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Introduction

Pacific Northwest LNG (PNW LNG) proposes to construct a gas liquefaction facility on Lelu Island in lower estuary of the Skeena River. The proposed Pacific Northwest LNG project (“The Project)’s infrastructure, including the gas liquefaction facility, jetty and trestle, a material offload facility in Porpoise Channel, and terminal and berth facilities are located near important juvenile salmon habitats near Flora Bank, a large intertidal eelgrass bed situated between Lelu and nearby Kitson Islands that contains 50-60% of all of the eelgrass in the Skeena estuary, and has long been recognized as critical rearing habitat for juvenile salmonids. We are concerned that the proposed mitigation and habitat compensation measures described in the environmental impact statement (EIS) provided by the proponent will not be sufficient to offset losses to fish habitat caused from habitat degradation as a result of construction and operation of this facility, resulting in losses in fish productivity that will affect salmon fisheries throughout the Skeena watershed.

Key concerns with the EIS with respect to potential effects on juvenile salmon habitat are as follows:

Effects of proposed development on critical salmon habitat
The Project is located in an area near the mouth of the Skeena River that has been previously identified as critical juvenile salmonid habitat, which a large proportion of all anadromous fishes, including salmon that rear in the Skeena utilize during their seaward migration. Habitat degradation in this area could affect hundreds of salmon populations totalling millions of fish and the fisheries that depend on them.

Shortcomings in data presented
The proponent did not undertake any field sampling of juvenile salmonids or other important forage fish species such as herring, smelt or eulachon, though all are known to inhabit the proposed development area. The EIS relies on the assumption that similar habitats contain similar fish communities, therefore fish productivity in one area can be replaced by implementing habitat offset measures in another. Data from previous studies in this area do not support this assumption. These aquatic resources must be properly quantified in order to properly assess the potential losses of fish productivity as a result of project development, and the efficacy of potential habitat offset measures.

Conceptual Habitat Offset Plan
The proponent’s prediction that residual effects on marine resources “will not be significant” relies on the assumption that mitigation measures, including fish habitat offset measures will work. However, the Conceptual Habitat Offset Plan presented in Appendix K of the EIS has not been finalized, and stakeholders have not been consulted to provide input on its development, and therefore we are unable to assess whether it is likely to be sufficient to balance the habitat degradation that will occur during and after the construction phase. 

Inadequate consideration of cumulative effects of multiple developments
The EIS has not adequately considered the cumulative effects of multiple industrial developments in this area. At this time, there are several proposed industrial developments proposed for this part of the Skeena estuary.  The proponent maintains that “cumulative effects on marine resources are either not expected to occur or are expected not to be significant”, based on the assumptions (1) that mitigation and habitat compensation measures will offset losses to habitat and (2) that habitat created through compensation measures will be as productive as habitats lost to construction. 
Effects of proposed development on critical salmon habitat

Salmon are immeasurably important to all people of the North Coast and have sustained cultures and economies for many generations. All salmon begin their lives in freshwaters where they rear for up to three years prior to migrating to the ocean as smolts, where they grow for one or more winters prior to returning to spawn in their natal steams. The estuaries which connect freshwater and marine habitats are important habitats for all species of salmon during the physiologically challenging transition between fresh and saltwater. Estuarine habitats, including eelgrass beds such as Flora Bank are especially well known as important nursery areas where juvenile salmonids adapt to brackish waters as they encounter new food items and new predators. Some species, such as pink, chum and Chinook salmon may remain in estuaries for months, and for some, mortality and thus brood year strength, is determined by survival during the first few weeks at sea, including the period of estuarine residence[endnoteRef:1],[endnoteRef:2].  [1:  Parker, R. 1968. Marine Mortality Schedules of Pink Salmon of the Bella Coola River. Central British Columbia. J. Fish. Res. Board. Can. 25(4): 757-794.]  [2:  Kareiva, P., M. Marvier, M. McClure. 2010. Recovery and management options for Spring/Summer Chinook salmon in the Columbia River basin. Science 290: 977-979. ] 


