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Disclaimer   
This document has been prepared by EnviroStrat Limited for the exclusive use of the Client(s) and for a specific 
purpose, each as expressly stated in the document. No other party should rely on this document without the 
prior written consent of EnviroStrat Limited. EnviroStrat Limited undertakes no duty, or warranty, nor accepts 
any responsibility, to any third party who may rely upon or use this document. This document has been 
prepared based on the Client’s description of its requirements and EnviroStrat Limited's experience, having 
regard to assumptions that EnviroStrat Limited can reasonably be expected to make in accordance with sound 
professional principles. EnviroStrat Limited may also have relied upon information provided by the Client and 
other third parties to prepare this document, some of which may not have been verified. Subject to the above 
conditions, this document may be transmitted, reproduced, or disseminated only in its entirety. 
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Appendix One 

The Bay of Plenty Environment   
The Region 
The Bay of Plenty / Te Moana-a-Toi is a bight in the northern coast of New Zealand's North Island. It 
stretches 260 km from the Coromandel Peninsula in the west to Cape Runaway in the east. The Bay of 
Plenty Region is situated around this body of water, also incorporating several large islands including 
White Island / Whakaari. The BoP consists of five districts: Western BoP, Rotorua, Taupo, Whakatane, 
and Ōpōtiki.  Tauranga City is the largest settlement, with approximately 40% (135,000) of the 
population1. 

Tourism and primary production are key to the region, with 45% of the landmass used for various crop 
and agriculture2. Contrastingly, there is minimal use of the extensive waterspace in The Bay. 

Marine farming is becoming an important part of the social fabric of local communities around the 
Eastern BoP and is generally well-known by residents and ratepayers both as employers and as 
environmentally responsible businesses. 

 

Environmental Characteristics 

Climate 
The BoP is characterised by a diverse temperate climate, with a strong maritime influence, resulting in 
mild winters and warm, humid summers. Rainfall is more common during winter months, however 
tropical storms can deliver intense rain and high winds. Typically, eastern and western areas receive up 
to 4,000 mm of rainfall per annum, double that of the central parts.  

Coastal areas in particular experience high sunshine hours (>2,200 per annum) and higher temperatures 
than inland areas. Average daily maximum temperatures range from 10–16 °C in winter and 22–26 °C in 
summer. 

 

Marine Environment 
Currents 

The Bay is characterised by shallow inshore waters, with offshore depths exceeding 1000 m (particularly 
around Whakaari / White Island, ~50km from the coast)i. The inner bay environment is dominated by an 
easterly current flow, while a westerly current flow occurs in the outer bay (Figure 1). This movement of 
oceanic water is driven by the East Auckland Current (EAC). 

 
1 https://en.wikipedia.org/wiki/Bay_of_Plenty 
2 http://www.toi-eda.co.nz/getattachment/About-Toi-Eda/Bay-of-Connections-strategies/FinalCOBoP-Presentation-Vaughan-
Payne-25-Sept-09-v2.pdf.aspx 
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Localised current flows 
are driven primarily by 
wind, and to a lesser 
extent, tidesii. Wind-
forced current speeds 
usually range between 15 
cm s-1 and 30 cm s-1. 
These current speeds are 
considered ‘weak’ for 
bivalve aquaculture due 
to the risk of Chlorophyll-
a depletion within the 
centre of the farm. 

Upwelling 

During winter, higher 
wind speeds promote the 
mixing of deeper 

nutrient-rich waters with nutrient-poor surface waters, leading to improved productivity in the coastal 
areas of the Bay. During summer, calmer conditions cause a strong thermocline to occur, preventing 
mixing, leading to nutrient depleted surface watersiii. The thermocline increases with depth and distance 
from shore. Freshwater inputs across the Bay contribute to thermal stratification, especially during winter. 
Some wind-driven upwelling is seen during spring and summer. 

Upwelling also creates conditions that may cause toxic microalgal blooms. While these blooms may be 
beneficial to filter-feeding species, they can also introduce problems regarding food safety. 

Wave Climate 

Local weather patterns in the region influence the shorter period wave climate; subtropical cyclones 
generate swelliv. Waves arriving from the north-east to east (mean significant wave height (Hs) of 1.7 m) 
is typical of the offshore wave climate in the western Bay. A 30-year hindcast for the centre of the existing 
ESL farm revealed that significant wave heights remained below 3 m for 99% of the timev.

Figure 1. Residual current directions and velocities from the shoreline to the 250 m 
contour (5-25 m depths) from calibrated numerical hydrodynamic models forced by 
winds and tides. Source: Bay of Plenty aquaculture review. 2019. Report No. 3260 



 
 

 

 

 

 W
ater Q

uality 

Table 1. Sum
m

ary of w
ater quality param

eters in BoP. Source Bay of Plenty Aquaculture Review
. 2019. Report N

o. 3260. 

Param
eter 

D
escription 

W
ater clarity 

Clarity increases w
ith depth and varies seasonally. 1-10 m

 visibility in spring / early sum
m

er and betw
een 25-30 m

 in autum
n. Total suspended particulate m

atter 
concentrations are higher near river m

ouths (specifically the W
hakatane and M

otu rivers) and range betw
een 0.2 and over 30 g m

-3 ; higher during w
inter and spring, 

likely due to increased storm
 events. 

Tem
perature 

The long-term
 m

ean sea surface tem
perature (SST) across the entire BoP ranges betw

een 13.6 and 22 °C. Seasonal tem
perature profiles dem

onstrate the developm
ent 

of a therm
ocline, w

ith the w
arm

est shelf surface w
aters occurring in the early autum

n. A stable deep oceanic w
ater m

ass is apparent at the edge of the shelf (around 
100 m

 depth) and is present throughout the year. Tem
perature stability increases w

ith depth. 

Salinity 
Very little fluctuation in salinity across the Bay (generally 35 – 36 psu), but seasonal differences occur across the bay due to the considerable freshw

ater influence in 
coastal areas in the w

inter and spring.  

D
issolved oxygen 

D
issolved oxygen (D

O
; %

 saturation) levels in the central bay area are typically higher in late spring / early sum
m

er, w
ithin the top 30 m

, reflecting the highest light 
availability and thus phytoplankton productivity (peak values of 110-112 %

 D
O

.  

O
xygen is restricted in deeper w

aters in the central portion of the bay, dropping to 64–68%
 saturation. This coincides w

hen productivity is at its highest. 

Chem
ical properties 

Vertical, offshore and seasonal nutrient gradients are present in the Bay. M
any nutrients follow

 a sim
ilar pattern w

ith the highest values occurring inshore and 
depletion occurring in conjunction w

ith the spring / sum
m

er phytoplankton peak (e.g. dissolved reactive silica, total phosphorus and total nitrogen).  

H
ow

ever, in som
e instances, nutrient concentrations increase in deeper w

aters. This pattern w
as observed for nutrients including dissolved reactive phosphorus and 

total oxidised nitrogen. For som
e nutrients, such as particulate phosphorus and particulate nitrogen, no seasonal pattern is apparent. Total nitrate values are highly 

variable. 

Biological characteristics 
Chlorophyll-a (chl-a, a proxy for phytoplankton biom

ass) ranges betw
een approxim

ately 1 and 3.5 m
g m

-3 and decreases from
 w

est to east. Seasonal upw
elling 

events peak in the w
inter, increasing phytoplankton productivity. 



   

 

 

 

Summary of environmental monitoring data from the existing ESL site between 2004 and 2008 (from 
Heasman et al. 2009). Hs = wave height. Source from Bay of Plenty aquaculture review. 2019. Cawthron 
Report No. 3260. 

NZMG-N, NZMG-E 6350681, 2883146 

Depth range 28-40 m 

Waves Exposed, open ocean 

Mean Hs / Peak Period(s) 1.7 m / 7.4 s 

Max Hs / Peak Period(s) 6.5 m / 12 s 

Max. steepness (Hs / Period) 0.65 (6.1 m / 9.5 s) 

Mean yearly access for vessels able to operate in up to 3 m 
swell 

94% 

Estimated mean yearly access for vessels able to operate in 
up to 2 m swell 

80% 

Largest swells from ENE > N > W 

Wind 
 

Median speed 10 kts 

Max speed (& direction) 45 kts (WSW) 

Predominant direction WSW 

Estimated mean yearly access for vessels able to operate in 
8 m / s (16 knot) winds 

c. 95% 

Currents 
 

Type Dominated by ocean currents, weak 
tidal component 

Strength Moderate 

Mean speed 7 cm s-1 (est) 

Max speed > 50 cm s-1 (surface) 

Mean / net direction c. 275° (west flowing) 

 

 
 



 

  

Water temperature 
 

Mean surface temp (range) C. 17.4° C (12.1-22.8) 

Mean water column temp 17 °C 

Max water column temp 23 °C 

Min water column temp 12 °C 

Approximate period of stratification January-April 

Approximate thermocline depth 10-25 m 

Summer stratification strength 3-4 °C 

 

 



 
 

 

 

 

 Appendix Tw
o 

Species Assessm
ent 

M
arine Species A

ssessm
ent 

 
3 All species constrained by lack of broodstock and hatchery capacity and capability. 

Finfish
3 

Species 
Strengths 

W
eaknesses 

O
pportunities 

U
nique barriers to com

m
ercialisation 

A
ustralasian 

Yellow
tail 

Kingfish 
/ 

w
arehenga 

Existing 
farm

ing 
m

odel 
and 

established 
m

arkets 
in 

Australia, 
fast 

grow
ing, 

w
ell 

regarded in N
Z sushi m

arket, 
good FCR. 

D
isease concerns, sim

ilar species 
produced in Japan. 

International m
arket developm

ent, could be suitable in 
w

arm
er N

Z w
aters, potential for land-based facilities to 

increase size at transfer to open ocean. Sold in specific 
m

arkets. 

Com
petition from

 existing Australian 
aquaculture production, diseases and 
concerns 

from
 

coastal 
recreational 

fishers. 

Trevally 
/ 

araara 
Fast grow

ing, sought after for 
sashim

i, 
feeds 

year 
round 

(during colder periods). 

N
o dom

estic m
arket, no experience 

of 
farm

ing 
in 

N
Z, 

unknown 
potential for disease, no FCR data. 

International m
arket developm

ent, could be suitable in 
w

arm
er N

Z w
aters, potential for RAS to increase size at 

transfer to open ocean. 

Still in the early stages of research, 
breeding 

program
m

e 
only 

recently 
established. 

Snapper 
/ 

tām
ure 

Existing 
farm

ing 
m

odel 
in 

Japan, potentially few
er disease 

issues, can fetch good prices 
for fresh fish in som

e local 
areas. Good candidate for land-
based system

s. 

Generally tough m
arket conditions, 

Slow
er 

grow
ing, 

export 
as 

live 
product 

expensive, 
low

er 
price 

point.  

Japanese have double grow
th rates and survival through 

breeding program
m

es, could be suitable in w
arm

er N
Z 

w
aters. 

Still in the early stages of research, N
Z 

breeding 
program

m
e 

only 
recently 

established. 

W
reckfish 

/ 
hāpuku 

H
igh 

value 
species 

w
ith 

consistently high 
dem

and 
in 

dom
estic 

and 
international 

m
arkets. 

Versatile 
flesh 

w
ith 

Challenges 
around 

reproductive 
cycle 

– 
larval 

survival, 
disease 

Potential for land-based facilities to increase size at 
transfer to open ocean. Supply export m

arkets w
ith high 

value product. 

Still in the early stages of research, N
Z 

breeding 
program

m
e 

only 
recently 



 

 
 

good reputation in restaurant 
industry. 

concerns, lim
ited success of sim

ilar 
species in M

editerranean. 
established. 

Lim
ited 

broodstock 
availability. 

Butterfish 
/ 

m
arari 

H
igh 

value 
species, 

herbivorous, unique to N
Z, life 

cycle 
closed 

and 
hatchery 

production possible.  

Flesh quality degrades quickly – 
needs rapid processing and nearby 
m

arkets. Slow
 grow

th (but m
ay be 

optim
ised 

through 
diet 

&
 

tem
perature regim

e).  

Local m
arket supply w

ith 
value-added 

products 
(eg 

frozen).  Circular and organic opportunities eg feed – 
greenw

aste.   

Processing 
requirem

ents 
constrain 

international m
arket opportunities. N

o 
com

m
ercial production established to 

date. 

Yellow
 

Belly 
Flounder 

/ 
pātiki 

W
ell-suited to RAS, adapt to 

dom
estication, palatable m

eat 
w

ith 
w

ide 
appeal, 

m
edium

 
value ~$26N

ZD
 per kg.  

Productive fishery – com
petition 

for aquaculture, benthic farm
ing 

only – no cage system
s, colour m

ay 
not appeal to Japanese m

arket.  

Local dom
estic m

arket (including live fish for Chinese 
restaurant 

dem
and), 

m
arae-based 

aquaculture, 
RAS 

facilities, 
coastal 

land-based 
racew

ays, 
tem

perature 
regim

e to increase grow
th (natural grow

th 30 cm
 in 2 

years w
ith slow

er w
inter grow

th).  

Q
uestionable 

appeal 
to 

Japanese 
consum

er base due to colour.  

G
rey 

M
ullet 

/ 
m

auhauaitu 
Fast grow

th, likely to be farm
ed 

easily, adaptable and hardy. 
Low

 
value 

species 
w

ith 
lim

ited 
m

arket potential, untested in N
Z 

aquaculture industry. 

M
arae-based 

aquaculture, 
sm

all 
scale 

local 
food 

netw
orks. 

Unlikely to stack up econom
ically. 

Shellfish 

Species 
Strengths 

W
eaknesses 

O
pportunities 

U
nique barriers to com

m
ercialisation 

G
reenshell 

M
ussel (G

LM
) / 

kūtai 

Existing 
farm

ing 
m

odel, 
w

ell 
established m

arkets, no feed 
inputs. 

Low
 

value 
product. 

Lots 
of 

com
petitors. 

GLM
 

have 
the 

reputation as being the “cheapest 
protein”. Constrained spat supply. 

H
igher 

value 
products 

such 
as 

nutraceuticals 
/ 

pharm
aceuticals. Build on em

erging m
ussel oil industry. 

N
o barriers to com

m
ercialisation. 

Blue 
M

ussel 
/ 

kuku 
H

ighly 
desired 

in 
dom

estic 
restaurant industry – preferable 
to GLM

.  

N
o 

established 
m

arket 
in 

N
Z. 

Lim
ited 

international 
m

arket 
opportunities. 

Currently no com
m

ercial supply of blue m
ussels in N

Z. 
Auckland restaurant m

arket alone could consum
e 37 t 

annually. N
iche product that m

ay fetch higher prices than 
GLM

. 

A M
arlborough initiative intends to produce product for 

aquaculture feed and pet food.  

Inconsistent grow
th and productivity 

on 
GLM

 
m

ussel 
lines. 

Requires 
dem

onstration of biological, technical 
and com

m
ercial proof of concept. 

Pacific O
yster / 

tio repe 
H

igh 
value 

product, 
existing 

farm
ing 

m
odel, 

w
ell 

D
isease prone (O

sH
V-1), offshore 

farm
ing technical proof of concept 

required. 

Introduce 
oyster 

production 
to 

offshore 
aquaculture 

areas. 
N

o barriers to com
m

ercialisation. 
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established m
arkets, no feed 

inputs. 

N
Z 

Scallop 
/ 

tupa 
H

igh 
value 

product, 
w

ell 
established m

arkets. 
Past 

efforts 
to 

establish 
scallop 

aquaculture have had little success. 
Technically difficult. 

Untenable 
current 

supply 
through 

dredging 
activity. 

Consum
er-aw

areness of environm
ental issues provides 

opportunity for aquaculture to fill supply gap. 

Requires dem
onstration of biological, 

technical 
and 

com
m

ercial 
proof 

of 
concept. 

G
eoduck 

/ 
H

ohehohe 
W

ell-developed 
high 

value 
international 

m
arkets. 

Acceptance 
of 

product 
attributes of indigenous w

ild 
N

Z 
product 

unknow
n: 

size, 
taste colour, texture. 

Requires 
dem

onstration 
of 

biological, 
technical 

and 
com

m
ercial proof of concept. N

o 
N

Z supply in current m
arkets. 

Branding opportunity in location specific product; "new
" 

indigenous aquaculture species. 
Requires dem

onstration of biological, 
technical 

and 
com

m
ercial 

proof 
of 

concept. 

