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Kitwanga Sockeye Salmon Spawning Habitat Improvement Initiative - 2007/2008  
 
 
 

Abstract 
 

 
In an attempt to increase sockeye salmon egg to fry survival, small-scale habitat 
manipulation was conducted on the shorelines of Gitanyow Lake in 2007/2008 for a 
second consecutive year.  Three methods were used to improve the spawning habitat, 
which consisted of 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.  The cleaning exercises were successful in removing an 
average of 295.7 kg/m2 of fine sediment (<1mm) from the treatment sites in 2007/2008.   
In total approximately 102 m2 of habitat were manipulated in 2007/2008, which could 
potentially accommodate an additional 204 spawning sockeye.  To assess the usage of the 
different treatment sites by sockeye, visual surveys and egg to fry survival studies were 
conducted.  Visual estimates of spawning sockeye showed no clear preference of cleaned 
sites versus non-cleaned sites but sockeye did show a preference for sites that had the 
addition of superior gravel.  In 2007/2008, egg to fry survival for sockeye salmon was 
found to be good from both treated and non-treated sites averaging 89.1%.  Intergravel 
dissolved oxygen and temperature concentrations were also monitored during the sockeye 
egg incubation period in 2007/2008 and no lethal conditions were observed. 
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1.0  Introduction 
 
Numbers of Gitanyow Lake shore spawning sockeye have declined since the 1960’s and  
today the stock is no longer fished for Food, Social and Ceremonial purposes because of 
conservation concerns (Cleveland et. al., 2006).  Historical information indicates that 
sockeye returned to Gitanyow Lake in the tens of thousands and the Gitanyow and 
Gitwangak First Nations People harvested these fish annually for sustenance purposes.  
The reasons for the stock decline are not completely understood but it is believed to be a 
combination of over-exploitation in the commercial fishery at the coast and habitat 
degradation of spawning areas along Gitanyow Lake (Cleveland et. al., 2006). 
 
Since 1999, the Gitanyow Fisheries Authority (GFA) has taken actions to understand the 
decline of the Kitwanga sockeye stock by conducting research projects throughout the 
watershed.  The first step in trying to recover the sockeye stock was to establish a 
permanent enumeration fence near the mouth of the Kitwanga River to monitor the yearly 
sockeye escapement with a high level of accuracy.  Next the GFA developed a recovery 
strategy for the Kitwanga stock that focused their project priorities throughout the 
watershed.  The recovery strategy included the development of a Kitwanga Sockeye 
Recovery (KSR) Working Group that helped the GFA establish and prioritize their 
recovery goals.  The KSR working group consists of sockeye specialists and biologists 
from North and Southcoast DFO, MOF, Gitanyow Hereditary Chiefs, GFA Biologists 
and Skeena Fisheries Commission (SFC) Biologists.  One of the highest priorities of the 
recovery strategy was the restoration of spawning sites along the shorelines of Gitanyow 
Lake.  Through earlier studies completed by the GFA it was determined that Kitwanga 
sockeye are exclusively lakeshore spawners and currently utilize at least six key 
spawning areas in Gitanyow Lake. The KSR working group concluded that stock 
recovery priorities for Kitwanga sockeye should include projects that improve spawning 
habitat to increase the egg to fry survival thereby potentially increasing the adult sockeye 
recruitment in future years. 
 
The GFA were successful in acquiring funding from the PSC to undertake an initial 
spawning habitat improvement initiative in 2006/2007.  This pilot habitat improvement 
initiative involved small scale cleaning operations to extract the fine sediment from the 
spawning gravels and the addition of superior gravel to historical spawning sites.  A key 
component of the project included the evaluation of the habitat improvement initiative.  
The evaluation techniques consisted of a pilot egg to fry survival study; visual 
observations of adult spawner behaviour and an intergravel dissolved oxygen-monitoring 
exercise to assess the suitability of gravels. A description of the 2006/2007 works and the 
project monitoring findings can be reviewed in “Kitwanga Sockeye Salmon Spawning 
Habitat Improvement Initiative – 2006/2007”, Authored by D. Kingston in 2008, 
submitted to the PSC as an unpublished report by Gitanyow Fisheries Authority, B.C.   
 
In 2007, it was decided by the KSR working group that lakeshore rebuilding initiatives 
should continue for at least one more year.  Methods employed in 2007 were similar to 
the previous year, but the lessons learned in 2006 were built into this years study for 
efficiency and accuracy reasons. This report describes the findings from the second year 
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of the habitat improvement initiative completed by the GFA in 2007/2008 on Gitanyow 
Lake. 
 
2.0 Study Area 
 
Kitwanga River 
 
The Kitwanga River is a fifth order stream that drains into the Skeena River 
approximately 250 kilometres east (upstream) of Prince Rupert, B.C.  It supports five 
species of Pacific salmon including pink salmon (Oncorhynchus gorbuscha), chum 
salmon (O. keta), chinook salmon (O. tshawytscha), coho salmon (O. kisutch), sockeye 
salmon (O. nerka) and steelhead trout (O. mykiss).  The Kitwanga River is also known to 
support populations of resident rainbow trout (O. mykiss), cutthroat trout (O. clarki), 
Dolly Varden (Salvelinus malma), bull trout (S. confluentus), mountain whitefish 
(Prosopium williamsoni) and various other species of coarse fish (Cleveland 2000).  It is 
coded 40-2200 by the B.C. Watershed Classification System.  The UTM coordinates at 
its confluence are 090055840 N, 6106300 E.  The drainage encompasses an area of 
approximately 83,000 hectares and has a total mainstem length of 61 kilometres 
(Cleveland 2000).  The river can be divided into two sections, the Upper and the Lower 
Kitwanga River.  The Upper Kitwanga is located directly north of Gitanyow Lake and 
has a main stem length of approximately 23 km.  The Lower Kitwanga River flows south 
for approximately 36 km between Gitanyow Lake and the Skeena River (Figure 1.).  The 
Lower Kitwanga River has four major tributaries Tea Creek (40-2200-010), Deuce Creek 
(40-2200-020), Kitwancool Creek (40-2200-030) and Moonlit Creek (40-2200-040).  The 
Upper Kitwanga River has no major tributaries and exhibits a multi-channel meandering 
configuration, with numerous beaver dams along its lower reaches.   
 

Gitanyow Lake  
 
Gitanyow Lake is the only lake found within the Kitwanga Watershed. The lake is 
located at an elevation of 376 m (Gottesfeld et al.  2002).  It has a surface area of 7.8 km² 
and drains an area of 169 km².  It has a volume of approximately 52 million m³ (DFO  
1975 & Cleveland et al., 2006).  The lake is considered mesotrophic with a mean depth of 
approximately 5 meters and a maximum depth of 15 meters (Shorteed et al. 1998).  It is 
relatively clear and the euphotic zone encompasses the entire water column in most areas 
of the lake.  Gitanyow Lake is considered one of the most productive sockeye nursery 
lakes in all of B.C. mainly due to its extremely high macrozooplankton biomass, which is 
composed mostly of Daphnia, the main food source of juvenile sockeye (Shorteed et al., 
1998).  It has the highest photosynthetic rate ever recorded in BC, potentially making it 
the most productive sockeye nursery lake in the province (Shortreed et al. 1998).   
 
