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This report presents results of the 2020 annual monitoring programme for the New Zealand King Salmon 
Company Ltd. (NZKS) low-flow farm sites located in Forsyth Bay, Waihinau Bay, Ruakaka Bay and Otanerau Bay 
of the Marlborough Sounds.  Monitoring at the Forsyth Bay, Ruakaka Bay and Otanerau Bay farms was 
undertaken to assess compliance against specific Environmental Quality Standards (EQS) detailed in the consent 
conditions within the Coastal Permits for these farms.  Consent conditions for the Waihinau Bay farm does not 
contain specific EQS monitoring requirements; however, NZKS voluntarily undertakes monitoring at this farm to 
the same standard as the remaining low-flow farms but there is no assessment of compliance against any specific 
conditions.  

The sampling design adopted for the 2020 annual monitoring programme incorporated the recommendations 
of a review of the 2019 annual monitoring programme.  These changes included sampling at a higher spatial 
resolution to examine the influence of distance from the farms on the parameters measured and not using 
enrichment scores to assess compliance against consent conditions.  Parameters that were measured during the 
2020 annual monitoring program to describe the physiochemical characteristics (sediment enrichment) of the 
benthic environment included redox potential (ORP), total free sulphides (TFS), total organic matter (TOM), 
particle grainsize distribution (PGD) and the concentration of copper and zinc.  Macrofauna were identified and 
used to describe the biota inhabiting the benthic environment.  Sediments were collected at sampling stations 
which were sites at various distances generally up to and within 160 m from the edge of the pens and at near 
and far control sites.  Univariate and multivariate data analysis techniques were used to statistically evaluate 
sediment enrichment and biota community composition at each farm to assess compliance with consent 
conditions.   

The results of the 2020 annual monitoring programme indicate that the Forsyth Bay, Ruakaka Bay and Otanerau 
Bay NZKS Low-flow farms are compliant with EQS consent conditions (Table 1).  At the Waihinau Bay farm 
conditions at one of the pen sampling stations were classed as close to, or anoxic based on the indicative values 
used to classify anoxic conditions (exceeding the allowable criteria that sediments are highly impacted).  The 
concentration of bioavailable zinc at pen sampling stations at each farm were generally between default value 
guidelines1 (DGV) and upper guideline values (GV-High) values or in some cases exceeding GV-High.  The 
concentrations of bioavailable zinc were generally consistent and, in some cases, lower than those that have 
been recorded during previous annual monitoring programmes undertaken by NZKS.  Based on the results of 
the 2020 annual monitoring programme and pursuant with the approved Marine Environmental Monitoring – 
Adaptive Management Plan (MEM-AMP) NZKS should initiate a management response2 for the elevated 
concentration of bioavailable zinc at all low flow farm sites. 

Overall, it is considered that the Ruakaka, Otanerau and Forsyth bay farms are unlikely to be having a significant 
adverse effect on the environment3 beyond what is permissible under the consent conditions.  The results of 
the 2020 annual monitoring programme for each farm are provided in more detail below. 

 
1 Australia and New Zealand Environment and Conservation Council (ANZECC), 2018 toxicant default guideline values for 
sediment quality. 
2 Management response: Initiate discussion with Marlborough District Council and undertake additional sampling to 
elucidate the spatial extent of elevated concentration of zinc in sediments. 
3 Based on the size of the area affected being within the consented area (or likely to be affected – to be confirmed following 
required management actions) by farming activities, the likely ability of the area to recover after farming activities cease 
and the sensitivity of the environment within the area. 
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Table 1 Assessment of Compliance Against Each EQSC of Condition 174 

Zone EQSC Bottom-Line Assessment 
Criteria 

Compliant 

   FOR WAI OTA RUA 

All Zones 
EQS for All Zones 

Sediments that are anoxic and 
azoic (i.e. no life present) will 
not be permitted. 

Y N/A Y Y 

1 (out to 50 m from the outside edge of the 
cage) 

EQS 1A 
Sediments become highly 
impacted. 

Y N/A Y Y 

EQS 1B Low species diversity. Y N/A Y Y 

EQS 1C 
Dominated by opportunistic 
taxa (e.g. polychaetes, 
nematodes). 

Y N/A Y Y 

EQS 1D 

A gradient will exist within 
this zone, with higher impacts 
present directly beneath the 
cages. 

