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Survival and development of lake trout (SalveEinus narnaycush) embryos from L223 in the Experimental Lakes 
Area, northwestern Ontario, were evaluated from 1979 (pH 5.6) to 7 982 (pH 5.1). Survival of L223 embryos was 
not significantly correlated to lake pH during experimental acidification. Also, embryo mortality in L223 was not 
significantly different from that of lake trout embryos in two reference lakes, b224 and L468. Survival of L223 
embryos was not improved when they were incubated in nonacidified lakes. Embryo mortality was highest in all 
lakes (33-81 %) within 15 d of fertilization. Mortality was negligible from Day 15 until the termination of the 
seasonal observations (Bay 12U or 150). High variability in embryo survival existed between individual females 
within a single lake. The mean sine of eggs from L223 lake trout decreased significantly from 1979 to 1982. 
Recruitment failures occurred in L223 from 1 986 to 1 982. We hypothesize that lake trout recruitment failure in 
L223 occurred between the posthatching period (spring) and actual recruitment into the population as ysung-of- 
the-year (fall) and that embryo mortality in this lake was not critical to population recruitment, 

La survie et le developpement d'embryons de touladis (Salvelinus namaycush) du lac L223 dans la Experimental 
Lakes Area (none de lacs experirarentaux) du nord-ouest de I10ntaris, csnt 6t6 6valu6s entre 1979 CpH 5,6) et 1982 
(pH 5,1). La survie des embryons du L223 n'a pas present6 de correlation significative avec le pH du lac au cours 
de ['acidification exp6rirnentale. De plus, la mortalit6 des embryons dans L223 n'etait pas significativement 
differente de celle des enibryons de touladis dans deux lacs de rkference, L224 et L468. La survie des embryons 
de L223 n'a pas kt6 ani6lioree lorsqu'ils ont 6te incubes dans des lacs non acidifies. La mortalit6 des embryons 
etait la plus 6levke dans tous les lacs (33-81 %I dans les 15 d suivants la fertilisation. La mortalite etait negligeable 
du jour 15 jusqu'a %a fin des observations saisonnieres (jour 120 ou 150). Les femelles d'un seul lac snt present6 
une grande variabilite dans la survie des embryons. La taille moyenne des oeufs du touladi du L223 a dirninu6 
de facon significative entre 1979 et 7 982. Dans L223, un 6chec du recrutement a 6te observ6 entre 1980 et 1982. 
Nous posons Ithypothese que I'echec dee recrutement de tokeladis dans L223 a lieu entre la periode skeivant 
If6closion (printemps) et I'arrivee dans la population sokes forme de jeunes de Ifannee (recrues 2 I'aketornne) et 
que la mortalit6 des embryons dans ce lac n'a pas d'effet sur le nombre de recrues. 
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T he acidification of many North American freshwater lakes 
and rivers has Bed to the extinction of many indigenous 
fish populations (Beamish 1974; Beamish et al. 1975; 

Schofield 1976; Harvey and Lee 1982). Reduced population 
size has usually been due to decreased recruitment into the pop- 
ulation rather than to increased adult mortality (Beamish 1974; 
Haines 198 1). However, in some extreme instances increased 
adult mortality may also be a contributing factor (Rossland et 
a%. 1986; Mills et aH. 1987). 

Recruitment failures in acid-stressed Bakes have been attrib- 
uted to several sensitive processes, i . e. decreased egg produc- 
tion (Craig and Baksi 1977; McCormick et al. 19801, increased 
embryonic and/or fry mortality (Beamish 1974; Leivestad et al. 
1976; Schofield 1976; Daye and Garside 1977; Lacroix 1985; 
Hunn et al. 1987; Mount et al. 1988), md increased posthatch- 
ing mortality (Trojnar 1977; Daye and Garside 1977; Van Win- 
kle et al. 1986; Gunn 1986). In general, the order of sensitivity 
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to acid stress is thought to be egg production, fry survivaI, fry 
and embryonic growth, and egg fertility (Zischke et al. 1983). 

Gunn (1986) suggested that for lake trout (%a&ve&itzus nafnay- 
cush) the most sensitive period is immediately following hatch- 
ing when the fry are vulnerable to depressed-pH spring runoff. 
Kennedy (1980), on the other hand, reported many embryol- 
ogical failures shortly after egg fertilization (within 15 d) in an 
acid-stressed (pH 5.8) lake trout population and predicted sub- 
sequent recruitment failures. However, sensitivity to low pH 
varies among species and among individuals of one species 
(Mount et al. 1888). Lacrolx (1985) stated that critical pH levels 
were often site specific and related to ambient water quality. 

