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Introduction

    Varlous works have hitherte been publislaecl, especially during recent 30 years,

on the daily })eriodic pl}enomena of animals. hnprotant results among them a]:e
summarized in some reviews by Meri (19tts), Kleitman <195e) and Aschoff (1954i)•
.iVIost of woerks, howe.ver, were performecl metl}edelegically with the view to clarify

the phenomena at t}}e individual level; namely, most investigators fft.iled to re-
cognize suc!i phenomena as populatien effeet, and most knowledges obtaineG,
theugh fruitfull, seeni to be confined to the fielcl ef physio}ogy or physiological
eeology at the individual level.
    A few literatures cencerning the population effect on the daily periodic behavior

within the same species will be cited he.re. Park and Sejba (1935) studied the noc-
turnal activity of a beetle Megai'oalacne heros. It is conspicuous tl]at this insect

skows three activity peaks at night when reared in single (20-21, 23-24 and 3-4i
o'cleck respectively), but these phases are $hifted l to 2 hours earlier when reared in

a group (7 to 11 in{lividuals>. Reports on the effeet of sexual partnexs cEn be
found in Redentia and Drosophila. Calhoun (194i5) studied on Sigmoden hispidus
hispiclLss and found that males as well as females, w}ien isolated, moved most active-

ly at night, but when sexual partners were placed in one catocre they moved actively in

the claytime, at least during fust 7 days. A simigar phenomenon was found by Oh-
scawa and others (1952) on Drosophtl,a melanobaaster, i. e., although the monosexual

group, irrespective whether it is composed of males or fema}es, shows twe activity
peaks in a day-morning and eveniRg, the bisexual group shows ene aetivity peak at
miclnight. SeveTal investigators such as YIemmingseit (1932), 9urrant <i935) and
SIonaker (1935) have reporte{1 the charaeteristic inf}uence of the female oestrus cycle

 1) This researek was aidecl by the Sclentillc Regearcl} ExpeRclitm•e of the Department eÅí
    Educatien.
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of rat on the activity of the male (refer to Aschoff, l954). Recent]y, Fujimoto (19-

53) found a conspicilou$ phenomenen about the modifieatien of the inclividua} mocle
ef daily perioclic activity of` mice by the secial domincftnce orcler established in a group.

The clominant indivi({ual amoxxg them exhibits nermal periodic activity patterB,
whereas the subdomiAant seerns to move about oiRly whelt t}ie dominant rests, ancl
thus as the $ocial rank fal}s off so the mocl!fication seerus to beeome greater and at

an extreme case the lowest one seems to show llo daily periodic pattern of actlvity.

    Thanks to several works that have been perfermed on the clai}y peTiodic
emergence of DrosophiZa (a.s foT ijseratures refer to Mori, 194,9), we knew that
this insect em6rges most aetively ln tl)e morning, anc! the }lght_ is the most im-
portant environmenta} faetor coiicerned with. 'rhe 'purpo$e of the present research
is to show whether tkere occurs, as an effect of popuiation, any modification in
the mocle of claily periodic emergence of Drosophtla meZanoecraster or not, and if
any, to detect the possible factors related te it.
    I take this opportuRity of thanking the Col},v'gaes of the Researeh G•rotip for

Ecosystem of KyeAto University for valuable aicls in many ways, and I?rofessor
Denzaburo ]LVfiyacli for his kindness in reacliii.g the oeriginal manuscript.

                          M.atÅëriags ax}<l rw.etho({s

    DrosophtLa meZanog(tster, whicl] !iad been rearecl in oar ]aboi'atory fbr about
ZOO generations witkt tl]e l)earl's }neciium as foocl, was used as the mLftterial.
The experiments consisted ef two series.

