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ABSTRACT 

The Southland region has a total of 44 existing marine farm sites.  As a result of the Aquaculture 
Reform, Environment Southland (ES) have taken over the compliance of these consents, and a review 
is underway to vary, add, or delete conditions for the purpose of making the conditions consistent with 
the RMA, 1991.  In February 2008, ES commissioned Cawthron Institute through the FRST 
Envirolink scheme to provide advice on suitable marine farm monitoring conditions for existing 
marine farm consents, as well as comment on the nitrogen budget model developed in the 1980s for 
Big Glory Bay. 
 
An analysis of environmental monitoring conditions for existing marine farm sites revealed that a 
relatively high proportion (78%) of consents have the requirement to undertake seabed monitoring; 
whereas a much lower proportion (26%) are required to undertake water column monitoring.  
Furthermore, 39% of mussel farms and 50% of salmon farm sites (when operational) are required to 
measure the rate of nitrogen release from sediments to calibrate the nitrogen model developed for Big 
Glory Bay.  Seabed monitoring conditions are currently inconsistent, and collectively include a wide 
range of physical, chemical and biological properties of the sediment (e.g. sediment sorting 
coefficient, grain size distribution, organic content, infaunal community composition etc).  Water 
column monitoring requirements were also inconsistent across the consents, and included the 
measurement of visual clarity, dissolved oxygen, water temperature, pH, nutrients and chlorophyll a.   
 
Following a review of existing environmental conditions and the findings of environmental monitoring 
reports (provided by ES), it is recommended that a regional marine farm monitoring programme is 
developed for the Southland region.  The regional programme should be adaptive, and as such, it 
should be reviewed and refined regularly based on environmental performance.  Environmental 
performance should be assessed over a range of indicators, each of which should have an associated 
trigger value/point that prompts a specified management response (agreed to in advance by the consent 
holders and ES).  A similar approach has been adopted for salmon farm sites in the Marlborough 
Sounds.   
 
Initially, the focus of monitoring should be water column and seabed environments in Big Glory Bay, 
due to the higher intensity of farming in this region compared with Bluff Harbour and Ruapuke Island.  
Water column monitoring at Bluff Harbour farm sites should be discontinued due to the low intensity 
of farming in this region; however, seabed parameters monitored should be consistent with those 
adopted for Big Glory Bay.  All monitoring at the Ruapuke Island farm site should be discontinued 
due to the current lack of marine farming occurring at present.  Where possible, marine farm 
monitoring should be coordinated with other consent-related or State of the Environment (SOE) 
monitoring occurring in the region to increase sampling efficiencies (e.g. sharing of reference sites). 
 
A mass balance nitrogen model was developed in the 1980s for Big Glory Bay as a management tool 
to prevent bay-wide water column effects occurring as a result of marine farming activities.  It is likely 
that the application of a more complex model to the Big Glory Bay system would provide greater 
predictive power and could be developed to incorporate real-time data (e.g. from buoy-moored data 
collection facilities), enabling much higher spatial and temporal resolution.  However, the 
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development of a more complex model (or the continuation with the mass balance model developed in 
the 1980s) to assist in the management of nutrient inputs into the Big Glory Bay system would only be 
required if there is a recent history of water quality issues attributable to nutrients released from fish 
farms, or there is an expansion in salmon (or other finfish) aquaculture production in the bay. 
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1. INTRODUCTION 

The Southland region has a total of 44 existing marine farm sites.  Since the Aquaculture 
Reform (Repeals and Transitional Provisions) Act 2004 (ARA 2004), pursuant to Sections 
10(1) and 20(2), all leases, licences and marine farm permits are now deemed to be a coastal 
permit granted under the Resource Management Act 1991 (RMA).  As a result, Environment 
Southland (ES) have taken over the compliance of these consents and a review is underway to 
vary, add, or delete conditions for the purpose of making the conditions consistent with the 
RMA, 1991.   
 
In February 2008, ES commissioned Cawthron Institute (Cawthron) through the Foundation 
for Research, Science and Technology (FRST) Envirolink scheme to provide the following: 

• A synopsis of monitoring conditions currently in place for marine farming sites in the 
region. 

• Recommendations on how to monitor the environmental effects of marine farming 
activities, with specific consideration of how this could be achieved through monitoring 
conditions on Resource Consents. 

• Comment on nitrogen model developed for Big Glory Bay (Roper et al. 1988; 
Rutherford et al. 1988). 

 
 

1.1 Marine farming activities in Southland 
There are three main growing regions in Southland; Big Glory Bay (36 farm sites), Bluff 
Harbour (7 sites) and Ruapuke Island (1 site) (Table 1).  Collectively, these sites are consented 
to culture a range of taxa; including bivalves, salmon, paua, kina, rock lobster, sea snails and 
algae (Table 2).  At present, mussels and salmon are the most commonly farmed species.   
 
Big Glory Bay 
Big Glory Bay is an embayment of Paterson Inlet which is approximately 4.8 km long and 
2.8 km wide (surface area ~12 km2).  The bay has been used for commercial sea cage rearing 
of Chinook (Quinnant) salmon (Oncorhynchus tshawytscha) since 1981, and long-line culture 
of green-lipped mussels since 1987.  At present, there are 36 consented marine farm sites in 
Big Glory Bay; which collectively allow the farming of bivalves, salmon, rock lobster and 
algae.   
 