A
balone / paua 

M
ultiple product opportunities, 

m
edium

 to high value, strong 
dom

estic 
m

arket, 
proven 

hatchery production. 

W
ild fishery is in reasonably good 

health (m
ore com

petitive pricing), 
expensive to farm

, slow
 grow

th, 
lim

ited 
success 

of 
existing 

hatcheries. 

Potential for jew
ellery and dom

estic food m
arkets. 

Challenging 
econom

ics, 
questionable 

appeal to Chinese consum
er base. 

N
Z Rock O

yster 
/ 

Saccostrea 
glom

erata 

H
igher 

value 
product 

than 
Pacific oyster. 

N
o com

m
ercial production, slow

er 
grow

ing and less abundant than 
Pacific oyster, international m

arket 
unknow

n. 

Explore niche m
arkets and value add potential. 

O
utcom

peted by Pacific oyster through 
natural settlem

ent. 

Toheroa 
/ 

Paphies 
ventricosa 

H
igh value seafood product, 

w
ild fishery under pressure – 

opportunity 
for 

aquaculture. 
Fast grow

th, 

N
o com

m
ercial aquaculture in N

Z, 
data deficient, m

arkets relatively 
unknow

n, uncertain if technically 
feasible. 

W
ild fishery under significant pressure – opportunity to 

m
eet unfulfilled dem

and. 
Unknow

n if econom
ic to farm

. 

Surf Clam
s / tua 

tua 
33%

 m
eat to shell ratio, w

ell 
suited to both raw

 and cooked 
preparations, 

high 
value 

~$28N
ZD

 retail. 

N
o com

m
ercial aquaculture in N

Z, 
data deficient, m

arkets relatively 
unknow

n. 

Explore m
arket opportunities. 

Unknow
n if econom

ic to farm
. 

Cockle / tuaki 
W

ell-established 
m

arket 
– 

often sold as “clam
s” overseas, 

extractive (zero-input) species, 
life cycle closed, high biom

ass 
potential (4,500 per sq.m

). 

H
ealthy 

w
ild 

fishery, 
low

 
value 

product, 
high 

volum
es 

required, 
untested 

in 
com

m
ercial 

farm
 

setting. 

Explore m
arket opportunities and new

 farm
ing techniques 

– potential for sim
ilar farm

ing approach to other benthic 
species like scallop. 

Unknow
n if econom

ic to farm
. 



 

 
 

 
4 https://w

w
w

.stats.govt.nz/inform
ation-releases/environm

ental-econom
ic-accounts-2020-tables 

Crustaceans 

Species 
Strengths 

W
eaknesses 

O
pportunities 

U
nique barriers to com

m
ercialisation 

N
Z 

Red 
Rock 

Lobster / koura 
Very high value product w

ith 
dem

and exceeding supply in 
export m

arkets. 

Peurulus (juvenile crayfish) quota 
m

akes the econom
ics challenging. 

Very 
slow

 
to 

m
arket 

size. 
N

o 
control over life cycle. 

O
n-grow

ing of peurulus in m
arine environm

ent or land-
based facilities to service high value, high dem

and export 
m

arkets in Asia. 

Q
uota 

restrictions 
on 

harvesting 
juveniles for on grow

ing. N
o captive 

reproduction taking place. 

Sea cucum
ber / 

Stichopus 
m

ollis 

H
igh value product in specific 

Chinese 
m

arkets, 
no 

feed 
inputs required. 

Chinese m
arket is highly saturated 

and 
significant 

concerns 
exist 

around 
palatability. 

H
aven’t 

established farm
ing m

ethod in N
Z. 

Lim
ited opportunities; niche m

arket w
ith slow

 uptake of 
N

Z product. 
Q

uestionable 
appeal 

to 
Chinese 

consum
er base. 

Packhorse 
Crayfish / koura 

Sought-after both in N
Z and 

abroad. 
Sold 

w
hole 

for 
betw

een $200 - $240kg from
 a 

live display tank. This is a high 
value product. 

Com
plex nutritional requirem

ents 
and slow

 grow
th to m

arket size. 
Tasm

anian hatcheries already produce juveniles for the 
aquaculture industry, sam

e genetic stock as the N
Z 

population.  

Requires dem
onstration of biological, 

technical 
and 

com
m

ercial 
proof 

of 
concept. 

Paddle 
Crab 

/ 
paapaka 

Large international m
arket for 

crab m
eat. Crab aquaculture is 

w
ell-established overseas. 

N
o 

current 
aquaculture 

in 
N

Z, 
farm

ing 
techniques 

unknow
n, 

m
arket dem

and uncertain. 

D
eclining w

ild catch
4; opportunity to fill supply shortfall. 

Life cycle not closed in N
Z hatcheries. 

Seaw
eed 

Brow
n 

Kelp 
/ 

Ecklonia 
radiata 

Existing 
under 

serviced 
dom

estic 
m

arket 
for 

agricultural feed supplem
ents / 

biostim
ulants. 

Key 
product 

qualities 
that 

differentiate. 
Export m

arket potential. 

Requires 
dem

onstration 
of 

biological, 
technical 

and 
com

m
ercial proof of concept. N

o 
hatchery 

production 
of 

sporophytes. 

D
evelop seaw

eed co-culture alongside shellfish / finfish in 
offshore environm

ent. Reduce agricultural sector reliance 
on beachcast seaw

eed. Establish capability for future blue 
carbon opportunities. 

Requires dem
onstration of biological, 

and technical proof of concept. 
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  Freshw

ater Species 

Finfish 

Species 
Strengths 

W
eaknesses 

O
pportunities 

U
nique barriers to com

m
ercialisation 

W
hitebait 

/ 
Īnanga 

H
igh value product ($160 per kg). 

Existing 
farm

ing 
m

ethod. 
‘N

ostalgic’ food w
ith w

idespread 
recognition in m

arket. 

O
nly one 

player in 
the 

m
arket. 

Broodstock 
and 

hatchery 
constrained. 

Challenging 
econom

ics during rearing. 

Em
erging industry w

ith dem
and w

ell exceeding 
supply. Untenable w

ild fishery 
– 

severe public 
pressure to restrict supply / find alternative, m

ore 
sustainable source of w

hitebait. 

Access 
to 

broodstock 
and 

hatchery 
capacity. 

    

Crustaceans 

Sea 
Lettuce 

/ 
U

lva spp. 
Fast grow

th, ability to extract 
nutrients and carbon at fast 
rate. 

Able 
to 

‘polish’ 
w

ater 
quality effectively. Potential as 
anim

al feed supplem
ent. 

Requires 
dem

onstration 
of 

biological, 
technical 

and 
com

m
ercial proof of concept. N

o 
hatchery 

production 
of 

sporophytes. 

H
igh 

Rate 
Algal 

Pond 
(H

RA
P) 

culture 
system

s 
to 

biorem
ediate degraded w

ater quality. O
ffset nitrogen 

em
issions from

 stock and m
unicipal effluents. O

ffset 
carbon footprint from

 other activities. 

Lack of blue carbon / nutrient m
arket. 

Requires dem
onstration of com

m
ercial 

proof of concept.  

Karengo 
/ 

Porphyra spp. 
W

ell established m
arkets for 

red algae products such as agar 
and high value food, anim

al 
feed supplem

ents. 

Lim
ited 

high 
value 

food 
opportunities in N

Z, sm
all dom

estic 
restaurant m

arket size. 

D
evelop seaw

eed co-culture alongside shellfish / finfish in 
offshore environm

ent. Reduce agricultural sector reliance 
on beachcast seaw

eed. Establish capability for future blue 
carbon opportunities. 

Requires dem
onstration of biological, 

and technical proof of concept. 

M
icroalgae spp. 

Key 
feed 

input 
for 

shellfish 
aquaculture, 

targeted 
nutritional enhancem

ent w
ith 

natural 
com

position 
benefits. 

Rapid grow
th. 

Lim
ited num

ber of hatcheries in 
operation 

in 
N

Z, 
low

 
dem

and 
(m

any hatcheries already produce 
their ow

n m
icroalgae), potentially 

not enough scale. 

D
evelop m

ulti-species m
icroalgae production system

s to 
provide 

feed 
inputs 

for 
land-based, 

closed 
system

 
shellfish aquaculture. 

Requires dem
onstration of com

m
ercial 

proof of concept. 



 

 
 

Freshw
ater 

crayfish / koura 
H

igh 
value 

product 
($85-$100 

per kg). Unique product on N
Z 

m
arket. Strong potential in local 

restaurant industry. 

Low
 

m
arket 

aw
areness. 

Slow
 

grow
th. Lim

ited success in existing 
operations. 

D
evelop a high value species suitable for both 

intensive and expansive aquaculture. O
pportunity 

to 
enhance 

productivity 
of 

m
arginal 

land 
/ 

freshw
ater sources. M

arket severely under supplied. 

IP locked aw
ay. M

ost research focussed on 
Southland subspecies. ‘Ground zero’ for 
establishing genetic program

m
e. 

G
iant M

alaysian 
River 

Praw
n 

/ 
M

acrobrachium
 

Rosenbergii 

Life cycle closed and technically 
feasible 

in 
w

arm
 

w
ater 

environm
ents 

available 
in 

the 
BoP. 

Low
 value product, lim

ited m
arket 

in N
ew

 Zealand. Produced at scale 
overseas – strong com

petition in 
foreign 

m
arkets 

– 
cheaper 

production in S.E Asia. N
on-native. 

W
ell-suited to geotherm

al aquaculture; potential to 
scale throughout geotherm

al fields of the Bay of 
Plenty plateau. 

IP and entire national broodstock held by 
one com

pany. 

M
acroalgae 

Freshw
ater 

m
acroalgae 

Variety of uses for algae biom
ass 

spanning 
biological 

charcoal 
(biochar), 

bio-stim
ulants 

and 
fertilisers, stock and pet food, 
anim

al husbandry products, high 
quality hum

an food to high end 
bioactive chem

icals. 

Low
 value product; m

ust be farm
ed 

at 
scale. 

Im
m

ature 
m

arket 
for 

environm
ental 

biorem
ediation 

paym
ents in N

Z. 

H
igh Rate Algal Pond (H

RA
P) culture system

s to 
biorem

ediate 
degraded 

w
ater 

quality. 
O

ffset 
nitrogen 

em
issions 

from
 

stock 
and 

m
unicipal 

effluents. 
O

ffset 
carbon 

footprint 
from

 
other 

activities. 

 

Lack 
of 

blue 
carbon 

m
arket. 

Requires 
dem

onstration 
of 

com
m

ercial 
proof 

of 
concept. 

 Restricted Species A
ssessm

ent 

Restricted Species 

Species 
Strengths 

W
eaknesses 

O
pportunities 

U
nique barriers to com

m
ercialisation 

Rainbow
 

Trout 
/ tarauta 

Existing farm
ing m

odel overseas. Sim
ilar price 

point to salm
on. Fish &

 Gam
e hatcheries 

already producing stock.  Easily spaw
ned and 

reared on com
m

ercial fish feed. Portion sized 
fish can be achieved after 8 m

onths grow
th. 

 

D
isease 

concerns, 
legislative 

changes 
required 

to 
enable 

com
m

ercial farm
ing. Susceptible to 

high tem
perature and high salinity 

induced m
ortality. 

D
om

estic 
and 

international 
m

arket 
developm

ent. 
Adaptable 

to 
cooler 

low
 

salinity w
aters, potential for RAS to increase 

size at transfer to open ocean, geotherm
al 

potential 
in 

RAS 
system

s, 
potential 

em
ploym

ent opportunities in rural. 

Com
m

ercial trout farm
ing prohibited in 

N
ew

 Zealand, lim
ited broodstock and 

fam
ily program

m
es. 
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Chinook 
salm

on 
/ 

H
ām

ana 

Existing farm
ing m

odel. H
igh value species, 

m
arket 

dem
and 

exceeds 
supply. 

Strong 
export potential. Easily spaw

ned and reared 
on com

m
ercial fish feed. Portion sized fish 

can be achieved after 8 m
onths grow

th. 

D
isease 

concerns. 
N

on-native. 
Restricted 

to 
cooler 

w
aters. 

Broodstock 
accessibility 

constrained. 

O
ffshore deepw

ater aquaculture. 
Restrictive legislative landscape in N

ew
 

Zealand. 
H

eavily 
constrained 

broodstock 
availability. 

Lim
ited 

hatchery capacity. 

W
akam

e 
/ 

U
ndaria 

pinnatafida 

Easy to grow
. Existing farm

ing m
odel. Value in 

Asian m
arkets as food product. 

Requires 
dem

onstration 
of 

biological, 
technical 

and 
com

m
ercial proof of concept. N

o 
hatchery 

production 
of 

sporophytes. 

D
evelop 

seaw
eed 

co-culture 
alongside 

shellfish / finfish in offshore environm
ent. 

Reduce 
agricultural 

sector 
reliance 

on 
beachcast seaw

eed. Establish capability for 
future blue carbon opportunities. 

Pest species classification, regulated by 
M

PI. O
nly a few

 harbours in N
Z w

here it 
can be farm

ed. 

Flat O
yster / Tio 

para 
H

igh value product, existing farm
ing m

odel, 
w

ell established m
arkets, no feed inputs. 

Biological 
proof 

of 
concept 

required for BoP w
aters. D

isease 
risk. 

Parallel opportunity to any Pacific oyster 
culture. 

Em
erging 

dom
estic 

and 
export 

m
arkets: D

ecem
ber 2016 YTD

 61,200 doz, 
$0.89m

 FO
B. 

Restriction 
on 

the 
m

ovem
ent 

of 
organism

s as a quarantine m
easure to 

com
bat spread of the Bonam

ia ostreae. 

Eel / tuna 
$N

Z45 /kg landed into Japan – largest export 
m

arket. W
ell suited to RAS. FCR’s of 1.5 – 2.0 

for short finned eel are possible. Proven 
successful species in recirculation. 

W
orldw

ide 
eel 

aquaculture 
is 

~US$1 billion; highly com
petitive 

m
arket. Lim

ited dom
estic m

arket. 
Very 

little 
farm

ing 
expertise. 

Cannot reproduce in captivity. W
ild 

catch of fry (elvers) is necessary. 

D
eclining 

w
ild 

catch 
fishery 

– 
new

 
opportunity to provide sustainable supply 
for export m

arket. First m
over advantage; 

build upon new
ly developed IP around 

closing eel lifecycle in captivity. 

Requires com
m

ercial proof of concept; 
access 

to 
broodstock 

and 
hatchery 

infrastructure. 
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Appendix Three 

Key Considerations 
Climate Change 
An in-depth analysis of the risks and impacts of climate change on aquaculture is beyond the scope of this 
report, however, this section provides a high level overview of the key considerations for potential investors 
who may look to develop aquaculture operations in the marine environment of the BoP. 

Climate change presents a threat to New Zealand aquaculture; however, it is difficult to predict the 
severity and type of the potential impacts. Some of the potential effects of climate change that affect the 
aquaculture sector include: 

x Increased seawater temperature, leading to: 
o Toxic algae blooms 
o Lower oxygen concentrations 
o Elevated microbial activity 
o Direct mortality of cold-water tolerant species (e.g. salmon). 
o Increased stratification of the water column 

x Increased ocean acidity (lower p.H). 
x Changing distributions / prevalence of pests and diseases. 
x Reduced availability of lower-trophic fish species that are used to create fish feed for higher 

value species. 
x Changing weather patterns are expected to influence the movement of water (e.g. upwelling 

and downwelling patterns)vi. 
x Exacerbation of the El Niño and La Niña climatic events may impact productivity. 

Future climate projections are generally at a coarse scale (e.g. global), and often reflect long-term global 
or regional averagesvii (Figure 2 shows sea surface temperature trends around New Zealand over the last 
40 years). Although analysis of global trends can be useful, these resolutions may not capture the 
complexity of finer-scale zones where aquaculture activities are located, and subsequently do not 
accurately represent the specific environmental variabilities that the culture stock are subjected to.  

Therefore, it is important that finer-scale data is collected in order to make well-informed aquaculture 
management and planning decisions. 
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Biosecurity 
Biosecurity is a key consideration 
in all of New Zealand’s primary 
industries. In early years we 
benefited from our isolation from 
the rest of the world, but with 
increasing global movements as 
well as warming oceans the risk of 
new pests and pathogens being 
introduced into, and establishing 
a foothold in, New Zealand rises.  