Y N/A Y Y 

2 (from 50 m to 150 m from the outside edge 
of the cage 

EQS 2A Some enrichment may occur. Y N/A Y Y 

EQS 2B 
Some enhancement of 
opportunistic species may 
occur. 

Y N/A Y Y 

EQS 2C 
Species diversity remains 
high. 

Y N/A Y Y 

EQS 2D 
No displacement of functional 
groups. 

Y N/A Y Y 

EQS 2E 
It is expected that a gradient 
will also exist within this zone. 

Y N/A Y Y 

3 (beyond 150 m from the outside of the cage) 
EQS 3A 

Background or control 
conditions. 

Y N/A Y Y 

 

 

 
4 Condition 16 in OTA Consent (Coastal Permit U040412) 
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Forsyth Bay 

Over the 12 months prior to the 2020 annual monitoring programme (December 2019 to November 2020), 
~1,797 tonnes of feed were discharged at Forsyth Bay farm site, which is in accordance with the consent 
conditions.  Semi-quantitative analyses from the video transects provided no evidence of farm related impacts 
on nearby inshore benthic habitats.  White bacterial mats (Beggiatoa-like) were recorded at one of the pen 
sampling stations (20-30 % coverage); however, no outgassing was recorded at any of the sampling stations.  No 
samples considered anoxic or azoic were collected at Forsyth Bay during the 2020 annual monitoring 
programme.  A gradient of change was recorded with distance from the pens for ORP, TFS, TOM, PSD as well as 
for the univariate and multivariate measurements used to describe macrofauna community composition.  
Differences in the macrofauna community composition between the 160 m sampling station and the control 
sampling station were considered not to represent a farm related impact based on the available evidence and 
the natural variability in macroinfauna community composition recorded.  The concentration of bioavailable zinc 
in sediments collected at both pen sampling stations were above DGV and below GV-High values.  The elevated 
concentrations of zinc in sediments at pen sampling stations indicates levels which exceed concentrations 
presenting a low risk of unacceptable effects.  A management response should be initiated to elucidate the 
spatial extent of elevated concentration of bioavailable zinc from the edge of the pens.   

Based on the results of the 2020 annual monitoring programme, Forsyth Bay is considered compliant with 
consent conditions and unlikely having a significant adverse effect on the environment beyond what is 
permissible under the consent conditions. 

Waihinau Bay 

Over the 12 months prior to 2020 annual monitoring programme (December 2019 to November 2020), 
~2,430 tonnes of feed were discharged at Waihinau Bay farm site, which is in accordance with the consent 
conditions.  Semi-quantitative analyses from the video transects provided no evidence of farm related impacts 
on nearby inshore benthic habitats.  White bacterial mats (Beggiatoa-like) were recorded at one pen and the 
50 m sampling station (~10 % coverage); however, no outgassing was recorded at any of the sampling stations.  
Sediments at one pen sampling station were considered close to or anoxic based on the mean values of ORP, 
TFS and TOM, while no sampling stations were considered azoic.  A gradient of change was recorded with 
distance from the pens for ORP, TFS, TOM, PSD as well as for the univariate and multivariate measurements 
used to describe macrofauna community composition.  The mean concentration of zinc in sediments collected 
at both pen sampling stations were above DGV and below GV-High values except from the full sample fraction 
at one pen sampling station that exceeded the GV-High value.  These results indicate that the concentration of 
zinc mostly exceeds the concentration that presents a low risk of unacceptable effects occurring; however, they 
are below a level that could indicate the of concentration zinc in the sediments might result in toxicity-related 
adverse effects  
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Ruakaka Bay 

