
 

 

 

 

 

 
 
 
 

 

 

Gitanyow (Kitwanga) Lake Assessment - 2015 
  

  
  

 
 
 
 

Prepared for: 
 
Gitanyow Hereditary Chiefs  
Pacific Salmon Commission  
 
Prepared by: 
 
Jordan Beblow, B.Sc., R.P.Bio.  
Gitanyow Fisheries Authority 
P.O. Box 148   
Kitwanga, BC, V0J 2A0   
 
Date: 
 
November 8, 2016 



Gitanyow (Kitwanga) Lake Assessment - 2015 

ii 

 
 
 
 



Gitanyow (Kitwanga) Lake Assessment - 2015 

iii 

Acknowledgments  
Gitanyow Fisheries Authority (GFA) would like to thank the Gitanyow Hereditary Chiefs (GHC) for 
their continued leadership and support for the GFA program. In 2015 the project funders were the 
Pacific Salmon Commission (PSC). The work and overall success of the project would not have 
been possible without the valued input of technicians including: Les McLean, Earl McLean, Vernon 
Russell, Phillip Johnson, Owen Russell, Johnny Martin, Morgan Douse, Brenton Williams, and James 
Morgan.  GFA lead staff including: Mark Cleveland, Derek Kingston, Gregory Rush and Kevin Koch.  
A special thanks to Mike McCarthy for his information on Gitanyow Lake. 



Gitanyow (Kitwanga) Lake Assessment - 2015 

iv 

Executive Summary 
On November 4 2015, biologists and technicians with Gitanyow Fisheries Authority (GFA) buried 48 
egg tubes containing 100 fertilized Kitwanga sockeye eggs in two areas of Gitanyow (Kitwanga) 
Lake1. These areas were selected because they are known annual sockeye spawning locations 
and because they were monitored previously leading up to this year’s studies. In addition to 
monitoring egg-to-fry survival, hyporheic and limnetic zone data (dissolved oxygen (DO) and 
temperature) was collected, and a photosynthesis rate synoptic survey was conducted on 
Gitanyow Lake over the study period, which occurred from June 8. 2015 to June 15, 2016. This 
report summarizes data gathered for Year 1 of this proposed multi-year study. 
 
The primary objective of the study was to Identify potential fresh-water factors that may be 
hindering egg-to-fry-smolt survival in Gitanyow Lake. 
 
Key study findings were: 
 

• Three main spawning areas were monitored during the sockeye spawning period. Two of 
the three were selected based on numbers of adult spawners in 2015 and their 
topography in terms of being able to effectively capture brood stock. 

• At each of the two spawning areas selected, three artificial ‘redds’ were excavated and 
eight egg tubes were buried / redd, depositing a total of 2400 eggs at each spawning 
area. The average egg-to-fry survival for the three ‘redds’ at each spawning area was: 

o Site 1 = 88%  
o Site 3 = 87% 
o No statistical difference in survival was noted between Sites 1 and 3 (single factor 

one-way ANOVA p-value of 0.63 > than significance level of 0.05) 
• Dissolved oxygen and water temperature in the hyporheic zone provide conditions for 

adequate egg-to-fry survival at selected spawning areas in Gitanyow Lake. Site 3 had 
more variability for both dissolved oxygen and temperature from a minimum of 4.3 mg/l 
and 1.20C to a maximum of 10.9 mg/l and 13.50C (SD - 1.3 and 3.1 respectively). This 
variability was likely due to the datalogger at Site 3 becoming partially exposed during 
the study period. While the dissolved oxygen did dip below 5 mg/l at Site 3 for a short 
period, which is usually the threshold where egg survival is effected adversely, the overall 
egg-to-fry survival at the site suggest this dip in DO did not significantly affect egg-to-fry 
survival.  

• Dissolved oxygen and temperature profiles showed that there were periods in July of 
2015 that the available threshold of dissolved oxygen and water temperatures (i.e. >5 
mg/l and < 200C – Bjornn and Reiser 1991) were limited in some parts of Gitanyow Lake.  
This may have effected growth and survival, but there appeared to be adequate 
conditions in some parts of the lake for juveniles to seek refuge from unfavorable 
conditions throughout the study period.  

• ADD Photosynthesis Rate (PR) synoptic survey summary from Cultus Lake Salmon 
Research Group. 

 

                                                 
1 Will be referred to as Gitanyow Lake for the remainder of the report 
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1 INTRODUCTION 

The Kitwanga River, a tributary to the Skeena River, located 250 km from the coast, supports 
important runs of Pacific salmon. In particular, Kitwanga sockeye (Oncorhynchus nerka) are 
genetically unique and are a distinct conservation unit as described under Canada’s Wild Salmon 
Policy. Historically, sockeye returns to the Kitwanga River were in the tens of thousands, supporting 
a number of sustenance and economic fisheries. In more recent times, the stock has been 
depressed and in many years, where returns are not enough to meet the minimum biological 
requirements for the stock. In response to this conservation concern, the Gitanyow, with help from 
organizations such as the Pacific Salmon Commission (PSC) and Fisheries and Oceans Canada 
(DFO), have initiated rebuilding plans to preserve the genetic uniqueness of the stock and to try 
and rebuild it to more sustainable, historical levels. Rebuilding efforts have included the creation 
of spawning platforms in 2006 and 2007 in Gitanyow Lake, the enhancement of the stock through 
hatchery production in 2006 and 2007 and a reduction in the overall exploitation rate on the stock 
through the implementation of stricter fisheries management guidelines from 2009 to present. 
Through this rebuilding plan, stocks have increased considerably from near extirpation a little over 
ten years ago, and further studies, including those conducted for this report, were added to the 
recovery process. 
 
Kitwanga sockeye adults begin returning to the Kitwanga River at the start of July, continuing until 
the middle of October, primarily as four-year-old fish (~80%), with some five-year old’s (~19%) and 
three-year old’s (~1%) (Kingston and McCarthy 2016). Returning adults have been observed to 
spend weeks and even months in Gitanyow Lake, prior to spawning. The peak of spawning, which 
occurs exclusively on spawning grounds along the shoreline, occurs from mid to late October, 
with an overall spawning period occurring from mid-September to the later part of November. Fry 
emergence occurs in April and May, and juveniles spend their next year in the limnetic zones of 
Gitanyow Lake. The following April and May, just after ice melt on the lake, smolt outmigration 
begins. The peak of the smolt run typically occurs during the last week of April and the beginning 
of May. 
 
In addition to sockeye, the following fish have also been documented in Gitanyow Lake (Fisheries 
Inventory Data Queries 2016): 
 

Chinook Salmon Oncorhynchus tshawytscha 
Coho Salmon Oncorhynchus kisutch 
Chum Salmon Oncorhynchus keta 
Pink Salmon Oncorhynchus gorbuscha 
Steelhead/Rainbow Trout Oncorhynchus mykiss 
Cutthroat Trout Oncorhynchus clarkii 
Bull Trout Salvelinus confluentus 
Dolly Varden Salvelinus malma 
Mountain Whitefish Prosopium williamsoni 
Pygmy Whitefish Prosopium coulterii 
Northern Pikeminnow Ptychocheilus oregonensis 
Peamouth Chub Mylocheilus caurinus 
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Redside Shiner Richardsonius balteatus 
Largescale Sucker Catostomus macrocheilus 
Longnose sucker Catostomus 
White sucker Catostomus commersonii 
Prickly Sculpin Cottus asper 

1.1 Objective 

The primary objective of this study were to identify potential fresh-water factors that may be 
hindering egg-to-fry-smolt survival in Gitanyow Lake. 
 
In particular, for 2015, the focus was on: 
 

• Documenting high use spawning areas; 
• Conducting an egg-to-fry survival study; 
• Documenting hyporheic conditions at two key spawning locations (dissolved oxygen 

and water temperature); 
• Conducting dissolved oxygen (DO) / temperature profiles in the limnetic area of the lake; 

and, 
• Conducting a photosynthesis rate (PR) synoptic survey. 

Other objectives include fostering aboriginal involvement in fisheries management and creating 
capacity and employment opportunities to Gitanyow fisheries technicians living in and around 
the communities surrounding the Gitanyow Village. 

1.2 Study Area 

Gitanyow Lake, the only lake in the Kitwanga River watershed, is located approximately 25 km 
upstream from the confluence with the Skeena River and has a surface area of 7.8 km2 with a 
drainage basin of 169 km2 (Shortreed et al. 1998). The lake is considered mesotrophic with a 
mean depth of approximately 5 m and a maximum depth of 15 m, with a euphotic zone that 
encompasses the entire water column for most of the lake (Cleveland and McCarthy 2003). 
 
Daphnia, a species of macro zooplankton, the primary food source of juvenile sockeye 
Salmon, are extremely abundant in Gitanyow Lake, making the lake one of the most productive 
sockeye nursery lakes in all of the Skeena Watershed. 
 
The lake can be delineated into two sub-basins separated by narrows. The sub-basins for the 
purpose of this report will be referred to as the north and south sub-basins (Figure 1.2-1).  
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Figure 1.2-1: Overview of Gitanyow Lake study area showing four limnetic survey stations and two 
incubation areas  

Gitanyow Lake 

N 
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2 METHODS 

2.1 Survey Timing  

Kitwanga sockeye migrate through the Kitwanga River and hold for weeks and even months in 
Gitanyow Lake prior to moving to shoreline spawning locations. Typically, spawning occurs from 
mid-September to the end of the November with peak spawning occurring from mid to late 
October (Cleveland 2000, Cleveland 2002). The capturing of adult sockeye for egg take and 
milt extraction occurred on November 5, 2015 just on the edge of peak sockeye spawning for 
the year.  
 
Sockeye in Gitanyow Lake are thought to reach the hatch stage by mid-February and fry 
emerge by April/May (pers. Comm. Mark Cleveland 2016). To check these timing periods, the 
intragravel temperature that was gathered as part of the study was used to calculate 
accumulated thermal units (ATUs), where one ATU is equal to one degree Celsius in one day. 
Temperatures were averaged for a day and the corresponding ATU was tallied to look at eyed, 
hatch and emergence timing. ATU data for sockeye was acquired from the Department of 
Fisheries and Oceans (DFO 2003).  

2.2 Sockeye Spawning Area Monitoring and Locations 

Egg-to-fry survival study locations were selected based on historical GFA monitoring of observed 
sockeye spawning locations as well as monitoring weekly spawning activity in 2015.  More 
specifically, a GFA biologist and technician conducted weekly boat surveys of known spawning 
areas in September and October of 2015, recording spawning activity and spawner numbers.  In 
2015 three spawning areas were found to be active over the study period leading up to the 
taking of broodstock and burying egg tubes (Section 2.6). The two most active sites were 
selected for egg tube studies in 2015 based on sockeye density numbers and spawning activity 
observed. Figure 1.2-1 shows the spawning areas that were surveyed (between Area 1 and 3). 

2.3 Physicochemical Parameters 

In order to assess if DO and/or water temperature were potential limiting egg-to-fry survival at 
sockeye redd locations, two HOBO® DO loggers (Model U26-001) were buried to a depth of 0.20 
m, approximately 15 to17 m from a benchmark point on the lake shore in areas of high 
spawning activity, on November 4, 2015 (Site 1) and November 5, 2016 (Site 3). The two data-
loggers were calibrated prior to installation and cross-checked with a YSI Pro Plus temperature 
and DO meter to ensure relative intragravel DO and temperature were comparable to water 
column DO and temperature. Data points were logged twice daily, once in the morning and 
once in the evening. 
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Parameter 
Accuracy 

HOBO® U26-001 YSI Pro Plus 
Dissolved oxygen ±0.2 mg/L up to 8 mg/L; ±0.5 mg/L 

from 8 to 20 mg/L 
± 2% of the reading or 0.2 mg/l 
whichever is greater 

Temperature ±0.2°C ±0.2°C 

2.4 Dissolved Oxygen/Temperature Profiles 

To assess DO and water temperature throughout the water column of Gitanyow Lake for 
sockeye, dissolved oxygen and temperature surveys were conducted weekly from June 8, 2015 
to October 15, 2015 at four locations. These locations corresponded with the four long-term 
monitoring stations, previously established by GFA (Cleveland 2000, Kingston 2004, Kingston 
2006), which were located in the deepest sections of the lake. Figure1.2-1 shows the monitoring 
stations, two of which were located in the north basin and two in the south basin. At the 
beginning of the survey, an anchor (bucket with 10 kg cement block) with a rope and float was 
used to mark each station. Prior to taking measurements at a station, the survey boat was 
attached to the station anchor line. A GPS was used periodically to check that each station’s 
anchor location had not moved. Dissolved oxygen and temperatures were taken using a YSI Pro 
Plus, with one meter increments marked on the probe cable. Near the end of the probe, a 
weight was added to minimize drift when lowering the probe at one meter intervals. Secchi 
depths to monitor water clarity were also taken during each weekly visit at each of the stations.  
Weather conditions and the time of surveys were also recorded (Appendix I). Table 2.4-1 shows 
the UTMs for the four monitoring locations. In the following photos (2.4.1 and 2.4.2 – Figure 2.4-1), 
representative photos of Secchi disc use and the YSI Pro Plus meter used during the study, are 
presented. 

Table 2.4-1: Location of four monitoring stations on Gitanyow Lake 

Station Number 
UTM 

E N 
1 – North bottom 0555875 6137214 
2 – North top 0556412 6136334 
3 – South top 0556768 6134050 
4 – South bottom 0557057 6133300 
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Figure 2.4-1: photos of Secchi depth in process and YSI Pro Plus multimeter 

  
Photo 2.4.1: lowering Secchi disc at one of the four 
sampling stations on Gitanyow Lake 

Photo 2.4.2: YSI Pro Plus used for oxygen and 
temperature readings at each monitoring site on 
Gitanyow Lake 

2.5 Photosynthesis Rate (PR) Synoptic Survey 

To be supplied by DFO Cultus Lake Salmon Research Group 
 
The trophic status information for Gitanyow Lake was updated using a Photosynthesis Rate (PR) 
synoptic survey conducted by DFO’s Cultus Lake Salmon Research group. 

2.6 Acquisition of Broodstock and Egg Tube Installation 

On November 4, 2015, three sockeye females and six sockeye males were captured on the 
lakeshore of Gitanyow Lake using a 20 m beach seine pulled in using a GFA boat to assist with 
closing the loop (Photo 2.6.2 – Figure 2.6-1). All egg and milt collected and subsequent 
fertilization followed the Alaskan Sockeye Enhancement Protocol2 (1994 – Photos 2.6.3 to 2.6.6 – 
Figure 2.6-2). One hundred fertilized sockeye eggs were placed in an egg tube along with 
enough small gravels (<3 cm), that were collected from the site, to fill approximately three-
quarters of the tube (Photos 2.6.7 to 2.6.9).  Note, the plastic tube mesh size (~ 3 X 2 mm) allowed 
for egg retention and for fry to escape from the tubes at emergence timing (Figure 2.6-2). 
 
In total 4800 eggs were placed in 48 egg tubes, with 24 tubes at each of the two site (Sites 1 and 
3). At each site, eight tubes were placed together and buried to approximately 20 cm in depth, 
representing a ‘redd’. Three ‘redd’ locations were created at Site 1 and three at Site 3. Each 
egg tube was labeled using a sharpie with a corresponding site number, a letter to represent the 
‘redd’ and an egg tube number, e.g., 1-B-1. 
 
 
                                                 
2 As used in Cleveland 2007 and Kingston 2009 
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Figure 2.6-1: Representative photos of broodstock take and egg tube installation 

  
Photo 2.6.1: view of Gitanyow Lake Photo 2.6.2: capturing adult sockeye 

  
Photo 2.6.3: netted adult sockeye Photo 2.6.4: extracting milt from male 

  
Photo 2.6.5: egg take from female Photo 2.6.6: fertilization 
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Photo 2.6.7: getting fertilized eggs ready for egg tubes Photo 2.6.8: eggs and gravels in egg tubes 

  
Photo 2.6.9: view of eggs in egg tube Photo 2.6.10: installing egg tubes 
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Figure 2.6-2: View of egg tube used in study 

2.7 Retrieval of Egg Tubes 

Emergence timing was expected to occur between April and May. The egg tubes allow for live 
fry to swim out, so the timing of the survey was scheduled for late May to early June, to allow for 
potential late emergence. 
 
Each group of eight ‘egg tubes (‘redd’) were examined individually for survival, and where 
possible potential mortalities would be recorded by life stage; i.e., at the eyed egg stage, alevin 
or fry.  The contents of each egg tube were placed in a basin and survival counts were 
conducted manually by GFA staff.  In addition, the amount of sediment and algae presence 
were also noted.  