There is also the risk that 
organisms that exist in harmony 
with their environments in 
different parts of the world, 
behave differently in the New 
Zealand context, and it can be 
difficult to predict which 

organisms might be more harmful than others. For this reason, New Zealand’s primary biosecurity focus 
is on stopping biosecurity threats ‘at the border’. This is a lot harder and more uncertain in the marine 
environment than it is for primary industries on land. 

In an aquaculture context, biosecurity encompasses both the protection of the aquaculture operation from 
unwanted organisms as well as protecting the external environment from risks associated with the 
operation of the farm. 

In 2014, Bay of Connections contracted a desktop study5 of all known biosecurity risks and the likely 
occurrences of any biosecurity events in the Bay of Plenty Region. It highlighted 25 marine and freshwater 
pests and pathogens that can significantly impact on aquaculture developments in the Bay of Plenty. The 
study provides a useful context to understanding and managing biosecurity risks. The key findings are 
noted below: 

x Offshore mussel farms were almost certain to be exposed to fouling pests that could cause 
moderate to high economic impacts on production through stock losses and increased handling. 

x Oyster farms were almost certain to be exposed to the Ostreid herpes virus potentially resulting 
in major economic impacts through stock losses. 

x Offshore fish farms were almost certain to be exposed to marine pests that would cause 
moderate increases in operational costs, and parasites that could cause major losses from 
mortalities and increased operational costs. 

x Sea cucumber and geoduck farming had a possible risk of being impacted by date mussels 
(smothering) and paddle crabs (predation) causing a moderate economic impact through stock 
losses. 

x Freshwater pond cultures were possibly at risk from pest plants and algae that may smother 
stock and/or block intake systems causing increased operational costs. 

In terms of aquaculture developments in the BoP, it is much simpler to apply meaningful biosecurity 
measures in intensive small-scale aquaculture systems than to those in open marine environments. 

 
5 Aquaculture in the Bay of Plenty Biosecurity Risk Assessment. 2014. Tisbe Ltd Client Report 14-0501 

Figure 2. Oceanic sea surface temperature trends around New Zealand (1981 
- 2018). 
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However, for all farms there are suitable measures and simple elements that can be applied in all areas to 
minimise risks of introducing and spreading pests and disease. 

 

Food Safety 
Aquaculture in New Zealand relies on clean, pristine and unpolluted waters to produce safe, high quality 
and high value seafoods. All foods can pose some level of risk to consumer wellbeing, the key to managing 
these is a comprehensive programme which understands and mitigates the various elements of those risks.  

In seafood the primary risks are biotoxins, bacteria, viruses and heavy metals. New Zealand is 
recognised in international markets for producing safe food from a clean environment with traceability 
systems from the farm to the final product. This recognition is well supported by strong Government 
regulations as well as research providers such as the Cawthron Institute who provide internationally 
recognised product testing.  

There are two unique factors that distinguish New Zealand’s programmes from others around the world. 
The first is the co-operative approach between industry, scientists and regulators, resulting in continuous 
improvement, efficiency gains and a very high level of compliance. The second is that the programmes are 
100% industry funded in contrast to competing industries overseas, where the programmes are funded 
and operated entirely by Government agencies. 

 

Shellfish Food Safety 
New Zealand’s shellfish growing regions are broken into 26 ‘growing areas’ which have their own testing 
and management programme. The Bay of Plenty growing area (Area 702) off Ōpōtiki where mussels are 
currently grown has an approved biotoxin and sanitation programme enabling the commercial sale of 
mussels to the domestic and export markets. Area 702 has been approved and registered for the United 
State Food and Drug Administration (USFDA) and the European Registration (EU). Biotoxin and sanitation 
testing takes place on a weekly basis to ensure compliance.  

Any new growing areas approved adjacent to Area 702 will benefit from historical data (subject to the 
approval of existing farmer) and a joint monitoring programme will have potential cost savings for both 
parties.  

 

Developing Novel Finfish Aquaculture Opportunities 
In contrast with the limited number of terrestrial farmed animals, there is a far larger range of fish species 
currently farmed globally6. As a result, the markets for finfish are diversified to a far greater extent than for 
example beef, sheep and poultry, and consumers have grown accustomed to having a wide range of 
choices – opening up a range of options for aquaculture. 

Despite the range of fish species available, only a few have become global aquaculture success stories; 
carp and salmonids in particular dominate world production. New species are often produced in small 
volumes, and the success of a species largely reflects market conditions. 

Producing a small volume of a high value species may well be profitable as it fetches a high price. However, 
because the markets for these species are typically small, the price may drop if production volume 
increases. It can be profitable to be the first mover with a new species in aquaculture, however, on the 

 
6 http://www.fao.org/3/a-i4626e.pdf 
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other hand, it is also a risky business with a high degree of uncertainty in both production and in market 
development. 

As a new species is developed for aquaculture, it is important to remember that domestication of a wild 
species is often difficult and time consuming. In the experience of New Zealand research institutes, 
breeding programmes for novel species can take 10 – 15 years. However, these programmes can achieve 
up to 40% growth improvement.7  

Factors such as growth rate, feed conversion rate, disease, and survival rate are highly variable within and 
between species. In many cases, the performance of wild fish species does not conform to the expectations 
of an experienced aquaculturist and may take a long time and a lot of effort to become viable.viii 

In many instances funding has often gone directly to science providers, without input from the aquaculture 
industry, resulting in research that lacks key commercial elements to facilitate uptake by the sector. 

  

 
7 Insights from interviews with NZ research institutes for the purpose of this project.  
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Appendix Four 

Aquaculture Production in Europe and the US – and opportunities for 
the Bay of Plenty, NZ 
Report prepared by Trimara Services (UK) Ltd 
 

Aquaculture: Mega Trends 
Fish consumption is increasing, while wild fisheries are at, near or beyond their maximum sustainable 
yield1. To produce more fish cultivation is required. And this sector has been growing rapidly in recent 
years and is expected to continue to do so in the years ahead. 
 

The world is facing an increasing demand for protein. In most countries as wealth increases the amount 
of animal protein in the diet increases2 (India, for cultural reasons, is an exception to this rule). This is 
because animal protein consumption is associated with wealth in many cultures. 
 

Potentially counteracting this surge in demand for animal protein is the emerging awareness of climate 
change and the contribution of animal farming to both greenhouse gas (GHG) production by the sector 
as well as water and land use associated with direct and indirect farming activities. There are some early 
signs of a tempering in demand for some animal protein. This trend may accelerate as consumer 
awareness increases and as government regulators require the industry to control and reduce GHG 
emissions associated with agricultural practices and as biodiversity concerns start to be addressed at a 
global level. 
 

Farmed fish are, relatively, a low GHG3,4 and low impact5,6 animal protein. Fundamentally, fish do not 
need to stand up (and therefore ‘waste’ energy fighting gravity) because they float in water; and fish are 
cold blooded, so do not need to invest energy in keeping their body temperature above the ambient 
level. 
 

Atlantic salmon in particular have a low impact footprint because this fish has a low food conversion rate 
to edible protein ratio. The Atlantic salmon has a higher fillet yield than most fish – with around 55% of 
the fish being converted into edible, boneless fillets. But almost all fish species that are farmed have an 
inherent advantage relative to their terrestrial peers. 
 

Mussels have lower GHG emissions than fin fish while oysters have a higher GHG emission level.7 Like 
oily fish (e.g. salmon) mussels are a good source of omega-3 oils that are essential for human health. 
And because they do not require any land-based inputs, they are a low impact source of animal protein. 
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Seaweed cultivation may also play a role in sequestering carbon and reducing GHG emissions.8, 9 
 
In summary, aquaculture production is growing rapidly and is predicated on the increasing demand for 
seafood. Seafood demand is increasing as the world population gets wealthier and demands more 
animal protein and because seafood is perceived as being good for human health. 
 
In the decades ahead there will be increased pressure on farmers, consumers and regulators to reduce 
anthropomorphic impacts in terms of GHG emissions and wider impacts on land and water use 
associated with the production of protein for human consumption. Farmed fin fish and shellfish are, 
potentially, in a perfect position to assist in the transition of people from GHG/impact intensive 
terrestrial animal proteins to lower impact sources of protein. 
 
Shellfish (mussels in particular) have very low GHG emissions compared to other animal proteins and 
very low wider land-based impacts. Seaweeds may also have an important role to play in off-setting GHG 
emissions while also providing nutritious food and novel biologically active compounds. 
 
Ultimately there will likely be a transition to a diet that is more vegan based and has a much lower 
proportion of animal protein at the global level. But this will not preclude the importance to the growing 
human population of consuming fish and shellfish as an essential part of a healthy diet – especially for 
omega-3 fats. 
 

Aquaculture Production in Europe 
The European aquaculture production and market sectors are facing a mixture of challenges and 
opportunities related to environmental constraints and market demand. A wide variety of species are 
farmed, and they cannot be seen as ubiquitous – each sector is unique, facing different challenges and 
opportunities. The aquaculture production systems are either marine or freshwater. Different fish species 
are suited to different farming zones based on the ambient temperature of the water. Salmon and trout 
for example perform best in the farmed environment when reared in water temperatures of 5oC to 15oC. 
Sea bass and sea bream, that are widely farmed in the Mediterranean, grow best in temperatures that 
are greater than 22oC. 
 

 
1 http://www.fao.org/3/I9540EN/i9540en.pdf#page=19 

2 https://ourworldindata.org/meat-production#which-countries-eat-the-most-meat 

3 https://www.wri.org/resources/data-visualizations/protein-scorecard 

4 http://www.fao.org/news/story/en/item/197623/icode/ 

5 https://josephpoore.com/Science%20360%206392%20987%20-%20Accepted%20Manuscript.pdf 

6 https://www.theguardian.com/environment/2018/may/31/avoiding-meat-and-dairy-is-single-biggest-way-to-reduce- your-impact-on-earth 

7 https://www.fcrn.org.uk/research-library/carbon-footprint-scottish-mussels-and-oysters 

8 https://www.sciencedaily.com/releases/2019/08/190829124250.htm 

9 https://www.frontiersin.org/articles/10.3389/fmars.2017.00100/full 
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There are also different types of farming systems – more traditional flow-through freshwater farms (for 
rainbow trout, see figure 1, and carp 
grown in ponds or raceways) to more 
recently developed marine pen farming 
systems in the sheltered coastal ribbon. 
Newer technologies for farming fish 
include large scale recirculating 
aquaculture systems (RAS) on land and in 
closed containment systems in the sea. 
Most recently genuine ‘off-shore’ farming 
systems are now being deployed in much 
more extreme open ocean environments. 
 

European Production Trends 

Europe only contributes approximately 3% of global aquaculture production while Asia (New Zealand’s 
nearest region), produces a massive 85% of the total world production of aquaculture products. 10, 11 
 
European production is predominantly marine 
farming – with most of this being farmed 
Atlantic salmon in the coastal areas of Norway 
(46% of European production) and to a much 
lesser extent Scotland. Salmon and trout make 
up the majority of the fish farmed in Europe 
(EEA- 
with a total production of approximately 
1,700,000 tonnes. There are other reasonably 
significant and locally very important marine 
fin fish industries in Turkey, Greece, Spain and 
Italy where sea bass and sea bream dominate 
(267,000 tonnes). 
 

In the marine environment there is a large 
production of molluscs (mostly mussels) in 
Spain, France and Italy (458,000 tonnes). This 
production has been stable over the last number of years. 
 
Only three species make up more than 50% of EU production by volume and more than 40% of 
production by value. 

 
10 https://www.eea.europa.eu/data-and-maps/indicators/aquaculture-production-4/assessment 

11 https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Aquaculture_statistics&oldid=356961 

 

Figure 1: A trout farm in Scotland. Water is 'borrowed' from the 
adjacent river, flows through the earth ponds where the stock is held 
and returns to the river after some basic treatment to remove 
organic matter. Image: Yarrow Fishery 

Figure 2: A typical salmon farm set-up in Norway - the circular 
shaped pens support a net with a depth of 30m to 50m that 
holds the fish. There is a large static floating barge that holds 
feed and can automatically deliver feed to the fish.  
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Norway, Spain, Turkey, the United Kingdom, France, Italy and Greece account for 90% of all aquaculture 
production in Europe. There is very 
little farming of aquatic plants or 
algae in Europe. 
 
Freshwater aquaculture in Europe is 
much smaller in terms of 
production volume. The majority is 
inland trout, carps, barbels and 
other cyprinids (89,000 tonnes). 
Freshwater farming has not 
increased significantly over the last 
two decades in Europe. As 
environmental regulations have 
become more stringent with 

respect to the addition of nutrients to freshwater systems this has reduced the potential for additional 
production of freshwater species that are reliant on feed (and hence nutrient) inputs.  
 
Marine farming production volume has also been relatively stable in all species and all regions except for 
in Norway. In Norway there has been a very significant increase in salmon production in the marine 
environment in the large sheltered coastal ribbon of that country. But, since 2015 there has been limited 
increases of farmed salmon around the world (including Norway) due to fish health challenges and 
regulatory pressure to reduce sea lice numbers in the farmed salmon population (due to their potential 
impact on wild salmon populations). 
 
In summary: European aquaculture production is dominated by Atlantic salmon in Norway and this has 
increased significantly over the last decade. In the last 3 years production increases have stalled in 
Norway due to the lack of availability of suitably sheltered farming locations and because of an increase 
in fish health challenges associated with traditional fish farming technologies. 
 
Other fin fish species are also regionally important and focus on sea bass and sea bream in Turkey, 
Greece and Italy. 
 

European Market Trends 

Europeans consume approximately 24kg of seafood per capita. But there is a wide range within the 
European countries. Portuguese consumption is 56.8kg per capita while Hungarians consumption is only 
5.6kg per capita.12 
 

With respect to aquaculture products, 1.37m tonnes are produced in the EU-28, 2.11m tonnes are 
imported (mostly salmon from Norway) and 0.23m tonnes of aquaculture products are exported from 
the EU-28. The consumption of aquaculture products in the EU-28 is 3.25m tonnes.13 
 
Salmon is the main farmed fish species consumed in Europe, followed by mussels, shrimp, sea bass and 
sea bream. The other fish species mostly consumed are tuna (mostly canned), cod, Alaskan pollock, 
shrimps (wild caught and farmed), and herring. 

 
12 https://www.eumofa.eu/the-eu-market 
13 https://www.eumofa.eu/documents/20178/314856/EN_The+EU+fish+market_2019.pdf/ (page24) 
 

Figure 3: A typical sea bass and sea bream farm in Greece. There are 
multiple age groups of fish on the one site, smaller pens than are used in 
salmon farming and less automation. Nets are typically 6m to 15m deep. 
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Salmon and other fish species are sold via retail and food service outlets as well as through institutional 
settings. In the EU there is a major seafood processing industry that purchases raw unprocessed product 
and will turn this into a variety of simple and complex value-added products for retail and food service 
businesses. 
 
Major supermarket chains and large processors will agree fix price contracts for periods from 6-months 
to 3 years for farmed fish products. The food service sector has a range of purchasing mechanisms 
including fixed price contracts and spot market purchases/trading purchases. The spot market fluctuates 
significantly depending on the supply/demand dynamic prevailing at the time. 

 

Opportunities in Europe – Trends for the Future 
The European market, in terms of production and consumption of aquaculture species is dominated by 
salmon. This is likely to continue in the future as farmed salmon supply continues to grow and develop 
 
Farm raised salmon has been a real success in Europe. Dominated by supply from Norway (which is not 
in the EU-28) this fish has provided a massive economic boom for rural Norway and has provided an 
important source of reliable fish supply to Europeans throughout the continent and to other countries 
beyond. 

 

Salmon as a Case Study: 
Production of farmed salmon has 
plateaued over the last several years 
due to environmental, social and 
regulatory constraints. Demand has 
continued to increase despite the lack 
of additional production supply. This 
has caused the price of farmed 
salmon to increase significantly. As a 
result of high prices, salmon farming 
companies are currently highly 
profitable, and this has resulted in 
both incumbents and new entrants 
seeking to innovate to produce more 
product.  
 

There are developments in: 
more robust farming systems (figure 4) that can withstand more exposed environments using existing 
technologies, off-shore farming systems that move the farmed fish to isolated waters where they avoid 
sea lice, other disease pressures, and potentially negative interactions with wild salmon semi-closed in-
shore farming systems that deliver a more controlled farming environment, eliminate sea lice and 
prevent negative interactions with wild salmon populations, marine predators and fluctuating water 
quality, and on-land recirculating aquaculture systems (RAS) that deliver a completely controlled 
environment for the stock. 
 