We initiated this study in 1978 to confirm the initial results 
of Kennedy (1980) for lake trout from acidified Lake 223 of 
the Experimental Lakes Area and to determine whether we 
could correlate population recruitment failures, as indicated by 
both the Jolly-Seber model and catch-per-unit-effort (CPUE) 
(Mills 1984; Mills et al. 1987), with increased mortality of lake 
trout embryos in this lake. We addressed three individual 
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TABLE 1 .  Mean open-water epifimnetie pH values for Lakes 223, 224, and 468 pior to and during 
experimental acidification of L223. A: Mean open water epilirnnetic pH, B: pH on Day 0 of experiment 
(day of fertilization), CAme weighted mean pH for whole incubation period (Day O to 150). 

Year 

Lake 1973 I974 1975 19'76 1977 1978 1979 1980 1981 1982 

hypotheses: (I) mortality of eggs in incubators was linked to 
y e a  class success in an acidified lake, (2) mortality of eggs in 
incubators was directly correlated with level of acidity, and (3) 
if (2) occurred then increased mortality would occur between 
the egg stage and the swim-up fry stage. With respect to the 
latter, we felt that identifying the most sensitive stage of embry- 
onic development could ?x useful in designing short-term amel- 
ioration strategies such as liming. 

Materials and Methods 

Lake trout eggs were obtained from thee different popula- 
tions in the Experimental Lakes Area, northwestern Ontario 
(Cleugh md Hauser 1971): Lake 223 (L223), Lake 224 (L224), 
and Lake 468 (U68). Lake 223 had been experimentally acid- 
ified starting in 1976 (pH 6.7) (Cruikshank 1984); this contin- 
ued through the duration of this study with a targeted pH value 
of 5.8 for 1982 (Schindler et al. 1985). Lakes 224 md 468 were 
natural , undisturbed lakes used as references. During this study 
the open-water mean epilirnnetic pH in L223 decreased from 
5 -6 in 1979 to 5.  1 in 1982; in L224 and L a 8  the open-water 
mean pH was stable at approximately 6.8 and 7.1, respectively 
(Table 1). The pH in L223 at the time of egg fertilization (early 
October) decreased from 5.5 in 1979 to 5 -2 in 1982 (Table 1). 
Mean pH values throughout the egg-incubation period were 
somewhat higher and ranged from 5.9 in 1979 to 5.2 in 1982 
(Table 1). All thee lakes were oo8igotrophic, dimictic lakes 
which stratify during the summer months. Each contained self- 
sustaining, unexploited lake trout populations prior to any 
experimentation (Mills et al. 1987). 

Eggs and sperm were collected from adult lake trout captured 
during peak spawning periods on or near spawning beds in each 
lake using trap nets, gill nets, and angling. Fish were anaes- 
thetized using tricaine methmesulfowate (MS222) and fork 
length and weight measurements were recorded (Table 2). Only 
ripe and running females, those which readily released their 
eggs, were used in this study. Eggs from these females were 
placed in spawning trays containing approximately 200 mL of 
ambient lake water. Eggs were then fertilized using the milt 
from several ripe males. The fertilized eggs were left undis- 
turbed and hardened for 4 to 12 h after which nonviable eggs 
(those which had turned a milky white colour) were removed. 
Also, subsanmaples of fertilized eggs were removed to the lab 
and used to determine egg size by volume displacement. Egg 
volumes were converted to diameters using standard conversion 
equations for spherical objects. 

Following the hardening period, eggs were carefully placed 
into clear plexiglass incubators (Fig. I), modified slightly from 

those used by Kennedy (1980). In 1979 and 1980, eggs from 
each of six individual females per lake were separately fertil- 
ized, held, and then placed into separate incubators. A "set" 
of incubators consisted of six individual incubators, each con- 
taining eggs from an individual female. In 198 1 and 1982, eggs 
Rom all females were pooled in each lake, fertilized, and then 
randomly placed into d l  incubators of each set. The number sf 
sets of incubators in each lake corresponded to the number of 
sampling periods in each year (N == 4 in 1979 and 1980; N = 5 
in 1981 and 1982). 

