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Annual Report – sample year 2006: 
Woss and Vernon lake fertilization program  
 
 
Report Objectives: 
 The objectives of this interim report are to: (1) to summarize 2006 fertilizer 
loading,  (2) summarize all available 2006 data for algae, zooplankton and fish, (3) 
compare the 2006 results with results obtained from the other 6 years of the study, (4) 
review the major findings from all seven experimental years (2000-06), and (5) offer 
suggestions for new work to be completed during 2007. 

 

Summary:  
(1) During year 2006,  both Woss and Vernon lakes were successfully fertilized.  
(2) Field sampling and sample processing were completed successfully and on schedule. 
All of the resulting data except chemistry, have been analyzed and most are included in 
this report.  
(3) During the last seven years, Woss Lake was fertilized during six years (2000, 2001, 
2002, 2003, 2005, 2006) and Vernon Lake was fertilized three times (2004, 2005, 2006). 
(4) During 2006, Woss and Vernon Lakes both had relatively high biomasses of algae, 
edible algae, zooplankton and fish. However, Vernon Lake had more zooplankton, more 
eggs per zooplankton, higher rates of zooplankton production and higher biomasses of 
edible zooplankton (Daphnia, Bosmina, H. kenai..  This was associated with the highest 
recoded rates of Vernon Lake 0+ sockeye growth and production.  Woss Lake 0+ 
sockeye production was lower than expected perhaps due to the invasion of large 
numbers of stickleback which were detected in the pelagic zone during the fall of 2006. 
(5) Sockeye salmon nursery lake fertilization projects are based on three assumptions:  (i) 
That lake fertilization stimulates the production of algae which increases the biomass of 
zooplankton thus providing more food for juvenile sockeye and (ii) that lake fertilization 
enhances juvenile sockeye salmon survival. The combined result is more and larger 
sockeye smolts.  (iii) The third assumption is that larger sockeye smolts survive better in 
the marine environment and that this increases escapement and augments stock 
rebuilding.  
(6) Our seven year data set leaves no doubt that when either Woss or Vernon Lake was 
fertilized, the general result was higher algal biomasses and this was associated with 
higher zooplankton biomasses, higher rates of juvenile survival, faster sockeye growth 
rates, larger body sizes at in December, and higher rates of juvenile production.  All of 
these results agree with what would be expected from the literature (Hyatt et al. 2004b).  
(7) Despite the fact that the experiment has run for seven years, we are only starting to 
see returns from years when Woss Lake juveniles were fertilized.  There are two 
problems.  (i) The first problem is that we don’t have escapement data for Woss Lake, 
only for the Nimpkish River as a whole.  Therefore we must use Woss fry densities in 
year y as a surrogate for escapement in year y-1.  This means that if assume that most 
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sockeye return at age 4, we must plot fry density in year x-4 against December fry weight 
in year x (i.e. fry density in year 2004 against  December weight in 2000).  Woss Lake 
was fertilized during 2000, 2001 and 2002 and associated fry densities were recorded 
during 2004, 2005 and 2006.  To date there is no relationship between fry density in year 
x and December weight four years earlier in year x-4.  In addition, Vernon Lake was not 
fertilized until 2004 so the first escapement year will be 2008.  (ii) The second problem is 
that marine survival can vary for many reasons, and the literature predicts that a 1 g 
change in fall fry weight can change marine survival by about 14%.  Since Woss nad 
Vernon Lake fertilized vs unfertilized December weights change by 1-1.5 g, we can 
expect that effects on marine survival will be relatively limited (14-21%) and quite a bit 
of additional data will be needed to determine whether fertilization really does increase 
marine survival for Woss and Vernon sockeye.  
(8) In order to solve these problems we are suggesting that substantial additional effort 
should be expended on escapement surveys for the rivers leading into Woss and Vernon 
Lakes.  This is explained in the next section.  
 
 
 

Recommendations for the future:  
The committee will be faced with having to make one of four basic decisions. (1) Stop 
fertilization, abandon the project and use the funds for another purpose, (2) Fertilize but 
do not monitor. (3) Monitor only the juvenile fish (density, lengths and weights) to 
determine whether larger fish survive better in the marine environment, and greatly 
enhance Woss and Vernon Lake escapement studies. (4) Continue as before to determine 
whether larger fish survive better at sea, to refine fertilizer application protocols to 
Vernon Lake, to ensure that the protocol used for Woss Lake is appropriate, and to 
monitor the effects of the recent stickleback invasion in Woss Lake.  In addition to 
greatly enhance Woss and Vernon Lake escapement studies. 
 
Choices 1 and 2: We (Hyatt, Rankin, McQueen) recommend against 1.  It seems clear 
that fertilization is associated with enhanced juvenile sockeye growth, survival and 
productivity, therefore it is too early to simply waste all of the effort that has been 
expended over the last 7 years.  We also recommend against 2, because the critical 
question is whether larger fish survive better at sea.  That leaves choices 3 and 4. 
 
Choice 3 involves several parts.  The first is to continue to monitor growth and density of 
juveniles in both lakes.  Over the next four years, this could be done with or without 
fertilization, and the effects of fertilization during 2003-06 would still be assessed.  
However, using in-lake densities as a surrogate for escapement introduces many errors!  
We therefore suggest modification of the current Nimpkish escapement survey to focus 
much more effort directly on escapement into Woss and Vernon lakes.  This could be 
done in a variety of ways and we leave it to the committee to decide what is best.  In 
addition, we strongly recommend the collection of appropriate otolith age data for 
escaping adults.  In summary, our recommendation for choice 3 is to continue the in-lake 
fish assessment, plus collection and analysis of otoliths from escapement, plus much 
more effort to collect Woss and Vernon-specific escapement data. Fertilization should 
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also be continued.   The costs for choice 3 are: (i) in-lake fish surveys and analysis about  
$20,000, (ii) plus the cost of escapement otolith analysis plus (iii) the cost of changes in 
escapement protocols plus (iv) fertilizer (v) plus application of fertilizer.  Savings could 
be made by fertilizing only Vernon Lake for the next year or two while stickleback are so 
common in Woss Lake. 
 
Choice 4 involves continuing the present in-lake program plus collection and analysis of 
otoliths from escapement, plus much more effort to collect Woss and Vernon-specific 
escapement data. Fertilization should also be continued.   This is the most complete  
choice since it will allow us to experiment with Vernon Lake fertilizer mixes, understand 
more about the complexities of the food web processes that produce the results that we 
observe and track the effects of Woss Lake sticklebacks and Vernon Lake kokanee. The 
costs for choice 4 are: (i) in-lake fish plus limnology surveys and analysis about  $40,000, 
(ii) plus the cost of escapement otolith analysis plus (iii) the cost of changes in 
escapement protocols plus (iv) fertilizer (v) plus application of fertilizer.  Savings could 
be made by fertilizing only Vernon Lake for the next year or two while stickleback are so 
common in Woss lake.  
 
