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1 Introduction &

At their peak, wild fisheries for scallops, oysters, and mussels in Tasman

benefits to non-commercial stakeholders such as customary and recr
iwi. These fisheries have declined to low levels over the last deca mercial f

has all but ceased. The causes of the observed decline are unknown, are li to
combination of man-made and environmental effects.
NIWA has been asked to assist stakeholders with potentj I

sustainable production of shellfish fisheries in Golden
workshop was held in Nelson on the 2nd of March 20

b

ore the

keholders’ value

and what want from the Tasman and Golden Be ish fi ies~The workshop provided
an opportunity for participants to share their k edy cting the shellfish
fisheries in the bays, to consider if and how scientifie y help rebuild these
fisheries, and to discuss possible ways.forward>Detaj rkshop were circulated to

= There was good discussio engageme participants, and consensus to

start a process to investiga issues. that may be affecting shellfish
production and ecosy 2 @: Tasman Bays.

= The workshop pa a ar isign was: ‘To maintain healthy, productive, and
sustainable fishe omme reational, and customary use in Tasman and
Golden Bays’
= NIWA agfeed arry out% to determine what is known about the drivers of
shellfig] in Golden and Tasman Bays, what may be affecting production, and
identify i tion review would aim to summarise relevant understanding,
ch,/monit i ation. NIWA was to co-ordinate input from other research
itoring a ies, the fishing industry, and other relevant groups.
h v d a web-based data portal for the region to provide access to iis data

3 her data that participants any wish to make publically available).

d to co-ordinate a further workshop in Nelson to present the review and
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Several potential drivers of shellfish production were identified by iwi and stakeholders for the &

review:
= Land use including the effects of sediment loadings in waterways, to a lutan

forest harvesting and deforestation
=  The effects of harbour dredge spoils &
= The growth of aguaculture, oil prospecting and mining @
= Biosecurity effects of introduced marine plants, animal

= The effects of bottom fishing (shellfish dredging,

benthic habitats

= Climate change and its potential to increa 0 aquef

= Changes in the location of freshwater, ~henthi
benthic communities

Iwi and stakeholders were concerned ab i @5 e potential drivers would have
i Range, an ility to exercise customary rights to
io healfh-co s arising from declining water quality
: siration xpressed over the inability of research
@K nding around standards, monitoring, and
changes, political ap%he e

d the timing and priorities of district plan
i
Concerns were a @xsse e fishing industries limited ability to fund research
and monitorirg through cost reco the effects of cumulative stressors on ecological

atchment issues. There was a desire from iwi and stakeholders for
siem ap s to ement and to better understand ecosystem function.
partici Xﬁ so identified a list of potential activities and actions, and agreed
ste e circulated a summary of the March workshop for comments and
the fist o icipants. There was no feedback on the content of this workshop

% summarises the main outcomes of the review that we will present to iwi

all approach.

s on the 15th of August in Nelson. The remaining potential steps identified
e aré to develop a strategic research plan (based on the review), and to identify
ding sources.

The review

shop participants agreed that a review to determine what is known about the drivers of
ellfish production in Golden and Tasman Bays, what may be affecting production, and
information gaps is a first and important step forward. We limited the focus of this review on
rebuilding shellfish fisheries for scallops, oysters, and green-lipped mussels. This review is a
work in progress, and summarises our knowledge of these fisheries, the environments from
which they are fished, and drivers of shellfish production. As part of summarising this
information, we have attempted to identify critical knowledge gaps in the information
available. The review still needs to better incorporate fishers’ and customary knowledge. As
such, we present a summary of the information gathered to date. We will take back further

Information on drivers of shellfish fisheries production in Golden and Tasman Bay. 7



comprehensive technical review document that will be peer reviewed and published.

