidae (commonly known as “lugworms”) has
attracted some interest (see Gambi et al., 1994;
Olive 1993), especially since bait digging for
these animals was considered to be a cause of

environmental damage (see Olive, 1993).

Arenicola marina (lugworm) 1s an iteroparous
polychaete, breeding several times per lifetime,
but at annual intervals (Clark and Olive, 1973).

A. marina is a marine deposit feeder (Jumars, 1993;
Fauchald and Jumars, 1979) and ingests sand grains
or other substrate at the head of the horizontal
section of a J-shaped burrow in which the animal

resides.

An attempt to culture A. cristata was described by
D’ Asaro et al., 1976 but did not lead to commercial
aquaculture of any species of lugworm using the
methods described. A more successful methodology
for the aquaculture of deposit feeding marine worms

has since been described in our published



-A-03/007701 offers no neans to control the breeding
period of the wornms. D Asaro describes a nmethod to
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C. Inthe wild, female Arenicola cristata worns w ||
produce egg nasses at fre&uent i nterval s throughout
Théeyoart iand IDPASant depdhicbésonsNng Worper at ures of

- r, abgve to, stijmyl ate the release_of up,to 4
05 R I0hs” k8 R Por o red CraRR o LRapes By 2
pefhbasbs khechtefutola rarhing and AberisCcekardefodi ens
popul ati ons spawn annually in a discrete period
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ternme epi dem ¢ spawni n ng o I'sCrete
popal-ati/ons 70d néifghbouni ngahecabi onatmay waey by

ever al da%s.or even weeks, whilst the date of
éﬁﬁﬁﬁﬁﬁ@ Pegded /E 5D&i HGF&SIocation - may vary by as
much as 4 to 5 weeks in subsequent years. Since
Areni cola marina exhibits epidem c spawing it has
Pééragestasarégeshat mexhednaP fadueesspeundndeter i ne,

t | inLl , Lag.W.thin a
e O B
exandsédckanitousmextarnaksf act aBstbospeecfi cahl yhe

enyironnmental 4 factors) and assessed their influence
Hﬁxghe%ﬁgﬁieoﬁr§ﬁéﬁﬁ#ﬁgcﬁ??ﬁ?ﬁaangﬁFtW%Hlp868ﬁHF?on

@Bg masses at frequent intervals throughout the
year and D’Asaro describes using temperatures of
16-18°C or above to stimulate the release of up to

4 egg masses a month for cultured female worms.

By contrast, the Arenicola marina and Arenicola
defodiens populations spawn annually in a discrete
period lasting 4 to 5 days. Simultaneous spawning
of the local population of a single species in this
way is termed “epidemic spawning”. The spawning of
discrete populations in neighbouring locations may
vary by several days or even weeks, whilst the date
of spawning — even at a single location - may vary
by as much as 4 to 5 weeks in subsequent years.
Since Arenicola marina exhibits epidemic spawning
it has been postulated that external factors could
determine, or at least influence, the date of

spawning within a single population.

A study by Watson et al., 2000 examined various

external factors (specifically environmental
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Areni cola marina. The external factors reviewed were
the sea and air tenperatures, tidal cycle, air

w@e@ssude4 rainfall and wi ndspeed/ direction. TPET/SBRwEN/004596

noted that the popul ation studi ed al ways spawned on
the spring tides and suggeited t hat spawni ng
correlated with the tidal cycle with a sem -1| unar
perdtodi)i tand |4s swssed sohelggest bibrtdmtora tdropldte

t emrperat ure coul.d. operate as .a cue to spawning, but
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tenperature necessary to induce spawni ng];‘| In .
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uring a very short period of t
andidhatottdre deatte die spapwlagions swoidieasidways
predi ctable. In ternms of, the aquacul ture of | ugworns
SRR AT 01 PRI el O ) TS A DA eS¢ hat
gl d o Fouek d et ePesatiel &1 hofeal egiops, it
woul d be of great benefit to be able to induce the

4 | : ve ;
?%g(#ﬁul% taér?%%?a%@flee Oéﬁgu&%{%’ce . have. now f oun

e care mani pul at’mon enperat ure can
| schuoel rspavimniingia s dootdic nal e, a0 § esad &l ubsd Neharor s

of enj col a, mari na and. Areni col a defodieps such that
rgﬁ%@i}aorgzgrp% :anglcate any hresoholc{1
temperature or reduction in temperature necessary

to induce spawning.

In conclusion, it is clear from the literature that
the lugworms Arenicola marina and Arenicola
defodiens reproduce only during a very short period
of the year and that the date of spawning is not
easily predictable. In terms of the aquaculture of
lugworms such as Arenicola marina or Arenicola
defodiens that are normally found in temperate or
boreal regions, it would be of great benefit to be
able to induce the spawning of the worms in order
to maintain the farmed population at the levels

required.

We have now found that the careful manipulation of
temperature can induce spawning in both male and
female marine worms of Arenicola marina and
Arenicola defodiens such that reproduction can be

made to occur at all times of the year and this
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made to occur at all tines of the year and thisb5
ability to induce sexual maturation represents a

W@ e@aioiiveant advance in aquacul ture of these WeCTEB2004/004596

The present invention thus provides a nethod off

i nduci ng ganete maturation_to the point of conpetence
to fertilise in marine worms of the famly

Aebiildslyi deeinbiick exhiibilt mepidetiions pawriesgntsaial

“hod Csing: Cdi .
AROPOT Sarari ALV FBRRI ¢ WGrHE RGP &En CEardaRbr e
provided in a housing substrate in sea water at a

tenperature of 4 to 8C for a tine period o f 14 to 24
ddy§. PYRESPEr AMVERLdERi EndpaRiPigUcas auBedrereih is a
sifabiagg LandRbonacalalion £809,85blgesypehronl sed
spawni ng “of "a | ocal population of a“single species.
" Epmngetreacspaenifagtiilsésthus dbstnerguoshed offr ahe” mass

spawning” whi.ch. i s used.to describe the synchronised
s%E%ﬁ?HgAéFanB&Fiﬁ?owgéng8§EF§FES68&58@¥§t a given
| epalvaihgeesBabcheknel abmpri88@Y:. I n one enbodi ment
the wornms are mai ntained at a tenperature of

appr oxPERVARyNgCONaEHriBIt BATE) WPEMS1ANHg OZ4Mgays 1riq
one e LREN .are_mmi |.ne t .
Cenper 2eureCor i E oYL fofa TR ISR g spvigea,
| east 18 dapsuahdgt gpbeakbye2fint pe22wdays. at a
temperature of 4 to 8°C for a time period of

14 to 24 days.

The term “epidemic spawning” as used herein is as
defined in Watson et al., 2000 as the synchronised
spawning of a local population of a single species.
“Epidemic spawning” is thus distinguished from
“mass spawning” which is used to describe the
synchronised spawning of population of several
species at a given locale (see Babcock et al.,

1986) .

In one embodiment the worms are maintained at a
temperature of approximately 6°C (eg. 5 to 7°C) for
14 to 24 days.

