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Îig. 1. Adu1t Crassostrea glomerata growing
naturaÌIy on a stone substrate.
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ABSTRACT

At the present üime there is in New Zeal-anil an

encouraging, growi-ng interest into the cultivatlon of rock
oysüers in the northern part of the North Island.. With this
interest, however, has come the realisation of how little is
actually known of tbe habits of this species of oyster, and- how

nuch the cultivation to d.ate has depend-ed on the trial-and.-emor
ad.aptation of the nethod-s used overseas.

In an attenpt to present a realistic situation of such
knowled.ge, ühis report Ìras been conpil-ed- entirely from the
published data specific to Crassostrea glomerata' the Auckland
rock oyster, and, C. commercialist the Sydney rock oysüer
regard.ed. as allied. tot if not the same asr the Auckland. one.

The report has but a hr:mble purpose - it is intend.ed as a

compromise between supplying information by way of introductory
d.ata for wolkers contemplating a scientific stud.y into this
oyster, and. as information nost likely to be of' use and- interest
to persons wishing to attenpt cultivation.
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INîRODUCTTON

The living oysters a¡e subdivid.ed into Ùhree main
Itgroupsrr each represented by a particular Senus with lts
characteristic she1l morphology, anatomy and reprod'uctive
stages. The three genera are Ostreat @!¡g and

Srenodonta.

OSTREA

This genus ÍncLudes the common flat oysüers such as

O. edulis Linnaeus, ühe ed.ible European mud oysterr and- the
New Zealand Fovear¡x Strait O. angasi Sowerby.

Features:
Valves more or less circular in outline, and

not d.eeply cuPped.

Muscle scar near the centre, and- not coloured.
No promyal chamber, so only a single passage

for the exhalant current.
Eggs relatively large; up to '¡,OOO'000 per
gonad- incubated. in the inhalant chpnber.
Larval shell, or ühe Prodissoconch,
inequivalve with two teeth at each end of
the hinge p1ate.

fn nature these oysters occllr in large numbers,

forning extensive colonies in shallow water which may be whol,ly
or partially exposed. at low water of spring tides.

ORASS0STBEA

These are the cupped. oysters and' are represented by the
New Zealand, northern rock or Auckland. oysüer¡ C. glome¡aüa, a;ird-

incLude the sydney rock oyster, c. conmercialis; the America]1

oyster, C. virginica; the Portuguese oyster, C. angulata; and

the Japanese oyster C. gigqe, to name a few.

Features:
Oyster elongate, markeilly inequivalve.
Left, or lower, valve d.eeply cuppeclr often
with rnarked-ly corrugated ed.ges.

Muscfe scar nearer the shell margin than to
hi-nge, and usually d.eeply pignented.
?romyal chamber present t provid-ing an

ad.d.itional passage for exhalant current on

right sid.e.
Eggs srnall; may exceed, 5Ot00O'000; and are
not ineubated..
Larval shell somewhat asymnetrical ' the 2

unequal val-ves with 2 teeth at each end' of
hinge plate.
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These oysters are the most numerous, most successful_,
anat by far the most importanü comrnercially of mod.ern oysters.
Their structu-re enables them to wiühstand. wid.e fructuations in
environmentaÌ cond.itions, especially the lowered. salinities,
so that they are able to live in less saline but often
nutritionally richer waters of estuaries and. other inshore waters.

PYCNODONTA

This is a most d.istinctly shaped. oyster founct all over
the world j-n relatively deep or open seas, and. in water of full
salinity. Although edible the speci_es are seld.on easily
accessible, antl certainly never occur in sufficient nu¡obers to
justify collection on commercial scale. They will not, therefore,
be d.iscussed. further.

Some of the workers, namely Thomson (1957) who have
stuclied. the Syd.ney oyster Crassostrea connercialis, consid-er
that the Auckland. C. glonerata is nerely the neozelanic form
of its Sydney counterpart, and. since as yet no studies have
proved. them wrong this report will present as fully as possible
firsü, ühe account of ühe Sydney oyster, and, then any d.ifferences
to it in the New Zealand species. For conparative purposes
general info:mation on some other Crassostrea species is includ.ed.
at the end of mosü sections, but iü should. be borne in nind. that
such material is generaÌ only and. is not an earnest effort to make
a tletailetl conparison with the species of nost interest in thj_s
report. It has not been possible to make a concentrated stud.y
of the numerous papers on these other species.

A 1lst of, references and a bibliography have been
includ.ecl at the end- of the report. These again are specific
to C. commercial-is and. C. glonerata.

DISTRTSUTION

Crassostrea Rlomerata, the commercially inportant rock
oyster of Northern New Zealand, and- C. conmercialis, which
extend along ühe eastern shores of Australi-a, are closely
allied. and. sometines claimed- as the same species. They are
d.escribed. as being of tropical origin since in the southern
henisphere they thrive above ühe S. lat. t1o. Essentialty
estuarine ani.mals, they are found, in more saline cond.itions,
but here their growth a-nd. general- d.evelopment are impaired. both
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physicatly and physiologicalÌy. Lj-kewiset they are species
preferring an environment sheltered- from direct action of waves

and. proì-onged exposure. Consequently' these rock oysters show

relatively little va:'iation in pattern of distribution in
response to these factors.

C. cornmercialis Iredale and Roughley - the Sydney Rock Oyster.
This rock oyster has been forrnd. und-er a variety of

condj-tions. Genera]Iy, however, it is a species restricted' to
the east coast, with its geograpbical optimum limit extending
from the Tropic of Caplicorn to the bord-er between New South

Wales antl Victoria. It does grow' and, quite prolifÍcallyt
north of Rockhampton, but owing to the great rise and fall in
tid-e and. heat of tropical sun the shelt remains stunüed and

crinkled and. the oyster is of litt1e comrnercial value' Abingan

Inlet appears to be as far south as the roek oyster grows

naturally. When several bags were brough. -Tom New South ![ales
to Sroughton River, south Australia, the oysters grew vely well.
This was also the case at Coffin's Bay, Nepean Bay and' Kangasoo

fsland,s. There was a question, however, as to whether these
oysters would propagate in the new surround'ings. Thomson (1952)

states that the oysters taken to South Australiar Western

Australia and Tasmani-a have not acclinatised.
Roughley (192r) consid.ered. the oyster to be Ostrea

cucullata and. as such described its distribution as being along

the west coast of Australia fron S. lat. t)o northward's anal along

the east coast as fa¡ south as Gippsland I¡alces ln Victoría. In
19ti t following the recognition of the distinction between

O. cucullata and 9. connercialis, Roughlef (9t7) reviced th.e

distribution, stating that the oyster appears to be confined, to
the east coast.

The oyster is chj-ef1y an estuarine form, growing best in
an environment of fluctuating salinity, but it ran8es fron the
surf-swept extremity of ocean reef to the innermost recesses of
mangrove foresü. In Queensland it is spread over extensive level
banks that are more or less uncovered at lOw waterr while Dakint

Bennett and Pope (1948) describe saxostrea cof¡f¡ercialls in
New South Wal-es as reaching a high zone of intertidal shore with
a fairly sharp zoning - a chanacter brought out very conspicuously
in the estuaries.
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Fig.2. Natural Oyster Zone,
Bay of Island.s.
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The oyster is also forrnd. in alnost all the ports of the

state where it attaches itself to the wharf pÍles. In Port
Jackson the oyster reaches its greatest abr¡nd.ance in the lower
part of the intertid.al zone an¿l occurs to the extent of being

rated. a fouler (Wood and AIIen | 19rA). Hedley (191V) founcl

it "uo range verticatly from ühe mean tide level to several
fathoms, with the optiroum at the half tid'e mark'

C. glomerata Gould. - the Auckland- rock oyster.

The New zealand, nortbern rock oystel , or the Âuckil.and.

rock oyster, is common throughout the northern North Island of
New Zea1and. It has been recorded at various locations uncler

varying generic and. specific names since rnicld.le '1800s, and- some

of the more specific references are introcluced- here'

Ecologically the oyster forms a distinct belt (as shown

in Fig.2) between tide marks, ranging verticjelly fron beds

experiencírlg 2?/o erposu-re (Dellow, 19ro) to those submerged at
all tines. The shells roay be scattered about in ilense clusters
or may cover the entire surface of the belt, as at Takapuna

(Àucktand, New Zealand,), where Oliver (1927) reco¡d-s then to
cover the surface in a belt one metre wide and 6-10 c.n. tleep.

Like olÍver, Hedley (191Ð regarded the Auckland. species as

c. cucullata. He consid.ered. it to be here at the extrenity of
it range in New zealand., growing near and. below the water markt

its aspect so changed as to appear to be anothel species. None-

theless, the rock oyster has been record,ecl farther south -
as O. cucullata in rock pools at Tauranga by Otiver, who found

it to be rare in that area, anil as o. glomerata at lyall Bay

(Wellington) by fred,ale and Mestayer ( 1907) ' There is no

other d,ata to col-laborate the latter find-ing. saxostrea
glomerata is also forrnd at the chathans, in the upper tid.aL

rocky zone (Powe]-l-.- 194?; DelI 1960)'

In an ecological study of Narrow Neck Reef (t[aitenata) t

Dellow (1950) notes S. glonerata to form a conspicuoust sharply
d_elineated. be1t, consistent at a leve] with vertical range of

1O.2 - 1.6 ft between the M.H.W.N" and' M'L'W'N', 6'5 ft above

the M.s.L. with an estimated exposure of 92-21.1%. In another

ecological study in llauraki Gu1f, Dellow (19rr> finds s. glomerata

in a prominent belt for 2 ft below the M.s.L., in regions where

there is a certain arnortnt of protection fron direct wave action'
Mostad.jacentj-s]-and.sareinhabitedbytheoystera}ongtheir

Fisheries technical report no. 11 (1966)



^4lÉ¡

southern and. western shores, and. it is ',physiognonic in
shelterecl harbours and. bays of \Testern Great Barrier and_

coromandel Peninsula, and. hard rock faces in the upper Firth
of Thamesrr. Dellow notes that the oyster fad.es out at Te
Purut llowick, Little Barrier, sugar Loaf Rocks, and- north-east
of Greai Barrier - a feature correlating with the oyster's
sensitivity to excessive sed.irnentation and movable stones or
bould.ers, aeration and surf pound.ing.

Cranwell and. Moore (1978) in the published. results of
their stud,y of i-ntertid.al cornr¡u¡ities of the Poor l(nights Islands,
nention find.ing a snal1 group of oysters in a pool in spray zone.
The oysters were attached. very firnry by a broail base to od.d.

b9ufders lyinþ in the water; were small 15 x Z? x 20 nm; and,
apparently were most nearry allied. to o. hefford.i. But since
0. heffordi is normally an oyster of southern New Zeal-and- and
since the authors refer to these specimens as und-escribed.
speeies fairly common in Hauraki Gu1f, there is the possibil_ity
of their being ttistorted, stunted.. speciuens of C. glonerata.
An interestíng featu¡e is that the oysters were found nowhere
else on the island., except in this particular pool. fü has
not been possible to obtain fr:rther d_ata in this instance.

The nost recent work on the Aucktand, oyster is ühat of
Rainer (1964) which is based on the stud,y of oysters at Kaipara
Ha¡bour, on the west coast of the Northern North Isla¡d., and.
especially at whakapirau - a shallow d¡owned, river valrey wiüh
deeply indentect shorelines anct exüensive sand. and. mud. flats
exposed. at low tide. Kal_para i_s one of the J_arger oyster
prod.ucing centres of the North fstand., where substantial
quantlties are harvested. comlnercially.

Other better known species of
C. virginica (Genlin) - the A-uerican

Crassost¡ea includ.e:
oyster.

rrRanges extensively off the Atlantic coasts fron the
Gulf of sü. Lawrence along the shores of North Ämerica into
the Gulf of Mexico anct further south to panama as well as aror¡¡d.
the west rndia¡ rsrand.s. Thts covers an unusuarly wid-e range
of temperature. It is an extremely abund.anü speci_es nnd, like
the Portuguese oyster in Europe and the Japanese oyster Lgig€,
is the basis of a great ind.ustry, being cuLùivated. on a large
scale. " (Tonge, 1960).
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C. gigas Thunberg - the Japanese oyster
rr.... widely d,istributed around- the shores of Japan

ancl Korea, and. is successfully exported asrrseed-rrto the Pacific
coast of the United. States and Canada ancl to Austrai-ia" (Yonge,

1960) "

C. angulata Lamarck - the Portuguese oyster
rrOccurs along the east and. south coasts of Portugal

and. Spain. In 1868 it was inported into tr'rance where it now

forms large natural beds at the nouths of the Gironde and. the
Charente. It is cultivated on a vast scale in X'rance and i-s
inportant for relaying on British oyster bed.s along the east
coast and. in the nouth of the Thames. There it grows well
but, owing to the lower temperature seld,om breeds. Howevert

from time to tine during hot sumners ít d.oes spawn and spat
nay settle and groÌs." (Tonget 1960).

