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LONGEVITY IN DROSOPHILA MELANOGASTER
MUTANT IN THE
OF FOOD

AND ITS EBONY
ABSENCE

DONALD
MARQUETTE

GREIFF
UNIVERSITY

INTRODUCTION

effectof the absence of food on longevityhas received much attentionin recentyears. Rau (1910) made
observationsconcerningthe duration of life in the saturniid mothl,Scnia cecropia an insect that does not take
food duringits imaginal stage. Workingwith small samples, he reportedthat the mean length of life of the male
was approximately11 days and that of the femaleapproximately 8 days. Rau and Lau (1912, 1914) reportedthat
the mean lengthof life in various genera of the saturniicd
moth ranged from6.53 days to 15.74 days. They found
that the males of Samia cecropia (obtained from New
York) lived longer than the females, that the males and
females of Tropaea luna and Sameiqacecropia (obtained
fromSt. Louis) showed no significantdifferencesin mean
duration of life, while the females of Callosamiia pr-omnethea and Telea polyplhemu~ts
lived longer than the males.
Baumberger (1914) reported studies on longevityin insects withoutfood. Many genera and species were used
in this work. The imagoes were caught in a net and for
this reason the true dates of hatching and consequently
the true ages of the organisms at death were not known.
Baumberger,however,concludedfromhis data that duration of life varies inverselywith temperatureand is not
correlatedwithsystematicgroups. Kopec (1924) worked
withLymnantria
dispar, an insectwhichdoes not take food
duringthe imaginal stage. He reportedthat intermittent
starvation of the larvae produced a prolongationof the
larval period but did not affectthe mean duration of life
of the adult. Pearl and Parker (1924) reported exact
quantitative studies on the duration of life under concliTHE
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tious of completestarvation of two varieties of Drosop7hla melanogaster. They found that under starvation the
mean durationof life was almost the same in the vestigial
as in thewild-typefly,althoughin a previous paper (Pearl
and Parker, 1921) it was found that under conditionsof
full feeding the wild-typefly lived approximately three
timesas long as the vestigial. It was found that density
of population had little effecton the length of life of the
combinedsexes under conditionsof starvation. This finding is also in contrast to the results obtained when the
flieswere fed (Pearl and Parker, 1922). At all densities
testedthe femaleshad a greatermean durationof life than
the males. Lilliland (1938), working with Drosophila
pseudoobscura,varied temperature,humidityand density
of population. It was reported that without food the
mean duration of life was greater at lower temperatures,
lower densities and greater humidity. It was also reportedthat Race A lived longer than Race B. The differences were more pronouncedat higher humidities.
(nelanzoLutz (1915) used Drosophila amnpelophitla
gaster) in experimentsdealing with duration of life. He
allowed the fliesto gain access to water but not to food.
The results obtained when compared with more recent
work (Pearl and Parker, 1924) showed that the addition
of water increased the mean length of life. Loeb and
Northrop (1916) performed the same experiment and
reported that the mean duration of life varied inversely
as the temperature between

90

C. and

340

C.

The reader is referredto Pearl (1928), Alpatov (1930),
Pearl and Miner (1935) and Cowdry (1939) for more
extensive bibliographiesdealing with duration of life.
In the followinginvestigationthe durationof life of the
wild-typefly of Drosophila nelanogaster and its ebony
mutantin theabsence of food and water was studied. The
wild-typeflywas used as a control. The ebony mutant
was used because, as was pointed out to the authorby Dr.
E. S. McDoniough,its culturesthrivedhardilyunder regular laboratoryconditions.
The writerwishes to express his sincere appreciationto
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Dr. E. S. MecDonough,of the Department of Biology of
Marquette University,for his constant help and encouragement throughoutthe course of this investigation. He
wishes also to thank Dr. Raymond Pearl, of the Johns
Hopkins University,for his helpfulcriticisms.
MATERIALS AND METHODS