The past 7 years have shown us that in almost all lake-years when fertilizer was applied, 
sockeye grew faster and left the lake as larger smolts.  So perhaps, it is acceptable to give 
up the kind of limnological detail that we have been collecting in the past, and trust that 
we now understand enough about the fertilizer mixes to produce acceptable results in 
most years.  This would be especially so, if the decision involved a tradeoff between 
continued limnology and a beefed up Woss and Vernon Lake escapement program.  We 
would favor better escapement estimates accompanied by better age-at-return 
information.  
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Introduction 
 
 The objective of the study described here was to determine whether whole-lake 
fertilization could reliably increase the growth, production and survival of juvenile 
sockeye salmon.  For the past 7 years, the Gwa’ni Hatchery and the NRMB as well as 
other interested groups have joined with Hyatt et al. from DFO to implement a lake 
fertilization program within the traditional territory of the ‘Namgis people (Nimpkish 
watershed).  During the first four years of the experiment, fertilizer was applied to Woss 
Lake.  The result was that fertilization was usually associated with increased juvenile 
sockeye growth rates.  Then in year 5 of the program, the lake treatments were switched.  
Vernon was fertilized and Woss was not fertilized.  The year 5 results showed that 
fertilization of Vernon Lake was associated with significantly increased fry growth rates, 
and that fall fry from the unfertilized control (Woss Lake) grew much more slowly.  
These data suggested that fertilization benefited both sub-watersheds and a decision was 
made to increase the benefits of the lake fertilization program for the 2005 (6th) season by 
adding fertilizer to both lakes. During 2005, in both Woss and Vernon lakes, overall 
zooplankton production and 0+ juvenile sockeye net production rates were about equal 
and both lakes produced about equal biomasses of 0+ juveniles. In Woss Lake, 0+ 
production resulted from high densities of smaller bodied fish and in Vernon Lake equal 
0+ production resulted from lower densities of larger bodied fish.  In both lakes, 0+ 
production was much higher than in any pervious year.  During 2006 (7th season), 
fertilizer was added to both lakes and both had relatively high biomasses of algae, edible 
algae, zooplankton and fish.   However, Vernon Lake had more zooplankton, more eggs 
per zooplankton, higher rates of zooplankton production and higher biomasses of edible 
zooplankton (Daphnia, Bosmina, H. kenai).  This was associated with the high rates of 
Vernon Lake 0+ sockeye growth and production.  Woss Lake 0+ sockeye production was 
lower than expected due perhaps to competition from sticklebacks and poor spring 
growth of edible algae and zooplankton.   
 Throughout the six year period our experimental protocol has not changed.  We 
have used detailed field data to quantify changes in the phytoplankton genera and 
zooplankton species.  We have then calculated species-specific zooplankton production, 
calculated growth and production for juvenile sockeye and calculated species-specific 
consumption rates of sockeye on each of the major zooplankton taxa.  Finally we have 
used these data to estimate the proportion of species-specific zooplankton production and 
standing stock consumed by sockeye, the proportion of the commercial fertilizer that 
moved through the Woss Lake food web to stimulate increased sockeye production, and 
the amount of additional sockeye production that was stimulated by the fertilizer.  
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Methods  
These methods are excerpted from a manuscript titled: Changes in Algal Species Composition 

Significantly Affect Juvenile Sockeye Salmon Production at Woss Lake, British Columbia: a Lake 

Fertilization and Food Web Analysis (2006) written by D.J. McQueen, K.D. Hyatt, D.P, Rankin and C.J. 

Ramcharan. Manuscript in press in North American Journal of Fisheries Management 27:2 

 

 Limnological samples were collected at 1, 3, 5 m (epilimnion) and 20 m 
(hypolimnion) at each of two stations on each lake (Woss and Vernon) from 2000 to 
2006.  Total phosphorus (TP) samples were stored in screw-cap test-tubes in the dark 
until analysis.   NO3 + NO2 samples were passed through an acrodisk filter, placed in 
screw-cap plastic bottles, and frozen until analysis. Chlorophyll a samples were filtered 
(47 mm Millipore) and frozen until analysis.  Samples were analyzed at the Cultus Lake 
Laboratory, Fisheries and Oceans Canada. 

Phytoplankton samples were collected at 1, 3, 5 m, at each of two stations on each 
lake.  Whole water was placed in 500 mL plastic jars and preserved with Lugol’s 
solution.  At the laboratory, the well-mixed samples were concentrated by sedimentation 
in graduated cylinders over a five-day period. The concentrated samples were stored in 
evaporation-proof 28 mL screw-capped vials.  Samples were diluted depending on the 
phytoplankton density, and taxa were identified and enumerated using inverted 
microscopy at 300 and 600x magnifications.  Utermöhl-type counting chambers of 2, 5 or 
10 mL capacity were employed (Utermöhl 1958).  Taxonomic (genus level) 
determination followed Bourrelly (1966, 1968, 1970).  Completed counts totaled at least 
300 units (cells, filaments or colonies) and 45 or more units of the taxa contributing most 
to the total biovolume were recorded.  Counts were recorded as numbers of individual 
cells per genus.  Also, individual cells were measured and their biovolume determined 
using formulae of basic geometric shapes (Vollenweider 1969; Rott 1981;Hopkins and 
Standke 1992).  Biovolumes were recorded as cubic microns per mL divided by 1000.  
This equals mm3 m-3, and assuming that 1 mm3 = 1 mg, this equals 1 mg m-3 or 1 µg/L.  
When colonial forms were counted, biovolume was determined by the measurement of 
the cells, not including the intercellular spaces that exist in certain genera.   

One of the objectives of the phytoplankton counting procedure was to assess the 
relative availabilities of edible (grazable) and non-edible (non-grazable) algae.  We, 
therefore, attempted a qualitative assessment of "edibility" based on size, and 
digestibility.  Single cells or colonies less than 30 µm width and length were considered 
edible unless they were classified as being "digestion-resistant" (defined below).  These 
dimensions are in agreement with previously published thresholds (Cyr 1998; Cottingham 
1999).  Algae with thick gelatinous sheaths can pass through Daphnia guts undigested 
(Stutzman 1995) and were considered to be digestion-resistant, independent of size.  
Abundances of digestion resistant algae were low.    
  Zooplankton samples were collected every 3-4 weeks spring to fall at each of four 
stations on Woss Lake, and three stations at Vernon Lake.  Samples were collected using 
a metered (Rigosha and Co., Ltd. Model 5571) vertical haul net (square mouth, 30 x 30 
cm) (Filion 1991) winched at 1 m/s between 25-0 m.  Two mesh sizes (100 µm and 250 
µm) were used.  Samples were placed in individual sample jars, preserved in 4% buffered 
and sugared formalin and returned to the laboratory.  For each sample, the Rigosha meter 
values were used to calculate net filtration efficiency.  For each date, a composite 
zooplankton sample was created from the five samples collected in Woss Lake or the  
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four samples collected in Vernon Lake.  The composite comprised zooplankton found in 
equal volumes of lake water taken from each of the four or five sampling stations.  These 
combined samples were identified to species for Cladocera and copepod adults and 
copepodids, and to suborder for nauplii.  Eggs were counted for all species.  To calculate 
biomass, body lengths of all animals were measured using a semi-automated counting 
and measuring system (Allen et al. 1994).  Corrections for contraction due to 
preservative, were applied to the body length of Holopedium gibberum (Yan and Mackie 
1987), but not to other species (Campbell and Chow-Fraser 1995).  Animal weights were 
estimated using length-weight regressions summarized in Girard et al. (2005).   If 
preserved animals were used to develop these regressions, a correction for weight loss in 
formalin was applied (Giguère et al. 1989).  
 Species-specific zooplankton production rates were calculated using the methods 
of Borgmann et al. (1984).  Egg development time was based on the Belehradek equation 

K=a(T-α)b where T is temperature and a, α, b are species-specific constants provided in 
(Cooley et al. 1986).  Production was calculated as P=(Nt+1-Nt)(b/r)w.  Instantaneous 
birth rate was calculated as b = ln((((E0/N0)+Et/Nt))/2+1)k/24 where E is egg density, N is 
female density, K is development time in hours (Paloheimo 1974).  Instantaneous rate of 
population change was calculated as r = (ln nt – ln No)/t where t is change in time (∆t) 
(Cooley et al. 1986).  For each species, on a sample by sample basis, we compared the 
potential biomass increase calculated using the production model with the actual biomass 
increase observed in the field, and in all cases we selected the larger of the two.  
Production rates for Epischura were not estimated.  
 Fish (juvenile sockeye) densities were estimated at night using a Simrad EYM 70 
KHz sounder with 75 W power output (Hyatt et al. 1984).  On all surveys, pulse width 
was maintained at 0.6 ms and a varied gain circuit controlled for attenuation losses due to 
increasing target depth.  Surveys were conducted at night using whole-lake transects and 
several depth strata.  Density estimates from echo counting were used to determine the 
number of juvenile sockeye found in each lake and to estimate sockeye mortality 
throughout the late summer, fall, and winter periods.  Echo counting is frequently 
confounded by fish schooling behaviour during short nights from May to July, therefore 
the best estimates were obtained from August through to the pre-smolting period in 
February.  Details regarding transducer design and counting methods are provided in, 
Hyatt et al. (1984), Gjernes et al. (1986), and Hyatt and Stockner (1985).   