    [lrhe r,rocedure of the .fZrst series was as follows: Twenty to thirty fiies (.1 to

4, day after emergenee) were put into a glass tube (length l5 cm, diameter 3em)
and a slide glass, on which the Pearl's medium was placecl, was inserted into the
tube. Twenty glass tubes Nsrere preptared at the same time. Fema}e flies cle-
posited the eggs on the Peari's m.ed!um most actively in the evening and the first
instar iarvae used te appear in the next afsernoon (.IY,Iori, l9tl,9). TIie slide
g}asses were renewed once a day.
    The first lnstar larv.fte, hatchecl du.ring 15 to 18 o'cleck of a day, weere carefully

transferyecl one by one cluring 18 zo 20 o'cloek with a xteecl!e to small glass tube

(length 6 cm, diameter 1 cm), each containing l cc of the Peaerl's medium and a clrop
of the beer yeast solution (0.5 mg!cc water) on lt. These test tul)es were p]aced in
the thermostat maintainecl at 250C ancl subjectc-d to the llermal daynight light chaltge.

Abeut 9 clays ]ater the flies began to ernerge aBd continued 4t to 6day$. rShe num-
ber of emeiging fiies svexe countecl cat every 3 hours tll} the iast fiy appeared. This

experiment was eayried out during NTovember to December of 1953. Nurnber of
the $mali test tttbes aiid number of laxvavi put in them aye shewn IR [rable l..

    ']]he second series of experiment was desigfied so as to be ab]e to compare
the progr;ss of emtw'rgence throughoat a clay in the normal Pearl's medium with
that in thc Pearl's medium containinbff CuSvlO, at tlie rate of 20Å~10-6 iTVIo}. In
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Table ] Summarizecl data of the first series of experlment.

Numl)er of
Iarvae in a
 test tube

Number of
test tubes
eruployeii

Total number o.f
 larvae used

1

2

8

16

32

64

285

l79

 4,7

 18

 21

 11

l

285

35g

376

288

672

704

1'otal number
  of flies
  emerged

Emerg. ence
  rates
  (o/o)

l]2

136

133

 93

 90

 57

1
39.3

38.0

35.4s

32.3

13.4

 8.1

both cases
in March

 each test

of 1954.

     Ta})Ie

tube contained single

 Table 2 shows the

2 Various data of the

larva. The
 experimental

second series of

experlment
aata.

experlment.

was performed

Mediuni
Tota} n"mber of
tes't tubes=[t'otal
nuinber of Iarvae

Normal Pearl's medium

l'earl's medium eontaining CuS04
at the rate of 20xlOm6 Mol.

24,2

31tir

TOttil

 Ilies
number of
emerge{1

Emergence
rates (2.S)

9].

80

I
J
:
i
l

37.6

25.2

                         ftesul'ts and Diseussions

    The resu}ts of the first series of experiment are summarized in Table 3.
    It may be concluded that the tlme.ef emergence in the course of a day is
delayed as the popu!ation increases. Tkat is, when tlie ]arval populations are
l, 2 or 8, the maximum emergence is observed early in the morning before
sullrlse; on the ether hand, when the larval populations are 16, 32 or 64, tlae
time of rr}aximam emergeRee is shifted later, occuTing either before or after the

noon. ']rhis tendency is shown more clearly in Table 4i. This table shows that
the dai}y periodie mode ef eraergence is remarkably changed at about l6 population.
}t is interesting to fiBd in Tab]e 1 that the emergence rate is collsiderably altered

between 16 and 32 populatlons, which coincietes with the pkenomenon mentioned
a})ove. The existence of the popu}ation effect is clear. Then, what cause is
responsible for this phenomenon ? Two major factors, relatecl to aggregated larval
life, cetn be considerecl. One is rathey psyeliologica] or sanaple hiotic factors (such

as incluced by eollision), and the otheT is rather physiological factors <saeh as in-

daced by lowered metabelism due to harmful excrements).
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Tal)le 3 Number
showing

of flies emerged
the differe: ee in

    Syuiti IVIoRI

withift eveTy 3 }iours

emergence perioclicity
m
 . m

the first series of experiment,
different popu}ation densities.

