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Strait of Georgia Ecosystem Research Initiative 

Blueprint for Synthesis and Integration 

 
 
The Strait of Georgia is the focus of many resource management and scientific issues 
within the Pacific Region of Fisheries & Oceans Canada. Public perception and on-going 
work in the Strait of Georgia shows that this marine ecosystem is facing significant 
stresses and possible threats. It is likely that these will bring major changes in the Strait 
of Georgia, and management will benefit from an understanding of these changes and 
their causal mechanisms in an ecosystem context.  
 
The Strait of Georgia Ecosystem Research Initiative had an initial planning phase during 
Fall 2007, with active research projects being conducted from January 2008 to March 
2011. Additional funding for FY 2011-2012 is now being provided to assist with the 
integration and synthesis of this Initiative. This document develops a blueprint for the 
integration and synthesis of the Strait of Georgia Ecosystem Research Initiative.  
 
 
Program overview 
 
The main themes of the Initiative are to:   
1) Understand how this system works (What controls the productivity?) 
2) Identify the drivers of change acting on the Strait and how these drivers might change 
in the future (What controls the resilience?) 
3) Develop science-based management and decision-making tools to support healthy and 
sustainable marine resources. 
 
Large-scale drivers of change are as identified in Table 1. Several hypotheses were 
defined relating to the three main themes: 
 
Theme 1.  
Productivity: What controls the productivity of the Strait of Georgia? 
What controls the productivity of the Strait of Georgia – at all trophic levels – and how 
this productivity is likely to be impacted by those factors which are driving changes in 
the Strait, are key questions for assessing the current and potential future states of the 
Strait. What controls the production of plankton, and how is this transferred up the food 
web to fish and higher trophic levels? Several hypotheses have been proposed relating to 
this question: 
 
Hypotheses: 

1. The advection of nutrient-rich deep water into the Strait ‘primes the production 
pump’ and is the key to the productivity of the Strait. This advection is affected by 
processes controlling the estuarine circulation of the Strait such as the 
characteristics of the deep source waters on the continental shelf west of Vancouver 

 1



  27 June 2011 

Island, the vertical stratification, and tidal and wind mixing. A change in the timing 
of the spring freshet in relation to the spring transition of the coastal winds and/or 
the establishment of the seasonal near surface stratification within the strait could 
affect the estuarine circulation and have a potentially strong impact on the nutrient 
supply to the euphotic zone of the strait. 

2. Transfers of this production to higher trophic levels are mediated by the species 
composition of the phytoplankton – diatoms, flagellates, harmful algal blooms. 
Specific locations (“hot spots”) such as tidal mixing fronts and other features are 
significant to the productivity of the Strait and to food web transfers, in particular 
outside of the spring bloom period. The locations of these features may not shift 
over time (because they are topographically-fixed) but their use by different species 
and their related vulnerabilities may change, affecting the functioning of the entire 
system. 

3. Growth and survival of higher trophic levels is determined by both the quality and 
availability of the lower trophic levels (“junk food hypothesis”). Food quality is 
determined by the chemical composition of prey species assemblages and their 
growing conditions.  

4. The types of higher trophic level species that are supported by this production is 
determined by the cycling of plankton production within the pelagic or demersal 
food webs. For example, the Strait of Georgia has tended to support larger 
populations of pelagic species than demersal species, suggesting a dominance of 
pelagic rather than demersal food webs. 

5. Warming and changes in winds and river flow patterns advance the spring plankton 
production cycle, leading to reduced production later in the spring at times when 
juvenile salmonids enter the Strait of Georgia (either from rivers or hatcheries), 
resulting in reduced growth and survival of these slamon.  

6. Processes which improve the match and/or increase the duration of this production 
period favour improved salmon growth during their early ocean period. Salmon 
which grow rapidly earlier in the year have greater energy reserves to survive their 
first winter, leading to improved survival to the adult return stage. 