C. cucullata Boon
r'.... the comr¡on rock oyster of the tropical fnd.o-

Pacific, abund.ant arolxrd the shores of India and. along the
east coast of Africa ancl extending into the eastern üecliterraneanrl
(tonge , 1960).

SIIELL MORPHOIOGY

EXTERNAL

Valves:
From all accounts there

d,ifferences in tbe norphologY of
to be any visible

gg4 and
d.o not appear
Crassostrea

C. conmercialis.
The oysters are recognisable by the markeclly inequivalve

appearance: the 1ower, or left, val-ve is deep, cup-shaped't ancl

mod-erately crenulate; the upper, or right, valve is opercular'
mod.erately ftattened, antl foltlcd. towarils the lip to fif the
crenuLations of the lower valve.

The rock oyster is an adherent species attaching itself
to a hard substrate by the left valve at about I weeks of aget

and in nature remainsthere for the resù of its life. For the
first year or so the left vaLve Srows very closely connected

with at least half its area to the substrate, but later theedges

of the valve bend sharpty up from the rock surface, and- the
shell assumes a cup shape.
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Fig.7. Þ<ternal and Internal norPhologY
of C. glomerata
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The opening and. shutting of the shells is perforned only
by the upper valve which in overcrowded. conditions may itself grow

attachecl to a neighbouring rock or oyster.

Shape:
Basically, the bivalve is slightly elongatet and, often

somewhat crescentic in shape (See fig. t). Any further shape

is d.etermined by the i'nmed.j-ate environment in which it grows -
the type of substrate, the overcrowd.ing, the degree of salinity
of water, th.e amowrt of exposure. Thus, for instance, in saline
exposed positions oysters may be thick-shelled' stuntedr much

crumpled. and. even spiked., while in shelterecl estuarine waüers

they nay grow rapidly into thin-shelled smooth specinens ,rt - 4rr

long. In some specimens the lower valve is sharpJ-y ribbed, and

as well sharply rídged in transverser the latter presumably

ind.icating intensive sporadic growth following quiescent periocls.
The growing portion of the shell, approximately I rnn wicle r is
laminate and. extrenety brittle, and, is usually broken off in the
dead shells for¡nd, on beaches.

Colour:
The external colouration is variable from bluish-black

to greyisl¡-white in older specimens. There is usually an

ind-efinite blue-black or purple bord.er along the margin of both
valves, and- intermediate forms often show radial rays extend.ing
fron the hinge to the lip on tbe upper valve. Removal of the
horny outsid-e layer of a shel1 through the abrasion by water
or weathering, or the usual intense populisation of the upper
shell by barnacles, result in the removal or at least roasking of
most of the colour, and- the shell" then appears typically greyish-
white nottled. with dark PurPle.

Ilinse.:
fn their account of Ostrea comtnercialis fredale and

Roughley (1913) d.escribe the hinge line as beíng short' but all
the subsequent literature refers to its being mod-erately wid-e t

except in specimens from crowcletl cond.itions where it nay be

sho¡t. Tbe hinge plate is moclerate, and the ligaloent blue-
black in colour d.rying to brown and brownish-black.
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INTERNAT

Valves:
As with other nolluscs the inside of the shell

(See fig. ,) is conspicuous in its pearly sheen. The relief
is a nod.ified inverted. replica of the outsitie with d.epressi-ons
occurring chiefly where the gonad and, the muscle are found..
Muscl-e scar is conspicuous, ancl in older oysters has a purple
band. a¡ound the lip ed.ge. Growth ridges, conspicuous o¿ the
outside of some oysters, are absent though in some cases slight
ind.entations appear to follow the line of growth. Frequently,
in the lower valve there is a recess uncter ùhe hinge, reflected
on the outside in a prominent curvetl trbeakrt.

Muscle Scar:
The nuscle scar of ühe posterior ad.ductor muscle is

broadly h¡nate in shape, whitish in colour, but frequently
with bluish or creamJr markings especially on the upper valve.
Often, lnsteacl of a single muscle d.epression, the sca¡ j-s seen
to consist of a number of d.istinctly directed, concentric band.s
which appear to trace the d.orsolateral d.isplacernent of the
muscle toward.s the l-ip of the shell. This is parüicutarly
evid.ent in the upper shel-l. Each bancl, on average, is about
2.7 nn witle, but 7-8 mn band.s have been found in shell_s in which
the overalì- Iengüh of the upper sheLl is 7.2 and. 7.8 cm

respectively. On the l-ower valve, the scar is usuaÌly seen to
consist of two main subequal areas - those roarking the "catchtt
and. 'rquick'r parts of the ad.d.uctor, although closer examination
discloses a greater number of bands.

Denticles:
Along the ed.ge of the upper valve, and- especially

imnecliately on either sid.e of the hinge, there is a row of snalL
denticles whlch are reflected j-n a number of piüs in correspond.ing
arrangement along ùhe ecige of the Lower valve. These denticles
are a fraction of a nillimetre long, spaced. at irregular intervals,
and. extend. with d.ecreasing d.ensity for about a half to two ühirtis
of the length of ühe shelI.

Colour:
The colour of the inside of shells is generally a d.irty

white, often with bluish bl.ack or brown inclusions, especially
in the upper valve. In oysters recently killed and. scraped out,
there is a general yellowing of the valves, buü this soon weathe¡s
awqy. A brownish colou¡ecl rin newly covered. wi-th nacreous
sec¡etion - the growing portion of the shell - is found along
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the growiug etlge of eiüher shell, ancl again is more evident in
the upper valve. The oysters growing low on the shore or
subtid,alty tend to have no internal pignentation at all
(Rainer, 1964).

larval shell:
Rainer (1964) d.escribes the prodissoconch as typically

Crassostrea type, being inequivaÌve, somewhat as¡mmetricalr wiüh

2 teeth on either sid.e of the provinculum, i-nteríor ligament
well away from the provinculum. [he hinge is shortr and tbe
liganent lnterlor.

Fisheries technical report no. 11 (1966)



This is an aspect of oyster study thaü has been well
süud.ied. in Europe ancl America but, if published lj-terature forms
the criterion, has been bad.ly negl-ected. in New Zealand. and.

Australia. For the most part, therefore, iü is assumed. that
Crassostrea Flonerata and. C. conmercialis have feed.ing habits
siroilar to those of the oyster of America, Japan anil Europe.

Oysters feed. oa organic detritus, d-iatoms, flagellates,
larvae of various marine organisms, plant particles and, such.
Food. particles are swept up with a current of water into the
oyster, and- are then moved. by ciliary action along giL1- filanents
to the labial palps. Sheets of mucus, prod.uceal so long as the
oyster feed.s, strain out smaL] food. particles fron the water,
and. the particles are then moved. by cilia to the nouth. If
the oyster is disturbed., gi1ls may continue pr:mping water, but
the secretion of the mucus sheet stops.

A revolving crystalline style, formed. in the stomach
when the oyster is submerged, disappears when the oyster is
e:r¡losed, and quickly ref orros when the oyster is submerged again
and. opens its shell. Accord.ing to earlier workers this style
is present only in the oysters that had. been feed,ing. Hence,
some consider that its presence or absence marks the healtb
cond.ition of the animal, the absence signifying that sonething
is aniss with the oyster. (Koringa , 1952).

FOOD TYPES

C. COMIMRCIAITS:

In a stud.y of food types of oysters at the George's
River and at Hawkesbury River, RoughJ-ey (1926) fou¡rd- that the
two very small unlcellular organisms which he could. not identify
and. which formetl the bulk of the stomach content of Ostrea elongata
and þþlE, forned- but a very small portion of the stomach
content of Crassostrea commercialis. The remaind.er consisted of
d.iatoms, in particular Pleurosigma, Navicula, @!g!!g
and Bacillaria, and- also sponge spieules, confervae, portions of
epid.ermis of larger algae, fragments of larval crustacea, and.

minute sand. grains. On several occasions consiilerable numbers
of infusoria, probably Tintinnopsis, were also founcl, but these
are consid.ered to have been swept in with the cunent when they
were alread.y dead. ancl still suspend.ed. in waters.
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C. VTRG]NICÀ:

It has recently been recognised that the labial palps t
of at least Crassostrea virFinicar are capable of greaÙ

d.iscrinination in selection of fooct particles t lnvolving factors
oüher than just their size ancl shape (Korrlnga, 19rZ). Þranples

noted. are derived from the experinents in which oystere were fed
witl. yeast cells and. plankton organisms of the same size and in
which the yeast cells were refused't ând also from the experlnents
in which oysters were fecl with a tlilute suspension of nixed
plankton culture into which a liütle of the culture of ¡ed
ch¡onatlum perta was add.ed. In tbe latter experimentr the
oyster j-ngested the bulk of the plankton mixtu¡e¡ but rejected
almost solely Cbronatium. Korringa assr¡mes, provisionallyr with
the experi,menters that in the labial palps there are probably
specialised. cells wbich act as chemoreceptors and which refuse
certain organisms probably on the basis of their secretions.

FEEDING TIIMS

C. COMMERCIAIIS:

Roughley (1926) consiclerect that feeding in c. oonmercialis
went on during both tid.es, although it was almost invariabLy
found. that more food was obtained. on the flood title than on the
ebb. The reason for this, he thought, night have been either
that sufficient food. had been obtained. for the oysterrs requlre-
ments d.uring the flood ticle and, therefore, food. was rejectedl
on the ebb tide, or that fooô nay be more abund.ant on the flood
than ebb tid.e. He writes r.... the gills continue to pass the

food forward toward.s the mouth so long as the oyster remains opent

and after many observations, I have co¡ne to the conclusion tbat
it renalns open just as long on the ebb tide as on the flootl.
Therefore, if the food. is as abundâñt on the ebb as on the flood
tide, consiilerabte quantities must be rejectecl by the palps'n

C. VIRGINICA:
Accorcting to American workers working with 9-4!g!g!gt

feed.ing is not linited to any part of the tidal cyele nor to aay

tine of d.ay or night, so long as Ùhe satinity of water remains

high and. fairly constant throughout the tidal cycle. With
tenporary lowered salinities as, for instance, cluring the lor
tide furthe¡ up the river, oysters appear to stop feed'ing so

long asthe low salinities prevail. (Korrlnga 1952).
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HIVIRONUENTAI, XFFECTS

C. COMMERCTALIS:

In his study of oysüer nortality on Georgers River,
Roughley (1926) concludetl that th¡ee main factors contributecl
to va¡iation 1n the volune of food. consuned. by the oysters -
the tenperatu¡e of the water, the direction ancl temperature of
the wind., and. the state of tid.e. He confirmed. earlier finttings
that oysters will not open to feed. aù temperatures at or below
5Oo¡ (fOoC) basing this statement on the fact that in the oysters
opened. on tvo occasions when the teuperature yas 48o¡ and- SOoF
and. tÍde abouü half flood. the footl present vas negligible. Aü
hlgh tenperatures more food. was recovered. from the stomachs than
at lower temperatures, 'rprovid.ecl that ühe wind. was 1n the sane
directionr Pnd the state of the tid.e the sane.n The clirection
a¡d the tenperature of the çind. were inportant in as far as their
effects on cooling or heating the water and possibly thus
creating tu¡bulence.

C. VTRGINICA:

In studi.es with C. virginica, temperature has been fou¡d.
to affecü the rate of pr:mping in that little punping occurs below
Tooc (V?.4or); the rate increases fron 8oC - t6oc (46.40 -
6o.8oF); is stead,y between 160 - 28oc (60.80 - B2.4oF) and.

narkedly d.ecreases above 74oC (gt.eo¡) when the oyster shows signs
of distress. It shoulcl be remembered., however, that while pumping
is not strictly ind.icative of feecling, feed.ing does not occur
without pì¡nping (Korringa , 'l9r?).

Iror pH values, resulting in nature by an infh¡x of acid
svarnp sater or by ind.ustrial pollution, also recluce rate of
punping. Oysters appear to pump normally at a pH of 7.7,
(Korringa).

Silt and. other turbitlity creating substances, even when
in quantities as low as 0.1 p.per litre of sea water, seriously
¡ed.uce the ratio of pumping (to 40% of normal value ln this
exanple) with the effects ilemonstrated. in the vigorous shel1
movements and expulsion of large quantities of pseud.ofaeces.
Retluction in pumping rate occu.rs and. as well , 1n ¡. e:çerinental
studl¡r rith C. virginica, the oysters ñbecerne sluggish in response
to stinull, as if some toxic protluct had. exerted an influence.
Dangerous quantities were 7OO/nL for Egg}gg, 75,OOO/n1 for the
snaller Nitzschia closterir¡m, anrì 2TOOOTOOOT/url for the very small
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Chlorella .... transferreil tO nornal sea waterr the oysters
resrutre¿l their normal rate of punping after some timen (Korringat
1952). It was concluded tbaü in dense cultures of plarkton
there I¡ust be presenü a toxic substance, probably netaboll.c
products of the micro-organisms. In another experinentr oysters
fed with a Chlorella suspension d.emonstrated. consiclerable and

irregular fluctuation in filtration off of the organisms which

apparently could not be correlated with the concentratl-on of the
organisms ad-ninistered.

