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Executive Summary
Coquitlam Reservoir is currently a primary source of high quality drinking water for
municipalities in the Metro Vancouver Region. The reservoir is a shared resource, with BC
Hydro using water that is diverted out of the basin for power generation at the Buntzen power
plant. Fisheries requirements for water in the lower Coquitlam River mean that significant flows
of water are also maintained in the lower Coquitlam River, via the Coquitlam Dam.
First Nations’ oral history of the Coquitlam River, describe an abundant salmon run in previous
centuries. Closure of the first Coquitlam dam in 1905 and the absence of a fish ladder, meant
that salmon were no longer able to navigate the river, and the anadromous sockeye run that
utilized the pre-existing lake and upper Coquitlam river became lake bound or blocked below
the dam.
In recent years, initiatives for restoring salmon runs in the Coquitlam River, including the
sockeye salmon population that depended on Coquitlam Lake for rearing, have been discussed.
Key questions have been posed, such as what should be the maximum sockeye escapement
permitted in the reservoir, given the excellent raw water quality at present, and a need to
prevent taste and odour problems in the municipal water supply. Reports commissioned and
completed in the period 2006 to 2007 by Metro Vancouver and BC Hydro were synthesized in
2007, with a recommendation to pursue six primary questions relating to water quality and
salmon in the reservoir. These included the requirement for limnological data collection,
together with a paleolimnology study, that would enable us to provide a reliable opinion about
risk assessment and numbers of salmon.
Metro Vancouver agreed to fund a detailed field and analysis program, and provided staff, boats
and funding for the study. The limnology study commenced in April 2008, and terminated at the
end of the field season in 2010. A risk assessment to identify an appropriate number of sockeye
salmon that may be introduced into the Coquitlam Reservoir without compromising drinking
water quality was completed in 2011.
This report presents a summation of the research results of the limnology study, incorporating
also a high level risk assessment for water quality. Also included is a study to determine the
potential for creation of disinfection by-products in the municipal supply, due to the possibility of
increased nutrients from re-introduced salmon populations. The Expert Committee (panel)
overseeing the work consisted of Drs. John G. Stockner, Don S. Mavinic and Peter R.B. Ward.
Dr. Steve E. Hrudey was involved at the beginning and near the end of the study, to contribute
to the findings in regard to risk assessment.
Key findings of the work were as follows:
The reservoir was confirmed as being of extremely low biological productivity (ultraoligotrophic),
and was among the lowest in productivity of lakes studied in the south coastal climate zone.
Low biogenic growth was due to nutrient limitation, brought about by the extremely small inputs
of particulate and dissolved phosphorus relative to the size and depth of the reservoir. Annual
input of total dissolved phosphorus (TDP) to the reservoir, on average for the summer growing
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period from inflowing creeks, was as low as 430 to 650 kg. The areal phosphorus loading was
less than 0.1 g per m2 per year, a value that was lower than oligotrophic lakes of similar depth.
Relatively fast flushing times for the epilimnion, with residence times of only 100 to 135 days,
implied that a significant proportion of the phosphorus annually entering the reservoir was
flushed out. The configuration of the reservoir sills, with the inflows and outflows occurring at
approximately the same depth as the epilimnion, facilitated fast flushing in summer months.
During the peak summer (August) period, the rate of photosynthetic carbon (C) production
ranged from 0.3 to 0.6 g C/m2/day. Average chlorophyll concentrations over the summer season
were also low, < 0.5 µg/L.
The carbon cycle was dominated by photosynthetic phytoplankton. Phytoplankton populations in
the reservoir were very low and dominated by small opportunistic species, e.g. micro-flagellates,
pico-cyanobacteria and dinoflagellates, that can effectively reproduce and are typical of the C
production cycle in low-nutrient systems like Coquitlam reservoir. The most ubiquitous species
from July to October was a colonial blue-green with very small cells, Merismopedia, attaining
moderate densities. The minute cell-size, (2.5 µm), caused Merismopedia to make only a small
contribution, to total phytoplankton biomass.
Zooplankton population concentrations were also extremely low, in the range 1 to 3 individuals
per L during the summer period. The most abundant zooplankton class in Coquitlam Reservoir
were copepods, while the cladoceran Daphnia supported the greatest biomass. Peak densities
occurred in May-June for copepods, July to August for Daphnia and other cladocerans, with a
second, smaller peak in September.
Paleolimnological work, based on sediment cores taken from the bottom muds of the reservoir,
showed that there had been no major shift in productivity over the 200 year period covered by
the core samples. The only significant change in the record was a small and gradual increase in
lake productivity that began at the time of dam construction and impoundment in the early
1900’s, a trend that has continued to the present. The results of diatom-based phosphorus
nutrient models showed no statistically significant difference between 200+ yr sediments and
those from the most recent decade. Stable isotope-based models of the lake’s nitrogen budget
show that ocean derived salmon nutrients have not constituted a large or measurable role in the
lake’s nutrient budget prior to impoundment, based on micro-fossil and chemical analyses of the
cores collected. Implications are that the pre-dam annual salmon escapement was no more
than modest numbers, likely up to a few tens of thousands per year.
An experiment to determine the production of disinfection by-products (DBPs), such as
haloacetic acids (HAAs) and total trihalomethanes (THMs) from reservoir waters showed that
DBP formation was insensitive to the concentration of various combinations of phosphorous (P)
and nitrogen (N) nutrients after water treatment for a multi-day period. The results of this
experiment suggest that the nature of the molecular carbon compounds from live, or recently
senesced algae were not quickly halogenated.
Concerns about the addition of nutrients to the reservoir from the decomposition of spawned out
sockeye salmon were addressed. A calculation for the number of returning adult sockeye
salmon that would be a threshold for potential change of the very low productivity state of the
reservoir was carried out. A number was difficult to determine because the details of the P
cycling from salmon carcasses are system dependent (lake shoreline, stream, etc.) and are not
well understood. Numbers of 15,000 +/- 5,000 sockeye spawners would bring an estimated
approximate 11% in TDP concentration in the reservoir, a value unlikely to cause significant
effects on plankton production. Modelling work for sockeye salmon returns using the PR
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(primary production) model, developed by the Department of Fisheries and Oceans (DFO) to
help understand capacity of lakes to support juveniles, provided a similar range of numbers of
fish.
Previous reports (LGL 2005, LGL 2006) have cited the lack of availability of suitable gravels for
spawning sockeye salmon. The present situation is that as few as 1,500 females could spawn
with the reservoir water level held in the range of full supply level down to 140 m in the fallwinter months, and about 4 times this number of salmon if the water levels were in the range of
full supply level down to 144 m. It was concluded in the LGL reports that in a self sustaining
system, carbon production must be sufficient to sustain juvenile growth and survival. However
with Coquitlam reservoir’s present very low C production, it would not be possible to achieve
large populations of returning sockeye salmon for two reasons: insufficient areas of gravel
substrate for spawning and a low production pelagic habitat for rearing.
A risk assessment that looked at turbidity, pathogens, contaminants and focused on aspects
such as taste and odour problems associated with returning sockeye salmon populations,
acknowledged that an escapement of up to 15,000 +/- 5000 sockeye salmon per year would be
unlikely to alter algal populations or create taste and odour problems in the raw water. However,
an overall risk that Metro Vancouver must address is that re-introduction of returning sockeye
into Coquitlam Reservoir, resulting in a limited annual sockeye return, could conceivably lead to
subsequent calls for additional measures (e.g. fertilization of Coquitlam Reservoir), to artificially
enhance the productivity of the reservoir, and thereby enhance the annual numbers of returning
sockeye. This situation would carry the substantial risk of degraded drinking water quality and
would not be consistent with Metro Vancouver’s responsibility to provide clean, safe drinking
water to the region.
A good baseline for nutrients and plankton in the reservoir has now been established. An
ongoing, low intensity, monitoring program is considered prudent, to monitor the future trends,
particularly factors such as phytoplankton that may lead to future taste and odour problems.
The allowance of a natural increase of up to 15,000 +/- 5000 adult sockeye would take a long
period (one decade to several decades) and would provide a long period for monitoring of any
potential changes to the phytoplankton community and any potential changes to water quality.
One of the objects of this low intensity, long term program would be to provide a management
indicator to help ensure that future reservoir productivity does not move to a higher trophic
status, e.g. from ultra-oligotrophic to oligotrophic. It would also be sensible for Metro Vancouver
to implement water quality monitoring on a monthly basis including composite sampling on
Capilano and Seymour reservoirs as well where, like Coquitlam Reservoir, conditions are likely
to change as climate changes.
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Drinking Water Quality with Sockeye Salmon Introduction
in Coquitlam Reservoir
Introduction
Coquitlam Reservoir is the source of high quality drinking water for municipalities in the Metro
Vancouver Region. The reservoir is a shared resource, with BC Hydro using water that is
diverted out of the basin for power generation at the Buntzen power plant. Fisheries demands
for water in the Coquitlam River mean that significant flows of water are maintained in the lower
Coquitlam River. First Nations’ oral history of the Coquitlam River, describe an abundant salmon
run in previous centuries. Closure of the first Coquitlam dam in 1905 and the absence of a fish
ladder meant that fish were no longer able to navigate the river, and the anadromous salmon
run that utilized the lake and upper river became lake bound or blocked below the dam.
The reservoir’s location is in the coastal mountains of southern BC, in close proximity to
Vancouver and the sea. The reservoir is a warm-monomictic lake that seldom freezes,
experiences moderately strong summer stratification with only 1 period of complete mixing, i.e.
November to March. It is a long, narrow fiord-type water body with a surface area of about 12.7
km2, volume of 850 x 106 m3, mean depth of 71 m and maximum depth of 187 m at a full supply
level of 152 m. The reservoir’s morphometrics are uncomplicated, with a long, narrow, and deep
basin with moderate to steep sloping sides with a small littoral zone and extensive pelagic (top)
and profundal zones (bottom). Coquitlam Reservoir is characterized by extremely low
phosphorus loading for its size and depth, placing it in a class of lakes/reservoirs that are “ultraoligotrophic”. Substantial increases in phosphorus loading would be needed to change this
classification.
Limitations of the capacity of the underwater deltas and lakeshore to support spawning for
salmon restoration projects have been analyzed; see, for example, LGL 2005, LGL 2006. The
Kwikwetlem Sockeye Restoration Project (KSRP) was set up in 2005 with the short term
objectives of establishing a sustainable run of sockeye salmon in the Coquitlam river, and
studying the ecology of the run. The long term objective was to restore the sockeye run by
reverting landlocked sockeye back to primarily a sea sun population. Participants in KSRP are
Metro Vancouver, BC Hydro, Kwikwetlem First Nation, BC Hydro, Federal Fisheries, the
Coquitlam River hatchery, and other stakeholders. BC Hydro, through the Bridge Coastal
Restoration Program has a mandate to work towards restoring salmon runs in the Coquitlam
River.
The Coquitlam-Buntzen project water use plan was agreed for acceptance by the Comptroller of
Water Rights in 2005. This followed a lengthy period of water use planning by many
stakeholders from September 1999 to March 2003. The agreed conditions reflected the
recommendations by the Coquitlam-Buntzen Water Use Plan Consultative Committee.
Considerations that were met concerned flood routing provisions, Metro Vancouer withdrawals,
hydro-power production, downstream flow releases to the Coquitlam River, and ramping rates.
Substantial flow releases to the Coquitlam river from Coquitlam dam were scheduled, under a
nine year duration release program, known as “Flow Trial 2”, which started on 1st January 2007.
Monthly flow targets were tabulated, with reduced targets for drought years. Details are in a
report by BC Hydro 2005.
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The feasibility for a new multi-level potable water intake is presently being studied, to be located
on the steeply shelving shoreline on the eastern side of the lake. Three different ports may be
used, at elevations of 140, 115 and 90 m above sea level. The proposed future system would
constitute an unfiltered source, with strategies to disinfect the water. There will be no possibility
to reduce water taste and odour problems. Turbidity presence at various levels in the reservoir
will be a factor in determining which elevation to withdraw water from. Pieters et al (2011) have
summarized their findings in regard to suspended sediment/turbidity in the reservoir.
Metro Vancouver has expressed concerns that, with the potential re-introduction of anadromous
salmon, e.g. sockeye, in the reservoir, future drinking water quality may be impaired. Two
reports were commissioned during the period 2006 to 2007 to address possible water quality
issues in the reservoir arising from salmon re-introduction. These were:
1. Metro Vancouver (then GVRD) committee under contract through Peter Ward &
Associates Ltd, with Drs. John Stockner, Don Mavinic, Peter Ward, Daniel Smith and
Steve Hrudey. The Expert Committee presented its report “Potential Coquitlam
Reservoir Salmon Re-introduction: Report of Water Quality and Public Health
Engineering Team” in February 2007;
2. BC Hydro funded team, under contract with Bridge Coastal Fish and Wildlife Restoration
Program funding, through Limnotek /Essa Technologies, with Dr. Ken Hall, Dr. Dave
Marmorek, Chris Perrin, Mark Nelitz and P. Troffe. The team presented its report
“Potential Risk of Change in Water Quality in the Coquitlam Reservoir from Reintroduction of Sockeye Salmon” in March 2007.
A joint water quality panel meeting was held on 12th October 2007, and a review of the
objectives, and monitoring recommendations from the two reports was done. Recommendations
from the panels were combined, forming a work outline of tasks to be undertaken. A joint
committee report “Water Quality Monitoring Design for Coquitlam Reservoir from Reintroduction of Sockeye Salmon”, prepared by seven of the senior authors of the earlier reports,
was issued in December 2007. This focused the recommendations of the previous two reports,
with a list of priority items. Six scientific tasks were identified to be carried out over a three year
period. These tasks became the guidance for the present study.
The tasks were:
1.
2.
3.
4.
5.
6.

Measurement and calculation of a nutrient budget for the reservoir
Measurement of primary production and dissolved organic carbon (DOC) secretion
Experimental trial to measure the formation potential of disinfection by-products
Collection and interpretation of sediment cores
Measurement of the number of sockeye salmon allowed to enter the reservoir
Measurement of contaminants and pathogens in fish tissue

Metro Vancouver provided funding for a study of monitoring and analysis starting in 2008.
Additionally, Metro Vancouver provided staff time, boat operating expenses and laboratory
analysis inputs to the program. One of the key recommendations was that a well-funded
comprehensive program of limnological and water quality data collection and analysis was
needed to improve the understanding of physical/chemical and biological processes in the
reservoir. The information would be used in the final report as part of a risk assessment
regarding potential salmon re-introduction.
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The intensive program has been completed and this report is a summation of the findings. The
Expert Committee (panel) overseeing the work consisted of Drs. John Stockner, Don Mavinic
and Peter Ward. Dr. Steve Hrudey was involved at the beginning and near the end of the study,
to contribute to the findings in regard to risk assessment.

