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Introduction & Methods
Using data of a large field experiment, I describe here seasonal patterns in
feeding and energy allocation for lake-dwelling juvenile brown trout (Salmo
trutta) in northeastern Finland, at 66’th latitude. My main interest was to detect
whether energy allocation between growth and storage was different at different
levels found in natural mortality, and how allocation to these targets was linked
to seasonality and prey utilization. I assumed that these juvenile trout should
maximize their survival, i.e. expected priority rank of allocation targets was
maintenance > storage > growth (Jokela, 1997). A total of 50 groups of
internally tagged trout, including pre-smolt, smolt and post-smolt aged fish,
were stocked to three small lakes (KYL, IPO and YLI) in 19911995. Weight
increase, stomach contents and fat contents of the viscera were measured from
1532 captured trout. Mortality estimates were based on tag-recovery data. An
analysis of variance model was used to analyze differences in mortality with
respect to stocking lake and age of the fish at release (factors). The field
experiment was designed so that sources of variation from genetics, treatment at
the hatchery, and stocking density were kept minimal for fish at release. In
addition, the study lakes were very similar with respect to area, depth and water
quality. Thus, the ecological responses measured were mainly due to variation in
food utilization across lakes and years.
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Results & Discussion
Feeding, buildup of storage lipids and growth of trout was intensive during the
late summer, fall and early winter (favorable seasons). During the late winter,
spring and early summer (less favorable seasons) these were ceased, i.e.
opposite that found in stream environment. Decrease in water temperature and
day length were determinants of the favorable seasons. Temporal depression in
food intake and growth is often followed with increased feeding and growth
period, termed as compensatory growth (Jobling, 1993). The results indicate that
growth of these lake-dwelling brown trout was compensatory, due to the
seasonality of their environment. If we assume that the growth model for brown
trout proposed by Elliott et al. (1995) represent growth response to continuous
feeding, the compensatory growth response to seasonal feeding (in the cold
water) as found here, resulted (at the highest level) 56 times greater growth
than expected from Elliott’s model.
Patterns in energy allocation between growth and storage were directly linked to
seasonal food utilization, and between-lake differences in the depletion of the
storage lipids during the first growing season indicated that a major part of
natural mortality took place at that time or at least during the following winter.
Among lakes and years (a good lake environment), when the trout fed strongly
on small fish (vendace Coregonus albula L., nine-spined stickleback Pungitius
pungitius L., or perch Perca flavescens L.), they were able to allocate enough
energy to storage lipids, which increased overwinter survival. In the poor lake
environment, where the trout fed mainly on invertebrates, they were forced to
use all their energy reserves collected in the hatchery to maintenance during the
first growing season. Severe depletion in storage lipids caused a significant
increase in overwinter mortality (Fig. 1). The trout decided on energy allocation
for future long-term requirements, and ultimately for survival, as expected.
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Figure 1. An example of energy allocation to growth (upper panels) and storage
(lower panels, lipid content of the viscera) for 2-year-old (left side) and
3-year-old (right side) brown trout during the two first growing seasons
in the good (IPO, square, solid line) and poor lake environment (KYL,
cross and YLI, triangle; dashed line). Each data point is individual fish
plotted against date of capture. Average weight of the fish at release in
the beginning of June were 47 (2-yr) and 141 (3-yr) g. Shadowed area
indicate the time when the lakes were ice-covered.
Survival was dependent on lake and age of trout at release (ANOVA, r2=0.71;
Lake, F=15.9, p<0.001; Age, F=10.1, p<0.001; Lake*Age, F=4.2, p=0.003).
There was a tendency for survival to increase with the age of fish, being at
maximum for the 3-year-old fish. Rank order in mortality between the lakes was
same for these ages, i.e. IPO<YLI<KYL. In 8 out of the 9 cases, mortality in
IPO was significantly lower than in the other lakes (Tukey’s tests, p<0.05; Fig.
2). Survival of the post-smolt (4-summer-old) fish was, however, on average
lower than that of 3-year-old fish. The lake x age of the fish interaction term in
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ANOVA was significant mainly due to different rank order in mortality for 4summer-old fish (KYL<IPO<YLI) than found in younger ages (Fig. 2).
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Figure 2. Mean (± S.D.) mortality rate of the four age groups of stocked brown
trout in different lakes (2y=2-year-old; 3s=3-summer-old; 3y=3-yearold; 4s=4-summer-old). Mortality rates among the lakes were
compared within each age group using Tukey's test. Means marked
with the same letter do not differ statistically significantly (p > 0.05).

Energy allocation responses to seasonality with respect to differences in feeding
conditions (good or poor environment), and the finding that highest survival was
found for 3-year-old trout (a true smolt-aged fish, Huusko et al., 1990) indicated
that several life history traits of this particular stock of brown trout were adapted
to maximize smolt survival in an unpredictable lake environment. In addition, I
suggest that temperature independent and seasonally induced compensatory
growth may be general pattern in migratory salmonids during their main growth
phase in the sea or lakes (Nicieza and Metcalfe, 1997).
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Introduction
Atlantic salmon (Salmo salar) production has declined in the Saguenay region
of Quebec like in many other parts of Canada. During the freshwater phase i.e.,
between spawning and smolt outmigration, multiple factors operating at
different scales can limit the production of salmonids in this region. One
important factor could be an inadequate supply of food (invertebrates),
especially in nutrient-poor streams. Allochthonous nutrient enrichment of
streams can enhance benthic algal production and thereby increase the
invertebrate abundance. This in turn, may subsequently improve the condition
and production of salmon. However, the presence of other salmonids such as
trout can modify the impact of food base manipulations on the target species
(salmon). We compared the feeding ecology of sympatric brook trout
(Salvelinus fontinalis) and Atlantic salmon populations in a stream to see if their
diets are diverse enough to allow resource partitioning and as a consequence
reduce competitive interactions and enhance salmon production by nutrient
enrichment. Here, we report the diel patterns of feeding of these fish.
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Methodology
Fish were caught every four hours by electroshocking a 250 m reach of the
stream, Allaire on 1st September, 1996. After anesthetization and morphometric
measurements, fish were made to regurgitate their stomach contents by
hydraulic stomach flushing. The contents were frozen for later analysis. Levin’s
niche breadth measure (Krebs, 1989) and Schoener’s overlap index (Wallace,
1981) were used to estimate the diet width and diet similarities of the two
salmonids. Only fish with fork lengths between 7-15 cm were sampled for the
study.
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Figure 1. Number (total of all prey types) of food taken at different sampling
times.

Results
The mean length and wet weight of trout was 11.8 cm (! 0.39 SE) and 18.5 g (!
1.82 SE), while that of salmon was 10.2 cm (! 0.20 SE) and 13.2 g (! 1.06 SE),
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respectively. For both species, feeding incidence (number of fish with food in
stomach) and intensity (food amount, Figure 1) were high during the low light
hours and peaked at 2:00 AM.
No fish were found with empty stomachs between 22:00 to 6:00 h. Nearly 2050% of trout and 33% of salmon had empty stomachs during the day light
samplings (10:00-18:00 h). Diet composition (Figure 2) of both species changed
as the day progressed but the change was more pronounced in trout (Figure 2,
lower panel).
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Figure 2. Diet changes in the relative numerical contribution of different
invertebrates to the diet of fish.
Mayflies (Ephemeroptera) were frequently (85-100% of the stomachs analyzed)
found in the salmon stomach and formed almost their exclusive diet (95-100%)
during the major feeding period (22:00-6:00 h). Mayflies were relatively less
important in the diet of trout. Trout primarily fed on terrestrial stages (50-90%
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of the diet) of invertebrates, in particular Hymenoptera. Both salmonids had
very specific food preferences. However, trout had a wider diet width than
salmon (Levin’s Index 0.24 for trout and 0.05 for salmon). Diet overlap
(Schoner’s Index) between the two salmonids was minimum (0.09) and
maximum (0.69) during the peak (2:00 AM) and slack (2:00PM) feeding time,
respectively.

Discussion
Closely related species can reduce the potential for interspecific competition and
promote co-existence either by preying upon different resources, utilizing
resources at different times, or by occupying different habitats. This study
suggests that co-existence of trout and salmon in the Saguenay region is most
likely due to their different food preferences. No clear spatial segregation
between similar-sized trout and salmon was observed in our study site.
However, the preponderance of benthic insects in the diet of salmon and
terrestrial insect stages in the diet of trout suggests that salmon are distributed
close to the substrate, whereas trout are distributed more near the surface or
towards the stream shore.
The addition of nutrients in streams is expected to augment the periphyton
production which in turn should benefit the insect community, especially the
grazers (Petersen, et al., 1993). Mayflies which are known to be grazers (Merritt
and Cummins, 1996) are the most abundant invertebrate in our study streams.
Therefore, it can be expected that salmon, as opposed to trout, feeding primarily
on mayflies may rapidly respond to changes in invertebrate abundance caused
by nutrient enrichment of the stream.
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Introduction
Coregonid fishes: Arctic cisco, Coregonus auturnnalis ipallas), Siberian cisco,
Coregonus sardinella Valenciennes, and muksun, Coregonus muksun (Pallas)
constitute the basis of ichthyophauna of the brackish-water coastal zone of the
Laptev Sea. They feed, grow, and mature in brackish waters but spawn in river
waters, i.e. they perform anadromous migrations. The main spawning river for
fishes of coastal areas and the main source of fresh waters for the Laptev Sea is
the Lena.
According to available data on catches of the above fishes during 1920s-1930s
muksun was the most abundant species (Borisov, 1928; Averintsev, 1932;
Kossov, 1932). Because of very intensive fishing muksun stock was undermined
in the early
1940s. In that time, the maximal catches were 3,700 tons. In following years
abundance of muksun decreased sharply, and in 1990s catches were about 500
tons.
Though local fishermen and researchers (Averintsev, 1932; Sych-Averintseva,
1932; Dorrnidontov, 1963, 1965) noted the signs of population heterogeneity of
Lena muksun, over the long time C.muksun was considered as a low-variable
species (')ravdin, 1966; Dryagin et al., 1969). Only under conditions of low
abundance of Lena muksun the detailed study of its variability and population
structure was carried out Kuznetsov and Alexandrova, 1966; Alexandrova and
Kuznetsov, 1967a, 1967b, 1968). Within the apparent unity of the population,
four reproductively isolated, morphologically and ecologically differed forms of
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muksun were described. They include three brackish water forms (multispinatus,
oligospinatus, and large-mouthed) and one freshwater form. The comparative
study of growth rates of all these forms showed their dependence on
environmental factors (Kuznetsov, 1994). This study was based on data
collected in 1961-1965 when fishery was the only essential factor of
anthropogenic impact on ecosystem.
Later the detailed study of growth of Arctic cisco and Siberian cisco was carried
out, based on data obtained for the same period Kuznetsova, 1995, 1996). This
allowed to conduct a comparative analysis of influence of abiotic factors on
growth rates of all species and morphobiological forms of Coregonus genus,
inhabiting the coastal waters of the Laptev Sea.

Data and Methods
Samples for studying growth rates of fishes were collected in different areas of
the Laptev Sea: Neelov, Oleneksky, Arangastaldi-Kubata and Tiksi Bays,
Buorkhaya inlet, and the lower Lena. Growth rates were determined by the
method of back calculations based on measuring yearly rings on scale with the
use of projecting equipment. The character of relationship between body length
and front radius of scale was determined, and then the back calculations were
made using the published algorithrns (Tesch, 1963; Kuznetsov, 1994). Back
calculations were carried out for 2091 samples of Siberian cisco, 1606 samples
of Arctic cisco, and 1356 samples of muksun. For all species and forms
inhabiting each region, the Bertalanffi's equations of growth (Bertalanffi, 1938)
were obtained. Then, for each year class increase in body length was determined
for each year as a percentage from the mean value for fishes of correspondent
age (obtained with the use of equation). Further, the mean value of relative
growth for each year was calculated, based on consideration of growth rates of
all year classes. The first year of life was excluded from the analysis, because
fishes of age 0+ are affected by different complex of factors compared with
older fishes. Individuals of muksun with age larger than 12+, Arctic cisco with
age larger than 10+, and Siberian cisco with age larger than 6+ were also
eliminated from the analysis because for matured fishes the extent of
dependence of growth rates on environmental factors was changed. Moreover,
when determining the age of such fishes, the probability of error increases.
As a result, the relative values of yearly growth rates were obtained for 4 forms
of muksun over the 13-15-year period, Arctic cisco for 12-year period, and
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Siberian cisco for 9-year period. Comparison of data collected in various regions
did not show essential differences in relative values. This allowed to combine all
the data.
The following environmental factors which may directly or indirectly influence
on Corigonidae growth were studied: mean June-September water temperature
in the lower Lena, mean June-September air temperature on the Laptev Sea
coast winter (January-April) and summer (June-September) water discharges in
the Lena, duration of sunlight in the lower Lena for summer ( Kyusyur village),
occurrence of calm weather and non-onshore winds for the investigated area
(east, southeast, south, southwest winds) for June-September. The published
data of polar stations located in the region under consideration were used for the
1951 - 1965 period (11ydrological Yearly Book, 1957-1971; Climate ReferenceBook, 1974). Along with data on brackish water fishes, materials on growth
rates of freshwater muksun inhabiting the lower Lena and its delta were also
used.

Results and Discussion.
Correlation analysis of abiotic factors showed the weak relationships among
most of them. The strongest correlationships were obtained between summer
water level in the river and summer water discharge (r=0.77, P<0.00l, df=13),
and between water and air temperature (r=0.56, P<00.5, dft-13). Other
relationships among analyzed short time series are statistically insignificant,
though some of them seem to be real. In particular, the relationships between
occurrence of non-onshore winds and air temperature (r=0.43), and water
temperature (r=0.32) should be noted.
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Table 1. Correlation Analysis of Yearly Linear Growth of Brackish Water
Fishes and Freshwater Muksun

Growth rates of different species and forms varied greatly with year. More or
less strong correlationships were observed among relative yearly growth rates of
different species and forms (Table 1).
According to the average correlation coefficient between yearly growth of
particular species and yearly growth of all other species, investigated ciscos and
whitefishes can be placed in the following descending order: multispinatus
muksun (0.83), large-mouthed muksun (0.80), oligospinatus muksun (0.77),
Arctic cisco (0.74), freshwater muksun (0.69), Siberian cisco (0.69). Values of
growth of multispinatus muksun is an indicating index (term by Smirnov, 1924)
of the given correlation pleind (term by Terentyev, 1959, 1960). Possibly, this is
not by chance. Multispinatus muksun feed mainly on brackish water
zooplankton which is the most significant forage resource of estuary ecosystem,
having a great importance for feeding of other species and forms. According to
the character of multispinatus muksun distribution both in feeding and spawning
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grounds, it occupies as if middle position relative to other whitefishes and
ciscos. Under good state of the stock in the past, it had the highest abundance.
Growth rates of freshwater muksun are weakly related to growth rates of other
ciscos and whitefishes due to principal difference in its habitat. Growth rates of
Siberian cisco, which differs greatly from other species by smaller size and
character of feeding, are not strongly related to growth rates of other species and
forms.
Existence of correlationships indicates that growth rates of all species and forms
are affected by the common factors. Significant relationship between growth of
freshwater muksun inhabiting the lower Lena and its delta, with growth rates of
brackish water whitefishes and ciscos shows that the above correlation pleiad
extends outside brackish water complex and involves freshwater populations. In
this relation it can be supposed that variations in rates of production of
ichthyomass of different species and forms occur synchronously over extensive
areas, covering not only the coastal zone but deltas and lower rivers falling into
the Laptev Sea.