Korringa (19rÐ mentions a find by Anerican workers of
a hitherto uD.repol3tecl factor naturally present in sea water

and. which is found. to stop the rate of pumping in ryilg@
when present in quantities less than 4.8ug/I or sea vater. .a.t

high tenperature (28oC) (82.4oF), the threshold value nay be

as high as 12mg/1. Designated tentatively as a carbo\rd.ratet
it is not d.estroyecl by boiling, but its quantlüy w1II drop

sharply if sea water is stored at 25o - tOoC (77o - 86oX'), for
more than 4 d.ays.

SEASONAL EFFECTS

C. COMMERCIAI¡ÏS:

In the European flat oysterr ÈÆt it has been

repeatedly for.rnci that only a renarkably snall amount of food is
ingestetl during the winter. In rock oyster, howeverr tlifference
between su¡nmer and winter feecling is negligible, therebd-ng
occaslons when ttlittl-e or no variatlons Ca¡r be seent (Roughleyt

1926). Roughley considered that such difference 1n feetling
habits is probably due to the d.ifference in the temperature of
water in which the oYsters grow.

The greater anou¡t of food' consumeal by ühe oyster in
warmer periods may be attrj-buted to the increase of netabolisnt
of general activity, and. to the developmenÙ of a relatively
enormous reproductive organ in the cells of which nutrient must

be stored. to nourish the embryo in its early stages of cell
division. During the winüer, oysters greateet activlty is that
of enlarging its shell, rrühe constituents of which are probably

obtained, not from the foocl, but fron the water.n

There appears to be no published d-ata either on the

feeding habits or food. types of the Auckland- rock oyster.
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Flg.4. Successive crenulated.Itgroring ed.ges" in Q¡3!gry!g.
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GROWîH

The growh is regarcted. as both the increase fn the size
of the shell and. the increase in welght of the soft bocl¡r.

Increase in the size of shell is seen externally by neans of the
growth eclge, another conspicuous dark-coloured brittle border
(See fig.4. ). Although this aspect of oyster stucly has been

comparatively well studietl all over the world.r published d.ata on

the Sydney and Auckland rock oysters is again scarce.

C. COMMERCTAIIS:

Roughley (192r) observes that the growth fron early
straight hÍnge stages is rapid so that by the tine the larva
attaches itself to a suitable substrate (about 2-7 weeks after
fertilisation) it is approxi-nat'ely 1/75th of an inch long'
It grows rapidly, its lower shelÌ renaining in close contact
with the substrate for approximately '12 nonths. Thent the edge

fa¡thest from the hinge of the lower shelt begins to grow upwards

ancl away from the substrate, and the depth of the oyster lncreases

largely.
In 1911, Roughley publlshed a paper in which he writes

of an experiment he performecl on the rate of growth of the
embryo, and gives the following figures. at 14 hou¡s after
fertillsation, the larvae appeared. with a straight hinge and

average measurements of 20 larvae were length 67¡u x depth

55¡u, with a hinge length of 4)¡u. -A.t 5 clays' the above

neasurenents averageð' ?5/u x 58¡u, and. JO/u respectively' a

fully grown larva was approxinately tt)/u longr shile the
average d.epth of newly attached. spat was 216¡u.

tr'or growth at later stages, Saville-Kent (1891) notes

that the oysters attached. to cement-coated. split paling reached'

approximately,l't in shell dianeter at 1- 4 nonths, a¡1.d. about

2" at , - 6 months. This is now seen as a someshat generous

statement, and, most workers are of the sane opinion as WoOd' and

Allen (1918) that Just after settlement the enbryo shells are

und.er 1/16l across and in six nonths reach an approxinate length
of 1-1f,"n normally reaching the full narketable size of r" acr.oss

or slightly nore in about J years. HoYÍever, und-er favourable
conditions of food., tcmperature, and. salinity an oyster raay reach

thaü size in 2 years. Accorcling to Marine Departnent record.st

the New zealand. oyster seems to take 5 - 7 years to reacb ühe

same size.
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Elfecù of Sallnlty:
From general literatu¡e aad. Roughleyrs (19tt)

paper 1t ls apparent that while the release of gonad.ial
prod.ucts antl spat settlement a¡e more favourable und-er contlitions
of high salinity, the oysters transferred. to waters of lower
salÍnity grow much nore rapid.ly than they would in their previous
environment.

In practice this has been d.emonstrated. in the cultivation
at Port Hacking where most of ùhe adult oysters are stunted,
yith ha¡d. crinkled shell and, numerous close layers of growth.
If allowed to reualn there, their d.evelopment is extrenely slow
and., in fact, only a smaLl percentage reaches marketable size.
However, when renoved. to the more blackish warers of Georgets
River fresh, healthy growth appears and. the oysters double their
slze in the course at about 12 nonths. In one particular case
when this practice ras used, ühe oysters were founct to be ready
for market in one year and. nine months (Roughley, 1j22).

C. GLOIfERATÀ:

The latest study into the growth of our rock oyster is
that by Rainer (1964) in which he attempted. to ctud.y the growth in
relation to annual and. seasonal variations, to the position of
oyster on the shore, ancl to the environmental factors.

I¡arVae:
Raine¡ found. fou¡ size groups in larval- stages ¡ 85 - 16O¡u,

early umbo; 160 - 24J¡u, Late r¡mboi 24, - JOO/ui maturer ând

ovet VOO¡u, eyed., 'rneasurements being taken from the unbo to the
opposite point of the prod.isso-conch'r.

Þ@:
The most inportant singl-e factor in the variation of

growth rates at different shore levels is probably the amou¡t of
submersion experiencecl at each leveI. Growüh of spat at higher
l-evels (2.9n) was forr¡d. to be less than at lower levels, possibly
d.ue to heatlng and. d.esiccation and. the oysters' efforts to overcome
them. At the same time, there was a clifferential growth rate
among the spat protected. conpJ-etely from insolation ancl the spat
exposed.. Thus, for instance, at 2.5n the mean length of protected
spat at 7 weeks was 7.J1nn while that of exposed. 2.21nn.

At lower levels, the riifference was noL as obvious ctue

to the greater abunclance of food. conpetitors on sheltered. surfaces
and the red.ucecl amou¡t of insolation experienced.

Siltins hact little effect on spat growth at Whakapirau
because of the high cuuent speeds, whereas in Hargreaves Basin
it appeared to red.uce growth rates cousid.erably.
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In spat growing subtidally' growth rates were found. to
be directì-y related. to water temperatu¡es in the range of
12 - zoo) (59oF) (57.Ao - 680I'). The growth curve was sigmoid-,
with the greatest steepness near 1JoC. Here, too, the naxinum
length increment, at 1i.)oC, (67.1oF), increased gradually fron
approximately 2nn per week wben spat first settled. to ]nn per week

when a lengüh of 10 - 12 nm was reached.. thereforer the rate of
which d-ecreases slowly with increasing size.

Post-Spat:

of the
oysters

In investigating the growth d.uring the remaíning life
oyster, Rainer used. J-ength-wid.th measuremenüs of attached.
in situ and. free oysters in trays.

In attached oysters, Rainers notest growth follows
the same broatl trend as in spat but with th¡ee features:-

1. There is an apparent decrease in growth rate in
low Level oysters compared. with higher leve1 orrêso

This could be d,ue to the combined. effects of tbe
changed. direction of growthr resulting froro the
up-lifting of the oyster shell for alnost parpendicular
to substrate, and- the exposure to desiccation
resulting fro¡n this.

2. A red.uction in growth rates occurs during mld--summert

which coul-d. be due either to lowered. food iatake t

associated with lowered. phytoplankton concentrationt
or instn¡mental error.

t. A negative growth is evident during winterr particularly
in older oysters. SnaIIer oysters continue to growt
but at a reduced. rate. In tray oystersr weight
increase was measured. as well as the shelI diroensions.
The results of the tatter was not reliable owing to
d.amage done to the shell by high water cu¡rents.
Weight increment was inegular but continuecl tbroughout
the year. It was greater in sunmer than in wintert
and was greater at lower levels than higher' Some

of the variatlons in weight increnents may be associatecl
with spawning.

Growth rates:
In slower-growÍng oysters, Rainer found growth can be

tiirectly related to width within an age class, and, inversely'
to weight within a length class. In faster growing oysterst
period.ic variations occur with increasing length and weigbtt
and. appear to represent age classes.

Another apparent rel-ationship is that of growth rates
and. sex ratios rrthere being a higher proportion of females to
males above the qean of en age group than below' with an
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lncreasing tenclency to femaleuess with increasing size.

C. VTRGINTCA

.A-nerican workers have found. that the growing period. of
this oyster is only eight months of the year, with maxinum
Iength increase occurring in ni.d. sunmer. (Korringa, 1952).

Growth does not occur below /oC, (44.6oF) and. volume
increnent is greatest at about 21oCt 69.8oF) (Rainer.- 196+).

Growth rates vary from 7" Ln 4 - 7 years in the
Maritines, to 4'r - 5" in 1.4 years in Florid.a.

C. GTGAS:

The nain growth perj-od. is from September to February
buü growth in winter tloes not stop entirely even when temperatures
are well below lOoC (4O.oF) (Thonson 1g|l2).

Mean length of this oyste¡ in Tasmania is !.4cn at the
end of three years, and. in l{ashington waters (U.S.A.) lOcm
for the sane time.
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REPRODUCTION

While the reproductive system of the oyster is sj-rnplet

its whole reproductive process is conplex and. as yet not fu1ly
understood.

Crassostrea species are oviparous i.e. their sex proclucts

are liberated into water where the fertilisation occr:ts, in
contrast witb Ostrea species in which the fertillsation occurs
insid.e the oyster ancl larvae are liberated into water. Tbe

larvae spend. 2 - t ¡reeks in a free state before settling on a
firn substrate ancl becoming spat. From thls stage they raÞ1tlIy
neüanorphose into adults in which the naturation, including the
sexual naturation, is largely dependent on such environmental
conditions as the availability of food, tenperature of watert
density of the water.

The Crassostrea species investigatecl so far' exhibit
alternate seruality (Rainer, 1964) which means that they usually
produce sex proclucts of only one sex a year' but in thelr early
years they can act as either male or fenale and it is inpossible
to predict fron one se:clal phase what the succeeÖing phase will be.

The reprocluction, ühereforer can be regartleil as a process

with for¡r phases - spawning, pelagic stage, settlenent, ancl

sexual natu¡ation.

trbom an oyster cuftivatorrs point of vfewt this is the
nost iroportant process in the life of oyster, since it is
during certain phases of this stage that the cultivatlng operations
intervene in the natu¡al ortler of things.

SPAWNING

When the gonad is ripe and the enviror¡nental cond.itlons
favourable, release of gonadial procLucts is incluced either by
sharp fluctuation ln water ternperature ancl or by chenical meana.

The latter is thought to involve the presence of sperm Ln water
in the case of spawning female oysters, and the presence of sperm

and eggs in the case of mal-es, as welJ- as a wicle range of organic
conpounals. In Japnn, a substance sinilar to those has been forrnd
in a va¡iety of green seaweeds and this ad.ds force to the
suggestion of one America¡t worker that natural spawning nay be

stimulated- on the first instance by some substance released by
the plant plankton. (Tonge' 1960).

Spawning is usually inconplete - some sex products remain
in the gonad and. are absorbed slowly antl replacetl by the develop-
ing nutritive tissue over winter in preparation for the tlevelop-
ment of sex proitucts in spring.
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C. COMMERCIAÍ,IS:

In this oyster, spawnir€ Inay occur alnost the whole year
rountl, although generally there are two chief spawnings - one

in spring añd- one in autunrn.

In New South Wales, the process reflects this irregularity
in that with the warning of water in spring the gonad clevelops
rapltlly and. nay becone fully natu¡e by nltl-Decernber; spawning
then occurs ôurlng abnormally high tid.es arouncl Christnas, with
possibly another spawnl-ng activity in late suÍuner. If r b.owevert
the spring has been abnornally cool, the development of the gonad.

is relatively slow antl spawning nay then occur in January or April
or even Uay. At other tines lt can be observetl as a partial
process throughout the sunmer nonths, w'ith sone llght internittent
apawnings in winter. Because of ühe variety of loca1 cond.ltions
on the east coast of Âustralia, sone workers feel that it is not
possible to specify either a tenperatr¡re threshold. or an

appropriate date for the co¡nnencemeat of spawning of Australian
oysters (Dew antl Wootl., 1915). General\r'however, spawning is
found to occu¡ when temperatr¡¡es a¡e in tb.e 71o - 76oF sengêo

Roughley (19tt) observed that on one occasion spawníng
began when the claily sate¡ tenperatures became greúer than
TOoF a¡d. following the ciay when the water tenperatures droppecl
to 68oF. More preciselyr on this occasion the tenperature
of water at the surface was /OoF antl at the bottom 68oF.
However, since the oysters had appeared read.y to spawn clays before
ancl, in fact, fertilisation d.id. occur when the eggs and sperm
were mj,xecl , he suggestetl that pbyslcal contlj-tions other then
just the temperature nust play a part in governing the spawning
irnpulse, probably tid.aÌ habitat of the system and the consequent
rapid-ity of the ruater tenperature fluctuation.