Experimentsdealing with duration of life require that
environmentalfactors be constant. A modifiedtwo-shelf
incubator much like that of Bridges (1932) was constructedto maintainconstant temperature. The thermoregulator and relay assembly was constructedaccording
to Greiff(1939). The incubatorduring the course of the
investigationran constantlyfor five monthswith a temperaturefluctuationof ? 0.050 C.
Pearl and Parker (1924) have pointed out the importance of controllinghumidityso that there is no water
present and at the same time no active desiccation of the
flies. Accurate humidity control was accomplished by
employinga saturated salt solution,as describedby Obermiller (1924). Ammonium chloride (C.P.) was used.
This solution has been reported to maintain a humidity
of 79.3 per cent. at 25? C. (International Critical Tables,
1926). The solution was poured into a container and a
markmade on the side of the containerindicatingthe level
of the solution. Care was takento add only enoughwater
to bring the solution level up to this mark. Crystals of
ammoniumchloride were added in excess to provide a
margin of safety.
The stock culturesfromwhich the fliesused in this investigation were obtained were brought to Marquette
University from Michigan State College in 1929. The
flieswere inbredfor this investigationand the F4 generation used. They were grown on a banana-agar medium
and kept in the incubator at all times except as noted
below.
The pupae comprisingthe F4 generationwere removed
from the culture bottles by means of a flamednichrome
wire. The pupae were washed in 70 per cent. alcohol and

This content downloaded from 128.163.8.61 on Wed, 5 Nov 2014 10:25:39 AM
All use subject to JSTOR Terms and Conditions

THE AMERICAN NATURALIST

366

[VOL.

LXXIV

then put into individual test-tubeswhich had been previously plugged with cottonand sterilized. Each tube contained a strip of slightlymoistenedpaper towelingupon
which the pupa was placed. The tubes were placed in
numberedracks and examinedevery 12 hours.
The techniqueused in handlingthe flieswhile theywere
in the incubatorwas that developed by Powsner (1935).
Only four racks, each containing 30 test-tubes,were removed fromthe incubatorat one time. It was foundthat
no individual rack was out of the incubatormore than 15
minutesin 24 hours.
DATA

Tables I and II give the survivorshipdistributionsof
I

TABLE
SURVIVORSHIP

DISTRIBUTIONS
FOOD BASED

OF DROSOPHILA
ON 1,000 FLIES.

Age (in hours)

Ebony

1,000
998
997
956
562
121
14
4
0

1,000
1,000
998
997
932
899
319
78
13
2
1
0
784

766
TABLE

DISTRIBUTIONS
FOOD BASED

6
12
24
36
48
60
72
84
96
108
120
132
Absolute

...........
.........
.........
.........
.........
.........
.........
.........
no. of flies

OF

II

OF DROSOPHILA
ON 1,000
FLIES.

IN THE COMPLETE
SEXES
SEPARATE

Wild type

Age (ill hours)
hMale

ABSENCE

Wild type

6................
12 ................
24 ................
36 ................
48 ................
60 ................
72 ................
84
................
96
................
108
120
132
Absolute no. of flies
........

SURVTIVORSHIP

IN THE COMPLETE
SEXES
COMBINED

ABSENCE

OF

Ebony

Female

Male

Feinale

1,000
997
997
97:3
646
151
16
0

1,000
1,000
99S
940
487
98
17
7
0

1,000
1,000
980
980
930
723
313
77
14
2
0

1,000
1,000
1,000
997
936
702
326
79
11

370

396

441

3
0
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the wild-typeflyand its ebony mutant. The tables were
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calculated on the basis of 1,000 flies and were corrected
to the nearest whole number. The survivorshiplines are
compared graphicallyin Figs. I to 3. Figs. 4 and 5 show
/000
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FIG.

1. A Compar
isonlof tlle WrildType anldEbonlyMultantI. Lines of
Dr osophitla.

the death curves (d-,) andcthe survivorship curves (1-,)
placed onl a relative time base for the purpose of comparisonl(Pearl, 1L927).
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A Comparison of the Male and Female 1_,Lines of the Wild-type
Drosophila.

The chiefbiometric,
constantsfor this investigationare

givenil Table III.

The mean duration of life of the ebony fly,sexes cor-
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A Comparison of the Male and Female 1_,Lines of the Ebony
Mutant of Drosophila.
TABLE

III

Mean duration
of life (hours)

Wild-type fly (sexes combined)

-Ebony fly (,sexes combined)
Wild-type male .
.
W'ild-type female .48.91
Ebony male ..
.
Ebony female .
.

