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Habitat preference ":7(1'1d evaluation of environment of an animal.
Experimf';:tal studies on the population density of an ant-lion,
Glenuroides joponicus M'L. (1)

quaakl MorisiTa
Bologtcal Institute, Faculty of Sczeﬂcr’, Kyushu University

:-Though ‘many works on the experimental population of animals in the homogene-
s environment have been published, little has been known how the preference of.

habltat by animals Gﬁ place in the heterogeneous environment with the change of

population density. It is the main point of the present work to verify experimentally,

ether or not there exists any functional relationship between habitat preference
nd population density. : ' :
When the population of an ant-lion, Glenuroides japonicus M'L.,
%, the individuals show the tendency of making their pits with some distance one
another (Fig 1,2, Table 2). That is to say, there exists “minus interference” among
he individuals of the ant-lion. ;
One, two or more individuals of the ant-lion were introduced into the expenmet—
box which contained fine sand in a half, and coarse sand in the other part (Fig.3),
gﬁgi the number of individuals settled in each part were counted after their pit-

is kept in a sand

‘rom the data obtained, it is proved that the ant-lion has the strong tendency to

an 1nd1V1dual settles in the fine sand is large at the low de_nnty, but it falls

with increase of density (Table 3, 4, Fig. 5, 6).
: In order to find out the functional relationship between the change of probability

the same part with ths probability 1/2, we can consider that, for the habitat pre-
rence of the animal, the value of the fine sand having one individual in it is as
1e as that of the coarse sand which has no individual in it (Fig.7). Thus we can
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Ep — EA =
where E, and Eg are the values ‘of the fine and coarse sands expressed by the
population density, and each is named the “environmental density” of the fine and

coarse sand respcdtively by the author.
Assuming the probability settles an individual in the fine sand is

Environmental density Population density
in the coarse sand (Ep) <+ in the coatse sand

E,; + Ep + Population density. + Population density . :
in the fine sand in the coase sand B

the probab\f'{y that x individuals settle in the fine sand when n + 1 individuals are
introduced into the experiment-box is calculated by the following formula, el

P (n+1) =(BAERI ) P + (1= B Pand)
where s=area of the fine sand=area of the coarse sand (Fig.8).

The frequency distribution of number of individuals in the experiment-box coin-
cides well with the expected value by the above mentioned formula (Table 7). This
high coincidence shows that the “theory of environmental density” is good enough
to be applied to the habitat preference of the ant-lion, and that the theory may be
used for the studies on the population density, not oaly of the ant-lion but also of

some other animals.
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Table 1. Mechanical analysis of soils used in the
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Table 2. Frequency distribution of unit areas in which

0,1,2,....pits have been found.The box used(36x45cm)
has been divided into 36 unit areas.

a b

i
@L—l S 0 9 16.1 3 9.0
i : (b 1 25 13.0 18 12.5
‘3__I___7}; i__@ 9 2 5.2 13 8.7
' 3iand 0 1.7 2 5.9
| | more
k. _L__!__'
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S DR R - TIGATI0 2B e, Mhoia Simrnc SR T 5 EEPEFNTD
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Table 3. Frequency distribution of pit in coarse and flne sand (an individual has
been introduced into each experiment:-box)

‘[ Individual kept in the fine Individual kept in the coarse
| sand before the experiment. sand before the experiment.

The part where the indivi-
dual has been intoroduced A C B A (& B
(see Fig. 3)

The part of pit-formation i i ' ii | .
A (Fine-sand) 18 Tk i e 18 Fr e D)
BB (Coarse sand) 0 1 2 1 0 - i35 9
Total gk | e e
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15) Hificie (AR, HEERHc—F e Tk,
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WRCEED~<3 Z T 2. By 307 1SS 2 A X bRl BRT 20, R
% 8IRT AR Th - T, BICHET D 2 CEREEFROATERL, ZhetE X o TEARICED &
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3. 2 fiifke ATt

Table 4 |\ i2ibiil-FfkR iR (Fig. 2 C) i AQEE S 21745 (Table 3) THIC 1UEE
B L T34 (Table 4, Treatment 2), RIFAMRE S L ¢ 20k GHRbEI-) PERC L 3 BHR
3@z (Table 4, Treatment 1) OFEVET TH 3.

