Q2 Does the current site swapping proposal offer a significant opportunity for New Zealand Salmon farming in managing its environmental footprint. Discuss.	 

The 2017 MPI report from the Marlborough Salmon Farm Relocation Advisory Panel proposes that six existing salmon farm sites should be decommissioned and that six new sites should be developed  (Industries, n.d.-d). The maps below (Figures 1 & 2) show the locations of the existing and proposed new sites. The new sites being: Blowhole Point North, Blowhole Point South, Waitata Mid-Channel, Horseshoe Bay and Richmond Bay South in Pelorus Sound and in Tory Channel, Tio Point. MPI proposes to close sites in a staged process in the order: Ruakaka, Otanerau, Waihinau Bay, Forsyth Bay and Crail Bay. 
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Figure 1
From: Marlborough Salmon Farm Relocation Advisory Panel Report
Figure 2[image: ]
From: Marlborough Salmon Farm Relocation Advisory Panel Report

The question is, why relocate sites? Primarily the reason is that several sites currently being farmed in the Marlborough Sounds are in inappropriate locations and this has resulted in significant environmental degradation, mostly of the benthic community directly under the cages. An Enrichment Scale (ES) (Figure 3) has been developed to measure this impact (Industries, n.d.-a). 
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Figure 3
From: Best Management Practice guidelines for salmon farms in the Marlborough Sounds

ES 5 has been set as the maximum level of impact for a salmon farm directly beneath the cages and ES 3 at the outer limits of the effects of the farm. At ES 5, species diversity has declined and worms and nematodes dominate. At levels exceeding ES 5 serious degradation occurs with depleted oxygen, increased sulphides and an anoxic environment unsuitable for most marine invertebrates, and potentially problematic for the fish. The causes of benthic degradation are uneaten food and faeces dropping onto the seabed resulting in organic enrichment (James, Hartstein, & Giles, n.d.), (MacLeod, Crawford, & Moltschaniwskyj, 2004). In 2017  four sites in the Marlborough Sounds would be non-compliant, by exceeding ES 5 (Industries, n.d.-d). 
Currents disperse the organic waste and so impacts decline moving away from the area directly under cages (Figure 4). The shallow, low flow sites such as Ruakaka and Forsyth (potentially smolt rearing only) have been shown to be most damaging (Industries, n.d.-b) and are therefore the sites identified for the first stage of relocation. Along with relocation MPI proposes to adopt an adaptive management regime where feed levels will be incrementally increased only when monitoring shows ES5 (inner areas) and ES3 (outer areas) are not exceeded (Industries, n.d.-d) 
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Figure 4
From: Best Management Practice guidelines for salmon farms in the Marlborough Sounds

Relocating sites not only has the potential to reduce environmental impacts but it will also benefit the farms economically. King Salmon report that their low flow sites have poorer FCR and higher mortality than their higher flow sites, making them less profitable (“NZK-1H17-Results-Presentation.pdf,” n.d.), see also figure 5.
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Figure 5 King Salmon Harvest 2017
From: NZ King Salmon Highlights 

While relocating to higher flow sites is likely to reduce the benthic environmental footprint of the farms there are some possible “fish hooks”. A peer review of NIWA’s assessment raised concern that the new sites have strong currents  (up to 30cm/s) and would thus be highly dispersive, spreading organic waste over a large area (Industries, n.d.-c). While this is the point of moving to high flow sites it was recognised that there is the potential for “hot spots” to develop where current flows suddenly reduce and waste could then fall in a narrow area (Industries, n.d.-c). Ongoing and extensive monitoring will be required to ensure the new sites are appropriately located to avoid such “hot spots”.
While site swapping does provide the opportunity to reduce benthic impacts, of even greater benefit would be having sufficient sites to allow for crop rotation and fallowing. Overseas studies have shown that leaving degraded sites fallow does lead to the benthic community recovering (Brooks, Stierns, & Backman, 2004). Full recovery of the benthos directly under sea cages is likely to take years. However, the impacted zone away from the cages can show significant recovery after a few months (MacLeod et al., 2004). This has also been reported for sites in the Marlborough Sounds (Keeley, Forrest, & Macleod, 2015). Another option could involve the vacuum removal of deposited organic material. However, it is unclear whether that strategy would have an overall positive effect and King Salmon favour natural remediation until it is shown whether vacuum removal is beneficial (Industries, n.d.-d). The plan to relocate the Otanerau farm to Tio Point, the Waihinau Bay farm to South Richmond, and the Ruakaka farm to Horseshoe Bay, is confidently expected to enable salmon farming at the new high-flow sites with direct benthic impacts under all operating salmon farms maintained below ES 5 (Industries, n.d.-d).
Benthic degradation is not the only impact of salmon farm operations. Significant nutrient enrichment also occurs (“ae01environimpact.pdf,” n.d.). Figure 6 shows the predicted nitrogen load to the water column for an Atlantic Salmon farm in Scotland. The situation would be of a similar magnitude for the Marlborough salmon farms. This nutrient enrichment has the potential to cause phytoplankton blooms, including toxic and nuisance species. This has contributed to considerable opposition to King Salmon’s operation in the past. 
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Figure 6  Nitrogen release from a salmon farm
From: Fisheries Research Services, Scotland