Over the 12 months prior to the 2020 annual monitoring programme (December 2019 to November 2020), 
~1,020 tonnes of feed were discharged at Ruakaka Bay farm site, which is consistent with the consent conditions.  
Semi-quantitative analyses from the video transects provided no evidence of farm related impacts on nearby 
inshore benthic habitats.  The benthic environment at the pens was characterised by soft dark grey mud covered 
in white bacterial mats (Beggiatoa-like) (> 50 % coverage) and regular outgassing of the seabed upon 
disturbance.  Bacterial mats with low percentage coverage were observed to be present as far out as the 140 m 
sampling station.  One replicate sample at a pen sampling station was considered likely close to, or anoxic based 
on the indicative values ORP, TFS and TOM and one replicate at a pen sampling station did not contain any 
macroinfauna taxa.  As only one replicate sample (≤ 20 % of samples collected) was considered likely close to 
be, or anoxic and one replicate sample azoic, the pen sampling station was not classified as being anoxic or azoic 
(as per the MEM-AMP requirements).  No other replicate samples or sampling stations were considered anoxic 
or azoic at Ruakaka Bay.  Subsequent investigations by NZKS determined that no other azoic sediments were 
present at additional sampling stations along the edge of the pens or proximal to the pens.  A gradient of change 
was recorded with distance from the pens for ORP, TFS, TOM, PSD as well as for the univariate and multivariate 
measurements used to describe macrofauna community composition.  The mean concentration of bioavailable 
zinc was above DGV and below GV-High in all sample fractions collected at the pen sample stations except for 
the full sample fraction sample at one of the pen sample stations, which was above GV-High.  These results 
indicate that the concentration of zinc mostly exceeds the concentration that presents a low risk of unacceptable 
effects occurring, but they are below a level that could indicate the of concentration zinc in the sediments might 
result in toxicity-related adverse effects.  A management response should also be initiated to elucidate the 
spatial extent of elevated concentration of bioavailable zinc from the edge of the pens. 

Based on the results of the 2020 annual monitoring programme, Ruakaka Bay is considered compliant with 
consent conditions and unlikely having a significant adverse effect on the environment beyond what is 
permissible under the consent conditions. 

Otanerau Bay 

Over the 12 months prior to 2020 annual monitoring programme (December 2019 to November 2020), ~1,654 
tonnes of feed were discharged at Otanerau Bay farm site, which is consistent with the consent conditions.  
Semi-quantitative analyses from the video transects provided no evidence of farm related impacts on nearby 
inshore benthic habitats.  No bacterial mats or sediment off-gassing were observed at the pen sampling stations 
and as distance from the pens increased, the sediment became smoother and a lighter tone of grey with 
increasing densities of hollows, polychaete tubes and epibenthic trails.  No samples considered anoxic or azoic 
were collected at Otanerau Bay during the 2020 annual monitoring programme.  A gradient of change was 
recorded with distance from the pens for ORP, TFS, TOM, PSD as well as for the univariate and multivariate 
measurements used to describe macrofauna community composition.  The mean concentration of bioavailable 
zinc was above DGV and below GV-High in all sample fractions analysed at one pen sample station and above 
GV-High in the < 250 µm sediment fraction at the other pen sampling station.  The concentration of zinc 
recorded in sediments at Otanerau Bay have historically been high and exceed GV-High thresholds.  There was 
no evidence to suggest that the elevated concentration of zinc in sediments above GV-High were having a 
materially adverse impact on the macroinfauna present.  A management response should also be initiated to 
elucidate the spatial extent of elevated concentration of bioavailable zinc from the edge of the pens. 
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Based on the results of the 2020 annual monitoring it is considered that the Otanerau Bay farm is unlikely having 
a significant adverse effect on the environment beyond what is permissible under the consent conditions. 
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1 Introduction 

The New Zealand King Salmon Company Ltd. (NZKS) operates 11 consented farm sites in the Marlborough 
Sounds.  Of these, farms at Forsyth Bay, Otanerau Bay, Ruakaka Bay and Waihinau Bay (Figure 1) are considered 
low-flow sites as the mean current speed at each is < 10 cm/s.  Farms at these locations are authorised by 
individual Coastal Permits5.  In accordance with the Coastal Permits, NZKS undertakes annual environmental 
monitoring at the Forsyth Bay,  Ruakaka Bay and Otanerau Bay farms to assess compliance against specific 
Environmental Quality Standards (EQS) detailed in consents conditions 14 to 22 within the Coastal Permits for 
each respective farm6.  Consent conditions for the Waihinau Bay farm does not contain specific environmental 
monitoring requirements; however, NZKS voluntarily undertakes monitoring at this site to the same standard as 
the other low flow farms7. 