Bluff Harbour 
Bluff Harbour is a tidal lagoon which has a narrow entrance.  Due to the high tidal flows 
within the harbour, poor water clarity is often present.  Currently, there are seven consented 
marine farm sites that collectively allow the farming of bivalves, seaweed, rock lobster, kina, 
paua, and sea snails.  
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Ruapuke Island 
Ruapuke Island (14.2 km2) is located in the eastern approaches to Foveaux Strait, 
approximately 32 km northeast of Oban, Stewart Island.  A single paua marine farm is 
consented for this region, however at present this farm is not operational (K. Galbraith, pers. 
comm.). 
 
 

Table 1. Number of existing marine farm consents (by taxonomic group) in Southland. 
 

Farm sites Bivalve Salmon Paua Kina Rock lobster Sea snail Algae 
Big Glory Bay 36 8 0 0 1 0 1 
Bluff Harbour 7 0 3 3 1 1 3 
Ruapuke Island 0 0 1 0 0 0 0 
Total consents 43 8 4 3 2 1 4 

 
 
Table 2. Complete list of taxa currently consented to be farmed at marine farming sites in Southland. 

 
Taxa group Taxa Common name 
Bivalve Perna canaliculus 

Mytilus edulis 
Tiostrea chilensis  
Pecten novaezelandiae 
Austrovenus stutchburyi 

Green-lipped mussel 
Blue mussel 
Dredge oyster 
Scallop 
Littleneck clam 

Salmon Onchorhynchus tschawytcha 
Salmo salar 
Oncorhynchus nerka 

Quinnant (or Chinook) salmon 
Atlantic salmon 
Sockeye salmon 

Paua (gastropod) Haliotis iris 
Haliotis australis 

Blackfoot paua 
Yellowfoot paua 

Other gastropods Cookia sulcata 
Turbo smaragdus 
Astraea heliotropium 
Tropus sp. 
Littorina spp. 

Cooks turban 
Cat’s eye 
 
 
Periwinkle 

Echinoderm Evechinus chloroticus Kina 
Rock lobster Jasus edwardsii 

Sagmariasus verreauxi 
Rock lobster 
Packhorse crayfish 

Algae Macrocystis pyrifera 
Lessonia variegata 
Porphyra columbina 
Ulva lactuca 

Bladder kelp 
 
Nori 
Sea lettuce 
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2. SYNOPSIS OF EXISTING ENVIRONMENTAL MONITORING 
CONDITIONS 

2.1. Overview 

A breakdown of existing marine farm monitoring conditions (by taxa cultured) is provided in a 
spreadsheet in Appendix 1 (“Consent_conditions_synopsis.xls”) and is summarised in Table 3.  
A high proportion (overall mean = 78%) of marine farm consents have conditions to undertake 
seabed monitoring, while a much lower proportion (i.e. only 26%) of marine farm consents 
require water column monitoring.  Furthermore, 39% of mussel farms and 50% of salmon farm 
sites (when operational) are required to measure the rate of nitrogen release from sediments to 
calibrate the predictive nitrogen model developed for Big Glory Bay.  However, in recent 
years this has discontinued due to doubts over the value of this model in managing nitrogen 
loads in the bay (K. Galbraith, pers. comm.). 
 
 

Table 3. Monitoring required under existing consents for various taxonomic groups. 
 

 Taxa (no. of consented sites) 

Monitoring required 
Bivalves 

(43) 
Salmon 

(8) 
Paua 

(4) 
Kina 
(3) 

Rock lobster 
(2) 

Sea snails 
(1) 

Algae 
(4) 

Sediment analysis  31 8 3 3 2 1 3 
Epibiota 27 8 0 0 1 0 0 
Infauna 10 7 0 0 0 0 0 
Water samples 17 0 0 0 0 0 0 
Nitrogen restriction levels 7 7 0 0 0 0 0 
Nitrogen model contribution 14 4 0 0 0 0 0 

 
 

2.2. Environmental parameters measured 

2.2.1. Seabed  

Seabed monitoring conditions were not consistent across the marine farming consents; 
however, there were some patterns evident for applications processed at similar times (e.g. 
parameters measured, frequency of monitoring).  Seabed parameters monitored included: 

• Depth of oxygenated layer 

• Sediment grain size analyses (% gravel, sand and mud) 

• Determination of the sorting coefficient 

• Measurement of sediment organic (volatile solids) and inorganic material (non-volatile 
or fixed solids) 

• Measurement of sediment nutrients (e.g. total nitrogen and total phosphorus) 

• Abundance and diversity infaunal taxa 

• Abundance and distribution of epibiota (including predatory starfish) and shell litter 
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• Fourteen mussel farm sites and four salmon farm sites in Big Glory Bay are required to 
monitor the release of nitrogen from the sediments as part of the nitrogen model 
developed for the Bay 

 
 

2.2.2. Water column 

As with seabed monitoring, water column monitoring requirements were also inconsistent 
across the consents.  The range of parameters monitored included: 

• Nutrient (DIN, PN, PP, DRP) 

• Dissolved oxygen 

• Chlorophyll a 

• Water temperature 

• pH 

• Visual clarity 

 

 

2.3. Frequency of sampling 

The frequency of seabed and water column monitoring was relatively inconsistent across the 
existing marine farm consents.  For example, seabed monitoring at many farm sites is annual, 
with the Council providing the consent holder an option to apply for a review of the 
monitoring conditions (at two-yearly intervals).  By contrast, the frequency of monitoring at 
other sites changes with the time of operation (e.g. every six months, then at intervals of five 
and 10 years).  For many farm sites in Big Glory Bay, water column monitoring is monthly 
over the warmer summer months, while the frequency of water column monitoring at several 
sites in Bluff Harbour decreases with increasing time of operation (e.g. every two months until 
the first harvest cycle, followed by 6-monthly sampling). 
 