Table 2. Relationships between growth rates of Arctic cisco (1), Siberian cisco
(2), multispinatus muksun (3), oligospinatus muksun (4), largemouthed muksun (5), freshwater muksun (6) and environmental
factors. *P<O.05; **P<O.Ol

Table 2 shows that among all environmental factors wind regime has a greatest
impact on growth. Under a high occurrence of non- onshore winds in the coastal
zone, ice drifts offshore, habitat of ciscos expands, and air and water
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temperatures increase. This situation favors also the growth of freshwater
muksun.
Growth rates are also essentially affected by air temperature. Though the strong
relationship is obtained only for growth rates of Siberian cisco, it is probably
exists for other species. Air temperature obviously influences on growth
indirectly through water temperature in vast shallows where fishes feed.
A high water level in summer negatively affects the growth of whitefishes and
ciscos. Possibly, water level and current pattern in the coastal zone are
associated with water level in the lower Lena. Apparently, the high level
impedes the development of benthos and zooplankton or decreases their
availability for fishes. Negative correlation between water level and growth was
also obtained for juveniles of Atlantic salmon Salmo salar L. (Mattynov, 1983).
Growth rates are rather weakly related to water temperature. However, it should
be noted that it was measured in the river while feeding grounds of ciscos were
located in brackish water zone of the sea. Possibly, air temperature measured in
Mostakh Island better reflects temperature conditions characteristic of
investigated whitefishes and ciscos.
Increase in duration of sunlight positively affects on growth rates, especially for
freshwater muksun. However, the correlation is not high.
Over the period of investigations the highest growth rates were observed in 1960
and 1965, when occurrence of non-onshore winds, air and water temperatures,
and duration of sunlight were high.
Changes in growth rates of fishes which stocks were at a high level during the
period of investigations (Arctic cisco, Siberian cisco, freshwater muksun) and
fishes which stocks were depressed brackish water forms of muksun) occur
synchronously. Moreover, the character of relationships between growth rates
and abiotic factors is sImilar for all species and forms. This allows to suppose
that population density does not affect yearly growth rates of investigated fishes,
or its effects are very small. At the same time, influence of physical factors near
the northern boundary of whitefishes and ciscos areal is evident.
Existence of significant correlations among growth rates of different species and
forms and between growth rates and environmental factors indicates on
correctness of determination of age and yearly growth rates. When calculating
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lagged correlations between growth rates and abiotic factors, relationships
become very weak or disappear.
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Klovach, N.V., and O.F.Gritsenko
Russian Federal Research Institute of Fisheries and Oceanography (VNIRO)
17 Verkhnyaya Krasnoselskaya, Moscow 107140, Russia

Until recently, the opinion that the number of Pacific salmon is limited by the
area of spawning grounds was wide-spread. However, 99% of salmon
production is created in the ocean. We notice the limitation of the carrying
capacity of the ocean during periods of high abundance of salmon, when fish
become smaller. In recent years, the problem of carrying capacity has become
very real because of large-scale artificial propagation of salmon. As a result,
salmon stocks in the ocean have an abundance that would never be observed
under natural conditions. Therefore, the problem of determining the carrying
capacity of the ocean is very real.
Two approaches to determining the carrying capacity of any environment are
possible. The first approach is to determine the hydrobiological requirements
and ability of the ocean to satisfy them. This method is very expensive and
difficult to realize. Firstly, the carrying capacity changes from year to year. The
differences are caused by both long-term variations in oceanographic parameters
and peculiarities of particular years. Secondly, factors responsible for survival
of salmon in the ocean and fresh waters often act differently, sometimes even in
opposite directions. Thirdly, parameters of the task are so huge physically (vast
areas, great number of populations, long periods of time, etc.) that it is very
difficult to find methods of analysis. The second approach involves the search
for indications of an exceeded carrying capacity. The appearance of
degenerative events in aquatic stocks is among the possible indications. We
discovered an event which may be considered as evidence for exceeding the
carrying capacity of the ocean.
The situation existing in the North Pacific in recent years increases the
probability of seeing signs of exceeded carrying capacity. In the last years the
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abundance of Pacific salmon was at a high level. In 1995 total salmon catches
by all countries in the North Pacific were more than 900,000 tons. This value is
very close to the historical maximum. The observed period of increase in
abundance of salmon stocks due to natural reproduction coincided with
development of large-scale artificial propagation, the main result of which was
creation of large chum salmon (O.keta) stocks by Japan. By its biomass, this is
the largest salmon stock in the Pacific. Since the early 1980s Japan has released
about 2 billion juvenile chum salmon every year. By 1990, the biomass of
returned “artificial” chum salmon (Japanese chum salmon) exceeded 200,000
tons. The appearance of such a large number of fish in the ocean, which was
never observed on traditional feeding grounds, changed the ocean ecology.
Japanese chum salmon invaded the regions which earlier were inhabited mainly
by chum salmon spawning in Russian rivers (Russian chum salmon) and became
the main consumer of food resources in the North Pacific. Judging from a
number of indications, the effect of density resulting from an increase in the
abundance of Japanese chum salmon has already occurred on salmon stocks, and
primarily on chum salmon themselves. Thus, in recent years, Asian chum
salmon in the western and central North Pacific became much smaller than
American chum salmon, which contacted Japanese chum salmon to a lesser
extent. The decrease in mean body length, mean weight, fecundity and increase
in mean age of matured fish has been noticed for most populations of Asian
chum salmon.
We essentially supplemented a picture of oppression of Asian chum salmon
stocks. In 1994 we discovered and described mass softening of chum salmon
tissues. In different regions and different seasons the proportion of fish with
softened skeleton muscles was 35-60%. These fishes also had unusual herringlike elongate body shape. We consider this phenomenon to be degeneration.
Visual estimation of chum salmon and other salmon species by body shape and
degree of resiliency of skeleton muscles consisted of categorizing fish into
“good”, or “normal, valuable”, and “bad”, or ”flabby, defective” groups. Fish in
the first group had typical salmonid body shape and muscle resilience. Fish in
the second group were characterized by elongate, herring-like body shape, and
pronounced softening of muscles and loss of scales. For “normal” chum salmon,
the ratio between body height and body length ranged from 0.23 to 0.27, while
for “flabby” fish it was 0.18-0.22. Individuals with an unusual body shape and
flabby muscles were not noticed in the other salmon species. Therefore, we
suspect that the above phenomenon in chum salmon population is associated
with its high density on feeding grounds. Earlier, similar “defective” individuals

24

were reported in East Sakhalin pink salmon stocks in years of extremely high
abundance, e.g. in 1991.
The above observations allowed us to formulate the following working
hypothesis:
1.

2.

Appearance of “defective” individuals with flabby muscles in salmon
population or exceeding some background level by a portion of these fish
should be considered as a criterion of exceeding the carrying capacity of the
ocean.
Judging from data available, it is reasonable to consider exceeding the
carrying capacity of the ocean only with respect to separate large
populations of the most abundant salmon species but not with respect to one
or another salmon species as a whole.

We tried to test our hypothesis by comparing high-abundant (chum salmon and
pink salmon, O.gorbusha) and low-abundant (sockeye salmon, O. nerka, and
coho salmon, O.kisutch) species. Moreover, for high-abundant species we
compared chum salmon stocks contacting Japanese chum salmon in the sea with
stocks feeding and migrating separately from Japanese chum salmon. Also, we
compared pink salmon of low-abundant stock with pink salmon of highabundant stock. For this purpose we chose chum salmon of the Tym river
(Northeast Sakhalin) which does not contact Japanese chum salmon, lowabundant Southwest Sakhalin pink salmon stock, and high-abundant (in odd
years) Southeast Sakhalin pink salmon stock.
If our hypothesis is true, flabby individuals have not to be noted in sockeye
salmon, coho salmon, Tym river chum salmon, and Southwest Sakhalin pink
salmon stocks. On the contrary, they must be found among chum salmon caught
in the sea off East Kamchatka, Pacific side of the Kurils, and among Southeast
Sakhalin pink salmons.
In fact, flabby fishes were not found in Tym river chum salmon, sockeye
salmon, and coho salmon stocks. Also, they were not noted in low-abundant
Southwest Sakhalin pink salmon stock. And, on the contrary, they were met in
mixed concentrations of Russian and Japanese chum salmon, and in highabundant (in 1995) Southeast Sakhalin pink salmon stock. Judging from scale
structure of chum salmon, flabby fishes were found in Japanese stock and
Kamchatka stock which was in close contact with Japanese chum salmon.
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In 1996 our investigations covered the whole areal of Asian chum salmon- from
the northern Bering sea to the South Kurils. This allowed to observe changes in
portion of flabby chum salmon individuals during the feeding period in each
region- the Bering Sea, off East Kamchatka, Pacific side of the North and South
Kurils. The changes in the Bering Sea and those off East Kamchatka and North
Kurils were opposite (Fig.1). If off East Kamchatka from May to August a
portion of flabby fishes increased from 26.6 to 82%, in the Bering Sea from June
to October it decreased from 61 to 3.1%. Such dynamics is logical because it
corresponds to dynamics of Japanese chum salmon migrations (Kondo et al.,
1965; Neave et al., 1976; Ogura, 1994). Japanese chum salmon appears in
Russian waters in late May- June. Smaller part of stock moves to East
Kamchatka, and larger part migrates in the northern Bering Sea via the Aleutian
straits. In August maturing Japanese chum salmons migrate to the south along
Kamchatka, where they meet with chum salmons feeding there. Then, both
stocks combine and migrate along the Kurils to Japanese Islands (Fig.2).
The largest portion of flabby chum salmon in the Bering Sea was noted in late
June (about 60%), off East Kamchatka in August (about 80%), and near the
South Kurils in October (about 80%). These are the periods when portion of
Japanese chum salmon in each region was the largest and, therefore, density of
chum salmon concentrations was the highest. Where and when the density of
chum salmon concentrations was lower and portion of Japanese chum salmon
was smaller, flabby fishes were found much less frequently.
Number of flabby chum salmons changed from year to year. Over the 3-year
period of observations it was maximal in 1996, and minimal – in 1995.
Thus, enormous mass of Japanese chum salmon feeding in the ocean creates in
some regions in certain time densities, which if not exceeding the carrying
capacity with respect to the given species, then at least considerably exceeding
the optimal density of hydrobionts. This is reflected in chum salmon quality.
Though the mechanism of this phenomenon is not clear now, there is no doubt
that appearance of chum salmons with flabby muscles is associated with their
high density on marine feeding grounds.
We considered two hypotheses as possible reasons for softening of chum salmon
muscles: 1) ichthyopathology resulting in softening of muscles; 2) feeding on
obliged, less valuable kind of forage in regions of densest concentrations that
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may result in changes in chemical composition of skeleton muscles and be
visually reflected in changes of body shape and consistence of muscles.
Clinical, anatomical pathologic, and microscopic studies of muscles and inner
organs of chum salmon (including electronic and microscopic study of muscles
and inner organs) and helminthological analysis of gut allowed to exclude the
influence of parasitic factor on decrease in resiliency of salmon muscles in the
ocean.
Study of feeding of chum salmon in the ocean showed that its diet consisted
mainly of salps, jellyfishes, ctenophores which had jelly consistence, contained
95% of water and digested by 5 times faster than other forage objects (Welch, in
press). In diet composition of other salmon species these organisms were found
very rarely.
In 1960s, when abundance of salmons was much lower than now, jellyfishes,
ctenophores and salps were not so important for chum salmon feeding.
Jellyfishes and ctenophores were noted in diet composition of chum salmon only
in years of high pink salmon abundance, especially in periods of its mass prespawning migration (Andrievskaya, 1966). Decrease in index of diet similarity
with other salmons is a result of feeding competition and change to obliged
forage resources.
The presence of large quantity of low calorie forage in diet may be a reason for
changes in composition of reserve and structural lipids in fish body. As it was
shown in experiment, requirement of salmons on unsaturated fat acids
constitutes 9.5% of food weight (Bogut et al., 1996) while their content in
organisms consisting of 95% water, is much less. Such dependence between
lipid composition of stomach content and body tissues was found for larvae of
Atlantic cod (Lochmann et al., 1996). It may be supposed that when chum
salmons feed on jelly-like organisms, the expense of polyunsaturated fat acids is
not compensated by their uptake from outside. As a result, balance of lipids in
muscles gets broken resulting in softening of muscles and change in body shape.
Now this is just a hypothesis, which needs to be tested. However, there is no
doubt that presence of large number of “defective” chum salmons is a result of
their increased density in some regions. It also may reflect the fact that if not
exceeding the carrying capacity of the North Pacific epipelagic, filling of
environment by salmons is close to its upper limit.
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Fig. 1. Geographical and Seasonal Dynamics of Chum Salmon «Quality» in
1996
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Fig. 2.

Assumed Schematic Migration Route of Maturing Chum Salmon
originating from Japan/ Figures attached to arrows mean the month (by
Ogura, 1994).
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Abstract
On the basis of shipboard scans of stomach contents made during 1992-1996 in
the Pacific waters off the northern Kuril Islands and southeastern Kamchatka,
the diets and some aspects of trophic relations of Pacific ocean perch Sebastes
alutus, walleye pollock Theragra chalcogramma, and Atka mackerel
Pleurogrammus monopterygius are considered. Comparison of their diets,
features of interannual feeding intensity, bathymetric patterns, and maps of
spatial distribution showed that the feeding competition among species
considered was on low level.

Introduction
Among planktophage fishes in the Pacific waters off the northern Kuril Islands
and southeastern Kamchatka Pacific ocean perch, Sebastes alutus, walleye
pollock, Theragra chalcogramma, and Atka mackerel, Pleurogrammus
monopterygius are most abundant. The data on feeding of Pacific ocean perch in
this area are limited by only one paper (Novikov, 1974). Feeding habits of Atka
mackerel in the area considered are good investigated only in coastal waters
(Zolotov and Medveditsyna, 1978; Zolotov and Tokranov, 1991). Published data
on the diet of Atka mackerel in offshore waters (Orlov, 1997) are limited by the
summer of single year. Feeding habits of walleye pollock in the area under
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consideration are least studied, the diets are described only for several size
groups (Volkov et al., 1990; Shuntov et al., 1993). The diets of all three above
species are very similar. But trophic relations among them are not investigated
till now. The main purpose of the paper is to compare their diets, and to consider
some aspects of their trophic relations.

Material and Methods.
As the basis of paper were used results of shipboard scans of stomach contents
of Pacific ocean perch, Atka mackerel, and walleye pollock made in Pacific
waters off the northern Kuril Islands and southeastern Kamchatka aboard
Japanese trawlers during 1992-1996. Quantitative stomach content analysis,
which measures stomach content weight and the weight of prey items, was not
performed. For diets description the normalized frequencies of occurrence of
prey items were used. Dietary overlap indices, which used often for comparison
of fish diets (Livingston et al., 1986; Yang and Livingston, 1986; Brodeur and
Livingston, 1988; Lang et al., 1991; Yang, 1993, 1996; Lang and Livingston,
1996), were calculated according to Schoener (1970). The stomach fullness
index was determined according to 5-number scale (0 - empty stomach, 1 - a
few food, 2 - medium fullness, 3 - a lot of food, 4 - full stomach). The relative
abundance of species in each depth range was calculated as percent of fish
number caught in this depth range during one hour trawling dividing by the total
fish number of species considered during one hour trawling proportionally to
trawlings number within each depth range (Shuntov, 1965; Borets, 1985; Orlov,
in press). Maps of spatial distribution were drawn using the data of 1083
trawlings made in 1992-1996 during summer-autumn period, when feeding
intensity of species considered was highest.

Results and Discussion
All three species under consideration are typically planktophage fishes. Their
diets were rather wide (from coelenterates to fish) and mainly consisted of
planktonic organisms. The benthic prey items did not play an essential role in
the diets (Tab. 1). The basis of their food consisted of copepods and euphausiids.
The frequency of occurrence (FO) of euphausiids in walleye pollock stomachs
was on the first place (61.5%). Second position belongs to copepods (13.6%).
The FO of fishes was 8.1% which were represented mostly by mesopelagic
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species, and also by juveniles of pollock, rockfishes (Sebastes spp.), snail fishes
(Careproctus spp.), and darkfin sculpin Malacocottus zonurus, and also adult
smelt Mallotus villosus, that is characteristic of other continental slope regions
(Lang and Livingston, 1996). Typically benthic prey items did not play an
essentially role in pollock diet and were consumed mainly by larger fishes that
noted in other areas (Yang, 1993, 1996; Shuntov et al., 1993; Lang and
Livingston).
The most important role in Atka mackerel diet played euphausiids and copepods
(36.7% and 31.7% FO, respectively). Accordingly to frequency of occurrence
the chaetognaths occupied the third position (10.8%). Benthic organisms were
consumed mainly in spawning period (July-September), when Atka mackerel
inhabited near bottom layers. Our data on Atka mackerel diet are similar to data
obtained off the Aleutians (Yang, 1996) and differed from that of coastal waters
off the northern Kurils and eastern Kamchatka (Zolotov and Medveditsyna,
1978; Zolotov and Tokranov, 1991).
The ephausiids were basic prey item of Pacific ocean perch (FO 25.2%). The
significant position in their diet belongs to copepods (15.1%) and amphipods
(12.6%). The fishes (mostly mesopelagic myctophids and bathylagids) played
the significant role in their diet. The data on Pacific ocean perch diet obtained
were also similar to that of the Aleutians (Yang, 1996).
Dietary overlaps of all three species considered were moderate, values of
Schoener’s dietary overlap indices calculated were 0.53 for pollock and Atka
mackerel, 0.60 for pollock and Pacific ocean perch, and 0.53 for Atka mackerel
and Pacific ocean perch.
Stomach fullness analyses showed that pollock fed most intensively from May
to November (fig. 1, A), i.e. in postspawning, feeding , and prespawning
periods. Minimum values of stomach fullness and maximum number of nonfeeding individuals occurred from December to April (spawning time).
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Figure 1. Interannual feeding intensity of planktophage fishes in the Pacific
waters off the northern Kuril Islands and southeastern Kamchatka in
1992-1996. A - walleye pollock, B - Atka mackerel, C - Pacific ocean
perch.