Density of water at the tine of the above spawning
was 1.0195 at the sr¡rface and 1.020 at the bottom. The tide
was spring, 1 - 4 hours on the ebb. Past observations showed

that the heaviest spawnings on the New South Wales coast occur
at spring tid.es, both at full and new noon periods, with sr¡rface
water temperatures at /OoF. and beavy seas outsicle as well.

Durint spawning, eggs a-u.d sperm are released at short
lntervals in the form of a white cloud. Eggs diffuse quicklyt
while sperm a¡e inclined to hold. together for a short time as

well-d.efined. nilky streaks.
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Once the spawning begins it will continue even if the
oyster is bared by the tid.e or handted. roughly. Howeverr the
oyster is at this tine Inore sensitive to exposure than usual
ancl mortality occurs much quicker at this periocl 1f it 1s

d,eprivecl of water.

Spawning periods are
Roughley notes that fron the
sex proilucts it took only a.n

practically clear again over

very short - in the above instanee
tine the oysters begaa e:çel1ing
hour for the water to becone
the spawning bed.s.

At the coropletion of the process, great e:rhaustion of
the oyster follows to the extent that sonetirnes it cannot even

close its shell.

Cleland in 195L- estimated that '1lrOOOr0O0 ova are proêuced

per gonad in one season (Kgrringa 1912).

C. GLOMERAIA:

Apparently no d.irect data exists on the spawning in
this oyster. Rainer (199+) ded.uced fron the spat settlenent
d.ata that in the 1962 - 67 season najor spawning activity
occurred. in late January and nid-March when the mean sea

tenperatr:res were higher tban 21oC (e9.eof';.

C. VIRGINICA:
As nost of these oysters often grow in water of

consitlerable depth and are, thereforer never exposed by tid-e
there is a certain unifornity of sexual development and' a more

regular spawning. Spawning generally occurs at tenperatures
above 7OoF, and. although the oyster may spawn at 68oX" or even

59oT, the process is nore active between 7ro - 85o¡'. It has

been demonstrated. that there is no definite tenperature level
at which spawning is inpossible (Kominga 1912). As well,
there appears to be a tatent period between the crftlcal
temperature anil the actual release of gonatlial proclucts even
though the oysters nay be norphologlcally and physiologically
ripe. Sone workers have suggested that 1t is possible that
tenperatures prevailing d.uring the period. of gonacl natr¡¡atlon
d,eternine the tenperatr¡¡e at which the flrst spawalng w1ll tale
place, even though such tenperatures may be lower than the
ones at which spawning nornally occlLPS. Others claim that there
is evidence for the existence of physlological spawning

varieties which come into action at different tenperature levels.
Sone oysters have been found to be ripe antl yet they tlid not
spawn for consid,erable tine; these oysters cou1d. not belnôuecð

to release their proôucts even uncler laboratory condÍtLons.
(Korrínga, 1912).
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In spawning there appears to be nutual stinulation of
both sexee lnvolving two substances - a soluble hornone-ILke
substance, and an active priaclple associatecl with protein,
diantli.n, which exerts its influence on oysters of both sexes
in all seasons, anal prececles actual spawning (Korringa , 1912> .

pII values tiuring spawning of this oyster bave beea found
to range usually fron 7.8 to 8.2. Fail-u¡e to spawn at 1ow
tl-d.e vhen water tenperature 1s higher thÊñ the critical level,
is thought to be clue to low alkalinity at this stage of the
tide (Roughley, 1917).

The oyste¡s ilo not feetl while spawning.

C. GIGÂS:

Tb.ere is one spawning season a year - when the
temperatures a-re generally arou¡cl 7?oT. Oysters have been
observecl spawrrÍng about ,O - 40 minutes after they becarne

subnerged. to a clepth of one foot by water on fLood. tid.e. It
is thought by one Japanese worker that the irnpetus causing the
stinulus to spawa is the fresh current of flooct tíde. (Roughley,
19tr).

C. CUCULIATA:

The optlnun tenperatu¡e along the coast of Bombay for
spawning is 8Oo - 87oF, and. the optinun density of the water
approtinately '1.O2O. (Roughley, 19tt) .

C. ANGIILATA ¡

little appears to be known
shen salinities as high as 29o/oo -
cânnot Bet ricl of its eggs. Und.er

the eggs prod.uced. are normal , while
ancl nay df-e. (Korringa , 1952) .

apart from the fact that
72o/oo prevail the oyster
such cond,itions on]-y 5% of
the oyster ltself suffers

PELAGTC IIFE

As yet it has not been posslble to d.eternine preciselÍ
the cluration of ühis stage in either .%3!g.!g or @-
cialis although from comparative studies with otber oysters it
is believed to last about 2+ - ã weeks fron the time of
fertllisation to the settlemerxt. Ancl although the physical
<levelopnent of the lanva up to the actual settl,enent has been
easler to follow and. the sta6es are known, there is again
eonjecture as to the du¡ation of each of theee stages.

Very soon after fertilisation the zy3ote begins to
d.lvld.e into a number of cells without, at first, increasing in
size. In a few hours ninute hairs, or cilia, d,evelop at one
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encl of this cluster of cells and the embryo can now swin by

vibrating the hairs. Its movement, however, is very linited.
conpared. to the poreer of water cu¡rent.

After a day or two, bb.ells begin to forrn on either side

of the enbryo antt rapidly grow ctownrvarcls until the whole animal

is covered cornpletely. The shells are united. at the hinge t

which at this stage is straight, ancl can be opened or closed

"at will". Portion of the ciliated- bod-y, the velun' can be

protruded beyond the rirn so that movenent is continued.

It is at this stage that the enbryo begins to feecl, anct

witb this achievement reaches the status of larva'

Further developnent is rapid. as the larva increases

both in size antl in specialisation of its or.gans. Ïvhen it
reaches about 1/1r1tb, of an inch in length the shells (as in
the case of C. conmercialis) begin to grow upward.s about the

hinge. The left shel1 grows sonewhat more rapid.ly than the

right one creating an asynmetry - a feature chaÎacteristic
of the oyster larvae.

At the same time, a further locomotor organ is
developed - the foot. This cilia-covered or8an when protruded

fron the she}l extenals and with its tip attaches itself to an

object. It then contracts and thus pulls the rest of the aninal
after it. The nain purpose of the fooü is to enable the larva
to exercise some d-egree of selectivity once it finds itself
on potential substrate.

other organs to develop include gills, Bouth and al-iment-

ary tract, and two nuscl-es of which one will be absorbed when

the larva becomes attached.

Tbe salient physical features of the Iarva, then' are

the velum antl the foot both of which a¡.e inportant in the final
selection of a suj-table substrate provided., of courser that the

larva is in the first place carriecl by the water current to a

location where suitable naterials for attachnent are present.

Àt the end of the larval period the larva nust attach
itself to a so1id. substrate or die. Sone workers consider this
critical period to be 2 days. The attachnent is by the left
val_ve and the spat, as the farva is now callecl , will remain in
that place for the rest of its natural life. Its free
existence Ís fi-nally terminated with the loss of the now

redundant velum and foot.
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C. COIfrÍERCIAI,IS:

Roughley (1917) observed, in fie1d, that the sizes of
f¡ee-swi'nning stages range fron o.o5 ' o.o6nr¡ and. up to o. zzgnn
when the eggs are first released. üo approxinatery t7o/u when the
larvae are fulJ-y grown. At attacbment, larva is approxinatery
1/7rþh of an inch long. The interim sizes in the stages
d.evelopment are 175/v when the r¡mbo is d.everoped., and, zjo/u v]nen
the foot is first seen to protrud.e in the smarrest of specimens.
The length-depth ratio of the larva is that up üo Joo/u the length
is equar to the d.epth, and. after 7oo7u the depth is greater than
the length.

Four interesting experiments are d.escribed. by Roughley
in the same paper - the effect of water d.ensity on the embryonic
development, the effect of water temperature on the same, the
rate of growth of ùhe embryo, and the rate of movement of the
enbryo. rn the first experiment, on the water clensity, Roughrey
found. that the rate of developnenü decreased with the lowering
in water d.ensity. Thus in d,ensity of 1.021 free-swi-nming stage
was reached in I hours, in 1.005 in ! hours, in 1.011 in 10f,
hours, whiJ-e in 1.001 at the end. of 21 hours onLy 5AÁ of the
eggs were observed. to be fertirised. and. in these very littre
d-evelopment had. taken place. No free stage was cleveloped in
the last case.

The experinent on the effect of teuperature d.emonstrateil
that in a sanple with the iniüial üemperature of ZZoF and the
meen temperatr:¡e calculated at /gop free swimning stage was
reached. in 6 hours, while in the one with the initiar temperature
of 64oF antt the meart temperature at 620T the same stage was
reached ln 22 hours. Density of the water in both cases was
1.016.

lhe stud.y of the rate of growth of the enbryo was
iriltiated. tlth fertirisation at water temperature of ZOotr and.
d.ensity of 1.02'1. Seven hou¡s 1ater, a small percentage of
free-swirnnting eubryos was seen on or near the botton of the
beaker. At 8 hours, a aumber of embryos were observed at the
surface. A quarter of ¡n hour later numerous white colunns of
embryos were seen extend.ing from the surface of the water d.own-
ward-s. Thisr Roughley observed to be characüeristic of the
embryonic stage of tbe oyster - 'rthe eubryos are contínually
swinning fron the botton to the su¡face, where they remain for
some tíme attached. to the surface fiþ before roaking their way
again to the botton." Ât t hours, the great bulk of the enbryos
rere free swinning. J4 hours after fertilisation, the first
embryos conpletely covered. with shells and. with a straight hinge
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were seen; the average measurements of 20 larvae at this
stage were 671u in length, 5)/u in depth' and. 4J¡u ín hinge
length.

The rate of movement was studied und-er miscroscope t

the criterion used being the length of tine it took the embryos

to swim the full length of the roicrometer scale (l/Zlst of an

inch). On this basis it was calcul-ated. that at 2+ hours embryos

averageil z 19"/ho.¿r, at 10 hours 58"/hour, and. at 69 hours
461'/hour.

In nature, however, it Ís presumed that ühe vitality
and, activity of the enbryos would be greater sinc€ such cond,itions
as aeration, etc., woul-d. be better.

ft should. be borne in nind. that nost of the infornation
known on the larval d-evelopment and behaviour in this oyster bas

come from experimental work and relatively little fron d.irect
observation in fiel-d.. Therefore, data fron ühe experinental
find.ings should. be accepted only as the approxinate of thaü in
nature, since in nature there are likely to be influences of which
a worker may not be aware, which he therefore cannot d.uplicate
in his controlled- observations, and which therefore infl-uence the
end. result of his observations.

Roughley bel-i-eved that the younger larvae move

contj-nually from the bottorq to the surface of the water and. as

they get old.er they tend- Iess and less to come to the surface.
This was evident from the fact that surface catches of old-er
Iarvae d-ecreased J-n proportion to their size, and by the fact
futly deveJ-oped larvae and. those approaching full- developnent
were more abundant near the bottom than at the sr¡¡face. Tbis
would. probably be partially explained by the d.evelopnent of the
photo sensj-tive pallial eye ancl the resultant negative photo-taxis
exhibited by the larvae.

The vertisal movement of the larvae is in opposition to
the horizontal movement caused- by the water currents which.carry
the aninals back and forward-s, so that the eventual position of
the larvae at settling nay be at quite a d.Ístance from the parental
betls. The action of water current j-n such case explained why

Roughley found preclominance of larvae "in situations where the
currents, by the contour of the lanil, form eddies.tt

Vertical distribution of the larvae was also observed;
indirectlÏ, bX Dew ancl Wood (19rr) during their stud.y of
periodicity of fouling organisms in Syd.ney Harbour. They found
that lamellibranch larvae, chief of which were C. commercialis'
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prepond.erated in thc planlcton tovrs taken in a series of 24-hour
periods at 2-hour intervals starting frorn Octobetr and. that there
were three daily peaks occurring between the hours of 9-j1 a.m. r

1-5 p.n., and 1-5 a.m. There was some irregularity of tine
which d.id not correspond. with tide, and when they tested the
relationship of pJ-ankton catches to the time of day, the results
further confirmed. the significance of this ratio to that of
plankton catch and state of tid.e. The authors suggest that
insolation cannot be the cause of the irregularity in plankton
catches since one of the major peaks occurred during the day.

C. glomerata:
From two groups of serial pJ_ankton samples taken over

24-hour period.s at Whakapirau, Raj-ner (196+) has managed to group
larvae into 4 size groups - early unbo 85-16O/u; Late umbo
16O-24J1u; mature Larvae Za)-joo/u; and- eyed. larvae JOO+/I.
Larvae below the Ìength of 8)¡u were not retained. by the
relatively coarse sampling equipment.

