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ABSTRACT

Female Porcellio laevis (Latreille) raised in the laboratory first reproduced when 7 months old
and can breed up to 7 times during their life time irrespective of season. In that, this species dif-
fers from most other isopod species studied so far. After a single mating, a female can breed sev-
eral times without the presence of a male presumably because she stores sperm. Females known to
be virgins never became gravid, thus there is no evidence of parthenogenesis. Males are therefore
essential for reproduction in P. laevis. Sex ratio in the laboratory population was found to be 1
male to 2.5 females. The average time intervals between consecutive broods is 7.7 weeks. Most fe-
males reproduce 3 or 4 times in their lifetime (e.g., until the age of about 1 year). The average
number of broods is 3.1. Number of mancas in the brood is positively correlated to weight of the
mother. The average number of mancas in a brood is 66.6. The average survival of mancas until
they are 7 or 8 months old is 44.7%. The ovary of P. laevis is typical of an iteroparous isopod in
that it contains both large and small oocytes. However, it differs from that known for all other iso-
pod species by having a few large oocytes persisting in the ovaries at all times. Apparently, oocyte
cohorts do not mature simultaneously as indicated by the fact that some large oocytes were present

at all times but move a few at a time into the brood pouch at a continuous rate.

Different aspects of reproduction in land
isopods (or oniscideans) have been previously
reviewed (Warburg et al., 1984; Warburg,
1987, 1991, 1994). The main purpose of these
studies was to reveal the ecological signifi-
cance of different reproductive patterns.
Many of the earlier studies reviewed were
conducted on field populations where the pre-
vious breeding history of the female could not
have possibly been known (discussed in War-
burg, 1987). Consequently, more accurate, de-
tailed analyses of data based on breeding of
individual females in the laboratory were
needed before any conclusions could be
drawn about reproductive patterns and strate-
gies in terrestrial isopods (Warburg, 1991,
1993, 1994). Since then more information has
become available on several isopod species
(Warburg, 19923, b, 1993, 1995; Warburg and
Cohen, 1991, 1992; Warburg et al., 1993).

Only two of nineisopod species studied un-
til now using this method were proven to be
semelparous, meaning that they can breed
only once in their lifetime (Warburg, 1992b;
Warburg and Cohen, 1991; Warburg et al.,
1993). All other species studied so far were
shown to be iteroparous species capable of
breeding more than once during their lifetime
(Warburg, 1992a, b, 1995; Warburg and Co-

hen, 1992). Among them also several por-
cellionids were proven to be iteroparous
species. These are Porcellio laevis (Latreille,
1804), Porcellio ficulneus Budde-Lund, 1885,
and Porcellio chuldaensis Verhoeff, 1923. All
three species inhabit the Mediterranean re-
gion. Although iteroparous, the latter two
species, as well as others, were shown in the
laboratory to have asingle, discrete, seasonal
reproductive season (Hornung and Warburg,
1993; Warburg, 1992a). Some of these as-
pects have been reviewed in Warburg (1994).
In the present study, we analyse the repro-
ductive pattern in an isopod species kept and
bred in the laboratory. This porcellionid, Por-
cellio laevis, is an ideal study animal in that
it breeds well under laboratory conditions, and
stocks can be maintained for several years.

MATERIALS AND METHODS

All breeding experiments were conducted on labora-
tory populations that had originated from the Haifa Bay
region (elevation 100-150 m), and the Galil Mts. (ele-
vation 500-600 m). These populations flourished at room
temperature eating potatoes.

Twenty-seven females were weighed on a Mettler
H-311 balance +0.01 mg accuracy and kept individually
in glass jars (2 cm diameter) containing moist, steril-
ized soil. Their reproductive cycle was followed. The
female's weight before and after parturition (i.e., re-
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Table 1. Age and weight of first breeding of P. laevis
females and the number of mancas produced.

Ageat first breeding

Weight (mg) Month Week

No. of mancas
21.8 7 2 13
20.2 7 2 20
234 7 3 13
271 8 3 16
225 8 3 18
26.4 9 0 17
254 9 1 21
Av.+SD 238+24 8 15 16.8+2.9

leasing young), date of manca release, and number of
mancas released by a single female were al recorded.
Thirty-five cohorts (i.e., born to a single female on the
same day) were separated from their mothers, counted,
and then placed into larger glass jars (5 cm diameter)
containing moist, sterilized soil. Their growth until mat-
uration at about 7 months old (when the males can be
distinguished) was followed using a Cahn Gram-Elec-
trobalance +0.1 pg accuracy. Genders were then sepa-
rated and placed into individual jars. Three-month-old
mancas were separated (before reaching maturity) this
way to ensure that the mancas turning into mature fe-

males were virgins. These were then kept either in iso-
lation or with a male added.

