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Abstract.–Growth rates of juvenile lake sturgeon (initial weight 8 to 9 g, temperature 
17.5° C), fed twice a day on brown worms for 56 days increased from -1.5% BW/d (% body wet 
weight/day) at zero ration to 2.6% BW/d at a ration of 13.2% BW/d.  Maintenance ration was 
1.6% BW/d.  Fish fed larger rations had higher energy densities and lower water content.  
Appetite (average volitional daily food consumption) was compared for lake sturgeon initially 
weighing 6.3 g fed once and twice a day.  Appetite was 12.8±1.6% BW/d (n=36) for fish fed 
twice daily compared to 7.4±0.8% BW/d (n=36) of fish fed once a day.  Growth rates and food 
consumption in single feedings per day averaged 1.8±0.2% BW/d and 9.4±2.2% BW/d 
respectively, and were independent of weight for lake sturgeon weighing from 10 to 1322 g.  
These growth patterns are similar to other fish species.  The most prominent feature of lake 
sturgeon growth was variation in daily food consumption, by as much as 15-fold for fish fed twice 
a day.  Daily food consumption was correlated with previous consumption history, but 
mechanisms causing the effect could not be determined.  The ability to gorge may be important 
for a species feeding on patchy prey.  Management of lake sturgeon would be facilitated by 
selecting larger fish for stocking. 

 
 
 

The lake sturgeon Acipenser fulvescens is a 
unique freshwater fish because of its longevity, 
slow growth, late maturity, large adult size, and 
relative rareness (Probst and Cooper 1954).  
This combination also makes the lake sturgeon 
extremely sensitive to exploitation, resulting in 
the historical decline of the lake sturgeon fishery 
(Houston 1987; Fortin et al. 1993).  Only in 
recent years has management of lake sturgeon 
stocks, primarily by stocking and closure of 
fishing, begun to rebuild populations severely 
reduced by past human activities (Brousseau 

1987; Fortin et al. 1993).  As lake sturgeon 
populations rebuild, it is important to evaluate 
the carrying capacity and population size 
supportable by available habitat.  Such 
information cannot be obtained from a census of 
existing populations because these are 
depressed. 

An alternative for evaluating carrying 
capacity is to compare food resources and their 
use by lake sturgeon populations using 
information on growth and production 
energetics.  This may be especially important for 
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management of lake sturgeon because their slow 
growth could derive either from genetically 
determined life-history traits or from naturally 
occurring food limitations (Power and McKinley 
1997).  Thus, in estimating carrying capacity, it is 
important to distinguish between physiological 
and food resource limitations to growth. 

The basis for determining the physiological 
potential for growth is the relationship between 
growth rate and food consumption called the 
growth-ration response curve (Brett and Groves 
1979).  In addition to describing growth rates at 
various ration levels, this relationship defines 
maintenance and maximum rations, as well as 
maximum and optimum growth rates (Brett and 
Groves 1979).  Complete determination of the 
growth-ration response for a poikilotherm over a 
range of body sizes and temperatures is a 
difficult task, rarely performed due to its 
expense in time and resources.  However, the 
general shape of the growth-ration curve is 
similar among species, among individuals of 
various sizes, and at different temperatures.  The 
curve rises unimodally through maintenance 
ration, which is close to but somewhat lower 
than energy expenditure in routine metabolism, 
and asymptotes at maximum growth rate at 
maximum food consumption (see Brett and 
Groves 1979; Diana 1995).  Thus, maintenance 
ration, maximum growth rate, and maximum 
food consumption are key variables describing 
growth patterns.  These can be measured for a 
wide range of conditions more readily than 
detailed evaluation based on complete 
determination of growth-ration curves for all 
situations. 

Growth and feeding potential of fish vary 
dramatically, usually as a power function of 
body weight with an exponent varying from 0.5 
to 1 (Brett and Groves 1979; Diana 1995).  
Therefore, it is necessary to correct for fish 
weight in setting consumption rates or 
measuring growth.  Most scientists, therefore, 
measure growth and feeding rates at frequent 
intervals.  Short-term weight changes are 
considered sufficiently small that scale effects 
are approximately linear.  As a result, weight 
effects are usually reported as weight specific 
values (% BW/d, that is percent body weight per 
day, or kJ/g·d) to compare ration and growth for 
fish of different sizes (Hung and Lutes 1987).  

