
species (see Palmer and Strobeck,
1986, for a review), chromosome

inversions in Drosophila were largely
unexplored in relation to FA. Here,

we compare the level of FA (in wing
length) among inversion karyotypes
(genotyes) in wild-reared fles of the
cactophilic species Drosophila

buzzatii.
Material and Methods: A

population breeding on Opuntia vulgaris at Arroyo Escobar (34°4' S; 58°7' W), Buenos Aires (Argentina), was sampled

for this study. This population is polymorphic for inversions on the second chromosome, namely standard (st), j, jz3 and
jq7 (Hasson et ai., 1991). During April 1 to 15, 1991, wild-reared fles were collected from rotting cladodes of Opuntia

vulgaris, as described in Norr et al. (1995a). These flies were immediately sexed, placed in vials with culture medium
and individually crossed with flies of a homokaryotypic stock as described in Norr et ai. (1995a). The cytological
analysis of eight larvae of the progeny from each cross allowed us to infer the karyotype of the wild parent. Only
karyotypic classes with sample sizes larger than 17 individuals were analyzed.

Wing length was scored as the distance from anterior crossvein to distal tip of vein II (see Norr et ai., 1995b).
Both wings were measured on a microscope slide at lOOx magnification, using a Wild M-20 compound microscope.
Asymmetry scores were obtained by subtracting the measurement of the left side from that of the right side.

Results and Conclusions: No sexual dimorphism in FA of wing length was detected by the Mann-Whitney test
(MEAN RANKMALES = 137; MEAN RANKFEMALES = 135; P = 0.87). The results are therefore reported for data
pooled across sexes. Summary statistics for wing asymmetr in wild flies are given for each examined karyotype in Table
1. Among karyotypes, no significant variation in FA was detected by the non-parametric Krskal-Wallis test (H = 3.14;
P = 0.54). Nor was there evidence of karyotypic variation in FA when data were pooled within homo- and hetero-
karyotypic classes (both karyotypic classes were compared using the Mann- Whitney test: MEAN RANKhomo-k = 142;

MEAN RANKhetero-k = 131; P = 0.23).

These results suggest that the inversion polymorphism is adaptively independent of developmental stability, as
no significant variation in FA was detected among karyotypes. We conclude that developmental stability (as indexed by
wing asymmetr) is independent of: (i) heterozygosity at the karyotypic level of chromosomal variation, and (ii) any
possible genetic coadaptation attributable to these chromosome inversions.

References: Fowler, K., and M.e. Whitlock 1994, Heredity 73: 373-376; Hasson, E., J.C. Vilardi, H. Naveira,
1.. Fanara, C. Rodriguez, O.A. Reig and A. Fontdevila 1991, 1. Evol. Bioi. 4: 209-225; Lerner, I.M., 1954, Genetic
Homeostasis. Oliver and Boyd, Edinburgh; Norr, F.M., J.C. Vilardi, 1.. Fanara, E. Hasson, and e. Rodriguez 1995a,
Genetica 96: 285-291; Norr, F.M., J.e. Vilardi, J.J. Fanara, and E. Hasson 1995b, 1. Insect Behav. 8: 219-229; Palmer,
A.R., and C. Strobeck 1986, Ann. Rev. Ecol. Syst. 17: 391-421; Parsons, P.A., 1990, Biol. Rev. 65: 131-145; Van
Valen, L., 1962, Evolution 16: 125-l42; Waddington, C.H., 1960, Genet. Res. 1: 140-150; Waddington, C.H., 1966,
Principles of Development and Diferentiation. Macmilan, New York.
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Table 1. Asymmetry of the wing length is given for karyotypes of the second chromosome
in wild-reared D. buzzatii flies. Values (in mm x 103) are given for data pooled across sexes.
Statistics are also shown for data pooled within homokaryotypes (Homo-k) as well as
heterokaryotypes (Hetero-k). N is the sample size.

Statistics Hetero-k

N

Mean
SD

j/ st
27

4.02
6.92

Karyotypes
jz3/ st

17
5.47
7.63

148
5.34
8.03

j / j

105
3.84
7.06

jz3/ j

104
5.66
8.38

jz3/ jz3

20
4.65
8.85

Homo-k

125
3.97
7.34
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Introduction: It has long been known that the

form taken by the interaction between two species can
be influenced by the abiotic environment (e.g., Park,
1954). Many environmental variables have been found
to affect interactions between drosophilids, including;

temperature (e.g., Moore, 1952; Ayala 1966), age of
resource (Merrel, 1951; Miler, 1954; Mitchell and
Arthur, 1990), light intensity (Moth and Barker, 1976;
but see Arthur, 1986), ethanol concentration (Arthur,

