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Af ter the first paragraph on page 11, the following shoul-d.
be inserted.: -

t'Figures 17 and- 14 show variation in oyster length frequencj-es
from single survey d.red-ge samples at d-ifferent stations.

Figure 15 shov,¡s J-ength frequencies for oyster samples dug
from square yard- quad-rats at d-iving station-s. "

Page 14: Reference to 'rFigure 1Bn should. read- I'Figure 19"
Page '1B: rf rr t' 19 rr rr " 20

Page 19t On the second. lj-ne of the second. paragraph "eastern"
should, be I'westernr¡.

Page 21: The l-ast line on this page shoul-d. have rrbit'amend.ed.
to read- rrbutrt.

Page 24t trFigure 2Ot' on f irst lin'e should- be "Figure 15" .

Page 2Bz "(see eppend.ix)rt in the 4th paragraph shoul-d, read. t'(see
- Append-i-x 6) " .

Page 122 2nd. to last paragraph should- contain ( see al-so Cranf iel-d-
1968).

Page 192 Last paragraph "(Square Etz - Map B)tt should- read.
r'(Squãre \12 - IVtap 8)".
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Page 40: f.|l p:lagraph_ t'Figure 44,, shoul-d. read_ nZA, and."(Fis þ)"-shäutd ;;;ã-',çli_s";i;l* ¿v't^u LÌ

Page ¿4¿ trtr'igures 21-26" shoul_d read_ r,Fígures Zr_ZTu .
Page 46: Last paragraph. The word_ "that" shourd_ be inserted_af ter the word.s, 'rIt waã 

""jã=t"a,, .

Page 542 The ird' and- 4th sentences should be d-ereted- and. replaced_by the following:_
r?[hese cyc]-es may not be related- to d.red.ging íntensityand- thus it may-be feasible tò:vãry;ñ" annuar_ quotasaccord_ing to natural fl_uctuations. u --'

. ) has also suggested. that
easorÌ with the abund.ance ofa more satisfactory method_y be to specify thó numberan a sack quota. rt

rrEff iciencytt on 2nd- to r-ast r-ine shourd. read. rrefficacyr.
"(Eigure 16)" should read "(Figure 1T)u.

ti_ons on the Biol_oey and_
Dred_ge Oyster (Ostióa
ed. 1971 and. is Fîffiõies

Reference to t'captain N. Hazzard. and- I\4r p.G. simpsonrtshould- read. as "captain N. Haszard_--ã"á-ru" È.¡.-síãiäorr,,.

Page 5Tz

Page 58:

Page 652

Page 64:
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SU!,TÈTARY

Ttrls report examlnes results of the 1960-1964 survey of
drefue oyster (@) populatlons ln Foveaun StraLt.

Ttre naln alm was to assess the naxim.¡m suEtainable yleld
for the fishery. Dlstrlbutlon, densitles, populatlon structure'
and quallty of oysters were studied.

Studles of oyster bLolog}t and ecology' hydrolog]tr and

conmercial dredge efflcfency vrere also camied out and these

are reported ln another publicatlon. (Stea¿ 1966, 1971).

Ivlethods Ínclude the use of grabs, dredges ' underwater

catseras, and dÍving.

Ttre Eurvey was carrled out as follows:

A prellnlnary study to determine sanpling tecbniques

followed by:

Pbase 1 - Dçloratory sunrey using a sanplÍng dredge

Phase 2 - Dredge callbratlon
Phase 5 - Studles of oyster d.ensity

Phase 4 - Connercfal dredglng.

Results showed that:

Oysters occurred over an area of Eome 100 square nautical
mlles i-n Foveaurc Stratt, though coÍImercfally flshable grounds

occurred in an area of about 121 square nautlcal nllesr nalnly
along the central regJ-ons of the strait in depths of 9-21 fathoms'

Most oyster beds occurred on coarse sedlnents containlng
sand., gravel, pebbles and broken shell. Most populations
contained. a large proportlon (over 4016) of takeable stock.

l{here nuch dredglng had occurred oysters nere evenly
dl6tributed. More lsolated beds, often with hlgh oyster
densities, occurred in 1lght1y dredged or underworked areas.

Dlvlng showed that dredglng and tidal currents ir¡fluenced
oyster distribution.
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Oyster quality uas generally better on eagtern areas.

Some areas, nafnly ln the easterrr zoner had been depleted
by overfishlng before 1961. Dredglng effort was not equally
distrlbuted on the conmerclal beds ln proportlon to the
distrlbutlon of the resource.

Tlre standing crop of takeable slze oysters was assessed
at about 1,OO0 m1111on. The optlmu yield was assessed at an

average 125r55O sacks per yearr equivalent to 151689 hours at
I sacks per hour.

Calculated area quotas and suggestlons for nanagenent of
the dredge fishery are included ln the text.

Conmerclal farning of the dredge oyster ls considered
feaslble.

II{TRODI'CTION

This report examines the results of 1960-1964 oyster surveys
in Fovear¡x Strait.
(a) The Area and the Ðnvlronment

Foveau>c Stralt, separating the South Is1and of New Zeal-and

from Stewart Island, 1s about 16 nautical nlles wide and

has an average depth of 15 fatlroms. l4ap 1 (u.2. Chart 14)
shows the area wtth depths and contours marked.

Foveaurc Stralt j.s strongly tld.al (up to about ã knots) and
the Southland Current, a brancb of the East Australj-a
Current, flows through the Stralt fron the west. Itle area
is e:çosed to frequent strong south-westerly gales whlch
generate heariy seaa. TÌ¡e botton sediments consist of sandt
gravel, pebbles, cobbles, broken shell and rrcoralsnr the
proportions of each varylng 1n dlfferent parts of the Strait.
(Cu11en 1967 and l{ap 2). Average salinlty ls nornally over
75o/oo except in areas close to river mouths in the north
of the Strait and 1n some Stewart Island estuarles. Mean

sea temperature ranges from about 9oC (4gor) rn winter to
15.5oc (6o0r) ln sunmer'
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t.
(u) The Ovster

The species found in Foveaux Strait is Ostrea lutaria
Hutton, the dred.ge or mud. oyster (Hortis 1963). This
species also occurs in other parts of New Zealand such
as Otago and l,tlell-ington harbours, and Tasman and Gol-den

Bays, but not in the quantities which occur widely in
Foveaux Strait.
Ostrea Lutaria incubates larvae to a late stage of
development be.iore rel-ease. 0n release most l-arvae have

lost the velum and have an eyespot, twin shells, and a
prehensile foot. After rel-ease the larvae remain close
to the sea bed and soon attach to sol-id, clean objects
such as other l-ive .>ysters. Growth is fairly rapid; the
oyster can reach Iegally takeable size in 2-1 years. Most
breeding occurs in oysters more than three years old during
November-February (Stea¿ 1970).

(c ) The Fishen¡

Oysters v¡ere flrst marketed in sma1l quantities as early
as 1870, and during the 186Ots most came from Oyster Cove,
Port Adventure, a shal-l-ow tidal estuary on the east coast
of Stewart ïsland, and ïrere taken, in the shel-1, to D¡nedin
by sailing vessels (Sorensen 1968). These estuarine beds
r^¡ere alnost depJ-eted by ß67, but in 1868 an oyster bed
!'ras discovered off Port ltlil-l1am, Stewart Isl-and, in depths
of 12-15 fathoms, and was dredged by sailing cutters from
Oban. Another bed was discovered off Hal-fmoon Bay in 1872
and, ln the fol-lowing years as boats ranged further afield,
other productive oyster grounds hrere discovered and dredged.

The oyster lndustry transferred from Stewart Isl-and to Bluff
in the early 1900rs, sail gave way to steam por¡rer, and
boats and dredges increased ln size. Oil power gradually
replaced steam and the boats are now al-l diesel-powered,
over 60 ft 1ong, and tow two large dred.ges over the port
si.de - (ptate 1). Regulations lim1t the maximum dred.ge
width to 11 ft.
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Dredges are emptied on to benches where takeable oysters
are sorted and bagged and other materj-al is dlscharged
to sea through chutes. AnnuaÌ catches steadily increased
over the years, and before 1960 most dredging occurred
on Areas A-E (Uup t). Figures 23 to 27 show the statistics
of the fishery.

This oyster fishery is one of the few which is stil-l- based

on the exploitation of an r¡ncul-tivated, sub-littora]
population. An account of the industry and its practices
is included in the Report of the Fishing Industry Comnittee
1970.

(¿)

Surveys were carried. out by R.I. Hr¡nter (t9O6)' M.W. Young

('t926), and E.F. Tfatson (1945), to locate new oyster
gror.rnds, defj-ne known beds, and assess the commercial
productivity of oyster grounds in Foveaux Strait (Sorensen

1968). Concern over possible depletion of stocks by over-
fishing l-ed to the 1960-1964 survey.

(e) Aims of the 1960-1964 Survev

The maln ains were to assess the maximtrm sustainable yield
and to obtain information on which to base a rationa]
management policy for the oyster fishery. To do this' the
distributlon, density and popul-ation structure of oysters
were examj.ned. Studies on the biology and ecology of
0. }utarla, other benthic fauna, dredge efficj-ency and other
commercial aspects, were carled out concurrently with the
resources assessment progranme but these results are
exarnined in other publications (Stead 1966, 1971).
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TI{E SUR\TEY

Methods - General

Methods lnctude the use of dredgêS I grabs, under:vrater

cameras, and diving.

To assess oyster resources the survey was planned in stages
as follows:

(a ) Pr:eliminan¡ phase - Introduction and determination of
sanpling techniques'

(U) Phase 1 - Elçloratory surveys using a standard sampling
dredge on a regular grid pattern in the Strait.

(c) Phase 2 - Callbration of the sampling dredge against
a co¡nmercial oyster dredge.

(a) Phase I - Studles of the density and distribution of
oysters by diving and underv¡ater photography.

(e) Phase 4 - CommercfaL dredging observation and studies
of dredge efficlency.

The data from all- phases were used to deterrnine oyster becl

dlstrlbutlon and their conmerclal signlficance.

Map Reference

The recording of catch statistics by areas (A-.1) was

established in February 1960. These areas are shown on Map 1

together with a nautical miLe reference scale at the margins.
The square nile grid used is shown on Map 8.

Boat Charters

Appendix 1 shows boats chartered, stations covered, and the
study programme.

Rough seas in the Strait limited sea time to 259 days out
of, 417 available charter days. Together with time spent on
commercial- oyster dredgers during the season 28O days were
spent at sea fron May 1960 to May 1964.
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Posltion Fixing

Station positions vrere fixed by radar and sextant on rrMatairr

and rrVltirtr and on other boats by conpass cross-bearingst
horÍzontal or vertical sextant anglesr or' by al-ignnent of land-
marks. Photographs, often using a telescopic l-ens, luere taken
of known landnarks at some stations to record positions. The

echo sot¡nder was frequently used with chart reference as an

added check on positions.

Field Data

All fiel-d data were recorded on typed sheets. These are
available for reference at Fisheries Division Iaboratories at
Vlellington and Bluff .

PRSLIMTNARY PTIASE

Methods

In }4ay-June 1960, observations were made aboard rrvitirr 
' a

vessef chartered by the New Zealand Oceanographic Institute'
DSIR, to study benthic far.ma, sediments and the hydrology of
Foveau>c Stralt. Standard sanpling occurred at 6J five-mile grid
statlons (nZl5-nZTB O.I., DSIR) - see lvfap 2 (after Cullen 1967).

fnst¡¡ments used include flronsandr, cone and standard naturalist
d.redges, Di-etz, Petersen and rrorange-peelrt grabs, plankton netst
core samplers, reversing bottle and thermometer, and bathy-
thermograph.

Drring tests to determÍne the suitability of a grab as a
standard oyster sampler, a large rrorange-peelrr grab was used in
comparÍson trials with an oyster boat dredging in Area D2. The

open grab covered about 4 square feet of seabed and dug to a

depth of about one foot.

Results

Results of the standard 5 nile grid sampling are published
in DSIR publications (Cu1len 1962, 1967, Cullen and Gibb 1965).

The fol-lowing table shows results of the grabr/dredge

comparison trials in 1960; I4ap 5 shows station positions.
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st.ation No.of Mean No. No.T.S.Oysters Ground Evaluatlon
Grabs of T.S. in 2 Ï-arge Dredges

Oysters 10 l"fin. To$¡.
(Range)

t 5 2.2 21OO Mean for Good
(O-4) g hauls

2 5 4 t533 It{ean for Average - Good
(0-9) 2 hauls

3 5 2 1750 Mean for Good
(O-I) 3 hauls

4 5 4.2 84O l"lean for Average
(o-11) I haul

5 5 L.2 1550 Mean for Average - Good
(0-3) 2 hauls

These results show no correlation between grab samples
and commercial- eval-uation of the ground presumably because of
the smal-l- size of the samples takenr but indicate the densitj-es
of takeabl-e-sized oysters on conmercially workabl-e grounds.
Grab sampling was time-consuming.

Conclusions from this prellminary phase were that:
(1) A grab was not suitable for use during the survey.

(Z) The grab results Índicated that the distribution of
oysters r¡¡as variable but generally sparse.

(=) The 5 mil-e grid sampling indicated that oysters were
widely distributed. in Foveaux Strait (Cutlen 1962).

(4) Most oysters occurred on firm sed.i-ments composed of
coarse sand, gravel, pebbles, whole and broken shell
and ttcoraltt/bryozoa fragments. None were taken on mud.

substrates in Stewart Is1and inl-ets - (see \{r':p 2, Cul-len
.t962, 1967).

$) A varied, and. abundant benthic fauna was recorded. on
most oyster grounds.
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To obtain standarised quantitative data on oyster
distributlon, population structure, condition and mortalj-ties
over a wide area.

To sanple the sediments and other benthic far:na at each

station.

SamDline DnedEe

A small- dredge (shown in Plate 2) was used. It had a
3t x 'lt rectangular mouth and a rlgid ftt steel- mesh container,
3t x 3t x 1tr. An adjustable steel- bar or blt protrt¡ded about

Ë" below the rr¡nners on whlch the dredge $¡as mounted, and a
steel depressor plate was fitted to lmprove dredge performance
at hlgher towlng speeds.

Methods

Survey dredge samples vtere taken on a grid pattern at
approxinately one mile intervals (see Nlø:p 1). keliminary trials
had shown that flve minutes was the most effective towing time
for this dredge, and these flve mlnute tows hrere used throughout
the survey. All living and dead oysters v/ere sorted from each
dredge catch and the shel1 lengths (at right angles to the hinge),
measured to the nearest hal-f centimetre vrere recorded. A sampJ-e

of oysters was retained for internal examj-nation and condition
studies. A snall sediment sample was retained for further
analysis, and other rel-evant data livere recorded.

Resul-ts

(a) Distribution
Map I shows the number of l-ive oysters and those of legaIly
takeabl-e size (6.4 cm shell length) , taken at each station.
Oysters rnaÍnly occurred at stations along the central"
regions of the Strait between Green fsland in the east to
Black Rock Point, Stewart Island in the west, iri depths
ranging from 9 to 21 fathoms. Oyster abundance was uniform
in Areas .4,, B and D where most conmercial- dredging had
occurred. Survey dredge catches were frequently small on

these grounds suggesting a dispersed population.
Fisheries technical report no. 59 (1971)
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Some of the best catches were taken in Area Gr which was

virtually unexploited before 1961. The best catch was

at Station 262 (Area G), where 589 (lZ0 takeable síze)
oysters v¡ere taken. In Area G oyster beds v/ere welL

defined and separated by oysterless areas and large catches

were frequently taken among the patches of densely

aggregated epifauna known local-ly as rrmullockrr.

Outside the main oyster area in the middle of the Strait
oysters occurred ln isolated beds surrounded by extensive
unpopulated areas. Many of the oyster beds were oriented
in an east-west directlon suggesting that their distribution
is influenced bY tid"al currents.

Sediment composltion varied: a large proportion of pebbles

occurred on oyster beds in -A'reas A, Br C, D2, T2, and H
whereas in Areas D1 , E1 , F, and G, sand and broken shel-l-

were the maÍn components. Except for some isolated patches,

oysters were rare on firm sand, and. on cl-ean pebþle/cobble
sedlments.

O. lutaria occurs frequently on rocks on the lower shore

and. on firn substrates in the shall-ow sub-Ìittoral but are

rare on soft bottoms in Stewart Island inl-ets such as Port
Pegasus, Port Adventure, Lords RÌver and Paterson Inlet.

(U) Popul-ation Structure

Figures 1 and 2 show that there is consj.d.erabl-e variatlon
in size composition in different areas even within the

same statisticaL area. However, due to the large number

of stations and the large amount of length frequency data

obtained, it $¡as possible to combine sampfes so as to
obtaÍn representative data for the whole Strait and for
different statisticaL areas (see Figures t-11).

Length frequency data from all- stations are available for
reference. As Figures 3-11 are for data col]ected through-
out the survey growth of oysters during the period will-
have tend.ed to smoothe any separatlon of year groups.
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The majority of smal1 oysters in Areas A, B and D were
attached to large oysters. fn most western areas nany
small- oysters were separate. ltany smal-l oysters in Area
C were also separate.

Figure 5A shows the length composition of oysters taken by
the survey dredge from 121 stations throughout the Straj-t
during 1960-62. This shows a skewed population with more

than 5M of. t}¡e oysters of takeabl-e size and with a mode

at 7 cm. At 7 cm oysters are about J years old (Stead
1971).

Figure 7B (length frequency of d.ead. oysters (curved. val-ves
only measured) ) shows fewer oysters und.er 6 cm long than
in live oysters. The dredge retained very smal-L oysters
and this difference may be explained either by low
nortal-lties in oysters under 6 cm (once they have passed.
the srnaLl spat stage when mortatity is high) or by more
rapid breakdown of sma1l dead shells. Dead attached oysters
were incLuded in the counts.

Area A - ('¡East Bedtt)

Figure 4A shows that at Bed A 4996 of stock are takeabte
with a large proportion of immature, growing, stock - (mode

4.5 cm). These snalJ- oysters were nearly al-l- attached to
large oysters. The samples were taken from a wide area in
Area A but mainly on grounds which had been heavily
exploited for many years. The large number of smal-l- oysters
may indicate either that future recruitment will be good
or conversely that the nunbers of large oysters had been
greatly reduced by dredging.