Fish biosamples were collected throughout the sampling period using a mid-water 
trawl net (2 m x 2 m mouth opening x 7.5 m long) (stretch mesh ranging from 5.0 cm at 
the mouth to 1.3 cm knotless nylon at the cod end). The net was towed only at night, and 
surveys were based on 5-15 trawls per sampling session. During 2000-06, Woss Lake 
mid-water trawls have been used to biosample 3200 juvenile sockeye. Vernon Lake 
samples totaled 1986 juvenile sockeye plus 124 larger kokanee. Sampled fish were used 
to estimate lengths, weights and ages.  The average length-weight regression for Woss 
Lake sockeye fry was: Wt (g) = .00001822* (length mm)2.85 and for Vernon Lake fry the 
length-weight regression was: Wt (g) = .00000502*(length mm)3.15. 

At both Woss and Vernon Lakes, we checked for possible size biased sampling by 
the trawl net.  Juvenile sockeye were trawled from Woss Lake during March 2002 and 
March 2003 and from Vernon Lake during March 2002.  Lengths and weights from these 
trawl-caught fish were compared to the lengths and weights of smolts trapped during 
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early April of the same years.  This type of comparison at other lakes (Hyatt et al. 2004) 
has shown that as juvenile sockeye grow larger than 40 mm, increased swimming speeds 
allow avoidance of capture by trawl nets.  In the case of Woss and Vernon Lakes, the 
correction for fish larger than 40 mm was: corrected length = 0.629*(length in the 
trawl)1.125.   Although this correction had a relatively minor effect on mean length, it was 
applied to all data. 

  



Part B – Lake Fertilization Report 2006 
 

 8 

Part 1: Results for 2006 
 

Fertilization   
 During 2006, fertilizer application proceeded as planned (Table 1).  Fertilizer was 
applied to both lakes twice each week from 18 May 2006 through 31 August 2006.  At 
Woss Lake in order to reduce the risk of Rhizosolenia eriensis blooms, low N:P ratio 
fertilizer was added during the first 9 weeks.  Higher N:P ratio fertilizer was added during 
the last 10 weeks in order to reduce the risk of late summer blue green algal blooms 
(Table 1).  Vernon Lake has historically had quite high nitrogen concentrations, and 
during 2005 this was associated with a late summer-fall bloom of Rhizosolenia.  
Therefore during 2006, low N:P ratio fertilizer was added to Vernon Lake throughout the 
year.  On an aerial basis, loading rates for the two lakes were similar.  Totals were 
different due to differences in lake size. Woss = 1366 ha, and Vernon = 837 ha. 
 
 

Table 1:  Fertilizer loading summary for 2006. 

 

   

Mixture  
atomic N:P ratio 
 

Kg of 
10:34:0 

 

Kg of 
28:0:0 

 

 
Total kg of 
fertilizer 

 
       
Vernon 18 May – 31 August 2006  15:1 6,704 21,692 26,396 
     

Woss 18 May – 17 July 2006  15:1 6,155 19,915 26,070 
Woss 20 July – 31 August 2006 30:1 2,923 19,956 22,879 
       
   Vernon sum 6,704 21,692 26,396 

   Woss sum 9,078 1,9956 48,949 
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Field sampling schedule 
Schedule for 2006: Woss and Vernon Lakes:  Completed samples are noted with a bold √ 
symbol.   
 

Date 
Week of 

Temperature 
and Oxygen 

Water 
Chemistry 

Algae Zooplankton 
Acoustic - 
fish density 

Fish 
Lengths, 
weights, 
stomachs 

       

Woss Lake     

12-Jun-06 √ √ √ √   

4-Jul-06 √ √ √ √ √ √ 

13-Jul-06  √ √ √   

2-Aug-06 temp only √ √ √   

30-Aug-06 √ √ √ √ √ √ 

2-Oct-06 temp only √ √ √   

27-Oct-06 √ √ √ √ √ √ 

06-Dec-06      √ 

       

Vernon Lake     

12-Jun-06 √ √ √ √   

28-Jun-06     √ √ 

4 Jul -06 √ √ √ √   

13-Jul-06  √ √ √   

2-Aug-06 temp only √ √ √   

22-Aug-06 √ √ √ √ √ √ 

27-Sep-06  √ √ √   

27-Oct-06 √ √ √ √   

05-Nov-06     √ √ 

06-Dec-06      √ 
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Water Chemistry  
All scheduled samples were successfully collected and analysis is in progress.   
 

Table 2:  Year 2006 total phosphorus (TP), and nitrate (NO3 + NO2)  in Woss and Vernon 
Lakes.  

 

            

Lake Stn Date Depth m NO3 µg/L TP  µg/L 

         

      
Woss  1 06/06/12 1, 3, 5 8.8 4.3 
Woss 1 06/06/12 20 16.8 3.4 
Woss 2 06/06/12 1, 3, 5 9.1 4.7 
Woss 2 06/06/12 20 16.8 3.5 

      
Woss  1 06/07/04 1, 3, 5 5.1 3.8 
Woss 1 06/07/04 20 19.6 3.5 
Woss 2 06/07/04 1, 3, 5 6.8 3.5 
Woss 2 06/07/04 20 20.2 3.1 

      
Woss  1 06/07/13 1, 3, 5 1.3 4.6 
Woss 1 06/07/13 20 11.6 4.7 
Woss 2 06/07/13 1, 3, 5 1.0 5.3 
Woss 2 06/07/13 20 11.0 4.7 

      
Woss  1 06/08/02 1, 3, 5 0.6 5.3 
Woss 1 06/08/02 20 11.5 1.3 
Woss 2 06/08/02 1, 3, 5 1.2 4.5 
Woss 2 06/08/02 20 10.0 1.4 

      
Woss  1 06/08/30 1, 3, 5 0.9 4.0 
Woss 1 06/08/30 20 6.9 5.1 
Woss 2 06/08/30 1, 3, 5 1.5 3.8 
Woss 2 06/08/30 20 6.9 3.0 

      
Woss  1 06/10/02 1, 3, 5 11.8 3.5 
Woss 1 06/10/02 20 12.4 3.5 
Woss 2 06/10/02 1, 3, 5 4.4 3.4 
Woss 2 06/10/02 20 8.7 3.3 

      
Woss  1 06/10/27 1, 3, 5 8.3 2.8 
Woss 1 06/10/27 20 7.4 2.7 
Woss 2 06/10/27 1, 3, 5 8.5 2.5 
Woss 2 06/10/27 20 7.3 2.8 
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Lake Stn Date Depth m NO3 µg/L TP  µg/L 

         

      
Vernon 1 06/06/12 1, 3, 5 20.9 5.7 
Vernon 1 06/06/12 20 27.3 5.8 
Vernon 2 06/06/12 1, 3, 5 20.0 5.7 
Vernon 2 06/06/12 20 27.9 5.1 