Rainer find.s the numbers of larvae to show large
variations associated with tid.al cycle. Highest concentration
is found- near high water, with a smaller maximr¡m, chiefly of eyed.
Iarvae, near the low water. Little, if any correlati-on is seen
with the cument speed.. These variations appear conslstently
in all size groups including the eyed larvae.

At night there is little d.ifference in the vertical
distribution of the mean numbers of mature and, eyed larvae per
sample at any d.epth, but in the d.ay time eyed larvae show
tendency to aggregate at the lower levels. The numbers of
samples at lower l-evels are, however, smal-l. Such d.istribution,
however, may not be d.j-rectly related. onJ-y to the absolute light
intensity.

Turbid.ity, also, appears to i-nfluence the d.istribution
as seen by the concentration of larvae near the botton d.uri_ng
the high light j-ntensity of the d.ay and low turbid.iùy at high
tider,while at low sun and higher turbidity, and also at the
high tid.e, l-arvae are closer üo the surface. Equivalent sanples
at high tid,e at night show regular d.istrj-bution from top to
botüon.

There appears üo be no evid-ence that l-arvae cease to
swim above the current speed. of 15 cn/sec.

C. virginica:
The development has been observed to be most successful

arou¡d- the water temperatures of 70oF.
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Under experimental conditions when water temperatures
were 8OoF, free swimming stage was reached. in 4 - 5 hou-rs after
fertilisation. By foJ-lowing the growth and. development of the
oyster larvae in the plankton, one Canadian worker has estinated
pelagic lift to last ,O days at temperature of 18oC (64.6oX) r

26 days at 2OoC (68oF), and 24 d.ays at 21oC (69.8o¡¡ (Korringa'
1912).

This apparently i-s l-onger than is usually recorcled for
U.S. waters where larvae settl-e at a snal-ler size than in
Canad.j-an waters, but no figures are given.

The size of the egg j-s on average 0.05nn. The enbryo
becomes fully covered. with sheLr- 2+ - 76 hours after fertilisation
when its length l's O.06nn. Umbo begins to show prominently at
the larval J-ength of 112¡u, and- the fully grown l-arvae is 186¡u
on the average. At all stages its length exceeds its d.epth.

Und.er experimental cond.itions the eggs have been found.
to d.evelop at salinities 1)o/oo - l)o/oo.

Some workers have found. no refation between the vertical
d.istribution of larvae and the tid.al- cyclet nor any evid.ence that
larvae in ad.vanced stages of d-evelopment are more common near the
bottom during period.s of rapid. tid.al- flow, and. are as a result
wid.eJ-y d.ispersed by the tidal currents. However, when there
are considerabl-e d-ifferences in sal-inity and, current velocity at
short distances in both vertical and horizontal- d.irections when

larvae, at all stages, d-o not flow past a given point uniformly
d.istributed, but are very unevenly distributed both in vertical
and horizonta] direction. (KomÍ-nga, 1952).

One worker considers that when the Iarvae begin
feed.ing they are probably selective in their food-' and in the
absence of proper quality and quanùity of the food in plankton
may perish before reaching metamorphosis.

C. gigas:
Optimun water temperatures for the larva1 developnent

have been found to be 7to- 79oT and the optiurnum d.ensity 1.017 -
1.O21 (Roughley,, 1911). Salinities in some commercial areas
vary from 7Oo/oo - 12o/oo in summer.

Under experimental condi-tions, larval life has been
observed to last 27 ð.ays at tenperaüu¡es fluctuating betweerL 77o

end. 9OoF and d.ensityq>proxinateì-y 1.O19 - 1.O21. Und.er natural
cond.lüions the raüe of d-evelopment is probably consid,erably
faster. (Roughley, 1911).
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Ihe size of ühe egg is on average O.Olnm.

The shell is conpletely developed at 1 - 4 days when

tbe length of the anbryo is O.O6nnt the tlepth O.Ofnnr aad the
hinge length O.O nn. Unbo begins to show proninently at the
larval length of 172¡u. In length-depth ratÍor the length
is greater than tlepth up to 1OO¡u, and Èhe ttepth Ís greater tha¡
length fron lOO7u to 28O¡u. larva is fully grown at the lengüh
of 28On. (Rough1ey, 19V7),

Successful larva1 tlevelopnent has been found. to
coincide with the occurrence of large numbers of Ugg (Korringat
1912).
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Two year old specimens of C. €lonerata which
had- settled too heavily on the Ìj,mi-ted surface.

Fig.5.

Fig.6. Id.eat fixing of oysters. (C. glomerata)
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SETTLEMENI

Toward-s the end. of i-ts pelagic phase the larva is
read.y to settle. It 1s equipped. with organs sensitive to
light and gravity and with two locomotor organs (velum and.

foot) by means of which i-t selects, in a linited. way' the mosü

sui-table place for permanent attachment. ft swims arounal until
it comes into contact with a potential substrate when it with-
draws its velum and. creeps about with its foot, exploring. The

larva may repeat this process several times befo¡e i-t finally
attaches itself. The attachment is by the d,eepef' or 1efü
valve, and once this is accomplished the larva is cal-Ied. spat.

tr'actors influencing the choice of place for settlement
are varj-ed - there is the isolation, the current speed' the type
of su.rface and, the cleanliness of it. Oyster ]arvae prefer a

cLean surface¡ but also a surface on which there is a certain
amount of growth of bacteriar diatoms' and hydroids. Another
factor is the gregariousness, d-emonstrated. by the read-y settlement
of larvae to surfaces to which others are already attached.

Once the larva becomes attached' its vel-r¡m and. foot
are no longer need,ed so that they both degenerate and- are
absorbed.. The spat begins to grow rapid.l-y in close contact wj-th
the surface and soon assumes adult characteristics in the develop-
ment of both the shell and. internal anatomy.

C. commercialis

Influences on the Selectl@,
Roughley (1911) observed that larvae seek to find

attachment on the under sr¡rfaces of objects in water or in the
Iocal depressions of the upper surfaces where there is more chance

of surviving the abrasive action of the tid,es and cuments. This
choice of u¡d.er surface is governed. by the f¿ rt that sediraentation
and. large fluctuations in heat a¡e considerably reduced in such
positions. Both of these factors appear to cause spat mortatity
on the upper surfaces in the tidal zone. Roughley considers
that great m¡mbers of larvae possibly first alight on the upper
surface, but that they tend to crawÌ und.erneath. Another cause

for such preference could be the negative photo-taxis exhibited.
by the larvae in its mature stage. This is the result of the
d.evelopnent of the paIJ-iaJ- eye which has been demonstrated. to be

sensitive to light. Since the eye develops within 24 hours of
attachnent it is reasonable-to expect that it influences greatly
the setting dr.rring daytime hours.
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Thomson (19rO) reportecl on a stud.y on the orientation
of culch material in relation to spaù and- in the above paper
discusses its application to the effects of ill-u-ni-nation,
orientation and force of the current, tj-me of immersion of culch
silt and. sl-ime, and preCati-on. As culch he used a series of
fibro-cement sÌats arranged one above another. Results show

that:

- A greater number of oysters settles on the slats
less than J" apart than when the slats are 1"
apart. As we1l, in the former case, spat are
evenly distributed about the surface, whiÌe in
the l-atter case spat are cl-ustered in the centre
of the s1ats.

- Catch is greater when the slats are |" apart and-

their longitud.inal axis is parall-el- to tire water
cument than when the slats are further apart and,

their axis is at right angles to the current.
This is probably explained. by the fact that when

ihe slats are parallel to the cument they provide
nore opposition to the flow of water.

- lihile the number of spat is greatest on the
horizontal portion of a broad surface, the spat are
more evenly d.istributed. on the vertical position.
For cultj-vatj-on purposes, therefore, broad sl-ats
arranged vertically in the water would, ensure best
catch.

The evi<1ence of negative phototropisn is provided-
by the fact that the nunbers of spat are greatest
on the under surfaces of the slats, ne-<t on the
vertical, and fi-na11y on the upper surfaces. Spat
numbers on the verticaL and upper surfaces decrease
in numbers toward the source of illumination. As

well-, there is more spat when the di-stance between
the slats i.s red.uced to less than 4" and therefore
the amount of ì.ight is less.
Larvae require relatively slack water for setting.
This is seen from the greater numbers of spat in the
central area of closely packet slats - an area where
nornalLy rel-atively 1ittle disturbance occurs both
horizontally and. vertically.
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Silt and. sline prevent larvae fron setting on

the affected. surfaces, and these are usually
upper surfaces. SLine could be regarcled as a
seeondary effect of light since the growth of
the photosynthetic algae is encouragetl by the
ì.ight. The timet or the lengtht of the innersion
of culch, therefore, 1s one of the critlcal aspects
of oyster cultivation. Pred.ation by other ani¡aals
e.g. fish, is lessened if the slats are bundled
clos ely.

I

I
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Fis. 7. Oysters and. competitors grown fron spat
caught on the und.er side of stakes (which
have been turned. over for pbotographing).

Kaipara Harbour
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Angle of Attachment:
fn measuring ühe angJ-e of attachnent with gonioneter

eye-pi.ece Roughley (1917) states "the med.ium line of spat, i.e.
the line of q¡rposition of the right and. left valves, lies at an

angl-e varying lrom 27 to 12 äegrees, while the angJ-e of the upper
surface of the right valve lies at an angle of about 56 degrees".

Attachment:
The attachment is effecùed by a substance secreted

from the byssus gland in tbe foot, which hard.ens in less than 10

minutes (Roughley, 19tt).

Type of Substrate:
fn nature, spat is fou¡d to setüle on a variety of

substrates ranging fron rocks to shelfs of dead or live molluscs
to mangrove plant roots, provid-ed. that other environmental
conditions are satisfactory.

For purposes of cultivation, when rrniformity and.

cheapness of culch. is to be d.esired., sticks, treated. wood- paling
oyster shel-ls string wire or loose insid.e wire netting, are some

of the materials used..

General:
Saville-Kent (1897) noted. that an abund.ant fall of spat

commonly follows after an atlvent of flood - that freshwater
apparently acts as a pronounced. stimulus in such case. There
appears to be Do more recent cornr¡ent on this factor.

C. GLOMERATA

Selectivity of attachment place:
Rainer's (1964) find.j-ngs suggest that in Kai¡nra there

is a considerable vertical range, with no apparent d.irect relation-
ship between the nr¡mbers of spat and shore height or maximrrm

coacent¡ation of shore oysters.
More spat are founcl on the und-er-surfaces than on the

upper, with the numbers on the under surfaces averaging 6.8 tlnes
more spat thanthose on the upper. This is especìally evident
wherr upper and. Lower horizontal surfaces are compared (See fig.7)
but it j-s also present on the upper and lower obligue surfaces.
Differences in an experiment cannot be atüributed. entirely to the
silting. In an experiment on aütachment to fouled. surfaces,
settleroent was found. to be Bxeater on mi-nimally - fouled, culch
aIùhough, apparentl/, it wiII occur on fouled cuLch when aI1 other
available surfaces are thickly covered. with spat.
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Fig.8. Auckland rock oysters growing raturalJ-y on

borizontal v¡ooden posts, Parua Bay.
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Under conditions of comparatj-ve1y low d.ensity the
larvae show significant aggregation, and- aü high d.ensities a
significant degree of d.i-sperslon. The high d.ensity measurements
were nade on obu-que under-surfaces and. this, Rainer suggestsr maÏ
be wþ the clistribution of the oyster larvae was close to ranilom-
ness.

Gregariousness is present. Rainer suggests that the

"attractive principle" may be protein based. for the nr¡.mber of spat
which settles arou¡cl the smooth edge of the oyster valves is much

greater than that which settles on the rougher portions near the
r¡mbo.

Orientation of the spat:

Gravity and- current d.irection are suggested as ühe

apparently nain environmeatal features used by larvae in
orienting themselves d.uring settlement. Light nay also play a

part, but it appears to be subservient to the other two factors.

On both upper and, lower surfaces at 45ot majorit¡' of
spat are found. with unbos generally directed upwards anil perhaps

slightly to the lefü. 0n und.er surfacest this orientation to
the left is increasecl, ancl as well there are "other orienüation
peaks along the axis of the angle (ÇOo and- 27Oo) and. directly
downwards (feOo¡" (Rainer, 1964).

Type of Substrate:
As in Australia, t wide varieüy of materials have been

tried.: sandstone rock, concrete and. spauls, iron rod,s and. barst
pumice concrete posts, concrete slabs with blue rnetal chips'
treated ancl tarred pine sticks. Pumice concrete posts have been

found very good. for the growth of oysters, but tannalised pine
battens easiest to handle and more economical-.

