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PLAIN LANGUAGE SUMMARY 

 

This document presents a summary of recent literature on the ecological effects of aquaculture, to 

provide context for the 2026 update of the Overview of Ecological Effects of Aquaculture (the 

Overview), first published in 2013.   

 

While the original scientific literature review has not been comprehensively revised, this update 

includes new information on changes in aquaculture policy, regulation, technology, monitoring and 

research relevant to understanding environmental effects in New Zealand. The document draws 

mainly on New Zealand studies where available and uses international research where local 

information is limited.  
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EXECUTIVE SUMMARY 

 

McGrath, E.1; Knight, B.1; Elvines, D.1; Clement, D.1; Bull, L.2; Sneddon, R.1; Atalah, J.1; 

Hutson, K.1; Symonds, J.1; Costilla, R.1; Scholtens, M.1; Millar, R.1; Alder, A.1 (2026). Recent 

literature on the ecosystem effects of aquaculture (2013 to 2024). 
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This document presents a summary of recent literature on the ecological effects of aquaculture, to 

provide context for the 2026 update of the Overview of Ecological Effects of Aquaculture (the 

Overview), first published in 2013.   

 

Although the underlying literature review has not been comprehensively revised, the update 

incorporates developments in aquaculture policy, regulation, technology, monitoring and scientific 

understanding relevant to ecological effects in New Zealand. The document draws primarily on New 

Zealand research, supported by international literature where relevant, and is intended as a strategic 

overview rather than a comprehensive evidence review. It comprises a bibliography summarising the 

principal additions to the original review, alongside an abbreviated list of references most relevant to 

those updates. 

 

Since 2013, New Zealand’s aquaculture sector has undergone substantial strategic and regulatory 

change. Government production targets have increased from $1 billion by 2025 to $3 billion by 2035 

under the Aquaculture Development Plan, with expansion into open ocean environments and 

diversification into new species identified as key pathways for growth. The updated Overview reflects 

corresponding changes in regulatory and management frameworks, including recent national policy 

instruments and evolving environmental management approaches. 

 

Major advances in understanding ecological effects associated with aquaculture are highlighted, 

including benthic processes, hydrodynamics, marine wildlife interactions, biosecurity, cumulative 

effects and climate-related pressures. Developments in environmental monitoring and predictive 

modelling, including eDNA techniques, remote sensing and adaptive management frameworks, have 

improved the capacity to assess and manage ecological risk. However, significant uncertainty 

remains, particularly for open ocean aquaculture, cumulative effects, climate change interactions and 

emerging industries where empirical data are limited. 

 

The revised Overview also recognises increasing interest in restorative aquaculture and the potential 

for some aquaculture activities to provide ecosystem services alongside food production. Shellfish and 

seaweed farming may contribute to habitat provision, nutrient cycling and water filtration under some 

conditions, although outcomes remain highly site- and context-specific. Overall, the revised Overview 

emphasises that ecological effects are strongly influenced by farm location, scale, design and 

management practices, reinforcing the importance of monitoring, adaptive management and continued 

research to support sustainable aquaculture development in New Zealand. 

  

 

 
1 Cawthron Institute. 
2 BlueGreen Ecology Ltd. 
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1. INTRODUCTION 

The Literature Review of Ecological Effects of Aquaculture was compiled in 2013 by two of New 

Zealand’s main science providers in aquaculture – the National Institute of Water and Atmospheric 

Research (NIWA) and Cawthron Institute (Cawthron). The review brought together existing scientific 

knowledge on the main potential ecological effects of aquaculture in New Zealand and identified 

uncertainties and knowledge gaps. 

 

The 2013 Overview of Ecological Effects of Aquaculture (the Overview) summarised the key potential 

ecological effects of aquaculture in New Zealand, provided commentary on their likely significance, 

and outlined management and mitigation options. It was intended to communicate the key technical 

details of the literature review in an accessible format.  

 

Since publication of the 2013 Overview of Ecological Effects of Aquaculture (the Overview), the New 

Zealand government has increased its aquaculture production targets from $1 billion by 2025 to $3 

billion by 2035 under the Aquaculture Development Plan. This plan identifies aquaculture extension 

into the open ocean as a key pathway to meet these production goals, alongside diversification of 

aquaculture species as a strategic priority. An updated version of the Overview to reflect the new 

direction has therefore been prepared and is available as (McGrath et al. 2026)3. 

 

This literature review document highlights these updates and lists new references that have become 

available since 2013, and is hence a summary of recent literature on the ecosystem effects of 

aquaculture and an addendum to the 2013 Literature Review of Ecological Effects of Aquaculture  

 

One of the most significant changes since the 2013 Overview is that the list of marine aquaculture 

species in New Zealand has been updated to reflect interest in diversification, with the inclusion of 

pāua, snapper, flat oysters and native seaweed species. Hāpuku has been removed from the updated 

Overview.  
 
Climate change influences on the ecological effects of aquaculture are complex, poorly understood 

and highly location‑specific, so while available information is incorporated in the updated Overview 

document where possible, substantial knowledge gaps remain and further national and international 

research is needed. 

 

Since 2013, New Zealand’s regulatory framework for aquaculture has evolved to provide additional 

national direction and alternative approval pathways, while retaining the Resource Management Act 

1991 (RMA) as the primary statute for managing activities in the coastal marine area. The National 

Environmental Standards for Marine Aquaculture (NES-MA) provide nationally consistent rules for 

the replacement, extension and reconsenting of existing marine farms and support plan changes to 

enable aquaculture in suitable areas. The Fast-track Approvals Act 2024 introduces an alternative 

approvals pathway for projects with significant regional or national benefits, providing a streamlined 

consenting process in certain circumstances. In addition, the Resource Management (Extended 

Duration of Coastal Permits for Marine Farms) Amendment Act 2024 extends the duration of coastal 

permits for aquaculture activities by up to 20 years, with expiry dates not exceeding 2050. 

 

Policy developments also emphasise sustainable sector growth and diversification of species and 

production systems. Strategies such as the Aquaculture Development Plan identify opportunities for 

expansion into offshore environments and support the development of emerging sectors such as 

seaweed aquaculture alongside established mussel, salmon and oyster industries. Consistent with 

 

 
3McGrath, E.; Knight, B.; Elvines, D.; Clement, D.; Bull, L.; Sneddon, R.; Hutson, K.; Symonds, J.; Costilla, R.; 

Scholtens, M.; Millar, R.; Alder, A. (2026). 2026 Overview of Ecological Effects of Aquaculture. New Zealand 

Aquatic Environment and Biodiversity Report No. 375. 100 p.  

https://www.mpi.govt.nz/fishing-aquaculture/aquaculture-fish-and-shellfish-farming/sustainable-aquaculture
https://www.mpi.govt.nz/dmsdocument/4300-Overview-of-ecological-effects-of-Aquaculture
https://www.mpi.govt.nz/dmsdocument/4300-Overview-of-ecological-effects-of-Aquaculture
https://www.mpi.govt.nz/fishing-aquaculture/aquaculture-fish-and-shellfish-farming/sustainable-aquaculture
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these objectives, New Zealand has recently consented its first open ocean aquaculture development, 

while additional offshore proposals are currently undergoing the approvals process. 

 

Management responsibilities remain shared across multiple agencies: regional councils administer 

coastal permits and environmental assessments under the RMA, while Fisheries New Zealand (MPI) 

undertakes the statutory undue adverse effects (UAE) assessment under the Fisheries Act 1996 to 

evaluate potential impacts on commercial, recreational and customary fishing. Biosecurity risks are 

managed under the Biosecurity Act 1993, with oversight through regional pest management plans and 

on-farm industry practices. 

 

1.1 Key references (list not exhaustive) 

• Cook, K.M.; Dunn, M.R.; Behrens, E.; Pinkerton, M.H.; Law, C.S.; Cummings, V.J. (2025). 

The impacts of marine heatwaves on ecosystems and fisheries in Aotearoa New Zealand. New 

Zealand Journal of Marine and Freshwater Research 59(5): 1530–1560. 
• New Zealand Aquaculture Development Plan https://www.mpi.govt.nz/dmsdocument/67776-

NZ-Aquaculture-Development-Plan-2025-2030 

  

https://www.mpi.govt.nz/dmsdocument/67776-NZ-Aquaculture-Development-Plan-2025-2030
https://www.mpi.govt.nz/dmsdocument/67776-NZ-Aquaculture-Development-Plan-2025-2030
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2. ECOLOGICAL EFFECTS OF FARMING SHELLFISH 

2.1 Introduction 

There are no significant additions to this section.  

 

2.1.1 Key reference (list not exhaustive) 

• Gallardi, D. (2014). Effects of bivalve aquaculture on the environment and their possible 

mitigation: a review. Fisheries and Aquaculture Journal. 5. 

 

2.2 Water column effects 

Several updates have been made to the section on the assessment of water column effects from 

shellfish aquaculture. These include the incorporation of more recent studies and monitoring data, 

providing a clearer and more detailed understanding of phytoplankton depletion processes, including 

observed changes in biomass and size structure in some high-intensity farming areas, and potential 

interactions with larger particles such as zooplankton and fish eggs. The evidence base has been 

expanded through the inclusion of longer-term datasets (e.g. satellite time-series) alongside field 

surveys, and interpretations of monitoring results have been refined to emphasise generally minor 

effects from shellfish aquaculture in New Zealand.  

 

Additional context has also been provided for oyster farming, nutrient dynamics (including the 

potential for shellfish to reduce algal bloom intensity) and the functional role of biofouling 

communities. The updated section further introduces the consideration of farm scale and intensity, 

highlights the importance of maintaining effects within ecological limits, and includes new discussion 

on potential climate change influences. Minor refinements to management guidance have also been 

made, including greater emphasis on farm design and orientation, and the use of modelling as a key 

tool for assessing and managing water column effects. 

 

2.2.1 Key references (list not exhaustive) 

• Broekhuizen, N.; Plew, D. (2018). Marlborough Sounds water quality monitoring review of 

Marlborough District Council monitoring data 2011–2018. NIWA Client Report 2018248HN, 

prepared for Marlborough District Council, September 2018, 203 p. 

• Gernez, P.; Palmer, S.C.; Thomas, Y.; Forster, R. (2021). Remote sensing for aquaculture. 

Frontiers in Marine Science 7: 638156. 

• Gibbs, M.T. (2004). Interactions between bivalve shellfish farms and fishery resources. 

Aquaculture 240(1–4): 267–296. 