      
Vernon 1 06/06/29 1, 3, 5 36.9 2.9 
Vernon 1 06/06/29 20 58.5 2.3 
Vernon 2 06/06/29 1, 3, 5 30.6 3.6 
Vernon 2 06/06/29 20 59.7 3.1 

      
Vernon 1 06/07/13 1, 3, 5 7.1 4.1 
Vernon 1 06/07/13 20 23.7 3.2 
Vernon 2 06/07/13 1, 3, 5 7.6 6.7 
Vernon 2 06/07/13 20 23.5 3.7 

      
Vernon 1 06/08/02 1, 3, 5 No Sample 0.7 
Vernon 1 06/08/02 20 No Sample 3.2 
Vernon 2 06/08/02 1, 3, 5 No Sample 1.1 
Vernon 2 06/08/02 20 No Sample 2.9 

      
Vernon 1 06/08/22 1, 3, 5 0.4 12.0 
Vernon 1 06/08/22 20 16.2 7.1 
Vernon 2 06/08/22 1, 3, 5 0.6 9.4 
Vernon 2 06/08/22 20 18.5 7.9 

      
Vernon 1 06/09/27 1, 3, 5 3.9 4.1 
Vernon 1 06/09/27 20 17.5 7.3 
Vernon 2 06/09/27 1, 3, 5 1.9 4.0 
Vernon 2 06/09/27 20 17.5 7.3 

      
Vernon 1 06/10/27 1, 3, 5 40.4 5.9 
Vernon 1 06/10/27 25 36.7 3.7 
Vernon 2 06/10/27 1, 3, 5 37.6 5.2 
Vernon 2 06/10/27 25 36.0 3.7 

      

 
 
 
 Nitrogen and phosphorus concentrations were very similar to values found in 
previous years.  We added less nitrogen in the Vernon Lake fertilizer, and it declined 
with the growth of algae in mid-summer, but Rhizosolenia (next section) was still able to 
bloom.  This suggests that future Vernon Lake fertilizer applications should contain even 
less nitrogen than we added during 2006.
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Phytoplankton   
All scheduled samples were successfully collected and analyzed. 
 In Woss Lake during 2006, phytoplankton biovolumes were high during the 
spring and then declined during the second half of the growing season (Fig. 1.1).  Most of 
the spring biovolume comprised the edible diatom Leptocylindrus sp.  This species was 
first observed in Woss Lake during 2002.  It is a small, extremely fragile, coiled and 
flattened cylinder, measuring approximately 20 x 8 x 3µm.  These are all characteristics 
that make it a good food source for zooplankton.  
 

Figure 1.1:    2006 Algal biovolumes in Woss Lake. 
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 In Vernon Lake, Leptocylindrus sp. biomasses were about equal to the biomasses 
in Woss Lake, but during the summer and fall this very edible species was replaced by 
inedible Rhizosolenia eriensis (Fig 1.2).   R.  eriensis is a large, flattened, cylindrical 
species, measuring approximately 75 x 6 x 4 µm, and possessing a long spine at each end. 
These are all characteristics that make R. eriensis a very poor food source for 
zooplankton.      

 

Figure 1.2:    2006 Algal biovolumes in Vernon Lake. 
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 Edible algae are defined as species measuring less than 30 µm in each dimension 
and not having a mucilaginous sheath that would prevent digestion by zooplankton (see 
methods for more detail). In Woss Lake (Fig. 2.1), edible phytoplankton (mainly 
Leptocylindrus) were very abundant during the spring and much less abundant in the late 
summer and fall.  Vernon Lake (Fig. 2.2) showed the same pattern.  Overall, both lakes 
had similar densities of edible algae that were higher than in most other years.  
 
 

Figure 2.1:  2006 edible and non-edible phytoplankton in Woss Lake.   
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Figure 2.2:   2005 edible and non-edible phytoplankton in Vernon Lake.  

0

1000

2000

3000

4000

4-Jun 5-Jul 5-Aug 5-Sep 6-Oct 6-Nov

A
lg
al
 b
io
vo
lu
m
e 
m
m
   3
 m
 -3

Non-edible

Edible

Vernon 2006

 
 
 



Part B – Lake Fertilization Report 2006 
 

 14 

Zooplankton standing stocks 
 All scheduled samples were successfully collected and analyzed.   
 As in previous years, Woss and Vernon Lakes had slightly different zooplankton 
species compositions.  Woss Lake had Daphnia ambigua, Holopedium gibberum, 

Polyphemus pediculus, Bosmina longirostris, Cyclops bicuspidatus thomasi, Epischura 

nevadensis and Skistodiaptomus oregonensis.  Vernon Lake had D. ambigua, H. 

gibberum, P. pediculus, B. longirostris, C. b. thomasi and a relatively large H. kenai 
population, but did not have either E. nevadensis or S. oregonensis.  
 Woss Lake zooplankton standing-stock biomass (Fig. 3.1) mainly comprised 
Daphnia, Holopedium, Bosmina and C.b. thomasi.  Vernon Lake zooplankton standing-
stock biomass (Fig. 3.2) mainly comprised Daphnia, Holopedium, Bosmina, C.b. thomasi 

and H. kenai.  In the early summer, Vernon Lake standing stocks were about three times 
higher than in Woss Lake, but this pattern reversed through the fall.  
 
 

Figure 3.1:  2006 standing stock biomass in Woss Lake 
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Figure 3.1:  2006 standing stock biomass in Vernon Lake 
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 Woss and Vernon lake numbers of eggs per female were quite different (Fig. 4).  
In Woss Lake, egg production by D. ambigua, H. gibberum, P. pediculus, and B. 
longirostris, was relatively stable, summing to a total of 5-10 per female through the 
season.  Egg production by the two copepod species (C. b. thomasi and S. oregonensis) 
was higher and much more variable (Fig. 4.1).  In Vernon Lake, egg production by D. 

ambigua, H. gibberum, P. pediculus, and  B. longirostris was higher in the spring, but 
declined in the fall.  The major spring egg producer in Vernon Lake, was the large 
copepod H. kenai, and C. b. thomasi produced eggs regularly throughout the season. 
Overall among the species most likely to provide the best food sources for juvenile 
sockeye, Bosmina, Holopedium and Daphnia produced the most eggs per female in Woss 
Lake, and H. kena, Holopedium, Daphnia, Bosmina and Polyphemus  produced the most 
eggs per female in Vernon Lake. 
 
 
  

Fig. 4.1:  2006 Woss Lake eggs per female 

0

5

10

15

20

25

30

35

40

May Jun Jul Aug Sep Oct Nov

E
g
gs
 c
ou
nt
e
d 
pe
r f
e
m
al
e.

C. b. thomasi

S. oregonesis

H. kenai

Bosmina longirostris

Polyphemus pediculus

Holopedium gibberum

Daphnia ambigua

Woss 2006

 



Part B – Lake Fertilization Report 2006 
 

 16 

Fig. 4.2:  2006 Vernon Lake eggs per female. 
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Zooplankton production 
 Woss and Vernon Lake zooplankton production rates were quite different (Fig. 5).   
 In Woss Lake (Fig. 5.1), most of the cladoceran production came from Daphnia, 
Holopedium and Bosmina.  Copepod production came from C.b. thomasi and  S. 
oregonensis. which was univoltine and had a significant production period only during 
the fall. 
 In Vernon Lake (Fig 5.2) most of the cladoceran production came from Daphnia, 
Holopedium and Bosmina.  Copepod production from C.b. thomasi was limited to the 
spring and early summer.  H. kenai production was greatest during the midsummer. Total 
production was highest in the spring and declined throughout the season.  
   