Gitanyow Lake can morphologically be separated into two basins with the north basin 
being five times larger than the south.  Through lake and stream reconnaissance surveys 
completed by the GFA it has been determined that Kitwanga sockeye utilize six key 
shoreline areas in Gitanyow Lake for spawning (Cleveland et al. 2003).  
 
The 2007/2008 spawning habitat improvement project completed by the GFA was 
undertaken near the lake narrows between the north and south basins on Gitanyow Lake. 
 __________________________________________________________________________________                                           
Gitanyow Fisheries Authority   

2



Kitwanga Sockeye Salmon Spawning Habitat Improvement Initiative - 2007/2008  
 
Three treatment sites (#1, #2 & #3) were strategically located near existing spawning 
grounds that have been previously identified by the GFA. The specific locations of the 
treatment sites can be viewed in Photograph #1. 

Figure 1. Map of the Kitwanga River Watershed making specific reference to Gitanyow Lake. 

Gitanyow Lake 
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Photograph #1: Satellite image showing the location of treatment sites #1, #2 & #3 and the grav
loading site on Gitanyow Lake. (Image supplied from Google Earth) 

Gravel 
loading site

Treatment 
Site #3 

Treatment 
Site #2 

Treatment 
Site #1 
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3.0  Methods 
 
On July 28, 2007 the GFA started site preparation for their 2nd year of sockeye spawning 
habitat improvement initiatives on Gitanyow Lake.  The shoreline habitat manipulation 
work completed by GFA took place at the same treatment sites #1, #2 & #3 that were 
established in the 2006/2007 study (Photograph #1). These treatment sites were also 
strategically located near spawning areas where sockeye have been observed spawning 
over the last 5-years.  Transportation to the individual sites was via an 18-foot aluminium 
boat.  At each of the treatment sites a grid pattern was laid out underwater by certified 
scuba divers.  All treatment sites were referenced in the field by driving aluminium stakes 
into the substrate at 2m intervals along the grid pattern.  Orange flagging tape was also 
tied to each aluminum stake and the four corner posts of each treatment site were marked 
with floats to make the grid more visible from the water surface (Photograph #2).  The 
four corner posts were referenced from a known location on the land base with a compass 
and surveyors tape in case a post should become dislodged during the habitat 
manipulation process. Site #1 had a surface area of 24 m2, Site #2 had a surface area of 
55 m2 and Site #3 has a surface area of 23 m2.  

 

 
Photograph #2: Underwater view of treatment site corner post. 
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3.1  Experimental Treatment Sites 

 
A) Gravel Cleaning 
 
Gravel cleaning occurred at treatment sites #1 and #3 and an approximate surface area of 
8 m2 (2m X 4m) and 16 m2 (4m X 4m) respectively was cleaned at the two sites. To 
extract the fine sediment from the spawning gravels the GFA used a modified hydraulic 
sampler, a culvert (1.8m long X 0.9m wide) and a combination of water pumps to stir up 
the fine sediment and transport it to the shoreline.  A floating work platform was 
constructed out of plywood, 2”X10” wood material and styrofoam floats so that the GFA 
workers could clean the sample site from the water surface directly above the treatment 
area.  The working platform was secured tightly over the target area by staking all four 
corners with large pipes that were driven into the substrate with a sledgehammer and 
dropping cement anchors at each of the four corners.  The cleaning platform was 6.1m 
long and 3.7m wide with a 3.7m by 1.2m opening in the centre (Photograph #3). To clean 
the spawning gravel the culvert was placed vertically in the water column and pushed 
down into the substrate with a twisting motion so that the bottom 10cm of the culvert was 
set into the substrate. A modified hydraulic sampler with a 10’ aluminum extension was 
lowered into the culvert to suspend the fine sediment into the water column.  A 3” pump 
was attached to the hydraulic sampler and water was pumped through the hydraulic 
sampler into the gravels at the bottom of the culvert.  A 4” water pump intake was then 
placed into the culvert and a 4” trash pump was used to pump the turbid water to a 
depression on the forest floor approximately 200 feet away (Photograph #4).  To suspend 
the silt and fines into the water column a GFA worker would push the hydraulic sampler 
vertically up and down with both hands and a twisting motion to loosen up the material. 
The hydraulic sampler was pushed into the gravel substrate to an approximate depth of 
30-40 cm. The function of the culvert was to contain the turbid water created by the 
gravel churning so that it could be effectively removed.  Each hole would take 
approximately 15-25 minutes to clean.  The 4” pump could pump enough water out of the 
culvert to create a 6” head in the culvert and it would actually vacuum sediment from just 
outside of the culvert.  A total of 3-cleaning holes or an area of approximately 1m X 4m 
could be completed before having to move the work platform.  Three or four GFA 
workers would complete the gravel cleaning exercises for each day.  
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Photograph #3: Gravel cleaning platform with modified hydraulic sampler and pump  

setup. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photograph #4: Effluent being pumped onto forest floor.  
 __________________________________________________________________________________                                           
Gitanyow Fisheries Authority   

7



Kitwanga Sockeye Salmon Spawning Habitat Improvement Initiative - 2007/2008  
 

B) Gravel Addition 
 
At treatment Site #2 and #3, approximately 27 m3 of superior spawning gravel was added 
on top of the existing natural spawning gravels.  Site #2 received enough spawning gravel 
to cover a surface area of 30 m2 (10m X 3m) in size to an approximate depth of 30 cm. 
Site #3 also received enough spawning gravel to cover a surface area approximately 25 
m2 (5m X 5m) in size to an approximate depth of 30 cm.  Table 1 represents the spawning 
gravel grading limits used in the 2007/2008 study. 
 
Table 1. Grading limits for spawning gravels in 2006/2007 and 2007/2008. 