Tasks Undertaken
During the study period, a program of data collection and analysis was undertaken. Emphasis
was on limnological processes in Coquitlam reservoir, paleolimnology, and on disinfection byproduct (DBP) production from chlorinated reservoir water. The analysis was supplemented by
data collected for other Metro Vancouver programs, e.g New Intake Study.
Specific data inputs that were collected, and contributed to our information base included:
• Water inflows and outflows
• Water quality, including nutrients and dissolved oxygen profiles
• Plankton community dynamics
• Primary production measurements for carbon
• Physical limnology, including temperature and thermal/density stratification
• Paleolimnology for a 200-year past time horizon, based on sediment cores
• Preliminary Disinfection by products (DBP) Study
Data collected during the study period is appended to this report on a CD ROM. A risk
assessment to identify and characterize potential problems associated with sockeye salmon
introduction in the Coquitlam Reservoir for Metro Vancouver’s drinking water supply was
completed in 2011.
The present report contains an overview of the water quality situation in Coquitlam Reservoir,
and a consensus opinion about the possible effects of returning sockeye salmon to the
reservoir.

Coquitlam Lake History: Paleolimnology
A paleolimnological study was undertaken by the Panel, based on information from coring of the
bottom sediments of the reservoir (Appendix 1). Cores were taken from three locations,
including the area between Cedar Island and the Buntzen tunnel, and a northern location at the
deepest part of the reservoir (Figure 1). Evidence from chemical and micro-fossil analysis was
gathered from the sediment cores, dating back at least 200 years. A multi-indicator approach
was used, including information in the cores from algae, invertebrates and organic components.
These provided a glimpse of conditions in Coquitlam Lake prior to impoundment at the turn of
the 20th century; a time when anadromous sockeye salmon (Oncorhynchus nerka) were present
and spawned in tributary streams or shorelines of the lake. These data provided an
understanding of how adult salmon returns might have influenced lake water quality prior to
impoundment of the lake.
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In summary, the results showed that:
1. The transition from a lake to a reservoir (in 1905) had little effect on lake plankton
productivity over the last 200 - 250 years. All variables used to assess change indicated
that the lake was not significantly more productive before impoundment, when adult
sockeye salmon accessed the lake. The only apparent change in the record was a small
and gradual increase in reservoir productivity that began at the time of dam construction
and impoundment – early 1900’s, a trend that has continued to the present. However,
results of diatom-based phosphorus nutrient models showed no statistically significant
difference between 200+ yr sediments and those from the most recent decade.
2. Nitrogen isotope-based models of the lake’s nitrogen budget show that ocean derived
salmon nutrients have not constituted a large or measurable role in the lake’s nutrient
budget prior to impoundment, based on micro-fossil and chemical analyses of the cores
collected. Implications are that the pre-dam annual salmon returns to the lake were no
more than modest numbers (up to a few tens of thousands per year).
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Figure 1: (Above) Location of sediment cores taken from the Coquitlam Reservoir. (Below) Core 1, with
small chironomid tubes visible on the surface interface indicating that the surface sediments were
recovered from the lake-bed undisturbed. Each year of deposition is represented in a few mm of
mud.
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Water Sampling Methods
Water sampling of nutrients, general ions, pH and chlorophyll conditions in the reservoir was
conducted at 6 stations in the reservoir, including one station in the north basin (Figure 2).
During 2008, sampling was done biweekly, and during 2009, monthly. Sampling was not
conducted from January to early March 2009, as the reservoir was ice covered. For 2010,
sampling was done monthly in the winter period, and then quarterly for spring, summer and fall
dates.
A physical limnology program was conducted by Metro Vancouver in parallel with sampling, with
monthly profiles of the reservoir taken using a Seabird CTD recorder, equipped with a dissolved
oxygen sensor and a turbidity sensor.
Three inflow creeks, including the Upper Coquitlam River and Cedar Creek at the Water Survey
of Canada (WSC) gauges and at the bridge on Beaver Creek were sampled. Additionally two
release locations at the inlet to Buntzen Tunnel and at Grants Tomb located at the base of
Coquitlam Dam were sampled (Figure 2). Samples for inflows and samples for in-reservoir
water quality were collected on the same day.
Sampling and laboratory analysis of key biological parameters were achieved biweekly at the
six reservoir stations from June 2008 to December 2008, and from April 2009 to November
2009. Sampling was monthly from December 2009 to March 2010, and then returning to biweekly schedule from April 2010 to December 2010. Sampling of the epilimnion (1 m to 15 m
deep) was conducted by composite samples from October 2009 to May 2010, and discrete
sampling in the growing season until, October 2010.
Sampling stations (Figure 2) were accessed during appropriate weather conditions via the
watershed roads and from a boat launched on the reservoir. Rafts and buoys were installed at
the six in-reservoir sampling locations, and these provided reliable reference points for
collection of samples from the boat, at various water depths.
River flow data for two stations (Upper Coquitlam River and Cedar Creek) was supplied by
Water Survey of Canada, and at a third station (Beaver Creek) flow data were measured under
a sub-contract to Fraser Hydrotechnical, with the flows computed by Ward & Associates Ltd.
Samples were collected and tested from both in-stream and reservoir stations as follows:
a. Physical measurements, anions cations and nutrients, and organic and inorganic
carbon. Samples were collected in sample bottles provided by the commercial laboratory
ALS during 2008 and 2009 and Maxxam in 2010. Hydrochloric acid was used to
preserve field samples for total nitrogen and total organic carbon;
b. Total phosphorus and total dissolved phosphorus analysis required a very low detection
limit; this was completed at the Department of Fisheries and Oceans, Cultus Lake
Laboratory.
The following sampling procedures were undertaken at each reservoir station:
1. Zooplankton samples were collected with a Wisconsin net (mouth diameter = 0.125 m)
hauled vertically to the surface from 0 to 15 m deep and from 0 to 30 m deep. Each
sample was placed into a 250-mL glass jar and preserved with 70% ethanol.
Zooplankton samples were collected for species composition, density and biomass;
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2. A Seabird SBE 19plus SEACAT CTD (Conductivity-Temperature-Depth) profiler was
used monthly to obtain vertical profiles at the specified stations. In addition to the
standard conductivity and temperature measurements, the CTD also recorded dissolved
oxygen, turbidity, CDOM (Coloured Dissolved Organic Matter), and Chlorophyll a
through four auxiliary voltage channels;
3. Water chemistry sampling was done using a Kemmerer 4.2 litre, clear acrylic water
sampler to collect discrete water samples from a range of depths. Sampling at Coq 1
and Coq 6 had maximum sampling depths of 10 m and 15 m, respectively. Water
samples were taken at 1, 3, 5, 7, 10 and 15 meter depths, and at 30 meters from Coq 2,
Coq 3 and Coq 4. At Coq 4 an additional sample was taken at 70 m.
4. Bacteria, pico-cyanobacteria, and phytoplankton samples were collected with the water
quality sampling. A 60 mL bacteria sample was preserved with glutaraldehyde and a 60
mL phytoplankton sample was preserved with Lugol’s iodine from each sampling point;
5. Secchi disk readings were collected at each reservoir station to record the water clarity.
A 20 cm diameter black and white quadrant Secchi disk was viewed from the surface to
determine the Secchi depth, without the use of an underwater viewer
6. During the last week of August 2010, a set of experiments was undertaken to determine
the in-situ productivity from P, N additions, in mesocosms held in the reservoir. This was
followed by DBP testing at UBC, for the phyto-plankton biomass produced in the
reservoir water samples.

Hydrology & Water Balance
The Coquitlam Watershed upstream of the dam has a total area of 187 km², of which the
reservoir contributes about 12.7 km². The main inflow is from the Coquitlam River, which enters
at the north end of the reservoir. Cedar Creek contributes the second largest inflow. There are a
number of smaller streams discharging to the reservoir mainly from the north and west sides.
Reservoir: Water surface fluctuations in the reservoir are seasonal, and depend on factors
such as the magnitude of inflows and outflows. The three-year pattern of water surface
fluctuations relative to MSL is shown in Figure 3. During summer to fall 2010, repairs and major
maintenance were underway at the Buntzen hydroelectric plant, and this affected the amount of
flow that was transferred via the tunnel, and reservoir water levels. The rise in levels that
occurred during the period March to June 2010 was unusually large, about 9.5 m. Rapid
fluctuations in the reservoir water surface are associated with the way the transfer tunnel flows
are operated. For most of the time, these are either “full on” or “full off”. A “full on” transfer rate
of about 35 m3/s through the tunnel is large enough to draw down the reservoir quickly, hence
the rapid decrease in water levels that characterize the values in Figure 3.
Inflows: Water Survey Canada has two gauging stations within the basin where daily river
flows are recorded. One of the gauging stations is on the Upper Coquitlam River, Coquitlam
River above Coquitlam Lake - WSC station number 08MH141, located about 4 km north of the
reservoir. The basin area at this gauging station is 49.9 km². The second gauging station is on
Cedar Creek, Cedar Creek above the mouth - WSC station number 08MH166, located on the
south west side and very close to the reservoir. The Cedar Creek gauging station has a basin
area of 26.3 km². These two streams contribute about 44% of the basin area that drains into the
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reservoir. Please see Figure 2 for locations of gauging stations (shown with a green dot at each
station).
The uncertainty of measurement at Water Survey of Canada stations is usually specified at ±5%
at reliable stations. With the possibility of shifting rating curves, the uncertainty may be larger
than this. In our analysis, we have used a value of ±8% for Upper Coquitlam and Cedar Creek
stations, and ±10% for Beaver Creek station.
The third creek, Beaver Creek, on the west side of the reservoir is gauged at the road crossing.
The basin area at the gauging station is 3.9 km². A gauge plate was installed in 2008, and
readings of stage were made on the days of sampling. During 2009 a series of flow
measurements were made, to establish the rating curve for Beaver Creek. Low flow events and
high flow events, as high as 1.6 m³/s, were captured. A rating curve was established by Fraser
Hydro-technical, using measured staff readings and flow rates. The formula relating flow Q
(m3/s) and stage reading h (m) was as follows:
Q = 2.58 (h – 0.29) 2.07
Q = 4.94 (h – 0.29) 2.54

for h < 0.55 m and
for h ≥ 0.55 m
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Figure 2: Coquitlam Reservoir Basin, showing sampling locations and major hydrological sub-divisions:
Northern basin (yellow), Southern basin (neutral), and Beaver Creek (red).
Or Creek basins (green) do not contribute water to the reservoir.
Rafts/buoy positions (6 stations) shown as dots on the reservoir. Stream
gauging stations shown as green dots.
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Figure 3: Water surface elevations above MSL Coquitlam Reservoir 2008-2010

An analysis of area versus elevation of the smaller creeks in the basin plus Upper Coquitlam
River, and Cedar Creek was undertaken. Additionally, a map inspection was done to determine
the presence of glaciers and alpine lakes with significant storage. This enabled the inflowing
creeks/rivers to be categorized in coarse groupings, as shown in Table 1.
Table 1:

Coquitlam Reservoir Basins and Hydrological Groupings

Basin
Upper Coquitlam at WSC
gauge
How Far at road

Area above
1150 m
2
km
18.5

Glacier
present

Alpine lakes
present

Yes

1.3

No

Alpine at road
Harmony at road
Cedar at road
Beaver at road

0.70
0.45
3.5
Zero

No
No
No
No

6 small
1 large
1 large
2 medium
3 small
2 v.small
1 medium
1 small

Meech at road

Zero

No

None

Group

1
Northern Basin
2
Southern Basin
3
Beaver
Insignificant

On the basis of this grouping, the most northern part of the basin, including Upper Coquitlam
River and How Far Creek, are assumed to have similar hydrological characteristics, hence are
treated as a single homogeneous hydrological zone; this area is labeled as Northern Basin in
this report. Alpine Creek, Harmony Creek and most of the southern basin are assumed to have
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similar hydrological characteristics to the Cedar Creek, hence are labeled as Southern Basin.
The Beaver Creek basin is treated individually. Or Creek basin drains into the Coquitlam River
below the dam, and is excluded from the analysis. The groupings are shown in the final column
of Table 1, and in Figure 4.
The gauged and un-gauged basin areas for the three groupings are given in Table 2 and Figure
4. The flow contribution of the Northern Basin is prorated from the gauged discharge values at
Upper Coquitlam River at the WSC gauging station. Similarly, the flow contribution of the
Southern Basin is derived from Cedar Creek discharges at the WSC station. Beaver Creek
hydrology stands by itself.
Table 2:

Tributary Basin Areas for Coquitlam River at the Dam
2

Sub-basin Name

Basin Area km

Upper Coquitlam River at WSC Station
Ungauged northern basin
Subtotal northern basin

49.9
34.2

Cedar Creek at bridge (Cedar Cr WSC Station)
Ungauged southern basin
Subtotal southern basin

26.3
60.0

84.1

86.3

Beaver Creek at bridge

3.9

Total at the dam for all basins

174.3

Figure 4: Tributary basin areas for Coquitlam River at the Dam

For the two main gauging stations, daily flows for the whole period January 2008 to December
2010 are shown (Figure 5).
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60
Coquitlam River above Coquitlam Lake,
WSC Station 08MH141
Cedar Creek above the mouth,
WSC station 08MH166
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26-Feb-08

0
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10

Figure 5: Daily Flows, Coquitlam River and Cedar Creek 2008 to 2010

Monthly average flows were computed for the three sub basins based on daily discharges
measured at Water Survey Canada stations and spot readings at Beaver Creek. Basin area
ratios between gauged and total catchment were used to compute discharges for North and
South sub basins. Monthly flow discharges entering Coquitlam Reservoir from these sources
are given in Figure 6.
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Computed Monthly Flows Entering Coquitlam Reservoir
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Figure 6: Flows entering Coquitlam Reservoir from three sub-basins, 2008-2010