 

Fig. 5.1:  2006 Woss Lake daily zooplankton production 
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Fig. 5.2:  2006 Vernon Lake daily zooplankton production 
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0+ juvenile fish lengths and weights. 
 All scheduled samples were successfully collected and analyzed.   
  Fish were sampled on four dates through the summer and fall of 2006 (Table 3).  
During the summer months, 0+ juveniles from Vernon Lake grew substantially faster 
than 0+ juveniles from Woss Lake (Fig. 6).  During the fall months, Woss Lake growth 
rates increased. Variability in lengths and weights was greater in Vernon lake.  

 

Table 3:  Length and weight summary for 0+ Woss and Vernon fish from 2006. Lengths and 
weights are corrected for trawl size-dependent capture efficiency. 

 

        

 
Sample 

size 

Mean 
length 
(mm) 

Mean 
weight   

(g) 

Standard 
deviation 

length 

Standard 
deviation 
weight 

95% CI 
length 

95% CI 
weight 

        

Woss Lake 
        

03-Jul-06 60 42 0.77 4.0 0.2 1.01 0.05 
23-Aug-06 27 48 1.13 3.6 0.2 1.36 0.09 
06-Nov-06 93 67 2.95 4.3 0.5 0.88 0.11 
06-Dec-06 97 69 3.25 4.6 0.6 0.91 0.12 

        
Vernon Lake        

        
29-Jun-06 82 43 0.76 6.9 0.9 1.49 0.19 

22-Aug-06 62 60 2.04 7.0 0.7 1.75 0.17 
27-Oct-06 24 67 2.98 9.0 1.3 3.59 0.52 
20-Dec-06 97 75 4.27 9.3 1.7 1.86 0.34 
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Figure 6:  Mean weight ± 95% CI for  0+ Woss and Vernon fish from 2006. 
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Larger fish (kokanee) lengths and weights 
 All nerkids older than 0+ years (non-juveniles) were assumed to be kokanee.  In 
Woss Lake, very few of these fish were captured (Table 4).  In Vernon Lake, older 
kokanee densities were higher than in Woss Lake.  

 

Table 4:  2006 Woss and Vernon length and weight summary for kokanee older than 0+ years. 
Lengths and weights were not corrected for trawl size-dependent capture efficiency. 

 

        

 

Number 
kokanee 
caught 

Mean 
length 
(mm) 

Mean 
weight   

(g) 

Standard 
deviation 

length 

Standard 
deviation 
weight 

95% CI 
length 

95% CI 
weight 

        

Woss Lake 
        

23-Aug-06 2 136 26 13 8 19 12 
        
Vernon Lake  
       
22-Aug-06 10 118 17 19 12 11 8 
27-Oct-06 8 135 26 16 13 11 9 
20-Dec-06 3 132 21 12 6 13 7 

        

  
 Since year 2000, the same 2m x 2m trawl net has been used to capture biosamples 
from both lakes.  In every year older kokanee have been more abundant in Vernon Lake 
(Table 5).  Through the years this has led to the suggestion  that continued fertilization of 
Vernon Lake may result in increased survival of Vernon Lake kokanee.  However, now 
that we have fertilized Vernon Lake for 3 years (2004-06), there seems to be little 
evidence of any trend in the data.  Similarly, kokanee densities in Woss Lake don’t 
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appear to be showing significant trends despite the fact that the lake has been fertilized 
for five of six years (2000-03, 2005-06).  
 The percentages shown in Table 5, cannot be used to estimate relative densities of 
0+ juveniles and older kokanee.  This is because the older fish are larger and therefore 
much more likely to escape the 2m x 2m trawl.  This means that the percentages shown in 
Table 5 are smaller than the true percentages of large kokanee.   

  

Table 5:  Year 2000-2006 total number of 0+ juveniles and large nerkids captured in 
Woss and Vernon Lake biosamples. 
 

     

Year Lake 

Total Number 
0+ fish 
caught 

Total number 
large nerkids 
in the catch 

% large 
nerkids 

     

     
2000 Woss 376 1 0.3 
2001 Woss 357 0 0.0 
2002 Woss 808 3 0.4 
2003 Woss 462 7 1.5 
2004 Woss 284 8 2.7 
2005 Woss 629 5 0.8 
2006 Woss 277 2 0.7 

     
2000 Vernon 277 0 0.0 
2001 Vernon 165 24 12.7 
2002 Vernon 423 18 4.1 
2003 Vernon 209 13 5.9 
2004 Vernon 278 5 1.8 
2005 Vernon 364 40 9.9 
2006 Vernon 265 21 7.3 

     

 

 
Stickleback 
 Very small numbers (<<1%) of stickleback were observed in Woss Lake 
biosamples during 2000-3, and since that time (2004-05) their numbers have fallen to 
zero. Surprisingly, on 06 November 2006, acoustic counts doubled and more than half of 
the biosample comprised stickleback.  Average length and weight was about 62 mm and 
2 grams, suggesting that all were adults (Hyatt and Ringler (1989).  Based on life history 
observed in other coastal lakes, it is assumed that most of this cohort may have died 
during the winter of 2006-07, but they may be replaced by a new generation which may 
or may not invade the pelagic zone in the summer-fall of 2007.  
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Table 6:   Woss lake 2006 stickleback summary  

 
 

       

 

Stickleback 
density per 

ha 95% CI 

Total 
stickleback 
abundance 
per lake 95 % CI 

Mean  
weight 

(g)  

St dev 
weight 

(g) 
       

Woss Lake 
       

06-Aug-06 681 239 879,228 308,839 2.14 0.39 
       

 
 
 

Total sockeye (and kokanee) densities for 2006.  
 Year 2006 nerkid (sockeye + kokanee) densities in both lakes were about average 
for the period 2000-06 (Fig. 7).    
 

Figure 7:  Density (per ha) summary for Woss and Vernon nerkids (sockeye + kokanee) from 
2006 
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Juvenile sockeye density and growth rate 
 For most BC coastal lakes there is a negative relationship between mean fall 
juvenile sockeye weight and juvenile density.  In Woss Lake (Fig. 8) during the early 
unfertilized years (open circles years 1978-91),  mean late-fall weights never exceeded 
2.75 g, and as densities increased beyond 1000 per ha, growth rates declined so that mean 
late-fall weights were always less than 2 g.   In Woss Lake during the fertilized years 
(2000-03, 2005-06  solid black symbols), mean late-fall weights varied between 2.5 and 
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3.8 g, but densities were almost always low.  The exception was 2005 when Woss Lake 
densities were high and growth rates were well above the levels predicted by density.  In 
Vernon Lake (Fig. 8) during all but one (year 2000 which will be discussed later) of the 
unfertilized years (open triangles), growth rates were similar to those observed for 
unfertilized Woss Lake.  With one exception,  during the fertilized years in Vernon Lake 
(red symbols) fall weights were well above average, especially during and 2006.  The 
exceptional year was 2000 when Vernon Lake juvenile sockeye grew exceptionally well 
despite the lack of fertilization.  That year there was characterized buy a large population 
of H. kenai, the large red copepod that provides such a rich food source for juvenile 
sockeye.  For reasons that are not understood, they had high production rates during 2000 
and this was associate with high rates of juvenile sockeye production.  This topic was 
reviewed in some detail in the 2005 Annual Report available on the NRMB web site. 
 