While moving some of the existing farms in the sounds to high flow sites makes sense with respect to benthic impacts it will not reduce the overall level of nutrients released, but nutrients would be dispersed and diluted more. So, the question is, what is the impact of elevated nutrients?  According to modelling studies carried out by Cawthron the impact would be “less than minor” (Industries, n.d.-d). Studies carried out in Stewart Island back up this view where it has been reported that N inputs from the salmon farms (over a 20 yr period) have not lead to an increase in phytoplankton and that the problems experienced in the past with algae blooms causing mass mortality were due to natural La Nina conditions (James et al., n.d.). 

Under the rules of the New Zealand Coastal Policy Statement 2010, any marine farming operation must take a precautionary approach with respect to endangered wildlife. It so happens that this applies to the existing and proposed sites. King Shags (see figure 7) are an endangered species restricted to the Marlborough Sounds, at only 839 birds they are one of the rarest seabirds in the world  (“Rare King Shag survey results | New Zealand King Salmon,” n.d.). King Shags are prone to disturbance from human activities (Industries, n.d.-d). King Salmon has been working with DoC and local iwi and have a management plan in place. [image: ]
Figure 7 King Shag (the big one in the centre with pink feet)
Photo credit: Graeme Bloomfield
Note: I am not sure if the 839 includes this one we often see on Adelle Island, maybe there are 840 of them.
In the sounds the major King Shag roosting colonies are near Forsyth and the Trio Islands with birds foraging in the outer sounds and the Northern Pelorus areas. Of the proposed new sites Tio Point is outside the foraging area while Blowhole North, Blowhole South, and Waitata Reach Mid-Channel are within the range of the birds. Two other sites (Richmond Bay South and Horseshoe Bay) are near the limit of their range. Relocating the Ruakaka, Otanerau and Waihinau farms is likely to be beneficial to the population of King Shags as the disturbances caused by farming operations there will be removed and the new sites are far enough away so are unlikely to impact on the birds. 
A further environmental impact caused by salmon farming was particularly noticed this summer where considerably higher than normal sea water temperatures (“Climate Summary for January 2018,” 2018) caused the loss of over a thousand tonnes of salmon (“NZ King Salmon to finish fiscal year nose up, despite heat-related fish deaths,” n.d.). These fish have to be disposed of and currently the only option has been to send the dead fish to landfill (“Thousand tonnes of dead fish poses problem for King Salmon,” 2018). While this practice does not create an environmental issue for the marine area there is nevertheless an impact on the terrestrial environment. Given that the sites that suffered the worst mortality were the shallow, low flow sites tagged for removal (especially Ruakaka) then moving these to deeper higher flow sites is likely to have a positive environmental outcome through needing to dispose of fewer mortalities.
One final benefit of relocation of farms to high flow sites concerns the threat of disease. In 2012 high mortality at the low flow Waihinau site was initially attributed to sub-optimal environmental conditions. However, testing showed diseased fish were infected with rickettsia-like agent (NZ-RLO) and the endemic opportunist bacterium Tenacibaculum maritimum  (Industries, n.d.-e). This outbreak at the low flow site in Waihinau Bay highlights the increased risk of disease emergence in fish cultured at suboptimal sites (Industries, n.d.-e). Removing sub-optimal low flow sites in favour of deeper, higher flow sites reduces the risk of outbreaks of infectious diseases and the spreads to wild populations (Industries, n.d.-e).

In summary the proposal to swap poorly sited farms for deeper, high flow sites does offer the industry a significant opportunity to manage and reduce the environmental footprint of salmon farming. This will come about by: 
· reducing benthic degradation due to organic waste build-up
· reducing the possible (although unlikely) impact of nitrogen in the water column
· reducing the impact on King Shags by moving the operations away from roosting and foraging areas
· reducing the number and thus impact of mortalities caused by high temperature stress
· reducing the risk of disease outbreaks. 

[bookmark: _GoBack]Seems a no-brainer. Of course global warming may have the final say by making salmon farming in the sounds not viable in the long term.
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HARVEST PHASING

In the first half we typically harvest from smaller less efficient sites. Accordingly
the cost of fish harvested* is typically higher

As such, the per kg cost of fish harvested* is higher in TH17 than we expect in 2H17F, as we harvested from smaller
less efficient sites, as well as new farms in their initial stages of development.
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