1980) and amount of resource (Arthur, 1986).
This study investigated how the amount of resource presented to the larvae, the resource water content and the

atmospheric humidity affected the interaction between D. melanogaster and D. hydei. All these factors are associated
with resource desiccation, which is known to affect the performance and behaviour of these two species (Arthur, 1996;
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Table 1. Interactions between D. metanogaster
and D. hyde; based on pair-wise comparisons in
mixed and monocultures of (a) larval survival,
(b) wing length, and (c) mean development time.
(symbol on left represents effect of D. hyde; upon
D. melanogastet¡

(a)
Mass of 10M

0.59

0,-
0,0

0,0
0,0

0.89

0,0
0.0

0,0
0,0

Mass of 10M

0.59 0.89

0,- 0,0
0,- -,-
0,- 0,-
0,0 0,0

Mass of 10M 

0.59 0.89

0,- 0,-
+,0 +,0
0,- +,0
0,0 0,0
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Arthur and Cassey, 1992; Hodge and Wilson, 1997). In addition to
examining the interaction under different environmental conditions,
different performance measures of the populations have been used to
examine how this led to variation in how the interactions were

perceived.
Methods: The experiment used standard glass vials (75mm x

25mm diameter) stoppered with foam bungs to house the drosophilids.
Two masses (0.5g and 0.8g) of ground Instant Drosophila Medium
(IDM; Blades Biological Ltd., UK) were used as a resource. The IDM
was hydrated with distilled water, using either a 4:1 or 6:1 by mass
water:IDM ratio. The relative humidity was either 'high' (RR 45-50%),
or 'low' (RR 30-35%), the high value being the ambient humidity in the
incubator and the low humidity being maintained using trays of silica
gel which were replaced every 24 hours. By combining these

parameters factorially, eight 'environments' were created. A
temperature of 250C and a light dark regime of 16:8 hours light dark
were used in all cases.

The experiment used wild-type stocks of both species:
'Kaduna' from Nigeria for D. melanogaster and a stock reared from
British fles for D. hydei. For each environment, mono cultures were set
up using 40 first instar larvae. Mixed cultures were set up using 40 first
instar larvae of each species, i.e., 80 larvae in total. Between 8 and 11
replicates of each treatment were used. Emerged adults were removed
from vials every 24 hours and stored in 70% alcohoL. The body size of
the flies was estimated by a measure of female wing length, using the
distance from the anterior cross vein to the wing tip along vein 3, with
The mean development time was calculated using all the emergent adults10 specimens taken from each vial if available.

from each viaL.
Results: The effects of the various environmental factors on performance have been analyzed factorially and

discussed elsewhere (Hodge, 1995). This paper concerns itself solely with how the populations performed in mixed
cultures compared to mono-cultures within each environment. This has been achieved simplistically, using a series of
pairwise ANOVAs, differences being declared significant at P .: 0.05. Data for survival were arcsine transformed before
analysis.

Survival of larvae was robust, being unaffected by the presence of the other species in the large majority of cases
(Table la). Therefore, the interaction between D. hydei and D. melanogaster based on larval survival tended to be
'neutral', with one amensal interaction occurring when conditions were severe for D. hydei (dry atmosphere, 0.5g IDM).

Wing length was a more sensitive measure (Table lb). Although 'non-effects' still dominated, there appeared
four amensal, one competitive and three neutral interactions. D. melanogaster only responded to the presence of D. hydei
on one occasion, whereas D. hydei was negatively affected by D. melanogaster in over half of the environmental
conditions used.

When considering development time, D. hydei was found to facilitate D. melanogaster on three occasions, i.e.
development time of D. melanogaster was shortened (Table lc). D. hydei on the other hand was, if anything, negatively
affected by D. melanogaster, the development time being extended under some environmental conditions. This
extension of D. hydei development time appeared more likely when the resource had a low water content.

Discussion: Inferences made about the interaction between these two species of Drosophila were dependent
upon the larval environment and which performance measure was used. Generally, D. hydei seemed unsuited to dry
conditions (see also Arthur, 1986; Hodge, 1995; Hodge and Wilson, 1997) and in the environments which were prone to
drying (small amounts of resource, low water content, low humidity), D. hydei tended to be inibited by D.

melanogaster. The frequency of this inhibition was related to the sensitivity of the parameter used; for example, using
survival, inhibition became manifest only in the driest environment, but when using wing size the inhibition of D. hydei
became a more general phenomenon. In the 'wettest' environments this inhibition did not appear for any of the
parameters used.

