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Studies of the Ecology of Insects Sterilized
Artificially (Gamma Radiation)
X1l Ecological Considerations on the Gamma Rays-Sterile
Insects Based upon the Results obtained from Serial Studies

Masao KIivyoxku
(Laboratory of Applied Entomology)

Aim and scope of writer’s study is to analyse the population dynamics induced
by insecticides, heats or gamma rays and to explain the characteristic of each
population dynamics from a statistical or population ecological point of view. The
discussion is based upon the writer’s experimental results of Callosobruchus chinensis
L., Spodoptera litura F. and Dacus dorsalis H.

A model of population fluctuations was constructed theoretically by the writer’s
experimental results concerning the effect of insecticides, heats or gamma rays upon
oviposition, sex ratio and survival rate during growing period of insects. The
theoretical population fluctuation brought about by insecticides or heats became wide,
the population density was high and remarkable peak appeared frequently in
succeeding generations. On the other hand, that induced by gamma rays was
narrow and population density maintained a low level during several generations.
Such a theoretical fluctuation was demonstrated by experiments dealt with the
experimental population of Callosobruchus chisensis.

Sexual competitiveness between sterilized males and normal ones in the mixed
population was discussed theoretically. It was found that the rate of sterilizing
populations increased logarithmically by the ratio of sterilized males to normal ones
(S/N). Consequently, it was proved statistically that the relationship between log
(§/N) and hatchability of eggs laid cught to show a straight line. Judging from the
phenomenon mentioned above, the writer showed the characteristic of the mixed
population containing sterile males and normal ones hy means of the log (§/N)-hat-
chability regression equation. In order to represent effectiveness of sterilizing, the
writer proposed a new trial that the difference between the theoretical log (S/N)-hat-
chability regrssion equation and the experimental one was examined using the parallel
line or slope line assay.

Growth of population containing some sterile males was studied by means of the
theoretical calculation of population numbers from generation tc generation. It was
found that the rate of increase of the sterilized populations was remarkablly smaller
than that of normal ones. The relationship between logarithm of population numbers
and generation represented a straight line. Consequently, effects of sterilized males
upon the population growth was estimated by the statistical comparison between the
log (population number)-generation regression equation of sterilized populations and
that of normal ones.
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Fig. 1 Expected population fluctuatlon of the progenies of
insects treated with insecticides, heats or gamma
rays at a parent generation. U: untreated population,
E: population treated with endrin, T: treated with heats,
R: treated with gamma rays (inbred line).
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Fig. 2 Expected population fluctuation of insects treated every generation
or every other generation with some insecticides and that of insects
irradiated at a parent generation. UU: untreated population,
B: population treated with baycid every generation, MM: treated
with malathon every generation, HM: with malathon every other
generation, RR: inbred line treated gamma rays at a parent generation,
RU: outbed line. -~
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Table 1 Theoretical estimation of sterilities by means of the ratio of sterilized
males to normal ones (S/N).

Ratio (S8/N) 1 2 3 4 5 6 7 8 ]
Fraction 1/2 2/3 3/4 4/5 5/6 6/7 7/8 8/9 9/10
Sterility 0.50 0.67 0.75 0.80 0.83 0.86 0.88 0.89 0.90
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(S/N) —Iib=RERER L EfLog O/N)—BLXRERERZHEL, b ORERN
BIBEOERLL > TXERFCB T BRNEHEOIRZHEST A TS 5. ORI
BOTRAERERSES LT8O ERBERROLO S, 2T ThnE Log G/N)
OWHEIT BT 2P OEDL THE SN 3D, HEHEIOTN TS 2 EESIIERER
D& BLEDEDH T 2 iz 5o,

COBERT TR ¥l #o=—ICL AT H 20 i N ORBESOOFIRBNTEE
L, Table2idp bbb Ui (BA - 1976b)%, SEIZCNITZ S, A - [ (1973)®
DNZEY I MY OEBRRICK T 2ZEHSOERME, M- BA Q9137 07 4 — | -
F=UREBIIZZN, BIOEA M 1968)P OF A%V AL OEBERE 2SS 12D T
IHUBLTARIZ, Z0OfEEE Table 30 EBHTH 3,

Table 2 Statistical analysis of Log (S/N)-hatchability regression equation of
Dacus dorsalis (After Kiyoku’s formura 1976) .

. . Correlation Mean (H) Slope
Regression equation . .. I
coefficient difference ratio
Theor. Y1=11.890—15.462(X;—1.295)%* —0.994%*
. + 6.529 0.772
Exper. Y3=18,413—11.952(Xp~—1.295)%* —0.943%*

Theor. : theoretical, Exper.:experimental equation.