2.8 Survival Analysis  

Egg-to-fry survival was determined using the proportion of eggs that survived (n/100 for each 
egg tube) to each developmental stage - egg, alevin (hatch), and fry(emergence) to calculate 
the percentage of survival at each of the three ‘redd’ locations at Sites 1 and 3.  Dead eggs 
were counted and subtracted from the total number of eggs in each tube.   
 
Data analysis included: 
 

• Determination of overall egg to fry survival; 
• Testing for differences in egg-to-fry survival between Sites 1 and 3 was conducted using a 

single factor one-way analysis of variance -ANOVA. The null hypothesis was there would 
be no difference in survival between the two sites. 
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3 RESULTS 

3.1 Survey Timing  

Table 3.1-1 shows the predicted sockeye timing to eyed, hatch, and emergence stages (DFO 
2003).  

Table 3.1-1: Predicted ATUs for sockeye to eyed, hatch and emergence stages 

Stage ATUs 
Eyed 236-257 
Hatch (alevin) 614-694 
Emergence (fry) 928-1048 

 
Figure 3.1-1 shows the ATUs calculated from the intragravel water temperature logged over the 
course of the study period for Site 1. The eyed stage is estimated to have occurred during the 
last week of December, 2015, hatch from March 15 to 30 and emergence from May 19 to the 
first week in June of 2016. 

 
Figure 3.1-1: Site 1 - Average daily temperature, average daily DO, and calculated ATUs 

 
Figure 3.1-2 shows the ATUs calculated from the intragravel water temperature logged over the 
course of the study period for Site 3. The eyed stage is estimated to have occurred from 
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February 12 to 25, hatch from May 8 to 16 and emergence estimated to be by June 20, 20163. 
Note, the datalogger at Site 3 was found half exposed upon retrieval, and therefore, the ATU 
calculations and overall analysis of hyporheic data from the site may have been compromised. 
 

 
Figure 3.1-2: Site 3 - Average daily temperature, average daily DO, and calculated ATUs 

3.2 Sockeye Spawning Area Monitoring and Locations 

Sockeye spawning area monitoring was conducted at three locations on a weekly basis starting 
on September 3, 2015 and finishing on November 3, 2015. Table 3.2-1 shows sockeye numbers 
and activity observed over the monitoring period. Over the period of observation sockeye 
activity was highest at Site 1, with 72 sockeye observed and spawning occurring. Site 3 was 
selected as the second egg-to-fry monitoring area even though it had slightly less activity than 
Site 2 (15 and 12 spawners respectively) due to a greater distance between Sites 1 and 3, 
expanding the zone of interest for the study. 

Table 3.2-1: Spawning area monitoring and locations 

                                                 
3 The HOBO® logger DO sensor cap life are designed to expire 7 months after initialization, which occurred on June 2, 

2016, 13 days prior to removal. 
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Date Site 1 Site 2 Site 3 Total Comments 
September 3/15 0 0 0 0 No redds or spawning observed 
September 10/15 0 0 0 0 No redds or spawning observed 
September 16/15 0 0 0 0 No redds or spawning observed 
September 24/15 0 0 0 0 No redds or spawning observed 
September 30/15 0 0 0 0 No redds or spawning observed 
October 8/15 2 1 0 3 No redds or spawning observed just swimming 

sockeye 
October 15/15 5 1 0 6 No redds or spawning observed just swimming 

sockeye 
October 21/15 13 3 3 19 Spawning activity observed as well as redd 

locations 
October 29/15 22 5 4 31 Spawning activity observed as well as redd 

locations 
November 3/15 30 5 5 40 Spawning activity observed as well as redd 

locations 
Total 72 15 12 99   

 

3.3 Physicochemical Parameters 

HOBO® dissolved oxygen loggers buried at Site 1 (November 4, 2015) and Site 3 (November 5, 
2015) were removed on June 15, 2016. The datalogger at Site 1 was removed at 11:35 am and 
was still completely buried, whereas the datalogger buried at Site 3, removed at 11:11am and 
was half exposed.  Table 3.3-1 shows the maximum, minimum, standard deviation and averaged 
DO and water temperatures for the study period for each location. Figures 3.3-1 and 3.3-2 show 
the temperature and DO graphed for each site. 

Table 3.3-1: Intragravel DO and water temperature - November 4/5, 2015 to June 2, 2016* 

Site 
Dissolved oxygen (mg/l) Temperature (0C) 

Avg. Min. Max. StDev. Avg. Min. Max. StDev. 

Site 1 6.8 5.8 8.6 0.9 4.8 4.5 5.3 0.2 
Site 3 6.4 4.3 10.9 1.3 4.2 1.2 13.5 3.1 

* Note, the HOBO® DO logger DO sensor cap life are designed to expire 7 months after initialization, which occurred on 

June 2, 2016, 13 days prior to removal. 

 
The BC guidelines for intergravel DO for embryo and alevin stages include an instantaneous 
minimum of 6 mg/L and a 30-day mean not lower than 8 mg/L. (RIC 1998). Bjornn and Reiser (1991) 
after conducting a reference review, recommend that DO be no lower than 5 mg/l and should 
be at or near saturation for successful incubation. The average DO calculated for sites is on the 
low side in relation to the thresholds provided in both references, and without follow-up data, is 
difficult to assess as an issue as overall egg-to-fry survival rates were good (Section 3.7). The U.S. 
Environmental Protection Agency (1986) noted that at a dissolved oxygen concentration of 6 mg/l 
that a slight production impairment would occur for salmonids4. 

                                                 
4 Referenced in: Carter 2005  
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In Bjornn and Reiser (1991), Bell (1986) provides a recommended temperature range for 
incubation intergravel temperature of 4.4 to 13.3 0C. As noted in Table 3.3-1, average water 
temperatures were at the low end of the recommended threshold, but Bell (1986) also notes that 
survival and development of egg-to-fry does occur at lower temperatures (i.e., < 4,4 0C), provided 
initial development has occurred at temperatures > 4,4 0C. 
 

 

Figure 3.3-1: Average daily intragravel DO Sites 1 and 3 
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Figure 3.3-2: Average daily intragravel water temperature Sites 1 and 3 

The variation in DO and water temperature between sites observed on both graphs above, is 
likely related to the datalogger at Site 3 being half exposed upon retrieval on June 15, 2016.  

3.4 Dissolved Oxygen/Temperature Profiles 

Over 15 weekly visits from June 8, 2015 to October 15, 2015, DO and temperature profiles were 
conducted at the four designated long-term monitoring stations. Raw DO and temperature 
data is presented in Appendix II and profile graphs are in Appendix III. Weather conditions are 
presented in Appendix IV.  
 
Figure 3.4-1 shows differing lake conditions over the course of the study period, where more 
optimal DO and temperature conditions, i.e., > 5 mg/l and < 200C are expanded through the 
water column and in contrast, limited to a layer of the water column at a given monitoring 
location. The blue square represents a depth range within the optimal parameters. 
 
Dissolved oxygen and temperature profiles showed that there were periods in July that available 
threshold DO and water temperatures (i.e. >5 mg/l and < 200C – Bjornn and Reiser 1991) were 
limited to a depth stratum of:   
 

• Between 5 and 8 m at Site 1 and 2 which corresponded to the shallower of the four 
stations (~12 m depth versus ~15 m depth at sites 3 and 4); and  

• Between 5 and 12 m at sites 3 and 4. 

Table 3.4-1 and Figure 3.4-2 show the Secchi depths observed during weekly visits over the study 
period. Secchi depths ranged from 19% (2.3 m) to 47% (5.6 m) of the total estimated depth (12 
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m) at sites 1 and 2. At sites 3 and 4, Secchi depths ranged from 31% (4.6 m) to 62% (9.3 m) of the 
total estimated depth (15 m). The lowest water clarity at all sites occurred on October 15, 2015 
(Table 3.4-1 and Figure 3.4-2). 
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Figure 3.4-1: Select DO/temp profiles from the four monitoring stations - blue square represents a depth 
range within the optimal parameters 
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Table 3.4-1: Secchi depths (m) at four monitoring stations  

Date Station 1 Station 2 Station 3 Station 4 
23-Jul-15 4.72 4.72 6.25 6.71 
29-Jul-15 4.11 4.27 8.08 7.16 

06-Aug-15 3.96 4.11 6.55 7.16 
13-Aug-15 4.65 4.27 6.02 6.25 
19-Aug-15 4.42 4.11 6.55 6.86 
26-Aug-15 5.33 5.64 7.16 6.86 
03-Sep-15 3.20 3.20 8.69 9.30 
10-Sep-15 2.90 3.20 6.55 7.16 
16-Sep-15 2.90 2.74 6.25 6.55 
24-Sep-15 3.96 3.66 6.55 6.40 
30-Sep-15 3.50 4.11 5.33 5.33 
08-Oct-15 2.59 2.90 5.03 5.03 
15-Oct-15 2.29 2.29 4.72 4.57 

 

Station 4 
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Figure 3.4-2: Secchi depths at four monitoring locations 

 

3.5 Photosynthesis Rate (PR) Synoptic Survey 

To be supplied by DFO Cultus Lake Salmon Research Group – Appendix V 

3.6 Retrieval of Egg Tubes 

Each group of eight egg tubes at the three ‘redd’ locations at each of the spawning areas (1 
and 3) were removed on June 15, 2016.  
 
Figure 3.6-1 shows representative photos taken during the retrieval of the egg tubes and 
subsequent survival count. 
 
Of note, one fry was found alive in an egg tube at Site 1 (Egg tube G4 - Figure 3.6-1, Photo 3.6.6). 
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Figure 3.6-1: Representative photos - retrieval of egg tubes and survival count 

  

Photo 3.6.1:  retrieving egg tubes from Site 1 Photo 3.6.2: bringing in DO/temp datalogger at Site 1 

  
Photo 3.6.3: egg tubes B1-B8 and A1-A8 from Site 3 Photo 3.6.4: trays set up for examining each egg tube 

  
Photo 3.6.5: dead eggs in amongst the gravel Photo 3.6.6: lone sockeye fry found in egg tube G4 

from Site 1 
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3.7 Survival Analysis  

The overall percent survival rate for both sites is 87% ± 11% with slightly higher overall survival at 
Site 1 compared to Site 3 (88 ± 11 and 87 ± 11 respectively). Table 3.7-1 shows the results for each 
egg tube for both sites. In total, 21 egg tubes were fully exposed or partially exposed upon 
retrieval on June 15, 2016. This did not seem to have an effect on overall survival; for example; all 
tubes in ‘redd’ H at Site 3 were buried upon retrieval (89% survival), while only two of the eight 
tubes were found buried at ‘redd’ B at Site 3 (85% survival). 

Table 3.7-1: Egg-to-fry survival results 

 Eggs Alevins Fry  
Site Tube # Live Dead Live Dead Live Dead %Survival 

1 1-E-1 0 0 0 0 0 0 100 
1 1-E-2 0 6 0 0 0 0 94 
1 1-E-3 0 15 0 0 0 0 85 
1 1-E-4 0 0 0 0 0 0 100 
1 1-E-5 0 22 0 0 0 0 78 
1 1-E-6 0 0 0 0 0 0 100 
1 1-E-7 0 0 0 0 0 0 100 
1 1-E-8 0 1 0 0 0 0 99 

Average 95 
1 1-F-1 0 25 0 0 0 0 75 
1 1-F-2 0 10 0 0 0 0 90 
1 1-F-3 0 23 0 0 0 0 77 
1 1-F-4 0 30 0 0 0 0 70 
1 1-F-5 0 13 0 0 0 0 87 
1 1-F-6 0 19 0 0 0 0 81 
1 1-F-7 0 34 0 0 0 0 66 
1 1-F-8 0 17 0 0 0 0 83 

Average 79 
1 1-G-1 0 7 0 0 0 0 93 
1 1-G-2 0 25 0 0 0 0 75 
1 1-G-3 0 3 0 0 0 0 97 
1 1-G-4 0 0 0 0 1 0 100 
1 1-G-5 0 23 0 0 0 0 77 
1 1-G-6 0 0 0 0 0 0 100 
1 1-G-7 0 0 0 0 0 0 100 
1 1-G-8 0 7 0 0 0 0 93 

Average 92 

3 3-B-1 0 16 0 0 0 0 84 
3 3-B-2 0 7 0 0 0 0 93 
3 3-B-3 0 0 0 0 0 0 100 
3 3-B-4 0 19 0 0 0 0 81 
3 3-B-5 0 14 0 0 0 0 86 
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 Eggs Alevins Fry  
Site Tube # Live Dead Live Dead Live Dead %Survival 

3 3-B-6 0 1 0 0 0 0 99 
3 3-B-7 0 41 0 0 0 0 59 
3 3-B-8 0 26 0 0 0 0 74 

Average 85 
3 3-H-1 0 6 0 0 0 0 94 
3 3-H-2 0 27 0 0 0 0 73 
3 3-H-3 0 6 0 0 0 0 94 
3 3-H-4 0 12 0 0 0 0 88 
3 3-H-5 0 8 0 0 0 0 92 
3 3-H-6 0 16 0 0 0 0 84 
3 3-H-7 0 1 0 0 0 0 99 
3 3-H-8 0 14 0 0 0 0 86 

Average 89 
3 3-A-1 0 5 0 0 0 0 95 
3 3-A-2 0 11 0 0 0 0 89 
3 3-A-3 0 1 0 0 0 0 99 
3 3-A-4 0 37 0 0 0 0 63 
3 3-A-5 0 33 0 0 0 0 67 
3 3-A-6 0 5 0 0 0 0 95 
3 3-A-7 0 7 0 0 0 0 93 
3 3-A-8 0 5 0 0 0 0 95 

Average 87 
 
The ANOVA showed that there was no difference in survival between Sites 1 and 3 (p-value of 
0.63 > than significance level of 0.05), therefore our null hypothesis is accepted. 

4 SUMMARY AND RECOMMENDATIONS 

From 2006 to 2009, a total surface area of 335 m2 of shoreline habitat on Gitanyow Lake was 
manipulated in an attempt to increase sockeye salmon egg to fry survival (Kingston 2009). 
Improvements to spawning habitat involved: 1) cleaning gravel to remove fine sediment, 2) the 
addition of superior gravels to improve spawning substrate and 3) treatment of cleaning gravel 
plus the addition of superior gravel. Egg-to-fry survival studies conducted during this period 
showed survival to the fry emergence stage ranged from a low of 60% to a high of 90% (Kingston 
2009).   
 
For this study period from November 4, 2015 to June 15, 2016, spawning conditions in the 
hyporheic zone at the two sites that were monitored for this period, were not deemed to be 
limiting to overall egg-to-fry survival. The average survival to the fry emergence stage at Site 1 
was 88% ± 11 and at Site 3, 87% ± 11. These results compare favorably with those found by 
Kingston (2009) six and seven years earlier. 
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In looking at the DO/temp profiles conducted at four monitoring locations, there are periods 
where low DO and high water temperatures, defined as < 5 mg/l and > 200C respectively, are 
likely limiting where sockeye fry and smolts are able to reside in the water column. However, it 
should be noted that adequate limnological conditions were present in some parts of both the 
north and south basins of Gitanyow Lake throughout the summer and fall of 2015.    
 
In total, 21 of the 48 egg tubes buried were fully or partially exposed upon retrieval on June 15, 
2016, but exposed tubes did not seem to effect survival rates adversely. Gathering broodstock 
and burying egg tubes later in the sockeye spawning period would likely help in reducing this 
issue, but the risk in not getting enough broodstock overall to fulfill the project goals would be 
greater if the broodstock collection was delayed. As best as feasible, the sampling crew will 
monitor sockeye numbers in the lake, and will select a later date for follow-up studies for the 
capture of broodstock and egg tube burial, to prevent the potential for late spawning sockeye 
to uncover buried egg tubes and/or the dataloggers. 
 