Each plexiglass incubator held 30 eggs in individual cells. 
Each cell was 13 rn in diameter and 13 mm deep. Each incu- 
bator was permanently backed by plasticized nylon mesh screen 
and had a hinged plexiglass-reinforced, nylon mesh front. Sets 
of incubators consisted ~f six incubators attached to a plexiglass 
bar using galvanized eyelets (1979, 1980) or by spot gluing 
(1981, 1982). Sets were then suspended in the water column at 
a depth of 2 to 3 rn. The incubators all hung vertically in the 
water, approximately 8.2 to 9.5 m above the lake bottom. Floats 
md anchors secured the sets of incubators in this position 
throughout the incubation period (Fig. 1). 

We placed sets of incubators in the lakes near known lake 
trout spawning areas. Lake 223 and lake 224 eggs were iwcu- 
bated in each lake, respectively, from 1979 to 1982. Lake 468 
eggs were incubated in LA68 in 1982. Commencing in 1981, 
additional incubator sets were exchanged between the three 
lakes. Lake 223 eggs were incubated in L224 in 1981 and 1982. 
Lake 224 eggs were incubated in L223 in 1982 and E468 eggs 
were incubated in L223 in 1982. All eggs were water hardened 
and transported in water from the lake of origin. Upon reaching 
the destination lake, the eggs were allowed to settle. AII, if any, 
damaged eggs (opaque) were then removed prior to placing the 
incubators in the water column. 

The s ta t  and duration of the lake trout spawning period var- 
ies from lake to lake and from year to year in the same lake at 
the ELA. In order to compare data from several years, the date 
of artificial egg fertilization for each year in each lake was des- 
ignated as Day (4. Subsamples of 30 fertilized eggs (one incu- 
bator from each set) were then analyzed on approximately Days 
15, 60, 90, 120, and 150 of incubation. The total number ~f 
eggs still alive in each incubator was recorded, and all eggs, 
both alive and dead, were preserved using Davidson's solution. 
Development of the live embryos was visually assessed accord- 
ing to criteria of Kennedy (1980). Total lengths of embryos 
were also determined using both microscope micrometers and 
measuring tape. 

Numbers of surviving eggs were originally expressed as a 
percentage of total eggs in each incubator. An angular trans- 

Can. 9. Fish. Aqeaat. Sci., Voi. 47, 19W 



TABLE 2. Mean fork lengths (FL) (mm), weights (wt) (g), and condition factor ( K )  of female lake trout 
from Lakes 223, 224, and 468 used in this study. Values prior to 1979 are means from all mature 
females sampled during the spawning season. Values in parentheses are standard deviations. 

Year 
- - - - - 

Lake 1976 1978 1979 1980 1981 1982 

formation (arc-sin, square root) was conducted on the data prior 
to statistical analysis (Snedecor and Cochrane 1980). Variation 
between females, years, and lakes were assessed using a two- 
way classification model of analysis of variance with replica- 
tion. Least squares differences (LSD) was used to test signifi- 
cance of individual sample means. Significant differences were 
evaluated at a 95% probability level. Because of the occasional 
loss of individual or sets of incubatorsp an unequal sample size 
m d e l  was used in some calculations. 

Results 

Embryo Survival 

Survival of embryos incubated in the lake of origin varied 
significantly from year to year (Fig. 2). Embryo survival in 
L223, the acidified lake, was highest in 1988 (59.8%) and 
lowest in 198 1 (34.8%). However, the mean value in 1979 was 
not statistically different from the mean value in 1982. Embryo 
survival in Lake 224 differed significantly from year to year; 
the highest value was recorded in 1982 (63.0%) and the lowest 
(18.7%) in 198 1. No significant correlation existed between 
percent embryo survival and lake pH for either Lake 223 or 
Lake 224. 

Embryo survival was also compared between acidified L223 
and wonacidified L224 and L468. The mean annual survival of 
embryos Rom L223 did not differ significantly from that of 
embryos from L224 in 1979 and 1980 (Fig. 2). In 198 1, L224 
embryo survival was significantly lower, by approximately 50% 
(LSD-test), than L223 embryo survival. In 11982, L224 embryo 
survival was 28% higher than survival of L223 embryos and 
23% higher than L468 embryos (both significant; LSD-test). 
Lake 223 and L468 embryo sunrivals were not significantly 
different from each other in 1982. 

