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Age-Related Changes in the Fertility of Hippelates pusio, H. bishoppi, and
H. pallipes (Diptera: Chloropidae)1

M. G. KARANDINOS2 AND R. C. AXTELL

Department of Entomology, North Carolina State University, Raleigh 27607

ABSTRACT

The age-related changes in the fertility (measured by
egg hatchability) of Hippelates pusio Loew, H. bishoppi
Sabrosky, and H. pallipes (Loew) adults were deter-
mined in laboratory experiments. The hatchability of H.
pusio eggs at 27°C was not affected by parental age, that
of H. bishoppi decreased linearly only with maternal age,
and that of H. pallipes seemed to decline with the age
of both parents. Egg hatchability of all 3 species de-
clined rapidly when females were deprived of males. The
decline was more rapid in H. bishoppi and H. pallipes
than in H. pusio. At least one copulation for each gono-
trophic cycle was required for females to maintain suffi-

cient viable sperm to fertilize all of their viable eggs.
Males of the 3 species, at 27°C, produced viable sperm
throughout their lives.

At 33°C, the adults of H. pallipes deposited eggs with
much lower hatchability than at 27°C. The difference
in hatchability of H. pusio eggs was less extreme but
was significantly lower at 33°C than at 27°C. At 33°C,
H. bishoppi deposited eggs at the beginning of their lives
with no significant difference in hatchability from those
at 27°C. However, over the entire life span the decline
in hatchability at 33°C was slightly greater than at 27°C.

The fertility and fecundity of many insect species
are affected by various factors including parental
age and density. The effects of adult density on
fecundity and fertility of Hippelates pusio Loew
have been found insignificant. (Karandinos and
Axtell 1972). The purpose of the present study was
to determine the age-related changes in the fertility
of H. pusio, H. bishoppi Sabrosky, and H. pallipes
(Loew). The hatchability of the eggs was used as
a measure of the age-specific parental fertility. Any
observable change in the magnitude of the fertility
during the life span was assumed to be a reflection
of the aging process, since aging is defined as
changes in living systems resulting from the passage
of time (Strehler 1962). These changes are reflected
in the various biological performances of the indi-
vidual, including mating behavior, fecundity, fertility,
and characteristics of the offspring.

Investigations of fecundity in Drosophila (Sha-
piro 1932, McMillan et al. 1970a, b) and Habro-
bracon (Grosch 1968) have revealed a decline in
the number of eggs laid with increasing age. This
senile decline occurs in Hippelates beginning after
the 1st gonotrophic cycle."

Fertility also declines with increasing age. Lud-
wig and Fiore (1960) reported that the hatchability
of yellow mealworm, Tenebrio molitor L., eggs de-
creased from 900/0 during the 1st 2 months to 500/0
4 months after emergence. Raros and Chiang
(1969) found that maternal age of the European
corn borer, 0 strinia nubilalis (H iibner) , had no
effect on egg fertility, but the failure of fully devel-
oped embryos to hatch increased with the female's
age. Johansson (1958) found that the reproductive
organs of old females of Oncopeltus fasciatus (Dal-
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las) were reduced in size with abnormal growth,
and fused ovarioles sometimes occurred. The pres-
ence of fewer micropyles in eggs produced by older
females of Rhodnius prolixus Still may account for
a lower rate of hatching (Beament 1947).

In DrosoPhilia melanogaster Meigen, the total
number of ovarioles and the number of atrophied
ones are constant with increasing age of the females,
but the proportion of blocked ovarioles increases at
the expense of the functional ones (Wattiaux 1967).
Somewhat similar situations were found by Smith
(1964) in the grasshoppers M elanoplus sang1~inipes
(F.) and Camnula pellucida (Scudder) in which
the number of ovarioles remained nearly constant
throughout the adult's life, but in some of the older
females only a third of the ovarioles were producing
full-sized egg~. Smith (1964), speculated that re-
sorption of eggs may have occurred, possibly as a
result of inadequate nutrition. In H abrobracon,
declining egg fertility with increasing age of the
mother has been studied in depth (Grosch 1968). The
egg death occurs predominantly in stage 3, indicating
that the embryo was able to accomplish cleavage
and form the blastoderm but lacked either the infor-
mation or the materials to proceed in development.
Cell division and differentiation apparently proceed
at a faster rate in the ovarioles than the somatic
tissues can manufacture and transfer materials to
the ovary.

