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

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

* MYRIAM BUDNIK', VERA LucCiA VALENTE?, GERMAN MANRIQUEZ' AND Lucia CIFUENTES'

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 medium 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 varies 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 exclusion of species in nature.

KEY WORDS: D. simulans, D. willistoni, preadult interactions, viability and preadult development time,

waste metabolic products.

INTRODUCTION

The Neotropical Drosophila (Diptera, 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; Brncic & 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 close 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 medium which has
been used previously by homospecific larvae, or by
larvae of different species (“‘conditioning” of the me-
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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{Budnik & Bracic. 1976: Budnik; 1980: Budnik &
Bracie. 1983: Barker. 1983: Budnik & Eifuentes;
1893). A %emlals explanation for this phensmenen
has been the accumulation of larval metabelie waste
praduets which might either inieriere with, oF proms:
1€ the growth of yeast and other foed resaurees of
Brosophila larcag. thus affecting their survival and
dsve{g%gaem {Weishrol. 1966: Baweed & StrickBer-
ger: 1969):

_The aim of the present study was i8 evaluaie the
effeet of the secumulation of Ristie Fesidues of lar-
vie in absence of resguree shortage on the preadult
survival and development time of samples ef B.
wiffistoni and B: simmfans eollected in Seuth Brazil:
The ﬂl@gemer%ee of the same individual fruits: Sueh
interspeeifie relationships eould parially explain hew
eertain speeies are able (0 live iogether iR the same
breeding sites: whereas others show elear iendeneies
18 exelude each other. Thus: the Rull Rypsthesis pre:
diets that viability and develepment time will be equal
in the different samples under the effeets of the was-
te metabolie produets:

MATERIAL ANB METHEB

Retien fruits of Arecastrun romanzoffiang, “eo-
guinhe”: were eollected cearding I8 a FOuting; Whi-
eh esnsisted in bringing to the la thig type ef
subsirate suppesed I8 cORtIR eggs and larvae; and
plaeing eaeh fruit in vials with eulture medium (Mar-
gues ¢f df-: 1966). eemammg Baker's yeast diluted
IR waler. Afer twe weeks: the emerging adult fies
were esllected By aspiration. identihied; sexed and
equnted: The (ot numbers of flies were 387
B. simlans and 146 B. wiffisioni: Al fruiis eollee-
ted had fallen on the ground around the same g;ﬂ
tree. in the Experimental Station of Guaiba; Eldera-
de county (368 05° 8: §1° 30° W). in the southernmest
State of Bragil.

All B: sinnfans and B. wiffistoni emerging from
eaeh fruit sriginated the sioeks of each species had
Been kept IR the 1ahBRAGEY 1R Mass culiures iR bot-
les with eulture media during 4 few months previeus
18 theif use in these e*Eenmsnm Thus; 4 stecks of
?I{ tgflénmm and 4 stoeks of B. srmuans were esta-

ished:

The procedure used 1o investigate the effeets of lar-
vl wasle produets on the viability and egg-te-adull
development time (in days) was similas ie that used
By Weishret {1966). Budnik & Braeic (1983) and

. AaEiowleeties

Budnik & Eifuentes (1993, 1995). Fifty fertilized

of the same age belonging o each siock of B.
willistoni and B. simufans were iransferred o
7 x 3 em tubes containing 10 ec of basie eulture me:
dium for Brosophife. These were stered iR 3 €8As-
tant iemperatire chamber at 338 € and larvae were
allewed io develop for three days and then killed by
a ture sheck of -30° € lasting 6 heurs: Then;
the tues were left in a 238 € ehamber for 34 hours
in erder to defrost: The culiure media thus tieated be-
eame “conditioned”: The vials esnditioned By the 4
stecks of B. willistoni received 20 eggs of B. sii-
lans each, and these “esnditioned” By the 4 sioeks
of B. simihans received 20 eggs of B. wilfisroni eaeh.
According 18 Lewentin (1933); Mather (1961); and
others (Barker rev. 1983) this egg density eBrFesponds
to the aptimal density whieh allews larval faeilitation:
The 30 larvae that conditioned the foed medium eame
frem the same eaquinhe as the 30 eggs of the other
speeies: The ital Rumber of eggs sowh iR each ex-
perimental group was 1000 (30 tubes): The esntrsl
greups esnsisied of seres of 30 vials with fresh “non
eenditioned” eulture media inte whieh 30 ferilized
eggs of each steck of B. wilfistoni oF B. simufas
were sowh: These vials were frozen and defresied just
a8 these of the experimental groups:

All vials were kept in the eonstant iemperature
ehamber at 228 €. The emergenee of adulls was esun-
ted daily. Experiments in hemespecific eonditiens in
B willistoni and B. simikans have Been done previe-
ugly and they shewed ne interference oA viability
{Budnik & Brieie; 1976; Budnik; 1986).

The mean differenees of viability and pre-adult de-
velepment lime beiween “conditioned” abd “AeA-€8A:
ditiened” groups were estimated: The effeets of
eonditioning on viability and developrment time in re-
13tion 18 species and sieek within & given Species were
%egluaﬁ;d by means of 4 nested anatysis of ganee

VAHBUS & O EBMPAFISORS WEFe Made usin
the %ﬁe analyses were -
means of the SAS sub-reutines (Allen; 1999).