In one embodiment the worms are maintained at a
temperature of 4 to 8°C (for example 5 to 7°C) for
at least 18 days and typically 20 to 22 days.

Reference i1s made above to the worms being held at

a temperature of 4 to 8°C (preferably 5 to 7°C) for
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Ref erence is nade above to the worns being held at a
tenperature of 4 to 8C (preferably 5to 7 C) for6 a

w@ersodnd 14 to 24 days. The exact time peri oRPCTHGBR004/004596

depend upon the condition of the worns for spawning as

assessed by neasuring the6dianeter of the coelomc
oocytes (eggs) for female worns, or in nmale worns by

‘e @suriiong otthé 4peioc erft ai@e’Sof ffThe grecps twifmeraber Spdr m

ce ll.s Iatelets erei S tails hav
o R SRR T Gor i kLGB et st HORT MR £ 1 ui d
@btac’wlnliﬁ@ By l@ls@ré%ssedﬂmg/ ﬁee@a}tlﬂgy the cardnietk OUdf by
|nsert|ng a hypodern1c needle into the tail region of
RE K68y CParaldralytes tIfgIEdndoaxifemafier heomoy 9h in

Li%r wfoefn%vg mRASSiA Gélfﬁga @rtcgntzagab'oopdayeesse's

vita ans present he non region o f
QMQu@ﬁlwﬁlmalbo@perhnC@désewpédt&éatstlwhqremnnﬂhe

i nventi_on.i nduces s mnln nete rel ease) of
RS o FAg 1S ?eﬁl QgégF8§nd%Pﬁ e Wt fect of
senpekat vre cok14ntie F1Gipr @@b@ﬁeahgyﬁa;tw@;{ on wie
g?netes so that the ganetes are ready for release in

PARBYNHANNEEr CRAFFLEsY icatte PHoARBRAL LBENnta dlyPortREel C
fREdne gans! enccadld Beghvest edel pomit i AN verm

such that fertilisation “caa occur
mebeasegcamlheoéchhev@@db yntbedeathbakaakEase of a

or mo or rre be achi eved by the
BRI BePr 6 B el oh o geRalo0r PRESSIS ard vital
organs present in the non-tail region of the

animal’s body.

In one embodiment, the present invention induces
spawning (i.e. gamete release) of the worms.
However, we have found that the effect of
temperature of 4 to 8°C promotes the maturation of
gametes so that the gametes are ready for release
in spawning under appropriate hormonal control.
These mature gametes could be harvested from the
parent worm such that fertilisation can occur in
vitro. Gamete release can be achieved by the
natural release of a hormone or may, 1f preferred,
be achieved by the injection of a homogenate of the
prostomium in sterile filtered seawater at a
concentration of 1 prostomium equivalent per worm
(for females). In the case of male worms gamete
release can be induced by injection of 8, 11, 14-
eicosatrienoic acid (usually dissolved in methanol
and diluted with seawater) to give a final

concentration in the body cavity of approximately 1
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prostomumin sterile filtered seawater at a
concentration of 1 prostom um equival ent per worm (for

can be induced by injection of 8 , 11, 14-
ei cosatrienoic acid (usually dissolved n nethanol and
diluted with seawater) to dive a final concentration

i & tbe! body scavilky plkoapptuexsmatel YedérX b 4 Mthe
Simlar procedures are described in the literature

(Beherayuge 45en1d9y ghd3BentPé) epdaPentdse) qfo al.
AdYes ganet.e el l%é@%tgrleégbgak§oﬁ$agin&‘1§%%y
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during the natura reedi ng season. e present

i heespeon dsirsoit 8beenbbnratt breadihgmakassor.ns and
for maturing male worns of the famly Arenicolidae.
Maturing female wornms are defined as fenal e worns

obser pedskatpassessieaek 8nMsaiednschayi-nghad yrday
diameter o f at l|east 160 m crons. Usually the

oBsBASt WOFMS §nAaderbpaEBsipgi Bahropeymsa afedtif que

r L [ . Bri .a_C LC. hi Vi
g R eravar 6ro] shabipiAe PRt R s
nmeaisnefl ashypodéenvormygr phgerfad2bg hypederari ¢ needl e

is suitable) and exam ning the sanple taken by I|ight
PeEJSE g e SoRR: AT gondl BORBEne PEC A8t Pod el dae
WOLOE mebsenyed UBuR0S§EEEcaohabkQallioADRW dRdO by
spermatocytes of 80%or nore. Usually this observation

i SopagBlEy bdpRrivni Agtachrabresanpkénsf ivodhsmast ui d
o%&%%%ﬁ?,aﬁ %%%ﬁ%h?@db§38¥§ ?PHvBlves removal of a
sample of coelomic fluid by means of a hypodermic
syringe (a 25g hypodermic needle is suitable) and
examining the sample taken by light microscope.
Maturing male worms are defined as male worms
observed to possess a ratio of morulae to
spermatocytes of 80% or more. Usually this
observation is made by examining a small sample of
coelomic fluid obtained as described above on a
microscope slide using a x10 objective lens and
examining approximately 100 groups of male germ
cells (spermatocytes in the form of platelets or
morulae as mentioned above). Maturing worms are
present in samples of worms which have been
cultured at a temperature of approximately 16°C (eg
14 to 18°C) for a period of 3 to 5 months. These
maturing worms can be selected for use in the
present invention. We have found that allowing the
maturing worms to remain at the culture temperature

(of approximately 16°C) results in degeneration of

In the case of male wornms ganete rBCEEB2004/004596
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m croscope slide using a xI O objective | ens and
exam ni ng approxi mately 100 groups of male germcells

w@ spensmpocytes in the formof platelets or noPCli/a82@8/004596

nmenti oned above) . Maturing worns are present in
sanpl es of worns whi ch have been cultured at a
tenperature of approximatel§ 16C (eg 14 to 18C) for a

PEFhOtnOfuBih® Sa®rdHSwidhese SBLIELING, IBE FErSarnke
selected for use in the present invention. W have

f OUPEMS hatasl | oe Mip t el Mot GYFhy BEAEN®ELr emai n at
the culture tenperature (of approximately 16 C)
results in degeneration of8 the maturing ganetes

wi Thhe us uispianant @ gholbef oy et idewonnasmsy dvd 4 nmat uri ng
cycle pnce nore.

The substrate housing_ the wor na
by BU TS UTATE Ml o7 P HFaRER t SBF ¢ 7P HopbSPALha

f epsimg V@ymcgyp* cal $yndy Sandyr SHPStha) e days be, used.
but other particulate materials (eg. gliass beads)
ha@tRr peatittebatsd makepmabs sbde ¢badel eadsbe used.

S ' d o_ i |.de. avaj Bl and | ow
costrio SR ST Ha ot AR ST GES
howsed 1 hesavod nbs Fralept tedf dapptoxi tatwelye S5ecmi s
sufficient. for the worns to formtheir habitual
hoU& AR tbesY ¥ 1Y or3ter depths of substrate (for
exanple up to 10cm even 20 to 40cn) is possible, this
i ncreases the associ ated cost of the procedure. For
cabeswitdaly ety eheswsmsateels provided to house

the worms. A depth of approximately 5cm is
sufficient for the worms to form their habitual
housing tubes. Whilst greater depths of substrate
(for example up to 10cm, even 20 to 40cm) is
possible, this increases the associated cost of the
procedure. For ease of harvesting the worms the

minimum depth of substrate is desirable.

