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SUPERNUMERARIES, or B chromosomes, were described from several popu-

lations of the mealy bug, Pseudococcus obscurus Essig (Homoptera: Coccoi-
dea), in California (Nur 1962¢). Cytological analysis and breeding experiments
revealed that the supernumeraries undergo preferential segregation in both
spermatogenesis and oogenesis (NUur 1962b). In male mealy bugs with the
lecanoid chromosome system only two of the four products of meiosis form sperm
(Hucues-Scuraper 1948), and the supernumeraries are included without reduc-
tion in the functional products. In ocogenesis, when an even number of super-
numeraries is present, they pair in twos and segregate regularly. However, when
one or an odd number of supernumeraries is present, the unpaired supernumer-
ary segregates more often into polar body II than into the egg pronucleus. The
accumulation of the supernumeraries in spermatogenesis is much greater than
their loss in oogenesis, and their frequency in wild populations is expected to
increase unless some of the supernumeraries are eliminated by selection against
at least some of the individuals with supernumeraries.

In order to understand better the factors involved in the maintenance of the
supernumeraries, 114 adult females which mated in the wild were collected,
allowed to lay eggs, and then analyzed cytologically together with their 2513
offspring (Nur 1966). The offspring were raised under conditions of no differ-
ential viability. The frequency of the supernumeraries in the females and their
offspring was the same, suggesting no selection for or against females with super-
numeraries. From the frequency of the supernumeraries in each female and her
offspring, it was also possible to arrive at the number of supernumeraries pos-
sessed by the male which had fertilized the female in the wild. The frequency of
the supernumeraries in the males in the wild was significantly lower than that of
the females and the offspring, and males without supernumeraries were about
twice as frequent as either females or offspring without supernumeraries. These
results suggested that the elimination of the extra supernumeraries occurred only
in the males and apparently through selection against males with supernumer-
aries, irrespective of the number of supernumeraries that they carried.

The present study was undertaken in order to test whether, indeed, males with-
out supernumeraries are superior to those with supernumeraries. Developmental
time and the number of sperm cysts per male in males without supernumeraries
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(OB males) were compared to those in males with one supernumerary (1B
males). The comparison involved full sibs raised under the same conditions. The
experiments were run at four different temperature regimes and involved both a
supernumerary from Berkeley, California, and a supernumerary from Rochester,
New York. A comparison between 0B and 1B females is also reported.

MATERIALS AND METHODS

The mealy bugs in this study were the offspring of two fertilized females which were col-
lected from Population 1 in Berkeley (Nur 1962¢) on September 21, 1963. Female #735 had
one supernumerary (1B) and must have mated in the wild with a male without supernumeraries
(0B) because all her offspring were either OB or 1B. The offspring of this female all carried the
same supernumerary and were used to start a line with a Berkeley supernumerary. Female
#752-1 was OB and all her offspring were also 0B. Her offspring were used to start a 0B line.
The Berkeley supernumerary was used in experiments 1 to 12. In these experiments, 1B females
from the Berkeley supernumerary line were mated to OB males.

Experiments 13 to 15 used a supernumerary from Rochester on the Berkeley genetic back-
ground. For these experiments, a 1B female was collected in the greenhouse of the University of
Rochester on September 27, 1964. A 1B son of this female was mated to a 0B female from the
OB Berkeley line. From their offspring, a 1B son was then crossed to another 0B female from
the OB Berkeley line. In mealy bugs with the lecanoid chromosome system, the male transmits
to its offspring only those chromosomes which it received from its mother (BrownN and NELsoN-
Rees 1961). The supernumeraries, on the other hand, are transmitted by the male, irrespective
of their parental origin (Nur 1962b). It was possible, therefore, by the crossing procedure just
described to establish a line which carried a Rochester supernumerary on the Berkeley genetic
background.

The eggs for experiments 4 and 5 were laid by the same female. In the other experiments, a
different female was used for each experiment. In experiments 4, 5, and 9, the eggs were laid over
a 3 day period. The procedure for obtaining eggs in all the experiments except 4, 5, and 9 was
modified to increase the number of eggs per experiment and at the same time to obtain eggs at
about the same stage in their development. Each female was allowed to lay for 6 days (experi-
ments 1-3, 6-8, 10-12), or 9 days (experiments 13-15) and the eggs of each female were isolated
daily and placed at 4°C to stop development. One day after the last day of laying, all the eggs of
a given female were placed together on a sprouting potato in a jar. This day is the one given in
Tables 1 and 2 under Date.

