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Studies on Japanese Chars of the Genus Salvelinus—VI.

The Food of S. leucomaenis®

Yoshiharu Honma, Nobuo Hokari, and Eimitsu Tamura
(Received February 3, 1972)

Abstract Stomach contents were examined in 106 individuals of Salvelinus leucomaenis collected
in the mountain tributary of the Seki-gawa River near the foot of Mt. Myokd during the period
from April through December, 1964. From autumn to spring, stomachs mainly contained aquatic
and benthic animals, whereas the land insects were dominant in mid-May through August. Most
of these insects were nest-builders and dwellers in and near the river banks, but not good flying ones.
Among the aquatic insects taken, the case-bearing caddis worms occupy the highest percentage.
This evidence seems to be correlated with the morphological devices of mouth and feeding behavior
and accessibility rather than with the preference for food. The fact that the mature fish takes the
diet continuously even in the breeding season might be one of the causal factors of no post-spawning

death in the land-locked (non-migratory) form.

It is well known that the species of the genus
Salvelinus are voraciously carnivorous, and
usually feed on aquatic insect larvae, submarged
land insects, and various animals in the clear
streams, lakes, and open seas (Clemens and
Wilby, 1949: 94-96.: McPhail and Lindsey.
1970: 142-153; Nilsson, 1965: Roos, 1959:
Leim and Scott, 1966: 112-114). In Japanese
streamlets both adult Dolly Varden (S. malma)
and char (S. leucomaenis) have a nundeserved
reputation as the rapacious predators on the
eggs and young of other salmonids, sculpins,
minnows, crustaceans. and molluscs (Okada,
1959-1960 : 326-338). Occasionally, anglers
find comparatively large vertebrates, such as
snakes, salamanders, newts, and frogs, in
stomachs of the char, and one of the authors
(E. T.) found a smaller char which indicates
cannibalism.

Although there are several reports on the
food of Japanese chars (Nishio, 1934:; Suye-
hiro, 1942; Kawai, 1959; Sato, 1963: Tsuda,
1967: Komatsu, 1970), all these papers dealt
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only with no more than 15 material in summer
season.

During the course of our histo-endocrino-
logical investigation on the chars, a number of
specimens were obtained from Hokkaido
through Honsht (the Japanese mainland).
Since 1964, more than 300 individuals of fish
were collected in the mountain tributaries of
the Sekigawa River near the foot of Mt.
Myoko, throughout the year excepting in
midwinter with heavy snow. The analysis of
stomach contents was then undertaken for
these specimens to clarify the seasonal changes
of emergences and quantities of the faunal
elements. Further, several investigators have
suggested that the close relationship exists
between the feeding and histo-physiology of
the organs and tissues (and more the life-span)
of the spawning salmonids and ice-goby
(Robertson et al., 1961; McBride et al. 1963;
McBride et al.,, 1965; Tamura and Honma,
1971). Although non-migratory Japanese
char survive after their spawning (Honma and
Tamura, 1965), the actual amount of diet
during the maturation period is unknown.
Apart from our serial histological examination,
therefore, the second aim of this study is
concerned with this aspect.
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Materials and methods

As stated above, the selected material, 106
stomach contents in all, used in this study
have been collected in one of the mountain
tributaries that flow through the area of Joshin-
etsu Plateau National Park, since April, 1964.
As these were previously used for our endo-
crinological researches, the length and weight
of each individual have already been recorded
by us, but present material were 5.7-21.6 cm
in body length, of both sexes, and in various
stages of development. After evisceration,
the weight of entire digestive tract was mea-
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sured. Following this procedure, the tract
without contents was weighed. The amount
of food contents was then obtained from the
difference between them.

The food items of each individual were
roughly classified into five groups and weighed:
larvae of aquatic insect, land insects, land
animals other than insects, aquatic animals
other than insects, and remainders. Under
the binocular stereomicroscope, the identifica-
tion of these animals in the process of digestion
was attempted to specific or generic levels.
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Fig. 1. The relationship between the body length (x) and body weight (¥) in the Japanese char,

Salvelinus leucomaenis.

