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The BC Lake Stewardship Society (BCLSS) and the Ministry of Environment and Climate Change Strategy (ENV)
partner with local volunteers and stewardship groups to characterize lake water quality through the BC Lake
Stewardship and Monitoring Program (BCLSMP). The BCLSMP's focus is on understanding water clarity, temperature,
oxygen, and nutrients because these factors contribute to the basic understanding of lake processes which influence
biological productivity. Concerns about productivity are common, specifically because high productivity can
negatively impact recreation, drinking water and aquatic health due to harmful algal blooms. For more information
about the BCLSMP please visit www.gov.bc.ca/lakestewardshipmonitoring.

Photo 1. Cluculz Lake captured on May 9, 2023.

Background

Cluculz Lake is located in the traditional territory of the Lheidli T'enneh First Nation in the Omineca-Peace region,
just south of Highway 16 and 51 km west of Prince George, BC. The lake sits at an elevation of 762 meters above sea
level, is approximately 1944 hectares in size, with a perimeter of 50.4 km, a maximum depth of 61 meters and a
mean depth of 30 meters (FIDQ, 2024). The lake generally has a steep drop-off from shore and has one main basin
and three smallislands (Figure 1). There are three inflow creeks; Cluculz Creek, Khai Creek and Sob Creek, all located
at the southwest end of the lake. Cluculz Creek also drains out of the lake at the center on the north side (Figure 1).

Cluculz Lake is a popular all-seasons fishing and recreating lake for both seasonal and permanent residents, as well
as local tourists. Cluculz Lake has numerous sport fish species in it including, rainbow trout (Oncorhynchus mykiss),
lake trout (Salvelinus namaycush), dolly varden (Salvenlinus malma), burbot (Lota lota), kokanee (Onconrbynchus nerka),
and mountain whitefish (Prosopium williamsoni).


file://sfp.idir.bcgov/S140/S40036/PROV%20LAKES/Operations%20ORCS/77515%20WQ%20Monitoring/20%20Volunteer%20Lake%20Monitoring/20%20Regions/20%20South%20Coast%20Region/Hatzic%20Lake/04%20Reports%20and%20Presentations/2019_2021_L3_REPORT/www.gov.bc.ca/lakestewardshipmonitoring

Land use within the watershed includes residential development, forestry, and agriculture. Just under 50% of the
Cluculz Lake watershed is forest (Figure 2). The dominant land use is forestry with 36% of the watershed being
disturbed or harvested. Land developed for agriculture makes up 3.4% of the watershed. Urban, or residential,
development is less than 1% of the entire watershed, but most of this development is directly on the lakeshore.
There are 659 private lots located on the lakeshore of Cluculz Lake. Of these lots at least 460 have been privately
developed as seasonal or permanent residences, or as resorts/businesses. Comparing these land use percentages
against the 1999 lake report, the amount of harvested land has increased by 15% from 21%, whereas the amount of
residential development and agricultural has remained much the same (ENV, 1999).
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Figure 1. Bathymetric map of Cluculz Lake, including East Arm Deep Station (BLCMN and historic BCLSMP) and
West of Island Station (2021-2023 BCLMSP and historic BCLSMP) identified by a red x. NOTE: The field data for
these bathymetric maps was collected in 1979 and so elevations may not accurately reflect current depths, and
are intended to provide a general reference for lake morphometry.

Monitoring Approach

This report focuses on summarizing Level 3 Study data collected by volunteers from 2021 to 2023. Data from a Level
3 Study conducted between 1994 and 1999 (excluding 1997) was also included in this report for a longer-term
comparison. A Level 3 BCLSMP Study collects information from the deepest lake location in simple lake basins, and
includes monitoring of dissolved oxygen, temperature, water clarity, algal productivity, and nutrient levels (e.g.,
phosphorus). Information on these parameters is collected at least twelve times during the open water season for
three years to characterize the temporal variability typical of lake systems and can help identify issues such as
summer oxygen depletion, internal nutrient loading, and times of high algal productivity.
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Figure 2: Cluculz Lake watershed and associated land uses.