This assumes that dividing by weight directly 
corrects for differences in body size. 

The purpose of this study was to determine 
growth patterns for juvenile lake sturgeon by 
measuring the growth-ration curve for small 
fish, and food consumption and maximum 
growth rates of fish weighing up to 1300 g at 
17.5°C, typical of summer temperatures (Hay-
Chmielewski 1987).  Lake sturgeon growth is 
compared with data for other species to test the 
hypothesis that lake sturgeon have a low 
physiological capacity for growth. 

 
 

Methods 
 
Lake sturgeon were obtained from the Wolf 

Lake State Fish Hatchery in Michigan, which 
raised the fish from eggs collected by the 
Wisconsin Department of Natural Resources 
from the Menominee River.  Fish were kept in 
the laboratory from several weeks to several 
months at the test temperature of 17.5°C, and 
fed ad libitum on live brown worms (immature 
individuals of family Lumbriculidae: order 
Oligochaeta.).  This food source averaged 
84.33% water and 22.53 kJ/g dry weight.  Three 
sets of experiments were performed to determine 
effects of ration and fish size on food 
consumption and growth. 

 
 

Effects of Ration on Growth 
 
Growth was measured for six groups of lake 

sturgeon using standard batch methods (Brett et 
al. 1969; Brett 1979).  Fish were held in 110-
liter tanks, with a bottom surface area of 0.5 m2.  
Tanks were continuously aerated and flushed 
with water with a replacement rate of 200%/d.  
Lake sturgeon (average wet weight 8 to 9 g) 
were individually weighed and assigned at 
random to one of six treatment groups, with 35 
fish in each group.  Groups were randomly 
assigned to one of six treatment levels with 
initial rations of 0, 5, 10, 15, 20, or 25% body 
wet weight per day (% BW/d).  Ration levels 
were based on a preliminary measurement of 
maximum food consumption of 24% BW/d for 
lake sturgeon averaging 6.3 g fed twice each day 
over a 12-d period.  Individual fish in each 
treatment were weighed every 14 d during the 
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56-d duration of the experiment.  Food 
application rates were recalculated immediately 
after each sampling period. 

Fish were fed pre-weighed amounts of 
brown worms twice a day over a period of 30 
min to 1 h.  Any food remaining in the tank at 
the next feeding was removed and the original 
amount of food given corrected for the weight of 
the uneaten portion.  Lake sturgeon grew so 
rapidly at higher rations that the number of fish 
in each treatment was reduced to 20 after 42 d 
by removing individuals at random during the 
scheduled weighing. 

We found that maximum food consumption 
over a long period was substantially lower than 
that measured over 12 d.  As a result, fish ate 
similar amounts of food at the nominal rations of 
15, 20, and 25% BW/d.  Therefore, after 28 d, 
the group initially fed 20% BW/d was converted 
to 2% BW/d and followed for a further 28 d.  
Such fine-tuning is appropriate when the size 
range is relatively small, as in the present 
situation (see Webb and Brett 1973; Brett 1979). 

Mortalities occurred in all treatments during 
the first 28 d among apparently healthy fish.  All 
fish were feeding prior to the experiments, but 
some did not recommence feeding after 
introduction to the experimental tanks.  These 
fish eventually became immobile and non-
responsive.  They were removed, and length and 
weight were recorded.  Growth and ration were 
corrected for mortalities.  Reasons for failure to 
feed could not be ascertained.  Mortalities also 
occurred throughout the 56-d period for the 
starved fish. 

Dry weight and energy content were 
measured for the food and fish.  A subsample of 
every shipment of brown worms was dried at 
80° C and combusted in a Phillipson microbomb 
calorimeter.  A subsample of eight fish was 
similarly treated at the start of the experiment.  
Final dry weight and energy content were 
determined for five fish in each treatment at the 
end of the experiment. 

