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   The present author has already mentioned that wken Drosopk.ila melano-
gaster Oregon RS straln was cultured on the medium containing 0.5mM of
CuSQt for one generation, the fiies of the next generation (they are called the
Cu-strain in this report) were found to be more resistant to copper than the
flies which were cultured on normal PEARL's medium. In this case, there is no
need of a$suming selection for inducing specific resistant variant to copper,
because no significant difference in emergence rate was found out between on
the copper culture medium and on tke normal culture medium, when the larvae
of tke normal strain were tested in these media (YANAGisHiMA and Suzui<i,
1959 a, b).

   Iit the third report of the present series, the aatkor has skown that the
copper resistant fiies were different from the control ones in morphologica},
ecological and physiological characters (YANAGisHiMA, 1961 a).
    This time, tke author has studied the following point on the copper resis-
tance bui!t up by subjecting to a sublethal dose of copper : Whether this copper
resistance is of specific character only to copper or this has cross resistance
and collateral sensitivity to other toxic agents ; in other words, can this copper
resistance have a multiple resistance ?
    A number of reports on a resistance to insecticides have been published.
DrosoPI•iila melanogaster was used as the experimental materia! in the following
reports: Tsm<AMoTo, 1950, 1954, 1955, 1956; CRow, 1951, 1954; BARTLETT, 1952;
Kim<AwA, 1953;KrNG, 1954;BocHNiG, 1956; HuNTER, 1956;TsuKAMoTo et al.,
1957. Houseflies and mosquitoes were the experimentai materiais in the other
reports (BARBER and ScHMiTT, 1949 a; KEiDiNG and voN DEuRs, 1949; MARcH
et al., i949, 1950, 1956; BRucE, 1950; BRucE and DEcKER, 1950, 1951 ; MoRRisoN,
1950, 1957; PERRy et al., 1950, 1951, 1953; PiMENTEL and DEwEy, 1950, 1951;
BuswNE, 1951, 1953, 1956, 1957; HARRisoN, 1951 ; WmsMANN and KocHER, 1951 ;

    1) Contributions from the Adaptive Variation Research Greup, No. 56.



34 Sizue YANAGISI{IMA

DEcKER and BRucE, 1952; MARcH, 1952; MARmNi, 1953; AscHEv, and KocllER,
1954; KiNG, 1954; McKENziF. and Hos!<iNs, 1954; METcALF, 1955; BRowN, 1956;
BRowN and PERRy, 1956 ; MELTzER, 1956 ; Suzu- and T6yAMA, 1956 ; UENo and
MATsuyAMA, 1956; LA BREcQuE and WiLsoN, 1957, 1960; WffEELER. et at., 1958).
   By examining these reports we can find the foliowing two interesting pro-
blems: 1) the problem of the acquisition of resistance to toxic agents through
selectioR, 2) the pyoblem of ci-oss resistance and collaterai sens2tivity. First,
the insecticides used in these experiments were DDT and its anaiogues, BHC
and cyclodiene derivatives, nitropararens and DANP, pyrethrin, organophos-
phorus compounds, thiocyanate, and carbamates. Akd ali of these investigators
have changed the resistance to insecticides by applying the toxicants in more
or Iess Iethai doses, that is to say, the test animals were always subjected to
some degrees of seiection pressure. On the other hand, no feport has been
found on tke toierallce built up by usiRg a sublethai dose repeatedly or con-
tinuously, so that the resistance could be considered to be increased through
some adaptive ckanges. Secondly, tke results obtained by tkose investigators
were more or less contradicting one anothey in regard to cross resistaRce.
Nameiy, in some cases there were clear cross resistance pkenomena among
various toxicants, wkereas in others we could find no phenomeRon of this kind.
   In this report, the autkor wishes to mention about the experimeRts per-
formed to make ciear the problems of cross resistance.
    Here the author appreciates very much the valuable suggestions and kearty
cooperatioB giveR by Prof. D. MiyADi, Assist. ?rof. S. MoRi, Prof. J. AsHxDA,
Mr. H. NAi<AMuRA (KOnan University) and the rnembers of the "Adaptive
Variation Research Group ".

                             Experime"ts

    As meRtioned in the previous paper, the fly can acqulre copper resistance
by liviRg only one generation on copper-containing mediurn, and this copper
resistant variant was denoted as the Cu-strain. Whether or Rot cross resistance
or collateral sensitivity might exist between copper sulfate and otker chemicai
reagents was tested, u$ing the Cg-straln.

1. Ftendameittal methed of escPeriment.

   Experlments were perforrned with Drosophila melanogaster Oregon RS strain,
derived from the staRdard $tock cukure in the Genetics Laboratory of Zooiegical
Institute, Kyoto University.

    The control mediurp was PEARL's synthetic medium, 15ml of which was put
iR a cult'ttre bottle of 50mi capaclty. When tke medium cooled down, two
drops of yeast suspensien were dropped en the surface oÅí the medium. The
test media were made in a culture bottle, containing PEARL's synthetic media
with various concentratioBs of toxic agents, mixed lmmediately aftey boiling.
After it cooled dewn, two drops oÅí yeast suspeRsion were dropped on.
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   Twenty fiies which had emerged 2 days before were put in ovipositioR tube.
Sllde glass with PEARL'.p synthetic medium on it, on whick yeast suspension
had been dropped, was inserted into the tube, and the flies were allowed to
depasit eggs oR it. Newly hatched larvae were put by 20 individuals into a
culture bottie containing PEA?.L's medium (tkey are called the normal strain in
this report).

   The lst lnstar larvae of the normal strain were tyansferred to Åíhe medium
containing 0.5mM of CuSQ,. The adult fiiee. that had emerged from this
copper containing rnedium were transferred to tke normal medium for oviposi-
tion. The larvae which kad hatched from these eggs were the larvae of the
Cu-strain.

   The larvae of the Cu- and control strains to be tested were transferred to
the test media containing 4mM of CuSO,. Rearing temperature was 250:kO.10C
througkout the experiment. After the formation of pupae, eaclt bott}e was
examined every 12 hours in order to kBow developmental raÅíes and the nurnbers
of adults emerged were couReed, males and females separately.