None of these new innovations are yet proven. This innovation is predominantly occurring in Norway 
where the majority of the industry is located and where the government has established a positive 
regulatory framework that rewards innovation risk (the Government has issued ‘development licenses’ 

Figure 3.: the ScaleAQ Midguard cage system that is designed to 
withstand Hs 6.0m conditions - this is a more robust design of pen 
system that is based on current technology. 
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where the holder is granted a license at no cost in return for committing to a pre-approved innovative 
development plan). 

 

Supply and Demand – the (salmon) farmers dilemma 
As these technologies are developed it is certain that they will result in a further increase in salmon 
production. At some point in the future there will then be an oversupply situation. This will cause the 
price of farmed salmon to decline. The decline in the price of the product will have three main effects – it 
will drive inefficient producers out of business through industry consolidation, it will slow the production 
increase as farmers cut back on growth plans to stabilize the supply/demand market dynamic and, most 
importantly, it will stimulate new demand as the end price of salmon reduces and new consumers will 
purchase the product. 
 

The critical factor that has been demonstrated multiple times over past supply growth cycles is that most 
of the new demand will remain when prices increase as supply growth is reduced. New consumers and 
new markets become used to consuming salmon and tolerate increases in prices.  The industry 
ultimately returns to profitability and will then increase supply. And so, the cycle will begin again. 

 

Other Species in Europe 
The production of most of aquaculture species in EEA-39 has, overall, been relatively flat. Sea bass and 
sea bream have increased in volume in recent years. Prices have collapsed in response causing significant 
profitability challenges for producers. 
 

There is no shortage of additional production area in the Mediterranean for both sea bass and sea 
bream. But there has been a recent major consolidation event with three major producers merging into 
one large company. There remains a large number of intermediate and small producers in Turkey, 
Greece, Spain and Italy. 
 

In my view, the prices for sea bass and sea bream will remain low while there is an oversupply. This 
oversupply is, however, creating new demand and new market opportunities. Over time the 
supply/demand dynamic will become more balanced and profitability will return to the sector. 
 
Mussels are the other main species produced and consumed in Europe. Again, the consumption of 
mussels has, over the years been relatively stable (there was a drop in 2013 due to algal blooms affecting 
supply). 

 

European Summary 
Growth in the production and consumption of aquaculture products in the EEA-39 has been dominated 
by salmon. Production volumes have increased over the last decade but have stabilized over the last 3 to 
4 years. While supply has stabilized prices have significantly increased generating strong profitability in 
the sector and stimulating innovation in farming practices – particularly in Norway where the regulatory 
framework has been adjusted to reward innovation. 
 
Future growth in this sector will come from new technologies – land-based RAS, off-shore mega farms or 
by the intensification of the existing coastal sites through developing semi-closed technologies that 
address environmental concerns. 
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Sea bass and sea bream production has also increased over the last decade. Prices have declined in 
response as the market development has lagged production increases. This has caused the industry to 
enter a period of consolidation and reduced production growth. Profitability is currently poor – but the 
low prices are stimulating new markets and demand. As prices recover there is lots of additional 
production capacity using existing farming technologies in the Mediterranean. 
 
Most other species farmed have been relatively stable in production volumes and supply. 

 

Aquaculture Production in the United States of America 
The US has a high demand for seafood and aquaculture products. There is a reasonable size of domestic 
capture fisheries, but limited aquaculture production. The picture that emerges is not dissimilar to the 
European story with limited aquaculture production growth. The main contrast is that in Europe salmon 
emerged as a singular success in Norway – whereas the US has no such success story to mask the failure 
(in the rest of Europe) to really capitalize on aquaculture as a driver for economic growth and rural 
development. 
 

US Production 
The total aquaculture production in the USA was 468,000t in 201814 (264,000t in freshwater and 204,000t 
in seawater). The majority of freshwater production is catfish followed by crawfish while sea water 
production is dominated by molluscs. There is a small annual production of farmed salmon in Maine and 
Washington State and small quantities of trout are farmed in freshwater systems. There has been no 
significant change in the production volume over the last two decades in the US. 
 
In contrast the USA imported approximately 480,000t in 201815 of farmed salmon (gutted weight 
equivalent) and more than 650,000mt of farmed shrimp.16 

 

US Aquaculture Regulations 
The regulatory framework in the US has stifled the development and growth of the aquaculture 
industry.17 This has meant that in the US there has been no increase in aquaculture production while in 
the rest of the world aquaculture has been the fastest growing food production system. 
 
The gap in aquaculture growth has been a major concern for the sector for many years. The current US 
administration has recently announced changes that are designed to encourage the development of 
domestic aquaculture production in the US.18These changes seek to reduce regulatory constraints and to 
require federal agencies to actively identify areas suitable for aquaculture development. There is a 
particular focus on off-shore aquaculture developments. 

 

 

14 http://www.fao.org/fishery/countrysector/naso_usa/en#tcN700C5 
15 https://www.ers.usda.gov/data-products/aquaculture-data/ 
16 https://www.undercurrentnews.com/2020/02/06/noaa-release-of-december-data-completes-2019-us-shrimp-import- 
puzzle/ 
17 https://www.intrafish.com/commentary/the-us-aquaculture-industry-is-on-life-support/2-1-661761 
18 https://www.natlawreview.com/article/covid-19-trump-administration-takes-actions-to-assist-us-aquaculture 
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Opportunities for the Bay of Plenty and New Zealand 
The European and US experience with aquaculture have been quite similar. In Europe the outstanding 
success of salmon farming in Norway has masked an otherwise relatively static aquaculture landscape. In 
the US aquaculture production has been flat for many years. In both jurisdictions the regulatory 
framework is often seen as a barrier to increasing domestic aquaculture production. 
 
During this period of time aquaculture has continued to grow in other parts of the world. Aquaculture is 
reported to be the fastest growing food production system in the world19 with a 5.8% annual growth rate 
since 2010. 
 
Norway, by way of contrast, has made salmon farming a strategically important sector and has 
developed a supportive regulatory framework that seeks to enable increased investment and production. 
While over the last 3 to 4 years growth has also plateaued in Norway the authorities have engaged with 
the industry sector and established a clear route to additional growth through innovation. It is essential 
that aquaculture continues to grow.  This is because: 
 

x There is an increasing demand for seafood/aquaculture products and capture fisheries are at or 
beyond their maximum sustainable yield. Only aquaculture growth can fill the gap. 
 

x Seafood products are good for human health – especially marine products that are a good 
source of omega-3 oils 

x Aquaculture products (fish, shellfish and algae) have much lower GHG emissions and have less 
impacts on land and water use than terrestrial livestock production. 

 
In New Zealand the primary industry sector has been moving progressively to be more reliant on the 
dairy sector. In terms of GHG and land use impacts dairy and beef production have the greatest impacts 
compared to other animal production systems20 (globally 4% of total global anthropogenic GHG 
emissions come from dairy farming21 and 48% of NZ’s GHG emissions come from agriculture22). 
 
As the world moves to a lower carbon economy and as the focus on conservation increases and land use 
associated with animal production increases consumers and governments will look for alternatives. 
Adopting a vegan diet would have the greatest benefit in terms of addressing climate change and land 
use impacts associated with animal farming. However aquaculture is a much less environmentally 
impactful animal protein production process with lower GHG emissions and lower water use and land 
use associated with the production of these animals. Seafood is also important for human health. 
 
The challenge for the Bay of Plenty is to identify farming systems and species that can be successfully 
farmed in the region. If this can be done then the BOP community can benefit by being part of a rapidly 
developing and actively growing food production sector that offers solutions to many of the 
environmental concerns facing the world today and that produces a product that is good for human 
health. 

 

 
19 https://ussec.org/aquaculture-fastest-growing-food-production-sector-fao-report/ 
20 http://www.fao.org/news/story/en/item/197623/icode/ 
21 http://www.fao.org/3/k7930e/k7930e00.pdf 
22 https://www.mfe.govt.nz/sites/default/files/media/Climate%20Change/new-zealands-greenhouse-gas-inventory-1990- 2018-
snapshot.pdf 
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Options for the BOP – Fin Fish, Seaweed or Mussels? 
The most valuable species to farm are fin fish species. These command a higher price per kilo produced 
and require more inputs and daily care. These inputs and daily care requirements in turn need to be 
supported by additional local employment, service industries and land-based jobs in feed production, 
processing and juvenile fish production. The economic activity per unit of farmed area is much higher 
than compared with mussels or seaweed production. 
 
Seaweeds are the least environmentally impactful species to farm. But there is a less well-developed 
market for algal products and the area required is much larger to generate the same value because the 
value per tonne is much lower. There are limited daily care requirements and limited additional inputs – 
the support sector associated with seaweed farming would be limited. 
 
Mussels are also beneficial from an environmental point of view – with less GHG emissions than fin fish 
and minimal wider land use and water use impacts. But much more water space needs to be allocated 
and the value per tonne produced is much less than for fin fish.  There are no on-going inputs (e.g. feed) 
and less on-going daily care requirements.  The economic activity and jobs provided by mussel farming 
is much less than compared to fin fish per unit of area farmed. 
 
One major advantage with mussels is that there are already farms operating in the BOP region and so 
the economic and operational viability of the project is more certain (the writer does not know if the 
existing operations are economically or operationally viable). 

 

Farming System Options 
The BOP region does not benefit from a sheltered coastal ribbon where traditional aquaculture systems 
can be deployed and be sheltered from significant waves and storm damage. For fin fish farming to be 
successful in the BOP there would probably need to be an investment in new/emerging technology that 
can withstand more energetic conditions than traditional net pen structures. It may be possible to use 
more robust systems as per figure 4 that was highlighted earlier. Other options would include: 
 

Submersible cages23, 24(figure 5) that can be dropped deeper into the water column and avoid the more 
energetic surface waters. (There is much more energy at the surface of the ocean, as depth increases the 
wave action drops dramatically and quickly.) For this technology to be successful water depths of >40m 
would be required and this would limit the area that could be considered in the BOP. 
 
 

 
23  https://www.fishfarmingexpert.com/article/salmon-behaving-normally-in-atlantis-subsea-cage/ 
24 http://www.badinotti.com/wp-content/uploads/2018/03/CAGE-FARMING-EQUIPMENT_PRESS.pdf 
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Figure 5: Submersible cages have been developed and deployed in the Mediterranean by Badinotti Group. These can be lowered 
during storm conditions and lifted to the surface during normal operations. There are other options available commercially from 
other suppliers. Image: Badinotti Group 

 
The Ocean Farm 125 concept (figure 6) has been deployed in Norway and has raised salmon successfully 
to market size. This system uses offshore oil and gas technology for the system superstructure. The net is 
attached to this structure and the whole system can be raised up and down by filling ballast chambers. 
The Smart Fish Farm is the next generation of this concept with the capacity to contain 3 million salmon 
and to withstand a significant wave height (Hs) of 15.5m. The economic viability of these systems has not 
yet been established – but the developer is investing in additional units indicating that the results have 
been positive. Similar systems are being launched in the Yellow Sea by Chinese farmers where the 
intention is to raise Atlantic salmon for the Chinese market. Again deep water is a pre- requisite for this 
farming system. 

 

The Havfarm system26 (figure 7) is designed 
to withstand an Hs 10.0m and to contain 
10,000 tonnes of salmon. This uses ocean 
going ship building technology. There is no 
‘bottom’ to the vessel – nets are suspended 
inside the superstructure. This farming vessel 
can be moored permanently or can be 
supplied with engines that can move the 
system when required. The first of these 
farming systems has completed major 
fabrication and is en route to Norway for final 
fitting out and deployment. 
 

All of these farming systems will have increased capital costs and increased running costs. These costs 
are off- set by economies of scale – with large volumes of fish being reared in a single unit. The 
challenge for the BOP situation is that the market for any target species and certainty of the farming 
process are less certain. In the writer’s view exploring the suitability of submersible farming systems in 
the BOP would be the best option – the capital costs are less and the unit sizes are smaller. This would 
allow the development of the farming technology to be undertaken alongside proving the species 

 
25 https://www.salmar.no/en/offshore-fish-farming-a-new-era/ 
26 https://www.ship-technology.com/features/havfarm-fish-farm-vessel/ 

 

 

 

 

 

 

 

 

Figure 5. The Smart Fish Farm is a larger version of the Ocean 
Farm 1 system and is now under construction to be deployed in 
Norway. 

Figure 4. Havfarm production system. 
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suitability. 
In the writer’s view exploring the suitability of submersible farming systems in the BOP would be the best 
option – the capital costs are less and the unit sizes are smaller. This would allow the development of the 
farming technology to be undertaken alongside proving species feasibility. 
 

Species Options 
Green lipped mussels are already farmed in the BOP and need no further introduction. This species is 
already known in terms of the viability (operational and economic) in this region. 
 
For fin fish salmon are not suitable – the water temperatures are too warm (max 18oC). Trout farming is 
prohibited in New Zealand – but even if this was to be approved there would be significant temperature 
challenges and viability and competitiveness issues on a world scale in this location. 
 
Yellow Tail Kingfish are farmed in the Spencer Gulf in South Australia. While the winter temperatures are 
colder than ideal and fish growth is limited in these months the industry is viable and farming is 
successful with this species. The temperature regime in the Port Lincoln area of the Spencer Gulf ranges 
from a minimum of 13˚C in the winter months to a maximum of 21˚C in the summer months. This is 
similar to the BOP which has a range of 14oC 14˚C to 21˚C. Because this is not the ideal temperature 
range for this species this would possibly create barriers to this species being successful on a large scale 
in this region. 
 

Ideally a fish species with a more perfect alignment with the BOP temperature regime would be 
identified and grown in this region. A desk top analysis would identify candidate species that could be 
evaluated. 
 

Recirculating Aquaculture Systems for Fin Fish in the BOP 
These farming systems are land based and fully self contained. All of the water is re-used many times. 
After the water passes through the rearing tanks it is treated – solids are removed, dissolved wastes 
consumed in a bio- filter, CO2 is removed and oxygen is added. Sometimes the water is disinfected 
before it is sent back to the rearing tanks to be re-used. 
 

RAS farms (see figure 6) have a very high capital cost. There are very significant investments currently 
underway into large scale RAS farms in the US and Europe for Atlantic salmon. The concept is that by 
rearing the salmon in a RAS farm that is located close to a major market for farmed salmon that the 
additional cost of production will be off-set by reducing the cost (and GHG emissions) associated with 
transporting the fish to the end consumer. Overall the total cost of production (including transport) is 
envisaged to be similar or lower than sea farming in Norway. This has not been proven. There remain a 
large number of technical challenges to overcome – including ‘off-tasting’ product, managing risk of 
equipment failure and preventing disease from entering a facility. But despite the lack of evidence there 
is a massive investment occurring in this production technology. 
 
Operationally the farmer gains control in a RAS facility – temperature, oxygen levels and other water 
quality parameters are all managed and controlled. In theory perfect rearing conditions can be 
maintained. In practice all RAS facilities that are producing large volumes of fish for human consumption 
have had major stock losses and failures. These systems have not, up to this point, been profitable. But 
the demand for alternative sources of farmed salmon is so great that investors are willing to develop 
companies that aim to produce salmon for the complete life cycle in these farming systems. 
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Figure 6. A RAS facility design for a location in Norway for raising smolt. Image: Scale AQ 

In the writer’s view RAS will not be a good solution in New Zealand in terms of developing a large-
scale export- oriented aquaculture sector. New Zealand is very far away from major markets and 
therefore the main advantage of this technology is not available to New Zealand based RAS farms.  
There will always be an economic advantage for RAS farms to be developed close to the consumer. 
If a species is successfully developed in a New Zealand RAS facility then this could be replicated 
closer to the end market and the NZ venture would be outcompeted. 
 

Looking Ahead 
Aquaculture will continue to grow and develop for at least the next two or three decades. Fish farming 
reduces pressure on GHG emissions and water and land use intensity relative to all terrestrial animal 
protein production. Seafood is good for human health. (Terrestrial animal protein, especially red and 
processed meat is associated with poorer health outcomes for humans in most studies eg: 27, 28) 

The question for the BOP and New Zealand is whether and how to engage with this growing food 
production sector. 