Sieve Size Total Passing Sieve Total Passing Sieve 
(Square Opening) Percent by Weight (2006) Percent by Weight (2007) 

      
75mm[3in] 100%   
50mm[2in] 75% - 85%   

38mm[1 1/2in] 50% - 75% 75% - 100% 
25mm[1in] 30% - 50% 50% - 75% 

20mm[3/4in] 10% – 30% 25% – 50% 
12mm[1/2in] 0% - 10% 0% - 25% 

 
 
The superior spawning gravel was transported to Sites #2 and #3 by boat. Vihar 
Construction of Smithers, BC supplied the spawning gravel to a landing on the east side 
of Gitanyow Lake via dump truck (Photograph #5).  The gravels that were used were 
naturally rounded glacial deposits free of clay, organics and deleterious content.  An 
excavator was then used to load the gravel onto a herring skiff (Photograph #6).  The 
herring skiff was equipped with a wooden elevated deck that aided in the manual 
unloading of the spawning gravel at the desired sites.  The skiff could carry 
approximately 1 m³ of gravel per trip.  Once the skiff was loaded a GFA technician 
would navigate the skiff to the treatment sites approximately 2-km away (Photograph 
#7).  At each treatment site the skiff was anchored and gravel was shovelled off the sides 
and into the treatment area (Photograph #8).  The deck on the skiff had four removable 
doors that contained the gravel during transport.  The doors were removed at the target 
sites and workers hand-shovelled the deck clean.  The surface of the deck was peaked in 
the middle at an angle of approximately 12.5° and lined with 3/8” Teflon that allowed for 
easy unloading.  Once an approximate 30 cm depth of gravel was deposited in a treatment 
area a weighted metal grate that acted as a rake was dragged by the boat to smooth out 
the gravel deposits (Photograph #9).  
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Photograph #5: Dumping spawning gravel at landing site. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photograph #6: Loading spawning gravel on herring skiff. 
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Photograph #7: Transporting gravel on herring skiff. 
 

 
Photograph #8: Unloading spawning gravel. 
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Photograph #9: Smoothed gravel deposits after raking. 
 

 
C) Gravel Addition and Gravel Cleaning Combined 

 
At treatment sites #1 & #2 a combination of the two-habitat manipulation methods 
(gravel cleaning & gravel addition) were completed on the same site.  At site #1 a surface 
area of 8 m2 (2m X 4m) was first cleaned to an approximate depth of 30-40 cm using the 
above described gravel cleaning method. Then approximately 6 m3 of superior gravel was 
added to the site to cover the cleaned gravels.  At site #2 a surface area of 15m2 (3m X 
5m), which was cleaned in 2006, was staked out for gravel addition and approximately  
7 m3 of superior gravel was added to cover the cleaned gravels. In 2007 a total of 40 m3 of 
superior spawning gravel was added during the spawning habitat improvement initiatives 
on Gitanyow Lake. 
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3.2  Sediment Analysis 
 

A)  Pump Effluent Testing 
 

A pump effluent test was used to analyse the amount of fine sediment that was being 
removed from the spawning gravels during the cleaning exercises.  Collecting effluent 
samples from culvert discharge water and measuring the amount of fine sediment in each 
bottle performed this task.  For each cleaned hole a total of four one litre water samples 
were taken from the discharge hose.  To analyze the amount of fine sediment in each 
sample a total weight of the bottle and contents was accurately measured to the nearest 
gram.  The contents in each sample were then dumped into a beaker then heated to 
evaporate the water leaving only the weight of the sediment.   A total weight of sediment 
could then be calculated for each sample.   A total of 88-sediment samples were collected 
from sample site #1 and 100-sediment samples were collected from site #3. The weights 
of the sediment samples were averaged for each treatment site to determine the grams of 
sediment per litre of water pumped from each hole.  A calibration test was completed on 
the 4” trash pump to determine the volume of water the pump moved in 1-minute.  The 
amount of sediment that was removed from each treatment site could then be calculated 
by determining the volume of water the pump could remove per minute, how long each 
hole was pumped and the amount of sediment per litre of water. 

 
3.3  Spawning Ground Assessment 
 
Three different assessment techniques were used to determine the effectiveness of the 
spawning habitat improvements: Visual estimates, egg to fry survival and intergravel 
temperature and dissolved oxygen measurements.  

 
A) Visual estimates 

 
Visual observations were made at each of the treated and non-treated areas to determine 
whether adult sockeye returning in 2007 were utilizing the improved versus the non-
improved spawning sites.  GFA staff were able to perform this task by floating over 
spawning sites in a boat and documenting adult sockeye usage or by documenting the 
presence of freshly dug redds.  This technique proved effective on most survey days as 
water conditions at each site remained fairly clear making surface observations feasible. 
The visual surveys were conducted once or twice a week starting in September and 
ending in November of 2007.  

 
B) Egg to Fry Survival 

 
To test the egg-to-fry (ETF) survival rates, fertilized sockeye eggs were placed in 6” egg 
tubes and buried in treated and non-treated sites for the incubation period between 
November 2007 and June 2008.  The eggs and milt were collected from Kitwanga 
sockeye that were dip netted from the Kitwanga River Salmonid Enumeration Facility 
and then held in a raceway at the Kispiox Hatchery in conjunction with the “Kitwanga 
Sockeye Enhancement Program” also conducted in 2007. One female and male were 
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used in the egg tube study.  One hundred eggs were fertilized and placed into each egg 
tube along with the same gravels from the site that they were to be buried in (Photograph 
#10).  Plastic caps were secured to the bottom and top of each tube and wired closed so 
they did not come off during the incubation period.   A total of 8-egg tubes were buried in 
the gravels at all three-treatment sites plus the control site for a total sample size of 32-
egg tubes.  The egg tubes were buried in the gravel areas by scuba divers on November 
1st, 2007.  A 30 cm depression was dug for each egg tube and the tube was placed 
horizontally in the depression.  Gravel from the site was then placed over the egg tubes to 
fill the depression and bury the egg tube. An aluminum stake with flagging tape was 
driven into the substrate beside several egg tubes and a cable was tied from each egg tube 
to the stake to make the tube easier to find next spring when they needed to be retrieved 
(Photograph #11).  Each egg tube cluster was georeferenced from a permanent stake on 
shore using a surveyor’s chain and compass. The egg tubes were collected the following 
spring on June 23rd, 2007.  Each egg tube was examined for the presence of eggs, alevins 
and fry.  A tally was made for each life stage (egg, alevin, fry) and whether the specimen 
was alive or dead so that a total egg to fry survival rate could be calculated for the treated 
versus not treated sites.  
 
 

 
Photograph #10: Egg tube loaded with fertilized sockeye eggs and gravel.  
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Photograph #11: Several egg tubes attached to aluminium stake with flagging. 
 
Statistical Analysis 
 
George Naughton of the Skeena Fisheries Commission completed the statistical analysis 
for the egg tube survival study.  A one-way analysis of variance (ANOVA) at the P = 
0.05 level was used to assess the effect of four sites on sockeye salmon egg-to-fry 
survival. Sites were defined as (1) gravel, (2) clean, (3) a combination of clean plus 
gravel and (4) no treatment.  The dependent variable was the proportion of fertilized 
sockeye eggs in each tube that developed into fry.  We also used a Tukey multiple 
comparison test to determine statistical differences among sites.   All analyses were 
conducted in Systat 7.0 (Steinberg and Colla 1997).   
 