About 40 females were separated and kept individu-
aly in vials together with a male until they produced
young. They were then dissected five at a time at inter-
valsof 1,4, 7, 14, 21, 28, 35, 42, and 49 days following
parturition, and their ovaries were excised. The length and
width of each ovary were measured as well as the diam-
eter of each oocyte by aid of graticules under a dissect-
ing microscope. The number of oocytes was determined
in 74 ovaries. Some of the ovaries were photographed un-
der a M5 Wild dissecting microscope.

Statistical analysis of the data was used to test the sig-
nificance of the results. Thus, regression analysis was
used to establish the significance of the relationship be-
tween the number of mancas and the mothers' weights
or whether the relationship between the number of man-
cas and the number of broods in each female was sig-
nificant.

RESULTS
Age of Female at First Reproduction

The separation technique described above
ensured to establish that females were not sex-
ually mature before reaching 7 months. Some
of them bred first when 9 months old (Table 1).

5

Fig. 1. Ovaries of Porcellio laevis. A, four days,; B, one week; and C, seven weeks following parturition. Open ar-
rows (in A and B) indicate the presence of afew large oocytes in one ovarian half when most of the large oocytes have
moved into the marsupium. In C, only small oocytes are distinguishable. (Light microscopy, A, 25x; B and C, 40x.)
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Table 2.  Number of broods (= cohorts) per female of P.
laevis.

No. of broods No. of females

~NOoO O WNE
N
NP PN WNO

Total
Av. No. of broods 31

Virgin females belonging to cohorts born
(to the same female on the same day) and
raised in the laboratory that were kept indi-
vidually isolated since the age of three
months, although mature, showed no signs
of reproduction. Only following the intro-
duction of amale did they start breeding. This
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proves without doubt that the species is not
parthenogenetic. The first brood (i.e., cohort)
of afemale averaged 16.8 offsprings or man-
cas (Table 1).

Number of Times Females Reproduce

A single female is capable of breeding
more than once (personal observation).
Thereby, it is iteroparous. Moreover, the
ovaries contain both large and small oocytes,
indicating the putative iteroparity of females
(Fig. 1). Most females (n = 27) are capable
of reproducing up to four times, a few seven
times, averaging 3.1 times during their life-
time (Table 2).

Breeding Period and Size of
Breeding Females

Under laboratory conditions, P. laevis fe-
males, although reproducing continuously

Breeding period in P. laevis
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Number of female Porcellio laevis breeding under laboratory conditions throughout the year week by week.
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Number of females producing mancas

Females' weight classes (mg)

Fig. 3. Number of reproductive females arranged by
weight classes of females. Most reproductive females
weighed 70-130 mg.

throughout most of the year, reached a peak
during autumn (Fig. 2). Reproductive females
weighed 40-150 mg, with the majority
weighing 70-130 mg (Fig. 3).

Days between consecutive parturition

Days
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Fig. 4. Days between consecutive parturitionsin the dif-
ferent weight classes of females. There is no significant
relationship between the female’'s weight class and the
time interval between consecutine breeding (error bars:
+ SD). Numbers above bars indicate numbers of females.

Time Intervals and Growth of Females
Between Reproduction

The average intervals between two con-
secutive parturitions was 7.7 weeks (Table 3).
The interval between two consecutive brood
releases (i.e., parturition) ranged 2—20 weeks
(Table 3). There was no significant relation-

Table3. Time intervals between consecutive breedingsin P. laevis (in weeks).

Number of parturitions

Weight (mg) 2~ 3d 4 50 [ 7h Average
29.6 8 12 8 7 - - 88x2
36.7 6 6 6 5 - - 57+04
40.4 6 7 13 8 4 8 773
45.3 8 16 6 - - - 1004
46.7 12 5 6 - - - 7.7x4
54.5 8 - - - - - 8.0
54.8 4 6 - - - - 50x1
56.5 12 7 - - - - 96+25
56.7 7 6 8 - - - 70+£0.8
58.5 7 - - - - - 7.0
61.3 12 - - - - - 12.0
65.6 8 - - - - - 8.0
66.6 5 - - - - - 5.0
67.0 2 16 8 - - - 87+6
70.8 5 - - - - - 5.0
72.5 11 - - - - - 11.0
85.0 3 5 6 12 7 - 6.6+3
85.1 5 4 - - - - 45+05
89.7 3 9 12 - - - 80x4
93.0 4 3 5 6 16 6 6.7+4

101.1 5 7 20 - - - 1077
Av. = SD 7.7+£21
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Average growth changes of females between consecutive parturition
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Fig. 5. Growth increments between two consecutive
parturitions in the different female weight classes. A
marked decline in growth takes place in females over 80
mg. (error bars: + SD). Numbers above bars indicate num-
bers of females.

ship between the female’'s mass and the dif-
ferences in mass between consecutive breed-
ing (Fig. 7B). Females in the lower weight
classes (up to 70 mg) grow slowly (Fig. 4).
This is followed by a marked increase in
growth until they reach 80 mg (Fig. 5). The
larger females (80—100 mg) did not show any
significant growth.