C . VIRGINICTT:

Setting is by far the heaviest near the botton and. more

so when depth is I to 10 feet rather than JO feet or more. This
is consid.ered. to be due probably to the greatly recluced speed of
current near the botton.
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SEXUAI MATIIRATTON AND DIFFERENTATION

Spat grows rapid.ly into an atlul-tr its internal orgene
progressively d.eveloping a.d. assuming the characterlstics and.

functions of ühe ad.ult oyster. One exception to this parallel
development is that of ühe reproduction system which "awaits tbe
onset of sexual naturity, usually about the first yeart before
beginning to take shape" (Yonge' 1960).

ïVhen the reprod.uctive systen is formed eventuallyr it
is found that all the species so fa¡ investigated are protandric
hermaphrodites i.e. the initial sexual phase is male although the
oyster as it natu¡es furtherr cpn change its sex at different
seasons with the change occurring from maÌe to female or vice
versa. This appears to be largely depenclent on the environrnental
cond,itions, e.g. the availability of food.r because uniler optinal
cond.itions this phase can be completely suppressed. ft is
considered that the netabolic activity of the oyster nqy be

associated. with the d,evelopnent of the gonad.r for the hlgher
netabollc rate mad.e possible by good feediug appears to favour
developnenü of ovari-es, and converselyr lower netabolism appears

to be associated with male contlition. The production of spermt

therefore, is less d.enand,ing on the animal than is the procluction
of eggs where the yolk is needed to supply the needs of earJ-y

development in embryo. The oyster, therefore, is capable earl-ier
of coping with the developnent of sperm than with the development
of eggs.

At the same time, however, the "primary gonad of the
oyster is bisexual, witb one sex usually pred.omlnating over the
other afüer a juvenile bermaphrod.ite phase. This dominance is
not always complete, howeverr a¡d functional- hernaphrod'ites a¡e
occasionally founil" (Rainer | 1964).

In Crassostrea sPP. r the ser<ral phase is generally
establishect at the beginning of the breeding season antl usually
remains stable for the duration of that season. At the completion
of the current spawning season the sexual proôucts whl-ch have

remained in tbe gonacl are absorbed and, the organ then functions to
prod.uce nutritive tissue in preparation for ühe eventual clevelopment

of the sex products in the next sessorlr

't{¡hen the gonad. is ful1y d.ifferentiated and. developed. just
before the spawning and the gonad.ial products are almost read.¡r for
release, the gonad. is very swollea a¡d the oyster normally fill-s the
entlre shetl cavíty. ft is at this stage that it is regardecl as

being in rrgood. conclitionrr for the narket.

Und.er suitabte environmental conditions, ühe ripe ova

and- sperm are extruôed through the gonoducts ancl into the exhalant
chamber of the oyster from where they are rel-eased üo the outsitle.
The oysüer is then said to spawn.
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C. Cornnercialis
I'olloring manJr yearsr work on this oyster vhen he

noticed. that feuales usually predoninated. in the sampÌes,
Roughley (1971) mad.e a special examination of ,r0OO oysters to
cleternine the ratio of females to males. fhe oysters were
picked ancl examined. d.uring the months of January and X,ebruary,
'1927. The resuLting ratio averaged 77% fenales to 2'PÁ males.
AS rell, Roughley found. that very young oysters were usually
males - a featu¡c which poj-ntecl to sex change. He followecl
this çlth an examinatíon of a further sanple of 100 oysters taken
fron ! d,ifferent localities, and whose age ras estinated to be no
more than 14 nonths. 77 out of these provecl to be males.
Ihis last 1oü of oysters wsre examinecl at the beginaing of
February. During the following month, Roughley received antl
exenined. further batches and. found a small percentage functioning
as females, which i.ndicated ùhat the oysters may have spawned as
males and had now begun to d.evelop ova. Á. detailecl miscroscopic
examination of five specimens containing both ova ancl sperm
suggested. that the clevelopment of sperm either preced.es the
d,evelopment of ova, or that the tçd are d.eveloped conctlrrently.

These find.ings rejected. the view held to d.ate, that
the sexeg in this oyster are separate and that an oyster is
either ¡ale or fernale tbroughout its life. Ilowever, at the
tine there ras no evid.ence rhether sex change occurs from
females to nales, or if some oysüers do not change sex at aII.
Ae far as it is known this is still an intangible point.

Roughley also attenpted to test the id.ea held. by sone
woùers on other species of Crassostrea that the¡e j-s a tendency
to fenaleness with favou¡able nut¡itional conditions. He s¡çemi¡sfl
some oysters, including some of consid.erable age, fron areas lo.own
to be very ad.verse for oyster development and presumed. to be
nutritionally very poor antl, instead. of find.ing males predoninating
as tas expected, found fenalcs still ouùnumbering the males greatly.

It is of interest to noüe that Seville-Kent ('18t0)
v¡ote of fincling fully developed. ova and. sperItr in oysters of
approxinateJ-y t" diameter and. çhose age he estinated. to be not
more than j-4 nonths.

c. GrJoum.â.TÂ

lhere eppears to be eviclence for d,ifferentlal maturatlon
rate wlth the males tendÍng to d.lfferentlate earller ln the season
than the females. Rainer (1964) considers that the best explanation
for this is the increasing tendency to femaleness wj th increasing
ageo Thus, although the gonacl n4y be present in the oyster,s first
sunmer its smears do not show presence of any mature sex elements,
but in the second sunmer, or even late¡ in slor-growing oysters,
sperm appear in the gonad. which is as y.et comparatively poorly
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d.eveloped. It appears that most males show signs of a nature
gonaal at the fl-esh weight of O.2 - O.4 gn. Femalesr on the other
hand, d.o not nornally appear in the lntertidal populaùions belor a

fleshweight of 2., - ,.O æ. Thelr age at this tlne is approxinated.
at 2 years.

Generally¡ there is a prepond.erance of males in the smaller
size groups in all samples at various shore levels' the numbers of
males d.ecreasing with the increasing size. Tbe relatlonship of
weight üo sex is evid.ent also in old.er age Eroups, when the females
tend to be larger wiühin an age class.

Rainer found. evidence of the better nutriliive conditions
required. by fenales for maturation in that females at low levels
tend. to mature faster than those at high levelsr presunably
because they ex¡lerience increasecl feeding tines. Subticlally
growing oysters may even d.evelop dlrectly inüo females in their
seconcl sunmer as seen from the grc¡nination of 47 spat out of which
22 Yete r¡¡differentiated, 19 were malesr Fnd 2 wete females' Their
rnenn flesh weight was 0.1 , 0.6 and. 0.62 gnr respectively.

Hernaphod.ritesr apparently functionalr were fou¡d' but
only eÍther well before the breeding season or Among oysters in
which the sexual d.ifferentiation was accelerated. 1n winter by
heating aþ lOoC (86oF) for 6 weeks. Most of the hernaphrodites
in nature, were fou¡d at about the level of 7 metres above the
d.atum in nid.-November, and, one was also found. in Septenber at
about 2 metres llowever, Rainer considers that since they rere
funcüional hernaphrodites their presence ind.icates more the
unstable nature of the sex cletermining mechanj-sms of the oyster
than a relationship to the time of the year at whlch sex is
cleternined.

Using gonad smear technique, Ralner suggests that
innediately after spawnlng, declifferentiation occrlrs. ft is a

rapld process exenplified. by the fact that approxinately 4 weeks

after the main 1962-67 spawning, when tbe water was still at a

mean temperature of zro1 (7V.+t¡, J out of 57 oysters fron the 7n

level gave no indicati-on of sex. A period of unknown duration
follows, and then redifferentiation occu-rs' more rapid-J-y at the
low levels than at hÍgh - in a sample of 94 oysüers taken from
the level of 1"Jm 1n early May (approxinately th¡ee and. a half
nonths fron the nain spawning) nore than a quarter had. apparently
matu¡e ganetes with approxinately equal numbers of both sexes.
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Rate of d.ifferentiation of sexes in relation to shore
heights i-e also present, that of females being much elower at
higher levels than that of males. Thus by about the nid.d.le of
Ar:gust at the levels of )m, half of the sample of 26 oysters
were found, to have differentiated., aII of them as males. By
nicld.le of Novenber, with the mean temperature c.a. 'l8oC (64.4oF),
d.lfferentlatlon ras complete at all levels and at all sizes.
the nexü tso nontha or so yere spent in the elaboration of the
gonad.ial prod.ucts before tbe spawning.

C. VIRGINICA

Sex change in adult oysüers tend.s to occur late in
October antl in winter, shortly after tbe spawning season and. after
intensive proliferation of ùhe connective tissues when it is
ttifffcult to d.istinguish males from females. The gonad. mqy then
mature with the rise in water temperatures in spring. Eowever,
r¡n<ler er¡lerlnental cond.itions, an apparently no:ual d.evelopment
of gonad. is found. to proceed. in the winte¡ aeason i-f the temperature
of water is raised., and even i.f litt1e food is given. In the
case of raising vater tenperatures, one worker has founcl thaü only
about half the malee and a tbir<l of the females could. be ind.uced.
to epawn without the ad.ditional influence of a chenical stinulus -
a sperm in the case of femalesr Fnd spern and ova in the case of
males (longe, 1960). However, in one sèt of experiments when
the teuperature was used. as the experimental stinulus, in oysters
placed. in water at lro1 (59of1 spern were fou¡d. in the gonad.s after
'15-20 d.ays, and. afùer ]O ctays some of the fenales were found. to
contain fertilisable eggs; spawning could be induceð, after 75
d.ays. SJ.nllarly, at temperatures of 2OoC (68oF) ar.d.2JoC (77oT)
sperm were found afüer 10 and. 5 days respectlvely, and fertilisable
ova after 1) and,9 days respectively. Oysters brought fron the
dornant wlnter stage into waüer of tOoC (860I') d.eveloped. ripe sperm
in ] d.ays and. some fertilisable eggs in 5 days. (Korringa, 1))2).

IhÍs tenperature factor, therefore, is probably one of the
naia reasons fo¡ the variety of maturation and. spawning tine
erperiencecl by ùhe species. fn southern dietricts of U.S. features
of both sexeshave been fou¡d. in very young a¡d still inrnature
specinens. tr'or instance, in the warrn waters of louisiana one

worker has fou¡d. among 10 oysters under 28 days o1<I 2 matr:.re females
and. 4 mature males, the smallest nature female measuring only
9.O x 7.9 m. (Kominga, 1912).
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Considerable d.elay has also been founal to occu-r in the
maturation of the gonad. due to tissue starvati.on in oysters living
under conditions of seriously clepressed. salinity.

There is evidence of inter-related. conüroIllng factors
which determine the total nr¡mber of the eggs'and- larvae üo be
prod.uced. in any one season. These factors include the üype or
the conbinations of stinuli required before the spawning is to
proceed., the reversal of sex (although one sexual phase often
persists for a nunber of years), the numbers of breeding oysüers
and. the related. nutritional conditions. Another feature noticed.
is the thickness of the gonad.ial tissue which varies noù only fron
year to year but also frou place to p1ace. In the Iaüter caset
the thickness appea¡s to be influenced. by the depth at which ühe

oyster lives, as exemplified. by the d.ifference in oysters 1ivi.g
at the tlepth of 10 feet in which the gonacliaÌ tissue is almost
üwice that of oysters living at 70 feet. (Korrlnga, 1912).

Reversal of sex from female to n¿-e in speclmens of
varlous ages has been found by one worker to be 12.8?6. (Rainer,
1964).

C. GIGAS

.An abunctance of foocl appears to tend towa¡ds the
d.eveLopment of a prepond.ernnce of femalest while a lack of foocl
tencls towa¡d.s the tlevelopment of males. This ùheory has been
d.erived fron the observation of this specj-es on both good. and.

poor fattening grounds. Oysters used. were in one-winter and.

two-winter batches. In the one-winter batch fron the poor
ground.s, ratio of females to malea was 10O : '1 16r and 1n two-winter
1O0 ¡ 1rr. fn those fron the good. groundsr the same ratl-o j-n the
one-winter batch wae 100 z 95, and in two-winter 1OO z 7r. The

worker conclud.ed that there was comelation between the sex ratlo
ancl the amor¡nt of food. availabl-e.

The same worker in 1929 studiecl the sex change Ín oysters
passlng fron one-winter to two-winter stage. In the one-winter
group there were more females than males. OnLy 24% of the total
number of oysters haal changed sex, but sex change had occuned. both
from mal-es to females and vice versa. The worker conclud.ed. that
it is probabl-e that at the beginning of everlr new spawnirg seasont
the sex dlfferentiates ind.epentlently of the sex of the preced'ing

season, and. that protandry d.oes not occur (Roqhleyt 19rt).

c. cucuttATA
In one study, a worker found that among the normally

healthy oysters 56% v,ere females, 41% males, and' V% betnagh¡od.fte.
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Hoseverr ¡mong the oysters infested with the pea-crab (pinnotheres)
only 1@6 were femares while 81% vere mares anð, T/o heruaphrod.ite.
Ee suggests that the sex change in the oyster is influenced. by the
infestation of the pea-crab and. is the result of either the
reduction of food suppry of oyster, or the changein the affected.
oysterrs metabolism. (Roughley ,, 1971) .