2. Preliminary emergence test.

   Witk the methods described above, the median emergence dose (EDso),
serving as indicator of the average tolerance, was examined in connection wlth
various toxic agents. P.EARL's syntheSic media contain2ng various concentrations
ef BHC, NaCi, MnSQt, CoSO,, NiSO,, ZRSQt and CdS04 vv'ere poured into
cultu.re bottles, 15m} to a bottle. After cooliRg, two drops of yeast rJuspension
were put in a culture bottle and then 20 individuals of the coRÅíroi strain which
had newly hatched were tianeferred to iS. After rearing at 250:Å}/0.10C, the
emerged fiies were counted, males and fema}es separately.
   The experimental results are shewn in Tables 1-7. The Åëoncentrations of
EDso (the median emergence dose) were "I Ag lee for BHC, 15mM for MnS04,
5mM for NiSO,, 20mM for ZnSO, and O.07mM for CdSO,. In the case ef
NaCl as shovgTn in Table 2, the emergence-dosage curve went down between 1.2
and 1.25 M so rapidly that it was difficult to decide the.. median emergence dose

        Table 1. Relations between emergence rates and concentrations of BHC.
           The concentration in italics indicates the dose used in the test of
           resistance as 500% emergence dose (EDso).

   ny'
Concentration

   7/cc
No. of larvae

e

0.25

0.5

0.7
1.e

i
l
I

l
1
I

200 (10)

200 (10)

2oo (2e)

2ee ao)
200 (10)

Total l
l

looe (so)

    Ernerged
No. O/o to larvae

196 98.0
176 88.0
150 75.0
 98 49.0
 25 12.5
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Table 2. Relations between emergence rates and concentrations of NaCI.
   The concentrations in italics indicate the doses used in the test of
   reslstance.

_pm"nvww concentwwratiUll

           M
o

0.5

0.7

0.8

0.9

1.0

l.1

1.2

l.25

1.3

No. of la marvae ..L

i

T'

Total

    Emerged
No. r% to larvae

200 (10)

240 (12)

240 (12) l32g[lgi i

zgsgzl

               i
200 (10) I
380 (19)

2oo (10) l

186

216

214

186

186

172

189

149

 80

 43

93.e

90.0

89.1

77.5

77.5

71.6

72.6

74.5

2.1.0

21.5

2240 (ll2)

Table 3. Relations between emergence rates and concentrations of
   The concentration in italics indicates the dose used in the
   resistance as 500% emergence dose (ED.re)•

Mns04.
test of

Concentration

     rn Mol

l

No. of larvae
}
T
l
l IFiTo.

Emerged
    9/o to larvae

 0.25

 0.5

 1.0

 1.5

 2.0

 2.5

 3.0

 4.0

 s.e

 7.0

 9.0

11

15
20

30

40

l
l
i

I

l

l

I
i
i
I

280 (14)

280 (l4)

280 (14)

280 (14)

28e (14)

280 (14)

280 (14)

280 (14)

280 (14)

280 (14)

280 (14)

280 (14)

280 (14)

280 (.14)

28e (14)

28e (14)

I
I
t

l
I
t

i
i

F
l
i
l
i
l
I
'

270

242

254

260

256

261

248

250

242

252

244

256

148

 23

  3

  o

96.4

86.4

90.7

92.9

91.4

93.2

88.6

89.3

86.4

90.0

87.1

91.4

52.9

 8.2

 1.1

o

Total
I
I
l

4480 (224) I
l
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Table 4. Relations between emergence rates and concentrations of
    The concentration in italics indicates the dose used in the
    resistance as 500% emergence dose (EDso).

coSQ,.
test of

   Concentration
.........mmmuum m IYEol

O.05

0.1

O.l5

0.2

0.25

O.Jr

0.75

1.0

1.25

1.5

1.75

2.0

3.0

4.0

No.

I

I

l
]
l

?Åílarvae

280 (l4)

280 (14)

280 (14)

280 (14)

2oe (lo)

200 (10)

2oe (lo)

200 (10)

200 (10)

200 (10)

200 (10)

200 (10)

140 (7)
140 (7)

No.

Emerged
    o/o te

'

'

;

242

232

238

214

149

111

 34

 19

 14

  5

  2

  2

  1

  o

       '         '1arvae
     "'ttt"t

86.4

82.9

85.e

76.4

74.5

55.5

17D
 9.5

 7.e

 2.5

 1.0

 1.0

 0.7

o

Totai
i

3000 (150)

Table 5. Relations between emergence rates and
    The concentration in italics indicates the
    resi$tance as 50e/o emergence dose (EDso).

 concentratlons
dose used in

 of
the

NiSQ,•
test of

Concentration

     m Mv{ol
No. of larvae

l

i Emerged
       No. O% to

 o.2s I
 0.5

 e.75 l
 l.0 i 1.25 i              ] 1.s l              i
 1.75 i
 2.0

 3.e

 4.0

Jr.o lgg I
le

 2oe

 200

 200

 200

 200

 200

 200

 200

 200

 200

 320

 280

 200

 2oe

3000

(10)

(IO)

(20)

(io)

(10)

(10)

(le)

(10)

(10)

(10)

(16)

(14)

(10)

(10)

larvae

Total

  i  I

  I

  I
"'ne j

182

180

188

179

172

171

179

179

l67

151

167

 98

 16

  4

91.0

90.0

94.0

89.5

85.5

85.5

89.5

89.5

83.5

75.5

52.2
35.0

 8.0

 2.0

(150)
I

37



38                      Sizue YigtNAGIS}IIMA

Tal)le 6. Relations between emergence rates and
   The concentration in italics ind!cates the
   resistance as 50% emergence dose <EDso).

      ' "'pmveww

concentrations
dose used in

 of ZnS04.
the test of

Concentration 1
    mrvlol i
               '

ILtslo. of larvae
l

i No.
iilne'fL;i'E'aww'mm•-••••-•i-e r:r:rr :: :,,,.

