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Zoologia. — Predation on Drosophila melanogaster - by Scutigera 
coleoptrata. Genetic origin of a disadvantageous behaviour^. Nota f(*) ** (***)) 
di F r a n c e s c o  L e  M o l i  presentata dal Socio S. R a n z i .

R iassu nto . — Sono riferiti i risultati ottenuti sottoponendo a predazione, da parte di 
centopiedi Scutigera coleoptrata, Drosophila melanogaster selvatiche e maschi white ibridi, 
nati dall incrocio tra  femmine white e maschi selvatici. Gli esperimenti sono stati eseguiti 
sia, in condizioni di buio che di luce parziale. Al buio non esiste predazione preferenziale per 
nessuno dei due tipi di drosofile saggiate, e ciò sta a dim ostrare che negli ibridi white scompare 
1 effetto svantaggioso dell’addomesticamento di laboratorio riscontrato saggiando il com por
tam ento delle drosofile white di ceppo puro. Alla luce le drosofile white ibride (come anche 
le white di ceppo puro) sono notevolmente svantaggiate rispetto a quelle di tipo selvatico, 
e ciò dipende dall effetto specifico della mutazione « white » che gioca un ruolo prem inente 
nel com portam ento delle drosofile m utate.

I n t r o d u c t io n

A lthough white m utan ts of Drosophila melanogastèr lack the protective 
pigm ents responsible for eye colour [1], the electroretinogram  (ERG) is 
fundam entally  sim ilar to th a t of wild individuals [2]. These results are in 
agreem ent w ith those of o ther research workers [3]; however, the absence 
of shielding pigm ents m akes the eyes of white m utants very sensitive to light 
stimuli.

Since the conditions are present in white m utants for supposing an altered 
visual behaviour, an experim ental investigation has been perform ed to see 
how far this m utant, as com pared to the norm al type, is a t a disadvantage 
when subjected to predation by centipedes Scutigera coleoptrata.

In  the research done for this purpose [4, 5] it has been shown th a t there 
is clear preferential predation on white m utants when these are offered together 
with wild individuals tó the predators. This phenom enon, which is already 
apparen t in the dark, increases considerably in conditions of partia l light. 
On the other hand no difference has emerged in predation on one or other of 
the sexes within the strains.

(*) Research supported by a gran t from the Consiglio Nazionale delle Ricerche (C.N .R.). 
I should like to express m y gratitude to Prof. D. M ainardi for his invaluable advice regarding 
the lây-out and developm ent of the research and to Profs. R. M ilani and R. E. Scossiroli for 
critical revision of the text and for their suggestions.

'(**)' Pervenuta aH’Accademià il 31 agosto 1972.
(***) Institu te of Zoology of the U niversity, 43100 Parm a, Italy.
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A t this point in  the investigation, the disadvantage to the white strain 
could be brought down to two fundam ental param eters: subjection to different 
selection due to breeding conditions in the laboratory and the specific effect 
of the “ white ” m utation on behaviour. To dem onstrate to w hat extent these 
two factors influence predation on white m utants, Oregon flies were used as 
controls, a laboratory  strain phenotypically  sim ilar to the wild flies. From  
the second part of this research, two different responses were obtained, depend
ing on w hether the experim ents were carried out in the dark  or in the light. 
In the dark  there was no preferential predation, while in the light the white 
D. melanogaster again appeared at a disadvantage; moreover, in both cases 
no difference was recorded in predation on one or other sex of the respective 
strains.

T he m ost plausible hypothesis form ulated in the face of this phenom enon, 
is th a t the absence of differential predation in the dark  in Oregon flies and in 
white m utants, is to be attribu ted  to the fact th a t both strains have undergone 
a sort of progressive dom estication in th a t they have been bred in laboratory  
conditions. (This hypothesis is supported by the fact th a t in the dark  wild 
drosophilae are less preyed upon th an  either Oregons or whites; they  therefore 
have a greater possibility of escape from a predator than  the laboratory 
strains). Preferential predation on white flies observed in the light, is to be 
attributed to the m utation itself, which in conditions of illum ination has a 
determ ining influence on predation.

As a final trial, wild drosophilae and Oregons were subm itted to predation 
by centipedes; a disadvantage was recorded for the laboratory  strain both 
in dark  and light conditions. A t this stage it was possible to affirm th a t this 
disadvantage, when com pared w ith the wild strain, derives from the different 
selective pressures due to .the prolonged breeding period in the laboratory  
to which the Oregon strain  have been subjected.