7. Coho and Chinook enter the Strait of Georgia later in the year than other species of 
salmon, and therefore enter an ecosystem which is more variable in its productivity 
and with greater competition for food from herring, hake and other species of 
salmon. This has resulted in more variability and recent decreased abundances of 
coho and Chinook salmon in the Strait. 

8. Contaminants are major constraint on the productivity and abundance of higher 
trophic level species. 

9. Fishing has a significant overall negative effect on the productivity of the Strait of 
Georgia ecosystem. 

 
Theme 2.  
Ecosystem Resilience: What properties/characteristics of the Strait of Georgia ecosystem 
provide resilience against major disruptions and collapses of the system? Conversely, 
what are the “sensitive” ecological properties and/or processes in the Strait whose 
changes have high impacts or leverage on the ecosystem?  
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Hypotheses: 
10. Because of its current altered conditions, the Strait of Georgia has reduced 

resilience (increased vulnerability) to external stressors.  
11. As a consequence of transport mechanisms associated with the estuarine circulation, 

the subsurface waters of the strait have been warming faster than the offshore 
ocean. This increased warming rate which is observed at depth in the Strait 
indicates an increasing vulnerability to global climatic changes. 

12. One major catastrophic event, such as a major tsunami or a large slope failure of the 
Fraser delta could significantly affect the bottom and/or nearshore habitats and 
cause irreversible changes in the ecosystem of the Strait. 

 
 
Theme 3.  
Science-based management and decision-making approaches and tools in an ecosystem 
context. 
 
The Initiative has developed computer models of the physical properties and circulation 
in the Strait of Georgia based on atmospheric and physical forcing. It has developed a 
lower trophic level plankton model which can be coupled with the physical model to 
simulate how changes in physical conditions can affect lower trophic levels. It has 
developed two upper trophic level (fish) models to simulate how these upper trophic 
levels respond to changes in food conditions, fishing, etc. Although not yet implemented, 
one goal is for one or both of these upper trophic level models to be coupled with the 
physical and lower trophic level models to provide a ‘full ecosystem’ simulation for the 
Strait of Georgia.  
 
In addition, two decision-support models have been developed, using a Bayesian network 
approach. One has been applied to understanding the early marine survival of Coho 
salmon, and the interactions between hatchery and wild juveniles as well as changing 
climate conditions. The other is being used to develop ecosystem indicators and to 
identify the likely consequences of the current values of these indicators for management 
decisions.  
 
A CSAP science advisory document has been produced proposing a framework for DFO 
Science support of an ecosystem approach to managing the Strait of Georgia. This 
process recommended an approach based on ecosystem indicators, an integrated 
monitoring program, selection of baselines for reporting on indicators, spatial 
management, identification of anthropogenic stressors, and identification of critical 
thresholds for major stressors. Overarching elements of this approach will be modelling 
and data management. The report also identified some important knowledge gaps.  
 
This CSAP process made several specific recommendations, including: 

• conduct a collaborative process for the selection and evaluation of ecosystem 
indicators and the monitoring programs needed to collect these data; 

• evaluate the anthropogenic stressors (e.g., Table 1) and consider if any are 
missing; 
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• continue to develop and evaluate the ecosystem models for the Strait of Georgia, 
and identify others that may be needed for specific questions (such as spatial 
management or invasive species); 

• collaborate with the process being developed for the PNCIMA Region to identify 
ecosystem-level objectives for management. 

 
 
Funded projects and their findings over the project years can broadly be allocated into 5 
categories:  

• Ecosystem structure and function – temporal variability 
• Ecosystem structure and function – spatial variability 
• Ecosystem structure and function – food webs, as drivers of productive capacity 

and species linkages 
• Modelling and synthesis 
• The Future: climate change and other stressors 

 
Synopses of preliminary results from these projects as they relate to the above themes are 
provided in the Appendix.  
 