Assuming that the answer is ‘yes’ we do want to be involved in the fastest growing food production 
sector in the world then the next step is to decide on ‘what and how’ to do this. 

Fin fish production produces the more economic benefits for local regions that develop this type of 
farming industry compared to mussel or seaweed production.  This is because for a relatively small 
surface area there is a very high value product produced. The stock requires care and attention 
through its life cycle and this requires local people who have good skills and knowledge. A large 
support industry is required. This includes feed factories to produce the feed that the fish will eat, 
fabricators to supply equipment and maintenance services and processing facilities to prepare the fish 

 

27 https://science.sciencemag.org/content/361/6399/eaam5324 

28 https://www.health.harvard.edu/staying-healthy/whats-the-beef-with-red-meat 
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for transport to end markets. Salespeople are required to sell the fresh or frozen product to overseas 
markets and logistics companies are needed to transport the product to the final destination. 

The feed industry for fin fish has additional benefits in that there is a requirement to source local raw 
materials. This will result in the development of a local supply chain of ingredients that will support 
other businesses and farmers in New Zealand with demand for their products and by-products. A feed 
plant would not be viable until there is a demand for 60-80,000 tonnes of feed per year (the current 
aquaculture feed demand of New Zealand is probably approximately 20-30,000 tonnes per year). If 
the BOP were to develop a significant fin fish farming industry there is the potential for a feed mill to 
be required in the years ahead. 

However, for fin fish farming to be successful it is important to identify a species that is well adapted 
to the local environmental conditions – Atlantic salmon in Norway is a good example of this. 
Additionally, there must be suitable technology for rearing the stock safely – and this technology is 
still being developed. There is the opportunity for research and development support into the best 
new technologies and species that would be suitable in the BOP environment. 

Mussel farming in the BOP is already established. This product has the ability to support a thriving 
local industry. A larger area of water would be required – but the development risk is lower as the 
systems have been developed and, presumably, there is information pertaining to the economic and 
operational viability of these farming systems. 

For a successful aquaculture sector to develop it is essential that there is a supportive regulatory 
framework in place. Both national and regional/local governments must be supportive and engaged. 
The regulatory regime must aim to encourage investment in the sector and allow a flexible approach 
to farming and the inevitable production challenges that will emerge. Without a supportive regulatory 
framework there will be little or no progress. The US is a very good example of missed opportunities. 
Norway is a good example of an aligned local and national regulatory framework. 

 

About the Author 
Stewart Hawthorn is a professional fish farmer who has worked in senior positions in the salmon and 
trout farming sector for more than 32 years. He was the GM-Aquaculture for NZ King Salmon (1997-
2010), Managing Director for Grieg Seafood BC (2010 - 2016), Farming Director for Dawnfresh Farming 
(2016-2017) and is currently the co-owner and a Director of Trimara Services UK Ltd. that supplies 
products and services to the international aquaculture sector. Stewart has direct experience and 
knowledge of salmon and trout farming in the Northern Hemisphere as well as the Mediterranean 
aquaculture sector. His company operates and/or serves customers in Greece, Spain, Scotland, 
Norway, New Zealand, Australia, Canada and the USA. 

This report is the personal views of the author at the date of writing. Aquaculture is a large and rapidly 
developing and changing food production sector. As such it is impossible to be right about everything 
and readers are encouraged to research and read widely. Where possible reference have been 
identified that support the views expressed. 
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Appendix Five 

Australian Aquaculture Trends 
Report Prepared by Nautilus Collaboration PTY LTD 

 

Constraints to the growth of the sector 
Social Licence to Operate 
Social licence to operate has been a building trend in aquaculture, driven by stakeholders with an 
agenda to make aquaculture facilities accountable for their actions. With and increase in businesses 
looking for the opportunity to expand, and even to pilot their ventures, social licence has become one 
of the key constraints to the growth of the sector. This equates to further investments into (Davies, 
2019): 

x Third-party certification 
x Environmentally sustainable farming strategies and better monitoring practices 
x Workplace health and safety 
x Workplace relations, enterprise agreements 
x Engagement of stakeholders and the community 
x Biosecurity practices 
x Employment strategies 
x Communication strategies 
x Interaction with native species 

Businesses have created dashboards and published sustainability reports to improve public 
communication and transparency. The use of social media such as Facebook pages, Instagram and 
LinkedIn to disseminate and to respond quickly to criticism and questions has become more common 
in established businesses. 

Third-party certifications such as Best Aquaculture Practices (BAP), GlobalGAP and Aquaculture 
Stewardship Council (ASC) are considered to reflect global best practices in aquaculture. By being 
certified under one of these schemes an Australian aquaculture facility can demonstrate to its 
stakeholders they are performing at global best practice. While these certification programs are 
driven by the retailers to assure consumers they are buying responsibly sourced seafood, these 
standards can also support social licence to operate. Audit reports are publicly available giving 
stakeholders the opportunity to understand how well the farms are meeting their social and 
environmental obligations to the community and government. Community consultation is a key 
component to ASC and BAP standards where constructive and positive consultation with the 
community must be demonstrated. 

The major areas of public concern include: 

x Environmental impact 
x Sustainability of feed 
x Feed inclusions such as astaxanthin 
x Genetically modified organisms (GMO) 
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x Antibiotic use 
x Animal welfare including the welfare of non-target species (e.g. seals on salmon farms) 

Available Sites and Licencing 
All successful mariculture including nearshore or offshore, for finfish, molluscs or marine plants, require 
clean water and must also have shore-based infrastructure and services available to support it (Forster, 
2013). The search for more space and stable water conditions for near-shore and offshore marine leases, 
has become more challenging. Not only is the approval process more stringent, but community support 
is a barrier for a lot of aquaculture businesses. 

Site selection is a costly and lengthy process for most businesses. There are many sites that can be 
chosen for aquaculture, but the choice of a specific body will be dependent on the investor and the 
type of aquaculture (system and species). Both technical and non-technical aspects need to be 
considered including: 

x Community support (engagement meetings and notices to the community) 
x Socio-economic and political factors (political groups and support) 
x Major environmental factors e.g. topography, flood events, storms, soil for building, physio- 

chemical aspects of water chemistry, surrounding industry, biological productivity if rearing 
oysters or mussels, reef structures, type and density of vegetation, water supply from 
springs/aquifers/rivers and bays 

x Ability to install supporting infrastructure (internet) 
x Location for workers (which will affect the cost of production for fly-in fly-out workers or 

shift-work) 
x Limitations due to protection (wild-life and zoned areas) 

In Australia, there is a lot of support for the development of aquaculture. Governments from many States 
have allocated funding to support setting up aquaculture facilities and expansion. A marine farming 
licence approval differs slightly between States but there is a general methodical approach whereby an 
allocated space of water requires at least a year of investigative research to indicate that it is optimal for 
farming the prospective species in the appropriate infrastructure. Such background research is 
encompassed in an environmental impact assessment (EIA) which covers key aspects of appropriate site 
allocation such as biogeochemical modelling to include nutrient inputs and physical attributes such as 
wave height and hydrology. This baseline environmental monitoring programme prior to establishment 
of sites its key to understanding success of farming and carrying capacity. Often the environmental 
monitoring is continued well beyond the application stage and for several years post licence approval 
given that cumulative impacts need to be considered and EIAs are based on a single point in time. In this 
situation monitoring platforms are set up for example on sea-cage sites, compliance points, and beyond, 
measuring potential influences at the broadscale level but also between and within sites, providing a 
safety net for the farmer and the marine ecosystem. 

There is a need for a methodological construct of information when seeking to establish an 
aquaculture site. Consideration for all aspects of marine farm development that informs government, 
community, and aquaculture industry of the risks to and from aquaculture is vital to the success of 
site. 
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Environmental Challenges 
Environmental challenges affect the ability of the aquaculture industry to expand, often limiting 
availability of sites. The environmental challenges that are faced in the aquaculture industry include: 

x Influence on wild fish / native fish populations when aquaculture facilities located in areas 
with native fish are susceptible to disease or escaped animals and genetic mixing 

x Release of organic particles from fish farming sites 
x Discharge regulations and farms reducing their total nitrogen and total phosphorous 
x Water pollutants from run-off and agrichemical use from adjacent industries 
x Increasing temperatures affecting source water and general ecology 

x Harmful algal blooms and jellyfish blooms causing impacts on production 
x Impact on natural diversity and marine ecosystems 
x Regulatory requirements for monitoring 

Unfortunately, many of the environmental challenges can be difficult to predict and/or prevent; 
however, with the right expertise and risk profiling there can be a certain amount of mitigation or 
response planning to ensure business continuity. 

 

International Investment into Aquaculture 

Aquaculture world-wide has received a large amount of interest for investment as food security and 
sustainable production become increasingly important. Investments into the aquaculture sector have 
been mainly into new technology, land-based farming systems and support services. Additional 
investment funds have formed over the last decade, with differing strategies for investment such as: 

x AquaSpark 
x Broodstock Capital 
x Nutreco 
x 8F Fund 

All of these funds have focussed heavily on innovative technologies for farming. There has also been a 
trend for animal health companies (such as Benchmark Holdings) and feed companies (such as Nutreco) 
to diversify their investments. 

 

Increasing Cost of Production 
A report written by NOFIMA (https://nofima.no/en/publication/1642304/), looked at the trends and 
determining factors for increasing cost of production in salmon farming. In Australia, the yearly increase 
in the cost of production has also been noted by all three salmon companies. The main drivers for the 
increases in the cost of production (Iversen, 2018): 

x The need for investment in better technology: more solid equipment, on a larger scale and 
in more advanced equipment for monitoring, automation and streamlining 

x Climatic and ecological factors e.g. temperature, current and depth, can produce rather 
large differences in production 

o Warming sea temperatures which adversely affect growth, health and performance 
of stock 
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o Algal and jellyfish blooms (Mobsby et al., 2020) 
x Biological factors e.g. diseases (Mobsby et al., 2020) 
x Market conditions have changed because of the change in attitudes and consumer 

preferences, currency, and trade policies, increasing the overhead costs of businesses 
x Regulatory requirements, including the environment, fish welfare, work health and safety 

have both operational and administrative consequences 
x Concessions and regulations, particularly measures that limit production, affect costs while 

determining the frameworks for future growth 

The increases in production costs are a challenge, to find a balance between profitability and 
ensuring that consumers can purchase salmon at a reasonable price. In Australia, the domestic 
market for salmon is strong which has helped cushion the effects of the rising costs. 

For other aquaculture sectors in Australia, they rely primarily on the export market and domestic 
restaurant market which has had a significant down-turn in recent months due to COVID-19. A lot of 
companies have run different marketing campaigns to increase purchase and consumption of Australian 
produced seafood, at home or have collaborated with restaurants to still provide the product on take-
away menus. 

 

Biosecurity Trends 
Disease is one of the main threats to profitable and sustainable aquaculture in Australia and therefore, 
biosecurity has been brought into the limelight recently. Biosecurity regulations worldwide have 
changed due to the impact of disease outbreaks. One of the most profound disease outbreaks, was 
infectious salmon anaemia in Chile, which has since, been used as a common case study for biosecurity. 
There are also market advantages to remaining disease free (Lightner, 2005), both through the sale of 
disease-free stock, but also for export markets. 

 

Figure 1: Burgos 2018 ISAV impacts in the Chilean salmon industry caused the industry to lose 15,000 jobs, 
reduced 25 points in GDP in the Los Lagos region, and took 4 years to recover. 
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From this outbreak, the main findings introduced a risk-based approach to biosecurity management. 
This consists of: 

1. Conducting a risk analysis to determine the diseases that can affect 
2. Conduct a risk assessment and determine risk mitigation measures 
3. Document the risk assessment procedure in a biosecurity plan 
4. Implementation of the biosecurity plan 

These risk assessments are paramount to preventing or managing disease transmission onto the 
farm, spreading within the farm and transmission outside of the farm. A recent survey (2019) 
conducted by DAWR indicated that many aquaculture facilities were aware of their biosecurity 
obligations, but they did not have the expertise to perform the risk assessment and write the 
biosecurity plans. As a result, farmers requested more support from the government and industry 
experts. The government has responded by developing biosecurity plan guidelines as a part 
AQUAPLAN: the national strategy for managing aquatic animal diseases in Australia. 
 

Companies are increasingly concerned about biosecurity and have developed better management systems 
to support current operations and expansions. These practices are considered “best practice” and are 
becoming more common in the aquaculture industry (Hine et al., 2012) (Jurdak et al., 2015): 

x Risk assessments conducted and adequate risk mitigation measures implemented (national, 
state and farm-level biosecurity) 

x Site selection for expansion or pilot considering distance between leases or neighbouring 
farms 

x Single year-class stocking of sites or facilities 
x Emphasis on adequate fallow or dry-out periods 
x Development of area management agreements – e.g. Macquarie harbour area management 

agreement 
x Compartmentalisation 
x Development of internal and external audits for biosecurity 
x Biosecurity and disease training 
x Health screening of smolt, fingerlings or post larvae 
x Active and passive surveillance programs to detect emerging diseases and collect data on 

endemic disease – e.g. Abalone health accreditation program; Tasmanian salmonid passive 
surveillance program 

x Quarantine of stock 
x Development of specific pathogen free stock 
x Development of vaccines 

Government owns laboratories have been essential for the development of vaccines and challenge 
models for further research into important diseases in Australian Aquaculture. 

 

Marine hatchery trends 
Marine hatcheries have moved towards recirculation aquaculture systems (RAS) due to 
improvements in water quality management, better biosecurity and control. Fish are now being 
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grown to a larger size on land, to minimise the time at sea or in pond-based farms, and risks 
associated with a more open farming system. 

 

Bigger Fish 
Worldwide, there has been a trend to grow larger fish before stocking. This trend has been most 
pronounced in the salmon industry. Salmon have typically been grown in freshwater hatcheries, with an 
increasing trend for companies to invest in post-smolt facilities. For years, smolt have been grown larger 
to improve survival at sea. Research has been performed to optimise post-smolt production in a project 
called CTRL+AQUA (Nofima). The studies supported improved survival rates and performance of stock. 

Parr are smolted, and after smolting, they are transferred into larger post-smolt facilities to grow out to 
400-1000g. In Australia, Huon Aquaculture have been the first salmon company to invest into this 
technology, at their Whale Point site: https://www.huonaqua.com.au/about/operations/whale- point-
salmon-nursery/. The $43.7 million investment into this infrastructure enabled the shortening of their 
production cycle time from 14 months to 9-10 months. The reasons for post-smolt facility investments 
include: 

x Longer fallow periods 
x Improved benthic health for marine leases 
x Improved survival 
x Improved production cycle time at sea (minimizing risk of open-system culture) 
x Biosecurity benefits (reduced exposure to disease when animals are most susceptible) 
x Better control over water quality and growth rates 
x Improved inventory control 

Similarly, nurseries for other species are being developed including prawns and barramundi. These 
nursery systems are closed systems allowing more control. 

 

Genetic Programmes 
Selective breeding programs have been in place for over 10 years in the Australian salmon industry. 
These are some of the most developed programs in the world. In Tasmania, the Atlantic salmon selective 
breeding program is the result of a partnership between CSIRO (Commonwealth Scientific and Industrial 
Research Organisation) and Salmon Enterprises of Tasmania (SALTAS). SALTAS is a cooperative venture 
that produces Atlantic salmon eggs and smolts for the Tasmanian industry shareholders. Major 
suppliers of selective breeding services and stock include (not limited to): Hendrix, StofnFiskur 
(Benchmark), AquaGen, and Akvaforsk Genetics. 

Selective breeding programs need to be tailored to meet business or industry requirements, 
including (not limited to): 

x Performance parameters 
x Flesh quality 
x Disease tolerance or resistance 
x Physical attributes (e.g. condition and shape) 
x Maturation and fecundity 
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These breeding programs can be relatively simple and low cost (mass) selection programs or family based 
selective breeding programs which enable effective selection of all types of traits. Family based programs 
are an industry standard for the genetic improvement of most species (in developed aquaculture sectors) 
(Houston et al., 2020). They are however, costly to implement and require long- term investment from 
the industry or company. In some species, the domestication process is still a limiting factor, to produce 
specific pathogen free stock as a nucleus for breeding e.g. black tiger prawns. 

