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                        g. Memtscogaxetgon
     I" spite efi ehe grea't progrer)s of $`Lucly, having been made ii} lkzaterRa;

inetabolism ofi an anlmal body cftnd in e.xternal manifesttxtion og its
behavior, we zoologists mow have oi"21y little knowleclge about tke digiinct
connection beeween the metaboiism iR an animaH)ody ancl its behavior.
Animcftls' behavlor is closeiy relatecl te their enxr!ronment, aRd in or(ler to

indicate this beh.`-'tvior $tich a term as "taxis" l]as been employed. Bnt if

we want to recognize itf niaterialistic bases, we cannot help conmecting
iVto tke mel'abolic system inside an animal body. From these view-
points ie may be $aid that we can not acquire any systematized knowle(lge
abont thebehavior without knewing the :rntimate cbnnection exi$ting an.z•( ng
the environment, behavior ancl metabolism (Mem, '45, '48-IJ>.
     Our experin?ent was performed in erder to make these connect2ons
clear. We want to deal with tvro problems in tli!s paper, using Misgier•mes
lzi'tgtsiliicazad(k"zes (CANToR) as mate2'iai. These are claily changes of glyco.gen

quantity associated with the claily periodic movement, and the relation
exi$ting between the change ofi glycogen centents and the activation of tlie
loach, when it is fed after a long period of hunger.

             IE. ptaily geeytoGie aetgvity or 'eke foaeh.

     Obsexvations abo{s ehe daily periodic actlvity were performed from
Mav. to 3une ancl from Oetol)er to Noveml)er, 1947. SeveR ioaches wei'ekept
in a large glatv.s vessel (dlameter 30 cm, height 15 cm ) containing 2500 cc
waÅí'er, andl sevsveral stones were put inte it fox' the fishes to refuge beneath

them. Thevessel was placectHntVnecalrw laborcktoiry uncler difSu$ed day-
light, and the water temperature was left tmregulated. !zi ali cases, the
loackes had been cultured for about 4 weeks before the observations were
begun. As for fiood, freshwater oligechaeees were "sed, and we always
took care ofi maintainiitg the adeq"ate quantity and freshness of food
materials.

. 1> This research was aidect by the Scientific Research Expenditure ef the Department
of Ectucation.
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Fig. 1

A:

B:

c:

D:

   Apt)aratus for recording the relative actiyity of the loaches.

Glass vessel containing the loaches (l) and the stone$ for tl]eir shelters <s).

Bamboo pendulum, by xvhose swing the electric circuit is made off or en.

c, celluloid p!ate; f. fulcrunpu w, copper xvire.

Mercury Åëontacts.

Recorder of the numbers of electric contacts < Richard's type )

    The apparatus used for our work !s shown in Figure 1.
    The water diseurbances induced by the movements of the loaches made
the penduium (B) swing to and fro, and coitsequentiy the electric circuit is
madeoff or on at the contact C, and this switching can be recorded on the
cylindrical drum, rotating oRce a day in the recorder of the numbers of ele-
ctric contacts (D ). This recorder isthat widely used inmeteoroiogy. The
relative activity oÅí the fishes was thus obtained.

     An instance og the typical mede of periodic activity is shown in Fig-
ure 2. It is obvious tkat the activity of the loaches is necturnal, having
2 peaks a day, the one after thestmset and the other after the midnight.
The activity curve demonstratecl in Figure 2 shows, as above mentioned, a
neymal case when the aimals are well fed. However, as they become
httngry, the activity falls off, and at last the periodic niovemeRt almost
disappears.
     The type of tlais activity is exogenous ( PARK, '40 ), controlled by the
daily marcla ef the solar illumination, because the animals iose their perio-
dicities of activity instaRtly when they are subjec'ted to constant darkne$s.
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Fig. 2 Daily periodic activity
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       III. Xela`.'ioxx between daily change ef glycogen
                eontertts aiid da"y pei'iodic actis'ity

     Glycegen in liver and muscle was analysed ci'wantitatively. Experi-
ments were perfermed during the periods of October 17-18, 1947 and May
14-15, 1948. 0nlythe inaleanlmals, eulturedasmentionedabove, were
used in these experiments. Every 3hours 5 fishes were kill.ed by cutting
their heads, and the livers and the pieces oE muscles (0.1-0.2 gr) were
severed, and er.!ch material vvas treated separately by usin.cr SuDo's metltod.
(SuDo, '41). ORe of the results obtained is sliown in Figure 3.
     It may be concluded from this Figure that ;
  (a) The change oi glyco.gen quaneity in aiiv'er shows 2peaksa day.
tho3e before the suhset and the sun.ri$e, the latter being greaicer.