For purposes of comparison of years of data collection, the years were divided into 6-monthly
hydrological periods, namely “winter” and “summer”. The nature of the runoff from the Coquitlam
reservoir supply creeks is that the 6 month winter and 6 month summer contributions are of the
same order of magnitude, but vary from year to year in relative size. Typically the summer runoff
events, including the main high altitude snow melt, occurs during the period 1st April to 30th
September. Typically, the winter run-off events, including the autumn heavy rain period, occur
during 1st October to 31st March.
As a crude approximation, the 6 month “summer” hydrological period coincides with the
plankton growing period in the reservoir, which is roughly the 6 ½ month period from the 2nd
week April until the 4th week October. During years when the summer event is larger than usual,
the reservoir may experience larger than usual flushing. However, the inter-annual variability of
runoff is modest, because of the nature of the climate in the watershed, characterized by high
runoff most of the time, even in periods that are drier than average.
Six month duration average flows for “summer” and “winter” conditions are shown for the
Coquitlam River gauge are shown in Figure 7. Mean summer inflows at the Coquitlam River
gauge varied between 7.56 and 5.56 m3/s. Note that the summer 2008 inflow was 36% larger
than the summer 2009 inflow.
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Figure 7: 6-month duration average flows, Coquitlam River at WSC Gauge

Residence times in the reservoir epilimnion, based on total summer inflows from all contributing
creeks were computed, (Table 3), using an epilimnetic reservoir volume of 180 Mm3 (epilimnion
approximately 15 m deep).
Table 3:

Residence times for mean summer flow conditions: Coquitlam Reservoir

Reservoir

Epilimnion

Inflows and epilimnion residence times for mean summer conditions:
st
th
1 April to 30 September
2008
2009
2010
Mean daily
Residence
Mean daily
Residence
Mean daily
inflow vol.
time
inflow vol.
time
inflow vol.
Mm3
days
Mm3
days
Mm3
1.83
98
1.34
134
1.57

Residence
time
Days
115

Passage of only the surface water of the reservoir, down to about 5 to 15 m below surface, is
facilitated by the level of the sills for the principal outlets, which are all at shallow submergence,
and are within about 8 m of one another in elevation (Table 4). Additionally, the rock sill at the
Narrows, the inlet to the main body of the reservoir, near the north end, is within the same range
of elevations as the outlets.
The 2009 season was characterized by an exceptionally cold preceding winter-spring period,
which caused extensive ice formation on the reservoir, remaining into mid March (Figure 8).
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Coquitlam Reservoir at end of exceptionally cold winter 10th March 2009
Figure 8: Coquitlam reservoir, showing unusual extensive ice cover

Outflows: Outflows from Coquitlam reservoir are from several exit points, including the
Buntzen tunnel, Metro Vancouver municipal intake, and BC Hydro fisheries and LLO valves to
the lower Coquitlam River. A summary of the elevation of the various reservoir outlet facilities,
relative to geodetic datum, is shown in Table 4. Also included is the elevation of the rock sill at
the north end of the main reservoir basin. The spillway at the Coquitlam Dam, at elevation 154.9
m has not been used for many years, as the reservoir surface is always kept below this level.
Table 4:

Elevation of Outlet Structures Coquitlam Reservoir
BC Hydro
Coquitlam
Dam outlets
m

Elevation of sill (s) m
Submergence at
152 m max operating
level
Submergence at
145 m water level

140.2

BC Hydro
Buntzen
Reservoir
transfer tunnel
m
132.0

Metro
Vancouver
intake tower
Port C
m
138.9

Rock sill at the
Narrows
(north end of
main basin)
m
134

11.8

20.0

13.1

18

4.8

13.0

6.1

11

Outflow data were collected by BC Hydro and Metro Vancouver, and used in this analysis. A
summary of daily flow results is shown in Table 5. Losses by evaporation from the reservoir
surface were relatively small, about 15 Mm3 during the summer period, and are not shown in the
Table.
The outflows varied in relative magnitudes during the study period. In addition, the amount of
water taken into, or released from, storage in the reservoir varied significantly, and was an
important part of the water balance. Note that there is a trend during the study period for
increasing volume amounts in the summer months to exit via the Coquitlam River. The volume
transferred via the Buntzen tunnel for hydropower varied by a large factor, from year to year.
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Table 5:

Summer outflows from Coquitlam Reservoir - 2008 to 2010

Outflows &
Storage Change in reservoir

Volume of water during summer 6 month period
3
3
2008
Mm
2009
Mm
2010

Buntzen tunnel
Metro Van municipal intake
Lower Coquitlam R.
Sub-total outflows
Storage change
Outflows + Total into storage

246
55
46
347
-19
328
Unusually large
runoff during the
period

Comments

46
80
63
189
16
205
Unusually small
runoff during the
period

3

Mm

61
77
83
221
80
301
Unusually large
amount taken
into storage

Physical Limnology
The lake water is clear and of high transparency, without noticeable humic staining. Freshet
periods in late fall and winter usually impart some episodic surface and interflow turbidity
plumes that can diminish transparency for short periods of time. Lake transparency as
determined by Secchi disc readings range from lows of 5 m after winter freshet periods to highs
of >15 m spring and summer. Light compensation depths (1% surface radiation) range between
5 and 17 m from September to March and averaged 10 m during this period. Epilimnetic
temperatures range from highs of 21o C to lows of 4-5o C with isothermal conditions in
December/January. Epilimnetic depths range from 8-12 m through the summer period, gradually
eroding and deepening to isothermal conditions by late November, extending well into February.
Detailed data collection and analysis was undertaken under contract by UBC and Metro
Vancouver staff during a multiyear period. A Seabird SBE 19plus SEACAT CTD (ConductivityTemperature-Depth) profiler was used monthly to obtain vertical profiles at the specified
stations. In addition to the standard conductivity and temperature measurements, the CTD also
recorded dissolved oxygen, turbidity, CDOM (colored dissolved organic matter), and chlorophyll
a through four auxiliary voltage channels. During the prolonged ice-on event of the winter of
2008 to 2009, sampling was not possible.
The main drivers of the plankton cycle in the reservoir are water temperature, solar radiation,
and the presence of biologically available phosphorus, the primary limiting nutrient. The growing
season is typically 6½ months long, and is limited primarily by low water temperatures in early
spring, and low solar radiation in autumn. Loading of phosphorus and other nutrients into the
reservoir are determined by factors such as:
•
•
•

Turnover and flushing events in the north basin
Unusually large increases in water surface elevation in the reservoir, mobilizing
sediment that was stranded on creek and river deltas
Flood and sediment transport events in the tributary rivers

A review of the 3 year history of water temperature, from the Seabird profiles from the reservoir,
indicate the starting dates for primary production, based on water temperature. Typically, during
the second week of April, temperatures near the reservoir surface rise rapidly through 7 C, a
temperature high enough to cause phytoplankton to commence significant growth and
production. Solar radiation conditions are typically good at this time, with the sun angle at the
Drinking Water Quality with Sockeye Salmon Introduction in Coquitlam Reservoir
Metro Vancouver Expert Panel
October 2012

Page | 22

zenith high, and daylight hours of about 13.5 during a 24 hour period. At the other end of the
season, during late October and early November, water temperature conditions are still
moderate from heat storage in the reservoir, but solar radiation is low, resulting in a gradual
cessation of photosynthesis and growth. Values are summarized in Table 6.
Temperature maxima in Coquitlam Reservoir for surface waters are typically in the third week of
August, with values in the range 21 to 21.5 C.
Table 6:

Limiting conditions/dates for primary production Coquitlam Reservoir

Second week
April

Fourth week October

Hours of daylight in 24
hrs

13.5

10

Solar altitude at noon

49 degrees

27 degrees

2008

No meas.

11 C

29 Oct

2009

6C

8 Apr

11 C

27 Oct

2010

7C

13 Apr

12 C

27 Oct

Sun/Temperature

Solar condition

Water temperature condition
for each year

th

th

th
th
th

Chlorophyll a readings from the Seabird profiles show summer and early fall production peaks
that occur within the epilimnion, the top 15m of the water column, with values exceeding 1.5
µg/L in this zone, and maximizing at 3 to 4 µg/L.
We have concluded that the north basin of the reservoir, about 50 to 55 m deep, plays a
significant role in supplying nutrients to the main basin, and is associated with changes in
dissolved oxygen conditions in the basin. During late summer and fall periods of the year, the
bottom waters of the north basin become low in DO. This anoxic state allows for mobilization of
phosphorus and other oxidation-reduction sensitive metals and nutrients into the water column.
These are transported south by water currents to the main basin.
Typically, the flow in the Coquitlam River produces flood events in late October, but at this time
the north basin is still stably stratified, and flushing of only the upper water column occurs.
Further flood events in late November and into December are able to flush the whole of the
north basin, as by this time, turnover has occurred, and the river inflows are a similar
temperature to the water in the north basin.
In unusually cold winters, the surface of the north basin is frozen for several weeks. Water in the
lower part of the north basin again becomes depleted in dissolved oxygen. One such event
occurred in the winter of 2008 to 2009, which produced extensive ice cover (Figure 8). At the
beginning of April 2009 the north basin had an inverse temperature gradient, with colder, less
dense water near the surface. The water in the bottom few meters of the basin showed low DO,
less than 4 mg/L. By the second week of May 2009 this low DO water had been diluted, and the
whole water column was in the medium to high DO range. Complete flushing of the north basin,
as witnessed by DO concentrations, did not occur until late fall in 2009.

Water Quality Nutrients
Water samples were taken monthly during the winter, and then quarterly for the rest of the year
from three inflow sources, namely upper Coquitlam River (at Water Survey of Canada gauge),
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Cedar Creek (at WSC gauge), and Beaver creek at the road bridge. Sampling procedures are
described under “Water Sampling Methods”.
Emphasis in the water quality program was on nutrient concentrations and loads. We present,
herein, a summary of results for inflows of TP and TDP. We have determined that phosphorus is
the critical limiting nutrient for the majority of the annual growing period in Coquitlam Reservoir.
Phosphorus inflow results: Analysis for TDP and TP was carried out, at the Department of
Fisheries and Oceans Cultus Lake research laboratory, to provide information at an ultra-low
(0.5 µg/L) minimum detection level. The analytical results are shown in Table 7. The uncertainty
of measurement for P is ±0.5 µg/L. Missing monthly values are associated with watershed
access restrictions (i.e., no access in winter/spring because of snow conditions) or the
abbreviated sampling program for the 2010 season. Note that the concentrations are extremely
low, and more than 50% of the values are below 2 µg/L. Measurement of these extremely low
values is only possible at this specialized analytical lab. Previous studies have likely
overestimated the phosphorus mass flow into the reservoir, because so many samples were
listed as “≤ 2 µg/L”.
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Table 7:

TDP Concentrations for period 2008 – 2010, for main inflows

Phosphorus Concentration entering Coquitlam Reservoir on Days Water was Sampled
Measured Phosphorus Concentration
Phosphorus Concentration, TDP
Date
µg/ L
Coquitlam River
Cedar Creek
Beaver Creek
12-Jun-08
2.16
1.19
2.54
25-Jun-08
0.31
0.37
5.67
9-Jul-08
6.11
29-Jul-08
1.41
1.86
12.50
19-Aug-08
1.32
2.04
9.58
3-Sep-08
2.12
2.88
5.00
17-Sep-08
4.29
7.40
1-Oct-08
0.76
1.08
3.57
20-Oct-08
1.23
1.69
2.58
5-Nov-08
0.67
1.41
2.49
19-Nov-08
0.74
1.14
2.67
3-Dec-08
0.54
0.81
1.62
16-Dec-08
0.97
1.69
12-Mar-09
1.18
7-Apr-09
2.94
3.56
26-May-09
1.96
2.16
5.08
24-Jun-09
1.66
2.26
7.40
21-Jul-09
1.10
5.79
18-Aug-09
1.04
1.58
6.07
9-Sep-09
2.94
2.91
6.51
15-Sept-09
0.81
1.40
3.99
13-Oct-09
1.80
2.35
4.52
10-Nov-09
1.95
1.67
2.14
8-Dec-09
1.42
2.45
2.72
12-Jan-10
1.24
1.65
2.33
3-Feb-10
2.25
3.19
5.78
31-Mar-10
2.52
2.21
3.34
13-Apr-10
2.26
2.59
3.82
11-Jun-10
2.03
2.65
3.97
31-Aug-10
1.30
2.78
7.34
27-Oct-10
1.31

Phosphorus mass transport: Monthly values of P (TP and TDP) concentration were
multiplied by volumetric river discharges, to provide approximate information about monthly
mass inflows (kg/month). This information is approximate because the sampling was done only
monthly, and some months (e.g. in winter), are missing. The summer season was emphasized,
as this is the main growing season for plankton. Beaver Creek results are based on a single
day’s flow reading for each month, assumed to represent the whole month. The readings for
Beaver Creek are, therefore, highly variable from month to month. These likely causes sampling
error, but the contributions to the total nutrient load for the reservoir are low (Table 8 and Figure
9).
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Table 8:

Estimated TDP monthly loads, from inflows, Coquitlam Reservoir

Month
Jun 08
Jul 08
Aug 08
Sep 08
Oct 08
Nov 08
Dec 08
Jan 09
Feb 09
Mar 09
Apr 09
May 09
Jun 09
Jul 09
Aug 09
Sep 09
Oct 09
Nov 09
Dec 09
Jan 10
Feb 10
Mar 10
Apr 10
May 10
Jun 10
Jul 10
Aug 10
Sep 10
Oct 10

Northern Basin kg

Southern Basin kg

Total load
kg

Beaver Creek kg

56.4
50.6
42.0
19.8
27.8
29.9
5.2

22.5
27.4
39.7
24.3
31.2
57.3
11.3

0.4
0.4
4.6
0.7
1.2
1.8
0.8

79
78
86
45
60
89
17

40.1 *
89.8
72.7 *
21.2
7.0
35.5
69.7
134.6
45.6
73.5
52.5
49.6
63.7

23.2
73.5
75.8
36.2
5.8
5.3
20.9
66.8
137.5
80.8
102.0
79.5
45.8
73.6

2.3
2.4
0.3
0.1
0.6
3.3
0.1
6.3
0.7
12.9
1.7
3.5
0.4

116
168
109
27
13
60
137
278
127
188
134
99
138

91.1

72.2

2.2

165

13.0

9.1

1.8

24

47.5

* indicates samples not taken, values computed based on same month concentrations in other years
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Figure 9: Estimated mass inflows of TDP phosphorus to Coquitlam Reservoir from major tributaries

The approximate seasonal total inflow loads of TDP during the “summer” hydrological season,
1st April to 30th September, were also computed, based on the concentrations shown in Table 7.
The numbers of samples are small, so the results are approximate (Table 9). We concluded the
three-year mean summer season input load of TDP was approximately 520 kg.