Embryo mortality in all lakes and years was highest between 
Day 0 and 15. During this period, average mortality ranged 
from 37 to 63% in L223 and from 33 to $1% in L224 (Fig. 3). 
In 1979, 1980, and 198 1, L223 embryo survival did not change 
significantly from the first sampling period (Day 15) to the final 
sampling period (Day 120). In 1982, embryo survival in L223 
was much lower at Day 120 (28.9%) than at any other time in 
that year (mean- 53.8%). This is likely an anomalous result 
because survival at Day 150 was similar to that at prior 
samplings on Days 1 5,60,  and 90. In L224 and L468, embryo 

survival also remained relatively constant from the first to the 
last samplings in all years of the study (Fig. 3). 

In 1979 and 1980, survival sf embryos from individual 
female lake trout was evaluated. In both years, mean survival 
of embryos from different females in their respective lakes 
differed significantly (Table 3). Hn E223, mean survival ranged 
from as low as 32% to as high as 85% for individual females. 
In L224 the results were even more extreme, with embryo 
survival ranging from 0 to 93%. In 1981 and 1982, fertilized 
eggs from individual females were pooled prior to placement 
in the incubators to improve lake to lake comparisons. Two way 
analysis of variance for 1981 and 1982 data indicated no 
significant difference between incubators containing pooled 
eggs from all females. 

Transplant Experiment 

In 1981 and 1982, eggs from acidified Lake 223 were incu- 
bated in the two reference lakes, L224 and L468 (1982 only). 
In 1981, the mean survival of L223 embryos that were incu- 
bated in L224 was 46.996, significantly higher than the survival 
of all embryos incubated in their Iakes of origin (Fig. 2). In 
1982, eggs from L223 incubated in L224 had a mean survival 
of 59.2% while those incubated in L468 had a mean survival 
sf 47.11%. Survival of L223 embryos incubated in the two ref- 
erence lakes in 1982 was not significantly different from the 
mean survival of other embryos incubated in their Bake of origin 
(Fig. 4). Survival of the transplanted L223 embryos was con- 
sistently higher during the early stages of the incubation (<Day 
90); by Day 120, survival of transplanted embryos was similar 
to that of resident embryos. 

Lake trout eggs from L224 and L468 were also incubated in 
L223 in 1982; in both instances, the mean survival of the ref- 
erence lake embryos was lowered significantly by incubating 
them in the acidified lake (Fig. 4). Interestingly, the survival 
of embryos from both reference lakes, when incubated in L223, 
did not differ significantly from the survival of resident incu- 
bated L223 embryos (LSD-test; PXl.05) (Fig. 4). The highest 
embryo mortalities in the transplant experiments occurred 
between Day 0 and 15. Survival was relatively constant 
throughout the remainder of the incubation period. 

Embryo Growth and Development 

Fertilized eggs from L223 were consistently smaller (mean 
egg diameter) than eggs from both reference lakes (Pc0.05) 
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FIG. 1 .  Schematic diagram of incubator setup used in Bake trout exper- 
iment in all lakes, 1979 to 1982. 

(Table 4). At the same time the mean size (fork length and 
weight) of female lake trout in L223 was larger than those from 
L224 and similar to those from L468 (Table 2). The mean egg 
diameter in L223 decreased from 1979 to 1982 while no notable 
change in mean egg diameter occurred in the two reference 
lakes (L224 and L468). The reduction in egg size in L223 was 
positively correlated (3 = 0.824) with a significant decline in 
L223 fish condition (Mills et al. 1987) and weight during the 
same time period (Table 2). Fish condition and egg diameter 
did not change significantly in L224 from 1979 to 1982. 

Embryo length was not significantly different between L223 
and L224 in 1979 (LSD-test; PXl.05) (Fig. 5). In all subse- 
quent years, embryo length in L224 and LA68 exceeded that in 

Lake sf Origin 
FIG. 2. Mean yearly survival (96) sf lake trout embryos incubated in 
the lake of origin from 1979 to 1982. Ninety-five percent confidence 
intends are shown. "223"" indicates L223 eggs incubated in L224. 

L223 (LSD-test; P<0.05) (Fig. 5). Mean length of embryos in 
both L223 and L224 increased significantly from 1979 to 1982. 
However, the rate of growth of embryos from all three lakes 
was linear with time; no significant differences in rate of growth 
(slope of regression) occurred between the lakes (Fig. 5). 