Annual monitoring and assessment of compliance against the EQS is undertaken pursuant to a Marine 
Environmental Monitoring – Adaptive Management Plan (MEM-AMP), which is reviewed and approved annually 
by the Marlborough District Council (MDC).  The 2020 MEM-AMP that was updated by SLR Consulting NZ Limited 
(SLR) on behalf of NZKS was submitted to MDC in November 2020 and approval was granted for monitoring to 
be undertaken in December 20208.   

The objectives of this report are to: 

• Present the results of the 2020 annual monitoring programme at each farm9; and 

• Assess the compliance of the Forsyth Bay, Ruakaka Bay and Otanerau farms against the respective 
Coastal Permit consent condition EQS. 

The assessment of compliance within this report focusses solely on the EQS within the applicable consents 
where they exist (Forsyth, Ruakaka and Otanerau Bay farms), the interpretation of these EQS detailed within 
the MEM-AMP, and has not assessed compliance with any other associated operational documentation - for 
example MFL-1 for Ruakaka Bay which at this time still remains valid for the Ruakaka Bay farm.  
 

 
5 Forsyth Bay (Coastal Permit U040412), Ruakaka Bay (Coastal Permit U021247), Otanerau (Coastal Permit U040217) and Waihinau 
(Coastal Permit MFL456). 
6 The consent condition numbering is different for the Otanerau Bay farm although the requirements are exactly the same as for the 
Forsyth Bay and Ruakaka Bay farms.  
7 Assessment of compliance against the EQS for the Waihinau Bay farms is not required under the applicable consent conditions and has 
not been completed as part of the 2020 annual monitoring programme for the low-flow farm sites.  A summary of the results of the 2020 
annual monitoring programme for the Waihinau Bay farm is provided in this report. 
8 Approval to undertake annual monitoring/sampling activities described in the MEM-AMP was provided by MDC on 8 December 2020.  
9 Covers the period December 2019 to December 2020 with monitoring activities undertaken in December 2020. 
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Figure 1 Locations of the NZKS Low-flow Farm Sites Within the Marlborough Sounds. 
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2 Compliance Framework 

The purpose of this section is to provide a summary of how compliance with the consent condition and EQS has 
been assessed during the 2020 annual monitoring programme.  Further details are provided in the MEM-AMP 
(SLR, 2021).   

Condition 21d of the Ruakaka Bay and Forsyth Bay farms, and condition 20d of the Otanerau Bay farms coastal 
permits10 require that that an assessment is made as to ‘whether or not the farm is having a significant adverse 
effect on the environment or not’.  During the 2020 annual monitoring programme ‘Significant adverse effect’ 
was interpreted as being related to the size of the area affected (or likely to be affected) by farming activities, 
the likely ability of the area to recover after farming activities cease and the sensitivity of the environment within 
the area.  Condition 2011 sets out the requirements on the information to be included in the environmental 
monitoring.  Condition 1712 identifies the EQS to be assessed and Condition 1913 identifies aspects of the 
environment to be monitored as part of the annual monitoring programme to inform the overall assessment of 
the potential adverse environmental effects of each farm required under Condition 21.   

Compliance of the Forsyth, Ruakaka and Otanerau Bay farms to the consent conditions was assessed against the 
Environmental Quality Standards Components (EQSC) specified in Condition 1712 and summarised in Table 2.  
The indicative values for defining the EQS in all samples collected, and EQS 1A – sediments becoming highly 
impacted, are presented in Table 3.  Table 4 summarises how the requirements of Condition 1913 were 
addressed in the annual monitoring programme.  The results of monitoring parameters identified in 
Condition 1712 and Condition 1913 were used to inform a broader appreciation and understanding of the 
environmental conditions at each farm as required by Condition 2114.  

The Waihinau Bay farm was not assessed for ‘compliance’ against EQSC as they are not set down within this 
farm’s consent conditions.   

Table 2 Breakdown of EQS into Components (EQSC) for Assessment of Compliance Against Consent 
Condition 17 

Zone EQSC Bottom-Line Assessment Criteria 

All Zones 
EQS for All Zones 

Sediments that are anoxic and azoic (i.e. no life present) will not be 
permitted. 

1 (out to 50 m from 
the outside edge of 
the cage) 

EQS 1A Sediments become highly impacted. 

EQS 1B Low species diversity. 

EQS 1C Dominated by opportunistic taxa (e.g. polychaetes, nematodes). 