Table 9:

Estimated annual tributary loads of TDP to Coquitlam Reservoir during 6-month “summer” 1st
period April to 30th September

No. of sampling days
Mean monthly load - kg
6 month approximate
total load - kg

Tributary mass load of TDP to Coquitlam Reservoir - kg
2008
2009
2010
3-year mean
4
6
3
72
82
109
88
430

490

650

520

A seven month duration (April to October inclusive) seasonal input TDP load can be pro-rated
from the six month duration load, and we have estimated this load to be 610 kg. The TP load is
approximately 35% larger than the TDP load.
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The annual load of TP is approximately double the 6-month summer load, hence we have
calculated the annual mean tributary TP inflow load to be 1400 kg. The unit areal load, for a
reservoir of 12.7 km2, is approximately 110 mg m-2y-1. This is a significantly lower value than
was computed in an earlier (GVRD 2007) report by our Expert Team using the Vollenweider
(1976) equation. Values of P used for this (2007) calculation were approximate, and were based
on measurements that were done at a different laboratory that did not provide the required very
low detection sensitivity.
Some sources of phosphorus were not documented in this study. For example, published work
for Lake Simcoe (Ontario), Ramkellawan et al. (2009), shows that atmospheric deposition
accounted for approximately 45% of the TP entering the lake. However, their circumstances
were different from Coquitlam Reservoir, and an important factor was the proximity of farm fields
and use of agricultural machinery/wind erosion near Lake Simcoe, hence were not applicable to
Coquitlam reservoir.
Phosphorus net accumulation: The main exits for water leaving the reservoir are the transfer
tunnel to Buntzen Reservoir, Grants Tomb (the collection point for water entering the municipal
water supply system), and the outlets to the Coquitlam River. All of these outflows carry with
them small concentrations of total and dissolved phosphorus.
An estimate of the phosphorus outflows during the 6-month “summer” period was made on the
basis of measured concentrations at sampling points, e.g. Raft 2, that were at or near the exit
flows at 10 to 30 m depth. These results are documented in Table 10. This estimate is
approximate, as the values of TDP concentrations in the outflows are extremely low, and only
marginally exceed the minimum detection level (0.5 µg/L). These values, multiplied by the
volumetric outflows during the period (Table 5), provide an estimate of the mass outflows of
TDP.
Table 10: Estimated mass outflows of TDP from Coquitlam Reservoir, in “summer” months

No. of sample days
Mean concentration µg/L
6-month duration total
outflow load kg
Comment

Mean concentration and mass load of TDP
exiting Coquitlam Reservoir: 6-month “summer” period
2008
2009
2010
3-year mean
6
7
3
1.04
0.74
0.97
0.92
360

140

215

Unusually large
water
inflow-outflow in
period

Unusually small
water inflowoutflow in period

Unusually
large water
volume taken
into storage

240

This calculation indicates that, of the 520 kg of TDP (3-year estimated mean value) that enter
the reservoir on annual average, approximately one-half of the TDP leaves the reservoir via the
exit flows, with substantial variations from year to year.
For the 2008, 2009 and 2010 summer periods, the estimated net retention of TDP in the
reservoir, on average, for the 6-month period is 280 kg. For a seven month season, e.g. 1st April
to 31st October, the estimated net retention of TDP in the reservoir is approximately 330 kg.
Nutrient ratios: Values of the key dissolved inorganic nitrogen to phosphorus ratio (DIN/TDP)
by weight, for the upper (1 to 15 m) layer, at all stations on the reservoir were graphically
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presented (Figure 10). Values were greater than 20 for the majority of the period, implying that
there was sufficient nitrogen to ensure the growth of beneficial phytoplankton. For the 11th June
2010 sampling date, DIN/TDP values were medium-low, about 8 to 9, at the north end of the
reservoir. These medium-low DIN/TDP values were associated with the presence of unusually
high P concentrations, possibly a result of re-filling of the reservoir, after several months of very
low water surface levels.
For the inflowing creeks the DIN/TDP ratio by weight was consistently high (in the range 13 to
110) for the whole period.

Figure 10: DIN/TDP ratio by weight for the upper (1 to 15 m) layer, at all stations

Plankton Community
The comprehensive research and monitoring studies provided a large number of samples for
enumeration and a very large database on plankton populations within the reservoir. The role of
physico-chemical, hydrologic and climatic variables in controlling succession and spatialtemporal distribution of aquatic bacteria, pico-cyanobacteria, phytoplankton and zooplankton
populations are reviewed in a discussion below. The description of plankton components are
listed in Appendix 2.
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Picoplankton. Picoplanktons are the smallest component of the plankton community of lakes,
ranging between 0.2 - 2.0µm in diameter (Stockner and Antia 1986). This size fraction is now
recognized as an extremely important component to aquatic food webs, most notably in ultraoligotrophic lakes and oceans (Stockner 1988). The picoplankton community is divided into
photosynthetic pico-cyanobacteria (Pcy) and heterotrophic free-living bacteria (Htb).
Methodology for enumeration by epi-fluorescence microscopy can be found in MacIsaac and
Stockner (1991). The Pcy results presented here do not include the colonial taxon Merismopedia sp., whose cell size is within the picoplankton range, but owing to its colonial
form, is most easily counted using standard light microscopy. Merismopedia sp. densities are
reported in the phytoplankton section of this report.
Pico-cyanobacteria. It is common for Pcy to undergo large seasonal changes and there were
significant intra- and inter-annual variability within the Coquitlam Pcy community. Since
Coquitlam Reservoir is located in a temperate region, one would expect to see a bimodal
pattern with a peak in the spring/early summer followed by a second peak in the late
summer/early fall (Stockner et al. 2000); however, this pattern was not seen. Instead there was
only a single density peak in August in 2008 and 2009, and in October in 2010; the size and
duration of which were also considerably different between years (Figure 11). The peak in 2009
was one month in duration, however, in 2008 it was approximately two months, and in 2010, the
peak Pcy densities were nearly double the 2008 and 2009 peaks, and was over 4 months in
duration. This high inter-annual variability is most likely related to yearly differences in climatic
and associated hydrologic conditions that affect nutrient transport, mixing and water column
stability (Stockner and Shortreed, 1988; 1994).

Figure 11: Mean Epilimnetic Pico-cyanobacteria densities by month

By examining winter discharge and nutrient loading and summer TN:TP ratios in Coquitlam in
2009 and 2010, we noted that mean winter discharge and phosphorus loading to the reservoir
was higher in 2010 than 2009, and this markedly affected summer N:P ratios. This likely
resulted in the Pcy density changes observed between years (Table 11).
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Table 11: Seasonal discharge and nutrient loading within the Coquitlam Reservoir watershed
Discharge & Nutrient Loading
Mean Winter discharge
April-July Nitrogen loading
April-July Phosphorus Loading
April and August mean TN:TP Ratio

2009
3 -1

4.57 m s
15,124 kg
383 kg
86:1

2010
3 -1

9.14 m s
15,076 kg
458 kg
46:1

2010
compared to 2009
100%
-0.3%
20%
-47%

Vertical-spatial distributions. In 2009, the Pcy community was predominately located in the
upper 10 meters of the reservoir (Figure 12). The lower basin (Stations 1-4) had higher Pcy
densities than the upper basin sites (Stations 5 and 6).

Figure 12: Mean summer pico-cyanobacteria by depth and basin for 2009

Heterotrophic Bacteria. There was significant variability in the Htb community between years
and seasons (Figure 13). The trend was the inverse to the densities observed within the Pcy
community, with highest densities observed in 2009 and lowest in 2008 and 2010. This
suggests resource competition between the Pcy and Htb; that is, environmental conditions
optimal for one of the groups is sub-optimal for the other, or allelopathic interactions.

Figure 13: Heterotrophic bacteria densities by month in Coquitlam Reservoir 2008-2010

Htb densities appeared independent of sample depth with very little change in densities with
increasing depth in both 2009 and 2010 (Figure 14). In 2009, there were differences in Htb
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densities between basins with the lower basin having higher densities than the upper basin
(Figure 14). This is consistent with observations of the 2009 Pcy community (Figure 12).
A.

B.

.
Figure 14: Mean summer Htb densities by depth between basins for 2009 (A) 2010 (B)

Phytoplankton
Seasonal Succession. The seasonal succession pattern of major groups (by Class) was quite
consistent from year to year, although absolute densities showed some degree of inter-annual
variability (Figure 15).
Chryso- and Cryptophyte flagellates are the principal non-blue green group among the 4
classes, and diatoms are the second most abundant, followed by very small populations of
green algae (Chlorophytes) and dinoflagellates. Apart from a large peak of flagellates in autumn
2008, in subsequent years peaks were non-distinct with small summer and fall increases of all
groups.
Among the blue-green group, there was a consistent large summer peak in August 2008, 2009
and 2010. Blue-green algae in the reservoir were dominated by colonial Merismopedia and
Chroococcus, and like the other major classes, showed moderate degree of inter-annual
variability but little intra-specific variability (Figure 16).
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Figure 15: Mean densities of major phytoplankton groups by month (excluding blue-green algae) in
Coquitlam Reservoir from 2008-2010

Figure 16: Mean densities of blue-green phytoplankton by month in Coquitlam Reservoir from 2008-2010

Vertical Distribution Pattern. The vertical distribution pattern of phytoplankton for 2009 – 2010
(years with discrete sampling) showed a similar pattern between years, but populations were
larger in 2009 with a more distinct peak at 7m than in 2010.
We separated Coquitlam stations into lower (Stations 1-4) and upper (Stations 5, 6) basins to
better examine blue-green and non blue-green density differences between years and basins.
The mean vertical distribution pattern at lower basin stations was similar between years, with a
notable peak of high density at 7 m in the lower basin. Average densities rapidly declined at
depths > 10 m and were always higher in the lower basin and higher in 2010 than in 2009
(Figures 17 and 18).
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A.

B.

Figure 17: Mean vertical summer (June-September) density of non blue-green phytoplankton in Coquitlam
Reservoir in 2009 (A) and 2010 (B)

A.
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B.

Figure 18: Mean vertical summer (June-September) density of blue-greens in Coquitlam Reservoir in 2009
(A) and 2010 (B)

Differences in densities of all plankton groups between 2009 and 2010 and between upper and
lower basins are summarized in Table 12. It is apparent that the lower basin on average had
greater densities of all plankton groups in both years, with one exception pico-cyanobacteria in
the upper basin in 2010 had larger populations than in the lower basin.
Table 12:

Yearly mean densities of major plankton groups in Upper (Stations 5 & 6)
and Lower (Stations 1- 4)Basins of Coquitlam Reservoir

Groups

Year

Non-Blue Green
Phytoplankton

2009
2010
2009
2010
2009
2010
2009
2010

Blue-Green Phytoplankton
Pico-cyanobacteria
Heterotrophic - Bacteria

Lower Basin
(Cells/mL)
567
432
8,227
8,848
25,223
45,857
324,518
183,766

Upper Basin
(Cells/mL)
520
399
5,434
6,535
22,048
54,482
254,450
178,391

Spatial and Vertical depth distribution - 2009 and 2010. All populations of major
phytoplankton groups attained highest densities in the lower basin of the reservoir, most notably
in the vicinity of Stations 1 and 2 closest to the dam (Figures 19 to 22). These graphics clearly
show that in the upper basin, epilimnetic (10-15m) plankton production from July onwards is
advected by currents driven by north/south summer winds; these winds tend to be intensified by
the steep-sided nature of this narrow, fjord-like reservoir. The phytoplankton accumulate
throughout the summer months in the shallower south-end, but following periods of easement of
wind velocity and/or directional change, epilimnetic currents appear to redistribute the plankton
to more central portions within the reservoir close, to Stations 3 and 4. Internal seiches, that are
doubtless prevalent in summer and fall, will also play a role in the re-distribution of plankton, and
will likely entrain some biogenic production to deeper hypolimnetic layers.
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Figure 19: Spatial-temporal distribution of non-blue green phytoplankton groups during peak growth
periods July, August and September in 2009
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Figure 20: Spatial-temporal distribution of non-blue green phytoplankton
groups during peak growth periods July, August and September
in 2010.
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Figure 21: Spatial-temporal distribution of blue green phytoplankton groups during peak growth periods
July, August and September in 2009.
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Figure 22: Spatial-temporal distribution of blue green phytoplankton groups during peak growth periods
July, August and September in 2010
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Primary Production
Three primary productivity measurements of Coquitlam phytoplankton were conducted in 2010; in
late June, in mid-August (Merismopedia peak), and in late September. Carbon production peaked
at 3 meters depth, and gradually declined as light penetration and irradiance attenuated with depth
(Figure 23). Among the three size plankton fractions examined, the majority of C-production
occurred within the 0.2 μ to 2.0 μ pico-size and 2.0 μ to 20 μ nano-size fractions (Figure 23). The
photosynthesis production profiles from Coquitlam with peaks at optimal light depths (2-3 m), are
typical of those seen in British Columbia ultra-oligotrophic lakes (Stockner and Shortreed 1985).
Only a small fraction of the total carbon production was produced within the largest size fraction
(>20 μ), a common occurrence due to the scarcity of large-celled phytoplankton, e.g.,
dinoflagellates, diatoms, desmids, within ultra-oligo-trophic BC lakes.
The August production event had the greatest areal rate of carbon uptake, while June and
September events showed significantly lower production rates (Figure 23). August is the period of
maximum phytoplankton biomass in Coquitlam Reservoir and Merismopedia and larger (but less
common) Chroococcus are dominant. It is also the period of lowest nutrient concentrations and
lowest DIN:TP ratio.

Size fractionated production at Raft
4 in August 2010 (mgC/m3/day)

Areal production at Rafts 2 and 4 at three dates in
2010 (mgC/m2/day)

Figure 23: Primary carbon production, Coquitlam Reservoir
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Zooplankton Community
The most abundant zooplankton class in Coquitlam Reservoir is copepods, while the cladoceran
Daphnia supports the greatest biomass (Figure 24 A, B). Peak densities occurred in May-June
for copepods, July to August for Daphnia and other cladocerans in 2009 and 2010, with a
second, smaller peak in September.
A.

B.