Dimensions of Ovaries and
Oocytes Measured at Time Intervals
Following Parturition

In spite of the fact that ovaries were ex-
amined at time intervals not exceeding 14 d,
no marked changes in either the average di-
mensions of ovaries and oocytes or oocyte
numbers were noticeable (Fig. 6). The only
significant drop in oocyte diameter took place
between the third and fifth week following
parturition (Fig. 6).

Unlike any other iteroparous ovary stud-
ied so far, P. laevis ovaries contained large
oocytes at all times, even directly after par-
turition (Fig. 1). This could imply that an
oocyte cohort does not mature simultane-
ously.

Parturial Moult

In 14 females we could observe the par-
turial moult and note the days after the last
parturition. This ranged 11-85 days, averag-
ing 33.8 + 16.6 days (Table 4).

Size of Cohorts

The size of a cohort (or number of man-
casreleased by asingle female during asingle
parturition) was positively related (P < 0.001)
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Fig. 6. Ovary and oocyte dimensions measured at time intervals following parturition. Data for days 1 + 4, 7 + 14,
and 28 + 35 are united in the graph. Each point indicating an average + SD. Numbers on top of bars indicate num-

bers of females dissected.
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Table 4. Duration of brood pouch (marsupium) in P.
laevis females.

No. of days between parturia

Females moult and parturition
1 33
2 32
3 28
4 32
5 33
6 38
7 11
8 26
9 35
10 30
11 22
12 44
13 25
14 85
Avg. £ SD 33.8+16.6

to the female’s weight and increased propor-
tionately with the size of the female and the
differences in the female's weight between
consecutive breedings (P < 0.05) (Fig. 7A,
B). The number of broods (e.g., cohorts)
ranged 1—-7. There was a positive relationship
(P < 0.001) between the number of broods
and the numbers of mancas in each cohort
(Fig. 7C). The average number of mancas (in
26 broods) produced by a female was 66.6,
or 21.4 mancas per brood (Table 5).

Sex Ratio Within Cohorts

The sex ratio within members of a brood,
which matured at 6 or 7 months, varied
greatly. Some cohorts consisted of females
only, while others had a high proportion of
males. The average sex ratio of 35 cohorts
was 1 maleto 2.5 females (Table 6). Because
the males are essential for breeding in this
species, it can be assumed that all cohorts
have started with equal numbers of males and
females. (The reason for such assumption will
be discussed later.) The possibility that some
males (in 11 cohorts) might have died before
it was possible for us to identify them as
males cannot be excluded. However, there is
no proof of this possibility.

Growth of Cohorts

The growth of mancas belonging to several
cohorts was followed for several months af-
ter birth (Fig. 8). Some cohorts grew faster
than others during the first 6 months after
birth. There was a positive (n.s.) relationship
between the age and growth in mancas.
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Fig. 7. A, Number of mancas within a cohort as related
to their mother’s weight; B, Relationship between num-
ber of mancas in a cohort and the female's weight dif-
ferences between consecutive parturitions; C, The rela-
tionship between the number of mancas in a brood and
the number of broods of a single female (each point rep-
resents a different brood).

Survival of Cohorts and Life Expectancy

The average number of mancas belonging
to 35 cohorts (averaging 20.8 mancasin a co-
hort) that survived for 4-8 months ranged be-
tween 13.6-30.8 mancas or 3.2-14.8, de-
pending on their age (Table 7).

The calculated average life expectancy of
an average female P. laevis was found to be
about 2 years (Table 8).

DiscussioN

The porcellionid P. laevis has been previ-
ously studied in Egypt (Shereef, 1970) and
India(Nair, 1978, 1984). Nair found a sex ra-
tio of 1 male to 1.6 females in the natural
population as compared to the present find-
ings on the laboratory populations that
showed a1 male to 3.6 female ratio. Shereef
found that P. laevis produced 4—6 broods dur-
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Table5. Number of broods (cohorts) of mancas produced by 27 single female P. laevis.

