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ABSTRACT

Hyatt, K.D., McQueen, D.J., Rankin, P.O., Hanslit, B., Sutey, S., Carey, E., Nelson, H.,
and Svanvik, B. 2004. Lake fertilization and enhanced growth of juvenile
sockeye salmon at Woss Lake, British Columbia: a food web analysis. Can.
Manuscr. Rep. Fish. Aquat. Sci. 2689: 169 p.

Our objective was to determine whether whole-lake fertilization (years 2000 - 03)
of Woss Lake (Vancouver Island), could reliably increase the production of juvenile
sockeye salmon by altering their growth and/or survival. Vernon Lake was maintained
as an unfertilized control. Our approach was to quantify changes in the phytoplankton
taxa, calculate production and consumption for zooplankton species, calculate growth
and production for juvenile sockeye and then to calculate the species-specific
consumption rates of sockeye on each of the major zooplankton taxa. We used these
data to estimate the proportigf of species-specific zooplankton production and standing
stock consumed by sockeye,)We found that because Woss Lake (fertilized) fish
densities were low «1000 ha-1

), juvenile sockeye consumed very little of the available
zooplankton and had no density dependent effects on zooplankton biomass. Also
because Woss Lake was subject to blooms of Rhizosolenia, an algae that is large and
ungrazable, <20% of the algal production was available to zooplankton, and < 0.1 % of
the fertilizer added to Woss Lake, was incorporated into fish biomass. On the other
hand, even that small amount of fertilizer stimulated an additional 3-19 % (depending on
year) increase in sockeye production. This translated into 69 kg of additional 0+
sockeye production in 2000, 114 kg in 2001, 399 kg in 2002 and 206 kg in 2003. Given
the unused zooplankton production capacity that was generated by fertilization, 0+
sockeye production could have been 2-3 times greater had the fish densities been
greater. Recommendations for future sockeye population restoration in Woss Lake
include: (1) Resumption of the Woss Lake fertilization program in 2005, using a low N:P
ratio fertilizer mix designed to increase primary production while reducing the chances
of Rhizosolenia blooms, and (2) stocking 2,000,000 sockeye fry from the Gwa'ni
Hatchery, in order to take advantage of the anticipated increases in primary production.
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RESUME

Hyatt, K.D., McQueen, D.J., Rankin, P.O., Hanslit, B., Sutey, S., Carey, E., Nelson, H.,
and Svanvik, B. 2004. Lake fertilization and enhanced growth of juvenile
sockeye salmon at Woss Lake, British Columbia: a food web analysis. Can.
Manuscr. Rep. Fish. Aquat. Sci. 2689: 169 p.

Notre objectif etait de determiner si la fertilisation panlacustre (de 2000 a2003)
du lac Woss (lie de Vancouver) pouvait de fagon fiable faire augmenter la production de
saumons rouges juveniles en modifiant leur taux de croissance eVou de survie. Le lac
Vernon a servi de site temoin non fertilise. Notre approche consistait aquantifier les
modifications survenues dans les taxons phytoplanctoniques, acalculer la production et
la consommation des especes zooplanctoniques, acalculer Ie taux de croissance et de
production des saumons rouges juveniles, puis acalculer Ie taux de consommation,
specifique aI'espace, de chacun des principaux taxons zooplanctoniques par les
saumons rouges. Apartir de ces donnees, nous avons estime la proportion de la
production et de la biomasse zooplanctonique (au niveau de I'espace) consommee par
les saumons rouges. Nous avons decouvert que, les densites de poissons dans Ie lac
Woss (fertilise) etant faibles «1000 ha-\ les saumons rouges juveniles consommaient
une tras petite quantite du zooplancton disponible et n'avaient pas d'effets dependants
de la densite sur la biomasse zooplanctonique. En outre, Ie lac Woss etant soumis a
des efflorescences de Rhizosolenia, une algue de grande taille qui n'est pas broutable,
< 20 % de la production algale etait ala disposition du zooplancton, et < 0,1 % de
I'engrais s'incorporait a la biomasse ichtyenne. Par ailleurs, meme ace faible niveau,
I'apport d'engrais a suscite une augmentation de 3-19 % (selon I'annee) de la
production de saumons rouges, ce qui s'est traduit par un accroissement de la
production de saumons rouges d'age 0+ de 69 kg en 2000, de 114 kg en 2001, de
399 kg en 2002 et de 206 kg en 2003. Etant donne la capacite de production
zooplanctonique inutilisee qui a ete generee par la fertilisation, la production de
saumons rouges d'age 0+ aurait pu etre 2 a3 fois plus elevee si les densites de
poiss()ns avaient ete superieures. Des recommandations sont presentees pour Ie
retablissement futur de la population de saumons rouges dans Ie lac Woss : (1) reprise
du programme de fertilisation du lac Woss en 2005, a I'aide d'un engrais a faible rapport
N:P visant aaccroltre la production primaire tout en reduisant les risques
d'efflorescence de Rhizosolenia, et (2) ensemencement de 2 000 000 d'alevins de
saumons rouges provenant de I'ecloserie Gwa'ni, afin de tirer parti de I'augmentation
prevue de la production primaire.