We are mindful that iwi and stakeholders have requested a strategic re ptan, Eﬂ%@

potential sources of funding, and research to support ecosystem a ac to fisher|
q

this end, the August review meeting will discuss options on how t ss these requests.
Research solutions are best explored in the context of iwi and stakehold&r visi goals
El
|

feedback from the August workshop and incorporate further information in to a more 1%

1.2 Where to next?

for the fisheries and the environment. Research priorities fi @np%x eco roaches
require careful consideration to ensure that research eff ga\egﬁsl ng js/be ed where
it can provide most benefit to meet iwi and stakeholde ent.abj @ . A process

that fully engages iwi and stakeholders in evaluatin ébe\pgfﬁs % search options
will provide for more effective co-ordination of re ctivitie ollaborations amongst
% e d ke of the research

research providers and with industry, and ma n %
outcomes. An agreed way forward will also %ﬁt ahilit m ce funding for research.
2 Scope

% ting shellfish production in

The scope of this review is limited to fac te

he Marlborough Sounds at this
stage. Scientists with researchieXperience i

information and expert opini e feView has alsg incorporated information from similar
reviews by Bradford et al r i Morrison et al (2009, A review of land-
based effects on coa S ing biodiversity in New Zealand), and an
unpublished report of

The review sum g?{:for three shellfish fisheries, scallops (SCA7), oysters
ped mm M7), what we know of their life histories, and on

fishery (Williams and Triantafillos).
(OYS7), an n
Birp ductn. We have summarised research information from Golden

o

potential d 0

and Tasman
well WKW
e ially ere

fu -
n, primary;production, benthic communities, the effects of fishing, disease, and

axins a . We expect that there will be interactions between drivers of shellfish
produ hat the significance of these interactions will vary over space and time.
ive of this review was to pull together information and data on these subjects, but

T \
r@ndertam any further analysis, or attribute the significance of each potential driver.

8 Information on drivers of shellfish fisheries production in Golden and Tasman Bay.



3 Summary of methods

This review summarises relevant understanding, research, and monitoring idf
gathered to date. NIWA has co-ordinated and worked with the Cawthron Hatit

Landcare Research, the Tasman and Nelson District Councils, the Chall 0
Enhancement Company, the Challenger Oyster Management Company, Challen
information to assist with the review.
We have summarised information from the literature and etpert ion.An ry of
metadata (information about data) available for further is has bee @- led. A web-
sls Cl

some of the summaries of information are linked fof d 4
developed to provide stakeholders with the capah

. of the original reports
summarised in this review publically available this portal.
4  Status of scallop, o@an dipped mussel

fisheries

comprises various su i ss e of scallop and oyster populations in the bays:
these have been und ince 1961 respectively. Survey designs generally

Finfisheries Management Company representatives, and other gn ho hold-relevan
based portal to display information from Golden and ys veloped and
oftware t have been
e%n confidential data

with that contained in the portal, for their own )

4.1 Overview @ @

Historical information on @ irt% en and Tasman Bays (GBTB) mainly
focused on com al fi Y a hese designs are not as well suited to describing

the distribution of ‘scallops an s are other survey designs. Scallop surveys have
been relativ istent since 1 and were mainly focussed on enhanced areas until
1998. Oys been.carried out concurrently with scallop surveys since 1996,

howev: ere not optimised for oysters. Data on the relative

abu %Qﬁ' p@ mussels are from bycatch data recorded from scallop and oyster
sufveys: N

@ ata anid fishery landings data show significant declines in GBTB green-lipped

Is, d scallop populations since 1976, 1996, and 2002 respectively. The
eclines is unknown, and we investigate potential drivers in this summary.

insufficient fisheries data, specifically fine spatial scale catch and effort data from
trawl fisheries in GBTB to investigate the responses of shellfish populations,

greage an

ents, and benthic communities to fishing; and interactions amongst fisheries. Research

U
tigating spatial differences in seabed communities and sediments found some of the
differences can be atiributed to shellfish dredging and bottom trawling.

Information on drivers of shellfish fisheries production in Golden and Tasman Bay. 9



Scallop and oyster enhancement has been successful in GBTB, and is used in fisheries &

elsewhere in the world to increase shelifish density and to rebuild fisheries. E}hancement
strategies worked best with siructured rotational fishing. There is insufficien déﬁo

investigate the interactions between bottom trawl fisheries and areas enhﬁWcall@
spat or waste shell for oyster enhancement, however anecdotal eviderﬁ%@ theseffec

of bottom contact gears in the first couple of years in areas that hays/g:
detrimental. Future enhancement strategies in the bays may need\}o\c\ﬁi r ropri

site selection or habitat restoration before enhancement, and coordination betweenfisheries
to protected enhanced areas until they have been fished.