To conclude, from the experim ents carried out [4] it has been possible 
to show th a t laboratory  D. melanogaster are more easily preyed upon by 
Scutigera coleoptrata than  wild drosophilae. The reason for this difference 
in all probability  lies in the different action of the selective m echanisms in 
the two conditions. For white strain  drosophilae, when predation takes 
place in the light, the specific effect of the “ white ” m utation is added to 
this cause.

In  the  present research, the investigation has been modified to study 
predation by Scutigera coleoptrata on Fi hybrid white D. melanogaster obtained 
by crossing wild males and pure white females belonging to a laboratory 
strain. These hybrids have a chromosomic set of half white and half wild 
derivation. It was supposed th a t in these individuals the disadvantageous 
effects of laboratory  breeding (com parable to a sort of dom estication and 
in which in-breeding probably  plays a very im portant part) ought to decrease 
considerably in conditions of predation, while the dam aging effect of the m u
tation itself should rem ain the same.
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M a t e r i a l s  a n d  M e t h o d s

Scutigera coleoptrata L. is an agile nocturnal predator on insects, p a rti
cularly  diptera. Its p redato ry  activity  has been described in the past [6, 7, 8] 
and seems to be guided according to some A uthors by visual stimuli [9, 8, 10] 
and, according to others by a complex of chem ico-tactile stim ulations [11 ].

In  a series of experim ents carried %out both in the light and in the dark, 
wild D. melanogaster, both males and females, were offered as prey to the 
centipedes together with white hybrid males, obtained from the same cross 
between white females and wild males. M ale and female wilds were used 
indifferently as it had been previously observed th a t there is no difference 
in predation on the two sexes [4, 5].

The female whites were taken  from strains th a t have by now been bred 
for some tim e in our laboratory, but which came originally from the Genetics 
D epartm ent of the U niversity  of Pavia. The wild drosophila on the other 
hand, were obtained by cross-breeding individuals collected around Parm a, 
M antua and Piacenza.

The Scutigera coleoptrata were m ostly caught in the sum m er m onths 
from 1969 to 1971 m ostly in the hab ita t round Parm a or in the im m ediate 
neighbourhood of Chioggia.

D uring the experim ents the centipedes were kept isolated in plexiglass 
containers 2 5 x 1 9 x 8 c m ..  The walls and the base were black, while the lid 
which could be slid backw ards and forwards was transparen t and had a hole 
in it in the m iddle for ventilation. In  each container we placed a round glass 
dish which was 8 cm in diam eter and full of fine wet sand to keep the relative 
internal hum idity  between 90 and 95 %. These hum idity  values were chosen 
in accordance w ith the n a tu ra l needs of the centipedes, even if this did not 
correspond to optim al conditions for the D. melanogaster which prefer a drier 
atm osphere [12, 13]. In ternal tem perature varied between 20 and 25°C.

A  cilindrical drum , 3 cm. in diam eter and filled with feeding ground for 
the fru it flies, was pu t into each container so th a t the flies could feed norm ally. 
T he plexiglass containers them selves were then placed on the bottom  of a 
woodfen box 1 0 0 x 5 5 x 5 5  cm. In  these conditions experim ents could then 
be carried out in the dark  or in the light. Darkness was obtained by sim ply 
shutting the lid of the box. Conditions of light however, were obtained by 
attaching a neon 8 w att light to the internal surface of the lid of the box. 
T he light was screened by opaque moveable shields in such a w ay th a t light 
intensity  on the bottom  of the box was recorded at about 50 lux.

T he experim ent was divided into two sections: t) predation on wild D. 
melanogaster and m ale white hybrids in darkness; it) predation on the same 
insects in conditions of light. Ten individuals of one type and 10 of the other 
were given to one centipede at the same time. T he experim ents, which lasted 
approxim ately 16 hours each time, were m ostly perform ed during the night 
because of the natu ra l habits of the predators.
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R e s u l t s

A fter io  experim ents carried out in darkness, with an in terval of 48 
hours between one experim ent and the next, it was shown that, of a total 
of 2200 drosophilae given to 11 predators, 1411 (64.1% ) were preyed on, 
of which 736 (52.2 %) were male white hybrids and 675 (47.8 %) were wilds 
(Table I). T he 7f  calculated between these two values is 2.637 Rftd confirms 
the hypothesis of casuality in the predation of centipedes. The x2 for 
hom ogeneity was also calculated to check variability  in differential predation 
of the individual predators. T he result (x2 =  10.198 with 10 degrees of freedom) 
is not significant and confirms the hypothesis of hom ogeneity in the predatory  
behaviour of the centipedes.