 
 

3. SUMMARY OF ENVIRONMENTAL MONITORING RESULTS 

Environment Southland provided the following environmental monitoring reports from farm 
sites in Big Glory Bay to assist in the development of appropriate environmental monitoring 
conditions: 

• A NIWA client report describing pre-farming (i.e. baseline) seabed and water column 
environments at mussel farming sites in Big Glory Bay. 

• Annual monitoring reports of seabed and water column environments at mussel farming 
sites in Big Glory Bay (1999-2005). 
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• A report prepared by the Department of Marine Science (University of Otago) 
describing sediment texture and composition from sites beneath and adjacent to a farm 
site used to hold kina and paua.  

• A report describing the nature of seabed sediments and biota present beneath the above-
mentioned site used to hold kina and paua. 

• Results of water column nutrient and chlorophyll a monitoring (1998-2006) undertaken 
by Sanford Limited Bluff (samples analysed by NIWA Christchurch). 

 
Since 1998, NIWA have been monitoring changes in sediment grain size, organic content and 
nutrients, as well as the composition of epibiota (organisms living on the sediment surface) at 
sites within Big Glory Bay.  The latest NIWA annual monitoring report (September 2005) 
concludes that there is no evidence to suggest that mussel farming is markedly altering 
sediments and associated benthos in the region.  The most significant change observed has 
been the accumulation of large numbers of green-lipped mussels on the seabed directly 
beneath the farm sites.  The report also states that “there appears to be no marked change in 
nutrient and chlorophyll a concentrations in Big Glory Bay since monitoring started in 1997, 
and mussel farming does not appear to have undesirable effects on water quality, such as 
nuisance blooms of phytoplankton.”  Furthermore, in a letter (dated 8 October 2003) to 
Sanford Limited Bluff from Catherine Chaqué-Goff (NIWA Christchurch), it is suggested that 
Big Glory Bay was becoming nitrogen deficient, and there was no longer the need to re-run the 
nitrogen model for the bay due to declining salmon farm sites (net producers of nitrogen) 
coupled with an increase in mussel farming sites (net consumers of nitrogen). 
 
 
 

4. PROPOSED APPROACH TO A REGIONAL MARINE FARM 
MONITORING PROGRAMME 

Following a review of existing marine farm consent conditions and the findings of 
environmental monitoring reports provided by ES, it is proposed that the most efficient way to 
monitor farms in the Southland region is through a regional marine farm monitoring 
programme.  Developing this programme is outside the scope of the current small advice 
Envirolink grant; however provided in the following section guidance on what and how to 
measure the effects of marine farming in the region. 
 
Approach: Rather than monitor each individual marine farm in a region, sampling effort is 
focused on the representative farm sites to provide an indication of the current health of 
habitats and associated biota beneath and adjacent to marine farm sites in the region.   
 
Purpose: To ensure that existing marine farms are operating within the assimilation capacity 
of the marine environment and that effects to seabed and water column environments are not 
‘more than minor.’   
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A regional approach to monitoring is likely to be a far more efficient way to measure 
environmental effects, and it will allow resource managers to gauge whether habitats are 
stable, degrading or improving.  However, for this approach to be successful, it is important 
that i) representative farm sites and habitats are monitored; ii) appropriate indicators of 
environmental ‘health’ are used; and iii) sampling is undertaken at the appropriate frequency 
and intensity using consistent methods.  These requirements are discussed in greater detail in 
the following section.   
 
 

4.1. What sites/habitats to sample? 

The first step is to group marine farm sites according to the similarity of key environmental 
(habitat) characteristics (e.g. depths, currents, seabed community type).  This enables the 
selection of representative farms that would be expected to perform similarly with respect to 
environmental impacts.  Site groupings can then be evaluated according to the environmental 
risks that they pose (e.g. high, medium and low risk zones), which will influence the intensity 
and frequency of sampling undertaken.  In this way, sites that pose low environmental risk are 
less intensively monitored, allowing for more effort to be placed on site groupings that are of 
higher risk.   
 
The second step is allocating effort to the site grouping within each growing region.  There are 
three main growing regions in Southland; Big Glory Bay (36 farm sites), Bluff Harbour 
(7 sites) and Ruapuke Island (1 site).  Sampling effort (i.e. number of sites and habitats) should 
be greatest in areas of highest farming intensity and where environmental effects are likely to 
be highest due to environmental conditions in the region (e.g. water currents and flushing 
characteristics, water depth, substrate type etc).  The following is recommended: 
 
Considerations for farming regions 

• Greatest monitoring effort should be undertaken in Big Glory Bay due the higher 
intensity of farming in this region.  Indicator farm sites should encompass the range of 
habitats and environmental conditions in the bay; in particular, areas of low and high 
currents/flushing.  Consideration should also be given to monitoring sites farming the 
different taxa (e.g. finfish, mussels, seaweeds).  Sites that have had historically high-
level seabed effects (e.g. salmon farm sites) should be given particular attention. 

