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Montague, J.R. Barry University, Miami Shores, 	In a recent note (Montague 1984), 1 reported the spat- 
Florida USNA. Body size, reproductive biology, 	ial and temporal dispersions of mushrooms and myco- 
and dispersal behavior among artificial baits in 	phagous drosophilids in a Central New York woods 
Drosophila falleni. 	 during 1980. The observed dispersions suggested sea- 

sonal variation in the densities and species diversity 
of mushrooms, as well as seasonal fluctuations in dro-

sophilid densities. I present here analyses of the morphometric variation and dispersal behavior in the most 
abundant species from that study, Drosophila falleni. 

The field site was a mixed Beech-Maple woods adjacent to a swampy area in Fayetteville, NY 
(Figure 1). Mycophagous drosophilids were initially collected from rotted commercial mushroom baits, 
marked with micro-fluorescent dusts, and released during five census periods: May 20-23, June 26-28, July 
8-11, August 7-8, and August 25-26. After each release, adults were continuously aspirated from the baits 
every morning (7AM-10AM) until no marked adults were found, or until rain interrupted the recapture. 

The mean dispersal distance per day was calculated as 
follows: 

dij= distance flown by jth fly from release to ith bait, 

= mean dispersal distance per day, 

- 	E (dj///days from release to capture of jth fly) 
- 	

(total number of recaptured flies) 

The mean dispersal distances per day for mycophagous 
drosophilids are shown in Table 1. These mean distances 
per day are less than the mean distance between baits (21 
meters), and much less than mean distances between 
naturally occurring mushrooms (50-150 m: Montague 1984). 

The distances travelled by marked D.falleni males and 
females during 1980 are summarized in Figure 2. Johnston 
& Heed (1976) noted that the choice of particular spatial 
patterns of collection baits strongly affects the measured 
dispersal rates during mark-recapture experiments. There 
should be a tendency for many flies to cluster among the 
closest baits, yet some flies may disperse great distances 
following the stresses of capture and marking such 
behaviors would results in a leptokurtic (skewed) distribution 
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Figure 1. 	Field site in Fayetteville, NY. 
Circles are bait locations in 1980. Dashed 
lines enclose a 12,500 sq.m. area used in 
Fig. 2. 
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Table 1. Mean dispersal distances 
per day among artifical baits (all 
mycophagous species combined). The 
mean distance between baits is 21 m 
(Montague 1984). 

Date 	(m) 	S.D. # released 

# recaptured 

5/20-23 	12.13 	10.59 	200/57 

6/26-28 	15.10 	13.10 	420/65 

7/ 8-11 	16.54 	18.43 	270/13 

8/ 7-8 	9.54 	3.71 	175/13 

8/25-26 	16.43 	11.39 	70/7 

Figure 2. Numbers of marked D.falleni 
adults (vertical axis) and dispersal 
distances (horizontal axis). Open cir-
cles are females; closed circles are 
males. 
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of dispersal distances (Dobzhansky & Powell 1974; Powell et al. 1976). The kurtosis values calculated for 
D.falleni females (3.33) and males (7.09) both represent significantly leptokurtic distributions (cf. Snedecor 
& Cochran 1967: p.  86-88). 

The attractiveness of individual bait locations may vary during mark-recapture experiments. The 
total catch of mycophagous drosophilids during 1980 are summarized in Figure 3. Some bait locations that 
attracted large numbers of flies during May attracted proportionally lower numbers in June. This suggests 
either temporal variation in the spatial dispersions of the flies, or alternatively, temporal variation in adult 
preferences for particular bait locations. 

The amount of morphometric variability within a drosophilid population can serve as an index of the 
degree of environmental selection (Roff 1977; Richmond 1978; Stalker 1980). Four collections of D.falleni 
females were examined in 1980: June 26-28, July 8-11, August 7-13, and August 26-27. Each female was 
examined with an ocular micrometer, then dissected to measure ovariole and egg development. The mor-
phometric variables are summarized in Table 2. There were no significant differences among means for 
any of the variables during 1980. It is interesting to note, however, that the Coefficients of Variation (CV 

S.D./x) for the body size variables (e.g., thorax length, wing length, ovariole number) showed identical 
temporal patterns: an increase from late June through early August, then a decrease in late August. I 
showed (Montague 1984) that the early-summer population was expanding (correlated here with increased 
CV values for body size), but the August population was shrinking (correlated here with decreased CV 
values for body size). This seasonal pattern of variance in body size parameters suggests the presence of 
increased stabilizing selection during August, perhaps due to increased temperature-humidity stresses in 
the mid-summer. 