T a b l e  I
Experiments carried out in darkness.

To each S. coleoptrata 200 D . melanogaster were supplied in all to make a total of 2200 
in 10 experiments. In  each experim ent 10 white hybrid drosophilae and 10 wild drosophilae

were administered.

P redator

D . melanogaster preyed upon D . melanogaster X2 for I : I 

(I d.f.)N. % white (*) wild <**>

Sc/H <? 136 68.0 71 65 O.264

Sc/L $ 104 52.0 50 54 0-153
Sc/M $ 155 77-5 77 78 0.006

Sc/N $ 136 68.0 75 61 1 .441
Sc/P $ 127 63*5 59 68 0.627

Sc/S $ 129 64.5 60 69 0.637

Sc/W  $ 103 51-5 58 45 1.640

Sc/X S 159 79-5 81 78 0.056

Sc/Y $ 114 57.0 60 54 0.315
Se /ó $ 106 53-0 59 47 1-358

Sc/l2  ^ 142 71.0 86 56 6.338

T otals . . . 1411 6 4 .1 736

X2 =  2.6;

675

J7 <***)

(*) W hite males born from wild males and white females.. 
(**) Males and females.

(***) N ot significant.
X2 for homogeneity =  10.198 with 10 degrees of freedom. N ot significant.

12. — RENDICONTI 1972, Voi. LUI, fase. 1-2.
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On the other hand, having controlled separately the variability  between 
the totals of drosophilae preyed upon by each p redator w ith the y2 one- 
sam ple-test [14], it was found th a t these quantities are significantly different 
am ong themselves (y2 =  30.391 w ith 10 degrees of freedom, p  <  0.001). 
This phenom enon is probably  to be attributed to the size and the m oulting 
period of the centipedes.

These results, obtained in darkness, enable us to claim, th a t there is no 
preferential predation for either of the two types of drosophilae sampled. 
Therefore both the wild drosophilae and the white hybrids behave very simi
larly  in the presence of the predator.

All this is considerably different from w hat had been observed in previous 
experim ents [4], which had also been carried out in darkness where a clear 
selection against the pure white m utan t was recorded, w henever it was sub
m itted together w ith wild individuals to predation by Scutigera coleoptrata. 
The fact th a t this preferential predation is no longer observable in the case 
in question, serves to show th a t these white drosophilae have gained a consi
derable advantage from hybridization, in th a t they  lost for the m ost p art 
the negative effects which derived from their prolonged period of breeding 
in the laboratory.

Repeating the same num ber of experim ents in the light, w ith 12 centi
pedes, of a to tal of 2400 drosophilae introduced, 1505 were preyed upon. 
T he total percentage of drosophilae preyed upon shifts from 64.1 % in darkness 
to 6 2 ,7%  in the light. T he difference however between these two values is 
not statistically significant (y2 =  0.948) and this serves to show th a t in the 
different experim ental situations the behaviour of the predators is highly 
homogeneous.

O ut of the 1505 D. melanogaster preyed upon, 864 were white hybrids 
and 641 were wilds (Table II). These frequencies in term s of percentages 
corrispond to 57.4%  and 42.6 % respectively. T he corrisponding y2, this 
time,! is highly significant (y2 — 33.042, p  <  0.001) and therefore one can 
claim th a t the general phenom enon, in the light, denotes a selection for p reda
tion towards white hybrid individuals. In  this case also the differences, which 
have been observed in the predation of centipedes and are represented by 
the x2 1 : 1 at the side of the table, which oscillate between 0.257 and 9.000, are 
not significant, since the x2 for homogbneity is below tab u lar level (y2 — 4.870 
with 11 degrees of freedom). T he y2 one-sample-test however continues to 
t e  significant (y2 =  38.348 w ith 11 degrees of freedom, p  <  0.001).

As can be seen, in the light there is a percentage increase in the white 
hybrid drosophilae preyed upon: in fact this goes from 52.2%  in darkness 
to 57 .4 %  in the light. This situation is even clearer if one considers the per
centages of white hybrids and wilds preyed upon com pared w ith the num ber of 
individuals of the two types introduced in the light and in darkness, (Table III). 
In  all 1100 white hybrid drosophilae and an equal num ber of wilds were 
introduced into the plexiglass containers in darkness, while in the light the 
num ber of D. melanogaster introduced was 1200 in both cases. In  the
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Table II
Experiments carried out in the light.

To each S. coleoptrata 200 D . melanogaster were supplied in all to make a total of 2400
in 10 experiments. In each experim ent io  whité hybrid individuals and io  wilds were

administered.