MATERIALS AND METHODS

The flies used in our experiments were obtained
from laboratory colonies of H. pusio, H. bishoppi,
and H. pallipes, maintained at 27°C, 550/0 RH, and
continuous illumination. The experimental flies were
confined in cylindrical plastic containers (3.6 cm
height X 5.2 cm diam) . Ventilation was insured by
2 side openings covered with lOO-mesh screen.
Water was provided by a wet piece of cellucotton
resting on a screened opening of the lid. The food
consisted of dried beef blood, honey, strained prunes,
and yeast. Only flies which had emerged during
the previous 24 hr were used in the experiments.
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The initial number of pairs confined in each con-
tainer (replicate) was 50 for H. pusio, 75 for H.
bishoppi, and 60 for H. pallipes. Four replications
were used per "treatment." In the 1st and 2nd
treatments, the individuals of only one sex were
left to age, while the individuals of the opposite sex
were replaced by young virgin ones at various time
intervals. Thus in these 2 treatments any change in
the hatchability of eggs is assumed to reflect the
aging effects of the nonreplaced sex or some kind
of interaction. In a 3rd treatment, both sexes were
left to age, and the hatchability of their eggs was
determined in regular time intervals throughout the
parental lives. Experiments were conducted at 27°C,
55% RH, and continuous illumination of 300 ft-c.
Previous coincidental observations had indicated
that the hatchability of eggs deposited at 33°C was
extremely low, particularly for H. pallipes. There-
fore, a 4th treatment was included in which both
parents were left to age at 33°C, the other condi-
tions being the same.

At nearly equal time intervals (1-3 days) a large
sample of eggs (at least 150 when available) was
taken from each container for determination of their
hatchability. At the same time the flies were trans-
ferred to clean containers. The eggs were incubated
at 30°C for 6 days on moist blotting paper. This
procedure of incubation results in hatching of all
viable eggs (Karandinos and Axtell 1967a). In
treatments where the females aged while the males
were young, the male individuals were removed at
intervals of ca. 6 days and replaced with 1- to 2-
day-old virgin males. The number of young indi-
viduals used in each replacement was equal to the
number of surviving females. The same procedure
was followed for treatments where the males aged
while the females were young, i.e., the females were
replaced. The number of replacements for the non-
aging sex were 5 for H. pl£sio, 5 for H. bishoppi,
and 4 for H. pallipes, which has a shorter life span.

Because a large egg sample was desired for esti-
mation of egg hatchability, dead flies of the aging
sex were occasionally replaced by live ones of the
same age kept in a separate reserve colony under
the same environmental conditions. This replace-
ment of dead individuals was practiced also in the
treatments where both sexes aged. Thus, the sex
ratio was maintained at 1: 1 and the size of the
cohorts remained relatively large.

The hatchability of eggs after females were de-
prived of males was also determined. The female
flies removed from the treatment involving young
females and aging males were placed in separate
containers without males. The hatchability of their
eggs was determined at various subsequent times
until no viable eggs were deposited.

RESULTS

As shown in Fig. 1, the fertility of females and
males of H. pusio remained constant with age up to
ca. 50 days at 27°C. At 33°C the hatchability of
eggs when both sexes aged was significantly lower

( 5% level) than at 27°C and declined steadily be-
yond the parental age of ca. 24 days. The life span
was shortened at 33°C.

The hatchability of H. bishoppi eggs (Fig. 2)
declined steadily and linearly with time when either
the females or both sexes were aging. The hatch-
ability declined at the same rate in both treatments.
Eggs produced by young females and aging males
of H. bishoppi had a constant hatchability. When
both parents were aging at 33°C, their life span
was shorter and the hatchability of their eggs de-
clined slightly faster than at 27°C.