• Monitoring of farm sites in Bluff Harbour should initially be consistent with monitoring 
undertaken in Big Glory Bay.  However, it is envisaged that due to the low farming 
intensity in this region, seabed sampling at these sites will quickly become less frequent 
and water column monitoring discontinued.   

• Environmental monitoring is not required at the Ruapuke Island site unless marine 
farming resumes at the single consented site.   

• Appropriate control sites are established. 
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General considerations 

• Ecologically significant taxa (or habitats), and habitats sensitive to the depositional 
effects of marine farms (e.g. rocky reefs) that are in the immediate vicinity of farm sites, 
should also be monitored as part of the regional programme.  These habitats are likely to 
already have been identified during the initial site assessment or during subsequent 
monitoring at the site.   

• Consideration will also need to be given to the effects of the marine farm sites in relation 
to other discharges and activities occurring in the region (e.g. Tiwai aluminium smelter 
in Bluff Harbour). 

• Where possible, marine farm monitoring should be coordinated with other consent-
related or State of the Environment (SOE) monitoring occurring in the region to increase 
sampling efficiencies (e.g. sharing of reference sites). 

 
 

4.2. What to measure? 

There are numerous approaches to monitoring the effects of marine farming activities on 
seabed and water column environments.  Provided below is a recommended approach based on 
sampling programmes developed by Cawthron for mussel and salmon farms in the 
Nelson/Marlborough region.  Similar approaches have also been adopted for farm sites in the 
Firth of Thames, Northland and proposed large offshore marine sites in the Bay of Plenty and 
Hawkes Bay regions.   
 
 

4.2.1. Seabed environment 

Physical, chemical and biological properties of the sediments 
Analyses of the physical, chemical, and biological characteristics of sediment are a proven and 
reliable method to measure seabed enrichment effects from marine farming activities.  While 
conventional sediment sampling methods are outlined below, it is worthwhile highlighting that 
less expensive (in terms of processing time and costs) methods to characterise sediment health 
are emerging, such as sediment profile imagery (SPI), which may be appropriate to replace 
some of the conventional methods in the future.   
 
Listed below is a suite of indicators recommended for assessing sediment quality; ranging 
from quick and inexpensive (e.g. sediment odour, colour and depth of the oxygenated layer) to 
more labour intensive and relatively expensive (e.g. infaunal community composition): 

• Sediment colour (anoxic sediments are black). 

• Depth of the oxygenated layer below the sediment surface (i.e. above any obvious 
REDOX layer). 

• Occurrence of excess hydrogen sulphide (as indicated by the characteristic rotten egg 
odour). 
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• Sediment texture of the upper 2 cm of the sediment (determined from a particle grain 
size analysis). 

• Total organic content of the upper 2 cm of the sediment (determined in the laboratory). 

• Infaunal community composition (requires taxonomic expertise). 

 
Increased levels of trace metals (zinc and copper) can be found in sediments beneath fish cages 
in New Zealand and overseas.  Zinc is a nutritional supplement necessary for maintaining fish 
health, and copper comes from antifouling paint whose use is necessary to minimise the build-
up of fouling organisms.  Both zinc and copper are likely to bind with sediments and organic 
material, which will naturally mitigate their risk to the environment.  Cawthron currently 
monitors zinc and copper concentrations beneath salmon farm sites in the Marlborough 
Sounds, and it is recommended that this is also initially undertaken at the salmon farm site in 
Big Glory Bay to ascertain present levels. 
 
Shell debris and epibiota 
Information obtained from observations of shell debris and epibiota (organisms living on the 
sediment surface) can provide a useful indication of changes over time, particularly if the same 
sites are revisited.  However, unlike infaunal communities, changes in epibiota composition, 
abundance and distribution can be difficult to interpret due to the often large natural spatial and 
temporal variability.  This variability makes it hard to attribute changes to the presence of 
marine farms, and as such, the inclusion of these observations in an ‘adaptive’ monitoring 
programme is questionable.  If monitoring of epibiota is included in the regional monitoring 
programme, it is recommend that: 

• It is undertaken in a quantitative manner (e.g. photoquadrats). 

• Fixed sampling locations (reduces the influence of spatial variability for non-mobile 
taxa). 

• High sampling effort (to ensure that the epibiota and shell litter are well represented). 

• It is undertaken at a frequency less than that of other seabed sampling (i.e. infauna, 
organic content etc). 