4.2 Scallop fishery @
Trends in the abundance of scallops from surveys (Eigures 1, and % 5 & 6) and
from commercial landings data (Figure 2) show si i m 2002; note that the

tdecli
surveys pre1998 didn't survey all the fishery a
also show decadal cycles in abundance wit

uss: enhanced areas. Scallops
1970 WB nd again 1990-2002.
Catch effort data are available since 195 grepor ifferently over time. A fine scale
spatial description of the scallop fishe@ si
e

and 2011, when tow by tow

records of dredge tracks and daily catc

Surveys show the highest abun f scallops generally found in the inner eastern half
of Golden Bay in depths of 10= ocgasienal depths to about 35m, and the inner
western half of Tasman Bay i 10 ures 3-6). Landings data reported by
sector concur with the di of dance from surveys. The core distribution

of scallop abundance
major rivers in GBTB:

for scallops. Large numbers of pre-recruit sized scallops were
suggesting high natural recruitment in 1998 or 1999.

of these declines in scallop abundance is unknown. Natural settlement to fishery
en low since 1999 in Tasman Bay and 2006 in Golden Bay. There are too few
ata én catch and effort at a fine enough scale to investigate the response of these
ions 1o scallop and other bottom fishing. There are data from scallop larval and spat
itoring programmes, length frequency data and length-weight data, growth and survival
om tagging studies, and meat yield data that with other environmental data could be further
explored to investigate these declines. Fishers’ personal data and observation could also
contribute to understanding these declines.

10 Information on drivers of shellfish fisheries production in Golden and Tasman Bay.



4.2.1 Scallop enhancement and rotational fishing &

Enhancement comprises the capture of wild spat on artificial collect
release of spat and translocation of those spat that had fallen off
fishery areas. Enhanced scallops first contributed to part of the annual
1986 and large-scale enhancement in GBTB began in the la

A scallop enhancement programme was developed in the early 1980’s to pr ome
commercial catch in years following those with low natural recruitment to cial
fishery areas from poor scallop spat settlement and low post-setilemeni.supvival

some areas were fished more frequently that the
fished continuously for eight years without a bre

In the 1990s, about 90% of scallops sampled 1. 5eéded.ar
atiributed to enhancement. A bio-econom ;

there are no reports of biological or ecgnp '

designed investigations of the effective ‘

c
approaches were used in an attenpiio explain d variation in pre-recruit and
recruit scallop densities in survé es in @ enhancement history, fishing, and

environmental factors.

The analysis of fishery dat ated that scallop enhancement contributed
significantly to survey, en reas, comprising about 50%-70% of the catch.
The contribution of.en en cial catches will depend on how much of the
fishery in a partic S{;y ay, took in enhanced areas. Enhancement has tended to be
sman Bay co to Golden Bay. Within Golden Bay, enhancement

il
less effectivedn Ta
was detect hes.of recruits (harvestable size), with primary enhancement two years
prior to the s howi inear relationship with catch. This two year lag between
se cruitment to the fishery (at 90 mm shell length) is consistent
S age growth rate for Golden and Tasman Bay scallops. While an
’T% Iso detected for Tasman Bay, the overall caich rates were lower
B Tasman Bay, enhancement had a detectable effect on the catch of

: ao% h a four year lag (compared to two years for Golden Bay).
S

likely to contribute to the success of scallop enhancement. The retention of
the three or more spawning events, about a month apart, will be important to the
ility of larvae to settle in spat bags. Scallop larvae have a planktonic larval life of about
ays, and mean residence time of the water mass in Golden Bay was estimated to be
ays. The first two spawning cohorts grow to larger sizes in the spat bags and have
er survival and growth than later cohorts of smaller seeded spat. The survival and growth
of seeded scallop spat is spatially and temporally variable and likely to depend on site
specific habitat characteristics. These factors are poorly understood.

Man
la

Information on drivers of shellfish fisheries production in Golden and Tasman Bay. 11



4.3 Oyster fishery

The fishery comprises oyster populations in Tasman Bay, Golden Bay, and p f the
Marlborough Sounds. The fishery has been mainly based in Tasman Bay, wi

landings from Golden Bay. Dredge oysters have been exploited in the reg i 1845.
From 19683 to 1981 oysters were landed mainly as bycatch, firstly by
dredge fishery and subsequently by the scallop fishery. In 1981 th

fishery was closed and commercial dredge operators started targetin i mussels
and oysters.