The sea water used in the present method may be

filtered seawater (eg. filtered twice through a

filter having 0.34um pore size), a flow through
system receiving natural sea water or recirculated
in an aquaculture system incorporating
biofiltration, a protein skimmer and/or other water
treatment devices as are readily available from

commercial sources.

For the purposes of hygiene management, we have
found it convenient if the substrate housing the
worms contains little or no food material with no

additional food material being provided during the
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m ni mum dept h of substrate is desirable. The sea water
used in the present nmethod nmay b e filtered seawater

W@ e@s/0§39b4 ered twice through a filter havi ng OPGHGBR004/004596

pore size), a flow throngh system receiving natura
Sea water or recirci lated in an aquacul ture system
incorporating biofiltratior a protein skimer and/or

otihigle Yt fid tyeal ey HewiHes, asry §r838hk¥ of
avai | abl e from comerci al sources. For the purposes of
hylgi tenee memayeneerd avel g EHoumeanl coasenpénthef t he

S rat.e housing. th . cont.ai ey f ood
S S T L S A 4 Befhgied
proMiteadc: duffaer ietiie pemohdfedsklp 24ndaysheThe
presence of little or no food allows the cleanliness
of i RETEID tIP pEesiay i Fititred to a high
standard, w thout affecting the wornms adversely since
the time period in question is short. The nethod
de¥uoy inpethdrbrads sccirederarssid tapn ftRicesspawni agdiuceany
speci es. of morm bel onging to the famly Arenicolidae.
SPETE T BhrtTETRTC T efodlo MU R B 651 &1
med 4 el Ak A e Ciodl@e defasiieings dhedwethedlhg suitable
for maturing females and/or maturing males (as defined
abVe et | Ere BiP e bt Ukl npobid & TFOndTPRIERE 2w | d
pseferably, cultured according to the

Ol ge A
wef%oé%ﬁ%gy of W-A-03/007701. Where the worns have
been

The method is suitable for maturing females and/or
maturing males (as defined above) collected from
natural populations in the wild or, more
preferably, cultured according to the methodology
of WO-A-03/007701. Where the worms have been
cultured we have found that the best results are
obtained using worms maintained (with adequate food
supply) at a temperature of 16°C for 3 to 5 months.
Good results can also be obtained if the culture
temperature is 14°C or more, for a period of at

least one month.

For commercial purposes, it may be desirable to
allow male and female worms to spawn in isolation
in small containers of sea water and to selectively
mix the oocytes and spermatozoa, and to select for
fertilised eggs after induced spawning by the

methods described above.

We have found that if there are any unspawned worms

remaining at the end of the 14 to 24 day time
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cul tured we have found that the best results are
obt ai ned using worns mai ntained (wWth adequate food

waapploydpat a tenperature of 16C for 3 to 5 nOPETIEB2004/004596

Good results can also be obtained if the culture
tenperature is 14 Cor nore, for a period of at |east
one nonth. For comercial p@rposes, it may be

desd ¥ 2t erd fo A QW FBd IS0 P i £18 6y NMFITE the SRAWS idte
isolation in small containers of sea water and to

sdiekd iately memeehrtwerylest afel 8er sz obheand to

S f Ll I nd spawni ng by
et s | B85 Ranell i HBna B

t heedt-Ru st den qantyh el Nisgaravered: Wik NGE ren@i seangwat etrhe cen@ afo
the 14 to 24 day tinelO period referred to above

dutd g WFSER TeHe Yo S T5rE IRd Fhst teMP&ebdttire of 4

t & dnalifells theses Mnspaymed, Son % Ca,RE ikpdyced to
spawn by adjusting the tenperature of the sea water to

1prqyuessgve Geniarel¢as inqcrleast enpetat woppatarurate

graduald y s preferred and e nave foundg tk{‘oa&rs s
progressivel y 1 ncreasi ngthe tenmperature at” a rate of
C pertdwie, avethaudgeritod etadt t0a8e hofirsenpesuitiall e,
al t hough the exact rate of tenperature increase is not
critGease the Fer@asel Gl ¢ etiper R T@n18onveni ent | y

be. e £u&H DYe 4 A0S Rin Und e YOTIEL Loy sgapyater (for

exanple filtered sea water or re-circul ated Sea water)

attmnsfer of the worms to sea water (for example
filtered sea water or re-circulated sea water) at a
temperature of 4 to 8°C and wherein the ambient air
temperature is 12 to 14°C. For convenience the
worms may be placed into portable containers of sea
water at the appropriate temperature (4 to 6°C),
the container holding the sea-water and worms
combination being placed in a controlled
temperature room/incubator as appropriate. Under
these conditions, the temperature of the sea water
is gradually raised to 12 to 14°C, for example
13°C. Whilst it is preferable for the worms to be
housed individually at this stage (foxr example in
400ml of sea water), it is also possilble for the
worms to be housed in small groups of up to 20
(preferably of 10 or less, more preferably of 6 or
less, for example 2, 3, 4 or 5) worms. Desirably
the worms will be housed in same-sex groups. The
worms housed in this way are examined at
approximate intervals (we have found hourly

examination to be suitable).
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tenperature of 4 to 8C and wherein trie anbient air
tenperature is 12 to 14C. For conveni ence the worns

woreapsoe3opd aced i nto portabl e containers of seaP@EGBR00AN4596

the appropriate tenperature (4 to 6C), the container
hol di ng the sea -water and worns conbi nati on being
placed in a controlled tedperature rooniincubator as

appr pehh B evotlelrd hases sandi £b0Bs, sbhent erperateur e
of the sea water is gradually raised to 12 to 14C,
fRUYS exEopPletaled Ui IBtaGingsthrefenabre fior a h@nk
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exanrp of 'sea water) -, f'So POSSI
fate tihermor tws d:cm‘d:mdmutscedspawsnal Afgemumﬁeoﬁna@pmctﬂo
(preferably of 10 or |ess, referably of 6 or
gésth?o‘?g Sahpie Been rehledarsgg Qﬁér%y sirably the
V‘@é’i@rﬁi\iﬂléd by has egk dik SaEn 8€X o8l QHRSach@ nadr s
housed in this way are exam ned at approxi nate

| Feraval gar viee hegreo Yo olehguegdm n&onFeieid Y,

SHbAPLE) 031U [AUB e i are ebspryGddobe

I NQ, e eggs are obtal ned by pI cing
[ @oﬁcéﬁﬂkatb@ﬂi avhi 0 1000 &bt pes dfi tyea iwatzeideand

aIIovvin_th WOJ IS contlnuetosavvn After, the
naafbm’ggoo? h%l%fgg%fo MR been (F8l 85580 2¢dy ﬁé@@ge
det £f Mk ned1 Byle the ¥ egyi £ empt-cEokchaguae) tihe female
can be renoved and rehoused. Conveniently, a vol une of

seEpihad bty stedutient depprdvingeugon the fecundity of
the female.)