Table 4. Frequency distribution of pits in coarse and fine sand
(two individuals have been introduced into each experiment-box)
Frequency Binominal
SeERBUE distribution
Distribution Treatment | Treatment Total (P =29/328)
9 :

fine sand 2 individuals -

{coarse sand 0 individuals 7 6 13 26.3

fine sand 1 individuals =

{coarse sand 1 individuals 11 8 19 5.4

fine sand 0 individuals

{coarse sand 2 individuals 0 80 0 0.3
Tetal 18 14 32 : 32

P.2<0.0001

Treatment 1: Two Individuals have been introduced at the same time.
Treatment 2: One Individual has been introduced after the pitformation by

another.
Treatment 1 } 2 : TEPELC LALH3 LXAED AR L L2 DT, 3501

RS ODIBEITIT L A ET S THMPSESTIORH LT, 20 L EOHTAC 2 EK
diD 1 E R BT 3. 1 {AROSE O ~DERER 29/32 & p LH-T, ZHHA
HOMEEZ R, ChCloTERL L TRIBRBELELUTHELTH TS (Table 4) iy
FRMER ST d. $5b 0 2AARDE & LEAKRDSEE X b 13 32 SHREHI~A
BT STEo T 3RThoT, WoEPCHHMOBEDE I HICE LJ0T, —#HD b D3 ER
E L UTOSREDS 3 MDAl ~OER L RHEE SHLAIIZ ERRLTLSE. 20X ) THE
WaEh v A7 A VRO T T TEROILLIATHB. 19

4, HERBERED TT-oTHE

Table 4 ¢ Treatment 2 OFEEIIFHIZ 2~ 3 F@iz 1fifkdo7T I ST 2rEMLT, BE
ZEh A R 2 EE OO £ W £ WS R $03E5 RIS T AT, Thil g ORI
[ is i, £ ¢ O ER UTIBEEEREL T 3 CHECIHC Z2AT SO D, &3
CIREEEIC L A/ S 0RO oIt IZ0 THAET 28D, b 0IEEHE20 5

19 #ZETF, 1930, p. 59

20) 7V ¥y o kg (circuitous methyd) & EEEHE (direct method) : 7R BH 3,
RIZE AR L 3o V£ & OBFEERN Tk 5B kR LFHE ol > TT{ HETH Y, BF
B ol S RIREI A T, HoOlENE G C{EHE 2 358 Ch s (Wheeler, 1930).
HiEHECo{ s kR Mgk X > citE kT 3845 5 (Turner, 1915). EHiEoT VL 7 Th
Ve BREL L CE2ARR2 ) AT ML #EshTvs (Krausse, 1915). ARERICH vwic ok
YUARAAT vy, WHECswCcRzoFT<cofG&nrbh, LR EOIKERRED(BT
R LT llffs, HEETMP» 22 VREDHBTELDH S,
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S 2 UTiTo i AOMEDRD—-20dH b bt LT, AW L 3 EIEADRM*
Hohd. zOBREEOR R CIELTHEML, ZOFHE, B o Loz Mz 52>
b bP, FRAOMEEEE S LTHMLT v v ERRO 3BT, 12y UVHSER QI IEEGH
FoTUPLEFA-TEREW S, dAEICHT 3£ OMAER CIHEEOMICETD L -
BHONE. 3, FaBECHHEZMAS 2L X o TZ2OHROMAEED N k12 o155 &D
o fi, EEED Ny LIS ILBmDEE f2, o0vees L, DS o+ 1 mEICHEREZ
A ATEN 2 Tlodd 2048 N1 0550 TOMIERE Y 4, N OFHOHIEEEEd,
...... &L haY, #a el AR N OFHOFETERIE 4/ (N, N: OFEHOFELH
& dofCfaNo), o8B T2 5. AFEDMEAREFMEKRE ORI Ny Ny oooee SELTEB LD
oy Ea BTG TR, Ea+1E, Fa+2[@E, oo EEOELBT SR DIEBD, THEN
DEAEDTDZNEL DFTRIFAFE L THET A LT 3. Vi, N OF&HIE
D THEAsE L, £0 HaEOKOFETH=m, :

