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PREADULT INTERACTIONS BETWEEN DROSOPHILA SIMULANS AND D. W ILUSTONI 
(DIPTERA: DROSOPHILIDAE) EMERGED FROM THE SAME SUBSTRATA

INTERACCIONES PREADULTAS ENTRE DROSOPHILA SIMULANS Y D. W ILUSTONI 
(DIPTERA: DROSOPHILIDAE) EMERGIDAS DEL MISMO SUBSTRATO

* Myriam Budnik1, Vera Lucía Valente2, Germán Manríquez1 and Lucía Cifuentes1

Abstract

In samples of D. willistoni and D. simulans emerging from individual fruits, the effect of larvae meta- 
bolic waste products on viability and egg to adult developmental time (in days) was studied. Different stocks 
were established with the flies emerged from individual fruits. The collections were performed in Southern 
Brazil. These parameters are significantly altered when larvae are bred in a culture médium where heteros- 
pecific preadults of different stocks of either, D. willistoni or D. simulans, have developed previously. The 
viability of both species was reduced and the development time of D. simulans was enlarged with the was
te metabolic products of D. willistoni. The response varíes between species and between stocks within spe
cies. We discuss this finding in terms of the relative importance of such kind of interactions in the coexistence 
or exclusión of species in nature.

Key W ords: D. simulans, D. willistoni, preadult interactions, viability and preadult development time, 
waste metabolic products.

Introduction

The Neotropical Drosophila (Díptera, Drosophi- 
lidae) communities are particularly rich both in spe
cies number and in interactions (Dobzhansky 
&Pavan, 1950). Among the most common species 
in such communities, the native D. willistoni and the 
cosmopolitan D. simulans are frequently associated 
in the exploitation of a wide range of trophic resour- 
ces as feeding and/or breeding sites (Dobzhansky & 
Pavan, 1950; Pavan, 1952; Bmcic & Valente, 1978;
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Araujo & Valente, 1981; Valente & Araujo, 1985, 
1991).

In spite of being highly coincident in their subs- 
trate preferences, as detected by several authors in 
very different neotropical latitudes, D. willistoni and 
D. simulans apparently do not compete, showing even 
some evidence for a successful niche partitioning 
(Dobzhansky & Pavan, 1950; Valente & Araujo, 1985, 
1991). Several explanations have been given, like 
their coexistence due to differential use of microor- 
ganisms growing in the same fruit substratum (Da 
Cunha, 1957). However, it is difficult to imagine that 
such a cióse neighborhood would not have deleterious 
effects on their life cycle and other parameters (Va- 
lente & Araujo, 1985, 1991).

In various species of Drosophila, development 
time as well as egg-to-adult viability are altered when 
preadults of a species develop in a médium which has 
been used previously by homospecific larvae, or by 
larvae of different species (“conditioning” of the mé
dium) (Weisbrot, 1966; Dawood & Strickberger, 
1969). A more important consideration is that these 
effects occur in the absence of resource limitation
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(BudRik &  gifleie: 19% ; BudRik 1980; Sudník & 
§FB0Í6: 1981: g üF^F: 19§3i Budflilt &  §ÍfUgHtg§; 
1993): a  pessible esBlaRatisR übf this pheflsmeRSR 
has beeR the aeeumulatieR ef larval metabslie waste 
praduebí whieh misto gilheF inteFíere with; s f  pierna 
lg the gF8Wth Hf ¥§a??l 8Rd 9lh0F f8Sd FgSSUFggS 8f
B fm phiki larvae': (hus affetoRg their suroval and 
develepmeRt íWgishFñí: I9bb; Eawesd & §tnekber:
§0F:

The aim ef the presgRt stHdv was (e evalúate ihg 
effeet ef the aeeumulatien 8f bistie te§idue§ s f  laf- 
vag ír ahsgRgg ef Feseutee ¡toeFtage s r  ihs pFeadult 
suFvival aRd dgvglepmeRí lime s f §ample§ e f 8. 
irifffíHmi aRd 8-. s m t f m  eollgeigd ir §euth Braxil: 
The Bies emerged ef ihg same individual frute: §ueh 
¡RigFspggifig FglahsRships eeuld pañiate explaiR hsw 
ggFtaiR spggigs afg ahlg (8 live tegether ír the same 
breediRg sifgS: whgFgas ethers shsw e le » tendeneie§ 
(8 eselude gagh toher Thus: (hg ruII hgpsthesis pie- 
diets thai viability and develepmeRt time will hg gqual 
ír (hg diffeFgRi samples HRdgF (hg effieets s f (hg wa§- 
(g metabslie pF8dn0(S:

MtfliRIAfc MbTHSB
Rettgfl fFuit§ 8f A m rn rm  lte&

ÉjuiRhe": wgFg eelleeted aeeer-diRg (s a FsuiiRg; whU 
gh gBRsisigd ír hFiRgiRg (8 thg labsrats» thi§ type sf 
substFate suppesed (8 eefltaiR eggs aflfl iafvae; and 
plaeiRg gagh fFuit ír víais with eulture médium (Mar
gues ef «/:: libé): g8RtaiRiRg §ater;s geast diluted 
ír watgF; AfieF tws weete: me ememing adult fllgs 
wete eelleeted bv aspiFatíRR: identined; sexed and 
eeuRted: Thg (8taí Rumbéis ef ñigs emerged wete 38? 
8. m iHlm safld 1% 8. wiifmmi. Alíñateeellee= 
(gd had fallen 8R thg graund atsaRd de saae pairo 
(Fgg; ír thg §*peFimeroal §(a(i8R sf @uaiba; glasBi- 
ds 08UR1V (308 0$: §: §l8 39: W): ÍR (he SSUtheFRiRSSl 
§ta(g ef lFa?.il:

All 8. m itlm s  aRd 8. wiHitm i emergiRg itero 
gagh fFuit eFiginated thg steete ef eaeh §peeie§ had 
hggR kgpt ír thg labeFatBFV ír mass cultures ír bsd- 
Igs with gultuFg media dutang a few msRths pFgvisas 
te thgiF usg ír thgsg gssgFifflgRtS: Thus; i  sísete s f 
8. w iilm m  aRd i  steeks ef 8. t im t im  were esia- 
hlishgd:

Thg pFsggdHFg usgd te investígate thg effeetssflap- 
val wastg pteduets 8R thg viabííitg aRd egg-te^adult 
develepment timg (ír d ap) was siroilaF ts thai used 
by WgtsbFst ( l# h t: Budnils á  Bmeie (I98§| aRd

BadRih &  §ifagRte§ fl99§; M§). Pift^ feftilisgd
g g p s fth g  same ags helsRgiRg ts eaeh stsek s f  8-, 
wimmi aRd 8. simulm wgpg transfeFred ts 
? t  i  em tabes esutainiRg i§  ee s f basie eultute roê  
diata fsF 8fmpkifa. These wete ststed ír  a esRS= 
taRt teropeFatroe eharobeF at i i 8 §  aRd larvas wete 
allswed ts develsp fsr daes d a p  afld then killed b^ 
a tempefatafg shseh s f -üd8 §  lastiRg é hsaf§: Thefl; 
the tuses wgfg left ír  a i i 8 §  eharobeF ís f  14 hsuFS 
ír srdeF ts defF^t: The ealtare media thus tteated bg- 
gatRg “esRditisRgd” : The víais esRditisned b^ the 4 
stsehs s f 8. mllismi teseived i §  eggs s f 8  mu- 
fm eaeh; aRd thsse “‘gsRditisRgd” ^  thg i  sísete 
s f 8 símkw reeei ved i@ eggs s f 8 mUismt eaeh: 
AeesFdiRi ts LewsRtiR (1 w ,  Mather and 
stheis fBadteF rev-. 11831 das eg§ dettste estrespuRds 
ts the BBtiroal densit^ whieh alisws latval feeilitatíBR. 
Thg §§ lafvae that esRdidsRgd the fssd médium earoe 
tero the same esquiRhs as the i@ ggp sf the stheF 
speeies: The teta! RurobeF s f e p s  sswr ír eaeh es- 
pgHfflgfltal gFsus was 1000 (Sítubesf The esfltFsl
S esRStstga s f  senes s f §§ víais with ftesh ::r s r  

sRedu eultute media iRts whieh i@ fenili^ed 
e g p  s f eaeh stsek s f  8. wtiismi sf 8 simakm 
me sswfl: These víais were fFSsefl afld dehFSStedjust 
as these s f the experimental psups:

A ll víais were hept ír  the esflstaflt temperature 
ehamher at i i 8 0 : The emetptee s f adults was esun= 
ted dail^: isperiRRents ír  hsmsspeeide esflditisRs ír  
8  wtífimú and 8  simkm have beeR dsfle p re via 
usl̂ t afld they shswed r s  interferenee s r  viabilit^ 
(Budrok á Bmeie; 19 % ; iudRik; 1986T 