Growth trajectories for wet weight over time 
were determined using least squares regression 
methods.  Wet weights measured after each 14-d 
period were compared using ANOVA.  Changes 
in dry weight and energy content were averaged 
for the 56-d period (28 d for the nominal ration 
of 2% BW/d), assuming that average values for 
the fish subsampled applied to all fish in a 

treatment.  Food consumption was totaled and 
converted to dry weight and energy content 
using means from subsamples.  Growth-ration 
curves were curvilinear, and the best-fit curve 
was obtained by relating growth to the logarithm 
of ration (to which one was added to 
accommodate the zero ration level).  Statistical 
tests were performed using SYSTAT (Wilkinson 
1990) and differences were judged significant at 
the 5% level. 

 
 

Effect of Single and Twice-Daily Feeding on 
Food Consumption 

 
Six groups of 37 fish averaging 6.3 g were 

fed for 12 d.  Of the six groups, three were fed 
once a day and three were fed twice a day.  Food 
was offered over a 30- min to 1-h period.  Fish 
were held in 110-l tanks (bottom area 0.5 m2).  
Tanks were continuously aerated and flushed 
with water. 

As with the 56-d experiment, food 
consumption was determined from the difference 
between food offered to the fish and uneaten 
food siphoned from tanks at the next feeding. 

 
 
Effects of Size on Maximum Growth Rate and 
Food Consumption 

 
Fourteen fish weighing from 10 to 1322 g 

were placed in separate tanks.  Small fish 
(<44 g) were placed in 40 l tanks (bottom area 
0.2 m2), medium-sized fish (107 to 500 g) in 
110-l tanks (bottom area 0.5 m2), and the largest 
fish (>836 g) in 220 l wading pools (bottom area 
1.2 m2).  Tanks were continuously aerated and 
flushed with water. 

Each fish was fed once a day for 28 d.  Fish 
were offered food over a period of 30 min to 1 h 
until they no longer ate.  Fish were fed from a 
pre-weighed sample of brown worms.  Uneaten 
food was weighed at the end of a feeding period.  
Residual uneaten food in the fish tanks was 
removed at the next feeding period and total 
food consumption corrected for this uneaten 
portion.  Fish were weighed at 0, 14, and 28 d.  
Growth rates were determined from average 
changes in wet weight over the observation 
period. 
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Results 
 

Effects of Ration on Growth 
 
Lake sturgeon (8 g initial wet weight) grew 

steadily at all rations greater than approximately 
2.2% BW/d, with a maximum growth rate of 
2.6% BW/d at an average daily food 
consumption of 13.2% BW/d (Figure 1).  Fish 
lost a little weight on a ration of 2.2% BW/d 
(nominal ration 2% BW/d) which was, therefore, 
close to maintenance.  Individuals in the starved 
group lost weight and the smallest fish died.  
Consequently, the frequency distribution of 
weights of surviving fish shifted towards larger 
sizes (Figure 2).  As a result, mean weight of 
surviving fish increased!  However, the 
maximum size of the fish in this treatment 
declined at successive sample dates.  We chose 
to estimate weight loss during starvation from 
the rate of decrease at the upper boundary of the 
weight-frequency distribution using weight 
changes of the three largest fish that survived for 
the entire 56 d.  On this basis, starved fish lost 
weight at a rate of 1.5% BW/d. 

The relationship between wet weight and 
time (Figure 1) for each treatment was best 
described by linear regression (Table 1).  
Coefficients of determination using all data 
ranged from 0.15 to 0.81.  This reflects 
relatively large coefficients of variation, 
averaging 42%, for weight within each 
treatment.  This variation was unaffected by 
ration level or time.  Stronger linear trends were 
found using mean weights at each sampling time 
(r2>0.97). 

Energy content and water content of lake 
sturgeon were affected by ration level (Table 2).  
Initial values were 17.8±1.4 kJ/g dry weight and 
86.5±1.0% water (mean±2SE).  Energy density 
increased with ration level to approximately 22 
kJ/g dry weight at rations above 10% BW/d.  
Water content decreased with increasing ration 
to approximately 80% at similar ration levels. 

Growth rates increased with ration level 
(Figure 3a) and were best described by a 
logarithmic function.  For energy content, 
growth rate (QGE, kJ/d), increased from -0.77 
kJ/d for starved fish to 2.87 kJ/d for fish fed to 
excess according to: 
 

 QGE = -0.772(±0.86) + 3.36(±1.10) · log (QRE + 1) (1) 
 
 r2 = 0.889; p<0.001 
 
where QRE is the ration level in kJ/d. 
 