— 256 —



Honma, Hokari, and Tamura : The Food of Salvelinus leucomaenis

e ©
°
6L @ spring and summer runner o
+ autumnal runner L4 ® e
°
o« °
5.—
°
= °
g 4r + . )
o ®e o o e o °
=
- + [} ® 9
o + ‘e o ® &% ° b
o °
5 " * e
5 3 + . Qoo + 2
: Lt )
2 +1
s +
2 +
5 2 +¢  T%
+ T +e
3
+ + " j‘:$+$
i + + 8 0
1 4 8 ¢6
+ *8
4 +%
+48
| I A ) T8 !
50 100 150 200

Body length (mm)

Fig. 2. Relation between the body length and rate of repletion of diet in each stomach of the

char.

Results

To know the relationship between the body
length (x) and the weight (y), all samples
examined were plotted (Fig. 1), and the follow-
ing formula was secured: y=ax3 a=(l.6+
0.2)x 107>,

For the amount of diets, the rate of repletion
in each stomach (weight of stomach contents/
weight of body x 100) was tentatively adopted,
and plotted in relation to the length of body
and seasons (Fig. 2). A small number of

individuals with empty stomachs and similar
condition were omitted in this examination.
In general, the rate of repletion of individuals
caught in April to July was higher than that
of ones in August to October, and it is noticed
that the small amount of diets was contained
in the larger males.

The volumetric displacement of food organ-
isms in the stomach contents in every month
was illustrated in Fig. 3. Unexpectedly, the
percentage of land insects taken is somewhat
higher than that of aquatic insects. These
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Fig. 3. The volumetric displacement of food organisms in the stomach contents.

organisms cover a comparatively wide range of
animals: tree frog, freshwater crab, snail,
spiders, millipeds, and others. In spring a
large amount of the aquatic insects was taken
by the medium sized fish, while a small amount
of them was in early summer to autumn. On
the other hand, a vast volume of land insects
was contained in the stomachs of the fish
caught in the latter part of May to July.
Noticeably, from August to September, i. e.,
during the period of the highest atmospheric
and water temperatures, a considerable amount
of the land animals other than insects was
included. The stomach contents of autumnal
and winter fish composed again of a relatively
high percentage of aquatic insects. Occa-
sionally in spring, a respectable volume of
sand and mud were detected in the digestive
tract of some of the fish which ate a lot of
aquatic insects, and more, the fragmental

plants were also found in the summer fish.

According to their mode of life, 70 species
of aquatic animals identified from the mate-
rial of the stomach contents were classified
into six subgroups: case-bearing, creeping,
swimming, burrowing, net-spinning, and at-
taching. The average number of these baits
per one individual of fish in each month was
then plotted in Fig. 4. Among them, the
case-bearing caddis worms, such as Apatania
sp., Neophylax sp., Micrasema quadriloba, and
so on, are the most abundant. The second
grade of good baits is the swimming mayflies,
Baétis thermicus and Isonychia japonica, etc.,
and the third grade the creeping forms, such
as stoneflies, hellgrammite (Protohermes gran-
dis), a spotted mayfly (Ephemerella basalis),
etc. On the other hand, it was difficult to see
the net-spinning and attaching forms, and also
the depressed larva belonging to the creeping
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Fig. 5. The average number of the land animals per one individual of fish.

form that has a remarkably flat body. The
occurrence of small burrowing worms, such
as midge larvae (Spaniotoma sp. and Penta-
neura sp.) in the diet of small young fish
caught in autumn is remarkable in relation
to the difference of the favorite food by age.

More than 140 species of land animals were
taken by the char caught in spring to autumn.
However, no land animals were encountered
in the stomach contents of the fish in December,
which might be related to disappearance of
these animals in the vicinity of this tributary.