Figure 8.1:  Mean weights of fall fry sampled from Woss Lake during three time periods.     
Black symbols = Woss Lake (circles) fertilized during 2000-03. Open circles = Woss Lake not 
fertilized between 1978-91.  Gray circle = Woss Lake not fertilized during 2004.  Red symbols = 
Vernon Lake fertilized during 2004-06.  Open triangles = Vernon Lake not fertilized between 
2000-03.  Line of best fit is for unfertilized Woss Lake data.  
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Part 2: Between-year comparisons 
 
 

Phytoplankton 
 During 2006, both Woss and Vernon Lakes had intermediate algal biomasses 
(Figs. 9).  In both lakes, there was a spring bloom of the edible algae Leptocylindrus.  In 
Woss Lake, a substantial portion of the “other algae” shown in Figure 1.1, was 
Tabellaria.  In Vernon Lake (Fig. 1.2), there was a bloom of Rhizosolenia.  Since both 
were too large to be consumed by zooplankton, 2006 edible algae (Fig 10) was almost 
identical for both lakes.    
 
 

Figure 9:  Total 2000-05 mean summer algal biovolume in Woss and Vernon Lakes. 
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Figure 10:  Total 2000-05 mean summer edible algal biovolume Woss and Vernon lakes. 
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Zooplankton 
 During 2006, Woss Lake mean summer zooplankton biomasses were among the 
lowest recorded. Vernon Lake total zooplankton biomasses were higher (Fig. 11).  
Average egg counts per individual were also slightly higher in Vernon Lake, and were 
about equal to historic averages during fertilized lake-years (Fig 12).  The combined 
effects of slightly higher zooplankton biomasses plus slightly higher egg counts per 
female, resulted in substantially higher rates of zooplankton production in Vernon Lake 
(Fig. 13). 
 

Figure 11:  Total 2000-05 mean summer zooplankton biomass in Woss and Vernon lakes. 
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Figure 12:  Mean summer average eggs counted per adult zooplankton. 
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Figure 13:  2000-06 mean summer zooplankton production rates. 
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 These differences in zooplankton production rates are especially important when 
considering the amount of zooplankton prey available to juvenile sockeye.  Throughout 
the seven year experiment, Woss Lake has always had several species of “edible prey” 
(i.e. large and available for capture by juvenile sockeye).  These include large Bosmina 
populations, but Daphnia biomasses have usually been smaller and biomasses of 
Epischura (another large copepod that is heavily consumed by juvenile sockeye) have 
always been limited (Fig. 14).  On the other hand, availability of edible prey has 
generally been quite high in Vernon Lake which contains Daphnia, Bosmina and the 
large red copepod H. kenai (Fig. 15).  During 2006, these differences were especially 
obvious, with Vernon Lake having about twice as much edible prey biomass as Woss 
Lake (Figs. 14, 15). 
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Figure 14:  Woss Lake (June – October) average zooplankton species composition and biomass.  
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Figure 15:   Vernon Lake (June – October) average zooplankton species composition and 
biomass.  
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Juvenile sockeye 
 Woss Lake 2006 mean summer fish densities were slightly lower than in Vernon 
Lake (Fig. 16) and Vernon Lake mean December 2006 weights of 0+ fish were higher 
than they were in Woss Lake (Fig. 17).  This interplay between growth rate and density, 
resulted in 2006 net production rates (Mid-June to end of October) that were higher in 
Vernon Lake than they were in Woss Lake (Fig. 18).  An added complication was the 
discovery of a large late fall population of adult stickleback in Woss Lake. Since they 
spent the summer (June-September) inshore, their pelagic production was limited (Fig. 
18), but they must have had some competitive impact on juvenile sockeye during the fall.
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Figure 16:  2000-05 mean summer nerkid (sockeye + kokanee) densities (± 95% CI). 
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Figure 17:  2000-06 mean December weights (± 95% CI) for 0+ Woss and Vernon  
0+ nerkids. 
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Figure 18: 2000-05 mean summer net production  for 0+ Woss and Vernon nerkids. 
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Part 3: Explaining between-year differences in 0+ juvenile 
net summer production 
 
 Year 2000: [Woss Lake fertilized, Vernon Lake not fertilized]  This was the first 
year of lake fertilization and Woss Lake was fertilized only during July and August.  The 
result was not good.  A large bloom of R. eriensis developed in Woss Lake during August 
and persisted through the fall (Fig. 9).  The result was low edible algal biomass (Fig 10), 
low zooplankton production (Fig. 13), average 0+ juvenile growth rates (Fig. 17) and 
average 0+ juvenile net summer production rates (Fig. 18).  Vernon Lake was not 
fertilized and delivered about the same results as Woss Lake.  The key factor for 2000, 
was the large late summer-fall bloom of R. eriensis in Woss Lake.  This was associated 
with average zooplankton production and average 0+ juvenile December biomasses.  

Year 2001: [Woss Lake fertilized, Vernon Lake not fertilized] Fertilizer 
applications were begun on May 07, two months earlier than during year 2000.  R.  
eriensis was not observed in either lake.  Woss Lake zooplankton biomasses (Fig. 11) and 
eggs per female (Fig 12) were about average and 0+ juvenile growth rates were a bit 
above average (Fig. 17).  Because Woss Lake 0+ juvenile densities were low, 0+ 
December biomasses and net summer production rates (Fig. 18) were also low.  Vernon 
Lake was not fertilized, yet Vernon Lake zooplankton biomasses (Fig 11), and rates of 
production (Fig. 13) were higher then they were in Woss Lake.  Much of this extra 
zooplankton biomass comprised  C. b. thomasi which were seldom consumed by 0+ 
juveniles.  Although Vernon Lake 0+ juvenile growth rates were lower than in Woss 
Lake (Fig. 17), densities were higher and therefore 0+ juvenile net summer production 
rates were about equal in the two lakes (Fig. 18).  The key factor for 2001 was that 
edible algal biovolumes in the two lakes were about equal and were among the lowest 
recorded, and zooplankton biomasses comprised lower biomasses of the edible species 
preferred by 0+ juveniles.  The result was that in both lakes, 0+ juvenile net summer 
production was the lowest on record. 

Year 2002:  [Woss Lake fertilized, Vernon Lake not fertilized]  Woss Lake total 
algal biomasses were high (Fig. 9) and this was the first year we saw a large spring bloom 
of the edible algae Leptocylindrus.  This was associated with high biomasses of edible 
algae (Fig 10), high numbers of Woss Lake zooplankton eggs per female (Fig 12), high 
zooplankton production rates (Fig. 13), high 0+ juvenile growth rates (Fig. 17) and high 
0+ juvenile summer net production rates (Fig. 18).  The key factor for 2002, was the 
high biomass of Woss Lake edible algae. This was associated with high zooplankton 
biomasses, high sockeye growth rates and relatively high 0+ juvenile net production and 
December biomasses. 

Year 2003: [Woss Lake fertilized, Vernon Lake not fertilized]  Woss Lake total 
algal biomasses were the highest recorded during 2000-03 (Fig. 9), however much of that 
biomass comprised R. eriensis.  Therefore, despite the fact that Woss Lake was fertilized, 
edible biomass was relatively low (Fig. 10).  This was associated with medium  
zooplankton biomasses (Fig 11), medium egg counts (Fig. 12), and medium-low Woss 
Lake zooplankton production rates (Fig. 13).  Growth rates for Woss Lake 0+ juveniles 
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were low (Fig. 16) and because densities were only slightly above average (Fig. 16), 
Woss Lake 2003 0+ juvenile net production rates were medium-low (Fig. 18).  The key 
factor for 2003, was the large April-August bloom of Woss Lake R. eriensis, which was 
associated with low zooplankton production and relatively low 0+ juvenile net production 
rates and December biomasses.  