In terms of body weight changes 
(Figure 3b), growth rate (QGW, % BW/d) was 
related to food intake (QRW, kJ/d) by: 
 
 
 QGW = -1.49(±0.48) + 3.54(±0.46) · log (QRW + 1) (2) 
 
 r2 = 0.979; p<0.001. 

 
For this relationship, starved fish lost weight at 
1.49% BW/d, similar to that estimated from the 
upper weight change boundary among fasting 
lake sturgeon, and fish fed to excess gained 
2.59% BW/d at 13.2% BW/d ration.  
Maintenance ration was 1.64% BW/d (0.69 
kJ/g·d). 

Gross conversion efficiency was calculated 
from wet weight-specific growth rates and food 
consumption.  It increased from a negative value 
(-2%) for fish fed the smallest ration, just below 
maintenance, to about 25% for fish fed 8% 
BW/d, thereafter decreasing slightly at higher 
ration levels (Figure 3c). 

 
 

Variation in Food Consumption with Time 
 
We also found substantial variation in daily 

food consumption, as monitored for the group 
fed to excess (nominal ration 25% BW/d).  In 56 
d, these fish grew from 9.32±1.04 g to 
41.31±5.98 g (mean±2SE).  They consumed 
large amounts of food for the first two days with 
a mean per capita consumption of approximately 
3 g/d (approximately 32% BW/d).  On the third 
day, food consumption decreased to 
approximately a half of that eaten on the first 
two days.  Absolute food consumption then 
increased with time as fish grew, but appeared to 
plateau at about 3.5 g/d  (Figure 4).  This 
represented approximately 10% BW/d.  The 
average consumption for the entire 56-d period 
was 13.2% BW/d. 

Food consumption varied by a factor of 
about 2 during the first 25 d, but differences 
became larger with time.  Between days 40 and 
50, minimum and maximum food consumption 
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varied by a factor of about 14.  Tests for 
autocorrelation were significant (Bartlett's test; 
p=0.02) for lags of three to four days, suggesting 
that food consumption was influenced by 
preceding meal history. 

 
 

Effect of Single and Twice-Daily Feeding on 
Food Consumption and Growth 

 
The average daily food consumption of fish 

fed twice a day for 12 d ranged from 5.1 to 
24.0% BW/d, averaging 12.8±1.6% BW/d 
(n=36).  Fish fed once a day consumed from 5.0 
to 12.9% BW/d, averaging 7.4±0.8% BW/d 
(n=36).  Although fish fed once per day 
consumed 57% of the amount of food eaten in 
two meals a day, the variability in daily 
consumption was large enough that fish 
essentially ate the same amount of food at each 
feeding, irrespective of whether fish were fed 
once or twice per day.  The average growth rate 
of fish fed twice a day was 2.4% BW/d 
compared to 1.6% BW/d for fish fed once a day. 

 
 

Effects of Size on Maximum Growth Rate 
 
Absolute growth rate (g/d) was significantly 

and positively correlated with fish weight 
(p<0.001, r2=0.58).  However, in spite of a high 
relative growth rate for one small fish and a low 
relative growth rate for one large fish, relative 
growth rate (% BW/d) of lake sturgeon was not 
correlated with fish weight (Figure 5; regression, 
p=0.84).  The average weight specific growth 
rate for these fish fed once per day was 
1.8±0.2% BW/d. 

Food consumption varied from meal to 
meal.  The variation tended to be larger for 
smaller fish, as illustrated by the larger bars 
representing 2SE (Figure 6).  However, there 
were no significant trends in food consumption 
with time (regression analysis; p>0.05).  In 
addition, weight-specific food consumption was 
independent of mass (ANOVA; p = 0.69) 
averaging 9.4±2.2% BW/d. 

Discussion 

The growth potential of a species is one 
piece of information important for its successful 
management or culture.  We determined the 
general form of the growth response for juvenile 
lake sturgeon by measuring growth at different 
ration levels.  This curve is scaled by 
maintenance ration, maximum growth rate, and 
maximum food consumption.  We examined the 
effect of the latter two factors that determine 
maximum growth potential (Brett and Groves 
1979; Brett 1979). 