In the experiments conducted at 24°C and 30°C the eggs were laid at room temperature and
placed in either a 24° or a 30° constant temperature room. In experiment 9, the female laid the
eggs at room temperature over a 3 day period. The eggs remained at room temperature for 5 more
days and were then transferred to 30° until the end of the experiment. This temperature regime
is referred to as 24°~30°. The temperature regime for experiments 1 to 3 was as follows: 18°—7
days, 21°—8 days, 24°—5 days, 21°—2 days, 18°—2 days, and 15° to the end of the experiment.
This temperature regime is designated in Tables 1 and 2 as 15°—24°. The temperature was in-
creased to 24° in order to insure complete hatching.

It was previously shown (Nur 1962d) that in the male’s testes all the cysts develop more or
less synchronously. Immediately after the second molt, each cyst contains 32 sperms and 32
darkly stained bodies. The latter are the division products of the heterochromatic set. At this stage
the number of sperm cysts in the testes can be counted (Figure 1) and, for this reason, this
stage was selected for the analysis of the number of sperms and for the determination of develop-
mental time.

New third instar males were fixed daily in Bradley-Carnoy : 4 chloroform : 3 absolute
ethanol : 1 glacial acetic acid, and stained in HCl-carmine (Snwow 1963). For cytology, the testes,
and the gut were dissected out and squashed in a drop of Hoyer’s mounting medium. The midgut
was then examined under oil immersion and the animal classified as either 0B or 1B according
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Figure 1.—A squash preparation of a testis with 163 large cysts and two small cysts (arrows).
Each large cyst contains 32 sperms and 32 darkly stained heterochromatic residues. The two
small cysts contain 16 sperms and 16 heterochromatic residues. Not all the heterochromatic resi-
dues are in focus. 90 x.

to the presence or the absence of a heterochromatic body in the polyploid gut cells (Figures 2, 3).
In the male. each nucleus usually contains a darkly stained body representing the heterochromatic

set (Figure 2). The presence of this body makes it impossible to determine whether a super-

%"

Ficures 2 and 3.—Cells of the midgut of third instar males. 1500 X. Ficure 2.—Two cells
showing a darkly stained body and four other cells without such a body, from a male without su-
pernumeraries. The darkly stained bodies are formed by the heterochromatic chromosome set and
are characteristic of most male tissues. In the four other cells, the heterochromatic set has under-
gone euchromatization. The two large cells are polyploid. Ficure 3.—Two polyploid cells without
a heterochromatic chromosome set from a male with one supernumerary. The darkly stained
body is formed by the fusion of the division products of the supernumerary.
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numerary is present. In a few male tissues, including the midgut, the darkly stained body 1is
absent, and for this reason the cells of the midgut were used to determine the presence of the
supernumerary.

The procedure used for making the slides resulted in permanent preparations. At a later time,
all the cysts in each testis were drawn with the aid of a camera lucida at a magnification of 80X
and then counted. The genotype of the male was not known at the time of counting. In a few of
the males, it was not possible to count the cysts because the males happened to be either too young
or too old or because part of the testes was lost during the dissection. For this reason, the number
of observations on developmental time in a given experiment is slightly larger than that on the
number of cysts (Tables 1, 2). As stated in the Iniroduction, when a single supernumerary is
present in a female, it tends to segregate more often into polar body II then into the egg pro-
nucleus. This preferential segregation resulted in a greater number of 0B than of 1B males and
females in each experiment (Table 1, 2, 3).