Figure 24: Mean zooplankton density (A) and biomass (B) by month in Coquitlam Reservoir from
Oct. 2007 to Nov. 2010
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In terms of average total zooplankton and Daphnia biomass and density, Coquitlam Reservoir,
when compared to other BC reservoirs, has the lowest total and Daphnia biomass and density;
this is another indicator of the extreme ultra-oligotrophic trophic status of the Coquitlam
lacustrine ecosystem (Figure 25 A and B) (Dr. L. Vidmanic, unpublished data).
A.
20
Wahleach
Alouette
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B.
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Figure 25: Average total zooplankton and Daphnia densites (A) and biomass
(B) in some BC reservoirs in 2010 (Dr. L. Vidmanic, unpublished data)

Food Web and Productive Status
Food Web. The limnological features of Coquitlam Reservoir closely resemble those of other
fast-flushing, ultra-oligotrophic BC coastal lakes (Stockner 1981, 1987). Some notable features of
these low-production ecosystems are: 1. low ambient dissolved phosphorus (1-2 ug/L) and
nitrate-nitrogen (<50-60 ug/L); 2. phytoplankton communities dominated by small species
(bacteria, pico-cyanobacteria, flagellates, ciliates, small dinoflagellates); 3. a paucity of large
plankton (diatoms, green and colonial blue-green algae); 4. low zooplankton densities and
biomass; and 5. low fish production (Stockner 1987; Stockner and Shortreed 1988a; Stockner
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and MacIsaac 1996). These small-celled plankton communities are common in most coastal
British Columbia lakes and reservoirs, and are distinguished by populations capable of rapid
growth and high turnover rates, i.e. opportunistic species. Bacteria and pico-cyanobacteria
populations form the primary carbon template and pass their carbon to higher trophic levels, via
grazing by flagellates and small ciliates (Stockner and Porter 1988), these in turn, are grazed by
larger rotifers, nauplii and other small micro-zooplankton (Figure 26). These microbial
communities are noted for their low standing stock and carbon production rates (Stockner 1991,
Stockner and MacIsaac 1996).
Classic Lakes/reservoirs

Ultra-oligotrophic lake, e.g.
Coquitlam Reservoir

Figure 26: The ‘classic’ lake food chain of eutrophic lakes (left) with the addition of the ‘microbial loop’
component (right), a ubiquitous feature of ultra-oligotrophic BC fast-flushing lacustrine
ecosystems, e.g. Coquitlam Reservoir

Productive status. Coquitlam Reservoir is located in a high precipitation, forested coastal
biogeoclimatic zone, and is characterized by a fast–flushing, short water residence time. It is
apparent from the paleolimnological studies undertaken during this study that the lake has for
centuries, if not millennia, been an ultra-oligotrophic ecosystem, reliant primarily on basin inflow
nutrient loads. Past ‘salmon nutrient’ escapement loads have had only a small impact on wholelake plankton production. The high flushing rate, coupled with the flow entry and exit levels all at
about the same elevation, are clearly the primary factors that drive the system and maintain the
extremely low ultra-oligotrophic condition of the present reservoir.
The very low production status of Coquitlam is best illustrated in a plot of annual average
chlorophyll vs. average TP together with values from other BC coastal and interior, Yukon and
Alberta lakes (Stockner & Beer 2003), see Figure 27.
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Figure 27: Average chlorophyll vs. average TP in a variety of BC, Yukon and Alberta lakes

Currently, Coquitlam Reservoir, like nearby Alouette and Stave reservoirs in contiguous Lower
Mainland coastal valleys, is one of the most extreme oligotrophic systems yet studied. With
preservation of the drainage basin from human intervention, e.g. logging and development, the
lake will remain and likely retain its present low nutrient, low production ultra-oligotrophic trophic
state, even with the likely probability of increasing climatic warming in coming decades.
Impact of potential returning Sockeye salmon on nutrient availability
The effect of the decomposition of returning adult Sockeye salmon to the Coquitlam reservoir
were examined using P loading estimates of the present study, and proximate analysis
estimates of the average nutrient content of sockeye salmon. This calculation can be done on
an order of magnitude basis only, to achieve rough estimate values, as many aspects of the
transfer and availability of phosphorus from the decaying fish to the water column are unknown.
Three different nutrient scenarios of potential returning adult sockeye were examined, ranging
from a low return of 5000 ± 1500 to a peak of 30,000 ± 10,000 adults/yr (Table 13). The three
year, mean condition for 7 month (summer) duration mass inflows of TDP to the reservoir is
about 610 kg (see section “Phosphorus Mass Transport”). This is primarily the supply of
phosphorus that allows plankton growth in the reservoir.
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The average weight of a returning sockeye salmon is assumed to be 2.5 kilograms, and the byweight content of phosphorus is assumed to be 8.75 grams per fish (0.35%). Also assumed is
that ½ of this sockeye phosphorus ends up as TDP in the water column during the (following)
summer season, to support the growth of plankton in the reservoir. This is a conservative
assumption, and it is likely, that with further research on the release rates of salmon carcass
nutrients that a much lower proportion of the ocean derived nutrients will become available in
the reservoir during the ensuing periphyton/plankton growth period (O’Keefe and Edwards
2003).
It is apparent that the TDP increase to the total annual P load from a return of 5,000 ± 1500
adult sockeye represents roughly a 3.6% rise in TDP. With a return of 30,000 ± 10,000 sockeye
there would be roughly a 22% rise. These values are approximate, of course.
Total nitrogen (TN) loads from returning sockeye salmon are approximately 10 times the TP
load from returning sockeye salmon. N loads from salmon are expected to have little impact on
the nitrogen balance for the reservoir, as mass inflows of TN and DIN from the basin are high,
and the incremental amount will be negligible.
Table 13:

Estimated effects of potential sockeye salmon escapement nutrient releases on TDP loads to
Coquitlam Reservoir

Scenario
No of adult
return

Mass of
fish @ 2.5
kg each

Mass of
associated
phosphorus
@ 0.35%

Approx mass of
TDP available to
augment primary
production

Additional load of P
compared with
existing load in
summer growing
period

Comment:
expected effect
on increased
plankton
production

5,000
15,000
30,000

kg
12,500
37,500
75,000

kg
44
131
262

kg
22
66
132

%
4
11
22

Negligible
Negligible
Negligible

N.B. Calculations are subject to unknowns in the extent to which nutrients are
available/unavailable for plankton growth. Values for numbers of fish are subject to uncertainly
of ± 30%.
Another approach that illustrates the effects of salmon ‘nutrients’ on the production of Coquitlam
Reservoir is to refer to standard graphs of the trophic state of reservoirs/lakes plotted on a
graph of areal TP load per year versus mean depth, e.g. Figure 28. It is notable that the
phosphorus load would have to be increased by a substantial factor, e.g. a two to three-fold
increase, to achieve a change in trophic state.
We conclude that adult returns of up to 15,000 ± 5000 sockeye salmon will have little effect on
the nutrient dynamics and water quality of Coquitlam Reservoir. Modelling work for sockeye
salmon returns using the PR (primary production) model, developed by DFO to help understand
capacity of lakes to support juveniles, provided a similar range for recommended maximum
numbers of fish, see Appendix 4.
Conceptual adult returns greater than 30,000 ± 10,000 may have a noticeable effect, increasing
average TP, TDP and N values, with possible impacts on Coquitlam water quality, e.g.
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increased summer blue-greens, earlier flagellate peaks, noticeable pelagic and periphytic algal
production, etc.
A tributary and shoreline spawning capacity assessment (LGL 2006) estimated that only a small
number of female sockeye salmon would be able to spawn under current reservoir conditions.
Constraints imposed by the type of substrate showed that about 1,500 female sockeye could be
supported in accessible tributaries and fans within the reservoir, provided the water level is kept
above 140 m during the overwintering period for egg incubation and alevin hatching.

Figure 28: Annual total phosphorus load versus mean depth of lake/reservoir

Summary of past/future availability of nutrients
Coquitlam Reservoir is in sharp contrast to the strong top-down cascading impacts of fish
predation on all trophic levels, as frequently observed in shallow, dimictic, meso- and eutrophic
temperate lakes (Carpenter and Kitchell 1984). Ultra-oligotrophic pelagic systems with
microbial-dominated food webs are strongly limited by bottom-up factors, notably the scarcity of
N, P and organic substrate, and Coquitlam Reservoir is a classic example! When nutrients are
supplied from re-introduced sockeye carcasses, ‘new’ carbon will flow from the picoplankton
template, albeit inefficiently, through complex microbial food webs to slowly influence the growth
of macro-zooplankton and planktivorous kokanee and sockeye salmon.
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In summary:
•

The plankton populations of Coquitlam Reservoir are of very low abundance and low
biodiversity and species present are characteristic of the ultra-oligotrophic condition of
temperate lakes;

•

The major factors that create and ‘control’ the low-production nature of the Coquitlam
ecosystem are: physiographic, a steep-sided granitic basin with shallow soils and low
water retention capacity; hydrologic, very high flushing rates and short water residence
times; morphometric, a very deep lake basin, steep-side with very little significant littoral
habitat; and climatic, a drainage basin that extends to high elevations with prevalence of
cool, moist conditions, short summer, low light, high fjord-type winds) etc. Collectively
these Coquitlam Lake basin conditions sustain the ultra-oligotrophic state and have
shown little or no change within the last few centuries and likely millennia;

•

Coquitlam Reservoir is a model ‘ultra-oligotrophic’ ecosystem, with an inefficient
microbial based food web, strongly limited by bottom-up factors, i.e. the scarcity of both
P, in late summer N, and organic C;

•

Based on paleolimnological micro-fossil and chemical evidence, our best-science
estimates of past adult sockeye salmon returns would likely be in the range of 10,00020,000 yr, with perhaps some exceptional returns > 30,000;

•

A return of 15,000 ± 5000 adult sockeye would bring about 131 kg additional P to the
reservoir and increase the summer-fall TDP load by approximately 11%. A 30,000 ±
10,000 adult return would increase summer-fall TDP loads by roughly 22%. Salmon
returns of up to approximately 15,000 would have little or no effect on plankton growth.
The gradual rate of returning a target of many thousands of adult sockeye will be a very
long term initiative, lasting at least a decade, and likely very much longer, and allow for
monitoring of any potential changes to the phytoplankton community and any potential
changes to water quality.

•

The productive capacity of both the historic lake and present reservoir for rearing
planktivorous sockeye and resident kokanee would be surpassed with any adult returns
> 20-30,000 ± 10,000. The juvenile sockeye rearing in the reservoir would experience
very low survival rates, due to intense inter-specific competition for scarce food
resources between anadromous sockeye and resident kokanee; and

•

Recent research provides evidence that repatriation of extirpated sockeye stocks can be
restored to coastal BC sockeye nursery lakes (Godbout et al. 2011); information that
augurs well for the return of Coquitlam sockeye in future years.

Nutrient-Disinfection By-Products Study
A preliminary study examined the potential effect of nutrient-enhanced phytoplankton biomass
on disinfection by-product formation potential (DBP) in Coquitlam Reservoir (Appendix 3). We
used a series of ten ~21 L translucent potable water plastic mesocosms, which were suspended
in the Reservoir, filled with Reservoir water, and experimental nutrient treatments were
randomly assigned to each mesocosm. Each treatment was only replicated once due to cost,
time and space limitations. The nutrient solutions were made up with laboratory reagent grade
chemicals, namely ammonium chloride (NH 4 Cl), sodium nitrate (NaNO 3 ) and sodium dibasic
phosphate (Na 2 HPO 4 .7H 2 O) and distilled water.
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The autotrophic phytoplankton responses reported are very similar to those noted in studies of
similar design: a 2-4 day lag period followed by an exponential growth pulse commencing on
day 5-6 and, if run more days, peaking by day 8 to 9 or until nutrient depletion within the
mesocosm (Stockner and Antia, 1976; Suttle et al., 1987; Suttle et al., 1989; Suttle et al., 1991).
In these experiments the greatest growth and biomass was seen in the NH 3 + PO 4 mesocosm
followed in order of diminishing response by NH 3 alone , PO 4 alone, NO 3 + NH 3 and control, no
additions and no ‘response”. After 2 days of incubation there was no obvious trend toward
growth stimulation in either cell densities or biomass. In fact if there was any response it was
negative with a diminishment of all groups, i.e. the adjustment or ‘lag effect’ so commonly seen
in mesocosm experiments (Stockner and Antia, 1976). However, by day 5 of incubation a clear
response was readily visible and measurable: with NH 3 + PO 4 the most stimulatory addition,
followed by NH 3 alone, then PO 4 alone, with NH 3 + NO 3 showing no effect at all.
The results for the Disinfection By-Product (DBP) Formation Potential (FP) for total
trihalomethane (THM) and haloacetic acid (HAA) are illustrated in Appendix 2. The addition of
nutrients to promote algae growth in the raw water did not have a substantial effect on either the
THM FP or the HAA FP. This is somewhat expected as microbial material typically has a lower
tendency to form DBPs. The results indicate that the overall background concentration of DBP
precursors did not change. The absence of significant change in DBP FP observed in the
present study may be due to the relatively low cell count (i.e. in the order of 103 counts/mL).
Other studies that have reported significant effects of algae on DBP FP were performed with
raw waters that contained significantly higher counts. In addition, our mesocosm tests were
done over a relatively short period of time. It is not clear if over an extended time period, the
background concentration of DBP precursors could change due the cumulative effect of
released microbial material.
This study provided insight on the potential for sockeye salmon to influence DBP formation
potential in Coquitlam Reservoir. The results indicate that although algae biomass, especially
Merismopedia sp., was increased by certain nutrient treatments, the additional biomass did not
translate into increased DBP formation potential, in either THM or HAA forms. This suggests
that the nature of the molecular carbon compounds from live, or recently senesced algae are
not quickly halogenated.