As with other species, lake sturgeon growth 
and energy density increased as ration increased, 
while water content decreased (Brett and Groves 
1979).  These results were also similar to work 
on white sturgeon Acipenser transmontanus 
(Hung and Lutes 1987; Hung et al. 1993).  
Growth rates and food consumption were also 
similar for a given feeding schedule among our 
experiments.  These data, as well as maintenance 
ration, were also comparable to those of other 
species tested at similar temperatures and of 
similar sizes (data and scientific names in 
Table 3).  These similarities include other 
sturgeon, plus top carnivores (bass, catfish), 
omnivores (stickleback, carp), temperate 
eurytherms (carp, bass), stenotherms (salmon, 
trout) and even tropical species.  This suggests 
that compensation, or adaptive convergence in 
metabolism among species to conditions in their 
normal habitats, applies to growth as well as to 
energy catabolism (Brett and Groves 1979; 
Hochachka and Somero 1984).  In addition, lake 
sturgeon growth in the laboratory, like that of 
other species (Brett 1979), was very much larger 
than observed in the field (Probst and Cooper 
1954; Beamish et al. 1996).  Therefore, realized 
energetic performance in the field is probably 
dependent primarily on food availability, as well 
as temperature (Hung et al. 1993; Fortin et al. 
1996; Power and McKinley 1997). 

Our results also show growth rate and food 
consumption (in % BW/d) to be independent of 
fish weight.  This contrasts with results from 
other species, where the growth (% BW/d) and 
maximum ration (% BW/d) generally decline 
with body weight, and optimum and maximum 
growth occur at lower relative rations as weight 
increases (Brett and Groves 1979; Hung et al. 
1993; Diana 1995).  The shift reflects well-known 
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allometric relationships for metabolism.  
However, maximum food consumption (% BW/d) 
and hence maximum growth rate, tends to 
decrease with increasing fish size (Brett and 
Groves 1979; Peters 1983).  Visual inspection of 
our juvenile lake sturgeon growth data 
(Figure 6) may suggest a similar trend of 
reduced growth and food consumption in larger 
fish.  However, as noted above, this impression 
is due to high growth of one small lake sturgeon 
and low growth of one large lake sturgeon.  The 
suggestion cannot be supported statistically. 

Although we did not quantify movement, 
larger lake sturgeon clearly spent less time 
moving around their tanks.  In our experiments, 
tank size increased with fish size.  Therefore, we 
do not attribute differences in locomotor activity 
to constraints of captivity.  Indeed, continuous 
swimming of small lake sturgeon is in marked 
contrast to more sedentary behavior of larger 
juveniles and was apparent in our experimental 
tanks as well as in the very much larger holding 
tanks in the hatchery.  We suggest the size 
independence of growth rates we observed may 
be associated with size-dependent reductions in 
activity metabolism. 

The weight range studied, although large 
compared to most studies of growth, is still a 
small portion of total weight changes during lake 
sturgeon ontogeny.  However, it is improbable 
that food consumption and growth rate remain 
independent of size throughout life.  Larger 
juveniles and adult lake sturgeon may show 
expected declines in growth rate and food 
consumption, as found by Beamish et al. (1996) 
for natural populations. 

The average growth patterns of lake 
sturgeon proved unremarkable when compared 
with other species (Table 3).  However, the large 
variability in lake sturgeon food consumption, 
both within and among experiments, was 
unexpected and proved to be the most prominent 
feature of our results.  For example, in the 
ration-growth experiment, fish weighing 
approximately 5 to 50 g ate up to 30% BW/d but 
sometimes less than 1% BW/d.  A similar range 
was found in data for fish fed both once and 
twice a day.  Over an extended period, however, 
average food consumption was about 10%.  
Variation in daily food consumption and growth 
has not often been described, but has been noted 
for white sturgeon (Hung and Lutes 1987), as 

well as largemouth bass fed large food items 
(fathead minnows) over a five week period 
(Smagula and Adelman 1982). 

