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ABSTRACT 
Lake trout Sulvelinus numuycush eggs and milt were taken from fish in Seven Mile Lake during early September, 
1995. After the eggs were fertilized and water hardened for 1.5 h, they were transported to Donnelly Lake and 
placed into artificial spawning substrates at two different water depths and two different substrate configurations by 
scuba divers. Artificial substrates were constructed of layers of AstroTurfTM sandwiched within wooden frames. 
The number oE eggs placed into each substrate layer was estimated volumetrically. In early July of 1996, the 
substrates were retrieved by scuba divers, and the numbers of dead, unhatched lake trout eggs in each substrate 
were counted. Percent survival to hatching was estimated by subtracting the number of dead eggs in each layer 
from the estimated number of live eggs originally placed into each layer. Overall hatching success was estimated 
at 43.4% (SE = 2.2 'YO), as compared with 72.7% for the same egg lot incubated in a hatchery. 

Key words: artificial incubation substrates, artificial turf, lake trout Sulvelinus numuycush, hatching success. 

INTRODUCTION 
Lake trout occur naturally in a number of higher altitude, oligotrophic lakes in interior Alaska. 
These populations tend to be relatively sparse, and lake trout in these lakes relatively slow 
growing compared with populations in more temperate areas (Martin and Olver 1980). Increases 
in the harvest of lake trout from several of these lakes during the late 1980s combined with stable 
or increasing effort during the early 1990s (Mills 1986 - 1994, Howe et al. 1995) lead to 
concerns over lake trout population abundance. These concerns lead to the implementation of 
restrictive regulations in several of these lakes over the past several years. 

In an effort to diversifjr fishing opportunity, and to divert effort from wild stocks, the Alaska 
Department of Fish and Game (ADF&G) stocking program has stocked lake trout annually into 
many lakes and ponds in the interior which contain no indigenous stocks of lake trout. Many of 
these lakes do not contain substrate suitable for lake trout spawning, and are not likely to develop 
naturally-reproducing populations of lake trout. Therefore, annual stockings of fingerlings are 
required in order to maintain a population that can support a sport fishery. The costs associated 
with providing these lakes with a yearly cohort of lake trout could be substantially reduced if 
these lakes could be planted with fertilized, water-hardened eggs (instead of with fingerling lake 
trout), and if these eggs have a high proportion of successfbl hatching. 

While many factors influence the productivity of lake trout in these lakes, survival of eggs from 
spawning to hatching may be limited due to lack of suitable spawning habitat (Marsden and 
Krueger 1991) and/or egg predation (Wagner 1992, Martin and Olver 1980). It is likely that 
annual recruitment of lake trout could be increased by increasing the survival of eggs to the fiy 
stage. The survival of eyed lake trout eggs planted directly onto spawning reefs has been found 
to be extremely low (1.8% or less) in Lake Michigan (Wagner 1992), however, lake trout have 
been successhlly hatched in artificial substrates in Lake Superior, with hatching success rates of 
70 to 90% (Swanson 1982). This study was undertaken to attempt to determine the hatching 
success rate of fertilized, water-hardened lake trout eggs placed into artificial substrates at 
different depths and in different configurations of artificial spawning substrates in Donnelly Lake. 

Donnelly Lake does not contain a natural population of lake trout, and therefore, survival from 
the fry stage to fish of sufficient size to recruit to sampling gear should be quantifiable. Donnelly 
Lake also appears to contain substrates suitable for lake trout spawning, so it is possible that a 
naturally-reproducing population of lake trout could be established by having fry emerge from 
artificial substrates placed over suitable spawning habitat, since several studies have found 



considerable evidence that lake trout return to their natal reef to spawn (Eschmeyer 1955, Martin 
1957, Loftus 1958, Rahrer 1968, Swanson 1974), and that lake trout imprint on the reef on which 
they emerged from very early in life (Horrall 198 1). 