Risk Assessment
The issue of whether or not to intervene with measures aiming to promote a viable, population
of spawning sockeye salmon in Coquitlam Reservoir requires both a risk assessment to identify
and characterize potential problems for Metro Vancouver’s drinking water supply, and
consideration of potential risk management to act upon the water quality risks identified and
characterized in the risk assessment.
Risk assessment is performed in a wide range of activities including ecological and public health
risk assessments in relation to environmental issues. While there is considerable and explicit
guidance for ecological and human health risk assessments, the nature of this issue is not
particularly amenable to a narrowly defined, guideline-driven risk assessment, as might be done
for evaluating the risks associated with specific environmental contaminants or remediation of
contaminated sites, for example. The nature of the Coquitlam Reservoir salmon re-introduction
issue is better suited to a higher-level assessment, accommodating critical qualitative factors
across several disciplines conditioned by the quantitative data, which has been gathered or
estimated.
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An investigation has been done regarding toxic substances and waterborne pathogens in
Coquitlam Reservoir, K.J. Hall, contribution to Limnotek/Essa 2007. In regard to the release of
toxic contaminants in Coquitlam reservoir by sockeye salmon returning from the ocean, Hall
listed DDTs, toxaphene, dieldrein, PCBs, BDPEs, PAHs and mercury. With an assumed high
return rate of 30,000 spawners, the load of PCBs for example, diluted into the reservoir waters,
to quote would produce extremely low concentrations in the order of 10-5 to 10-6 ug/L, values
that are several orders of magnitude below present analytical capabilities for measurement.
Very low concentrations were also projected for mercury, assumed to remain in soluble form,
with concentrations between 10-4 and 10-5 ug/L, a range that is two orders of magnitude below
the current detection level.
In regard to pathogens and returning salmon, Hall states that fish do not have permanent
coliform bacteria. Furthermore he states that with salmon coming from a relatively pristine
environment (the Pacific Ocean), they should have very few coliform organisms associated with
them. In the absence of feeding in their freshwater migration, the salmon should not pick up
coliforms that maybe present in freshwater. Hall discusses the possible presence of protozoans
such as Giardia and Cryptosporidium in wild salmon. In a recent report about Coho salmon
carcasses from the Seymour River, an analysis of 19 carcasses found zero presence of
protozoan parasites (Nautilus Environmental 2009).
A high-level risk assessment can be achieved by providing answers to five questions that
characterize a comprehensive definition of risk (Hrudey 2000, Kaplan and Garrick1981):
1.
2.
3.
4.
5.

What can go wrong?
How likely is it?
What are the consequences?
Over what time-frame?
What matters to those most affected?

For the risk assessment, these five questions can be addressed to the issue of salmon reintroduction into Coquitlam Reservoir, as it relates to the responsibilities of Metro Vancouver for
the major water quality concerns which have been raised:
1.
2.
3.
4.
5.
6.

Nutrient loading and resulting algae
Pathogens from fish and wildlife
Contaminants transported by fish
Disinfection by-products
Taste and odour
Turbidity

This summary risk assessment shows that the productive capacity of Coquitlam Reservoir
estimating as limiting a sockeye run to less than 20,000 to 30,000 per year in turn limits the
likelihood of adverse water quality consequences that would be anticipated for Coquitlam
Reservoir, if sockeye re-introduction is pursued. The summary risk assessment also shows that
taste and odour problems, caused by promotion of algal growth through nutrient addition by
means of a sockeye run, would likely be the most intractable potential water quality problem for
Metro Vancouver. Specifically, the nature of taste and odour caused by algal problems
experienced by other water utilities worldwide is that controlling such problems with treatment
technology is not a simple or well-defined response. As, such the issue of sockeye reintroduction to Coquitlam Reservoir should not be viewed as simply an economic trade-off
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between a gain in social benefit (re-introduction of the sockeye run) and increased treatment
cost for Metro Vancouver.
The matter or trade-off brings the discussion to the matter of risk management. In this case,
what should be done to address identified and characterized risks is less easily defined.
Essentially, risk management can be viewed as steering a sensible course of action between
making false positive and false negative errors. A false positive error is taking specific action to
resolve a potential problem when that action is not warranted, and a false negative action is
failing to take action when action to resolve a potential problem is warranted.
Applying the foregoing rationale to sockeye re-introduction to Coquitlam Reservoir can be
presented as saying that any of the water quality concerns for Metro Vancouver which have
been raised, could conceivably be false positives. That is, although these concerns can be
articulated, they might not likely arise if sockeye re-introduction is allowed. This means that the
“action” of NOT implementing sockeye introduction, with its acknowledged social and
environmental benefits, may not be justified and to forego those benefits, because of the
identified water quality concerns, might then be a false positive error. The converse potential
error for risk management would be a false negative, meaning that a failure to act to block the
re-introduction of sockeye into Coquitlam Reservoir might inevitably lead to one or more of the
identified substantive water quality concerns for Metro Vancouver.
Given the valid concerns and responsibilities of Metro Vancouver, the application of the
“precautionary principle” would be to accept the possibility of a false positive error to avoid the
tangible consequences of making a false negative error, which could lead to serious water
quality concerns.
As occurs with all risk management decision-making where uncertainty is substantial, there is
no right or wrong answer about choosing the balance between false positive and false negative
errors. Management of the risks identified in the risk assessment (Table 14) inevitably involves
risk tradeoffs among the interested parties. These tradeoffs will not be determined by scientific
analysis, unless science can eliminate uncertainty and guarantee specific outcomes that can, by
their known consequences, dictate what decisions should be made. Rather, decision-making in
the face of inevitable uncertainty will be determined by societal values, which may guide how to
balance the choices between the false positive and false negative outcomes. Inevitably, this
process will face a challenge that, for risks which may be of high consequence, but low
probability, the available evidence is more likely to support a false positive than a false negative
error (Hrudey and Leiss 2003). The challenge becomes one of deciding how precautionary to be
in the face of inevitable uncertainty.
Unfortunately, there are currently no rules for resolving the difficult risk trade-off issues that
arise, but a series of policies to guide risk management can provide useful insights into the
issue of salmon re-introduction into Coquitlam Reservoir. These policy guides, for those who
must ultimately make a decision on how to resolve the risk trade-offs in the face of inevitable
uncertainty, can be summarized as (Hrudey 2000, Hattis 1996):
1.
2.
3.
4.
5.
6.

Do more good than harm
Use a fair process of decision-making
Seek an equitable distribution of risk
Seek optimal use of limited risk management resources
Promise no more risk management than can be delivered
Impose no more risk than you would tolerate yourself
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An overall perspective of the water quality risks facing Metro Vancouver, from the recent
agreement to allow sockeye re-introduction into Coquitlam Reservoir, is that a number of
conditions (in addition to very low nutrient loading) contribute to its valued ultra-oligotrophic
state and resulting high water quality status. These conditions are also likely to limit the
productivity of Coquitlam Reservoir in the future, if and when the population of returning
sockeye salmon builds up. That limitation of productivity also limits the water quality risks posed
to Metro Vancouver. The evidence gathered from this study supports that perspective.
However, an overall risk that Metro Vancouver must address is that re-introduction of sockeye
into Coquitlam Reservoir, resulting in a limited annual sockeye return, could conceivably lead to
subsequent calls for additional measures (e.g. fertilization of Coquitlam Reservoir) to artificially
enhance the productivity of the reservoir and thereby enhance the annual numbers of returning
sockeye. The water quality risks to Metro Vancouver’s water supply under any such additional
intervention scenario may be substantial and would not be consistent with serving Metro
Vancouver’s responsibility to its consumers.
Table 14:

Summary of Risk Assessment

What can go
wrong?
Nutrient
loading and
resulting
algae
♦ algae
productivity is
strongly
determined by
nutrient
loading

How likely is it?

What are the
consequences?

♦ Likelihood is
inevitably related to
magnitude of
nutrient loading.
♦ For the purposes
of this risk
assessment it is the
likelihood of nutrient
loading sufficient to
cause algal growth
problems that are
relevant.
♦ Nutrient loading is
tied to the magnitude
of sockeye salmon
run that might be
sustainable.
♦ A salmon run of
about 15,000 ± 5000
per year is estimated
to be feasible but
unlikely
♦A level of sockeye
run higher than
30,000 ± 10,000 per
year is not feasible
without other
interventions to
increase the
productive capacity
of Coquitlam
Reservoir
♦Algae problems 1
and 2 (see
consequences

♦ A salmon run of less than
15,000 ± 5000 per year is
estimated to contribute an
incremental TDP loading of
about 11% of current natural
TDP loading to Coquitlam
Reservoir.
♦An incremental increase in
TDP of 11% +/- 3% is not likely
to cause a noticeable change
in plankton population given
the ultra-oligotrophic status of
Coquitlam Reservoir and the
variety of factors independent
of a sockeye run that are
additional to annual TDP
loading in determining the
ultra-oligotrophic status (i.e.
physiographic, hydrologic,
morphometric and climatic
factors).
♦A sockeye run above 30,000
± 10,000 per year would likely
exceed the productive capacity
of Coquitlam Reservoir.
♦The main negative
consequences of algae growth
for drinking water quality are in
order of likely negative
consequences when progress
is from no algae problems to
serious algae problems: 1.
taste and odour problems; 2.
Increased formation and
possibly changed character of
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Over
what
time
frame?
100+
years

What matters to those
affected?
♦ Metro Vancouver, with its
responsibility to its resident
population for a safe, high
quality water supply is the
party with primary concerns
for water quality.
♦ Increasing algae
concentration in a raw
water supply is invariably a
source of increasing
challenge to drinking water
quality.
♦ Unlike common water
quality challenges like
turbidity and pathogens,
conventional water
treatment by filtration and
disinfection does not deal
well with water quality
challenges created by
algae, particularly taste and
odour problems.
♦ Those water utilities
which are forced by
geographic reality to deal
with water supplies that are
subject to serious water
quality impacts from algae,
like taste and odour issues,
will confirm that technology
for controlling those
problems is a poor
substitute for avoiding such
problems in the first place,
so it is not simply a matter
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What can go
wrong?

How likely is it?

What are the
consequences?

Over
what
time
frame?

What matters to those
affected?

column to the right)
are discussed as
separate issues
below.
♦Algae problems 3
(Hrudey et al. 1999,
Kotak et al. 1993)
and 4 are not likely
under any
reasonable future
scenario for
Coquitlam Reservoir.

disinfection by-products; 3.
occurrence of cyanobacteria
toxins and 4. physical nuisance
conditions with massive algal
growth.
♦Once nutrient status of a lake
has degraded to higher trophic
levels (with respect to water
quality) it is difficult to stabilize
and almost impossible to
return to a previous lower
trophic status, so such
changes are essentially
irreversible.

Pathogens
from fish and
wildlife
♦ having a
sockeye run
might lead to
an increased
presence of
wildlife
scavengers to
feed on
carcasses
after spawning

♦ The likelihood is
tied to the degree of
pathogen loading
that might arise
because any
increase in wildlife
traffic near
Coquitlam Reservoir
raises a possibility of
increasing pathogen
loading to the water
column.
♦ For the size of
Coquitlam Reservoir
and any practical
level of wildlife
traffic, there is little
likelihood of an
increase in pathogen
loading sufficient to
pose a public health
risk, given that the
water must be
disinfected in any
case.

♦ The consequences of an
increase in pathogen loading
to the water supply raises a
concern if additional treatment
measures would be required.
♦ The consequences for the
plausible pathogen challenge
for the this water body and the
level of wildlife traffic that could
be generated would not
demand additional disinfection.

100+
years

♦ Metro Vancouver has a
responsibility to protect the
health of its consumers
which over-rides all other
water supply issues.
♦ The over-riding
responsibility for public
health requires that this
hazard has been
considered.

Disinfection
By-Products
(DBPs)
♦ organic
matter found in
water will react
with oxidants
(chlorine,
ozone) to
produce DBPs
♦ DBPs are
the subject of
ongoing
scrutiny for
possible health
risks to
consumers

♦ The likelihood of
♦ DBPs have been studied for
health risks posed
possible adverse human
by DBPs is subject
health impact for over 35 years
to intractable
(Hrudey 2009).
uncertainty about the ♦ The most credible potential
health risks posed by DBPs
ability of DBPs to
are bladder cancer after more
cause adverse
human health effects than 40 years of exposure and
some adverse reproductive
via drinking water
outcomes although the
exposure.
♦ The potential for
epidemiological evidence for
adverse human
the latter is much more
health impacts is
inconsistent for minor
handled by treating
outcomes (low birth weight) to
DBPs in a
not credible for serious
precautionary
reproductive outcomes (e.g.
manner by
congenital anomalies,

100+
years

♦ Metro Vancouver is
subject to a drinking water
permit from the regional
health authority and as a
commitment to consumers
it would not want to exceed
any Guideline for Canadian
Drinking Water Quality.
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of economics (i.e. choosing
to take on such water
quality degradation by
being prepared to pay
increased treatment costs).
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What can go
wrong?

Taste and
odour
♦ Problems
with taste and
odour in water
supplies are

How likely is it?

What are the
consequences?

controlling the
highest quantity
DBPs
(trihalomethanes,
THMs and
haloacetic acids,
HAAs) to practically
achievable levels
and treating these
DBPs which have
limited likelihood of
causing adverse
human health
impacts as
surrogates for other
DBPs which may
pose a health risk,
but which have not
yet been isolated or
regulated.
♦ Studies done on
the formation
potential for THMs
and HAAs from
chlorination show
that values are
substantial in
relation to
“regulated” levels
(e.g. those specified
by the Guidelines for
Canadian Drinking
Water Quality),
♦ THMs are typically
formed from oxidant
reactions with humic
or fulvic materials in
natural waters more
than biogenic
organic materials
such as produced by
algae, thereby
suggesting that THM
formation is likely to
be independent of
sockeye reintroduction
scenarios.

spontaneous abortion).
♦ The “regulated” DBPs have
been largely shown not likely
to be the cause of adverse
human health effects,
particularly for cancer risk.
Hence they are controlled as
surrogates for as-yet
unidentified, but more
plausible carcinogenic DBPs.
♦ Failing to meet a “regulatory”
limit for DBPs would be a clear
negative consequence even if
adverse health effects are not
likely to occur.
♦ The experimental study on
formation potential for THMs
and HAAs showed that the
brominated species are almost
non-existent. The latter have
attracted slightly greater
concern for potential adverse
health impacts than chloroform
or di- and trichloracetic acid
which, based on current
understanding of their mode of
toxic action in experimental
animals pose negligible health
risk to humans via drinking
water. The virtual absence of
brominated DBPs is a positive.
♦ The findings of the
experiment that adjusted water
nutrient levels to correspond to
the levels that would be
contributed by sockeye
population, if sockeye
reintroduction was to take
place, indicated that the profile
of the currently “regulated”
DBPs did not change.
However, it is possible that
future research may find that
some as yet unidentified DBP
was more likely to form as a
result of precursors tied to fish
decomposition. Such a
hypothetical cannot be ruled
out, but likewise, there is no
current evidence upon which
to judge this possibility.

