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The relationship between the number of gill rakers and the nature
of the diet of char of genus Salvelinus

Yu., S. Reshetnikov,
Department of Ichthyology, Moscow State University

The nature of the diet of fish has an effect primarily
on the structure of the digestive system. The number of pyloric
caeéca and gill rakers should be seen as one of the adaptations to
food type.

A.N. Svetovidov established first for herring (1932) and
later for many other fish of various families and orders (1934,
1953) that fish which feed on larger food have a larger number of
pyloric caeca than those which feed on smaller organisms. The
number of gill rakers is ‘inversely related to the food type. Thus,
most predatory fish have a large number of pyloric caeca and a
small number of gill rakers.,

An exception to this rule are Pacific salmon of genus
Oncorhynchus, for which an inverse relationship between the number

of gill rakers and the number of pyloric caeca does not exist. Nor
is this relationship observed in char of genus Salvelinus (Esipov,
1935; Berg, 1948; Vladykov, 1933, 1954; Andrews and Lear, 1956;
Miller and Kennedy, 1948; Lobovikova, 1959; Greze, 1953; Podlesnyi
and Lobovikova, 1953).

In non-predatory char, the number of gill rakers is not

inversely related to the size of the food mass, while predator char
have both pmore pyloric caeca and more gill rakers.

The purpose of this work was to study the relationship
between the number of gill rakers and the nature of the diet of
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various biological forms of malma (3. malma), taking into account
the change with age in both the nature of the diet itself and
the number of gill rakers and pyloric caeca.

The material was collected in the summer and autumn of 1959
in the basin of the Paratunka River (Kamchatka) where there are
fresh-water lake and river forms along with typical diadromous char,

and in Lake Dalnii where the resident lake char of the "paliya" type.

never leaves the lake,

All three forms of char differ in the nature of their diets.
The lake and river char are bentophages (Savvantova and Reshetnikov,
1961).

The diadromous char in fresh watertggeds on aerial insects,
benthos and fish; in the sea, the basis of/diet of char, according
to L. A. Andrievskaya (1957) is Parathemisto japonica and fish.

The young of both diadromous char and lake and river char feed on
aerial insects and the aquatic larvae of insects in streams.

Resident lake char is a typical predator with a narrow diet
spectrum. <Lthe basis of its food is threespine and ninespine
stickleback (90-97%) and very rarely amphipods, mollusks and the
larvae of caddis flies and chironomids. Only fish are found in
the diet of fish over 30 cm long.

All three forms of char differ markedly in the number of
pyloric caeca in relation to differences in the diets (Table 1),

In comparison with diadromous char, lake and river char
have a largernumber of pyloric caeca and a longer intestine. This
is apparently associated with the fact that mollusks which are
poorly assimilated assume the leading role in the diet of lake and
river char (Bokova, 1940).

Similar phenomena are noted by I.P. Belogurov (1939) for /1575

sturgeon. Sturgeon /Acigenser - Tr./ compared to "sevryuga"
/Acipenser stellatus - Tr./ and "beluga" /Huso huso - Tr./ has a

relatively heavier intestine and /heavier/ pyloric caeca. This is
apparently associated with the fact that sturgeon in contrast with
"sevryuga" and "beluga" feed on mollusks as well as on fish.

kAccording to W.E. Ricker (Russian-bnglish Dictionary for
Students of Fisheries and Aquatic Biology), "paliya" is rendered as

1. char (in general - genus Salvelinus; 2. lake char(S. lepechini -
related to S. alpinus)




Table 1

Number of pyloric caeca and gill rakers, and
the relative length of the intestine in different
forms of char

Number of
Rela~
. . tiv
. gill rakers pyloric lé e” Num -
Char caeca of ber
form ; of
range mean | range (mean |stine, “ﬁi
in % studied
Lake and A
river 20— 21,8 | 2—az [22,8 114,8 245
Diadromous 25 92 2135 1289 19,8 105
esident
Rlsake 2420 26,7 3463 ! 48,4 13,2 72
Table 2
Number of pyloric caeca and gill rakers in
lake and river char of various body lengths
Leng@h of fish Number of Numb p
in mm gill rakers | pyloric caeca umber o
Troms fish
to mean studied
range mean | 'range mean
i
2520 2000 - 8 — 23 t
3—34 52,7 1014 12,6 2027 24,0 1"
35—39 26,9 1317 14,5 20--28 V4.5 10
A0—44 45,0 16—20 17,0 2030 26,0 7
AR —49) 46,7 17—20 17,3 2332 26,4 9
50—50 | 253,0 J9--21 20,3 26130 27,1 8
60—79 73,5 122 20,7 2033 27,2 9
80—49 0,0 10—k 21,4 PR 28,0 22
100—149 | 128,7 23 218 2255 24,0 24
150—199 | 178,4 20)—24 21,7 2239 20,6 68
200249 |- 226,7 2035 21,8 25—42 32,3 94
250209 | 275,2 2024 21,9 25—41 32,9 9N
200—370 | 3216 2024 |. 21,8 25—42 33,5 60