• Gibbs, M.T. (2007). Sustainability performance indicators for suspended bivalve aquaculture 

activities. Ecological Indicators 7(1): 94–107. 

• Jiang, T.; Chen, F.; Yu, Z.; Lu, L.; Wang, Z. (2016). Size-dependent depletion and 

community disturbance of phytoplankton under intensive oyster mariculture based on HPLC 

pigment analysis in Daya Bay, South China Sea. Environmental Pollution 219: 804–814. 

• Jiang, W.; Gibbs, M.T. (2005). Predicting the carrying capacity of bivalve shellfish culture 

using a steady, linear food web model. Aquaculture 244(1–4): 171–185. 

• Pinkerton, M.; Gall, M.; Wood, S.; Zeldis, J. (2018). Measuring the effects of bivalve 

mariculture on water quality in northern New Zealand using 15 years of MODIS-Aqua 

satellite observations. Aquaculture Environment Interactions 10: 529–545. 
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• Zeldis, J.; Robinson, K.; Ross, A.; Hayden, B. (2004). First observations of predation by New 

Zealand Greenshell mussels (Perna canaliculus) on zooplankton. Journal of Experimental 

Marine Biology and Ecology 311(2): 287–299. 

 

2.3 Benthic effects 

Key advances in understanding the benthic effects of shellfish farming primarily relate to the positive 

ecological outcomes, or ‘restorative’ effects, that these farms can have on the benthos (covered in the 

newly added Section 7: Restorative Aquaculture). Advances have also been made in monitoring 

techniques, but these are covered in Section 6 (Monitoring the effects of aquaculture). Understanding 

of recovery timeframes from shellfish farming was previously identified as a knowledge gap; there 

are now several studies focusing on this (listed below). 

 

2.3.1 Key references (list not exhaustive) 

• Cao, Y.; Shi, R.; Han, T.; Liu, H.; Huang, H.; Qi, Z. (2023). Shell accumulation on seabed 

due to suspended coastal oyster farming and effects on burrowing capacity of the polychaete 

Perinereis aibuhitensis. Frontiers in Marine Science 10: 1219184. 

• Chan, S.S.W.; Wong, H.T.; Thomas, M.; Alleway, H.K.; Hancock, B.; Russell, B.D. (2022). 

Increased biodiversity associated with abandoned benthic oyster farms highlight ecosystem 

benefits of both oyster reefs and traditional aquaculture. Frontiers in Marine Science 9: 

862548. 

• Corrigan, S.; Smale, D.; Tyler, C.; Daniels, C.; Brown, A. (2025). Assessing the influence of 

seaweed and shellfish aquaculture on benthic communities in the western English Channel. 

Aquaculture Environment Interactions 17: 187–200. 

• Davidson, R.; Richards, G.; Locky, D.; Richards, L. (2025). Multi-spatial and temporal 

assessments of impacts and recovery of epibenthic species and habitats under mussel farms in 

the Marlborough Sounds, New Zealand. Journal of Shellfish Research 43: 

10.2983/035.043.0102. 

• Liao, Y.; Liu, Q.; Shou, L.; Tang, Y.; Liu, Q.; Zeng, J.; Chen, Q.; Yan, X. (2022). The impact 

of suspended oyster farming on macrobenthic community in a eutrophic, semi-enclosed bay: 

Implications for recovery potential. Aquaculture 548: 737585. 

• Mascorda-Cabre, L.; Hosegood, P.; Attrill, M.; Sheehan, E. (2024). Assessing benthic 

recovery below the United Kingdom's first large-scale, offshore, longline mussel farm. 

Aquaculture Research 2024: 10.1155/2024/1393014. 

• Sanchez-Jerez, P.; Casado-Coy, N.; Troncoso, J. S.; Olabarria, C.; Valle-Pérez, C.; Such, C. 

M.Sanz-Lázaro, C. (2023). Mussel shells from marine aquaculture act like ecosystem 

engineers: Legacy effects on benthic communities. Coasts 3(4): 328–344. 

• Weitzman, J.; Steeves, L.; Bradford, J.; Filgueira, R. (2019). Far-field and near-field effects 

of marine aquaculture. In World Seas: An Environmental Evaluation (pp. 197–220). Elsevier. 

• Wilding, T.A.; Nickell, T.D. (2013). Changes in benthos associated with mussel (Mytilus 

edulis L.) farms on the west coast of Scotland. PLOS ONE 8(7): e68313. 

 

2.4 Marine mammal interactions 

Several new studies and reviews aimed at understanding marine mammal use of habitats near or 

around shellfish farms and subsequent interactions have been completed since the previous version of 

the Overview document. International and national reviews on marine mammal and aquaculture 

interactions have also provided information on the causes and outcomes of marine mammal 
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entanglements, which can inform future farm management and mitigation measures. Aquaculture 

New Zealand (AQNZ) has developed the A+ Sustainable Management Framework guidelines for the 

mussel, salmon and oyster industries, which provide operational standards and, importantly, 

recommend establishing monitoring programmes for understanding how marine wildlife interacts 

with farms. More information on underwater noise and factors associated with vessel strikes is now 

available. However, there are still knowledge gaps and uncertainty around how marine mammals will 

perceive open ocean farm structures visually and acoustically and the results of their reactions to such 

large farms in association with multiple large farm blocks. 

 

2.4.1 Key references (list not exhaustive) 

• Aquaculture New Zealand. (2023). A+ Sustainable Management Framework – New Zealand 

GreenshellTM Mussels. Nelson: Aquaculture New Zealand.  

• Aquaculture Stewardship Council. (2019). ASC Bivalve Standard version 1.1. March 2019. 

www.asc-aqua.org 

• Bath, G.E.; Price, C.A.; Riley, K.L.; Morris, J.A. Jr. (2023). A global review of protected 

species interactions with marine aquaculture. Reviews in Aquaculture 15(4): 1686–1719. 

• Benjamins, S.; Ledwell, W.; Huntington, J.; Davidson, A.R. (2012). Assessing changes in 

numbers and distribution of large whale entanglements in Newfoundland and Labrador, 

Canada. Marine Mammal Science 28(3): 579–601. 

• Cato, D.H. (2008). Ocean ambient noise: its measurement and its significance to marine 

animals. Proceedings of the Institute of Acoustics 30: Pt5. 

• Clement, D.; Floerl, L.; Brownlee, A. (2025). Golden Bay / Mohua AMA 2 subzones: Stage 1 

marine mammal monitoring summary. Cawthron Report 4192. Prepared for consent holders 

in subzones (l), (m), (n) and (o) in AMA 2, Golden Bay / Mohua. 

• Díaz López, B.; Methion, S. (2017). The impact of shellfish farming on common bottlenose 

dolphins’ use of habitat. Marine Biology 164: 83. 

• Forrest, B.; Hopkins, G. (2016). Grouping aquaculture species by environmental effects: 

preliminary assessment. Nelson: Cawthron Institute. Cawthron Report 2914. 

• Groom, C.; Coughran, D. (2012). Entanglements of baleen whales off the coast of Western 

Australia between 1982 and 2010: patterns of occurrence, outcomes and management 

responses. Pacific Conservation Biology 18(3): 203. 

• Heinrich, S.; Genov, T.; Fuentes Riquelme, M.; Hammond, P.S. (2019). Fine-scale habitat 

partitioning of Chilean and Peale’s dolphins and their overlap with aquaculture. Aquatic 

Conservation: Marine and Freshwater Ecosystems 29: 212–226. 

• Knowlton, A.R.; Robbins, J.; Landry, S.; McKenna, H.A.; Kraus, S.D.; Werner, T.B. (2015). 

Effects of fishing rope strength on the severity of large whale entanglements. Conservation 

Biology 30(2): 318–328. 

• Kraus, S.D.; Fasick, J.; Werner, T.; McFarron, P. (2014). Enhancing the visibility of fishing 

ropes to reduce right whale entanglements. National Marine Fisheries Service, Bycatch 

Reduction Engineering Program (BREP) Technical Report 1: 67–75. 

• Kraus, S.D.; Hagbloom, M. (2016). Project 4 report: assessments of vision to reduce right 

whale entanglements. Boston (MA): New England Aquarium. Report for Consortium for 

Wildlife Bycatch Reduction. 

• Laverick, S.; Douglas, L.; Childerhouse, S.; Burns, D. (2017). Entanglement of cetaceans in 

pot / trap lines and set nets and a review of potential mitigation methods. Report for 

Department of Conservation. Report No. BPM-17-DOC-New Zealand entanglement 

mitigation review-v1.1. 23/07/2017. 
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• Lindell, S.; Bailey, D. (2015). What can we learn from entanglement cases of whales and 

turtles in mussel farming gear? Presentation at the Northeast Aquaculture Conference and 

Exposition in Portland (ME), 16 January 2015. 

• Lundquist, D.; Boren, L.; Childerhouse, S.; Constantine, R.; van Helden, A.; Hitchmough, R.; 

Michel, P.; Rayment, W.; Baker, C.S. (2025). Conservation status of marine mammals in 

Aotearoa New Zealand, 2024. New Zealand Threat Classification System, Department of 

Conservation. Report 1165.  

• National Oceanic and Atmospheric Administration. (2020). Marine mammal nonlethal 

deterrents: environmental assessment [draft]. Silver Spring (MD): United States Department 

of Commerce.  

• Piwetz, S.; Pearson, H.C.; Honkus, K.A.; Würsig, B. (2024). Dusky dolphin (Lagenorhynchus 

obscurus) habitat use in a mussel farming region and changes over time. New Zealand 

Journal of Marine and Freshwater Research. 59. 10.1080/00288330.2024.2334287. 

• Price, C.S.; Keane, E.; Morin, D.; Vaccaro, C.; Bean, D.; Morris Jr, J.A. (2017). Protected 

species and marine aquaculture interactions. Beaufort (NC): National Centers for Coastal 

Ocean Science. NOAA Technical Memorandum NOS NCCOS 211. 

• Valdés Hernández, M.J.; Dawson, S.; Pavanato, H.; Leunissen, E.; Rayment, W. (2024). 

Using passive acoustic monitoring to assess the overlap between endemic endangered 

Hector’s dolphin (Cephalorhynchus hectori hectori) and mussel farms in the Banks Peninsula 

Marine Mammal Sanctuary, New Zealand. Aquatic Conservation Marine and Freshwater 

Ecosystems 34(6): e4207. 