Table 1: Summary of sampling events that occurred on The Level 3 BCLSMP water quality information was
Cluculz Lake between 1994 and 2023. collected from the Cluculz Lake West of the Main Island
Station (Environmental Monitoring Systems ID: E221884)
Number between May and October during 10 sampling events in
EMS 1D sampling | Sampling VEAR o 2021, and 12 sampling events in 2022 and 2023. Water
Station | Program Sampling samples were collected for chemical analyses at three
Events depths (1 m below surface, mid-depth, and a deep sample
2021 a0 which was ~10 m above bottom) and chlorophyll-a
(shallow samples only). Secchi depth and full temperature
West of | BCLSMP zu22 12 and dissolved oxygen profiles (i.e., measured at 1 m
E221884 |  Main 2023 12 intervals throughout the water column) were also
Lland 1995 5 collected during each sampling event. The 1994-1999
BCLSMP 1996 4 Level 3 BCLSMP included the same chemical analysis and
1994 6 sampling methodology, as well a Secchi depth at each
1995 7 ;ampling event. ITemperaturz and hdissr:)Ived oxyglen,
owever, was only measured at the three samplin
East Arm | BCLSMP 1996 4 depths where wate?/was being collected. During this IF_)evegI
0400502 De?p 1998 > 3 program sampling occasionally occurred at both
Station 1999 8 stations on Cluculz Lake: West of the Main Island and at
BCLMN 2016 - 20y the East Arm Deep Station (EMS ID 0400502) (Figure 1).
2023 This report also compares BCLSMP data to data collected

under the BC Lake Monitoring Network (BCLMN;
www.gov.bc.ca/lake-monitoring), operated by ENV staff. Cluculz Lake has been sampled as part of the BCLMN since
2016 only at the East Arm Deep Station. Table 1 shows the number of sampling events that occurred during each
year at each of the stations, under the different sampling programs.

Temperature and Dissolved Oxygen

Temperature and dissolved oxygen (DO) strongly influence physical, chemical and biological processes in lakes.
Annual temperature and oxygen patterns vary depending on local climate, lake shape, prevailing wind direction and
lake depth (BCLSS, 2022). Water is most dense and therefore heaviest at 4°C and less dense (i.e., lighter) at both
colder and warmer temperatures. During the summer, lakes usually experience a layering effect called stratification,
with the warmer, less dense water sitting on top of the cooler, heavier water. Stratification keeps bottom cool water
isolated from top warmer water which traps nutrients released from bottom sediments until the layers mix in the
fall. This mixing is also called lake overturn and can occur one to multiple times per year. During the mixing process,
the bottom waters get recharged with oxygen, and nutrients are brought up to the surface.

Temperature and DO data collected at the Cluculz Lake West of the Main Island Station between 2021 and 2023
indicate stable summer stratification (Figure 3). Spring mixed conditions were captured in 2021 and 2022 and
occurred mid to late May in both years. In 2023 the first sampling event was on May 10%", but the lake had already
started to stratify. The fall overturn was fully captured in 2021 and 2022 as well and occurred in early to mid October.
Again, in 2023 the final sampling event was on October 12t and at this time the lake was just starting to cool off and
turnover. Therefore, from May to October distinct layers of warm and cold water formed in Cluculz Lake in all three
sampling years, with peak surface temperatures ranging from 20 to 24°C in July and August. The lake remained
stratified throughout the summer months without any apparent intermittent mixing events.


http://www.gov.bc.ca/lake-monitoring
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Figure 3: Temperature and DO results at the White Lake Deep Station (2021 - 2023). The coloured contours display
patterns of warming/cooling and increasing/decreasing concentrations of DO.
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DO in Cluculz Lake is influenced by temperature conditions and climate (Figure 3). The DO levels were high
throughout the top 40 m of the water column during all sampling sessions. The bottom 10 m of the lake was only
sampled in the summer months in 2022, and the first spring sample in 2023. During this year deep water anoxic
conditions (<1 mg/L) were present in the bottom 5-10 m starting in mid July and remaining so until late October, and
possibly into the spring of 2023. This data is evidence that the lake did not completely turnover in the fall of 2022
and into 2023. Due to a lack of data below 40 m for the summer and fall of 2023 and all of 2021, it is not possible to
know whether this is normal for Cluculz Lake or due to annual climate conditions. The fall of 2022 was characterized
by above normal warm temperatures which were immediately followed by a strong cold snap leading to lower than
normal under ice DO conditions in many interior lakes in BC. Temperature and DO profile data collected on other
interior lakes also showed that the water column in the spring of 2023 didn't fully mix due to a rapid onset of warm
weather soon after the ice melted. Unfortunately, it is difficult to tell if this anoxic layer in Cluculz Lake persisted
through the summer of 2023 in the very deep waters, but the data indicates it did not extend up to above 40 m in
depth. Many fish species, especially salmonids, show signs of stress at temperatures greater than 18°C and DO
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concentrations less than 4 mg/L (Truelson, 1997). Both temperature and DO results show that despite the deep
anoxic water and warmer surface water conditions during the sampling periods, a large part of the water column at
Cluculz Lake West of the Main Island remained suitable habitat for fish.