If male worms are observed to be spawning, the
sperm is taken into a pipette or syringe before it
becomes thoroughly mixed with sea water. This
reduces the spontaneous activation of the
spermatozoa. A concentrated sperm mixture obtained
in this way can be maintained at 5°C for up to 48
hours without loss of viability and used as
required. The sperm can by introduced into the
egg/sea water mixture described above to provide a
sperm concentration of 10° to 10° sperm per
millilitre. Sperm concentration can be determined
by use of a haematocytometer which i1s a microscope
slide with etched divisions and graduations
defining a known volume in the space beneath the
cover slip. Typically the concentration of sperm
will be calculated from the observation of the
average nuclear of sperm seen in a survey of 30
defined volumes. The sperm concentration could

also be estimated by a man of ordinary skill in the
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concentration of 100,000 eggs per litre is added prior

t addition of sperm (W generally find that a vol une
W®@R002/083994 | it xes sea water is typically requi P€GB2004/004596

dependi ng upon the fecundity of the female .) If nmale

wornms are observed o be spawning, the spermis taken

into a pipette or syringe before it becones thoroughly

nmexed Bist hdaeagwappioxIhbselgdutrs dgermspalteealioy
activation of the spermatozoa. A concentrated sperm

nPxPate 6Bt aPREdSPA VAFSTw&)EardsE i it Hedtlats 5C
fﬁ&x‘dﬁréotégoﬁiguﬁit%t B@uégjgg%_%amwa @gﬁb&ﬁ’m_ﬁé‘d used

as require e sperm can introduced into the
edg/ ska wmert thatutbedésmeilipedcalroy earted gyraoan ey a

spe oncentration of 105t o,106 sper er

"PRE] FREr BaL8pRPRTEoREBNERAY | df CAY RE (S Th TARMER B
usadateaiRReaRLOeY EEARhEX GWIIFCR HeS néh I GFDSEHPE S H1sle
wth etched divisions and %;aduatlons defini ng .a known

venGiretihichd spacechenbat Ao ordms|igie Bpical |y
ggﬁmﬁeageoagsgnggg9f §Rﬁé@i\gtleil 5;%@@@%'@5 ed,d rpmd he

Servation o aver age nuc ermseen in a
supvey otedBedebbnddsvolibaels abbhe sper e andeidvead ilon

coul.d al.so b timated by a man.o f ordinary skill in
ChaisclipR BE BRI pRIEC.RXt TR e S A ke
byia maleitgsalmicssacwater,t hen Addi ng #ida0f this

m xture to one litre of egg/sea wat er m xture.
coelomic concentration of 13 upg/g body mass or an

in vitro concentration of 4.5 x 107°M made by

dilution of a methanol solution with fine (eg.

0.2um) filtered sea water or sterile water or
distilled water and injected to give a final
methanol concentration in the body tissues of 1%

v/v.

Once the sperm and the eggs have been mixed
together for a period of approximately 15 minutes,
the eggs may be counted (for example by randomised
sub-sampling) and transferred to suitable
containers (such as shallow plastic trays) at a
concentration of approximately 10,000 fertilised
eggs/litre. The larvae, once hatched, can then be
cultured accordingly, for example as described in

WO-A-03/007701.

The parent worms may be maintained at a temperature
of 16 to 20°C, but provided with suitable substrate

housing and organic materials as foodstuff.
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In the event that the fenmale wornms are spawni ng, but
the male worns are not, it may be desirable to induce

w0 pavedave spawni ng of the mal e worns, as the PCT/GB2004/004596

unfertilised eggs of the female worns have a linmted
viability. I mredi ate spawni ng of the nmal e worns
treated as described abovédXxan be achi eved by

i opecbhan1 of thbewsehe My MBe VhEN d e fatdaqasdd 8, 11,
4-eicosatrienoic acd, to give a final coelomc
cBARBAERABFBNOET 618°n§1%Y ¥ nhss3ofadf PRIGIEr o
cnneent ' f. 4. jlution of a
nggggﬁo%égg?ﬁ??oﬁém?%ﬁtﬁgﬁ2@%§gatg¥§%%1) filtered sea
weEseéngothst rethedwabey desdisbéeld edbonat ert amd i nj ected

to give.a final nethanol concentration ,in._t bo
PalntBL: Longuree Chta e f o i il Bk, A

begn FEx8det QoehBerrf ohe arpRl 1 9d rofe rBRRIIH RIS 1y 1D
m nutes, the eggs may be counted (for exanple by
r AAdoRPBEESsabsanprevgPuandP e varisieafedtap s WaEs €

s h I i.c t
oL PR R oE s e R e P BB Bt B
eggshkitreasThe kavwaepreceéeihst,chigd azamdlen be

cul tured accordingly, for exanple as described in
VEPAVDSRE09503. OTRE BSF oM WBI AT Y BE. Mk nt ai ned at

a tenperature of 16 to 20 C, but provided with

sui tabl e substrate housing and organic materials as
fgsdsguthe1Bethodology described above it is now

possible to breed lugworms thxroughout the whole

year.

The present invention will now be further described
with reference to the following non-limiting

examples.

Examgle 1

Induction of Sexual Maturatiom in the lugworm

Arenicola marina

Male and female Arenicola sp. were collected from
Hauxley beach, Northumberland during the summer of
2002. Male and female Arenicola sp. were also

collected from growth trials that had been carried

out at Seabait Ltd, Northumberland, United Kingdom.

Animals were introduced into concrete culture beds
(broodbeds) containing decomposed organic food and
sand as described in WO-A-03/007701. The animals

were left for several months until required. At a
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Optionally the worns may be held at a reduced
tenperature of 6 to 8C for 2 to 3 days before being

WO 2d05/043904 t 0 cul ture conditions. Using the nmetPOUGBR@WY/004596
descri bed above it is possible to induce sexual
maturation in both male and female wornms of the famly
Arenicolidae only a few nonths after previous spawni ng

of sgesse W rifEne U GANETERB 8 DeeXHdle ratoyatd on of
t hese ani mal s has no known precedent, the aninals

s pavdih P o ragp rciengdee L anblnmPInthke awm@lsuswe#gs t he
A R A e g O

I mventsiony vdddtuoowdse detéhatnddscr Bbeéc\metdw arefrerience
tothefollovvlg on-Ilmtln exa nmple 1

S.
| HERER i GHeTOrE RUTBEPOR SRotRe DPHgRSTIRE Lnihg

Ar e £q l%mdﬂé(a Jle andpiepBbe dar eBirC ol Siko TS,
col l ected from Hauxl ey beach, Northunberland during

t hend urhree rstgfl 1208 m@e@n@lnf emgbataoddiecol a sp. were
al so collected fro rowth tgi t hat had been
c_zfr?"?%edr reatro\%%gpﬁ%tgﬁﬁ °No :Lh]ur?beﬁfékr?df ni f2¢e

Ki ngdamt Ainpl s vere éﬂmgﬁgca@rbn&@m%%ar &Lt Yrdire
beds (broodbeds) containing deconposed organic food

abssnth s afeb @lidnsat] | N AcD3LE07700ts Tootanintals

filtered sea water. Any waste material that was
depurated was removed with a pipette and discarded.
Once rehoused into the separate pots all animals
were re-sampled and given a number/code. Animals
were then gradually conditioned to 13°C. Sperm was
collected from spawning males in concentrated form
and stored in labelled glass wvials in the
refrigerator at approximately 4°C. Females that
were spawning were removed from the small housing
pots and placed into individual labelled agquarium
tanks and the seawater made up to 2 litres using
filtered seawater. Each female was allowed to
continue spawning in the aquarium tank until the
batch-spawning event was deemed complete. At the
termination of the spawning event the female was
removed from the aquarium tank and returned into
the previously labelled pot provided with fresh sea
water. (The weight of the animal was recorded if
the animal had not commenced spawning before the

point of sampling.)