 

C) Intergravel Temperature and Dissolved Oxygen Measurements 
  

To assess the suitability of the inter-gravel conditions for ETF survival at the treatment 
sites, dissolved oxygen (D.O.) concentrations and temperature levels were collected 
hourly from the fall of 2007 to the spring of 2008 at sites #1 and #3.  The water quality 
data was collected using Steven Greenspan D.O. units, Model DO300.  The D.O. loggers 
were buried at treatment Sites #1 & #3 on November 23, 2007 in approximately 30 cm of 
gravel. The Greenspan loggers are capable of measuring dissolved oxygen ranges of 
between 0 and 20 parts per million (ppm), accurate to within 0.1 ppm. They also measure 
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water temperatures between 0º to 55º Celsius (ºC) at an accuracy of +/- 0.2ºC.  The 
Greenspan loggers were set to record D.O. and temperature data every hour.  The 
Greenspan loggers were retrieved from the treatment sites on June 22nd, 2008.    
 
Eighteen tidbit temperature loggers were also buried at Site #3 in the three different 
treatment areas plus the control area to measure intergravel temperature differences 
between each area.  The tidbit temperature loggers were buried in approximately 30 cm 
of gravel and tied to aluminum stakes to make retrieval easier the following spring 
(Photograph #12).  All tidbit temperature loggers were georeferenced from a permanent 
stake on shore using a surveyor’s chain and compass.  Prior to deploying the tidbit 
loggers the loggers were submerged in an ice bath for several hours so that the loggers 
could be calibrated to each other.  The tidbit temperature loggers measure temperatures 
between -20º to 70º Celsius with an accuracy of +/- 0.2ºC.  The tidbit temperature loggers 
were set to record temperature data every hour. The tidbit loggers were buried on 
November 1, 2007 and retrieved on June 22nd, 2008. 
 
 

 
Photograph #12: Tidbit temperature loggers attached to aluminium stake. 
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4.0 Results and Discussion 
 
We will discuss the findings from the experimental treatment sites, sediment analysis and 
the spawning ground assessment. 
 

4.1 Experimental Treatment Sites 
 

A) Gravel Cleaning 
 
 
To start the cleaning exercises each day the GFA crew would start pumping and 
manipulating the gravel inside the culvert with the hydraulic sampler and immediately the 
water would become turbid.  Cleaning exercises at each hole then continued until the 
water in the culvert became relatively clear.  Then for 5-minutes water within the culvert 
was pumped until clear. 
 
Site #1 
 
In seven working days, between August 27th, 2007 and September 8th, 2007, GFA crews 
cleaned site #1.  A total of 25 holes were cleaned at site #1 that covered a surface area of 
16 m2 to an approximate depth of 30-40 cm.  Each hole took approximately 27 minutes to 
clean and in total 684,000 litres of water were pumped (Table 2). 
 
Site #3 
 
In five working days between August 2nd, 2007 and August 15th, 2007, GFA crews 
cleaned Site #3.    A total of 25 holes were cleaned at site #3, which covered a surface 
area of 16 m2 to an approximate depth of 30-40 cm.  Each hole took approximately 33 
minutes to clean and in total 950,000 litres of water were pumped (Table 2).  A complete 
table of pumping times for each individual hole at sites #2 and #3 is presented in 
Appendix A. 
 
One point of interest noted during the cleaning process from both the 2006/2007 and 
2007/2008 studies was the presence of an armouring layer at most spawning sites and 
especially at site #3.  The armouring layer was present at an approximate substrate depth 
of 30cm.  The armouring layer was approximately 5 to 10 cm in depth and the substrate 
in this layer was held together very tightly appearing almost bonded.  During the cleaning 
process it was determined that with the use of the trash pump and modified hydraulic 
sampler this layer was able to be broken up which likely increased the permeability of the 
substrate.   
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Table #2.  Sediment pumping output for all cleaned sites in 2006/2007 and 2007/2008. 

Year Site # 

Average 
hole 

pumping 
time 

(minutes) 

Total litres 
of water 
pumped 

Sediment 
(Grams/Litre)

Total 
sediment 
pumped 

(Kg) 

Surface 
area 

covered 
(m2) 

Kilograms of 
sediment 

removed per 
(m2) 

2006/2007 2 27 1,526,575 3.79 5799 31.8 182.2 
2006/2007 3 19 1,100,950 2.48 2738 32.4 84.4 
2007/2008 1 27 680,400 11.52 7051 15.9 443.2 
2007/2008 3 33 950,292 2.49 2355 15.9 148.1 
 
 

B) Gravel Addition 
 
Site #2 
 
It took 3-days to transport and then rake the gravels at site #2 (August 6th to August 8th, 
2007).  Site #2 received enough spawning gravel to cover a surface area of approximately 
30 m2 (10m X 3m) and 30 cm deep (Table 3).  In total approximately 15 m³ of gravels 
were added to site #2.   A complete round trip between the loading dock and the 
treatment site would usually take less than 1-hour and it took an additional 5-6 hours to 
rake the gravels even.  
 
Site #3 
 
It took 3-days to transport and then rake the gravels at site #3 (August 1st to August 3rd, 
2007).  Site #3 also received enough gravel to cover a surface area of approximately 25 
m2 (5m X 5m) and 30 cm deep (Table 3). In total approximately 12 m³ of gravels were 
added to the site.   A complete round trip between the loading dock and the treatment site 
would usually take less than 1-hour and it took an additional 5-6 hours to rake the gravels 
even.  
 
 

C) Gravel Addition and Gravel Cleaning Combined 
 
Site # 1 
 
At site #1 a surface area of 8 m2 (2m X 4m) was first cleaned by pumping out the fine 
sediment to an approximate depth of 30-40 cm.  Then approximately 6 m3 of superior 
gravel were added to the site to cover the cleaned gravels.  
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Site # 2 
 
At site #2 a surface area of 15m2 (3m X 5m), which was cleaned in 2006, was staked out 
for gravel addition.  Then approximately 7 m3 of superior gravel were added to site #2 to 
cover the cleaned gravels.  
 
 
Table #3. Total surface area manipulated in Gitanyow Lake by the three different  

treatment methods in 2006 and 2007. 
  Cleaning Graveling Cleaning & Graveling Total 

Site #1 8 m2 (2007) 100 m2 (2006) 8 m2 (2007) 116 m2 
Site #2 32 m2 (2006) 30 m2 (2007) 15 m2 (2007) 77 m2  

Site #3 16 m2 (2007) 93 m2 (2006/2007) 33 m2 (2006) 142 m2  

Total 56 m2  223 m2 56 m2 335 m2 
 
 
 

4.2 Sediment Analysis 
 

A) Pump Effluent Testing 
 
The pump effluent test was used to analyse the amount of fine sediment  (<1mm) that 
was being removed from the spawning gravels during the cleaning exercises.  For each 
cleaned hole a total of four one litre water samples were taken from the discharge hose. 
Only four sub samples were taken from each cleaned hole because the shear size and 
amount of water being pumped from both Sites #1 and #3 was over 1.6 million litres 
therefore it was not feasible to analyse all of the effluent. Therefore a manageable sample 
was collected periodically throughout the project assuming that the samples were 
representable.  By determining the trash pump flow rate (Litres/minute), pumping time 
(minutes) and fine sediment concentration (grams/Litre) an estimate of the amount of 
fines removed from each site could be determined. 
 