#n + 1 EOROIETH =M

#Han+ REIOROIETEH =m ik
Lo, s N OFGOEEFETHR w13,

o My + Mppr + roeeee T Mgk
T k+ 1
LTk bha. ) SEEEFE (v) 2,
; o= 1 — u
ﬁ]ﬁ'}%'l: bffﬁﬁ‘iﬁ N21 N]; Rt ! ;‘?OD%%O):\I?KJQE"E;%E Uaoy (o, sRE SRt 3 :‘F‘iézfgsﬁgg‘ vz,
e SRS, A Ny, Npy o cveves DY & OEHETENL Nivi, Nawy,
------ SLULTHEALNE. LOXHINHELL - TAHAEBOTTOD, EBETR, SFHEFE

SRR 2 RTOE LIsHuS Table 5 Ot h 50,
C OSEBEEERE P R L 12 & A5 Table 5. Death-rate, survival-rate and mean survivals.

Fig. 5 O&LmEMiRTd 355, Initial D A Mean i
S DRI D TR — 5D population eath-rate | Survival-rate S
BRI BT TAT 245, & 1 0 1.000 1.00
DE» bEmInL 3. 2 0 1.000 2.00
3T, FOPIESEST L, 3 0 1.000 3.00
oMl OO T ) == 2 4 0.035 0. 964 3.86
25, HESE LR L CED X 5 S 5 0.017 0.983 4.92
S+ TuTipiz Table 7 (23R ‘; g gf’g g 93; D47
- 99 N3 x 3§ . 09 . 902 6.32
155 g, Th bRk b 8 0.167 0.833 6. 66

P31, 2, Brensses T & 3350 DRI
@, M OB 22 Ui Fig. 5 \RIN TV 3. ZORIE X digE O 45

o) AL fi offisil ik 2 OEARE, BEPREII T3S EOT uy OBl nE &
ieLiz. fo fa, cooccEEOHE LA
99) zhbHBHEGHICHE LT L&, Table 4 ofiF LA L CH 5.
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Total survivals

Survivals in fine sand

;M;m&r of survivals

= Survivals’ in coarse sand’
- ¥

-

Initial /Jajoui'ah'an

Fig. 6. Relation between intial population and number of survivals

?a& S—EDOERLTERLTH Y, @ﬁf%h%h@ﬂf~%®ﬁ%ﬁﬁi§?5?@5_
25, MROBH» SRS hs.

: _L_> CHIRECTE 5 DR, THOHIRIS LD L 5 CPFHULTER LTV 8Th 5. b LEBEA~
DOAELSHHRR ORI OREE & L $L b O L Th, HRRIOME LS, WHOmE s
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ROBAENC S > THEBP 0, F20MKD A CALMHRE P LY A/NIEE FHLALK
2 kL 3 AR, B3Otk ARTIEAR b A CABEREIEIT/NI(TES. 2O E
PG A, F1 MK A diug, F20Miky B CARHERE L, A T 24D
BIEAWE 3 OMME B D AHEERIEIIAS (A, 00X 3 AL H MKV ANE, &K
OMEEH L b b —JFEREIC A b 1 2284500, —HF~OMfKROMERL 3 22y o h, 570
BRBC—IEBL T . AffErP—BECRRCARLRTEETS, 2heh A U3 B i
HHbo! 3 TORMCTENYH2 LT, AUEALLEHTE22. Fig. 6 D EFRH35028 154 I
T 3OERLT, MEDY S BTHOLrieELA L, RWPELETE2THS5. ENTR
70k 5 BHERORBE, ED LI BRI TIbN T3 O PHETH 5.

2. TRESREERER L Zhal b kO i

Table 3 1=t 1 AKIZT OB A 12 29, B 23 L@E~DAD FUHFbRIZ. La
3 2MAKOBESE, A WC2THE b AoTiEE08 18, 1 TEOHANI9TH 5 (Table 4). 2 {H{k
DY, HIRDD LI lf‘}iﬂ 3 XCMER LY, 2 Thol#Eysb2o ¢ 6 DL L, RFIOMHK
DA ANAST PRI H20LELS L, OO0 LT 35 2 OMHEDOMLED S DL Al3,
Bi6 Ths. BRPEGCTATD, —BID 13:16 # 1:1 A, #10M[EKN A
AT, 200 L‘ﬁ*ﬁr?@ﬂﬁﬁi;’ﬁ A AR Y ThHd L #EAHLPTEE. A LB
@ﬁ&iﬂbf®6w ; CABHERPVTHB L LR, TISI7CLE-TA, B
5 b A s TEE BT A, \%biﬁﬂrm}’i@n T LT£d FUMEZ & 2 il iil & 2m
LT3, 95408 b LA, @U» B I b dHECEETER Thdo1z A, 20
B LEEA R 5 3 2 E S X - TERERENSERL, TE B OBFORES LA IBEDES
D2 TZOZEMHEEMLLIEHALRE. LT 75 riGEr B OFEIWEGHT A OES HEERE
1ﬂwﬁbofgwwﬂgf@aapna._m L REE O OWBTOMEDIE Y, BER
PETE B REERFICA L Lo TRINCERLAZLWICLERTIDOTH A,