Catch effort data are available since 1980, but are report a@v overtime; weekly for
Golden and Tasman Bays combined from 1980, then n-Ma 501';5 scallop
reporting areas from 1992. There are no data availabletg i ig %ﬁ nses of the
oyster populations and habitats to different !evelsif\ 1 % ter season that
ran from 1 March to 31 August was changed t @ert la throughout the
year. Landings peaked in the 1980s as large-nu % f ves @ ted green-lipped
]

mussels and oysters as the scallop fishe ildin d in prior to 1996,
reportedly as an attempt by fishers to gstal e allocation of quota before

c
the fishery was introduced in to the Qu ge (QMS) in 1996 (Figure 8)
Targeted surveys of oysters have’b carried 0%961, 1969-75, 1984-86, and

996>2008. The results from the early

gravel substrates. Fis
over time from being t
widely distribute
show signific
consistent

screte, dense beds off Nelson to being a more
ities. Oyster surveys and fishery landings data

ile recruit-sized (legal-sized) oysters show a

it oysters show a highly fluctuating trend that may

old oysters detected during oyster enhancement trials, and

sters in 1996 (Figure 9) overlapped with scallops in both Golden and

d was extensive through to 1999 (Figure 10). By 2000, oyster densities

ng with very low densities in Golden Bay. Oysters were mainly confined to outer
asman Bay until 2007, after which they declined to low levels by 2009 (Figures 11
ampling effort for oysters in Tasman Bay was sparse in 2009-2012.

including: oyster survey data pre-1996; enhancement data on oyster larval and spat
sampling, settlement, post-setilement mortality and tagging data on growth and survival, and
data from processing and fisher’s data.

12 Information on drivers of shellfish fisheries production in Golden and Tasman Bay.



4.3.1 Oyster enhancement
The oyster fishery in Tasman Bay lacks dense aggregations of oysters and iHis

density. Within five months, 82% of the shell was covered by other
sediments, reducing available settlement surfaces. The timing of
enhancement areas should be done immediately prior to oyster settle
availability of settlement surfaces.

settlement mortality, only about 10% of spat surviv % settlement.
Survival of oysters recruited to enhanced habita w, and varied greatly

among experimental sites and through time. A rs, survival among sites
ranged from 0% to 0.04%. At sites where survi [ ative density of legal-
I'fishi

Spat settlement on enhanced habitat plots was 200 to 4
seabed control plots with no shell. The increase in sp

sized oysters increased from ~0.01 m® pr .14 m? at the end of the
experiment, above the threshold for comm ?. Mortality peaked for

oysters less than one year old, and less r@% “The cause of mortality is
unknown.
PN
pt;ﬁéu}qy] ) / N Tasman Bay
] el L g

%@ g b
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Figure 2: Annual landings by region and fishing year 1959/60-2010/11.
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CSEC dredge survey 1994: Scallops

Figure 3: Survey distri
enhancemen

and pre-recruit scallops in 1994, mostly from
s oportional to scallop density.

rvey 1998: Scallops N

A

Figure 4: Distribution of recruit-sized and pre-recruit scallops, 1998. Circle area is proportional

o scallop density.
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© CSEC dredge survey 2002: Scallops

Mmz: Seallops

A

g&g& scallops, 2002, Circle area is proportional

Figure 6: Distribution of recruit-sized and pre-recruit scallops, 2012. Circle area is propottional

to scallop density.
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1992-2006.
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Figure 8: Trends in the oyster population size of recruits and pre-recruits (millions), and
landings (greenweight, t).
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o s 1 Wk CSEC dredge survey 1996: Dredge oysters

\>
Figure 9: Distribution of oy?tfy}} Q

v 5w 20k }s\;( ‘%ﬂ Dredgeoysiers
Le v a0 4y 4

Figure 10: Distribution of oysters in 1998.
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o 8 W 20km CSEC dredge survey 2003: Dredge oysters
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Figure 12: Distribution of oysters in 2012.
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4.4 Green-lipped mussels &
Early accounts indicate that mussel beds were present at the entrance to N our@

1862. A survey in 1959-60 found green-lipped mussels abundant over th art of
dominant “fine silty mud” substratum of Tasman Bay, with some patc i ab e
Two dense mussels beds were reported in 1962, the largest direcil s from the
Boulder Bank between 10-30 m depth, and another smaller bed al 10m th offshore

from Kina Peninsula.