EQS 1D 
A gradient will exist within this zone, with higher impacts present 
directly beneath the cages. 

2 (from 50 m to 
150 m from the 

EQS 2A Some enrichment may occur. 

EQS 2B Some enhancement of opportunistic species may occur. 

EQS 2C Species diversity remains high. 

 
10 Specified in the Forsyth Bay, Ruakaka Bay and Otanerau Bay farm consent conditions but not used for assessing compliance at Waihinau 
Bay. 
11 Condition 19 for coastal permit U040217 - OTA 
12 Condition 16 for coastal permit U040217 - OTA 
13 Condition 18 for coastal permit U040217 - OTA 
14 Condition 20 for coastal permit U040217 - OTA 
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Zone EQSC Bottom-Line Assessment Criteria 

outside edge of the 
cage) 

EQS 2D No displacement of functional groups. 

EQS 2E It is expected that a gradient will also exist within this zone. 

3 (beyond 150 m 
from the outside of 
the cage) 

EQS 3A Background or control conditions. 



The New Zealand King Salmon Company Ltd. 
2020 Annual Monitoring of Low-flow Salmon Farm Sites in the 
Marlborough Sounds 
Forsyth Bay, Waihinau Bay, Ruakaka Bay and Otanerau Bay 
 

SLR Ref No: 740.30004-R01-v1.0_NZKS 2020 Annual Monitoring at 
Low Flow Sites_20210716.docx 

July 2021 

 

 

 Page 18  
 

Table 3 Indicative Values Used for Defining EQS for All Zones and EQS 1A 

Condition Parameter Type Parameter Key Terms and Indicative Values 

      EQS for All Zones – Anoxic and Azoic 
Sediments not permitted* 

EQS 1A - Highly impacted sediments** 

Condition 17   
  Azoic Anoxic  

Physicochemical 
(Sediment 
Enrichment) 
Parameters 

ORP N/A < -150 (EHNHE, mV) -150 to -100 (EHNHE, mV) 

TFS N/A > 6,000 µM 3,000 to 6,000 µM 

TOM N/A 
>4 times average highest 
average value at control 
sampling station 

3 to 4 times greater than highest 
average value at control sampling 
station 

Biological 
Parameters N*** 0 N/A 

N = from maximum average value 
observed (PO) to N = 1 

S*** 0 N/A 1-6 

J’ 0 N/A <0.19 

H’ 0 N/A <0.7 

* Compliance with EQS for All Zones is achieved if no more than 20% of the samples at a station (one out of the five replicate samples) are both anoxic and azoic. 
** Compliance for Forsyth Bay, Ruakaka Bay and Otanerau Bay farms with these values was determined based on mean value observed for multiple replicate samples at a 
station, not on a per sample basis.  
*** Only non-transient macrofauna included. 
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Table 4 Condition 1913 Aspects of the Environment to be Monitored as Part of the Annual Monitoring 
Programme. 

Condition Part Requirement Assessment Method 

1913 This monitoring programme shall be submitted to the Council for approval and shall address, but not be 
limited to, the following effects within the boundary of the marine farm and the immediate vicinity 
beyond the boundary of the marine farm: 

a effects on water quality Examine dissolved oxygen (DO) at the pen 

b seabed deposition 
(sedimentation and crop loss); 
and 

Sediment deposition: Assess concentration of Copper (Cu) 
and Zinc (Zn) in the sediments and use results of video 
analysis as semiquantitative descriptor of deposition effects. 

oxygen depletion  Adopt results of analysis of ORP and TFS carried out under 
Condition 17 

c effects on benthic community 
composition and abundance. 

Adopt results of univariate and multivariate macrofauna 
analyses carried out under Condition 17 
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3 Approach and Methods 

The purpose of this section is to summarise the methodology and approach used to collect samples and analyse 
data as part of the 2020 annual monitoring programme.  Specific and further details of the methodologies and 
how the data was analysed are provided in the MEM-AMP (SLR, 2021).  

3.1 Timing 

The 2020 annual monitoring programme covers the period December 2019 to December 2020.  Sampling for 
the 2020 annual monitoring programme was completed between 13 and 16 December 2020 onboard the vessel 
‘Imogen III’.    

This sampling period generally corresponds with previous annual monitoring programme periods (November in 
2019 and October in 2018) (Fletcher et al., 2020).  