As part of the objectives of follow-up studies, it is recommended that sockeye smolts be 
sampled in the lake and growth and overall health be documented (length, weight, age) to 
determine if there may be limiting factors present from the fry emergence to smolt outmigration 
period. 
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6 APPENDICES 
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Appendix I: Blank Lake Data Form 
  



Gitanyow Lake Sampling 2015 Crew:
Date: Date: Date: Date:
Time Time Time Time
Air Temp: Air Temp: Air Temp: Air Temp:
Wind Speed Wind Speed Wind Speed Wind Speed
Direction: Direction: Direction: Direction:
Cloud Cover Cloud Cover Cloud Cover Cloud Cover
UTM: 09  0555875 UTM: 09 0556412 UTM: 09 0556768 UTM: 09 0557057

6137214 6136334 6134050 6133300
Seechi Depth:  ft Seechi Depth:  ft Seechi Depth:  ft Seechi Depth:  ft
Comments: Comments: Comments: Comments:

Station #1 (North Top) Station #2 (North Bottom) Station #3 (South Top) Station #4 (South Bottom)
Depth D.O. Temp Depth D.O. Temp Depth D.O. Temp Depth D.O. Temp

Readings (mg/l) (Celsius) Readings (mg/l) (Celsius) Readings (mg/l) (Celsius) Readings (mg/l) (Celsius)
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Appendix II: Dissolved Oxygen/Water Temperature Raw Data 
  



Depth DO Temp Depth D.O. Temp
(m) (mg/l) (0C) Readings (mg/l) (Celsius)

08-Jun-16 0.1 9.5 16.0 0.1 9.9 16.2
08-Jun-16 1.0 9.3 15.9 1.0 9.7 16.2
08-Jun-16 2.0 9.2 15.8 2.0 9.7 16.1
08-Jun-16 3.0 9.2 15.8 3.0 9.6 16.0
08-Jun-16 4.0 9.2 15.7 4.0 9.4 15.5
08-Jun-16 5.0 9.1 14.6 5.0 9.4 14.6
08-Jun-16 6.0 8.2 11.8 6.0 9.1 13.3
08-Jun-16 7.0 6.6 10.3 7.0 8.2 11.8
08-Jun-16 8.0 5.8 9.6 8.0 6.1 9.8
08-Jun-16 9.0 5.0 9.3 9.0 5.7 9.7
08-Jun-16 10.0 0.3 9.3 10.0 5.2 9.6
08-Jun-16 11.0 0.2 9.3 11.0 1.0 9.6
08-Jun-16 12.0 0.2 9.3 12.0 0.4 9.6
08-Jun-16 13.0 0.1 9.3 13.0 0.3 9.6
08-Jun-16 14.0 0.1 9.3 14.0 0.3 9.6
25-Jun-15 0.1 10.3 18.0 0.1 10.7 18.1
25-Jun-15 1.0 10.2 18.0 1.0 10.8 18.1
25-Jun-15 2.0 10.3 18.0 2.0 10.6 18.1
25-Jun-15 3.0 10.1 18.0 3.0 10.6 18.1
25-Jun-15 4.0 10.1 17.4 4.0 10.7 16.4
25-Jun-15 5.0 10.6 15.9 5.0 10.9 15.2
25-Jun-15 6.0 10.3 14.2 6.0 9.7 13.5
25-Jun-15 7.0 9.7 13.4 7.0 7.9 12.0
25-Jun-15 8.0 8.6 11.8 8.0 6.9 11.0
25-Jun-15 9.0 6.0 10.6 9.0 6.0 10.5
25-Jun-15 10.0 5.3 10.5 10.0 5.4 10.4
25-Jun-15 11.0 4.8 10.5 11.0 4.3 10.4
25-Jun-15 12.0 4.3 10.5 12.0 3.8 10.5
25-Jun-15 13.0 3.9 10.5 13.0 3.7 10.5
25-Jun-15 14.0 3.2 10.5 14.0 3.6 10.5
02-Jul-15 0.1 9.6 19.6 0.1 10.3 19.7
02-Jul-15 1.0 9.7 19.6 1.0 10.1 19.7
02-Jul-15 2.0 9.8 19.3 2.0 10.2 19.7
02-Jul-15 3.0 9.8 19.1 3.0 10.1 19.7
02-Jul-15 4.0 9.8 18.9 4.0 10.1 19.5
02-Jul-15 5.0 10.0 17.2 5.0 10.4 17.6
02-Jul-15 6.0 9.4 14.0 6.0 9.5 14.2
02-Jul-15 7.0 8.3 12.9 7.0 7.5 13.0
02-Jul-15 8.0 6.2 11.5 8.0 5.7 11.4
02-Jul-15 9.0 4.3 10.8 9.0 5.1 11.1
02-Jul-15 10.0 3.1 10.9 10.0 4.2 11.1
02-Jul-15 11.0 2.8 9.9 11.0 3.8 11.1
02-Jul-15 12.0 2.7 10.9 12.0 3.7 11.1

Station 1 Station 2
Date



Depth DO Temp Depth D.O. Temp
(m) (mg/l) (0C) Readings (mg/l) (Celsius)

Station 1 Station 2
Date
02-Jul-15 13.0 2.7 10.9 13.0 3.6 11.1
02-Jul-15 14.0 3.4 10.9 14.0 3.4 11.1
09-Jul-15 0.1 8.4 21.7 0.1 9.7 22.6
09-Jul-15 1.0 8.4 21.7 1.0 9.6 22.6
09-Jul-15 2.0 8.3 21.6 2.0 9.6 22.6
09-Jul-15 3.0 8.0 21.4 3.0 9.7 22.0
09-Jul-15 4.0 8.2 21.3 4.0 10.2 20.9
09-Jul-15 5.0 8.8 20.1 5.0 10.4 18.8
09-Jul-15 6.0 7.8 16.3 6.0 9.5 16.4
09-Jul-15 7.0 6.4 14.1 7.0 7.7 14.5
09-Jul-15 8.0 4.9 12.6 8.0 6.9 13.3
09-Jul-15 9.0 3.8 11.7 9.0 5.4 12.2
09-Jul-15 10.0 3.3 11.8 10.0 4.1 12.2
09-Jul-15 11.0 3.0 11.8 11.0 4.0 12.2
09-Jul-15 12.0 3.0 11.8 12.0 3.9 12.2
09-Jul-15 13.0 2.8 11.8 13.0 3.9 12.2
09-Jul-15 14.0 2.8 11.8 14.0 3.8 12.1
15-Jul-15 0.1 8.1 20.0 0.1 9.4 20.2
15-Jul-15 1.0 8.3 19.8 1.0 9.7 20.1
15-Jul-15 2.0 8.1 19.8 2.0 9.8 20.0
15-Jul-15 3.0 8.1 19.7 3.0 9.8 19.9
15-Jul-15 4.0 8.3 19.6 4.0 9.9 19.9
15-Jul-15 5.0 8.3 19.6 5.0 9.8 19.7
15-Jul-15 6.0 7.7 17.5 6.0 8.2 16.0
15-Jul-15 7.0 5.5 14.7 7.0 5.6 13.3
15-Jul-15 8.0 4.3 13.5 8.0 4.5 12.5
15-Jul-15 9.0 2.9 12.4 9.0 4.4 12.3
15-Jul-15 10.0 2.2 12.2 10.0 3.8 12.3
15-Jul-15 11.0 2.1 12.3 11.0 3.6 12.4
15-Jul-15 12.0 2.2 12.2 12.0 3.5 12.4
15-Jul-15 13.0 2.2 12.2 13.0 3.5 12.4
15-Jul-15 14.0 2.2 12.2 14.0 3.4 12.4
23-Jul-15 0.1 7.1 18.9 0.1 8.6 19.0
23-Jul-15 1.0 7.2 18.9 1.0 8.6 19.0
23-Jul-15 2.0 7.3 18.9 2.0 8.7 19.0
23-Jul-15 3.0 7.4 18.9 3.0 8.6 19.0
23-Jul-15 4.0 7.5 18.9 4.0 8.7 19.0
23-Jul-15 5.0 7.4 18.9 5.0 8.7 19.0
23-Jul-15 6.0 7.3 18.9 6.0 8.6 18.9
23-Jul-15 7.0 5.3 16.0 7.0 4.7 13.9
23-Jul-15 8.0 4.7 14.4 8.0 4.3 12.9
23-Jul-15 9.0 3.8 13.9 9.0 4.0 12.8
23-Jul-15 10.0 3.1 13.1 10.0 3.7 12.7



Depth DO Temp Depth D.O. Temp
(m) (mg/l) (0C) Readings (mg/l) (Celsius)

Station 1 Station 2
Date
23-Jul-15 11.0 2.8 13.1 11.0 3.6 12.7
23-Jul-15 12.0 2.8 13.0 12.0 3.5 12.7
23-Jul-15 13.0 2.7 13.0 13.0 3.5 12.7
23-Jul-15 14.0 2.7 13.0 14.0 3.4 12.7
23-Jul-15 15.0 2.7 13.0 15.0 3.3 12.7
29-Jul-15 0.1 8.0 18.1 0.1 8.4 18.2
29-Jul-15 1.0 8.0 18.1 1.0 8.7 18.1
29-Jul-15 2.0 7.9 18.0 2.0 8.9 18.0
29-Jul-15 3.0 7.7 17.9 3.0 8.9 17.9
29-Jul-15 4.0 7.7 17.9 4.0 8.9 17.9
29-Jul-15 5.0 7.7 17.9 5.0 8.9 17.9
29-Jul-15 6.0 7.7 17.9 6.0 8.7 17.9
29-Jul-15 7.0 4.0 16.0 7.0 6.4 16.8
29-Jul-15 8.0 2.9 14.4 8.0 3.5 14.0
29-Jul-15 9.0 2.2 13.2 9.0 2.9 13.2
29-Jul-15 10.0 1.9 13.2 10.0 2.6 13.0
29-Jul-15 11.0 1.8 13.2 11.0 2.5 13.0
29-Jul-15 12.0 1.9 13.2 12.0 2.5 13.0
29-Jul-15 13.0 1.8 13.2 13.0 2.5 13.0
29-Jul-15 14.0 1.8 13.2 14.0 2.5 13.0

06-Aug-15 0.1 8.0 18.9 0.1 8.3 18.4
06-Aug-15 1.0 8.1 18.6 1.0 8.2 18.2
06-Aug-15 2.0 7.6 18.1 2.0 8.2 18.0
06-Aug-15 3.0 7.8 17.9 3.0 8.2 17.8
06-Aug-15 4.0 7.8 17.7 4.0 8.2 17.6
06-Aug-15 5.0 7.7 17.6 5.0 8.4 17.4
06-Aug-15 6.0 7.6 17.3 6.0 8.3 17.4
06-Aug-15 7.0 5.9 16.8 7.0 7.2 16.9
06-Aug-15 8.0 3.1 14.8 8.0 4.8 15.5
06-Aug-15 9.0 2.0 13.4 9.0 2.5 13.8
06-Aug-15 10.0 2.2 13.1 10.0 2.2 13.3
06-Aug-15 11.0 2.1 13.1 11.0 2.0 13.3
06-Aug-15 12.0 1.9 13.1 12.0 1.9 13.4
13-Aug-15 0.1 8.8 18.8 0.1 7.7 18.6
13-Aug-15 1.0 9.0 18.5 1.0 7.8 18.5
13-Aug-15 2.0 9.1 18.2 2.0 7.9 18.1
13-Aug-15 3.0 9.1 18.0 3.0 8.1 18.0
13-Aug-15 4.0 9.1 17.9 4.0 8.1 18.0
13-Aug-15 5.0 9.1 17.9 5.0 8.0 18.0
13-Aug-15 6.0 8.0 17.1 6.0 8.1 17.9
13-Aug-15 7.0 7.6 16.5 7.0 7.3 17.1
13-Aug-15 8.0 5.0 15.2 8.0 5.2 15.8
13-Aug-15 9.0 3.3 14.0 9.0 2.8 14.3



Depth DO Temp Depth D.O. Temp
(m) (mg/l) (0C) Readings (mg/l) (Celsius)

Station 1 Station 2
Date

13-Aug-15 10.0 2.5 13.7 10.0 2.4 13.7
13-Aug-15 11.0 2.3 13.6 11.0 2.0 13.7
13-Aug-15 12.0 2.3 13.6 12.0 2.0 13.7
19-Aug-15 0.1 6.5 18.5 0.1 7.8 18.6
19-Aug-15 1.0 6.4 18.4 1.0 8.0 18.6
19-Aug-15 2.0 6.3 18.4 2.0 8.5 18.5
19-Aug-15 3.0 6.4 18.3 3.0 8.3 18.5
19-Aug-15 4.0 6.4 18.3 4.0 8.2 18.3
19-Aug-15 5.0 6.5 18.2 5.0 8.0 18.3
19-Aug-15 6.0 6.3 18.0 6.0 7.4 17.4
19-Aug-15 7.0 5.2 16.6 7.0 5.5 15.9
19-Aug-15 8.0 3.8 15.6 8.0 4.5 15.3
19-Aug-15 9.0 2.9 14.9 9.0 3.4 14.1
19-Aug-15 10.0 2.3 14.5 10.0 3.1 14.0
19-Aug-15 11.0 2.3 14.5 11.0 2.6 14.0
19-Aug-15 12.0 2.3 14.5 12.0 2.8 14.0
26-Aug-15 0.1 9.1 18.1 0.1 9.0 18.3
26-Aug-15 1.0 9.3 18.4 1.0 9.0 18.2
26-Aug-15 2.0 9.3 18.1 2.0 9.0 18.2
26-Aug-15 3.0 9.2 17.7 3.0 9.1 18.0
26-Aug-15 4.0 9.9 17.5 4.0 9.1 17.6
26-Aug-15 5.0 10.2 17.5 5.0 9.2 17.3
26-Aug-15 6.0 10.1 17.2 6.0 9.2 17.1
26-Aug-15 7.0 9.5 16.9 7.0 8.5 16.8
26-Aug-15 8.0 5.0 15.8 8.0 2.9 15.3
26-Aug-15 9.0 3.4 14.8 9.0 2.3 14.6
26-Aug-15 10.0 3.2 14.5 10.0 2.0 14.2
26-Aug-15 11.0 3.0 14.4 11.0 2.0 14.2
26-Aug-15 12.0 3.0 14.4 12.0 2.1 14.1
26-Aug-15 13.0 2.9 14.4 13.0 2.0 14.1
26-Aug-15 14.0 2.9 14.3 14.0 1.9 14.1
03-Sep-15 0.1 9.4 16.4 0.1 8.8 16.9
03-Sep-15 1.0 9.5 15.8 1.0 9.0 16.1
03-Sep-15 2.0 9.5 15.6 2.0 9.1 15.8
03-Sep-15 3.0 9.1 15.6 3.0 8.9 15.6
03-Sep-15 4.0 9.1 15.5 4.0 8.9 15.6
03-Sep-15 5.0 9.1 15.5 5.0 8.8 15.6
03-Sep-15 6.0 9.0 15.5 6.0 8.8 15.6
03-Sep-15 7.0 8.9 15.5 7.0 8.8 15.6
03-Sep-15 8.0 8.8 15.5 8.0 8.7 15.5
03-Sep-15 9.0 8.7 14.3 9.0 8.3 15.4
03-Sep-15 10.0 3.1 14.5 10.0 3.6 14.6
03-Sep-15 11.0 2.6 14.5 11.0 2.6 14.3



Depth DO Temp Depth D.O. Temp
(m) (mg/l) (0C) Readings (mg/l) (Celsius)

Station 1 Station 2
Date

03-Sep-15 12.0 2.4 14.5 12.0 2.5 14.3
03-Sep-15 13.0 2.3 14.5 13.0 2.1 14.2
03-Sep-15 14.0 2.2 14.5 14.0 1.9 14.2
10-Sep-15 0.1 9.8 15.1 0.1 9.3 15.1
10-Sep-15 1.0 9.7 15.0 1.0 9.1 15.1
10-Sep-15 2.0 9.7 15.0 2.0 9.1 15.0
10-Sep-15 3.0 9.7 15.0 3.0 9.1 15.0
10-Sep-15 4.0 9.7 15.8 4.0 9.1 15.0
10-Sep-15 5.0 9.8 14.9 5.0 9.0 14.9
10-Sep-15 6.0 9.8 14.9 6.0 9.0 14.9
10-Sep-15 7.0 9.9 14.9 7.0 9.0 14.9
10-Sep-15 8.0 9.9 14.9 8.0 8.9 14.9
10-Sep-15 9.0 9.4 14.7 9.0 8.5 14.3
10-Sep-15 10.0 2.2 14.6 10.0 3.1 14.1
10-Sep-15 11.0 1.9 14.5 11.0 2.4 13.7
10-Sep-15 12.0 1.8 14.5 12.0 2.1 13.6
16-Sep-15 0.1 7.8 14.4 0.1 6.3 14.5
16-Sep-15 1.0 7.8 14.4 1.0 6.3 14.5
16-Sep-15 2.0 7.8 14.4 2.0 6.3 14.4
16-Sep-15 3.0 7.8 14.4 3.0 6.3 14.4
16-Sep-15 4.0 7.8 14.3 4.0 6.3 14.4
16-Sep-15 5.0 7.7 14.3 5.0 6.4 14.4
16-Sep-15 6.0 7.5 14.3 6.0 6.4 14.4
16-Sep-15 7.0 7.4 14.4 7.0 6.5 14.4
16-Sep-15 8.0 7.4 14.3 8.0 6.5 14.4
16-Sep-15 9.0 7.3 13.2 9.0 6.5 14.3
16-Sep-15 10.0 4.7 13.3 10.0 4.5 13.4
16-Sep-15 11.0 4.4 13.3 11.0 4.0 13.4
16-Sep-15 12.0 4.2 13.3 12.0 3.8 13.4
24-Sep-15 0.1 8.3 12.8 0.1 6.8 12.9
24-Sep-15 1.0 8.2 12.8 1.0 6.9 12.8
24-Sep-15 2.0 8.2 12.8 2.0 6.9 12.8
24-Sep-15 3.0 8.1 12.7 3.0 6.9 12.8
24-Sep-15 4.0 8.0 12.7 4.0 7.0 12.8
24-Sep-15 5.0 8.0 12.7 5.0 7.0 12.8
24-Sep-15 6.0 7.9 12.7 6.0 7.1 12.8
24-Sep-15 7.0 7.8 12.7 7.0 7.1 12.8
24-Sep-15 8.0 7.8 12.7 8.0 7.1 12.8
24-Sep-15 9.0 7.8 12.7 9.0 7.1 12.8
24-Sep-15 10.0 4.8 12.7 10.0 4.7 12.8
24-Sep-15 11.0 4.1 12.7 11.0 4.2 12.8
24-Sep-15 12.0 3.5 12.7 12.0 4.0 12.7
24-Sep-15 13.0 3.3 12.7 13.0 3.9 12.7