• Würsig, B. (2020). Marine mammals and aquaculture, with special emphasis on open ocean 

waters of New Zealand. Draft report prepared for Ministry for Primary Industries. 

https://www.mpi.govt.nz/dmsdocument/50254-Marine-Mammals-and-Aquaculture-with-

Special-Emphasis-on-Open-Ocean-Waters-of-New-Zealand 

• Young, M.O. (2015). Marine animal entanglements in mussel aquaculture gear. Documented 

cases from mussel farming regions of the world including first-hand accounts from Iceland 

[master’s thesis]. Akureyri: University of Akureyri. 

 

2.5 Effects on wild fish 

Recent research and meta-analyses indicate that off-bottom shellfish aquaculture can enhance habitat 

complexity through the introduction of hard substrate from shell fall-off and debris, creating 

structured benthic environments that support a diversity of fish and invertebrate species. However, 

these benefits are not uniform and may favour some species while disadvantaging others (e.g. infaunal 

communities) and can influence trophic dynamics. In some cases, shellfish farms may also act as 

“stepping stones” for invasive species. Evidence suggests that oyster farms can support fish species 

that are associated with natural oyster habitats, although outcomes depend on farming method. 

Overall, these effects are typically localised, spatially constrained and generally of low magnitude, 

with variability driven by farm type, location and environmental conditions. 

 

2.5.1 Key references (list not exhaustive) 

• Barrett, L.T.; Swearer, S.E.; Dempster, T. (2019). Impacts of marine and freshwater 

aquaculture on wildlife: A global meta-analysis. Reviews in Aquaculture 11: 1022–1044. 

• Callier, M.D.; Byron, C.J.; Bengtson, D.A.; Cranford, P.J.; Cross, S.F.; Focken, U.; Jansen, 

H.M.; Kamermans, P.; Kiessling, A.; Landry, T.; O'Beirn, F.; Petersson, E.; Rheault, R.B.; 

Strand, Ø.; Sundell, K.; Svåsand, T.; Wikfors, G.H.; McKindsey, C.W. (2018). Attraction and 

repulsion of mobile wild organisms to finfish and shellfish aquaculture: A review. Reviews in 

Aquaculture 10(4): 924–949. 

https://www.mpi.govt.nz/dmsdocument/50254-Marine-Mammals-and-Aquaculture-with-Special-Emphasis-on-Open-Ocean-Waters-of-New-Zealand
https://www.mpi.govt.nz/dmsdocument/50254-Marine-Mammals-and-Aquaculture-with-Special-Emphasis-on-Open-Ocean-Waters-of-New-Zealand
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• Martínez-Baena, F.; Lanham, B.S.; McLeod, I.; Taylor, M.D.; McOrrie, S.; Bishop, M.J. 

(2022). De novo reefs: Fish habitat provision by oyster aquaculture varies with farming 

method. Aquaculture Environment Interactions 14: 71–84. 

• Theuerkauf, S.J.; Barrett, L.T.; Alleway, H.K.; Costa-Pierce, B.A.; St. Gelais, A.; Jones, R.C. 

(2022). Habitat value of bivalve shellfish and seaweed aquaculture for fish and invertebrates: 

Pathways, synthesis and next steps. Reviews in Aquaculture 14(1): 54–72. 

 

2.6 Effects on seabirds 

Prior to 2013, knowledge of the effects of shellfish farming on seabirds was largely theoretical due to 

the lack of any New Zealand studies on potential impacts. Since 2013, there has been increasing 

photographic and tracking evidence of the use of shellfish structures (mussels and oysters) as roosting 

sites by several species, including terns, gulls and shags (including king shags). Tracking data have 

also documented subsequent foraging in and around farms by roosting king shags, as well as 

preferential foraging in mussel farms by some individual birds. AQNZ has developed guidelines for 

mussel, salmon and oyster industry, the A+ Sustainable Management Framework, which provides 

operational standards and, importantly, recommends establishing monitoring programmes for 

understanding how marine wildlife interacts with farms. 

 

2.6.1 Key references (list not exhaustive) 

• Aquaculture New Zealand. (2023). A+ Sustainable Management Framework – New Zealand 

GreenshellTM Mussels. Aquaculture New Zealand. 

https://drive.google.com/file/d/1BJh8bAcFS6IjJS4-4cUlbWM_zjuuXUGH/view 

• Aquaculture Stewardship Council. (2019). ASC Bivalve Standard version 1.1. March 2019. 

www.asc-aqua.org 

• Barrett, L.T.; Swearer, S.E.; Dempster, T. (2019). Impacts of marine and freshwater 

aquaculture on wildlife: a global meta-analysis. Reviews in Aquaculture 11: 1022–1044.  

• Bath, G.E.; Price, C.A.; Riley, K.L.; Morris Jr, J.A. (2023). A global review of protected 

species interactions with marine aquaculture. Reviews in Aquaculture 15(4): 1686–1719. 

• Bell, M.; Lamb, S. (2022). Spatial-temporal foraging overlap with mussel farms and kawau 

pāteketeke / king shag (Leucocarbo carunculatus). In: Kawau pāteketeke / King Shag 

(Leucocarbo carunculatus) Research 2018–2022. Final report on the Marine Farming 

Association and Seafood Innovations Limited King Shag research project. Toroa Consulting 

Technical Report, unpublished. 

• Bell, M. (2022). Kawau pāteketeke / King Shag (Leucocarbo carunculatus) Research 2018–

2022. Final report on the Marine Farming Association and Seafood Innovations Limited King 

Shag research project. Toroa Consulting Technical Report, unpublished. 

• Fisher, P.R.; Boren, L.J. (2012). New Zealand king shag (Leucocarbo carunculatus) foraging 

distribution and use of mussel farms in Admiralty Bay, Marlborough Sounds. Notornis 59: 

105–115. 

• Gittings, T.; O’Donoghue, P.D. (2012). The effects of intertidal oyster culture on the spatial 

distribution of waterbirds. Report prepared for the Marine Institute. Cork, Ireland: Atkins. 

• Gummer, H. (2022). Breeding biology of king shags from analysis of field camera images. 

Unpublished report for Marine Species Team, Biodiversity Group, Department of 

Conservation, Wellington. 

• Mattern, T.; Young, M. (2019). Hoiho population and tracking POP2018-02: Monthly report 

for the period 21 November 2019 – 20 December 2019. Prepared for Department of 

Conservation. Eudyptes EcoConsulting. 

https://drive.google.com/file/d/1BJh8bAcFS6IjJS4-4cUlbWM_zjuuXUGH/view
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• Mattern, T.; Ellenberg, U. (2021). POP2018-02 Hoiho population and tracking: Filling data 

gaps in yellow-eyed penguin marine habitat use. Prepared for Department of Conservation. 

Eudyptes EcoConsulting report. 

• Maslo, B.; Burkhalter, J.C.; Bushek, D.; Yuhas, T.; Schumm, B.; Burger, J.; Lockwood, J.L. 

(2020). Assessing conservation conflict: Does intertidal oyster aquaculture inhibit foraging 

behavior of migratory shorebirds? Ecosphere 11(5): e03097.  

• Scridel, D.; Utmar, P.; Franzosini, C.; Segarich, M.; Menon, S.; Burca, M.; Diviacco, P.; 

Ciriaco, S.; del Negro, P.; Spoto, M. (2020). Sink or swim? Modernization of mussel farming 

methods may negatively impact established seabird communities. Biological Conservation 

243: 108458. 

 

2.7 Biosecurity 

Since the 2013 Overview, several new pests and diseases have emerged in New Zealand’s shellfish 

aquaculture sector, including World Organisation for Animal Health–notifiable parasitic diseases 

affecting mussels and oysters. Industry-led biosecurity frameworks, such as AQNZ’s A+ guidelines 

for mussels and oysters, have been widely adopted to support disease prevention and management. 

Additionally, MPI has enhanced its biosecurity hotline, introducing online reporting options alongside 

phone reporting, and maintains a national database tracking shellfish pests and aquatic diseases. 

 

2.7.1 Key references (list not exhaustive) 

• Aquaculture New Zealand. (2015). Sustainable management framework – New Zealand 

salmon. Nelson: Aquaculture New Zealand. Available at: http://www.aplusaquaculture.nz/#a-

plus-home 

• Lane, H.S.; Duncan, J.; Webb, S.C. (2016). Bonamia ostreae in the New Zealand oyster 

Ostrea chilensis: a new host and geographic record for this haplosporidian parasite. Diseases 

of Aquatic Organisms 118: 55–63. 

• Lane, H.S.; Jaramillo, D.; Sharma, M. (2023). Perkinsus olseni in green-lipped mussels Perna 

canaliculus: diagnostic evaluation, prevalence, and distribution. Diseases of Aquatic 

Organisms 155: 175–185. 

• Lane, H.S.; Brosnahan, C.L.; Poulin, R. (2020). Aquatic disease in New Zealand: synthesis 

and future directions. New Zealand Journal of Marine and Freshwater Research 56: 1–42.  

 

2.8 Escapee and genetic effects 

This section has been updated to highlight new research elucidating the role of farm-derived larvae 

and hatchery-reared spat in contributing to local recruitment of wild mussel populations, with 

connectivity varying between regions. Movement of spat and stock is now recognised as a pathway 

for pathogen transmission, particularly for oysters and OsHV‑1, with selective breeding for disease 

resistance increasingly applied. Expanded selective breeding programmes and hatchery production for 

green-lipped mussels and Pacific oysters raise considerations for domestication selection, effective 

population size and potential genetic drift, which may influence wild populations if gene flow occurs. 

For Pacific oysters, the ecological effects of feral populations are better understood, including their 

role as ecosystem engineers and potential impacts on benthic communities, with climate change likely 

to influence larval dispersal, reproductive timing and relative fitness. Management and mitigation 

measures now emphasise genetic monitoring, biosecurity and breeding strategies to reduce pathogen 

and genetic risks, alongside continued regulatory oversight of transgenic or gene-edited organisms 

under Environmental Protection Authority (EPA) and upcoming Gene Technology Bill 2024 

frameworks. 

:%20http:/www.aplusaquaculture.nz/%23a-plus-home
:%20http:/www.aplusaquaculture.nz/%23a-plus-home
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2.8.1 Key references (list not exhaustive) 

• Chaput, R.; Quigley, C.N.; Weppe, S.B.; Jeffs, A.G.; de Souza, J.M.; Gardner, J.P. (2023). 