 
 
Key goals/outputs for Strait of Georgia ERI Integration and Synthesis  
 
The key goals and outputs for this Initiative relate to the three main themes established at 
the outset: 
1. describing how the ecosystem of the Strait of Georgia works, in terms of what controls 
its productivity, what are the major drivers of changes in this system and, assuming these 
drivers will continue, what are potential states of the Strait of Georgia ecosystem in 20 
years (e.g. around 2030); 
2. identifying the key controls on the resilience of this ecosystem to perturbations, i.e. 
what components and/or properties of the ecosystem provide resistance to change due to 
perturbations, or what components or properties allow the system to quickly return to its 
previous state after a perturbation. This theme can also be restated as identifying which 
ecosystem components or properties are highly sensitive to what kinds of perturbations 
and therefore have high leverage on the overall system state.  
3. developing science-based tools to assist with management and decision-making, 
including a framework for an ecosystem approach to managing the Strait of Georgia. 
 
In addition, the project should identify key knowledge gaps to understanding these 
themes, and propose a series of logical next steps for the application of an ecosystem 
approach to managing this system.  
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Action plan to achieve these goals / outputs 
 
1) Completion of current projects and publication in the primary literature.  

A process is underway to complete the current studies and publish them together in a 
primary journal. We have selected Progress in Oceanography. A synthesis workshop 
is planned for mid-September 2011 so that each project can present their results, to 
encourage cross references and to extract the material for a synthesis paper in that 
special issue. In addition, consider preparing a ‘cartoon’ schematic of how the Strait 
of Georgia ecosystem works, for public outreach.  
 
Funding: $15k funding to support preparation of public outreach products and to 
support preparation of primary papers, to be held in the ERI Admin budget. 
The workshop activity is scheduled for 13-14 September 2011 with a due date for 
submission of papers being end of October, which should lead to publication in hard 
copy by fall of 2012. We propose this activity to continue as planned, with papers 
from the projects described below either fitting in to this process as it moves along or 
being published separately. 
 
 

2) Support for modelling. 
Models are a key tool in the integration and synthesis of any large project. The 
ultimate goal is to develop a coupled physical to upper trophic level model which can 
be used to explore the impacts of external forcing on the ecosystem and to examine 
issues of vulnerability and resilience to advise on management decisions. Support 
should be provided to the modelling activities to complete the integration across 
models and to identify vulnerable system components: 
• couple physical – lower trophic level models so they can simulate multiple years. 

These coupled models should be used to explore the hypotheses on how this 
ecosystem works and what controls its resilience. Product: model and primary 
paper; 

• continue developing the upper trophic level models. Specifically, it is 
conceptually straightforward to couple the Ecopath with Ecosim (EwE) model to 
the physical – lower trophic level model, to produce an “end-to-end” ecosystem 
model which can be used to understand ecosystem function and vulnerabilities to 
disturbances, and potential responses to climate change. In practice, this is likely 
to be difficult but should be “doable”. In addition, Ecopath with Ecosim models 
have been used elsewhere to explore ecosystem indicators and questions of 
ecosystem resilience to perturbations. Therefore, the Strait of Georgia EwE model 
should also be used to identify these properties, in addition to its coupling with 
outputs from the physical-lower trophic level models. Product: primary paper and 
input to indicator workshop (#3, below). 

 
Funding: Funding to assist with coupling the physical and lower trophic level models 
to succeed at simulating multiple years, and to assist with coupling these models to 
the Ecopath with Ecosim (EwE) upper trophic level model [$25K]; one Post-
Doctoral/Research Assistant scientist for the EwE model to couple with the lower 
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trophic level models and to identify ecosystem-level indicators and features providing 
resilience to the system (or which have high vulnerability/leverage on system 
stability) [$65K]. 