Depth DO Temp Depth D.O. Temp
(m) (mg/l) (0C) Readings (mg/l) (Celsius)

Station 1 Station 2
Date

24-Sep-15 14.0 3.0 12.7 14.0 3.7 12.7
24-Sep-15 15.0 2.9 12.7 15.0 3.7 12.7
30-Sep-15 0.1 12.4 13.1 0.1 12.2 12.2
30-Sep-15 1.0 12.5 13.1 1.0 12.4 12.2
30-Sep-15 2.0 12.6 12.8 2.0 12.3 12.1
30-Sep-15 3.0 12.6 12.6 3.0 12.3 12.1
30-Sep-15 4.0 12.7 12.5 4.0 12.3 12.1
30-Sep-15 5.0 12.7 12.5 5.0 12.2 12.1
30-Sep-15 6.0 12.7 12.4 6.0 12.2 12.1
30-Sep-15 7.0 12.8 12.3 7.0 11.9 12.0
30-Sep-15 8.0 12.7 12.3 8.0 11.7 11.9
30-Sep-15 9.0 11.3 11.9 9.0 11.6 11.8
30-Sep-15 10.0 3.9 11.4 10.0 10.0 11.5
30-Sep-15 11.0 3.3 11.3 11.0 6.2 11.3
30-Sep-15 12.0 3.0 11.3 12.0 5.5 11.3
08-Oct-15 0.1 10.7 11.4 0.1 11.1 11.4
08-Oct-15 1.0 10.6 11.4 1.0 11.0 11.4
08-Oct-15 2.0 10.5 11.4 2.0 10.9 11.4
08-Oct-15 3.0 10.5 11.4 3.0 10.9 11.4
08-Oct-15 4.0 10.5 11.4 4.0 10.9 11.4
08-Oct-15 5.0 10.5 11.4 5.0 10.9 11.4
08-Oct-15 6.0 10.5 11.3 6.0 10.8 11.4
08-Oct-15 7.0 10.4 11.3 7.0 10.7 11.4
08-Oct-15 8.0 10.4 11.3 8.0 10.6 11.4
08-Oct-15 9.0 10.1 11.3 9.0 10.6 11.4
08-Oct-15 10.0 4.6 11.3 10.0 2.1 11.4
08-Oct-15 11.0 3.8 11.3 11.0 1.6 11.4
08-Oct-15 12.0 2.8 11.3 12.0 1.4 11.4
15-Oct-15 0.1 10.5 10.4 0.1 10.5 10.4
15-Oct-15 1.0 10.5 10.4 1.0 10.5 10.4
15-Oct-15 2.0 10.5 10.4 2.0 10.5 10.4
15-Oct-15 3.0 10.5 10.4 3.0 10.5 10.4
15-Oct-15 4.0 10.4 10.4 4.0 10.5 10.4
15-Oct-15 5.0 10.4 10.4 5.0 10.5 10.4
15-Oct-15 6.0 10.4 10.4 6.0 10.4 10.4
15-Oct-15 7.0 10.3 10.4 7.0 10.4 10.4
15-Oct-15 8.0 10.3 10.4 8.0 10.4 10.4
15-Oct-15 9.0 10.2 10.0 9.0 10.4 10.4
15-Oct-15 10.0 1.1 9.6 10.0 9.8 10.2
15-Oct-15 11.0 1.0 9.5 11.0 1.2 10.2



Depth DO Temp Depth D.O. Temp
(m) (mg/l) (0C) Readings (mg/l) (Celsius)

08-Jun-16 0.1 9.7 16.8 0.1 10.2 16.8
08-Jun-16 1.0 9.5 16.7 1.0 9.9 16.7
08-Jun-16 2.0 9.3 16.6 2.0 9.7 16.7
08-Jun-16 3.0 9.4 16.1 3.0 9.5 16.7
08-Jun-16 4.0 10.2 14.0 4.0 9.6 16.7
08-Jun-16 5.0 10.6 12.9 5.0 10.8 13.4
08-Jun-16 6.0 10.8 11.2 6.0 11.3 11.8
08-Jun-16 7.0 10.0 9.6 7.0 11.4 10.1
08-Jun-16 8.0 10.1 8.7 8.0 11.5 8.8
08-Jun-16 9.0 9.8 8.0 9.0 11.3 7.5
08-Jun-16 10.0 9.4 7.3 10.0 10.3 6.8
08-Jun-16 11.0 8.6 6.9 11.0 10.0 6.7
08-Jun-16 12.0 7.1 6.5 12.0 9.5 6.4
08-Jun-16 13.0 4.4 6.1 13.0 7.0 6.1
08-Jun-16 14.0 3.3 6.0 14.0 2.4 6.2
08-Jun-16 15.0 0.5 6.1 15.0 2.2 6.2
08-Jun-16 16.0 0.5 6.1 16.0 2.1 6.2
25-Jun-15 0.1 11.1 18.1 0.1 11.1 18.3
25-Jun-15 1.0 10.9 18.3 1.0 10.8 18.3
25-Jun-15 2.0 10.8 18.3 2.0 10.7 18.3
25-Jun-15 3.0 10.8 18.3 3.0 10.7 18.2
25-Jun-15 4.0 10.7 17.7 4.0 11.5 16.7
25-Jun-15 5.0 11.3 17.0 5.0 11.9 15.1
25-Jun-15 6.0 13.6 12.3 6.0 12.7 13.2
25-Jun-15 7.0 13.5 10.7 7.0 13.5 11.7
25-Jun-15 8.0 13.2 9.6 8.0 13.5 10.0
25-Jun-15 9.0 12.3 7.9 9.0 12.6 8.4
25-Jun-15 10.0 11.0 7.3 10.0 11.4 7.3
25-Jun-15 11.0 10.1 6.8 11.0 10.1 6.8
25-Jun-15 12.0 7.9 6.4 12.0 8.7 6.5
25-Jun-15 13.0 5.3 6.1 13.0 6.4 6.4
25-Jun-15 14.0 4.4 6.1 14.0 4.5 6.2
25-Jun-15 15.0 4.4 6.0 15.0 4.4 6.2
02-Jul-15 0.1 10.5 19.5 0.1 10.5 19.5
02-Jul-15 1.0 10.4 19.5 1.0 10.4 19.4
02-Jul-15 2.0 10.3 19.4 2.0 10.3 19.4
02-Jul-15 3.0 10.4 19.3 3.0 10.1 19.4
02-Jul-15 4.0 10.8 18.2 4.0 10.1 19.3
02-Jul-15 5.0 12.4 15.3 5.0 10.3 18.9
02-Jul-15 6.0 13.5 13.2 6.0 12.1 15.5
02-Jul-15 7.0 14.3 11.4 7.0 14.2 11.5
02-Jul-15 8.0 13.8 9.7 8.0 13.6 9.5
02-Jul-15 9.0 12.8 7.9 9.0 12.6 8.1

Station 3 Station 4
Date



Depth DO Temp Depth D.O. Temp
(m) (mg/l) (0C) Readings (mg/l) (Celsius)

Station 3 Station 4
Date
02-Jul-15 10.0 10.5 7.2 10.0 10.8 7.0
02-Jul-15 11.0 9.3 6.9 11.0 8.7 6.7
02-Jul-15 12.0 7.4 6.6 12.0 6.0 6.4
02-Jul-15 13.0 5.0 6.3 13.0 5.4 6.3
02-Jul-15 14.0 4.3 6.2 14.0 4.8 6.4
02-Jul-15 15.0 4.3 6.2 15.0 4.4 6.5
09-Jul-15 0.1 10.0 21.9 0.1 9.9 22.0
09-Jul-15 1.0 9.9 21.9 1.0 9.9 22.0
09-Jul-15 2.0 9.9 21.9 2.0 9.8 21.9
09-Jul-15 3.0 10.1 21.5 3.0 9.8 21.6
09-Jul-15 4.0 10.9 19.8 4.0 9.8 21.1
09-Jul-15 5.0 11.3 18.6 5.0 10.7 19.4
09-Jul-15 6.0 12.5 16.3 6.0 13.6 14.4
09-Jul-15 7.0 14.5 11.1 7.0 13.6 11.7
09-Jul-15 8.0 14.3 9.3 8.0 14.6 9.6
09-Jul-15 9.0 13.6 8.5 9.0 13.6 8.6
09-Jul-15 10.0 11.9 7.7 10.0 11.9 7.6
09-Jul-15 11.0 9.9 7.2 11.0 9.4 7.1
09-Jul-15 12.0 8.3 6.8 12.0 7.3 6.7
09-Jul-15 13.0 5.3 6.4 13.0 5.3 6.6
09-Jul-15 14.0 5.0 6.3 14.0 5.0 6.5
09-Jul-15 15.0 4.8 6.3 15.0 4.8 6.5
15-Jul-15 0.1 9.8 20.0 0.1 9.7 19.9
15-Jul-15 1.0 9.9 20.0 1.0 9.7 20.0
15-Jul-15 2.0 10.0 20.0 2.0 9.8 20.0
15-Jul-15 3.0 9.9 20.0 3.0 9.9 19.9
15-Jul-15 4.0 9.9 20.0 4.0 10.0 19.9
15-Jul-15 5.0 9.8 19.9 5.0 9.9 19.9
15-Jul-15 6.0 11.7 16.5 6.0 12.1 16.0
15-Jul-15 7.0 13.3 12.4 7.0 13.6 12.4
15-Jul-15 8.0 13.3 9.7 8.0 13.4 10.5
15-Jul-15 9.0 11.9 8.4 9.0 12.3 9.4
15-Jul-15 10.0 9.6 7.5 10.0 12.0 8.4
15-Jul-15 11.0 7.5 7.0 11.0 10.6 7.5
15-Jul-15 12.0 5.2 6.6 12.0 7.3 7.1
15-Jul-15 13.0 4.6 6.3 13.0 4.8 6.6
15-Jul-15 14.0 4.5 6.3 14.0 4.5 6.5
15-Jul-15 15.0 4.4 6.3 15.0 4.4 6.5
23-Jul-15 0.1 8.8 19.2 0.1 8.8 19.2
23-Jul-15 1.0 9.0 19.2 1.0 8.8 19.2
23-Jul-15 2.0 9.1 19.2 2.0 9.0 19.2
23-Jul-15 3.0 9.2 19.2 3.0 9.2 19.2
23-Jul-15 4.0 9.1 19.2 4.0 9.4 19.2



Depth DO Temp Depth D.O. Temp
(m) (mg/l) (0C) Readings (mg/l) (Celsius)

Station 3 Station 4
Date
23-Jul-15 5.0 9.2 19.2 5.0 9.3 19.2
23-Jul-15 6.0 10.1 17.4 6.0 10.0 18.1
23-Jul-15 7.0 12.0 13.8 7.0 12.7 13.5
23-Jul-15 8.0 12.0 10.6 8.0 12.5 10.3
23-Jul-15 9.0 11.9 9.1 9.0 11.4 8.7
23-Jul-15 10.0 10.0 8.0 10.0 9.7 7.8
23-Jul-15 11.0 7.5 7.4 11.0 7.9 7.2
23-Jul-15 12.0 5.9 6.9 12.0 5.8 6.8
23-Jul-15 13.0 4.8 6.5 13.0 4.7 6.5
23-Jul-15 14.0 4.6 6.3 14.0 4.4 6.5
23-Jul-15 15.0 4.4 6.2 15.0 4.3 6.5
29-Jul-15 0.1 9.3 18.5 0.1 8.9 18.6
29-Jul-15 1.0 9.3 18.4 1.0 9.1 18.4
29-Jul-15 2.0 9.2 18.2 2.0 9.1 18.3
29-Jul-15 3.0 9.2 18.2 3.0 9.2 18.2
29-Jul-15 4.0 9.3 18.2 4.0 9.2 18.2
29-Jul-15 5.0 9.5 18.2 5.0 9.2 18.1
29-Jul-15 6.0 9.5 17.2 6.0 9.3 18.1
29-Jul-15 7.0 11.7 13.6 7.0 10.7 15.5
29-Jul-15 8.0 11.5 10.9 8.0 11.2 10.9
29-Jul-15 9.0 10.8 9.1 9.0 10.5 8.8
29-Jul-15 10.0 9.3 8.1 10.0 8.3 7.9
29-Jul-15 11.0 6.4 7.6 11.0 6.7 7.3
29-Jul-15 12.0 4.8 7.0 12.0 4.3 6.9
29-Jul-15 13.0 3.9 6.8 13.0 3.7 6.7
29-Jul-15 14.0 3.8 6.5 14.0 3.5 6.6

06-Aug-15 0.1 9.5 18.6 0.1 9.1 18.6
06-Aug-15 1.0 9.5 18.6 1.0 9.1 18.5
06-Aug-15 2.0 9.7 18.4 2.0 9.4 18.2
06-Aug-15 3.0 9.8 18.2 3.0 9.5 18.0
06-Aug-15 4.0 10.0 18.1 4.0 9.5 17.9
06-Aug-15 5.0 10.0 17.8 5.0 9.4 17.8
06-Aug-15 6.0 10.0 17.6 6.0 9.5 17.5
06-Aug-15 7.0 11.3 14.6 7.0 10.8 15.4
06-Aug-15 8.0 12.1 10.8 8.0 12.1 11.7
06-Aug-15 9.0 11.5 9.2 9.0 11.6 9.8
06-Aug-15 10.0 9.5 8.2 10.0 10.4 8.8
06-Aug-15 11.0 7.2 7.5 11.0 7.5 7.8
06-Aug-15 12.0 4.8 7.0 12.0 4.5 7.2
06-Aug-15 13.0 4.0 6.6 13.0 4.1 6.9
06-Aug-15 14.0 3.9 6.4 14.0 3.8 6.7
13-Aug-15 0.1 9.0 18.9 0.1 8.5 18.9
13-Aug-15 1.0 9.2 18.7 1.0 8.4 18.8



Depth DO Temp Depth D.O. Temp
(m) (mg/l) (0C) Readings (mg/l) (Celsius)