Past proposals for industrial development at the PNW LNG site have been rejected in part because of concerns about the environmental risks that habitat degradation near Flora Bank to salmon productivity[endnoteRef:3]. The EIS provides no evidence that construction of the PNW EIS would not also alter these habitats. The preferred alternative for placement of the terminal and berth, including the turning basin will require dredging 7.7 million m3 of sediment from Agnew Bank adjacent to Kitson Island and Flora Bank, an enormous volume which will alter the existing environment dramatically. A 2013 juvenile salmon study captured all species of juvenile salmon at a trawl station approximately one kilometer from the dredge site for the proposed terminal and berth[endnoteRef:4]. Removing the subtidal soft sediments from this area will affect the benthic invertebrate community, including polychate worms and amphipods that have been found in larval forms in studies of juvenile salmon diets in studies in this area[endnoteRef:5],[endnoteRef:6]. [3:  Hoos, L.M. 1976. The Skeena River Estuary Status of Environmental Knowledge to 1975. Report of the Estuary Working Group, Department of the Environment, Regional Boart (Pacific Region). Special Estuary Series No. 3.]  [4:  Carr-Harris CN, Gottesfeld AS, Moore J. (2014) Migratory bottlenecks as integrators of species- and population-level diversity: the Skeena River estuary, its salmon, and industrial development. PeerJ PrePrints 2:e375v1http://dx.doi.org/10.7287/peerj.preprints.375v1]  [5:  Manzer, J.I. 1969. Food and Feeding of Juvenile Pacific Salmon in Chatham Sound and Adjacent Waters. Fisheries Research Board of Canada Manuscript Report Series No. 1020. ]  [6:  Higgins, R.J. and Shouwenburg, W.J. 1973. A Biologicial Assessment of Fish Utilization of the Skeena River Estuary, with Special Reference to Port Development in Prince Rupert. Northern Operations Branch, Fisheries and Marine Service, Department of the Envrionment. Technical Report 1973-1] 

The proposed jetty and trestle which is 2.5 km in length, would cover an area of over two hectares at the periphery of Flora Bank. This infrastructure alone will result in changes to shading, currents, and predation hotspots, to the benefit of some species and detriment of others, which will alter the aquatic community in this complex habitat[endnoteRef:7]. Finally, the Material Offload Facility, or MOF is located in Porpoise Channel, where construction and dredging will result in the removal of known juvenile coho habitat[endnoteRef:8]. [7:  Williams, G.D. and Thom, R.M. 2001. White Paper: Marine and Estuarine Shoreline Modification Issues. Washington Department of Fish and Wildlife.]  [8:  Carr-Harris et. al. 2014 ] 

Historical Environmental Assessments
Past environmental reviews of areas containing the current proposed Pacific Northwest LNG site were conducted on behalf of provincial and federal agencies in consideration of port development in the area during the 1970s. The National Harbours board commissioned a feasibility study of several potential sites for bulk loading facilities, including one at Kitson Island and Flora Bank. The report concluded, “A limiting factor to the development of the Kitson Island site for a bulk terminal is the detrimental effect it could have on the fish feeding grounds of Flora Bank”[endnoteRef:9]. A subsequent report by Paish and Associates commissioned by the Province of British Columbia went further recommended that development be avoided in all parts of the Skeena estuary, especially at Kitson Island and Flora Bank[endnoteRef:10].  [9:  Wright Engineers Limited, 1972. Port Development, Prince Rupert BC. National Harbours Board of Canada.]  [10:  Howard Paish & Associates Ltd. 1973. Environmental Review of Proposed Port Development, Prince Rupert, B.C. Prepared for Province of British Columbia] 