 
 
3) Follow recommendation from the February 2011 CSAP Regional Advisory Process to 
continue developing a framework for science support of an ecosystem approach to the 
Strait of Georgia: 

The CSAP process recommended a workshop to identify ecosystem indicators for the 
Strait of Georgia, and the associated needs for observational programs and 
monitoring. Some of this work has taken place as part of the ERI. However, it is clear 
that a process which involves broader participation is needed. This additional ERI 
funding provides the opportunity to hold a workshop which will produce a paper 
recommending leading ecosystem indicators and observational and monitoring needs 
for the Strait of Georgia. The EwE modelling activity noted above regarding 
identifying ecosystem indicators and ecosystem resilience is expected to provide 
additional inputs to this workshop. The workshop will also involve collaborations 
(already begun) with DFO Oceans Sector on potential ecosystem management 
objectives for the Strait of Georgia (currently by reference to objectives being 
proposed for PNCIMA), and participation from relevant non-DFO organisations such 
as Environment Canada, the Puget Sound Partnership, etc.  
 
Funding: $30K for this activity and workshop 
 

 
4) Integration within similar groups of ERI projects 

This activity is a key part of integrating the Strait of Georgia ERI projects. It needs to 
be directed towards the key goals and leading hypotheses of this ERI project (see 
Program Overview, above). The following topic groups are proposed (numbering of 
hypotheses follows that on pages 1-3 of this document): 
• Ecosystem structure and function – time and space variability (Hypotheses 1 and 

2) – physical and lower trophic level modelling; spring bloom spatial patterns; 
benthic releases; spatial ‘hotspots’ 

• Ecosystem structure and function – food webs (Hypotheses 5 and 6, generalised 
to extend beyond salmon) – zooplankton temporal variability; salmon hatchery 
releases; herring; seal bioenergetics; other marine mammals 

• Ecosystem structure and function – focus on salmon (Hypothesis 7) – issues with 
Chinook and Coho focus 

• “The Future”, climate change and other stressors – the SofG in 2030: seal 
contaminants, projected climate and river forcing with circulation responses, 
statistical analyses of past variability to project the future 

 
Investigators involved in ERI projects will be asked to form teams to examine how 
their projects and their hypotheses contribute to the productivity and resilience of the 
Strait of Georgia ecosystem in regards to these themes. Their goal is to produce a 
synthesis paper for each topic that addresses one of more of the major ERI objectives. 
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Each of these teams/projects will have two co-leads, one from IOS and the other from 
PBS. Each team will be expected to work with the ERI co-leads to prepare a plan for 
their topic. Synthesis papers will be due by 31 March 2012; if they are ready earlier 
they could be submitted to the Strait of Georgia journal special issue (see Action 1, 
above).  
Funding: each group would be allocated $32K to spend on their task. 
 
 

5) Internal evaluation of Strait of Georgia ERI program 
The Strait of Georgia Ecosystem Research Initiative represents a significant 
investment of DFO resources, allocated from Ottawa as a special program. It has been 
organised as a combination of “top-down” and “bottom-up” program management. 
Lessons and recommendations should be derived from this program about how to 
manage similar large science programs directed towards specific issues. This activity 
will provide an internal review of this program. It will obtain comments from the 
Pacific Science Managers Committee, the co-Chairs of the ERI program, members of 
the Scientific Steering Committee, and from individual project investigators. These 
will be collated into a report on the management of this program. It will be ready in 
time for a national review of ERI programs, expected sometime in early 2012. 
 
Funding: $12K, to be held in the Admin budget 
 
 
 
Management of Strait of Georgia ERI program synthesis activities 
 
The management of these synthesis and integration activities for the Strait of Georgia 
Ecosystem Research Initiative will include the following: 
Responsibilities: 

- program co-chairs: overall leadership, direction and integration; budget 
management; reporting to Region and to Ottawa; supervision of journal special 
issue and its workshop (Action 1, above); conduct of program evaluation (Action 
5, above); 

- Scientific Steering Committee members: leadership of integrating teams (Action 
4, above); participation in program evaluation; serve as co-Guest Editors for 
special journal issue; 

- project Principal Investigators: preparation of project papers for journal special 
issue or primary publication elsewhere; participation in program evaluation; 
leadership of integrating teams (as requested) and/or participation in teams; 
participation in ecosystem indicators workshop (as appropriate) (Action 3, above). 