P redator

D . melanogaster preyed upon D . melanogaster X2 for I : I

N. % white <*> wild (**) (I d.f.)

Sc/12 $ 123 61.5 71 52 2-934

Sc/14 $ 132 66.0 75 57 2.454

Sc/19 $ 118 59.0 66 52 I. 66I

Sc/20 $ h i 55*5 61 50 I.O9O

Sc/22 $ 113 56.5 64 49 I.9 9 I

Sc/23 Ç 140 70.0 73 67 O.257

Sc/25 S 134 67.0 75 59 I-9IO

Sc/27 Ç. 171 85.5 98 73 3-654

Sc/28 121 60.5 77 44 9.000

Sc/30 <j 142 71.0 83 59 4.056

Sc/32 $ 114 57.0 70 44 5.929

Sc/33 $ 86 43-0 51 35 2.976

T otals . . . 1505 62.7 864 641

X2 =  33.042 (***)

(*) W hite males born from wild males and white females.
(**) Males and females.

(***) p  <  0.001.
X2 for homogeneity =  4.870 with 11 degrees of freedom. Not significant.

dark  the percentage of white hybrid  drosophilae preyed upon, com pared with 
the actual num ber introduced is 66.9 %; in the light this value is considerably 
increased going up to 72.0 %. T he corresponding x2 is significant (x2 =  6.787, 
w ith one degree of freedom; 0.005 <  P <  0.0010). Considering the num ber 
of wilds preyed upon in com parison w ith the num ber introduced, there  is a 
drop from 6 4 .4 %  in the dark  to 53-5 % in thé light. In this case too x2 
is significant (x2 =  14.483, w ith one degree of freedom; p  < 0 .0 0 1 ).

From  all this one can deduce th a t white hybrid in the light are at a consi
derable d isadvantage in com parison w ith the wild phenotype and th a t this
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depends on the specific effect of the “ w h ite ” m utation which plays a role 
of p rim ary  im portance in the behaviour of m utated drosophilae.

A t this point we thought it interesting to be able to com pare the results 
of white hybrid  drosophilae with those obtained in a previous research, [4], 
on white drosophilae of the pure strain. Considering the experim ents that 
were carried out in darkness, of 900 white drosophilae introduced 650 were 
preyed upon (72.2% ); on the other hand for the white hybrids, of the 1100 
drosophilae introduced, 736 (66.9 %) were preyed upon. The difference 
between these two percentages is significant (x2 =  6.320, with one degree of 
freedom; 0.010 <  p  <  0.025). In  the light significance is even higher. In  
fact, of 800 white drosophilae introduced 84.7 % he. 678 individuals were 
preyed upon; while for the white hybrids, of a total of 1200 drosophilae intro
duced those preyed upon were 864 (72.0% ) (x2 =  43.475, w ith one degree 
of freedom; p  <  0.001).

T a b l e  II I
Comparison between the numbers of white hybrids and wild  D. m elanogaster 

preyed upon when introduced in darkness and in the light.

Darkness L ig h t

Introduced Preyed upon Introduced Preyed upon

N. N. % N. N. 0/ /  0

Whites (*> . . . . . 1100 736 66.9 1200 864 72.0

Wilds (**> ................. 1100 675 61.4 1200 641 5 3- 4

. (*) W hite males born from wild males and white females. 
(**) Males and females.

It can be seen therefore th a t w hether in darkness or in the light the 
white .drosophilae of the pure strain  are more easily preyed upon by Scutigera 
coleoptrata than  the white hybrids. The advantage of the hybrids can certainly 
be attribu ted  to the fact th a t the cross with wild individuals has considerably 
reduced the negative effects of prolonged breeding in the laboratory  w ith 
reconstitution of a general heterozygote situation.

T he present results confirm the hypothesis therefore [4] th a t preferential 
predation by  Scutigera coleoptrata on pure strain  white drosophilae is to be 
attribu ted  to two fundam ental param eters: i) the effect of the different selective 
pressure due to breeding in captiv ity  of the strain  in question com pared to 
the wild drosophilae (a condition which determ ined a sort of progressive 
dom estication), and ii) the disadvantageous effect of the “ w h ite ” m utation 
on the visual behaviour of drosophilae.



[ 2 i ]  F ra n c e s c o  L e M o li, Predation on Drosophila melanogaster,. ecc. 18 5

In  fact in the wild x  white hybrids with white eyes the genetic effects 
of breeding in the laboratory  are annulled, although the negative influx of 
the absence of protective pigm ents responsible for eye colour is m aintained.
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