The hatchability of H. pallipes eggs declined with
the age of either or both parents at 27°C (Fig. 3).
The hatchability at 33°C was extremely low with
the exception of the eggs collected on day 3. This
exception is probably a result of the fact that eggs
deposited up to day 3 had reached an advanced
stage of oogenesis and the females had been insemi-
nated while kept at the rearing room temperature
(27°C) prior to initiation of the experiment. The
33°C exposure of the females during oviposition
and of newly deposited eggs did not halt the normal
development of the embryo. This explanation is
consistent with our previous findings' that incuba-
tion of H. palliPes eggs at 35°C did not reduce
their hatchability. Thus the low hatchability of
eggs beyond day 3 of this experiment resulted from
the preovipositional effect of 33°C on the viability of
gametes and/or the mating behavior. It is not
known which sex or stages of gametogenesis were
affected.

In treatments where males aged while females
were kept young (by replacements) the various
groups of the removed females were isolated without
males and the hatchabilities of their eggs deposited
at various subsequent time intervals were determined.
These females were assumed to have mated before
removal. As shown in Table 1, egg hatchability
steadily declined after the females were deprived
of males. Because these females were only 6-7 days
old at the time of male deprivation, an examination
of the data in Table 1 and Fig. 1, 2, and 3 indicates
that the decline in egg hatchability was due to
sperm depletion rather than to aging of females. Ap-
parently, Hippelates require frequent mating to lay
fertilized eggs.

The data in Table 1 were computed from egg
samples rather than the total number of deposited
eggs. Such numbers could be used to obtain an
index of the amount of sperm utilized in various
time intervals after male deprivation. To obtain
such numbers, the percents in Table 1 were con-
verted to the numbers of hatchable eggs deposited in
each age interval (utilizing data on age-specific
fecundities)3 and the obtained numbers were ex-
pressed as percents of the total number of hatchable
eggs deposited throughout the life span. Assuming
that the viability of sperm does not change with

']VI. G. Karandinos.1966. Comparative effects of temperature
on Hippelates pusio, H. bishoppi and H. pallipes (Diptera: Chlo-
ropidae). M.S. thesis, N. C. State TTnive.rsitv. Raleigh. 117 p.



time, the trend of these percents with time corre-
sponds to the trend of the amount of sperm utilized
at each time interval following male deprivation.
The hypothesis was made that this amount,

dy (t)
dt
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was proportional to the amount, y (t), of sperm
present in the spermathecae at time t, and therefore,

dy (t) = -ky (t)dt (1)

where k ~ 0, is a proportionality constant.
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FIG. 2.-Hatchability of eggs of H. bishoppi as a function of maternal and paternal age.
Small dots represent individual replications; large dots their weighted mean The arrows R" R2, etc., indicate

the times in days (given on the top horizontal axis) of replacements of the noriaging sex by young individuals.

The solution of (l) is: y (t) = 100e-k" and
log y (t) = 2 + bt where b = -k 10glO e = -k
(0.4343). If, the hypothesis expressed in (l) is
correct, then a plot of log y (t) on t should yield

a straight line, as in Fig. 4. In Fig. 4, the data for
each species were pooled. The regression lines given
were. computed with the restriction of the y intercept
to be 100, i.e., the z = log y intercept to be 2.



H. pallipes
8 3\

R4R3

8 , Female aging
at 27°C8 8

; 8
8 8 8

8 .
8

8

.~

60

40

8
Both sexes aging

at 33°C

420

FIG. 3.-Hatchability of eggs of H. pallipes as a function of maternal and paternal age.
Small dots represent individual replications; large dots their weighted mean The arrows Rl, R2, etc., indicate

the times in days (given on the top horizontal axis) of replacements of the nonaging sex by young individuals.

Male aging
8

at 27°C
60L 8 . .. ! ,, '

8

* 40

' 8 8

8 18 ..
=

201 ,......
= 8
Q)
U

8

r .
Both sexes aging8 . . :

8 : 8 a t 2 7°C
8 .'

.
8

:
2010 8 8

. . .
8 ,.