After calibrating the water pump it was determined that the 4” water pump could pump 
1134 L/min.  Each cleaning hole that was completed at the sample site was timed so that 
a total water output could be determined for the entire site. Lab analysis for site #1 
showed the fine sediment concentration was 11.52 grams/Litre (Table 2).  Therefore at 
site #1 a total of 7051 kg of fine sediment (<1mm) were pumped out of the treatment site 
or 443.2 kg/m2 (Table 2).  At site #3, approximately 2.49 grams of fine sediment were 
pumped out per litre of water, producing a total of 2355 kg of fine sediment or 148.1 
kg/m2 (Table 2).  A complete table of pumping times for each individual hole at sites #2 
and #3 is presented in Appendix A. 
 
During the gravel cleaning exercises in 2007/2008, site #1 produced 11.52 grams/litre of 
fine sediment compared to site #3, which only produced 2.49 grams/litre (Table 2). This 
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is over four times the weight of sediment per litre of water indicating that site #1 had a 
large amount of fine sediment present in the study area. When comparing the gravel 
cleaning results from 2006/2007 to 2007/2008 at site #3 you can see that fine sediment 
removed per litre of water is almost identical.  In 2006/2007 we removed 2.48 grams/litre 
of fine sediment versus the 2007/2008 result of 2.49 grams/litre of fine sediment 
indicating that site #3 has similar sediment deposition throughout the site over the two 
sample seasons (Table 2). 
 

4.3 Spawning Ground Assessment 
 

A) Visual estimates 
 
Visual estimates were made at all three sample sites to determine the usage of the various 
spawning areas by sockeye spawners. The main goal was to determine if sockeye 
returning in 2007 preferred enhanced sites to non-enhanced sites.  Information collected 
included the number of spawners, redds and their location. The visual estimates were 
conducted once or twice a week from September 8th to November 20th, 2007.  Two adult 
sockeye were observed swimming around site #1 on September 8th, 2007 and ten adult 
sockeye were observed swimming around site #3 on September 10th, 2007 (Table 4.).  All 
the sockeye observed were milling around areas of new spawning gravel. The adult 
sockeye appeared to be milling around and during subsequent visits in the following 
weeks, no sockeye and or redds were observed. The visual estimates at sample sites #1, 
#2 and #3 continued until November 20th, 2007 and no adult sockeye or redds were 
observed at the sites. In 2006, the peak spawning period on the spawning grounds was on 
November 1st. In 2007 no sockeye were observed on any of the spawning grounds during 
the peak spawning period.  In 2007, the Kitwanga sockeye escapement was extremely 
poor.  In total only 240 adults escaped to the system (Cleveland, 2008).  Due to the low 
escapement it is believed that sockeye may have been spawning in deeper areas unknown 
to us that were not visible from the water surface.    
 
Table #4.   Adult sockeye observations at sites #1, #2, & #3 in Gitanyow  

Lake. 
 

Date Site #1 Site #2 Site #3 Total 
Sept. 8/07 2 0 0 2 
Sept. 10/07 0 0 10 10 
Sept. 17/07 0 0 0 0 
Sept. 19/07 0 0 0 0 
Sept. 25/07 0 0 0 0 
Sept. 27/07 0 0 0 0 
Oct. 2/07 0 0 0 0 
Oct. 4/07 0 0 0 0 
Oct. 9/07 0 0 0 0 
Oct. 11/07 0 0 0 0 
Oct. 16/07 0 0 0 0 
Oct. 18/07 0 0 0 0 
Oct. 25/07 0 0 0 0 

 __________________________________________________________________________________                                           
Gitanyow Fisheries Authority   

19



Kitwanga Sockeye Salmon Spawning Habitat Improvement Initiative - 2007/2008  
 
Oct. 31/07 0 0 0 0 
Nov. 1/07 0 0 0 0 
Nov. 6/07 0 0 0 0 
Nov. 13/07 0 0 0 0 
Nov. 20/07 0 0 0 0 
Total 2 0 10 12 
 
 

B) Egg tube survival  
 
Egg to fry survival rates were determined by burying egg tubes in the spawning gravels at 
site #3 on November 1st, 2007 and then retrieving them on June 23rd, 2008. The ETF 
survival rate for eggs in the gravelled site was 82.6 % and the ETF survival rate for eggs 
in the cleaned area was 77.4% (Table 5).  In the gravel/clean site the ETF survival rate 
was 71.1% and the control site produced an ETF survival rate of 84.8% (Table 5).   
 
The original intention of the ETF survival study was to bury over 140 egg tubes in the 
various treatment areas to increase the sample size.  However, because of the low 
sockeye return in 2007, we were only able to use one female and male sockeye from the 
captive brood program, which limited the number of egg tubes that could be used for the 
study.  
 
Statistical Analysis 
 
The ANOVA results revealed that effects of site interaction on sockeye salmon egg 
survival were statistically significant (Table 6).  Tukey’s multiple comparison test 
revealed that the statistical difference was driven by a significant difference in survival 
between sites (1) Gravel and (3) Gravel/Clean (Table 7).  The 2007/2008 ETF survival of 
treated versus non-treated gravel (control) sites was 89.1% to 88.9% respectively (Table 
5). The combined 2007/2008 ETF survival rates from both treated and non-treated sites 
were 89.1% (Table 5). The individual ETF survival rates for each different treatment 
technique at sites #3 can be seen in Appendix B.   
 
