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                                 Introduc#ion

    The interspecific competkion is one of the most important as we!l as famous
problems in ecology. Slnce DARwiN (1859), rnany naturalists, ecologists as we}1 as
agri- and aqui-culturists deveted their efforts to this problem, by viewing from
various stand points such as the field observation, exper2mental culture and mathe-
matical trecatment, and by using various species of plants or animals. But, on fish
populations, there are relatively few papers which deal directly with the subject
of competition for food (FRosT, l946; EIARTLEy, 1948;LA.RKiN, l956;LAGmR, k944;
NiKoLsi<Ii, 1945, 1954; and STARy<E'r"r, 1950); and several papers whlch refer te
this problem stand on such a very simple assumption as two or m_ore species which
eat the same food ltem at the same time compete strongly with each otlier.
    SiRce 1955, we have carried on some investigations about the food habits of
fishes in several rivers of Kyoto Prefecture. During the course of this study, it
was found out that both the amount of food consumed and the feeding habit of a
certain species were different according to their habitats, and that these differences
seemecl to be due not only to the discrepancy in the relative quantity of available
food organisms but also to that in the faunal composition and the population of
fishes. These observations have led me to settle up an opinion on the concept of
food competition, which will be dealt with in some detail in the present paper.

                      General View of Researck Areas

    The research area for our study was chosen out of the middle courses of four
rivers in Kyoto Prefecture, i.e., the Rivers Ul<awa, Yuragawa, Katuragawa and
Inukaigawa (Fig. 1).

    1) The expenses of the present work have been defrayed in part by the Grant in Aid for
Fundamental Scientific Research of the Ministry oÅí Education.
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Fig. 1. Map of the Rivers Ukawa, Katuragawa, Inukaigawa and Yuragawa.
 Research areas in 1955-1959 are surrounded by unbroken lines. Thin
 dotted line presents the boundary of I<yoto Prefecture. '
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A) Pl•tssical Conditions.

    Both the River Ukawa and the River Yuragawa empty into the Japan Seca on
the north coast of Kyoto Prefecture. The former is a stnall river (ca. 25km in
length), while the latter is large (ca. 150km in length). On the other hand, the
River Katuragawa (ca. 125km in length) runs sogthward, joining the River Yodogcawa
which fiows from Lake Biwa to the Bay of Osaka. The River Inukaigawa (ca.
20km in length) is a tributary of the River Katuragawa.
    The middle courses of rivers have some common characteristics. From Åíhe
topographical point of view, a river consists of units each of which is composed
of two parts, i.e., the river-rapid in which water seethes white on loosely packed
boulders and the river-pool or the slowly fiowing deep with rock walls on one side
of the banks. In the middle course, these two parts are distinguished clearly, ancl

one meander consists only of one rapid and one poo} (KANi, 1944). Except the
Ayu-fish, Piecoglossus altivelis, which is an anadromous fish, the dace (Tribolodon
hakonensis) or the chubs (Zacco spp.) are the dorninants of the middle course, and

our research areas may belong to the "dace or chub region"(TsuDA and GosE,
1954).

    Some physical conditions are shown in Table 1. The investigation was carried
on in all seasons since 1955, but in the present paper, I discuss on the data of

summer seasons only.

              Table 1. The research areas with some physical cenditions.

River

River system

Length (km)
Research area

  from

  to

  length (km)
  average breadth (m)

  average discharge
   in summer (m3!sec.)

  water temperature
   in summer (OC)

Season of investigation

Ukawa Katuragawa Inukaigawa Yuragawa

l
I
:
i
l
I
I
i
i

i
l

   Ukawa
    25

 Kawakubo
 Maruyama
     8
    10

     1.5

   27-31

summer, 1955
summer, 1958

 Yodogawa
   223

  I<uroda
  Uogahuti

    23
    20

    18

   21-26

sumrner, 1957
sumrr}er, 1959

Yodogawa
   20

     4
     6

     e.3

    25

summer, 1958

 Yuragawa
   147

   Tauta
 Nakamura
    25
    25

    22

   21-27

summer, 1958

B) Bottom atgae and bentkic invertebrates.