Station 3 Station 4
Date

13-Aug-15 2.0 9.4 18.4 2.0 8.7 18.6
13-Aug-15 3.0 9.2 18.4 3.0 8.9 18.4
13-Aug-15 4.0 9.4 18.3 4.0 9.0 18.4
13-Aug-15 5.0 9.4 18.2 5.0 9.1 18.3
13-Aug-15 6.0 9.8 17.3 6.0 9.1 18.2
13-Aug-15 7.0 10.8 15.1 7.0 9.8 16.7
13-Aug-15 8.0 12.3 11.4 8.0 9.2 13.6
13-Aug-15 9.0 12.0 10.0 9.0 11.9 10.3
13-Aug-15 10.0 10.9 8.7 10.0 11.1 8.6
13-Aug-15 11.0 7.9 7.7 11.0 7.2 7.5
13-Aug-15 12.0 5.7 7.2 12.0 4.5 7.0
13-Aug-15 13.0 4.6 7.0 13.0 4.2 6.7
13-Aug-15 14.0 4.4 6.6 14.0 3.8 6.7
19-Aug-15 0.1 7.9 18.6 0.1 7.7 18.6
19-Aug-15 1.0 8.2 18.4 1.0 7.9 18.6
19-Aug-15 2.0 8.4 18.2 2.0 8.1 18.6
19-Aug-15 3.0 8.7 18.2 3.0 8.2 18.6
19-Aug-15 4.0 8.8 18.1 4.0 8.4 18.5
19-Aug-15 5.0 8.9 18.0 5.0 8.9 18.1
19-Aug-15 6.0 8.9 17.7 6.0 9.1 17.8
19-Aug-15 7.0 10.3 14.9 7.0 9.2 17.3
19-Aug-15 8.0 11.2 12.3 8.0 10.8 13.4
19-Aug-15 9.0 11.4 10.3 9.0 11.3 9.6
19-Aug-15 10.0 10.3 8.8 10.0 9.9 8.4
19-Aug-15 11.0 7.8 7.9 11.0 8.5 7.8
19-Aug-15 12.0 5.7 7.3 12.0 5.3 7.4
19-Aug-15 13.0 5.4 6.7 13.0 5.1 6.7
19-Aug-15 14.0 5.3 6.6 14.0 4.7 6.7
26-Aug-15 0.1 9.8 18.6 0.1 10.4 18.6
26-Aug-15 1.0 10.2 18.3 1.0 10.6 18.0
26-Aug-15 2.0 10.5 18.1 2.0 10.8 17.9
26-Aug-15 3.0 10.8 18.0 3.0 10.9 17.8
26-Aug-15 4.0 11.0 17.6 4.0 11.1 17.6
26-Aug-15 5.0 11.0 17.4 5.0 11.2 17.5
26-Aug-15 6.0 11.0 17.4 6.0 11.2 17.4
26-Aug-15 7.0 12.4 14.9 7.0 11.2 16.8
26-Aug-15 8.0 13.4 12.7 8.0 12.4 13.9
26-Aug-15 9.0 12.8 10.3 9.0 12.4 10.5
26-Aug-15 10.0 10.1 8.6 10.0 11.7 8.6
26-Aug-15 11.0 6.1 7.6 11.0 7.2 7.7
26-Aug-15 12.0 5.1 7.0 12.0 5.0 7.2
26-Aug-15 13.0 5.1 6.7 13.0 4.8 6.8
26-Aug-15 14.0 4.6 6.5 14.0 4.5 6.8



Depth DO Temp Depth D.O. Temp
(m) (mg/l) (0C) Readings (mg/l) (Celsius)

Station 3 Station 4
Date

03-Sep-15 0.1 9.4 16.6 0.1 8.8 16.7
03-Sep-15 1.0 9.6 16.0 1.0 9.1 16.1
03-Sep-15 2.0 9.9 15.8 2.0 9.6 15.8
03-Sep-15 3.0 10.0 15.7 3.0 9.8 15.7
03-Sep-15 4.0 10.0 15.7 4.0 9.8 15.7
03-Sep-15 5.0 10.1 15.6 5.0 9.9 15.6
03-Sep-15 6.0 10.0 15.6 6.0 9.9 15.6
03-Sep-15 7.0 10.0 15.6 7.0 9.9 15.5
03-Sep-15 8.0 10.9 13.2 8.0 10.2 14.0
03-Sep-15 9.0 11.7 10.7 9.0 10.7 11.0
03-Sep-15 10.0 11.3 9.3 10.0 10.7 9.1
03-Sep-15 11.0 9.2 8.2 11.0 9.8 8.1
03-Sep-15 12.0 6.1 7.5 12.0 6.5 7.4
03-Sep-15 13.0 4.4 6.9 13.0 4.9 7.0
03-Sep-15 14.0 3.7 6.8 14.0 6.8 7.0
03-Sep-15 15.0 3.5 6.8 15.0 3.4 7.0
10-Sep-15 0.1 7.9 15.2 0.1 7.3 15.1
10-Sep-15 1.0 7.9 15.1 1.0 7.3 15.1
10-Sep-15 2.0 7.9 15.1 2.0 7.3 15.0
10-Sep-15 3.0 7.9 15.1 3.0 7.5 15.0
10-Sep-15 4.0 8.0 15.0 4.0 7.6 15.0
10-Sep-15 5.0 8.0 15.0 5.0 7.7 15.0
10-Sep-15 6.0 8.0 15.0 6.0 7.8 14.9
10-Sep-15 7.0 8.1 15.0 7.0 7.8 14.9
10-Sep-15 8.0 8.1 15.0 8.0 7.8 14.3
10-Sep-15 9.0 8.7 12.3 9.0 8.2 10.7
10-Sep-15 10.0 8.5 10.1 10.0 8.0 9.1
10-Sep-15 11.0 7.6 8.7 11.0 6.7 8.3
10-Sep-15 12.0 6.2 7.7 12.0 5.8 7.7
10-Sep-15 13.0 5.7 7.2 13.0 5.5 7.2
10-Sep-15 14.0 4.2 7.1 14.0 4.8 7.1
16-Sep-15 0.1 6.5 14.5 0.1 6.3 14.4
16-Sep-15 1.0 6.4 14.4 1.0 6.3 14.4
16-Sep-15 2.0 6.5 14.4 2.0 6.3 14.4
16-Sep-15 3.0 6.5 14.4 3.0 6.4 14.3
16-Sep-15 4.0 6.6 14.4 4.0 6.4 14.3
16-Sep-15 5.0 6.6 14.4 5.0 6.5 14.3
16-Sep-15 6.0 6.7 14.4 6.0 6.6 14.3
16-Sep-15 7.0 6.7 14.4 7.0 6.8 14.3
16-Sep-15 8.0 6.8 14.4 8.0 6.7 14.0
16-Sep-15 9.0 6.9 14.3 9.0 7.0 10.8
16-Sep-15 10.0 7.0 10.4 10.0 6.8 9.0
16-Sep-15 11.0 6.3 8.4 11.0 6.1 8.1



Depth DO Temp Depth D.O. Temp
(m) (mg/l) (0C) Readings (mg/l) (Celsius)

Station 3 Station 4
Date

16-Sep-15 12.0 6.0 7.8 12.0 6.0 7.6
16-Sep-15 13.0 6.0 7.2 13.0 5.9 7.3
16-Sep-15 14.0 5.9 7.0 14.0 5.5 7.3
24-Sep-15 0.1 7.0 13.0 0.1 Unit problem
24-Sep-15 1.0 7.1 13.0 1.0
24-Sep-15 2.0 7.2 13.0 2.0
24-Sep-15 3.0 7.3 13.0 3.0
24-Sep-15 4.0 7.3 13.0 4.0
24-Sep-15 5.0 7.3 13.0 5.0 NA NA
24-Sep-15 6.0 7.4 13.0 6.0
24-Sep-15 7.0 7.4 13.0 7.0
24-Sep-15 8.0 7.4 13.0 8.0
24-Sep-15 9.0 7.4 12.9 9.0
24-Sep-15 10.0 7.2 12.8 10.0
24-Sep-15 11.0 6.7 9.3 11.0 Unit problem
24-Sep-15 12.0 6.2 8.2 12.0
24-Sep-15 13.0 6.2 7.5 13.0
24-Sep-15 14.0 6.2 7.1 14.0
24-Sep-15 15.0 5.5 7.1 15.0
30-Sep-15 0.1 13.1 12.5 0.1 13.1 12.2
30-Sep-15 1.0 13.0 12.4 1.0 12.7 12.2
30-Sep-15 2.0 13.0 12.4 2.0 12.7 12.2
30-Sep-15 3.0 13.0 12.3 3.0 12.7 12.2
30-Sep-15 4.0 13.1 12.3 4.0 12.7 12.2
30-Sep-15 5.0 12.7 12.3 5.0 12.8 12.2
30-Sep-15 6.0 12.8 12.3 6.0 12.9 12.2
30-Sep-15 7.0 12.9 12.3 7.0 12.8 12.1
30-Sep-15 8.0 12.9 12.2 8.0 12.5 12.1
30-Sep-15 9.0 12.0 12.0 9.0 12.3 12.1
30-Sep-15 10.0 9.2 11.6 10.0 11.7 11.7
30-Sep-15 11.0 5.4 10.1 11.0 5.8 9.8
30-Sep-15 12.0 3.9 8.7 12.0 4.4 9.2
30-Sep-15 13.0 3.4 8.1 13.0 4.4 8.4
08-Oct-15 0.1 11.1 11.4 0.1 10.8 11.5
08-Oct-15 1.0 10.8 11.4 1.0 10.6 11.5
08-Oct-15 2.0 10.7 11.3 2.0 10.5 11.5
08-Oct-15 3.0 10.6 11.3 3.0 10.5 11.5
08-Oct-15 4.0 10.5 11.3 4.0 10.4 11.5
08-Oct-15 5.0 10.5 11.3 5.0 10.4 11.5
08-Oct-15 6.0 10.4 11.3 6.0 10.3 11.5
08-Oct-15 7.0 10.4 11.3 7.0 10.3 11.5
08-Oct-15 8.0 10.3 11.3 8.0 10.2 11.5
08-Oct-15 9.0 10.2 11.3 9.0 10.1 11.5



Depth DO Temp Depth D.O. Temp
(m) (mg/l) (0C) Readings (mg/l) (Celsius)

Station 3 Station 4
Date

08-Oct-15 10.0 10.1 11.2 10.0 7.6 10.8
08-Oct-15 11.0 2.3 9.1 11.0 4.1 9.8
08-Oct-15 12.0 1.5 8.9 12.0 1.9 8.4
08-Oct-15 13.0 1.2 7.8 13.0 1.4 7.8
15-Oct-15 0.1 10.2 10.5 0.1 10.3 10.5
15-Oct-15 1.0 10.2 10.5 1.0 10.3 10.5
15-Oct-15 2.0 10.2 10.5 2.0 10.3 10.5
15-Oct-15 3.0 10.1 10.5 3.0 10.0 10.5
15-Oct-15 4.0 10.0 10.5 4.0 10.0 10.5
15-Oct-15 5.0 9.9 10.6 5.0 10.0 10.5
15-Oct-15 6.0 9.9 10.6 6.0 10.0 10.5
15-Oct-15 7.0 9.9 10.6 7.0 10.0 10.5
15-Oct-15 8.0 9.9 10.6 8.0 10.0 10.5
15-Oct-15 9.0 9.9 10.6 9.0 10.0 10.5
15-Oct-15 10.0 9.9 10.6 10.0 10.0 10.5
15-Oct-15 11.0 9.9 10.6 11.0 5.0 8.0
15-Oct-15 12.0 1.5 8.9 12.0 1.0 8.4
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Appendix III: Dissolved Oxygen/Temperature Profiles 
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Appendix IV: Time of Survey - Weather Data  
  



Station 1
Date Time Air Temp (0C) Wind Speed (km) Wind Direction Cloud Cover (%)

08-Jun-15 13:10 21 5-10 S 10
25-Jun-15 9:30 19 5-10 SW 100
02-Jul-15 10:00 19 10-15 N 75
09-Jul-15 9:45 20 3-5 S 50
15-Jul-15 11:00 17 0-3 S 90
23-Jul-15 10:00 12 3-5 S 100
29-Jul-15 14:00 16 0-3 S 90
06-Aug-15 9:30 16 0-3 S 10
13-Aug-15 13:10 20 3-5 N 25
19-Aug-15 13:10 18 10-20 S 85
26-Aug-15 15:04 24 5 S-SE 80
03-Sep-15 14:44 17.5 0 NA 50
10-Sep-15 13:30 17 5-10 SE 95
16-Sep-15 13:00 10 5-10 S 25
24-Sep-15 12:21 12.5 10-15 S 50
30-Sep-15 13:30 16 0-5 N 100
08-Oct-15 13:00 12 5-10 SW 100
15-Oct-15 11:00 8 5-10 S 100

Station 2
Date Time Air Temp (0C) Wind Speed (km) Wind Direction Cloud Cover (%)

08-Jun-15 13:40 21 5-10 S 10
25-Jun-15 10:00 19 5-10 SW 100
02-Jul-15 10:30 19 10-15 N 75
09-Jul-15 10:15 20 3-5 S 50
15-Jul-15 11:17 17 0-3 S 90
23-Jul-15 10:30 12 3-5 S 100
29-Jul-15 14:20 16 0-3 S 90
06-Aug-15 10:00 16 0-3 S 10
13-Aug-15 12:50 20 3-5 N 25
19-Aug-15 13:30 18 10-20 S 85
26-Aug-15 15:27 24 5 S-SE 60
03-Sep-15 15:10 18 0 NA 50
10-Sep-15 14:00 17 5-10 SE 95
16-Sep-15 13:13 10 5-10 S 25
24-Sep-15 12:40 13 10-15 S 50
30-Sep-15 14:00 16 0-5 N 100
08-Oct-15 13:30 12 5-10 SW 100
15-Oct-15 11:30 8 5-10 S 100



Station 3
Date Time Air Temp (0C) Wind Speed (km) Wind Direction Cloud Cover (%)

08-Jun-15 14:10 21 5-10 S 10
25-Jun-15 10:30 19 5-10 SW 100
02-Jul-15 11:00 19 5-10 N 75
09-Jul-15 10:45 20 3-5 S 50
15-Jul-15 11:31 17 0-3 S 90
23-Jul-15 11:00 12 3-5 S 100
29-Jul-15 14:40 16 0-3 S 90
06-Aug-15 10:30 16 0-3 S 10
13-Aug-15 13:50 20 3-5 N 25
19-Aug-15 13:50 18 8-10 S 85
26-Aug-15 16:05 24 0 NA 40
03-Sep-15 15:50 16 0 NA 50
10-Sep-15 14:30 17 5-10 SE 95
16-Sep-15 13:30 10 5 S 35
24-Sep-15 13:10 13 10-15 S 50
30-Sep-15 14:30 16 0-5 N 100
08-Oct-15 14:00 12 5-10 SW 100
15-Oct-15 12:00 8 5-10 S 100

Station 4
Date Time Air Temp (0C) Wind Speed (km) Wind Direction Cloud Cover (%)

08-Jun-15 14:35 21 5-10 S 10
25-Jun-15 11:00 19 5-10 SW 100
02-Jul-15 11:30 19 5-10 N 75
09-Jul-15 11:15 20 3-5 S 50
15-Jul-15 11:45 17 0-3 S 90
23-Jul-15 11:30 12 3-5 S 100
29-Jul-15 15:00 16 0-3 S 90
06-Aug-15 11:00 16 0-3 S 10
13-Aug-15 14:07 20 10 N 25
19-Aug-15 14:07 18 8-10 S 85
26-Aug-15 16:32 24 5-10 N 30
03-Sep-15 16:05 16 0 NA 50
10-Sep-15 15:00 17 0-5 SW 95
16-Sep-15 13:41 10 5 S 35
24-Sep-15 13:26 13 10-15 S 50
30-Sep-15 15:00 16 0-5 N 100
08-Oct-15 14:30 12 5-10 SW 100
15-Oct-15 12:30 8 5-10 S 100
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Appendix V: PR Synoptic Data 
 
 
 
 



† Kitwancool Lake (55o22’N, 128o07’W) is identified as synonymous with Kitwanga Lake, and Gitanyow 
Lake, all of which are used interchangeably in the literature. 
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PREFACE 
 
A late-summer limnological survey of Kitwancool Lake, British Columbia was conducted 
by Fisheries and Oceans Canada’s Lakes Research Program on September 2, 2015. 
Although limited in interpretable scope due to temporal representativeness, the goal of 
this survey was to assess whether evidence exists for significant late-summer lake 
ecosystem changes in the 12 years since the previous full-season limnological survey 
had been completed on the lake. Complementary lake survey data, produced by the 
Gitanyow Fisheries Authority are included and analyzed. 

 
 

INTRODUCTION 
 

Kitwancool (Kitwanga) Sockeye Salmon (Oncorhynchus nerka) are an endemic 
Conservation Unit (CU) of the Skeena River complex (Holtby and Ciruna 2008) that 
spawn within the Kitwancool Lake† watershed and rear in Kitwancool Lake (55.3768o N, 
128.1131o W; Figure 1) during their freshwater phase.  The Kitwancool stock has 
experienced variable production over the period of assessment (Figure 2), declining 
recruitment (i.e. smolts/adult; Figure 3A), and significant recent reductions in post-smolt 
survival (Figure 3B) prompting several studies (including this one), and the development 
of a stock recovery plan (Cleveland et al. 2006).   
 
Fisheries and Oceans Canada’s Science Branch (Lake Research Program) has 
conducted multiple limnological and fisheries surveys of Kitwancool Lake, including 
limnological assessments in 1995 (South Basin only) and 2003 (North and South 
basins) and juvenile stock abundance and condition surveys in 2003.The Gitanyow 
Fisheries Authority has also collected temperature and oxygen data from Kitwancool 
Lake (presented here).   
 