 
Table #5.  Sockeye egg tube survival rates for 2006/2007 and 2007/2008 
  Year (2006/2007) Year (2007/2008) Average 
Treatment Method (n=36) (n=32) (2006/2007 & 2007/2008)
 (1) Gravel 65.10% 100% 82.60% 
 (2) Clean 68.20% 86.50% 77.40% 
 (3) Gravel/Clean 61.30% 80.90% 71.10% 
 (4) Control (No treatment) 80.70% 88.90% 84.80% 
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Table #6.   Results of analysis of variance (ANOVA) testing for the effects of site on  

egg-to-fry survival of Gitanyow Lake sockeye salmon 2007/2008    
Source SS df MS F-ratio P-value 

Site 0.711 3 0.237 0.369 0.018 
Error 1.672 28 0.060   
 
 
Table #7.   Results of Tukey’s multiple comparison test of pairwise comparison 
probabilities among four sites used to test the Gitanyow Lake sockeye salmon egg-to-fry 
survival in 2007/2008.  Number in bold indicates significantly different. 
  Site  
Site 1 2 3 4 
1 (Gravel)  1.000    
2 (Clean)  0.149  1.000   
3 (Gravel/clean)  0.011  0.636  1.000  
4 (Control)  0.178  1.000  0.576  1.000 
 
Examination of the individual egg tubes revealed only dead egg or fry life stages 
(Photograph 13).  Many of the egg tubes had fry present inside the tubes when they were 
dug up from the gravels. Once the egg tubes were placed in 5L buckets some of the fry 
would swim through the tiny perforations in the egg tubes and others would remain in the 
egg tubes until they were counted.  It appeared that some of the fry were seeking 
protection in the egg tubes. Observations showed that the eggs and alevins were confined 
to the egg tube but fry were small enough to swim out through the tiny perforations in the 
tube walls.  Therefore if there were no eggs/alevin/fry in the tube at time of retrieval we 
assumed that they migrated out of the tube and survived.   
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Photograph #13: Sockeye fry from the egg tube study (June 23rd, 2007). 
 
We estimated the time to reach the different stages of embryo development by looking at 
the accumulated temperature units (ATU) schedule that was generated from tidbit 
temperature loggers that were buried with the egg tubes in Gitanyow Lake on November 
1, 2007 (Figure 2).  The guidelines for the different stages of egg development were 
referenced from the DFO Habitat and Enhancement Branch Facts and Figure Guidebook 
(DFO, 2003).  The ATU schedule estimates that the eyed stage of Gitanyow Lake 
sockeye would be around mid-January 2008, hatching would be early-May 2008 and fry 
emergence would be in early-June 2008 (Appendix C).  When the egg tubes were 
examined on June 23rd, 2008 we expected the presence of fry life stages according to the 
ATU schedule.  We did observe sockeye fry life stages in nearly all of the egg tubes and 
some tubes had no fry present indicating that the fry had apparently exited through the 
tiny perforations in the egg tubes prior to us digging them up.  
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Gitanyow Lake Intergravel Temperature and Sockeye Hatching Schedule
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 Figure 2.  Gitanyow Lake intergravel temperature and sockeye hatching schedule. 
 
 

C) Intergravel Temperature and Dissolved Oxygen 
Measurements 

 
Site #1 
 
The intergravel water temperatures at site #1 were measured every hour from  
November 23rd, 2007 to June 22nd, 2008.  The water temperatures remained relatively 
constant around 4-5 oC from mid-November 2007 to April 2008 (Figure 3).  Starting in 
mid-April 2008 the intergravel water temperatures increased to 9 oC until the unit was 
pulled out of the gravels on June 22nd, 2008.  The average water and dissolved oxygen 
concentrations at site #1 for the sample period were 3.8 oC and 9.9 mg/L respectively 
(Table 7).  The dissolved oxygen concentrations from site #1 when the data logger was 
first buried in the gravels on November 2007 were between 9 - 11 mg/L (Figure 3).  The 
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dissolved oxygen concentrations remained around the 9 - 11 mg/L range until early May 
2008 when the dissolved oxygen readings dropped to 4.4 mg/L on May 7, 2008.  In mid-
May 2008 the dissolved oxygen concentrations started to increase and remained around 
8.0 – 9.0 mg/L until mid June 2008 (Figure 3).   
 

 
Figure 3.  Intergravel D.O. concentrations and temperature readings at Site #1  
 
 
Site #3 
 
The intergravel water temperatures at site #3 were measured every hour from  
November 23rd, 2007 to June 22nd, 2008.  The average water temperature and dissolved 
oxygen concentration at Site #3 for the sample period was 3.7 oC and 5.4 mg/L 
respectively (Table 8).  The water temperatures remained relatively constant around 3-4 
oC from mid-November 2007 to mid-March 2008 (Figure 4). Starting in April 2008 the 
intergravel water temperatures increased slightly to 5 oC until the unit was pulled out of 
the gravels on June 22nd, 2008 (Figure 4).  The dissolved oxygen concentrations for Site 
#3 when the data logger was first buried in the gravels in November 2007 were between  
5–6 mg/L (Figure 4). The dissolved oxygen concentrations slowly declined to reach 3.4 
mg/L on April 10, 2008. Soon after mid-April 2008 the dissolved oxygen concentrations 
rose quite drastically and remained around the 8.0 mg/L until June 2008 (Figure 4).  
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Figure 4.  Intergravel D.O. concentrations and temperature readings at Site #3.  
 
 
Table #8.  Intergravel D.O. concentrations and temperature readings at Sites #1 and #3. 

  Dissolved Oxygen (mg/L) Temperature (Celsius) 

Site # 
Minimum 

Recording  
Maximum 
Recording Average 

Minimum 
Recording 

Maximum 
Recording Average 

Site #1 
4.4           

(May 7,2008) 

11.7        
(March 22, 

2008) 

9.9                 
(Nov. 23, 2007 - June 

22, 2008) 

0.6       
(Feb. 

2,2008) 

15.5        
(June 

19,2008) 

3.8                 
(Nov. 3, 2007 - June 

23, 2008) 

Site #3 
3.4           

(April 10, 2008) 

8.8         
(June 9, 
2008) 

5.4                 
(Nov. 23, 2007 - June 

22, 2008) 

1.4       
(Feb. 8, 
2008) 

9.6         
(June 11, 

2008) 

3.7                 
(Nov. 3, 2007 - June 

23, 2008) 

 
When comparing the average intergravel water temperatures from 2005/2006, 2006/2007 
and 2007/2008 at the main spawning areas, the temperature difference was only 0.7 0C 
(Table 9).  The intergravel dissolved oxygen concentrations were also compared from 
years 2005/2006, 2006/2007 and 2007/2008 at the main spawning areas and the 
concentrations were also very similar with the range being no more than 1.3 mg/l 
between the three years (Table 9).    
 