6 \2

.
,

8 r . . .- . . . ,
18 24 30 36

Age in Days



September 1972J KARANDINOS AND AXTELL: AGE-RELATED CHANGES IN HiPpelates SPP. 1097

Table I.-Hatchability (%) of eggs laid at successive time intervals after females of 3 species of Hippelates were
deprived of males.

a Replacement groups shown in Fig. 1, 2, and 3. Numerals in parentheses are the ages (in days) of males at the time of female
removal.

Under this restriction, the estimator for the slope
b was derived and found to be

~tz - 2 ~t
b= .~e

The slopes of the regression lines for H. pusio, H.
bishoppi, and H. pallipes were -0.177, -0.226, and
-0.222, respectively. It can be read from the graph
that 71% of H. pusio and 79% of H. bishoppi and
H. pallipes sperm were utilized within 3 days fol-
lowing male deprivation. Considering that the mean
time between gonotrophic cycles of H. pusio is 3.2
days; it can be concluded that 74% of the sperm
stored in the spermathecae of H. pusio are utilized
in the 1st gonotrophic cycle following male depriva-
tion. Therefore, these species require at least one
mating per gonotrophic cycle to maintain enough
sperm to fertilize all their viable eggs.

An additional experiment was conducted with only
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FIG. 4.-Utilization of sperm stored in the spermathecae
of female H. pusio, H. bishoppi, and H. pallipes following
male deprivation, expressed as percent of the total amount
of sperm utilized during the entire life span. Regression
lines were computed with a restriction for the y intercept.

H. pusio. The females whose percent of fertile eggs
diminished to zero after male deprivation were
again confined with young males and the hatch-
ability of their eggs was observed. The females
were capable of producing hatchable eggs again
upon their reassociation with males, even after a
prolonged (33 days) period of isolation (Table 2).
However, the hatchability was lower than that of
females of the same age which were never deprived
of males.

During the course of this study it was observed
that older females of all 3 species deposited propor-
tionately more abnormal eggs than did young fe-
males. Those abnormal eggs, characterized by small
size. distorted shape with rounded ends, and ir-
regular follicular patterns, never hatched.

DISCUSSIONAND CONCLUSIONS

The age-related changes in the fertility of 3 closely
related species of Hippelates differed. Each sex of
H. pusio maintained a constant high fertility until
the end of its life. H. bishoppi exhibited a linear
decline in egg viability with increasing maternal
age, but no change with increasing paternal age.

When young males of H. palliPes were available,
the females produced eggs of a constant hatching
rate (60%) up to about the age of 19 days, then the

I

Table 2.-Hatchability (%) of H. pusio eggs laid by
females of various ages kept continuously with males and
by females deprived of males for 21 and 33 days and then
confined with young males.

Days after females were deprived of males

R group' 0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 18 19

H. pusio
1 (10) 68.5 60.6 48.0 40.4 46.3 40.1 19.0 16.9 6.6 3.8 5.2 1.2 0.5
3 (22) 79.7 80.9 65.5 40.1 7.5 4.5 0.0 0.0 0.7
4 (29) 78.6 74.6 55.0 43.4 22.1 7.7 3.1 1.1 0.5
5 (35) 74.9 69.3 55.4 32.9 12.0 1.8 1.1 0.8 .7

H. bishoppi
1 (11) 60.1 67.6 29.2 32.0 13.8 4.9 1.0
3 (25) 61.7 35.2 12.1 6.1 .0
5 (38) 76.8 29.0 3.2 0.0 1.6

H. pallipes
1 (8) 52.3 67.2 50.5 26.5 12.9 6.8 .7 .0
2 (14) 55.5 37.6 25.0 9.9 0.8 .2
3 (21) 50.8 31.8 15.5 2.8 1.3
4 (31) 29.9 9.4

Days
deprived Age of females in days

of
males 34 36 39 42 49 51 54

0 63.3 65.0 60.8 61.3 56.4 51.8
21 47.5 50.0 40.2 29.9
33 33.2 36.9 25.2
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rate declined. The same situation existed when both
sexes aged. When only the males aged, egg fertility
declined more uniformly during the entire time
period which suggests that the rate of sperm pro-
duction and/or transfer to the female system de-
clines with the age of males. Thus, the rate of sperm
production and/or transfer by those older males is
sufficient to fertilize a high proportion of eggs of
old females, which have a low fecundity rate, but
it is not sufficient to fertilize a high proportion of
eggs produced by young females, which have a high
fecundity rate.