3.2 Sampling Stations 

Consent Condition 1715 specifies that different levels of impact are acceptable within the following distinct zones 
of various spatial extent at each farm (see Section 2):  

• Zone 1: Out to 50 m from the outside of the cage16; 

• Zone 2: From 50 m to 150 m from the outside of the cage; and 

• Zone 3: Beyond 150 m from the outside of the cage. 

At each farm, sampling stations were located at various positions within these zones and at control locations17 
to ensure the EQSC specified in consent Condition 1716 could be assessed.  Where possible sampling stations 
were positioned in similar locations to the previous monitoring programmes to allow for temporal comparisons.  
See Section 4.2, Section 5.2, Section 6.2, and Section 7.2 for the location of each sampling station at each farm.  

3.3 Sampling 

3.3.1 Sediment Sampling 

Five replicate sediment samples were collected at each sampling station using a modified double Van-Veen grab 
sampler (‘the grab’, Figure 2).  The grab features two independent ‘buckets’ that penetrate the surficial 
sediments to a depth of 0.16 m retaining approximately 0.01 m3 of seabed sediment within each bucket.  Upon 
retrieval on the deck of the vessel, each benthic grab sample was carefully checked to assess if the grab is 
acceptable.  The following criteria needed to be met for a grab to be acceptable: 

• The surface of the sediment is largely undisturbed; 

• Enough sediment (≥75% of the grab capacity) is collected to enable the full suite of sediment analyses 
to be completed; 

 
15 Condition 17 for FOR and RUA Coastal Permits (U040412 and U021247 respectively), condition 16 for OTA (U040217) and not present 
within WAI Licence (MFL-456) conditions. 
16 ‘Cage’ is specified in the consent conditions although cages are referred to as pen(s) throughout this report.  
17 Control stations were located generally within 1 km (near field) and about 4 km (far-field) from each farm. 
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• The macrofauna sample bucket is filled to the same volume (approximately 10 L) for all macrofauna 
replicates throughout the survey; and 

• The grab is not over-filled (sediments pushing out of the doors or drains), indicating that it may have 
over-penetrated the sediment. 

Each of the independent buckets from a replicate grab sample were sampled separately for macrofauna and 
sediment physicochemical analyses, as follows:  

Bucket one, benthic macrofauna:  A 130 mm diameter core was pushed into the sediment in the grab to a depth 
of 100 mm.  Sediment was transferred directly into the sample pottle and preserved in ethanol.  Benthic 
macrofauna samples were sieved over 0.5 mm mesh upon return to the lab.  Any material larger than 0.5 mm 
was transferred to a suitably sized labelled plastic container and preserved with ethanol, ready for later analysis 
by SLR taxonomists.  At every pen sample station two macrofaunal cores were sampled and preserved because 
of the increased potential for patchiness in benthic community structure proximal to the pens.   

Bucket two, sediment physicochemical parameters:  A total of three clear Perspex sub-sampling cores with an 
internal diameter of 64 mm were pushed into the sediments from the centre of the second bucket to a depth of 
approximately 150 mm.  Cores were processed as follows:   

• Particle Grainsize Distribution (PGD) and TOM:  A single 63 mm diameter core were obtained from 
the five grabs deployed at each sampling station.  The top 30 mm of sediment were removed and 
placed into a labelled zip-lock bag for particle grainsize distribution (PGD) and total organic matter 
TOM analysis;  

• Copper and Zinc: A single 63 mm diameter core was obtained from the five grabs deployed at each 
sampling station.  The top 30 mm of sediment was removed and placed into the same labelled zip-lock 
bag used for PGD and TOM analysis; 

• Total Free Sulphides (TFS): TFS were sampled directly from the five grabs deployed at each sampling 
station using a 5 ml syringe inserted into the sediment at a 45º angle.  Syringes were capped and 
immediately stored on dry ice to preserve them at – 80 ˚C prior to being processed at a laboratory; and 

• Redox Potential (ORP):  Sediment ORP were measured in the three 63 mm diameter cores taken from 
each of the five grabs deployed at every sample station using a suitable ORP/Redox probe.  The probe 
was placed on the surface of the sample so that the probe settles in the sediment at approximately 
10 mm depth. 