Temperature stratification patterns from 1994-1999 measured at the East Arm Deep station of Cluculz Lake were
similar to what was observed for 2021-2023 at the station West of the Main Island, although the timing of when the
lake started to stratify has changed substantially. Cluculz Lake started to stratify in early July in 1999, in early June in
2021, in late May in 2022, and in early May in 2023. There has been less change in the fall, where in 1999 and 2021
the lake began mixing in early October, in mid October in 2022, and mid-late October in 2023. DO data from 1994-
1999 measured at the East Arm Deep station is less comparable to the DO results from the station West of the Main
Island due to differences in lake depth between stations. However, at the East Arm Deep DO levels were not
measured below 4 mg/L in between 1994 and 1999 at 60 m depth, or from 2021-2023 at 50 m depth.

Water Clarity and Algal Biomass

Water clarity is an indicator of algae, suspended sediments, and other particles in the water. It is measured using a
Secchi disc to see how far light can penetrate through the water column. Chlorophyll-a is a common pigment found
in almost all plants; it captures light energy and drives the process of photosynthesis. In open water areas of lakes,
it occurs in free-floating microscopic algae (phytoplankton), which are crucial components of the lake food-web
supporting the production at other trophic levels including zooplankton and fish. Chlorophyll-a is an indicator of the
algal biomass present in the water. In highly productive systems, algal biomass can become excessive, causing
aesthetic concerns and impacting water quality.
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Figure 4. Secchi depth (blue bars with circles) and chlorophyll-a (green line) measured at the Cluculz Lake West of the Main
Island Station.



Secchi Depth (m) Lake clarity (i.e., Secchi depth) and algal biomass
. (i.e., chlorophyll-a) data collected at the station
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Figure 5: Historical chlorophyll-a and Secchi depth comparison for cyanobacteria. Water clarity is not only correlated

data collected at both sampling stations on Cluculz Lake. N Values . ) .
are the number of samples collected during each time frame and with chIorophyII-a in lakes buF can also be linked
program. The black line in the middle of the box represents the to the turbidity of the lake (i.e., the amount of
median value and the thickness of the box represents values that ~ suspended particulate matter) or the natural
are within the 25-75% percentiles. The vertical lines are the  colour of the water (Shaw et al., 2004). Algal
maximum and minimum values, and the black dots are value = biomass patterns in 2023 however, were notably
outside the expected range for the data. consistent through the entire ice-off season.

Figure 5 compares the Level 3 BCLSMP 2021-2023 Secchi depth and chlorophyll-a results with data collected in
Cluculz Lake during other sampling programs and at both sampling stations. The comparison suggests that clarity
in Cluculz lake is decreasing, although for the 1994-1999 time periods only mean annual data was available so
variability within the years is not captured in Figure 5. The median algal biomass since 1994 at both stations has
remained relatively consistent, and the seasonal pattern of highs and lows is the same (ENV, 1999) but the magnitude
of the spikes in algal biomass do appear to be increasing (Figure 5).

Phosphorus

Phosphorus is a limiting nutrient for most lakes in BC, meaning that phosphorus concentration strongly influences
biological production (BCLSS, 2022). Nitrogen is also an important nutrient but is generally second to phosphorus in
limiting lake productivity. In addition, the relative ratio between the two nutrients can also play an important role.
There are several forms of phosphorus present in lake water and monitoring different forms of phosphorus helps
us understand how much is available for algae and plant growth. Dissolved phosphorus, in the form of ortho-
phosphate (PO4) is the most readily available form of phosphorus to algae and aquatic plants. Total dissolved
phosphorus (TDP) is another bioavailable form. Total phosphorus (TP), although least bioavailable, can be stored in
sediments and organic matter, and later converted to PO4 and released to the water column in low oxygen
conditions.



Table 1. Minimum, maximum and average phosphorus Cluculz Lake water concentrations (2021-2023).