    The quantitative survey of bottom algae and benthiÅë iRvertebrates of these
rivers were carried out by NEGoRo, TsuDA and his students, and the members of
oui" research group, in the same oecasion as the fishes were caught and their be-
haviours were described by us. The major parts of the results of these investiga-
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tions have been reported by KAMEGA.i (1959), KAwANABE et al. (1956, 1959), MizuNo
et al. (1958), MoRiTA (1959), OHGcJsm et al. (1956, 1957), TEzui<A (1959) and
TEzuKA and KAMEGAI <in press). These results, with some additions from the
gnpublished data by NEGoRo, TEzuKA and TsuDA, are summarized in Tables 2-5.
The flora and fauna of all research areas belonged to "oligosaprobionts" chayacter-
istic of the middle course.
    The standing crops of the bottom aigae were within the limits of 28 milligrams
and 23 m"Iigrams (wet weight) per one square centimetre as average values, the
River Inukaigawa being an exception with about 10 miliigrams. Thus,•it may be
admkted, so far as this paper is concerned, that the gravimetric algal productioR
was nearly equal, with an exception of the River Inukaigawa.
    In the same manner, the standing crop of the benthic iRsects may be assumed
as nearly equal in any year and place (7.3-9.5g/m2), with an exception (4.eg/m2)

of the River Ukawa in 1958.

Table 2. Standing crops and abundant species of bottom algae and benthic invertebrates in
    the middle ceurse of the River Ukawa during the summer season oÅí 1955 and of 1958
    (data from KAwANABE et al., 1956, 1959;OHGusilx et al., 1956) 1957;TEzuKA and
    KAMEGAI, in press; and NEGoRo, unpublished).

river-rapid river-pool average

1955
 Algae
   standing crop
     (wet weight per
   abundant species

1 crn2)

Benthic invertebrates
 standing crop
   (wet weight per 1m2)
  abundant species

1958
 Algae
   standing crop
     (wet weight per
   abundant species

1 ern2)

Benthic invertebrates
 standing crop
   (wet weight per 1m2)
  abundant species

!
l
l 25 mg
  Cynbetla tumida
  C. turgidula
1 S_Y"e4r" Ul•na
] SYwtPtOea sp.

        5-28 g
I
  Pa7aStenOPSyCite
          Sattteri
  KYdrOPSYChe UIMeri
  EPeorscs {atifolium
  AntOCka spp.

i
i
,
l
i
l
i
}
'

 i
I
I
t

rvtttht

      32 mg

SNmPtoca sp.
OscillatQria spp.
Navicscla cari
N. crNPtoeeP}tala

     0.6-8.4 g

MetaeoPseP}tenus
      jaPO?ZiCtcS
l!ffacrepzia. sp.

StenoPsyche
    griSeiPe?tntS

       6 mg

CymbeUa sinuata
C. turgi•dttla
Coecone•is piacentecia

     O.03-3 g

Potamanthus Jeamonis
Choroterpes trifurcata
Pltaenopsectra sp.

      10 mg

SNMPteCa sp.
Oscillator•ia spp.
Na•vicTela cari
Achnanthes ga?tceolata

     0.4-4.0 g

Metaeopsepltenus
      jaPO?ttCt{S
Atherix sp.
Potamanthus feantonis
choroterpes trifurcata

18 mg

8.5g

20 mg

4.0 g



Food Competition amongFishes in Some Rivers of Kyeto Prefecture 257

Table 3. Standing crop and abundant species of bottom algae and benthic
    the middle course of the River Katuragawa during the summer season of
    (data frorn MizuNo et al., 1958 ; and TEzuicA, unpublished).

 invertebrates in
1957 and of 1959

river-rapid river-pool average

1957
 Algae
   standing crop*
     (wet weight per

  Benthic invertebrates
   standing crop
     (wet weight per
   abundant species

1959
  Algae
   standing crop
     (wet weight per
  Benthic invertebrates
   standing crop
     (wet weight per
    abundant species

1cm2)

1 m2)

1 cm2)

1 m2)

l

'

l

I
l

12 g

StenoPsyche
       --             .    grtsetPennts
HNaroPsNclze ul?neri
H. nahaharai
EPeOrzeS iatifOlium

27 mg

8.3-10.7g

ParasteetoPsyc}te
         SaUteri
EPeOrUS IatifOgittm
HydroPsyche ulrneri
StenoPsyche
       --             .     grtsetpennis

4g
psycltemyia spp.
EPkeMera spp.
APJielOCheirUS VittatZeS
Chironernidae

19 mg

0.4-1.0 g

Potamanthus leamonis
IsoPerla rtiPPenensis
Psyckomyia spp.
Chironomidae

2e mg

9.3 g

23 mg

7.6g

* Unfortunately, the quantitative study on
 was presumed by actual eye-observation.