Our data on feeding intensity of Atka mackerel is limited by period from May to
December. In coastal waters Zolotov (1984) noted decreasing of Atka mackerel
feeding intensity during July-September that connected with their spawning
there. Outside of spawning areas, where Atka mackerel are represented mainly
by immature and prespawning individuals, and also by spawning and migrating
between coastal and offshore waters females, the most intensively feeding was
occurred from May to July (fig. 1,B) with following sharp decreasing in August
that probably related to peak of spawning in coastal waters. In the winter,
according to Zolotov and Medveditsyna (1978), feeding intensity of Atka
mackerel is very low.
The lowest feeding intensity of Pacific ocean perch occurred in June-July and in
November (fig. 1, C). Summer peak of feeding intensity is related to the end of
spawning that is characteristic of other regions (Novikov, 1974). This author
noted that Pacific ocean perch during November-March did not feed. But we
found a rather high feeding intensity in November that may connected with the
end of copulation, which occurred in various regions from September to October
(Novikov, 1974).
Thus, all three species considered fed most intensively almost in the same
periods that does not weaken the feeding competition between them.
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The walleye pollock were occurred in bottom trawlings in depth range 117-630
m, the maximum values of their biomass (92.6%) were noted on depth of 250400 m. The vertical range of occurrence of Atka mackerel in bottom trawlings is
85-504 m while only 6.4% of their biomass were in the upper bathyal (200-500
m) concentrated. Pacific ocean perch were caught in depth of 85-630 m, 73.5%
of their biomass occurred in depth range 200-350 m. Analysis of relative
abundance depending on the depth (fig. 2) showed that bathymetric distribution
of pollock and Pacific ocean perch was the most similar. In the same
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Figure 2. Bathymetric distribution of relative abundance (%) of planktophage
fishes in the Pacific waters off the northern Kuril Islands and
southeastern Kamchatka in 1992-1996.
time, the bathymetric patterns of Atka mackerel very differ from that of Pacific
ocean perch that almost eliminate the feeding competition between them.
Comparison of the maps of spatial distribution (fig. 3) showed that the most
dense concentrations with similar locations was characteristic of pollock and
Atka mackerel, and Atka mackerel and Pacific ocean perch. The levels of both
similarities were moderate.
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Table 1. Prey items (expressed in normalized frequency of occurrence, %) of
three planktophage fishes collected in the Pacific waters off the
northern Kuril Islands and southeastern Kamchatka in 1992-1996.
Prey name
Hydrozoa
Scyphozoa
Ctenophora
Oligochaeta
Polychaeta
Copepoda
Euphausiacea
Mysidacea
Amphipoda
Cirripedia
Decapoda:
Padalidae
Crangonidae
Lithodidae
Cephalopoda:
Teuthida
Octopoda (eggs)
Gastropoda
Nudibranchia
Chaetognatha
Ophiuroidea
Osteichthyes
Osmeridae:
Mallotus villosus
Myctophidae:
Protomyctophum thompsoni
Stenobrachius leucopsarus
S. nannochir
Myctophidae gen. sp.
Microstomatidae:
Lipolagus ochotensis
Leuroglossus schmidti
Gonostomatidae:

Wallyeye
pollock
0.20
0.40
13.60
61.49
0.27
1.94
-

Atka
mackerel
0.07
1.92
0.04
0.04
36.74
31.69
0.14
0.59
1.15

Pacific
ocean perch
1.89
15.09
25.16
1.89
12.58
-

2.28
2.41
0.07

0.10
-

6.29
1.89
-

3.95
1.47
-

2.69
0.17
0.04
0.04
10.78
0.04

5.65
-

0.13

-

-

0.07
0.07
-

2.69
0.52
0.07
0.98

1.89
-

1.14

0.17
0.38

2.52
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Gonostoma gracile
Gadidae:
Theragra chalcogramma
Scorpaenidae:
Sebastes sp.
Psychrolutidae
Malacocottus zonurus
Liparidae:
Careproctus sp.
Osteichthyes (eggs)
Osteichthyes (larvae)
Unidentified fish
Unidentified organic material
Total number of stomachs
examined
Total number of stomachs
that contained food

-

0.10

-

1.00

-

-

0.07

-

-

0.06

-

-

0.07
5.49
3.82
2403

3.74
0.04
1.19
3.85
3222

5.65
19.50
739

1612

2008
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Summarizing above factors, it may be to conclude that in spite of very similar
diets and same features of feeding intensity the different patterns of vertical and
spatial distribution make the feeding competition between walleye pollock, Atka
mackerel, and Pacific ocean perch insignificant.
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Abstract
On the basis of shipboard scans of stomach contents made during 1992-1996 in
the Pacific waters off the northern Kuril Islands and southeastern Kamchatka
some aspect:s of trophic relations among Greenland turbot, Reinchardtius
hippoglossoides, Kamchatka flounder, Atherestes evermanni, Pacific halibut,
Hippoglossus stenolepis, sablefish, Anoplopomafimbria, snailfish Polypera
simushirae, Pacific cod, Gadus macrocephalus, Aleutian skate, Bathyraja
aleutica, whiteblotched skate, Bathyraja maculata, Matsubara's skate, Bathyraja
matsubarai, Alaska skate, Bathyraja parmifera, shortraker rockfish, Sebastes
borealis, shortspine thornyhead, Sebastolobus alascanus, broadbanded
thornyhead, Sebastolobus macrochir, and rock greenling, Hexagrammos
lagocephalus, are considered. Comparison of their diets, features of interannual
feeding intensity, bathymetric patterns, and maps of spatial distribution showed
that the highest level of feeding competition among species considered was
characteristic of shortraker rockfish and broadbanded thornyhead.

Introduction
The most abundant predatory fishes in the Pacific waters off the northern Kuril
Islands and southeastern Kamchatka were represented by Greenland turbot,
Reinchardtius hippoglossoides, Kamchatka flounder, Atherestes evermanni,
Pacific halibut, Hippoglossus stenolepis, sablefish, Anoplopomafimbria, snail
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fish Polypera simushirae, Pacific cod, Gadus macrocephalus, Aleutian skate,
Bathyraja aleutica, whiteblotched skate, Bathyraja maculata, Matsubara's skate,
Bathyraja matsubarai,Alaska skate, Bathyrcy'aparmf'era, shortraker rockfish,
Sebastes borealis, shonspine thornyhead, Sebastolobus alascan us, giant
grenadier, Albatrossia pectoralis, and large sculpins of genera Myoxocephalus.
According to feeding behavior broadbanded thornyhead, Sebastolobus
macrochir, and rock greenling, Hexagrammos lagocephalus are similar to
predatory fishes. Biology of above species in the area considered is least studied,
and first of all their feeding habits. Food habits of Pacific cod, giant grenadier,
and large sculpins are best investigated in comparison with other Pacific
predators off northern Kurils and southeastern Kamchatka (14ovikov, 1970;
Tokranov, 1986a,b; Tuponogov, and Kurennoi, 1986; Tokranov, and Vinnikov,
1991). The diets of halibuts, rockfishes, and grenadiers were briefly described
by Novikov (1974).The feeding habits of rock greenling were only studied in
coastal waters (Klyashtorin, 1962; Zolotov, 1993). Trophic relations among
predatory fishes in the area considered were not analyzed till now.

Material and Methods.
As the basis of paper were used results of shipboard scans of stomach contents
of predators considered made in Pacific waters off the northern Kuril Islands and
southeastern Kamchatka aboard Japanese trawlers during 1992-1996.
Quantitative stomach content analysis, which measures stomach content weight
and the weight of prey items, was not performed. For diets description the
normalized frequencies of occurrence of prey items were used. Dietary overlap
indices, which applied often for comparison of fish diets (Livingston et al.,
1986; Yang and Livingston, 1986; Brodeur and Livingston, 1988; Lang et al.,
1991; Yang, 1993, 1996; Lang and Livingston, 1996), were calculated according
to Schoener (1970) using fine taxonomic details. Many of the fine taxa of prey
consumed by predators in Table 1 were combined into larger prey categories.
The same method (Schoener's overlap indices) was used for estimating of
interspecific bathimetric overlap based on relative abundance of fish. The
relative abundance of species in each depth range was calculated as percent of
fish number caught in this depth range during trawling with duration one hour
dividing by the total fish number of species considered caught during above time
proportionally to trawlings number within each depth range (Shuntov, 1965;
Borets, 1985; Orlov, in press).The stomach tuilness index was determined
according to 5-number scale (0 -empty stomach, 1 - a few food, 2 - medium
fliliness, 3 - a lot of food, 4 - full stomach). Maps of spatial distribution were
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drawn using the data of 1083 trawlings made in 1992-1996 during summerautumn period, when feeding intensity of most part of species considered was
highest.

Results and Discussion
The most part of fishes considered are predators. The basis of their diet was
represented by fishes. Mollusks (mainly squids and octopuses) and large
crustaceans (mostly shrimps and crabs) played also an essential role in predators
feeding. But the variation in consumption of above three basic prey categories
are available (Table 1). Their feeding pattern of broadbanded thornyhead was
characterized by Novikov (1974) as mixed (predatory-benthophage). The
submersible observations (Orlov, 1993) showed that this fish used for hunting
the natural covers (sponges, stones, bottom hollows etc.). The total frequency of
occurrence of fish in their stomachs was 9,8%. Due to above facts we consider
the broadbanded thornyhead as fish with similar to predator feeding pattern. It is
accepted that the rock greenling are benthophage-polyphage fish (Klyashtorin,
1962). In coastal waters they fed mainly on the eggs of Atka mackerel (Zolotov,
1993). Our study showed that in offshore waters the most important prey of rock
greenling were mollusks (mainly octopuses). We found in their stomachs eggs,
cupules, and fragments of pulpi of North Pacific giant octopus, Octopus dofleint
Some fishes had wounds and traces of octopus's bites Females of these octopus
protect the eggs during a long time (Roper et al., 1984). Some authors consider
predatoriness not only as consumption of fish, but also as feeding on mobile
animals including active finding and pursuit of prey (13erezina, 1973), we
examine the feeding pattern of rock greenling as similar to predatory.
The maximum value of Schoener's dietary overlap index among all fishes
considered (82,7%) was calculating for shortraker rockfish and broadbanded
thornyhead (Tab. 2). For the rest of species these indices varied 9,9% to 62,2%
(low and moderate degree of dietary overlap). Feeding competition defined not
only of degree of interspecific dietary overlap, but also of features of interannual
feeding intensity, and of patterns of vertical and spatial distribution of species
(Shorygin, 1946; Ivlev, 1977). 17 pair of fishes with dietary overlap indices over
50% were taken for the further analysis.
The comparison of diagrams of interannual feeding intensity (no data in August
for some species, and data available for skates only from May to July) showed
that the highest overlap of periods with maximum feeding intensity was
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characteristic of Greenland turbot and Kamchatka flounder, Aleutian skate and
whiteblotched skate, whiteblotched skate and Alaska skate, shortraker rockfish
and shortspine thornyhead, shortraker rockfish and broadbanded thornyhead
(Fig. 1).
The analysis of similarity of patterns of vertical distribution among 17 pairs of
species considered was made using the data on their relative abundance (Orlov,
in press) according to Schoener (1970). Only 3 from 17 fish pairs had the high
degree of bathymetric overlap (Tab. 2). They are Kamchatka flounder and
Aleutian skate (84,9%), Aleutian skate and whiteblotched skate (81,5%),
shonraker rockflsh and broadbanded thornyhead (67,3%). The patterns of
vertical distribution of other species differ considerably.
The maps of spatial distribution of 12 fish pairs were drawn (Fig. 2). Rock
greenling and P. simushirae were excluded due to the lowest degree of dietary
and batymetric overlaps, and interannual feeding intensity similarities among
them and other species. These maps showed that most similar pattern of spatial
distribution (locations of most dense concentrations) had only 7 pairs:
Kamchatka flounder and Pacific halibut, Pacific cod and Aleutian skate,
Aleutian skate and whiteblotched skate, whiteblotched skate and Matsubara's
skate, whiteblotched skate and Alaska skate, shoifraker rockfish and shortspine
thornyhead, shortraker rockfish and broadbanded thornyhead. The degree of
above similarity may be characterized as moderate.
Thus, among 14 predators examined according to four considered factors the
maximum feeding competition was noted onl~ for shortraker rockfish and
broadbanded thornyhead which degree may be characterized as high. The
moderate degree of feeding competition was pronounced for Aleutian skate and
whiteblotehed skate. Other species due to essential differences of the diets, of
features of interannual feeding intensity, of patterns of vertical and spatial
distribution did not compete considerably.
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Figure 1. Interannual feeding intensity of predatory fishes in the Pacific waters off the
northern Kuril Islands and southeastern Kamchatka in 1992-1996 (X-axis is month of
observation, and Y-axis is average stomach fiillness index)~
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Figure 2. Spatial distribution of the concentrations (individ.Iper hour trawling)
of predatory fishes in the Pacific waters off the northern Kuril Islands
and southeastern Kamchatka in 1992-1996.. A - Greenland turbot, B Kamchatka flounder, C -Aleutian skate, D -whiteblotched skate E Alaska skate, F - shortspine thornyhead, G -shortraker rockfish, H broadbanded thornyhead, I - Pacific cod, J - Pacific halibut, K Matsubara's skate, L - sablefish.

49

References
Berezina M.A. 1973. Hydrobiology. Moscow, Pishchevaya Promyshlennost',
496 p. (In Russian).
Borets L.A. 1985. Composition and present status of benthic fish conunupity of
K&aginsky Bay. Izv. TINRO, V.110, P.20-28. (In Russian).
Brodeur R.D., and P.A. Livingston. 1988. Food habits and diet overlap of
various Eastern Bering Sea fishes. U.S. Dep. Commer., NOAA Tech.
Memo. NMFS F/NWC-127, 76 p.
Ivlev V.S. 1977. Experimental feeding ecology of fishes. Kiev, Naukova
Dumka, 272 p. (In Russian).
Klyashtorin L.B. 1962. Studies on greenlings (Hexagrammidae, Pisces)
inhabiting waters of Kuril Islands. Tr. Inst. Okeanol. AN SSSR,
Vol.59, P.104-109. (in Russian).
Lang G.M., P.A. Livingston, R. Pacunski, 3. Parkhurst, and Mei-Sun Yang.
1991. Groundfish food habits and predation on commercially important
prey species in the eastern Bering Sea from 1984 to 1986. U. S. Dep.
Commer., NOAA Tech. Memo. NMFS F!NWC-207, 240 p.
Lang G.M., and P.A. Livingston. 1996. Food habits of key groundfish species in
the Eastern Bering Sea slope region. U.S Dep. Commer., NOAA Tech.
Memo. NMFS-AFSC-67, 111 p.
Livingston P.A., D.A. Dwyer, D.L. Wencker, M.S. Yang, and G.M.Lang. 1986.
Trophic interactions of key fish species in the eastern Bering Sea. Bull.
Int. Nor. Pac. Fish. Com., No.47, pp.49-65.
Novikov N.P. 1970. Biology of giant grenadier (Nematonurus pectoralis) in the
North Pacific Ocean. Tr. VNIRO, Vol.70, P.300-326. (In Russian).
Novikov NP. 1974. Commercially important fishes of the continental slope of
the North Pacific Ocean. Moscow, Pishchevaya Promyshlennost', 308
p. (In Russian).

50

Orlov A.M. 1993. Behavior features of some groundfishes of the shelf of the
northern Okhotsk Sea. P.26-27 In: Biology and rational use of
hydrobionts, their role in ecosystems. Tez. Dokl. Konf Molod. Uchyon.
Vladivostok, TINRO. (In Russian).
Orlov A.M. Demersal ichthyofauna of the Pacific waters off the northern Kuril
Islands and southeastern Kamchatka. Biol. Morya, 1998, No.2, in press.
(In Russian).
Roper C.F.E., M.J. Sweeney, and C.B. Nanen 1984. Cephalopods of the world.
FAO Fisheries Synopsis, No.125, Vol.3, Rome, Italy, 277 p.
Schoener T.W. 1970. Nonsynchronous spatial overlap of lizards in patchy
habitats. Ecology, Vol.51, No.3, P.408-418.
Shorygin A.A. 1946. Quantitative method of the study of feeding competition of
fishes. Zool. Zhurn. V.25, No.1, P.45-60. (In Russian).
Shuntov V.P. 1965. Vertical zonality in fish distribution in the upper bathyal of
the Sea of Okhotsk. Zool. Zhurn., V.44, No.11, P.1678-1689. (In
Russian).
Tokranov A.M. 1986a. Food habits of great sculpin, Myoxocephalus
polyacanthocephalus Pallas and plain sculpin, Afroxocephalusjaok
(Cuvier) (Cottidae) in coastal waters of Kamchatka. Vopr. Ikhtiol.,
Vol.26, No.6, P.980-989. (in Russian).
Tokranov A.M. 1986b. Food habits of Pacific cod off the eastern Kamchatka. P
102-111. In; Codfishes of the Far East seas. Vladivostok, TINRO. (In
Russian).
Tokranov A.M., and AB. Vinnikov. 1991. Food habits of Pacific cod, Gadus
morhua macrocephalus, and their position in the trophic system of
coastal Kamchatka waters. Vopr Ikhtiol., V.31, No.2, P.253-265. (In
Russian).
Tuponogov V.N., and A.A. Kurennoi. 1986. Giant grenadier. P.233-241
In:Biological resources of the Pacific ocean. Moscow, Nauka. (In
Russian).