Historical newspaper accounts and catch-landing statistics
Nelson/Marlborough region have been over-exploited % wice;

ussels in
ie 1800's and

again between 1960 and 1982 when an estimated 20,

Tasman Bay mussel beds have since failed to re@

Landings (t)
@
]

T T T T T T T T T T LIRS B Ea I S e |

=
795, 79s. 79, 79, 79>, 79>, 795 Vg, 00507
0 oy 0 S 0 5 0 0.205.70.
‘900;06\ o F 7

Year

gure 13: Standardised estimates for green-lipped mussel landings for the
Nelson/Marlborough region (GLM7). Landings 1953-82 converted from sacks, and for
the fishing years 2004-2005 to 2010-2011 from Ministry for Primary Industries data.
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some dredging in Tasman Bay. These shallow water beds no longer exist, a er time th
fishery has worked grounds progressively further in out in deeper water.

Some data on the relative abundance and distribution are containe @y@atch recoral
from scallop and oyster surveys. Little other data is available for ipped mussels

GBTB, and there are no data on biological parameters. Other data seisthat cou ntribute

Early fishing of mussels in the 1800’s was based on inshore beds accessible at low tide, with &

to future mussel research include mussel larval and spat sa g data, mu s from
scallop spat bags, and fishers’ data.
Green-lipped mussel landings peaked in the mid 197 r landings,

and these landings coincided with the highest nu
numbers of days fished. Landing for all three fis

Bycatch data from scallop surveys suggest

between 2004 and 2012 (Figures 14 & 1
2012 in areas were mussels were abunda

%3

igure 14: Distribution of green-lipped mussels in 2004.
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Perna canaliculus: - y
8 Ascruts & Pre-moruits. |
= Staton (recorded)

X Station (nof recorded)

o3 2 han CSEC dredge survey 2012: Green-lipped mussels

of pre-recruit sized
and a significant

of the oyster fishery is likely

t imited by low population densities.
nhancement strategies to increase
callop and oyster densities have been

successful.

©)

Declines in all three shellfish fisheries in
the 1970s occurred at a fime when the
numbers of vessels fishing and fishing
effort was high.

What we don’t know

What are the current disiributions of
oyster and mussel densities, especially
in Tasman Bay?

What are the fine-spatial scale patterns
of fishing and how much overlap is there
in activities between the different bottom
contact fisheries in the bays?

Do enhanced areas closed fo dredging
get fished by other bottom contact
methods?

Information on drivers of shellfish fisheries production in Golden and Tasman Bay. 21



larv.

5 Life history stages imporiant io successful shellfish &}
production
It is rare that different life stages such as spawning, larval development a ival,
retention, settlement and survival of spat, good growing condition an jval
optimal and lead to high shellfish production. Many factors can a% istory seﬁ(s*a
(5

bivalve shellfish and these can be responsible for the fluctuating ic_trendstin population

size. This variability is best characterised by scallop populations. These fact ffect
different life history stages, and different shellfish species @N\g especi uctive
stages. We should therefore expect variation in abundance; eci

ly i owing,
relatively short live species such as scallops.

5.1 Spawning, larval developme ur gd larval
retention
import i

Spawning biomass and spawner densities sation success and larval
densities for scallops, oysters, green-i Ss r shellfish. There are no data
on spawner densities or spawning-biomas % tain larval production of shellfish,
and whether larval production i s has been compromised by low
spawning stock biomass. Ovérseas.stu und fertilization success is likely to be low
ould.appe olden Bay scallop population is not
constrained by spawn sitiegs/ Lar bers of scallop spat were caught on spat
catching gear over th% su %gesting the low biomass of spawning size
scallops surveyed-in the a rveys of Golden Bay were above critical
thresholds to mal alp . However it is not known how extensive the
larvae wer whether there are spawning populations of scallops in
beyond the current biomass survey boundaries contributing to

distributions a
deeper or
larval abunda , oyster spat setilement density was strongly related to
bac 2:\%?lml oys : and recruitment to the fishery likely to be limited in part by
tr@ rd% ere.
h petifive’s ng and highly productive shellfish such as scallops, a very high level