Population ln
 a test tube

Time

0-3      3-6

1

I

I
l
i

12

10.7

I 23

I 20.4
'

2

8

/

27
19.8

     I26
l9.1

23

IZ3

6-9 9-l2 ]2-] .r)

16

14.3

I
i
I
I

16 l
14.3 l

11

 9.8

15-18

le

 9.0

        21-e18-2].

l
    /'13

11.7 1

11

9.8

22

16.2

i
i
l
'

ll

 8J

t/  3e

  22.6 i

22 l
]6.2 l

     1

9

6.6

11

 8.1

8

5.9

Total

112

IOO

16

19

14.3

l

I
l
L

14

IO.5 ,

16 I
    I
12.0 l

12

 9.0 l
11

 8.3

l36

100

j
l

9

9.7

32
l

l

5

5.6

64,
5

8.8

8

6.0

{
l

133

loo
i8 i
19.4 l

6

6.5

I
I
l
I

    Ile I
10.7 l

    ll2 i
12.9 l

2e

21.5

I
l
i
i
L

l2 i
    i/
12.9 I

6

6.4

11 ll
12.l l

25

27.8

I
l
i
:

    f14 j
    1
15.5 j
    1

l6 l
l7.8 li

9

lo.o

l
i
l
:
]

5

5.6

5

8.8

12

21..l

12

21..1

le

17.5

8

J40

1

l.8

5

5.6

4

7.0

 93

100

 ge

100

 57
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   Gothic figures indieate the acktal

   pereentages.

Tal}le 4, Coeracients of emergence <A
        fiies rcvithin difi'erent perin(]s,

ntiml)e'r ot" flies ei"ersr(id, and italie flgttres

 an(l B), shoiving the relative al}unc]anÅëe
 xvhich vaiy xvith the population density.

 shosv t.he

of emerging

A.
No. o'f fiies emeTging during 18-6 o' clock

No. of 'ffies emerging cluring 6-]8 o' eloclc

I)opulation in a tul')e

] 2 8 l6 32 64
i

Lll = L]2 =].18 -_ 0.9`l, >> 0.4,7 == 0.36

B.
No. of flies emerging cluring e-g

No. of flies emevgmg during 9-l8

Q' elock l

         l"28
o' clock

= Z.79 == .1.72 > 0.75 =: 1.05 = 0.73

     Signifieancy of the difference: == non-si.gnificant, > slgriifieant at the 10f level,
     >> signifieant at tlie 0.10/o level.

     Tlae second series of experimeBt was attempted to find some clues to the analy-

sis ef these circumstances. The toxlc action of CuSOc to animals, when tl}e
coneentratlons of ihis druvcr are increased beyoncl their capacities of the excretory

organs, i•s wide}y known (Poulsen, l950; IVIcElroy and Glass, [L950) andl it may
he consiclered that tliis drug lowers the metabolism of Drosopiytla. If ioweying of

metabo]ism was the cause of the population effect, the similar })henomenon may
be eveked by providing foocl containecl CuSO,. The result of this expeTiment is
shown in T.ahle 5.L') This table seems to shew that the time ef maximum emer-
tocrenee is delayed in the Cu-meclium. Ti:tis tenclency is macle clear in Table 6•
     TIie simiiarity which is seen between the feature of the population effect ancl
that of the Cu-e{IJect seems to sutoffgest that the cause of the pepulation effect can
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[I'able 5 Number of fiies emerge(1 at every 3 hours froni both norinal 1'eavl's
        mecliurn and Cu-eontaini-g l'earl's meditmi.

ss

         '         i
Medium l o:5de'"         ttttt

         i
Normal
Pearl's

medium
6

6.5

gu-coiuain- l 6
:gedium l zs

3-6

6

6.5

9

ILL).

'''';g'lg''''''''

13

14.3

14

IZ5

   'i'ime

       l2-l59-l2

24

26.4

14

17.5

21

23.2

7

8.8

l5d8

12

.i3.2

17

2.I.3

l8-21

7

Z6
9

11.2

21-0

2

2.1

4

5.0

rrotal

 91

IOO

 80

100

For exp]anallon of figures see [1'al)Ie 3.