Station Depth Sampled (m) TP (ug/L) TDP (ug/L) Ortho-P (ug/L)
% Shallow Min 8.0 4.3 1.0
E (0-1 m below surface) Max 40.7 22.1 16.5
o
‘g Average 18.3 8.3 2.5
E Min 2.0 2.0 1.0
2 'E Mid (9-18 m below
& Max 32.8 13.9 12.8
& w surface)

%) Average 14.1 7.4 24
X

s Min 8 4.6 1
N

3 Deep (20-35 m) Max 37.8 25.4 19.5
=

O Average 20.7 14.5 8.8

Average phosphorus concentrations (in the form of TP, TDP, and Ortho-P) collected from Cluculz Lake West of the
Main Island at three sampling depths from 2021 to 2023 are listed in Table 1 and plotted by sampling eventin Figure
6. Of note, is the high variability in phosphorus concentrations at all three sampling depths, the relationship between
the spikes in shallow phosphorus concentration with the chlorophyll-a concentration (Figure 4), and the lower
concentrations at all three depths in 2023 compared to 2021 and 2022 (Figure 6). Increasing phosphorus and
decreasing DO levels in the deep waters as the season progresses show that internal loading of phosphorus from
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Figure 6. Cluculz Lake 2021-2023 total phosphorus (TP), total dissolved phosphorus (TDP), ortho-
phosphate (PO4) results.

lake sediments is
occurring. Internal
phosphorus loading can
occur naturally and is
associated with  low
dissolved oxygen
conditions at the bottom
of the water column.
From Figure 3 we can
see that oxygen levels in
Cluculz Lake are low in
the summer at depths
>40 m. The spikes in
deep water phosphorus
later in the summer in
Cluculz Lake show that
during some  years
internal loading is
occurring, but the high
variability of the results
suggests that internal
loading in Cluculz Lake is
likely not the dominant
source of phosphorus in
the lake. The 1999 report
for Cluculz Lake also
found that internal
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nutrient loading was not prominent in Cluculz Lake from 1994 to 1999 (ENV, 1999). The phosphorus spikes that
occurred in the shallow waters, were well timed with chlorophyll-a spikes, suggesting that they are likely the result
of algal blooms at the surface of the lake.

Finally, the 2023 phosphorus sampling results were notably lower and less variable than phosphorus levels in either
2021 or 2022, similar to the chlorophyll-a results (Figure 4). The results from other Level 3 programs across the
province found that 2023 experienced much higher levels of internal nutrient loading due to the longer and stronger
lake stratification resulting from the warm fall in 2022 and rapid onset of high temperatures after ice-off in 2023.
The temperature and DO profiles collected in Cluculz Lake in 2023 show that the lake stratified 2 weeks earlier in the
spring and remained stratified close to 2 weeks longer in the fall compared to 2021 and 2022, yet there were still no
captured spikes in deep water phosphorus late in the summer or early fall. There are two possible explanations for
this: 1) very little internal nutrient loading occurs in Cluculz Lake, or 2) internal nutrient loading was not captured
because deep water samples were collected ~10 m above the bottom of the lake instead of 1 m above bottom, which
is typically the target for deep samples. Cluculz Lake is a relatively deep lake for its size. It is possible that the high
variability of nutrient concentrations and lake productivity are the result of variable overturn depths from year to
year, meaning that it is possible that the lake does not fully mix top to bottom every spring and fall. If this were the
case, then phosphorus released from the sediments may not get mixed into the upper water depths every year.

Trophic Status

Trophic status describes the level of biological productivity within a waterbody and is measured by using Secchi
depth, chlorophyll-a, and total phosphorus concentrations (Nordin, 1985). Low productivity lakes are called
oligotrophic and tend to have clear water and sufficient oxygen for aquatic life throughout the year. Lakes with
moderate productivity are called mesotrophic. Eutrophic lakes have high productivity and often have high densities
of aquatic plants and/or algae. Algal blooms may occur in these lakes frequently, reducing recreational opportunities
and potentially impacting aquatic habitat.

The results show that Cluculz Lake ranges from high to moderate productivity depending on the time period, and
the trophic indicator (Table 2). Summer water clarity (i.e., Secchi depth) at the station West of the Main Island for all
sampling programs since 1994 suggests the lake is mesotrophic, as does the average spring total phosphorus
concentrations at both sampling stations. The average summer chlorophyll-a concentration, however, places the
trophic status as either highly eutrophic or mesotrophic depending on the sampling year.

Table 2. Cluculz Lake trophic indicator results (as per Nordin, 1985).

. Deep
Parameters Trophic Categories Cluculz Lake West of Main Station
Island
East Arm
Oligotrophic | Mesotrophic | Eutrophic | 2021 | 2022 | 2023 | 1994-1999 | 1994-2023
Chiorophyll-a 0-2 2-7 >7 176 | 142 | 32 3.6 6.6
(Hg/L)
Secchi Depth (m)’ >6.0 3.0-6.0 <3.0 3.2 4.4 4.6 - -
Total Phosphorus 1-10 10-30 >30 21 | 218 | 163 27 26.1
(Hg/L)
'Summer average, 2Spring mixed conditions.