Identifying the source populations supplying a vital economic marine species for the New 

Zealand aquaculture industry. Scientific Reports 13(1): 9344. 

• Fuhrmann, M.; Castinel, A.; Cheslett, D.; Furones Nozal, D.; Whittington, R.J. (2019). The 

impacts of ostreid herpesvirus 1 microvariants on Pacific oyster aquaculture in the Northern 

and Southern Hemispheres since 2008. Revue Scientifique et Technique-Office International 

des Épizooties 38(2): 491–509. 

• Gutierrez, A.P.; Symonds, J.; King, N.; Steiner, K.; Bean, T.P.; Houston, R.D. (2020). 

Potential of genomic selection for improvement of resistance to ostreid herpesvirus in Pacific 

oyster (Crassostrea gigas). Animal Genetics 51(2): 249–257. 

• Trotter, A.J.; Vignier, J.; Wilson, T.K.; Douglas, M.; Adams, S.L.; King, N.; Cunningham, 

M.P.; Carter, C.G.; Boudry, P.; Petton, B.; Dégremont, L. (2021). Case study of vertical 

transmission of ostreid herpesvirus‐1 in Pacific oysters and biosecurity management based on 

epidemiological data from French, New Zealand and Australian hatchery‐propagated 

seed. Aquaculture Research 52(8): 4012–4017. 

• Symonds, J.E.; Clarke, S.M.; King, N.; Walker, S.P.; Blanchard, B.; Sutherland, D.; Roberts, 

R.; Preece, M.A.; Tate, M.; Buxton, P.; Dodds, K.G. (2019). Developing successful breeding 

programs for New Zealand aquaculture: a perspective on progress and future genomic 

opportunities. Frontiers in Genetics 10: 27. 

 

2.9 Effects from additives 

The effects of plastics released from aquaculture has been added to this section.  

 

2.9.1 Key reference (list not exhaustive) 

• ANZG. (2018). Australian and New Zealand guidelines for fresh and marine water quality. 

Australian and New Zealand Governments and Australian state and territory governments, 

Canberra, ACT, Australia. 

• Collins,  M.; and Shumway, S. (2024). Emerging research on shellfish aquaculture and 

marine plastics. Sea Grant Factsheet CTSG-24-06. Emerging Research on Shellfish, 

Aquaculture, and Marine Plastics 

• Skirtun, M.; Sandra, M.; Strietman, W.J.; van den Burg,S.W.K.; De Raedemaecker, F.; 

Devriese, L.I. (2022). Plastic pollution pathways from marine aquaculture practices and 

potential solutions for the North-East Atlantic region. Marine Pollution Bulletin, 174 (2) 

• Sustainabel Business Network (2020). Tackling plastic waste in New Zealand aquaculture. 

Tackling plastic waste in NZ aquaculture Report. 

 

 

2.10 Hydrodynamic alteration of flows 

This section has been updated to reflect new knowledge surrounding how mussel and oyster farms 

influence water movement, stratification and wave dynamics. New information highlights that farms 

can sometimes affect currents at locations beyond the immediate farm area, and that vertical mixing 

varies with farm type – for example, longline mussel structures generally do not reach the seabed, 

https://ecsga.org/wp-content/uploads/2025/06/Shellfish-Plastic-Fact-Sheet.pdf
https://ecsga.org/wp-content/uploads/2025/06/Shellfish-Plastic-Fact-Sheet.pdf
https://www.mpi.govt.nz/dmsdocument/41121/direct
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while oyster farms may. The potential for wave dampening has also been refined, noting that modern 

floating oyster structures may reduce previously observed effects. These refinements, alongside 

updated guidance on modelling and monitoring – including consideration of cumulative effects and 

associated changes in circulation, temperature and salinity – enhance the ability to predict 

hydrodynamic changes and inform future farm design and management decisions. 

2.10.1 Key reference (list not exhaustive) 

• Plew, D.R. (2011). Shellfish farm-induced changes to tidal circulation in an embayment, and 

implications for seston depletion. Aquaculture Environment Interactions 1: 201–214. 
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3. ECOLOGICAL EFFECTS OF FARMING FINFISH 

3.1 Introduction 

There has been growing interest in expanding New Zealand’s finfish aquaculture sector into novel 

areas capable of dispersing farm-derived organic waste. These areas include more exposed or open 

locations characterised by deeper, higher-current environments than inshore locations where fish 

farming currently operates.  

 

3.1.1 Key references (list not exhaustive) 

• Fletcher, L.B.; Elvines, D.; Preece, M.; Broekhuizen, N.; Ford, R.H.P.; Murray, C.; 

Jorgensen, E.; Wade, O.; Ferguson, G. (2022). Best management practice guidelines for 

salmon farms in the Marlborough Sounds; Part 1: Benthic environmental quality standards 

and monitoring protocol (Version 1.2 August 2022). New Zealand Aquatic Environment and 

Biodiversity Report 294. 

• Giles, H.; Taylor, D.; Elvines, D.; Neale, D.; Jorgensen, E.; James, M.; Bunce, M.; 

Broekhuizen, N.; Wade, O.; Ford, R.; Cumming, S.; O’Connell-Milne, S.; Hart, S.-R.; 

Hampton, B. (2021). Best practice guidelines for benthic and water quality monitoring of 

open ocean finfish culture in New Zealand. New Zealand Aquatic Environment and 

Biodiversity Report 278. 

• University of Tasmania, Institute for Marine and Antarctic Studies. (2025). Review of 

ecological effects of marine finfish aquaculture. Tasmanian Aquaculture Environment Review 

Series. https://aquacultureenvironmentteam.org.au/aquaculture-environment-review-series/ 

 

3.2 Water column effects 

This section has been updated to reflect several recent studies that have refined understanding of 

water column effects associated with finfish farming. New evidence highlights the potential for farm-

derived nutrients to interact with increasing coastal nutrient inputs and climate-driven changes in 

nutrient availability, potentially influencing phytoplankton composition and the occurrence of harmful 

species. Advances in farm management, including improved automated feeding, higher-quality feed 

and enhanced feed conversion ratios (FCRs), are increasingly recognised as effective at reducing 

nutrient inputs and limiting impacts on both water quality and wild fish populations. The role of farm 

siting, including depth, current regimes and oxygen supplementation, as well as design factors such as 

cage orientation and biofouling management, has also been emphasised. Furthermore, the introduction 

of longer-term and higher-resolution monitoring, including satellite-derived surface chlorophyll and 

turbidity, is highlighted as an emerging tool for assessing regional and farm-scale water column 

changes and for supporting adaptive management and multitrophic aquaculture approaches. 

 

3.2.1 Key references (list not exhaustive) 

• Arzul, G.; Clément, A.; Pinier, A. (1996). Effects on phytoplankton growth of dissolved 

substances produced by fish farming. Aquatic Living Resources 9(2): 95–102. 

• Elvines, D.; Preece, M.; Baxter, A.; Broekhuizen, N.; Ford, R.; Knight, B.; Schuckard, R.; 

Urlich, S. (2019). Best management practice guidelines for salmon farms in the Marlborough 

Sounds. Part 2: Water quality standards and monitoring protocol (Version 1.0). New Zealand 

Aquatic Environment and Biodiversity Report 230. 

• Gianella, F.; Burrows, M.T.; Davidson, K. (2025). Risk assessment of harmful algal blooms 

in salmon farming: Scotland as a case study. Toxins 17(1): 35. 

https://aquacultureenvironmentteam.org.au/aquaculture-environment-review-series/
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• Giles, H.; Taylor, D.; Elvines, D.; Neale, D.; Jorgensen, E.; James, M.; Bunce, M.; 

Broekhuizen, N.; Wade, O.; Ford, R.; Cumming, S.; O’Connell-Milne, S.; Hart, S.-R.; 

Hampton, B. (2021). Best practice guidelines for benthic and water quality monitoring of 

open ocean finfish culture in New Zealand. New Zealand Aquatic Environment and 

Biodiversity Report 278. 

• MacKenzie, L. (1991). Toxic and noxious phytoplankton in Big Glory Bay, Stewart Island, 

New Zealand. Journal of Applied Phycology 3(1): 19–34. 

• MacKenzie, L.A.; Smith, K.F.; Rhodes, L.L.; Brown, A.; Langi, V.; Edgar, M.; Lovell, G.; 

Preece, M. (2011). Mortalities of sea-cage salmon (Oncorhynchus tshawytscha) due to a 

bloom of Pseudochattonella verruculosa (Dictyochophyceae) in Queen Charlotte Sound, 

New Zealand. Harmful Algae 11: 45–53. 

• Navarro, N.; Leakey, R.J.; Black, K.D. (2008). Effect of salmon cage aquaculture on the 

pelagic environment of temperate coastal waters: seasonal changes in nutrients and microbial 

community. Marine Ecology Progress Series 361: 47–58. 

• Quiñones, R.A.; Fuentes, M.; Montes, R.M.; Soto, D.; León-Muñoz, J. (2019). Environmental 

issues in Chilean salmon farming: a review. Reviews in Aquaculture 11(2): 375–402. 

• Sarà, G.; Martire, M.L.; Sanfilippo, M.; Pulicanò, G.; Cortese, G.; Mazzola, A.; Manganaro, 

A.; Pusceddu, A. (2011). Impacts of marine aquaculture at large spatial scales: evidences 

from N and P catchment loading and phytoplankton biomass. Marine Environmental 

Research 71(5): 317–324. 

 

3.3 Benthic effects 

Since 2013, additional literature documenting deposition and / or benthic responses from “dispersive” 

farming areas has emerged, along with a review of Norwegian farming impacts according to various 

environmental and operational factors. These studies are aligned with our current understanding of 

factors influencing benthic organic enrichment, and have reinforced the importance of increased 

flushing and dilution on waste transport, benthic community resilience and, ultimately, ecological 

carrying capacity. However, the drive for expansion of “open ocean” fish farms into more dynamic 

and exposed coastal areas has highlighted the lack of understanding of how non-soft sediment habitats 

(e.g. structured habitats such as temperate reefs and shellfish or maerl beds) and epifauna will respond 

to, or tolerate, organic enrichment from fish farming. Although this remains a critical gap in 

knowledge, species-specific interactions between epifauna and fish farm organic wastes is gradually 

becoming documented, with the subject of these studies most often guided by site- and species-

specific ecological risk profiles. In a New Zealand–specific context, readers are referred to New 

Zealand Aquatic Environment and Biodiversity Reports (AEBRs; McMullin & McGrath (2023) and 

McMullin et al. 2025a; b in the accompanying reference list) which were commissioned by MPI as 

part of a project to define environmental health measures related to open ocean aquaculture. These 

AEBRs address some of the information gaps around interactions of proposed open ocean fish farms 

on some of the most at-risk benthic species, with consideration of potential tipping points. 