Figure 4B shows a smal-l mode of dead shell at 4.5 cm and.
a large node at 7.5 cm. l4any dead oysters still retained
the conchioLin and were articulated, indicating that recent
mortality on the bed had been high.

Area B - (rtRuapuke Bedtr)

Figure 5A represents oysters from most parts of Area B

in 1960-62 55rÁ were takeable (node B cn). Most small
oysters (modal length 2 cm), were attached to large oysters,
often in large aggregatj.ons. This area had atso been
heavily exploited for many years.
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Figure 5B shows rel-atively few dead small oysters but many

J-arge dead oysters. Many of the dead oysters rrlere

articuLated with intact conchiolÍn.

Area C - ("Bi"d I"t"ttd t"Utt,

Figure 6A shows that on this b,ed 54* of the oysters were
of takeable sj,ze and few rivere very smaLl. Most were
free-l-iving and on Loose pebble sediments. The dead

oyster sample in Flgure 68 1s too smalL to be signlficant.
This area has been exploited intermittently over the years.

Area D1 - (ItBird Isl-and West Bedtt )

Flgure 7A shows four length modes and that 18% of t]ne stock
are of takeable size. l4any oysters were aggregated in
large clusters. These grounds had been dredged for many

years and this may explain the reduced percentage of
takeable oysters. l{any articulated dead oysters $¡ere taken
but o1d, white, single shells were al-so abundant.

Figure 78 shows a hlgher than average proportion of small-
dead oysters.

Area D2 - ( "Bluff Hilt East Ëeê't )

Flgure 8A shows that 57% of tlne stock are takeabl-e with a

mode aI 2.5 cm of young oysters, most of which were attached
to large oysters. Grounds in this area had been dredged
for many years.

Figure 8B indicates l-ow mortalities among young oysters.
Many dead oyster sheLl-s were articul-ated.

Area E1 - (ItNorth Island lVest Bedtt )

Figure 9A shows 65* of the popul-ation to be takeable -
(nodal length 7.5 cm). This area i-s noted for the generally
smaller size of oysters; these productive grounds had been
dredged for many years. Most oysters were free-livlng but
attached oysters were numerous on certaln patches.

Figure 98 again suggests low mortality of lmmature oysters
although many o1d large white shelfs also occurred.
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Area E2 - (trNorth Island East Bedrt)

Flgure 1OA shows the population to have 729ß takeable stock

(nodal- length 8.5 cm). Although some parts of this bed

had. been dred.ged for many years some new grounds were

d.iscovered. and. I¡¡orked in 1961 and samples from these are

incl-uded ln the histogram.

Figure 1OB again suggests low mortalities in younger

stock. ltany dead oysters were articulated and had intact
conchi-olin.

Area F - (rrNew River Heads Bedtt)

Figure 114 shows that on this beð.58*; of the stock are

takeabl-e. There is a secondary mode at 5 cm. The histo-
gram represents unworked or lightly-dredged oyster
ground.s. The incid.ence of oyster aggregation was low.

Figure 118 indicates the mortality of innature oysters

is low.

.A,rea G - (ttsaddfe Bedtt)

Figure 124 represents a very large sample from a wide

area which was largely r:nexploited before 1961. The

histogram shows a bal-anced population 579l of which was

takeable. The curve is characteristic of those fron many

single station samples in Area G. Smaller síze groups

are wel-l represented. though the incidence of attachment

was low compared with eastern areas.

Flgure 128 shows a higher percentage of large dead oysters'
the bulk of these consisting of old r,v'hite shel-ls, often
thick and. perforated by the borer 9!!.g-æ,.

Area H - (ttCentre Isfan tt)

Figure 1JA shows a balanced population with a1I size groups

well represented. Several stations were on previously
unexploited. grounds. Most small- oysters were attached to
larger oysters although many were single'

Most d.ead. oysters vÍere 1arge, articulated, and had an

intact conchioLin.
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Grouping of LenAth Frequencv Data

Figure 14 shows length frequency histograms of the oysters

measured in each three-month period during the exploratory

survey . 11 r576 oysters are represented. Results are

conpllcated. due to the fact that sampling occurred in
different Stralt areas at different tines of the year but

the apparent migration of mod.es may represent growth (see

al-so Stead 1971).

Olrster ù¡alj.tY

Method.s

Recorded data for sanPles
included length, breadth'
weight, she}l weight, and

rças also noted.

of oysters at each survey station
and depth of shell; also whol-e

flesh weight. General condj-tion

Results
Appendix 2 includes d.ata on various parameters of some of
the oysters sampled and measured during the survey.

Figure 15 shows oyster shel-l- length plotted agalnst shelL

width for samples from many Strait areas. Considerable

variation exists, but the graph shows a linear trend. The

trend. line on the graph was fitted by eye. The shell length
equivalent to the lega1 takeable size (6.7 cm - 2$tt in 1961

is shown.

Figure 16 shows mean flesh weÍghts pJ-otted agalnst shel]
width for a large sanple from many Straits areas. The

curve shows a sharper increase in nean flesh weight as

the oysters reach maturity. In young oysters growbh in
length is rapid and is generally accompanied by little
increase 1n width - when approaching takeabl-e síze, increase
in length slows and the oyster becomes nore cup-shaped - thus
with only a smal-l- length increase, shell voLume and meat

size increase rapidlY.

Adjustment of the takeabLe size from 2ått to 2tu represents
a d.ifference of about one gram (16|/) lt mean ftesh weight.

Figure 17 compares shel-L lengthr/mean fl-esh weight data for
oysters from the eastern Areas A-E and from western Areas F-H.
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The two curves are simllar but mean flesh weights are

higher in Areas A-Ð but particularly i-n oysters smaller

than 5 cn long. In general, the condition of oysters was

better in the eastern areas than 1n western areas: western

areas are deeper than eastern.

FigUre 18 shows whofe weight plotted against flesh weight

for oysters from the Straits and fron Port Adventure.

The l-atter show a trigher flesh to sheLl weight ratlo
than the former. The conslderable variation Ín individual
Stralt samples is due to varj-ation in shell thf ckness.

Many Strait oysters, especially from deeper water western

areas, had thickened shells; this may indicate considerable
age. The trend lines in Figure 18 were fitted by eye.

A typical good specimen of o. lutaria is one fron the

shalfow sub-littoral- zorLe in Port Adventure. These oysters
have thin, close-fltting she1ls and. a more cupped l-ower

shel-l than Straits oysters. Adductor musc-Le tone is good

and the creamy-white flesh usual-l-y fil1s the shell cavity.
These oysters are sweeter and less salty than Straits
oysters.

A typical poor oyster is from rrmul-locktr areas in 20 furs

off Saddle Point and has a thick, misshaPêo, often
elongated, and friable shell. The shel-I is someti¡nes

slightly gaping' suggesting poor adductor muscle tone

and the fl-esh translucent, wi-i:h reduced glycogen reserves
and the brown digestive gland visibl-e.

Dring the Stralts surveys a higher proportion of good

quality oysters was recorded on eastern areas in depths
und.er 15 fathoms than elsewhere. In 'bhis locality very fel¡I

were infected by Cl-iona. (Stead 1971). oysters with
shells infected by Cliona had often poor quality flesh.

Drrlng 1960-61 oyster flesh condition !üas generally good

in the Strait, except in some areas close to Saddl-e Point
and in depths greater than 25 fathoms. lrConditionrr l'¡as

judged by eye from the white appearance and ttfatnessrr of
the gonad tissue. Flesh condition was generally poor in
1962 and '11961 when many oysters were infected by a trema-

tode parasite ErcephafuE sp. (Howe.l-1 1965). Infected
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oysters contalned the thread-l-ike sporocyst of the parasÍte,
had emaciated gonad tissue and were of'ben translucent and

sometines yellowish in colour. A l-ower incidence of
parasite infectlon was recorded in 1964 and oyster condition
improved.

Qysters were generalÌy in good condition in August and
Septenber just before spawning, but spent oysters were
frequently seen j-n late September and October. Most had
regained condition by late February to March.

Concl-usions

The ex¡lloratory survey showed oysters to be widely
distrlbuted in variabl-e densities over some lOO square nautical
nil-es of the Strait. Commercially workabl-e grounds (judged by
conparison of survey dredge catches on exploited and unexploited
grounds) were estimated to occur in an area of approximately 1OO

square nautj-cal mil-es but within this area distribution was
varlabl-e: conmercially profitable oyster beds probably cover
about 50 square miles.

Catch statistics, local information, and the survey results
showed that before 1961, only about 70 square nautical mi1es of
commercial grounds, mainly in Areas A-E had been exploited and
some of these grounds v/ere depleted. Good survey dredge catches
were taken in many unexploited western areas. The oysters were
comparable in sj-ze and fl-esh weight to those from frequentry
exploited grounds, but fl-esh quality was often poor anong
rrmull-oc]çrf in western areas. Shell- condition was generally better
on eastern areas. Ivlore spat and smail oysters were seen on the
heavily erçJ-oited eastern areas than on the western areas.
During a parasite outbreak in 1962 many oysters d.ied; this caused
a sharp decl-ine in dredging catch rates.
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PHASE 2 -- DRXDGE CALIBRATION

The small dredge survey supplied data on oyster distribution
and. abund.ance in the Strait. In order to assess the comnercial

significance of the survey it was necessary to calibrate it by

comparison trlaLs with a large connercial dredge-

Methods

The standard cornmercial dredge 1s 11t wide, has a steel- bar
bit about Z$n x $tt, and a flexible steel- ring bag with cord
neshes on top (ptate 1 ). This dredge and the survey dredge
(plate 2) were towed si.nultaneously. A buoy was used to mark

the station. I{ap 4 shows the calibration stations. At stations
1-4O both dredges were towed, flrst for 5 minutes and then for
10 ninutes. At stations 41-121, the two dredges were towed for
5 minutes three times. To reduce errors these comparison trials
were conducted. on all. grades of oyster ground in different parts
of the Strait, three different oyster boats v¡ere used, towing
speed and length of r,{arp were varied, and dredges vlere switched
between for¡,¡ard and after towing positions. Depths \tere checked
by echo sounder and weather and tidal conditions were recorded.

Resul-ts

Appendix J shows all dredge calibration results. The

resul-ts fron Stations 1-4O where both 5 and 10 minute bows

were taken, are summarised in the folLowing Tabl-e.
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COMPARISON OF 5 AND 10 MINUTE TOWS VTITH

SI.'RVÃY AND COMIIMRCIAL DRNDGES

lerrPercentagerr is the ca]culated average percentage of the
catch takén in the fj.rst 5 minutes of a 10 minute tow.

Some incomplete data for Stations 1-40 were not lncludedt
but at 10 stations classed as good 68l?4 of the mean catch was

taken in the first 5 mj-nutes of a 10 mj.m¡te d.redge tow, and 65!-

in the commerciat dredge for the first 5 minutes. O¡r average and

poor grounds the nean catch in the survey dredge was less in
10 minute than in 5 nj.nute tows. Wlth the commercial- dredge on

average ground.s 64* of t]ne catch was taken in the first 5

mlnutes of a 10 minute tow, but on poor grounds the catch for 5

and 10 ninute tows was the same.

Results were conplicated by varying dredge efficiency under

different condi-tions and the presence of rrmullockrr at some

stations.

Evaluation
of Ground

Good

10 stations
(40 trials)

Catch (number of takeable oysters)

5 minute
Mean
(Range )

lO minute
lvlean
(nange )

lf
Percentage

5 minute
l'lean
(Range )

lO mlnute
Mean
(Range )

Percent-
age

23

(3-6r )

34
( 7-ro )

68
67A

( 45t-
III2 )

I040
( zre-
r820 )

65

Average
5 stations
zo triats)

30

( r0-37 )

2A

( z-s¡ )
107

284

ßa-
s74)

447
(tøt-
67r)

64

Poor
20 station
eo trlars)

I
(o-ze)

I
(0-46 )

TL2
77

G-
208)

76

(+-
r60 )

101

Mean I6 18 B8 290 402 61
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It was necessary to cal-cul-ate the number of takeabLe

oysters i-n a 5 minute comr¡erclal- dredge tow which' if prolonged

to 10 minutes, Itould yield an acceptable catch.

The cornnercial catch rate for 1960-62 was 9.6 sacks per

hour. At flve 10 minute tows per hour this gives an average

catch per tow of about one sack (7Oo-aOO oysters at that time).
Or¡er 6Ø of the catch is taken in the first 5 minutes of a 10

minute commercial dredge tow thereforer orr good ground at least
500 oysters would be taken in the first 5 minutes. On average
quality growrd.s yielding a minlmun commercial catch (Z sacks/hr),
at that tine) a 5 mlnute connercial dredge tow should yield about

375 oysters. It was then necessary to eval-ua-ue how many oysters
in the survey dredge after a 5 minute tow are equivalent to 375

in a large dredge in a 5 minute tow.

Appendix J shows the data obtained in ful-l-.

At Stations 41-121, both survey and commercial dredge were

towed for 5 ninutes.

The resul-ts from the heaviJ-y e>çloited eastern zone and the
lightly exploited western zone are shown in I¡igure 19 with the
trend l-ines fitted by eye.

On eastern areas dredge efficÍency was impaired at some

stations where the stalked. ascidian Hn¡ra (rrSea-tuliptt ) was

abr¡ndant (u"p g).

Dredge effÍcieny on western zones was reduced at several-
stations by dense rrmulJocktr.

0n western grounds the survey dredge caught on an average
more oysters than on eastern areas, whereas the commercial-
dredge did not catch appreciably more. On rrmuLlockrr the survey
dredge someti,rnes outfished the commerciaL dred.ge.

On the eastern zone the calibration factor was about 25

to 1, i.e.r orr average grade commercial ground the commercial
dredge was much more efficj.ent than the survey dredge and a
5 mlnute large dredge hauf yielded about 775 oystêÍ's, which
was equlvalent to about 15 oysters in the survey dredge.
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PHASE 3 DENSITY OF qYSIBRS ON THE SBA BED

Aim

To study the density and dlstrlbution of oyst.ers on the
sea-bed in dtfferent parts of the Strait and to relate the
data obtained to dredge catches on the same grounds.

Methods

Three methods b¡ere used to examine densities:
(a) Grab sampling;
(b) Underwater remote controlled camera;
(c) Divíng.

(a) Grab Samplinq

In May-June 1960 a large orange-peel grab was used in
Area D2 (l4ap 5 ) . This method was found to be unsatis-
factory for reasons already outlined (page 7).

(b) underwater Photoqraphv

An automatlc underwater camerar on loan from the lTew

Zealand Oceanographic Instituter DSIRr v/as used in
February-l4arch 1961 to photograph the sea bed distrl-
butfon of oysters. The camera and flash units btere

attached to a frame. As the boat drifted the unit. was

suspended from the survey vessel-r and raised and

lowered from the bottom. Each tfme it touched the
bottom a photograph was taken. A tot.al of BI prints
each about I sq. yd. u¡ere taken. Up to six photographs
Ì¡/ere taken at each statíor¡. Map 5 shows stations where

usable photographs were obtained.

.Hand-hel-d still and cine-cameras were also used to photo-

graph the sea bed while diving. VisÍbi}lty and water clarity
was usually so good that flash equipment I^tas not required'

The use of the automat.ic camera was discontinued because
buried or almost burled oysters were not shown and llve
and dead oysters could not be easily distingulshed. The

method was also time-consuming'and camera failures
were frequent. No commercial dredge operations $tere made

at these stations as oyster boats were not avaLlable for
charter at the time. Several photographs werer however,
ta]<en on known commercial grrounds.Fisheries technical report no. 59 (1971)
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On the we¡tern areaB thc callbraèfon factor was about

15 to I as thè survey dredge was relatÍvely more effectfve
than on eastern grounds. A survey dredge haul of 25 oysters
wae egulvalent to a haul of 375 oysterso

Therefore on eaatern areas where the survey dredge catch
Iraa more than 15, and on eastern areaa where the survey
dredge catch vtaa more than 25 and lf oyster size and quallty
were satlsfactory, the bed v¡as consldered to be of commerclal

etandard. Dense "mullock'r patches utere not graded ln thls way

as the large dredge was unsultable for use on theEe patches.

From thls work the survey dredge data stere used to
lndicate the commerclal slgnlflcance of the survey results.
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(c) Dlvinq

During 1960-6I a limited amount of diving r^tas carried
out in selected areas by a hired diver. Navy divÍng
teams carried out surveys in L962 and 1963 and subse-

quently increasing use was made of dfving to obtain
essential informatlon.

Equipment included Hookah, aqualung, and oxygen,/nitrogen
rebreather units¡ but compressed alr aqualungs proved

adequate for dlving ln the Strait. Divi-ng !,¡as found t'o
be the best method for studÍes of oyster densities.

Dredge sampl_ing using the survey dredge or commercial

dredger or both ln sequence, occurred at several diving
statÍons. St,ations are shown on Map 5.

To obtain data on distrj-butlon and denslty of the oysters
dj.vers worked close to a weighted l-ine from the boaE to the

sea bed. The boat was either anchored or drj-fting with
the current. A one square yard frame was used to obtain
random samples: a]] live oysters wtthln frames were put

into bags, brought to the surface, counted, and measured.

All quadraÈs $¡ere dug out to aSCertain ttre maximum

depth of live oysters in the sediment.

To observe and photograph the
divers rode the movlng dredge
the tide at current speed.

Results

sea bed and dredge behaviour
while it was Èowed with

(a) Grab Sampllnq

Results are shown on page 7.

The open grab covered an area of about 4 Square feet and

the number of oysters obtained was doubled to give the
approximate number Per square yard. For 25 gtab samples

at, five stations in Area D2 on commercial grade oyster
groundr âtr average of 2.3 takeable oysters per grab was

obtained, which represents an average of about five
t,akeable oysters per square yard.
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(b) Unde¡:rrater Photoqraphw

Arrows show camera drlft statlons on Map 5.
Appendix 4 shows all underwaÈer camera results. The Table below

summaríses this data. Only clearly discernÍble photo-
graphs are represented.