TABLE 1

T he mean number of days from laying to the beginning of third instar for males without
supernumeraries (0B) and for those with one supernumerary (1B)

Temperature Difference
(degrees C) Date 0B 1B (0B—1B)
1 15-24 9.17.64 72.64 + 0.59 7547 + 0.62 —2.83%*
(105) (85)
2 15-24 9.17.64 68.80 = 0.59 71.05 + 0.75 —2.25*%
(96) an
3 15-24 9.17.64 72.70 £ 053 76.37 = 0.62 —3.67**
(169) (128)
4 24 4.8.64 39.14 = 0.32 39.50 + 0.49 —0.36
(80) (34)
5 24 4.11.64 39.62 + 0.32 3950 = 0.53 +0.12
(73) (30)
6 24 6.10.64 34.87 + 025 35.62 = 0.34 —0.75
(126) (60)
7 24 6.10.64 3727 +£ 025 37.63 = 0.33 —0.36
(146) (86)
8 24 6.11.64 35.07 + 0.26 35.65 = 0.39 —0.68
(120) (57)
9 24-30 4.13.64 3111 = 041 31.76 = 043 —0.65
(72) (49)
10 30 6.12.64 34.30 = 0.36 3511 = 0.44 —0.81
(118) (64)
11 30 6.12.64 33.89 + 0.32 3458 + 0.42 —0.69
(107) (33)
12 30 6.13.64 46.05 = 0.98 45.73 + 0.98 —+0.32
79 (59)
13 24 9.2.65 32.07 + 0.37 32.68 = 0.72 —0.61
(134) (34)
14 24 9.2.65 32.80 = 0.29 32.87 = 0.39 —0.07
(125) (75)
15 24 9.2.65 32.72 + 0.28 32.46 = 0.31 +0.26
(152) (129)

* Difference between 0B and 1B significant at the 0.05 level.
** Difference between 0B and 1B significant at the 0.01 level.
The number of males in each group is given below the mean. In experiments 1 to 12 the supernumerary was from
Berkeley. In experiments 13 to 15 the supernumerary was from Rochester, but on a Berkeley genetic background. For the
exact temperature regimes of experiments 1, 2, 3 and 9, see MATERIALS AND METHODS.
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OBSERVATIONS

The Berkeley supernumerary: This work was designed to study the effect of a
single supernumerary on the rate of development and on the number of sperms
produced by males. The effect of a supernumerary on the time of development
from laying to the beginning of the third instar is given in Table 1. Experiments
1 to 12 involved a Berkeley supernumerary on a Berkeley genetic background
(see MATERIALS AND METHODS). From Table 1 it may be seen that in 10 out of
the 12 experiments, the males with the Berkeley supernumerary developed more
slowly than those without the supernumerary. The probability that by chance,
in 10 or more of the 12 experiments the differences between the means will have

TABLE 2

T he mean number of sperm cysts per male in males without supernumeraries
(0B) and those with one supernumerary (1B)

Temperature Difference
(degrees C) Date 0B 1B (0B—1B)
1 15-24 9.17.64 3802 = 3.6 353.6 = 3.8 26.6%*
(104) (85)
2 1524 9.17.64 382.1 = 3.7 3743 = 4.7 7.8
(95) (76)
3 15-24 9.17.64 389.0 = 3.4 380.6 = 3.1 8.4
(166) (127)
4 24 4.8.64 305.7 + 4.2 208.8 = 6.7 6.9
(74) (33)
5 24 4.11.64 2842 + 49 2731 + 8.3 111
(64) (29)
6 24 6.10.64 322.3 + 2.8 2965 + 3.4 25.8%*
(112) (57)
7 24 6.10.64 3305 + 2.7 308.3 + 2.9 22.2%*
(144) (84)
8 24 6.11.64 3250 + 29 299.0 + 39 26.0**
(106) (54)
9 24-30 4.13.64 258.6 + 3.9 246.8 + 4.4 11.8*
(67) (47)
10 30 6.12.64 204.7 + 2.6 191.4 = 3.8 13.3**
(105) (57)
11 30 6.12.64 208.3 = 2.6 199.1 = 4.0 9.2
(105) (33)
12 30 6.13.64 1755 + 3.3 172.4 = 3.6 3.1
(67) (49)
13 24 9.2.65 319.2 + 3.4 290.7 =55 28.5%*
(125) (31)
14 24 9.2.65 325.5 + 3.4 2994 + 38 26.1**
(122) (70)
15 24 9.2.65 3209 = 2.8 308.0 = 2.8 12.9*%*
(146) (121)

* Difference between 0B and 1B significant at the 0.05 level.
** Difference between OB and 1B significant at the 0.01 level.
The number of males in each group is given below the mean. In experiments 1 to 12 the supernumerary was from
Berkeley. In experiments 13 to 15 the supernumerary was from Rochester, but on a Berkeley genetic background. For the
exact temperature regimes of experiments 1, 2, 3 and 9, see MATERIALS AND METHODS.
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the same sign is 0.019. At the 24°, 24°-30°, and 30° temperature regimes the
average increase in developmental time due to the supernumerary was 0.43 days.
At the 15°-24° temperature regime the increase was 2.9 days, and in the three
experiments at that temperature regime the difference between the means of the
OB and 1B males was significant at either the 0.05 or the 0.01 level.