Throughout the months examined, the volume
and frequency of occurrence of several kinds
of spiders, such as Araneus sp., Tibellus sp.,
Tetragnatha praedonia, and so on, do not show
a marked seasonal change, while others reveal
a tendency to conceatrate toward the middle
of May to July (Fig. 5). These findings
might be parallel well to the period of emerg-
ence and activity of land animals. Although
the highest number of individuals of smaller
insects belonging to Hymenoptera (ants and
wasps) and Hemiptera (Marroscytus japonicus,
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Bothrogonia japonica, and aphids) was esti-
mated, the volume of larval Lepidoptera
(Idiotephria ameria and Scythris sp.) occupied
the highest percentage of stomach contents.
In this point of view, the milliped (Oxidus sp.)
revealed a fairly high percentage. The coleop-
teran (Plagiodera versicolora, Rhagonycha japo-
nica, Rodolia limbata and Othiellus medius
etc.) and orthopteran (Acrydium japonicum)
insects were also detected frequently.

Most of these species taken by the char as
food are the nest-builders in and near the
riverbank, and inhabitants in the moist, grassy
and surface of grounds and in plant leaves.
However, they include none of nicely flying
insects in adult stage, such as dragonflies,
cicadas, moths, and butterflies. The same is
encountered in the hymenopterans: while the
ichneumon flies and dirk wasps living near
the riverbank, digger wasps building the under-
ground hole as nest, and larval saw flies at-
tached to plant leaves falled the victims to
the char, no good flying wasps, such as hornet
and brown one, were made a prey in the
present examination.

Discussion

Generally speaking, for food analysis, sam-
ples of char obtained in the tributary of Seki-
gawa River both in spring and autumnal
seasons contained abundant aquatic insects,
whereas they included small land invertebrates
inclusive of insects in summer. As these small
animals emerge abundantly during early sum-
mer to midsummer in the mountainous area,
this season seems to be referable to the active
period of animals. Therefore, it is very natural
to see that the most voluminous diet is in full
accord with the species that occurs in a most
abundance. The result of dominant animals
from the stomach contents do not indicate the
favorite foods themselves with the char. On
account of no nicely flying insects as food,
most of land animals eaten by the char might
be derived from the individuals that are thrown
down and carried away into the tributary by
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some physical factors or natural phenomena,
such as the strong wind and a rapid flood.
The fact that pieces of leaves found in the
digestive tract of the char that feeds an abund-
ance of land animals, therefore, might be
interpreted as an unexpected matter on the
occasion for taking the animals. The number
and volume of the falling organic matters
submerging or drifting in the tributary seem
to be enormous, and seasonal changes of
stomach contents indicate a part of changes
of insect fauna in the area concerned.

If the deficiency of food in the source of the
surface of water occurs in autumn to next
early spring, the aquatic benthos become a
single source of the prey of the char. The
case-bearing caddis worms appears to be the
most available one, while in addition to the
creeping mayflies the net-spinning caddis and
attaching gnat larvae are very scarce. Nearly
identical results of feeding habits of the char
have been reported by several investigators
based on the materials of mountainous stream-
lets in the Honshi Island (Kawai, 1959; Sato,
1963; Tsuda, 1957; Komatsu, 1970). Ko-
matsu (1970) considered that the high percent-
age frequency of occurrence of case-bearing
caddis worms was due to the indigestion of
the case or the fastidiousness of the fish. How-
ever, owing to the morphological devices of
mouth of the char, it is not convenient to
catch the attaching benthic animals. Further,
as described previously (Honma and Tamura,
1965), the fact that the spawning male has
a hooked lower jaw (kype) directed upward
may be added to the situation mentioned
above. Anyhow, it is necessary to secure the
entire picture of fauna including drifting
animals and standing crops of various environ-
ments that bring about the chars, because the
feeding constituents might be varied with the
characteristic of each environment or eco-
system of geographic location.

In view of the cause of postspawning death
of migratory fishes under the starvation and
emaciation, the appetite and feeding habit of
fishes during the breeding season is of im-
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portance. Although the amount of stomach
contents of the mature char, in particular the
larger males, is considerably little, not a single
individual under the entire starvation is de-
tected. Some of the females, on the contrary,
show a comparatively large amount of con-
tents. These findings give support to our
previous interpretation from the histo-endo-
crinological point of view (Honma and Tamura,
1965; Tamura and Honma, 1971). Due to
their continuous feeding throughout the year
round, most of spent chars can survive after
breeding and tide over the winter. This habit
is quite different from those of migrating or
annual fishes, such as Pacific salmon and ice-
goby (Robertson et al., 1961; Tamura and
Honma, 1970).
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