PLED X 51 2 2 DEFOMEDE, BEBECI->TRIMCEKATE3L 6, LHEILE
R 2 L E N DT OMEOM G %2, MU L o THRICHIILG3R$THE. 8 UL
A, B 20O MiErEERBEECHmLETLL, 20t D% Eg BOF Ep, ZD7E¥ al
FhE, EFROBITI

a=IE4 Ep e 1 eovrereeoneccanenass cee(5.1)
Thd. ZOWEEWMEEVEF LI L EGHEABEVE-C LS, £ESPB-ELI L
HM%E%&me‘CkhMQﬁa.'TPbB
Ep > Eg4
LizdioT Bz
a=Eg—Eg= 1 «+vsceeeettsicieintiincacen. (5.2)

Lia. L OBRPERINRT L Fig. 7T 0X 510755,

it Eg BUE Ep, +75b bHERBE L o THEIE SNt IRBEDMM{EY (5% (En-
vironmental density) F&SEIFRZ 212U X 5.2 RHITREMOEDINY Ez—Es= 1 0G4
Pz 1295, Ep—Eq QTREDFEEHELT S COFBAHERILLES.

23) ch il FicfifkixAzzc k-7, étcf)ﬂﬁiﬁwﬁ e AsREE R T ofiflol o L
C ik O B O EHS B 5.
M) z OESEIEEOMERE wC L IRENO Ee ] ¢ & 2HIRT 2.
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HE R PR & 5RO 11
3T, FOEZHCINE, BT A CRIOMEERA 5 HEE

. :
A : B DT B CABFERID BEELI T I, Eg 0 Ep &b
(Tine) (céarse /S ELIL ETholi. &, A KRB ~ASFTIZNEZ
sand sand ) h Eg Bot Ep O3 AT 2 80 LEET LY, RO
Mfky: A CABHER P (1) &
Ikl -
B = jop e (5.3)

A CALTIGHER ($7hb b BITAATER) &

B :
Pﬂ(l),:___fq_jﬁg_ ............ (0_4)

S : i, BUOMEEY A AT TR A S0 aWER
Tl ety SIS Ba R L =Bt 1 oeeeeeeess (5.5)
el cOJ SCEEEMET A0, bLAGIABES UER
HEREEr L LTHESh IR THE125THA.
3T, B2OMED A i B ~0AbS b, BTFLRALL, BAOEKE (JO5LEIHRER
A EEEREE) O SR EPIS A L EA L. T4 L2 D&Y A A SR
; : Bin 25)
E_4+ 1 +Eg
%2 Ry B 12 A AHERIE
Eg+ 1
Eq+1+Ep .
& bi&iﬁﬂ@ﬂﬁiﬁx‘ﬁ; B iAotz td g, 22 ks A [CAAHES
gk Lo
E s+ 1+Ep
2 OfffRDS B 1A BT
T el B ol
EA‘i"I +EB
AUBFTOMENS A CA3ERE P (1) Thar b, 2 fk:d A CALHERR

i EB Bt sl Do lemios

1fEHas A ~, 1 {Ef&iL B f\.j\z,ﬁ'g_:mi

E4’+L EB‘I‘].