The effect of the supernumerary on the number of sperm cysts per male is
given in Table 2. As was previously mentioned, each cyst usually contained 32
sperms and 32 heterochromatic residues (Figure 1). A few of the cysts, however,
were smaller, and contained either 16 sperms and 16 heterochromatic residues
or 8 sperms and 8 heterochromatic residues. It was of interest to know whether
the presence of the supernumerary affected the relative frequency of the three
types of cysts. To this end, all the cysts in experiment 9 were classified according
to the number of heterochromatic residues that they contained, and the means
of the three types of cysts were then calculated. The mean numbers of the cysts
with 32, 16, and 8 heterochromatic residues in 0B males were 256.2, 4.8 and 0.2
respectively, while in the 1B males, the means were 244.3, 4.9 and 0.2 respec-
tively. The means of the cysts with 16 and with 8 heterochromatic residues were
almost identical in both the 0B and the 1B males. It was decided, therefore, to
count the cysts without classifying them, and only the total number of cysts is
given in Table 2. In experiment 9, the average number of sperms per cysts was
31.7, and this value may also be a close approximation for the other experiments.

The total number of cysts in a male ranged from 121 to 517. The presence
of the supernumerary reduced the number of cysts per male in all the experi-
ments (Table 2). In experiments 1 to 12 with the Berkeley supernumerary the
reduction in the number of cysts ranged from 3.1 to 26.6 cysts per male. It is not
clear whether the magnitude of the effect depended on the temperature. Both
the number of cysts and the number of days to third instar decreased markedly
with the increase in temperature. The potatoes in experiments 5 and 12 started to
rot toward the end of these experiments, and this led to an increase in develop-
mental time and to a decrease in the number of cysts, compared to other experi-
ments which were started at the same time.

The coefficients of variation were calculated for the number of days required
to reach the third instar and for the number of cysts in the 0B and 1B males of
each of the 15 experiments. The correlation between the number of cysts in the
left and the right testis of each male and the correlation between the number of
cysts per male and the number of days to third instar were also calculated. It
was found that there were no significant differences between the 0B and 1B males
with respect to any of these parameters.

The Rochester supernumerary: The effect of a supernumerary from Rochester
was analyzed on the Berkeley genetic background to test whether there are
specific local adaptations between the supernumerary and the rest of the genome.
A comparison between the effects of the Berkeley and of the Rochester super-
numeraries at 24° (Tables 1, 2) does not show any appreciable difference, Thus,
there does not seem to be very specific local adaptations between the genome and
the supernumerary in the two populations. The Berkeley and Rochester super-
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numeraries are most likely homologous. Since supernumeraries are very rare in
mealy bugs, in a species in which they are present they are probably of common
origin. Because P. obscurus is a pest on many hosts, including many ornamental
plants, and is very common in greenhouses, its present distribution may be of
very recent origin. Thus, the Rochester and Berkeley populations may not have
had sufficient time for extensive genetic differentiation. However, a certain
amount of local differentiation is suggested by the fact that while mealy bugs
from the Berkeley population grew very well on potatoes, those from Rochester
could not be reared on potatoes for more than one generation. The failure of the
Rochester mealy bugs to grow in the laboratory prevented the analysis of the
effect of the Rochester supernumerary on Rochester males.

The frequencies of the supernumeraries and the rates of transmission are
similar in the two populations. A sample of 23 females collected on October 9,
1962, in the greenhouse of the University of Rochester had a mean of 1.82 + 0.20
supernumeraries per female. This mean is identical to that of the 1965 sample
from Population 1 in Berkeley. The rate of transmission of the supernumerary
in the 1B female which contributed the Rochester supernumerary was 0.35 (based
on 200 offspring). That of her 1B son was 0.96 (based on 53 offspring). These
values are very similar to those of 1B males and females from Population 1 in
Berkeley (Nur 1962b).