The meaR diigretiees s f viahili^ afld pte-adult de- 
velspmeRt ame hetweefl ^SRditisRed” aad uRSR=esR- 
ditisRed” grsups weFe estimated: The effeets s f  
esRditísRiflg s r  víabilte and develsprnent time ír  te- 
latisR te speeies and steeí withiR a gtven §p^ies were 
evaluated bit Rteans s f a tiesta analpis sf varíanee: 
The varísus apssterísFí eemparíseRS wete made usíng

f ó s e o s

Table 1 shsws preadult viability exptessed as the 
meaR emergenee per vial tsgetíter with the estrespeR- 
ding standard errsFS. It is interestíRg ts psim sut that 
viability deeteases ír  all esnditíSRei gtsups; and that 
when eempared ts the esrrespsndiRg esntrsl grsups: 
diffgFenees between means are sipifíeaflt; with the
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MEAN i*)® ®  §TANBARBERR8R§ (§£) 8E VIA81klT¥ ANB Eg frTfcAB ytF BEVELBPMEKTTIME (IN BA¥§)
88 4 §TBgR§ 88 ft » B W $ A N B  ft  W HM iBW  PR§gEEBIN6 8R8M 4 ERblTS 88 A fttfte m tí  m A m m m t t  
^ 8 8 y ^ H 8 ” §REB AT 22* g IN “NBN g8NBFFI§NEBn ANB W B IT tB N E B "  g y t f y  RE MEBIA WITH 50 B. W M IS m f  

§R ft m m m - ,  THE VIAb§ g0NBFH8NEB §¥ THE i  §T0gfc§ 88 f t  M I  RggEI VEB 20 E§§§ 88 B  
m m m  EAgH: ANB TH8§8 88NBFB8N8B B¥ THE 4 §T0gR§ 88 B. m m m  REgElVEB 20 Ei§ §  88 B. W ltU S m i  

EAgH EAgH 8R8yP 8 8 N § I M  88 50 VIAE§. THE N8N 88HBIT18HIN8 88888 gBN§l§TEB 88 §ERIE§ 50 Vi Ak§ 
INT8 WHIgH 28 E E f f f f l M  E88§ 88 EAgH §T0gR 88 B. m m m  8R B  S M ’kiVS WERE §0WN:

§T8§K§ yyypyRE m e b ia V(AB(fclT¥
PERVIAk
(Xí§-.E.)

BEVEkBPMENT 
TIME (IN BA¥§) 

(*4§:E:)

13:38 40:54 
12:54 4 8:31

12:0840:02
12:1240:03**

fi, wUiistonú77. HiTusTuni
E8quinh8 l Nen eeRdñi8Redcandi tioaed (with £1 sunuiansiconaiIIótica \ wlul 77. Simniansj
€8qsinh83 N8H eenditiunedCQodiÚQQed (with R  sunukiasi COnutuoTicu (wlul 77 SimuTunSJ
g8qnwh83 N8n e8ndüi8nedconditioned (with £t swmkwsl CoTlainonca (Wim 77. 3777711717/737
sequintea . N8RE8BáÍU8R^CQoditioned (with R  sjunukms.1 cDnalnOnca | wlul 77 3777777777773̂

TOÍAL1 v7 InL fsten e8Rdiii8nedconditioned (with R  swudaasi CotluinOTlca F wlul 77 3777777777773̂
£( vimulnnK 77. SimWunS
£8q«inh8 1 . iSfeR 68RdÍU8R€d

cQDditioQed (with R wjtUisíoüil tona! ti ótica i wlul 77 niiiTSiunij
coauinho 2 coqainno z . N8ne8n®B8Ridconditioned (with R  wjMtstouuicotlaltlotlea 1 wlul 77 \\TTiTxiumj
coauinha 3Coquiuiio j Nen eenditíened

CQQditiQoed (with R  wjtUisiaai i cotlaltlotlea (wttn 77 nluiSTi/nlj
E8qufflh84 Nsn e8BdUi8ned

conditioaed (with R  wjtUislanilconulllOtica | wlul 77. U'l777377/777̂
TOTAL1 vJlnL F4un euBdiHenedconditioned (with R  WJtUtslQiLtl COtlaltlOtlra |wlul 77 n uiisumij