 
 

 __________________________________________________________________________________                                           
Gitanyow Fisheries Authority   

25



Kitwanga Sockeye Salmon Spawning Habitat Improvement Initiative - 2007/2008  
 
Table #9.  Average intergravel D.O. concentrations and temperature readings from  

 2005/2006, 2006/2007 and 2007/2008 

Date 

Average 
Temperature 

(Celsius) 

Average 
Dissolved 

Oxygen (mg/L)

Year 2005/2006 

4.4          
(Nov. 4, 2005 - 
May 23,2006) 

5.8             
(Nov. 4, 2005 - 
May 23,2006) 

Year 2006/2007 

3.7           
(Nov. 24, 2006 -
May 28,2007) 

6.7            
(Nov. 24, 2006 - 
May 28,2007) 

Year 2007/2008 

4.1          
(Nov. 03, 2007 -
June 23,2008) 

5.4             
(Nov. 03, 2007 - 
June 23,2008) 

 
 

Gitanyow Lake intergravel temperature differences were monitored at the three treatment 
areas and the control area from November 1st, 2007 to June 22nd, 2008.  Gravel and 
gravel/clean treatment areas showed very similar temperature regimes for the duration of 
the study period (Figure 5).  Their intergravel temperatures regimes remained in the 1 0C 
to 3 0C range for most of study period until late March 2008 when the intergravel 
temperatures increased to over 11 0C by early May 2008. Intergravel temperatures in the 
cleaned area were most similar to the control area. Their temperature ranges fluctuated 
the least only moving 4 0C for the entire duration of the study period (Figure 5).  Overall, 
intergravel temperatures in the cleaned and control areas fluctuated the least with the 
control area having the least fluctuation of all the areas. The intergravel temperatures of 
the gravel and gravel/cleaned areas fluctuated the most possibly indicating that 
upwellings were affecting these sites. 
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Average Intergravel Temperatures for the Gitanyow Lake Habitat Treatment Methods
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Figure 5.   Average intergravel temperatures for the Gitanyow Lake habitat treatment methods. 
 

Meehan (1991) recommends that the optimal temperature range for sockeye salmon 
incubation is between 4.4 0C and 13.3 0C.  Although the intergravel water temperatures in 
Gitanyow Lake were mostly below the lower limit of 4.4 0C at Sites #1 and #3 during the 
2007/2008 study period the embryos were given adequate time to slowly acclimate to the 
cooler water temperatures.  Under natural conditions, fish are not subjected to colder 
water (<4 0C) without prior acclimation to gradually decreasing temperatures, and thus 
lower lethal temperatures for most species is near 0 0C (Meehan, 1991). This trend of 
cooler than optimal water temperatures for sockeye egg development in Gitanyow lake 
has been observed for many years but the ETF survival rates appear to be good and 
healthy despite these conditions. These physical attributes explain why Kitwanga sockeye 
are so late to exit the gravel as was determined by the egg tube study (significantly delay 
in development).    
 
Dissolved oxygen concentrations required for successful incubation in the intergravel 
areas are species specific and vary from one developmental stage to the next. However, 
as a general rule concentrations should be at or near 8.0 mg/L for optimal survival and 
levels should not drop to lower than 5.0 mg/L for anadromous salmon (Meehan, 1991). 
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During the intergravel dissolved oxygen study in 2007/2008, Sites #1 & #3 showed 
dissolved oxygen concentrations below 5.0 mg/L for several weeks, which could have 
affected the sockeye egg survival. However this was not observed in our egg tube study 
results.  Site #1 showed dissolved oxygen concentrations below 5.0 mg/L for one week 
starting in early-May 2008.  Similarly, Site #3 showed dissolved oxygen concentrations 
below 5.0 mg/L for six weeks starting in mid-March to early-May 2008.  Many sockeye 
populations that spawn on lakeshores such as Gitanyow Lake sockeye, spawn in areas 
where waterflow is provided by upwelling groundwater.  This groundwater often has 
lower dissolved oxygen concentrations compared to stream spawning habitat (Groot & 
Margolis, 1991). Adaptations of the sockeye embryos for survival under reduced oxygen 
conditions are believed to include smaller egg size, a higher carotenoid pigmentation 
which facilitates the transfer of oxygen to the embryo and an elaborate and dense network 
of capillaries covering the yolk sac to assist in oxygen transfer (Groot & Margolis,1991). 
In 2006 the average weight of a Gitanyow Lake sockeye egg was 87 milligrams 
(Cleveland, 2007).  This egg weight was compiled from over 20,000 egg samples that 
were weighed during the 2006/2007 Kitwanga Sockeye Enhancement Program. Quinn 
(2005) calculated the average egg weight for a sockeye salmon at 130 milligrams. This 
sockeye egg weight estimate was generated from over 215 published and unpublished 
estimates for wild sockeye populations in North America. Therefore Gitanyow Lake 
sockeye eggs on average are 33% smaller than the average as reported by Quinn 
suggesting an adaptation response to the localized conditions of the lake. Stober et al. 
(1982) also reported that newly hatched alevins in the gravel are able to detect oxygen 
gradients and migrate into areas containing more dissolved oxygen.  The trend of lower 
than optimal dissolved oxygen concentrations for sockeye egg development for several 
weeks of the year in Gitanyow Lake has been observed for several years now but the ETF 
survival rates appear to be good and healthy under these conditions.  Given that most fry 
had migrated out of the egg tubes prior to retrieval may suggest that Kitwanga sockeye 
alevin and or fry move to higher dissolved oxygen locations as needed during 
development. 
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5.0  Conclusions / Recommendations 
 
 
The GFA completed two years (2006/2007 & 2007/2008) of small-scale habitat 
manipulation methods on the shorelines of Gitanyow Lake in an effort to increase the egg 
to fry survival rates for sockeye salmon.  Three sample sites were utilized in Gitanyow 
Lake, which now exhibit all three of the habitat treatment methods. Over the two field 
seasons a total surface area of 69 m2 of gravel was cleaned to a depth of 30-40 cm at all 
three sample sites to remove the fine sediment. Superior spawning gravel was added to a 
depth of 30-40 cm at all three sample sites to cover a total surface area of 223 m2.   
Lastly, a total surface area of 60 m2 was first cleaned to a depth of 30-40 cm at all three 
sample sites to remove the fine sediment then spawning gravel was added on top of the 
cleaned area to a depth of 30-40 cm.  A total surface area of 335 m2 of shoreline habitat 
was manipulated in Gitanyow Lake in 2006/2007 and 2007/2008.  The expected habitat 
manipulation could potentially accommodate 670 adult sockeye spawners in future years.  
Currently the GFA are discontinuing their small-scale habitat manipulation efforts on 
Gitanyow Lake pending the egg to fry results from the 2008/2009 egg tube study.  
Current egg to fry survival rates show that egg tube survival rates are good at both the 
existing treated and untreated sockeye spawning areas which may not warrant further 
habitat enhancement initiative, at least not at present spawner escapement levels  
 
The cleaning exercises performed in 2006/2007 and 2007/2008 were effective at 
removing fine sediment from the spawning gravels.  An average of 214.4 kg/m2 of fine 
sediment (<1mm) was removed from all four sites.  The cleaning exercises were also 
expected to increase the permeability of the spawning sites thereby increasing the egg to 
fry survival rates for sockeye salmon.  At most sites during the cleaning exercises it was 
noted that an armouring layer or thick crust was evident approximately 30 cm below the 
substrate surface.  Once cleaning exercises were completed the armouring layer was 
broken up and thought to have increased percolation at the site.  Future fine sediment 
analysis techniques should continue sampling the pump effluent for fine sediment and 
keep the increased overall sample size like the 2007/2008 study which will produce a 
more reliable estimate of the fine sediment content.  Other sediment analysis techniques 
should involve taking vertical core samples of the sediment profiles in the areas before 
and after cleaning so that all fine sediment is held in the sample allowing for a better 
comparison of the grain content. 
 