RESULTS

Table | shows preadult viability expressed as the
fean emergence per vial iogether with the eorespon-
ding standard eFers: It is interesting to point out that
viaBility decreases in all esnditioned groups; and that
when eempared I8 the esrrespanding eontrel groups:
differenees Between means are sighificant; with the
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TABLE!
MEAN (%) ANB STANBARB ERRORS (3.E.) OF VIABILITY ANB EG6-T8-ABULT BEVELOBMENT TIME (1N BAYS)

BF 4 STOEKS OF B. SIMUIANSANB B.

PROCEEBING FROM 4 FRUTTS OF ARECASTRUN ROMANZBFFIANUM

“FOQUINHE" BRED AT 22° € IN "NON CONBITIBNEB" ANB “EONBHIBNEB- EULTURE MEBIA WITH 30 B. WiEISTONY
BR B SIMUIANS. THE VIALS CONBITIONEB BY THE 4 STOEKS BF B. WHAHSTON] RECEIVED 3 EGE8 OF B
SMULANS EACH: AND THOSE CONBITIONED BY THE 4 STBEKS OF B. SIMUANS REEEIVED 30 EGE8 BF B. WHLISTON!
EAEH. EAEH GRBUB CONSISTED BF 30 VIALS: THE NON CONBITIONING GROUB CONSISTED OF S8ERIES 3 VIALS

INT8 WHIEH 28 FERTILIZEB BG6S BF EAEH STOEK OF B. WHALSTONI BR . 31MUEANS WERE SOWN.

STOEKS VIABILITY " BEVELOBMENT
BER VIAL TIME (IN DAVS)
N — ~ _ x18py N (X $8.E
B withstoni
kg | _ Non conditioned 13304034 1368 £043
™ conditioned (with B swmlans) 1234163 13.43 § 43w
coquinhe 2  Non conditigned 1130038 1347 £ 03
conditioned (with B smulans) 16783843 1388 1 663
coquinke 3 . Non conditigned 14691037 3393003
conditioned (with B smulans) T EEE ERFERHEEE
eaquinhe 4 Non conditigned $935046 1337 5048
canditioned (with B. simtans) 39 1063 |35 T s
ToTAL  Non conditigned 12434034 1361 £ 001
conditioned (¥ath B Ssmuans) 9331033 1364 663
B simutans
caquints |  Nencondiigned 16634037 13.13 3 641
conditioned (with B. wifisioni) 14841033 161,48 & 35
eaquinhe 2  Nencondiigned 112840830 13.17 £ 643
eaguinhe 3 _ Nonconditioned 6464033 13405601
eanditiened (with B. witfisiani) 13461033 TR
eaguinhe 4 _ Nencondiigned 1981033 10505063
conditioned (wAth B witfision) R 1114 ¥ tbs
TOTAL  Nenconditigned 13864633 403081
condiioned (with B. wikistoni) 141638 16673 £ 6032

1PEOBifedf) " Peofl mefiEt

exception of the B. willistoni steeks derived frem
eequinhe | and 2. Hewever, the magnitude of these
differenees; as well as viability, differed aceording i8
the speeies oF steeks: The nested analysis of vanan-
ee shewed that the effect of larval detritus en viabili-
ty of species; steeks within a given speeies, and of
eBRditioning; were statistically §1‘§mﬁ_eam (Table 2).
M%l‘glpl‘;eg &empaﬂgehyng Be{w? thes dnﬁsﬁ:fg stocks
within beth species by means of the Tukey Test, prea-
dult viability was feund (8 be different iR all sioeks
with the exeeption of the sieeks from eequinhe | and
3. Further, nen-parametre analyses of varianee were
perfermed (lcruskall-Wallis Test) in erder i8 assess
the independent effect of the different faetors on prea-
dult viasility. The tetality results agrees with these
btained in the parametric analysis (Table 3).

Table | alse shews that the medifications ef eggg
te-adult develepment time in the “conditioned”
groups and the differences with the eorrespeRding
“nen-conditioned” ones; were statistieally sighifeant:
excepting the steek of B wiflistoni from eegumhe 3.
The nested analysis of varianee alse showed that the
faciors speeies steek within 2 given species. nd eoh:
ditisning; i lﬁeamrl‘yﬁmﬂueﬁesd development tithe
(Table 3). When periorming multiple e6mpariseAs
between the different stocks within both species By
means of the Tukey Test. development times differed
in all stocks with the exception of the steeks of B:
willistoni from fruits | and 4 and the steeks of fruits
| and 2 of B. stmuhais which did net differ. AR addi-
lignal ReR parametrie analysis of varianee (Kruskall-
Wallis) was alse performed in erder 8 evaluate
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TABLE 11

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

Source of variation f.d SS SSM F
Species ] 593.40 593.40 67.60*
Stocks within species 8071.06 1345.18 153.25%
Conditioning within stocks 2175.57 543.89 61.96*
Error 788 6916.97 8.78
Total 799 17756.99
* P<0.000]
TABLE I

ESTIMATION OF THE EFFECT OF SPECIES, STOCKS AND CONDITIONING FACTORS ON DEVELOPMENT TIME (IN DAYS)
IN 4 STOCKS OF D. SIMULANS AND D. WILLISTONI BY MEANS OF A NESTED ANALYSIS OF VARIANCE.

Source of variation fd 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.

DiscussION

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; Brncic, 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 habi-
tats (Araujo & Valente, 1981; Valente & Araujo.
1985). The effect on development time is often sig-
nificant but varies in direction. Sang (1949) showed
that “larvae metabolic products do not impede but
may even encourage larvae development™. In some
groups, development time is shortened. This fact may
indicate 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 compensate 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-
wral 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 & Brncic, 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 & Brncic, 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 medium. 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 & Brmcic, 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 individuals 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 Brncic
(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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