 The Department of the Environment Fisheries service undertook a field survey of fish and planktonic resources in 1971, and published a brief report in which the authors concluded, “Flora Bank is the most important shallow water area of the Skeena River estuary in terms of rearing juvenile fishes. The proposed port development would completely destroy the complex Flora Bank ecosystem and damage to the fisheries resource of the Skeena River and its estuary would be immense”[endnoteRef:11] [11:  Fisheries Service, Department of the Environment, 1972. A Cursory Investigation of the Productivity of the Skeena River Estuary. ] 

The 1971 study was followed by more thorough investigations of aquatic resources in 1972, which are reported in Higgins and Shouwenberg (1973). This study included a large scale purse seine and trawl sampling project in which thousands of juvenile salmon, herring, and other forage fishes were captured in different parts of the Skeena river estuary. The authors found that the highest abundances of all species of salmon were captured in areas near the northern exit of the Skeena River, in Inverness Passage, Flora Bank, and DeHorsey Bank[endnoteRef:12].  [12:  Higgins and Shouwenberg, 1973] 

The Skeena estuary was designated a “critical estuary” and included in a series of comprehensive reports on estuaries compiled by the federal Department of the environment. The report, “The Skeena River Estuary Status of Environmental Knowledge to 1975” is the most comprehensive compilation of biological and oceanographic data available for this area. The authors of this report noted, 
“Recent Fisheries Service studies have found that the many banks formed by deposited sediment from Skeena runoff are important nursery areas for juvenile fish species. Researchers have stressed the necessity of retaining these habitats in order to maintain the fish populations of the Skeena system”, 
and,  
“As the extensive deltaic deposits, particularly Flora Bank, support various life stages of the valuable fisheries resource of the Skeena River, it is vitally important that these habitats be maintained.[endnoteRef:13].  [13:  Hoos, L.M. 1976] 

A joint federal-provincial committee included a Kitson Island site in its analysis of environmental implications for alternative bulk-loading facilities. The authors again identified high environmental values for the site at Kitson Island where the dredge area would overlap the dredge area for the current Pacific Northwest LNG site. In a table summarizing the impact of the proposed site at Kitson Island, the authors note that dredging in this area would result in the “loss of 300 acres of nursery areas” and “likely permanent reduction in capacity of Skeena for fish, disturbance of invert(ebrate) prod(uction and) food supply.”[endnoteRef:14] [14:  B.R. Hinton & Associates Limited. 1975. Federal-Provincial Joint Committee on Tsimpsean Peninsula Port Development. Prince Rupert Bulk Loading Facility Phase 2: Environmental Assessment of Alternatives. Volume 1. Prepared for Northcoast Environmental Analysis Team.] 

While the EIS for the PNW LNG acknowledges that Flora Bank is critical salmon habitat, it does not consider the importance of adjacent areas, where the fish communities of Flora Bank retreat when the intertidal Flora Bank dries at low tide. It has not properly assessed the consequences of construction activities, such as dredging adjacent subtidal areas, such as the dredge area for the berth and turning basin in Agnew Bank, which is also important habitat for salmon and other forage fish, as has been demonstrated by field studies described below. 
Field studies of juvenile salmonids in nearby areas
Few field studies of juvenile salmon abundance have been conducted in the proposed development area for PNW LNG. Prior to Higgins and Shouwenberg’s biological assessment in 1972, field surveys including beach and purse seine and tow net sampling were conducted by the Department of Fisheries in 1955 and reported in Manzer (1956)[endnoteRef:15]. The 1956 report and unpublished field notes from that project report the presence of all species of juvenile salmonids throughout Chatham Sound, including near the proposed PNW LNG development site. Skeena Fisheries Commission (SFC) conduced several studies of juvenile salmonids throughout the Skeena estuary as part a large scale North Coast baseline sea lice sampling program in 2004, 2005 and 2007. Thousands of juvenile salmon were sampled by trawl and dip net in different areas in throughout the Skeena estuary in each year, including Ogden Channel and all parts of Chatham Sound, including sites near the PNW LNG development site[endnoteRef:16],[endnoteRef:17],[endnoteRef:18].  [15:  Manzer, J.I. 1956. Distribution and movement of young Pacific salmon during early ocean residence. Fisheries Research Board Progress Report #106, 24-28.]  [16:  Gottesfeld, A.S., Ryan, T., Rolston, D., and Proctor, B. 2005. Sea Lice and pink salmon smolts on the north coast of British Columbia. Skeena Fisheries Commission 40p.]  [17:  Gottesfeld, A.S., Rolston, D., Proctor, B., and Ryan, T., 2006. North Coast Marine Baseline Survey and Sea Lice Research 2004 and 2005 Final Report. Skeena Fisheries Commission. 82p.]  [18:  Gottesfeld, A.S., Carr-Harris, C, Rolston, D. 2008. Sockeye Salmon Juveniles in Chatham Sound 2007. Report to Pacific Salmon Forum] 