 

New literature since 2013 has also highlighted some of the complex factors governing organic waste 

deposition from fish farms. Fortunately, modelling tools for predicting organic waste deposition have 

become substantially more advanced to include different faecal pellet sizes, more realistic 

resuspension dynamics, and the decay of organic matter over time. These advancements ultimately 

improve predictions of benthic ecological risks from proposed developments in dynamic and 

dispersive systems. In addition, substantial technological advances have been made in benthic 

monitoring techniques, central to which is the evolution of environmental DNA (eDNA) analysis for 

monitoring benthic health and non-soft sediment habitats (described in Section 6). Further context and 

specific guidance for monitoring and managing benthic effects is provided in two other MPI-driven 
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AEBRs, one focusing on open ocean finfish farms and the other specific to the Marlborough Sounds 

(see Giles et al. 2021 and Fletcher et al. 2022 in the below reference list, respectively).  

 

3.3.1 Key references (list not exhaustive) 

• Adams, T.P.; Black, K.; Black, K.; Carpenter, T.; Hughes, A.; Reinardy, H.C.; Weeks, R.J. 

(2020). Parameterising resuspension in aquaculture waste deposition modelling. Aquaculture 

Environment Interactions 12: 401–415. 

• Bannister, R.J.; Johnsen, I.A.; Hansen, P.K.; Kutti, T.; Asplin, L. (2016). Near- and far-field 

dispersal modelling of organic waste from Atlantic salmon aquaculture in fjord systems. 

Journal of Marine Systems 73(9): 2408–2419. 

• Bergvik, M.; Stensås, L.; Handå, A.; Reitan, K.I.; Strand, Ø.; Olsen, Y. (2019). Incorporation 

of feed and fecal waste from salmon aquaculture in great scallops (Pecten maximus) co-fed by 

different algal concentrations. Frontiers in Marine Science 5: 524. 

• Broch, O.J.; Daae, R.L.; Ellingsen, I.H.; Nepstad, R.; Bendiksen, E.Å.; Reed, J.L.; Senneset, 

G. (2017). Spatiotemporal dispersal and deposition of fish farm wastes: a model study from 

central Norway. Frontiers in Marine Science 4: 199. 

• Carvajalino-Fernandez, M.A.; Keeley, N.B.; Fer, I.; Law, B.; Bannister, R. (2020). Effect of 

substrate type and pellet age on the resuspension of Atlantic salmon faecal material. 

Aquaculture Environment Interactions 12: 117–129. 

• Dauvin, J.-C.; Pezy, J.-P.; Baffreau, A.; Bachelet, Q.; Baux, N.; Méar, Y.; Murat, A.; Poizot, 

E. (2020). Effects of a salmon fish farm on benthic habitats in a high-energy hydrodynamic 

system: The case of the Rade de Cherbourg (English Channel). Aquaculture 518: 734832. 

• Dunlop, K.; Harendza, A.; Bannister, R.; Keeley, N. (2021). Spatial response of hard-and 

mixed-bottom benthic epifauna to organic enrichment from salmon aquaculture in northern 

Norway. Aquaculture Environment Interactions 13: 455–475. 

• Elvines, D.; Hopkins, G.; MacLeod, C.; Ross, D.; Ericson, J.; Ragg, N.; Copedo, J.; White, C. 

(2024c). Assimilation of fish farm wastes by the ecosystem engineering bivalve Atrina 

zelandica. Aquaculture Environment Interactions 16: 115–131. 

• Elvines, D.; MacLeod, C.K.; Ross, D.J.; Hopkins, G.A.; White, C.A. (2024a). Fate and effects 

of fish farm organic waste in marine systems: Advances in understanding using biochemical 

approaches with implications for environmental management. Reviews in Aquaculture 16(1): 

66–85. 

• Elvines, D.; Smeaton, M.; Ross, D.; White, C.; MacLeod, C.; Bury, S.; Brown, J.; Hopkins, 

G. (2024b). Performance of biochemical tools as fish waste particle tracers in a dispersive 

marine system. Ecological Indicators 158: 111474. 

• Fletcher, L.B.; Elvines, D.; Preece, M.; Broekhuizen, N.; Ford, R.H.; Murray, C.; Jorgensen, 

E.; Wade, O.; Ferguson, G. (2022). Best management practice guidelines for salmon farms in 

the Marlborough Sounds; Part 1: Benthic environmental quality standards and monitoring 

protocol (Version 1.2 August 2022). New Zealand Aquatic Environment and Biodiversity 

Report 294. 

• Giles, H.; Taylor, D.; Elvines, D.; Neale, D.; Jorgensen, E.; James, M.; Bunce, M.; 

Broekhuizen, N.; Wade, O.; Ford, R.; Cumming, S.; O’Connell-Milne, S.; Hart, S.-R.; 

Hampton, B. (2021). Best practice guidelines for benthic and water quality monitoring of 

open ocean finfish culture in New Zealand. New Zealand Aquatic Environment and 

Biodiversity Report 278. 

• Keeley, N.; Dunlop, K.; Laroche, O.; Watts, E.; Sævik, P.; Albretsen, J. (2025). 

Disaggregation rates of salmon faeces and microbial inoculation of sediments: new insight for 

particle dispersion modelers. Aquaculture Environment Interactions 17: 1–20. 
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• Keeley, N.; Valdemarsen, T.; Strohmeier, T.; Pochon, X.; Dahlgren, T.; Bannister, R. (2020). 

Mixed-habitat assimilation of organic waste in coastal environments – It’s all about synergy! 

Science of the Total Environment 699: 134281. 

• Keeley, N.; Valdemarsen, T.; Woodcock, S.; Holmer, M.; Husa, V.; Bannister, R. (2019). 

Resilience of dynamic coastal benthic ecosystems in response to large-scale finfish farming. 

Aquaculture Environment Interactions 11: 161–179. 

• Laroche, O.; Meier, S.; Mjøs, S.A.; Keeley, N. (2021). Effects of fish farm activities on the 

sponge Weberella bursa, and its associated microbiota. Ecological Indicators 129: 107879. 

• Law, B.; Hill, P.; Milligan, T.; Zions, V. (2016). Erodibility of aquaculture waste from 

different bottom substrates. Aquaculture Environment Interactions 8: 575–584. 

• McMullin, R. (2020). Tracking flow and fate of organic matter and contaminants within 

native food webs surrounding finfish aquaculture. Chapter 4; A quantitative analysis of 

organic matter inputs to rocky reef communities. [PhD, University of Otago]. 

• McMullin, R.M.; Sabadel, A.J.; Hageman, K.J.; Wing, S.R. (2021). A quantitative analysis of 

organic matter inputs to soft sediment communities surrounding salmon farms in the 

Marlborough Sounds region of New Zealand. Science of the Total Environment 773: 145146. 

• McMullin, R.; McGrath, E. (2023). Candidate species selection for the development of 

environmental health measures for open ocean salmon aquaculture. New Zealand Aquatic 

Environment and Biodiversity Report 317. 

• McMullin, R.; McGrath, E.; Bennett, H.; Copedo, J.; Ericson, J.; Delorme, N.; Miller, M.L.B.; 

Pearman, J. (2025a). Environmental health measures for open ocean aquaculture – 

Physiological responses of epifauna to enrichment under laboratory and field studies. New 

Zealand Aquatic Environment and Biodiversity Report 353. 

• McMullin, R.M.; McGrath, E.C.; Atalah, J. (2025b). Environmental health measures for open 

ocean salmon aquaculture – Identifying thresholds for sub-lethal responses in the context of 

wider ecosystem change. New Zealand Aquatic Environment and Biodiversity Report 364. 

• Milewski, I.; Smith, R.E.; Lotze, H.K. (2021). Interactions between finfish aquaculture and 

American lobster in Atlantic Canada. Ocean; Coastal Management 210: 105664. 

• Sardenne, F.; Forget, N.; McKindsey, C.W. (2019). Contribution of mussel fall-off from 

aquaculture to wild lobster Homarus americanus diets. Marine Environmental Research 149: 

126–136. 

• Sardenne, F.; Simard, M.; Robinson, S.M.; McKindsey, C.W. (2020). Consumption of 

organic wastes from coastal salmon aquaculture by wild decapods. Science of the Total 

Environment 711: 134863. 

• Vennell, R.; Scheel, M.; Weppe, S.; Knight, B.; Smeaton, M. (2021). Fast lagrangian particle 

tracking in unstructured ocean model grids. Ocean Dynamics 71(4): 423–437. 

• Wang, C.-D.; Olsen, Y. (2024). Monitoring regional benthic environment of Norwegian 

salmon cage farms. Aquaculture Environment Interactions 16: 71–90. 

• Welch, A.W.; Knapp, A.N.; El Tourky, S.; Daughtery, Z.; Hitchcock, G.; Benetti, D. (2019). 

The nutrient footprint of a submerged-cage offshore aquaculture facility located in the tropical 

Caribbean. Journal of the World Aquaculture Society 50(2): 299–316. 

• White, C.; Bannister, R.; Dworjanyn, S.; Husa, V.; Nichols, P.D.; Dempster, T. (2018). 

Aquaculture-derived trophic subsidy boosts populations of an ecosystem engineer. 

Aquaculture Environment Interactions 10: 279–289. 

• White, C.; Hartog, M.; Bush, F.; Elvines, D.; Ross, D. (2025). Aquaculture Environment 

Review Series; Ecological effects of finfish aquaculture on shallow temperate reef 

ecosystems. Institute for Marine and Antarctic Studies, University of Tasmania. 

• White, C.; Nichols, P.; Ross, D.; Dempster, T. (2017). Dispersal and assimilation of an 

aquaculture waste subsidy in a low productivity coastal environment. Marine Pollution 

Bulletin 120(1–2): 309–321. 
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• Woodcock, S.; Meier, S.; Keeley, N.; Bannister, R. (2019). Fate and longevity of terrestrial 

fatty acids from caged fin-fish aquaculture in dynamic coastal marine systems. Aquaculture 

Environment Interactions 103: 43–54. 