In some instances the different population measures were contradictory. For example, the effect of D. hydei on
D. melanogaster in the 0.8g, low humidity, high water environment could be neutral, inhibitive or facilitative, depending
on what measure was used. In this case, it is possible that development time was shortened as an 'escape response' from
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an unfavourable environment, producing smaller adults because the feeding time of the larvae was curtailed. In these
situations, conclusions about the interaction must be subjective. A reduction in body size may lower the reproductive
output of the female but, when considering animals whose natural habitat is ephemeral and unpredictable, a reduction in
development time may represent an important facilitative effect.

The interaction which occurs between two species can be very specific to a given set of conditions (Thompson,
1988; Dunson and Travis, 1991), and it appears that describing the interaction between these two Drosophila species in a
single maner is almost meaningless (see Arthur, 1986; Hodge, 1995). Compared to variability in nature, only a narrow
band of different environments have been used here and these produced four of the six theoretical outcomes between a
pair of interacting species. Experiments such as this one produce useful information on the possible range of interactions
that can occur between two species and may aid in clarifying the mechanisms via which the interspecific effects are
produced (see Tilman, 1987). It is then desirable to put the results into a more realistic context and determine which
scenarios are most likely to occur under natural conditions.

References: Arthur, W., 1980, Biological Ioumal of the Linnean Society 13:109-118; Arthur, W., 1986,

Philosophical Transactions of the Royal Society, Series B. 313:47l-508; Arthur, W., and S. Cassey 1992, Ecological
Entomology l7:354-358; Ayala, FJ., 1966, American Naturalist LOO:81-83; Dunson,W.A., and 1. Travis 1991,

American Naturalist l38:1067-9l; Hodge, S., 1995, Interspecific facilitation in Drosophila systems. Unpublished PhD
thesis, University of Sunderland, UK; Hodge, S., and N. Wilson 1997, The Entomologist 116:93-103; Merrel, DJ.,
1951, American Naturalist 85:159-169; Miler, R.H., 1954, Dros. Inf. Servo 28: 137; Mitchell, P., and W. Arthur 1990,
Iournal of Animal Ecology 59:121-l33; Moore, lA., 1952, Evolution 6:407-420; Moth, U., and lS.F. Barker 1976,
Oecologia 23:15l-l64; Park, T., 1954, Physiological Zoology 27:l77-238; Thompson, IN., 1988, Annual Review of
Ecology and Systematics 19:65-87; Tilman, D., 1987, American Naturalist 129:769-774.

The achaete-scute gene complex (AS-C) is
involved in the development of sensory organs and the
central nervous system of Drosophila. The AS-C is a
gene family containing four genes with neurogenic

functions: achaete(ac), scute (sc), lethal of scute (lsc)
and asense (ase). AS-C genes encode related proteins
containing the basic-helix-loop-helix (bHLH) domain

characteristic of a family of transcriptional regulators. Their products confer on cells the capacity to become neural
precursors. Besides its neurogenic function, sc is also involved in the establishment of the X:A ratio.

It is possible to estimate the date of the duplication event which gave rise to these two members of the gene
family. Li and Graur (1991) describe a method
to estimate the duplication time of two

paralogous genes from the sequences of these
two genes from two species when the
divergence time between these species is
known. In this work we give an estimation of
the duplication time between sc and ase.

We amplified by PCR and sequenced a
conserved region of sc gene from one strain of
D. melanogaster (Toonda, Australia) and
another one of D. simulans (Leticia, Colombia).
To estimate the duplication time we included

two sequences of ase obtained from literature:
D. melanogaster Canton S (Vilares and
Cabrera, 1988) and D. simulans CA-l (Hilton et
al.,1994). We used 3 million years ago (MYA)
as the time of divergence between D.

melanogaster and D. simulans. This value is an
average of several estimates based on paleo-

biogeographic, allozymic, inmunological and

nucleotide data (Cariou, 1987).
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Estimation of duplication time between genes scute and
asense.

Ancestral gene

r
TD?

1 t
T s = 3 milions

of years
l T4 ~ D. mel +- T8 T 4 ~D.sim +- T8

T4 ~ ancestral sp. +- T8

T D = KT4T8 = 50 milions of year
(rT4+rTS)/2

T D = duplication time

T s = speciation time
KT4T = averae value of substitutions per site
rgenei = rate of substitutions in gene i.

Figue l. Model for estimating the time of the gene duplication event (Li
and Graur, 1991). The matrix of Kimura's two-parameters distances

(Table l) were used to estimate T D' We consider 3 MY A as the time of
speciation between D. melanogaster and D. simulans (Cariou, 1987).