TABLE 6 T'NDERWATER CAI'ÍERA RESULTS

Area
Stati-on

No. of
Exposures

Mean No. of
T.S. oysters
per exposure (Range)

Predominant
Sediment tlpe

r,
L2

A

I0, lI,
I6 2.L (O_5 ) Sand - shell

pebble

A-B
3, 13 6 It.3 (5-I5 )

Sand - shell
pebble

B

4, 15 6 3.7 ( 1-6 )

Shell - pebble

EI
'7, 9 7 3.4 (0-B) Sand - shell

G

2, 6, 18,
I9

I5 10.6 þ-zs) Sand - shell

Total 50 6 (0-2s)

Each exposure covered an area of about one square yard and

most of the st,ations represented were on commercj-ally explol-ted
oyster g'rounds.

(c) Divinq Results

¡4ap 5 shows diving stations, which $tere at the centre of
the circle. Appendix 5 shows data obtained by divtng
and dredging at these stat,ions together wlth a commercial
evaluatlon of the grounds.
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The lab1e below summarises area data on grounds which were of
commercial grade.

SUMMARY OF DIVING RESULTS 1960.64

Area No. of St,ations
&

sg. yd samples

Mean No. of
T.S. Oysters

(nange )

A 5/ts g.B (L-24)

B 6/24 6.8 ( r-rs )

c 2/7 5.5 ( r-ro )

D 3/r2 5.3 (1-27 )

]i' 3/13 6.e, ( r-re )

F r/4 8.0 ( 2-rs )

G 3/to 6.3 ( r-t¿ )

H r/3 6.0 ( 2-11 )

Total Area 24/BB 6.7 (t-zt )

The size of samples is small and therefore these show only
approximate mean d-ensities of takeabl-e size oysters on the

sample areas at the time a¡rd- are therefore not conclusive-

The maximum number of takeable size oysters record.ed by

d.iving was 2J pet square yard. at Station '16 in .A'rea D in 1962.

These vüere piled. several inches d.eep in d-epressions i-n the sea

bed.. Twenty-four takeabl-e size oysters ütere record.ed for one

square yard- sample in Area A in 1960.

At nearly alL stations live oysters occured either on the

surface or lightly covered. by coarse sed,iments sometimes to a

depth of about 3 inches and occasionally to depths of
," in Loose pebble substrate. some oysters were embed.d'ed- in
hard. sand. bottonrs bit one valve was nornalì-y exposed-.
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Figure 20 shows oyster length frequencies at selected
diving stat j-ons.

The large nunbers of snall- oysters at several stations j-n

Areas A, B and D suggest a high potential recruitrnent rate
perhaps following recent successful spatfalJ-s. Most of the
young oysters were attached but smaLl oysters under one inch in
length were often for"¡nd free living Ín the sediments.

Figures 21 and. 22 show the number of takeable size oysters
per square yard as observed. by divers, plotted against 5 minute

survey d.redge and 10 minute commercial- dredge catches on the
same ground.s. Results are complicated due to variable dredge

efficiency and difficulties of dredging exactJ-y over the diving
stations. However, regression analysis revealed a slight
correlation.

Resul.ts and observations suggest that about four takeabfe

size oysters per square yard is the popul-ation density on

marginal grade commercial- oyster grour-rd.

For further notes see (p.31 ).

Conclusions

Results from aLl methods show the mean denslties of takeable
oysters on good. commercial grade oyster grounds as about 6 per

square yard, and on marginal grade grour¡ds as about 4 per square
yard.

I.{ost oysters occurred on the surface or u¡ere light}y
covered by sediments.

There is some comelation between oyster densities and dredge

catches on the same ground.

Consj-derable variation in oyster denslties occurred over
short distances on the sea bed.

Highest densities were recorded in the centre of oyster
beds, against obstacles and in depresslons on the sea bed.
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PHASE 4 - COMæRCTAL DREDGIT'IG

Aims

To assess the conmerclaL val-ue of the ground at sampled
areas and to study dredge efficiency and the effects of
dredging.

Methods

On oyster boats during the season the dredging site was

noted and a progressive tall-y of sacks of oysters was kept
throughout the day. Oysters were examined for spat attachment,
condition, stages of contained spawn or larvae, presence of
parasites; other fauna in the dredge were al-so recorded.

It was noted that catøh rates rrere fairly constant if each
tow was on tbe sane site, but changes of tide and sea conditions
and slight changes in positÍon frequently resulted in changes in
catch rates. However, these changes were not usually such as to
change the assessment of whether or not a bed was of commercial-
grade.

Dring the surveys from chartered vessels the number of
takeable oysters for single 10 minute haul-s with one commercial
dredge was recorded, together with other relevant data including
sea and tide conditions. Stations are shown on I'ltrap 6. Arrows
(Stati.ons A-Y) show single 10 minute haul-s with one large stern
dredge (width 11t). Stations marked A or B refer to two
different commercj-al- dredging positions in one day.

Dredge efficiency was studÍed by dj.ving observations of
three types of commercial- dredge, all 11t wider oh different
grounds. Densities of takeable oysters on the ground r¡¿ere

recorded before dredging and after dredging by making counts in
the dredge track. Oysters taken in the dredge were counted
(Stead 1966).
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Resul-ts

Appendix 6 shows station data.

The tabl-e below summarlses the data obtained using the

commercial dredge for single 10 minute tov¡s.

TABLE 11 COMMERCTA.L DRXDGE RESWTS 1962-19Ø.

These results show that dred.ging was on all grad,es of
oyster ground- in each area. No conclusions can be d.rawn as with
1ow sample sizes the mean value would, relate the number of hauls
on each tJæe of ground.. The resul-ts were useful in plotting the
position of bed.s of varying grad.es.

Stations (Uap 6) marked with an arrow (a-V) were rnai-n1y on sand

areas sparsely popuJ-ated- with oysters, or on d.ensely aggregated'

epifauna. Very few oysters were taken in the stern dred.ge at
these stations and the best catch was 2r2 oysters for a ten
minute tow.

Area No. of Hauls Range No. of
T.S. Oysters
in Dred.ge

Mean No. of
f.S. Oysters
in Dredge

A

B

c

D

E1

E2

F

G

H

+
11

4
+
8

6

6
2t

7

50-50B
165-1422

o-772
1r4-rro
70-749

129-117O
o-1874
o-2088

1t-116

27+

,21
248

to4
404
491

t41
417

56

lfhole Strait 71 o-2088 ,44
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A report (Stead 1966) has been published on the under:"t^¡ater
observatlons of commercial dredge behaviour.

In some areas the dredge pushed fonrrard a ridge of sedisrent.
oysters neetì-ng the front of the sediment bank often passed
over or to the sides of the dredge. Some fel1 into d.epressions
and were nissed by the dredge. Changes in warp tension often
caused jerky movements of the dredge which frequentÌy rode over
the sedlment ridge missing nany accumulated oysters. Thus
dredging sometimes formed patches or strips of oysters, though
varying numbers lrere renoved from the dredged area. oysters
missed by the bit were often spread by the steeL ring bag which
al-so fl-attened sediment ridges. Clumps of oysters r,q¡ere often
broken up and smal-l- oysters were sometimes damaged. by d.red.ges
on hard bottoms, but large oysters were rarely damaged. Dredging
leve]led and graded the sea bed in many areas and large
quantities of flne sedlments and organic rnaterial- were thrown
into suspension by the dredge and caryied. over the sea bed. by
the currents.

In Areas E1 and G the dredge often missed oysters embedd.ed.
in the firm sand but many were dlslodged by the d.red.ge. such
oysters often had sand cJ-umps on the shell-. on densely
aggregated epj-fauna (rtmul-1ockr') areas the dred.ge fil_l_ed quickly
and meshes were choked, thus reducing effici_ency. sometimes
oysters hrere exposed by the dredges removing the epifauna. The
frmullockrr r¡¡as usually jettlsoned. but dre'dging d.id break up many
of the clumps into smal-ler aggregations.

rn some areas close to Ruapuke rsl-and, fouling of the d.red.ge
bit by the stalked ascid.ian Pn¡ra reduced d.red.ge efficiency, but
this often exposed underlying oysters to subsequent dredging.

As the dredge contalner fi]led, the bit came out of contact
with the sea bed nore often, thus dred.ge efficiency declined.
towards the end of the tow.

frD:nkingrr of dredges just before land.ing often broke up
clumps of oysters and smaLL oysters fel_l_ through the bag meshes.
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sinking oysters from the dred.ge and cufching benches side-

sllpped through the water, falling slowly 'to the sea bed' Thus

they were usually d,ispersed widely by tidal currents and move-

ments of the boat.

Dnedge efficÍency r¡ras affected by the nature of the bottom'

d.ensity and distrlbution of oysters and other benthic fauna,

depth of water, towing speed, currents, surface conditions' and

d.esign characteristics of the dredge. Six underwater

observations of d.red.ging on different grounds, using three

different types of commerciaL dredge' suggested that the nature

of the botton was the most important factor influencing dredge

efficiency in Foveaux Strait. Ðnedge efficiency ufas low (3 to

7 per cent) on soft bottoms, but it was much higher on hard

bottons (B to 18 Per cent).

Concl-usions

Most commercial d.redge sampling occurred. in 1962-196J when

poor catches were being taken by commercial- boats.

some very good catches were taken, however, iû Areas Bt

I;2, F and G (see APPendix ).
The highest mean Area catch for single 10 minute tows rvas

taken in Area B and the lowest was in Area H'

There was only slight correl-ation between single dredge

oyster counts and d.aily commercial- dredge catches on the same

ground.s, presumably due to variable oyster densitÍes over short
d.lstances on the sea bed, but the results v¡ere useful- in alJ-owing

the general status of the bed to be assessed.

Commercial dredging resul-ts are incl-uded in the distnibution
map (tq.p Z).

Mean efficiency of the standard commercial- dredge was

about 1O%.
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SIJMMARY OF RESULTS FROM ALL PHASES

To summari-se the combined results from al-l lhases of the
1960-1964 survey, the distribution and commercial- evaluation of
alL sample areas are shown on l¡lap 7.

To correl-ate the results from different methods, the tabl-e
beLow shows the commercial grading system employed. Dredge
cal-ibration resul-ts and diving observations were used to group
the data into approximately equlvalent sectlons or Grades 1-5.

SHOIIIING COM{ERCIAL GRADTIYG SYSTNT,T ITEPRESENTED
TN MAP 7

Number of Takeabl-e sj-ze Oysters

GRADE
Survey
Dredge
5 nin
tow

Commercial-
Dredge
5 nin tow

Comnercial
Dnedge
10 min tow

Average
Density of
Oysters per
Square Yard

Nu ber of
Sacks of
0ysters
Per Day

!
Good

) ¡oo ) Tzo >5 2ao

z
Average-
Good

16-25 301-500 47',t-720 3-5 41-60

z.¿
Poor-
Average

6-15 100-f00 150-43o 1-1 20-40

!
Poor

'l-5 < 100 <150 <1 <20

2
No
Takeabl-e
Oysters

0 o o o o
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l4ap B shows square nll-e areas containing Grade 1 commerclal

gror¡nd. marked with cross hatching. A si.ngle diagonal line shows

nrarginal or Grade 2 oyster grounds.

The table bel-ow shows the number of square nautical mil-es

in each statisticaf area which contained Grades 1 and 2 oyster
grounds.

NI.]IVIBXR. OF SQUARE MILE AREÀS CONTAIN]NG

COMMERCIAL OYSTER GROUNDS

Grade Eastern Zone l,Jestern Zone

A B c D2 E2 I J D1 E1 F G H

1 51O 4 B 7 ',l 1 2 '10 5 t6 4

2 2 1 1 4 7 6 4 3

TOTAI*S Grade 1 - 76 square m1les 57 square miles

Grade2- Ssquaremiles 2.O square miles

Foveaux Strait Totals. Grade 1 -
Grade 2 -
Total-

9l square miles

28 square ni-l.es

121 square mifes

However, even within square mj-Les containing Grade 1 and 2
beds these beds did not take up the whoLe square area. Dredging
showed densitles and abundance to vary rapidly and showed that
beds are frequently smal-l- in area, therefore probably only about

50% of tlne 121 square miles is of commercially useful- grade.
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The main characteristics of each statistical Area

by diving, dredging and the use of underwater cameras,

briefly outlined bel-ow.

Area A

obtalned
are

On most oyster beds a layer of pebbJ-es overl-ies sand. The

bottom is uneven in places, vrith 18 inch high ridges 1O-2O feet
apart oriented north-south,

Oysters are generally and J"ight1y distributed in many

commercial areas, but more dense groups do occur in shal-l-ow

troughs and depressions. Large oysters usually lie flat valve
down. Clusters of oysters are frequent. At one spot 3 cm long
oysters hrere found buried 5 inches deep among pebbles, ltlost
oysters were of good shape, with hard shells and intact
conchiolin; flesh quality r^¡as usually good. Dead oyster shell-s
$/ere not abundant.

Other animals were not generally abundant but Pectinura and

Coscinasterias were comnon. rrlvnrllockrr patches occur' off litrorth
Head (Ruapuke Is1and).

Area B

The bottom is coarse sand, mixed with pebbles and broken
shell. Pebble areas are generally smaller than in Area A.
In most areas the bottom is fairly fl-at and the sediments were
loose to a depth of several inches, but depressions and rldges
occur in places. Occasj.onal rock outcrops, extensions of the
Ruapuke Fast, occur to the south.

SmaLl patches of oysters occur widely in this Area. Large
numbers v¡ere seen in depressions and at the base of sand ridges
and rock outcrops. 0n the open areas many oysters vlere lightly
covered by coarse sediments.
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Oysters were generally of good- shape and quality with an'

intact conchiolin. Dead oystersr marly still articuLated-t were

abundant on most cornmercial- grounds.

Hany Pectinura occur on the oyster grounds, and- coscinasterias

is ar-so conmoD. Most animars were wid.ery d.istributed- over the sea

bed-. Polyzoa, sponges, and. red algae were frequently present on

Iive oyster she1l.

Area C

MainIY Pebbles
in some areas close
prevalent in areas
in places and. rock

overlying coarse sand-, with larger cobbles

to Ruapuke Isl-and-. Surface sand' is more

north of Bird- Island.. Tbe sea bed- is uneven

outcrops are commofl.

Diving generalLy showed. fairlydistinct patches or bed.s of

oysters surround.ed. by barren areas but north of Bird Island'

oysters are more generally d'istributed''

A previously unexploited. bed. of oysters was examined' in
19O+. This bed., of several hun<i.red. square yard-sr was elliptical-
in shape, and. was oriented. in a NE-SVr¡ d"irection.

An average d.ensity of 9-1O marketable oysters per square

yard was recorded; d.ensity was highest in the centre of the bed''

Most oysters r¡rere on the sed.iment surface, but some r¡Iere lightly
covered- by coarse particl-es. Oysters were in various attitud'es

but most vüere lying fl-at valve d-own. Few cLusters of oysters

!ìrere present or seen. Most oysters ütere of good- shape, with an

intact conchiolin and- good. quality flesh. Many articulated' dead

oysters were present in d.ensely populated' parts of the bed' but

old. white shel,ls were not numerous. (See also Cranfield- 196 )'

In Area C patches of the staLked. ascid.ian Pvura (often

attached. to pebbles and. on oysters) are frequent' Coscinasterias

and. Pectinura are common. Many oysters bear pl-umose or laminate

red. algae.
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Area D'l

The bottom is nainly soft coarse sand with broken shell
and. some gravel and. pebbles in the upper layers. Round-, shallow
d.epressions occur in some places.

Oysters are fairly sparse and. randonly d.istributed., but
many ïrere seen in d.epressions on the sea bed.¡ ê.g.¡ at Diving
Station 16. Many oysters hrere lightl-y covered by sed-íments.
Many cl-usters were seen. Shell and. fl-esh quality was generally
good-. Many d.ead. oyster shells hrere taken by the d-red-ges at
some stations.

Pectinura and- Coscinasterj-as are common.

Area D2

llhe bottom is pred-orninantly pebbles in the north and. south,
with more sand. and. sheLl in central areas.

Snall- patches of oysters occur throughout the Area. Many

oysters u¡ere seen against sand. rid.ges and. in depressions.
Oysters were often lightfy covered. by sed.iments. Many oyster
clusters are present, but there were more large single oysters
to the south. Large numbers of d.ead. shelJ-s, many articulated.,
occuned on the oyster ground-s.

Pectinura a¡rd. coscinasterias are common. lon&tma€Ê shel-ls
are abund.ant. Red. algae were seen on marly l-ive oysters in the
south.

Area E'1

The botton sed-inents are f irm sand. mj-xed- with broken sheI1,
with pebbles in some areas. The bottom is fairly level,
but J-arge sand.banks are present in the south.

Highest d.ensities of oysters are in the north of the Area,
where most commercial d.red.ging i¡t this .A.rea occurs. El-sewhere,
isol-ated. bed.s of oysters !úere l-ocated-. Many oysters were seen

near sand. rid-ges a¡rd. 'rmull-ockrr and. in d-epressions on the sea bed-.

Most open sand- areas were only lightly populated- and. oysters v¡ere

often firmly enbed-d.ed. in the sed"iments, with only the lip of the
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shell showing. Relatively few "wings" (snalI oysters attached.

to a large live oyster) were seen. fn generaÌ mature oysters
r¡rere snalLer tha¡r those from eastern areas, and- had thickened
blunt shells, red-uced. conchiolin, and- were ofte.n coated. with
orange bryozoa. Large amounts of white dead. oyster shell viere

taken by dred.ges at many stations.

Mullock occurs in some areas.

Area E2

In the north of E2 there are extensive pebble areas overJ-ying

coarse sand. and. shell, while in the south there are large areas

of firm sand.. Sand-banks occur in the south.

Oysters are most abund.ant and- widely distributed- in the

north-west of the Area. Elsewhere there are extensive barren

areas with isolated. bed.s of oysters-

An unerçloited. oyster bed. (Diving Station 19, Map ,) htas

examined. in Decembet 1962. In the d.ensely populated parts of
the bed. oyster d.ensity averaged. 7 marketable oysters per square

yard-. Oysters were evenly d-istributed. and. J-ying in all attitud-es;
some were half buried.. Ilost were single but some small clusters
were seen. Hany articulated- d.ead. oyster shells occumed among

the live oysters, Most oysters were d-eep shelled. with intact
conchiolin¡ flesh quality was generally Sood'. This bed. of
oysters was about lOO yard.s long and 2OO yard-s across at its
wid.est point. Itslong axis was east-west. lhe bed. was on a slight
rise and- surround.ing areas bore few oysters.