Many factors may contribute to variability 
of food consumption in fish, such as stomach 
volume or metabolic scope limiting apparent 
specific dynamic action.  The latter possibility is 
suggested by the autocorrelation between daily 
consumption and that 3 to 4 days later.  Food 
consumption has been shown to be affected by 
previous meal history for winter flounder 
Pseudopleuronectes americanus (Tyler and 
Dunn 1976) and cod Gadus morhua (Soofiani 
and Hawkins 1982).  These fish have a small 
metabolic scope (Priede and Holliday 1980), 
when average meal size could be limited by the 
energy demands of apparent specific dynamic 
action (Tyler and Dunn 1976; Tandler and 
Beamish 1980; Soofiani and Hawkins 1982; 
Beamish and Trippel 1990).  Hung et al. (1993) 
found similar variability in white sturgeon diets 
and growth, which they attributed partly to low 
dissolved oxygen limiting metabolic scope.  
However, this probably does not apply to lake 
sturgeon in our experiments because preliminary 
observations on swimming metabolism (Jared 
Cook, unpublished observations) show that 
metabolic scope is comparable to that of other 
fishes, such as salmonids (Brett and Glass 1973) 
and centrarchids (Beamish 1970).  

Mechanical limitations are also a plausible 
limiting factor for food consumption.  This 
possibility is suggested because fish fed once a 
day ate the same amount of food per feeding as 
fish fed twice a day.  However, a mechanical 
limitation alone would be expected to result in 
constant food consumption.  Instead, daily food 
consumption varied widely. 

Numerous other factors could affect day-to-
day food consumption, such as liver processing 
capabilities or buffering in transport systems.  
Unfortunately, like Smagula and Adelman 
(1982) we are unable to determine the basis for 
variation in food consumption. 

Irrespective of the cause of variability in 
food consumption, the ability to take large meals 
is probably important to the overall energetics of 
sturgeon in the same way as for deep-sea fish 
and top carnivores (Sullivan and Smith 1982; 
Diana 1983).  Consumption of occasional large 
meals is common among these fishes (Diana 
1979, 1983; Smagula and Adelman 1982; 
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Sullivan and Smith 1982), where large meals 
make critical contributions to the overall energy 
budget (Diana 1983). 

Unlike top carnivores, sturgeon eat many 
small prey items.  They typically feed on mucky 
bottom substrates, containing variable 
populations of macro-invertebrates, particularly 
chironomids (Hay-Chmielewski 1987).  This 
food base is not only relatively poor, but very 
patchy.  In addition, food appears to be limiting 
in natural systems, since laboratory growth rates 
are very much larger than those of fish in the 
wild.  Thus, sturgeon probably gorge when they 
can, and the capacity to eat large meals may be 
essential for lake sturgeon to exploit rich but 
irregular food patches. 

The sort of variation we found for food 
consumption and growth appears to be typical of 
sturgeon (Hung and Lute 1987; Hung et al. 
1993), differing from patterns in more 
intensively studied actinopterygian species 
(Brett and Groves 1979).  The variation in size 
of young fish we used, all spawned from a 
limited batch of eggs, is also larger than among 
other commonly studied species.  Compare, for 
example, 95% confidence intervals for weights 
of sockeye salmon (Brett et al. 1969) and lake 
sturgeon during ration-growth experiments.  In 
contrast to observations on other species (Brett 
1979), increases in variation, indicative of 
growth depensation (Ricker 1971), did not occur 
with lake sturgeon in our study.   

These observations have implications for the 
management of lake sturgeon, a threatened 
species.  First, it is apparent that larger fish can 
store more energy and are more robust.  As with 
other fish, rapid growth to larger sizes is 
probably essential to build up reserves for 
overwintering (see Beamish et al. 1996) and to 
quickly reach a size where predation is reduced.  

This suggests that the common practice of 
stocking fish at 5-12 g, as occurs in the Midwest, 
is suboptimal.  Studies on other species indicate 
that survival could be increased by stocking 
larger individuals, and in spite of the high cost 
of growing fish to a larger size, positive cost-
benefits may accrue (Seelbach 1987).  In view of 
the large variation in growth patterns of lake 
sturgeon and the greater energy reserves and 
robustness of larger fish, early selection for 
larger fish in hatcheries would focus resources 
on those fish most likely to survive at planting. 