The water and eggs in the tank were mixed to give a

homogenous mixture, from which five to ten samples
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were |left for several nonths until required. At al 4
specified tinme during Novenber/Decenber 2002 a group

w@booapmooki mat el y 50 of the ani mal s were renovRdl/aB00a/004596

coel om ¢ biopsy was performed and maturity status was
determ ned. Selected animals were then transferred
into a small box containingd>and previously used in

brogodhers firAremesnta spd andethemsiel bb@heplaned
in a controlled tenperature roomheld at 6C 1C After

2PugREy &f ouas CoRRraieed ARrRAPs Lher e Adnsipéd iflifom
the Za%giernaa%ecea%do'%%e' ﬂé?esﬁﬂ%?‘&%clggb%aﬁ qBf 3iihg
filtere y " that was

Sea water. waste materia
depainlat.ed Speesenr,erfonoed o hdaf pepehtemaie sdi(§@aiéd and

h into th t | ] i mal
LS TS dhverrss nanged Eahehe srmate e e Tk
gRduallarcagiddaners §0 £3€. 15pAL ALWAS .Coaeihrd forom

spawni ng nmal es in concentrated formand stored in
| atedlareE gyimdh & iggiuea ¥ iuk heahkf epgépanadndatfertilised

a i el C. a pawni I
e B s TR T Rt nsopare ha e las iy =
i rehdvintisrd Jabed [%ed fguasi wimithnks safd etthé ns eaviatnerl
made up to 2 litres using fiLlter wat er. Each
f%%%%qrbﬁq%%t‘ﬁ% P hqusggV\ﬁl% g S995% RET
aquaridim tank, Untdde thepbat 8- sRawakng aventzowasec,
deened conpl éte. At the termi nation of the spawning
evdritet e Herfaldawasthenbobdlf contehéd aduihicurhnaankias

a%%dgg er%%'éH(%quarium tank, which resulted in a

homogenous mixture of eggs and water. Six
replicate one-millilitre samples were removed from
the tank and larval numbers were assessed. Total
larval numbers and overall survival was determined

for each tray.
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the previously | abelled pot provided wth fresh sea

wat er .

(The wei ght of the ani nal

was recorded if the

wa@niosmi3ohed not comrenced spawni ng before the PoOl/GB2@#/004596
sanpling.) The water and eggs in the tank were m xed

to give a honogenous m xture,

fromwhich five to ten

sanpl es15 of 0.5n were renfved and an estimate of the

t oabll enunbeEimEPg o fledetai shdet Tahtiesdhplhhly details

of provenance and usage were also recorded in this

t 8996 £3gersRaM Tt wo different nales (L29 .8 and

L23s .l; Table 1), was added to the aquarium and the

eggs left to fertilise for 10 m nutes. Vol unes of

Femdley Rerfom t he agoasdirum t ank L.eont ai ni ngLbert sl i sefdr.29¢.7

eggs were then transferred {o white, shallow trayg and
comdie: ivpst/achpbe t | esi1aht £d-9 ¢sulltied/¢48 acbiaal/6-8 [ cold T/6-8
—eoneem—r-at—'t—en—gf—%gt ween—/14g_-10-000ey itre
C QY REFEFabel and hel §i7At 13C+1C[ *After 7 tp2B
pday&d tldayisgt al content of the tray was|poured intp an

aqtu,ari -tank—which—+resulted-in—a honpgenous mxjfure
ot Jeaglg§’ta(ﬁa wat ef 3-9i x replicate one-nllilitre
SPENPIREIEET |1 EMPged from theg tank and|igarval Numpgrs

were assessed. Total |arval |nunbers and overall
Feuridiealt iwas det ¢id®i ned for |@8&ch tray. 160Table . |10

i+ Exanplie9f data sheet and sanpling of eggs for

sga\r/\TmH[!lngngenal e Ref 129S . 4 292 _ 5 1992 6 129p . 7

20 40 35 97
Count 44 46 31 112
/1ml or 19 47 29 134
0.5ml 29 57 29 129
44 42 32 141

b 156 232 156 613
Mean 31.2 46.4 31.2 122.6
sSd 12.3 6.6 2.5 17.9
Vol. Of sample C.5 0.5 0.5 0.5
(ml)

Total volume {(ml) 2000 2000 2000 2000
Water used (R/F) R R R R
Total (N) 124800 185600 124800 490400
Trays 3 4 3 10
No./tray 41600 46400 41600 49040

Larval counts are shown in Table 2.
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Conditions /tenpC Cold T/6 - 8 Cold T/6 - 8 Cold T/6 -
8 Cold T/6 - 8 Cold treatnent 21 21 21 21 period

w@ dapeyzdhnitial (g) 3. 7 3 . 9 Sperm added (nmPQT/6BB008/004596

8 Fertilisation 1 0 10 10 10 time (mns ) 2 0 40 35 97
Count 4 4 46 3 1 112 /Im or 1 9 47 2 9 134 0. 5m 2 9
57 2 9 129 44 42 32 141 S 156 232 156 613 Mean 31 . 2
AGfabilE12. 2R42A1ts6£H56ml2arvd16coutd . 5 17 . 9 Vol

. O sample 0. 50. 50. 50 . 5 (n) Total volune
(m) 2000 2000 2000 2000 Water used (R/F) RRRR

O O

IO[ % tk‘)ré!{aly{?%gl) 4@4051401%%}8%9%4%1 éz;isfj%ajr O%%uénT ;plz;rsQU

shovvn i n Tabl er@ndY¥e Tabix0s . Resulizof rom[T apval 6chunt s2 . 7
—LarvalCounts—(meanof sixrepliicate 1 nml sanples
Femal e L29?. 4 L29%08 [L268 401292, 7/ % 1/ 1/0807/ [/ 08103
711037103 Tray No 7 5 B 14
1
2 2 14 9 15
3 13 14 9 13
4 13 15
5 7
6 o
7 38
8 7
9 12
Y 22 50 23 97
" 7 13 8 11
Total in all trays 36667 62500 38333 53889
Total nominal 88.1 134.7 92.1 109.9
survival (%)
Total larvae 110000 250000 115000 538889