The data on H. pusio are similar to those obtained
with beetles by Reynolds (1944), using Tribolium
destructor Uyttenboogaart, and Segrove (1951) ,
using Sitophil1ts (as Calandra) oryzae (L.) In
those species, fertility remained virtually constant
throughout life. In the case of the fly, Dacus oleae
(Gmelin), the hatchability of eggs of young females
mated with males of various ages remained con-
stant up to 36th day of paternal age (Tsiropoulos
and Tzanakakis 1970).

In many insect species, maternal age is an im-
portant factor determining viability of eggs. Par-
sons (1962) found that the viability of the eggs of
D. melanogaster increased for a short period at the
beginning of oviposition then decreased with the
age of parents. Robertson and Sang (1944) obtained
the same results with D. melanogaster and also found
that the male had a negligible effect and that the
changes in egg viability were associated with the
physiological changes of the female as she aged.
Maternal age is the important factor in egg viability
in H. bishoppi.

The hatching rate of AnoPheles quandrimacttlatus
Say eggs decreased in successive lots (Love 1954).
According to Love, the reduction in the rate of
hatching is probably a result of the production of
nonviable ova. He suggested that sufficient sperm
could be retained by the female, if associated with
males for 4 days, to fertilize all the ova produced
during her lifetime. This situation is apparently not
the case with HiPpelates. Eggs from females of H.
pusio that were maintained in association with males
up to ca. 50 days showed a constant rate of hatch-
ability. When females were deprived of males hatch-
ability dropped to practically zero within 15 days.
For this species, therefore, the regression slope (b =
-0.177) in Fig. 4 reflects either the reduction in
the amount of sperm remaining in the spermathecae
or the reduction in the amount and viability of the
sperm. The reduction in hatchability of H. bishoppi
and H. pallipes eggs (Table 1) is also too great to
be exclusively a result of the aging of the females
(Fig. 2, 3). However, the greater regression slopes
(b = -0.226 and b = -0.222) (Fig. 4) for these
2 species, compared to the slope for H. pusio, indi-
cate that the reduction in hatchability of H. bishoppi
and H. pallipes eggs is partially a result of the
production of an increasing proportion of nonviable
ova with maternal age, which agrees with the data
in Fig. 2 and 3.

1-

H. palliPes has a very low tolerance to higher
temperatures with respect to various biological func-
tions, as compared with the other 2 species (Karan-
dinos and Axtell 1967a, b). The sterilizing effects
of high temperature on this species are consistent
with those previous findings.

At 33°C, the fertility of H. pusio adults was sig-
nificantly lower than at 27°C (Fig. 1). The test
was based on hatching records for days 7, 10, 13,
16, 19, and 22, i.e., before the flies began to die. On
the other hand, the data show that in all treatments,
including the one at 33°C, hatchability did not
exhibit any declining trend with age until the popu-
lation reached its dying phase, the onset of which
depended on temperature. Therefore, the higher
temperature did not accelerate the rate of aging of
H. pusio, although it reduced the level of fertility
apparently by means of direct effects on gametes
and/ or mating frequency.

At 33°C, hatchability of H. bishoppi eggs de-
clined with age slightly faster than at 27°C. The
hatchability of eggs obtained at 33°C from young
parents (day 5, 6, and 7) was not significantly dif-
ferent (50/0 level) from those at 27°C. We con-
cluded that 33°C did not directly affect the repro-
duction of H. bishoppi, but it accelerated the rate of
aging as manifested by the hatchability of eggs.

The age-specific fertility of an insect species is of
importance for 2 reasons. First, the development of
a realistic model of insect population dynamics re-
quires data on age-specific fertilities. Second, analysis
of data of this kind may lead to plausible hypotheses
concerning the nature of underlying physiologica]
and/ or structural changes in the insect's reproduc-
tive system with the passage of time.
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