 

Control of Maturation 

The battle against maturation is largely experienced by the salmon industry. The control of 
maturation is important to the industry due to: 

x Loss of growth 
x Changes in flesh quality e.g. thinning of belly, pale flesh, increases softness 
x Changes in morphology and colour 
x Increased likelihood of disease 
x Reduced survival 

Photoperiod manipulation in sea cages currently controls the majority of early maturation problems, 
but it is not 100% effective and can be very costly due to energy usage and infrastructure. The 
production of all-female stock can also be used to delay maturation, in combination with photoperiod 
manipulation. In the Tasmanian industry, photoperiod manipulation is used in out-of- season stock to 
limit early onset maturation prior to harvest. 

The use of trilpoidy has long been debated in aquaculture, due to its welfare implications. Currently, 
triploidy is either being used or explored by the salmon industry for the prevention of early maturation, 
sterility of escapees, and protection of selective breeding intellectual property. Triploids are created by 
pressure treatment of eggs soon after fertilisation (Miguad, 2010). This technique has been used in 
several species including Atlantic salmon, Rainbow trout, Sea bass, Turbot, Halibut and Grass carp. 

Presently, triploidy is the only viable solution to sterile stock. But there have been concerns raised 
about the use of triploidy in aquaculture: 

x Higher mortalities 
x Reduced tolerance to sub-optimal environments 
x Increased deformity rates 
x Public perception of triploidy 

In the Australian industry, triploid salmon have been used to fill a production gap during the summer 
months (3-month period) to support a year-round supply of salmon. Salmon mature following their 
second summer, and due to the flesh quality issues that come with maturing diploid salmon, triploids 
are used to bridge this gap. 

Internationally, triploid oysters are currently sold as “Four season stock” or “sterile” stock allowing 
farmers to have year-round production and marketing. In France and Canada, triploid stocking of 
rainbow trout and brown trout in restocking programmes are widely accepted. There may be a country 
and species-specific trend to the acceptance of triploid product. From a fish health and welfare 
perspective, the use of triploid stock must be targeted to ensure that the physiological and 
morphological issues with triploids are mitigated. 
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Infrastructure/Technology suitability 
Infrastructure and technology investments in the Australian and New Zealand aquaculture industry, 
have been into: 

x Expansion into exposed/high energy sites (appropriate infrastructure for fish containment in 
pilot scale) 

x Development of post-smolt or nursery systems 
x Improvement of automated feeding systems with better camera and sensing technology 
x Implementation of improved treatment technology e.g. wellboats 
x Smart-farming technology 
x Improved slaughter methods 
x Some early research into grow-out RAS technology- although, this area has primarily been 

championed by overseas investments 

In a bid to support the Australian aquaculture industry, the Blue Economy CRC was created to bring 
together energy sectors and aquaculture, to address the challenges of offshore farming and renewable 
energy production. Offshore engineering is central to both projects, and will draw upon already 
developed technologies in shipping, defence, oil and gas industries (https://blueeconomycrc.com.au/).  

This has been a major source of funding for the industry to connect with researchers and innovators 
through workshops, but also to draw upon funding for further research into offshore farming methods. 

 

Exposed/High Energy Sites 

There are a limited number of sites in the world, that have experience in high energy sites. The 
combination of wave action and fast water movement. Conventional cages are generally suited to 
sheltered waters, of near-shore sites that are <2m significant wave height. Most commonly used pens 
are polar circles made of polyethylene ranging from 100m to 240m circumference, or steel system 
farms. In other salmon farming regions, nets are often much deeper in comparison to the Tasmanian 
industry (up to 50m vs. 15m) due to the use of deeper fjords. 

From an Australian context, there has been significant investment over the last 5 years into better designs 
to improve work health and safety, and predator proofing. These changes have increased the cost of 
conventional cages and are also items that make the Australian salmon industry unique in comparison 
to the rest of the world. Some changes in netting infrastructure include: 

x Use of rigid or heavier netting 
x Seal jump fences have become taller from Tassal designed pens 
x Fortress pens from Huon Aquaculture provide multiple barriers for seals 
x Gates for staff members 
x Walkway installation 

Australian and New Zealand fur seals are a common issue between the two aquaculture industries. In the 
context of site expansions in New Zealand, some learnings could be taken from the Tasmanian Salmon 
Industry, and their continuous balance with predator interactions. 
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The current gaps that are a barrier for exposed sites to become the next frontier in aquaculture 
development include: 

x Operational constraints due to weather and safety 
x Commercialised fit for purpose equipment 
x High capital costs 
x Concerns for storm damage and marine debris 

 

Operational Constraints 

Operations that occur in near-shore sites, also need to occur in off-shore sites, however all 
operations cannot currently be conducted in off-shore sites due to environmental and safety 
constraints. Overall, systems need a higher level of automation and mechanisation to limit the 
reliance on people to carry out the work. 

Table 1: Near-shore and Off-shore operational comparison – (green- ability to conduct the operation safely & red- 
inability to conduct the operation) 

 
Operation Near-shore Off-shore 
Remote feeding   

Feed system maintenance and repairs   

Feed barge loading of feed   

Diving for net repairs and mortality retrieval   

Infrastructure replacement and maintenance (cages, moorings, 
collar ties, etc.) 

  

Handling for harvest and bathing   

Well-boat bathing   

 

Infrastructure 

The fatigue of constant movement in off-shore oceanic conditions could reduce the life-span of 
infrastructure, affecting depreciation and repair and maintenance costs (Kumar and Karnatak, 2014). The 
exposure of these sites will also affect the opportunity to repair and clean equipment. One of the main 
problems, with infrequent inspections is that wear damage is difficult to observe and monitor under 
water, as it is often hidden by biofouling. The problems are not identified until they reach a critical point, 
where large holes are observed. Therefore, for offshore sites, it is important that remote monitoring of 
cage infrastructure can be facilitated effectively. 

Divers are used in near-shore sites to mend netting infrastructure once problems are identified. Due to 
the reduced number of workable days on site, systems that rely on divers need to be replaced by other 
innovative solutions such as robots, that can be controlled off-site. 

 

Developments for Inshore Sites 

In-shore aquaculture in Australia, is a developed industry where cultivating oysters, mussels, yellowtail 
kingfish, barramundi, rainbow trout and Atlantic salmon occurs in sheltered coastal waters. Ranching of 
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southern blue fin tuna could also be put in this category. Some innovations that have occurred to find 
more optimised methods of farming include: 

x Use of wellboats for bathing in Atlantic Salmon and freshwater re-use 
x Improved technology for in situ net-cleaning 
x Use of ROV technology for net inspections (along with environmental monitoring) 
x Centralised feeding where cameras and controls are located in a central office location 
x Development of on-farm applications for optimising feeding and logging of work tasks 
x Improved predator protection with the development of seal-proof bird netting; and seal 

jump fences 
x Trials of oxygenation systems and aeration systems for improving in-pen culture 

environments 
x Use of rigid netting to improve predator protection 
x Use of oyster culture baskets on lines 
x Development of lines of disease tolerant oysters 
x Improved harvesting and handling methods e.g. electric stunning 

 

Smart Farming Technology 

The term “precision farming” has been used in the past few years to describe a digitalised system of 
assessing, monitoring, and redressing to continuously optimise farming activities. Real time data 
collection and improved decision-making tools are available to be implemented in aquaculture 
(Antonucci and Costa, 2020) (Føre et al., 2018). In the Australian aquaculture industry, the Salmon 
industry are leading the progression of Smart Farming Technology. It requires heavy up-front 
investment into software and hardware. All these technologies rely on good internet or mobile network 
connection to ensure proper relay of data (Wei et al., 2020). Some examples of available technologies 
include: 

x Better sensors are revolutionising the industry’s understanding of the culture environment 
x Real time water quality monitoring 
x Improved camera technologies can assist with remote feeding and health observations 
x Pellet sensing technologies reduce the likelihood of over-feeding 
x Acoustic detection technologies for prawn and other finfish can improve stop-signal 

detection 
x Biomass estimation 
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Figure 2: A cyclical representation of PFF where operational processes are considered to consist of four phases (Føre et 
al., 2018)1 The inner circle represents where the industry started, and the outer circle illustrates how precision farming 
tools and smart farming tools can influence the different phases of decision making. 

 
Other technologies that are being developed internationally, include: 

x 3D printing 
x Robots and drones for replacement of staff, to perform high risk activities and for predator 

mitigation e.g. bird deterrent 
x Virtual reality – development of learning tools and training tools for service providers 
x eDNA tools and water sampling devices to improve seasonal predictions for endemic diseases 
x Machine learning for the detection and prediction of algal and jellyfish blooms. 

Recirculating Aquaculture Systems and Associated Technology 

Recirculating aquaculture systems (RAS) are high tech systems that are based on wastewater 
treatment technologies. For the purpose of this document, the basic system components are 
assumed knowledge. Emerging RAS technologies include: 

x Use of ozonation for disinfection and foam fractionation 
x In situ sensors and monitoring tools 
x Vacuum airlift systems as an alternative to foam fractionation 
x Electromagnetic systems to reduce scale build up 

____________________________ 

1 Figure 1 credit: Andreas Myskja Lien, SINTEF Ocean 
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x Improved degassing techniques for wastewater treatment 
x Increased use of denitrification and dephosphatation technology to return wastewater and 

reduce total discharge 
x Nanobubbles for improved oxygen transfer efficiency 
x Use of green-energy or renewable energy e.g. wind and solar to supplement energy sources 
x Use of wastewater for crops and aquaponics facilities (decoupled systems) 
x Development of more integrated systems e.g. constructed wetlands for the treatment of 

wastewater 

These emerging technologies can help control the critical control points in a system. One large gap 
that the industry struggles to fill, is the availability of skilled workers and training programs for the 
operation of RAS (Martins et al., 2010). 

Many aquaculture facilities in Australia use RAS for their hatchery and nursery systems, quarantine and 
broodstock holding systems. Different species are hatched and reared in RAS including barramundi, 
yellowtail kingfish, Atlantic salmon, rainbow trout, Murray cod, abalone, and black tiger prawns. 

 

Grow-out Recirculating Aquaculture 
Large investment banking groups such as DNB and Rabobank have invested into land-based grow- 
out production due to: 

x Improved “new” land-based technology enabling increased scale and the ability to address 
quality issues that were previously a problem 

x Sea-cage cost of production rising because of the need for more costly infrastructure and 
treatments for diseases 

x Increasing capital requirements for traditional farming systems for licensing and 
infrastructure 

x Ability to be in close vicinity to the market limiting transport costs 
x A cleaner and greener image 
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Figure 3: DNB Markets (2017) Seafood special report- deep dive into Land-based farming. Estimates for land-based 
farming capture of the salmon market 

 
 
There are a number of constraints the RAS grow-out industries are facing: 

x High capital expenditure and a balance with economies of scale 
x Energy usage 
x Handling large sized fish effectively in grow-out RAS 
x Higher fish density (Kg/m3) and the welfare implications 
x Early maturity (controlled by all-female population and appropriate lighting regimes) 
x Effective automatic feed systems for all sizes of feed 
x Control of off-flavour compounds 
x Cost effective sludge and waste removal 
x Training skilled workers 

In Australia, there have been several feasibility studies into land-based grow-out systems but an 
extremely limited number of operating grow-out RAS farms e.g. Robarra (Robe, South Australia); 
Mainstream Aquaculture (Werribee, Victoria). 
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Figure 4: Mind map representing factors and interactions from the design stage through to product quality 
affecting production and economical profitability (Badiola et al. 2012) 

 

Kingfish and Oysters 
The yellowtail kingfish industry has been established in the spencer gulf for a number of years. The 
largest producer, being Cleanseas, located in Port Lincoln and Arno Bay. The main hurdles for the 
kingfish industry have been the development of procedures for breeding and larval rearing; as well as 
development of diets. A lot of knowledge can be drawn from the Japanese industry, having grown 
seriola for decades. The yellowtail kingfish industry currently sells into both domestic and export 
markets and has recently invested into freezing technology to improve the quality and shelf life of 
their product for export purposes (called “sensory fresh”). There have been other leases, pre- approved 
for finfish along the coast of South Australia where expansion plans have been evaluated for Cleanseas. 
Huon Aquaculture has also invested into kingfish culture, originally having a research and 
development lease in New South Wales, with Port Stephens Fisheries Institute providing their 
fingerlings. 

Kingfish currently have a suite of health problems which are managed by vaccination and treatment 
including flukes (managed by hydrogen peroxide bathing), photobacterium damselae infections 
(managed by vaccination), and in some cases kudoa infestations in the flesh, degrading flesh quality. 
Kingfish have also been proven to be successfully grown in recirculating aquaculture systems, by 
Kingfish Zeeland (a.k.a. The Kingfish Company) as well as Sashimi Royale growing them in Billund and 
Veolia designed systems in Europe. 
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The oyster industry, since being hit by POMS (pacific oyster mortality syndrome) in 2015, has re- 
established. Shellfish Culture and Cameron’s oysters are the two largest producers of spat in the 
Tasmanian industry. Hatchery system designs have changed since the POMS outbreak, with 
reinvestment into better intake filtration systems. More rigorous health certification has also been 
conducted in multiple states as well as better control on movement restrictions to reduce the 
likelihood of further transmission of disease. 

 

Market Trends 
Rising seafood consumption in Australia has driven revenue growth in aquaculture over the past 5 
years; however there has been a strong import presence in the domestic market that has inhibited 
industry growth (Ibisworld, 2019). A rising demand for premium products such as abalone and salmon 
has supported growth of these sectors of the Australian seafood industry. There is expected growth 
in production value of salmon, prawns, and abalone. The value of Australian abalone production is 
projected to rise by 5% to $200 million over the period 2020–21 to 2024–25 (Mobsby et al., 2020). For 
salmon, Australia’s most valuable sector, production is expected to increase from the 58,000 tonnes 
produced in 2018-19, at a value of $833 million. Prawn production is also expected to increase over 
the next few years with projections for 2022 suggesting production will double to 10000 MT. Other 
species such as barramundi and yellow tail kingfish are also on the increase. Domestically grown 
barramundi must compete with an import market share of 70%; however, the scaling up of Australian 
grown barramundi seen in the past 5 years will hopefully give them a more competitive position in 
the Australian market. Currently barramundi production volume is at approximately 9000MT and 
expected to rise to 25000MT by 2025 (Norwood, 2019). yellow tail kingfish has been a labour of love 
for Australian producers, growth has been rewarding but slow with premium product now at 
approximately 2500 MT with projections of up to 5000MT by 2025. 

Due to the reduced aquaculture export demand from China as a consequence of the COVID-19 
outbreak the production value in Australia is expect to suffer a fall in 19/20 but market conditions 
should steady and production value rise again between 2021 to 2024 (Mobsby et al., 2020). 

 

Consumer Demands and Preference 
Australians are big advocates for Australian seafood, whether it be farmed or wild caught. 
Subsequently, Australian seafood is what the consumer prefers but demands this at a competitive 
price (FRDC, 2019). Often exported seafood is chosen due to price even though preference is for 
Australian grown seafood. There is preference for ‘widely accepted/known/flagship/iconic’ species 
such as prawns, salmon, yellow tail kingfish, barramundi and to a lesser extent bivalves (mussels and 
oysters- which are more likely consumed outside of the home (Forster, 2013)). These preferences have 
seen aquaculture production follow suit, where large domestic appetite for the species in question 
provides an avenue for expansion of such aquaculture (Mosby et al., 2020). The phase of looking at 
how to diversify our aquaculture species in Australia has passed and now there is recognition for what 
works economically but also more importantly what the consumer is seeking. 

The Australian consumer not only prefers to eat its iconic seafood but requires it to be is responsibly 
farmed (MSC GlobalScan Survey, 2018, Mobsby et al., 2020). This uprise in conscious consumerism in 
Australia has been on the increase over the past decade. To meet the needs of this consumer or be 
faced with losing market share aquaculture businesses manage this risk by becoming third-party 
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independent certified under integrated standards such as ASC, BAP and GlobalGAP (Vormedal and 
Gulbrandsen 2018, Bush, 2018). Certification obtained under these standards acts as an  independent 
voice on the ethical performance of the facility/business in question. Such standards are not self-
imposed but undertaken as a requirement by the duopoly Australia retail sector: Woolworths and 
Coles. These dominant retailers meet their sustainable sourcing goals by endorsing integrated 
standards for aquaculture. Acting as big brother, the retailers take the guesswork away from the 
consumer who know by purchasing product at one of the stores they can be assured the farmed 
seafood is responsibly sourced if it is certified. 