The effect of the supernumerary on females: In a previous paper (NUr 1962¢),
it was reported that a preliminary comparison between females with one super-
numerary and those with none under laboratory conditions failed to show any
significant differences. The data on which that statement is based are given in
Table 3. The experiments were quite similar to those performed with the males.
Females with a single Berkeley supernumerary were crossed to OB males, and
their OB and 1B daughters were compared with regard to their developmental
time from egg to laying, the number of eggs laid during the first week of laying,
and the mean length of their tibia. The daughters were raised at 23.5°C, and at
that temperature, they laid over 909 of their eggs during the first week of laying.
After laying for one week, each daughter was analyzed cytologically. In experi-
ment A, the mother laid eggs for 4 days. Eggs from the first 2 days of laying and
the last 2 days of laying were reared separately but the data were pooled because
there were no significant differences between the two batches. In experiment B,
a different mother laid eggs for 2 days.

Examination of Table 3 reveals that there were no significant differences
between the 0B and 1B females in the two experiments. Moreover, the differences
between the 0B and 1B females with regard to the time to laying and to the
number of eggs laid in experiments A and B were about equal but in opposite
directions. Only in tibia size did the two experiments agree since, in both, the
OB females had a larger tibia. However, this apparent effect of the supernumerary
does not agree with the results of the analysis of tibia size in females collected
in the wild. Among 54 0B and 114 1B females collected from Population 1, the
mean tibia length of the 1B females was greater than that of the 0B females by
1.4 microns (Nur 1962a).
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TABLE 3

Developmental time until laying (Days), the number of eggs laid on the first 7 days of laying
(Eggs), and the mean tibia length in females with one supernumerary
(1B) and without a supernumerary (0B)

N Days Eggs Tibia (u)

A 0B 79 69.5 = 0.3 398.7 = 11.7 360 = 2
1B 42 69.8 + 0.5 4124 = 17.0 355 + 4

B 0B 23 59.7 + 0.6 435.9 = 18.4 3711 = 4
1B 19 595 = 0.7 417.7 = 26.0 364 = 4

Data condensed from Nur 1962a.

The inability to detect any differences between the 0B and the 1B females
may be attributed to the small number of females in each experiment and to the
small number of experiments. However, the apparent lack of effect of the super-
numerary agrees well with the available information of the effect of the super-
numeraries on females in the wild. As was already described in the introduction,
a comparison was made between the frequency of supernumeraries in 114 females
from Population 1 which mated in the wild and 2513 of their offspring, raised
in the laboratory under conditions which resulted in no differential mortality
(Nur 1966). Both mothers and offspring had the same mean number of super-
numeraries and the same frequencies of the various cytological classes. The
population is known to show very little change in the frequency of the super-
numeraries from generation to generation. The similarity in means between the
mothers and the unselected offspring strongly suggests that the supernumeraries
have little or no effect on female viability and probably also none on female
fecundity.

DISCUSSION

Supernumeraries and fitness: From the examination of Tables 1 and 2, it
appears that, in males, the supernumeraries increased developmental time and
caused a reduction in the number of sperm cysts produced. In 12 out of the 15
experiments reported in Table 1, the mean developmental time of the 1B males
was greater than that of the OB males; in three of the experiments, the difference
was significant at the 0.05 level. In the three experiments in which the mean
developmental time of the OB males was greater than that of the 1B males, the
differences between the means were very small, and, in only one other experi-
ment, was the difference smaller than these. i

The effect of the supernumeraries on the reduction in the number of cysts
was even more consistent. In all the 15 experiments, the mean number of cysts
of the OB males was larger than that of the 1B males; in nine of the experiments,
the difference was significant at the 0.05 level. Significant differences were found
in all the four temperature regimes, including experiments with both the Berkeley
and Rochester supernumeraries.

Both developmental time and the number of cysts decreased with the increase
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in temperature from 15°-24° to 24°. There was a further reduction in the number
of cysts at 30°, but there was no further decrease in developmental time. A com-
parison between developmental time and the number of cysts in the various
temperature regimes shows that developmental time and the number of cysts are
correlated. An increase in developmental time was usually associated with an
increase in the number of cysts. The supernumerary could not have affected the
number of cysts by affecting developmental time, because while it increased
developmental time, it, at the same time, decreased the number of cysts.