The most recent field surveys of juvenile salmonids in the Skeena estuary were conducted in 2013 as part of the North Coast Juvenile Salmonid Monitoring (NCJSM) project coordinated by Lax Kw’alaams Fisheries, which included a large scale trawl and beach seine sampling program. A study based on the results of the 2013 Lax Kw’alaams and 2007 SFC field sampling programs, authored by Carr-Harris, Gottesfeld and Moore (2014) describes the temporal and geographic abundance of different species of juvenile salmonids throughout the Skeena estuary. This study, which is currently undergoing peer-review, can be found at https://peerj.com/preprints/375/. The study compared five regions in the estuary, one of which contains several proposed industrial developments, including PNW LNG. All species of Pacific salmon were captured during this study, and salmon were found in all regions of the estuary that were surveyed. This study found that the region of the estuary that contains the proposed PNW LNG contained particularly high trawl abundances of some species in some years. Specifically, juvenile sockeye salmon were 2-8 times more abundant in the proposed development areas than other estuary regions in both years. This region also contained the highest trawl abundances of juvenile Chinook salmon in 2007 and juvenile coho salmon in 2013. Genetic identification revealed that this region supports juvenile sockeye salmon originating from at least 13 populations. Among beach seine sites, the highest catches of juvenile coho salmon were made off Lelu Island[endnoteRef:19]. [19:  Carr-Harris et. al. 2014] 


Shortcomings in data presented

The proponent’s claim that “Collectively, the desktop review and field data provide a complete characterization of the local marine species and habitats” is optimistic, particularly with regard to anadromous salmonids. There have not been enough past field studies to fully characterize even juvenile salmonid abundance or habitat utilization in the PDA, and the proponent’s field program did not include any surveys of the distribution, abundance or habitat utilization of juvenile salmon or other commercially or culturally important fish species. The EIS provides the definition of fish habitat as found in the Fisheries Act, or, “the spawning grounds and nursery, rearing, food supply, and migration areas on which fish depend directly or indirectly to carry out their life processes”. However, rather than using direct field sampling methods to quantify fish habitat, the proponent has described potential changes to habitat in terms of the areas of broad classifications (for instance, marine, intertidal, subtidal) that will be destroyed or altered, and not considered how habitat alteration will affect the specific biological communities that inhabit the proposed project development area. Given the migratory nature and high importance of this area to Skeena salmon, the geographic scope of the local assessment area defined by the EIS, and of field studies to within 500 m of project infrastructure do not accurately reflect the areas that might be affected by this project. The effects to juvenile salmon that might occur as a result of construction and operations at the proposed PNW LNG will affect salmon and salmon fisheries throughout the North Coast and hundreds of kilometers upstream throughout the Skeena watershed.  