On the other hand, the CV values for egg size (egg length and width) showed a different pattern: no 
change through June and July, but an increase in August. The increase in intra-specific variation in egg 
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Figure 3. Monthly totals of mycophagous drosophilids collected within the 12,500 sq.m. rectanbie in Fig. 1. The 
vertical axis (elevation) represents numbers of flies collected. 
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Table 2. Morphometric variables for D.falleni females during 1980. 	 size during August is difficult to 

Thorax 	Wing 	Costal 	Cross 	 Ovar- 	egg 	egg 
assess 	in 	light 	of 	the 	decreased  

length 	length 	cell 	vein 	CCLa 	iole 	length 	width 
variation in body size parameters 

Date 	(mm) 	(m) 	length 	length 	CVL 	number 	(mm) 	(m) 
during 	the 	same 	period. 	Geisel 
et al (1982) reported similar ambi- (mm) 	(m) 
guities in correlations of bionomic 

6/26-28: 
variables 	for 	D.melanogaster, 

 x 	1.15 	2.90 	0.46 	0.28 	1.65 	26.38 	0.54 	0.19 especially as regards environmental 
S.D. 	0.10 	0.21 	0.03 	0.03 	0.12 	4.27 	0.02 	0.01 variation in temperature. 
S.D./ 	0.087 	0.072 	0.065 	0.107 	0.073 	0.162 	0.037 	0.053 The relationship between D.fal- 
n 	 29 	29 	29 	29 	29 	8 	8 	8 leni female size and fecundity is 
7/8-11: shown in Figure 4. 	Larger females 
x 	1.13 	2.88 	0.46 	0.28 	1.67 	25.67 	0.54 	0.20 carry 	more 	ovarioles, 	indicating 
S.D. 	0.11 	0.24 	0.04 	0.04 	0.14 	5.45 	0.02 	0.00 higher 	potential 	fecundity. 	Roff 
S.D./5 	0.097 	0.083 	0.087 	0.143 	0.084 	0.212 	0.037 	0.050 (1977, 	1981) suggested that within 
n 	 30 	30 	30 	30 	30 	12 	12 	12 a drosophilid species, 	larger body 
8/7-13: sizes were adaptive 	in 	increasing 
x 	1.11 	2.82 	0.45 	0.25 	1.79 	25.00 	0.54 	0.19 flight musculatures and flying effi- 
S.D. 	0.11 	0.25 	0.05 	0.04 	0.14 	8.46 	0.02 	0.01 ciencies, as well as increasing po- 
S.D./-x 	0.099 	0.089 	0.111 	0.160 	0.078 	0.338 	0.037 	0.053 tential fecundity. 	However, there 
n 	 23 	23 	23 	23 	23 	4 	4 	4 was 	no 	statistical correlation be- 

8/26 tween 	female 	thorax 	length and 

x 	1.13 	2.88 	0.45 	0.27 	1.68 	24.67 	0.52 	0.19 dispersal distance for D.falleni 	in 

S.D. 	0.08 	0.16 	0.03 	0.03 	0.13 	5.20 	0.03 	0.02 
1980. 	The farthest bait was only  

S. D. /i 	0.070 	0.056 	0.063 	0.118 	0.080 	0.211 	0.056 	0.084 90 m from the release point; per - 

n 	 17 	17 	17 	17 	17 	6 	6 	6 haps this was to short a distance 

a ratio of costal 	cell 	length to cross vein length. 
to 	accurately 	discriminate 	size 
and 	flight 	efficiency 	differences 
within the D.falleni population. 

40 Five 	additional 	samples 	of 
D.falleni 	females 	were 	collected 

W 
S 	S 
S during 1980: 	May 29-June 15, June 

25-27, July 8-11, August 7-13, and 

30 
� 

August 25-26. 	These were dissec- 
z I 	� ted to determine the reproductive 

� 	
__I-. 

� condition during each time period, 
-j o . 	�: and the results are shown in Table 

� 3. 	During late May and early June, 
cr 	20 most females carried mature eggs. 

Since D.falleni adults first appear- 
0 ed on May 15 (Montague 1984), the 

mature females in early June were 
probably 	those 	initial 	arrivals. 	In 

1.0 	 1.2 	 1.4 late June, 	however, 	most of the 
females 	in 	the 	population 	were 

FEMALE THORAX LENGTH (mm) sexually immature; these were pro- 
bably 	the 	first 	pulse of offspring 
produced by the May population. 

Figure 4. 	Female thorax length for D.falleni 	(horizotal axis) The proportion of immature fern- 
with ovariole number (vertical 	axis) for 24 adults (r 	= 0.91). ales remained high for the rest of 

the summer. 
During 1979 and 1980, I maintained milk-bottle cultures of D.falleni at Syracuse University. 	The 

culture medium was a mixture of Instant Drosophila Medium (Carolina Biological Supply) and mashed com- 
mercial mushrooms. 	I observed an approximate 14 day pre-adult period (egg to adult emergence @ 20°C), 
and an approximate 10-14 day perido for sexual maturity (adult emergence to first mature egg @ 20°C). 
These values suggest an approximate 24-28 day egg-to-egg generation time for D.falleni. 