The intergravel dissolved oxygen and temperature concentrations were measured from 
early November to late May in 2005/2006, 2006/2007 and 2007/2008.  No lethal 
conditions were experienced during these months.  The average water temperature for the 
three study periods was 4.1 oC and the average dissolved oxygen concentration was 6.0 
mg/L.  Future studies should continue to examine the yearly dissolved oxygen 
concentrations and temperature levels in Gitanyow Lake so that any lethal concentrations 
experienced during sockeye embryo development can be monitored.  
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The GFA utilized an egg tube study in 2006/2007 and 2007/2008 to monitor the ETF 
survival rates of sockeye salmon in Gitanyow Lake.  In 2006/2007 the egg tube studies 
showed no clear preference for treated versus non-treated sites. However in 2007/2008 
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the egg tube studies showed a significant difference or preference for increased survival 
rates in gravelled areas versus clean/gravelled areas. The combined ETF survival rates at 
all of the sites over the two field seasons were 79.0%, which was considered to be very 
good.  Quinn (2005) shows that average ETF survival rates for wild sockeye in a natural 
environment of only 12.7%.  However, if the size of gravel is ideal up to 80% of the eggs 
may survive to fry but this typically only takes place in artificial spawning channels 
where presorted gravels and regulated flow provide nearly ideal conditions (Quinn, 
2005).  The egg tubes study results may have been slightly overestimated due to the small 
sample size for the two seasons, higher fertilization ratio because the fish were manually 
spawned and the egg tubes sheltered developing embryos / alevin / fry from natural 
predation.  These factors likely contributed to an overestimation in survival rates.  In the 
future it is recommended that sample sizes increase to strengthen the project findings.  In 
2008, the overall adult sockeye escapement to the Kitwanga was much larger than 2007 
allowing for a larger take of brood stock for the egg tube study.  Therefore GFA buried 
approximately 14,000 sockeye eggs in the gravels on Gitanyow Lake in 2008/2009 to 
continue monitoring of intergravel sockeye ETF production. These egg tubes will be dug 
up in the spring of 2009. 
 
Visual observations of adult sockeye made by GFA throughout the 2006/2007 and 
2007/2008 spawning seasons determined that there was no clear preference for cleaned 
versus uncleaned sites by sockeye spawners.  However, there was a clear preference for 
sockeye spawning or holding over sites that had been treated with new gravel.  The 
appearance or particular smell of the new gravel could be the reason why these sockeye 
were choosing the new gravel sites.   Another possibility is that the sockeye are keying 
into upwellings in these particular areas.  Future studies should explore the possibility of 
measuring ground water input into the major spawning areas once the suspected 
upwelling areas are pinpointed with more accuracy.  Efforts should also be put into 
looking for other spawning areas that may not be visible for the surface of the lake, which 
would explain why very few spawners were seen in 2007. 
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GFA Lakeshore Restoration - Egg Tube Collection Data (Control)

Site Tube # Treated Y/N Live Dead Live Dead Live Dead %Surv Comments* Photos
3 3-A-1 No (Control Site) 0 0 0 0 0 0 100 15 shells
3 3-A-2 No (Control Site) 0 24 0 0 0 0 76 many shells

3 3-A-3 No (Control Site) 0 20 0 0 0 0 80

3 3-A-4 No (Control Site) 0 24 0 0 2 0 76 fry buttoned up (TL -24mm, 23mm)
3 3-A-5 No (Control Site) 0 0 0 0 0 0 100
3 3-A-6 No (Control Site) 0 20 0 0 0 0 80
3 3-A-7 No (Control Site) 0 1 1 0 0 0 99 25 shells

3 3-A-8 No (Control Site) 0 0 0 0 0 0 100 a few shells

Eggs Alevins Fry
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GFA Lakeshore Restoration - Egg Tube Collection Data (Clean)

Site Tube # Treated Y/N Live Dead Live Dead Live Dead %Surv Comments* Photos
3 3-B-1 Yes (Clean) 0 0 0 0 0 0 100
3 3-B-2 Yes (Clean) 0 1 0 0 25 0 99

3 3-B-3 Yes (Clean) 0 1 0 0 24 0 99 17 fry plus 7 bucket fry
(TL- 25mm, 24mm, 27mm, 

3 3-B-4 Yes (Clean) 0 0 0 0 6 0 100 25mm,25mm,24mm)
3 3-B-5 Yes (Clean) 0 5 0 0 0 0 95
3 3-B-6 Yes (Clean) 0 20 0 0 0 0 80 estimate to mostly egg pieces
3 3-B-7 Yes (Clean) 0 3 1 0 0 0 97

3 3-B-8 Yes (Clean) 0 78 0 0 0 0 22 two shells

Eggs Alevins Fry
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GFA Lakeshore Restoration - Egg Tube Collection Data (Clean/Gravel)

Site Tube # Treated Y/N Live Dead Live Dead Live Dead %Surv Comments* Photos
3 3-C-1 Yes (Gravel/Clean) 0 35 0 0 0 0 65 10 shells
3 3-C-2 Yes (Gravel/Clean) 0 22 0 0 0 0 78 25 shells

3 3-C-3 Yes (Gravel/Clean) 0 0 0 0 0 0 100 8 shells

3 3-C-4 Yes (Gravel/Clean) 0 17 0 0 0 0 83 4 shells
3 3-C-5 Yes (Gravel/Clean) 0 30 0 0 0 0 70 4 shells
3 3-C-6 Yes (Gravel/Clean) 0 6 0 0 0 0 94 8 shells
3 3-C-7 Yes (Gravel/Clean) 0 32 1 0 0 0 68 5 shells

3 3-C-8 Yes (Gravel/Clean) 0 11 0 0 0 0 89 5 shells

Eggs Alevins Fry
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GFA Lakeshore Restoration - Egg Tube Collection Data (Gravel)

Site Tube # Treated Y/N Live Dead Live Dead Live Dead %Surv Comments* Photos
3 3-D-1 Yes (Gravel) 0 0 0 0 0 0 100 1 shell
3 3-D-2 Yes (Gravel) 0 0 0 0 0 0 100

3 3-D-3 Yes (Gravel) 0 0 0 0 0 0 100 1 shell

3 3-D-4 Yes (Gravel) 0 0 0 0 0 0 100
3 3-D-5 Yes (Gravel) 0 0 0 0 0 0 100
3 3-D-6 Yes (Gravel) 0 0 0 0 0 0 100
3 3-D-7 Yes (Gravel) 0 0 1 0 0 0 100

3 3-D-8 Yes (Gravel) 0 0 0 0 0 0 100

Eggs Alevins Fry
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