51

Yang M-S. 1993. Food habits of the commercially important groundfishes in the
Gulf of Alaska in 1990. U.S Dep. Commer., NOAA Tech. Memo.
NIAFS-AFSC22,150 p.
Yang M-S. 1996. Diets of the important groundfishes in the Aleutian Islands in
summer 1991. NOAA Tech. Memo. Nll&FS-AFSC-60, 105 p.
Yang M-S., and P.A. Livingston. 1986. Food habits and diet overlap of two
congeneric species, Atherestes stomias and Atherestes evermanni, in
the Eastern Bering Sea. U.S. Fish. Bull., Vol.82, No.3, P.615-623.
Zolotov

O.G. 1993. Some ecological features of rock greenling,
Hexagrammoslagocephalus (Pallas), in coastal waters off Kamchatka
and northern Kuril Islands. P. 190-201 In: Investigation of biology and
abundance dynamics of commercially important fishes of Kamchatka
shelf, Vol.2. Petropavlovsk-Kamchatsky, KamehatNiRo. (In Russian).

52

SUCCESSION OF ICHTHYOCENOSIS IN A LATERAL CHANNEL
AT DUBRAVA DAM IN CROATIA

Perica Mustafic
Faculty of Science, Department of Zoology, University of Zagreb
Rooseveltov trg 6, 10 000 Zagreb, Croatia
Tel: ++385-1-4826-263, ++385-1-4826-264, Fax: ++385-1-4826-268
E-mail: Perica.Mustafic@public.srce.hr
M. Mrakovcic, S. Misetic, M. Kerovec and D. Schneider
Faculty of Science, Department of Zoology, University of Zagreb

Introduction
The results of a nine-year research of fish fauna in a lateral channel on Dubrava
Dam are presented here. The lateral channels on Dubrava Dam are 11 kilometres
long. These channels contain seeping water from a power plant reservoir;
therefore the main aspects of such water are insufficient oxygen concentration,
low temperature and high speed of running water.

Materials and Methods
Dubrava Dam is the third Croatian dam constructed on the river Drava and is the
largest one: its water surface is 16.6 km2, the average volume of reservoir is 94
million cubic meters and its water completely changes in four days. Our
locations were at the 5th kilometre upstream from the dam on each lateral
channel on Dubrava Dam, and at the 4th kilometre from the dam on each lateral
channel on Cakovec Dam but no fishes were found anywhere else other than in
the right lateral channel on Dubrava dam at the location 4D.
Electric fishing was carried out from April 1989 until October 1997 during
daytime: four times a year for about one-hour on each location. The collected
fishes were preserved in 7% formalin solution. Oxygen concentration and
temperature were measured by electronic oxymeter.
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Results
The structure of fish fauna is given in Table 1. 268 specimens of 18 different
fish species were caught on this location throughout the nine-year period. As we
can see in Table 1, only a few fish species were caught more than twice.
Common fish species on this location are the burbot (26.49%), schneider
(19.03%), trout (12.69%), bullhead (12.31%) and chub (7.09%). Collected
specimens were usually 0+ or 1+ group of age, but some bullheads were in the
3+ age group.
Water temperature in June at this location has never exceeded 13.5°C, while air
temperature is 29°C, and water temperature in the reservoir is about 17°C. In
August water temperature at the location 4D has hardly exceeded 15°C, while in
the reservoir it is over 22°C and the air temperature is over 30°C. In October
water temperature at the location 4D is about 13°C, at the reservoir it is about
15°D and the air temperature is about 18°C.
Another problem is low oxygen saturation. In August water at location 4D
contains 4.42 mg O2 per liter, which is 44.5% saturated (T=15.2°C). In October
water at the same location contains 4.32 mg O2 per liter which is 41.2%
saturated (T=13.2°C). At the same time we have measured in the old river flow
in August 8.9 mg O2 per liter, which is 98.9% saturated (T=20°C) and 7.96 mg
O2 per liter in October, which is 76.6% saturated (T=13.7°C).
Table 1: Structure of fish fauna on location 4D at the Dubrava Dam (number of
specimens)
Species
Trout - Salmo trutta
Pike - Esox lucius
Barbel - Barbus barbus
Gudgeon - Gobio gobio
Nase - Chondrostoma nasus
Bleak - Alburnus alburnus
Schneider- Alburnoides bipunctatus
Bitterling - Rhodeus sericeus
Dace - Leuciscus leuciscus
Chub - Leuciscus cephalus
Rudd - Scardinius erythrophthalmus
Roach - Rutilus rutilus
Spined loach - Cobitis taenia
Burbot - Lota lota
Perch - Perca fluviatilis
Balon's ruffe- Gymnocephalus baloni
Pumpkinseed - Lepomis gibbosus
Bullhead - Cottus gobio

1989

1990
1

1991

1992
1

Year
1993
1

1994
4

1995
5

1996
13

1997
9

1
1
6

2

5
2

15

2
6
1
5
5

4

2

6

1

10

4

9

12
2

2
41

16

7
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1

4
3

2
1

2
1
1

1
14

6
1
3
6

1

2

1
1
1
2

13

The estimated species richness is 23.3, standard deviation of species richness is
2.98 and number of unique species is 6. Shannon-Wiener Index of species
diversity is 3.148 of the possible maximum 4.170. Simpson’s Index of diversity
is 0.853 of a possible maximum 0.948. In Fig. 1 we could see how species
diversity changes throughout years. Hmax in this chart means maximum possible
diversity. (Krebs, 1989)
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Figure 1: Changes of species diversity through the years
Only 18 different zoobenthic species were found and their structure is similar to
acalorheophilic fauna of upper reaches of a river.

Discussion
As we can see in Table 1 and in the data above in the first year after Dubrava
Dam was built on location 4D fish fauna was similar to that of common
European slow-flowing rivers. In the next year we could see dramatical change:
fish fauna of slow-flowing rivers turned into fish fauna similar to upper reaches
of a river. Water temperature in this lateral channel is low, flow is quite fast and
the only restricted factor here is amount of oxygen. Bullhead and trout are fishes
which require very large amounts of oxygen and at 5 mg O2 per liter they could
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begin to suffer (Nikolsky, 1963). In spite of low amount of oxygen we can see
that these fishes are common here. Nikolsky (1963) describes fishes like chub,
nase, gudgeon and burbot as fishes which demand a large amount of oxygen, but
which can also live at 5-7 mg O2 per liter. These fishes are also common here so
we can say that they can live below 5 mg O2 per liter. Another point of interest
is that in the other lateral channels conditions are very similar those in the
channel described above, but there are no fishes there. Perhaps we could explain
it with little turbulences in the right lateral channel which constantly aerate
water in this channel, but the oxygen concentration is still below the minimum
for species that could be found there.
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Abstract
We propose a hypothetical visual-field-overlap (VFO) model for shoaling
behavior. Although it has long been known that animals can not see equally
well in all directions, and that they have a complex visual field which has
important implications for predator-prey interactions, the characteristics of the
visual field have only been measured for a few species of fish (Walls, 1942).
The importance of visual field characteristics other than the range of visibility
have generally not been considered in studies of animal grouping behaviors such
as flocking and shoaling, which implicitly assume equal vision in all directions.
The purpose of this paper, therefore, is to present a theoretical exploration of
how characteristics of a fish’s visual field can be used to model some aspects of
shoaling behavior.
Solitary fish have the disadvantage of a substantial blind zone to their rear,
typically of 20-600 (Fig. 1a). When two fish associate in a shoal, their visual
fields overlap in such a way as to impart to them a distinct advantage over
solitary fish (Fig. 1b-f). Figure 1b-f illustrates how the visual field of a second
fish (fish B) would overlap with the first (fish A) under different conditions. In
each case, fish B is located the same horizontal distance to the right of fish A,
but its visual axes is rotated at various angles relative to the visual axes of fish
A. In the first example, fish B is rotated more than 900 counter-clockwise to
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fish A (Fig. 1b). In this shoal configuration each fish can see most of the other
fish’s blind zone within its limit of vision, except for small shadow areas caused
by the opposite fish’s body (not shown). An approaching predator would,
therefore, be visible to at least one of the fish regardless of which direction it
came from (although whether or not either fish actually detects the predator in
its field of view is dependent on other factors). Similar patterns are observed
when fish B is rotated 900, and when rotated at an angle equivalent to the blind
angle (Fig. 1c and 1d, respectively). When fish B is rotated at an angle less than
the blind angle (I), however, the blind zones of the two fish intersect so that
there is a blind zone common to both fish (Fig. 1e). The location and
configuration of this common blind zone is dependent on the blind angle (I),
distance between the fish, angle of rotation relative to the visual field axes of a
reference fish, and the range of visibility. When both fish are parallel (i.e.,
highly oriented into a polar school formation), this common blind zone is
maximized (Fig. 1f). These observations suggest that although any shoal of two
or more fishes would have a distinct visual advantage over a solitary fish, highly
polarized shoals (schools) have a distinct disadvantage relative to non-polar
shoals in that a predator could approach from behind the school for some
distance without detection.
However, in situations where fishes must orient in one direction, the visual
fields of individuals in the school overlap such that the common blind zone is
considerably farther down current than the blind zone of any particular fish. The
overlapping visual fields of two schooling fish are illustrated in Figure 2. For
simplicity, only the blind zones are illustrated, and the effects of the range of
visibility are ignored. The horizontal distance between the two fish is defined as
the interfish spacing (I). School width (w) is equal to I, or (N-1)I for a school
of 2 and N fish, respectively. The distance to the school’s common blind zone
(d) is measured from the horizontal axis to the intersection of the interior lines
of sight (here LB and RA) of the two most lateral fish. A simple geometric
relationship between school width, the blind angle, and the distance to the
common blind zone,
predicts that larger schools can detect predators at a greater distance than smaller
schools. There would also be a tendency to increase interfish spacing in order to
push back the common blind zone, which would be counterbalanced by
advantages gained by the increased overlap of visible fields among fish with
decreasing interfish spacing.
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Additionally, the model provides a novel explanation for the nearly universally
observed tendency for fish to school together with like-sized individuals. It
predicts that fish should avoid joining schools of larger individuals, but a selfish
large fish might profit from joining a school of smaller fish. However, odd sized
fish can compensate by increasing interfish spacing to their neighbors. Finally,
the effect of school shape on the visual field overlap pattern would have a strong
impact on predator-prey interactions. The VFO model suggests that schooling
in planktivores is an adaptation to enhance feeding efficiency by reducing the
need for individual vigilant behavior while feeding in the water column. We
believe the VFO model promises to provide considerable insight into the
behavioral ecology of shoaling fishes, and that it is highly amenable to both field
and laboratory testing.
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Figure 2. Overlap pattern of the visual fields of two schooling fish.
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The sequence of events in the flux of amino acids from a prey item to the
incorporation of amino acids into protein can be described as follows:
The amino composition of the prey free pool and proteins determines the
relative concentrations in the predator’s intestine. The absorption efficiency of
the amino acids determines the concentrations of amino acids entering the
plasma, the liver and the tissues. The free pool of the predator changes and
results in protein synthesis; the overall amino acid composition of the predator’s
proteins may or may not match the composition and the timing in arrival of the
amino acids from the prey.
It is assumed that amino acid imbalances will result in increased amino acid
oxidation and thus to decreased food conversion efficiencies; it is also assumed
that for protein synthesis to proceed at a maximal rate all the amino acids must
be present in the right concentration in the tissues. If the amino acids provided
by the prey are out of balance with the amino acid requirements of the predator,
protein synthesis may be depressed but paradoxically imbalanced amino acids
results in increased oxygen consumption and increased protein synthesis.
This paper will describe experiments where the amino acid composition of the
prey has been determined and rates of protein synthesis measured. Examples
will be taken from larval turbot fed natural zooplankton or Artemia, from
herring larvae fed copepods in the laboratory, rainbow trout fed diets with
varying amino acid composition
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Introduction
Chitin is the second most abundant carbon biopolymer on earth after cellulose. It
is especially important in the aquatic environment because of the large biomass
of aquatic organisms that contain chitin in their exoskeletons and because of the
chemically stable nature of chitin. Enzymes that hydrolyze chitin are generally
called chitinases. Organisms from every phyla produce chitinases; these
enzymes have a wide spectrum of apparent functions. Many bacteria can
produce chitinases and even thrive when chitin is the sole carbon source. Plants
produce chitinases at wound sites to defend against fungal infection. Arthropods
produce chitinases when molting to remove existing exoskeletons. The octopus
uses its salivary chitinase in conjunction with salivary proteases as a food
processing system; the enzymes diffuse through the crab prey and separate the
soft tissue from the exoskeleton, facilitating the removal of the most nutritious
tissues (Grisley, 1993). In higher vertebrates, chitinases are found in the
macrophages of the blood, probably as an immune or defence function
(Renkema, et al., 1998). Chitinases are also found in the digestive tract of some
animals, correlated to diet: strict herbivores and carnivores are generally lacking
digestive chitinases, but omnivores typically have them. In some lower
vertebrates such as reptiles and amphibians, production of chitinase also seems
to be correlated to diet. However, no such correlation has been found in the
other lower vertebrates, fish. It has been suggested that a correlation exists
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between the method of consuming prey and the presence or absence of a gastric
chitinase: fish that gulp their prey whole have one; fish that mechanically disrupt
their prey (e.g with pharyngeal teeth) do not (Lindsay, 1984). Chitinase has also
been reported in the lymphomyeloid tissue (which produce and store blood) of
marine fish (Lundblad, et al., 1979). The function, relationship and evolutionary
history of this spectrum of chitinases is not well-understood.

Methods
The gastrointestinal tracts of eight species of fish (rainbow trout, Oncorhynchus
mykiss; striped bass, Morone saxatilis; Atlantic stingray, Daysatis sabina; sea
bream, Archosargus rhomboidalis; tilapia, Oreochromis niloticus; American
shad, Alosa sapidissima; gizzard shad, Dorosoma cepedianum; and zebrafish,
Pterois volitans) were removed, sectioned from anterior to posterior (when size
permitted), and homogenized in acidic buffer. The crude extracts were assayed
for the rate of chitin oligomer release from colloidal chitin by a radiometric
assay. This assay measures the rate of hydrolysis of chitin by all forms chitinase.
Specific activities were determined using both tissue mass and protein
concentration.

Results and Discussion
Not all the fish tested exhibited measurable gastric chitinase activity (Figure 1).
Rainbow trout and Atlantic stingray had the highest activities followed by
Striped bass and American Shad. All showed higher levels in the anterior
portion of the GI tract. The intestinal portion of the tissues had very low
chitinase activities. In contrast, sea bream stomachs showed little or no activity,
but intestinal tissues exhibited slight activity. With these species, presence of
chitinase activity in the gut appears to be correlated to the prey type for each
species.
The pattern of activity in the anterior portion (stomach) of the GI tract supports
several theories. The prevailing theory is that chitinase is produced in the
stomach in order to process the prey item, much like the octopus salivary
chitinase. If the final breakdown products of chitin are being assimilated
nutritionally, then it is thought that chitinase would act in the stomach to break
chitin into chitobiose (chitin dimers) and that a chitobiase in the intestine would
break the dimers into monomers, which are readily absorbed. It is possible that
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chitinase originated as a digestive enzyme and then was differentially expressed
in other tissues (macrophages, lymphomyeloid tissues) for defence against
bacterial and fungal invaders and then may have been lost as a digestive enzyme
in some animals as their prey changed.
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Figure 1. Chitinase activity of sections of GI tract extracts of various fish.
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Introduction
Yellow perch (Perca flavescens) is considered a species of high potential for
intensive aquaculture in North America, particularly in the Great Lakes area.
One of the major limitations in the mass propagation of this species is larval
culture and weaning to dry diets. The digestive system in yellow perch larvae,
like in coregonid and other percid fish species, develops slowly. The digestive
system is completely functional only after metamorphosis when a functional
stomach appears (Dabrowski 1984).
In larval yellow perch, the combination of endogenous digestive enzymes and
exogenous enzymes contributed by live feeds is sufficient for digestion of live
feeds. However, dry food presents a problem as it does not usually contain
digestive enzymes and because denatured proteins are more difficult for larvae
to hydrolyze. The addition of dietary digestive enzymes has been successful in
assisting marine fish larvae to utilize dry feeds. Kolkovski et. al. (1991) showed
an increase of 30% in assimilation when dietary enzymes were supplemented in
microdiets for gilthead seabream (Sparus aurata)larvae.
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Bombesin, a digestive tract hormone, accelerates gastrin release in humans. In
rainbow trout (Oncorynchus mykiss) and cod (Gadus morhua) adults, bombesin
has been shown to have excitatory effects on the stomach muscle (Thorndyke
and Holmgren 1990) which facilitates release of HCl. Kolkovski et. al. (1997a)
showed that bombesin activity increased by 300% when fish larvae were fed
Artemia nauplii compared to those fed only dry diets, suggesting that Artemia is
enhancing the secretion of bombesin and subsequently enhancing efficiency of
the larval digestive system.
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Figure 1. Growth (mean±SE) of yellow perch fry fed
with different diets.