algae was not carried eut in this year. The data

Table 4. Standing crop and abundant species
   the middle course of the River Inukaigawa
   KAMEGAx, 1959 ; and TEzuKA, 2959).

of bottom
during the

algae and benthic
 summer season of

invertebrates in
l958 (data from

I
i
l

river-rapid river-pool average

Algae
  standing crop
    (wet weight per 1cm2)
  abundant species

Benthic invertebrates
  standing crep
    (wet weight per 1m2)
  abundant species

6-35 mg

SYMPgOCa
Cy7nbella
Navicscla

tlzer?nalis

tt4rgidula
cari

8g

HNdroPsyche ulmeri
H. nahaharai
Paraste?topsyclte
       SaUteri
EPeOruS latifOliu"t

7mg
SYMPIOCa tizermaEs
Acltnantlies lanceolata

4g
Kiotina sp.
sieboldius j'aponicics
Atlterix sp.

10 mg

7.2g
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Table 5. Standing crop and abundant species ef bottom algae and benthic
   the middle course of the River Yuragawa during the summer season of
   MoRITA, 1959; NEGoRo, unpublished; and TsuDA, unpublished).

invertebrates in
1958 (data from

river-rapid river-pool average

Algae
  standing crop
    (wet weight per
  abundant species

Benthic invertebrates
  standing crop
    (wet weight per
  abundant species

1cm2)

1 m2)

i
I
i
I
l

l
I
I
I
I
I
l
I
I
1

i
i

I
i
l
l
}

     17-36 mg

Cymbetla tumida
C. turgidula
Synedra ulna
Achnanthes minutissima

      3-42 g

parastenopsyche
       Sattteri
Kami?mtria quadrata
EPeorus latifoliiem
Metaeop$ephenus
       jaPO}ZtCteS

19 mg

8g

C) Fish fauna and the PoPttlation.

    The fishes of the four rivers and their population densities in the research

areas are sh6wR in Table 6. '
Table 6. Fish fauna of the Rivers Ukawa, Katuragawa, Inukaigawa and Yuragawa, and the
    population density of fishes in the research area of the four rivers. The figures indicate
    the number of individuals per one square metre.

Scientific name Japanese name

I
l
i

Petromyzonidae
  EsctosPl•te?zt{s jaPoTiicus
  E. reissneri

Salmonidae
  Oncitoritsncltus leeta
  O. masoec, f. masoec
  O. masou, f. is}tikawae
  O. rhodurus,
        Åí. "laCrOStOMUS
  Satmo gairdnerii
           irideus
Plecoglossidae
  Plecoglessus alttvetis

Cyprinidae
 Acheilognathinae
  Acheilognathus
         lanceolata
  A. limbata
  Paraclteilognatlttts
           CYanOStigMa

  River
  Ukawa
1955 1958

   River
Katuragawa

1957 1959

River
Inukai-

gawa
 1958

River
Yura-
gawa
 2958

kawayatume
sunayatume

sake
sakuramasu
yamame
amago

nizimasu

ayu

yaritanago

aburabote
itimonzitanago

I
I
l
l
I
I
I

T

i
l

I

l
I
I

++
++

5.4

++
+
- y

 :

OB

 :

+

 :
 :

O.06

+
++

+

 :
 :

0.3

+
-- y
+

+

+

2.2

+
++

 :

+
 :

 :

 :

O.03

+
++

.
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Scientific narne Japanese name

 Gobioninae
  Pungtungia hergt
  Sarcocheilichthys
          Vartegat•tcS
  GnatePogen gracMs
  G. elongatzts
  Pseudegobio esecinecs
  Hemibarbus barbus
  H. lengirostrts
  Pseudorasbora parva

 Leuciscinae
  Tribolodon Jtakonensis
  Moroieo stei•ndachneri
  Zacco Platypus
  Z. te2nmincleii

 Cyprininae
  Carassius auratus
  CyPrtntts carPio

Cobitidae
  Misgecrnus
       ang"iiiicaudaties
  Cobitis biwae
  C. deUcata

Si!uridae
  Pa?'asilurus asotus

Bagrrdae
  Pelteobagrus mtdicePs
  Liobagrus reinii

Anguillidae
  Anguilla japenica

Cyprinodontidae
  Oryztas latipes

Serranidae
  CoreoPerca kawamebari

Eleotridae
  Megrunda ebsc•scra

Gobiidae
  Tridentiger obscurtes
  Rltinogobius simibis
    sea-run form
    land-locked form
  Chaenagebius urotaenia
  Luciogobitcs guttatus