ExamEle 2

Re-initiation of maturation in the lugworm

Arenicola marina

A sample of worms which underwent the prescribed
treatment of cold and successfully produced and
spawned eggs and sperm in November and December
2002 as described in Example 1 were reconditioned
into enriched broodbeds containing algae (as

described in WO-A-03/007701) in December 2002
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w@bkdosnsmys 36667 62500 38333 53889 Tot al

Tray No 7 951412 2 14 9 15 3 13 14 9 13 4 13 15 5
76678879 12S22502397 m7 13 8 11 Total in

134.7 92.1 109.9 survival (% Total |arvae 110000
250000 115000 538889 Exanple 2 Re-initiation of

maturation in the | ugvvorm?%ni cola marina A sanple of
\A@gMOthhfspF?@ﬁmng oife epr eser imoed htsr éat rodvet of col d
and successfu produced and spawned eggs sperm

i ﬁnm@éﬁﬁebrﬁﬁ@?{@@@e%’@r P55 ?%Eﬁ%%’é’faq%@énpl e
1tﬂ§r%eﬁegﬂﬁdgﬁb9%ﬁgjgﬁﬁpef@ﬁﬁ§hﬁﬁ:@E@ﬁﬂﬁﬁﬂ%ea water
containing al gae (as described in -A 03/007701) in
Deaenheld2@02% & efrgldmvivre SfavinCng orAlBe ROLKS - nont hs

I ekne enyiched proodoeds f S, A0l BIH Sef&d emoved

gradually reconditioned into warm water conditions
for a further 2 months. Animals were tested
periodically using methods of coelomic biopsy for

maturity assessment.

At a late stage of maturation the animals were
removed from the broodbed and segregated into
individual pots of sea water as described in
FExample 1. The animals were sampled and then
placed into cold conditioning (6°C) for 21 days.
The following methodologies were carried out to
initiate spawning and the controlled fertilisation
of eggs and production of larvae. Spawning was
successfully initiated in both males and females.
Results from some of the females are presented in
Table 3. TLarval counts from the samples are

presented in Table 4.

noni NECT/882M04/004596
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the bed and placed into a pot of filtered sea water
and held at a tenperature of 6C for 48 hours. After

W@ bios/0¢b4d treatnent the ani mal s were gradual | BCT/GB2004/004596

reconditioned into warmwater conditions for a further
2 nonths. Animals were tested periodically using

met hods of coel omic biopsy ¥9r maturity assessment. At
a TabkesBagepetailkubdt bak-blEe sadisdal %p%h&nge ved
fromthe broodbed and segregated into Individual pots
of A¥eRiGadler sRs aéteri peaipa tirkdomne of mukurapies yia
we a n d;in l.d +C itLanlng
(e forPs S nalt SR opoRre, g AR Bt -Ekae
carried out to initiate spawning and the controll ed

fertisattonr—of—eggs—randproduection of larvae
%‘ﬁ%}‘ﬁ n%ej@\as successf uIII‘%;6i It t|i #2&d *¢n | dotSr Sral &< Cartd
F T@s. Resul Ts from[Sogegofl [ThegIgmalesgage -8
presented in Table 3. |Larval gounts fromthe sama?es
@ B presemedt i peFabllg 4.2 Tabl e21 Detai Ixl of | out2lo
-C?aeason spawni ng by Arlencola gp. after |re-initijation
8 ¥|§a)turation via cold treatmgnt and gqowth in
ceddsyubghrptes . [Fengle Ref. 420 [7T §76.PZ2Z g

126 .23 1 4 Tenp  C - 6- 8 6-1 8 6- 8 Cold treatnent
Iperti odi 24t Pdn 24184 (dgys)1Gperim added (nl )18 8|8 80
(mins)

36 79 21 8
Count 25 67 19 12
/1lml or 29 73 34 8
0.5ml 68 92 35 5

25 55 25 8
bX 183 366 134 41
Mean 36.6 73.0 26.8 8.2
sd 18.1 13.8 7.4 2.5
Vol. Of sample (ml) 0.5 0.5 0.5 0.5
Total volume (ml) 2000 2000 2000 2000
Water used (R/F) R R R:F R
Total (N) 146400 | 292800 | 107200 | 32800
Trays 3 6 3 1
No./tray 48800 48800 35733 32800

recirculated seawater,

Il

filtered seawater.



Fertilisation tinme 10 10 10 10 (mns) 3 79 21 8 Count
25 67 19 12 /Im or 29 73 34 8 0.5m 68 92 35 5 25 55
wWQ@2008/089983 366 134 41 Mean 36.6 73.0 26.8 8. 2PGB3001/004596

13.8 7.4 2.5 Vol. O sanple (nM) 0.5 0.5 0.5 0.5 Tot al
vol unme (ml) 2000 2000 2000 2000 Water used (RFF) RR
RF R Total (N) 146400 292880 107200 32800 Trays 3 6 3

1 1 TNdold ray Kasedl 46800t ShSaov 3280 lofR J;?fmmutaltsed
seawater, F = filtered seawater, 20 Table . Larva

2 (SRR /theT et satien 7 (sephicable oo pable 3)

3 fertilisation (applicable to Table 3) Larval Counts
(mean of six replicate Im sanples) Fenmale L26.7I

Ha2yad? Aaytes (n@sr? 4 Datisx Trepl iNmted 15114 shrbleh 2 3 4
43 Female | 126.%1 | L26.22 | 1.26.23 | L26.¢4
Date
Tray No. 5 6 5 4
1
2 7 6 2
3 4 4 3
4 6
5 4
6 5
b} 16 31 10 4
u 5 5 3 4
Total in all trays 26667 25833 16333 22000
Total survival (%) 55 53 46 67
Total larvae 80000 | 155000 | 492000 22000
4
5 Larval survival was lower than those obtained
6 during the breeding period.
7
8 Example 3
9 Using temperature manipulation to extend the period
10 of spawning in cultured populations of Arenicola
11 marina resulting in spawning up to 6 months later
12 than the natural breeding season
13
14 It is possible to extend the breeding season of A.
15 marina by manipulation of the water temperature of
16 beds used to house the animals. The final stages
17 of maturation leading to spawning of A. marina can
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465455131104 m55 34 Total in all trays
26667 25833 16333 22000 Total survival (9% 55 53 46 67

w{a oa0al04399¢ vae 80000 155000 49000 22000 Larval BCr/GB@k/004596

was | ower than those obtained during the breeding
period. Exanple 3 Using tenperature manipulation to

extend the period of spawni in cultured popul ati ons
ofbAramb ttod Bl edhirbyana Bstd 1n gy | the pasing not anpdatbire
nmont hs | ater than the natur

al breeding season_lt is
DGRTR 6116 -exLBNPRAG e diofy STexicn SFRY 1% na
byi e D ot £ 0ne Ofmd heret &F 4 eImesad dinee0f 1 pedss sed

to house the animals. The final stages of naturation
| eldli FiRp Dl B awni prtbfmales ard nzerean 1A benzomd ¢t ed

by, .mai ht [ t rat ure above 13C.

oo hg tne ke b FL AR I GRS na
madnseading Seks @ons eThientsybstestt 15111 SpRewsh & dhe
both males and_female A . marina at tines
sUHSt M SRAFY P i Frer W tHel Hagtir Y S Hi%eedi ng
season. This substantially inproves the efficiency of
the lugworm cul ture system Sone degradation of eggs
widdnien demradiioerm cotaaddy within the coloemic cavity

occurs when females, housed in suitable substrates,
are maintained at elevated temperatures
(temperatures above 13°C) for prolonged periods of
time (in excess of 2 months). There is variation
in egg condition within and between females. There
is nevertheless a significant production of
fertilisable eggs and or sperm outside the breeding
season and the embryos and larvae so produced can
be reared in the standard culture conditions as

previously described (see WO-A-03/007701).