Methods
Following the hypothesis that exogenous digestive enzymes contribute to larval
fish digestion and exogenous digestive tract hormones help larvae digest feeds,
the effects of dietary bombesin and porcine pancreatic enzymes in microdiets
were tested on yellow perch juveniles. According to this hypothesis, it may be
possible for juveniles to benefit from one or both of these dietary supplements.
Twelve aquariums, 20 L each, were arranged in a flow-through system with
water maintained at 20°C. Flow rate was 1 L⋅min-1, and photoperiod was 12 h
light/dark. Approximately 35 randomly selected yellow perch juveniles (initial
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Pepsin activity, mM tyrosine/g stomach /h.

ww 588mg) were placed in each aquarium. Initial feed particle size was 400µm
and fish were fed ad libitum eight times daily. In order to test the influence of
digestive hormone (Bombesin, Sigma) or enzyme (Pancreatin, Sigma)
supplementation, four diets were offered to the fry:
1) Zeigler #2 crumble (Zeigler Bros.),
2) an experimental diet formulated at OSU (“OSU”),
3) the experimental diet supplemented with 0.1% w/w Pancreatin, and
4) the experimental diet supplemented with 0.01%w/w Bombesin. Fish were
sacrificed on day 47 and wet weight, length and survival data were
recorded. Remaining fish were frozen (-80°C) until subsequent digestive
enzyme analysis (trypsin, chymotrypsin, pepsin and protein).
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Figure 2. Pepsin total activity (mean±SE) in yellow perch
fry fed with different diets.

Results
Growth of fish fed supplemented diets was equal to the non-supplemented diet
and the trout starter. No differences were found for weight (Figure 1), length, or
survival between diets. Additionally, no significant differences (p>0.05) in
trypsin or chymotrypsin total or specific activities were found in intestinal tissue
of fish fed all tested diets.
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Total activities of pepsin in tested fish were not significantly different among
treatments (Figure 2), though those for the enzyme supplemented diet were
slightly higher. In contrast to the findings of Kolkovski et al. (1993), results
indicate that supplementing diets with pancreatic enzyme extract had no effects
on digestion and assimilation of prepared feeds.
The present results were in agreement with Kolkovski et. al. (1997b) findings, in
which enzyme supplementation in microdiets for European seabass
(Dicentrarchus labrax) juveniles had no effect on growth, ingestion, or
assimilation. One explanation for these results is that fish used in this study were
larger than those used in most enzyme studies. Fish of this size already had
developed digestive tracts, which made supplementation unnecessary.
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Materials and methods
The material consisted of 3954 dissected vendace (Coregonus albula) larvae and
93 whitefish (C. lavaretus) larvae sampled from 6 lakes in 1990-1997. Mean
lengths ± SD of vendace and whitefish larvae were 11.0 ± 2.1 mm and 13.5 ±
2.2 mm, respectively. Gut segmentation method (Sutela and Huusko, 1994,
1997) was applied in the gut contents’ analysis. The tubiform alimentary tract
was removed, cut into four quarters of equal length and the contents of each
quarter were analyzed separately. Partially degraded zooplankters were also
counted as far as they were reliably identifiable. A total of 31,665 and 849 prey
specimens were recorded in the guts of vendace and whitefish larvae,
respectively.

Results
Relative frequencies of the zooplankton prey taxa in the four gut quarters of
vendace larvae varied a lot, reflecting unequal resistance of the taxa to digestion.
Specimens of the hard-bodied taxa were distributed fairly evenly in the four
quarters of the gut, whereas records of soft-bodied prey taxa were strongly
concentrated in the first gut quarter. The percentage proportion of the first gut
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quarter contents ranged from 22.9 % in the hard-bodied Daphnia sp. to 89.3 %
in the soft-bodied Synchaeta sp. (Fig. 1).
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Figure 1. Percentage proportions of the dominant prey taxa in the gut quarters
(Q1,Q2,Q3,Q4) of vendace larvae. The number of observations per
taxon varied between 68 (Ascomorpha ecaudis) and 10,156 (Bosmina)
the average being 1,969 observations per taxon.

The most common food objects in the guts of whitefish larvae were Copepoda
copepodids and larvae, 411 and 207 observations, respectively. The relative
frequencies of these taxa in the gut quarters of whitefish larvae did not deviate
significantly from those of vendace larvae (chi-square test, df = 3, p > 0.05 for
nauplii and copepodids).
Diet estimates of vendace and whitefish larvae were made by (1) the standard
method of analyzing the entire gut contents, (2) analyzing only the first gut
quarter and (3) analyzing the first gut quarter and assuming that 50 % of
Synchaeta sp., Polyarthra sp. and Ascomorpha ecaudis specimens and 30 % of
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Asplanchna sp. are already digested to unrecognizable condition in the first gut
quarter, which was our final diet estimate (see also Sutela and Huusko, 1994).
With vendace larvae, the numerical average proportion of the soft-bodied
zooplankton taxa in the entire gut, first gut quarter and the final diet estimate
were 28.1 %, 49.7 % and 66.5 %, respectively (Fig. 2). Correspondingly, the
proportions of the more resistant taxa to digestion descended. Since whitefish
larvae neglected rotifers almost completely, the diet estimate equaled the
average first gut quarter contents. As a bit less resistant taxon to digestion than
others, the proportion of Copepoda nauplii was 42.9 % in the entire gut and 56.0
% in the first gut quarter of whitefish larvae.
When we took the varying degradation rate of zooplankton taxa into account in
a biomass based diet overlap estimation (calculation of the index on the basis of
the diet estimate instead of the entire gut contents), the Schoener-index value
between vendace and whitefish larvae dropped from 0.54 to 0.44.

Discussion
A standard method in investigating the diet of fish larvae is to dissect the entire
alimentary canal under a microscope and to count all identifiable prey
specimens. In some papers studying the food of fish larvae it has been suspected
that soft-bodied Rotatoria and tintinnid species may be under-represented in gut
contents because of their rapid degradation (Crecco and Blake, 1983, Goshorn
and Epifanio, 1991). On the basis of our results, we suggest an analysis of the
foregut contents (for example the anterior quarter) in assessing the diet of fish
larvae, especially when soft-bodied zooplankton taxa are included in the diet and
unrecognizable mass is recorded in the gut contents. On the basis of the results
of our two coregonid species we believe that a similar pattern of food
degradation exists also among other coregonid species and probably among a
considerably larger range of fish species. The emerged ranking of the
zooplankton taxa in their resistance against digestion matches well with a visual
approximation of the carapace thickness of the prey taxa. Of our extreme taxa,
the resistance of Daphnia spp. carapace to decomposition has been found to be
good because of high chitin contents (Krause 1959). In contrast, the integument
of Synchaeta spp. is thin and flexible and the specimens have been found to
degrade into unrecognisable condition in larval vendace guts within 2 hours
(Sutela and Huusko 1997). Rectification of the digestion-induced bias in the diet
estimates of fish larvae may, in many cases, rise the status of soft-bodied
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zooplankton taxa to a new level, and have further impacts for example on the
diet overlap calculations between fish species.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

Cladocera
Copepoda copepodids
Copepoda nauplii
Hard-bodied Rotatoria
Soft-bodied Rotatoria

Entire
gut

First gut Diet
quarter estimate

Figure 2. Proportions of the basic food categories in the entire gut, first gut
quarter and in the final diet estimate of vendace larvae.
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Introduction
Carnivorous fish species, such as striped bass and hybrid striped bass, which are
cultured for their high market value, are expensive to raise due to the high costs
of suitable feeds. Much research has been done to alter feed formulations for
these species to provide maximal growth rates at minimal costs, but little
attention has been paid to aspects of the physiology of the fish that determine
their capacity to assimilate and utilize components of the diet. Until recently the
paradigm model of intestinal uptake suggested that the capacity for absorbance
of nutrients is well in excess of the normal nutrient load. Newer evidence has
lead to the proposal that the capacity to assimilate nutrients from the lumen of
the gut into the mucosal cells lining the intestine may be much more closely tied
to the actual nutrient load (Karasov and Diamond, 1987). This brings up the
intriguing possibility of a "bottle neck" effect in which, under some conditions,
the rates of dietary intake exceed the capacity to assimilate all of the consumed
nutrients. Thus changes affecting the rate of nutrient transport into the intestine
may affect actual uptake efficiency and growth. To determine if higher nutrient
assimilation rates are associated with greater growth rates we have measured the
intestinal uptake rates for an amino acid in three members of the genus Morone
that are known to exhibit different growth rates.
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Methods
Proline uptake rates were determined in vitro for the first 4 cm of small intestine
of three juvenile striped bass (Morone saxatilis), white bass (Morone chrysops)
and sunshine bass (female Morone saxatilis X male Morone chrysops) with
radiolabeled 25mM proline in teleost Ringers using the everted sleeve protocol
of Karasov and Diamond (1983). Glucose uptake rates were determined in a
similar manner for three striped bass. Sunshine bass exhibit hybrid vigor and
are known to grow faster than either of the parental species when maintained on
equivalent dietary rations (Tuncer et al., 1990)

Results and Discussion
Sunshine bass had significantly higher total uptake capacity over the most
proximal 4 cm of intestine (664±73 nmole/min, p<0.01) than both striped bass
(182±29 nmole/min) and white bass (346±12 nmole/min). All fish assayed were
between 126 and 254 grams and there was no significant difference in body
mass between species. The intestinal masses of the fish used in the study,
however, were significantly higher in the sunshine bass (864.2±74.0g, p=0.05)
than in the white bass (560.1±57.6g). Species differed not only in total uptake
rates, but also in the pattern of uptake along the length of the small intestine
(Figure 1).
In striped bass most of the proline uptake occurred in the first 2 cm of the small
intestine whereas in white bass and sunshine bass high uptake rates occurred
along the entire 4 cm of intestine. Different profiles of proline uptake along the
length of the intestine may reflect physiological adaptations to different natural
diets among the two parental species. Uptake rates for glucose in striped bass
were low (0.26±0.07 nmole/mg tissue*min) relative to those for proline and
exhibited no gradient along the intestine. Low glucose/proline uptake ratios are
known to be typical of carnivorous fishes (Buddington et al., 1997) and would
seem to suggest that carbohydrates should be used sparingly in diets designed
for these fishes.
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The results indicating that the fish with the highest growth rates have the highest
capacity for proline assimilation are consistent with the theory that nutrient
assimilation capacity may be a limiting factor in growth rates. In light of these
findings and the differences observed in uptake rates along the length of the
small intestine between such closely related species, it is evident that fish diets
need to be formulated for individual species if they are to be optimized to
maximize growth rates while minimizing costs.
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Figure 1. Proline uptake rates for the most proximal four cm of small intestine
in striped bass, white bass and sunshine bass (n=3).
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Introduction
Dietary carotenoids have been successfully used as markers in ecological studies
in a variety of species occupying different trophic levels (Noack et al., 1997;
Youngson et al., 1997). Pigments provide a diet-specific signature because
carotenogenesis does not occur in salmonids; intake is therefore exclusively
through food acquisition. The technique of pigment fingerprinting has been
applied to distinguish eggs of anadromous trout from those of non-anadromous
trout (Noack et al., 1996). In this paper we consider its use for the identification
of differential pigment uptake of fish within one river system where riverside
land use varies greatly thoughout the catchment.

Methods
The present study investigated whether fry (0+) and parr (1+) of wild trout
(Salmo trutta L.) from tributaries of the River Don in NE Scotland could be
identified on the basis of their pigment profiles. Muscle tissue pigmentation was
analysed on an acid-treated LiChrosorb® column by normal phase HPLC and the
resulting peak areas analysed.
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Results and Discussion
Multivariate analysis (canonical discriminant function analysis) on 212 juvenile
trout sampled from five a priori defined geographical regions of the River Don,
indicated that all fry arrange in one discrete group, separate from the older parr.
In contrast, parr from all regions cluster separately from all fry and parr from the
different geographical regions. Clusters are characterised by varying amounts
and ratios of the carotenoid components which are supplied in the different
geographic regions. Furthermore, it appears that the carotenoids supplied
through the invertebrate diet in the regions is affected by land use surrounding
the banks, providing a region-specific pigment signature.
Our results suggest that prey availability for fry is homogeneous throughout the
River Don catchment resulting in a uniform carotenoid profile and distribution,
while parr presented zoogeographical pigment differences. The present study
thus shows evidence for a lack of competition for prey items between 0+ and 1+
trout: no pigment overlap was observed indicating resources are exploited
differentially. As a result, the present study revelaed the presence of a
population structure based on dietary carotenoids.
Therefore, pigment
fingerprinting is proposed as a valuable tool for the identification of phenotypic
populations where other (genetic) means do not show population differences.
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Juvenile rainbow trout were fed three experimental diets, formulated to be
isoenergetic but vary in protein and lipid concentrations. After a 4 week growth
period a 15N labelled protein tracer was incorporated into the fish diets and fed
to the fish. Protein synthesis measurements were made using a non invasive
technique involving collecting and analysing excreted ammonia for 15N
enrichment (Carter et al., 1994). Protein synthesis was measured by integrating
the cumulative 15N excretion curve into the stochastic end product model
described by Waterlow et al., 1978. (see Figure below).
Rates of fat synthesis (from dietary protein) were measured on the same fish
using a 13C labelled protein tracer, again, incorporated into the diets and fed to
the fish. Protein oxidation from dietary protein (15N and 14N) and from body
protein (14N) was found to be higher in the diet containing 45 % protein. Both
protein synthesis and protein degradation rates also increased with consumption
of increasing amounts of dietary protein (with no increase in energy intake).
Protein retention and growth were the same in the diets containing over 35 %
protein, however, both protein retention and growth were lower in the diet
containing 30 % protein, indicating insufficient dietary protein. Fish consuming
lower amounts of dietary protein were found to have a higher protein retention
efficiency as well as a higher protein synthesis retention efficiency. The
energetic cost of protein deposition was found to be higher when excess dietary
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protein was consumed, this is due to increased protein turnover and lower
protein retention efficiency.
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Cumulative N excreton curve for groups of rainbow
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Results from the 13C study carried out on the same fish showed that rainbow
trout are capable of converting significant amounts of dietary protein into fat.
The main site for lipogenisis was found to be the liver. Newly synthesised lipids
are quickly transported from the liver and stored in other tissues around the body
(vesceral fat, red muscle, white muscle). Fish fed the diet containing excess
protein (45 %) converted on average 16 % of the consumed protein into fat. This
was equal to 50 % of the oxidised dietary protein carbon being fed into lipid
synthesis. The rate of fat synthesis decreased with increasing dietary lipid
availability and decreasing dietary protein availability (see figure below).
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Techniques of measuring protein synthesis (non invasively) and lipid synthesis
in growing, feeding fish will give valuable information on the energetics of
growth, protein deposition and fat metabolism. This information will be vital in
production of new efficient fish diets for aquaculture. Stable isotope tracers offer
a simple way of doing this.
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Introduction
Studies of fish nourishment in emphasizing the use, digestion, and performance
of kinds of macronutrients are becoming important particularly in the
optimization of culture conditions for commercially valuable species. Those
studies are based in the animal capacity of reworking foods as well as its
metabolic responses to the offered diet (Suárez et al., 1995). A particular
behavior closely related to the diet concerns the niche occupied by the species.
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This is well reported for fish species living accordingly in typical areas with
exuberant food offer and ability to interchange with others (Chakrabarti et al.,
1995). However, as was observed and reported by several authors, adaptation to
different sources and amounts of diet is feasible and the level of fluctuation for
digestive enzymes of the gut may be consequently observed. This is probably a
kind of adaptive strategy to manage the available aliment (Vonk, 1927; Reimer,
1982; Ugolev & Kuz'mina, 1994).
The use of carbohydrate as an inexpensive source of carbon is interesting.
Moreover, it is not well studied the fish nourishment in concern to such nutrient
and there are yet some controversies about its employment. Some studies report
deficiency in polysaccharides digestion as the consequence of low amylo
hydrolytic activity and amylo hydrolase contents in the gut as well as the low
concentration of plasma insulin (Palmer & Ryman, 1972; Spannhof &
Plantikow, 1983). However, is also reported for rainbow trout the increase of the
levels of plasma insulin following the increase of starch offered in the diet
(Hilton et al., 1987).
The knowledge about the importance and the acceptance of polysaccharides as a
macronutrient in fish culture is very interesting and fundamental for diet
formulation concerning some groups of species. The present work reports a
comparative study of the amylo hydrolytic activities observed in the gut of pacu
and the hybrid fish tambacu. We are trying to understand a little more about use
and importance of polysaccharides on fish nutrition, intending the adjustment of
carbohydrate contents and making less expensive the diet. We are reporting the
activity of amylo hydrolases and the incorporation of starch, whether as
carbohydrate or other type of metabolite whether as an adaptive response to
different levels of soluble polysaccharides, in the diet of P.mesopotamicus and
tambacu.