 
Decisions within the program management (consisting of co-Chairs plus Scientific 
Steering Committee members) are made by consensus, but responsibility and 
accountability rests with the ERI co-Chairs.  
 
Measureable outputs are identified above for each of the Action items.  
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Summary of proposed funding allocation: 
Team synthesis:                 4*32K = 128K 
Upper trophic modeler:           65K 
Physical+lower trophic:          25K 
Indicators and observational programs workshop                30K 
Admin (includes publication assistance, outreach, and review activities)            37K 
TOTAL                                    285K 
 
 
 
 
Table 1. “High level” classification of ‘natural’ and ‘direct anthropogenic’ stressors 
that impact the Strait of Georgia marine ecosystem. 

 
 
“Natural” ‘Natural’ environmental variability - interannual changes 

- decadal changes 
 Secular environmental change  - climate change 

- ocean acidification 
- sea level rise 

“Direct 
anthropogenic” 

Natural resource use - commercial shellfish and finfish harvest 
- recreational shellfish and finfish harvest 

 Introductions of non-native species - shipping 
- aquaculture imports 

 Fish culture activities - aquaculture (shellfish; finfish) 
- hatcheries (salmonids) 

 Contaminants - eutrophication   
- agricultural runoff, industrial effluent 
- sewage and urban storm water  
- marine debris   
- hazardous and accidental spills 
- atmospheric transport of contaminants 

 Development/land use - residential development   
- commercial and industrial activities 
- tourism and recreation  
- shoreline modification  
- agriculture, silviculture  
- transportation infrastructure 
- shipping (noise, vessel strikes)  
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Appendix 
 

Ecosystem structure and function – Temporal variability 
 
Moorings situated in the northern and southern Strait of Georgia have provided 
observations of short time scale events relating to winds, rainstorms (river flow peak) and 
phytoplankton blooms. The northern Strait is susceptible to wind and rain events whose 
effects can penetrate to 50 m and persist for several months. In contrast, the southern 
Strait is strongly affected by the Fraser River, which increases the vertical stratification 
and buffers this part of the Strait against the effects of winds.  
 
Throughout the Strait, organic materials, nutrients, and many contaminants settle to the 
bottom, where they may be resuspended given the right physical conditions. They 
provide “recorders” of deposition trends, showing that some contaminants are increasing, 
whereas others are decreasing. Resuspension can occur on event time scales, e.g. under 
neap-tide conditions which favour deepwater renewal events. Increases in oxygen and 
turbidity levels along with a decrease in water temperature at depth have been observed 
suggesting an association between benthic resuspension and deep-water renewal within 
the basin. 
 
DNA analyses of juvenile salmon in the Strait of Georgia indicate that, in recent years, 
Harrison River sockeye salmon appeared in the Strait in July and were the dominant 
sockeye stock in the Strait of Georgia in September.  This is important information as the 
Harrison River stock had increased marine survival in recent years whereas the marine 
survival of other (lake-type) Fraser River sockeye salmon stocks declined.  To understand 
the mechanisms that may be regulating the marine survival of sockeye salmon in general, 
and this stock in particular, it is important that we understand the marine distribution 
patterns and if there are specific rearing areas within the strait for various stocks or if the 
distribution between years varies. 
 
 
Ecosystem structure and function – Spatial variability 
 
The Strait of Georgia has a mix of shallow and deep (300 m) benthic habitats, which 
creates differences in the extent and importance of benthic-pelagic coupling. The fine-
scale bathymetry is dynamic, due to isostatic rebound, slumping, sea level rise, dredging, 
construction, and shoreline hardening.  
 