 

Integrated Multi-Trophic Aquaculture (IMTA) 
In Australia, IMTA is used as a sustainable aquaculture method, where seaweed and fish or prawns are 
farmed in an integrated fashion to reduce waste improve efficiency and provide ecosystem services, 
such as bioremediation. This type of co-cultivation is currently underdeveloped with only two 
companies Tassal Pty Ltd and Pacific Reef, integrating IMTA into their current business model. Tassal 
currently grow Macrocytis pyrifera to aid in the conservation of the species by harvesting it to reseed 
areas where the kelp is declining. Pacific Reef grow Ulva sp. as a cash crop and a means of treating 
their discharge water. IMTA has allowed Pacific Reef to expand their production amid strict 
aquaculture licencing conditions due to proximity of the Great Barrier Reef. Although there is a 
national focus on promoting sustainability in aquaculture policy, there is little mention of IMTA. 

Mussels are considered the primary species employed in open-water integrated multitrophic 
aquaculture (IMTA) systems to extract particulate organic fish waste exiting fish; however, in Australia 
mussels are not used directly but rather applied as a broadscale IMTA research approach in Tasmania 
(Tassal, 2019). This research to define the seaweed culture proposition, growing techniques and 
products, and developing a model which brings together salmon, shellfish and seaweed producers to 
ensure economic, environmental and social benefits, although the research is in its infancy so it is 
currently unknown if the cost-benefit analysis will outweigh the environmental outcomes and if this is 
important. Certainly, early research in Tasmania indicates that the mussels positioned 500m away from 
the fish farm do not play a part in bioremediation of fish farm waste (Cheshuk et al., 2003). 

Seaweed is currently the IMTA model of choice in Australia perhaps due to global evidence of its 
cost-effectiveness in comparison to mussels and viable crop species (Ashkenazi, 2018, Holdt and 
Edwards, 2014). This appears due to the capital expense and ongoing operating costs to undertake 
IMTA with mussels. In contrast seaweed is easier to farm and there is a diverse market for seaweed 
by-products. Seaweed can be used for direct human consumption with little to no processing and is 
important for the pharmaceutical and cosmetic industry. Other more novel reasons for growing 
seaweed in IMTA in Australia includes assisting efforts to regenerate IUCN red listed kelp forests, 
whereby excess seed plants of giant kelp are used for replanting. 

Literature is conflicting when it comes to deciding which is a better biofilter – mussels or seaweed. 
Some studies suggest that mussels are a better biofilter than seaweed and have the added advantage 
of being able to remove particulate matter as well (Holdt and Edwards, 2014), yet they are currently 
not adopted in the few IMTAs that exists in Australia. However, other studies suggest that mussels 
do not directly assimilate fish farm waste but rather be looked at in a broadscale context of regional 
budgets of nutrients instead (Cranford et al., 2013, Sanz-Lazaro and Sanchez- Jerez, 2017). 
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Australian IMTA feasibility studies have shown that the model could work well in Australia in an 
economic and environmental capacity and yet to date there has been little uptake of the model (Currie, 
2015, Wiltshire et al., 2018). As the current State legislation stands, the process for adding mussels or 
seaweed to a pre-existing marine farming licence (thus making the change to IMTA) should be 
straightforward. There is certainly interest in IMTA in Australia but application may be due to the 
investment required (capital and operational expenditure considerations) and currently one company 
does rely heavily on this investment being absorbed as social licence than looking to IMTA as 
economically viable. Capacity is one limitation given that the scale of the seaweed and/or mussel farm 
and the nutrient input from the fish farm needs investment consideration which may be off- putting 
to some. Furthermore, a large crop of co-producing species in question (whether mussels, seaweed, 
or both) is required to clean up the localised water; however, this may allow for increases in the primary 
crop species through offsetting. For example, an increase in nitrogen allocation under the nitrogen 
cap as per the Tasmanian salmon farms. Another example comes from a prawn farm in Northern 
Queensland, this pond farming system which would otherwise discharge into a coastal area close to 
the Great Barrier Reef has been allowed to expand due to its successful bioremediation of discharge 
water via a an increase in its Ulva sp. crop. 

In summary, IMTA has been shown to make economically viable and environmental sense globally 
and Australia should be no different (Bolton et al., 2009, Neori et al., 2004, Ridler et al., 2007, Wiltshire 
et al., 2015). Many species of seaweed can be considered and there are many uses for this crop. In 
Australia, approval for IMTA is not complex and to can be used to help gain expansion approval if 
bioremediation is proven successful. Although the process for approval appears easy and the concept 
ideal due to perceived economic and environmental capacities it has only been adopted by two farms 
in Australia, both of which use seaweed for their applied IMTA model. 

 

Sustainability Trends in Fish Feed 
Wild fish conservation and feeding fish to grow fish has been debated heavily over the past decade 
(Olsen and Hasan, 2012). Consequently, how to feed farmed fish now and into the future has created 
a surge of research on sustainable aquafeeds, where feed companies are trialling non- marine 
ingredients such as soy protein and novel marine ingredients for feed such as algae (IUCN, 2017, 
Soto et al., 2015). The current use of a pelleted feed with a variety of ingredients is a step in the right 
direction coupled with best practice in fish husbandry to drive FCRs down and lower the amount of 
ecologically important forage fish species in feed. 

Australian feed companies like others globally have in place policies for sourcing sustainable marine 
ingredients, relying of the wild fish to be certified under International Fishmeal and Fish oil Responsible 
Standard (IFFO RS) or be under a Fishery Improvement Plans (FIPs) and so forth. Driving this 
sustainable trend in aquafeeds is the understanding that our wild fish stocks are at risk (Hua et al., 
2019); however, procurements of certified fishmeal and oil to meet the sustainable sourcing policies 
presents a challenge given the number of players in this space. Driving this requirement for certified 
fishmeal and oil are aquaculture certification standards such as ASC and BAP. These standards are 
endorsed by the retailer who in turn is the acting on behalf of the consumer. What has come to light 
is the inability for feed companies in Australia and elsewhere to source enough certified fishmeal and 
oil because there is not enough available. To address the issue Australian aquafeed companies have 
been investigating alternatives. 
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Australian aquafeed mills are looking more closely at sustainable ingredients like algae plus other 
plant-based oils and proteins to meet their sustainability goals. They source as many local ingredients 
as possible thus reducing carbon footprint and are recycling animal waste that would otherwise be 
destined for landfill but there has been a focus on algae as the key to a sustainable aquafeed. 
Microalgae is regarded as having the highest potential for replacing fishmeal protein and fish oil in 
aquafeeds but to achieve this transition, scalability improvements are needed to reduce cost of 
production (Hua et al., 2018). Recognising the potential of algae Australian feed companies began 
trialling algae replacement diets in 2015 with varying success (Norambuena et al., 2015). The main 
limitation at this stage is the cost to the companies because while algae offers a sustainable high-
quality alternative to fishmeal and oil the potential performance benefits do not currently outweigh 
the costs. Due to the high cost these algae diets are not being heavily utilised in Australian 
aquaculture yet. 

In summary, there is a consumer driven movement for aquafeed companies to be more responsible 
with their marine ingredients which is supported by major retailers. Aquafeed companies in Australia 
are assessed on their prudent use of certified marine ingredients by undergoing ASC and BAP audits, 
the idea being that such standards are helping conserve wild fish stocks used in aquafeed. Australian 
aquafeed mills are looking to find alternatives to fishmeal and oil and have been looking to plant-
derived proteins and oils for some years now; however, much research suggests that microalgae is 
the best alternative but its production costs are still too high for total replacement diets. 
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Appendix Six 

Bay of Plenty Biosecurity 
Aquaculture Biosecurity – Introduction 
Biosecurity is increasingly becoming a key consideration in all of New Zealand’s primary industries. In 
early years we benefited from our isolation from the rest of the world, but with increasing global 
movements as well as warming oceans the risk of new pests and pathogens being introduced into, 
and establishing a foothold in, New Zealand rises. There is also the risk that organisms that exist in 
harmony with their environments in different parts of the world, behave differently in the New 
Zealand context, and it can be difficult to predict which organisms might be more harmful than others. 
For this reason, New Zealand’s primary biosecurity focus is on stopping biosecurity threats ‘at the 
border’. This is a lot harder and more uncertain in the marine environment than it is for primary 
industries on land. 

In an aquaculture context, biosecurity encompasses both the protection of the aquaculture operation 
from unwanted organisms as well as protecting the external environment from risks associated with 
the operation of the farm. 

After border control the next best mechanisms for protecting biosecurity are: 

x Surveillance and early detection 

Biosecurity management can be on a national or regional basis and is quite different in the marine 
environment than on land. In all instances though, the best opportunity for managing incursions is to 
detect them early. In the marine environment this means surveillance of key ‘input areas’ such as ports 
and marinas, and also of structures such as marine farms. In a land-based context that might be 
surveillance of stock or equipment inputs into each specific operation. 

x Containment 

Containment is best achieved by minimising the transfer of stock and equipment within identified 
zones in line with what is practicable in the context of the operation. In the marine environment the 
zone might be defined by a discrete water body, on land it might be a region or a separate operation. 
A key containment tool is understanding and managing vectors, the ‘pathways’ by which the pest or 
pathogen transfers from one operation or zone to another. 

x Management  

Once a pest or pathogen has been identified then management measures will be required to minimise 
risk. This might include removing stock from a farm and/or treatment methods for the unwanted 
organism.  

 

The Ministry for Primary Industries (MPI) has been supporting the aquaculture industry in protecting 
and managing its biosecurity over a number of years. They have a collection of resources and 
initiatives available at https://www.mpi.govt.nz/protection-and-response/readiness/aquaculture-
biosecurity-readiness/. The resources include: 

x Biosecurity handbook for farmers 

The aquaculture biosecurity handbook is a quick guide for fish farmers to reduce the risks of pests and 
diseases affecting their farms and the environment. The handbook has 7 steps for farmers to use in 
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their daily operations. 
 

x Biosecurity management technical reference 

This document has more detailed aquaculture biosecurity management options and background 
information. It covers salmon, mussels, oysters, pāua and trout.  

 

Aquaculture Biosecurity Risks  
In 2014 Bay of Connections contracted a desktop study of all known biosecurity risks and the likely 
occurrences of any biosecurity events in the Bay of Plenty Region. The study’s executive summary 
provides a useful context to understanding and managing biosecurity risks: 

“The level of biosecurity risk posed by the presence of these organisms varies in relation to the species 
farmed, the technology used and the characteristics of the pest or pathogen. Understanding this matrix 
of risks is a critical step in developing an overall risk assessment for the aquaculture industry” 

It highlighted 25 marine and freshwater pests and pathogens that can significantly impact on 
aquaculture developments in the Bay of Plenty.   

“Impacts from pest organisms are largely related to fouling of aquaculture structures that result in stock 
losses, reduced growth rates and increased operational costs due to increased cleaning or handling 
requirements. The presence of toxins produced by dinoflagellates can also cause significant losses by 
preventing stock from being harvested.” 

“Impacts from pathogens primarily relate to stock losses through disease outbreaks. However they also 
compromise growth rates, reduce market access and market value, and impact on the public’s perception 
of the industry.” 

It analysed a range of vectors and noted the key transport vectors for the Bay of Plenty region were 

identified as: 

x The unregulated movement of recreational vessels (yachts), structures and slow moving 
vessels (barges) with hull fouling 

x International shipping 
x The movement of aquaculture equipment and stock 

 

“The location of aquaculture activities and the technology applied have a significant bearing on the risk 
of exposure of an aquaculture venture to pests and pathogens. For instance, mussel lines in open coastal 
environments have little or no protection from exposure to organisms within that environment, whereas 
fully recirculated land based systems can operate filtration and sanitisation systems that can give them a 
very high level of protection.” 

 

The study created a risk matrix of aquaculture technologies, presence of unwanted organisms and 
likely vectors and found that: 

x Offshore mussel farms were almost certain to be exposed to fouling pests that could cause 
moderate to high economic impacts on production through stock losses and increased 
handling 
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x Oyster farms were almost certain to be exposed to the Ostreid herpes virus potentially 
resulting in major economic impacts through stock losses. 

x Offshore fish farms for kingfish and hapuku were almost certain to be exposed to marine 
pests that would cause moderate increases in operational costs, and parasites that could 
cause major losses from mortalities and increased operational costs. 

x Sea cucumber and geoduck farming had a possible risk of being impacted by date mussels 
(smothering) and paddle crabs (predation) causing a moderate economic impact through 
stock losses. 

x Freshwater pond cultures were possibly at risk from pest plants and algae that may smother 
stock and/or block intake systems causing increased operational costs. 

 

Aquaculture Biosecurity Mitigation 
The Bay of Connections biosecurity report noted that: 

“In terms of aquaculture developments, it is recognised that it is much simpler to apply meaningful 
biosecurity measures in intensive small-scale aquaculture systems than to those in open marine 
environments. However, for all farms there are suitable measures and simple elements that can be 
applied in all areas to minimise risks of introducing and spreading pests and disease (Cefas 2009). These 
include: 

x Identification and use of reliable sources of stock. 
x Application of good management practices and industry codes of practice. 
x Effective recognition of pests and diseases. 
x Identification of effective measures to take in the event of biosecurity incidents.” 

 

Biosecurity risk mitigation in New Zealand’s aquaculture industry is currently carried out through both 
regulatory and non-regulatory processes and on a national and regional scale.  

 

Regulatory mechanisms include: 

x The Ministry for Primary Industries undertakes border control, manages national surveillance 
programmes, carries out responses to incursions and manages several national control 
programmes. Certain pests or pathogens are identified through the Biosecurity Act as ‘unwanted’ 
and MPI has regulatory powers in ensuring these are managed. 

x The role of regional councils is to undertake monitoring and surveillance of established pests and 
to prepare and implement regional pest management strategies. Regional councils are also 
required by the Biosecurity Act and the National Pest Management Plan of Action to provide 
leadership by promoting co-ordination of pest management between regions. 

The Bay of Plenty Regional Council has a Proposed Pest Management Plan (PPMP) which is currently 
under consultation.  Its current operational plan sets out the region’s objectives and functions: 
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A regional pest management plan can create regional plan rules which control activities through 
consent conditions. An example of this in the PPMP is the proposal to create a rule that ‘all 
aquaculture ropes and floats used within Bay of Plenty waters must not have been used outside Bay of 
Plenty waters. This is to support the progressive containment of clubbed tunicate and Mediterranean 
fanworm’. MPI can control activities through their functions under the Biosecurity Act. 

The New Zealand aquaculture industry has a Government Industry Agreement (GIA) with Biosecurity 
New Zealand (MPI) which enables MPI and the industry to cooperate on biosecurity issues. The GIA 
provides the industry with decision-making rights on the identification of priority risks, whether 
responses are initiated, how they are managed and how the costs of responses will be shared. 

MPI has also identified a need for aquaculture biosecurity to be regulated on a nationally consistent 
basis through the National Environmental Standard for Marine Aquaculture  (NES-MA) which has been 
passed by Cabinet in July 2020. The NES-MA will require all marine farms to have an Environmental 
Biosecurity Management Plan (EBMP) by the end of 2024. Management of the EBMP will be through 
regional councils’ consent conditions and in conjunction with the New Zealand Aquaculture 
Sustainable Management Programme A+. In effect the NES-MA will be formalising the comprehensive 
initiatives the industry already has in place to mitigate biosecurity risks. 

The A+ industry biosecurity standards currently cover the three main species, salmon (marine and 
freshwater), mussels and oysters, and includes land-based operations such as smolt farms and 
shellfish hatcheries. As new species are farmed in New Zealand the standards will be expanded to 
incorporate these. 

The A+ standards are voluntary standards which represent best practice responsible stewardship 
which extends beyond current regulatory requirements. They set out the biosecurity mitigation 
measures for aquaculture from national to farm levels. The risk mitigation principles are as above, 
conduct regular surveillance for new pests and pathogens, control vector (stock, equipment and 
people) movement between zones, and adhere to facility specific cleaning and monitoring protocols 
designed to mitigate risk in a pragmatic way.  
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As an example, the salmon standards relate to the following general areas: 

x National zoning; 
x Zone standards; 
x Facility standards; 
x Broodstock & breeding standards; 
x Smolt standards and movement requirements; 
x Harvest standards; 
x Waste management standards; 
x Communications requirements; 
x Response standards – including trigger levels for biosecurity investigation and 
x communication; and 
x Decontamination standards. 