. ..

49.89
66.76
51.51

66.80
66.89

Standard deviation (hours)

9.77

11.77
9.46
10.08
12.82
12.99

atioan of mean
(hours)

.35,,
.420
.492
.507
.609
.702

biiied,was foundto exceed that of the wild-typefly,sexes
combined, by 16.77 hours. The standard error of the
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Death Curves for Wild Type, Sexes Combined, and Ebony Mutant,
Sexes Combined,on a Relative Time Base.
For each form representedthe mean duration of life is taken as 100 per
cent. on the abseissal scale, and all other ages (time duration) are expressed
as percentage deviations (plus or minus) from this mean.

FIG. 4.

differencebeing .55 the differencewas significant. In the
foregoingand the followinigdeterminationsof significance
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FIG. 5.

Survivorship Curves for Wild Type, Sexes Combined, and Ebolly
Mutant, Sexes Combined, on a Relative Time Base.
For each form representedthe mean duration of life is taken as 100 per
cent. on the abseissal scale, and all other ages (time duration) are expressed
as percentage deviatioiis (plus or minus) from this mean.
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" Student's" t-testforunique examples
or non-significance
was used.
The mean duration of life of the ebony female was
foundto exceed that of the ebonymale by .09 hours. The
standard error of the differencebeing .92 hours, the differencewas not significant.
The mean duration of life of the wild-typemale was
foundto exceed that of the wild-typefemaleby 2.60 hours.
The standard error of the differencebeing .707 hours,the
differencewas significant.
The mean durationof life of the ebony male was found
to exceed that of the wild-typemale by 15.29 hours. The
standard error of the differencebeing .805 hours, the
differencewas significant.
The mean durationof life of the ebonyfemalewas found
to exceed thatof thewild-typefemaleby 17.98hours. The
standard error of the differencebeing .85 hours, the
differencewas significant.
DISCUSSION
In this investigationthe mean lengthof life of the ebony
mutantflyunder starvation was found to be significantly
greater than that of the wild-typefly under starvation.
The mutant ebony gene apparently affectsnot only the
colorationof the flybut also the summationof the physiological processes so that the mean lengthof life increases
under the conditions of the investigation. Jennings
(1939), in speaking of the work on longevityperformed
by Gonzalez (1923), says:
As is well known, every gene (with seemingly few exceptions) plays an
essential Y6le in the life and developmentof every cell of the body. It is
not surprisingthereforethat changing a single gene may so alter the cellular
processes as to change the length of life.

Two explanations for the differencein mean length of
life under starvationare possible. Using the duration of
life of the imago as an index of its "rate of living" (Pearl,
1928) we may say that the "rate of living" was slower in
the ebonymutantthanin thewild-typeflyunder conditions
of starvation. It is also possible that the ebony mutant
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imago possesses a greater "capital" than the wild-typefly
and maintainsits advantage throughoutlife (Ashby, 1930,
1932).
Flies grown under laboratory conditions,where often
thereare in excess of 200 fliesto a bottle,may be considered as under a conditionof partial starvation. It may
be reasonably stated that those flies which lived longer
under a conditionof completestarvationwould retain this
advantage under a condition of partial starvation. As
was pointed out inlthe beginningof this report,the ebony
mutant flywas observed to do better under laboratory
conditionsthan the wild-typefly.
Pearl and Parker (1924) in reportingtheirwork on the
wild-typefly and its vestigial mutant under starvation
used three differentdensities of population, these being
flydensitiesof 5, 50 and 100 per container. They reported
that the mean duration of life of the vestigial mutant
under these conditionswas much the same as the mean
duration of life of the wild-typefly. Pearl and Parker,
however,allowed males and females to live togetherfor
a shorttime. Krumbiegel (1929) reportedthat cohabitation1of males and females shortenedthe mean duration of
life ill both sexes of Drosophilac. The imlea1n
duration of
life of the vestigial and wild-typeflyunder a density of
one mightgive dissimilarlife curves. On the other hanid,
it is not improbablethat the effectsof living togethervary
inldifferentvarieties of flies.
The survivorshipcurves for the ebony mutantflyand
the wild-typefly,whenplaced on a relativetimebase, were
foundto be almostidenticalin shape (cf. Fig. 5), although
theirtimeplacementwhencomputedwithregard to actual
timeis different. Pearl and Parker (1924) foundthat the
formof the life curve under starvationwas the same for
the fed wild-typeand starved wild-typeand starved vestigial males. The life curve for the fed vestigial males,
however,approached a straight diagonal o11 aii arithlog
grid.
The death curves for the ebony mutant and the wildtype flywere skewed to the left (cf. Fig. 4). The two