Nearshore habitats have been identified and classified at fine spatial scales. Such habitats 
can be impacted by urbanisation and up-land processes. These classifications are being 
used for analyses of nearshore and subtidal invertebrate and fish species. For example, 
habitat suitability modeling uses bathymetry, tidal velocity and chart substrate to identify 
‘good’ subtidal Pacific sand lance burying habitat and to evaluate its distribution in the 
Strait of Georgia. Sand lance are potentially an important mid-trophic level prey species, 
but which is very difficult to sample and so it is not well-known in the Strait of Georgia.  
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Locations at which species concentrate or where there is high biological activity have 
been called “hotspots”. They are being identified in the Strait of Georgia, for example in 
central Strait (e.g. Malaspina Strait) in late winter, where early phytoplankton blooms in 
Jervis Inlet may seed phytoplankton into Strait of Georgia 
 
Locations of increased acoustic scattering (“hotspots”) in fall 2010 appear to be related to 
feeding aggregations of predatory fish (pollock, herring) on plankton: “hotspots” in 
winter 2009 were primarily pre-spawning aggregations of hake & herring. A shift in 
species composition from Pacific hake to walleye pollock was noted between winter 2009 
and fall 2010, which may represent a normal seasonal shift between winter and fall, or 
perhaps a more substantive change in composition. It also raises the question as to 
whether hake and pollock may play similar roles as semi-demersal predators in this 
ecosystem.  
 
DNA analyses of juvenile salmon indicate that the Gulf Islands are important nursery 
areas for out-migrating salmon. Juvenile salmon in this region in June and July are 
dominated by Cowichan River Chinook salmon, suggesting that the Gulf Islands is a 
critical rearing habitat for this stock and that they remain and rear in this area for an 
extended period of time.  In 2010 (and consistent with the previous there years), 69 
distinct stocks were identified between July and September with the majority of these 
(44) originating from the Fraser River.  Other stocks identified included eight from the 
east coast of Vancouver Island, five from south coast mainland and eight from 
Washington State.   
 
The early marine mortality of juvenile coho salmon is greater in the Strait of Georgia 
than in Puget Sound. Over the period of declining marine survival, the sea surface 
temperature in both regions has increased. The preferred temperature range of coho 
salmon is between 12 and 14°C. The average SST in the Strait of Georgia during May to 
September 1980 to 2007 is 15.6°C compared to 13.2°C in Puget Sound. Thus, coho 
salmon in the Strait of Georgia over the past three decades have been rearing slightly 
outside of their preferred temperature range whereas those in Puget Sound have seen 
optimal temperatures.  This variation in temperature between the regions is critical as 
higher temperatures can have great impacts on the bioenergetics of juvenile Pacific 
salmon, and these responses are more pronounced when fish are at or near the marginal 
temperatures for optimal growth. 
 
 
Ecosystem structure and function – Food webs, as drivers of productive capacity 
and species linkages 
 
Modelling studies by UBC suggest the timing of the spring phytoplankton bloom 
throughout the Strait of Georgia is controlled largely by surface winds, and secondarily 
by freshwater runoff (dominated by the Fraser River). Wind strengths have decreased 
during the late winter over the past few decades, leading to earlier timing of the peak in 
spring phytoplankton bloom. This is consistent with a Trans-Pacific trend toward earlier 
onset of diapause in copepods, associated with a warming ocean climate. The timing of 
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peak copepod biomass has also shifted earlier, and there have been changes in copepod 
species composition, with a big change ~1999-2000 from “BigLipidRich” species to 
“BigButLean” & “small” species. 
 
Significant declines in the survival of Coho salmon have occurred over the past 25 years 
for five hatchery and one wild coho salmon populations. Analyses indicate the heavier 
smolts had the highest survivals (4 of 5 hatcheries). In recent years, fish released later 
within a year generally survived better than those released earlier (for 2 hatcheries). 
There is no indication that manipulating smolt sizes and/or their release timing will 
improve survival rates for Strait of Georgia hatchery coho salmon.   
 
Evidence suggests that there is an interaction between juvenile pink and coho salmon 
during their early marine period in the Strait of Georgia and that this interaction may 
impact the resulting marine survival of coho salmon.  The impact on hatchery and wild 
salmon is not consistent and appears greater for hatchery fish and should therefore be of 
concern to hatchery managers.   
 