    % to larvae

 0.25

 0.5

 0.75

 1.0

 2.5

 2.0

 4.0

 6.0

 8.0

10

15

20
25

30

40

l
I
I
i
I
I
i
1

/

'

l

200 (10)

l80 (9)
360 (l8)

2oo ae)
200 (10)

200 (10)

200 (10)

200 (10)

200 (10)

200 (10)

280 (14)

280 (14)

280 (14)

320 (16)

280 (14ww)

L
l
'

I
i
i
l
j

l

I
i

Total 3580 (179)

l92

163

336

188

182

l87

175

168

l77

149

230

154

 90

 66

 25

96.0

90,6

93.3

94D
91.0

93.5

87.5

84.0

88.5

74.5

82.1

sJr.o

32.1

20.6

 8.9

Table 7. Relations l]etween emergence rates and concentrations of CdS04.
   The concentration in italics indicates the dose used in the test of
   resistance as 5eti/e emergence dose (ED.ro).

Concentration
    m Mol

O.O07

O.05

0.07
0.1

0.25

0.2

0.4

No. of larvae I          Emerged
              e/o to larvae      No.'
'

200 (10)

220 (11)

200 (IO)

200 (10)

200 (10)

2oo (2e)

200 (10)

:

'

I

'll

190

181

106

 50

 21

 l3

 3

95.e

82.3

53.0
25.0

IO.5

 6.5

 1.5

Total 1420 (71) i
....1

 exactly; accordingiy the author prepared to use tkree kind$ of NaCl concentra-
 tions (1.l, 1.2 and 1.25M) as the closes of emergence test.

3. Larval resistance to various kinds of tox•ic age•nts (Emergence test).

    Method: Each test medium contained the median emergence dose of the
 toxic agent as mentioned above. Fifteen ml of each medium was poured into
 a culture boÅítle. Two drops of yeast sgspen$ion were dropped on the sva'face
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of the test medi"m in the bott}e. Numbers of bottles ueqed are shown in
Tables 8 and 9. The larvae of the Cu- and control strains were transferred
to the test media and the emergence rates were measuyed.

    Resz{lts: The fu-bpt experiments were performed in 1958, the test media
ernployed being BHC, NaCl, CuSO, and CdS04, and the next ones were made
in 1960, using the media containing various kiRds of bivalent metallic salts

Table 8. Results of the emergence test performed in 1958 on the media containing 4mM of
   CuSOd,O.07mM of CdSQi, 1.1, 1.2 and 1.25M of NaCl and 0.77fcc of BHC. The lst
   instar larvae hatched from eggs deposited by the fiies, which had spent their larval period
   in 0.5mM of CuSO.t--containing medium and in the normal PEARL's medium, were put in
   the above test media and the emergence rates were examined. Except for the case ef
   NaCl, the experiments were repeated twice or thrice as for each toxicant. Numbers in
   parentheses show numbers of bettles used.

Strain

Agents

CUS04

Total

Control strain

g

i
Ne. of
larvae

I
I
I

I
l
i
/

I
I

200

200

200

600

(10)

(le)

(20)

(30)

Pupated i
I

Emerged

No. 0%
120

llO

111

341

60.0

55.e

55.5

56.8

B}IC

Total

I 3oo
i 300

  600

     1.IM
NaCl 1.2M
     1.25 iM

 Total

(l5)

(l5)

(30)

198

147

345

66.0

49.0

57.5

i

CdS04

Total

 280

400

 4eo

I080

(14)

(20)

(20)

(54)

t

l
'
'

'

I

1

l

F

200

240

280

720

(IO)

(12)

(14)

(36)

214.

298

 92

76.4

74.5

23.0

l73

190

196

559

86.5

79.1

70.0

77.6

No.

Cu-strain

f//o l

112

"o
 97

319

56.e

55.0

48.5

53.1

No. of
larvae

E
1

Pupated

No. %

'

I

19e 63.3
147 49.0 i        i
337 56.1 '

206 73.6
298 74.5
 84 21.0

142

136

243

421

71.0

56.6

51.1

58.4

2oe (lo)

2oe (lo)

200 (IO)

600 (30)

I

  300
I

  300

  600

(15)

(25)

(30)

280 (14)

400 (20)

400 (20)

1080 (54)

140

142

123

405

70.0

71.0

61.5

67.5

198

l42

340

66.e

47.3

56.6

226

298

 96

77.1

74.5

24.0

2oe (lo)

24e (12)

280 (14)

720 (36)

164

18e

212

556

82.0

75.0

75.7

77.2

Emerged

No. %
137

135

123

395

68.5

67.5

61.5

65.8

193

142

335

64.3

47.3

55.8

l

210

298

 91

75.0

74.5

22.8

138

130

132

400

69.0

54.2

47.1

55.6

Examinations of differences

cuso,,

BHC
NaCl

CdSQ,

1.1 M

1.25 M

between two
   Pupation
 o.ool > a*
 0.90 > es > 0.80

 o.7e > at > o.so

 o.7o > a > o.so

      es = o.ge
          -kl

   +strams (x2-test).

  Emergence
o.ool > a,tl`

0.98 > ca > 0.95

o.7o>a>o.so
0.70 > cu > 0.50

o.so>a>e.3e
Significant.
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   agents,

The results
 performed

of
in

similar
1960.
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experiments as Table 8, using various kinds of toxic

       'Strain i

Test
medium

CUS04

 Total

{
i
:
1

]

!

Control strain
Il

//

wwww.mm.um..'ma
l

Cu-strain

No. of
larvae

 2oo (2e)
 200 (10)
 200 (10)
 280 (14)
 280 (14)

1160 (58)

pdpated

No. O/o l

Emerged
No. O/o

i]

II

li

Il

l

No. of
larvae

i
{
i
:

Pupated i Emerg-eUd'ww

         i"To. o/o INo• 9,5

          E 32o (16) 23s
  Mnso, I' 2oo                (le)                       142
          li 3g8112j 3sg

   To!exs,g[Igli--l-?;g

          '          I 400 (20) 230
 Coso, I 4oo (2e) 224
          I 2oe (lo)
          I 16e <8)
.ww.ktF]_mJlww19S9..S.9.eL..l_. .um

          l 2oo (io> l

ptTiso4
 l,iggilE,ii

   Totai I iooe (so> i

I
I
I
t
I
I

l12 56D
llO 55.0
 97 48.5
163 58.2
123 43,9
605 52.1

l69 52.9
 94 47.0
148 52.8
149 53.0
560 51.8

104 52.0
220 55.0
209 52.2
142 71.0
117 65.0
792 58.2

 98 49.0
 92 46.0
 95 47.5
 89 44.5
 93 46.5
467 4_t L7

i
I

I
I
II

I
i
l
I
l

ll

it

l
I

l
g
ii

i
g
il

 200 (10)
 200 (10)
 200 (10)
 280 (14)
 280 (14)

l16e (58)

l
l

I
l

/

!