Table 6 Coefficients of emergence (C ancl D) inclicating the differenee in the mode oÅí
        daily mauch of emestgenee hetween the flies reared in the nQrmal l'earl's me-
        clium and in the Cu-containing meclium.

I ÅíVeclium

c.
No. o'fl flies emerging d"ring 6-I.?. o'eloek

No. of flies emerging cluring l2-18 o'cloek

    No. of flies emerglng clvring e-l2 o'cloclc
D. .

Norma{ Pearl's
inedittm

Cll-containing
nieditim

2.36 >> 0.8.5

INro. of flles eineTging during ll2-0 o'elocic I
2.37 > ].22

 Significtmey ot' the clifference: > slgnifictmL at the l%o level, >> si{nificant at tl]e O.l96 level.

be found in tlie physiologiea} proeess - lowexed metabolism of the Iarvae and not
in any psychological process and so on.
     To my opinion, the major intevnal process coBtrollintocr the mode of daily peri-

odic nthenomena of a ima]s may be physiologieal, notwithstancling tke existence
of suc}} werk as Fuiimoto's (1953). The essential meaninbcr of tl}e sexua} partner-
sliip in moclifykig the claily periodic aetivitics, suc}it as seen in the reports of Ohsawa

and others' (l952) or Ca]hottn's (194,5), may al$o be foundi rather in the physiologi-

cal proeessss than in the psycho]oglcal. In these circumstances, t}]e present resu}t

seems to be confbrmecl te tl}e general })rinciple mentioned above.

                                   Sezlll}nary
                                            _
     1. The experiments were attempted te see wl}ether there is any population
effeet en the clai!y periotlie emergence of Drosophila mela•noboctster or not.

     2. Varieus numbeT-1,2,8,i6,32 and 6tl, !ndivi{iluals of the fixst instar

 2) The teruporal motle o'f emergence seen abont the flies reared in the normal ?earl's inediuni
     in the seconcl series of experinient Cl"able 5) does net sirictly coincide svith that seen a})oiit
     ilies yeared slng.a}arly in a test tu}.)e i'n the iirst .q.eries oÅí experiment (Table 3). rl'he

     cause oC" this difcrepancy is not clear at pre$ent. I)e.rhaps the difference of 'Lhe season
     (the clifference in the tiine of sunrlse an{l stllisct), ivhcn the experhnen'ts were exeeu'ted,
     inay l)e participated in.
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larvae were puL inte small test tabes, each contalning 1 cc of the Pearl's meclium.
rlhe number of tubes and larvae employed are shown in Table 1. The number
ef emerging fiies was coantec{ at every 3 hours. The results obtained are shewn
in rrab!es 3 ancl 4. It can safely be said that as thepopu]ation in a tul)egets
]arger, so tl}e time of maximum emergence is delayed in the course of a day, i. e.,
the populatioR effect exists.

     3. If the cause of this popuiation effect is founcl ln the lowered metabolism
of iarvae incluced by the accumulation of excrements er deficiency of food, the

similar phenomenon will be induced by providing food containing toxic amounts
'of CuSO,. The second experiment was exeeuted to inquire on this point. The
first instar larvae were placed in smail test tubes (an individua} a tube) each con-

taining I ec of the itormal Pearl's mediLzm or 1 cc of the ?earl's mediium containing
CuSO, at the rate of 20Å~IO'-6 _Mel. The number ef tubes and the corresponding
number of larvae employed are shown in Tabie 2, and the resnlts obtainecl are
indicated in Tables 5 and 6. It is clear tiiat t}}e time ef emergence is de}ayecl

in the Cu-mediurr} ancl tlie eause of this pl}enemenon may be the }owered me-
tabolism dtte to the toxlc action of CuSO,. Tltus, it ean be saicl that the phy-
siological cause is parLicipated in this moclification of the mode of daily perioClic

acLivity, anc! such f2ftctors as psychological or simple biotic (collision, etc.) seem to

be scarcely infiue]Gch3g.
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