Food quality can be as, or more, important to successful functioning of the marine food 
web as food quantity. The stable isotopes of carbon and nitrogen are one measure to 
compare prey quality at the base of the marine food chain. Data available to date indicate 
that carbon and nitrogen isotopic signatures are higher in medium size zooplankton 
compared to small size zooplankton, suggesting that larger zooplankton occupy a slightly 
higher trophic level; there may also be seasonal differences in the source of carbon to 
these pelagic food webs as the Fraser River dominates the southern Strait from Spring to 
Fall. Carbon and nitrogen isotopic signatures were lower for juvenile sockeye salmon and 
higher for juvenile coho salmon, consistent with the expected diet of these fish: juvenile 
sockeye salmon are generally planktivorous, whereas juvenile coho salmon and Chinook 
salmon feed on a mixture of forage fish and zooplankton. 
 
Herring are in important mid-trophic level prey for many species in the Strait of Georgia, 
including small cetaceans and pinnipeds. Pacific herring productivity and recruitment 
success in the Strait of Georgia appears related to plankton productivity and early herring 
growth. There is evidence for density dependent growth in early herring, but survival and 
recruitment do not appear to be related to their growth rate during their first year. Strong 
and weak herring survival years may be linked in part to the condition of the fish at the 
end of their first summer, and this in turn may be a function of the match-mismatch of 
herring spawning and the timing of the spring plankton bloom. 
 
Harbour seals are the primary apex predator in Strait of Georgia. Aerial surveys indicate 
this population has recovered since being protected in 1970 and its abundance is now at 
historic levels (10-fold increase). Abundance estimates and activity budgets are being 
used to update energetic models and prey consumption estimates. Studies in 1980s and 
1990s indicated hake and herring were the primary prey of seals in the Strait of Georgia. 
Survival of herring, particularly older age classes, declined as seal populations recovered. 
Seals appear to selectively forage on older (larger) herring, which may have contributed 
to a decline in size-at-age of herring since the 1960s. Size-at-age of hake also declined as 
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seal populations recovered, resulting in a shift in the trophic level of hake (from predation 
on fish to euphasiids). Reduced hake predation on young herring and hake may have 
enhanced recruitment of younger age-classes and offset increased seal predation on older 
age-classes (predator displacement). 
 
As the abundance of harbour seals has increased, so too has the population of transient 
killer whales increased along the BC coast and in the Strait of Georgia, and they are 
remaining all year. The abundance of transients in the Strait increased from < 50 in 1970s 
to > 200 in 2000s through recruitment and immigration; frequency of occurrence in Strait 
also increased dramatically. There is some indication of density dependence in the 
transient killer whale population in recent years, suggesting they may be approaching 
their carrying capacity.  
 
 
Modelling and synthesis 
 
Modelling is a key tool to understand the functioning of the Strait of Georgia marine 
ecosystem and how it may respond to stresses. Four models have been developed, 
towards the goal of a coupled ‘end-to-end’ ecosystem model (i.e. from ocean circulation 
to top trophic levels). These four models are a coupled atmosphere-ocean circulation 
model, a lower trophic level NPZD model, and two upper trophic level models (Ecopath 
with Ecosim, and a size-based predator-prey model).  
 
The circulation model uses hourly wind stresses in a yearly simulation which captures the 
observed temperature patterns at the surface and at depth, including deep water intrusions 
from the offshore. To date, the lower trophic level plankton model captures the mean 
annual cycle with higher and more variable phytoplankton biomass in the Strait of 
Georgia than in the Juan de Fuca Strait, consistent with observations. In the model, 
physical variability plays an important role in maintaining the high spatio-temporal 
variability of plankton abundance. In particular, the influence of tidal mixing on 
phytoplankton production and biogeochemical cycles is dominant.  
 