:_,_2_'EAEB+E_4+EH ______________ a1
(.EA+EB) (EA+EB+-1) "

2 fiifkt & B ~ABTHERI

E,q El z
B fA)=F (UE SRR (P (E1+FB+ Ty ek (o8]

& n flkE ARTES 4 O 2BEN Eg+x(x=0, 1, 2, -.... 1) Td bR
P, (n) 24 (n4 1) [ERDEE ORES

95) Ep—E, =1 oiakc ofs zE Tirbb o

Il




12 I T IE HE
NN W A _Estx—1 ) e 5. 9%
P, (n+1)—J(EA+_EB+n)P,; Cny+ (1 At i) P () (5.93%) :
: .
AR Ry (1)-—m
Pn(l)r*EA_‘_EB n 1

CloTHEibNS. 125 LD TRA, B OE#y2hZhl L LTHE-TH 305, —ixil
LRy S LUT 8 BR-BRIUTH 5. HE S 056 =

(L Eahx/s o _Eat (1) /s
Pu o0 =B ) o+ (1 B0 oo o0

LD A,

(5.9) it (5.10) A & o THILS NAMKD A, B ~OFi~«D 5 D50 S OBRBULL,
ER b ERGIL L R BT 3 Ll o T, FEROREBEIROEREHETS 2T
59.

3. BEEBEOHEORE

(5.9) it ARERIFOTIDCL, 23 Eq Ep OERRELEUNAEELRL. Z2D1ED

il '

(455

Ep—E =a
{EB/EA =5
LUREE® a, b &R chid X, $
A i} s STaDELLTIXEHICL LA ED, Thidl «
b i | o RERT EFAETHOTE 34 LERLROHES LT CAEE |
L) (S FRRO U R IERH L TTo 108, QUDREHEMIEORL Eafl
o CEKOABHERE Ep Bl bASLID, A BOMAKHR (N, b
+5) 1k B oMf#K (Np E35) &b sALLERML, ©

DT

DORBEIZESL Th A > (Fig 8). ZOREBICE LI, #Hb
LD A ik B ~A3fEREy B ths. ORI DE
Ep—E =N4—Np=a
LUT a et 3 2 e TXB3THA .
it +Tizm~<i: Fig. 5 © N4 B Npg OE?Z YFTLTERL
Fig. 8. Schematic repre- T 2Dk Z O 6 AW (5.10) HORMF 2 LT
oo e oo T LAY THALEABCLITRS. LRVST, ZORHEG :

E4and Ep -+ Environ- ~ 243D Ny K N L b a 2R s L Tx5. Tableb
mental density

Ny and N -+ Popula- & Table 7 Q¥ I b3 iz e h ZNOMHFKOBHAD Na :
e Np, RO Na=Np Th35, 05 LIRS &b 6 OO Na

A newly introduced indivi-
dual settles_ in A-part with  —Np OR#E{EL 0.529 Th 3 (a1, 2 DSy Ng+tEg
the probability, i : : :
Ez+Np =Np+Ep ORECHELTC Rz ndd 312D, Z1fEEE 7 J

ExtNatEptNe  pumossyggpepnt i i3 L bz ki), $TEbb

26) z oGAiTE, EHOMBZHE Y 'Cfiififc"i'fi VWEFBhEeZ 20w RTH 5. '—‘ﬁf;‘;ht T EMRB
hTwize. =
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Table 6. Calculation of (N4-Ny) @ = 0.529
I T ¢ E ] 1 ek o
Total numder Meg;idensity Mei\ﬁBdensitv T g i‘li c::)“EB ot i%" ﬂj:;:ﬁ 1
of individuals in fine sand in coarse sand D% E : DENENDOA~D
. fEfRD A AFERD LTI 20 &