Another previously unexploited. patch was found- about 1+

niLes E.S.E. of North Island. in about'14 fathons on a pebble

botto¡n. No d.iving was d-one, buÙ d.red.ging indicated- comrnercial

quantities of good quality oysters sinilar in appearance to
oysters from Area A.

P.yura is common on pebbles in the N.E. of the areas, and-

I'mullock" patches occurred in western and- southern parts;
elsewhere the animals were well distributed'.
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Area F

In the nortb and. west of Area F the botton is of clean
pebble-cobbles; in the south a-nd. east sand and. shell is more

conmon.

In the northern regions few oysters are present; occasional
patches of bigb oyster d-ensity occumed- over the rest of the
Area. Oysters are mostly d.eep-sheLled. and- of good. quality on

open ground. but nany stunteit oysters wer'e d-red.ged. in crowd'ed-

areas. C1umped. oysters were not numerous.

The benthic fauna is generally sparse on the pebble areas

in the North, but eLsewhere large "mllfocktr patches are frequent-

Area G

In area G there are large areas of coarse sand. mixed. wíth
broken shell- and. some pebbles in the south, central and. eastern
regions, with pebbles and. cobbles to the north and- west. large
sand.banks occur in tb.e south and. a trench 42 f athoms d.eep, about

'1'OOO yard.s long and. oriented- north to southr was record-ed- at
460 ,9f .oo"s: 1680 o1'.ov"E.

Many d.ensely populated. oyster patches of variable shape

and. extent were tocated., and. d-iving reveal-ed. nany oysters cLose

to I'mullocktr patc¡es, sand-banks, and. in d-epressions on the Sea

bed-. Many single stunted. oysters were seen beneath "mull"ock"
near Sad.d.le Point. Most areas of high oyster d.ensity are

surround.ed. by wid-e areas thinly populatedr by or I'acking' oyst€rs.

Most oysters occurred. on the sediment surface but in places

mar.y vrere embed.d.ed. in sand.

Hany oysters r¡rere coated. with bryozoa and- had. lost part of
the conchiolin. Shells of nany large oysters were infected by

the boring sponge Cl-iona sp. Flesh quality was usualJ-y poor in
hishly congested. areas but r¡ras varíable elsewhere.
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Relatively few tthlingstt or clusters of
Large amounts of d-ead. shell, often bearing
taken by d.red.ge.

oysters
Cliona

Ífere seen.
tunnels, I¡¡ere

Large patches of |tmulLock" are frequent. Elsewhere benthic
fauna was light and generallydistributed.. Coscinasterias and.

Pectinura ulere abund,ant.

Area H

llhe bottom in Area H is nainly pebble/cobbles. fhere are

extensive firro sand. areas to the north and. south.

In 1967 d.iving on a previousJ-y unexploited. area (piving
Station 28, Map Ð revealed- average densities of 6 marketable

oysters per square yard., d-istributed. over the fl-anks and- crest
of a rid.ge on the sea bed. llhe sed.iment was a d.eep layer of
pebbJ-es. Oysters l¡Iere most conmon on the west f acing slope at

about 1? f athoms. The rid.ge rose from 21 to 15 f athoms and'

Ìower d-ensities were seen above and, bel-ow the 17 fathom line.
The d.ensety populated. area hlas oriented east-west and- was

estimated- to be about I'OOO yard,s 1ong. Most oysters hrere large,
d.eep-shelled., often well- wol'n in the centre of the left va1ve,

but with an intact conchiolin and. of good. fl-esh quality. Oysters

occurred, on the sed.iment surface in all- attitud.es and oyster spat

r¡Jere seen on several oysters. Ma¡y articulated. d-ead oysters
occurred. on the d.ensely populated. areas. Live oysters found- in
"mullockt' at the foot of the rid.ge in 21 fathoms r¡Iere nostly
stunted an¿ of poor quality. Survey d.red.ging eLsewhere in Area

H revealed. extensive pebble/cobble substrates onLy thinly
populated. or devoid" of oysters, though patches of marginal
cornmercial value wer.e located. in d.epths below 22 f athoms. Many

of these oysters urere large, but l¡Iere flatter than usual and-

contained. only average quality flesh.
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The benthic fauna was generally sparse, but there are

occasional- rrmul-lockrr patches. I'Tany rrseven-armed starfishrl
(Astrostole) occurred on some oyster patches, and Coscinasterias
l¡¡as also common.

Area I
The survey did not futly explore this area. ïn areas cl-ose

to Ruapuke fsfand the bottom is of pebble-cobbles; el-sewhere
extensive areas of firm sand with pebble patches occur. Rock

outcrops are nu¡nerous.

One patch of good quality oysters was located on pebble
bottom south of Ruapuke Is1and (Square X29). Other sma1l beds
$tere dredged near the Hazelburgh Isl-ands, but elsewhere the
surveys indicated fairJ-y barren areas.

Pn¡¡a $¡ere conmon on the pebble grounds near Ruapuke Isl-and;
eLsewhere fauna v¡as generally sparse on the sand areas.

Area J

The sur'\rey did not fuIly investigate this area. The bottom
in area J is mainly firm sand with few pebble patches. Sandbanks
and rock outcrops are numerous in the south.

Small patches of good quality oysters were dredged near the
Ta-lttrarama Islands, Those in rrmul-l_ockrr patches \,¡ere of poor
quality.

Plates 3-5 show oyster ground in different parts of Foveaux
Strait. l4ap 9 shows areas of aggregated epifauna ( ttpq11e"¡tt )
and Rnra (Sea luLips ) .
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CONCLUSIONS

The results of 1960-1964 surveys showed that:
(t) About 93 square nautical rnil-es in Foveaux Strait contained

oyster grounds of commercial standards classed as good

or Grade 1, and another 28 square miles contained grounds
cl-assed as marginal or Grade 2.

(2) Oyster density showed great variation over short
distances in many places and beds and patches r¡Iere

generally weJ-l defined. Because of this it is estimated
that the beds onl-y covered about half o'f the 95 and 28

square miles in which they occurred.

The mean densities of takeable size oysters on sampled
Grades 1 and 2 oyster grounds were 6 and 4 per square
yard respectively.

At 6 oysters per square yard for 5O?/o of Grade 1 areas
03 + 2 = 46.5 sq. n. mls) and 4 per square yard for
5O/o of Grade'2 areas (ZA: I = 14 sq. n. mls), the
estimated standing crop of marketabl-e oysters on
commercially f ishabl-e beds v¡as about 1,34O mil-l-ion.

ß) Before 1961 most dredging occurred in Areas A-8, the
bul-k of the annual catches being taken in Areas A, B, D

and 81. These frequently exploited grounds hrere
estimated to cover a total- area of some 30 square
nautical miles. Thus only about one third of the total
availabl-e commerclal area v¡as being exploited before 1961.
Fishing effort was not distributed on each area in
proportion to the resources avaiLable.

(4) standing crop estimates for these intensively d.redged.
areas suggest that 15-20?6 fishing mortalii,y occurred.
Growth and recruitment wir-r vary in d.ifferent areas and
years but a tentative estÍrnate for mean annual- recruitment
is about 1o%, Natural rnortality r¡ras variable but up to
5@,4 of adul-t oysters died in 1962-196J and catches d.ecl-ined
sharply.

$) There was evidence of depletion by intensive and. prolonged.
over-fishlng on Area A, and parts of B and. D, sho'¡¡n by a
decrining catch rate and thinly populated grounds.
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DISCUSSIO}ü

Dlstribution

Results of surveys 1n 1906, 1926 and 1945 (Sorensen

1968), showed that most oysters in Foveaux Strait occurred
i.n wel-1 defined areas or beds, many of which were named

and dredged by oystermen.

The 1960-64 survey showed a simil-ar distribution in
areas previously unexploited by commerci-al- dredging. In
wel-l dredged parts of Areas A, B, D and D, oysters were
often more evenly but more thinly spread over wide areas.
Unexploited beds in these Areas hrere, however, more sharpì-y
defined. Commercial- dredging is thus suggested as the nain
cause of wide random oyster distribution in heavi-Iy expJ-oited
areas.

ft is assumed that the predominant distribution pattern
before commercial dredging occurred was that of a series of
dj-screte oyster populati-ons surrounded by unpopulated areas.

Diving showed that several- beds were elongate and
oriented in the direction of tidal cuments, vrith highest
oyster densities in the centre of the bed. Cranfield. (tg68)
descrlbes a previously unexploited oyster bed east of
Ruapuke Island (Square E.jZ - Itfap B). This be,1, l-ike other
unex¡rJ-oited beds described in this report, r^ras elliptical
in shape with high densities of oysters in the centre but
thinly populated peripheral areas. the elongate shape and
alignnent of these beds suggests that tidal- action influences
them.
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Most oyster beds occurred. along the mid.d.Ie of the
Strait. Tid.al action is also suggested. as the cause of
the presence of many oysters being pil-ed- up against sand.-

banks and. other obstacles and. in d.epressions on the sea

bed-.

Most oyster bed.s in Foveaux Strait are on firrn,
coarse sed.iments, suggesting that d.istribution is aLso

influenced. by the nature of the bottom (CulÌen 1962).
fhis mixed. coarse sed-iment occumed wid.ely along the
nidd-le regions of the Strait (Map 2) .

Most oysters ïJere on the sed.iment surface or l^¡ere

only lightly covered.. llhe fleshy ma¡rtle ed.ge of the
oyster keeps hard" particles out of the shell cavity.
Oysters were often buried. by sediments raised. by
currents or dredge action but this scouring action
al-so exposed. burried. oysters. Oysters were moved. over
firm bottoms by tid.a1 currents, erçplaining the quar.tities
against sea bed. obstructions.

The observations may explain the rapid. changes in
apparent abund-a¡ce and. d-istribution of oysters from tine
to time in d.ifferent areas.

The d.istribution Plap 7 summarises the 1960-19€/+

situation.

Oyster PopuLations

Population samples from many unexploited, Strait areas
were comparable with a large proportion of oysters over
6.4.cm. in length (takeable) but relatively few smal-l-er

oysters. For example Figure lOA which laainly contains
sampl-es from new ground.s shows a mod.e at B.lcm; the
reserve of takeable stock in these grounds is large.
Other similar examples were record.ed- in unexploited. parts
of Areas F, G and. H. By contrast Figure 4A fron the
heavily ex¡rloited Area A ground-s shows a l-ower proportion
of takeable to immature stock and. the size range of the
former suggests heavy fishing mortal-ity. Tb.e falling
catch rate on Area A suggests that dred-ging was exceed-ing

the recruitment rate. The histogram for Area B (Fig. ,)
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the Ruapuke Bed.s, shows a greater proportion of takeable
stock than on Area A, but there were also ma¡Ly recruits,
attached. to parent oysters. Area B had. not been d.red,ged

as intensively as Area A.
lhe large numbers of recruits on heavily exploited.

ground.s in Areas A, B and. Dt and. the fairly rapid- growth
rate have possibly enabled. these ground.s to withstand.
intensive d.red-gi.ng for many years but many oysters are

being taken as soon as they reach the minimum takeable
sLze, and- the catch rate has shown a stead-y d.ecline.

Stud.ies suggest that there is varj-ation in growth
rate, rec:rritment and. natural mortal-ities in all parts of
the Strait and. these factors complicate any assessnent of
the optimum yie]-d.. Stead (gn) includes much biol-ogical
d-ata on O. lutaria.

9Jrster QualitY
[here were relatively more young oysters in samples

on eastern ground-s than on une)rploited. western grounds.
SheII and. flesh cond.ition utas generally better in eastern
areas. Many old. oysters on v¡estern ground.s had- thickened.t
friable shells a¡id- red-uced. glycogen reserves. lhus
qual.ity nay be related. to the amount of e>çJ-oitation.
Oystermen have cornmented. on improrred- oyster condition on

mar.y western areas after a few seasons d.red.ging. Apart
fron the culling of old- stock and d.ispersal of oysterst
d-red-ges nay raise oyster food material from the sea bed..

Oysters in d.ense "mul-l-ock" hrere often small and in poor
cond.ition but oysters on nearby open ground- l¡rere usually
fat. This suggests that conpeti-tion for food is a

significant factor"

Commercial- Aspects

The proportion of takeable oysters removed- by
d.red.ges is inportant in assessing optinum yi-eIds.
Assuming an oyster boat tows two 11" wide d.red.ges at
2 knots for 10 ninutes, 40 times a d.ay, the area covered.

d.aily by d.red.ges would. be about l9OrOOO square yard.s.
For a d.ay's catch of 80 sacks at 8OO oysters per sack,
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about 6l+1000 oysters would- be taken from the d.red-ged-

area, i.o., about '1 oyster for each , square yard's

each time over the ground.. laking commercia]- bed-

d-ensity at 6 oysters per square yard. d'red.ge efficiency
is about ,-6%. The bed wout¿ be d.epleted. to below the

marginally profitable d.ensity of 4 oysters per squale

yard. by the time the dred.ge has covered. the ground.

B-'10 times. A skifled skipper calL l^tork within very

close areas and. where bed.s are small- these can be fished'

until they are no longer profitable; the boats then

move onto another bed,. The d.anger of loca1 overfishing
exists when bed.s are worked- reguÌarly and- the competition

for bed.s increases. The rel-atively low d.red.ge efficiency
assists in conservation when d-red-ging is spread' over a

wid.e area.
In 1960 about 1oo nillion oysters were taken, mainly

from Areas A-E which contain about 5U/" of the available
ground. in the Strait. For an estinated- stand-ing crop of

5OO nillion oysters for A-E in 1960, a yield. of 100

nilIíon represents 2Oî/o físhing mortality'
For Area A assume a mean d-ensity Of 6 oysters per

square yard. on , square miles, i.e., 12O nillion oysters
as the stand.ing crop. The mealL annual- yield- for Area A

from lgr}-19r9 was about 40 
'OOO 

sacks or 12 ¡rillion
oysters. llhis represents a mean annual fishing nortality
of 2?% of the sta¡d.ing crop rrnless mean d.ensities l¡Iere

originally nuch higher. Since 1962 the number of boats

has increased. and. most of the surveyed. areas in the

strait have been dred.ged.. oyster ground-s in Areas F, G

and. H have yield.ed- commercial- catches of good quality
oysters. These catches, however, represent the yield- from

a previously unfished- stock and- the ability of these

ground-s to withstand- continuous intensive d-red.ging in
future is not yet known. [his will d.epend. on the

relationship between recruitment, and natural and fishing
mortali-ties.
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The obvious d-etrimentaJ- effects of comrnercial
d.red.ging on a bed. includ.e: removal of takeabl-e oyster
stocks a¡d, therefore spawning potential, l-oss of many

spat and. "v,ring" oysters attached- to the oysters taken
red.uced. chances of cross-fertil-ization and- settlement
by removal and d.ispersal of large oysters, d.amage to
young oysters and d.ispl-acement of spat, burial of
oysters, and. nod.ification of the environment. Some

possible beneficial effects of d-redging includ.e:
red.ucing overcrowding, exposing buried. oysters a¡d.

clean shell- surfaces for spat settlement, removing
oysüer pred.ators and. parasites, breaking up aggregated-
epif auna (Itmullockrt) , grad.ing the sed iments, and, by
raising fine organic food material from the sea bed..

llhe totaL area populated. by oysters is often
increased by d.red-ging and. mixture of popuJ-ations may

be geneticalÌy beneficial.
In Foveaux Strait a certain amount of commercial-

d.red.ging is beneficial-, d.epend,ing on local- cond.itions.
One result of del-icensing and. controÌ by quotas since
19AZ is a more even d.istribution of d.red.ging over the
whole area and. a red.uetion of fishing intensity in
previously heavily exploited eastern areas. Frequent
westerly gales in Foveaux Strait usually reduce
available d.red.ging tine during the season and- rough
surface cond.itions reduce efficiency. Thus weather is
an important factor in conservation of oyster stocks.
The effect of hearry seae on the sea bed. is not thought
to be significant d.ue to the d,epth of water over the
beds, but prolonged- westerÌy gales may increase fl"ood-

tid.e velocity through the Strait or d.isturb bottom
deposíts in shal-low water.
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Statistics of the FisherY

Flgures 21-26 show oyster fishery statistics.

Figure 27 shows annual catches 1913-1968, the nunber of
boats d,red.ging, and the catch per hour rate. The increasj-ng

catch trend. occurred as diesel power replaced stean and sail'
as dred.ges increased in size, and as more boats entered the
fishery. The stead.y decline in catch rate for 1946-1957 applies
nainly to Areas A-8. The nunber of boats increased sharply
after fisheries del-icensing in 1962.

1962 Sstimate of the Maxigrug Sgstainable Yield

An estirnate of the yield was made in October 1962 after
the exploratory and dredge cal"j-bration (SteaO 1962) Phases 1 and

2 of the study had been completed. Diving and underwater
photography (Phase 3) afso supplied some data on oyster densities.

The total- area containing conlmercial- grounds was estimated
to be about 11O square nautical rnilesr only about half of which'
mainJ-y in Areas A-8, had been exploited.

The decl-inlng catch per hour rate for 1946-1957 indicated
overfishing on Areas A-E. Comparison of catches ta]<en in any

one season wlth catches two years la'ber showed that, in most

cases, whenever the annual catch was below 85'OOO saclçsr âÊ

increased catch was taken two years l-ater, whereas when the
annual catch was over 851000 sacks, a di-minished catch was taken
two years Later. It was thought that the effect of dredging
was as much by the removal- and damage to just wrdersized oysters
as by removal- of takeable oysters - hence the 2 year time lag
before the effects of over-dredging appeared. Al-though results
vrere complicated by weather on the amount of fishing they did
suggest that the naximun yield which could safely be taken from
Areas A-E in future v¡as about 85,000 sacks. ^A,t the 1960 catch
rate this represents about 8,5O0 hours dredging.

Fisheries technical report no. 59 (1971)



45.