Sediment samples required for PGD, TOM, copper and zinc analysis were kept chilled (~4-6°C) for transporting 
and archiving, TFS samples were kept on dry ice at – 80 ˚C for transport to the testing facility where analysis 
occurred the following day, and macrofauna sediment samples were preserved and stored in a cool location for 
transport and storage.  All sampling equipment, including the grab were thoroughly washed prior to being 
redeployed.   

 
  



The New Zealand King Salmon Company Ltd. 
2020 Annual Monitoring of Low-flow Salmon Farm Sites in the 
Marlborough Sounds 
Forsyth Bay, Waihinau Bay, Ruakaka Bay and Otanerau Bay 
 

SLR Ref No: 740.30004-R01-v1.0_NZKS 2020 Annual Monitoring at 
Low Flow Sites_20210716.docx 

July 2021 

 

 

 Page 22  
 

Figure 2 Modified Double Van-Veen Grab Sampler 

 

3.3.2 Seabed Imagery 

Imagery of the seafloor was obtained using a customised drop-down camera (video system) fitted with high-
intensity LED lighting and a video camera (Figure 3).  The video system was connected to the vessel via an 
umbilical cable providing real-time video images to the camera operator on the vessel.  A pair of parallel lasers 
on the video system provided an indication of scale allowing features of interest in the video recordings to be 
approximately sized.   

To acquire representative imagery of the seabed at each sampling station the video system was launched prior 
to the deployment of the grab sampler.  Seabed imagery was continuously recorded while the grab sampler was 
deployed and retrieved, capturing up to two minutes of video at each sampling station. 

Observations and indicators that were recorded during video imagery analysis included: 

• Presence or absence of bacterial mats and if present an estimation of percentage cover; 

• Recording of notable changes in sediment colour or texture; 

• Recording of evidence of deposition (e.g. mussel shells, mounds of uneaten feed); 

• Recording of any evidence of outgassing; 

• Semi-quantitative recording of lebenspurren; and  

• Semi-quantitative recording of epifauna, algae and fish. 
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3.3.3 Inshore Habitat Monitoring 

At two locations inshore of each farm the video system was deployed in the shallow subtidal zone and towed 
slowly across the seabed recording imagery as the sled moved down the slope towards the farm structures.  A 
live feed to the surface vessel allowed scientists to make initial observations of seabed type, presence of 
epifauna, lebenspurren, algae, anthropogenic debris and evidence of deposition and nutrient enrichment (i.e. 
presence/extent of bacterial mats and/or uneaten food/fish faeces).   

Figure 3 Video System Used to Collect Video Footage 

 

3.3.4 Water Quality 

Water temperature and concentration of dissolved oxygen (DO) is measured and recorded daily at each farm by 
NZKS.  During the period covered by this monitoring programme (December 2019 to December 2020) these 
parameters were measured at ~ 5 m depth at the pens at each farm.  NZKS began collecting daily DO 
measurements within ~ 5 m of the seabed late in 2020 or early 2021 (depending on the farm).  Where available, 
the daily DO measurements from ~5 m from the seabed have been incorporated and assessed in this report.  

On a monthly basis MDC undertake CTD casts (measuring temperature, salinity, and DO) and collection of 
discrete water samples at stations throughout the Marlborough Sounds.  SLR was provided with data collected 
during the CTD casts at stations close to the NZKS low-flow farms and the DO measurements in this data was 
compared with DO measurements collected at each farm by NZKS.  
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3.3.5 Copper and Zinc 

Measuring the concentration and bioavailability18 of copper and zinc in the sediment (< 250 µm fraction) was 
carried out for the purposes of monitoring the effects of deposition on the seabed at each farm as required 
under consent Condition 19.  Mean concentration of copper and zinc at the pen sampling stations were 
compared to the recommended Default Guideline Values (DGVs) for toxicants in sediments ANZECC (2018). 

The DGVs for copper and zinc as specified in the ANZECC (2018) guidelines were adopted as threshold values 
during the 2020 annual monitoring programme.  The DGV for a particular analyte indicates the concentration 
below which there is a low risk of unacceptable effects occurring.  The GV-High value provides an indication of 
the concentration at which you might expect to observe toxicity related effects however this value should be 
used as an indicator of potential high-level toxicity and incorporated into a multiple line of evidence approach 
to assess impacts rather than as a guideline to ensure protection of ecosystems (ANZECC 2018).  