Table 3 Statistical analysis of Log (S/N)-hatchability regression equation from
insects of two species.

Correlation Mean (H) Slope

Regression equation . | i
coefficient difference ratio

Spodoptera litura, in laboratory

Theor. Y3=31.575—41.726(X1—0.345)%* —0.997%*
+ 0.050 1.877
Exper. Y2=31.625—78.338(X5—0.345)%* —0.996%%
Spodoptera litula, in field cage
Theor. Y;=27.177—28.461(X;—0.728)%*%* —0.989%*
12T &1 ) + 4.463 2.267
Exper, Y2=31.640—64.942(X2—0.804)% —0.957%
Callosobruchus chinensis
Theor. ¥7=19.825—40.221(X1~0.690)* —0.956%
+33.425 0.563
Exper. Y2=53.350—22.681(X2—0.690)% —0.904%

Theor. : theoretical, Exper. : experimental equation.
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Table 3l L NIENZREL 2 by OEREICKEIT 3EBTI3Log (S/N) OFEEICSIT 3
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FEROFEDE L BT 31 EREQPEIZEMT 5. ULHrLENINE L 2hidshEiz
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Fig. 3 Variation of the indices (C) of competitiveness by ratio of (sterilized males/normal
males) . SL: Spodoptera litura in laboratory, SF: Spodoptera litura in field cages,
D: Dacus dorsalis, C: Callosobruchus chinensis.
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HETEIRHFMICEE T 258 T, 20KR B O T a). KETEBRERHECZNIZES 5
2V, b). RIEEEE SRR Z U TIEREE BXEL T 20 RES O, U
D ORI DFZRE OFEMER Y Z SRR 2ER T 5. o). FEEOFmIZ N iz
EEBLUESV, UL UEESEN 12KR BHOBETY, BEPLTTHM{BERTZE KR
DNANEDREVPEEEERONG, Tbb@ - EA Q9 IhiE, a). v~ —
MBS L - THEEEERGEE 20 E08H 5, Chidlte 0RaXRE BTFoEERE)
MTEZV, D). EFOBEHBEELDBEHL LD A, TIE - FFA Q978 DRIE{k
1 UIERE 2 A —OFBNCH B HEE I S RO EBIN 2 A U IR
Xiug, ZE#2 -« 3SHE TEREZ VPR BB TR NEHEOZREENEE L HR
BEAEMERT.
UEDHEEZIFORNEECALNIZE DTH 505, D3 hRE/IHEORER S
EEEIEA3DTHA S, WL LEEESICS T 3 RE{HEOENEVER & LT —
DT IEIZSRNIESE S, COWMERDWTIREEPFIEL LEYRBR 2T &
WELLNDD, (NERBRNCRESN 2T 20215, 255 B THET A
W B Inherited stevility OFRRIVIFRIFE O OB E 25 5,

I ATHFEECHADSHANGDLALIEEZEBIANI - EREGEHLERCERYER
A | QOI0M I rhiE, ~"xEV2 MO T BEBEEN YCs v v — £ 0 16KR
(FEETEZ 24KR) 2L, IULLU ToRUR 2 ENBEH & R U T2 S BMERIZTER & b »
ZHEL, BbhoREEREREL, BEEREL, BEREREL, 35 TbE Kb
7z, LB O - BEERBEERL TELNTIROMZ, BERAEIEL BILTE I gh o
HEVIERTE RS 72, A W Q97DP 0 8KR OEBRIRBINTIZ0 L 5 B
SR RN ¥ g1 full

LDk SRR EER TIRENEE TH- T, 405, 41E T2 NorTH and Hort
(1968)® > Cabbage looper, WALKER and QUINTANA (1968)* O Suger cane horer,
ProszoLp and BartTeLL (1970)? @ Tobacco bud worm OWBE THI S h, ¢ N b %
Inherited sterility % Delayed sterility TREN, B EZ2i O RIEMTEE: A 55A
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ENHEERERNEEZ NI, U LEZNMPEBEREARCES N TEEBREN A LZE %
B THEREE TIRZNHEELE, NorTH and HoLT (1969)% 13 Hes i B 7z (814

BEHOREHE»T/20, 1 WALKER and PEDERSEN (1969)0 33 3 a—v s v iT X
DRT 2=V sl EFURERL TERZRLT, EFHE NS &IZBLLIC, EEY
CNETIIELE, A2V 98y, NAELA MIB I B3 8Nz OEBICE