 
Sampling frequency 
It is recommended that seabed monitoring frequency is adaptive to the results of monitoring.  
For example, sites in the low risk zone(s) may consistently show low-level effects, and as such 
monitoring of the seabed does not have to occur as frequently (e.g. once every 5-10 years to 
assess cumulative effects).  By contrast, sites in the higher risk zones (including nearby 
sensitive or ecologically significant habitats) may be monitored more frequently (e.g. 
annually), particularly if monitoring indicates that high level effects are occurring (e.g. 
sediment out-gassing, sediments devoid of taxa etc).  An adaptive sampling timetable, with 
clearly identified sampling frequencies for individual seabed parameters, will need to be 
created if a regional monitoring programme is developed. 
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4.2.2. Water column environment 

Unlike seabed monitoring, there is no strong general consensus on how to monitor changes to 
water column environments from marine farming activities.  Provided below is guidance on 
monitoring potential water column effects from mussel and salmon farming activities (the two 
main types of marine farming occurring in the region), as well as a recommended approach to 
water column monitoring in the Southland region. 
 
Considerations for mussel farms 
Mussels feed on suspended organic material including phytoplankton and zooplankton 
(suspended passive or slow moving microscopic plants and animals respectively), and detritus 
(non-living organic particles).  Suspended organic material plays an important role in the 
marine food web; therefore its removal may potentially lead to flow-on effects to other 
organisms, although with the exception of phytoplankton, the scientific understanding of many 
of these interactions is poor.  Quantifying these interactions can be very difficult and attempts 
to do this generally involve intensive computer modelling exercises, which can be expensive 
and require a lot of data to validate.  An alternative approach is to use environmental 
performance indicators to gain insight into the level of control that mussel culture may be 
having on the phytoplankton populations.  Cawthron developed a suite of indicators to assist 
with addressing water column sustainability questions in the Marlborough Sounds (see Gibbs 
2007).   
 
There are several approaches that can be taken if water column monitoring is considered to be 
justified (e.g. following the application of the performance indicators).  Firstly, the extent and 
magnitude of chlorophyll a depletion both inside and outside of marine farms can be measured 
by undertaking rapid spatial chlorophyll a survey(s) using a flow-through system (see Figure 1 
for an example).  CTD casts are also undertaken during spatial surveys to obtain a vertical 
profile of the physical, chemical and biological properties of the water column (e.g. water 
temperature, salinity, chlorophyll a, turbidity, dissolved oxygen).  Cawthron has used this 
approach during numerous chlorophyll a surveys at marine farm sites throughout the 
Marlborough Sounds, and can provide a library of such surveys to compare results against.  A 
second approach is the continuous (e.g. at hourly intervals) collection of hydrodynamic and 
water quality information (e.g. current velocity and direction, chlorophyll a, turbidity) from a 
buoy-mounted data collecting facility (Figure 2).  Information collected at the facility can then 
be sent via telemetry to a website where it can be monitored and stored.  This approach 
provides a long-term dataset suitable for comparison with data collected during spatial surveys 
or from other water column monitoring in the region.  Cawthron is currently using this 
approach to monitor water quality in the plume of the Motueka River (Tasman Bay) and this 
approach will be used to monitor marine farm effects on the water column in Tasman Bay 
during the development of several large marine farm sites (>200 ha) in the Bay. 
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Figure 1. Chl a concentrations (μg/l) recorded within and adjacent to existing and proposed marine farm 
sites in the Marlborough Sounds (Cawthron unpublished data). 

 
 

 
 

Figure 2. Buoy-mounted data collecting facility currently used by Cawthron to monitor the influence of the 
Motueka River on water column processes in Tasman Bay.  Similar devices are also proposed for 
large marine farm developments in Tasman and Golden Bays. 
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An alternative approach (not favoured by Cawthron) is the collection of a large number of 
water samples to determine water column nutrient concentrations and 
phytoplankton/zooplankton abundance.  While this approach creates a large amount of data, 
determining the influence of marine farms on these parameters is extremely difficult due to the 
complex interactions that are occurring (both in time and space) in the water column.  An 
additional consideration for this approach is the large cost associated with collecting, 
transporting and analysing the water samples. 
 
Considerations for salmon farms 
The following section includes text from Forrest et al. (2008), “Review of the ecological effects 
of finfish aquaculture;” a report prepared by Cawthron for the Ministry of Fisheries. 
 
The depletion of dissolved oxygen (DO) and nutrient enrichment of the water column are the 
two main issues that need to be considered for salmon farm sites in Big Glory Bay.  Depletion 
of DO can occur within and around finfish farms due to the respiratory activities of the farmed 
fish and microbial degradation of waste materials in seabed sediments.  This issue is of most 
significance to the farmed finfish stock although it may also be of ecological importance (see 
below).  Excessive oxygen depletion in the water column could potentially stress or kill the 
fish and other animals (e.g. epibiota); with sediment DO depletion resulting in the release of 
toxic by-products (e.g. hydrogen sulphide) into the water, which can also have adverse effects 
on fish and other organisms.  Significant depletion of water column concentrations of DO at 
finfish farms overseas has usually only occurred when cages are heavily stocked or where they 
are located in shallow sites with weak flushing.  DO depletion is an issue that may need to be 
considered if, for example, multiple farms in close proximity are proposed.  In such instances 
there is the potential for DO to become increasingly depleted as water currents pass through 
sequential farms.  These types of risks can be avoided by appropriate spacing of sites. 
 