• Woodcock, S.; Strohmeier, T.; Strand, Ø.; Olsen, S.A.; Bannister, R. (2018). Mobile 

epibenthic fauna consume organic waste from coastal fin-fish aquaculture. Marine 

Environmental Research 137: 16–23. 

 

3.4 Marine mammal interactions 

Several new studies aimed at understanding marine mammal interactions with finfish farms have been 

completed since the previous Overview document was released. International and national reviews 

have also provided information on the causes and outcomes of marine mammal entanglements, which 

can help inform future farm management and mitigation measures. The level of entanglement has 

become clearer since the aquaculture industry began regularly recording and reporting marine 

mammal entanglements with inshore farms in the Marlborough Sounds. These reviews were 

subsequently used as the basis for developing Fisheries New Zealand’s Open Ocean Guidelines for 

Marine Mammals. AQNZ has also developed guidelines for the mussel, salmon and oyster industries, 

the A+ Sustainable Management Framework, which provides operational standards and, importantly, 

recommends establishing monitoring programmes for understanding how marine wildlife interacts 

with farms. These recommendations align with several overseas aquaculture certification 

programmes. More information on underwater noise and factors associated with vessel strikes is also 

now available. It is acknowledged that there are still knowledge gaps and uncertainty around how 

marine mammals will perceive open ocean farm structures visually and acoustically and the results of 

their reactions to such large farms in association with multiple large farm blocks. 

 

3.4.1 Key references (list not exhaustive) 

• Aquaculture New Zealand. (2015). Sustainable management framework – New Zealand 

salmon. Nelson: Aquaculture New Zealand. Available at: http://www.aplusaquaculture.nz/#a-

plus-home 

• Aquaculture Stewardship Council. (2019). ASC salmon standards Version 1.3 March 2019. 

102 p. Report accessed online on 3 August 2020 at https://www.asc-aqua.org  

• Best Aquaculture Practices. (2023). Aquaculture facility certification: salmon farms – best 

aquaculture practices certification standards, guidelines. Issue 2 Revision 4 – 7 February 

2023. Portsmouth (NH): Global Seafood Alliance. 

• Bath, G.E.; Price, C.A.; Riley, K.L.; Morris Jr, J.A. (2023). A global review of protected 

species interactions with marine aquaculture. Reviews in Aquaculture 15(4):1686–1719. 

• Benjamins, S.; Ledwell, W.; Huntington, J.; Davidson, A.R. (2012). Assessing changes in 

numbers and distribution of large whale entanglements in Newfoundland and Labrador, 

Canada. Marine Mammal Science 28(3): 579–601. 

• Bennett, H.; Clement, D.; Fletcher, F.; Heasman, K.; Knight, B. (2020). Open-ocean salmon 

farming: The New Zealand context with respect to the Nature Conservancy’s “Towards a 

Blue Revolution”. Nelson: Cawthron Institute. Cawthron Report No. 3396. Prepared for 

Fisheries New Zealand.  

• Cato, D.H. (2008). Ocean ambient noise: its measurement and its significance to marine 

animals. Proceedings of the Institute of Acoustics. 30: Pt5. 

• Childerhouse, S.; McMullin, R. (2021). Review of mitigation methods for reducing potential 

entanglement of whales in open ocean salmon farming. Nelson: Cawthron Institute. Cawthron 
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3.5 Wild fish interactions 

There is limited information on interactions between wild fish and finfish aquaculture in New 

Zealand, particularly in relation to offshore developments and their interaction with pelagic species 

particularly in novel habitats. International research indicates that finfish farms can influence wild fish 

through habitat modification, attraction to farm structures and the availability of waste feed. These 

interactions may result in both positive and negative effects, including localised increases in fish 

abundance and condition, as well as changes in behaviour, distribution, and potential exposure to 

contaminants or disease. However, the magnitude and ecological significance of these effects are not 

well understood in the New Zealand context and are likely to be site-specific, influenced by farm 

location, environmental conditions and operational practices. 

 

As aquaculture expands into more exposed offshore environments, interactions with pelagic predators, 

particularly sharks, may become more likely. Farm structures and associated prey aggregation can 

attract species from higher trophic levels, with international studies documenting shark interactions at 

finfish farms, including occasional net entanglement. In New Zealand, species such as the white shark 

(Carcharodon carcharias) are protected, and available evidence suggests that they are typically 

transient rather than resident around farms. The likelihood and the nature of the interactions are 

expected to vary by location, reflecting local species distributions and ecological conditions. 

Management measures, including careful site selection, minimisation of feed waste and fish mortality, 

and implementation of monitoring and predator management strategies are important to reduce 

potential interactions and associated ecological risks. 
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3.6 Effects on seabirds 

Knowledge of the effects of finfish farming on seabirds is similar to that for shellfish farming – 

largely theoretical due to the lack of any New Zealand studies focused on such impacts. The perceived 

negative effects of finfish aquaculture also centre on entanglement (resulting in birds being injured 

and / or drowning) and habitat exclusion / displacement from feeding grounds. The frequency of 

entanglement has become clearer since the aquaculture industry began regularly recording and 

reporting seabird entanglement with inshore farms in the Marlborough Sounds. Records demonstrate 

that several species of seabird (e.g. red-billed gull / tarāpunga, southern black-backed gull / karoro, 

pied shag / kāruhiruhi) are prone to entanglement in finfish farm structures, particularly flexible nets 

made of soft materials (e.g. predator nets) and with wide mesh gaps.  
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Similar to shellfish farms, there is now photographic and tracking evidence of some seabird species 

(including yellow-eyed penguin / hoiho) foraging near and around finfish farms, and indicating that 

farms may provide some positive benefits (e.g. roosting and foraging opportunities) for particular 

species. However, the effects of siting farms near nesting areas and / or any indirect effects of farms 

on prey changes, artificial lighting and ingestion of marine litter are less well studied and still fairly 

unknown.  

 

In 2021, national guidelines to minimise and mitigate seabird interactions with open ocean finfish 

aquaculture were developed based on international and national reviews and extensive expert, 

government and industry discussions. AQNZ has also developed new guidelines for the mussel, 

salmon and oyster industries, the A+ Sustainable Management Framework, which provides 

operational standards and, importantly, recommends establishing monitoring programmes for 

understanding how marine wildlife interacts with farms. These recommendations support marine 

wildlife standard requirements of several overseas aquaculture certification programmes. 
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3.7 Biosecurity 

Since the 2013 Overview, new disease threats have been identified in New Zealand’s finfish 

aquaculture industry, notably globally distributed bacterial pathogens affecting Chinook salmon. 

Marine farm infrastructure and aquaculture vessel movements may also provide potential pathways 

for the spread of terrestrial pests (e.g. rodents and stoats) capable of swimming to nearby islands.  
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Land-based fish marine fish farming has been implemented for yellowtail kingfish, presenting a high 

degree of control on effluent, and subsequently an opportunity to reduce biosecurity risk. AQNZ’s A+ 

biosecurity frameworks for salmon have been implemented widely across the sector to support 

proactive disease management. MPI has also upgraded its biosecurity hotline, providing online 

reporting in addition to phone options, and continues to manage a national database on finfish pests 

and aquatic diseases. 
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3.8 Escapee and genetic effects 

This section expands on potential effects of escapees in New Zealand finfish aquaculture, including 

competition with wild populations, pathogen transfer and altered genetic structure. New content 

emphasises life stage–specific risks, including gamete release from broadcast-spawning species and 

mitigations such as monosex stocks, light and temperature control, and selective use of triploidy. The 

causes of escapes now include climate-driven extreme oceanic events and deliberate sabotage, in 

addition to net failure. Species-specific management is highlighted, with detailed discussion of 

Chinook salmon (introduced, selectively bred, all-female production) and kingfish (native, with 

emerging marine pen farming and genomic diversity management).  

 

The section also incorporates proactive biosecurity, disease-resistant stock and ongoing genomic 

monitoring to reduce genetic risks. Legal and regulatory context is clarified regarding transgenic or 

gene-edited fish under the current law and the proposed Gene Technology Bill 2024. Management 

and mitigation measures are expanded to include adaptive siting, structural resilience, staff training, 

monitoring, reproductive control, and long-term genetic diversity strategies using SNP-based 

genotyping and cryopreservation. Overall, the updates strengthen species-specific risk assessment, 

integrate climate and operational considerations, and emphasise precautionary monitoring and 

management. 
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3.9 Effects from additives 

The updated review provides a more detailed discussion of chemical substances and treatments 

associated with finfish aquaculture, including metals associated with antifouling coatings (e.g. copper 

and zinc), fish feed additives and therapeutants. The review notes that the use of copper-containing 

antifouling coatings in New Zealand finfish aquaculture has declined, and that the only approved 

therapeutant in New Zealand is the isoeugenol-based anaesthetic AQUI-S. It elaborates on release 

pathways, local accumulation and factors affecting bioavailability and toxicity, and highlights that 

while ecological risks from therapeutant use are currently minimal, this may change in response to 

increasing animal welfare and disease management challenges associated with warming marine 

environments and climate change. The expanded guidance reflects current best practice, including 

adherence to the industry-backed A+ standards, optimised feed strategies, alternative antifouling 

approaches, proactive disease control, and monitoring and mitigation measures to minimise 

environmental effects while maintaining fish health. 
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compounds. Available at: https://www.mpi.govt.nz/agriculture/agricultural-compounds-vet-

medicines/maximum-residue-levels-agricultural-compounds 

 

3.10 Hydrodynamic alteration of flows 

Recent updates indicate that finfish farms can influence currents, stratification and wave energy 

beyond the immediate farm area, consistent with findings from shellfish farm models. Small-scale 

local changes in currents are almost certain, while embayment-scale circulation changes may occur in 

bays with multiple farms, with ecological significance dependent on the magnitude of modification. 

Hydrodynamic effects persist only while structures remain in place, although indirect impacts on 

seabed habitats and associated communities may last longer. Potential effects can be predicted and 

https://www.legislation.govt.nz/bill/government/2024/0110/7.0/LMS1009752.html
https://www.legislation.govt.nz/bill/government/2024/0110/7.0/LMS1009752.html
:%20http:/www.aplusaquaculture.nz/%23a-plus-home
:%20http:/www.aplusaquaculture.nz/%23a-plus-home
https://www.mpi.govt.nz/agriculture/agricultural-compounds-vet-medicines/maximum-residue-levels-agricultural-compounds
https://www.mpi.govt.nz/agriculture/agricultural-compounds-vet-medicines/maximum-residue-levels-agricultural-compounds
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managed through modelling, monitoring, and adjustments to cage design, layout, flexibility and net 

porosity, with staged development monitoring recommended to capture a range of environmental 

conditions. 