Cottidae
  Cottus Poltecx
  C. kaZika

mugituku
higai

itomoroigo
tamoroko
kamatuka
nigoi
zunaganigoi
motugo

ugtti
aburahaya
oikawa
kawamutu

huna
!<oi

dozyo

simadozyo
azimedozyo

namazu

gigi
akaza

unagi

medaka

oyanirami

donlco

titibu
yosinobori

ukigori
mimizuhaze

kazika
lcamakiri

'

T

i

   River
  Ukawa
1955 1958

  River
Katuragawa

1957 2959

River River
Inul<ai- Yura-

gawa gawa 1958 1958

I
'

0.1

0.3
1.0

0.2

+
+
0.2

+
"
+

+
0.9

0.5

- lr

:

+

0.1

0.6
0.3

O.05

+
+
0.1

+
-

l-i"

+

++
++

0.1

O.01

+
0.1

+
Oa2
0.1

O.01
A-

+
O.01
e.o2

+

++
-
+

un +
+ nv
0.6 :
      0.2
0.2 :
' -

:+ ,
' lr nt

+
+
++

O.07

O.01

+
O.07

+
0.1
O.05

O.01

+
+

O.01
O.02

+
++
-

}"l-

+

- F

0.3

 :

+

++
++

e.i

O.09

+
O.05
0.4

O.Ol

-- F

O.01

++
"
+

+

0.6

+

+
{"

-- F
- F

O.01
O.01
O.02

+
O.05

+
O.03
O.01

-' -
-- F

+
+

+

+
+
v
+

+
+

 :

O.04

 :

- F
 :

"
ft :

{_IN:

::

- :

The pepulation density of less than e.01 individuals per one square inetre.
Unknown population density, presumed}y larger than O.01 individuals per
metre.
The fish which lives in the river, but is absent in the research area.
The fish which does not live in the river.

one square
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    It must be pointed out that there are remar}<able differences between the fish
fauna of the River'Vkawa and that of ether three rivers. In the River Ukawa,
the bitterlings (Acheilognatinae), large piscivorous catfishes (Parasilurus and
Pelteobagrus), and especially the bottom-dwelling cyprinids (Gobioninae) were
lacking, thcugh they were quite abundant iR other rivers. The population of Ayu-
fish, which is the most dominant fish sociologica}ly in the warmer months in most
of the Japanese rivers, was different in different years. While its density reached
5.4 and 2.0 individuals per one sqgare metre respectively in the River Ukawa (1955)
and in the River Inukaigawa, less than 0.3 individuals per one square metre was the
average value in other places and years.

                               Food of Fishes '
    The food items are aryaRged according to the "points methed" (SwyNNERToN
and WoRTHiNGToN, l940; FRosT, 1943; and HyNEs, 1950), and shown in the form
of food-chain (Figs. 2-7). For fuxther details, the readers are referred to other
papers (KAwANABE et aS., 1956; KoDAMA, in press; and MizuNo et al., 2958).
    Fishes are classified into four groups in accordance with their food habits.
Three free-swimming cyprinids belongiRg te Leuciscinae fed mainly on terrestrial
insects and/or bottom algae. There were, however, some differences between the
food of these fishes, i.e., while the dark chub (A) depended rather chiefly on
terrestrial insects, the pale chub (B) fed more algae, and the dace (C) was frequent
tofeed also on benthic insects. It is noteworthy that these three specles displayed
a similar tendency to depend mainly on terrestrial insects in the River Ulscawa in
1955 and in the River Inukaigawa, but mainly on algae in the River Katuragawa
in 1957 and 2959, aRd in the RiverYuragawa. !n the River Ukawa, the food quality
of these fishes in 1958 was between the above two tendencies. The Ayu-fish (Pieco-
glossidae, D) was the algal feeder in all cases. Three fishes, which belonged to
bottom dwelling Gobioninae, fed only on benthic insects, i.e., the striped shiner (E)

was the caddis-worm feeder but sometimes fed also on midges, and both the long-
nosed barbel (F) and the gudgeon (G) fed on any benthic insects, although the
latter had a tendency to feed mainly on miclge$ or other dipterous larvae. The
crussiaR carp (Carassius), gobies (Gebiidae) and loaches (Cobitidae) fed on algae
and/or benthic insects. Every species showed the similar tendency of feeding
mainly on benthic insects for food in the Rlver Ukawa in 1955, but mainly on
algae in the River Katuragawa ln both 1957 and 1959 and in the River Yuragawa.
In both the River Ukawa (1958) and the River Inukaigawa, the kinds of food of
these species were between the two tendeficies.