No field sampling of juvenile salmon, herring, or eulachon was undertaken by the proponent even though there were hundreds of millions of juvenile salmon migrating through the area at the time that intertidal and ROV surveys were conducted in the last week of May 2013. It is peculiar that the proponent did not carry out any physical sampling to target pelagic fish, as net sampling methods are considerably less costly than ROV surveys. While the objective of the ROV surveys “was not to survey for fish”, statements such as “The area is…important for rockfish, cod, eulachon, and Pacific herring which were rare or absent in field surveys”, and “dominant finfish species observed within the dredge area during field surveys were flatfish (Pleuronectidae), pricklebacks (Stichaeidae), northern ronquil (Ronquilus jordani) and eelpouts (Lycodes spp.)” are misleading in that they suggest that culturally or economically species of fish were not present during field surveys and highlight the inadequacy of their survey methodology. Carr-Harris et al. observed considerable abundances of herring in beach seine sets on Lelu Island during the week that Stantec was conducting intertidal surveys (on the same beach) on behalf of Petronas for the PNW LNG project between May 23-31, 2013. 

The previous field studies of juvenile salmonids on the North Coast have observed considerable geographic variation in abundance of the different species of juvenile salmonids in different areas within the Skeena estuary. Higgins and Shouwenberg (1973) found that the areas where the highest abundances of juvenile salmonids were observed (ie. Inverness Passage, Flora Bank, and DeHorsey Bank) “also have the largest variances with the Flora Bank area showing the greatest variation in size of captures.”[endnoteRef:20] In previous studies where multiple geographic areas were surveyed, the highest abundances of juvenile salmonids were observed in areas adjacent to the northern exit of the Skeena River, including Inverness Passage, Flora Bank and DeHorsey Bank. Carr-Harris, Gottesfeld and Moore 2014 observed that juvenile sockeye salmon were 2-8 times more likely to be found in the region where development is proposed than in other parts of the estuary[endnoteRef:21].  For sockeye and coho salmon, the geographic variability of juvenile salmon abundance across regions was greater than the temporal variability of juvenile salmon abundance across years.  [20:  Higgins and Shouwenberg, 1973]  [21:  Carr-Harris et. al. 2014] 


Previous studies have also demonstrated that there is considerable variability in species composition and abundance between sites. Therefore, in order to assess the potential losses in fish productivity that may occur as a result of habitat destruction or alteration at a specific location, it is necessary to conduct physical fish surveys at that site, which is a standard inclusion in environmental impact assessments for large-scale industrial development projects. For example, several other proponents for of LNG projects in this area, including British Gas, Nexen, and Exxon are currently undergoing this work as part of feasibility studies or environmental impact assessments. We do not understand why PNW LNG, with a project situated in one of the most important known fish habitats in northern British Columbia, should be an exception to this practice.

Conceptual Habitat Offset Plan 
The EIS claim that “fish habitat offsetting measures will ensure no net loss in productivity, resulting in no adverse residual effects to fish habitat” largely depends on the success of a conceptual habitat offset plan to maintain or increase the productivity of habitats for fish populations that have not been quantified. The proponent estimates that approximately 1.3 x 106 m2 of marine fish habitat will be destroyed or permanently altered as a result of construction of the material offload facility and terminal/berth. We disagree with the proponent’s assertion that dredging for the terminal area, which will to remove sediments from an area of about 1.2 x 106 m2 to a depth of 13.6 m, constitutes “permanent alteration” rather than outright destruction. There is no scientific basis to claim that fish and invertebrate communities will ever recover following the removal of 7.7 million cubic meters of sediments and maintenance dredging every 2-5 years thereafter.  
According to the EIS, “a detailed fish habitat consultation plan will be developed in consultation with stakeholder groups”, but this plan, on which the assumption that the Project will result in no net loss to fisheries habitat is based, has not been developed or included in the EIS.  Some of the options presented in the Conceptual Habitat Offset Plan described in Appendix K of the EIS are large-scale engineering projects, such as the creation of rock reefs from dredged materials and the creation of a salmon corridor through Inverness Passage that will themselves require careful assessment, consultation with multiple stakeholders, and permitting. This has not yet occurred. According to the EIS, the Habitat Offset Plan will “be implemented before and during operations”. The operations period is projected to span at least 30 years following construction, which is several generations for many economically important fish species, including all species of Pacific salmon. How will the proponent mitigate for critical juvenile rearing habitat lost to salmon in the period between construction of the project and when the offset plan is complete?
The proponent also maintains that construction of the project components themselves will result in the creation of 3.9 x 105 m2 of subtidal habitat, including “the vertical portions of the pilings and on the breakwaters…with the majority of habitat created from project components… attributable to the seabed armouring around the marine terminal dredge area”, effectively replacing one type of already productive fish habitat with another. There is not sufficient information to assess whether these structures or rocky reefs created as habitat offset will affect the food web dynamics of the existing aquatic community. For example, among all regions surveyed, Higgins and Shouwenberg (1971) observed significant numbers of benthic invertebrates such as amphipods on which juvenile salmonids prey only in the areas adjacent to Flora Bank[endnoteRef:22], such as the proposed dredge site for the PNW terminal. Dredging these sediments may result in removing an important standing crop of these fauna, at the same time as installing riprap and rocky structures in their place may provide habitat for predators of juvenile salmonids.  [22:  Higgins and Shouwenberg, 1973] 