The objectives of this study were: 

1 .  to estimate the proportion of lake trout eggs that successhlly hatch from artificial 
substrates placed into Donnelly Lake at two different depths and with two different 
numbers of layers per substrate; and, 

2. to test the hypothesis (€I,,), that the proportion of lake trout eggs that successhlly hatch 
from artificial substrates placed at differing depths and/or from substrates having different 
numbers of layers per substrate will be equal, versus the alternative hypothesis (Ha), that 
the proportions of lake trout eggs that successfully hatch fkom artificial substrates placed 
at differing depths and/or from substrates having different numbers of layers per substrate 
are not the equal. This experiment should be able to detect a difference in the proportion 
of eggs successhlly hatching of 15 percentage points 80 percent of the time. 

METHODS 
Artificial substrates were constructed consisting of four or eight sheets of A s t r o T u p  (two or 
four layers of two sheets each) sandwiched together in a wooden frame (Figure 1). Sheets of 
A s t r o T u P  were 30.5 cm wide by 91.5 cm long, and were positioned such that each layer 
consisted of two sheets with the turf sides facing each other. Wooden frames were constructed to 
hold the layers in place with as little as possible movement of the A s t r o T u p  sheets and as much 
possible water flow through and around the layers. 

During early September, 1995, lake trout eggs and milt were taken from lake trout captured as 
part of the hatchery egg-take scheduled for Seven Mile Lake. After fertilization at Seven Mile 
Lake, the eggs were allowed to water harden for 1.5 h, and were then transported in jars inside 
coolers filled with lake water to Donnelly Lake. Lake trout eggs were loaded into four-liter jars 
in the order that the fish were spawned until each jar was three quarters full. Each jar contained 
the eggs and milt from approximately 12 females and 12 males. 

Artificial substrates were loaded with fertilized, water hardened, lake trout eggs at Donnelly Lake, 
and placed at depth by divers. Artificial substrates were suspended 20 cm above the lake bottom, 
over substrates suitable for lake trout spawning (mixed cobble/gravel). Substrates were anchored 
with steel anchors and equipped with floats to maintain the position of the substrates relative to 
the lake bottom. Three replicates of two and four layers each were placed at depths of 2.5 m and 
4.0 m, resulting in a total of 12 substrates containing a total of 36 layers. 

A numbers-to-volume ratio for lake trout eggs used in the experiment was developed by counting 
the number of water-hardened lake trout eggs contained in a volume of 25 ml, measured in a 
graduated cylinder. For each volume of eggs counted, the number of dead eggs was also 
recorded. The total number of eggs and the number of dead eggs were counted for each of six 
different sets of this same volume of water hardened lake trout eggs. After this number-to- 
volume ratio was determined, 90 ml of eggs were placed in each layer of each substrate. All eggs 
placed into substrate replicates placed at 2.5 m water depth were taken from egg jar number one. 
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Figure 1.-Diagramatic representation of lake trout egg incubation substrate showing 
frame (top) and AstroTurfTM layers (bottom). 
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After these substrates (2.5 m deep) were placed, it became apparent that the lake trout eggs in the 
jars were still taking on water, and increasing in volume. Because of this, the remaining eggs in 
jar number one were not used. Before beginning to place eggs into the substrates to be placed at 
4.0 m depth, a numbers-to-volume ratio was developed for the eggs in jar number two. The total 
number of eggs and the number of dead eggs were counted and recorded from six different sets of 
25 ml of eggs taken from jar number two. All eggs loaded into substrates to be placed at 4.0 m 
deep were taken from jar number two. The number of eggs originally placed into each layer was 
estimated as the average number of live eggdm1 minus the average number of dead eggs/ ml 
(calculated for each jar) times the number of ml of eggs placed into each layer (90). 

Substrates were recovered by divers during early July, 1996. The dead eggs remaining in each 
layer of each substrate were counted and the number recorded. The difference between the 
number of live eggs estimated to have been placed in each layer of the substrates in the fall and 
the number of dead eggs counted the following summer was assumed to be the number of eggs 
successfblly hatched from each layer of each substrate. 