74.2
71.0

 77.1
78.5

75.5

,,ib-l

s7.s I

56.0 i

    I    i
    I
    i    l
.mm.um.....l

    i
    l    l
    I
    I    I
    I    I
    I
    i

 32e
200
280
280

lose

(16)
[l21

:g21I

         l
         I         l
         l

         t
244 76.2 I
148 74D '
240 85.7
212 75.7
844 78.l i         i

I g6
kio
RSS

 472

137 68.5
133 66.5
127 63.5
175 62.5
176 62.8
748 64.4
ilr6"'ny'"''Iww,' I"

120 60.0
148 52.8
162 57.8
600 55.5

           200 (10)
znso4 I Zg8 El21

        I 200 (10)
 Total I 88e (44)
t"-"wwtMttnvttT

ll//nvtnvmatt/ttttww:/tttmmttt

         l 200 (10)        I
         l         , 200 (10)        !/cdso4 Ig88El81
        Il 280 (14)
        I Total i le80 (54)
         L

i

i

 130Egft

 768

48.0
55.e
51.4
61.0

53.6

65.0     112
70.5 i 120
71.0 1 121
79.5 l 142
70.0 144
71.1 639

56.0
60.0
60.5
71.0
51.4

59.l

/'" " '"'  200 (le) 102 51.0i 97 48.5
  450 (20) l 172 43.0l 165 41.2
  S88 E?gl I i8i 45•2j lgg giig

  16e (8)l i 99 61.8
 136e (6s) 1 i6s2 47.g
           //           /lii''''t'mtttwwtttttwwwwttt lttttttttttt.ttttttttttttttttttt-tL"t l tt

•Z88El81I BIg ggi8
  zggllsjI sl?, ggig
,ggg:ggjI ilgz g2.g

           1i  2oo (i6'5rrTl""wwLL" Tl"'5Smm 46.o"

  :g811W RI2 gZi?
gzg112ji llgg g;g

           1/  200 (IO) i 143 71.5I 116 58.0
  200 (IO) l 139 69.5I 128 64.0
  200 (10) i l54 77.0I 111 55.5
      (le) ] 164 82.0 l  200                       139                            69.5
  280 <14) i 212 75.7l 132 47.1
           t1           //           // 1080 (54) l 812 75.1i 626 57.9

Examinations of

        CuS04
        Mns04
        COS04
        NiS04
        ZnSQi
        cdso,

differences between

   O.OOI > c,*

   o.lo > cu > o.es

   ODOI > a*
   O.OOI > .-k.

   0.10 > a > o.es
   o.7o )t> a > o.so

twe stralns (x2--test).

  '* Significant.
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such as MnS04, CoSOo NiSO,, ZnS04 and CdS04. The resuits iR 1958 are
shown in Table 8 and these in 1960 in Table 9.
   It is understood from Table 8 that, normally, the Cu-strain showed higher
pupation and emergence rates in CuS04 test rneclium thall the control strain.
The differences are statistically highly signhicant (O.OOI>a').
   The experimental results with CdS04 showed no difference in pupation rate
between the twosti'ains (a---0.90). But tlte results of the emeygence test were
}ower in Åíhe Cu-strain thaR in the control strain, although the statistical ex-
amination showed no significant difference (0.50>.a>0.30). This difference,
however, seemed to have some biological meaning, because the same tendency
was always found in ehe repeated experiments.
   Tlten the experiments were conducted with three kinds of concentrations
of NaCl ; and it was fouRd tkat there were no significant differences in pupation
(0.70>cr>0.50) and emergence rates between the two straiBs (0.70>ev>0.50).
The same result could be obtained by the experiments with BHC test medium.
No difference was observed (Pupation 0.90>ev>0.80, Emergence 0.98>ev>0.95).
   In short, the Cu-resistance acquired as mentioned above did not show the
cross resistance to BffC and NaCl, but it was considered to have some kinds
of resistance to CdS04 (the same bivalent metalllc sa}ts with CuS04).
   In the next series of experiments (1960), the author kas studied about cross
resistallce pkenomena of the copper resistant variant to some bivalent mataHic
salts thall those usecl in the former series of experiments. The experimental
results are shown in Table 9. The emergence rate of the Cu-strain is lower
thaB that of the control strain on the CoS04 test medium, though higher on
the NiS04 test medium. In both cases, the differences are highly sigRificant
statistically (O.OOI>cx). And there are no statistically significant differences in
emergence rates between the two strains on the MnS04, ZnS04 and CdS04
test media (MnS04 0.10>av>O.05, ZnS04 0.10>ev>O.05, CdS04 0.70>a>0.50).
   It is very iBteresting to note that in comparison with the pupation rates
on both MnS04 and CdS04 test media, the emergence rates are remarkably
lower, the cause of which is attributable to the failure of ecdysis.
   The copper resistance of the Cu-strain is thought to be a result of some
physioiogicai changes caused by coppei' during its parent generation. This
acquired resistance observed in Åíhe Cu-strain is not rigidly specigc to copper.
The Cu-strain ls more resistant to NiS04 and less resistaRt to CoS04 Shan the
normal strain. It is interesting that there exist the relatioits of cross resistance
and collateeral sensitivity amollg bivalent metallic salts.