From an ecological perspective, the most important water column issue that should be 
considered in relation to finfish farm development in New Zealand is the potential 
‘eutrophication’ effect of nutrient enrichment.  Eutrophication is the process where excessive 
nutrient inputs to a water body result in excessive algal growth and flow-on effects to the 
wider environment such as reduced water clarity, physical smothering of biota, or extreme 
reductions in DO because of microbial decay of the algal biomass.  In marine systems, an 
additional concern with water column nutrient enrichment is the potential for an increased 
occurrence of harmful algal blooms (HABs).  This includes blooms of species that produce 
biotoxins.  Some biotoxins can be directly toxic to fish, and others can accumulate in shellfish 
and affect consumers, often leading to restrictions in harvesting shellfish.  Salmon farming in 
New Zealand has not given rise to these types of effects, and such effects are unlikely in the 
near future unless considerable new development is anticipated. 
 
There is no widely accepted guidance as to what constitutes an acceptable level of nitrogen 
input to coastal systems.  In order to avoid over-enrichment (i.e. eutrophication), the input 
must not exceed the assimilative capacity of the receiving environment at local scales and 
more broadly.  However, the assimilative capacity is a complex function of a system’s biotic 
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and abiotic characteristics and includes such factors as flushing rate, light and temperature 
regime, several nutrient cycling processes (e.g. microbial remineralisation and denitrification 
rates), and grazing pressure.   
 
Although there is general consensus that fish farms cause localised nutrient enrichment, the 
effects on phytoplankton communities in general (e.g. species composition and abundance) are 
not well understood for coastal waters.  Monitoring results for salmon farms in the 
Marlborough Sounds suggest that nitrogen concentrations sufficient to cause significant 
enrichment have not been reached as a result of farm inputs (Hopkins et al. 2004).  Although 
within-cage nitrogen concentrations may become measurably elevated, these are likely to be 
diluted to near-ambient levels within a period of hours.  In such instances, it is unlikely that 
nutrient releases from within the cages would stimulate development of phytoplankton blooms, 
as the generation time required for phytoplankton to respond is 1-3 days.  Hence, at sites where 
flushing and mixing rates are sufficient to dilute locally elevated nutrient concentrations to 
near ambient levels before phytoplankton are able to reproduce, blooms are not likely to be 
generated. 
 
In New Zealand, no link has been made between salmon farm nutrients and HABs.  Where 
HABs have occurred in the vicinity of salmon farms their cause has been attributed to natural 
processes.  Similarly, phytoplankton monitoring in the Marlborough Sounds has not revealed 
an increased phytoplankton biomass or incidence of HABs in the vicinity of salmon farms.  
While blooms of phytoplankton have been recorded and harmful species detected throughout 
the Sounds, these appear to be regional phenomena and driven by processes that are unrelated 
to salmon farming activities.  Nonetheless, any nutrient discharge into a nutrient-limited 
environment will result in an increase in phytoplankton biomass.  Where this enhanced 
production occurs over a wide area, is rapidly diluted, or mitigated by other forms of 
aquaculture (e.g. shellfish farming), it is unlikely to cause adverse effects.  However, it is 
theoretically possible for incremental increases (i.e. in addition to those from other sources) in 
nutrient concentrations from finfish farms to affect the magnitude or duration of natural bloom 
events.   
 
The range of water column monitoring typically undertaken at finfish sites ranges from ‘no 
monitoring’ (e.g. in areas with low farming intensity) to frequent monitoring of parameters 
such as water clarity, DO (and water temperature), nutrients (particularly nitrogen), 
chlorophyll a and phytoplankton community composition.  In the Marlborough Sounds, New 
Zealand King Salmon Ltd (NZKSL) routinely measure DO, water temperature and water 
clarity.  NZKSL also participate in the Marlborough Shellfish Quality Programme (MSQP), 
where water samples are collected on a frequent basis at sites throughout the Sounds to 
monitor phytoplankton community composition and abundance in an effort to detect and 
monitor HABs in this mussel farming region. 
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Recommended approach to water column monitoring of marine farms in the region  
Mussel farming activities 
Water column monitoring should initially be undertaken at indicator farm sites in Big Glory 
Bay and in Bluff Harbour to estimate levels of phytoplankton depletion occurring.  A different 
approach to water column monitoring than that presently adopted (or consented) is proposed, 
and the following steps are recommended: 

1) Apply sustainability performance indicators (PIs), such as those developed by Gibbs 
(2007), to evaluate any obvious ecosystem risks associated with existing or proposed 
levels of marine farming in the two main growing regions (Big Glory Bay and Bluff 
Harbour). 

2) Undertake spatial surveys of chlorophyll a concentration at fully stocked indicator sites 
in both regions at different times of the year; encompassing sites across a range of 
environmental conditions (e.g. tides, currents, water depth).   

3) If the sustainability PIs and spatial surveys indicate that there are low levels of 
phytoplankton depletion occurring in the growing region, water column monitoring can 
be discontinued indefinitely, unless of course significant new development of mussel 
farms occurs in the region. 

4) However, if either 1) and 2) above indicate that existing mussel farming activities are 
likely to be significantly depleting phytoplankton concentrations within farm sites (i.e. 
farm-scale effects) and beyond (bay-wide effects), it is recommended that water column 
parameters (including chlorophyll a) are monitored on a regular basis.  The most 
informative and cost-effective method (at present) to achieve this is the use of a moored 
data collection facility coupled with rapid spatial surveys of chlorophyll a concentrations 
(described in Section 4.2.2). 