This content downloaded from 128.163.8.61 on Wed, 5 Nov 2014 10:25:39 AM
All use subject to JSTOR Terms and Conditions

374

THE AMERICAN NATURALIST

[VoL. LXXIV

limbs of the curves were very close togetherand showed
a small degree of variation. This gave rather sharply
peaked, unimodal frequency curves. Pearl and Miner
(1935) state that this type of curve can not be caused by
accident. It has been suggested by themthat one of the
causes for this type of curve is a lethal agent of environmentalorigill. This lethal agent mustbe so powerfulthat
it transcendsindividual variations attemptingto nullify
its power. Starvationiin the present investigationseems
to take the place of an externally administeredpoison.
As soon as the endogenloussource of energy is lessened
to an appreciable extentthe toxic substances of the organism accumulate and, after the threshold of toleration is
passed, death results. Schlutz, Hastings and Morse
(1933) working with mammals reported that inanition
for
may cause the physiologicalmachineto be less efficient
deliveringoxygen and removingmetabolic products from
the tissue.
A studyof the survivorshipcurves of the ebonymutant
and the wild-typefly (cf. Figs. 2 and 3) brings out a very
interesting fact. The last surviving individuals were
female flies. Numerous experiments on both man and
rats (Bodansky, 1934) have shown that basal metabolism
is lowered by starvation. Orr (1937) reported that
starvation reduces oxygen consumptionin both sexes of
Drosophila. An explanation of the above observation
may be that the basal metabolismof the female decreases
more rapidly than that of the male. Thus the "rate of
living" of the femalewould becomeprogressivelylessened
and as a consequencethe length of life increased.
Many workers in the field of longevityhave reported
that the femaleis longer lived than the male. Thus Pearl
and Parker (1924) state:
The normal relation between the sexes in respect of mean duration of life
(females longer-livedthan males) observed under full feeding, is preserved
under conditions of complete starvation.

It will be recalled that Pearl and Parker worked with
flies at densities of 5, 50 and 100 per container. In the
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author's investigation,in which the density was I per
coiitainer,it was found that the wild-typemale lived sigiiificaiitlyT
longer than the wild-typefemale. In the work
of Pearl and Parker, althoughthe differencein the mean
duration of life between male and female favored the
female, this differencebecame progressivelyless as the
densityof populationdecreased. Plotting the differences
of the means against the log of the densityresults in an
approximatelystraightline. This line shows that there
is a crossing over in the regions of low population denisities and the mean duration of life of the male becomes
greaterthanthat of the female. Furtherexperimentsare
being planned to checkthe foregoingobservations.
SUTAINTARY

This paper presented the results of the determination
of durationof life in 1,550adult individuals of Drosophila
mnelalnogasterand its ebony mutant,under a population
densityof one and conditionsof starvationwithoutwater.
The results obtained were:
(1) The mean duration of life of the ebonymutantwas
found to exceed in a statisticallysignificantmanner the
mean lengthof life of the wild-typefly.
(2) The wild-typemale was found, on the average, to
live longerthan the wild-typefemale. The differencewas
shownto be statisticallysignificant.
(3) The mean duration of life of the ebonyfemale was
found to be greater than that of the ebony male. The
differencewas shown to be statisticallynoii-significalnt.
(4) The last surviving individuals in both the ebony
and wild-typepopulations were females.
(5) The life curves of the ebonyand wild-typeflieswere
found to have the same shape when placed on a relative
time base.
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