4. DeveloPmentat rate.

    When the ernergence test was performed, it was noticed that some dif-
ferences ln the developmental time existed between the normal and Cu-strains,
namely the developmental rate was delayed or accelerated on each test medium.
Acce}eration or retardat2on in the developmental rate may be taken as one of
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Table IO. Results of
   various 1<inds of
   twice, represented

the test of developmental rate of Cu- and normal strains in the
toxic agents, performed in 1958. The test with BHC repeated
by i and II. Figures show average perieds.

Medium

I

Control straln

Average periods

  Pupation

days s.d.

from hatching to

   Emergence
  days s.d.

CUS04

BffC I
       II
NaCl 1.1M
    1.25 M
CdSQ,
Control

l

i
t

9.33

6.34

5.97

5.45

6.86

8.18

4.66

0.64

0.21

0.46

0.18

0.47

0.30

O.05
i

13.33

 9.95

 9.85

 9.68

lo.6e

12.35

 8.72

0.37

0.21

0.62

0.14

0.67

0.17

0.11

Cu-strain

Average periods

  Pupation

days s.d.

from hatching to

   Emergence
  days s.d.

7.65

5.53

6.04

5.36

6.95

7.70

4.56

0.34

0.39

0.57

0.31

0.46

0.28

O.08

l
l

12.05

 9.99

 9.18

 9.65

20.70

ll.86

 8.64

0.32

0.29

0.75

O.l5

0.40

0.10

0.10

Examinations of differences

cuso,,

BKC I
       II
NaCl 1.I M
    1.25 M
CdS04
Control

between two
  Pupation
O.01 > ec > O.OOI*
o.eol > a*

0.5 >a>0.4
o.6 >a>0.5
o.o2 > a > o.ol:ii
o.el > a > o.ool*
        s,

strams (t-test).

  Emergence
o.ool > ai*

o.o2 > ca > o.el*

0.6 >a>0.5
o.Ol > a > o.oolxi
0.7 >es>0.6

Significant.

Table 11. The results of similar experlments
   Developmental rates of the Cu- and normal
   kinds oi metallic salts,

as shown in
 strams on

 Table 10,
the media

performed in 1960.
containing various

l
l
i

Control straiR     l
    1untt ttt!

Cu-strain

iMedium

CUS04
Mns04
COS04
NiS04
zns04

CdS04
Control

Average periods

  Pupation

days s.d.

from hatching to

   Emergence
  days s.d.

8.19

5.33

9.82

5.55

7.40

954
4.65

(e.63)

(0.54)

(1.12)

(0.68)

(0.99)

(0.97)

(O.05)

[

E 13.33

 8.18

13.97

 9.09

10.45

24.78

 8.68

(304)
(0.48)

(1.52)

(e.68)

(1.51)

(105)
(0.11)

Average periods

  Pupation

days s.d.

from hatching to

I Emergence
  days s.d.

'

I 7.2e

5.37

9.97

4.87

7.63

9.21

4.55

(0.73)

(0.62)

(0.99)

(Oa55)

(1.l4)

(0.88)

(O.08)

12.16

 8.22

14.37

 9.02

11.83

l3.37

 8.65

(0.42)

(0.56)

(1.85)

(0.13)

(2.40)

(0.78)

(0.12)

Examinations of differences between

        Pupation
cusQ,
Mns04
COS04
NiS04
zns04
CdS04

two strams

O.OOI > cr*
0.40 > ev. > 0.30
0.30 > ge > 0.20
o.eol > ca*
0.10 > cr. > O.05
o.ol > at > o.ool=i

* Signifieant

     (t-test).

  Emergence
o.oel > disk•

o.7o > a > o.6o
0.10 > ca > O.05
O.OOI > (,*
o.oel > .fit
O.01 > di > 0.601:i{

   '
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 1. Developmental rates of the Cu- and control strains on the media containing BHC
(0.77/cc), NaCi (1.1 and 1.25M[), CttS04 (4mM), and CdSO, (e.07mM). P: pupation.
E:emergence. The experirnents were performed in 1958.
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   Resugts: The experimeRtal resglts are shownin Tables 10--11 and Figs. 1-
2. There are two cases: one is that the Cu-sti'ain developed faster than the
controi strain, and tke other is that tke Cu-strain developed more slowiy than
the coRtro! straiR.
   As for the larvai period, the Cu-strain developed faster than the controi
strain on CuS04, NiS04 and CdS04 test media, and these differences were
high]y significant (CuS04 O.OOI>a, NiS04 O.OOI>a', CdS04 O.01>a>O.OOI). No

                      il                      i"controf                      I Strain                     tJ    SO\  se IP E        ! cu-stra{n di I                     :                     i                     :                     :                     ;                     l     e 67 IO li o 45 9    lao --- ioo                  ti k AtthS04 ,' f'Y  W rnedium it  Q ge 7 3 tt
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Fig.

 G 89
2. The results
CoSQt (0.5mM),

lt

of the
NiSO,,

                 08 t2 t3
   Tt'me ln daYS of ter hateht,ng

similar experiments as Fig. 1, performed in 1960.
(smM), znso., (2o mM), Cdso4 (o.e7 mM).

MnSO, <15 mM),



                CuS04 Resistance in DresoPhila metanogaster, IV 45

significant difference was seen in the time of larval development between the
Cu- and control strains on the other media except on BHC.
  The experiments with BHC test medium were repeated four times, ln all
of which two instances are cited in Table 10. The results were sorted into two
kinds. In the first kind, the larval period of the Ctt-strain was shorter than
the control strain, whereas the period from hatching to emergence was not
different. The statistical examination of the first experiment showed that the
differeRces were highly significant only in relation to the larva} period beSween
the two strains (I O.OOI>cr). In the second kind, the period from hatching to
emergence was shorter in the Cu-strain than in the control strain, whereas
the larval period was not different. DiffereBce, therefore, was statistically
significant iR the peyiod from hatching to emergence (II O.02>a'>O.01). After
a}i, the different data were obtained from two experiments. Too scarce observa-
tion, being conducted only every 12 hours, may be the cause of this phenomenon,
and more frequent observations must be carried oiit in future. But it must
clearly be noticed here that, in both cases, the Cu-strain grew up earlier than
the control styain.
   After a}i, it can be said from the present experimentai results that the Cu-

strain develops faster than the control one not only on CuS04 medium but
also on NiS04, CdS04 and BHC media; but its slow development at the pupa}
stage results in a s}owdown of development as a whole on ZnS04 medium.
The relation of these results to the degree of re$istaRce will be discussed
later on.