INTRODUCTION

Almost 50 years ago, Foerster (1968) suggested that observed declines in
sockeye salmon populations might be explained in part, by the "smaller amounts of
phosphorus introduced into a lake in the carcasses of fewer sockeye spawners". In
accordance with this observation, a group of scientists from the Pacific Biological
Station at Nanaimo, and the University of British Columbia; began the 1969 enrichment
of Great Central Lake, Vancouver Island, BC. This large-scale experiment was based
on the assertion (Barraclough and Robinson 1972), that "Decomposing bodies of
anadromous fish, such as sockeye salmon (Oncorhynchus nerka) contribute to the
fertilization of nursery lakes following spawning in the lake." ... "removal of maturing
sockeye by the commercial fishery may deny lake waters of their essential nutrients and
con1ribute to lowered productivity". The objective of the Great Central Lake (GCL),
experiment was to test the hypothesis that artificial fertilization could replace the
sockeye carcasses removed by the commercial fishery. The results after the first year
of fertilization (1970) appeared to be very positive (Parsons et al. 1972, LeBrasseur and
Kennedy 1972, Barraclough and Robinson 1972). This led to the continued fertilization
of GCL, and in 1977, contributed to the establishment of a large-scale Lake Enrichment
Program (LEP - sponsored by Canada's Salmonid Enhancement Program), which
began with six lakes and grew through the late 1970s, 1980s and early 1990s to include
17 sockeye nursery lakes (Hilborn and Winton 1993). Published results from these
studies are summarized in the pages that follow. Extensive nursery lake fertilization
work was also ongoing in Alaska. During 1979, the Division of Fisheries Rehabilitation,
Enhancement, and Development (FRED), a section of the Alaska Department of Fish
and Game, initiated a nutrient enrichment and fry outplanting program that included 16
Lakes (Kyle et al. 1987). Results from these experiments are summarized in the pages
that follow. Finally, in more recent times, support to both LEP and FRED has declined,
but the potential importance of lake fertilization has been recognized by other
government agencies and NGOs, and the work has been extended to include lake
fertilizations to enhance kokanee populations in British Columbia (Ashley et al. 1999,
Pieters "et al. 2002), and a sockeye nursery lake fertilization in Idaho.

FOOD WEB THEORY

Lake fertilization theory is based on two assumptions (Nelson and Edmonson
1955). The first assumption is that the size and survival advantages gained by fry
originating from fertilized lakes, can be successfully carried into the marine
environment, thus ensuring increa~ed escapement. Ricker (1962) showed that over a
broad geographical range, there was a positive relationship between sockeye smolt
length and marine survival, and similar relationships have also been demonstrated for
sockeye from the Karluk River (Barnaby 1944) and Cultus Lake (Foerster 1954). The
question is, do these general patterns apply to sockeye nursery lakes, where artificial
fertilization is supposed to increase smolt sizes? The second assumption is that the
pelagic ~ones of lakes are primarily donor-controlled systems, and that substantial
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Figure 4. Cumulative total fertilizer (kg) added to Woss Lake during 2000 - 03.
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Figure 12. Total algal biovolumes in Woss and Vernon Lakes.



118

• Woss mean biovolume

III Vernon mean biovolume

o

(V) 2500 -,--------------------,
'E

(V)

~ 2000
Q)

E
:::l 1500
o
>o
:0 1000co
:::l
c::
c::
~ 500
co
Q)

::2:

2000 2001 2002 2003

Figure 13. Mean annual algal biovolumes (May - October) in Woss and Vernon Lakes.



119

7-0ct6-Aug5-Jun

2000

11III Rhizosolenia

iii Non-Rhizosolenia

8000 -,------------------,

6000

4000

2000

O-l----.,.--~~~

4-Apr

8000 -,-------------------,
2001

6000

4000 11III Rhizosolenia

iii Non-Rhizosolenia
2000

7-0ct

11III Rhizosolenia

iii Non-Rhizosolenia

6-Aug5-Jun

2002
8000 -,-----------------,

6000

4000

2000

O+-­

4-Apr

'?E 8000

(V)E 6000
E
~ 4000
:::l

~ 2000
.2
((l 0

4-Apr

2003

5-Jun

11III Rhizosolenia

III Non-Rhizosolenia

6-Aug 7-0ct

Figure 14. Woss Lake total algal biovolumes divided into Rhizosolenia biovolumes and
summed biovolumes of all remaining algal taxa.



120

10000
2000 -e-Woss

1000 -&- Vernon

100

10
4-Apr 5-Jun 6-Aug 7-0ct

10000
2001

-e-Woss
1000

-&-Vernon

100

10
4-Apr 5-Jun 6-Aug 7-0ct

10000
2002 -e-Woss

1000 -&- Vernon

100

10
4-Apr 5-Jun 6-Aug 7-0ct

10000Q)

E 2003 -e-Woss::J
0'7 1000> E -&-Vernon0
.- C")

.c E
Q) E 100.c

'"C
W

10
4-Apr 5-Jun 6-Aug 7-0ct
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biomass.
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Figure 57. Year 2001 Vernon Lake edible zooplankton biomass (bars) and daily
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open symbol). The two additional % biomass consumption lines, are for O. nerka
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populations comprising 85 % 0+ sockeye and 15 % kokanee and 70 % 0+ sockeye and
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