DOT, SEFL UL FERERRMEA S EERERE 2 BRIICBIET 5,
BRHOEGRBEEBIMELORES LY,

dN K—N
——a?zr.N-—-—-—N .................................... (3.1)
L, Th2p il THENEEZ—DoRX2E LT, 211,
N¢+1=N; (1 —Ps) merf'e'<1_Pm)<lw"NI%——) ............ (3:2)

ThH->7T, Ps 3BEFASECHRE THIFEINE O TRRTEIRALENH L, COGEIIH
HORBER D b HIE LTI OFE MM OFETED 0.37 ZIEL Iz, K BRSO a8
FISET, BEZROMNE BEROBENH 5 hTESI & - THEE L, Nt/K ik t i
DB % 5 50T, —ip WL, o KEIET, Po 150 - S - WOFECEAR T
H5. HRONR L s> 12 3BEORBHZhZhOFEERMIZ, UsxUe-Us xUL R
(GO R BIASRL 1T § 0), T6 xUS —M3 xM8 A6 GO IZILELE & finm
I DITE TRAND B i 2 N ORBLE 2 HIHAKR Y EA LI D), TexU-MgxUg
R (BUEDERDRE D 5 B I H R MEILE D 5 DI E KB, 2 DBEKEONTF D
FHRFUUEOT b @1 BERED, T5xU2 ~Us xM? % (i & HOREIERES
i LW ORBEER) Tho 1o,

Table 4 Theoretical estimation of population growth of Callosobruchus chinensis
sterilized with gamma rays at the parent pupae.

UaxUg-UgxUg TaxU-MgxMe TaAxXUL~MaxU2 TaxUg-UsxMe

: Rate of . Rate of ! Rate of B Rate of
Population | Population | Population | Population |
increase increase increase increase
P 50 — 50 —_ 50 e 50 —
Fy 757 15.1 176 3.5 217 4.3 219 4.4
Fay 12,588 16.6 483 2.7 825 3.8 846 3.9
Fs3 193,447 15.4 1,345 2.8 4,056 4.9 4,204 4.9
Fs 2,094,605 10.8 1,992 1.5 16,017 3.9 14,897 3.5

FRAE VY AL TiE Table 4R ENIZE 5w UU-UU %M (LTS E22EW T 3)
W RIE08EAS 3 R E T3, 80008 Ic 3 b L, AR BEIERIZIS~16TH 5. U LE
L #EmoLzn TU—MM R#ETE, 3MHREHN2MET, BRI 2~31CTE 0,
TU—MU & TUXUM OlZRHETH 2RIEEEL 2L, 3~57T, 3HAEIHZETHE0
s, $H%ETRBAETH 5,

v NxTiRTable 5 Ok 5, UU—UU RS, HINE50~100, 3HREICH
377 4 T2 A BN 30w L, TU—MM ZRHETREMESTRO2 3, Z0OBOHA
WA920, SHRETINL IS0 TH Y, TU—MU, TU—-UM WR#d Bir 28z <,
BN BT T20~30, %% T30~40THh 5.
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Table 5 Theoretical estimation of population growth of Dacus dorsalis
sterilized with gamma rays at parent pupae.
UaxUe -UaxUQ TaxXUL-—-MaAxXM2 TaXUR-MaxU2 TaxUg-UsxMe2
. Rate of . Rate of . Rate of Rate of
Population | Population | Population | Population | €
increase increase increase increase
P 50 —_ 50 — 50 —_— 50 —
F; 4,874 97.5 151 3.0 149 2.9 150 3.0
Fy 324,496 66.6 3,602 23.9 3,880 25.9 4,730 31.4
Fg 1,726,415 53.2 87,503 24.3 146,426 32.7 207,466 43.9
Fy4 229,090,014 132.7 2,193,245 25.1 4,487,203 30.6 5,819,468 28.1

Table 6

sterilized with gamma rays at parent pupae.