The observed time of spawning for Arenicola marina,
in the wild in Northumberland, UK was recorded

between October 30, 2002 and November 4, 2002.

In excess of two hundred animals were each housed
in Beds L29, L28, L26, L25, L24 and L23 over the
summer period (May to September 2002) and
maintained thereafter for various periods of time
as described below. The water temperature provided
in the beds was maintained above 13°C. The change
in maturity status of A.marina in each bed was
monitored via sampling of worms using method of

coelomic biopsy as described previously. Animals
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occurs when fenal es, housed in suitable substrates,
are mai ntai ned at el evated tenperatures (tenperatures
wW@bwsme433LC) for prolonged periods of tinme (in PXDEB2008004596
2 months) . There is variation in egg condition wthin
and between females. There_is neverthel ess a
significant production of fértilisable eggs and or
spemmacaﬂsﬁahadIamdoreé&ungksamEdnsumﬁﬁhﬂmenenhnyns
| arvae s roduced can be rea t he standard
et R R CRA b SRS (Koa cold
%M@%@Eomprﬂ@r@&ﬁ{p@lﬂé | of tspasi kg f or
Arenicola marina, in the wild in Northunberland, UK
WeRe e difd Wetheed GRwsber 30, 2002 and Novenber 4,
2002. I n excess of two hundred ani nals were each
housed in Beds L29, L28, L26, L25, L24 and L23 over
t héo rsnsmmesr ep erenad (VB dno Heejxt ertberthe? Gi2jesamtresented
mai nt ed thereafter for various periods of tinme as
destri %%gf el ow. The water tenperature provided in the
beds was nmi ntai ned above 13 C . The change in

maturity status of A .nmarina in each bed was nonitored
vikaksdeht i ngFhst ﬁmmﬂﬁglﬁﬁlﬂyﬂﬁhiﬂﬂ¥mﬁ wand aiemevsicopsy

aﬁgﬁﬁggEEQSQ%U|tg%féﬁﬁ%¥ﬁfglgaﬁza%bové%ﬁﬁﬁéaa%sgsaagre

renoved and exposed to a cold treatnent conprising

xposure to-h to 8 C for periods of uyn tgo 21 da AVZS

WO Rer e r efB98d (FPERFbEGROYR: fier( FrLd EF%%EH?@B)

November L25, L29, LZ26

December L23, L24

January L28, L29

February 124

March Mature animals were available from L23

but larvae were not produced.

April Mature animals were available from L23

but larvae were not produced.

May L23

By the methods described it was possible to achieve
fertilisation success in eggs derived from these
worms in all months from November 2002 to May 2003
(Mature animals were present in March and April).
Survival rates for larvae in May was lower than
might be achieved at other times being
approximately 20-30% but given the high fecundity
of lugworms this nevertheless provides a means by
which to obtain substantial numbers or larvae

outside the natural breeding season. The standard
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in Table 5 . Table . The tim ng at which worns were

renoved fromthe beds and placed into cold treatnent.
woRmsi4Bed (worns renoved for cold treatnent) NOWEBR@H/004596

L25, L29, L26 Decenber L23, L24 January L28, L29

February L24 March Mature 2ninals were avail able from

L23 but | arvae were not pr duced. April Mature ani mal s

wercd caviidagimean tf rierm k3 dotite d aresad twet 6. m atpgyraduced.

May_, L23 t he net ho descrj bed it was possible to

aé"%fﬁt&fe 589 Jieé:ﬂsjszlug@egsl i97¥Sygs derived from

these worns in all nonths from Novenber 2002 to My

2003 (Mature aninmals were present in March and April)
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substantial nunbers or |arvae outside the natura
breedi ng season. The standard23 col d treatnent

t aehnQlagicas veelld st ithesRAWHAG IS e pepeci fi ed

14 to 21 days. Tables 6a-c . provide specific exanples

off urtdetrmamtoy presH s igeppasnithg dsinvales ramicdwitabl e
being stocked out to the production system. The
larvae of A. marina can be held in trays with sand
and static or recirculating seawater in excess of 6
months with minimum observed mortality (<20%). By
combining these approaches larvae can be

effectively stocked out to production beds

throughout the year.



Table 6a.

1
2

| arvae outside the nornmal breeding season. The
ef fectiveness of these treatnents nmay be further

WO pgeso¥3ed by keeping the |arvae prior to bei ngpGL/GBR®d/004596

Batch 1 - Examples of females and males used for fertilisation procedures 2002/2003

out to the production system The |larvae of A . marina
can be held in trays with sand and static or
recircul ati ng seawater i n2&xcess of 6 nmonths wth

m ni mum observed nortality (<20% . By conbining these
approaches | arvae can be effectively stocked out to
producti on beds throughout the year.1 Table 6a. 2
Batch 1 - Exanples of fenales and mal es used for
fertilisation procedures 2002/ 2003 Batch Batch 1 Date
08/11/2002 08/11/2002 08/ 11/ 2002 Femal e Ref . L26?714
L26915 L26916 Origin L2 b L26 L26 Tenp. C - 8 6- 8 6-
8 Cold treatnent period 14 14 14 (days) Initial (Q)
6.3 3.4 4.1 Spermadded (nmM) 555 Males H "?la
Hc?B.4 Hd . 5 mx HH . 5 L26.<?9 Fertilisation
time 10 10 10 (mins) 4 11 23 38 Count 8 24 45/ 1 n
or 18 24 49 ,
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Table 6c.