 

3.10.1 Key references (list not exhaustive) 

• Cornejo, P.; Guerrero, N.; Sobarzo, M.; Sepúlveda, H.H. (2023). Hydrodynamic modification 

in channels densely populated with aquaculture farms. Applied Sciences 13(13): 7750. 

• Plew, D.R. (2011). Shellfish farm-induced changes to tidal circulation in an embayment, and 

implications for seston depletion. Aquaculture Environment Interactions 1: 201–214. 
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4. ECOLOGICAL EFFECTS OF FARMING SEAWEEDS AND SEA CUCUMBERS 

There is growing interest in diversification of aquaculture species in New Zealand, particularly in the 

development of seaweed aquaculture. A wide range of native macroalgal species, including kelps 

(Macrocystis pyrifera, Ecklonia radiata, Lessonia variegata), sea moss (Gracilaria spp.), fucoids 

(Hormosira banksii, Cystophora retroflexa, Cystophora scalaris, Landsburgia quercifolia, 

Carpophyllum maschalocarpum, Xiphophora chondrophylla), red seaweeds (Asparagopsis armata, 

Pterocladiella capillacea, karengo [Pyropia spp.; Porphyra spp.]) and green seaweeds (Ulva cf. 

lactuca, Codium fragile), have been identified as having cultivation potential. Despite this interest, the 

domestic seaweed sector remains at an early stage, with most production reliant on wild harvest rather 

than cultivation. Hatchery and nursery infrastructure is limited, and sea-based farming remains largely 

at trial scale. Key issues identified in recent literature include the need for reliable seedstock supply, 

sustainable management of wild harvest, improved understanding of genetic interactions with wild 

populations, and development of regulatory settings and environmental guidance to support industry 

expansion. Ecologically, seaweed farming is generally expected to have relatively minor effects on 

the seabed and water column compared with fed aquaculture, although interactions such as shading, 

nutrient uptake, hydrodynamic modification and the release of propagules may occur and remain 

poorly quantified in the New Zealand context. 

 

Progress in commercial farming of Undaria pinnatifida (Undaria) and sea cucumbers in New Zealand 

has been limited since earlier reviews. Sea cucumber aquaculture, including potential use in integrated 

multitrophic aquaculture (IMTA) systems due to its consumption and processing of organic matter, 

remineralisation process enhancement and promotion of surface sediment oxygenation, remains 

largely conceptual or experimental, with limited information available on environmental effects under 

New Zealand conditions. For Undaria, which is an introduced species classified as an unwanted 

organism under the Biosecurity Act 1993, recent work highlights biosecurity considerations 

associated with cultivation. Potential risks relate to the spread of vegetative material and propagules, 

the transfer of pests, pathogens or parasites through the movement of stock, equipment and vessels, 

and the possibility that large quantities of farm-derived propagules could influence the distribution or 

genetic structure of feral populations. While ecological effects associated with the cultivation 

structures themselves are expected to be broadly comparable to other suspended aquaculture systems, 

the literature highlights the need for precautionary management, spatial restrictions to areas of 

existing infestation and robust monitoring and biosecurity controls if cultivation were to expand. 

 

4.1.1 Key references (list not exhaustive) 

• Biancacci, C.; Crossett, D.; Scott, N.; South, P.M. (2026). Starting from scratch: evaluating 

research investment to underpin seaweed aquaculture in Aotearoa New Zealand (A-NZ). In: 

A.T. Critchley, A.Q. Hurtado, I.C. Neish; L. Pereira (eds.) Advances in temperate 

phyconomy: algal harvest and cultivation in globally distributed temperate waters. 

Developments in Applied Phycology, vol. 15. Cham: Springer. 

• Biancacci, C.; Jeffs, A.; Magnusson, M.; Taylor, D. (2025). Seaweed aquaculture research in 

New Zealand: current advances, benefits, challenges, and perspectives. New Zealand Journal 

of Marine and Freshwater Research 59(3): 463–467. 

• Bradly, N.; Syddall, V.; Ingram, C.; Clarkson, R.; Elliot, A.; Major, R.; Adams, S. (2021). 

Stocktake and characterisation of Aotearoa New Zealand’s seaweed sector: market and 

regulatory focus (Part 1). Sustainable Seas National Science Challenge. Available at: 

https://backend.sustainableseaschallenge.co.nz/assets/dms/Reports/Seaweed-sector-review-

part-1-Market-regulation/Seaweed-Sector-Review-part-1-Market-Regulation.pdf 

• Campbell, I.; Macleod, A.; Sahlmann, C.; Neves, L.; Funderud, J.; Øverland, M.; Hughes, 

A.D.; Stanley, M. (2019). The environmental risks associated with the development of 

seaweed farming in Europe – prioritizing key knowledge gaps. Frontiers in Marine Science 

6: 107. 

https://backend.sustainableseaschallenge.co.nz/assets/dms/Reports/Seaweed-sector-review-part-1-Market-regulation/Seaweed-Sector-Review-part-1-Market-Regulation.pdf
https://backend.sustainableseaschallenge.co.nz/assets/dms/Reports/Seaweed-sector-review-part-1-Market-regulation/Seaweed-Sector-Review-part-1-Market-Regulation.pdf
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• Campbell, M.L.; King, S.; Heppenstall, L.D.; van Gool, E.; Martin, R.; Hewitt, C.L. (2017). 

Aquaculture and urban marine structures facilitate native and non-indigenous species transfer 

through generation and accumulation of marine debris. Marine Pollution Bulletin 123(1–2): 

304–312. 

• Clark, D.E.; Newcombe, E.; Clement, D.; Magnusson, M.; Lawton, R.J.; Glasson, C.R.K.; 

Major, R.; Adams, S. (2021). Stocktake and characterisation of Aotearoa New Zealand’s 

seaweed sector: environmental effects of seaweed wild-harvest and aquaculture (Part 3). 

Sustainable Seas National Science Challenge. Available at: 

https://backend.sustainableseaschallenge.co.nz/assets/dms/Reports/Seaweed-sector-review-

part-3-Environmental-effects-seaweed-wild-harvest-and-aquaculture.pdf 

• Cunningham, S.; South, P.; Cahill, P. (2020). Biosecurity considerations for farming non-

native seaweeds: a case study of Undaria pinnatifida in New Zealand. Nelson: Cawthron 

Institute. Prepared for the Ministry of Business, Innovation and Employment: Shellfish 

Aquaculture Research Platform CAWX1801.  

• Granada, L.; Sousa, N.; Lopes, S.; Lemos, M.F. (2016). Is integrated multitrophic aquaculture 

the solution to the sectors’ major challenges? – A review. Reviews in Aquaculture 8(3): 283–

300. 

• Hall, A.M.; South, P.M.; Elvy, J.E.; Jeffs, A.G. (2025). The effects of water motion on 

fragmentation of Asparagopsis armata. New Zealand Journal of Marine and Freshwater 

Research 59(3): 597–614. 

• Heath, P.; Stenton-Dozey, J.; Jeffs, A. (2015). Sea cucumber aquaculture in New Zealand. In: 

Brown N.P.; Eddy, S.D. (eds), Echinoderm aquaculture. Hoboken (NJ): John Wiley; Sons, 

Inc. p. 353–360. 

• Howarth, L.; Major, R. (2023). Key environmental considerations for seaweed aquaculture in 

Aotearoa New Zealand. Sustainable Seas – Ko ngā moana whakauka. 

• Loy, C.; Jeffs, A. (2025). Assessment of the potential of the fucoid seaweed, Hormosira 

banksii, as a source of fucoidan and coculture on a Pacific oyster farm in New Zealand. New 

Zealand Journal of Marine and Freshwater Research 59(3): 553–573.  

• Rotman, V.; Jeffs, A. (2021). The aquaculture and market opportunities for New Zealand 

seaweed species. Report prepared for The Nature Conservancy. 

• Stenton-Dozey, J.M.; Heath, P.; Ren, J.S.; Zamora, L.N. (2021). New Zealand aquaculture 

industry: research, opportunities and constraints for integrative multitrophic farming. New 

Zealand Journal of Marine and Freshwater Research 55(2): 265–285. 

• Trainor, C.R. (2025). Indigenizing aquaculture: in pursuit of an integrated multi-trophic 

aquaculture system for enhanced self-sufficiency in Akaroa Harbour, Aotearoa New Zealand. 

• Wen, Y.; Dong, X.; Zamora, L.N.; Jeffs, A.G.; Quek, S.Y. (2024). Physicochemical 

properties, functionalities, and antioxidant activity of protein extracts from New Zealand wild 

sea cucumbers (Australostichopus mollis). Foods 13(17): 2735. 

• Wheeler, T.; Major R.; Ogilvie, S.; South, P.; Romanazzi, D.; Adams, S. 2021. Stocktake and 

characterisation of New Zealand’s seaweed sector: species characteristics and Te Tiriti o 

Waitangi considerations. Report for Sustainable Seas National Science Challenge. Available 

at: https://www.sustainableseaschallenge.co.nz/assets/dms/Reports/Seaweed-sector-review-

part-2-Attributes-and-Te-Tiriti/Seaweed-characteristics-and-Te-tiriti-considerations.pdf 

• White, L.N.; White, W.L. (2020). Seaweed utilisation in New Zealand. Botanica Marina 

63(4): 303–313. 

• Zamora, L.N.; Jeffs, A.G. (2013). A review of the research on the Australasian sea cucumber, 

Australostichopus mollis (Echinodermata: Holothuroidea) (Hutton 1872), with emphasis on 

aquaculture. Journal of Shellfish Research 32(3): 613–627. 