 
Fish farming activities 
In terms of nutrient monitoring, it is unlikely that discharges from the single operational 
salmon farm (out of the eight sites consented for salmon farming) are beyond the assimilation 
capacity of Big Glory Bay.  This is supported by NIWA’s monitoring observations, where it 
appears that Big Glory Bay may be nitrogen deficient (rather than eutrophic).  As such, there is 
no present need to undertake nutrient monitoring at this farm site.  Water column nutrients (or 
preferably phytoplankton community composition) can be monitored in the future if salmon 
farming activities increase in the Bay or signs of eutrophication (e.g. excess algal production) 
become evident.  All finfish growing regions should be included in the national phytoplankton 
monitoring network in order to identify any aquaculture-related increases in harmful algal 
bloom (HAB) incidence.  
 
 

4.2.3. Mammals and seabirds 

For aquaculture, potential effects on marine mammals include entanglement, displacement, 
alteration of trophic pathways, and disruption of migration pathways in the case of large 
cetaceans (Watson-Capps & Mann 2005).  New Zealand fur seals are a problematic predatory 
species around salmon farms, leading to use of predator exclusion nets around most sea-cages.  
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There are very few documented cases of entanglement of seals and marine mammals in finfish 
farm predator nets in New Zealand, and appropriate management responses by the industry 
(e.g. changes to net design, development of protocols for net changing) mean that 
entanglement is unlikely to be a significant ongoing issue.  Another potential effect of 
aquaculture generally is the location of marine farm structures in critical cetacean (dolphin and 
whale) habitat.  Adverse effects are highly unlikely at present given the small scale of farming 
in the region, and could be minimised in the future by appropriate site selection.  For seabirds a 
range of potential effects are recognised, but none are well understood.  Avoidance of foraging 
areas as a result of farm operations (e.g. noise and boat traffic) is possible, although a New 
Zealand study that examined potential effects on endemic King shags (Phalacrocorax 
carunculatus) from the development of a large mussel farm concluded that such concerns were 
largely unfounded (Lalas 2001, unpublished client report).   
 
Based on the information available, there appears to be no need for consent holders in the 
Southland region to monitor effects to mammals and seabirds.  However, farmers should 
continue to report any entanglements (fatal and non-fatal) to the Department of Conservation 
and ES.  Specific monitoring conditions (e.g. recording interactions with farm structures and 
associated vessels) may be appropriate for farm sites located along known migratory routes or 
important marine mammal habitats. 
 
 

4.3. Management responses to monitoring results 

Monitoring undertaken as part of resource consent conditions is intended to ensure that 
impacts to the environment from the consented activities are no more than minor.  It could be 
argued that monitoring is only required where sufficient uncertainty exists over the likely 
environmental effects.  However, it appears that marine farm consents in Southland have 
included environmental monitoring conditions in order to be consistent, rather than be tailored 
to reflect the uncertainty surrounding potential environmental effects.  As such, the consent 
monitoring conditions are very prescriptive and non-adaptive (e.g. measure x every y months).  
Furthermore, there is a lack of clear management response(s) outlined for environmental 
performance (good or bad) demonstrated by the monitoring, other than the clause to review 
monitoring conditions after a certain period of time.  
 
In order for any monitoring programme to be adaptive, there needs to be clearly defined 
triggers for management responses.  Cawthron has developed such triggers for a range of 
marine farming activities; including mussel farming (Hopkins et al. 2005), salmon farming 
(Hopkins et al. 2004) and shellfish spat-catching (Hopkins & Robertson 2002).  Cawthron is 
confident that meaningful triggers could also be developed for both seabed and water column 
monitoring parameters for existing and future marine farm sites in Southland. 
 
 



 
 

 
 
 Cawthron Report No. 1514 15
September 2008  

4.4. Implementing the environmental monitoring programme 

It is envisaged that ES could replace existing environmental monitoring conditions with a 
requirement to participate in the regional marine farm monitoring programme.  This would 
allow the monitoring programme to remain a living document, and as such, be modified and 
improved over time as monitoring data become available.  Provided here is an example of 
consent conditions imposed on a recently consented salmon farm site in Marlborough Sounds.  
Relevant sections of the resource consent conditions are provided in Appendix 1.  Conditions 
34 through to 37 identify environmental quality standards (developed by Hopkins et al. 2004) 
that specify three impact zones (see Table 4).  These standards (or bottom lines) have been 
adopted for all New Zealand King Salmon (NZKS) farm sites to ensure that the environmental 
effects of the farm sites are within agreed limits (i.e. are considered ‘no more than minor’).  
Conditions 38 to 47 outline environmental monitoring and reporting requirements.  Conditions 
do not specify what and where to monitor; however, include the requirement to submit a 
monitoring programme, annual monitoring reports, and the provision for external peer review 
if considered necessary by the Council.  
 
 

Table 4. Environmental Quality Standards (EQS) developed for New Zealand King Salmon (NZKS) farm 
sites in the Marlborough Sounds. 

 
Zone Spatial extent Description and ‘bottom line’ 

1 Beneath the cages and out to 50 m 
from their outside edge 

Sediments become highly impacted and contain low 
species diversity, dominated by opportunistic taxa 
(e.g. polychaetes, nematodes).  It is expected that a 
gradient will exist within this zone, with higher 
impacts present directly beneath the cages. 