Materials and Methods
I) Experimental Design
Young fish of both species, pacu (n=18) and tambacu (n=30), were separated in
three equal samples of six and ten animals. Those were named sample I, II and
III. These samples were kept in well-aerated tanks of 250 liters at 25±2°C under
natural photoperiods. The fish were fed pellets with different corn starch
contents (7.0, 3.0 and 0.5 percent) respectively to samples I, II and III. The
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protein contents and total energy of diets were kept constant for all treatments
(table 1). The nourishment period was 15 days.
After that period the animals were killed by a head blow and punched the spinal
cord. The gut was excised, quickly rinsed with cold saline, and immediately split
into four sections (stomach, cecus, and proximal and distal intestine). After the
split of the gut, all of the parts were immediately frozen for subsequent enzyme
analysis. Liver and white muscle were also employed for glycogen, glucose,
lactate, pyruvate and free amino acid determination.

II) Biochemical Determinations
II.1.) Analysis of the amylo hydrolytic profile of the gut
All sections of the gut mentioned above were homogenated in 0.02M TRIS /
0.01M phosphate buffer pH 7.0 in 50% glycerin solution by using a PotterElvehjem at 1000 rpm for three minutes under ice bath. After disrupting the
tissues, the extracts were centrifuged at 3000 rpm for 3 minutes and the
supernatants (crude extracts) were employed as enzyme source.
The amylo hydrolytic essays were performed in 0.2M citrate/phosphate buffer
pH 7.0 by using 2.7 % of starch solution and 0.5% NaCl as cofactor (Bernfeld
1955). The enzyme reaction was performed at 25°C lasting 30 minutes. The
reaction was killed by the addition of barium-zinc solutions' to a final
concentration of 5% ZnSO4 and 0.3N Ba(OH)2. Glucose as reaction's product
was determined by the Park-Johnson method (1949).
II.2.) Glycogen
Muscle and liver glycogen were determined, after alcoholic precipitation, by the
acid hydrolytic procedure described by Duboie et al. (1956) and adapted by
Bidinotto et al. (1998).
II.3.) Analyses of glucose, lactate and pyruvate.
The free protein acid extract was employed to determine glucose by Duboie's
method (Duboie et al., 1956) and lactate as described by Harrower & Brown
(1972). The same extract, after neutralized by 6N KOH, was used to determine
pyruvate by dinitrophenil hydrazine as described by Lu (1939).
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II.4.) Analysis of free amino acids
Free amino acids were measured by ninhydrin reactions accordingly to the
method of Copley (1941). The neutral barium-zinc extract's was used in the
amino acid determinations.
III) Data analysis
All data were analyzed by no parametric method of Mann-Whitney Zar, 1984). The
accepted level of confidence was 5%.

Results
The gut of P. mesopotamicus is enzymaticaly differentiated concerning amylo
hydrolase activity as well as the hybrid species. The highest values for analysis
in the gut of P. mesopotamicus were observed in the region of cecus (104.1
µmols of glucose. Min-1.(g. wet tissue) -1) independently of diet. Stomach,
whether from P. mesopotamicus or tambacu, presented the lowest activity
(26.59 or 36.69 µmols of glucose. min.-1(g. wet tissue)-1). There was not
difference between the stomach amylo hydrolase activities of both species
(Table II). Independently of the dietary starch contents, the same pattern of
amylo hydrolase was observed for all the samples in both species (fig. 1 and 2).
Considering the regions of the gut one by one, different enzyme activities (P <
0.05) were observed for the three employed diets. Comparison of all the samples
has considered the sample III as the control group.
Amylo hydrolytic activity changed with the contents of soluble starch in diet.
Nonetheless, it was not directly proportional to the starch contents changes. For
the sample I, where the biggest concentration of starch was employed, lower
amylo hydrolase activity than the sample II was observed. This sample, with 3%
of dietary starch, resulted in the highest enzymatic activity. We may suppose
that 3% of starch is the best amount for P. mesopotamicus as well as for
tambacu. Such condition leads to the smoothing of the enzyme activities, on the
highest values of them, for P. mesopotamicus. The hybrid also presented the
highest activity with 3% of cornstarch in the cecus but a striking difference
among the regions may be observed. Such activity is 7.2 times greater than P.
mesopotamicus.
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The sample III showed almost the same contents of amylase for all different
sections of the gut if compared to sample I for both species. The highest and
lowest starch concentration resulted the lowest amylo hydrolase activities either
in the gut of P. mesopotamicus or tambacu. Therefore, the sample II resulted the
highest amylo hydrolase activities for all sections of the gut for the studied fish.
Changes of dietary carbohydrate lead to changes in the metabolic profile of P.
mesopotamicus and tambacu. All the samples showed significant differences of
hepatic contents of glycogen, glucose, lactate and pyruvate for P.
mesopotamicus (table III-A) and tambacu (table III-B). Likewise reported for
other species, under different circumstances (Moraes et al., 1997; Moraes, et al.,
1998), significant correlation among hepatic glycogen, glucose, lactate and
pyruvate was observed for P. mesopotamicus and tambacu. Mathematical
correlation among all metabolites for P. mesopotamicus is expressed in table IV.

Discussion
The dietary recipes for fish are usually very rich in protein. Those are very
expensive in spite to be necessary particularly for carnivorous fish. It is usual
among fish farmers to ponder about species as P. mesopotamicus and the hybrid
tambacu that, when are fed high carbohydrate diets, result a very flaccid
muscular tissue with bad trade quality. The best level of carbohydrate for diet is
considerably important from several points of view. Among them, the blood
glucose levels, because digestion, uptake, and the consequent intermediary
metabolism are among the most important.
The blood glucose levels may be attributable to low levels of carbohydrate
hydrolases. Our concern was to assay the gut response to the carbohydrate level
present in the food. The analysis of amylo hydrolases along the gut of P.
mesopotamicus and hybrid tambacu showed distinct regions in regarding such
enzyme activity. This differentiation should be attributed either to the enzyme
contents or to differences of enzyme characteristics. Particularly for the present
case the observed differentiation along the gut may be certainly attributed to the
contents of enzyme for each region, taken into account that amylo hydrolase was
determined in the tissue extracts and is expressed as specific activity.
Some authors have reported enzyme differences for distinct sections of fish gut
(Reimer, 1982; Dabrowski et al., 1992; Das & Tripathi, 1991; Ugolev &
Kuz’mina, 1994; Chakrabarti et al., 1995), however, the observed profile is
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fairly different among them. Chakrabarti et al. (1995) reported eleven species
with different alimentary habits and the omnivorous Catla catla showed a
similar amylase pattern when compared to P. mesopotamicus and tambacu. The
intestinal fluid of the amazon freshwater fish Brycon cf. melanopterus showed
amylase induced by high carbohydrate levels in diet (Reimer, 1982). However,
too high percentage of carbohydrate was employed for such author. Our results
have shown that cecus, the most efficient fraction of gut concerning amylo
hydrolase activity in P. mesopotamicus, becomes more regular tending toward
similar enzyme activities when 3% of corn starch was used. The same gut
fraction in tambacu kept a striking difference for any dietary starch level. Such
difference, followed by hydrolase values seven times higher than P.
mesopotamicus, suggests a remarkable expression of the hybrid toward
carbohydrate digestion. The enzyme activities expressed in the three samples of
P. mesopotamicus are indicative that 3% of starch is the optimum amount for
feeding such species. The increase of soluble dietary carbohydrate to 7%,
resulting in significant lost of amylo hydrolase activity, suggests that, beyond a
specific dietary carbohydrate amount, a inhibitory factor of the synthesis of such
enzymes may be released from the starch digestion. Our amylo hydrolase results
are upheld by the metabolic profile.
Ability of P. mesopotamicus to store glycogen seemed too lower when
compared to the hybrid. Even the glucose level was very high, if compared to P.
mesopotamicus, face to the starch feeding. The unchangeable concentration of
amino acids in the liver and muscle of both species for any starch level suggests
that carbohydrate digestion and assimilation seems to act independently of
metabolic profile.
Very interesting is to notice that the glycogen and glucose of the liver responds
directly to amylase levels of the gut for both species. The observed correlation
between liver and intestinal amylo hydrolase for P. mesopotamicus is a evidence
that the starch contents, greater than 3%, is not the best for intestinal glucose
uptake as well as for its storage. Such result suggests that the decrease of amylo
hydrolase synthesis lead to the decrease of disposable glucose at intestinal level
in this species. However, the hybrid, even showing decrease in amylo hydrolase
face to starch increase, displayed raise of glucose and glycogen. This fact should
be attributed to very high levels of enzyme.
Changes in the metabolic profile of the liver and white muscle avoid some
preliminary conclusions concerning metabolic interrelationships in P.
mesopotamicus. Considering the following reaction chain; glycogen → glucose
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→ lactate → amino acids, we can see a strong correlation from glycogen to
lactate in liver while in muscle this chain starts from glucose toward amino
acids. Another group of positive correlation is among hepatic glucose and the
following muscular metabolic sequence glucose → lactate → amino acids.
Since a correlation is observed between gut amylase and metabolites of white
muscle, and opposite results are observed to the liver, where they are positive
and very high, we may suppose that: 1) the first impact after glucose uptake
befalls on the liver; 2) glucose is converted to glycogen; 3) interchange of
metabolites between liver and muscle seems to betide mostly through amino
acids. The interchanges between liver and muscle involve mainly the chain:
hepatic amino acids → muscular glucose → lactate → amino acids. The same
correlation was not possible to do for tambacu.
Several studies on fish have been done concerning the inductive responses to
different kinds of nutrients, which probably are an adaptive strategy to manage
the available aliment. Searching for hybrid species may be pertinent whenever
selecting interesting characteristics is the point. The species P. mesopotamicus
and the hybrid tambacu, in spite to be very similar with close characteristics,
presented different characteristics concerning carbohydrate harnessing. While 3
% of soluble starch seems to be some ideal value for P. mesopotamicus the
response of hybrid is much more expressive as well as the glucose assimilation.

TABLE I. Nutritional contents of diets I, II and III respectively employed for
nourishment of the samples I, II and III of P. mesopotamicus and the
hybrid tambacu along 15 days.
Diet

Corn Starch (%)

Protein (%)

Energy (Kcal.)

I
II
III

7.0
3.0
0.5

26
26
26

2,700
2,700
2,700
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TABLE II. Amylo hydrolytic activities of the gut of P. mesopotamicus and
tambacu. The values were expressed as µmols.min -1.(g. wet tissue)-1.

GUT

DIET

PACU

TAMBACU

Stomach

I
II
III

16.16 ± 8.63
26.59 ± 13.83
16.40 ± 6.63

37.65 ± 14.73
36.69 ± 18.73
29.01 ± 8.48

Cecus

I
II
III
I
II

45.02 ± 7.58
87.66 ± 8.52

100.82 ± 12.53
164.73 ± 21.97

III

70.14 ± 10.74

Proximal
Intestine

I
Distal Intestine II
III

78.09 ± 8.60
104.10 ± 3.31
92.65 ± 7.74

58.92 ± 18.73
80.89 ± 16.93
36.32 ± 20.64
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382.38 ± 60.9
747.63 ± 102.89
438.60 ± 105.63

112.98 ± 21.44
42.38 ± 16.72
52.39 ± 16.16
35.47 ± 10.09

TABLE III. Metabolite concentration in liver and white muscle of P.
mesopotamicus (A) and of the hybrid Tambacu (B) fed different diets. Glycogen
is expressed in µmols of glucosil-glucose.(g. wet tissue)-1 All other metabolites
are expressed in µmols.(g. wet tissue) -1.
A
Metabolite Diet
Liver
White Muscle

Glycogen

I
II
III

Glucose

I
II
III

Lactate

I
II
III

Pyruvate

I
II
III

I
Free amino II
acids
III

121.8 ± 21.6
488.6 ± 129.3
247.7 ± 78.1

8.57 ± 0.53
7.99 ± 0.75
8.72 ± 1.52

4.58 ± 0.51
7.51 ± 0.57
4.87 ± 0.52

0.72 ± 0.12
0.46 ± 0.08
0.61 ± 0.05

89.29 ± 12.85
77.92 ± 15.01
61.24 ± 9.20
*
*
*

1.78 ± 0.09
1.78 ± 0.29

1.47 ± 0.45
1.67 ± 0.72

1.41 ± 0.18

0.82 ± 0.33

218.1 ± 12.5
652.7 ± 130.5
434.1 ± 45.5

16.04 ± 0.97
16.30 ± 0.68
15.44 ± 1.05

B
Metabolite
Glycogen

Glucose

Diet
I
II
III

Liver

White Muscle

1180.67 ± 198.42
1412.07 ± 285.63
1223.02 ± 263.38

I
II
III

1238.98 ± 126.44
1592.04 ± 185.86
1645.29 ± 220.57

16.61 ± 2.04
16.10 ± 1.22
14.36 ± 2.06

43.77 ± 11.5

22.24 ± 5.90

I
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43.07 ± 5.68
58.05 ± 9.73
49.96 ± 5.36

Lactate

Pyruvate

II
III

45.49 ± 7.66
53.69 ± 10.9

21.58 ± 3.88
21.93 ± 6.42

2.36 ± 0.52
1.45 ± 0.55

1.80 ± 0.36
2.19 ± 0.30

1.94 ± 0.17
1.16 ± 0.28
1.63 ± 0.2

I
II
III

I
Free amino II
acids
III

1.43 ±0.46

0.59 ± 0.17
0.67 ± 0.13
0.90 ± 0.15

1.73 ± 0.27

It was not determined.
TABLE IV. Statistical correlation among metabolites in liver and white muscle of P.
mesopotamicus subjected to three different concentrations of soluble starch by
Pearson coefficient.

Hep Gly
Hep Lac
Hep Pyr
Hep AA
Amylase
Musc Gly
Musc Glu
Musc Lac
MuscAA

Hep Gly

Hep Lac

Hep Pyr

Hep AA

Amylase

Musc Gly

Musc Glu

Musc Lac

0.996
0.912
-0.996
0.123
0.997
-0.759
0.305
-0.393
0.236

0.943
-0.984
0.206
0.986
-0.812
0.385
-0.313
0.317

-0.870
0.519
0.876
-0.959
0.669
0.019
0.614

-0.030
-1.000
0.696
-0.215
0.477
-0.144

0.043
-0.739
0.983
0.864
0.993

-0.705
0.228
-0.465
0.157

-0.851
-0.300
-0.811

0.756
0.997

Musc
Lac

0.801
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Figure 1. Amylo hydrolase activities expressed as µmols of glucose.min-1.(g.
wet tissue)-1 in P.mesopotamicus submitted to three different dietary
starch contents (table I).
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Figure 2. Amylo hydrolase activities expressed as µmols of glucose.min -1.(g.
wet tissue)-1 in the four sections of gut of hybrid Tambacu submitted to
three different dietary starch contents (table I).
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Abstract
One practical means to reduce phosphorus, nitrogen and suspended solids
pollution from fish farms is through modification of the diets fed to cultured
fish. This study represents a preliminary evaluation of two nutritional
approaches to decreasing phosphorus, nitrogen and total solids excretion in
rainbow trout (Oncorhynchus mykiss), using total diet digestibility as the
criterion. In the first experiment described here, we investigated the effect of
two factors, A = inclusion level of low-phosphorus plant-derived protein sources
and B = plant-derived protein source combination, on protein, energy, and dry
matter digestibility of diets for rainbow trout. In the second experiment, we
investigated the effect of digestible protein to digestible energy (DP/DE) ratio
on protein, energy, and dry matter digestibility. Protein digestibility increased
with increasing levels of plant-derived protein sources (except canola meal), but
energy and dry matter digestibility were unaffected by plant protein inclusion
level. Inclusion of canola meal resulted in decreased protein, energy and dry
matter digestibility. Energy and dry matter digestibility increased with
decreasing DP/DE ratio from the highest to the intermediate DP/DE ratio, but a
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further decrease in DP/DE ratio did not affect energy or dry matter digestibility.
Protein digestibility was not affected by DP/DE ratio.