 

The industry standards will be subject to review and refinement over time.  

The current mussel farming operation, Whakatohea Mussels, has identified in its company policies 
that, as a 'new' mussel farming region, it is imperative to ensure that operations in the region protect 
its biosecurity as much as possible. Their policies include ensuring that all marine farming gear that is 
used in the region is new, as well as not moving any stock into the region except for Te Oneroa a Tohe 
Beach mussel spat. These policies extend beyond those in the regulatory and the A+ frameworks. 

As noted above, management of aquaculture biosecurity risks is critical for both the success of the 
operation and to minimise impacts on the wider environment. However, as per the Bay of Connections 
report “whilst it is important that the aquaculture industry develops and adheres to biosecurity 
management plans, this report demonstrates that they are only one small part of the risk profile. 
Industry activities to minimise biosecurity risks must therefore be in concert with the activities of other 
marine users and regulatory agencies in order to effectively minimise the risks from all transport vectors 
that can introduce pests and pathogens to the region.” 
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Appendix Seven 

Planning Context 
 

Background 
The Bay of Plenty Regional Council recognises aquaculture as a key focus area for regional economic 
development. The Bay of Plenty Aquaculture Strategy was launched in 2009. The Regional Aquaculture 
Organisation (RAO) was established in 2010 to implement the Strategy29 which was updated in 2013 
and 2018.  

 

As a result, the region’s planning and policy support settings are generally focussed on enabling new 
aquaculture opportunities in appropriate areas, while recognising and providing for a range of other 
uses and values. This makes the Bay of Plenty one of the most supportive regions in New Zealand for 
new aquaculture. 

 

Processes for Establishing Aquaculture Operations 
The Ministry for Primary Industries (MPI) website provides a good overview of the processes required 
for setting up marine and land-based aquaculture activities www.fisheries.govt.nz/growing-and-
harvesting/aquaculture/.  

 

In summary, to set up a marine farm, the following are required: 

x Resource consent (also known as a coastal permit) from the Bay of Plenty Regional Council. 

x A Fisheries New Zealand (MPI) assessment of the potential effect of the farm on fishing (known 
as an undue adverse effect test). 

x To be a registered fish farmer. 

 

To set up a land-based farm, the following are required: 

x Resource consent from the relevant district council and the Bay of Plenty Regional Council, 
depending on various elements of the proposal, or letter(s) from council(s) advising if 
consent isn't needed. 

x To notify the fish and game council in the area where the farm will be located 

x The right to occupy the site. 

x To register as a client with FishServe. 

x A fish-farm licence issued by Fisheries New Zealand (MPI). 

 
 

 
29 www.bayofconnections.com/sector-strategies/aquaculture/ 
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Regional Planning Context (Marine and Land-Based Aquaculture) 
The Bay of Plenty Regional Council provides policy guidance and rules for activities in the coastal marine 
environment and makes rules and decisions on regionally significant issues such as freshwater and air 
quality. The Bay of Plenty Regional Council provides policy guidance and rules for activities in the coastal 
marine environment2 and makes rules and decisions on regionally significant issues such as freshwater 
and air quality. All marine aquaculture and some land-based aquaculture will require resource consents 
from the Bay of Plenty Regional Council under one or more of their policies and plans. 

 

The Bay of Plenty Regional Policy Statement (RPS) provides an overview of the region's significant 
resource management issues, and must be given effect to by the region's city and district councils when 
developing their district plan and sets out policies and methods for managing the region's significant 
resource management issues. 

 

The Bay of Plenty Natural Resources Plan contains sub-plans with policies, objectives and rules 
addressing air quality and on-site effluent treatment which may be applicable to proposed land-based 
aquaculture.  

When considering activities in the coastal marine environment effect must be given to the New Zealand 
Coastal Policy Statement (NZCPS). In a broad sense this means: 

x Activities cannot have a significant adverse effect on natural character/landscape/features or 
on indigenous biodiversity. 

x Activities cannot have an adverse effect on outstanding natural character/ landscapes/ features 
or on significant indigenous biodiversity. 

 

The Bay of Plenty Regional Coastal Environment Plan (RCEP30) provides the planning context for marine 
based aquaculture as well as potentially managing infrastructure or effects of land-based aquaculture 
in the coastal marine environment.  

 

Resource Consenting – Marine Aquaculture 
The RCEP is generally very supportive of aquaculture. Its issues and policies generally recognise that,  

x Enabling aquaculture in appropriate locations can provide significant social and economic 
benefits to local communities and the wider Bay of Plenty region. 

x Some tāngata whenua wish to investigate aquaculture options in and around their rohe but 
these may be limited due to, existing water quality, potential conflicts with users over water 
space and the capacity of iwi, hapū and other tāngata whenua groups. 

x Appropriate land and water-based infrastructure is required to enable the opportunities 
presented by aquaculture to be fully realised. 

x The effects of aquaculture need to be managed. 

x New aquaculture should be located and operated so it does not detract from existing uses and 
values in the coastal marine environment.  

 
30 Operative as at December 2019 pending amendments set out by the Environment Court on two now resolved appeals 
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x Aquaculture requires clean water to grow quality product, and impacts from land use and land-
based activities need to be managed carefully to avoid degradation of water quality. 

The RCEP values maps31 set out the ‘value’ areas where aquaculture may not be appropriate, and these 
are reflected in the rules. New aquaculture inside the value areas is generally prohibited32 and outside 
the value areas is generally a discretionary activity33.  

 

Policy AQ1 outlines a number of matters which council will give particular consideration to when making 
decisions on any application which cover: 

x The location of the proposed activity,  

x The sensitivity of the existing environment,  

x The potential adverse effects,  

x The potential benefits,  

x Navigation safety issues,  

x The provision of appropriate access to the site and potential effects with any off-site structures,  

x The availability of the necessary land and water-based infrastructure to service the 
development, and  

x Potential conflict with existing users of the CMA.  

 

Policy AQ14 provides for all applications for commercial aquaculture ventures to be accompanied by 
an assessment of the physical viability of the operation at the intended location.  

 

Policy AQ10 requires new aquaculture activities to be developed in a staged manner, where:  

x The potential adverse effects cannot be adequately predicted and are potentially significant;  

x New species are being introduced and any adverse effects may not be known and are 
potentially significant;  

x New technology is being proposed and the adverse effects from such technology have not been 
recorded and are potentially significant; or  

x The sensitivity of the receiving environment to aquaculture activities warrants a precautionary 
approach. 

 

Policy AQ11 provides for consent terms for new aquaculture activities to be the maximum allowed under 
the RMA (35 years) unless there are reasons to limit this. The current Whakatohea mussel farm, 
consented under the previous plan, has a consent term of 20 years. 

 

The aquaculture rules are shown in Table A. Those that may apply to new commercial aquaculture are 
highlighted in white (AQ6, 7 and 8 and AQ4 where it applies to extensions). Aquaculture research is 

 
31 Shown over on next page 
32 Rule AQ8 
33 Rule AQ6 
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enabled in AQ1 and AQ2 but would not convert to commercial status on that site. AQ4 and AQ5 provide 
an enabling framework for reconsenting marine farms once they are established. 

 

Table: Bay of Plenty Regional Coastal Environment Plan Aquaculture Rules 

Rule # Exclusions Classification Description of Activity 

AQ1 Indigenous Biological 
Diversity Areas A, Mooring 
Areas, Port Zone, Harbour 
Development Zone  

Controlled 
subject to 
conditions 

Aquaculture research – existing species. Maximum 2 hectares, 
5 years. No structures in permanently navigable waters. Species 
must be indigenous to New Zealand or farmed in the region. No 
pests or unwanted species. 

AQ2 Indigenous Biological 
Diversity Areas A, Mooring 
Areas, Port Zone, Harbour 
Development Zone 

Restricted 
Disretionary 

Aquaculture research – other species. As Rule AQ1 but where 
exotic species are used, which are not farmed in the region. 

AQ3 Mooring Areas, Port Zone, 
Harbour Development 
Zone 

Controlled 
subject to 
conditions 

Aquaculture enhancing and restocking. Indigenous coastal 
species. Maximum 2 hectares. No structures in permanently 
navigable waters. 

AQ4  Controlled 
subject to 
conditions 

Reconsenting existing commercial aquaculture. Also allows 
for small ‘new’ extensions (10% of the existing farm) 

AQ5  Restricted 
Discretionary 
subject to 
conditions 

Reconsenting existing commercial aquaculture in value 
areas (in an Indigenous Biodiversity Area A, or an Area of 
Outstanding Natural Character) 

AQ6  Discretionary Aquaculture not covered by any other rule in this Plan  

AQ7 The replacement or 
reconstruction of existing 
and legally authorised 
structures 

Non-Complying New aquaculture structures in permanently navigable 
waters 

AQ8  Prohibited (New) commercial aquaculture in high value or high use 
areas (in an Indigenous Biodiversity Area A, or an Area of 
Outstanding Natural Character, or within 5.5km of commercial 
shipping lanes or navigable river mouths, or Mooring Areas, Port 
and Harbour Development Zones. 

 

Once a new aquaculture farm has been consented and run its term, it would be ‘reconsented’ under 
rules AQ4 or AQ5 as a controlled activity. This means that if it meets the criteria set out in those rules 
the Bay of Plenty Regional Council must grant the consent. New conditions may be applied.
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Additional Considerations for Marine Aquaculture 

NES-MA 
The Government is in the process of developing a National Environmental Standard for Marine 
Aquaculture (NES-MA) which is due to be passed by Cabinet in mid 2020. The NES-MA will require 
regional councils to review their plans to incorporate a set of rules relating to reconsenting existing 
aquaculture. The rules will also apply to applications to realign existing marine farms and to change the 
species which are being farmed. For the most part these applications will be assessed as a Restricted 
Discretionary activity. The NES-MA is likely to enable more flexibility in the use of already consented 
marine farms. 

 

MACA 
x The Marine and Coastal Area Act (Te Takutai Moana Act 2011) provides ways for Māori to get 

legal recognition of their customary rights in the marine and coastal area, either through an 
agreement with the Government or by a High Court order. If granted, customary marine title 
would give a successful applicant group a range of rights including:  

x A Resource Management Act permission right which lets the group say yes or no to 
activities that need resource consents or permits in the area 

x The ability to prepare a planning document which sets out the group’s objectives and 
policies for the management of resources in the area 

 

Customary marine title rights do not apply to ‘accommodated activities’ such as existing aquaculture. 
However, applicants seeking to establish new aquaculture will need to seek the views of any group that 
has an application for customary rights in process. Once granted the customary right may enable the 
group to approve or decline these applications. 

 

Resource Consenting – Land-Based Aquaculture 
Within the region each district council plan must give effect to the Bay of Plenty Regional Policy 
Statement (RPS) and not be inconsistent with the Bay of Plenty regional plans.  

In the Bay of Plenty region there are three districts (Western Bay of Plenty, Whakatane and Opotiki) and 
one city (Tauranga) as shown in the map below, within which land-based aquaculture might be 
considered. 
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Land-based aquaculture is generally categorised in district planning as ‘intensive farming’. There are a 
range of sub-activities associated with land-based aquaculture which may or may not require consent 
depending on the nature of the impacts and the relevant district plan rules. Generally, resource consent 
and/or building consent and/or considerations of impacts might be required for one or more of the 
following: 

x Land use – including potential loss of versatile soils and productive capacity in the rural 
environment, impacts on coastal values. 

x Site aspects – parking, site coverage, ponds, flooding, natural hazards, saltwater intrusion 

x Construction of a building – earthworks, footprint, height, daylight, setbacks. 

x Amenity issues – odour, noise, visual impacts, vehicle traffic, lighting. 

x Discharge, sewerage, stormwater, effluent treatment and discharge. 

x Plant – including pump station and lines and potential ventilation plant. 

x Others. 

 

The Regional Aquaculture Organisation commissioned two reports in 201234 and in 201835 which provide 
resources for scoping potential opportunities for land-based aquaculture in the region. The 2018 
‘scoping resource’ includes more detailed guidance on each of the district council considerations. 

  

 
34 ADL (2012). Aquaculture Opportunities. Enterprise Lake Taupo. 
35 ADL (2018). Land Based Marine Hatchery/Nursery Scoping Resource. Bay of Connections 
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Appendix Eight 

Food Safety 
Aquaculture in New Zealand relies on clean, pristine and unpolluted waters to produce safe, high quality 
and high value seafoods.  All foods can pose some level of risk to consumer wellbeing, the key to 
managing these is a comprehensive programme which understands and mitigates the various elements 
of those risks. In seafood the primary risks are biotoxins, bacteria, viruses and heavy metals.  New Zealand 
is recognised in international markets for producing safe food from a clean environment with traceability 
systems from the farm to the final product. This recognition is well supported by strong Government 
regulations as well as research providers such as the Cawthron Institute who provide internationally 
recognised product testing.  

There are two unique factors that distinguish New Zealand’s programmes from others around the world. 
The first is the co-operative approach between industry, scientists and regulators, resulting in continuous 
improvement, efficiency gains and a very high level of compliance. The second is that the programmes 
are 100% industry funded in contrast to competing industries overseas, where the programmes are 
funded and operated entirely by Government agencies.  

Both finfish and shellfish grown for commercial sale are subject to comprehensive testing and 
management controls. 

Because shellfish, such as mussels, are filter feeders, they have the capacity to concentrate contaminants 
from their growing waters, which in turn can affect the safety of the consumer. Marine biotoxins can be 
a particular risk but New Zealand has a comprehensive programme to manage this. Bacteria and viruses 
from runoff from the land as well as sewage discharge from vessels are also a risk. 

The Ministry for Primary Industries (MPI) oversees the ‘Bivalve Molluscan Shellfish Regulated Control 
Scheme36 (BMSRCS) which is the programme designed to manage these risks. The BMSRCS programme 
includes: 

x Testing of shellfish for the presence of bacteria and toxins. 

x An early warning programme that measures the numbers of biotoxin-forming phytoplankton 
present in the water. 

New Zealand’s shellfish growing regions are broken into 26 ‘growing areas’ which have their own testing 
and management programme run by a ‘delivery centre’. Each growing area has rainfall ‘triggers’ which 
lead to closures of the area for harvesting due to increased risk of bacterial contamination. Industry 
monitors the rainfall with a series of automated rain gauges, river level meters and salinity buoys. The 
rain gauges, and river meters collect and transmit data every 15 minutes. The results are collated by a 
central computer and made available to the harvesters in real time. This system allows rapid 
dissemination of the latest information.  

The individual programmes generally include; 

x Harvesting control management plan - which meets all requirements of the Animal Products 
(Specifications for Bivalve Molluscan Shellfish) Notice 2006. 

x Harvesting surveillance plan - which ensures harvesting surveillance compliance is maintained 
at a level that meets MPI specifications. 

 
36 https://www.mpi.govt.nz/processing/seafood/seafood-processing/bivalve-molluscan-shellfish-bms/ 
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x Marine biotoxin management plan - to meet the requirements of the Animal Products 
(Specifications for Bivalve Molluscan Shellfish) Notice 2006 

 

Before a new growing area can be classified and listed, a sanitary survey must be conducted which 
models the particular risks in the area. This involves: 

x A survey of the area 

x Water and flesh studies 

x The preparation of a sanitary survey report and a management plan. 

A sanitary survey can take at least 12 months, but usually longer.  

The Bay of Plenty growing area (Area 702) off Opotiki where mussels are currently grown has an 
approved biotoxin and sanitation programme enabling the commercial sale of mussels to the domestic 
and export markets. Area 702 has been approved and registered for the United State Food and Drug 
Administration (USFDA) and the European Registration (EU).  Biotoxin and sanitation testing takes place 
on a weekly basis to ensure compliance.  

Any new growing areas approved adjacent to Area 702 will benefit from historical data (subject to the 
approval of existing farmer) and a joint programme will have potential cost savings for both parties.   

Once the shellfish are harvested the production stage is also subject to food safety controls. These 
controls are similar for finfish and include a requirement to have a Risk Management Programme37 which 
is a ‘written programme designed by an operator to manage biological, chemical and physical hazards so 
that all product traded and used is "fit for its intended purpose" by meeting the appropriate New Zealand 
animal product standards.’ These are assessed and ‘verified’ under the Animal Products Act by Animal 
Products Officers. 
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