Summary

Cluculz Lake is a moderately sized lake and approximately 40% of the 640 km?2watershed has been disturbed or
developed. The lake is popular with recreation users and is used for boating, swimming, and fishing. The lake was
sampled by volunteers under the BCLSMP Level 3 program over a three-year period between 2021 and 2023 at the
station West of the Main Island. Cluculz Lake had stable stratified conditions from June to October in 2021 and 2022,
and May to October in 2023. Both temperature and DO results show that despite the deep anoxic water conditions
and warmer surface water conditions during this period, a large part of the water column at the West of the Main
Island station was suitable fish habitat. Algal productivity, water clarity, and nutrient concentrations suggest that
Cluculz Lake is a high-moderately productive system that is prone to experiencing high inter-annual variability in
productivity. This high variability could be the result of differences in climate and mixing patterns from year to year.
Phosphorus concentrations at three depths suggest that internal nutrient loading does occur in Cluculz Lake but is
likely not a dominant source of phosphorus.

Going Forward

The land use pressures within the Cluculz Lake watershed are moderate with the majority (~60%) of the watershed
being undisturbed. In a lakeshore survey completed in 1999 it was found that the riparian area was disturbed at 48%
of the residences. A healthy riparian area is key to Cluculz Lake's resilience against potential impacts from future
land-based activities. Key activities that, if expanded beyond the current footprint, could result in degradation of
Cluculz Lake water quality are residential and other developments (including agricultural and industrial) and large-
scale forest clearing (i.e., logging or wildfires) and related activities such as road or fireguard development in
sensitive areas (e.g., adjacent to the lake and contributing tributaries). To retain the resilience of the Cluculz Lake
watershed, focus should be made on preserving, enhancing, and restoring riparian areas. For existing developments
along the shoreline, regular septic system inspections are recommended, and faulty systems should be replaced as
soon as possible.

There is strong evidence that climate change is exacerbating existing issues in lakes and creating issues where issues
didn't exist, whether expected or unexpected. This will make management of BC's water resources more challenging.
One climate change impact already observed in many northern hemisphere lakes is reduced oxygen concentrations
and earlier onset and longer periods of stratification, which will make internal nutrient loading more problematic
(Woolway et al., 2020).

If there is volunteer interest and capacity, continued monitoring at reduced BCLSMP study level (e.g., Level 1: regular
temperature and Secchi depth measurements at the West of the Main Island station from spring to fall overturn) is
recommended. If a meter for measuring temperature and DO is available, then adding water column profiling up
to 50 m for these two parameters as part of a modified Level 1 on a regular basis between spring and fall mixed
periods will provide extremely valuable information. These data are important for long-term lake condition records
and will help to fill a data gap that currently exists for information on the oxygen and seasonal mixing through the
entire depth of the lake. Cluculz Lake is also part of the BC Lake Monitoring Network (BCLMN). Sampling for BCLMN
is done by Ministry staff twice a year (spring and late summer) at the East Arm Deep station in Cluculz Lake. If there
was interest and time then adding a BCLSMP Level 2 program at this station (e.g., reqular temperature and DO full
profiles and Secchi depth) would be very beneficial to filling in information gaps in the BCLMN program.

It is also recommended that monitoring include ice-on and off dates which can be submitted online through BC Ice
Reporting Tool (https://arcg.is/qy1e5). It is recommended that a follow up Level 3 study is conducted again in 5-10
years to track potential changes Cluculz Lake productivity.
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Other Tips for Keeping Cluculz Lake Healthy:

See link under Monitoring Resources on: www.gov.bc.ca/lakestewardshipmonitoring
BCLSS's LakeKeepers Manual: https://www.bclss.org/programs#lake-keepers-manual

Cluculz Lake data presented in this report can be accessed here: https://arcg.is/1G9LG40

Who to Contact for More Information

The Ministry of Environment and Climate Change Strategy | The BC Lake Stewardship Society

3 Floor, 1011-4* Ave Prince George, BC V2L 3H9 1257 Erskine Street Coquitlam, BC V3B 6R3

Email: volunteerlakes@gov.bc.ca Email: info@bclss.org

Website: www.gov.bc.ca/lakestewardshipmonitoring Website: www.bclss.org
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