1

/1 m or 43 10 56 39 39 10 0.5 m 52 23 41 30 44 8 50

13 54 31 39 14 S 241 80 264 171 248 44 Mean 48.2 16
W®B2008/08499L 49.6 8.8 Sd 4.4 4.9 12.2 5.4 13. 4 3ra@r/G8R004/004596

of sanple (m) 0.5 0.50.50.50.5 0.5 total volune

(m) 2000 2000 2000 4300 2000 2000 water used (R'F) R

RRFFF Total (N) 192800 64000 211200 294120 198400

35200 Trays 2 1 3 6 4 1 No./tray 96400 64000 70400 o
49020 49600 35200Tabl e 6¢. Batch 6 ; Exanpl es of i
femal es and nmal es used for fertilisation procedures g
2002/ 2003 Batch Batch 6 Date 13/05/2003 13/05/2003 o
13/ 05/ 2003 Fenal e Ref . L2391 L2372 L2379 Origin L23 0

L23 L23 Tenp. C 6- 8 6- 8 6- 8 Cold treatnent period
@ 21 21 21 (days) Initial wt(g) unk unk unk Sperm added G
o (M) 77 7 Males L23d\3 L23 . 3 L23<?.3 C room 6C i
¥ Fertilisation time 20 20 20 (mins) 192 122 165 A
N .
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Count 109 101 112 / 1 m or 117 111 152 0.5 m 139 105
133 171 85 141 S 728 524 703 Mean 145.6 104.8 140.6 Sd

w@2004/04996 20.0 vol. of sanple (m) 0.5 0.5 0.BCT/GBa004/004596

vol une (nml) 2000 3000 2000 water used (RRF) RRR
Total (N) 582400 628800 562400 Trays 1 4 1 N. /tray
150000 157200 150000 Key: L - bed code; unk - unknown;
1 R r%%,rc% filtered sea water; F - filtered sea
wat er erences Babcock et al. , (1986) Marine
2 Bi ol ogy, 90, 379-394. Bentley, M.G, Cark, S.,
3
4

Pace (1990) . | e of c oRinC iod d

ei cc%t%%&tc irdst i 9;§%Sh a&éﬂe\/aataﬁg gg’f’ gagér ?fgtgoggg

in Arenicola marina L . Annelida :Polychaeta" .

Bi ol ogical Bulletin 178 (1): 1- 9. Bentl ey, %
5 Har disge;1ay,. M. §-1998)Rr K Tife /r dlaC i tphé\fatlt%’gloém d rhe

¢ hor m)g% in the nepr %q%ct ra of 4 FR@_CQ)CQ yehaelsc acids in

° Aredi®ol & meria nver rate epr oduction and
7 Devedm@rmmlx&&:(oh JE s@m‘bﬁﬁazc@ ank, Areni®la gegina L.

sgo: ﬁw@%myqq%lt@?) "Refeé‘ltca VANEES D 178 (1) :

9 1-9.

10

11 Bentley, M.G. and Hardege, J.D. (1996). “The role
12 of the fatty acid hormone in the reproduction of the
13 polychaete Arenicola marina”. Invertebrate

14 Reproduction and Development 30 (1-3): 159-165.
15

16 Clark, R. B., and Olive, P. J. W. (1973). “Recent
17 advances in polychaete endocrinology and
18 reproductive bioclogy.” Oceanography and marine

19 biology, annual review, 11, 176-223.

20
21 D'Asaro et al., 1976, in “Lugworm Aquaculture”,
22 Report No. 16, State University System of Florida,

23 Sea Grant College Program (FLA Reg. 3:331/16/976).
24

25 Fauchald, K., and Jumars, P. A. (1979). “The diet of
26 worms: a study of polychaete feeding guilds.”

27 Oceanography and Marine Biology: Annual Review, 17,
28 193-284.

29

30 Gambi, M. C., Castelli, A., Giangrande, A., Lanera,
31 P., Prevedelli, D., and Zunarelli-Vandini, R.

32
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CLAIMS 1. A nethod of inducing ganmete nmaturation to be
conpetent to fertilise in marine worns of the famly
woe@nioebd dae whi ch exhi bit epi dem ¢ spawni ng, PGHGH2004/004596
met hod conprising: providing maturing mal e and/ or
female worns in a housing subgprate in sea water at a
tenperature of 4 to 8C for a tinme perod of 14 to 24
1dayscm_gIMS The nmethod as clainmed in Caim1l wherein the
wor iis—efe—-nai ntai ned at a tenperature o f 5 to 7C for
220 to 22 days. 3 . A nethod for inducing spawni ng of
mari ne wornms of the famly Arenicolidae which exhibit
Sepi demi ¢ SpdIRiRA iR TIPS JHHPTHIRG nge Pe
4ganete ”Ht%ﬁé@éhtby?é FBf PO of n §ldhEle ARE of the
Cainms 1 and 2, and further conprising exposing the
S5wor s to afdvorhpnkrai eotodaedacechyamtido el auigkemic,
6The met hod _of d aim 3 ) eregn aid worns are mal e
wor i and RFFHT noe G BT R EGERS enoi ¢ aci d.
75 . The methosh @fndmd tusinheiel & Sad/bMofdikalal eworms in
femal e wornms and said hornone is provided as an
8honmpgenat €2 JEOWpI B3Y orFRFt ZOte I e IR ¥ dthduci ng
oSPaw ng of ABLING, NOTSE Pled e a) ¥ Atedl gRlIae of
and whi ch ex It

10 14 to 24 days.

11

12 2. The method as claimed in Claim 1 wherein the
13 worms are maintained at a temperature of 5 to
14 7°C for 20 to 22 days.

15

16 3. A method for inducing spawning of marine worms
17 of the family Arenicolidae which exhibit

18 epidemic spawning, said method comprising

19 inducing gamete maturation by the method of
20 either one of Claims 1 and 2, and further

21 comprising exposing the worms to a hormone
22 able to induce gamete release.

23

24 4. The method of Claim 3 wherein said worms are
25 male worms and said hormone is

26 8,11,1l4-eicosatrienoic acid.

27

28 5. The method of Claim 3 wherein said worms are
29 female worms and said hormone is provided as
30 an homogenate of prostomium.

31



1

epi dem ¢ spawni ng, said nmethod conprising inducing

ganete maturation by the nethod of either one of
W@k@s083994 and 2, and further including raisi ngpe¢TieB2004/0043596
tenperature of the sea water to 12 to 14C. . The

met hod as clainmed in Claim6 yherein the tenperature

of the sea water is increased at a rate of C per hour

to 12 to 14C. W{%’?e nethod as clained. in agy one_of

C ai

1 thy ®e

marine worms

N SHP M i BT aP

2 Areni col i dae #RY | Ngni0ry ALLsh £ B died 0gh@Nghi8n ERBibit
method as clainmed in any one of Clains 1 to 8 wherein
3sai d substeritdenic sHMWNITT, THRldnisbliodscerarFednn

4any one Ofix%x?éi'\% ic_ﬁ;r??e@e Wen el 4l d%gg%h@em@%ga gee

cul tured worms

ave previously mai Nt ar ne

5at a tenpespthere afe It t@l 866 foraral 2 pastdofiermaetch.

6

7

8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

10.

including raising the temperature of the sea

water to 12 to 14°C.

The method as claimed in Claim 6 wherein the
temperature of the sea water is increased at a

rate of 1°C per hour to 12 to 14°C.

The method as claimed in any one of Claims 1
to 7 wherein said marine worms are

Arenicolidae marina or Arenicola defodiens.

The method as claimed in any one of Claims 1

to 8 wherein said substrate is sand.

The method as claimed in any one of Claims 1
to 9 wherein said marine worms are cultured
worms which have previously been maintained at
a temperature of 14 to 16°C for at least one

month.