Theoretical estimation of population growth of Spodoptera litura

U xU—UaxUg

TAXU—MAXME TaXUS—MaxXUe THAxXU—UnxMe

. Rate of . Rate of . Rate of . Rate of
Population Population Population Population .
increase increase increase increase
P 50 — 50 — 50 — 50 —
Fy 3,568 71.4 126 2.5 126 2.5 126 2.5
Fsy 409,141 114.7 473 3.8 440 3.5 0 —_
Fg 28,144,342 68.8 0 — 0 — — —

NzxEva by T, Table 6 Whbblick sic, UU—UUZRHKZHHEOS05RITT L
SMABIRIEZOMS T 4THIC3EL, BRI RELTIONI0E X IKZNUETH S
B3, MR ELAEESTIHA» S HRAAOENRE 2~ 3T, 3HAE, e
- Tik2HRABRIZ0 &1,

UED3BZNZFN ALHKOBEENZE - [EC &g, ke EEhice b Foy b
T3 EVDhW 3 BEEBREBHESEPNE, 20 (3:1) 0&ER»HEL N BEFAR,

K
Nt:W .................................... (3-3)
TREING, {-T, Thid (3-3) 2HENELT,
10g<K§é‘\It> =g-—1t » loge .............................. (3 - 4)

aenso, BTN owpis e v EEE LT E TS 5. BL Table 4~ 6 BT IE T

CHIMIDEETH 295, N/K ThHorHINTEEREORBERIZZAEZEREL W

DT, tr UAEEEETO RO EDEEDON,
dN
at —

z oEARE,

NE=Ng » € orerrrmrmmeimnrii (3+8)

KW THA 5., ZCTHRMITIE (3-6) W& UTlogNt & t B—EFE T

BEEZFAL, BHEAROBEEEORKHEROBEE2 55 b8z e ¢, NHEEFN — &

RERBERN 2 FETRZOCHEL, 20#EGEZRELI., Z0&EFE Table 7K & 5 b
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LicEB b T, BEREETH- I, .

Z T Table 70EHNIT L > TENZNOBAEBEERFET 5. Table 7THIRIEZN
ZNOERERNO a fH TR, UU-UURHKED 20150 E, bEHTIE EERFED
21lELTRZNEDITRUI., ZNOORER A 5 & NER % &t BEEAENOHICE
s WNTNEI O ZEMICER LTS,

LT AT, TD& 5k Inherited sterility DFERIEMTH 3 5>, T TICHEE S D EH
DL THEZSNICSOT, SEOUE L ERE - MEERPHHZ 5723 D2 BEEFI LT
AT 5.

Table 7 Statistical analysis of Log (P~N)-generation regression equation
and statistical estimation of sterilization effects.

Index of
Index of

Strain ’ Regression equation Mean (N) .
slope ratio

difference

Callosobruchus chinensis

UU Yy==5.774+1.338(X1—3.000)%* 0.000 1.000

MM Y2=3.652+0.490(X2—3.000)** -2.122 0.366

MU Y3=4.168+0.839(Y5—3.000)** —1.608 0.627

UM Y4=4.11440.808(Xs—3.000)** —1.660 0.603
Dacus dorsalis

UuU Y1 =7.782-+1.990(X1—3.000)%** 0.000 1.000

MM Y2=5.312+1.512(X2—3.000)** —2.560 0.759

MU Y3=5.624-+1.708(X3—3.000)%* —2.248 0.858

UM Yy=5.728+1.742(X4—3.000)** —2.144 0.875
Spodoptera litura

uu Y1=4.895+42.162(X1—2.500)** 0.000 1.000

MM Y2=2.782+0.737(X2—2.500)* —2.113 0.341

(—2.750 at X=3)
MU Y3=2.7004+0.663(X5—2.500)* —2.195 0.306

(—3.000 at X=3)

(P-N) : population number.

1) BBERORE., BA (976, THra 3 oBEOENofEc2 5KR o
KHov—BRRE LSS, 20RKOPREIPHZNOFROGEENETIZAL N
WERREADBESEE N, 251, BER LB 0, BASUERFEIL L - THEUR
EEHNAREBEOESNA LN, EEEOEINFESBIOHTAZ ETH- 12, Ho
Kb FHOE AR coEoEEARO B BELEADZEEOHBEG & OfHE%
FpHE r=—0.867% ¢, BRERHRIED 28 L BLE: OMIKE 1 A0 ERERDS
WEXNEEREE Th- 12 b, D575 Inherited stevility 1Z¥EERE L BEREOD
RN Edshin b, : ‘

Q) HEMEOSEER. BA (976)®ictiEI v a i OB SKR2RHL,
MO * R L TE F1 OPHROBRENATEMEFCEROBETREIR WL
RS L > OMBESEB LT LITEE SN 3. BiKiBA (1976b)P O Tt FEio 58
AR Z2NOFROYHEOEFEMIBRIC LR VHAEINI T Ebhr-T2. ThiZET%
DL B LicEEERATRE T, EERETFORR2D L UZEBOEEREL L, FROMEEE
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