Introduction
Aquaculture and the environment
Concurrently with the rapid growth of the aquaculture industry in the last 20
years, there is increasing concern about the effects of aquaculture production on
the lakes, streams and marine environments receiving aquaculture effluent
(Pillay, 1992; Collins and Brannon, 1993). The main components of aquaculture
effluent which contribute to eutrophication and sedimentation of receiving
waters are phosphorus, nitrogen and suspended solids (Pillay, 1992). One
practical way to reduce the waste in fish farm effluent is through modifications
to the diets fed cultured fish (Talbot and Hole, 1994).
Total diet apparent digestibility coefficients and waste estimation
Although apparent digestibility coefficients (ADCs) are frequently used to
evaluate the digestibility of individual ingredients (Hajen et al. 1993, Smith et
al., 1995; Sugiura et al., 1998), ADCs are more rarely used to evaluate the
digestibility of complete diets for fish (Jayaram and Beamish, 1992). However,
as ADC values are indicators both of the nutritional value of a diet and of the
nutrient content of the feces, total diet ADCs can provide useful information
with respect to the pollution reduction potential of a diet used in aquaculture.
Cho et al. (1994) described a method for calculating total solid waste and total
dissolved waste, using total diet ADC values, records of feed consumption and
analysis of fish carcasses at the beginning and end of a growth period using the
following equations:
Total solid waste = (feed consumed x (1-ADC)) + estimated feed waste
Total dissolved waste = (feed consumed x ADC) – nutrient or solid retained
in the body
These formulae can be used to calculate waste nitrogen, phosphorus, energy and
total solids. As shown by the first equation, ADC is negatively correlated with
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total solid waste: ingredients or total diets having lower digestibility will result
in more fecal waste.
Substitution of plant-derived ingredients for fish meal in diets for cultured fish
Fish meal is the ingredient in cultured fish diets which accounts for the largest
percentage of dietary phosphorus. The use of alternate low-phosphorus protein
sources is a logical approach to decreasing dietary phosphorus to the minimum
requirement of the fish, thereby decreasing waste phosphorus (Hardy, 1993;
Ketola and Harland, 1993). Although some plant products are high in protein
and highly digestible by salmonids, complete substitution of plant protein for
fish protein usually results in reduced growth and elevated feed: gain ratios
(Tacon et al., 1983; Gomes et al., 1995). This negative response to high levels of
dietary plant protein can be attributed in part to deficiencies in amino acids and
in part to antinutritional factors contained in plant-derived foodstuffs (Rumsey et
al., 1993). Although plant-derived protein sources such as soybean, corn gluten
and canola all provide high levels of digestible protein (Hajen et al., 1993; Smith
et al., 1995; Sugiura, 1998), there are problems associated with including any
one ingredient as a high proportion of the diet. When fed at a high dietary level,
soybean is unpalatable to salmonids, corn gluten imparts an undesirable yellow
color to fish flesh, and glucosinolates in canola cause reduced palatability and
growth (Higgs et al., 1982; Hajen et al., 1993; Weede, 1997). Therefore, the
potential for replacing fish meal with combinations of plant-derived protein
sources, which could provide highly digestible protein while minimizing
negative effects of individual ingredients, needs to be explored.
The effect of digestible protein to digestible energy ratio (DP/DE) on
digestibility of feeds
Increasing dietary lipid or digestible carbohydrate relative to dietary protein
results in a lower digestible protein to digestible energy (DP/DE) ratio. In
salmonids, lower DP/DE ratios are associated with improved protein retention
and growth, and reduced ammonia excretion. This phenomenon is known as the
protein sparing effect (Beamish and Medland, 1986). As Kaushik and Cowey
(1991) point out, the causal relationship responsible for this process is as yet
difficult to quantify. It is generally thought that higher dietary lipid levels
provide an increased contribution of non-protein energy to overall energy
expenditure for metabolism and growth, which allows for increased allocation of
ingested protein to growth rather than to fulfilling metabolic energy needs (Cho
and Kaushik, 1990; Beamish and Medland, 1986). This, in turn, results in lower
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metabolic waste nitrogen in urinary and gill excretions (Kaushik and Cowey,
1991).
This explanation of the protein sparing effect addresses only the fate of
digestible protein, or protein which is assimilated and used for either metabolism
or growth (not egested in feces). However, the percent of total protein which is
assimilated also influences protein retention, as only assimilated (digested)
protein is available to be allocated to metabolism or growth. To date, there is
little information available regarding the effect of DP/DE ratio on digestibility
of protein, energy and dry matter of total feeds (e.g. Jayaram and Beamish,
1992).
Objectives
Experiment 1: The objectives of the first experiment were to compare protein,
energy and dry matter apparent digestibility coefficients (ADCs) for rainbow
trout diets having (a) different percentages of plant-derived protein sources, and
(b) different combinations of plant-derived protein sources.
Questions addressed in Experiment 1:
Is there a difference between the mean protein, energy or dry matter ADC of the
9 experimental diets and the corresponding ADC of the comparison commercial
diet?
Is there a difference in mean protein, energy, or dry matter ADC between diets
containing 43.6% plant-derived protein sources and diets containing 57.0%
plant-derived protein sources?
Is there a difference in mean protein, energy or dry matter ADC between the
mean of diets containing 43.6% and 57.0% plant-derived protein sources and
diets containing 70.5% plant-derived protein sources?
Is there a difference in mean protein, energy or dry matter ADC between diets
containing a 1:1 ratio of corn gluten: soybean and diets containing a 1: 4 ratio of
corn gluten: soybean?
Is there a difference in mean protein, energy or dry matter ADC between diets
lacking canola meal and diets including canola meal?
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Experiment 2: The objective of the second experiment was to compare protein,
energy and dry matter ADCs of rainbow trout diets having 3 successively
decreasing DP/DE ratios, with all diets containing a high level of plant-derived
protein sources. Non-protein energy was primarily provided by lipid.
Questions addressed in Experiment 2:
Is there a difference between any of the experimental diets and the comparison
commercialdiet with respect to protein, energy or dry matter ADC?
What is the relationship between DP/DE ratio and protein, energy and dry
matter ADC of complete diets for rainbow trout?

Methods
Facilities and experimental animals
From a pool of approximately 400 rainbow trout (mean weight 88g), 15 fish
were allocated to each of 10 150-L digestibility tanks, each of which had a
settling feces collector similar to the “Guelph System” developed by Cho et al.
(1982). Total fish weight per tank ranged from 1.27 to 1.37 kg. The same fish
and tanks were used for both experiments, with a “washout” period of 21 days
between experiments during which all fish were fed a common commercial
pelleted trout diet. Fish were retained from experiment 1 for experiment 2 , with
a few replacements to keep total weight of the 15 fish in each tank
approximately equal (total fish weight ranged from 1.83 to 1.90 kg per tank at
the beginning of experiment 2). Each tank received 4 L/min of constant
temperature (15°C) spring water. Photoperiod was held constant at 14 hr. light,
10 hr. dark, using fluorescent lights controlled by a timer.
Feeding and feces collection
Each diet was fed to 15 fish in a given tank for seven days. The first four days
constituted an acclimation period, and feces were collected for the last three
days. Fish were fed based on a hatchery constant of 10 (Piper et al., 1982),
which resulted in a feeding rate gradually reduced from 1.3% body weight / day
in the beginning to 1.1% at the end of the two experiments. In the first
experiment, the feed amount was adjusted so all fish received approximately the
same amount of protein and energy per day. The feces from a given digestibility
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tank were collected repeatedly in the same container for a combined 3-day fecal
sample. These containers were stored at 4°C until the 3-day collections were
complete. Fecal samples were freeze-dried and stored at room temperature until
chemical analyses were completed.
Experimental Design
Experiment 1. This experiment was designed as a 3 x 3 factorial experiment,
with one additional treatment, a comparison commercial diet. Factor A was
‘percent plant-derived protein sources,’ Factor B was ‘plant protein source
combination,’ (Tables 1, 2) and the comparison diet was a commonly used
commercial pelleted trout diet. With respect to Factor A, there were three
percentages of plant-derived protein sources in the experimental diets: 43.6%,
57.0% and 70.5%. With respect to Factor B, there were three combinations of
the three plant-derived protein sources corn gluten, slow-roasted soybean meal
and heat processed canola meal. The first combination included a ratio of 1: 1: 0
corn gluten: soybean: canola, the second combination included a ratio of 1: 4: 0
corn gluten: soybean: canola, and the third included a ratio of 1: 1: 0.7 corn
gluten: soybean: canola. The experimental unit for both experiments was the
tank of fish. The response variables were protein, energy and dry matter ADCs.
As there were just 10 digestibility tanks to use for the experiment and 10 diets to
test, replicates could not be run simultaneously. To achieve replication, the basic
experimental design was superimposed on a randomized block design with time
(week) as the blocking variable. We randomly assigned the 9 experimental diets
and one comparison diet to the 10 digestibility tanks for each of five 7-day
periods. Thus, each of the five periods had a different random assignment of
treatments to tanks. This resulted in five sequential replicates of the 10
treatments. In this experiment, the feeding rates were calculated based on a
hatchery constant of 10, and then the amount to feed each treatment was
multiplied by a ration factor. Therefore, each tank of fish received
approximately the same protein and energy per day on a percent-body wt. basis
(Table 3).
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Table 1. The 3x3 factorial design employed in Experiment 1.
Factor B: Ingredient Proportion
Corn Gluten: Soybean: Canola
1: 1: 0
1: 4: 0
1: 1: 0.7
Factor A:
Percent Plant-Derived
Protein Sources

43.6

A1B1

A1B2

A1B3

57.0

A2B1

A2B2

A2B3

70.5

A3B1

A3B2

A3B3

Table 2. Ingredient composition of diets used in Experiment 1.
Ingredient (%)
Anchovy
Corn gluten
Soybean
Canola
Menhaden oil
Mineral mix
Vitamin mix
Finstim
Chr. oxide

A1B1
43.59
21.79
21.79
0.00
10.23
0.70
0.40
1.00
0.50

A1B2
43.59
8.72
34.87
0.00
10.23
0.70
0.40
1.00
0.50

A1B3
43.59
16.13
16.13
11.33
10.23
0.70
0.40
1.00
0.50

A2B1
30.68
28.49
28.49
0.00
9.74
0.70
0.40
1.00
0.50

Diet
A2B2
30.68
11.40
45.58
0.00
9.74
0.70
0.40
1.00
0.50

A2B3
30.68
21.08
21.08
14.81
9.74
0.70
0.40
1.00
0.50

A3B1
17.63
35.26
35.26
0.00
9.25
0.70
0.40
1.00
0.50

A3B2
17.63
14.10
56.41
0.00
9.25
0.70
0.40
1.00
0.50

A3B3
17.63
26.09
26.09
18.33
9.25
0.70
0.40
1.00
0.50

Com
0.50

A3B3
49.2
14.9
28.7
7.2
1.0
17.7
23.1
.885
43.5
15.7

Com
43.5
16.1
15.0
22.5
1.00
43.5
15.0

Table 3. Nutrient composition of diets used in Experiment 1.
Nutrient (%)
Protein
Lipid
Carbohydrate
Ash
Phosphorus
DE (MJ/kg)*
GE (MJ/kg)
Ratn. Factors
Adj. % Prot.
Adj. DE (MJ/kg)

A1B1
54.8
16.7
18.9
9.6
1.4
19.4
22.9
.807
44.2
15.6

A1B2
53.0
17.6
19.5
9.7
1.5
18.6
22.4
.841
44.6
15.6

A1B3
53.2
18.3
18.5
10.0
1.5
18.9
23.1
.834
44.4
15.7

A2B1
53.3
15.6
23.0
8.1
1.2
18.9
22.5
.825
44.0
15.6

A2B2
50.2
15.1
26.2
8.5
1.2
17.9
22.2
.875
43.9
15.7

Diet
A2B3
51.3
14.7
25.4
8.6
1.2
18.3
22.2
.855
43.9
15.6

A3B1
51.8
13.7
28.0
6.5
0.9
18.5
22.9
.844
43.7
15.6

A3B2
48.7
14.6
29.6
7.1
0.9
17.2
22.0
.907
44.2
15.6

*MJ is the abbreviation for megajoule. The conversion of the joule to the calorie
is: 1 J (joule) = 0.239 cal (NRC, 1981).

Experiment 2: This experiment was designed as a factorial experiment with the
factor ‘DP/DE ratio.’ A commercial pelleted trout diet again served as a
comparison diet. Three levels of DP/DE ratio tested were 24.9, 20.8 and 17.6 g
DP/megajoule DE. All diets included the same ratio of fish meal: corn gluten
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meal: soybean meal, although the total amount of these protein sources
decreased proportionally to increasing menhaden oil (Table 4). The successively
decreasing DP/DE ratio in the three experimental diets was achieved by
decreasing levels of protein and increasing levels of lipid (Table 5). Total
dietary lipid in the experimental diets was composed of residual oils in the
anchovy meal and full-fat soybean meal, and added menhaden oil.
This experiment was conducted over a two-week period. As each replicate
experimental unit required 7 days in one digestibility tank, the 10 digestibility
tanks over the two-week period provided 20 possible time-tank combinations
(experimental units). 5 replicates of each of the 4 treatments (20 total treatment
units) were randomly assigned to the 20 time-tank combinations. It was assumed
that over the short two week period, there would be a negligible effect of time
on digestibility. The response variables were protein ADC, energy ADC and dry
matter ADC.

Table 4. Ingredient composition of diets used in experiment 2.

Ingredient (%)
Anchovy
Corn Gluten
Full-fat Soybean
Menhaden Oil
Min. Premix No. 3
Vit. Premix No. 30
Finnstim
L-Lysine
DL-Methionine
Chromic Oxide

1
18.25
36.51
36.51
5.83
0.70
0.40
0.50
0.80
0.00
0.50

2
16.44
32.88
32.88
14.51
0.70
0.40
0.50
1.00
0.20
0.50
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Diets
3
14.83
29.66
29.66
22.15
0.70
0.40
0.50
1.20
0.40
0.50

Commercial
0.50

Table 5. Nutrient composition of diets used in experiment 2.

Nutrient (%)
Protein
Digestible Protein
Lipid
Digestible Energy
(MJ/kg)
Gross Energy (MJ/kg)
DP/DE Ratio (g/MJ)

1
51.4
47.9
19.1
19.3

2
45.4
43.1
25.8
20.8

Diets
3
41.8
38.9
30.8
22.1

Commercial
42.9
16.2
15.0

24.3
24.9

26.3
20.8

26.9
17.6

22.3
-

Determination of protein, energy and dry matter parameters
Gross energy (GE) content of feeds and fecal samples were measured using a
Parr model 1241 adiabatic bomb calorimeter. Digestible energy (DE) values
were calculated based on literature values for each ingredient included in the
diet (NRC, 1993). Protein content of the feeds and fecal samples was calculated
as 6.25 * Total Kjeldahl Nitrogen (TKN). TKN was measured using a Buchi
digester and Buchi distillation unit. Digestible protein (DP) was calculated for
each ingredient as: DP = total percent protein x (protein apparent digestibility
coefficient / 100)
Protein apparent digestibility coefficient (ADC) values for ingredients were
obtained from Sugiura et al. (1998). DP values for experimental diets were
calculated based on DP values for each ingredient. Lipid content of the diets was
determined using ether extraction, according to the Association of Official
Analytical Chemists procedure described in Williams (1984). Chromium content
of the feeds and fecal samples was measured using a Thermojerralash Iris
Inductively Coupled Plasma Spectrophotometer (ICP). Samples for the first two
experiments were prepared for chromium analysis using phosphoric acid
digestion (Perkin-Elmer, 1971). ADCs of diets were calculated using the indirect
method, using chromic oxide (CrO3) as an indigestible marker added as 0.5% of
feed, as described by Cho and Kaushik (1990).
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Statistical Analyses
Experiment 1: The first experiment was analyzed using the Student’s multiple ttest, an orthogonal contrasts procedure (Kirk, 1995). Three separate Student’s
multiple t-tests were done for protein, energy and dry matter ADCs,
respectively. We tested 5 null hypotheses for each of the three response
variables, corresponding to the 5 questions stated above, at P<0.05. The
Student’s multiple t-test analyses were done using equations entered into a
computer spreadsheet (Microsoft Excel 5.0, Microsoft Corp., Seattle, WA,
USA).
Experiment 2: Experiment 2 was analyzed using analysis of variance (ANOVA),
followed by Tukey’s test (Kirk, 1995) to determine specific differences between
treatments at P<0.05. Analyses were done using the statistical program Prism
2.01 (Graphpad Software, Inc., San Diego, CA, USA).