The 1960-1962 surveys showed that oysters were
genenally more abr¡¡ed.a¡rt in Areas F-H than in Areas
A-E, but d-ue mainly to the unworked_ state of many
western ground.s, commercial d,red.ges ra/ere l-ess
efficient. During 19Ol however ¡ 14r4BO sacks of
oysters were d.red.ged- in Area G at a higher tha¡r
average catch rate of 1O.87 sacks per hour. fhis
showed. that population d.ensity would. support
conmercial d-red.ging and. that the rough ground.s courd.
be worked. by stand.ard. commercial- d.redges. Using
survey results a:rd. catch figures the maximum

sustainable yield. for the whole Strait hras assessed_
at twice the estimated BSTOOO sack safe yield. capacity
of Areas A-8, and. was therefore 17Or00O sacks, provid.ed.
that d.red.ging effort was rationally spread, over aII
available Strait oyster ground-s. Insufficient comrnercial-
d.ata for Areas F-H were available to regard_ this as more
than a provisional estimate of yield.. To assess al-l the
parameters of the resource more d.ata were required.

In 1962 a Parl-iamentary Select Comrnittee on the
Fishing Ind.ustry reconmend-ed, the d-elicensing of all-
fisheries, incl-uding dred-ge oysters. Conservation and.

nanagement of the oyster fishery was to be achieved" by
using suitable sack quotas. The oyster fishery was
d.elicensed. ín 1967 and controll-ed. by an overalL quota
of 17Or000 sacks. The area was d-ivided. into two zones
by a line from B1uff Hill to Motunui Island_ - Akers
Point, Stewart fsland-, (Map 1). The quotas for east and

west zorLes were respectively TOTOOO and- '1O0'OOO sacks.

Average catch per hour figures for '1960, 1961 and.

1962 were respectively 10.r4, 10.46 and- 8.O4 sacks.
The nunber of boats remained at 12 and the a¡rnual catch
d.ecÌíned.. The d.ecline occurred- sinultaneousJ-y in most
Strait areasr oD ground.s subjected to variable levels
of exploitation. Survey d.redging on unexploited. grorrnd.s

also showed. a conparable d-ecline. The catch d-ata, and.

evid.ence of high ad-ult oyster mortal,ities due to

1962-19æ Situation

Fisheries technical report no. 59 (1971)



46.

parasites in 1962, confi-rmed that the sharp decline was

due mainly to natural causes rather than to commercial

dredging.

The number of boats increased in 1963 and the annual

catch j.ncreased s1ightly, though the mean catch rate felL to
5.98 sacks per hour. Hlgh adult mortalities due to parasites
also occurred in 1967. Poor daiLy catches in 1961 encouraged

commercial prospecting in more remote areas and some new

grounds yielded good catches.

Pre-season surveys in 1964 showed an increased catch
rate, higher oyster densj-ties on the sea bed, and lmproved
flesh condition, indi.cating a recovery from the effects of
the parasites and a possibl-e future upward trend in catch
rate.

It is significant that the mean catch per hour rate
subsequently increased even though the number of boats in-
creased. Possibly the reduced dredging on the traditional-
beds allowed good spatfalls and undisturbed growbh of spat
with consequent redttctions in spat and small- oyster mortality.

Closure of Area A

Figure 24 shows catch stat.istics for Areas A and B for
1950-1968. Large arurual catches were taken fron Area A
for many years. These grounds are close to Bl"uff , are Less
exposed to westerly weather and r¡¡ere a source of good quality
oysters. ft was reported, oD occasions the whole fl-eet of 12

boats worked Bed A before 1960. Drrj.ng this period of lntensive
exploitation a large part of the arueual- catch came from Area A.
Consequently the catch rate fell and the síze of the commerclally
exploitabl-e area became reduced. Diving in Area A in 1962-1964
showed large pebble areas only thinly populated with oysters,
though some good patches !/ere seen. Conmercial dredge catches
were usual-ly small but consisted malnly of live oysters with
little empty shell and other fauna.
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ft was apparent that the limited area of oyster grounds
in Area A (about 5 sg. n. miles) naa been depleted by over-
fishing. To protect the renaining oyster grounds and to
allow regeneratj-on, closure of Area A was recommended until
there was evj-dence of recovery. The area was closed to
dredging before the 1964 season opened.

1964-1968 Situation

Figures 25 and 26 show Area catch statistics 1960-1968.
The upward trend in catches continued in 1964, 196, and 1966.
The increase in catch rate was comparable and simultaneous
for al-l Areas, despite an increase in the number of boats, and
variabl-e fishing intensity on dlfferent oyster grounds. The

overalL upward trend r¡ras, however, due partly to the
exploitation of many new grounds and parti-cularly Area G. It
nay be signifi-cant that the catch per hour rate usually remains
fairly constant throughout the season and rarely shows a
decLine towards the end of the season, which would indicate
depletion by dredglng. However, the practice of moving to a
new bed as soon as one becomes depleted would tend to negate
this effect. The effect of depletj-on through the season may

aLso be masked by recruitnent of new oysters attaining talceabl-e
size or by oysternen taking progressively smaller oysters as
the season progresses. No reduction in the 7C,OOO sack East
Zone quota, to aLLow for closure of Area A, was advocated in
1964, for the following reasons:

(t ) Discovery of new grounds in Areas C and E2 in
1960-1964.

(Z) Vol¡ntary reduction of dredging on eastern
grounds; catches v/ere often better on
western beds.

3) Daily limit catches imposed by the ind.ustry due
to reduced consumer demand.

Tn 1965-66 however 68,619 and 50 ,329 sacks lvere taken
from the East Zone with Area A cl-osed to dredging.
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The maximum safe annual yield for Area A had been

assessed at 14,OOO sacks, i.e., 15/o of an estj-mated stand'ing

crop of 76 million takeabl-e oysters. In 19€'7 t}':ie '14'000

sack Area A quota was d.educted from the 7O'OOO sack East Zone

quota to give a revised East Zone quota of 561000 sacks, the

I{est Zone quota remaining at 1O0'O00 sac}cs'

During the 1964-1968 seasons dredging occurred in most

Stralt Areas with resul-ts as shown in Fi'gures 25 and 26.

l4arry good. catches were taken in the West Zone. In 1966 and

1967 annual- Strait yields for Areas B-H rvere respectively
160 rt82 and, 164 r74O sacks. These were cl-ose to the maximum

sustalnable yield of 170rOO0 sacks for Areas A-H as assessed

in 1962 even though Area A was cfosed. The mean catch per

hour rate in 1966 for Areas B-H was 10.50 sacks, whiJ-e that fo:'
the exploited areas in 1960-1961, the main survey period' was

10.06 sacks. ft is unlikely that all- avail.abl-e surveyed
commercial oyster grounds in Foveaux Strait had t¡een dredged

or v¡orked to capacity by 1966-1967. In 1967 the arueual- catch
increasecl but the catch per hour rate fel1 to 9.52 sacks. The

downward trend continued to a mean of 7.73 sacks per hour in
1968. The decllne was comparable and simultaneous in all-
Areas and. on grounds subjected to variable fishing effort. These

fluctuatlons may therefore be due mainly to erivironmental
factors rather than to dredging. The sharp decline in 1962-19(1

vras caused by oyster parasites.

Dredging affects the catch per hour rate cver long periods
resulting 1n a steady downward trend as in 194('-57. This rnay

be due in part to the d.i.spersal of oysters over 'uhe sea bed by

dredging, resulting in a wider but more thinly spread populaticn
and subse,luent smaLler dredge catches for the same effort.

Dredging also causes l-ocaLlsed overfishing as in parts of
Areas A, B and D.

The overall quota was reduced to 121,5OO sacks in 1969 as a

conservation measure and as an adjustment due to the change in
takeabLe slze from 2årt to 2+' ring size. Flowever, in 1969

industrial. disputes .l-ed to closure of the beds for much of the
season. Dredging for 10,114 hours in 1969 resulted in a catch
of 66,260 sacks at a mean 6.5 sacks per hour. Oyster oonditior
inproved during the 1969 season. The 1970 quota was reduced
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by general consent to 115,000 sacks to conserve stocks, and
117rOOO sacks were taken by 1r55O hours dredging. The mean
catch rate of 7., sacks per hour indicates a possibLe upward.
trend in future . Fresh condition for ig7o was generally good.

Managernent Methods

Number of Boats

After delicensing of fisheries in 1962 the number of
boats dredging the oyster grounds progressively increased.. rn
1968 there were 22 boats operating and fears were expressed
by nany in the industry that any further increase woul-d. depletc
oyster stocks. rndustrial and Government action in 1969
restricted the number of boats to 2J pending an inquiry by a
1970 Parl-iamentary SeLect committee. This select conmittee
of the New Zealand Parliament 1s currently hearing submissions
on this and other aspects of the oyster industry. Thelr
findings nay well effect policy with regard to management
methods. Restricting the nunber of boats before jg6z had. not
prevented the depletion of Area A while many other prod.uctive
beds were unexploited.

Quotas

Another method of regulating the fishery i.s by the provisjon
of catch quotas.

The zorte quota system adopted in j96z after delicensing
restricted anrruar catches from the East and west Zones to
7o,ooo and 10o,o0o sacks respectiveÌy. This was based on the
1962 estimate of the maximum sustainable yield.. The East zone
quota was Later reduced to 56,000 sacks to al1ow for cl-osure of
Area A in 1964.

In the period 196j-1969 most of the surveyed. oyster ground.s,
and some new grounds, were exploited., to a varying d,egree, by
the expanded fLeet. Catch data have ind.icated the yield capacity
of the oyster gror-rnds during a period. of sharp fluctuations,
thus it is now possible to assess nore accurately the maximum
sustalnable yield for the whole strait and for each Area by
comparison of actual landing data with estimates of yields from
survey results. l4ap 7 shows the different commercial grad.es of

Fisheries technical report no. 59 (1971)



5o'

sampled stations based on dredge catches and bottom cor¡nts
in 1960-1964. Map 8 shows the nr-¡.mber of square nautical mile
areas contaj-ning Grade 1 and. Grade 2 (marginal) commercial
oyster grounds.

The mean density of takeabl-e size oysters on Grades 1

and 2 ground was 6 and 4 per square yard respectively.

Oyster grounds were not continuous and therefore only
50% of t]ne square mi]e areas was taken to be of commercial
standard. Each square nautical- mile is 4 mill-ion square yards.
The following table shows the number of square miles and the
standing crop of oysters on 50}6 of the area, ât 6 per square
yard for Grad.e 1and.4 per square yard for Grade 2 (Cofumn 5).
The annual yield capacity was assessed at 1O?d of the standing
crop (Cotu¡nn 4). Growth, recrultment and natural mortallty
studies had suggested a mean net replacement l-evel of about 1U/,

of takeable stock a year. Mean standard dredge efficiency has
been assessed at about 10% (Stead 1966). The arurual- yield in
sacks at 8OO oysters (about 65 dozen) a sack is shorvn j-n

Col-unn 5. Columns 6, 7 and I show mean Area catch statistics
1967-6e for comparison.

For Grades 1 and 2 oyster grounds, the estimated annual
yield for East and l,Jest Zones were respectively 62,0OO and
1O5r5OO sacks, giving a Strait total- of 167 r5OO sacks compared
with the 1962 estlmate of 170,000 sacks.

With 9r5OO sacks deducted for Area A the East Zone total-
is 52 r5OO sacks. There is soine correlation between cal-cul-ated

^A.rea yields and mean Area catch 196j-1968 for Areas C and D1 .

The dlscrepancy for Area E2 figures is largely due to the
discovery and ex¡lloitation of new grounds ln the Area after
1964. The estimates suggest that the optinun yield capacity
for Area E1 had been exceeded for many years but that of Area
G may not have been achleved. (tfre maximum was 50 r77Z sacks in
1966) .
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TASTE 1q CATCUL¡,ITON OF OPTTT{TIM YIEIDS - FOVEATIX STBAIE OYSTERS

12 4
ZONE AREA Number of

sg. D.
niles
Grad.e I
Oyster
Ground-

Number
sg. rI .
miles
Grad.e
Oyster
Ground-

of Calculated.
Stand.ing
Crop
(ni1l-ions
takeable
oysters )

1@t ot
Calculated.
Standing
Crop

Calculated.
AnnuaL Tielcl
in sacks
(aoo oysters
per sack)

Mean
A¡nuaI
Catch in
Sacks
1967-68

Mean
AnnuaI
Hours
Dred.ging
1967-68

Ì'fean catch
in sacks
per hour
1961-æ

E
A
S
E
E
R
N

Z
o
N
E

Â 5 2 76 7.6 95oo CIosed. Closed. Closed.

B 10 1 128 12.9 16000 1rr7v '1881 7.49

c 4 1 56 5.6 TOoO 7746 97' 8.01

D2 8 4 128 12.8 16000 1O9O4 1172 ?.74
E2 7 84 8.4 1O5OO 18rOO 219ø 8.09

I 1 12 1.2 15OO 81(1967) 7 11.>7

J 1 12 1.2 15OO 16!1<196/{-) 17 9.65
1{
E
S
I
E
R
N

Z
o
N
E

D1 2 24 2.+ ,ooo t+4c,4 ,8+ 7.48

E1 10 7 176 17.6 22000 t5012 4t1 7.89

F 5 6 108 '1o.8 11500 +145 467 8.O'
t¡ v6 4 4æ 46.4 580OO t2tn tæo 8.V7

H 4 v 72 7.2 9OOO 991 111 5.94

East Zone
llotals 16 8 +96 49.6 62000 ,o468 dfo6 8.75
I'Iest Zone
{[otals 5? 20 844 84.4 105500 76912 9191 7.54
Strait
Totals 97 28 1t+O 1t+.o 167500 127ze,O 1rr99 8.20

I

Á
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TABI,E 16 CA.IJCI]I'ATION OF OPTIryIUM YIELDS - FOVEAIIX SERAII OYSTER,S

12r+567 8

Suggested.
Equival-ent
Annua1 Hours
Quota

ZONE ARE^û. Number
square
miles
Grad.e
Oyster
Gror¡nd"

of
11.

of
1

Stand.ing
Crop in
nill-ions
of Take-
able Size
Oysters

Annual
Yie1d- as
10% of
stand.ing
crop

Annual
Yie1d. in
Sacks at
BOO Take-
able Size
Oysters
per sack

AnnuaI
Yield. in
sacks. 10%
reduction
for Oysters
Size 2+"
.r1 lt¿E

Number of
Hours
Dred.ging
at 8 sacks
per hour

Suggested
quota
Ad.justnents
in sacks

84V 6750 84t-Fi

A
S
I
E
R
N

Z
o
N
E

A , 60 6.O Troo 67ro

B 10 120 12.O 15OOO 17roo 1687 9roo 1187

c 4 48 4.9 6000 ,4oo 67' 94OO 67'

D2 I 96 9.6 '12000 '1o800 1to 10000 12rO

E2 7 B4 8.4 1O5OO 94ro 1181 124rO 1>r6

T 1 12 1.2 lroo 1150 168 225O 281

J 1 12 1.2 1500 17ro 168 22rO 281

w
E
Þ
T
E
R
N

Z
o
N
E

Dt 2 24 2.4 ,ooo 27OO 117 27OO t17

E1 10 1n 12.O l5OOO 1t,OO 1687 205OO 2162

F , 50 6.O Troo 6?ro 84' 97ro 1217

G t6 4t2 4r.2 54000 48600 607' t8600 4825.

H 4 48 4.9 6000 v+ao 675, ,+oo 67'

East Zone
flotals t6 412 +4.2 54.OOO 48600 æ72 48600 6073
tCest Zone
Totals 57 684 68.4 85000 76950 9617 76950 9617
Strait
lotals 97 1116 111.6 1t9roo 12r5ro 15æ9 1255ro 11689

\JI
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To lncrease the safety factor a second calculation was

based on Grad.e 1 areas only. At 6 oysters per square yard for
5096 of Grade 1 areas, the second table shows the stand.ing crop t

the annual yield as 10% of the standing crop, and the annual yield
in sacks for each Area at 800 oysters per sack. For this
cal-culatlon the East and. West Zone totaLs are respectively 54rOOO

and 851000 sacks, the Strait total being 179r5OO sacks.
Deductlng 7 r5OO sacks for the closed Area A the East Zone total-
1s 46,500 and the B-H Strait total is 171r5OO sacks. This
compares with the mean 1961-68 anr¡ual- catch of 127 ,28O sacks

with Area A closed, ât a minj-mum takeabl-e oyster size limit of
2ått. In 1969 the size l-lmit was raised to 2+" and to al-low for
this a 10!6 reduction in yield quotas was app11ed. This was

estimated frour growbh and recrultment studies. Column 5 of the
second table shows the estimated. annual yield quotas for a 2*t'
size limit. The East and Tfest Zone totals are respectively
48,600 and 76,950 sacks, the Strait total-, lncluding 6 ,75o sacks
for Area A, being 125r55O sacks. This is the maxlmum sustainable
yield for the Foveaux Strait oyster resource based on the above

cal-cuLations. The equivalent number of hours at B sacks per
hour are shown in CoLu¡n 6 to give the optimr,rm dredging effort.

Cohunns 7 and 8 show suggested adjustments to Area yield
quotas based on consideration of the following:-

Ylel-d capaclty based on availabl-e catch figures, intensi-ty
of previous exploitation, evidence of depletion, accessibillty
of oyster grounds, exposure to v¡eather and rough seas, discovery
of new beds, presence of aggregated epifauna and shel-l parasites,
variable dredge efficiency, and biological factors such as the
reLative amount of settlement, grow-bh, recruitment, and natural
mortalitÍes.

This shows that the overal-l- sack and hours dredging quota
should be at 125,5OO sacks or 151689 hours. Later adjustnents
may be necessary on the basis of results of further surveys and

biological studies and on catch trends.
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Sharp fluctuations in catches and presumably oyster
abundance occur in Foveaux Strait. They are thought to be mainly
d.ue to variatlon in natural mortalities (as in 1962 and 1963

when oyster parasites were prevalent and catches were sma1l),
and recruitment. These cycles may not be related to dredging
intensity. In view of this Dr D. Eggleston (pers. comm. ) has

suggested that any quota should vary each season with the
abr:ndance of oysters and that a more satj-sfactory method of
regulating the fishery may be to specify the number of dredging
hours rather than a sack quota. ff the hours quota were fixed
at 15,0OO j-n a good year wj.th a nean catch per hour rate of 10

the expected catch woul-d be about 150,000 saclcs. ff the catch
rate was 6 sacks per hour, due to l-ower oyster abundance on the
beds the seasonrs catch woufd be about 90,OO0 sacks. Thus the
take wouLd fol1ow natural- cycles and not be excesslve in any
one season.

ff a varying sack quota is to be used the standing crop
would have to be estimated before ea.ch season, If the stocks
are not to be depleted then the total mortaÌity (i.e., fishing
mortaLity plus natural- mortality) shouLd not exceed recruitnent.