Eggs and layers were distributed for a two-way factorial design in the following manner, resulting 
in a estimated total of 16,596 eggs for the entire experiment. 

Depth 1 Depth 2 

2 Layers 3 Replicates (2,904 eggs) 3 Replicates (2,628 eggs) 

4 Layers 3 Replicates (5,808 eggs) 3 Replicates (5,256 eggs) 

The estimated proportion of successfblly hatched eggs from each substrate was calculated as: 

K - M  
K 

Ph =- 

the estimated proportion of lake trout eggs successhlly hatching from a 
substrate; 

the estimated number of eggs placed into the artificial substrate; and, 

the number of unhatched eggs counted after the substrates were 
recovered. 

- where Ph - 

- - K 
M =  

Analysis of variance was used on the proportions to examine the effects of depth and number of 
layers on hatching success. This experiment was a completely randomized design with a factorial 
treatment arrangement, and all treatments are considered fixed. The model used was: 

where: Yijk = the estimated proportion of successfblly hatched eggs from the k" replicate 
substrate, placed at the i" depth level with j" number of layers ; 
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P = overall mean hatching success rate of all treatments; 

Di = effect of the ifh depth; 

Lj 

DLij 

eijk 

= effect of the j” number of layers; 

= effect of the interaction of the I depth and the J number of layers; 
= error of the k* replicate substrate, placed at the i* depth level with j* number 

of layers. 

.* .* 

RESULTS AND DISCUSSION 
Estimated rates of hatching success from individual substrates ranged from just over 24% to just 
under 53% (Appendix A). The average rate of hatching success from all substrates was 43.4 ‘YO 
(SE = 2.2%). There were no significant differences in the estimated proportions of eggs hatching 
from substrates at different depths (F = 1.63, p = 0.21) or in the estimated proportions of eggs 
hatching from substrates having differing numbers of layers (F = 0.17, p = 0.68), so the null 
hypothesis in objective number one is not rejected. There was a statistically significant interaction 
between the effects of depth and number of layers (F = 5.13, p = 0.03), however, there is no 
reason to believe that this interaction is biologically significant. 

The error associated with the estimates of the proportion of successfblly hatched eggs from 
individual layers within each substrate arise from the error in estimating the total number of eggs 
originally placed in each substrate, and the error in estimating the number of dead eggs originally 
placed in each substrate. The 95% confidence intervals for the number of live eggs placed into 
each layer of each substrate was from 441 to 473 for substrates placed at 2.5 m, and from 406 to 
432 for substrates placed at 4.0 m (Table 1). This uncertainty translates into 95% confidence 
intervals for the percentages of successfidly hatched eggs (from each layer within each substrate) 
with a lower bound as low as 0.63 % and an upper bound as high as 1.83 % (Appendix A). 

The overall average proportion of successfbl hatching is substantially less than the 72.7 YO 
hatching success observed from the same eggs that were hatched at Clear Hatchery. It is possible 
that the substrates were placed in Donnelly Lake at depths that were too deep to allow for wave 
action to maintain water circulation through the substrates prior to freeze-up. Natural spawning 
beds at Seven Mile Lake and Paxson Lake are in water generally less than 2 m (J. Burr, Alaska 
Department of Fish and Game, Fairbanks, personal communication). Other studies outside of 
Alaska, however, have reported lake trout spawning in depths from 0.2 m to 61 m (Martin and 
Olver 1980). It is also possible that water quality parameters (such as dissolved oxygen content 
during ice cover) at Donnelly Lake may only be marginally suitable for lake trout egg incubation. 

The hatching success rates observed in this study are also much lower than those achieved by 
Swanson (1 982) in Lake Superior, who observed rates of 70 to 90 %. Artificial substrates used in 
Lake Superior are placed at a depth of 13.5 m, over a spawning reef that is in an area of very 
strong currents, which would provide oxygenated water to the eggs during incubation. 