It is possible that D.falleni females over-winter in the adult stage. 	Toda (1979) recorded 24 species 
of hibernating adult drosophilds collected from winter samples in Southern Japan, including eight species 
that over-wintered as sexually mature females (the most abundant species from Toda’s study included Scap- 
tomyza elmoi, Sc.pallida, Drosophila immigrans, D.Iutescens, and D.suzukii). 



Table 3. Seasonal variation in reproductive condition for D.falleni 
The proportion of females for each stage of maturity are listed for 

each time interval. 

Stage of reproductive 	5/29- 	6/25-27 7/8-11 	8/7-13 	8/25 

maturity (females) 	6/15 

0.12 	0.63 

0.12 	0.07 

0.76 	0.30 

n=26 	n30 

0.57 0.70 0.59 

0.03 0.13 0.06 

0.40 0.17 0.35 

n30 n-23 n17 

Immature ovarioles 

Mature ovarioles, 
immature eggs 

Mature ovarioles, 
mature eggs 
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Summary. The 1980 observations indicate: (1) the mean dispersal distances per day of mycophagous 
drosophilds among artificial baits was less than the mean distance between baits, and much less than the 
mean distance between naturally occurring mushrooms; (2) the distribution of dispersal distances for D.fal-
leni among baits was strongly leptokurtic (skewed), i.e., many marked adults clustered among the closest 
baits, while some marked adults dispersed great distances following release; (3) there was temporal varia-
tion in the attractivities of individual bait locations; (4) variation in body size parameters was correlated 
with population density of D.falleni; (5) there was no correlation between D.falleni body size and dispersal 
distance (less than 100 m); and (6) D.falleni females from the early summer population were mostly mature, 
while females from late June through late August populations were mostly immature adults. 
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Morton, R.A. and S.C. Hall. McMaster 	 The rapid-invasion hypothesis explains the presence 

University, Hamilton, Ontario, Canada. 	 of P-elements in recently sampled D.melanogaster 
Response of dysgenic and non-dysgenic 	 strains and their absence in older laboratory strains 
populations to malathion exposure. 	 by proposing that transposable elements of the 

P-family have recently invaded D.melanogaster popu- 
lations and rapidly increased in frequency (Kidwell 

1983). Although positive selection for individuals containing P-elements is not necessary to explain their 
rapid increase in frequency (Hickey 1982), it is possible that they create an advantage to their host in a 
manner similar to that caused by selectable genes gn a bacterial plasmid. 

In particular, Bregliano & Kidwell (1983)suggested that transposable elements may have been 
involved in the recent increase in the insecticide resistance of Drosophila and other insects. We tested this 
idea by exposing dysgenic and non-dysgenic laboratory populations of D.melanogaster to malathion, a 
commonly used organ ophosphorus insecticide. A lab population synthesized from recently (1976) caught 
flies developed polygenic resistance to malathion when selected under similar conditions (Singh & Morton 
1981). The two populations for the present experiment were maintained according to a scheme of 
reciprocal matings suggested by D. Hickey in which the genetic backgrounds would be similar, except that 
dysgenesis was induced in one case but not in the other (Figure 1). The P-strain (Harwich) and the M-strain 
(Canton 5) were provided by M. Kidwell, and the experimental populations (in 2 replicates) were grown in 
8 oz bottles on a banana food at 24°C (12 hr day - 12 hr night). 

The malathion LC50 (adults, 24 hr feeding; see Holwerda & Morton 1983) of the Harwich strain 
(9.7–1.5 pM) was somewhat greater than that of the Canton S strain (6.0–0.6 pM). The LC50 of both 
experimental populations increased during the first 3 generations of equilibration without malathion 
exposure to values greater than either parental strain (Figure 2). Selection for malathion resistance was 
begun (generation 0, Figure 2) by splitting the populations in half and including 1 pM malathion in the food 
of the "selected" replicates. The malathion concentration was increased in 1 pM steps (Figure 2, top) as 
resistance developed, until by the 8th generation the dysgenic and non-dysgenic populations had diverged, 
and only the concentration for the non-dysgenic population could be increased. No progeny were obtained 
at 4 pM from the dysgenic, selected population. The experiment was continued for 2 more generations at 
different malathion concentrations, then terminated as it was obvious that resistance was increasing more 
rapidly in the non-dysgenic, selected population. At the 9th generation, samples of flies from each of the 


