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The biochemistr, genetics, and behavior

associated with courtship and mating have been the
focus of much work (recent reviews in Wolfner, 1997;
Pitnick, 1996; Hall, 1994). The evolution of
reproductive behavior is likely to be influenced by the
costs of such behavior. These costs could occur as

energetic expenditures during courtship and mating or as longer term life history consequences of mating (e.g, Partidge
and Farquhar, 1981).

In order to quantify the energetics of courtship and mating, I recently recorded COz production in a number of
pairs of mating D. melanogaster, To measure metabolic rates, I used a Licor-6262 COz (Lincoln, Nebraska, USA)

analyzer together with flow controller and a Sable Systems (Las Vegas Nevada, USA) data acquisition package. Similar
methods for individual insects are discussed in detail in Lighton (1991) and Berrigan and Paridge (1997).

A typical recording is ilustrated in Figure 1. This recording was made with a flow rate of 40 ml min-I in a
tubular glass chamber 4 cm long and 2 cm in diameter. These fles began copulating about 12 minutes after the start of
the figure and finish at about 36 minutes, I deleted 15 minutes of the recording prior to the section shown and ten
additional minutes of recording at the end. Note that when the fles are motionless for a few minutes, then CO2 emission
stabilizes at rates approximately equal to the level in between the pulses during mating. The apparent increase in
metabolic rate prior to copulation (from about 6 to 12 minutes) could reflect costs of courtship; however, it is not
apparent in all recordings and more detailed observations are required to determine if the resolution if this system is
suffcient to estimate the costs of courtship. Videotaping the fles during courtship and copulation could help correlate

measured metabolic rates with specific behaviors.
Two aspects of these recordings are worth mentioning. First, metabolic rates during mating are fairly similar to

those during routine activity. Thus, the energetic costs of courting and copulation are not very high in D. melanogaster
when compared to the costs of pedestrian locomotion. This is obvious upon inspection of the behaviors that occur during
courtship and copulation but worth verifying because of the theoretical importance of costs of reproduction. Second, one
or both of the copulating fles release pulses of COz during copulation. These pulses appear to differ from the COz pulses
associated with discontinuous ventilation in insects (Lighton, 1994). The level of COz emission does not decline to zero
between pulses; therefore, it seems unlikely that the spiracles of both fles are closed,
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Figure 1, Metabolic rate of a pair of Drosophila before, during and after mating. The near zero readings at the
beginning and end of the recording were obtained from an empty cuvette. Average COz production was 0.00745
ml hr-I from 0-12 minutes, 0.0058 ml hr-I from 12 to 36 minutes and 0.0065 ml hr-I after 36 minutes. Flow rate
of COz free air through the cuvette in this recording was 40 ml min-I. Similar recordings have been obtained on
a number of copulating fles, the magnitude and number of pulses of CO2 emitted varies among pairs.
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My hypothesis is that these pulses occur when muscular activity by the male associated with the transfer of
sperm and/or seminal fluid results in the release of a pulse of COz' If this hypothesis is correct, then it would be
interesting to document the correlation between the number and magnitude of the pulses and the number of sperm and
amount of seminal fluid transferred. Recordings of COz pulses could be a non-invasive method for assessing male

reproductive performance.
References: Berrigan, D., and L. Partidge 1997, In press, Comparative Biochemistr and Physiology; Hall, J.

c., 1994, Science 264:1702-1714; Lighton, J. R. B., 1991, pp. 201-208, in P.A. Payne, Ed., Concise Encyclopedia on
Biological and Biomedical Measurement Systems. Pergamon Press, Oxford; Partidge, L., and M. Farquhar 1981, Nature
294:580-582; Lighton, J. R. B., 1994, PhysioL. Zool. 67:142-162; Pitnick, S., 1996, Amer. Nat. 148:57-80; Wolfner, M,
F., 1997, Insect Biochem. Molec. BioI. 27:179-192.
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The main purpose of this work was to
investigate the reaction of polytene chromosomes from
ovarian nurse cells to ecdysterone. Normally the nuclei
of nurse cells (ncs) have a reticular strcture because

they contain dispersed chromosomes that are of little
cytological value. However, in the present study wed fl' f h 71 3 JJ . h .use ies 0 t e otu y w sn otu genotype, since t err

nurse cell nuclei contain polytene chromosomes with
clear-cut banding patterns. To obtain NC polytene chromosomes of best cytological quality, this fly stock was kept at
16°C (Mal'ceva et aI" 1995, 1997). Both salivary glands (sgs) of larvae at Puff Stages 1-3 and ovaries of 5 day old adult
fles were dissected in Ephrussi-Beadle's solution and incubated in Robb's medium according to the protocol given
below (Figure 1). Organs were incubated in vitro using 3xlO-7M of ecdysterone (20-0H ecdysone, Serva), according to
Ashburner's technique (Ashburner, 1972).

Table 1. Changes of puffing patterns of salivary gland and nurse cell chromosomes in vitro.

Cell type

Salivary gland cells

Ovarian nurse cells

Salivary gland cells

Salivary gland cells

Ovarian nurse cells

Salivary gland cells

Ovarian nurse cells

Salivary gland cells,
ovarian nurse cells

Salivary gland cells,
ovarian nurse cells

Experiment
6-24h incubation without
ecdysterone, 16°C

6-24h incubation without
ecdysterone, 16°C

2-6h incubation with ecdysterone,
25°C

3-24h incubation with ecdysterone,
16°C

3-24h incubation with ecdysterone,
16°C

12h preincubation without
ecdysterone and 8h incubation with
ecdysterone, 16°C

12h preincubation without
ecdysterone and 8h incubation with
ecdysterone, 16°C

6h preincubation without
ecdysterone and 6h incubation with
ecdysterone, 16°C

6h preincubation without
ecdysterone, 6h incubation with
ecdysterone and 6h preincubation
with ecdysterone, 16°C

Puffing pattern
Inactivation of all ecdysterone puffs.
Induction of "incubation" puffs: 470, 50C,
60C and 93E

Induction of "incubation" puffs; 470 and
50C

Development of ecdysterone puffs to
PS7

Changes of puffing patterns till PS10-11
after 16h incubation

No reaction of polytene chromosome loci
to ecdysterone

Induction of late larval puffs (63E, 668,
78C), induction of late prepupal puff
93F9-10

No reaction of polytene chromosome loci
to ecdysterone

Induction of early late ecdysterone puffs,
"incubation" puffs and puff 46F in salivary
gland polytene chromosomes. No
induction of puffs in nurse cell polytene
chromosomes

Occasionally there are "incubation" puffs
and puff at 93F9-1 O. No ecdysterone
puffs in salivary gland cells. No puffs in
nurse cells