The Ecopath with Ecosim model emulates the timing, direction and magnitude of 
changes in significant species like herring, seals, orcas, marine birds, lingcod and 
salmonids. It is not yet coupled to the physical and lower trophic level models. 
Implementations of this type of model elsewhere have incorporated influences such as: 
the effects of long-term physical/oceanographic processes (climate variation), lower 
trophic level production changes (phytoplankton and zooplankton), known changes in 
fishing policy (gear types and effort) and changes in predation and competition. This type 
of model has also been sued successfully elsewhere to evaluate ecosystem resilience and 
to identify ecosystem-level indicators.  
 
The second upper trophic level model is an individual-based ecosystem model which has 
been extensively upgraded to address various ecosystem research issues related to 
impacts of fishing and climate change, ecosystem indicators, and fisheries management. 
It is able to explore various scenarios which combine species interactions, fisheries 
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management, and climate change. It can also be used to explore the effectiveness of 
ecological indicators across different fishing scenarios and climate regimes. 
 
A Bayesian belief network approach has been developed to evaluate the combined effects 
of climate change and variability and hatchery production on the early marine survival of 
coho salmon. This approach can integrate physical and ecological data from various 
sources to evaluate relative degrees of support for alternative hypotheses about drivers of 
population dynamics. The results to date imply that worsening of the current climatic 
conditions will likely result in further declines in early marine survival while potential 
benefits of hatchery supplementation are perhaps limited to periods of favourable ocean 
conditions. 
 
A Driver-Pressure-State-Response framework combined with a Bayesian network model 
is also being used to develop generalised ecosystem indicators for this system, in a 
probabilistic context which should be useful for managers and decision-makers.  
 
 
The Future - climate change and other stressors  
 
Harbour seals from the Strait of Georgia have moderate concentrations of PCBs, but 
elevated concentrations of PBDEs. National regulations are predicted to improve the 
health of marine mammals by increasing the proportion of Strait of Georgia harbour seals 
whose body burdens of these contaminants are within the ‘healthy range’. Harbour seals 
in the Strait of Georgia are still at risk for health risks associated with exposure to legacy 
PCBs, but regulations enacted in 1977 will reduce these risks substantially by the year 
2030. In the absence of any regulations on PBDEs, it is expected that harbour seals will 
experience health effects by 2030. With effective regulations, models suggest that PBDE 
concentrations in seals could decline so that 96% of seals will have PBDE concentrations 
below levels that produce adverse health impacts.  
 
The potential for sustained warming of the Strait of Georgia through to 2030 has been 
analysed using statistics on past warming trends. A statistically significant warming trend 
of about 2-3○C/century exists through the entire 400 meter depth of the water column in 
the Strait of Georgia for the period 1970-2005. But can this warming trend be expected to 
continue over the next few decades? Analyses of historical temperature trends suggest 
that, although the warming trend dominates, over periods of 20-30 years there is a 
significant chance (40-45%) of having periods with no or negative temperature trends 
(i.e. cooling). Over periods of 40 years, the probability of such an occurrence decreases 
substantially to 20%, but is still not negligible. These results indicate the dominant 
influence of low frequency variability on conditions in coastal British Columbia, and 
show that that over periods of 20-30 years the long-term secular trend associated with 
global warming can be overwhelmed by such variability. It can not be taken for granted 
that the Strait will see continued warming over the middle term. 
 
Fifty-year time series of winds at six buoys near the British Columbia shelf break were 
examined for trends in the timing and cumulative intensity of upwelling and 
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downwelling. Unlike a similar analysis to the south, the onset of upwelling was not found 
to be progressing later in the year. However, the cumulative upwelling and downwelling 
intensities were both found to increase over their respective seasons and this is related to 
previous findings of trends in atmospheric pressure in the Northeast Pacific. 
 
Global warming is anticipated to alter the timing of freshwater flow from the Fraser 
River. It is expected to change from a snow melt-dominated system with peak flows in 
late Spring to one dominated by rainfall, in which flows are distributed more evenly 
throughout the year.  
 
 
 
 
 