As part of a broader assessment of the freshwater factors potentially influencing 
Kitwancool Sockeye Salmon declines, the 2015 late-summer limnological survey of 
Kitwancool Lake was intended to detect whether major trophic changes have occurred 
in the system that could be impacting growth and survival of juveniles, warranting a 
more full trophic and stock status assessment and/or additional studies.  
 
 

 
STUDY LAKE DESCRIPTION 

 
Kitwancool Lake, British Columbia is a relatively shallow (zmax = 14.8 m; zmean = 5.0 m), 
7.7 km2 Sockeye Salmon nursery lake, situated at 376 m a.s.l., approximately 40 km 
west of Hazelton, British Columbia, that discharges to the Pacific Ocean via the 
Kitwanga and Skeena Rivers (Shortreed et al. 2001).  Lake morphometry is relatively 
complex, consisting of two basins, North and South, joined by a narrow constriction 
(Figure 4).  The North Basin is shallow, and has historically been nearly polymictic, 



 

mixing year-round, while the deeper South Basin exhibits a dimictic seasonal pattern, 
stratifying over the summer months. 
 
The 171 km2 Kitwancool Lake watershed is situated in the Interior Cedar Hemlock-
Hazelton Moist Cold Biogeoclimatic Zone, with portions of the catchment in the Coastal 
Western Hemlock-Montane Wet Submaritime, Engelmann Spruce/Subalpine Fir – Wet 
Very Cold, and Engelmann Spruce/Subalpine Fir – Wet Very Cold Parkland zones, 
experiencing mean annual precipitation of 0.64m SWE, a mean annual temperature of 
6.0oC (Shortreed et al. 2001). 

 
 

 
METHODS 

 
Water Chemistry Sampling & Field Processing 
 
On September 2, 2015, a limnological survey of Kitwancool Lake, British Columbia was 
conducted by Fisheries and Oceans Canada’s Lakes Research Program staff at the two 
historical Fisheries and Oceans Canada limnological sampling stations (North Basin, 
DFO-1; South Basin, DFO-2; Figure 1). 
 
 
Physical Characteristics 
 
Temperature and conductivity profiles were collected at both DFO limnological sampling 
stations from the surface to the lake bottom using an Applied Microsystems Ltd. 
conductivity, temperature, and depth meter (model Micro STD).  Li-Cor data loggers 
(model LI-1400), equipped with quantum/spherical sensors (model LI-193SA) were 
used to measure water column photosynthetic photon flux density (PPFD: λ 400-700 
nm) from the surface to below the compensation depth (1% of surface light intensity), 
from which vertical light extinction coefficients were calculated.  The euphotic zone 
depth (EZD) was assumed to be equal to the light compensation depth.  A standard 22-
cm white Secchi disk was also used to measure water transparency. 
 
 
Field Water Sampling 
 
An 8.2L opaque Van Dorn bottle (vertical style) sterilized with 95% ethanol was used to 
collect all water samples.  Sampling took place between 8:00 and 12:00 PST. At each 
limnological sampling station, water samples from 4 to 6 discrete depths were collected 
within the euphotic zone, and equal volumes mixed in acid-washed and lake water-
rinsed, opaque 9-L Nalgene Lowboy polyethylene carboys to provide integrated 
euphotic zone samples.  
 
When the euphotic zone was deeper than the epilimnion (South Basin, DFO-2), a 
second integrated sample was collected from 4-6 depths from the bottom of the 



 

epilimnion to the bottom of the euphotic zone.  Deep samples were recovered from both 
the North (7.5m) and South basins (hypolimnion, 12.5, 13m). 
 
Replicate samples for analysis of turbidity, total dissolved solids, dissolved reactive 
silica, nitrogen (dissolved organic N, ammonia, nitrate, particulate-N), phosphorus (total 
P, dissolved P, soluble reactive P, particulate-P), bacteria, picoplankton, and 
phytoplankton were taken from each integrated sample.  
 
Discrete water samples were also collected at 7-8 depths from the surface to near the 
sediments at each limnological station. These samples were collected in 1-L 
polyethylene bottles and later analyzed for nitrate and chlorophyll.  
 
Dissolved oxygen (DO) concentrations were profiled from the surface to just above the 
sediment-water interface using a YSI Pro ODO handheld temperature-oxygen meter. 
Summer to late-Fall temperature and oxygen profiles were also collected by the 
Gitanyow Fisheries Authority (GFA) at the four GFA limnological sampling stations 
(North Basin, GFA-1, GFA-2; South Basin GFA-3, GFA-4; Figure 1). 
 
 
Water Chemistry Sample Handling & Analyses 
 
Water chemistry analyses were conducted according to methods given in Stephens and 
Brandstaetter (1983) and Stainton et al. (1977). 
  
 
Whole Water Samples 
 
Total phosphorus (TP) samples were collected in acid-washed, autoclaved test tubes 
that were rinsed with sample, filled, capped, and stored at 4°C.  TP samples were 
analyzed using a molybdenum blue spectrophotometric method with persulfate 
digestion and stannous chloride reduction modified from Traversy (1971).   
 
 
Particulate Samples 
 
Particulate phosphorus (PP) samples were prepared by filtering 1 L of water through an 
ashed 47-mm diameter AMD Manufacturing Inc. filters (0.7 µm pore size), which were 
stored in clean scintillation vials until analysis.  PP samples were later analyzed using a 
modification of the molybdenum blue method of Stainton et al. (1977).  Particulate 
carbon (C) and nitrogen (N) samples were prepared by filtering 200 mL of water through 
ashed 25-mm diameter AMD Manufacturing Inc. filters (0.7 µm pore size).  The filters 
were then folded inward, placed in foil sample dishes, and frozen until analysis.  
Particulate C and N contents were determined via combustion analysis.  Thawed filters 
were packed into nickel sleeves and analyzed against known standards for bulk C and 
N content using an Exeter Analytical CE-440 elemental analyzer. 
 



 

Dissolved Water Samples 
 
Water samples for dissolved nutrient analyses were kept cool and dark, and filtered 
within 2-4 h of collection.  Lake water samples were filtered through ashed 47-mm 
diameter AMD Manufacturing Inc. filters (0.7 µm pore size) in a 47-mm Millipore Corp. 
Swinex filtering unit, which was rinsed with distilled, deionized water (DDW), and then 
rinsed with approximately 50 mL of sample prior to filtering.  
 
Acid-washed, DDW-rinsed Nalgene polyethylene bottles were rinsed with filtered lake 
water and filled with ~ 100 mL of sample, capped, frozen, and later analyzed for nitrate, 
ammonia, and dissolved organic nitrogen.  Nitrate and ammonia concentrations were 
obtained using ion chromatography on a Dionex ICS 5000 ion chromatograph, using 
standard methods as outlined in Jackson (2000). 
 
Dissolved organic nitrogen (DON) concentrations were measured by difference from 
total dissolved nitrogen estimated using sulphate radical oxidation during persulfate-UV 
digestion with copper-cadmium reduction and sulphanilamide/NNED reaction and 
spectrophotometric detection at 520nm.  
 
Dissolved phosphorus samples (soluble reactive P, total dissolved P) were collected in 
acid-washed, autoclaved test tubes that were rinsed with sample, filled, capped, and 
stored at 4°C until analysis.  Both TDP and SRP samples were analyzed using the 
molybdenum blue method with stannous chloride reduction, with TDP analyses 
including a persulfate digestion step (Traversy 1971). 
 
Additional ~ 100 mL samples were filtered into clean, acid-washed, lake water-rinsed 
Nalgene polyethylene bottles, stored in the dark at 4°C, and later analyzed for silicate 
and total dissolved solids (TDS).  Silicate was detected using the acid molybdate 
reaction with ascorbic acid reduction and oxalic acid stabilization as described in 
Stainton et al (1977).  Total dissolved solids were detected using the filtered dried 
residue method of APHA (1985). 
 
Water turbidity samples (~100 mL) were collected in acid-washed, lake water-rinsed 
Nalgene polyethylene bottles, and stored in the dark at 4°C until analysis.  Water 
turbidity samples were analyzed with a LaMotte 2020e turbidity meter, calibrated 
against known standards, and presented in standard Nephelometric Turbidity Units.     
 
Alkalinity and pH samples were retrieved at various depths within the water column in 
acid-washed glass bottles that were rinsed with lake water, filled completely (one bottle 
from each sampling depth) and sealed.  Within 4 h of sample collection, pH was 
measured using a Barnant 20 digital pH meter with a Ross combination electrode 
(Thermo Scientific Orion 815600).  Total alkalinity (mg CaCO3/L) of these samples was 
determined according to the standard potentiometric method of APHA (1985). Dissolved 
inorganic carbon (DIC) concentrations were calculated indirectly from pH, temperature, 
total dissolved solids, and bicarbonate alkalinity.  
 



 

Primary Production & Productivity 
 
Integrated euphotic zone chlorophyll a samples were prepared by filtering 250 mL of 
lake water through a 47-mm diameter Millipore HA filter (0.45 μm pore size) in an 
opaque filter column, under limited light conditions.  Eight discrete water samples were 
taken at each station to construct total chlorophyll a profiles.  All filters used for 
chlorophyll analyses were folded in half, placed in aluminum foil dishes, and frozen until 
analysis.  Filters were macerated in 90% acetone and analyzed using a Turner bench 
top fluorometer (Model 112) using the methods described in Strickland and Parsons 
(1972). 
 
In situ photosynthetic rates (PR) were measured at each station. We measured PR at 7 
depths from the surface to below the compensation depth.  At each depth two light and 
one dark 125-mL glass bottles were filled, inoculated with approximately 137 kBq of a 
radiolabelled 14C-bicarbonate stock solution, and incubated at the original sampling 
depth.  Incubations lasted 1.5 to 2 hours between 0900 and 1200 h PST.  To determine 
activity of the stock solution, at each station we inoculated three scintillation vials 
containing 0.5 mL of Scintigest (Fisher Scientific) with the stock radioisotope solution.  
After incubation, bottles were placed in light-proof boxes and filtered within 2 hours after 
incubation.  The entire contents of each bottle (147 mL) were filtered at a vacuum not 
exceeding 20 cm Hg. Filters were placed in scintillation vials containing 0.5 mL of 0.2 N 
HCl, and lids were left off the vials for 6 to 8 hours to evolve any free 14C as CO2.  All 
vials were stored cool, in the dark until processing, where 10 mL of Scintiverse II (Fisher 
Scientific) was added to each scintillation vial and sample activity was determined in a 
Beckman-Coulter LS6500 liquid scintillation counter. Quench series composed of the 
same scintillation cocktail and filters used for the samples were used to determine 
counting efficiency, and the productivity equation from Strickland (1960) was used to 
calculate hourly PR.  PR was converted from hourly to daily rates using light the 
Alaskan Clear-Day Model as in previous assessments of Kitwancool Lake (Shortreed et 
al. 2001).  

 

Phytoplankton 
 
Phytoplankton in the nanoplankton and microphytoplankton size fractions were 
collected from integrated euphotic zone water samples for enumerated, identification 
and biovolume estimation.  Phytoplankton samples were retrieved in opaque 125-mL 
polyethylene bottles, which were rinsed with sample water, filled, and fixed with 2 mL of 
Lugol's solution until analysis.  Samples were gently agitated, and 10 mL aliquots were 
gravity settled for 24 h.  Cell counts were performed on an inverted microscope at 
magnifications of 156X and 625X with phase contrast illumination using the Ütermohl 
technique as modified by Nauwerck (1963).  Only cells appearing to be viable (i.e. 
chloroplasts intact) were identified and enumerated.  Cell counts were converted to wet 
weight biomass by approximating cell volume. Estimates of cell volume for each species 
were obtained by measurements of up to 50 cells of an individual species and applying 
the geometric formula best fitted to the shape of the cell (Rott, 1981).  A specific gravity 



 

of 1 was assumed for cellular mass.  Cell measurements were made on the cell 
chloroplast, as it relates to production.  For cells where the chloroplast covered the 
entire cell (e.g. diatoms, cryptophytes and dinoflagellates) the whole cell was measured.  
In the case of colonial species 10-15 cells were measured and a subsection of the 
colony was enumerated.  The final colony volume was calculated using the average cell 
volume and extrapolating from the counted subsection to the entire colony. 
 
 
Zooplankton 
 
Replicate zooplankton samples were collected at each station with a 160 μm mesh 
Wisconsin net (mouth area = 0.05 m2) hauled vertically from 8 m (North Basin; DFO-1) 
or 13 m (South Basin; DFO-2) to the surface.  All samples were placed in 125-mL 
polyethylene Nalgene bottles and preserved in a sucrose-buffered 4% formalin solution 
(Haney and Hall 1973).  Zooplankton (except rotifers) were later counted, identified to 
genus or species taxonomic levels using Balcer et al. (1984) and Pennak (1978),  and 
measured with a computerized video measuring system (MacLellan et al. 1993).  
Measurement of body length was carried out as described by Koenings et al. (1987).  
Zooplankton biomass was calculated with species-specific length-weight regressions 
adapted from Bird and Prairie (1985), Culver et al. (1985), Stemberger and Gilbert 
(1987), and Yan and Mackie (1987).   

 
 

RESULTS 
 
PHYSICAL 
 
Temperature 
 
The Gitanyow Fisheries Authority (GFA) collected comprehensive temperature profiles 
from four stations (GFA-1, GFA-2, GFA-3, GFA-4) within Kitwancool Lake from June to 
October 2015.   
 
In the North Basin, the thermal evolution from June to October was similar between the 
two GFA stations (GFA-1, GFA-2; Figures 5, 6).   Despite its shallow depth, the North 
Basin appears to have thermally stratified by June, reaching maximum recorded 
epilimnetic temperatures of 22.6 oC in July, cooling thereafter along with a deepening of 
the epilimnion (mixed layer).  A secondary, shallower, weak stratification was observed 
through early-August.  Isothermal conditions were observed in the North Basin water 
column by late-August to early-September, with the water column cooling along with 
ambient temperatures through October (Figures 5, 6).    
 
In the South Basin, the thermal regime evolved similarly between the two GFA stations 
(GFA-3, GFA-4, Figures 7, 8).  The South Basin was thermally stratified in June, with 
maximum recorded epilimnetic temperatures of 22.0 oC observed in July.  As with the 



 

North Basin, the epilimnetic mixed layer deepened and cooled through late-September, 
when destratification occurred. 
 
Light 
 
Late-Summer light penetration was relatively deep in Kitwancool Lake in 2015.  
Calculated euphotic zone depths (EZD) from photometer data, exceeded the 
bathymetry in both the North (DFO-1) and South Basins (DFO-2) likely indicating that 
photosynthetically-active radiation (light) reached the sediments throughout the lake in 
September.  These findings were similar to the DFO Lakes Research Program late-
Summer observations in 2003, but light penetration appeared to be deeper than that 
observed in 1995, when the deeper portions of the South Basin (>10.5 m) would not 
have experienced photosynthetically active radiation (PAR; Table 1). Historical seasonal 
mean EZD’s recorded from seasonally-resolved studies in 1995 and 2003, indicate 
deep light penetration (relative to lake depth) has been a common feature for 
Kitwancool Lake for at least the last two decades, but has likely increased to the full 
water column since 1995 (Table 1). 
 
The 2015 Late-Summer Secchi depths revealed a more complex pattern in water 
column light transmissivity.  Secchi depths were 2.9m and 9.5 m in the North (DFO-1) 
and South basins (DFO-2) respectively (Table 1), indicating relatively high light 
absorption in the North Basin, likely the result of biological turbidity (see section on 
Phytoplankton).  In the North Basin (DFO-1), the 2015 late-Summer Secchi Depth was 
31% shallower than observed in 2003 (Table 1).  By contrast, in the deeper South Basin 
(DFO-2), the 2015 late-Summer Secchi depth was nearly equivalent (9.5 m) to that 
observed in 2003 (9.2 m; Table 1).  However, both the 2003 and 2015 surveys indicated 
up to a 26 % reduction in late-Summer light transmissivity in the South Basin from that 
observed in 1995 (7.0m; Table 1). 
 
 
CHEMICAL 
 
Conductivity 
 
Late-Summer mean euphotic zone conductivities (corrected to 25oC) were moderate, 
and similar across the two basins of Kitwancool Lake (94-95 µS/cm; Table 2).  Late-
Summer conductivity values were slightly less than those recorded in 2003 (101-102 
µS/cm; Table 2), and similar to the 2003 seasonal mean values recorded in 2003 (Table 
2).   
 