♦ The likelihood of
taste and odour
problems is tied to
the degree of
nutrient loading and
its capacity to

♦ Occurrence of algal-related
taste and odour problems
would seriously undermine
consumer confidence in the
quality of their drinking water
supply.
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Over
what
time
frame?

100+
years

What matters to those
affected?

♦ Metro Vancouver has a
consumer population that is
not conditioned to serious
or chronic taste and odour
issues with its drinking
water. Tolerance for the
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What can go
wrong?

How likely is it?

What are the
consequences?

often
associated
with algal
growth
♦ various
species of
cyanobacteria
are known to
produce potent
odour agents
like geosmin
and 2-methylisoborneol
(MIB) with
odour
thresholds in
the low parts
per trillion.
♦ Other types
of algal growth
have been
associated
with taste and
odour
problems, but
more typically
in mesotrophic
or eutrophic
nutrient
conditions.

promote algal growth
♦ In the absence of
additional nutrient
addition to
Coquitlam Reservoir,
the current nutrient
inputs and the range
of factors causing its
ultra-oligotrophic
nutrient status make
the occurrence of
taste and odour
problems extremely
unlikely.
♦ Various scenarios
of sockeye
reintroduction will
increase nutrient
loading thereby
increasing likelihood
of algal growth.
♦ A sockeye run of
5,000 ± 1500 to
15,000 ± 5000 per
year is not likely to
provide sufficient
nutrient loading to
change nutrient
status sufficiently to
yield a taste and
odour problem.
♦ A sockeye run of
30,000 ± 10000 per
year is more likely to
contribute to
possible algal growth
problems
cumulatively over
time, but this level of
sockeye run is
estimated to be well
above the productive
capacity of
Coquitlam Reservoir,
making levels above
this unsustainable
over an extended
period without other
interventions to
enhance sockeye
productivity.

♦ Algal-related taste and odour
problems range from more
common musty, earthy
character (geosmin, MIB) to
less common fishy and other
nuisance odours (Hrudey et al.
1995).
♦ Algal-related taste and odour
problems are likely to be
intermittent and not entirely
predicable which prevents
consumers from becoming
acclimated to slight odours
because of changing
conditions which leads to
greater consumer awareness
and dissatisfaction with the
problems when they do occur.
♦ Consumer sensitivity to
algal-related taste and odour
problems can vary significantly
among a consumer population
with some consumers being
remarkably sensitive to barely
detectable levels of odorous
agents like geosmin and MIB.
♦ Treatment options for
intermittent taste and odour
problems are not very
satisfactory. If problems can
be limited to geosmin and MIB,
there is considerable
worldwide experience in
targeting these specific
compounds with focused
treatment technology, but the
intermittent nature of
occurrence makes consistent
management of these
problems difficult.
♦ if other odour agents occur,
considerable and difficult
research efforts are usually
necessary to identify
responsible odour agents
making it more difficult to
develop confidence in
treatment options.
♦ The nature of taste and
odour problems in drinking
water is not amenable to a
one-size fits all application of
treatment technology.

Turbidity
♦ Because
Metro
Vancouver

♦ Although Metro
Vancouver has
experienced serious
turbidity episodes in

♦ Turbidity problems are a
nuisance at least and they
inevitably raise concerns
regarding pathogen
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Over
what
time
frame?

What matters to those
affected?
introduction of such
problems among
consumers is likely to be
low.
♦ As noted in describing
consequences, taste and
odour problems caused by
algae are not amenable to
any assured, off-the-shelf
treatment solution, So the
introduction of an algalrelated taste and odour
problem cannot be viewed
as simply a pre-defined
economic trade-off (i.e.
expecting that Metro
Vancouver can accept
defined higher treatment
costs in return for social
benefits or re-establishing
the sockeye run in
Coquitlam Reservoir).

100+
years

♦ Resolution of turbidity
problems if they arose
would require Metro
Vancouver to implement
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What can go
wrong?
does not
provide
filtration for
water from
Coquitlam
Reservoir, any
increase in
source
turbidity will
cause turbidity
in delivered
water.

How likely is it?
Capilano and
Seymour Reservoirs,
these are related to
soil and geological
conditions which do
not arise often in
Coquitlam Reservoir,
meaning that
sustained and
excessive turbidity
episodes are
unlikely.
♦ The possibility that
re-introduction of a
sockeye run into
Coquitlam Reservoir
could cause turbidity
problems is even
more unlikely.

What are the
consequences?
occurrence in drinking water
because pathogens are fine
particles and the inability to
remove turbidity signals the
inability to remove larger
(protozoan) pathogens.
♦ Of course, if there is no
substantive source of
pathogens, the inability to
remove them is moot. In the
case of Coquitlam Reservoir
pathogen loading to the raw
water is not a substantial
concern.
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Over
what
time
frame?

What matters to those
affected?
filtration which is a major
capital investment.
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Conclusions and Recommendations
The six scientific tasks identified in the Joint Panel report (December 2007), and listed in the
present report (Introduction) were successfully carried out and results used in the conclusions
for the present study.
A detailed study was undertaken for nutrients that are present in the Coquitlam river-reservoir
system. Using guidelines for the amount of nutrient that would be released by decaying sockeye
salmon, it appears that a return of up to 15,000 ± 5000 adult salmon would have negligible
impact upon phosphorus (and nitrogen) availability. Salmon returns of up to 15,000 ± 5000
would have little or no effect on plankton growth.
Assisting sockeye salmon over the dam wall in the course of their migration would allow a
gradual build up of the population, dependent on ocean survival rates, and success of passage
at the dam. A policy of assisting upstream migrants, agreed by Metro Vancouver, is already in
place, and has helped very small numbers of fish in their journey to the reservoir. The gradual
rate of returning of about 15,000 sockeye salmon to the Coquitlam system would be a long term
initiative, lasting at least a decade, and more probably many decades. This would allow Metro
Vancouver to monitor for potential changes to the phytoplankton community and any potential
changes to water quality.
BC Hydro, through the Bridge Coastal Restoration Program has a mandate to work towards
restoring salmon runs in the Coquitlam River. Under the Water Use Plan, an increasing
proportion of the flow in the Coquitlam River is being allocated to flows downstream of the dam,
for fisheries reasons. Even if up to 15,000 sockeye salmon were able to return from the ocean
at some time in the future, there would be insufficient spawning areas in the reservoir for this
number of fish, with only a modest number of females able to spawn. Thus, the prospect of a
larger run of sockeye salmon in the future is unlikely, unless there were active and deliberate
interventions in the system (e.g. reservoir fertilization). The water quality risks to Metro
Vancouver under any such additional intervention scenarios are not consistent with Metro
Vancouver’s responsibility to provide clean, safe drinking water.
An experiment to investigate the issue of disinfection by products in chlorinated water was
conducted. When nutrient levels were adjusted to correspond to the levels that would be
contributed by sockeye population, Merismopedia sp. was increased, but the immediate
additional biomass did not translate into increased DBP formation potential, in either THM or
HAA forms.
Problems of taste and odour factors in the drinking water in the future have been rated as
unlikely, as long as the returning salmon population is modest, and there are no other causes
for augmentation of algal production.
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A good baseline for nutrients and plankton in the reservoir has now been established. An
ongoing, low intensity, monitoring program is considered prudent, to monitor the future trends,
particularly factors such as phytoplankton that may lead to future taste and odour problems.
One of the objects of this low intensity, long term program would be to provide a management
indicator to help ensure that future reservoir productivity does not move to a higher trophic
status, e.g. from ultra-oligotrophic to oligotrophic. It would also be sensible for Metro Vancouver
to implement WQ monitoring on a regular basis with composite sampling on Capilano and
Seymour reservoirs where, like Coquitlam Reservoir, conditions are likely to change as climate
changes.
Some specific monitoring program suggestions are:
1. The plankton monitoring of Coquitlam reservoir should continue as long the reservoir is
used as a drinking water supply source and water quality is a paramount concern. The
monitor should concentrate on the productive months for plankton and be carried out
biweekly from May-October, and scaled-back to a monthly station monitor from November
to April. Included with the plankton monitor should be light intensity and attenuation, major
nutrients, chlorophyll a, pH, and oxygen and temperature profile measurements;
2. There should be a continuing assessment of major water inflows and outflows, to better
understand the role and scale of water residence time in controlling biogenic production;
3. Daily/hourly wind measurements at a suitable reservoir location should continue to be
operated and analysed, to help understand the variations of plankton populations, and
turbidity, in future data sets;
4. Prior to a final decision by Metro Vancouver on a new 2nd intake location, an additional
(12-18 month) study on DBP formation potential, after water extraction, and prior to
inclusion in the subsequent distribution system, should be undertaken. This should be an
on-shore, pilot study, extracting water from various depths of intake (3-5 possible depths)
and subjecting these waters to the proposed disinfection practices and a range of
nutrient/algae loadings. The main interest is to ‘simulate’ potential DBP issues post water
extraction and in the distribution system;
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Appendix 1:
A Preliminary Paleolimnological Assessment of Past Nutrient
Conditions
Summary: This study presents evidence from lake sediments that elucidates what conditions
were present in Coquitlam Lake prior to impoundment for hydroelectric purposes, when salmon,
notably sockeye (Oncorhynchus nerka), were present. These data are used to assess the ‘past’
nutrient conditions and lake productivity so as to improve our understanding of the potential
impacts of salmon reintroductions and their ‘new’ nutrients to ‘present’ reservoir production and
water quality. To achieve this objective, we have used a multiple-indicator approach relying on a
variety of sedimentary proxies related to nutrient levels - including algae, invertebrates and the
organic components of the sediment. Further, we have analysed nitrogen isotopes that are
related to salmon abundance in order to estimate the past contribution of salmon to the lake’s
nutrient budget.
Despite the transition from lake to reservoir, Coquitlam Lake has experienced very little change
in limnological conditions over the last 200 years. None of the variables used in our sediment
analysis suggest that the lake was significantly more productive prior to impoundment when
salmon accessed the lake. In fact, the only significant change in the record was a small and
very gradual increase in lake productivity that began either slightly before or at the time of dam
construction and impoundment, and this trend has continued up to the present. Results from
diatom-based phosphorus nutrient models show that there is no statistically significant
difference between 200-year-old sediments and those from the most recent decades. Further,
nitrogen isotope-based models of the lake’s nitrogen budget show that salmon have never
constituted a large or measurable part of the lake’s nutrient budget.
Cores were taken from 3 locations on the bed of Coquitlam reservoir, on 23rd June 2009. The
locations from which cores were taken are as shown in Figure 1.
Appendix 1 Figure 1:

Sediment core locations in Coquitlam Reservoir, June 23, 2009.
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Appendix 1 Figure 3:

Elemental analyses of Core 2. The data are oriented like the sediments in the lake,
with the most recent dates on the top and the older intervals below.
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(Left) Core 1, with small chironomid tubes visible on the surface interface indicating
that the surface sediments were recovered undisturbed.
(Right) Layers corresponding to 3 to 4 years of sediment deposition being removed
for later analysis
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Appendix 1 Figure 4:

Cladoceran species concentrations in the sediments of Core 1. Within the benthic
and planktonic groups, the species are ranked by their TP optima with species
preferring higher nutrient levels towards the right of the figure.
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Appendix 1 Figure 5:

Diatom concentration per gram dry sediment of the common (>5% maximum
abundance) diatom species in Core 1. Dates of the sediment intervals are shown on
the vertical axis with the top of the core corresponding to the top of the diagram.
Within the planktonic and benthic groups, diatoms are ranked from those preferring
low nutrient concentrations on the left, to those preferring slightly higher nutrient
concentrations on the right.
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Comparison to other reservoirs in South-Western BC
Compared to other lakes in South-Western BC that have undergone impoundment, Coquitlam
Lake has shown very little change in productivity. Previous studies on Wahleach, Stave and
Alouette lakes have all shown a clear pulse in productivity following reservoir formation
(Stockner and Bos 2002, 2003). In Alouette Lake, impoundment caused a dramatic increase in
the carbon and nitrogen content of the core for about 20 years, after which these variables
declined within a decade to pre-impoundment levels. In Wahleach and Stave lakes, %C and %N
levels increase markedly after impoundment, and never returned to pre-impoundment levels.
Each of these reservoirs has unique characteristics and histories that have led to these different
trajectories. Wahleach is much shallower than the others, and has a much larger proportion of
its littoral zone exposed during drawdown periods. This is likely the primary variable that,
combined with fertilization after 1995, has continued to support higher post-impoundment
productivity in this lake. Stave Lake is unique in that its impoundment period was spread over
two decades, and each dam modification was marked with a significant increase in water level
(~6m) and a concomitant nutrient increase from large regions of old river bed and wetlands
covered with flooded vegetation. Further, Stave Reservoir also began to receive diverted water
from Alouette Reservoir in 1927 that appears to have helped supplement nutrients and
productivity in Stave. Alouette had the highest levels of pre-impoundment productivity of the
three reservoirs and also saw the largest increase in productivity following impoundment. Both
its higher initial productivity and the greater pulse with impoundment are likely due to a drainage
basin that provides higher levels of nutrients, especially in freshet periods or when flooded. We
surmise that Alouette and Stave as well as the smaller Wahleach reservoir have experienced
greater degrees of anthropogenic disturbance than Coquitlam.
Microfossil indicators from all of these reservoirs show changes that track changes in
productivity inferred from sedimentary C and N values. More interesting, is the inter-reservoir
comparison that shows that Coquitlam lacks the species that indicate slightly higher nutrient
levels that are commonly observed in both Wahleach and Alouette reservoirs. Diatom species
such as Fragilaria construens (TP optima = 10-14 μg/l) and Asterionella formosa (TP optima =
12 ug/l) were commonly observed in these reservoirs but are completely absent from Coquitlam
Reservoir. Similarly the concentration of cladoceran invertebrate remains is lower in Coquitlam
than those seen in Wahleach or Alouette reservoirs. Even Stave Reservoir, which has a similar
diatom species composition to Coquitlam, still shows a greater abundance of species preferring
higher nutrient conditions as well as a much larger proportion of the assemblage which is
planktonic (~50%) compared to Coquitlam (10-35%). This is consistent with the interpretation of
extremely low nutrient levels in the open-water, epilimnetic pelagic communities that provide a
relative advantage to the benthic communities in Coquitlam Reservoir.
Of these four south-western coastal BC reservoirs, Coquitlam shows the lowest productivity and
the least response to change from dam formation and impoundment. It is likely that these two
characteristics are inter-related. The very narrow and steep-sided basin of both the historic and
present reservoir does imply that even flooding by impoundment caused little increase in
nutrients from flooded vegetation and hence the absence of a clear biotic response in
Coquitlam. The nutrient paucity that originally caused the low productivity in the Coquitlam
drainage basin over the past centuries also means that, owing both to little apparent
anthropogenic disturbance within the basin and to its steep-sided physiographic character, that
there would logically be less nutrients to release when the soils are flooded even during
impoundment.
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Appendix 2:
Plankton Components Description
Bacterioplankton. Free-living bacteria are the most abundant heterotrophic organisms in the
pelagic of oligotrophic coastal lakes like Coquitlam, where they are generally co-limited by N
and P nutrients and organic substrates (MacIsaac et al. 1981), and their population abundance
averages 0.50 x 106/mL (MacIsaac et al. 1981, Hardy et al. 1986, Shortreed and Stockner
1990). With their small cell size and rapid nutrient uptake capabilities, bacterioplankton
populations are among the first components of the pelagic community to respond to any
changes in nutrient concentration, i.e. loads (Suttle et al. 1988).
Autotrophic Picoplankton. Minute (0.2-2.0 um) autotrophic picoplankton (APP) are the most
abundant (25-30,000 cells/mL) phytoplankton and the major photosynthetic carbon (C) producer
in coastal lakes, accounting for > 50 % of annual C production but less than 20% of total
phytoplankton biomass in most lakes (Stockner and Antia 1986). They are also the first
photosynthetic organisms to respond to nutrient change and as such are important ‘sentinels’ of
change. Lowest population levels of APP are found in winter and early spring (<10,000/mL) with
peak abundance usually occurring in September or October. In coastal lakes they typically form
subsurface plates at the base of the thermocline or ‘nitrocline’ where dissolved N concentrations
are higher. In very low nutrient oligotrophic lakes like Coquitlam, both APP and bacterioplankton
by virtue of their small size, great abundance and rapid turnover rate represent a large pool of
available carbon for microbial food webs (Stockner and Porter 1988, Stockner and Shortreed
1989).
Protozoa. Relatively large populations of bacterioplankton and APP result in a moderate
abundance of heterotrophic microflagellates and ciliates, the dominant protozoan grazers of
bacteria and APP in oligotrophic coastal lakes (Hardy et al. 1986, Stockner and Porter 1988).
Most flagellates are within the nanoplankton size range (2.0-20.0um) and belong to either
Chryso- or Cryptophycean taxa. The role of microflagellates and ciliates as intermediaries in
transferring bacterial and APP carbon to higher trophic levels in oligotrophic lakes is one of the
predominant pathways of carbon flow in oligotrophic coastal lakes like Coquitlam (Weisse and
Stockner 1993).
Micro-phytoplankton. Though larger micro-phytoplankton (20-200 um) contribute substantially
to biomass (CHL), but their contribution to total carbon production is generally < 20 % in coastal
lakes (Stockner et al. 1980). Their abundance ranges from 1-9 cells/mL and averages about 2
cells/mL. Diatoms are the predominant micro-phytoplankton group in coastal lakes with
Rhizosolenia spp., Cyclotella spp., Achnanthes spp., Fragilaria spp. and Tabellaria the dominant
species (Stockner and Costella 1980). It is typical that micro-phytoplankton (e.g. Rhizosolenia
spp.), after a small, brief spring pulses, sink rapidly and concentrate at the
thermocline/hypolimnion boundary. In some lakes > 80% of the phytoplankton biomass occurs
in these subsurface plates (deep chlorophyll maximum) that often persist until autumn mixing
(overturn) (Shortreed and Stockner 1990, Jackson et al. 1990)
Periphyton. Because the catchment basins of most coastal lakes are steep and mountainous
their littoral zones tend to be small, narrow and usually comprise <2% of the total lake area and
contribute <1% to total lake carbon production (Shortreed and Stockner 1978, Shortreed et al.
1984). Nutrient limitation is considered the major factor limiting periphyton growth and accrual
rates in ‘natural’ coastal lakes, but in coastal lakes impounded for hydroelectric power
Drinking Water Quality with Sockeye Salmon Introduction in Coquitlam Reservoir
Metro Vancouver Expert Panel
October 2012

Page | 67

generation fluctuating water levels can destroy most littoral community function and can, in
some instances, almost entirely eliminate carbon production from the littoral zone.
Primary Production (PP). Compared to other north temperate lakes, B.C.’s coastal lakes show
the lowest rates of PP reported in the literature (Stockner 1981, Stockner and Shortreed 1985).
Mean values of PP for coastal lakes range from 30 - 60 mgC m-2 day-1 (Stockner 1987). There is
seasonal variability in rates of PP in coastal lakes but it is not nearly as pronounced as seen in
more productive dimictic interior BC lakes (Stockner 1987). The typical seasonal pattern in
coastal lakes is characterized by multiple, small production peaks that can occur as early as
February and are thought to be more related to short periods of climatic stability (calm, sunny)
than to nutrient pulses or mixing episodes.
Zooplankton. Like most variables in coastal lakes, zooplankton abundance and biomass is also
very low but shows considerable seasonal variability, with seasonal average abundance ranging
from 1-7 zoopl./L and biomass from 1-20 mgDW/m3 (Rankin et al. 1979, Rankin and Ashton
1980). The most common species are small-bodied cladocerans (Eubosmina) and copepods
(Diacyclops, Skistodiaptomus).
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Appendix 3:
Coquitlam Reservoir Nutrient-DBP Mesocosm Study
This project examined the potential effect of nutrient-enhanced phytoplankton biomass on
disinfection byproduct formation potential (DBP) in Coquitlam Reservoir. We used a series of
ten ~21 L translucent potable water plastic mesocosms, which were suspended in the
Reservoir, filled with Reservoir water, and experimental nutrient treatments were randomly
assigned to each mesocosm. Each treatment was only replicated once due to cost, time and
space limitations. The nutrient solutions were made up with laboratory reagent grade chemicals,
namely ammonium chloride (NH 4 Cl), sodium nitrate (NaNO 3 ) and sodium dibasic phosphate
(Na 2 HPO 4 .7H 2 O) and distilled water. Nutrient concentrations were based on a volume of 21
liters in the mesocosms and a target nutrient concentration of 8 ug NH 4 -N/L, 18 ug NO 3 -N/L and
4 ug PO 4 -P/L. Treatments were as follows (Appendix Table 1):
Appendix 3 Table 1: Mesocosm numbers and treatments
Mesocosm number

Treatment

4 and 6
5 and 9
7 and 8
2 and 10
3 and 1

Control
NH 3 -N
NH 3 -N and NO 3 -N
NH 3 -N and PO 4 -P
PO 4 -P

For this preliminary experiment, we felt these concentrations would represent a worst case
scenario for assessing the potential effect of salmon derived nutrients on algae and bacteria,
and subsequent reservoir productivity related food web effects on potential DBP formation.
The potential for the different raw waters to generate Disinfection By-Product (DBP) was
performed using the Formation Potential (FP) analysis (Standard Method 2510B: APHA, 2005).
The incubation temperature, time, pH were set at 25 oC, 7 days and 7, as specified by the
method. Chlorine was dosed to provide a residual concentration of approximately 5 mg/L at the
end of the incubation period. Water samples were collected in the reservoir at stations Coq 2
and Coq 5 on August 6, 2010, and delivered to Maxxam Analytics at 12:45 pm that day. These
ambient water chemistry conditions were used to determine the concentration, and
combinations of nutrient treatments for the ten mesocosms.
Water samples were collected from each mesocosm at the termination of the experiment on
August 27, 2010. Water chemistry samples were stored in pre-rinsed polyethylene bottles,
placed in coolers with ice-packs, and delivered to Maxxam Analytics at 15:45 that day. Samples
for DBP analysis were stored in pre-rinsed amber glass bottles with Teflon seals, and delivered
to the UBC Civil Engineering Laboratory. Phytoplankton samples were preserved in acid Lugol’s
iodine preservative, delivered to Ecologics Ltd. and stored in a cool location until analysis.
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Results and discussion: phytoplankton
The autotrophic phytoplankton responses reported here are very similar to those noted in
studies of similar design: a 2-4 day lag period followed by an exponential growth pulse
commencing on day 5-6 and, if run more days, and peaking by day 8 to 9 or until nutrient
depletion within the mesocosm (Stockner and Antia, 1976; Suttle et al., 1987; Suttle et al., 1989;
Suttle et al., 1991). In these experiments the greatest growth and biomass was seen in the NH 3
+ PO 4 mesocosm followed in order of diminishing response by NH 3 alone , PO 4 alone, NO 3 +
NH 3 and control, no additions and no ‘response” (Appendix Figure 1). After 2 days of incubation
there was no obvious trend toward growth stimulation in either cell densities or biomass. In fact
if there was any response it was negative with a diminishment of all groups, i.e. the adjustment
or ‘lag effect’ so commonly seen in mesocosm experiments (Stockner and Antia, 1976).
However, by day 5 of incubation a clear response was readily visible and measurable: with NH 3
+ PO 4 the most stimulatory addition, followed by NH 3 alone, then PO 4 alone, with NH 3 + NO 3
showing no effect at all.
The same trends was seen in both biomass and cell densities metrics. Merismopedia together
with nano-flagellates were the species that showed the greatest response to the nutrient
additions. The absence of any response in the NH 3 + NO 3 additions is not surprising in such an
ultra-oligotrophic, coastal ecosystem as Coquitlam Reservoir where co-limitation by both N and
P is common in August and September (Stockner and Shortreed, 1985; Stockner and
Shortreed, 1988). Ammonia only additions, even without PO 4 , resulted in significant increases in
Merismopedia and Chroococcus in the mesocosm; a result similar to those reported in studies
by Bloomqvist et al. (1989), where he demonstrated the reliance of Merismopedia growth on
NH 3 alone but not in combination with NO 3 , and its complete disappearance from newly ‘limed’
acidic oligotrophic lakes with the addition of lime together with PO 4 and NO 3 (Bloomqvist,
1997).
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The results for the Disinfection By-Product (DBP) Formation Potential (FP) are presented in
Appendix Figure 2 and Appendix Figure 3. The total trihalomethane (THM) and haloacetic acid
(HAA) formation potentials (FP) for the raw water used for the study (i.e. Coquitlam Reservoir)
were approximately 100 and 200 ug/L, respectively. These raw water THM and HAA FP are
typical for source water that is slightly acidic. Source waters that are slightly acidic tend to
predominantly form HAAs over THMs. The HAA FP for the raw water is similar to that of the
Seymour reservoir (based on previous UBC Civil Engineering Dept. studies). However, the THM
FP is approximately 1/3 of that which we have observed at Seymour Reservoir.
The addition of nutrients to promote algae growth in the raw water did not have a substantial
effect on either the THM FP or the HAA FP. This is somewhat expected as microbial material
typically has a low tendency to form DBPs. The results indicate that the overall background
concentration of DBP precursors did not change. The absence of significant change in DBP FP
observed in the present study may be due to the relatively low cell count (i.e. in the order of 103
counts/mL). Other studies that have reported significant effects of algae on DBP FP were
performed with raw waters that contained significantly higher counts. In addition, our mesocosm
tests were done over a relatively short period of time. It is not clear if over an extended time
period, the background concentration of DBP precursors could change due the cumulative
effect of released microbial material.

Appendix 3 Figure 2: Trihalomethane Formation Potential in Coquitlam mesocosms
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Appendix 3 Figure 3: Haloacetic Acid Formation Potential in Coquitlam mesocosms
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Conclusions
This experiment provided insight on the potential for sockeye salmon to influence DBP
formation potential in Coquitlam Reservoir. The results indicate that although algae biomass,
especially Merismopedia sp., was increased by certain nutrient treatments, the additional
biomass did not translate into increased DBP formation potential, in either THM or HAA forms.
This suggests that the nature of the molecular carbon compounds from live, or recently
senesced algae are not quickly halogenated.
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Appendix 4:
PR Model for Sockeye Salmon Returns
The PR model was developed as a predictive tool to provide sockeye salmon managers with an
estimate of ‘optimal’ size of adult sockeye escapement (returns) to achieve so as to maximize
juvenile rearing capacity in nursery lakes. It has been used for several years by DFO to control
fishing efforts to permit an optimal adult escapement to return to lakes on the BC coast and in
Fraser and Skeena river systems. It is an ecosystem-based model that estimates production of
carbon at the base of the food-chain, e.g. primary production (PR or Ppr) in sockeye lakes and
computes the energy flow, with losses, as energy (organic carbon) flows up the food-web to
zooplankton, the major forage of juvenile sockeye in lakes. If the adult escapement exceeds the
‘optimal’ then juvenile in-lake survival is poor and the lake’s rearing capacity is overwhelmed
and often years to be restored.
The model tells us that any escapement of sockeye greater than about 20,000 adults to
Coquitlam Reservoir must be avoided, as the model does not calculate the effects of
competition from land-locked Kokanee in the nursery lakes. The bottom-line is that 15,000 +/5000 adults should be set as the upper limit of adult returns to the reservoir.
1

PR Model Predictions , Coquitlam Reservoir
PR Model Predictions
2

Mean PR (mg C.m /day)
Lake/Reservior/Smolts
Coquitlam 1*
Coquitlam 2**

Area
(km2)
12.7
12.7

Escapement

Rearing

PR/hr

PR/Dy

tC/lake/yr

Opt. Adults

No.

2.0
0.9

50
15

114
34

21,000
6,450

2,660,000
800,000

* Based on data from:
Present Report: Drinking Water Quality with Sockeye Salmon Re-introduction in Coquitlam
Reservoir
** Based on data from:
Stockner & Beer 2005, BC Hydro Stave/Hayward reservoir report, 37 p. and
Stockner, J. & K. Shortreed 1985, Whole-Lake fertilization experiments in coastal BC lakes:
Empirical relationships between nutrient inputs and phytoplankton biomass and
production. Can. J. Fish. Aquatic Sci. 42: 649-658.

1

Shortreed, K.S., J.M.B. Hume, and J.G. Stockner. 2000. Using photosynthetic rates to estimate the juvenile sockeye rearing capacity of British
Columbia lakes, pp. 505-521. In: E. Knudsen + 4 others, (Eds). Sustainable Fisheries Management, Pacific Salmon. CRC, Lewis Pub. 724p.
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Appendix 5:
Data Collected During the Study Period
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