Second, because lake sturgeon have the 
capacity for rapid growth, food is probably 
limiting in their natural habitat.  Therefore, 
protection of suitable feeding habitat, as well as 
abundance and diversity of benthic prey, is 
essential if lake sturgeon are to persist (Hay-
Chmielewski 1987). 
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Figure 1.–Changes in the average wet body weight of juvenile lake sturgeon fed twice a day on 
rations from 0% BW/d to excess.  The group initially fed 20% BW/d was reduced to 2% BW/d at day 
28.
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Figure 2.–Changes in the size composition of juvenile lake sturgeon at zero ration. 
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Figure 3.–The relationship between; (a) growth rate and ration in terms of energy content, 
(b) growth rate and ration in terms of body (wet) weight, and (c) gross conversion efficiency and ration 
in terms of body (wet) weight for juvenile lake sturgeon fed for 56 days.
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Figure 4.–Daily average food consumption per fish for a group of lake sturgeon fed twice daily over 
a 56-day period.
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Figure 5.–Growth rates of juvenile lake sturgeon of various weights fed to excess once per day.
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Table 1.–Regression statistics for wet weight changes over time during the measurement of 
growth of lake sturgeon fed various rations. 

 

  r2  
Nominal 

ration 
(% BW/d) 

Actual 
ration 

(% BW/d) 

Regression using weights of 
individual fishes at each 

sample date 

Regression using 
average weights of fish 

at each sample date Slope 

0 0 0.81 0.98 -0.12 
5 4.59 0.15 0.99 0.11 

10 8.05 0.48 0.99 0.35 
15 10.88 0.56 0.97 0.55 
20 12.43 0.44 n/a 0.35 
25 13.16 0.66 0.99 0.59 

 
 
 
 
 
 
 
 
 

Table 2.–Composition of lake sturgeon fed different rations.  Data are mean ± 2SE for a 
random sample of five fish at the end of the experiment measuring effects of ration on growth. 

 

Nominal ration 
(% BW/d) 

Actual ration 
(% BW/d) Percent water 

Energy density 
(kJ/g dry weight) 

Initial sample  86.5±1.0 17.8±1.4 
0 0 86.1±1.3 16.3±0.2 
5 4.59 85.0±0.6 18.1±0.5 

10 8.05 81.7±2.1 21.1±0.6 
15 10.88 79.0±0.9 21.7±1.2 
20 12.43 81.7±1.5 21.3±0.4 
25 13.16 78.5±2.0 21.7±0.6 



  

Table 3.–Comparison of juvenile lake sturgeon growth with other fish species. 
 

Species 
Temperature 

°C 
Initial weight 

g 

Maintenance 
ration 

% BW/d 

Maximum food 
consumption 

% BW/d 

Growth rate at 
maximum ration 

% BW/d Reference 

Salmo trutta 15 12 3.4 10.3 1 Elliott (1975) 
Gasterosteus aculeatus 19 <10 2.5 14.0  Allen and Wootton (1982) 
Clarias lazera 20 5 1.0 6.0 2.5 Hogendoorn (1983) 
Cyprinus carpio 18 9 0.8 7.0 2.3 Goolish and Adelman (1984) 
Parophrys vetulus 15 5 4.0 16.0 0.8 Williams and Caldwell (1978) 
Morone sp. 20 28 1.9 8.3 1.0 Woiwoode and Adelman (1991) 
Micropterus salmoides 18 8 0.8 10 3.0 Niimi and Beamish (1974) 
Oncorhynchus nerka 20 13 2.8 8.0 1.1 Brett et al. (1969) 
Acipenser transmontanus 20 30 3.01 14.91 3.81 Hung and Lute (1987) 

Acipenser fulvescens       
Growth-ration experiment 17.5 8 1.6 13.2 2.6  
56-day food consumption 17.5 9  13.2 2.6  

maximum    32   
average    10   

12-day food consumption 17.5 6     
feeding once per day    7.4±0.8 2.4  
feeding twice per day    12.8±1.6 1.6  

28-day maximum growth rate, 
food consumption and size 
(1 feeding/d) 17.5 10-1322  9.4±2.2 1.8±0.2  

1Values corrected by caloric ratios of feeds for use of prepared feeds in that study. 
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