5. Body tengtlt.

   Body length measurements were made on the fiies of one day old after
emergence from various test media. The comparisons of tkese measurements
wil} show tke metabolic clfferences and so wM be able to take as one of tke
indices representing Åíhe degree of resistance to various toxic agents. The
results of the rneasurements are shown in Tables 12 and 13.
   In tke case of male fiies, the Cu-strain was smalier tltan the control strain

on MnSO,t and ZnS04 test media but larger on N2S04 test medium and control
medium. In the case of female flies, the Cu-strain was smalier than the con-
tro} strain on ZnS04 test medium, but Iarger on CoS04 and NiS04 test media.
On the other media tested, Bo statistica}ly sign2ficant difference in body length

of emerged fiies was observed between the two strains.
    Putting together these resu}ts concerning both male and femaie fiies it can
be said tkat the Cu-strain grows larger than the control straln on NiS04 test
medium, but tke result is reversai on ZnS04 test medium. And then the dif-
ference was seen only in male fiies on MnS04 test medium or in female flies
on CoS04 test medium. No significant difference was observed in body Iengtlt
between the Åíwo strains on the other media tested.
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Table 12. Body
   CuSO,, BHC,
   N: numbers
   deviations.

lengths of
NaCl and
of adults

the Cu-
CdSO,.
used in

and
The
the

control strains
 results of the
rneasurement.

cultured on the media containing
 experiments performed in 1958.
x:mean values. s.d.:standard

Medium 6

  Control
        Imm

straln

9mm

I
I
'

CUS04

BHC
NaCl 1.IM
CdS04
Control

I
' N

46

62

68

28

80

x

2.61

2.6e

2.67

2.41

2.69

s.d.
I

0.10 l
    1
0.13
    i
0.90 i
0.14 I
    I
O.09 l
 wwwwA

N
72

68

76

26

70

x s.d.

3.01 O.l2

3.04 0.26
3.03 0.15

2.45 O.08

3.09 0.12

6mm
Cu-strain

    i Cg    l mm

I

N
52

48

49

30

80

x s.d.

2.59 O.08
2.60 O.09

2.71 O.09

2.39 0.15
2.73 O.07

l N
80

62

63

22

85

ee s.d.

3.02 0.17

3.oo o.ls

3.06 0.10

2.52 0.17

3.11 0.18

Examinations of differences in body lengths

                             6
         Control O.05>es>O.02ti
         cuso4 o.7 >a>o.6
         BHC 0.9 >ct>0.8
         NaCl (1.IM) e.3 >ct>0.2
         cdso, o.6 >cu>o.s
              * Significant.

(t--test).

    9
0.6>a>0.5
0.4 > ct > 0.3

0.2>a>0.1
0.3 > at )>• 0.2

0.2>di>O.l

Table 13. Body lengths of the Cu- and
   various kinds of toxic agents. The
   of texic agents, performed in l960.

control
resuks

strains cultu!'ed on the media containing
of similar experlments usiRg v•arious kinds

Medium

Control

CUS04
Mns04
COS04
NiS04
zns04

CdSQ,

Control

6 mm
j

strain

    9 mm      6
'

mm
Cu-strain

    i g>
    I mm

1

N fi

 78 2.69

 92 2.60

 70 2.58

118 2.28

 71 2.50

112 2.44

 56 2.42

s.d.

0.10

0.10

O.07

0.13

O.08

0.14

Oa14 '

N
 65

140

 54

I06

 87

 78

 26

x s.d.

3.01 0.12
3.00 0.12

2.84 0.12
2.5e 0.26

2.95 0.14
2.59 0.15

2.45 OD8
L
I

N be

 89 2.72

le4 2.59

 96 2.50

 60 2.27

 86 2.55

119 2.35

 60 2.39

s.d.

O.ll

O.08

0.12

0.12

0.12

0.16    l
0.15 i
    i

N
80

 80

 se

 96

136

47

44

it

3.10

3.22

2.85

2.69

2.99

2.51

2.52

s.d.

0.14

0.17

0.11

O.08

O.09

O.03

O.l7

Examinations of differences in

Contrel
cuso.,
Mns04
COS04
NiSQ,
znsO.i
CdSO.,

    *

    body lengths

      6
o.os > a, > o.o2*
0.7 >ca>0.6
o.ool > a:*
0.7 >a>0.6
O.01 > es > O.OOIX:
O.OOI > at*
0.6 >a>e.5

Significant.

(t-test).

      9
o.6 >a>o.s
0.4 >a>0.3
0.2 > oc > 0.1
o.eol > ai*
O.01 > (u• > O.OOI*4
O.01 > a > o.oort
0.2 >a>0.1

/
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                             Discussion

   As described above, the Cu-strain, wkose payents had been cultured in
0.5 mM CuS04--containing medium during their larval pedod, did not show the
cross resistance to BHC and NaCl rnedia, though it showed the cross resistance
or collateral sensitivity to some klnds of bivalent metallic salts. Now let us
examine some literatures.
   C/R.ow (1954) reported Shat the DDT-tolerant strains of housefiy, which had
been cultured in DDT medium for one year, could strengthen tolerance not
only ln regard to DDT medium but also to gamma-BI{[C, methoxychlor, a!drin
aRd toxaphene; but no change in tolerance could be shown to noR-ch}orinated
insecticides (paration, nicotine aRd pyrethrine). KiKKAwA (1953), TsuKAMoTo
(1955), TsuKAMoTo et al. (1957) obtained the sarne results usiBg the DDT-
tolerant styain collected in the field. BAr<TL=•TT (1952) showed that there was
sorne relation between DDT-tolerance and, DFDT, HCN and tartar emetic-
tolerance.