Results and Discussion
Experiment 1
Results of the Student’s multiple t-tests indicated that mean protein, energy and
dry matter ADCs for all experimental diets were higher than the corresponding
ADCs of the comparison commercial diet (P<0.05)(Table 6, Figure 1). This may
be related to the relatively high protein, low carbohydrate content of ingredients
included in the experimental diets relative to typical commercial diets. Wheat
middlings or wheat flour are commonly included in trout diets as binders to
provide stability to feed pellets (Piper et al., 1982), although these products
contain only 12-17% protein and a high starch content (NRC, 1993). Singh and
Nose (1967) found that digestibility of raw starch by rainbow trout was low, and
decreased with increasing levels of starch in the diet. No wheat products were
included in the experimental diets.
Protein ADC increased as the proportion of plant-derived protein sources
increased from 43.6% to 57% (P<0.05). Protein ADC was highest at the highest
level of plant-derived protein sources relative to the mean ADC of the two lower
levels of plant-derived protein source (P<0.05).
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Energy ADC and dry matter ADC were not significantly different at different
levels of plant-derived protein sources (P>0.05). The ratio of corn gluten to
soybean meal did not significantly affect protein, energy or dry matter ADC
(P>0.05).
Although protein digestibility for corn gluten is higher than protein digestibility
of anchovy meal in rainbow trout diets, protein digestibility of soybean is lower
(Smith et al., 1995; Sugiura et al., 1998). According to ADC values provided by
Sugiura et al. (1998), the mean ADC for a 1:1 combination of soybean and corn
gluten would have an identical ADC value to that of anchovy meal (93.7%). The
fact that, in experiment 1, protein ADCs of the complete diets increased with
decreasing percent fish meal and increasing percent plant-derived protein
sources indicates that protein digestibility of the corn gluten: soybean
combination was higher than protein digestibility of the anchovy meal used in
this experiment. These results indicate that a combination of either 1:1 corn
gluten: soybean or 1:4 corn gluten: soybean can be included in diets for rainbow
trout at up to 70.1% of the diet, providing 74-79% of dietary protein, without
any adverse affects on protein, energy or dry matter digestibility. By including
this high proportion of plant-derived protein sources relative to fish meal,
dietary phosphorus was reduced to slightly more than the requirement of
rainbow trout. When dietary phosphorus is reduced to near the requirement,
phosphorus retention is increased and phosphorus excretion decreased (Ketola
and Harland, 1993). However, further research is needed to quantify how
percent dietary plant-derived protein sources affects growth and phosphorus
excretion of rainbow trout.
Protein, energy and dry matter ADCs were lower in diets containing canola
meal (P<0.05), with average decreases in ADC of 1.2, 2.5 and 3.7%,
respectively. These small decreases in digestibility may have been related to the
higher indigestible fiber content of canola relative to the other ingredients (NRC,
1993), and to antinutritional factors such as glucosinolates and tannins contained
in canola, which can cause reduced protein nutritive value and lowered mineral
availability (Higgs et al., 1982). Although canola is the name given to varieties
of the rapeseed species Brassica napus and B. campestris genetically selected to
have lowered content of glucosinolates and erucic acid relative to natural
rapeseed (Bell, 1993), these antinutritional factors may still be present in canola
in high enough quantities to affect the quality of diets for trout and salmon.
Higgs et al. (1982) found that 10-13% of protein could be provided by canola
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B3

A3

A2

A2

A2

A1

A1

A1

B1

70.0

Diet

Figure 1. Mean protein, energy and dry matter apparent digestibility coefficients
(ADCs) for the 10 diets investigated in Experiment 1, with standard
errors (n=5).
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Table 6. Summary of results of statistical analyses of the effect of diet
composition on protein, energy and dry matter ADC using the
Student’s multiple t-test. Statistically significant differences between
ADCs are indicated as higher ADC > lower ADC. Non-significant
statistical differences between treatments are indicated as NS.
Contrasts
1: E vs. C
Mean of all experimental
diets
vs. comparison
commercial diet
2: A1 vs. A2:
43.6% vs. 57.0%
plant-derived protein
sources
3: Mean of A1 and A2 vs.
A3:
43.6%, 57.0% vs. 70.5%
plant-derived protein
sources
4: B1 vs. B2:
1: 1 corn gluten to
soybean vs.
1:4 corn gluten to soybean
5: Mean of B1 and B2 vs.
B3:
diets lacking canola vs.
diets including canola

Protein
ADC
E>C

Energy
ADC
E>C

Dry Matter
ADC
E>C

A1<A2

NS

NS

A1,A2 < A3

NS

NS

NS

NS

NS

B1,B2 > B3

B1,B2 > B3

B1,B2 > B3

meal in a modified Abernathy diet for chinook salmon (Oncorhynchus
tschawytscha) without compromising growth rate or protein utilization, but
growth rate and protein utilization was reduced when canola was included at
25% of the diet. Due to the lower cost and abundance of this low-phosphorus
protein source relative to fish meal, especially in Canada where it constitutes an
important crop, more research is warranted as to the potential of canola meal in
reducing phosphorus excretion in farmed salmon and trout.
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Experiment 2
Results of the analysis of variance (ANOVA) indicated a difference between
diets in protein ADC, energy ADC and dry matter ADC. The Tukey’s test
results indicated that each of the experimental diets was higher in apparent
digestibility than the comparison commercial diet with respect to protein
(P<0.001), energy (P<0.001) and dry matter (P<0.001), similarly to the first
experiment (Table 7).
Protein ADCs of the 3 experimental diets did not differ significantly from each
other over the range of DP/DE ratio from 24.9 to 17.6 g DP/megajoule DE
(P>0.05). In contrast, Jayaram and Beamish (1992) found that both protein and
energy digestibility increased with increasing dietary lipid (decreasing DP/DE
ratio) in diets for lake trout (Salvelinus namaycush). In a two-factor experiment,
Jayaram and Beamish found that at either of two protein levels (40% or 50%),
an increase in lipid from 10% to 20% led to an increase in both protein and
energy digestibility. Differences in protein digestibility were small, however
(2.7-3.6%). Results of both our work and that of Jayaram and Beamish (1992)
thus suggest that the protein sparing effect is primarily due to metabolic
processes occurring after nutrients have been assimilated, and that the effect of
DP/DE ratio on protein assimilation efficiency is relatively small.
Energy ADC increased about 1.5% as DP/DE ratio decreased from 24.9 to 20.8g
DP/MJ DE (P<0.05), but remained about the same as DP/DE ratio further
decreased to 17.6 g DP/MJ DE (P>0.05). Dry matter ADC followed the same
general pattern as energy ADC: mean dry matter ADC of diet 2 was
approximately 2.3% higher than dry matter ADC of diet 1 (P<0.01), but there
was not a significant difference between dry matter ADC of diets 2 and 3
(P>0.05).
In the diets used here, decreasing DP/DE ratio corresponds to decreasing dietary
protein and increasing dietary lipid. Jayaram and Beamish (1992) found that
lipid digestibility increased with decreasing percent dietary protein, but was
unaffected by percent dietary lipid. In our experiment, the increase in energy
digestibility associated with a decrease in DP/DE ratio thus may have been due
to an increase in lipid digestibility associated with a lower protein level. As lipid
is one component of dry matter, it is not surprising that dry matter ADC
followed the same pattern as energy ADC. As higher dry matter digestibility
results in lower amount of total solid waste (Cho et al., 1994), these results
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suggest that decreasing the DP/DE ratio to approximately 21 g DP/MJ DE could
reduce total solid waste in aquaculture effluent.

Table 7. Mean protein, energy and dry matter apparent digestibility coefficients
(ADCs) for the 4 diets investigated in Experiment 2 (n=5). Values in
the same column having different superscripts are significantly
different from each other (P<0.05, Tukey's test).
Diet

DP/DE ratio

1
2
3
Comparison

24.9
20.8
17.6
-

Protein
ADC (%)
94.2b
94.6b
94.6b
89.0a

Energy
ADC (%)
86.2b
87.6c
87.4c
79.1a

Dry matter
ADC (%)
81.0b
82.9c
82.9c
73.7a
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It is well established that dietary highly unsaturated fatty acids (HUFA’s) are
essential for optimal growth and development of fish (reviewed by Kanazawa
1993; Watanabe 1993). Recent studies, however, have indicated that vision and
neural tissues accumulate higher amounts of HUFA’s than other body tissues
(Tocher and Harvie 1988; Mourente et al., 1993), suggesting preferential
requirements of essential fatty acids (EFA) by specific tissues.
In the present study, we have investigated the incorporation rate of HUFA’s in
different body tissues of sea bream (Sparus aurata) and hybrid striped bass
(Morone saxatilis x Morone chrysops) during reproduction and larval stage
development. Broodstock fish and larvae were fed diets containing varying
proportions of n-3 and n-6 HUFA’s. Different body tissues were sampled
routinely and subjected to lipid and fatty acid analysis.
The preferential incorporation of EFA into sea bream egg polar lipids was tested
by performing a series of first-order linear regression analysis between the
content of each EFA in egg polar lipids and their corresponding content in the
broodstock diet. The regression equations of these correlations are shown in
Table 1. Comparison of the slopes (a) of these regression lines shows that the
rate of increase in egg docosahexaenoic acid (DHA, 22:6n-3), in response to a
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dietary increase, was 70% higher than that of eicosapentaenoic acid (EPA,
20:5n-3) and double that of linoleic acid (18:2n-6).
Further nutritional studies in hybrid striped bass larvae, have shown
significantly higher accumulation rate of DHA in larvae eyes, in response to a
dietary increase, than in other tissues (Fig. 1), while arachidonic acid (AA,
20:4n-6) accumulated at equal rates in eyes and muscle tissues. Furthermore,
tissue content of EPA was affected by both dietary DHA and AA content while
tissue contents of DHA and AA were independent of each other dietary levels.
The significance of these results on tissue function and broodstock and larval
nutrition, as well as the importance of DHA in brain and central nervous system
function will be discussed.

Table 1. Regression equations for the relationship between content of the
linoleic (18:2n-6), eicosapentaenoic (20:5n-3) and docosahexaenoic
(22:6n-3) fatty acids in the polar fraction of egg lipid and their content
in S. aurata diet.
Fatty acid
a
b
r
18:2n-6
0.34
1.10
1.00
20:5n-3
0.73
0.93
0.97
22:6n-3
1.30
6.29
0.98
Data shown are the parameters of first-order linear regression equations, a slope,
b intercept and r correlation coefficient. All values are given in mg/g dry weight
(n=6).
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Fig .1. The relationship between the content of DHA in hybrid striped bass larvae eyes and
muscle and its dietary content. Each data point represents the mean values with their
standard errors (n=6).
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Herbivores are important members of marine fish communities, but little is
known about their digestive processes with respect to carnivores (Horn, 1989).
Herbivorous fishes make up a large portion of the biomass in marine habitats
and occupy an important trophic position at the base of the food chain by
representing the first transfer of energy from plant to animal. Herbivores,
however, face the challenges of obtaining energy and nutrients from a food
supply (plants, including seaweeds) that is encased in largely indigestible cell
walls, low in protein, and often chemically or morphologically defended. In this
study, we are exploring differences that may exist between carnivorous and
herbivorous fishes using digestive enzymes as a basis for comparison. Digestive
enzyme activity has often been correlated with feeding ecology (Kapoor et al.
1975). All vertebrates are considered to have the same complement of digestive
enzymes, but it is believed that carnivores possess higher proteolytic enzyme
activities to digest their high protein diet, whereas herbivores are hypothesized
to possess higher carbohydrase activities in order to digest starches, the main
storage carbohydrate found in plants.
We are in the process of comparing the biochemical activity of four digestive
enzymes (pepsin, trypsin, amylase, lipase) in four species of prickleback fishes
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co-occurring in an inshore marine habitat. Two of the species are carnivorous
(Anoplarchus purpurescens and Xiphister atropurpureus) and two are
herbivorous (Cebidichthys violaceus and X. mucosus) (Cross, 1981), although
the latter two begin life as carnivores (Horn et al. 1982). Stoddard (1985)
presents a phylogenetic hypothesis in which A. purpurescens is a member of an
adjacent more ancestral clade compared to the other three species, and in which
X. mucosus and X. atropurpureus are each other’s closest relative (Figure 1).
The basic premise of the study is to determine the degree of biochemical
specialization in the digestive tract of closely related carnivorous and
herbivorous fishes collected from the wild.
As a methodological preface, we tested the effect of freezing on digestive
enzyme activity by comparing the activity of the four enzymes in fresh vs.
frozen tissue samples from the stomach and intestine of one of the species, C.
violaceus. The results showed no differences in the two kinds of samples (t-test)
except for pepsin in the stomach, in which frozen material showed significantly
higher activity than that of the fresh tissue.
Our hypothesis for the main part of the research is that the activities of pepsin,
trypsin, and lipase will be higher in the carnivores, whereas the activity of
amylase will be higher in the herbivores. Support for this hypothesis would
indicate a difference in gut specialization between carnivores and herbivores and
could provide physiological corroboration for their different trophic positions.
To date, activities (IU/g tissue) of the four digestive enzymes have been
determined in the stomach and intestine for three of the species using a
spectrophotometer at optimal pH and temperature. Analysis of enzyme
activities in A. purpurescens is still in progress. Results were analyzed by oneway ANOVA and indicated no differences among species for pepsin and lipase.
C. violaceus possessed a higher trypsin activity than X. atropurpureus, and both
X. mucosus and X. atropurpureus exhibited a higher amylase activity than C.
violaceus (Figure 2).
None of our hypotheses was supported by the results, and we conclude at this
point that digestive enzyme activities of three of the closely related species of
carnivorous and herbivorous stichaeids show little or unexpected differences.
Our results suggest that these fishes may be more flexible in their diets than
previously believed, and have the ability to adjust food type and digestive
enzymes accordingly. Although they are strict herbivores, C. violaceus and X.
mucosus show only slight modifications in gut morphology and digestive
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physiology, and they have been classified as Type I herbivores, the herbivorous
fishes with the least obvious specializations for digesting plant material (Horn,
1989). Forthcoming results from A. purpurescens, a key carnivore in an
adjacent clade, will serve to either strengthen or weaken this conclusion.
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Figure 1. Partial cladogram of proposed phylogenetic relationships of the
Xiphisterine stichaeid fishes (after Stoddard, 1985). c = carnivore;
h = herbivore.
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Introduction
Previous studies have shown that the pigment fingerprint of the maternal female
of anadromous (sea trout) and non anadromous (brown) trout (Salmo trutta L.)
is present in the deposited ova (Noack et al., 1996). Our aim was to determine
the persistence of the maternal pigment fingerprint in offspring beyond the egg
stage.

Methods
In the present study trout pigment profiles were analysed in young-of-the-year
under hatchery conditions. Carotenoids from whole eggs, whole body samples
and tissue samples were analysed on an acid-treated LiChrosorb® column by
normal phase HPLC.
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Results and Discussion
Eggs of anadromous trout (N=8) contained in average more than 80%
astaxanthin (pooled All-E astaxanthin and 13-Z astaxanthin), whereas in eggs of
non anadromous trout (N=10) 19% to 45% was astaxanthin. Hatching occurred
on average 426ºd (degree days) post fertilisation and between hatching and first
feeding (605ºd). Astaxanthin fractions decreased significantly in both
anadromous (N=6) and non anadromous trout (N=6), while metabolic products
of this pigment (astaxanthin mono- and di-esters) increased significantly in
offspring of anadromous trout (Student’s t). During this stage anadromous trout
still contained a significantly greater proportion of astaxanthin than non
anadromous trout.
After the establishment of exogenous feeding on
unpigmented manufactured diets ad lib, 1300ºd post fertilisation, the dominant
pigment was astaxanthin di-ester with no significant difference in concentration
between anadromous (N=18) and non anadromous trout (N=19). However, at
this stage the chromatographic peak area for astaxanthin remained greater in
anadromous than non anadromous trout.
These results indicate that the diagnostic power of pigment fingerprinting is
retained in such juveniles, until 1300ºd post fertilisation. Consequently, field
studies should be aided by the prolonged ability to identify the maternal origin
of wild trout. Pigment fingerprinting analysis by HPLC is thus a valuable
addition to the fisheries managers’ range.
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