Development of lake trout embryos was also monitored in 
the viable eggs from each sampling period during the experi- 
ment. The rate of embryo development appeared to be similar 
in all three lakes throughout the study. Notochord development 
was evident at Day 15 and by Day 60 most of the embryos were 
at at early eyed stage. By Day 120 of the incubation all embryos 
from all lakes had hatched as sac fry. In all yeas of this study 
live embryos showed no signs of external deformity or abnsr- 
mal swimming behavior. Postmsrtem examination of dead 
embryos was not conducted. 

Discussion 

The lake trout population in Lake 223 began to experience 
recruitment failure in 1980 when the pH of the lake reached 
5.6 (Mills et al. 198'7). This pH is within the range 5.6 to 5.1, 
generally accepted as critical to lake trout recruitment failures 
(Schofield 1982; Beggs and Gunn 1986; Mills et al. 1987). At 
that time, fish were still spawning although no young-of-the- 
y e a  lake trout were seen after 1979. However, the results from 
our study indicate continued viability of lake trout eggs and 
survival of embryos throughout this period of little or no recmit- 
ment. Therefore, we rejected the hypothesis that mortality of 
eggs in incubators is related to year class success in an acidified 
lake. 

Survival of Lake 223 eggs and embryos did not decrease with 
time as the pH sf the lake was reduced; in fact mean embryo 
survival was slightly higher in 1982 than in 1979. There was 
no direct correlation between egg mortality in Lake 223 and 
the level of acidity in the lake. Also, lake trout egg and embryo 
survival did not differ among the three lakes in 1979, 1980, 
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Day Dabd 
FIG. 3. Mean s u ~ i v a l ( % )  of lake trout embryess in Lake 223 (-), Lake 224 (- -), and Lake 468 (. . . .). 
Ninety-five percent confidence intervals are also shown, 

TABLE 3. Mean lake trout embryo survival for six individual females 
from Lake 223 and Lake 224, 1979 and 1988. 

Female 

Lake Year 1 2 3 4 5 6 

and 1982; in 1981, Lake 223 egg survival was higher than in 
one reference lake and lower than in the second reference lake. 
We therefore rejected the hypothesis that embryo survival was 
directly affected by pH values greater than 5.0 and concluded 
that egg mortality was not directly related to y e a  class failures 
in L223. This finding is consistent with Carrick (1979) who 
found that a pH greater than 4.5 has no obvious effect upon 
hatchability of eggs from brown trout (Salmo trutta) and Atlan- 
tic salmon (Salmo salar). 

Embryo survival did not change when we incubated eggs 
from the acidified lake in the reference lakes. However, survival 
of eggs and embryos from the reference lakes was reduced when 
incubated in the acidified lake. Low pH in L223 may therefore 
have been detrimental to eggs from other lakes but not to egg 
and embryo development of resident L223 lake trout. We 
hypothesize that the eggs and embryos from L223 became more 
resistant to the low pH values in that lake, a trait most probably 
inherited either physiologically or selectively from the spawn- 
ing adults. Gunn (1986) also suggests that factors such as accli- 
mation and body energy reserves may affect the response of 
fishes to low pH- 

Several studies have indicated that mortality of fish eggs and/ 
or embryos occurs somewhere between fertilization and larval 
swim-up stage (Daye and Garside 1977; Trojnar 1977; Rom- 
bough 1982). In our study, embryo mortality occurred during 
two distinct periods. Mortality first occurred immediately fol- 
lowing fertilization, when the egg is undergoing active water 
uptake and hardening, making it highly vulnerable to external 
environmental conditions (Lee and Gerking 1980). Initial high 
mortality recorded in Lake 223 was also observed in the two 
nonacidified lakes. We therefore conclude that the initial high 
mortality was not a function of low pH values. 

Initial high mortality values were more likely a function of 
the high variability among egg and embryo survival results 
obtained from individual females. In 1979 and 1980, embryo 
survival calculated for individual females ranged from 30 to 
85% in L223. Similar variability was also observed in the non- 
acidified reference lakes. Therefore, we feel that the high v a -  
iability among females was not acid induced. Lake trout have 
been known to develop normal eggs during the spawning period, 
not spawn, and then resorb the eggs (Balon 1980). If females 
resorbing eggs were combined with normally spawning 
females, the results could be similar to those recorded in our 
study. 