• Zamora, L.N.; Dollimore, J.; Jeffs, A.G. (2014). Feasibility of co-culture of the Australasian 

sea cucumber (Australostichopus mollis) with the Pacific oyster (Crassostrea gigas) in 

https://backend.sustainableseaschallenge.co.nz/assets/dms/Reports/Seaweed-sector-review-part-3-Environmental-effects-seaweed-wild-harvest-and-aquaculture.pdf
https://backend.sustainableseaschallenge.co.nz/assets/dms/Reports/Seaweed-sector-review-part-3-Environmental-effects-seaweed-wild-harvest-and-aquaculture.pdf
https://www.sustainableseaschallenge.co.nz/assets/dms/Reports/Seaweed-sector-review-part-2-Attributes-and-Te-Tiriti/Seaweed-characteristics-and-Te-tiriti-considerations.pdf
https://www.sustainableseaschallenge.co.nz/assets/dms/Reports/Seaweed-sector-review-part-2-Attributes-and-Te-Tiriti/Seaweed-characteristics-and-Te-tiriti-considerations.pdf


 

Fisheries New Zealand  Recent literature on the ecosystem effects of aquaculture  • 27 

northern New Zealand. New Zealand Journal of Marine and Freshwater Research 48(3): 
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• Zamora, L.N.; Smith, K.F.; Stuart, J.; Harwood, D.T.; Wales, S.L.; Passfield, E.M.; 

Mackenzie, L. (2026). Ingestion of Alexandrium pacificum cysts by a deposit feeder: An 

option for ecosystem‐based approach benefiting aquaculture and coastal communities? New 

Zealand Journal of Marine and Freshwater Research 60(1): e70008. 

• Zamora, L.N.; Yuan, X.; Carton, A.G.; Slater, M.J. (2018). Role of deposit-feeding sea 
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5. CUMULATIVE EFFECTS ASSOCIATED WITH AQUACULTURE 

This section has been updated to reflect that cumulative ecological effects can arise over time through 

the incremental and interacting effects of an aquaculture activity in combination with other 

anthropogenic stressors and foreseeable environmental change. Cumulative effects also include the 

combined environmental changes arising from multiple aquaculture operations within a defined 

geographic area, which may manifest as a range of impacts and are particularly important to consider 

as aquaculture expands in production effort and location (e.g. into open ocean and dispersive sites). 

Nutrient and organic matter additions from finfish farms, plankton removal by shellfish and nutrient 

uptake by seaweed can interact with other anthropogenic and natural stressors, potentially affecting 

phytoplankton dynamics, benthic conditions and broader ecosystem processes.  

 

Evidence from long-term monitoring suggests that effects on plankton communities are generally low 

at current shellfish and seaweed farm densities, while finfish-derived nutrient enrichment may lead to 

localised organic accumulation and, in extreme cases, low-oxygen conditions. Mitigation of 

cumulative effects is achievable through good farm practices, including considered farm placement, 

feed management, stocking densities and IMTA, as well as restorative approaches using co-cultured 

species such as mussels, seaweeds and sea cucumbers. Adaptive management (using the Blue 

Endeavour salmon farm as an example), informed site selection, and staged development underpinned 

by baseline monitoring and modelling of nutrient dynamics and carrying capacity, are recommended 

to minimise impacts and ensure environmentally sustainable expansion. 

 

5.1.1 Key reference (list not exhaustive) 

• Elvines, D.; Morrisey, D.; McGrath, E.; Keeley, N. (2021). Recommendations for a seabed 

management plan for ‘Blue Endeavour’ salmon farming area. Nelson: Cawthron Institute. 

Cawthron Report No. 3490. Prepared for The New Zealand King Salmon Co. Limited. 
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6. MONITORING THE EFFECTS OF AQUACULTURE 

This section has been updated to reflect the importance of appropriate monitoring of aquaculture 

effects at a level and frequency sufficient to ensure sustainable operation and adaptive management, 

particularly as aquaculture expands into areas with limited prior data, or involves new species or 

large-scale or offshore farms. Baseline monitoring is essential to establish existing conditions, 

including benthic habitats, water quality (supplemented with satellite-derived surface parameters), 

hydrodynamics and local marine wildlife.  

 

Offshore siting considerations and examples of best management practices, such as the Best 

Management Practice Guidelines for Open Ocean Aquaculture and the Siting and Management 

Guidelines for Open Ocean Aquaculture, provide guidance on standardised, flexible and adaptive 

monitoring and management approaches. Monitoring should integrate individual farm consent 

requirements with regional state of the environment (SoE) programmes to assess both localised and 

cumulative effects, including those on seabed communities that may not be captured by standard SoE 

monitoring. The Best Management Practice Guidelines for Salmon Farms in the Marlborough Sounds 

is cited as an example of a “living” document, where guidelines are periodically reviewed to include 

emerging technologies and practices, such as the recent inclusion of eDNA for improved detection 

and monitoring of farm-derived impacts on the seabed. Data accessibility, coordination across farms 

and councils, and staged monitoring are recommended to capture temporal and spatial variation, 

inform adaptive management and support robust regional-scale assessments of cumulative ecological 

effects. The Tasmanian Broadscale Environmental Monitoring Programme (BEMP) provides an 

example of a standardised monitoring framework designed to support consistent data collection and 

regional-scale assessment of aquaculture effects4. 

 

6.1.1 Key references (list not exhaustive) 

• Elvines, D.; Morrisey, D.; Smeaton, M.; Floerl, L.; Keeley, N. (2021). Assessment of seabed 

effects for proposed ‘Blue Endeavour’ (revised) open ocean salmon farm. Nelson: Cawthron 

Institute. Cawthron Report No. 3489. Prepared for The New Zealand King Salmon Co. 

Limited.  

• Elvines, D.; Morrisey, D.; McGrath, E.; Keeley, N. (2021). Recommendations for a seabed 

management plan for ‘Blue Endeavour’ salmon farming area. Nelson: Cawthron Institute. 

Cawthron Report No. 3490. Prepared for The New Zealand King Salmon Co. Limited.  

• Fletcher, L.B.; Elvines, D.; Preece, M.; Broekhuizen, N.; Ford, R.H.; Murray, C.; Jorgensen, 

E.; Wade, O.; Ferguson, G. (2022). Best management practice guidelines for salmon farms in 

the Marlborough Sounds; Part 1: Benthic environmental quality standards and monitoring 

protocol (Version 1.2 August 2022). New Zealand Aquatic Environment and Biodiversity 

Report 294. 

• Giles, H.; Taylor, D.; Elvines, D.; Neale, D.; Jorgensen, E.; James, M.; Bunce, M.; 

Broekhuizen, N.; Wade, O.; Ford, R.; Cumming, S.; O’Connell-Milne, S.; Hart, S.-R.; 

Hampton, B. (2021). Best practice guidelines for benthic and water quality monitoring of 

open ocean finfish culture in New Zealand. New Zealand Aquatic Environment and 

Biodiversity Report 278. 

• Ministry for Primary Industries. 2024. Siting and management guidelines for open ocean 

aquaculture. Wellington: Ministry for Primary Industries. Available at: 

https://www.mpi.govt.nz/dmsdocument/55708-Siting-and-Management-Guidelines-for-Open-

Ocean-Aquaculture 

 

 
4 More information is available at: https://epa.tas.gov.au/business-industry/regulation/salmon-

aquaculture/industry-regulation 

https://www.mpi.govt.nz/dmsdocument/55708-Siting-and-Management-Guidelines-for-Open-Ocean-Aquaculture
https://www.mpi.govt.nz/dmsdocument/55708-Siting-and-Management-Guidelines-for-Open-Ocean-Aquaculture
https://epa.tas.gov.au/business-industry/regulation/salmon-aquaculture/industry-regulation
https://epa.tas.gov.au/business-industry/regulation/salmon-aquaculture/industry-regulation
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• Newcombe, E.; Keeley, N.; Bennett, H. (2022). Seabed monitoring at the proposed Hananui 

salmon farming area: approach to zoning, environmental standards, and monitoring for 

Stage 1. Nelson: Cawthron Institute. Cawthron Report No. 3689. Prepared for Ngāi Tahu 

Seafood Resources Ltd.  
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7. RESTORATIVE AQUACULTURE 

Since MPI’s Ecological Effects of Aquaculture chapter series was developed in 2013, interest has 

steadily grown in understanding ecosystem functions and services and the role aquaculture plays in 

providing these benefits. To reflect this progress, we have included an overview section on restorative 

aquaculture that highlights work undertaken internationally and within New Zealand, while also 

identifying key knowledge gaps. 

 

Restorative aquaculture refers to farming practices that generate measurable ecological benefits 

alongside food production, such as habitat creation, improved water quality and enhanced coastal 

resilience. In New Zealand, shellfish farms provide the strongest evidence for these positive effects 

through filtration, habitat formation and nutrient cycling. While benefits may be immediate or long 

term, they remain highly context‑dependent, and finfish farming provides fewer restorative outcomes 

due to well‑documented environmental risks. This section also highlights substantial knowledge gaps, 

particularly around the quantification and monitoring of restorative effects, the need for standardised 

indicators, and the absence of a national framework to guide consistent implementation across New 

Zealand, all of which currently limit the sector’s ability to scale ecological, social and cultural 

benefits. 

 

7.1.1 Key references (list not exhaustive) 

• Alder, A.; Howarth, L.; Weiss, F.; Atalah, J. (2025). Is mussel farming helping to restore 

degraded seabed habitats? Nelson: Cawthron Institute. Cawthron Report 4172. Prepared for 

Envirolink and Marine Farming Association. 

• Alder, A.; Howarth, L.M.; Weiss, F.; Atalah, J. (2026). Leveraging long-term monitoring data 

to examine the restorative effects of aquaculture. Aquaculture 623: 744126.  

• Alleway, H.K.; Waters, T.J.; Brummett, R.; Cai, J.; Cao, L.; Cayten, M.R.; Costa-Pierce, 

B.A.; Dong, Y.W.; Brandstrup Hansen, S.C.; Liu, S.; Liu, Q.; Shelley, C.; Theuerkauf, S.J.; 

Tucker, L.; Wang, Y.; Jones, R.C. (2023). Global principles for restorative aquaculture to 

foster aquaculture practices that benefit the environment. Conservation Science and Practice 

5(8):e12982. 

• Alleway, H.K.; Gillies, C.L.; Bishop, M.J.; Waters, T.; Jones, R. (2018). The ecosystem 

services of marine aquaculture: valuing benefits to people and nature. BioScience 69(1): 59–

68.  

• Aquaculture New Zealand. (2015). A+ oyster sustainable management framework. Nelson: 

Aquaculture New Zealand. 

• Aquaculture New Zealand. (2024). Aquaculture for New Zealand: A sector overview with key 

facts and statistics for 2024. Nelson: Aquaculture New Zealand. 

• Barrett, L.T.; Theuerkauf, S.J.; Rose, J.M.; Alleway, H.K.; Bricker, S.B.; Parker, M.; Petrolia, 
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• Bodycomb, R.; Pomeroy, A.W.M.; Morris, R.L. (2023). Kelp aquaculture as a nature-based 
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