PARASITES : DTSEASES

This section is taken entirely fron the studies of
c. conmercialis which at tines has been attacked. by such d.iseases
as trWinter Mortality[ and. pests like mud.worm. These have sub-
jected. the Australian oyster inciustry to threats of considerable
depletion - a factor responsibte for their stud.y. rn New Zealancl,
oyster curtívation has to d.ate been only on a comparativery snalr
scare and. these problens have apparently not yet been encountered..
However, on several occasions mortality of the Auckland- oysters
without an apparent cause had, been noticed., and. it is guite possibJ.e
that these cliseases a¡d. some of the parasites d.o infest this oyster,
but that as yet ühey have not been id.entified..

the direct consequence of many parasites and. diseases is
noù yet establíshed. although it is fairly ce¡tain that bhey at
least lower the resistance of oyster to further infections or
changegin the environrnental effects, and it i-s supposed. ühat some
nay actually be lethal.

WINTER MORTAIITY

A disease causing serious losses to the oyster inctustry in
New South Wales, it is for¡nd to occu¡ in oysters grown by any of
the usual nethod.s of cultivation. Most of the infornation on this
has come f¡om a paper by Roughley (i926) in which he stud.ied. an
outbreak on oyster bed.s on Georgers River: in 1924-25.

Cg.uses:

The actual cause has not yet been cleüermined, but in the
incidence d.escribeal by Roughley was suggested. to be probably d,ue

to a combination of factors includ.ing water and_ air tenperature
changes, quantity and. t¡le of food, plankton, algae¡ "slime',
(Echinoca¡pus, probably E. sord.itlus), and. parasites, perhaps, the
whore process having been initiated. by the low winter temperaüures
which lowered the reslstance of the oysters to the extent that any
subsequent infection by bacteria was faciLitated.. (RoughJ_ey | 1926).

SJrmptoms:

fn the above j-ncid.ence, ulceration was noticed on labial
palps, giIls, and- inner surfaces of the manùIe, in the gonacls,
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Iiver, stomach anil muscle. In fact, there appeared to be a

fairly definite ratio of ulceration to nortality.

Means of spread.ing:
Probably by water, although Kesteven (1)41) observes

that since a considerable mrmber of parasites have at tines been

found in oysters on the eastern coast of Australiat it is possible
that they are directly responsible either for the actual clisease

or for the lowering of resistance on part of oysters. Roughley

(1926) however, believed. the occurrence of winter nortality to be

a normal an.ua1 event, witb. only the intensity of it varying fron
year to year, and. from place to place.

Control:
Roughley (1926) suggested raising the oysters in wire-

netting trays d.uring the months from June to septenber so that
at least somer if not al1 oysters so treated' nay be saveal'

Kesteven (1941) reconmend,s cleanliness and' efficiency
in cultivation as the best combat measures.

General:
By 1941 when Kesteven published his paper on the economj.c

aspect of oyster cultivation, nothin8 more was lmown of this
disease. No more recent publications on the topie have been

sighted.

POLYDORA CIIIATA

ft appears that the effects of the infection by this
parasite first became known in New South Wales LÉ.1870, when so

ma-ny oysters \trere destroyed. that it forced. the cultivation to
foreshores u/bere the infecti-on could be contro1led.. Prior to
this d.ate, cultivation was carried out on shelly or gravally
botton never bared. by tid.e. Gradually the worm sp¡.ead from river
to river until by 1925 (Roughley, 19VV) few rive¡s were sufficlently
free from it to allow cultivation below low tide level.

The cultivation on Georges River was the first to be

seriously affected. In 1889, mud. worm Lncreased with such

alarning rapid.iüy that for the whote or' that year onlJr 4 bags

of oysters we¡e narketeû. Yet the disease was firet recorded

in the area only in the previous yearr 1888r when a total of 1V8

bags were marketed..

Distribution:
tr'ron half tide leve1 to noderaÙely deep vaterr tbough

chiefly on mud flats about the low water mark. whitelegge (1890)

fo¿nd the oysters lying loose or partially buried in nucl to be
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particularly attacked while the oysters somewhat rai-sed. above the
mud. and. atüached. to a solid. substrate were comparatively free.

Means of Ðrt¡y:
rfiorn larvae are swept in with the water and. attach theu-

selves to the shell by the head.. They do not burrow into the
shel-l (Whítelegge, 1890).

Means of Attack:
Whitelegge notes that only larvae attack the oysters -

ad.ults do not even attenpt to enter the she11. Larva attaches
itself to either valve, and, especially near the nargins in the
anterior part of the aninal where it is in close proximity to the
inhalant or food. current of the oyster. It inmed.iateJ-y starts
constructing a tube, at the rate of t" per b.our, through which
it collects a large quantity of nud. and. thus forms a soft blister
on the shell.

Yonge (1960) states that the worm gives an appearance of
seeking a crevice and. backing into it and at the same tj-me enlarging
it, possibly by a combi-nation of chenical attacks on calcium
carbonate by acid and mechanical scraping by the bard. bristles.

Effect on Oyster:

If the oyster is healthy, it irnneiliately and. rapid.ly
lays down a thin layer of shelly matter, sealing off the worm aud

its patch of mud.. However, if the oyster is unhealthy, the
depositlon of shelly natter is very slow, and, the worm can
accunulate mud- and- grow u,ore quickly than it is covered.. In such
cases, the infection maJr so spread. that eventually it filts up the
whole of either valve so that there ls no roon left for the oyster.

The cleath of the oyster is brought about chiefly by the
d.ecomposition of mud. after the d-eath of the worn. AIso the
diseased. oyster becomes so sensj-tive to any d.isturbance that it
can keep its shell open for only sbort times and. the quantity of
food it receives during these times is inad.equate. To aggravate
this further, an¡r food. that is swept in may be further greatJ-y
di-ninished, if 2O-t0 worms have access to the water cu¡rent. Yonge

Cî9OO¡, however, states that while the precise mod,e of feed.ing in
the worms is not known, in no case is parasiti-sm involved. or
probably even any conpetition for ühe same food-.

Conùrol:
2 nethods are suggested:

(a) Placing infected oysters in fresh water. This kiLls
the worm ancL also some oysüers, probably because of
the putrescent gerlns deveJ-oping in the mud. after
the worms d.i-e.
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(b) Keeping oysters out of water for 2 weeks then

placing then in salt water for several clays. This
eppears to clestroy the worms and' Ieave the oysters
in a healthY cond.ition.

General:
The New South Wales Commission of Fisheries' in their

Annua} Report for 1898 recorctecl that long dry weatber appears to
facilitate greatly the increase of the disease. It is also
suggested. that the death of the oyster is due to exhaustion
resulting from the repeated. taying d.own of the shelly matter over
the m¡mbers of worn that keep on entering the oyster. This disease
proved- such a nuisance to the state, that it was eve!. suBsested

a BiIl be introduced- compelling lessees to keep their oyster beds

free of the worm.

Yonge consid.ers the Australian species of the worm to be

P. websteri, the sane species that is found on Atlantic and

Pacific coasts of North America.

BUCHEPHALUS:

0ccurrence:
A parasitic trematode found in the gonad's of @þ!þ

as ce1caria of Gasterostomum on five occasions (Roughtey, 19V1).

No species is given, but it is menüioned that in Europer accorcling
to one European worker, G. gracilescens develops cercaria known as

B. haj_neanus in the d.igestive d.iverticula antl genital organs of

@' @' L#.' etc'

E¿nptons,:
Gonads of the host contain either no sexual products or

only a few d.egenerating eggs.

U.fe Histoq¿:
In Europe, cercaria larvae leave these molluscs and. infect

fish such as haddock, whiting, coc[, etc., where they encyst in the

intestine, and emerge as larvae which Srows into the ad.ult

Gasterostomum when the host fish is eaten by angler fish.

Incidence:
In Europe the ravages of the worm a¡e inconsid.erable'

Infection has been reported io 9:-gigg'$!g as about 1% and'

Roughley (1917) states that it is apparently far less comrnon in
the Australian oYster.

Intermed.iate Hosts:

Interned.iate and final fish hosts in Australia are not
known.
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Lreptoplana 4ustralis - The Wafer.

nlhe turbellarian worm .... ls thought to cause much
d.ânage to oyster life, but in what nanner it kills the oyster has
nof been definitely deternined. It is col¡rnonly for:¡d. feed.ing on
the meats of recently d.ead. oysùers r Fnd is of courae blaned. for
their cleath, but it is d.ifficult to see bos entrance can be gained
lnsld.e a Live oyster. However, its frequent association with d.ead.

oysters places 1t r¡nd.er greve suspicion, and. it 1s, therefore,
destroyecl whenever found.'r. (Rouebley, 1925).

PREDATORS

The oyster spencls only a ninj-mal part of its life free
in wate¡, and. yet it is this stage that forns it nost hazard.ous
period.. P\ysical environmental factors such. as wind, water
currents, temperature, availability of settlement surfaces,
lnfluence the dispersion and. fertillsation of the sex prod.ucts
and. the dispersion ancl settlenent of la¡vae. At ühe same time,
some of the aninals which contribute to the ecological envlronment
of the adult oyster become preclators on its progeny alread¡r at
this stage and continue to pester it well into its adutthood..

As the oyster growa it becomes subjectetl to an increasingly
greater varieüy of predators so that in the end. its feecllng, growth
and reBroduction are influe¡ced. in soroe malevolent way by represent-
atives of almost all the classes of the aninal kingd.on.

AII ühe predators d.escribed. are ôerived. from literatu¡e
on Crassostrea conmer4lliÊ, with the exceptlon of lepsiella
scobina which attacks C. glonerata.

Bird Pests:
Very little published. material exists relating to the

feed.ing habits of bi¡ds and, the tlestruction of oyster population
- SavilIe-Kent (189r) nentions the oyster catcher HaemotoBus

longirostris. and- some cranes as being pred.ators of the Australian
oyster.

Flsh Pests:
Roughley (1925) reports the d.amage done by these fish

pests to be consid.erable, with the only meens of protection
affor¡ìed to the oyster cultivation being to fence off the leases
with stakes or wire netting.
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4!þ!: (Musi1, spp. )
Owlng to the feeble development of its teetbr nullet is

capable of attackl-ng oysters only when they are still soft-bod.ie<1
creatures of microscopic size, and d.oes so by straining the eggs and

Iarvae out of the water.

Conmon toad.fish or toado (Spherioides hanilüonL):

Considerecl as the greatest of fish pesüst tbese fish
have teeth nodified into a kind of beak resenbllng that of a

parrot and. with which they can crush the shellfish.

Bream (Sparus australls) :

The bream uses 2 sets of teeth to get at its prey -
a set of canines with which it wrenches the oyster fron its
attacb.meat, and. a set of molars adapted to crushing the shells.

Stead. (1910) notes übat the common black bream is
consiclered to be the rrarchd.estroyerrr of oyster spat in lts first
ancl second years.

EaFIe ray (!Íyliobatis australisr) :

This is generalÌy reported. üo be one of the worst
enemies of the adult oyster. Provided with two plates of teetht
it ca¡ crush oysters of 2n or rttore in circunference.

Crabs
The Australian oyster Srower "frequently suffers much

Ìoss from the onsl-augbts of the mangrove crab (þ¿!þ serrata),
a large species, cleep greenish brown in colour, which nay attain
a wid.th of two feet overall. The oysters are crushed' between

the powerful nlppersr nost of the danage being d.one at night.
While the young oysters suffer most at the hands of this crebt
fully grown specimens are by no means j-mmune, particularly if
their growth has been rapid. and their shell-s not very thick ancl

hard. The visits of the crab Erre period.lcal , ancl if concenürated
in considerable numbers, a whole bed of oysters nay be destroyed
in a few d.ays. The only renedy so far devised. is to irnprovlse
fences to keep then off the leases" (RoughLeV, 1925)-

Starfish:
Tbese usually conflne their actlvities to more matu¡e

oysters, and. generally to those near ocean estua¡les or durlng
times of high water densiüY.

Method of Attack:
In a recent article by Croft (19dt)r it is stated thaü

a starfish excretes a poison in front of the inhalant s¡phon of
the oysüer causing the oysterrs muscular control to seaken and'

the valves to gape. This follows the theory of the Japanese
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workers who cl-ain that a substance formed in the stomach of the
starfish and introd.uced. with the inhalant current into the mantle
cavity of the oyster, causes muscl-e paralysis and. consequent
gaping of valves. However, others clai¡n that the starfÍsh ïuraps
itself round. the oyster ancl with its nume¡ous tube feet exerts a
series of sud.d.en pulls on the valves. This causes the muscle to
weaken so that the valves can be pulled fr¡.rther apart, and the
predatorrs stomach protrud.ed into the shell.

Sta¡fish can eat 20 - 25 oyster spat or 2 - t large
oysters a d.ay.