Year 2004:  [Vernon Lake was fertilized, Woss Lake was not fertilized] Mean 
summer algal biovolume in Woss Lake was 175 mm3 m-3 and average biovolume in 
Vernon Lake was 552 mm3 m-3 (Fig. 9).   R. eriensis blooms were much reduced in both 
lakes. There was however, a definite increase in Vernon Lake edible diatom biovolumes 
which quadrupled to 400 mm3 m-3 (Fig. 10).  Vernon Lake zooplankton biomasses were 
much higher than in any previous year and almost five times higher than in Woss Lake 
(Fig. 11).  For the first time since year 2000, Vernon Lake 0+ juvenile December weights 
were significantly higher than in Woss Lake (Fig. 17), and because Woss and Vernon 
Lake densities were about equal (Fig. 16), Vernon Lake 0+ net production rates were 
significantly greater than in Woss Lake (Fig. 18).  The key factor for 2004, was the high 
biomass of Vernon Lake edible algae. This was associated with high zooplankton 
biomasses, high sockeye growth rates and relatively high 0+ juvenile production and 
December biomasses. 
 Year 2005:  [Both lakes were fertilized]  In Woss Lake high 0+ juvenile densities 
were associated with low zooplankton biomasses.  At the same time, high spring and 
early summer biomasses of edible algae were associated with exceptionally high per-
capita rates of Woss Lake zooplankton production.  In Vernon Lake, lower 0+ juvenile 
densities were associated with higher zooplankton biomasses, and lower biomasses of 
edible algae were associated with lower rates of per-capita zooplankton production.  In 
both Woss and Vernon lakes, overall zooplankton production rates were about equal.  
Also, 0+ juvenile net production rates in Woss and Vernon lakes were about equal.  In 
summary both lakes produced about equal biomasses of 0+ juveniles. In Woss Lake, 0+ 
production resulted from high densities of smaller bodied fish and in Vernon Lake equal 
0+ production resulted from lower densities of larger bodied fish.  In both lakes, 0+ 
production was much higher than in any pervious year.  The key factor for 2005, was the 
spring bloom of Woss Lake edible algae.  This stimulated above average zooplankton 
production and was associated with 0+ juvenile growth rates that were higher than 
expected given the high Woss Lake juvenile densities observed during 2005.   
 Year 2006:  [both lakes fertilized]  Woss and Vernon Lakes both had relatively 
high biomasses of algae, edible algae zooplankton and fish (Figs 9, 10, 11, 14, 15, 18).  
However, Vernon Lake had marginally more zooplankton, more eggs per zooplankton, 
higher rates of zooplankton production and higher biomasses of edible zooplankton 
(Daphnia, Bosmina, H. kenai) (Figs. 11-15).  This was associated with the highest 
recoded rates of Vernon Lake 0+ sockeye growth and production (Figs. 16-18).  Woss 
Lake 0+ sockeye production was lower than expected.  The key factors were likely a 
shorter bloom of Woss Lake Leptocylindrus in the spring and early summer, and the fall 
invasion of stickleback into the Woss Lake pelagic zone.  
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Part 4:  Bottom-up trends 
 
 From the preceding it is pretty clear that the addition of fertilizer usually resulted 
in more fish biomass.  This is especially clear from the relationship between mean 
summer 0+ juvenile net production and mean summer edible algal biomass (Fig. 19).  We 
see that for both lakes, fish production was greater during the fertilized years (solid 
symbols) than during the unfertilized years (open symbols).  Also there was generally 
more edible algae during fertilized years and there was a positive correlation between 
edible algae and net summer production for 0+ juveniles.  
 

Figure 19:  Relationship between total 0+ juvenile production and edible algal biovolume.  Red 
symbols are for Vernon Lake.  Blue symbols are from Woss Lake.  Solid symbols are for 
fertilized years and open symbols are for non-fertilized years. 
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 In Woss and Vernon Lakes, the bottom-up links that support the relationship 
described in figure 19, are also evident in the data. All adjacent trophic level bottom-up 
relationships are positive.  Two are illustrated below.  In Figure 20 we see a positive 
relationship between edible algal biovolume and zooplankton production.  This also 
demonstrates that Vernon Lake zooplankton production was almost always higher than 
Woss Lake production at comparable biomasses of edible algae.  In figure 21 the 
relationship between zooplankton production and mean seasonal sockeye production is 
also positive, but Vernon Lake fish do not produce more biomass at comparable levels of 
zooplankton production. This perhaps reflects the fact that on average, Vernon Lake 
zooplankton comprise higher biomasses of edible species, so that equal biomasses of 
zooplankton from the two lakes do not yield equal biomasses of fish production. In 
summary, Vernon Lake appears have higher levels of ecological efficiency and may be a 
better candidate for fertilization than Woss Lake. 
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Figure 20:  Log-log relationship between mean seasonal (June – October) edible algal 
biovolume and zooplankton production. 
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Figure 21:  Log-log relationship between mean seasonal (June – October) zooplankton 

production and mean seasonal sockeye production. 
 

100

10000

0.1 1.0 10.0

Mean zooplankton production ug/L/d dw

M
e
an
 s
ea
so
na
l s
oc
ke
ye
 

p
ro
du
ct
io
n 
(g
/h
a)

 
 
 
 
 



Part B – Lake Fertilization Report 2006 
 

 31 

Part 5:  General conclusions 
  
During the seven year experiment, Woss Lake was fertilized during 6 years and Vernon 
Lake was fertilized during 3 years.  This is summarized in Table 7. 
 

Table 7:  Fertilized years are indicated with the word yes. Not fertilized is indicated with no. 

 

Year Woss Lake 

 

Vernon Lake 

 

2000 yes no 

2001 yes no 

2002 yes no 

2003 yes no 

2004 no yes 

2005 yes yes 

2006 yes yes 

   

 
The seven year data set leaves no doubt (Table 8) that when either Woss or Vernon Lake 
was fertilized, the general result was much higher algal biomasses and this was associated 
with higher zooplankton biomasses, higher rates of juvenile survival, faster sockeye 
growth rates, larger body sizes at in December, and much higher rates of juvenile 
production.  All of these results agree with what would be expected from the literature 
(Hyatt et al. 2004).  
 

Table 8:   Comparison of seasonal averages for lake years when fertilizer was applied and lake 
years when no fertilizer was applied. Details for the first thee years are provided in McQueen et 
al. (2007) and for the second 3 years in the annual reports posted on the NRMB web site.  
Additional details will follow below 

 

 
Fertilized       
9 lake-years  

Not fertilized   
5 lake-years 

    