The effect of cold temperature: The number of sperms produced and develop-
mental time are both components of fitness, and, in both, the OB males were
superior to the 1B males. The effect of the supernumeraries in increasing develop-
mental time was most pronounced at the lowest temperature regime and this may
have a special biological significance. In Population 1, the percent of adult fe-
males found to be fertilized underwent seasonal fluctuations. It was high (85 to
1009%) during midsummer and fall but low (30 to 379 ) during the winter,
spring, and early summer (Nur 1962c). The low frequency of fertilized females
is probably the result of a shortage of adult males. In cultures raised under
laboratory conditions, the sex ratio may fluctuate widely, but the lack of males
during the winter is not due to a low frequency of males among the eggs laid. A
cytological examination of 2474 embryos from 48 ovisacs which were laid in the
wild and collected from Population 1 during September, 1965, revealed a sex
ratio of 49.6 = 2.3% males. It appears, therefore, that the shortage of males in
the winter, and probably also in early spring, is due to the inability of many of
the males to complete development at low temperatures. In the experiments at
the 15°-24° temperature regime, developmental time to the end of the second
instar was 70 to 75 days. The time to the end of the second instar comprises
about three quarters of the total developmental time, so that, at these low tempera-
tures, the time from the egg to the adult male would be over 3 months. The male
feeds only during the first and part of the second instars. It then spins a cocoon
and remains inside its cocoon until it emerges as an adult. At low temperatures,
the period during which the male does not feed may last a month or longer,
making the male very susceptible to desiccation. The ability of the 0B males to
complete development several days earlier than the 1B males may increase their
chances of survival considerably. The increase in the percent of fertilized females
during the early summer probably marks the appearance of the first generation
of males to develop in the spring. During this period, a shorter developmental
time may also be of great importance because the first males to mature would
have a large number of unfertilized adult females available to them.

The maintenance of the supernumeraries: It was pointed out earlier that, be-
cause of the preferential segregation of the supernumeraries, their frequency
would tend to increase, unless some of the individuals with supernumeraries
were eliminated by natural selection. The maintenance of the supernumeraries
at approximately constant frequency can be explained in either of two ways:
(1) The supernumeraries may be harmful in their over all effect and their fre-
quency may be maintained only because the number of those eliminated through
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selection against individuals carrying them is equal to that added by the prefer-
ential segregation in the males. (2) The supernumeraries may be beneficial, at
least in a low dose, and are maintained because of this beneficial effect. The extra
supernumeraries which are added by the superiority of the individuals with the
low dose and through preferential segregation are then eliminated through a
strong selection against individuals with supernumeraries in higher doses. The
second explanation can apply only to populations with a relatively high mean
because only in such population would there be enough individuals with two or
more supernumeraries for natural selection to operate against.

Information about the fitness of individuals with a single supernumerary is
thus very important when one tries to distinguish between the two possible ex-
planations. Individuals without supernumeraries are expected to have a higher
fitness than 1B individuals according to the first explanation but are expected to
have a Jower fitness than the 1B individuals according to the second explanation.
As mentioned earlier, in Population 1, the supernumeraries apparently have
little or no effect on the females. In the males, on the other hand, individuals
without supernumeraries seem to have a higher fitness than those with super-
numeraries, irrespective of dose (Nur 1966). The present study gives further
evidence that the OB males have a higher fitness than 1B males and tends to
favor the explanation that, in. P. obscurus, the supernumeraries are harmful
and are maintained only because of their preferential segregation (Nur 1966).
This explanation for the maintenance of supernumeraries with accumulation
mechanisms was first suggested by OsTERGREN (1945, 1947).
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SUMMARY

The effects of a single supernumerary chromosome on males and females of
the mealy bug, Pseudococcus obscurus Essig were tested under laboratory condi-
tions. The individuals tested were full sibs, and were raised under the same
conditions. In males, a single supernumerary caused a reduction in the number
of sperms in all the 15 experiments, under four different temperature regimes.
In 12 of the experiments, the supernumerary also increased developmental time
in the males, and this increase was most pronounced under the lowest tempera-
ture regime. In the two experiments conducted with females, the supernumer-
ary showed no effect. The results of this study support the conclusion previously
reached from the study of a wild population that, in this species, the supernumer-
aries are maintained only because of their preferential segregation in spermato-
genesis.
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