% is needed for reproduction. Low-energy reserves in spawning adults can
s

viability of spawning, and can result in reduced success in the
spawned eggs and subsequent survival of the larvae. The timing and
of phytoplankton and benthic micro-algal production can vary dramatically from
0 ar to the next or from one growing area to another. These fluctuations in food supply
JE important role in the timing and success of spawning, larval survival and settlement
allops. Thus, they are often considered to be a major cause of variability in scallop
stacks. Meat weight indexes may be a good proxy for energy reserves as they reflect feeding
success.

Research into scallop reproductive biology, to underpin the development of a scallop
enhancement programme between 1983 and 1986 found:

Information on drivers of shellfish fisheries production in Golden and Tasman Bay. 22



appearance of larvae shortly afterwards, larval growth, and subsequent
collectors.

* There were detectable changes in gonad indices to signal spawning even%the

=  Highly synchronised spawning in bivalves in Golden bay, Tasman
Harbour that included scallops, oysters, green-lipped mussels, 0
horse mussels, and numerous other species of bivalves.

= Spawning generally began November and continued thr
March, with spawning events at near monthly interval

is vertically stratified at about 10-15 m depth.
In Tasman Bay a peak period of oyster reproduetiv ins in-late spring

(September) and continues through summer (Marck a{%f%empermures are

to a final s ut in

constantly increasing. Trends in larval se ed brooding patterns, and
oyster settlement in Tasman Bay was gre r and January, and low in
winter.

intarvae over commercial populations or the
regular delivery of la {e-ffo : ing populations. Mean residence time of the
water mass in Golden‘\Bay i e 11 days, and 29 days for Tasman Bay,
suggesting the enti ucti idual spawning could be lost from commercial
fishery areas.

Oysters br ejrlarv ithin their shells or about 21 days before settlement. Fully
developed oyster farv e%sed from the parent and tend to settle within a few hours
after, ﬁ%@t are W f remaining viable to metamorphose and settle for several

se ra%s of larval mortality including poor maternal provisioning as a resuli
a% y levels, disease mortality, and predation. Carnivory in bivalves is well
(=T N

ured species especially green-lipped mussels with their high pumping rates
prédators of bivalve larvae in the plankton. Green-lipped mussels were a
rt of the benthic community in Tasman Bay, but are now culiured in GBTB. The

Settlement

Many species can delay settlement, the transition between a pelagic life in the plankion and
life on the seabed. This is known to occur in some scallop species, mussels, and oysters.
Scallops and mussels will attach fo settlement surface by fine threads or byssus, and some
species can detach in unfavourable circumstance, move, and reattach. QOysters will attach
(cement) their left (cupped) valve onto setilement surfaces and not be able to move. Biofilms
can increase shellfish setilement, especially in high current areas.
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Scallop larvae settle and attach themselves with byssus threads to filamentous materials
such as seagrass debris, filamentous and other algae, sea fans (hydroids), h mussels,
and shell fragments. Scallops are reported to avoid seitlement on fine muddiv i is.

i

Scallops remain attached up to sizes of 2 —5 mm in length. Many free s allop spat
2 mm in length and greater have been observed on the seafloor. Scall kn
settle on a range of artificial surfaces. The recruitment of scallops in’Gol ay may

limited by the lack of available settlement surfaces and subsequefit'sSurival, and-not th

availability of larvae.
newn ettle on a
i @ asman Bay
e-onwaste shell and

Oyster spat will settle on scallop, oyster, and mussel shell,<afida
range of artificial surfaces. Experiments which deploye I"Mog
showed that oysters will not settle on soft sediments, | i

fibreboard settlement plates.

Green-lipped mussels require filamentous sub @/ hy %ﬂ and-benthic algae) for
primary and secondary settlement surface. litite infor n adult dependent
settlement, where green-lipped mussel spat vel ssel beds to settle in. This
conspecific settlement occurs in other mu ci

5.3 Growth

The amount of energy shelliis
quality of food available, an
effects on a number of lif
maternal provisioning

om feeding.is-determined by the abundance and
cvels of energy from feeding have direct

to f@
ages! These.include energy for successful reproduction;
es ergy reserves provided to larvae and their ability

to survive until they s egi themselves, energy for growth, and energy to
tolerate stress and-dise ed availability or the ability to feed effectively can
reduce growth, re e s% nd survival.