It has been suggested that arurual recruitment is norrnally
of the order of 1O% of the standing crop. The take should. not,
therefore, exceed 1096 of the standing crop. nxperience in 1962
and 1961 showed that ln some years natural mortal-ity can be high
(see page 4A ). Sinilarly, if a quota of hours is to be used.
this shoul-d be cal-culated so as to al-l-ow the dredges sufficient
tlme to take only up to 10% of the standing crop.

If the fishery ls contro.l-led by Area sack or hour quotas
it would be advisable to keep the industry informed of the
current area quotas throughout the season, so as to encourage
rational- exploitatlon.

rndividual- boat quotas may be useful in certain cases,
e.9., when Area "4, is reopened, to ensure a falr distributlon
of catch per boat and to prevent intensive competition for
small patches of oysters whlch could l-ead to rapid depletion.
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Area Cl-osure

Closure of Areas is a method of protecting oyster grounds.
Area A was closed to dredging before the season opened in
1964 to protect the beds and to al-low assessment of the recovery
rate of depleted areas. ^A,rea A has remained cl-osed as diving
surveys and some sampling dredging have shown llttl-e evidence
of re-generation over most of the Area. Some isolated patches
have j-ncreased their populations and a dayrs conmerci-al dredging
in Square R,72 on 19 April 1968 resul-ted in a catch of 81 .5
sacks in B hours 40 minutes, 1.e. , 9.4 sacks per hour. Many
aggregations of young oysters r^rere present. The mean catch
rate for Areas B-H in 1968 was 7.6 sacks per hour.

Other parts of Bed A which, during the 195Ots contained
productive beds, remained virtual-ly unpopulated after four
years cl-osure. This suggests that rrseedingrr rvith oysters and
shel-l rnay be necessary to effect re-generation on these pre-
domj.nantly pebble areas.

Wster popuJ-ations in Area A rnay, however, support limited.
comnerci.al exploitation durlng the nerb upward trend (forecast
for 1970-1972) to al-lov¡ its re-opening, but quotas should. be
smal-l (raute 16).

Areas may be cl-osed in rotation to assist re-generation;
closure for only one season means that grounds are protected.
for 18 months. Area B may be the next to require protection by
closure.

Return of Shell_

Foveaux strait oysters are shucked ashore, and the buLk
of the empty shell- is normally deposited on large she1l heaps,
to be crushed for poultry grit and l-ime. Empty shell has never
been returned in quantity to the oyster bed.s. Drring 1960-'1964
young live oysters, mainÌy attached as nwingsrr to shel-l_s, urere
seen on shell- heaps, in sacks of freshly opened sheLl at
factories, in tmck loads of shel-l_, and on oyster boats at the
wharf. fn 1963, counts showed an average of 174 llve oysters,
from 1mm. to 7 cm. in J-engthr p€r sack of enpty she1l. For
12o,000 sacks of sheLl this represents about 20 million live
oysters; this is equal to 2j ,ooo sacks if al_l smal] oysters had.
l-ived to reach takeable size; the natural mortal_ity rate of
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smal-l- oysters is not known. A conservative estimate would be

a wastage of at least 10 million l-ive oysters a year for nany

years and the situation will- u¡orsen if annual catches increase.

One point which must be established is whether or not
the smal-l oysters on the shucked shell woul-d survive to be

returned to the beds.

A sack containing 265 dlscarded l1ve oysters, mixed with
empty shetl-s and bench sweepingS, was taken from an opening
shed on 9 April 1964. The oysters had been dredged the previous
day. .A random sample (tOg) of the oysters ulas measured; 729,6

(ZA¡ were of takeabl-e sj,ze. The sack containing the oysters
and other materiaL was soaked in fresh water and left outdoors
covered by dry sacks. The oysters weie then examined daily,
.4,11 survived for 4 days but 3 died 5 days after leaving the sea.
Other oysters died on the 6th and 7th days. 529/o had died by
the 8th day. Nearly all were dead after 10 days out of rvater.

Conditions on dredging permits since 1964 lrave specified
that no undersized oysters may be l-anded and that al-l- such
oysters be returned to the sea as soon as possibfe. One problern
is that manual- separation of oysters at sea often results in
damage to sma1l oysters.

The availabLe evidence suggests that all freshly opened
shel-l- should be returned to productive oyster areas as soon as
possible after opening, especial]-y those shelLs from eastern
areas where numbers of smaLl oysters on larger oysters is high.
This would be to ensure that young l-ive oysters survive.

Ðr D. Eggleston (pers. eomm. ) points out thai -
rrrhis is particularly irnportant in this species of
oyster as the great majority of spat appear to settle
on living oysters. There ls some settlement on other
shel-ls and supports but the significance of this
settl-ement to the recrui'tment to the fishery is probably
smal_I. Thus if 10-15% or üte stand.ing crop is being
removed each year then a similar proportion of the
young oysters is removed frorn the beds each year.
This proportion is l-ess than the percentage of the
standing crop removed as sorne, but by no means al_l, of
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the small oysters are removed from the oyster to which
they are attached, and returned to the sea. If 1O?/"

of the small- oysters are removed each year theu the
potential- recruitment is cut by that percentage each
year the wrdersize oysters are subject to dredging before
they reach takeable size. If it takes an oyster three
years (Stea¿ 1971) to reach takeable size then at l-east
25% of the potential- recruitment will be l-ost to dredging
alone. rl

Previous observations suggest, however, that long dead
frwhite shel]stt may not be ideal- as supports for settling spat
in strong tidal conditions, but this would have to be checked
by returning shell- to sea in known areas, Spat settl-ement coul-d
then be monitored. Smal-l spat were seen on ol-d shefl-s in 1970.
Studies suggest that whol-e and broken shel-l- provides a favourable,
firm, but permeable substrate for oysters in Fovear¡.x Strait.
The dredging of oysters from parts of Area A has removed most of
the sheil, leaving only pebbles, and no recovery has occurred
on these areas.

Old thickened shel-Ls infected by sheIl parasites such as
Cl-iona from western areas coul-d be deposited ashore for pro-
cessing, while firm shell- with intact conchj-o.l-in from eastern
areas could be returned to sea.

Re-distribution of Ovsters

fn order to assj-st re-generation of some areas i.t may be
feasibre to dredge oysters and culch from congested western
areasr ê.8. r near Saddle Point, and to deposit the materj.al on
depleted, but once productive ground., 1n Area A for example.
These oysters, together with enpty shel-L from opening shed.s and
shell heaps should hasten recovery of d.epleted. areas by forming
the nucrei of oyster bed.s. Breeding stock and. settl_ement
surfaces (l-arge, live oysters) v¡ould be provided, and. introduced.
oysters from congested areas should. improve in quality. The
transplanting may be most effective if carried, out on a large
scale during the breeding period, which is also the cl-osed.
season. ft may be advisabl-e to avoid the introduction of star-
fish, and shell parasites such as gf&B, if possible. surall
scal-e experlments nay be necessary to assess the efficiency of
this nethod.
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Takeabl-e Size Limit

The slze of oysters is checked by the use of metal ri-ngs

of known interior dlameter. The minimum takeable size limit
was raised from 1-f;-tt to 2&u in Febnrary 1941 and was raised
to 2f tt in February 1969.

Survey stud.ied in 1960-1964 showed that the 2È" size timit
allowed. the commercial taking of many iuunature oysters which
had never produced farvae (Stead 1971). This may not be

significant in many areas due to the high fecundity of oysters,
but in some areas where adult oysters are of small- size due

to fishing intensity or natural causes the reserves of spawni.ngç

stock may be too srnal-l- to slaintain recruitment. Thus an

increase in the size limit woulcl be beneficial- even if ít
allowed oysters to spawn only once before being caught.

Studies of the shell width/mean flesh weight rel-ationship
(tr'igure 16) al-so show that an j-ncrease in shell width from 2-!tt
-bo z+ltrrepresents a mean increase of about one gram in flesh
weight. For 65 dozen (gZo oysters, about one sack), there
would be an increase of about 1 l-b 11 oz in flesh weight. Recent
(lgfO) enquiries have revealed, however, that the increase in
size l-imit has made only a smaLl- difference to the average
numbers of oysters per sack. In sack cor:nts the size variation
from different Strait areas is more significan-b.

Cl-osed Season

.Another method of conservation -i-s by imposing a suj.tabl-e
cl-osed season when no dredging is permitted. For many years
the season opened on 15 February and closed. on 30 September
each year. Oysters are usual.ly lncubating larvae in September
and are often in a spent condition after rel-ease of eggs into
the mantle cavity. In September consumer demand often declines
as weather becomes vrarmer and with the advent of the v¡hitebait
season. Most l-arval settlement occurs in December-February.
These factors suggest that a shorter season would be benefj-cial.
Delaying the start of the seasorl would al.l-ow spat more time to
attach and grow. If the fishery is controlled by quotas the
catch or hours dredglng quota may be achieved before the end of
the season, resulting in early closure.
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A six month season opening on 1 ì4arch and closing on

31 .A.ugust each year, otr before if quotas were achieved,
seemed to offer most benefits, and this vras provided for
under the 1969 Fi-sheries Regulations.

Dredges

No increase in commercial- dredge size or in the number
of dredges carried is advocated. The use of specially
designed smal-ler dredges which may be more effective in
congested areas, could be a.l-lowed.

Predator and Parasite Control

Starfish such as Coscinasterias, Astrostole and
Pectinura and other predators if it can be proved that
they eat oysters should be removed during culching and
destroyed or taken ashore - possibJ-y for use as fertiliser.
This wouLd be most effective if carried out by crews on
all boats in the f1eet.

Commercj-al dredging breaks up rrmul-lockrr and often
improves areas for subsequent dredging.

Parasites such as the trematode Bucephalus and the boring
sponge Cliona are most effectively controll_ed at present
by commerciaL dredging which removed infected adult
oysters and scatters oysters on the sea bed, thus reducing
the chances of cross infection. Trawling the primary
host of BucephaLus, the monlc fishr or stargazer,
toma siganteum) may also help contror the parasit.

Dredge Ovster Cultivatie4 atrgtervart Island
Suitabl-e Areas

Areas investigated during the 1960-64 surveys incruded
Paterson rnLet, Port Adventure, Lords River and Port Pegasus,
all- on the east coast of Stewart fsland. These i.nlets are
sheLtered in most weather conditions, contain extensive shore
areas in shal-l-ow water, and are free from pollution. Most beaches
between rocþ promontories consisted of firm coarse sand often
mixed with broken shell-. Substrates in the intertidal- zorLe were

(

e
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sometimes rock
oysters (0. lutaria)

and. other shellfish occurring natural-ly in these inLets were

nearly always fat and. in good. cond.ition. Most oysters were

attached. to rocks and mussefs jn the interticial and upper sub-

Littoral zoues but few were found. on the sea bed'. This may be

¿ue to sil-ting of settlenent surfaces and. the abund"ance of the

pred.ators Stichaster austral-is, the reef star, below ti-de marks-

Growth rate, fatteningr and. settlernent of O. l-utaria in
submerged. cages r¡Ias observed in 1960-6+. (Stead 1971) . Oysters

were also placed on bed.s of oyster sheLl l-aid on mud. bottons j-n

Peterson Inlet and. progress was monitored. by d-iving. l{ost of

these oyster samples came from sites in the open strait and. all-

showed rapid. growth ancL f attening in stewart Island inl-ets.

Oysters on mud. bottoms became silÙed. up and diedr or v'tere

attacked, bY starfish.
Most caged. oysters survived, and- breed.ing occurrerl- in some

cages wj-th resulting heavy local spatfalls. Sonetimes two spatfall-s
were record.ed. in one year. Growth of spat u¡as rapid-. (stead- 1971).

[hese observations suggested. that sublittora] cultivation of

oysters on firm bottoms in these areas t¡Ias cclmmercially feasibf e.

60.

usuaJ-Iy covered. by a thin layer of silt and'

d.ebris. Soft mud occurred- in deeper water.

G.D. lvlaugh SgAg)
farming d.red-ge oYsters
whích, in the author's
Stewart IsIa¡rd..

Oyster Farming l{ethod's

o. Iutaria can feed. continuously when submerged', thereforet

it is inportant that oysters are not exposed. at low water.

Fairly l-eve1 or grad.uatty shelving areas below Jow water mark

should be selected. within the l-eased area. A layer, severaJ'

inches d.eep, of empty shell should- be Laid over silted' areas'

[he initial stocks of oysters nay be laid. on these shel]- bed's or

on firm sand.,/rock d.ebris bottoms. The shel] bed serves as a

outl-ines method.s which may be used for
but the following is confined- to techniques

opinionr DâJ be used- to ad-vantage at
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fim base and. should- aLso be suitable for spat settlement in
calm water. Live oysters would. also be available as settlement
sites and. other spat coll-ectors cou1d. be placed artrong oysters.

Ad.vantages of this method. are that oysters ca¡r be observed

and. hand.led at low water, pred.ators can be easily removed., and

costs are red.uced. by not using cages or trays. Meant sea

temperature is higher in these shallow inlets than in deep water
in I'oveaux Strait (Stead. 1971).

hlild. oysters were in best condition near streans or areas of
fresh water seepage, suggesting that such sites would be suitable
for oyster cultÍvation.

Shell and. oysters coulcl also be placed in deeper water and.

the cultivated. oysters harvested by d-redges (l¡'Iaugh 1969), but
this method. nay not be suitable in nost Stewart Island. areas due

to ttre higb. incid.ence of starfish and, soft mud- bottoms often
covered. with weed.

Another ad.vantage of Stewart Isla¡rd- as a farming area is
the large available reserve of oysters and shell in Foveaux

Strait to provid.e initial stock. Besid-es long term farning the
shallow water sites could. also be used. for rapid- fattening for
the narket of poor quality Strait oysters.

Sub-littorat cultivation should. not spoil scenically
beautiful areas due to the absence of surface equipment.

CONCIUSIONS

The optimum yield- for the Foveaux Strait d-red.ge oyster
fishery is assessed at 125rrro sacks per year wlth a minimr¡n

takeable size linit of 2tr". This is equivalent to 111689 hours
d.red.ging per year at a mean caÙch rate of B sacks per hour.

In view of the fluctuations in oyster abund.ance which are
thought to be largely d-ue to environmental factorsr a more

effective regulation of the fishery may be achieved. by l-initing
the number of hours dred.ging than by sack quotas.
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Evid,ence available suggests that most Strait oyster ground.s

have been conmercially d.red.ged. since d.e-licensing of the fishery
ín 1962, although there uay be some small isolated. bed.s outsid.e
the main areas still unexploited..

ft seems probable that the maximum yield. capacity for the
d.red-ge fishery has been achieved. Depletion, due to localised.
overfishing, has occutred- in some areas, mainly in the eastern
zone, and. parts of Area A have still not recovered. from overfishing
before 1961.

A fairly stringent management system will be required' in
future to prevent overfisbing and to assist in the regeneration
of d.epleted- areas.

Evid.ence available suggests that commercial farming of
the d,red.ge oyster would. be feasible, especially in the shallow
sub-littoral zol:e of some Stewart fsLand inlets.

Anon 1970
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Plate 1. gpÍca1 oyster dredglng boat. Note
dredges and culchlng bencheg.
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Plate 2. IÞedge used durtng sur"vey
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Plate J. Underr,¡ater Photograph Area D2
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Plate 4. Undervater photograph Area 81.
sponges and Pectlnura.

Note
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Plate 5. Underr¡ater photograph Area G. Diver countlng
oysters ln metre square.
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MAPS

l{ap I llocality nap showlng statistical zones and areas'

I4ap 2 Areal- dj-stribution of particle size groups in
the bottom sed'iments of Fovear¡c Strai't '

t/Elp 7 Phase 1 - Erçloratory survey (lg0O-AZ) nap showing

survey dredge stations.

Map 4 Phase 2 - Daredge calibratlon ('196'l'62). I'trap showing

gtations.

I4ap 5 Phase J - Density of oysters. Map showlng statlons '

l{ap 6 Pþase 4 - Connercial dredging. Map showlng statÍons.

ì4ap Z l4ap showing distrlbutlon and conmercj.al evaluatlon
of sanPle areas.

Map I Map showing square nautlcal mile reference grid and

connercial areas.

Map 9 Map showing square nautical nile reference grid and

fauna distrlbutlon.
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TOVEAUX STRAIT OYSTER SURVEY 1960.64 LOCALITY MAP SHOWING STATISTICAL ZONES AND AREAS
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FOVEAUX STRAIT OYSTER SURVEY 1960 - 64 PHASE I EXPLORATORY SURVEY (I960-62) MAP SHOWING SURVEY DREDGE STATIONS
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FOVEAUX STRAIT OYSTER SURVEY I960 - 64 PHASE 2 DREDGE CALIBRATION (Igu-ez) MAP SHoWING STATIoNS
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FOV EAUX STRAIT OYST E R SURV EY 1960 - 64 PHASE 3 DENSITY OF OYSTERS. MAP SHOWING STATIONS
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FOVEAUX STRAIT OYSTER SURVEY 1960 - 64 PHASE 4 COMMERCIAL DREDGING MAP SHOWING STATIONS
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FOVEAUX STRAIT OYSTER SURVEY 1960 - 64 MAP SHOWING DISTRIBUTION AND COMMERCIAL EVALUATION OF SAMPLE AREAS
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FOVEAUX STRAIT OYSTER SURVEY 1960-64 MAP SHOWING SQUARE NAUTICAL MILE REFERENCE GRID AND FAUNA DÍSTRIBUTION MApg
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BOAT CHARTERS APPENDIX 1

Vessel Used DaÈe Àvailabl-e
Charter

Days

Sea
Tlme
Days

Stations Nature of !{ork

virt
ffighter
N.Z .O. I .
D.S.I.R.
Charter

24.5.60
to

r.6.60
9

O.I. 5 mÍle qrid
B2I5 Eo 8278
Grab l-5

Standard sampling. HydrologY.
Grab sampling

Matai
Marine Dept
Ferry

23.6.60
to

1.9. 60
L7 9

Standard sampling. Grab and
survey dredge.

lllar iorle l¡laude
Fishing Vessel

23.8.60
5.9.60

to
r5 " 12. 60

16. r.6r
to

17.7 .6L

Survey - standard samPling.
Growtñ. Settlement. HYdrologY
O'yster densj.ty.