Dissolved Oxygen 
 
The Gitanyow Fisheries Authority (GFA) collected comprehensive dissolved oxygen 
profiles from four stations (GFA-1, GFA-2, GFA-3, GFA-4; Figure 1) within Kitwancool 
Lake from June to October, permitting an assessment of the evolution of dissolved 



 

oxygen in both the North and South Basins over the mid- to late-growing season in 
relation to the physical characteristics of the lake in 2015.  
 
In the shallow hypolimnion that formed in the North Basin, however, substantial oxygen 
depletion was observed below the thermocline, reaching severely hypoxic levels for 
salmonids (<2.5 mg/L) periodically in August within 1m of the sediments (Figures 5, 6).  
Following the breakdown of the weak, shallower thermal stratification that occurred in 
August (Figures 5, 6), oxygen-depleted water was observed throughout the water 
column, likely the result of wind-driven mixing of upper-hypolimnetic water throughout 
the water column, coupled with senescence and decomposition of settling biological 
material (i.e. biological oxygen demand).  The water column in the North Basin was 
generally well oxygenated by turnover in October, but began depleting below 4m depth 
(Figures 5, 6). 
 
In the deeper, South Basin of Kitwancool Lake (GFA-3, GFA-4), epilimnetic dissolved 
oxygen similarly depleted over the stratified period, remaining above the hypoxic 
threshold of 5 mg/L for cold-water salmonids (Figures 7, 8).  Hypolimnetic oxygen 
patterns in the South Basin were complex throughout the mid- to late-growing season.  
As observed periodically in the North Basin, upper-hypolimnetic deep oxygen maxima 
(~6-8m) were observed, similarly likely the result of deep autotrophic production.  In 
stark contrast, however, substantial oxygen depletion was observed throughout the 
period of record in the in the deeper waters of the bathymetric depression at stations 
GFA-3 and DFO-2 (Figures 1, 4, 5, 7), with hypoxic conditions (< 5 mg/L) routinely 
observed in the near-sediment waters (Figure 7).  As in the North Basin, water column 
oxygen depletion was observed following destratification, particularly below 4m depth, 
with near-anoxic conditions developing throughout late-September to the last sampling 
in October below 10m depth (Figures 7, 8). 
  
 
pH, Alkalinity, and Total Dissolved Solids 
 
In late-Summer of 2015, Kitwancool Lake was circumneutral to slightly alkaline, with pH 
values of 7.67 and 7.55 in the North (DFO-1) and South Basins (DFO-2) respectively.  
These values were nearly a half a pH unit higher in both basins than pH values 
observed during the late-Summer sampling in 2003 (pH 7.09-7.12; Table 2). 
 
Similarly, alkalinity values of 57.2 - 61.0 indicate Kitwancool Lake is a well buffered 
system.  Late-Summer alkalinity values in both 2003 and 2015 were generally 
comparable, and similar to the seasonal mean averages indicating limited variability 
(Table 2). 
 
Total dissolved solids (TDS) values were generally similar to those observed in 1995 
and 2003 (Table 2). 
 
 
 



 

Limiting Nutrients (Silica, Phosphorus, Nitrogen) 
 
2015 late-summer soluble reactive silica (SRSi), important for diatom algal production, 
was 2.18 and 2.56 mg/L in the North (DFO-1) and South basins (DFO-2) respectively 
(Table 3). The 2015 late-summer values were in a similar range to those observed 
historically both in late summer and over the growing season (range 1.45-2.25; Table 
3), and are well above the generally-accepted threshold (0.5 mg/L) believed to be 
limiting for diatom algal growth (Wetzel 2001). 
 
Late-summer euphotic zone total phosphorus (TP) was similar between the North 
(11.15 µg/L; DFO-1) and South basins (11.36; DFO-2) in 2015, placing Kitwancool Lake 
in the “mesotrophic” or moderately-nutrient rich trophic classification for Canadian lakes 
(CCME 2004).  Euphotic TP values were less (-26-28%) than observed in the late-
summer of 2003, (Table 3), but considerably greater (+93%) than observations in the 
South Basin in 1995 (DFO-2).  Euphotic total dissolved phosphorus (TDP) was higher in 
the North Basin (8.35 µg/L; DFO-1) than in the South Basin (6.63 µg/L; DFO-2), but as 
with TP, less than late-summer observations in 2003 (-17-36 %; Table 3).  As in many 
lakes, soluble reactive phosphorus (SRP), the most biologically-available form of P, was 
a small fraction of the overall P pool, with concentrations of 1.85 and 1.15 µg/L in the 
North (DFO-1) and South basins (DFO-2) respectively.  2015 late-summer SRP was 
much reduced (-40-66 %) from late-summer conditions in 2003 (Table 3).  Late-summer 
particulate phosphorus (PP) values were higher than observed in 2003 in the North 
Basin (7.79 µg/L (DFO-1)) and similar to those observed in 2003 in the South Basin 
5.47 µg/L (DFO-2)), but higher (+103%) than those observed in 1995 (Table 3).  
 
Hypolimnetic (below thermocline) phosphorus concentrations demonstrated a more 
complex spatial pattern between the two basins of Kitwancool Lake in late-summer 
2015 (Table 3).  In the North Basin (DFO-1), hypolimnetic TP (11.5 µg/L) and 
hypolimnetic TDP (7.30 µg/L) were generally comparable to overlying euphotic zone 
values (Table 3).  By contrast, in the South Basin (DFO-2), hypolimnetic TP (28.9 µg/L) 
and hypolimnetic TDP (14.4 µg/L) were greatly enriched (TPhypo +154 %; TDPhypo +117 
%) relative to the overlying euphotic zone (Table 3).  Relative enrichment of late-
summer hypolimnetic P in the South Basin (DFO-2), but not in the North Basin (DFO-2) 
was consistent with observations in 2003 (Table 3).  
 
Late-Summer near-sediment (13m depth) phosphorus measurements in the South 
Basin (DFO-2) were significantly enriched relative to the overlying water column (Table 
3).  Near-sediment values for TP (64.0 µg/L), TDP (26.0 µg/L) and SRP (13.5 µg/L), all 
grossly exceeded overlying water column hypolimnetic (+118%, +81%, +487% 
respectively) and euphotic zone values (+463%, +292%, +1,074% respectively; Table 
3).  
 
In contrast to the enriched conditions observed for phosphorus, late-season nitrogen 
availability was observed to be low in Kitwancool Lake in 2015 (Table 3).  Euphotic zone 
nitrate (NO3

-) concentrations, the most biologically-available form of nitrogen for algal 
production, was extremely low in both the North (4.6 µg/L; DFO-1) and South basins 



 

(2.4 µg/L; DFO-2), generally consistent with historical values observed in 1995 and 
2003 (Table 3).  Late-summer euphotic ammonia/ammonium (NH3

-/NH4
+) 

concentrations in Kitwancool Lake were higher in the North Basin (7.75 µg/L; DFO-1) 
than  the South Basin (1.48 µg/L; DFO-2), the reverse of observations in 2003 (Table 3).  
Particulate nitrogen (PN) averaged 47.4 µg/L and 33.92 µg/L in the North (DFO-1) and 
South (DFO-2) basins respectively.  Late-summer PN values in the South Basin were 
generally consistent with those observed in 1995 (only available historical data; Table 
3).  Dissolved organic nitrogen (DON) was the most prevalent form of nitrogen in late-
summer of 2015, averaging 111.5 µg/L in the North Basin (DFO-1) and 128.5 µg/L in 
the South Basin (DFO-2; Table 3). 
 
Hypolimnetic nitrate values were only marginally enriched relative to euphotic zone 
averages in the North (4.6 µg/L; DFO-1) and South basins (2.4 µg/L; DFO-2), but were 
consistently enriched over values observed in both basins in 2003 and the South Basin 
in 1995 (Table 3).  Hypolimnetic ammonia was slightly enriched in the South Basin 
(DFO-2), but generally consistent with overlying water column values in late-summer 
2015 (Table 3). Historical hypolimnetic ammonia values exist only for the North (DFO-1) 
basin in 2003, with modern values more than double values observed in 2003 (Table 3). 
 
As observed with phosphorus measures, late-summer near-sediment (13m depth) 
ammonia/ammonium measurements in the South Basin (DFO-2) were significantly 
enriched (96.8 µg/L) relative to overlying hypolimnetic (+3,296 %) and euphotic zone 
averages (+6,441%; Table 3). 
 
2015 late-summer ratios of total (dissolved + particulate) nitrogen to phosphorus, 
corrected for atomic mass (i.e. molar ratios; TN:TPmolar), averaged 6.93 and 5.01 in the 
North (DFO-1) and South basins (DFO-2) respectively.  These values were well below 
the threshold value of 20, suggesting extreme late-summer nitrogen limitation of 
autotrophic production in 2015 (Guildford and Hecky 2000).  These results were similar 
to late-summer (5.52) and seasonal mean TN:TPmolar stoichiometric values (6.18) 
observed at DFO-2 in 1995, suggesting N-limitation may be a persistent condition for 
Kitwancool Lake. 
 
 
PRIMARY PRODUCTION, PRIMARY PRODUCTIVITY, AND PHYTOPLANKTON 
 
2015 late-summer euphotic zone chlorophyll a (Chl. a) values in Kitwancool Lake, a 
surrogate for overall algal production, were greater in the North Basin (2.85 µg/L; DFO-
1) than the South Basin (1.95 µg/L; DFO-1), but low relative to lake-wide phosphorus 
concentrations.  Relative to measurements in 2003, Chl a was higher in the North Basin 
(+30%) and lower (-27%) in the South Basin.  Chl a in the South Basin, was greater 
(+60%) than late-summer values observed in 1995 (Table 4).  The 2015 late-summer 
Chl a profile data from the South Basin (DFO-2) exhibited relatively low and consistent 
algal production throughout most of the water column, with increasing concentrations of 
Chl a below 11m depth (Figure 9).  The observed pattern of greatly increased near-



 

sediment production was novel relative to observations in 1995 and 2003, which 
exhibited minor deep production (1995) and moderate deep production (2003; Figure 9).   
 
Daily photosynthetic rates (PR), a rate-based measure of primary productivity, was 
consistently lower across Kitwancool Lake (DFO-1,165.2 mg C/m2/d, -35%; DFO-2, 
165.2 mg C/m2/d, -33%) in late-summer 2015, relative to observations in 2003 (Table 
4).   
 
Overall volume-weighted late-season algal biomass production was greatest in the 
North Basin (DFO-1; 470.9 mm/m3), compared to the South Basin (DFO-2; Figure 10).   
Metalimnetic/hypolimnetic algal biomass (307.5mm/m3) was much greater than 
epilimnetic algal biomass (160.3 mm/m3)) in the South Basin (Figure 10)..   Euphotic 
zone algal biomass in the North Basin (DFO-1; 0-6m) was dominated (> 10mg/m3; in 
order of contribution) by Anabaena crassa, Aphanizomenon flos-aquae, Cyclotella 
bodanica, Rhodomonas minuta, Chrysococcus sp., Cryptomonas erosa, Anabaena 
planktonica, Stephanodiscus niagare, Dinobryon sertularia, Gymnodinium sp., and 
Aulacoseira subarctica.  Euphotic zone algal biomass in the South Basin (DFO-2) was 
separated into two zones of photosynthetically-active radiation (0-8m; 8-13m), 
bifurcated by the thermocline.  Algal biomass in the upper euphotic zone (0-8m) was 
dominated by Dinobryon sertularia, Rhodomonas minuta, Chrysococcus sp., Anabaena 
crassa, and Chrysochromulina parva.  By contrast, algal biomass in the lower euphotic 
zone (8-13m) in the South Basin (DFO-2) was dominated by Cyclotella bodanica, 
Pseudanabaena sp., Cryptomonas erosa, Dinobryon sertularia, Rhodomonas minuta, 
Aphanizomenon flos-aquae, and Chrysococcus sp.    
 
Both lake basins exhibited large contributions of cyanobacteria to overall algal biomass, 
with proportions of 50.5% in the North Basin (DFO-1) and 18.0-26.5% in the South 
Basin (DFO-2; Figure 10).  Chryptophytes, diatoms, and chrysophytes were also 
dominant contributors to overall algal biomass (Figure 10). 
 
 
ZOOPLANKTON 
 
Zooplankton production is relatively high in Kitwancool Lake, with total late-summer 
zooplankton biomass of 1282.8 and 1897.8 mg dry wt/m2 in the North (DFO-1) and 
South basins (DFO-2) respectively.  In both basins Daphnia, the preferred food source 
for juvenile Sockeye Salmon was the dominant contributor (DFO-1, 1154.0 mg dry 
wt/m2; DFO-2, 1626.4 mg dry wt/m2) to the late-summer zooplankton assemblage, with 
lesser contributions from Diacylops, Leptodiaptomus, bosminids, and Epischura (Table 
4).  In the North Basin (DFO-1), 2015 late-summer zooplankton biomass was greater 
than observed in 2003 (Table 4).  In the South Basin (DFO-2), zooplankton biomass 
was greater than that observed in historically, with an apparent increasing trend in total 
zooplankton biomass through time (Table 4). 
 
 
 



 

DISCUSSION 
 
Although the limnological sampling of Kitwancool Lake was temporally-limited in 2015, 
in the context of historical data, some preliminary conclusions regarding habitat 
changes for Sockeye Salmon are possible.  The principal novel findings from this work, 
and their potential influences on the lake food web and Sockeye Salmon rearing are 
presented in the following discussion, with recommendations on further assessment to 
understand the underlying mechanisms of observed changes, and inform lake 
management to improve fisheries outcomes. 
 
Nutrient Limitation 
 
Primary production (algal production), the base of lake food webs, is largely limited by 
light, and the relative bioavailability of nitrogen and phosphorus (Wetzel 2001).  The 
2015 late-summer survey of Kitwancool Lake, when viewed in the context of historical 
surveys conducted by DFO’s Lakes Research Program, highlights seasonal nitrogen 
availability for algal production is very low, while phosphorus availability is relatively high 
(Table 2).   Nutrient stoichiometry (TN:TP) from the 2015 survey indicates that algal 
productivity is extremely nitrogen limited in the late-Summer.  Seasonal nitrogen 
depletion in the euphotic zone of lakes is not uncommon over the growing season, as 
algal production depletes epilimnetic availability through the stratified period (Shortreed 
et al. 2001).  However, very low seasonal mean euphotic nitrogen concentrations (total 
growing season) from previous surveys, when compared with conditions in other 
Sockeye Salmon nursery lakes (i.e. Shortreed et. al 2001), suggest nitrogen availability 
is likely low throughout most of the growing season (Table 3).  Nutrient limitation 
regimes have large effects on the structure and functioning of aquatic food webs from 
algae to fish (Wetzel 2001), and nitrogen limitation can limit algal community abundance 
and species distribution, with effects on energy flows to higher trophic levels (Davies et 
al. 2004).  Updated, and seasonally-resolved limnological and juvenile fish data would 
undoubtedly improve our understanding of the mechanisms underlying the conditions 
observed in late-summer 2015, and the influences they may have on Sockeye Salmon 
rearing in Kitwancool Lake. 
 
 
Algal Production, Productivity, and Community Structure 
 
The structure and productivity of the algal community is extremely important to overall 
lake ecosystem abiotic and biotic conditions, with direct influences on energy flows to 
zooplankton and fish, light penetration (with further feedbacks on algal structure and 
functioning), and the availability and cycling of nutrients (Wetzel 2001). 2015 late-
summer algal production (chlorophyll a), particularly in the deeper South Basin, was 
lower than predicted given available phosphorus in the system (McKean et al. 1987; 
Tables 3, 4).  Similarly, late-summer photosynthetic rates (primary productivity) were 
considerably lower than those observed in 2003 (Table 4), suggesting algal productivity, 
at least in the late-summer, may have declined.  As seasonally-resolved data were not 
collected, it is difficult to fully explain the observation, however, higher levels of early-



 

season algal production can lead late-season nutrient deficits (Wetzel 2001).  
Additionally, changes in the relative delivery of nitrogen and phosphorus to Kitwancool 
Lake, and/or changes in nutrient cycling could yield a similar reduced late-season algal 
production.   
 
The structure and biomass of the algal community showed distinct spatial patterns 
between the North and South Basins, and vertically within the South Basin water 
column, above and below the thermocline (Figure 10).  Algal biomass was greatest in 
the North Basin, which is more mixed, with significant contributions of cyanobacteria, 
including heterocystous nitrogen-fixing species (i.e. Aphanizomenon flos-aquae, 
Anabaena, Pseudanabaena).  Cyanobacteria also contribute significantly to the late-
summer algal biomass in the South Basin (Figure 10).  Cyanobacteria are 
disproportionately competitive, relative to other algal groups, under low ambient 
nitrogen availability, and many species, including those observed in Kitwancool Lake, 
can fix atmospheric nitrogen to satisfy cellular processes (Wehr and Sheath 2003).  
Cyanobacteria can represent problematic food web components, reducing energy flows 
within food webs, and can be inedible or unpalatable to grazing zooplankton (Wetzel 
2001).   
 