The extreme degree of variability observed between females 
in this study may explain the difference between our results and 
those of Kennedy (1980). Kennedy (1980) observed extreme 
mortality and teratogenesis in eggs from acidified k223 and 
very little mortality in the reference lake, L224; however, Ken- 
nedy used only one female from each lake. Our results from 
1979 and 1980 suggest that this approach was inappropriate 
because of the high variability in egg survival found among 
different females. 

The consistency of the survival rates following the first 15 d 
sf incubation indicate little or no mortality during this devel- 
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Lake of Or ig in  
223 224 468 

Incubation Lake 
FIG- 4.Mean yearly survival (%) of l&e trout embryos, 1982, incu- 
bated in lakes of origin and reference lakes. Ninety-five percent con- 
fidence intervals are also shown. 

TABLE 4. Mean diameter (mm) of Lakes 223,224, md 468 lake trout 
eggs taken immediately following fertilization. Values in parentheses 
u e  standard deviations. 

Lake 

opment period of the embryos. At this time the embryo is in 
the early and advanced eyed stage, encapsulated within the outer 
egg covering which provides protection against external envi- 
ronmental factors. It is at this stage that the embryo is the most 
resistant to acidic conditions (Da-ye and Garside 1977; Worn- 
bough 1982; Beggs et al. 1985). 

Lake trout fry become more sensitive to low pH as sac fry 
and larvae (Daye and Garside 1977; Gunn and Keller 1984). 
This period of sensitivity usually coincides with spring acid 
pulses caused by snowmelt runoff. In our study, lake trout 
hatched as sac fry between 98 and 120 d following egg fertil- 
ization. However, these newly hatched l m a e  were not exposed 

to low pH snow melt in L224 and survival did not change sig- 
nificantly during this period in any of the lakes we studied. 

The second period of increased mortality of lake trout fry in 
Lake 223 may occur sometime between ice-off (posthatching; 
last sampling period) and the time at which trout fry were 
recruited into the population the following fall. Lake trout sur- 
vival was monitored for up to 150 d following fertilization with 
no indication of increased mortality other than that observed 
immediately following spawning. However, the absence of fin- 
gerlings in the lake indicates the loss of these potential recruits 
sometime between swim-up and active recmitment into the 
population. 

The production of eggs by female lake trout in Lake 223 did 
not change throughout this study nor did the rate of egg resorp- 
tion by females change (Mills et al. 1987). This is similar to 
results obtained under acid-stress laboratory conditions by 
Mount et al. (1988) for brook trout (Sa&ve&inusfontinalis). The 
average size of the L223 eggs and the condition of mature lake 
trout did decrease (Mills 1984) as the pH decreased in this lake, 
an indication of stress on the mature fish. More important, how- 
ever, is the fact that the smaller L223 eggs and embryos had 
the same egg survival and rate of development as the eggs and 
embryos from the two reference lakes. This information tends 
to support our hypothesis that recruitment loss occurred some- 
time after larval hatching. 

We hypothesize several causes for increased lake trout larval 
mortality in L223. First, lake trout offspring may have acquired 
a sensitivity to low pH from the parental stock and the stress 
was therefore " ~ ~ e d - o v e r ' ~  to the recmitment class. This 
phenomenon has been described by Mount et al. (1988) where 
the exposure of adults to stressful conditions decreases the 
resistance of their offspring to the same stressful conditions. 
Sensitivity may have been greater once the embryos hatched, 
leaving the protective environment of the egg capsule. Other 
factors causing reduced recruitment include pH induced chem- 
ical imbalances in the lake (i.e. Ca decreases, A1 increases), 
loss of available food resources, or increased predation by adult 
lake trout. Lacroix et d. (1985) concluded that emergent Atlan- 
tic salmon fry survival was significantly reduced at pH 5.0 by 
starvation. This may have occurred in Lake 223. Dramatic 
changes in the biotic community in Lake 223 (Schindler et al. 
198%; Mills and Schindler 1986) may have reduced the available 
food supply for the exogenetic feeding larval lake trout. We 
conclude, therefore, that pH values less than 5.6 indirectly 
rather than directly led to recruitment failures in Lake 223. Loss 
of recmitment occumed sometime between the posthatching 
stage and the fingerling stage the following fall. Further 
research is necessary to determine which, if any, physiological 
or biological stresses are involved in the mortality of lake trout 
during this period. 
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FIG. 5. Growth of lake trout embryos from Lake 223 4-1, Lake 224 4- -), and Lake 468 4.. . .), from 
1979 to 1982. Ninety-five percent confidence intervals are also shown. 
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