Toiler
Oyster Boat

2.10.6r
to

10.r1.6r

Dredqe Comparison survey commerclal
dredge. Hydrologry. P1ankton.
Growth. Settlement.l429 Calibration

lfedora
Oyster Boat

15.11.6r
to

20.r2.6r
I826

Dredcre
Calibration
54-rO0

Dredge comparison. HYdrologrY
Plankton.

l'lar Íorie I'Iaude

Fishing Vessel
2

L2

2

20

t mile qrid
536-564
Fi11-in
ET-F,27
Diving 7-10

Survey - standard samPlingr.
Blology. HydrologY. Oyster
distribution and densitY.

Arlel
Oyster Boat

15.r.62
fo

2.2.62
1tr5

Dredqe
Callbration
10r-r23

Dredge
Growth

comparison. Sparrning.
settlement. Hydrology.

Fisheries technical report no. 59 (1971)



BOAT CHARTERS APPENDIX 1 (Cont.d)

Vessel Used Date Available
Charter

Days

Sea
Time
Days

Stations Nature of Vùork

Lucv Star
Oyster Boat

15. r0 .62
to

2.rr.62
10T4

Ground evaluatlon. Spawning.
Blology. Hydrologry.

I(araka
Oyster Boat

26.IL.62
to

2r.12.62
I520 Divins tI-21 Oyster dlstribution and density.

Dredge sampllng. U.ûV. photography

Waltanqi
Oyster Boat

21 .1. 63
to

8.2.63
T5

Divinq 22-24
Commercial 47-79 Oyster densi-ty.

dredges. Ground
Hydrology.

Observatlon of
evaluation.

Catherlne
Oyster Boat
Stern Dredger

19.6. 63
to

9.7 .63
T1I5

Oyst 'r density. Dredge
.efficiency. Ground evaluatlon.

Hakuturl
Forest Service
Launctr

6.8. 63
to

8.8.63
3

Survey potential oyster culti-
vation areas - Stewart Island

Nlqhttnqale
Fishlng vessel

26.9.63
to

30.8. 63
4 Growth studies.

I(araka
Oyster Boat

4.11.63
to

22.LI.63
6t5

Divlnq 31
Standard
Sampllnq

Oyster density. Dredge
effÍciency. Spawning.

1-3

IrlÍro
Oyster BoaÈ

LO.2.64
to

14.2.64
Divinq 32-35 Oyster densitY. Dredge

efficiency. Populations.
Spawning. 

_

r¡.s.ø¿ Dlvinq 36Ha¡:nonv

Oyster Boat
Oyster distributfon and
densfty. Testing new dredge.
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APPENDIX 2

DIMEI.ISIONS AND WEIGHTS oF SELECTED OISTER SAMPLESIF'RoM SII DREDGE STATIONS

AREA A

Station
101

1t/9/60

Shell- Dimensions (in cn.)
LengthxWidthxDePth

Weight (in gm.)
Who1e Shell F1esh

g*-z-2t
g1-zt-zt
e-5t-2
e+-6+-1?.
e-5+-2+
9-52-2
et-5+-2
øt-st-1¿
5$-5-z
5-3-1

14? 124 20

145 123 't9

8l 67 1t
6? s4 1t

72 6o 12

6't 50 11

?2 60 12

j7467
50 4O 10

25205

Staùion
102

ß/e/60

8-6A-ú
et-6+-2+
6t-s-z
52-4+-tt
9-6tr-2g-5+-'tl
8-52-2
4t-4-'tt
42-4-1
41 -4-'ttr

56488
11O g8 12

62 52 10

50417
6?598
52429
6?598
22t9t
t9 ',t7 2

21 '19 2

Station
g8

12/9/60

e-64-2
e-5+-2
e+-6+-2
?-61 -2
9-7-2
8-5t-2+
6+-5*-ttr
4-4- tt
4t-zt-1
6t-s-t$

s6429
6o 50 10

?2 60 12

50 4o 10

66 s4 12

64 5t 12

4t165
22t93
t6t42
32284
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Shell Dinensions (in cn.)
Lengthx Wid.thx Depth

e -?t-2
9 -? -4
8 -6 -21
9 -7 -2
zl-sl-2+
?1 -5 -2
7 -5 -2
6t-s 1t

8 -6+-1
? -62-2
z*-s$-z
81 -z 1

? -5t-2
6t-s 1

z1¿-st-z
6t-s -2
7 -5 -1
5 -4 1

AREA B Appendix 2 cont.

thole

7z
6z

75

6o

72

6S

4g

32

58 4l
5? 4E

50 39

55 42

40 to
70 21

4o 20

25 21

3' z6

rh iz

Weight (in gm.)
Shell

59

5t
61

52

6t

55

79

25

FIeeh

'17

9

13

I
11

10

9

7

10

10

9

10

I
7

6

4

6

2
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Shell Dimensions (in cm.)
LengthxUJidthxDePth

9 -?12'2
?+-61 -'l
6¿-4'--1
e -?+-2
e -?l-2
eï-6+-2
81-6t-z
8t-z -1
,+-5 -1
5 -5 -t

e+-8 -z+
8+-61-2
zt-z -1
8+-6+-zt
?+-5+-2
7tr-6+-zt
?+-6+-1

ÂREA C

Station
6S

lo/8/6o

Station
rt8

19/9/60

Appendix 2 cont.

WhoIe

?9 65

l4 z9

t9 t6
8t 6z

111 8l
8? 72

6? s4

7t 55

21 17

11 9

E6
7O

50

?8

4l
7o

4z

Weight (in gm.)
SheIl

I't6
60

41

6l
31

6,1

37

Flesh

1t
4

t
1t
z6

t4
10

14

t
2

20

10

I
1t
10

9

5
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Shell Dinensione (in cm.)
Lengthxt{idthxDepth

8t-zt-z
et-9 -2
9 -7 1

61-6+-1
7 -5 -1

7 -5 1

? -5t-',\
62-s -2
vt-st-¿

AREA D1

Station
149

27/9/60

Station
150

zl/g/6o

Station
170

29/9/60

Station
l4

20/6/60

Appendix 2 cont.

WhoIe

68

86

51

25

22

t7
24

31

27

tllhole

73 60

6B 58

50 4't

48 40

t6 30

22 19

16 14

11?

8g

109

96

6y

I'16

6?

50

3t
'16

8g

69

88

70

50

8o

5tt

42

28

15

Weight (in gm.)
Shell

58

74

46

20

r8

30

20

z5

23

Weight (in gm.)
She1l

Flesh

10

12

5

5

4

Flesh

13

10

9

8

6

3

2

20

'19

15

't9

14

25

11

I
4

1

7

4

5

4

AREA D2

Shell Dimensione (in cn.)
LengthxWid.thxDepth

8l-s[-z
ea-5+-2
?t-61-1
ïtr-s2-z
?t-5 1

st-s 1

5+-4¿-1

e+-8f--zt
9 -?t-2t
e2-6t-2+
10-81--2
eï-62-24
10-et-2t
?1-6'--2¡,
Z:¿-S -2+
6t-s -2
5+-5 -1
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AREA E1 Appendix 2 cont.

Station
,48

8/'tz/6o

Shell Dimensions (in cm.)
LengthxWidthxDepth

Weight (in gn.)
Whole Shell Flesh

8t-z -12
?+-6+-2
? -6 11

6t-st-t
?tr-62-1
e -5t-1

Slzt?
8o 69 10

4r35i
2? ''22 

5

t5296
20 '14 5

Station
ztB

14/10/60

?+-5+-1
?+-6+-1
?+-5+-1
?+-5+-2
62-s -1
? -51 -1
61 -s -1

42t98
4rt56
4o164
57498
353t4
4o146
25214

Station
to8

z4/t't/6o

8 -61 -t
8 -8 1

e -82-t
7 -6 -t'-
6+-51-1
, -41 -1

73 57 20

yB 48 10

77 52 20

61 4Z 't4

7tz6?
'17 1t 4

Station
266

16/'t't/6o

?+-6 1

6t-Y 1

6t's -'t2
6tr-s 'tl
6t-s -2
6 -5 -tt
5l-4tr-1
6 -4t-tt
6 -4tr-1
5 -4 -1

41t56
21 't7 4

20177
27¿43
30246
27243
t8 r4 ¿+

70264
22193
972
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AREA E2 Appendix 2 cont.

Station
359

1t/12/60

Shel1 Dimensions (in cn.)
Lengthx Widthx Depth

llleight ( in gn. )
Whole SheII Flesh

11'--et-11
e -?t-2+
zl-z 1+

84-z2-1+
8+-44-1t
? -4t-z
6t-s 1

6 -42-t

145 12O 22

160 13i 20

64 51 12

77 62 15

56469
40 3't I
21 1Bt
20167

Statíon
52

22/8/60

?*-6tr-2
g1 -z -2
?+-6+-2
zt-st-¿
7t-5 1

5+-4 -1
>2-¡ 1

s*-4*-t
5 -3 1

51 -5 ',l

60 44 10

to6 85 tj
64s49
55 44 10

.41148
tgr47
27 ',t6 4

15112
t7102
23t?t

Station
39t

¿4/t/6t

9 -8 'tl¿

9 -6 tt
B -5t-t'*
7 -6 -1
7 -6 -1
6t-s 1

6 -4¿-'-
5 -4 -+
5 -3t-+

1o5 8S zo

'lo2 g0 12

72 6z 10

6051 g

S850B
z4zo4
r8ßz
t6r4z
t5t72

Station
119

19/9/60

8t-z'2
? -5+-22
zl-st-z*
zt-s -z
7 -5 -2

71 5? 17

7t629
?t588
52446
6t 48 1a
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AREA F

StatÍon
245

71/10/60

Station
292

21/11/60

AppendÍx 2 cont..

Whole

75

52

57

4Z

7O

t8
25

77

36

95

?t
42

t5
32

20

11

FIesh

11

10

14

8

8

5

4

5

5

12

15

9

7

5

5

2

Weight (in cm.)
SheLl

6'l

4o

4o

38

6o

72

21

27

30

7o

58

7'
28

25

15

9

ShelL Dimensions (in cn.)
Lengthx llitlthx DePth

?+-6 -2
8+-6 -z
?+-6 -11
?tr-61-1
8 -62-2
6e-6 1

64-s 1

6t-s2-1
52-5e-1

s+-61-11
8t-z -2
? -6 -1¿
?$-6 I

? -6 1

6 -41 -1
4+-44-1
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AREA G Appendix 2 cont.

Station
261

9/11/60

SheII Dinensions (in cn.)
LengthxWidthxDepth

Weight (ín gm.)
Whole SheLl F1esh

8t-z -1¿
8 -6 -1¿
6 -4å-r
6t-st-1
6 -44-1
6 -4 1

41i55
42755
21 t?t
zzrSt
2?21 4

'17 12 
'

Station
311

z4/'t't/6o

9 -?2-1lJ
9 -8 -'tt
zt-z tt
8 -61-t*
8 -6 1

? -51¿-1
6l-st-1
5 -4+-t

1ro 11o t7
75 6¡ 10

?5 59 10

6E 52 1t
52419
l8t1?
zïaz6
13103

Station
258

7/11/60

10 -8 -z
8t-z tt
? -6+-1
z$-str-tt
?tr-? -1
6+-6 1

s[-str-t
?2-5tr-'tt

125 1OO 2t
66 5? 11

4o146
59517
37325
37325
zzz47
26224

Station
368

17/1/61

e -?t- 1

7 -5 -+8 -6t-'ttzt-z 'tl¡
? -5 -t
9+-? -tt
6+-4tr-1

11

5
8

11

t
15

l+

44
21

t5
4l
22
69

10

55
26
4Z
S4
25
84

't4
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Shell Dimensions (in cm.)
LengthxWidthxDePth

9 -? -1t
8 -6+-1+
?+-6 -1
9 -7 -1
?1-61-1
7 -5 -2
7*-6 -1
? -sl-tt
5 -41 -1
5+-4tr-1
?1-6 -1$
? -r+-1
6 -5 -1
6 -9+-1
? -5+-a
5 -4!--1
s -tï-ttr

Shell Dimensions (in cn.)
Length x l.¡Jidth x DePth

8 -6 -1+
8 -62-tï
8 -6 -1+
6+-6 -1
4 -3 -1

AREA G

Station
325

28/11/60

Station
,28

30/11/60

Station
366

16/i2/60

Station
113

16/9/60

AREA J

Station
ttt

1/12/60

Appendix 2 cont..

Weight (in gm.)
Whole Shell Flesh

90 6,
90 6z

4z 35

88 68

t6 29

51 40

41 34

,o 40

18 15

22 19

,7
11

29

11

4't

17

17

Whole

17

18

10

19

7

7

10

8

3

t
4Z

26

22

24

J3

14

1t

'#eight (in gn. )
Shell Flesh

6

6

6

6

6

t
4

56 4z

,? 4r

53 t9
25 20

75

WhoIe
Weight (ín gm.)

Shel1 Flesh

72

118

t7

11

10

9

,
2

1'
21

4

8S

119

4r

WhoIe

6z

64

85

2'
7t

Weight (in gm.)
Shell F1esh

50 12

5t 11

65 19

194
2?6

SheLl DimensÍons (in cm.)
LengthxWidthxDePth

7+-? -22
9 -7 -3
6+-5 -2

Shell Dimensions (in cm.)
LengthxWidthxDePth

8 -6 -2
8 -6+-1
81-zt-t
6 -5 -1
61-5t-1Fisheries technical report no. 59 (1971)



APPENI]]X 
'

DREDGE CALIBIìATION DAÎA

S Number of Takeable size oYg!g!-g-
.I
rr' Survey Dredge Commerclal Dredqe Commercial Evaluation
T
I
O I Min 10 lvfin ! Min 10 Min
N

1 24 I, +rI 798 Average - good-

2 I, 27 16 160 l-,ow d-red-ge
efficiency poor Prura

t t I 2OB II7 Poor
4 9 20 +79 lzl-+ Good

, t ? 821 79O Average - good-

6 B 10 669 879 Average - good-

? 19 11 ,9L IO22 VerY good

8 4 0 1.4, 108 Poor

9 O l- 4 4 VerYpoor
10 2, 14 ,16 7l.8 Average - good

11 26 t4 741 1178 VerY good-

L2 20 7 276 t64 average

It 29 I7 76 42 Poor

14 I , 70 98 Poor
L, t 7 t7 46 Poor

16 12 ,t 181 ,2, Average - good-

17 11 tO 2OO I1O Poor - average

18 20 24 64 501 -fi'verage -good', Pyura

19 10 26 62, 67I Average - good.

20 L7 7 79 14 Poor

2L 14 24 Lj 2t Poor-low dred.ge
eff iciency dense fau¡ra.

22 67 tO ,74 L6? Average - good-

21 61 10 ]t]2 I12O VerY good.

24 O I t1 tO Poor
2, I? o trt ,19 Averase - sood
26 t1 7 4, 82 Poor
2? 2 6 14O 90 Poor -dense fauna
?8 ?9 46 I52 82 Poor -dense fauna
29 21 2 88 94 Poor

tO 1 lrj Average.
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APPH'IDIX 7. cont.

DREDGE CAIIBRATION DiTT.A,

q Number of Ta]<eabLe Size OvsÈers
T
A Survev Dredqe Commercial Dredqe Conmercial Evaluation
T of Ground
I
O ! Min 1O ùlin I Min 1O Mi-n
N

11 61 69 1098 J-B/ Very good in patches
t2 2 2 78 49 Poor
71 1O lOO 60, 768 Good.

t4 2 t 1t 98 Poor
7, 79 2 f57 114 l]ense fauna-close to

good ground
16 24 100 T7B 1B2o very good.-maay

attached- oysters
77 O I 41 42 poor -marry prura
tSOOlOPoor
t9 , O Poor
40 12 7 10 160 Poor -average, dense

fauna

Number of Takeabl-e Size Oysters
S Commercial tvalu¿tion
Ï in' of Ground'

T
r
o
N

4L 2L I, O lZT Z9T IZt poor to average
many attached- oysters.

42 16 L0 16 6r, 60T 206 Good.-some pyura
Tow ttCtt

43 L9 14 16 460 7?B 142 Average-good.
++ 14 18 l1 482 ++Z 146 Average-good,
+, V 19 15 50 t7r 4I2 Average-good.
46 20 16 r7 zrv 160 2To Average-large oysters
47 74 2V L+7 11, 189 +I? Good in patches
48 17 I 77 228 2Bl- 7rg Àverage -good.
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APPIINDIX J cont.
Number of !4\eable Size 0Ysters

S Survey Dred.ge
T
A
T

Conmercj-a.L Dred.ge Commerclal
Evaluation'
of Ground

I lMin. , Min. lMin. ![fin. lMin. !ùTin
o
N

+9 27 tjl ,t 12o 194 174 Good in patches
d.ense far¡na

>O 2 t 80 1 O 1O4O L&B-d.ense
fauna. C-V.G.

,I I O O 24 19 7I Poor-Many dead.
oysters

,2 12 tI 22 rrt 7I7 27, Äverage -good
,t 22 20 7 196 tO6 26+ Àverage -goodfor this area

,+4O27840gzPoor
,, 6 L l-27 L17 77 Average. Well

worked grorrnd.

,6 18 9 16 ,14 19o lro Aver¿se

,7 16 12 9 61 199 8t I,ow d.red.ge effic-
iency maÌr"y Pyura.

,8 41 64 ,7 684 ,4o 46t Good

,9 42 ,7 44 tB, >+9 t82 Äverage - good,

60 61 +t 19 Lto 698 92o Good.