By late-summer metalimnetic and hypolimnetic (deep) autotrophic production exceeds 
epilimnetic production, suggesting algae (and possibly other autotrophs) shift deep to 
make use of hypolimnetic nutrient reserves, and may explain seemingly deeper light 
penetration in the South Basin (i.e. reduced biological turbidity in upper water column; 
Table 1).  This is supported by the late-summer chlorophyll a profile indicating 
enhanced autotrophic production below 11m depth (Figure 9).  This phenomenon may 
also occur in the South Basin through the summer, as evidenced by the evolution of 
deep-water oxygen maxima (Figures 7, 8), potentially reflecting more broad N-limitation.  
A shift to deep algal production during the growing season may enhance total seasonal 
algal biomass production, leading to enhanced organic matter export to deep waters 
and aerobic decomposition within the hypolimnion (see subsequent discussion on 
oxygen conditions in Kitwancool Lake).   
 
The culmination of low seasonal nitrogen availability, the TN:TP stoichiometry, reduced 
late-season algal production, and the prevalence of cyanobacteria, suggest Kitwancool 
Lake is now nitrogen limited in the late-growing season.  Without seasonally-resolved 
limnological data, it is unclear how these patterns evolve over the growing window.  The 
seasonal evolution of algal production and relative species contributions are important 
for energy and essential nutrient flows to Sockeye Salmon, and other potential effects 
on water chemistry and oxygen availability.  A contemporary seasonally-resolved study 
would permit such an evaluation relative to historical studies. 
  
 
Zooplankton Production 
 
Kitwancool Lake has relatively high zooplankton biomass production for a Sockeye 
Salmon nursery Lake (Shortreed et al. 2001).  Substantial contributions of Daphnia to 



 

total zooplankton biomass in late-summer (and historically throughout the growing 
season) indicates abundant forage for Sockeye Salmon, and likely explains the large 
size of outmigrating smolts (Inter-annual mean wt. 12.02 g; Inter-annual Mean Wt. 
Range 8.4-14.4 g).  While zooplankton are abundant, their delivery of essential nutrients 
to fish, particularly nitrogen, can influence fish condition.  Prey quality assessments (i.e. 
lipids, nutritional content) would improve our understanding of food web effects on 
overall fish condition in Kitwancool Lake over the rearing period.   
 
 
Seasonal Oxygen Availability 
 
Seasonal oxygen availability in Kitwancool Lake exhibits pronounced spatiotemporal 
dynamism (across the lake and the water column through time).  Deepwater oxygen 
depletion throughout the summer was observed in both lake basins, and likely reflects 
aerobic decomposition of autochthonous organic matter (i.e. senescent algae and 
zooplankton), and potentially other microbial processes (Figures 5-8).  Coincident 
warming of the overlying water column (sometimes exceeding 21oC) throughout the 
summer period may result in a temperature-oxygen squeeze for rearing juvenile 
Sockeye Salmon.   However, deep-water oxygen evolution from deep autotrophic 
production over the summer may broaden this rearing volume over the summer window 
(Figures 5-8).  For brief periods in September, hypoxic conditions were observed 
throughout the water column (Figures 5-8).  It is unclear how such periodic oxygen 
deficits might induce stresses on Sockeye Salmon without supporting limnological and 
fish data. 
 
Although GFA oxygen profiling ceased in October 2015, deep-water oxygen appeared 
to decline approaching the fall (late-October) at all GFA stations, despite water column 
mixing (Figures 5-8).  In the deeper South Basin, this depletion was pronounced in the 
water overlying the sediment-water interface, likely reflecting enhanced aerobic 
decomposition (Figures 7-8).  While wind-driven mixing and diffusion may sustain upper 
water column oxygen levels through the fall, it is unclear what happens to the oxygen 
climate of Kitwancool Lake, once ice-cover forms, effectively separating the water 
column from the atmosphere.  In biologically-productive lakes, particularly those subject 
to cyanobacterial blooms, substantial winter fish kills can result during the ice-covered 
period, with population-level consequences and lake feedbacks (Smith and Schindler 
2009).  Without year-round limnological and fish data, it is difficult to know to what 
extent oxygen levels may elicit fish kills in Kitwancool Lake, but nutrient- and algal-
linked oxygen declines could be a primary mechanism leading to recent freshwater 
recruitment failures in Kitwancool Lake.  Moreover, such stresses in freshwater may 
have preconditioning effects on subsequent outmigration and marine survival, and 
susceptibility to pathogens. 
 
 
 
 
 



 

Potential for Internal Loading of Nutrients from the Sediment Pool 
 
Contrasting shallow and deep water nutrient levels were observed in the late-summer 
limnological assessment of Kitwancool Lake (Table 3).  Specifically phosphorus (total 
and dissolved), and to a lesser extent ammonia levels in the deep water samples were 
elevated in the South Basin relative to the overlying water column, a pattern that was 
also observed (for phosphorus) in 2003 (Table 3).  While it is not unusual to see a 
disparity between shallow and deep nutrient availability due to seasonal autotrophic 
depletion of surface waters, the contrast is greatest in the near-sediment samples, 
suggesting mobilization of phosphorus and nitrogen from the sediments (Table 3).  This 
process, referred to as internal loading, occurs to some extent in many lakes, but can 
be pronounced in more biologically-productive systems with greater organic matter 
export to the hypolimnion, and associated aerobic decomposition leading to 
hypolimnetic oxygen depletion (Wetzel 2001).   
 
As internal loading of nutrients (and other elements such as metals) is largely an 
oxygen-mediated process (redox shift at sediment water interface), it represents a 
positive feedback (i.e. increased organic matter production results in more oxygen 
depletion, which results in more nutrient release from the sediments, which results in 
enhanced algal and organic matter production in the subsequent growing season, 
leading to greater oxygen depletion and nutrient release, and so on….).  Internal loading 
can lead to non-linear and sometimes rapid state shifts in lake productivity, with 
cascading effects on food webs and oxygen availability for fish (Wetzel 2001; Smith and 
Schindler 2009). Additionally, during the ice-covered period, enhanced oxygen depletion 
in productive lakes can accelerate and intensify internal loading, which could enhance 
fish exposure to sediment-sourced toxicants. Further limnological and fisheries 
assessment, particularly year-round oxygen and deep water chemistry sampling, would 
elucidate whether internal loading and winter Sockeye Salmon fish kills occur.   
 
 
Recommended Future Directions 
 
As noted, further seasonally- and spatially-resolved habitat and fish assessments are 
required to understand the potential mechanisms of influence on the Kitwancool Lake 
Sockeye Salmon Population.  Such an approach should elucidate the mechanisms 
responsible for the concerning recruitment and survival trends observed in freshwater 
(and possibly recently post-smoltification; Figures 2, 3).  In particular, a year-round 
limnological assessment, including oxygen monitoring, and an internal loading 
assessment would permit the evaluation of the changing habitat for Kitwancool Lake 
relative to historical data. If such an assessment were paired with life-stage-structured 
population and fish condition assessments, broader population-level inferences could 
be drawn and lake and fisheries management recommendations made. 
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Table 1: Selected physical variables from Kitwancool Lake, British Columbia.  Means are time weighted growing 
season (May-October) averages. 

       

Period Station Year Epilimnion 
Depth (m) 

Surface Temp. 
(oC) 

Secchi 
Depth (m) 

Euphotic Zone 
Depth (EZD; m) 

       
       

Late Summer  Stn. 1(N) 1995 - - - - 
       

(Late-Aug – Early-Sept)  2003 - 15.5 4.2 Bottom 
       

  2015 - 15.7 2.9 Bottom 
       
       

 Stn. 2 (S) 1995 5.5 16.0 7.0 10.5 
       

  2003 8.6 15.3 9.2 Bottom 
       

  2015 6.4 15.6 9.5 Bottom 
       
       

Seasonal Mean Stn. 1 (N) 1995 - - - - 
       

  2003 5.5 15.7 4.8 9.3 
       
       

 Stn. 2 (S) 1995 5.7 16.2 6.7 11.6 
       

  2003 5.7 15.9 7.4 12.3 
       

 Note:  Where light penetration met or theoretically would exceed the lake maximum depth, EZD is reported as  
‘Bottom’ indicating light to the bottom of the lake. 
  



 

Table 2: Selected chemical variables from Kitwancool Lake, British Columbia.  Data represent euphotic zone averages except where otherwise specified.   Means 
are time weighted growing season (May-October) averages. 

        

Period Station Year Conductivity 
(µS/cm) 

Dissolved Oxygen  
(mg/L) 

Total Diss. Solids 
(mg/L) 

Total Alkalinity     
(mg CaCO3/L) 

Dissolved Inorganic 
Carbon (mg/L) 

        

    EZD Above 
Sediments 

   
         

         

Late Summer Stn. 1(N) 1995 - - - - - - 
         

(Late-Aug – Early-Sept)  2003 101 8.8 6.3 69 58.9 17013 
         

  2015 94 8.7 8.5 73 57.2 14474 
         
         

 Stn. 2 (S) 1995 - - 6.3 63 58.8 16350 
         

  2003 102 8.8 0.6 77 62.2 18444 
         

  2015 95 9.3 0.5 79 61.0 16069 
         
         

Seasonal Mean Stn. 1 (N) 1995 - - - - - - 
         

  2003 99 9.4 - 70 56.3 15053 
         
         

 Stn. 2 (S) 1995 96 - - 68 59.5 15668 
         

  2003 102 9.6 - 74 59.4 16264 
         

 
  



 

 
Table 3: Selected chemical variables from Kitwancool Lake, British Columbia.  Data represent euphotic zone averages except where otherwise specified.   Means 
are time weighted growing season (May-October) averages. 

          

Period Station Year SR Si 
(mg/L) 

Nitrogen (µg/L)   Phosphorus (µg/L)  Particulate 
(µg/L) 

            

    Nitrate Hypol. 
Nitrate 

Ammonia Hypol. 
Ammonia 

 Total Hypol. 
Total 

Total 
Dissol. 

Hypol. 
Tot. Dissol. 

SRP  C N P 
                  

                  

Late Stn. 1(N) 1995 - - - - -  - - - - -  - - - 
                  

Summer  2003 1.98 1.31 1.25 3.55 3.38  15.10 15.99 10.08 11.47 3.06  - - 5.95 
                  

  2015 2.18 4.60 2.90 7.75 7.4  11.15 11.5 8.35 7.30 1.85  354 47.42 7.79 
                  
                  

 Stn. 2 (S) 1995 1.45 2.5 3.1 - -  5.9 10.4 - - -  323 33 2.7 
                  

  2003 2.25 0.57 0.97 6.01 -  15.88 33.32 10.39 30.10 3.36  - - 6.07 
                  

  2015 2.56 2.4 4.10 1.48 2.85  11.36 28.90 6.63 14.40 1.15  324 33.92 5.47 
                  
                  

Seasonal Stn. 1 (N) 1995 - - - - -  - - - - -  - - - 
                  

Mean  2003 2.06 0.81 0.90 3.73 3.31  12.92 18.9 7.88 9.31 2.19  - - 6.70 
                  
                  

 Stn. 2 (S) 1995 1.71 1.5 8.0 - -  7.40 12.0 4.4 - -  348 41 3.0 
                  

  2003 2.13 0.83 3.6 3.89 17.7  11.87 22.6 6.85 12.26 1.94  - - 5.87 
                  

Note:  SR = Soluble Reactive (silica and phosphorus) ; Hypol = Hypolimnion; Dissol = Dissolved; C = carbon; N = Nitrogen; P = Phosphorus 



 

Table 4: Selected biological variables from Kitwancool Lake, British Columbia.  Means are time weighted growing season (May-October) averages.  Zooplankton 
data are integrated vertical hauls. 

           

Period Station Year Bacteria 
(mill./ml) 

Chlorophyll 
(µg/L) 

Daily PR  
(mg C/m2/d) 

Zooplankton Biomass  
(mg dry wt/m2)  

            

     (adjusted) Total Daphnia Bosminids Diacyclops Leptodiaptomus Epischura 
            

            

Late Stn. 1(N) 1995 - - - - - - - - - 
            

Summer  2003 - 2.19 253.4 555.8 506.6 0.06 6.97 34.98 0 
            

  2015 - 2.85 165.2 1282.8 1154.0 0.17 19.0 91.99 2.80 
            
            

 Stn. 2 (S) 1995 1.97 1.22 - 159.0 1218.4 0 190.63 136.22 0 
            

  2003 2.44 2.66 190.2 955.4 877.6 0 25.99 45.85 0 
            

  2015 - 1.95 127.1 1897.8 1626.4 0.71 161.8 69.61 0 
            
            

Seasonal Stn. 1 (N) 1995 - - - - - - - - - 
            

Mean  2003 - 1.82 228.9 1201.6 717.52 2.25 264.89 207.06 0 
            
            

 Stn. 2 (S) 1995 1.92 1.53 - 1770.0 1112.9 0.41 504.31 149.30 0.78 
            

  2003 2.39 1.96 232.8 2219.8 1494.4 0 402.85 315.06 2.23 
            

Note:  PR values adjusted for shallow lake bathymetry 



 

 

 

 

 
Figure 1:  Map of Kitwancool Lake, British Columbia, indicating landscape position, and proximity to the Skeena 
River and nearby communities (Hazelton, Kitwanga, Kispiox).  The two Fisheries and Oceans Canada limnological 
sampling stations (North Basin, DFO-1; South Basin, DFO-2) and Gitanyow Fisheries Authority limnological sampling 
stations (North Basin, GFA-1, GFA-2; South Basin, GFA-3, GFA-4) referenced in the text are shown in the inset map.  
Modified from the Atlas of Canada (2016). 
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Figure 2:  Time series of adult Sockeye Salmon escapement (blue line) and estimated total run (red line) for 
Kitwancool Lake, British Columbia.  Data courtesy of the Gitanyow Fisheries Authority. 
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Figure 3:  Estimated Sockeye Salmon recruits per female spawner (top panel) and smolt-to-adult survival time series 
(bottom panel) for Kitwancool Lake, British Columbia.  Data courtesy of the Gitanyow Fisheries Authority 
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Figure 4:  Bathymetric map of Kitwancool Lake, British Columbia, demonstrating morphometric complexity and 
distinct North (shallow) and South (deep) basins.  Depth contours are indicated in feet.  Modified from the British 
Columbia Department of Recreation and Conservation, Fish and Wildlife Branch (1973). 
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Figure 5:  Summer to Fall water temperatures (top panel) and dissolved oxygen levels at Gitanyow Fisheries 
Authority Station 1 (GFA-1) in the North Basin of Kitwancool Lake, British Columbia.  Data courtesy of the Gitanyow 
Fisheries Authority. 
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Figure 6:  Summer to Fall water temperatures (top panel) and dissolved oxygen levels at Gitanyow Fisheries 
Authority Station 2 (GFA-2) in the North Basin of Kitwancool Lake, British Columbia.  Data courtesy of the Gitanyow 
Fisheries Authority. 
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Figure 7:  Summer to Fall water temperatures (top panel) and dissolved oxygen levels at Gitanyow Fisheries 
Authority Station 3 (GFA-3 )in the South Basin of Kitwancool Lake, British Columbia.  Data courtesy of the Gitanyow 
Fisheries Authority. 
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Figure 8:  Summer to Fall water temperatures (top panel) and dissolved oxygen levels at Gitanyow Fisheries 
Authority Station 4 (GFA-4) in the South Basin of Kitwancool Lake, British Columbia.  Data courtesy of the Gitanyow 
Fisheries Authority. 
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Figure 9:  Chlorophyll profile taken from Kitwancool Lake, British Columbia on September 2, 2015 (green).  Historical 
data are shown for reference.  
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Figure 10:  Fall 2015 integrated euphotic zone algal biomass contributions from the major taxonomic groups for 
Kitwancool Lake, British Columbia.  Station 1 contains one sample as the basin is nearly polymictic. Station 2 data, 
collected from the thermally stratified basin includes epilimnetic (EZ-D) and metalimnetic/hypolimnetic integrated 
samples (EZ-Meta/Hypo).  Of note are the significant contributions of heterocystous (nitrogen-fixing) cyanobacteria 
(Anabaena spp., Aphanizomenon flos-aquae) to overall algal biomass. 
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