  ( b ) The glycogen quantity in a muscle also shoNnrs 2 peaks a day, that
is, before and after tlie midnight, the iatter belng greater,
  ( c ) These periodicities seem to be closely correlated tb the periodic ac-
tivity, which has 2 peaks a day.
     Wken the!oaches are reared wit'ftout food fof about amonth,2)the-
daily periodicity in the glycogen quantity becomes obscure in iivers, but in
muE?cles the periodicity seems to be recognizable, atraining to the maxi-
mum before the $unset.
    It is the weli 1<nown fact that glycogen is an important source of energy'
and thereiore o{ actlvity. In the cas.e oÅí a mouce, HoLMQuisT ( '31 ) stays•
that glycogen in a liver decreases when a meuce moves about actively, and
increases when it rests. MoRi agrees with this result, using pearl'oyster
Ri•nctada martensi('48-2)andsea-pen Caver?tuZaria• obesa• (,'5b )t But
with the freshwat'er snaii SemisNlcosPi?'a libertin.a, the maximum quantity
of glycogen i$ observed at 5 hours after the beginning of the daily routine-
naovement.when the highest activity is observed, and tlten it decreases•

    2) The amount of glycegen per unit xveight of fresh materials of the fishi cluring a
month's hunger, decreases to about a half of that of the well fed fish.
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Fig. 3 Periodic changes in glycogen contents of livers and muscle$
      (the mean value of 5 male fishes >

as ehe activity groxms weal< (Mom,''46). In this case, the time when
glycogen is accumulatect to tlie maximum quantity is observed closer to
the time when tlie activity reaches it$ maximum as compared with the
cases of a motice or a pearl oyster. Tlke present resttlt. with well fed
loach seems to show the intermediate condition, t"hact ls te say, the
gveatest quan. ti.'ty oS glycogen, through the whole coui"v'e of the daily peri-
odic ac'L'ivity, is found at the end of the activkty phase at night. Atter all,
althougrh there is a distinct relation between perfiodicity in activity and
cl"iang'e ln glycogen, the details of the rel'ation are proved to. be diffe2'esit" in

various animals.

           kV. yreediimg airi tlQe sabbseq.eeaxt iner".ase$ ijf

                  aetivity alul gX}'egge!a certteRts

     Wlien the loach is kept in'hungey, its liver becornes smaller and its
glycogen contents decrease, and at the same time the daily periodic irtove-
ment gr,adually falls off. }'Åí we supply food to the loaclk in such a condition,

its activity begins to grow more and more lively after a certain Reriod. Is
ehere any relation, in this case, i.'etween the glycogen quantity ancl the
activity of the loacli ?



Acutivity a7nt Glptcoge}z Co7gtents 5.

     Sexreral male fishes were ktspt in hungeny, and the recorcling Of tlke
aceivity ancl the g"lycogen analysis were made•as mentioned above, diwii}g
the periods of May and October of 1947. 0ne of the results we ol)ta•ined ist;

shown in Figure 4.
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Fig. 4 Feeding anC the subsequent increa$es of activity andglyeogen contents
    A; An instance of thechangeof activity shown b6fore and a'fter feeding <7fiishesi'.
      male and female were used ).
    B: An instanceotsthe cliange of glycogen contents ina liver shown after fe6{ling

      ( male fishes "Tere used ).
   f.s.: Thetlmewhenfeodwassttppliecl.

      We know fcrem this Figgre ancl from the similar experirnents that;
  (a) IItmgered fi$hes u$ually begin to move livelily J'ust 10 hour$ after
 .taking food.
  (b) The glycogen content in a liver begin$ to increase inseanti.y afger•
  taking food and usually reache$ tlae maximtm3 about 10 hours later.
  Cc) T_hus, the changes in activity and in glycogen contents weli accord
 'with each other, and so we may cenclude that about 10 Ikours after the
  hungered animal is fed, wSen nutrients are penetz'ated all oxrer the body,
  it begins to move about livelily.
     We must note here that there is a contradiction between tXae i'esskk
mentiofted in the previous chapter and the result described in this chqpter.
At the former case, i. e. at the ca$e of well Åíed nornia.1 anirr]als, tlie gr'eRtegt'

quantity of glycogen was observed at the end of the activity phase ; b"t at
the latter case, i. e. when lkupgered animals were supplied with Åíood, the
activity began when glycogen was accumulated to a fair amount in
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livers. The catise of
in antecedent$ may be,

this• contyadictlon is not clear, but
aC lea$t partly, respon$ible for.

the difference

                           V. Sum.mary

     !• The japanese loachL is a nocturnal fish, having 2 peaks of activity
at night, the one atiter the sunset and the other after the fftidnight. A hun-

gered fish, however, shows only faint, scarcely periodic activity.

     2. The change ofi glycogen quantity in a llver shows 2 peaks a day,
that is, before the sunset and th' esunrise, the latter being greater. The
change of glycogen quantity in a mu$cle also sbows 2 peal<s a day, nagiely,
before and after the midnight, the iatter being far greater. It is obviotts
from these Åíacts thaic the in'timate velatien exlsts between ehe glycogen in
a body and the periodic activity. When tlke fisk is starved, the daily
periodicity of glycogen quantlty becomes obscure in a liver, but in a mtiscle
the perlodicity seem$ t6 be recognizable.

     3 The hungered fi$hes, on the one hand, usually begin te rxxove live-
lily just 10 hours after tliey are fed. The glycogen contents in livers, on the

other hand, begin to increase instantly after the loaclaes take food aRd usu-
aliy feach the maximum about 10 bours later. It may be said from thebl'e
facts tkat. about 10 hours after tke hungered anlmal is fed, when nutrients
are penetrated all over the body, it begins to move about livelily.
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