61 69 67 14 ltt 77, ,42 Good

62 6 68 68 , 264 802 A d.ense fauna
C good. ground

6t 14+ 144 6+ 2O7 77, 687 Good- ground dense
fawra patches

6+ 60 14 72 ,IO 206 9t6 Good

65 t1 4 t 21, L74 11 Poor average d.ense
f auna

66 O t+ O O 467 O A&Cdensefauna
B good-67 t t8 10 ll-l- Ir8 462 Pfi"fr8tåfiEÊ?, good

68 106 f7 11 249 4L2 712 Dense fauna good
Ín patches

69 66 1t 7, 197 84 67:. Dense fauna good-
in patches
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APPH{DIX I cont.

Sr
A
'I
I
o
N

Number of Takeabl-e Size Oysters
Survey Dred.ge Coromercial- Dred.ge

! Min. , Min. 5 Min. , Min. I Min I Mi-n.

Commercial Evaluation
of Grorrnd..

7o

7L

72

71

74

75

?6
77

78
79

80

81

82

8t

84

85
86

87

88

89

90

2I

12

TO

t
2'

2

28

I2

10

v

,o

>7

t
,

o

7

t
+

28

11

>B

7

298

90
L2

,+

o

18

2L

I
7

o

24

t
27

o

2

o

6

24

L0

9

11

54

28

7

o

L2

1

2

,o6

tr
80

1?8

t94

289

,
t7+

Lr6
489

446

r67
44

916

86

2+

47

o

196

l1
L7

619

182

76'

66

782

881
2?7

708

2

6+9

5ro

L2

+1ø

to

7r2

L'
24'

20

2T

6

7t

18 rt 1I4 Good. previously
uncrtrlloited.

5 Poor
258 Average dense

f auna
Ifi Average small

oysters
+r4 Good, in patches

Dense Fauna
4?2 Good.

11 Poor
114 Good. in patches

Dense fauna.
11 Poor Dense fau¡ra

64, Good, Some d.ense
f au¡a

74 Good d.ense fauna
patches

It7 Poor dense fauna
,5, ApoorB&C

average.
289 Agood.Bpoor

C average
LOr6 C very good near

d.ense fauna
,7f A&BpoorCgood.
4, A&CpoorrB-

average old shelLs
11 Poor-mainly o1d.

shells
2+

,
14

Poor shels
d.ense fau:c,a
Poor sparse
Poor 1ittle
d.red.ge.

and.

fauna
in

o

I
1

7

L2

,7

40

7

9

,
t8
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API'ENDIX ã cont.+

Nr¡.nber of Takeable iize O¡rsters

S Survey Dredge Com¡oercial Dredge Cou¡mercial Bvaluation
of Grou¡d.

A
T Slvlin. , Min. !['lin. , Min. !lviin lMin.
ï
o
N

glooolSooPoorshel].pebbles
92 O I I O 9 11 FewoYsters-

mainJ,y shelL

g, 1 4 7I I 7L 674 C-good Dense
f auna

94 89 r15 10 ?26 778 
'7' 

Good

gr89BrL2946tr79,oI99od'bltmany Linit si-ze oysters

96 42 26 22 
'69 

:226 166 Good 'ulell worked.
ground

g? 12 14 18 689 716 ,89 4verage Fogd!t/el1 worked.

9828?I,8'L416720'.Ël'verageFogd WeIl worked

99 4 1 , 47 2 41 Yu"Y d-ense fauna
few good oysters

lOO O 4 I 4 7L 2 PoornainlYold
shel-I

101 patchus

102 + 6 14 2 
'7 

IO Poor d.ense faurea

IOl 6 26 O 648 L7 
'6 

.4. good dense fau¡ra

]04 t? ,, 20 
'74 '42 'L2 

Good'

105 11 2 O. I7 2, 2O9 Poor manY old'
she1ls

106 14 o , L49 o 116 Poor

IO7Io78oo169C-averagedense fauna area

lo8 I 2 10 t7 t ,+ Poor

Io9 4 1 11 1o9 14 461 4&BPoorC Average.
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ÄPPENDfX J cont.

Number of Takeable size Oysters
s
õ Survey Dred-ge Commercial Dred-ge ComrnerciaL Bval-uation
A of Gror:¡:.d.
m

i ll\{in. , Min. lMin. !Mi-n. lMin, , lilin.
o
N

11O. Ift I47 6 884 824 Ir, ¡, & B Good.. C-
d.ense fauna area

111 O O O 46 0 O PoorAfewol_d.
oysters.

112 27 , 1 IrO IO2 19 Average -d_ense
f au¡ra

IIt 72 t7 7 70, 4I? 2O4 A good. B Average
C d-ense farrna

114 O , 62 7 ,2 I42 poor average
II5 6 77 70 78, Lo67 684 A -average B & C

very good
116 I 1 L6 62 25 I poor d.ense fau:ra
\I7 1 I7 O 7t 186 L2 poor average
118 7 I 9 60 19f 62 Poor average some

good. oysters
119 29 +7 Vt 

'I7 
4O4 4t' Good

I2o 40 +7 90 1I8 447 628 Good

LzI 10 It 2, 22 12 6, Many pyura oysters
beneath

L22 O O O 22 , Z poorfewgood
oysters

12, O O O O O 0 Nooystersmar.y
large l-yura
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4PPE\TXIX 4

Und.erwater Photograph¡¡ with automatic canera. No of oysters per
exposure.

In view of the difficulties in d.istinguishing live and- d.ead,

oysters on some of the photographs, the data in Table , gives
only an approximate estinate of the surf¿rce d.ensity of oysters.
Question marks incl-icate poor d.efinition. Each exposure cove¡ed.
a:n area of almost one square yard..

Area Station
Map ,

Number of Oysters on Photograph Bottom
TotaI Takeable Size

tl

1t

il

7

2

7

1

t

6

,
I
2

6

IA PebbIe-she1l-
ll

Á 10 ,
q

7

1

I

2

I
2

2

I

I'ebb1e-shelÌ
ll

lt

Ir

lt

il

ll

il

I
7
8

7

I1A I
7

t
,
o

Sand. Shel1 pebbl-e

7
?

?

t
?

IJebbl-e-shell
Pyura

A-B 11
2

, Pebbl-e-she11
P¡rura

A-B 20

I'
2'
27
20

L2

11
I'
rt
I2

r1 Sand.-shelI
lt

il

lt

il
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APP$IDIX 4 cont.

Area Station
Map 5

Number of Oysters on PhotograPh Bottom

TotaÌ Takeable Size

9 6
?

PebbIe-she11

Pebble-she11
il

il

il

tl

il

o

o

I
1

o

o

o
o

o

I
o

o

t
+

7

8
I

B I' I
I
,
+

,

Pebble-she11
il

ll

tl

il

E1 ?

10

?

+
7 Sand.-she11

tl

IE1 t
?

2

2

v

o
?

o

I
o

Sand.-she11
ll

ll

il

il

7

o
I
I
,
,

9E1 c

2

2

L'
10

,

PebbIe-shel1
il

il

ll

ll

ll
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APPEIDIX 4 cont.

Area Station
Map ,

Nr¡mber of Oysters on PhotograPh Botton
Total Takeable Size

T'-H 'l

o

6

o

?

o

2

o

PebbIe-shelI
il

Sand--she11
Clean sand.

2G
q

8

7

I>

7

4
+

B

Sand.-she11
ll

tl

il

I21O6G Sa¡rd.-she1l-

G 16 11

22
,
7

Sand.-shell-pebble
ll

G 17 2

2

2

,7

2

2

Dense fau-na
il

ll

|l

ll

18G ,o
]oo

40
20

2'
20

10

20

I'
10

T'
10

Sand.-she11-pebble
il

il

il

n

It

G 19 ,
I'
60

,o

2

7

2'
I'

Sa¡rd--she11-pebble
ll

il

ll
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DrvrNe AND DREDoT nusur,rs r96o-r964 APPENDIX 5

-
Diving Dredging

lJ
(,
o

.É
ta

;
at.r

r¡)

&

Ë
o

.r-{(ú +)odß¡ +,

Total takeable

No . oysters sqr/Yd
Total lakeable

Takeabl-e oysters in dredge

Date Depth in
sediments

Botton 5 min
survey

10 nin
conmercia]

Evaluation

5, 28.9.60 68

28.g.60 18

24

12

16.8.62

11 29.11.62 21

20 10.12.62

22 5.2.61

To 4rr

To 5tt

Surface

To 2rl

Surface

Surface

Loose sand.-shell-
pebble several
small- individual
oysters
Loose sand-shelI-
pebble-stone.
Individual oysters
Loose-she11-pebble
Randon oyster
distribution
Sand-she11-pebble
several attached
rwingr oysters

Firm sand-shelI
pebble. Sparse
fauna

Firn pebble sandt
some she11t
several rwingr
oysters

181 Good, well D

worked
ground

Good, E

llleLl worked G

oyster
ground

Good, but D1

patchy dense
fauna in
places

Only average, D1O
well worked
in the past

Poor-averager Test
well worked Tov 24
in the past

24

76

3

9

4tB

157

2

684

194
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2.
APPENDIXI (Cont'd)

Diving

É Tota1 takeable
o

.l{

3 t Date Nooysters sq/yd Depth in Bottomß{ +)

Takeable oysters in dredge

I min 10 min Evaluatic,n .;
survey conmercial #

Dredging
+)
o)
q)
.q
(ll

tt 11.2.64 1 1 Surface Pebble over sand - 4eO Not comnerciaf D23
sparse fauna grade - well

worked in
the past

t6 1t.5.6+ 1 1 Surface Pebble-stone sandr - t2O Not connercial D?6
undulating botton- grade
ridges 1rr high,
10r apart

B 6 29.9.60 15 8 surface Loose sand-sheIl- Good F
pebble.
Individual oysters

B 8 1?.8.62 8 5 To 3rt Loose sand-shell- ?8
pebble. Random
oyster distri-
bution

Good, wel-l- H
worked oyster
gronad.

B '1O 22.8.62 5 3 Surface Loose shell-pebble. 12
Randon oyster
distribution.

318 Not connercial J
grade

B 12 30.11.62 24 7 Surface Sand-shell-pebblee 42 6ZZ Good, well Dz
6¡ny llwingrl worked
clusters ground..

B 1t 3C .11.62 24 6 Surface Sand-she11-pebble, 26 91? Good, uell- D3
several lrwinglt worked
clusters ground
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2).
APPENDIX 5 (Cont'd)

Diving Dredging
+t
o
q,

a

aa-{

o
É

É
o
'.{d+)odß{ +)

Total takeable

No.oysters sq/yd
TotaI Takeable

Takeable oysters in dredge

Date Depth in
sedinents

Botton 5 min
survey

10 nin
connercial

Evaluation

B 18 ?.12.62 To 2rt Sand-sheI1-pebble .
Randon oysüer
clistribution -
several- rrwingrt

oysters.

30 692 WelL vorked D8
ground. HaB
naintained
productivity.

B 24 8.2.67 28 lo 1rr Sand-shelJ-, fer.
pebbles, several
ttwinglf oysters.

96c WeIl worked, Test
good ground. Tow

D.14

B 30 3.7 .63 25 Surface Sand-she1l-pebble .

Raadon oyster
distribution.

too Not connercial D2O
grade.

I 28.8.60 Clean firn sa¡rd

2 27.8.60 FouI ground

t 2t.8.60 17 c10 Surface Sand-shelI-pebble
gr.rups of oysters.

Good

g 21.8.62 2 To 2rl Loose ehell-pebb1e.
Randon oyster
distribution.

1t 271 Not connercial I
grade.
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4.
APPENDIX 5 (Contrd)

Diving Dredging {)
(¡,

o
ID

lotal- takeable
.Êl

d+)
fl .E Date No.oysters sq/yd Depth in Botton

Takeable oysters in dredge

I nin 10 nin Evaluation c;
survey connerciaL oÉ

c 29 2.7.61 ? 2 To 1rt Pebble overlying
sand.. Sparse
fauna. Randon
oyster distri-
bution.

,1O Not connercial D19
grad.e.

C 3l 31.11.63 4 1 Surface Pebble-stone over - 9?O Average well D21
sand. Oyster rorked
patchy. ground.

C a4 13.2.64 1? 9 Surface Pebb1e-stone over 1r21O
sand. Oysters
well distributed.

D1- 16 6.12.62 59 10 To 2rr Sand-she1l-pebble 41 11061 Very good D6
maay oysters in
depreesions, nany
rrÍingrr oysters.

dredges miss
oyeters in
depressions.

D2 1? 6.12.62 9 t 1o 2tr Sand-shell-few
pebbles. Ra¡rdon
oyster distri-
bution, several
tfwingsll .

16 895 Well rorked D7

Sround
average.
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5.
APPH{DTX 5 (Conttd)

Diviug Dredging +)
Q)
(¡)

s
o
a

+{
q)
É

Ê
o
'rld+,(¡) dA+)

Total takeable

No.oysters sqrlytt
Total Takeable

lakeable oysters in dredge

Date Depth in
sedinents

Botton 5 min
surYey

'lO nin
connercial

Evaluation

D2 27 28.6.67 10 To 1tt Sand-she11-pebble .
Few rrwingrr

oysters.

500 Average well D17
worked. in
the past.

E1 15 3.12.62 16 11 Surface Sand-she11-pebble .
IIeavy fauna
ma66eõ. Groups of
oyeters mainly
indivitluals.

124 371 Good ground
ía patchest
dense fauna
impairs
dredge
efficiency.

D5

E2 19 ?.12.62 4ZB To 3tt Sand-she11-pebble .
Randon oyster
distribution.

992 Good groundt D9
rarely
sorked prior
to 1961.

E1 27 ?.2.67 Surface Firn clean sand,t
patches of dense
fauna.

232 Not conn-
ercial
grade.

26 1?.6.67 2 To 1rr Sand-she11. Random
oyster distribution.

600 Average -
patchy
grouud.

D16
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6. APPENDIX 5 (ConTId)

Diving Dredging' +t
o
q)
.q
@

o
q{
o
É

É
o

..1(ú +)odß{ +)

lota1 takeable

No.oysters sq/yd
Total Takeable

Takeable oysters in dredge

Date Depth in
sedinents

Botüon 5 min
survey

10 min
comnercial

Evaluation

32 10.2.64 15 Surface Pebbl-e-stone over
eand. Several
rhingtt oystere
dense fauna
patches.

1,O14 New gronnd good D22
catches since
1J64;

96G 14 3.12.62 5 To 1tt Sand-shel1-pebble .
Several lrringll
oysters.

921 Rarely worked
prior to l)61,
eince proved
to be good.
Sone dense
fauna.

D4

21G 12.12 "62 4 Surface Firn sand-¡nuch
dead shel1 -
patches of dense
fauna.

909 Average -
rarely worked
prior to
1964.

D11

u 25 26.6.63 2 lo 1tr Firn sand-sheIl
dense fauna
patches.

300 Not connercial D15
grade.

35 14.2.64 t5 14 Surface 1,730G llany oysters in
depressions and
against sand-
ba¡ks d.ense fauaa
in places.

ïI¡rorked D25
ground good
catches since.
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7. APPENDIX 5 (ConI Id)

Diving Dredging +¡
o
o
.q
r0

q'r
0)
&

o
..1aú +)odt{ +)

Tota] takeable

No.oysters sq/yd
Iotal Takeable

Takeable oysters in dredge

Date Depth in
sedinents

Bottom 5 nin
survey

10 nin
connercial

Evaluation

28 1.?.63 17 1o 1rl Pebble shel-l over-
lying õãnd.
Rand.on oyster
distribution.

48o Previously un- D18
sorked. Very
good catches
since.
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APPEIVDIX 6

COMMERC]AL DR-EDGING

Data obtained during observations on commercial oyster
boats durlng the surveys. At stations 1-79, the nunber of
takeable sLze oysters for a one dredge 10 minute tow is shown,

and. at other stations the da1Iy ta11y in sacks is shown. l{ap 6
shows comrnercial- station positions. Fleld sheet references are:

Sta 1-46 = Spawn St 1-46
Sta 47-79 = Test Tow 1-77

Station Date TakeabLe Oysters
in Dnedge

Remark

I
2

3

4

5

6

7
B

9
'10

11

12

13

14

15

16

17

1B

19

20

21

22
23

24

25

26

27

ß.1A.62
il

tl

16.10.62
n

il

il

ll

l!

17 .10.62
¡l

n

ll

19.10.62
ll

il

il

il

24 "10.62
ft

il

n

n

il

il

26.10.62
il

tßg
488

346
83

1,142
116

2rO88

70
467

BO

126

9BB

0

944
0

400

14

749
17

21

1 ,874
24

o
0

942
165

154

Dense fauna

Dense fauna

Dense fauna
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APPENDIX 6 (Cont'd)

Station Date Takeable Oysters
i.n Dredge

Remark

64
65

66

67

68

69

70

71

72

73
74

75
76
77
78
79

5.2.67
il

ll

ll

il

6 .2.61
ll

It

7.2.61
n

n

n

il

lr

il

B .2.63

594
508

50

194
1 ,422

165

7t2
75

20

1'
6

25

o
411

232

960

Sacksr/day 2
dredEes

85

151

62

15+45=60

74

7+46=53
60

34+17=51

66
28+71=59

47
Snal-l catches
Poor ground 5
sacks for 2 day
tri.als.

80
B1

82

87(aa
84
85
(aa
86
87
(¿a
88

B9(aa
90
A-R

s-Y

5.9.61
29.7.62
5.4.62

26.4.62

16.5 .62
25.5 "62

70.5.62
ß 7.62

26.7 .62
5.6.61

11 ,6.67
11.5.63
14.5 .6t

B)

B)

n)

B)
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APPENDIX g (Conttd)

Station Date Takeable Oysters
ln IÞedge

Remark

28
29

30

71

72

t5
74
75

36

,7
7e
79
40

41

42

43
44
45
46
t{7

4s
49

50

51

52
5t
54

55

56
57

5e

59
60

61

62

6t

,o.1o.62
il

il

n

It

ll

71 .10.62
il

n

il

il

n

n

il

il

ll

1.',|1.62
1t

n

18.12.62
ll

19 . 12 .62
n

29.1.61
ll

70.1 .67
ll

il

il

ll

il

ll

It

31.1.61
It

'll

215
409

764
784
517

988
2

111

292

251

278
222

346
0

192

371

51

116

70
47

81

82

13

218

254

769
129

550
749
177

1,17o
166

1,564
118
451

515

Dense fauna

Dense fauna
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