* 8 ^&.85(sd:f:) « P $ 8-.81fstóltesw

eseeptisn s f (he f t  wífósffHw ásete derived frem 
e s p n h s  1 and 1-. Hewevey (he mapirade s f  (hese 
diffefenees- %  well as viabiliBA diferid aeestding ts 
(he speeies s f  sísete-. The nested analysis s f varian- 
ee shswed (hat (he effeet s f larval destus sn viabilU 
ty s f speeies? §tsete within a given speeies? and s f 
esnditisniRg? weee statistieally signifieant fiable %  
Múltiple esmpaFtssns between me diffeFent §tsete 
wimin hsrn speeies by meara sf me M e y  Test? prea- 
dult viability wra fsund ts he diffeFent m all sísete 
with me eseeptisn s f (he sísete fpsm eepiRhs 1 and 
§-. Prnther? nen-parameifie analpes s f vananee wete 
peFfsmed fferatelPWallis Test! in spdsf ts rasess 
me independen! effeet sf me diffeFent faetsts sn prea- 
dult viability-. The tstality lesults apees wim fflsse 
ehtained in me páranteme análisis fiable %

11:2840:30
18:3840:42

13:03 4 0:02 
12:0840:05

14:8848-23
11:3840:41*

12:3040:02 
12:84 4 0:04**

8:8240:40
2:0848.03*

12:2340:03 
12:80 4 0:00**

12:1340:24
0:5240:35*

12:0140:01 
12:04 4 0:02

10:0240:23
14:8440:43*

12:1240:01 
10:38 4 0:03**

11:2840:30 
0:30 4 8:43*

12:1340:02
10:4440:04*

10.4040-23 
15:40 4 0:35*

12:1040:01
11:1040:02**

11:0040:33
4:8840:23*

10:5040:03 
11:10 4 0:00**

I3-.804S.23
11:2448:38*

11:80 4 0:81 
10:35 4 0:02**

Table 1 alss shsws (hat (he medifieatisns sf sgg- 
(B-adult develspment time in (he “esnditisned" 
sfsups and me diffeFenees with (he esFFespsnding 
snsn^snditi8ned” 8Hes; wem statistieally signifieani: 
eseepting me stsek sf f t  utMúwhí fFsm esauinhs i: 
The nested analysis sf vananee alss shswes (hat (he 
faetSFS speeies stsek within a given speeies: and m - 
ditisning? signifieantlv influeneid develspment lime 
fiable i\. When peFfsFming mohiple esmpaFissns 
between me diffeFent sísete within bsth speeies by 
means sf me M ey Test-, develspmem times diffeted 
in all sísete wim (he e*eeptisn sf (he síseles sf 0? 
mVñmm ftsm fmits I and i  and (he sísete sf fmits 
1 and 1 sf 0? mukm whieh did nst diffen An addi= 
tisnal nsn pamebie analysis sf vaFianee t̂ Fustel8 
Wallis) was alss peFfsFmed in SFdeF (s evalúate
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TABLE II

ESTIMATION OF THE EFFECT OF SPECIES, STOCKS AND CONDITIONING FACTOR ON PREADULT VIABILITY PER VIAL 
IN 4 STOCKS OF D. SIMULANS AND D. WILUSTONI BY MEANS OF A NESTED ANALYSIS OF VARIANCE.

Source of variation f.d SS SSM F

Species 1 593.40 593.40 67.60*

Stocks within species 6 8071.06 1345.18 153.25*

Conditioning within stocks 4 2175.57 543.89 61.96*

Error 788 6916.97 8.78

Total 799 17756.99

* P< 0.0001

TABLE III

ESTIMATION OF THE EFFECT OF SPECIES, STOCKS AND CONDITIONING FACTORS ON DEVELOPMENT TIME (IN DAYS) 
IN 4 STOCKS OF D. SIMUIANS AND D. WILUSTONI B Y MEANS OF A NESTED ANALYSIS OF VARIANCE.

Source of variation f.d SS SSM F

Species 1 3892.44 3892.44 5296.08*

Stocks within species 6 731.97 121.99 165.99*

Conditioning within stocks 4 1651.10 412.77 561.62*

Error 9336 6861.64 0.74

Total 9347 13137.12

*P< 0.0001

separately the effect on this parameter of the diffe- 
rent factors studied. The results obtained matched tho- 
se obtained with the parametric tests previously 
described.

D is c u s s io n

Although apparently there exists a great variety of 
available resources for polyphagous species in natu- 
re, it should be considered that Drosophilidae present 
a strong gregarious tendency for egg laying (Barker, 
1983; Del Solar et al. 1985; Bmcic, 1987). As a con- 
sequence, preadults would be submitted to competi- 
tive interactions and also to the action of larval 
catabolites during development.

These experiments showed that viability and egg- 
to-adult development time (in days) of 4 stocks of D. 
simulans are modified when their preadults are bred 
in media conditioned by the other species; and the res- 
ponse magnitude in each stock within each species 
is different.