3.4 Data Analysis 

A range of univariate and multivariate data analysis techniques were used to statistically evaluate sediment 
enrichment and biological conditions at each farm to assess for compliance with consent conditions.  A P-value 
of 0.05 was used as the test statistic to determine significant differences between factors.  Monte Carlo P-value 
(P(MC)) was used as the test statistic when fewer than 100 permutations were available (Anderson et al., 2008). 

 

 
  

 
18 Elevated concentrations of Cu and Zn were detected during the 2019 annual monitoring programme (Fletcher et al., 
2020).  Following the Cu and Zn monitoring framework in the 2020 MEM-AMP, the bioavailability of these metals in the 
<250µm fraction was initially analysed as part of the 2020 annual program.  Subsequent analyses were undertaken pursuant 
to the MEM-AMP requirements (SLR 2021) as required. 
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4 Forsyth Bay 

4.1 Overview 

The Forsyth Bay farm (Forsyth Bay) was established in 1994 in a depth of approximately 32 m and experiences 
an average current speed of ~3cm/s.  The pens currently at Forsyth Bay extend from the sea surface down to a 
depth of ~20 m.  Since the establishment of the Forsyth Bay farm, it has been fallowed four times with the most 
recent period being from mid-January 2016 to May 2019. 

The results of the 2019 annual monitoring programme reported  the areas proximal to the Forsyth Bay pens 
were highly enriched with obvious patches of beggiatoa-like bacteria and there was some evidence to indicate 
the presence of azoic conditions (Fletcher et al., 2020).  A compliance report issued by MDC on 2 July 2020 
deemed that the compliance status of Forsyth Bay was ‘Significantly non-compliant’ (MDC, 2020).  Following this 
non-compliance, the Forsyth Bay pens were moved 80 m to the south.  

A subsequent survey at Forsyth Bay undertaken by SLR in September 2020 recorded no azoic conditions although 
the Pen1 sampling station was impacted compared to control locations although there was evidence of recovery 
compared to the results of the 2019 annual monitoring programme (SLR, 2020).  The SLR survey detected non-
compliance to consent conditions at the 150 m sampling station19 although this was not considered to be 
associated with farming activities (SLR, 2020).   

4.1.1 Feed Inputs 

Under consent conditions the maximum allowable annual feed input at Forsyth Bay is 4,000 metric tonnes.  Over 
the 12 months prior to the 2020 annual monitoring (December 2019 to November 2020), ~1,797 tonnes of feed 
were discharged at Forsyth Bay, which is in accordance with the consent conditions.   

In December 2019, ~247 tonnes of feed were discharged at Forsyth Bay, subsequently dropping by 
approximately 50 % input to ~125 tonnes in January 2020 (Figure 4).  Feed inputs then increased incrementally 
each month to June 2020 where it peaked at similar levels to December 2019 at ~250 tonnes.  Feed inputs 
between July and October were relatively consistent and ranged from ~111 to 155 tonnes per month.  Prior to 
2020 annual monitoring, minimal feed discharges occurred as fish stocks were being harvesting during the 
month of November. 
  

 
19 Due to significant differences detected in the macrofauna community composition between the 150 m sampling station 
and control sampling stations.  
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Figure 4 Monthly Feed Input at Forsyth Bay Between November 2019 and November 2020. 

 

Feed data provided by NZKS. 

4.2 Sampling Locations 

During the 2020 annual monitoring programme grab sampling and seabed imagery collection was undertaken 
at eight sampling stations around Forsyth Bay, including at two ‘control’ stations – near field (PS_CTL_2) and far-
field (PS_CTL_3) (Figure 5).  Two inshore habitat imagery transects were also completed to the west of Forsyth 
Bay, inshore from the farm location. 

The Pen 1 sampling station in 2020 was located at approximately the same point as the Pen 2 sampling station 
from 2019 annual monitoring programme, and the Pen 2 sampling station in 2020 was located at approximately 
the same location as the Pen 3 sampling station from the 2019 annual monitoring programme.   
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Figure 5 Location of the Forsyth Bay 2020 Annual Monitoring Programme Sampling Stations and Inshore 
Video Transects. 

 