1 0.906 0.094 | 0.812 b= falf

2 1.406 0.59 | 0.812 i

3 1.812 15188 | 40694 BL fa=A4 RO A - 1B

4 oo 1.768 | 0.464 Fe=B DA > T2 5

5 2.785 2,215 0. 57 LU T2 RA. 3D

6 3.228 2.772 0. 456 h=29/3=9. 667

7 3-899 3. 101 0. 798 ..J';';E?EI;@ a &Zﬁ;@ b GD {E; D

Eq RO Ep 23t 5t

=
5

= (.061
Ez = 0.590

/85, FIEOMEEE E =0.06, Eg=0.59 % DT, Z@QHEHT 3HMDESHEYORSEEE
DEELES.D _

4, BEEIC X A BEERSAEE L SEHISARE L O PR

EFD & 5 Eq=0.08, Ep=0.59 } LTEEHEQMEIELE AL, (5.9) KLtoTENE
NOMEEKICEHE 3 A, B ~OSHHRVEIITE 5. i, ZOMFRFe L DEISLINIE
AR OFERSALE L EMSEE L O is% Table 7 TR+, ZRRC LTSGR X 518, B
[ ¥ SR O - B OB RS AR 6 DA IR SEHA T 3L RETHE. THbb
BB RO 2 h b b Bh-h BRI, EREOBMIOATIE LT RS LA A Z LR
LTw 3. Fig. 5 Qiffofl, MMz h & hOeaEiiiit, Table 7 OEROEL bEEL
D THYH, Fig. 6 OMMIAETHE. hiBFhdENEL IAHKLTL2 LRD
Lita.

= 2

1. BHERERROEEL 2 O

TREEH R b LD EERElY, ERROTMp AR Uiza, ERRO L 3 CilgEs Lk { —
T L LR L DIEMMCH TR, HEEGITEROBO - L OERCERLT
WAL ERRTLE IS, HEESIOMEDNER b COH KL > THCEISEADHAL LY
RLTL 3. '

L iﬁw%&ﬁ%ﬂ-&: T ARSI PRI L, ZhEhomEmELNE LS ET AR
W, ENLBUEEE Ey Ep Eg, covee %Kiofﬁ%ﬁﬂﬁoﬁ%ﬁﬂ%ﬁ@%ﬁ&,?é
TR L > TRECERUEZ Z LICE . 35102 o FHEOMABEMBER MR
WIE B, B OMEERIMC LT T, ZhENOBFTOBEED, EDLSCHE TR
HopUDELIT 3 L AFMTRBECTHAI. DL 5 BIEIFEECTOHES X 5 S,
Divh B O AAE, &2 CIMEBIEE OMBER E 2 b I LT b, BH TS OEFE
BERBLPTELTDHA ). 125 LA TOSTFRORBEM, 12k A RGABIC L0
2 APEREREOB TOEMOBEINIZ S NI ), ARAfE L TRPIIVEAS Iz

27) a ORI OBEMHEGHET oL, HEC > cE» 220 CESizRky, chikifo b
£ T Ey, Ep 255322 E4=0.064, E=0.620. z iz - TEHIEL T LEL BT 0,

28) FfEEboEao (RiEbMl 1: Hlebmb) osfionmamEE 0,1 L cEN2rETE 20, =@
24 LBt w2 b WHERES 2 &AL ChT, REN~oBToMERELRLT &,
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ca culatedbj the formula, >
Eq+x e % EA + ol ;
Bx (n+ D=(; +Eg+4JB*(")+( Ej+ngn
: whlch is derived from the “theory of environmental density”

E4 (Environmental denslty in fine sand) =0.06
Eg (Environmental density in coarse sand) =0.59

-

' Number of Frequency‘

Y individuals
dividuals | in fine sand

Treatment | Treatment Probability
l .

Jlpee s 0.9077
1 0. 0923

7 0.3246
11 ] 0.6720
0 0. 0034

0.0723
0.6555
0.2721
0.0001
0.0117
0.3461
0.5631
0.0791
0.0000

0.0015
0.1285
0.5414
0. 3106
0.0180
0.0000
0.0002
0.0375
0.3405
0.4905
0.1279
0.0034
0.0000

0000.0
0.0092
0.1611
0.4725
0.3142
0.0425
0. 0005
0. 0000

—
(SR

4
0
0
5
7
2
0

5 =
jun

SO~ M®kwo'o|lonkooNo|lo o

S TSR (TS U S — T [ T ST S T o S (T T TS

S HMNMWHR NS | OHNWR O oRNMWER O|OoHNDWS| CHNDW|OoORNDSR
—
=
ot
(=

(="
<

 Treatment 1. Individuals have been introduced at the same time.
Treatment 2. Individuals have been introduced one by one.
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2y A, B A DT 2 TN By Fp b0, Polya—Eggenbuger e
WOk A FIEAZHER P (1) 13 (5.3) ROfRD ‘

o
EiE e e e R (3_1).

LTEA LR, 2 ﬂﬂﬁ:k B A LABHEK P (2) 13 (5.6) KO

T(Ea+t o)
P (2) - ~ELFER (EA+EB+1>

Pl(l) =

i
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