Predator lake char have the largest number of pyloric caeca
and also the largest number of gill rakers,

, Age variébility is noted in the number of pyloric caeca and
gill rakers. For Atlantic salmon and some American char, V.D. Vladykov
(1954) notes that the number of pyloric caeca increases as the size
of the fish increases. We examined age variability in the number of
pyloric caeca and gill rakers, on the basis of lake and river char
(Table 2 and Fig. 1)

The fastest increase in the number of gill rakers with
respect to the growth of fish occurs in the early stages of develop-
ment (to a length of 70-80 mm), after which the number of gill rakers
inceases more slowly. The final number of gill rakers (21,8) is
* formed in fish 120-130 mm long; subsequently, only insignificant
deviations from the mean numberappeér. The number of phyloric caéca
increases continuously as the size of the fish increases,

We cannot follow through such an age variability in
resident. lake char since we have almost no data on the biology
of the young of this char, which apparently live in the pelagic
zone of the lake and are virtually not caught at the shores., We
only had large char at our disposal; however, even these incomplete
data permit one to conclude that the same pattern would occur in
resident lake char as in lake and river char:

Size of fish in mm DGO =28 - 3NN <3800 3400 =360
Number of gill rakers 26,5 26,0 26,4 26,7 26,6

Ao [ o [ I
Number of pyloric caeca A3,5 0 47,80 BLA 82,00 545

In analysing the change in the shape of the gill rakers /1576
in relation to an increase in the size of the fish (Fig. 2), one
may assume that the young resident lake char feed on plankton,

In order to feed on small plankton organisms, the young of lake
char must have a good filtering apparatus consisting of a large
number of long thin gill rakers. Yor this reason, more gill
rakers are laid down in resident lake char than in other char.
Large char gradually change over to feeding on fish. They now
need short thick gill rakers which would help to retain the prey;
a large number of gill rakers is not necessary. The marginal gill
rakers are reduced and converted to barely noticeable tubercles,

and the remainder take on the same appearance as in predators -



short and thick, many’of them are hamately bent and with spines.

In fact, in large lake char, only 16-18 gill rakers are normally
developed. 1In diadromous and lake and river char all gill rakers
are equally well developed and they are longer and thinner (Fig., 2)
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Fig., 1. Change in (I) the number of pyloric caeca and
(II) the number of gill rakers with an increase
in the body size of fish

Fig, 2. a, b, ¢, d - first gill arches of resident
lake char, length of fish being respectively
270, 280, 525 and 588 mm; e - gill arches of
lake and river char, length of fish 332 mm



Usually, all gill rékers are counted, including those
that are reduced, and 'their numbers are related to the nature
of the diet of mature fish. Therefore, in salmon, no inverse
relationship is obtained between the number of gill rakers and
the number of pyloric caeca. The final number of gill rakers is
formed in small fish and is to a large degree apparently determined
by the nature of the diet of the young, and the number of pyloric
caeca increases continuously in proportion to the growth of the
fish and is related to the nature of the diet of mature fish.

‘ If we take into account the fact that the young of most
Pacific salmon reside in fresh water 1-3 years, then it may be
assumed that the number of gill rakers is related to the nature
of the diet of the young in fresh water, whereas the final number
of pyloric caeca is determined by the nature of the diet of the
mature fish in the sea,
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ON THE CONNECTION BETWEEN THE AMOUNT OF GILL-RAKERS AND THE
CHARMNCTER OF FEUDING IN CHARS OF THE GENUS SALVELINUS

N

Yu, RESHETNIXOV
Depariment of [chithiyology, Stete University of Moscow
Summary
Age variabiiity of the number of gill-rakers and pyloric appendices shows the num-
ber of these laiter to continuously increase with the growth of fish, and the linal number
of gill-rakers to be {formed in younyg fishes when they attain the length of 120130 mm.

The number of gill-rakers is determined by lhe character of feeding of the young, while
that of pyloric appendides is determined by the character of feeding of adult fishes.