                              Food Competition

    It is a common knowledge that the food of fish differs according to such factors
as the size of the fish, difference in seasons and the population of available food
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organisms. In the present paper, I wish to deal with the food of adu}t fishes in
the middle course of four rivers during the summer season. As was mentioned
above, the standing crops of the algae and benthic invertebrates were nearly equal
in al} observations with two exceptions. Notwithstanding these facts, the food of
fishes differed greatly among our researches. What factors should have brought
about such differences in the food of the fishes?

    Here, the readers are referred once more to the comparison of the food-chains
in relation wkh the populatiens of severai fishes living together. The free-swimming
cyprinids depended chiefiy on teryestrial insects when the population of tlae Ayu-fish

was dense, while they tended to feed mainly on bottom algaoe when the Ayu-fish
was not dense}y populated. It seems to indicate that the Åíood of free-swimmlng
fishes changes under the influence of the population of the Ayg-fish.

    It was already reported (MiyADi et ag., 1952) that the pale chub lived in the
central part of a river-rapid when the Ayu-fish Nvere absent in a river ; but, as the
Ayu-fish ascended the river and settled dowR gradually in the stream, the pale chub
was thrust away to such worse p]aces as the river-periphery or the boundaries
between a rapld and a pool ; and when the Ayu-Åíish descended the river, it returned
to former places. I observed in the River Ukawa in 1955 that the Ayu-fish, whose
populatioB was very dense, lived in every place so far as the bottom algae was
growing on gravels oer stones; and the pale chub was driven away to extremeiy
werse places for its life such as the quiet places under willew trees and a stoneless

bottom. In such places, there grow a very few aigae, but the quantity of terrestial
insects which fall into the river ls rather }arge, exceptienally so in the peripheral

piaces. It is natural that the pale chub depended more strongly on terrestrial
insects in the River Inulcaigawa where the standing crop of algae was poorer than
in other rivers.

    I want to add the fpllowing observation. In general, a dark chub lives in
slow-flowing areas, especially tmder the lianging branches of willow trees (MizuNo
et' al., 1958). In the River gl<awa in 1955, however, it invade(l even to the central

part of the river-rapid where the Ayu-fish were grazing. My interpretation of this
phenomenon is that the pcnle chub, which was forced by the Ayu-fish, lived in the

peripheral parts of a river and dreve out the dark chub to the central part. The
dark chub and the Ayu-fish are different in their requirement of food and both of
them can live in the same liabitat. But this latter observation was not sudiciently

suppoxted by the change in the food of the darl< chub.
    Next, the food items of gobies, loaches and the crussian carp differed in
different rivers, and these differences seemed to be due to the presence or the
absence of the bottom-dwelling gobionids in the re$earch area. These phenomena
led me to suppose that the bottom-dwelling cyprinids pressed the gobies and some
other fish to change their food items from benthic insects to algae, and the following

observations on the behaviour of the gudgeon and the stone loach seems Åío intensify

the possibility of this supposition.
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2. Food-chain relationships for the main fishes in the research area

of the River Ukawa during the summer of E955. The alphabetical
letters symbolize the names of fishes and insects as fo}lows.

           Free-swimming cyprinids (Leuciscinae)

    A : dark chub, ZaCCO temmiitcleii
    B: pale chub, Z. PtatvPtes
    C : dace, Tribolodon kakOne?'iSiS

              Salmon•like fish (Plecoglossidae)

    D : Ayu-fish, PteCOglOSSUS altiVeliS

           Bottom-dwelling gebionids (Gobioninae)

    E : striped shiner, PtMgttMgia herZi
    'F : long-nosed barbe!, Llentibarbtts longirostris
    G : gudgeen, PSeZtdOgebiO eSeCi?ZUS
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The same of 1958.

           Other bottom dwelling fishes
        (Cyprininae, Gobiidae and Cobitidae)

K crussian carp, CaraSSk"S aUratUS
I : tongue-divided gObY, Chae}tOgObiUS ttrotaenia
J : common goby, RhinOgObiUS Si??ZiiiS
I< : delicate loach, Cobitis deiiCata
L: stone loach, C. biwae

                Terrestrial insects
T : terrestrlal lnsects such as Coleoptera, Lepidoptera,

     Hemiptera, Hymenoptera, ete.