   BRvcE (1950), as we}1 as DEci</R aRd BRucE (1952), showed that the
resistaRt strain of housefly developed ln DDT and methoxychloy pressure
had higher toleraRce than the non-resistant ones to the same media, but that
it had !ktle tolerance to gamma-BHC, chlordane and dieldrin media. On the
other 13and, the resistant strain produced by subj.t).• cting to the selection pres-
sures such as gamma-BHC, chlordane and dieldrin had litt}e to}erance to DDT
and methoxychlor, and highertolerance to gamma-BHC, cklordane and dieldrin
Åíhan the non-tolerant ones. Jtidging from the data described above, it can be
understood that BHC and chlordane resistances were independent of DDT
resistance.

   According to the data obtaiRed by M/ra'TcAi.,F (1955), the resistant strain
induced by DDT and its analogous compound had a llttle resistance eo BHC
and cyclodiene derivatives. MARcli (1952) and PiMENTEL et al. (1953) reported
that tke BHC-resistant strain cultured in garrima--BHC could acquire some
cross resistance agalnst DDT. MARcH et al. (1956) and M'ELTzER (1956) showed
that the resistant strain treated with insecticides could .qhow some resistance
not only to the same insecticides but also to the other toxicants.
    The examples of collateral sensitivity are feund in tke reports made by
BARTLiETT (1952), AscHER. and Koci{ER (1954) and BoccAcci and BETT.iNi
(1956). BARTLETT (1952) reported that the HCN-to}erant strain produced under
ffCN-pressure was susceptible to DDT and tartar emetic. Asci{ER and KocHER
(1954) and AscuER (1957) showed that DDT-reslstant strain of hogsefly pro-
duced by DDT treatment was susceptible to potassium bromide mediurn.
    As sltown above, many reports have treated phenomena of cross resistance
or collateral sensitivity among various kinds of iRsecticides; but the author
may as well add here that we ltave not yet found coincidence and definiSe
correlation among the resuks obtained. This conclusien is also applicable to
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the case of the Cu-strain and we can not find any defiRite correlation through
tke whole results obtained with various metallic salts.
    In tke ca.ees of CdS04 and MnSO.t test media, it is censpicuous that tke
emergeBce rate was found to be very low iR comparison with pupation rate.
This low emergence rate was due to tlte freqgent occurrence of the abnormal
pupae that could Rot emerge. Considerable researches have been done on the
abnormal pupae found in toxic medium. UENo and MATsuyAMA (1956) reported
that the pupae of housefiles, which had been cultured in lindane medium dgr-
ing the 3rd larval instar, became abnormal and the emergence rate decreased
than the control strain. IR tkis case, the abnormal pupae were different in
form from the normal pupae. But the preseRt results are rather different, i.e.,
the form of the abnormal pupae was not dfferent from the norma} one.
   Concerning the developmental rate of the housefiy, we can fiRd some
reports which show the existence of more or less difference between the DDT-
resistant strain aitd the normal strain. Some autkoys reported that the former
had longer larva} period than the latter (PERRy et al., 1951; PiMENTEL et al.,
1951; McKENziE et a;. 1954;Boci{NiG, 1956). The different data, oxx the other
ltand, could be feund in the reports (LA FAcE, 1948; NoRToN, 1953), which
had shown that the Iarval period of the DDT-resistant strain was shortened
than the non-resistant strain. It has been found by BARBER et al. (1949), MARcH
and LEwEmEN (i950) and UENo and MATsuyAMA (1956) that there is no re-
latlonship between the resistance aRd leRgth of Iife cycle ln housefiy. As for
DrosoPhila melanogaster, HuNTER (1956) showed that the larval period was
}onger in the DDT-resistant strain tltan in tlte susceptible one, and TAMuRA
(1958) reported that there was no significant d2fference in the lengtk of the
larval and pupal periods when comparison was made betweeR the paraehion-
resistant styain and non-resistant one. GREiFF (1943) mentioned that there was
llo significant difference in Åíhe developmental rate betvsreen the line selected
for ZnS04 and the control one in D. mela•nogaster.
   In the result obtained by the present author, the cepper reslstaRt strain
(Cu-strain) developed faster than the control strain on the CuSO,t test medium.
                                   iAnd this tendency of shortening the life cycle was observed, when the Cu-strain
was cultured on the N2S04, CdS04 and BHC test media, but the reverse teR-
dency was seen on ZnS04 test medium. As stated above, there is no general
relationship between the resistance and length of life cycle of Drosopkila a$
seen in the housefiy.

   The reports on the change of body weight of tke resistant strain have
been given by GREiFF (1943), PiMENTEL et al. (1951), BocHNiG (l956) and SuzuKi
and T6yAMA (1956). GREiFF (1943) has shown that the body weight of imago
in ZnSO,t selected line is smaller than that of the control liRe in D. melanogaster.

On the other hand, BocKNiG (1956) skowed that in housefiies the body welght
of the DDT-toleraRt strain was keavier than that of the non-tolerant one.
PiMENTEL et al, (1951) and SuzuKi and TOyAMA (1956) found no difference in
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the adu}t body size between tke DDT-tolerant strain aBd the non-tolerant stram.
    As for body length, the Cwstrain becomes larger than the control one on
NiSQt test rnedium, but the results are reversed on ZnS04 test medium (in the
case of female) and smaller on MnS04 medium (in the case of male). The
Cu-strain showed no difference in the body length from that of the control
strain both on CuS04 and CdS04 test media. And the Cu-strain had the same
teRdeBcy on CuSQs test medium as that shown by PiMENTEL et al. (1951) and
the body length of males of the Cu-stra2n was found to be larger than tlte
control strain on the control medium.
    Now let us consider the relations among body length, deveiopmentai rate
and larvai toierance to Åíoxicants. The data obtained in the present investiga-
tion are surnmarized in Table l4. The Cu-strain showed higher emergence

   Table 14. Summarizing table showing relations arnong emergence rate, developmental
       rate and body length on various toxic agents, which were seen between the Cu-
       and the control strains.