Mean algal biovolume mm3 m-3 1664  273 

Mean edible algal biovolume mm3 m-3 493  95 

Mean zooplankton biomass µg/L dw 35  26 

Mean sockeye density per ha 708  678 

Mean percent survival from June to December 96  66 

Mean sockeye weight (g)  in December 3.5  2.4 

Mean sockeye production (g/ha)  in December 1765  822 
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 There are of course some complications and two are important for Woss and 
Vernon Lakes.   
 The first complication is that in some years, fertilization produces the wrong kind 
of algae (defined as algal cells that are too large to be eaten by zooplankton).  Woss 2003, 
and Vernon 2005 are good examples of years when fertilization stimulated the growth of 
large populations of non-edible algae.  In both cases the culprit was a species called 
Rhizosolenia eriensis which looks like a long glass spike, and is much too large for 
zooplankton to eat.  We recognized this problem in year 2002 and since that time we 
have experimented with the formula of the fertilizer used in Woss Lake.  The goal was to 
reduce the nitrogen to phosphorus ratio (N:P) in the fertilizer to a low enough level so 
that we could prevent the growth of Rhizosolenia without promoting the growth of other 
non-edible species such as blue-green algae.  Results from 2004, 2005 and 2006 suggest 
that we have successfully developed a protocol that seems to work well in Woss Lake.  
Vernon Lake, however, will take more time.  We began to fertilize Vernon in 2004.  The 
mixture used in 2005 completely failed and Rhizosolenia bloomed, but we got somewhat 
closer in 2006.  A year or two more will probably be needed to make sure that our 
fertilizer mix is appropriate.  It should be noted here, that most lakes have individual 
characteristics and what works on one may not work in another.  At the species-specific 
level, each lake must be treated separately.  
 A second complication that is applicable to Woss and Vernon lakes, involves the 
sudden appearance of stickleback in Woss Lake.  From the outset we knew from 
historical data, that Woss Lake was capable of producing large populations of 
stickleback, however between 2000-05, they were never observed in the open water.  
Then unexpectedly in the November 2006, a stickleback population equal to the 
population of juvenile sockeye appeared in the pelagic zone (Table 6).  Because they 
appeared late in the season and because they were not large-bodied, we have estimated 
their net production (Fig. 18) to be substantially less than for sockeye. Stickleback 
stomachs are now being processed and we will soon be able to estimate consumption 
rates.  Based on experience in other lakes, we expect that they will eat the same 
zooplankton as juvenile sockeye and will therefore have been important fall competitors 
(Greenbank and Nelson 1959) .  This may explain the slightly lower than expected 
growth rates observed for 2006 Woss Lake sockeye.  Our expectation is that the 
sticklebacks observed during the fall of 2006, were adults that they will not survive 
through the spring or 2007.  However, they may be followed by a new generation that 
will compete with sockeye during 2007.  There is no way to deal with this situation 
except to monitor closely to see whether the stickleback population begins to adversely 
effect the zooplankton availability and sockeye production. 
 In addition to the two complications noted above, there remains the problem of 
marine survival.  At Woss and Vernon Lakes, we must ask whether marine survival 
greater for fertilizer-enhanced sockeye smolts.  At the moment the answer is that we 
don’t know.   We know that that fertilization was associated with larger December fry 
weights, but were these larger fall fry associated with higher escapements 4+ years later?  
Age data from 2002 and 2004 suggest that about 75% of the Nimpkish River sockeye 
return as 4.2s (1.2s) and the rest as 5.2s (1.3s).  Therefore, brood year 1999 juveniles 
would over-summer as the lake was fertilized in 2000 and most would be expected to 
return in 2003.   If we assume that the 75:25 ratio applies to all years we should be able to 
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plot escapement number in year x against juvenile weight in measured in December in 
year x-3 (i.e escapement year 2003 plotted against December weight in 2000).  The 
expectation would be that higher escapement would be associated with larger December 
fry.   The problem is that we don’t have escapement data for Woss Lake, only for the 
Nimpkish River as a whole.  Therefore we must use Woss fry densities in year y as a 
surrogate for escapement in year y-1.  This means that we must plot fry density in year x-
4 against December fry weight in year x (i.e. fry density in year 2004 against  December 
weight in 2000).  
 For both Woss and Vernon lakes there is no relationship (Fig. 22) between fry 
density in year x and December weight four years earlier in year x-4.   Given that the 
experiment has run for 7 years it was possible to plot only 3 data points from each lake. 
Woss Lake was fertilized during 2000, 2001 and 2002 and associated fry densities were 
recorded during 2004, 2005 and 2006.  Vernon Lake was not fertilized until 2004 so all 
data are for the unfertilized state. It is pretty clear that a three year data set cannot be 
expected to reveal much information.  Marine survival can vary for many reasons, and 
the literature predicts that a 1 g change in fall fry weight can change marine survival by 
about 14% (Hyatt et al. 2004).  Since fertilized vs unfertilized December weights change 
only by 1-1.5 g (Fig. 17), we can expect that effects on marine survival will be relatively 
limited (14-21%) and quite a bit of additional data will be needed to determine whether 
fertilization really does increase marine survival for Woss and Vernon sockeye. This is 
discussed in the section title “recommendations for the future”.  
 

Figure 22: Mean summer fry density in year x with respect to December fry weight four years 
earlier in year x-4.  The dates shown for the Woss data are the years when December juvenile 
weights were measured. 
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Lake Fertilizer Application to Woss and Vernon Lakes – 2006 

 

Submitted by: H. Nelson – Gwani Hatchery 
 
Members of the hatchery staff were involved in the application of the Fertilizer that was 
prescribed for the two lakes by Kim Hyatt, Fisheries & Oceans and Don McQueen, 
professor, York University. Each week two applications were done. This entailed towing 
a herring skiff to the Woss Lake and launching the boat at a site adjacent to a tank farm. 
Fertilizer was gravity fed from the larger tanks into a smaller tank on the boat. The staff 
then drove the boat around the lake pumping the fertilizer from a small pump into the 
lake. The fertilizer is dispersed by the action of the propeller. Fertilizing the Woss Lake 
required two tank fills for the boat.  
 
Fertilizing the Vernon Lake required filling a tank on the back of the truck from the tank 
farm. The fertilizer was transported to Vernon Lake in the truck with the boat in tow. The 
boat was launched at the Vernon Lake. Fertilizer stored in the tank of the truck was then 
gravity fed into the tank of the boat.  After the tank was loaded the boat was driven 
around the lake, pumping the fertilizer into the lake.  
 
Strict adherence to the fertilizer schedule outlined by Don McQueen was followed. One 
minor problem, a temporary breakdown to the 150hp outboard motor, was remedied by 
borrowing a boat from the Namgis Band’s other program. Another minor irritant was the 
occasional flat tire experienced by the off-road mileage covered during the fertilization 
program.   
 
The Hatchery staff fulfilled its role in the Lake Fertilization Project, which was the 
application of the fertilizer to the lakes. The studies and results of the fertilization 
program is the responsibility of the scientists Kim Hyatt and Don McQueen. 
The financial aspects of the program are the responsibility of the NRMB coordinator 
Doug McCorquodale and H. Nelson. Their reports will be presented in the NRMB 
Annual General Meeting.    
 
 
Following is a table of the schedule and cost to apply the fertilizer to both Woss and 
Vernon Lakes. 
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2006  
Activity

Trip 
Number

Fertilizer 
Date

Litres 
per day

#  
Crew  

Rate/ 
Merc. Hrs

Total 
Labour

Vehicle 
Cost

Boat& 
Motor 
Cost

Total 
Expenses Comments

Lead 25 37 925 925 1 hour per day supervision
Preparation 2 days 2 17.63 32 564.16 240 804.16 Woss- before and after/prep. Time
Delivery 2 days 1 17.63 16 282.08 240 522.08  deliveries guide, clean and lockup

4 Thursday May 18/06 1811 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
5 Tuesday May 23/06 1811 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
6 Friday 1811 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
7 Tuesday May 30/06 1811 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
8 Friday 1811 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
9 Tuesday Jun 06/06 1811 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
10 Friday 1811 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
11 Tuesday Jun 13/06 1811 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
12 Friday 1811 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
13 Tuesday Jun 20/06 1811 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
14 Friday 1811 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
15 Tuesday Jun 27/06 1811 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
16 Friday 1811 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
17 Tuesday Jul 04/06 1811 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
18 Friday 1811 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
19 Tuesday Jul 11/06 1948 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
20 Friday 1948 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
21 Tuesday Jul 18/06 1948 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
22 Friday 1948 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
23 Tuesday Jul 25/06 1948 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
24 Friday 1948 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
25 Tuesday Aug 01/06 1948 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
26 Friday 1948 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
27 Tuesday Aug 08/06 1948 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
28 Friday 1948 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
29 Tuesday Aug 15/06 1948 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
30 Friday 1948 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
31 Tuesday Aug 22/06 1948 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
32 Friday 1948 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
33 Monday Aug 28/06 1948 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people
34 Thursday Aug 31/06 1948 2 17.63 28 493.64 120 120 733.64 Approx. 14 hrs/day x 2 people

Totals 58333 953 17074.1 4200 3720 24994.08

 
 