Although hatching success rates were not as high in this experiment as in the hatchery or in other 
studies, the costs of providing lake trout plantings by this method are extremely low in 
comparison to hatchery costs. The additional potential benefit of stocking fertilized eggs instead 
of fingerling fish from a hatchery has to do with the homing instinct and fidelity to spawning sites 
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Table 1.-Results of volumetric estimation from lake trout eggs placed into artificial 
incubation substrates at Donnelly Lake, Alaska. 

~~~~ ~ 

Jar Number One (eggs placed into substrates at 2.5 m deep). 
ml of eggs # of eggs dead eggs Jar # 1 Average Number of Eggd25 ml 134.33 

25 139 5 Jar # 1 S. E. of Average Number of Eggd25 ml 1.41 

25 136 7 Jar # 1 Estimated Number of Eggs/ ml 5.37 

25 135 9 Jar # 1 Average Number of Dead Eggd25 ml 7.33 

25 132 7 Jar # 1 S.E. of Average Number of Dead Eggs/25 ml 0.76 

25 129 6 Jar # 1 Estimated Number of Dead Eggdm1 0.29 

25 135 10 Jar # 1 Estimated Total Number of Eggshyer  483.60 

Jar # 1 Estimated Number of Dead Eggshyer  

Jar # 1 95% CI Dead eggaayer  

Jar # 1 Estimated Number of Live Eggskayer 

Jar # 1 95% CI Live Eggshyer 

26.40 

5.51 

457.20 

+ or - 15.72 

Jar Number Two (eggs placed into substrates at 4.0 m deep). 

ml of eggs # of eggs dead eggs Jar # 2 Average Number of Eggs/ 25 ml 

25 121 3 Jar # 2 S. E. of Average Number of Eggd25 ml 

25 118 7 Jar # 2 Estimated Number of Eggs/ ml 

25 122 5 Jar # 2 Average Number of Dead Eggs/25 ml 

25 126 6 Jar # 2 S.E. of Average Number of Dead Eggd25 ml 

25 119 5 Jar # 2 Estimated Number of Dead Eggdml 

25 124 6 Jar # 2 Estimated Total Number of Eggfiayer 

Jar # 2 Estimated Number of Dead EggdLayer 

Jar # 2 Estimated Number of Dead EggsLayer 

Jar # 2 95% CI Dead eggshyer  

Jar # 2 Estimated Number of Live EggsLayer 

Jar # 2 95% CI Live Eggdlayer + or 

121.67 

1.23 

4.87 

5.33 

0.56 

0.21 

438.00 

19.20 

19.20 

4.05 

418.80 

12.96 
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that have been shown in lake trout. If fertilized eggs can be planted over either existing, or 
artificially created, spawning substrates, there is a much greater likelihood of establishing a 
spawning population in a lake than simply by stocking fingerling fish into the lake. 

Future studies of hatching success from lake trout eggs planted in artificial incubation substrates 
should examine the estimated hatching success rates fiom substrates placed in water less than 2 m, 
and from substrates placed over known spawning substrates. Future studies could also reduce the 
error associated with the volumetric estimation of the number of eggs originally placed into 
substrates by either allowing the eggs to absorb water longer prior to conducting volumetric trials, 
or by the much more time consuming method of counting the live eggs placed into each substrate. 
Alternatively, a completely randomized block design could be use by allocating groups of eggs to 
treatments (i.e. volumetrically measure out four units of eggs and randomly assign each to a 
treatment as a block). Long-term studies should also investigate the success of establishing new 
spawning sites by placing substrates over suitable natural substrates that are not currently 
spawning sites in lakes were lake trout already spawn at other locations. These locations could 
then be monitored five to seven years later for the presence of spawning lake trout. 

The long term success of this experiment will be examined by the ongoing periodic evaluation of 
the stocking program at Donnelly Lake, which involves test netting with @ke traps and gill-nets. 
Donnelly Lake has never been stocked with lake trout and does not contain natural stocks of lake 
trout. If lake trout of sufficient size to recruit to the gear used in evaluations are captured, that 
will confirm that at least some fish survived from beyond hatching. 
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