                  Benthic insects
V : stone-fiy nymphs (Plecoptera)
w: may-fiy nymphs (Ephemeroptera)
x : cadidis-Sy larvae or pupae <Trichoptera)
y : lympet-lil<e larvae or nymphs (Hemiptera or Coleoptera)
Z: midges, etc. (Diptera)
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   The gudgeon, living oR the gravel or sand bottom, usually sucks srnall animals
with sand, whlch'dwell under or ameng the sand or stones, by pushing small
gravels or sand aside with the pectral fins. rhe stone loach in the River Ukawa,
where the gudgeon was absent, was seen to take small animals in the same way
as the gudgeon, i.e., it sucked small anim.als with sand. The stomach contents of
the stone loach in the River Ukawa were similar to those ef the gudgeon in other
rivers, though the former were limited •to such smaller animals as midges. On the
coRtrary, in the River •Katuragawa and the River Yuragawa, the stone loach lived
in more peripheral parts of the river, where the bottom consisted not of sand but
of large stones half buried in mud or fine'sand. Here, the feeding behaviour of
the loach was not the se.me as in the River UkavLra. it seemed .to nip off or pick up
the food substances attached fo gravels or growjng on the surface of mud bottom.
    In the River Ukawa of 1958 as well as in the River Inukaigawa, the stomach
contents of gobies, loaches and the crussian carp were unusual, and these Åíacts
were related respectively with the poor standipg crop of aquatic invertebrates in
the former and bottom algae in the latter.
    'rhe above-rnentioned ebservatiens concem c13iefiy with tY_e relations between
the free-swimming cyprinids and the Ayu-fish, or between bottom dwelling gobionids
and gobies, loaches or the crusslan carp, namely the inside relations among free-
swimming or bottom-dwelling fishes. Then was there no confiicting relation between
free-swimming and bottem-dwelling fishes ? It was observed that the common goby,
which happened to present just at the same rnoment and in the same place when/
where the Ayu-fish was grazing algae attached on stenes, was driven away by the
Ayu-fish irrespective ef the territori'al or scheol2ng behaviour of the latter (KAwA-

NA.BE, 1958). Bei•ng repeatedly interfered by the Aytt-fish, the common goby
tended to crawl under 'or ameng stones. But the ipfiuence of this conflicting
relatioR was not manifested clearly in the difference of the food of the common
goby, perhaps because the relation between the geby and the Ayu-fish was weaker
than that between the goby and the gudgeon.
    The above considerations led us to a presumptive thesis that the food con-
sumption by a fish is lfifluenced not only by the amount of available food organisms,
but also by the composition and popu}ation of the fish society to which it belongs.

                                  t *i

    As was mentioned in the intrbductlcn, most previous authQrs stood on such an
assumption as two or more spe' cies eating the same food item at the same time
compete strongly with each other. It may be right in cases of monophagous animals,
but doubtÅíul in cases of heterophagous or omnivorous animals to which most fresh-
water fishes belong. Both STARRETT (1950) and IislmoLsKii (1953) suggested that
some fishes tended to change tkeir diet te other more abundant food when available
rather than enter into severe competition. And the present paper seems to support
their suggestion.

    It may be correct to recognize the interspecific competition for foed when two
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or more species demand a certain commoR food substance. However, I can not
decide whether the interspecific competition fer food is severe or not from such a
fact only that two er more species feed actttally on a certain common food sub-
stance. For example, in an impoundment Sagamilce, cyprinid fishes were found to
feed on CNcloPs, chydorids, rnidges and some other animals iR spring, but almost
all fishes depended on bosminids only in summer when the population of the latter
increased excessively (Sagamiko Branch, 1957). Is it right to say that the Åíood
competition was very severe when fishes of many kinds fed on besminids only?
The competition is not severe in such a case, bttt the very contrary was the case.
I recognize the exsistence of a severe competition when a fish changes its food
habit, i.e., in the forced food segregation which is brought about by the interspecific

relation among fishes.
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                                  Suramary

    The standing crops of bottom algae and benthic invertebrates as well as the
population aRd the food of fishes were studied in the middle course of four rivers
in Kyoto ?refecture, with the following results.
    1) The stornach contents of freshwater fishes change 2n accordance not only
with the composition and amount of their food substances but cftlso with the com-
position and population of the fish society itself.

    2) The food segregation, which is forced by the social relation among fishes,
indicates the existence of severe interspecific competition.
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