Scallops a e, suspension feeding bivalves which rely on suspended detrital organic
material an ank s iHeir food source. Several studies have shown that benthic

algae en ed by complex boundary currents near the seabed are an

im
e i m
ktonSpeci re also important; phytoplankton blooms within the upper and mid
ol cur in late winter-early spring are particularly important for the growth
co % tallops in the bays. In years when these diatom dominated blooms do not
occy e ofshort duration, and during summer when planktonic food sources have
b g'scarce, a large part of the diet is thought to come from benthic microalgae, and
t algae can be abundant in shallower waters (< 30 m) when light to the seabed is not

@eding conditions are good, scallops can grow rapidly to a commercial size and be in good
condition. Scallops can grow to 100 mm in length in eighteen months in Croisilles Harbour,
and two years in the Marlborough Sounds and Golden Bay. Growth rates can be lower in
scallops from water deeper than 30 m, and where there is a lack of food or suspended
sediments reduce feed efficiency.

Decreased growth leading to stunting has been observed in enhanced scallops in GBTB,
suggesting either density dependent growth, or the effects of seeding fished plots too early.
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5.4 Mortality

The are many potential causes of mortality in shellfish including post-
predation, diseases, parasites, toxic and non-toxic algal blooms, i
fishing, and environmental stressors. We do not have good estimates
sources of mortality or understanding of their interactions.

Further, scallop condition has been observed to drop after several days of fishing on
enhanced plots. Eé\ § z

Suspended silt increases mortality in scallops, and reduce

‘i ; isu

en energy is transferred
nd following spawning, high

Post spawning mortality, also known as wint !
from the adductor muscle and other sdft tiss to the

levels of mortality among spawned out a ca latter event has been blamed

for mass mortalities recorded ap allops i ively farmed areas in Japan in the late

o,

A number of predators of @a\re ified from studies including a wide variety
ish

of fish, seastars and v ctopuses. Predation can be higher at sites
regularly seeded with pat.co to unseeded sites because this increase in prey
density also incr or, abitats exposed to fishing disturbance had

significantly fewer ts of tructure, and predation rates on scallops can be
significantly, r in fished compared to unfished habitats. Absolute levels of predation are
not known.

namia mainly in large oysters spawning as females. Intense
ave been widespread and intense.

: tality in the first three months after seeding was greater than 70%, and
less % mortality over the following two year period. Scallop spat released at a larger

si ater survival, scallop spat greater than 20 mm in length seeded from spat bags
imary spat) and spat greater than 30 mm in length dredged from under spat catching gear

ary spat) had significanily greater survival than smaller spat. When conditions were
@- d, the survival rates for seeded spat could be as high as 50%. Large mortalities occurred

ufing the winter months and some may have been caused by large flood events.
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What we know

Recruitment to the scallop fishery is not
primarily limited by larval supply.

Variation in scallop larval supply, and
potentially recruitment are likely to be
linked to annual variability of wind driven
waler circulation.

Low scallop densities in Tasman Bay
may limit scallop larval availability if
larvae are not sourced from distant
populations.

Growth in scallops in some areas of
Tasman Bay can be slow, and may ta
twice as long fo commercial size or;

never attain commercial size beca f
stunting.

High localised densities
important to oyster recr

We can rebuild Lit=size
densities throug na
enhancement:

The se %aﬂop%, and
mussel lafyvae low, and post
settlement-m aﬁtyw

gases present in

What we don’t know

How do wind directian
determine water cifculati

water mass resh
do these aff

fo feed, density
wih,“and other stressors

pawner densities?

is the cause of high mortality in

wly settled oyster spat and why did
such a large numbers of 3 year old

oysters die in enhancement trials?

What are the lethal thresholds of
different combinations of sediment
composition, concentration, and duration
of exposure to shellfish spat?

If disease related mortality is significant
at shellfish population levels in the bays,
what is the coniribution of non-lethal
slressors such as suspended sediments
[o disease incidence ?

Do food availability and or ability to feed
coniribute most to heightened winter
mortality in GBTB?
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