Though these pests are d.estructive in Australian waters,
it appears they are not nearly so bad as in oyster bed.s in America
where, for ínstance j-D T,ong fsland. Sound., d-amage, includ.ing the
cost of remeciies, has exceed-ed- one nillion d.olla¡s in a single
year (Tonge''i960). An able account of the stud.y done in this
fietd. up to early ljJO is provided, by Korringa (1912).

Distribution:
Preventative measures lie in the determination of the

distribution and. hyd.rological optina of the pest. For instance,
stud-ies on the effects of reduced salinities on Asterias forbesi,
the American starfish, ind.icate that this animal occr¡rs nornally
in waters wj-th salinities of 18o/oo - 12o/oo. While it can endure
very low salinities for a few hours, sali-nities under 13o/oo
Ìrave in the long run injuri-ous effects on the starfish, with the
Iower the salinity the shorter the üolerance period.

Another aspect stud.ied. is the crj-tical d.istance bet'ween
a starfish and, its potenti-al prey. Some workers claim that a

starfish can detect and. nove d-irectly toward a concenüration of
oysters l-ess than 40 feeù aÌray, while others consider that it must
be very close to its prey before it moves directly tourards it.

Prevention:
Renedies proved- effective are those directed. to the

systematic d-estruction of the ad-ult predators. Cne of tb,e nethods
used- in Canad-a and United. States is that of spread.ing finely
granul-ated quicklime over oyster bed.s at approximately l0O lb tc
an acre. This causes rapidly spreading lesj-ons in the d.eLicate
skin rnenbrane of the starfish and ultinately Iead.s to its d.eath
(Korringa,, 1912) whil-e at the same time it d.oes not appear to
affect oysters. The most comnonly used nethod. in the United
States is nopping, whereby J-ong ùangl-es of mops pulled in rows
over oyster beds col-l-ect thousands of starfish, which are then
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killect with steam, and. Iater used as fertiliser.

At the other end some workers consicle¡ that artlflcial
ways of preventing starfish attaøks on oysters ray be u¡necesserJ¡t
that their abund.a¡ce is entirely governed by natural contlitLons.
(Korringa, 1912).

Borers or Drills:
As with most other pretlators, the effect of ühe tlrilts

on the oyster dininishes as the oyster shell Srows thlcker with
age. Hence these animals, which conprise the most inportant
oysùer pred.atorsr cause most d.amage anong oysters of up to 2

years of age.

Methotl of Attack:
Borers destroy their prey by dr1llíng a hole through the

sbell and into the body of the oyster. The flesh of the prey
is then scooped ouü by the proboscis. Drilling is d,one nainly
by mechanical means, though somercrkers consider that at least
in some cl¡ills a chemical secretíon j-s protluced in an "accessory
proboscisrr in the foot which aicts ln tbe process.

Destructive potential :

Under experimental cond.itions, it has been found thaf
newly hatched dr1lls (Urosalpi¡rx spp). attacking C. virFinica
clevour 1.V9 ÍourLg oysters of 7 - 7 nn length per dayt while
nettir.¡m-sized. specÍ¡nens kill one 2" oyster every J weeks, but more

if oysters are smaller. (Korringat 19rZ).

Distribution and Preveution:
Oyster borers are most coilqon where the salinity of

the water is fadrly high; they cannot withstand water of low
salinity ând are, therefore, found' in greatest nunbers near the
nouths of rivers o¡ in those streams i-nto which little fresh water
flows. lhis, fortunately, frequently represenùq one natu¡al mea¡ls

of preventing overcrowtllng of oysters - r:¡l,iler natural. conditions
yourxg oysters are very much more numerous in these water then
in waters of lesser salinity and high sedinentatlon andr thereforet
a far greater nr¡mber of oysters may setüIe on linited surfaces
than can ever grow to naturity owing to their overcrowd.ed conditions.
In these cases borers are useful in that they rapitlly thin out the
spaü.

Studies on the effect of tenperature on the distribution
of drill-s in Anerica (Mosalpiaa. spp.) ind.icate that the cl¡ills
are active at tenperatures above 11o-12o) (r1.8o-rt.6oF) antl thet
their reproduction occurs at about 2ooc (68oF). Drills fed,

erperinentally on spat IO-|Onm in dianeter stoppecl feeding aü

5oC (41oF) and. fed. only spasmodically at 1æC (5OoF). Âbove ühis
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temperature, rate of feed.ing inc¡eased. with the maxi.mum occurring
at 2loç (7708) when each drill consune¿l on the average 3 spaù every
2 weeks. (Kominga, '1912).

Roughley (192r) ðescribes J species of boring whelks
for¡nd on the coast of New South Bales.

the Conmon Sorer (f,ynene hanleyi)
r.....ooo grovs to a length of about an inchr and. d.eposits its
eggs in d.ome-shaped. capsules aboutfrthof an inch in clianeter;
these it attaches to the surfaces of oyster shells or stonesh.
It is apparently by far the most prevalent of borers and. few, if
an¡r, rivers are entirely free fron it.

The Black Bore¡ (Drupa ngg+g}þ)
tr........ of about the same size as the preced.ing, but
cha¡acterlsed by blunt protruberances, black in colou¡n.

The Eal-ry 3orer (Cy:natiun parthenoper¡m)
r......oo I larger species which attains a length of for:¡ inches
and. ileposits lts eggs in a parch'nent-like case held firnly against
the under suxface of the shell .. ... This bore¡ makes a comparat-
ively large hole ancl is capable of penetrating the shells of adult
oysters tt.

Ilev Zealand Oyster 3ore¡ (lepsiella scobina)
this (See Fig.9) is the chief predator of the northern

rock oyster of New Zealand.. It occurs througbout New Zealanclt
and. appears ùo be at its most destructive around. the half tid.e
leveL. The borer attacks nainly young oysterst but often is seen
to attack even the largest specimens when it has been observed to
pierce a shell in 4l minutes (Powell, 1947). Graham (1947)
recorcls it attacking rock oysters in Manukau Harbou¡ where in
approximately four hours it nay drill a hole of about 1/16 of an

inch in diameter. As with other borerst it is fa¡ less tolerant
of siltlng anal lower salinities and. therefore occurs in much lower
numbers in estuarine a¡eas than in fully marine ones.

In marine conditions, therefore, the vertical range of
the oyster is fully egualled by that of Lepsiella, and. it is here
in particular that the slow-growing oysters high on the shore a¡e
easily attacked.. Under cetuarine cond.itions oysters extend' above

L. scobina and nquite d.ense populations mqy form even near the
Ievel of high water heap'r (Ralner, 19æ).

Control Measu¡es
Each year a great deal of effort is put into the

destruction of borer ln the areas where oysters ¿rre Srown for
market. Ihere appear to be 2 effective measures:
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Systenatlc ilest¡ucüion of the predators a¡rd.

thelr egg capsules. It is preferable to
remove the d.rills before the egg-laying beglns.
Marine Department a¡nual reports detail
departmental e:çenditure involved. in the process.

Removal of young oyster spat to a.reas where the
d.rills are rare or non-existant. Waters of high
salinity are condusive both to the life habits of
d-rill and to the oyster spat settlement. But
oysüer growüh is more rapid uncler cond.itions of
low salini-ty. Therefore, in removing the settled
culch frorn the areas of high salinity üo those of
low, a dual purpose is accomplished sinultaneously.

Dark Rock Shell (Lepsia l,austrum)
An active carnivorous specles it forces open oysters

and. other bivalves by inserting the tip of its own shell, as a

wed.ge (Powe1t , 1947).

trVhite Rock Shell (Neothais scalaris)
-A,nother of pred.ators having done untold ilanage to the

conmercial oysüer harvest (Dellowr 19rr).

1.

2.
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3ig. 9. Lepsiella scobina, the New Zealand oyster borer.
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MORTA],TTÏ

In a previous section it was mentioned. that sometimes
nortality occurs in oysüers without having any observable causes,
but which can be suspected. as having been caused by either a¡
animal organism or a combination of physical and. biological factors.
În this section, for the want of better placement, üwo further
aspects are includ.ed..

Inhe¡ent Inviabi.lity :

lhis is a factor for which there is evidence to show that
it causes nortality in some larvae of C. commercialis no natter how

favourable the environmental conditions may be. Kesteven (1Ç41)
writes .....tra certaj-n proportion of larvaeof each spawning cennot
survive because there is some lethal factor in their constitut-
ion which kills them. There is nothing which could. be d.one to
save such süock, and. proper measures must be those designed. to
recluce the nonviable proportion of offspring." The neasures
suggested. are the elinination of all poor and. neglected. stock,
the establisbment of brood. sùock bed.s, and. the establ,ishnent of
spatting areas. As to subsequent mortalities, Kesteven continues
....r' It is probable, althougb as yet no evid.ence is available
they are in part d.ue to inherent physiological weakness because of
which the individ.uals cannot su¡vive the ord.inary rarÌges of water
conclitionsrr.

Algae:
Unlike pred.ators and. parasites whicb actively cause the

d,eath of the oyster through their own process for survival, algae
are 'tpassive" in their destruction of the oyster beds. One of the
stud.ies done in this aspect is that by Roughley (1926) in whtch
anong the nany factors stud.ied. as possible catrse of the oyster nass
nortality on Georgets River was the effect of algae known as rrsllmen

(Ecüocarpus, probably E. sord.idus) which coverecl massively the
oysters at the ti-ne. Although an experiment to d.eternine its
toxicity failed to give positive results, Roughley felt that this
isolated. experiment could not be accepted. as proof that the weed

ditl not kill the oysters.
In the sarne report Roughley writes of incidences of

nortality caused by periodic invasion of Port Macquarie by large
quantities of fine red. algae (X'alkenbergia). At tines the weed,
suspend.ed. in water, was so d.ense that with receding tides it forned
thick cleposits over oyster becls where it putrified. and. liberatecl
sulphuretted. hydrogen in sufficlent quantities to kilI naay of
the oysters.
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COMPETITORS

Related. to predators, but with more passive habits,
are animals and. plants which d.o not eat or otherwise e:çloit
oysùers but compete with then for place and food.. These include
barnacles, musselst sponge and. Ascid.ian growths, an¿ seaweecl.

Soue of these not only elinlnate available seütle¡nent spacer but
also settle on the oysters themselves and.,/or envelope ühen.
(SeeFig.9&1o).

The competition begins at larval stages and j-s especially
serious when larvae are those that settle on similar surfaces and

at the same time of the year as the oysters.

Conmon snall barnacle or acorn barnacle (Elninius nod.estus)
Distribution: Found arl- round. New Zealand. coasts as well as

Tasmania, Victoria, ancl New South Walesr it is proving to be the
most serious of Australian pests. The whiter star-shaped. barnacfes
cluster in thousancls in the intertid.at zone on anything that will
affortl a base of attach'nent including oysters themselves. Breeding
is continuous throughout the year, and tberefore its larvae settle
both before and after oyster spatfall.
Control: fn Anerica it has been for¡nd. that spraying spat collectors
with a concentration of D.D.T. results in notably greater settlenent
of oysüer spat. It has been noticed that while the D.D.T. inhibits
early growth of the spat subsequent growth more than compensates

for this (Yonge , 1960).

AI,GAE:

These are plants found at the s¡me or sini-Lar vertical
d.istributj-on on the sbore, and. includ.e Arthropyzenla (Craawell
a-nd. Moore, 1978) Caulacanthus spinellus, Centroceras cl-avulation'
Gelid.iun caulacanthum, 4i9i!4 caulacanthum, Eormoslra (Dellow'
195r).

MUSSEI: (Mod.iotus neozelanious)

This shellfish has only recently become regarded. as a
possibte potential nuisance to the rock oyster iu the northern
New Zealand when it was reported j-n one area as havi.ng setÙlecl
heavily on the oyster cul-ch (wooden baùtens in this case).
Apparently there is no record. of the effects of its infestation of
natural oyster beds.

T:aox (1974, Trans. Roy Soc. N.2., 81:204) in a report'on
ecological study in Sanks Peninsula records that the musselt found.

at M.H.W.N. and E.L.I4I .N. , is extrenely tol-erant of the wide range
of environmental conditions. It occurs on all t¡rpe of substrate'
and. toLerates e:çosure from 89o to 4U/o. It can also withstand
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Competition for space - C. Elomerata and its
conpetitors. Note the heavy settlement on the
und.er-surface of the stake (since turnecl over).
Kaipara Harbour.

Cross-section view of a clensely settled- stake.

îÐ

Fig.10.

Fig.'1'1 .
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brackish and. nud.d.y wate¡s, ancl as well tolerates coverage try san<ì

to a much greater degree than any other d.oninant sessile anj.mals
of the littoral zone.

Dr R.K. DeII, in a personal comnunication, notes that the
mussel usually for¡ns band.s fairly'high up in the nid.-ticlal zone,
and. that its najor concentration is probably somewhat above the
level of the rock oyster band..

In all, however, lùùtle is known of the mussel-oyster
relationship, and. a necessary specific study of the former's habits
is inclicated. Control, consequently, sould depend. on ühe outcone
of the stucl¡r.
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