D. willistoni and D. simulans frequently emerge 
together from the same fruits coming from very di
fferent plants and places. In both species, specially 
in the various stocks of D. willistoni, the detritus of 
the other species decreases preadult viability. This 
decrease of viability has also been observed in flies 
emerging from fruits collected in their natural hábi
tats (Araujo & Valente, 1981; Valente & Araujo, 
1985). The effect on development time is often sig- 
nificant but vanes in direction. Sang (1949) showed 
that “larvae metabolic producís do not impede but 
may even encourage larvae development”. In some 
groups, development time is shortened. This fact may 
indícate an adaptive advantage in the coexistence of 
both species, because larvae are more likely to com 
plete development before their resources patch is ex- 
hausted (Nunney, 1990; Sevenster & Van Alphen, 
1993).

This finding would partially explain that D. willis
toni and D. simulans might obtain some advantages 
in their coexistence that could compénsate for the 
stock’s decreased viability when larvae of the other
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species are present in the breeding sites. However we 
must be cautious in the interpretation of theses results 
under laboratory experimentation, because they did 
not reflect entirely the conditions existing in the na
tural substrates utilized by the species.

The mode of action of detritus as well as the na- 
ture of the Chemical substances they contain is still 
unknown. In recent years we have collected some data 
jointing to biotic residues depends on the species or 
genotypes involved, and on the stage of development 
at which conditioning acts (Budnik & Bmcic, 1976, 
1983; Budnik, 1980; Budnik & Cifuentes, 1993). The 
preadult viability of some chilean endemic species, 
such as D. pavani, is depressed by their own detri
tus, in contrast to D. willistoni and D. simulans, prea
dult viability is increased (Budnik & Bmcic, 1976; 
Budnik, 1980). In D. pavani, the autodepression de
pends directly on detritus concentration (Budnik, 
1977), a finding in strains of D. melanogaster (He- 
mmat & Eggleston, 1988). The toxic effect might be 
counterbalanced by the tunnels produced by larvae 
when conditioning the médium. A dilution of the 
toxic products on the surface of the substrate might 
occur, but an effect of facilitational intake from de- 
veloping larvae may also be present (Budnik & Ga- 
jardo, 1981). The Chemical nature of these substances 
is also unknown, but Botella et al., (1985) demons- 
trated that urea and uric acid lengthen development 
time, reduce viability and that high doses arrest lar
val development of D. melanogaster. In unpublished 
studies Budnik and Morello have also found interfe- 
rence by urea in the preadult of D. subobscura and 
D. pavani. The reaction is species-specific and con- 
centration-dependent. Budnik and Cifuentes (1995) 
have shown in the paleartic species D. subobscura, that 
colonized in Chile (Budnik & Bmcic, 1982; Budnik 
et al., 1997), modified their viability and preadult de
velopment of 8 stocks from different geographic zo- 
nes when preadults were bred in homotipically 
conditioned environments without resource shortage. 
Further, the magnitude of the response varied accor- 
ding to the geographic origin of each stock. Similar 
result of interspecific competition was observed in 
these 8 stocks (Budnik & Cifuentes, 1995). Since Ric- 
klefs (1989) has stated that each geographic popula- 
tion has its own genetic reservoir as a consequence 
of the specific history of local interactions, as well 
as of the local conditions of the environment. Barker 
(1983), Budnik et al. (1993, 1995) have proposed the 
need to consider interpopulational variations within 
a given species.

The present results could indicate that, in respon
se to conditioning by larval detritus, not only the in- 
fluence of the genotype of the species as a whole, or 
the genotype of the local population, would be de- 
terminant in larval viability and time of development, 
but also the degree of decomposition of the fruit in 
which the fly has developed. For further studies, it 
would be interesting to consider the degree of decom
position of the fruit at the time of establishment of 
the stocks in study, as well as the genetic structure 
of the individuáis emerging in the media conditioned 
by these stocks.

It is not easy to find evidences for this kinds of 
competitive preadults interactions between species in 
nature. However, it is interesting to note that Bmcic 
(1987) reported up to 4 Drosophila species emerging 
from a single natural fermenting fruit in an orchard 
in the out skirts of Santiago in Central Chile, and re
ported that D. subobscura was at a competitive di- 
savantage in these natural fermenting fruits. Atkinson 
& Shorrocks (1977), Atkinson (1979), Nunney 
(1990), reported competitive interactions between 
species in nature.

The type of interaction described in the present 
study has also been observed in other insect species 
(Sokal & Sullivan, 1963; Karten, 1965). This is a 
complex phenomenon similar to the inhibitory effects 
of Chemicals substances produced by plants which 
alter the development of other animal and plants 
(Allelopathy) (Price, 1975), but the relative importan- 
ce of such kind of species interaction in nature must 
wait for further research.
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