2 From 50 m to 150 m from the 
outside edge of the cages 

A transitional zone between Zones 1 and 3.  Within 
this zone, some enrichment and enhancement of 
opportunistic species may occur, however species 
diversity remains high with no displacement of 
functional groups.  It is expected that a gradient will 
also exist within this zone. 

3 Beyond 150 m from the outside edge 
of the cages 

Normal conditions (i.e. background or control 
conditions). 

All zones These conditions are not permitted 
beneath any NZKS farm 

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

 
 
 

5. OTHER CONSIDERATIONS 

5.1. Nitrogen model  

The nitrogen model for Big Glory Bay was developed in the 1980s as a management tool to 
prevent Bay-wide water column effects occurring as a result of marine farming activities.  This 
simple mass balance model calculated nitrogen inputs from a range of sources (e.g. excretion 
from fish stock, release from sediments etc) as well nitrogen export out of the system (e.g. 
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harvesting of mussel stock, uptake by phytoplankton etc).  However, advances in computer 
technology and water column monitoring devices (e.g. methods to measures phytoplankton 
abundance) have led to the development of far more complex models.  It is likely that the 
application of a more complex model to the Big Glory Bay system would provide greater 
predictive power and could be developed to incorporate real-time data (e.g. from buoy-moored 
data collection facilities), enabling much higher spatial and temporal resolution.   
 
However, the development of a more complex model, or the continuation with the mass 
balance model developed in the 1980s would only be required if there is likely to be an 
expansion in finfish aquaculture activities in the Bay to the extent that water quality issues 
attributable to nutrient release from fish farms develop. 
 
 

5.2. Management of marine biosecurity risks 

Human activities in New Zealand coastal areas are a significant mechanism for the dispersal of 
marine pests, particularly the movements of recreational and commercial vessels, and 
aquaculture activities.  Awareness of this issue in New Zealand was largely precipitated in the 
late 1990s by concerns regarding the human-mediated spread and ecological effects of the 
Asian kelp Undaria pinnatifida.  Around this time, fouling also became recognised as a 
significant threat to aquaculture when a population explosion of the sea squirt Ciona 
intestinalis resulted in the mussel crop losses in parts of the Marlborough Sounds.  
Subsequently, other fouling pests have emerged whose potential for adverse effects on the 
aquaculture industry and the wider ecosystem have been recognised, such as the sea squirts 
Styela clava and Didemnum vexillum.  While many of these pest organisms have reached 
problematical densities only on artificial structures in New Zealand, overseas evidence also 
reveals their potential to be highly invasive in natural habitats (e.g. Didemnum). 
 
The propensity for aquaculture activities to facilitate the spread fouling pests arises from the 
fact that suspended cultivation methods, and their associated structures and materials (e.g. 
ropes, floats, pontoons) provide ideal habitats that allow such organisms to proliferate at high 
densities.  From a biosecurity perspective, ecological risks arise because the infested farm or 
other structures act as a ‘reservoir’ for the further spread of the pest. 
 
At local scales (e.g. within bays), spread from infested reservoirs is facilitated by microscopic 
life-stages (e.g. seaweed spores or animal larvae) that are released by adult populations and 
drift with water currents as part of the plankton.  For some species dispersal can also occur via 
the drift of reproductively viable fragments.  These types of processes can lead to the 
establishment of the pest on adjacent structures such as other marine farms, jetties and vessel 
moorings.  In this way such structures can act as ‘stepping stones’ for the spread of pest 
species.  For many fouling organisms, however, natural dispersal is limited, and spread across 
large areas or between regions occurs via inadvertent transport due to human activities.  For 
example, infested structures deployed at a marine farm (e.g. ropes, floats, pontoons), or 
temporarily associated with it (e.g. vessels), may be transferred to other localities as part of 
routine aquaculture operations.  There is a high likelihood that associated fouling organisms 
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will survive where such transfers occur without the application of measures to reduce 
biosecurity risks.   
 
While monitoring of pest species is not recommended as part of the regional monitoring 
programme, consent holders should be encouraged to contribute to the effective management 
of fouling pests (e.g. as part of the marine farming industry Code of Practice).  They can: 

• Identify existing and future pests that threaten the aquaculture industry, and develop 
coordinated response plans for high risk species before they become established. 

• Prevent incursions of new pests onto aquaculture structures.  For vectors of spread such 
as service vessels, this could include maintenance of effective antifouling coatings, hull 
inspections to check for the presence of target pests, and hull cleaning as necessary. 

• Eradicate pests from farm structures before they become well established.  This 
approach may only be worthwhile if the risk of reinvasion can be managed, and pests 
can be detected before they become widespread. 

• Contain the further spread of pests from infested aquaculture structures if eradication is 
not possible.  Fouling could be reduced to a level that minimises the risk of natural 
dispersal to other vectors (e.g. vessels) or nearby structures, and pests could be 
eliminated from aquaculture vectors (equipment, vessels) before transport to other 
regions. 
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7. APPENDICES 

Appendix 1. A breakdown of existing farm monitoring conditions (“Consent_conditions_synopsis.xls,” 
provided on CD). 
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Appendix 2. Relevant environmental monitoring consent conditions for a recently developed salmon farm 
site in Tory Channel, Queen Charlotte Sound. 
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