The EIS contains no evidence to support the claim that “With mitigation and habitat offsetting, the viability of local populations, or the species and community assemblages of the LAA are not expected to be compromised by project activities”. The proponent’s failure to conduct an adequate biological assessment of aquatic resources in the PDA does not inspire confidence in their ability to design and implement a habitat offset compensation plan of this magnitude, or to monitor its effectiveness. 
Inadequate consideration of cumulative effects of multiple developments

The EIS has not adequately considered the cumulative effects of multiple industrial developments in this area. At this time, there are several proposed industrial developments proposed for this part of the Skeena estuary, including PNW LNG, a second LNG terminal on the south side of Ridley Island, and a potash terminal on Ridley Island.  While the EIS maintains that “cumulative effects on marine resources are either not expected to occur or are expected not to be significant”, the proponent has failed to demonstrate that there will not be any detrimental effects to fish habitat from their own project, which means that even if this was the only project in the area, there would be cumulative effects. The reality is that the combined dredge volume for Pacific Northwest and Prince Rupert LNG facilities may exceed 10 million cubic meters of sediments combined near Agnew Bank, and that the two proponents have proposed to construct material offload facilities (MOF) opposite one another in Porpoise Channel, which will require extensive foreshore modifications and dredging totalling at least 1.5 million cubic meters of sediments from extremely productive fish habitat. The cumulative effects will not be insignificant considering the combined effects of multiple dredge sites, two sets of jetties and trestles, and twice the marine traffic during operations. 
Conclusion

The Environmental Impact Assessment presented by Pacific Northwest LNG raises significant concerns that the proposed project will affect critical estuarine habitats that support returns of millions of salmon to the Skeena River each year. The project area has been identified as critical salmon habitat by regulatory agencies in response to industrial development in the past. The proponent has not presented a comprehensive fish habitat offset plan or mitigation strategy on which the assertion that there will be no net loss of fish habitat in the project area depends. 
The proponent has also failed to produce an adequate assessment of biological resources, particularly for salmon, at the project site and in surrounding areas. Sufficient data do not exist to fully quantify the number of salmon that would be affected if the proposed project moves forward. Data from previous work in the estuary has demonstrated that the waters off Lelu Island and surrounding areas are in fact important juvenile salmon habitat and that there is considerable site-level variability in the distribution of juvenile salmonids throughout this area. Therefore, the proponent’s assumption that fish productivity can be quantified based on habitat characteristics alone is incorrect. Finally, the PNW LNG is one of several proposed industrial development projects proposed for this area at this time. The environmental risks of a single project cannot be evaluated without considering the cumulative effects of multiple industrial developments when they are likely to affect the same populations of such iconic fishes as Skeena River salmon. 