Test medium
            E
            [

Emergence
  rate
(higher >
 lower)

,?e.V;}gP.M,e."",agi Body iength

,,%igl.?mxs.kffg<l/2?,li 6
(larger

Control

CuSO, (4 rnM)

CdSO, (O.07mM)

MnSO, (15 mM)

CoSO,, (0.5 mM)

NiSO, (5mM)
znso, (2o mM)

NaCl (1.25 M)

BHC (0.77/cc)

'

t
I
l

l

l

Cu > cont.

 Cu > cont.
   -
  insignif.
(Cu < cont.)

  insigniÅí
(Cu > cont.)

 Cu < cont.

Cu > cont.

  insigniÅí
(Cu > cont.)

 n. no dif.

 n. no dif.

l cu>cont.
I cu>cont.
I cu>cont.
I
1   n. no dif.i

l
    insigniÅí
  (Cu < cont.)
i
I Cu>cont.
i Cu<cont.
i
i n. no dif.
I cu>cont.
i
i

I Cu )> cont.
  -
n. no dif.

n. no dif.

Cu < cont.

n. no dif.

Cu > cont.

Cu ( cont.
   s
n. no dif.

n. no dif.

> smaller)

  9

 n. no diÅí.

 n. no dif.

  insignif.
(Cu > cont.)

 n. ne dif.

 Cu > cont.

 Cu > cent.

 Cu < cont.

 n. no dif.

  insignif.
(Cu < cont.)

     Cu: Cu-strain. Cont.: Control strain.
     n. no dif. : nearly no difference is seen between both strains.
       >or<: difference is seen at less than 5% significance level.
      insignif.: a fair difference is seen but no significant statistically.

rate and faster development than the control strain but no difference in body
length was seen on CuS04 t.est medium. In the case of CdS04 test medium,
the Cu-strain deve}oped faster than the control strain but no significant dif-
ference in emergeRce raÅíe and body !ength was found between the two strains.
On the contrary, in the case of MnS04 test medium, thougk there was no statis-
tically significant difference ln emergeRce rate and developmental rate between
the two strains, the maie fiies Qf the Cu-strain had smaller bodie$ than the
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control strain. Tke Cu-straiR showed lower emergence rate than the control
strain on CoS04 te4st medillm, bnt no difference IR developmental rate was seen
between the two. In the case of NiS04 test medium, the Cu-strain emerged
in higher rate aRd developed faster than the control straiR, and both ma}e and
female flies of the former type had larger bodies. OB ZnSQt eest medium,the
Cu-strain developed more slowly and had smalleer bodies tltaR the control, but
there was no difference ln emergence rate between tke two $trains.
   Judglng frorn the results mentioned above, some intereq.ting relations be-
tween developmental rate and body length will be brought forth. Namely, we
can recogRlze the followiRg 4 types. First of all, NiSO.i medium type, in wkich
the Cu-strain develops faster than the control strain and tke bodies of tke fiies
of former type becorne larger than those of tke latter. Secondly, ZnSO.; medium
type, IR whick the slow developmeRt of the Cu-strain resglts in small body
length. Tkirdly, CuS04 and CdS04 rnedia type, in which developmental rate is
faster in the Cu-strain but body IeRgtk does not become smaller. Fourth}y,
MnS04 and CoS04 media type, in which no difference ln developmental rate
caR be observed between the two straifis, though the body length of male or
female becomes larger or smalleer respectively.
   '["hen, the author wishes to coRsider wketker the!"e are aRy correlations
among developmental rate, body length and emergence rate. When examining
TE,ble 14, we can find two toxic agentvq whick show a conspicttous contrast,
that is, ISTiSO.t and ZnSO.t. On NiSO.i medium, the Cu-strain is shorter in de-
velopmental period and larger in body length than the centrol strain, afid these
characteristics are quite consistent with the higker resistant character to copper
of tke Ctystrain. Name!y, in this case, the Cu-strai'n manifests all-round higher
vitaiity. On the other haRd, the circumstances are a little more cemplicated
in the case of ZnS04, but the genera} tendency reveals somewhat opposite trend
to the case of NiSO,i, alld aiso it shows that the developmental rate is slower
and the body lengths of both sexes are sma}ler in the Cu-strain as mentioned
previous!y; nevertheless the emergence rate is litt}e higher in tke Cu-strain.
As for otker toxic agents than these two a.crents, tke matters are much com-
plicated, and we can not draw any consistent conclusion through their data.

                               Summary

   Wlten the }arvae of DrosoPl2ila metanogaster Oregon RS styaiR were cultured
on PEARL's medium containing 0.5mM of CuS04 whick was subiethal dese to
the fiy, the larvae of the next generation becarne tolerant to copper. This
copper resistant strain was denoted as tke Cu-.gtrain.
   Tke experiments were coBducted so as to gwee whether the Cu-reslstance
thus acquLred througk perhaps some adaptive ckanges in physio}ogical processes
could show cross resistance or collateral sensitivity to other toxic ageRts, such
as BHC, NaCl, MnS04, CoSO.i, NiSO.t, ZnSQt and CdSO,i.
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   Tke main results described in this paper are as follows :
   1. When the larvae weye put into NaCI or BIIC test media, no difference
in emergence rate was found between the Cu- and control stralns. However,
the differences in the eraeygence rates between the two strains were slgnificantly
seen on the media containing otker bivalent metallic sa}ts. As a rule, the Cu-
strain showed cross resistance to such bivalent metallic salts as NiSOij , MnS04
and ZnS04, and collateral sensitivity to CoS04 and CdS04.
   2. The Cu-strain developed faster than the control strain on the copper
medium. The same tendency of fast development was also observed oR the
medla containing BHC, NiS04 and CdS04. 0n the contrary, She Cu-strain
deve}oped more slowly than the control strain on ZnS04 test rnedium.
   3. The body length. of the Cwstrain was larger tkan the contyel strain oB
NiS04 test medlum, but smaller on ZnS04, in botlt cases regardless of sex. In
the case of MnS04 or CoS04 test medium, the difference was seen either in
male or in feraale flies respectiveiy.

    4. SignigcaRt correlation was found among the larval tolerance for toxic
agent, developmental tirne and body length, iR the case of NiSO#est medium;
but these correlations were not fotmd in the cases of other test media.
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