W, (mg) W, (mg) (W,-W,) (mg) No. of broods Total no. Av. no. of mancas
of mancas per brood
29.6 75.6 46.0 5 84 16.8+5.3
36.7 88.8 52.1 5 110 220+ 4.8
40.4 137.2 96.8 7 115 16.4+9.4
42.7 775 34.8 1 16 16.0
45.3 83.2 37.9 4 94 235+9.2
46.7 106.3 59.6 4 89 223+4.1
54.5 168.7 1145 2 48 240+1.0
54.8 84.3 295 3 58 19.3+26
55.5 66.6 111 1 6 6.0
56.5 100.9 44.4 3 82 17.3+12.2
56.7 107.4 50.7 4 110 275+ 4
57.3 63.1 5.8 1 11 11.0
58.5 76.5 18.0 2 25 125+15
61.3 126.3 65.0 2 73 36.5+45
64.6 - - 1 16 16.0
65.6 90.2 24.6 2 44 22.0+3.0
66.6 101.4 34.8 2 45 225+ 105
67.0 129.1 62.1 4 33 83+26
70.8 67.1 -3.7 2 21 105+55
72.5 143.7 71.2 2 133 66.5+ 4.5
85.0 116.8 318 6 125 20.8+12.3
85.1 96.0 10.9 3 82 27.3+53
86.8 90.7 3.9 1 18 18.0
89.7 152.0 62.3 4 39 98+73
93.0 142.3 49.3 7 180 25.7+18.6
96.4 109.7 13.3 1 19 19.0
101.1 142.1 41.0 4 123 30.8+5.8
Av + SD 65.4+19.1 1055+ 29.4 41.1+28.1 31+18 66.6 21.4+115

W, = Female'sweight at 1st brood. W, = Female's weight at |ast brood.

ing the six months following maturity. Like-
wise, Vandel (1962: 687) found that P. lae-
vis breeds seven times between April-Octo-
ber. In that, he probably meant that they have
seven breeding periods and not that a single
female breeds seven times. All these studies
were conducted on field populations of fe-
males or on females brought back from the
field but not kept separately under laboratory
conditions. Conclusions were therefore not
based on single females with a known previ-
ous breeding history. The number of mancas
emerging from the brood pouch was found
to range between 14 and 26 as compared the
average number of 66.6 mancae found here.

In this study, the sex ratio of the cohorts
varied. Some cohorts included only females,
whereas others had a variable proportion of
males. Most other isopod species that were
studied by us until now start with a 1:1 sex
ratio (Warburg, 1993). This may later change
to a low proportion of males in the adult
population. We have observed this phenom-
enon in the semelparous armadillidiid,
Schizidium tiberianum Verhoeff, 1923, where

young males are cannibalized after having
mated with the females. Consequently, the
sex ratio changes from 1M : 1F in the matur-
ing cohorts to 1M : 9F in field populations
(Warburg and Cohen, 1991; Warburg et al.,
1993). This subject is more fully discussed by
Juchault and Legrand (1989) and Warburg
(1993, 1994).

One main point emerging from the present
study is the fact that in the laboratory, P. lae-
Vvis breeds continuously irrespective of sea-
son. In this it resembles two other porcel-
lionids Porcellio olivieri (Audouin, 1825) and
Agabiformius obtusus Budde-Lund, 1909,
both of which are rare, fossorial, desert
species. Aspects of their reproductive pattern
have been described elsewhere (Warburg,
1995). The intervals between parturitions in
P. laevis were rather short, although not as
short as in A. obtusus where they were about
three-week intervals (Warburg, 1995).

The cosmopolitan isopod species Porcel-
lionides pruinosus Brandt, 1833, was found
to be capable of reproducing several times
during different seasons (Dangerfield and
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Table6. Sex ratio and percentage in cohorts of P. laevis.

No. of males No. of females Sex ratio M/F

0 5 0

1 10 0.10

0 10 0

3 10 0.30

7 2 3.50

0 10 0

4 17 0.24

0 1 0

1 0 -

3 2 1.50

0 2 0

0 5 0

0 7 0

3 6 0.50

3 5 0.60

1 9 0.11

5 18 0.28

2 10 0.20

1 6 0.17

0 2 0

4 4 1.00

4 11 0.36

0 27 0

3 9 0.33

6 27 0.22

0 4 0

3 18 0.17

3 4 0.75

2 8 0.25

6 4 1.50

1 0 -

0 17 0

2 4 0.50

6 19 0.32

8 7 114
Av. = SD 24+23 8.6+6.9 0.42

Av.Ratio=1M:25F
Total M/F = 82/300 = 0.27

Telford, 1990). However, again, it is not clear
whether this study was based on observation
of individual females whose breeding pattern
was followed throughout their reproductive
cycles, or, more likely, it was based on the
presence of gravid females (i.e., with fully de-
veloped marsupium) within either a labora-
tory or a natural population.

Table7. Survival of P. laevis cohorts.

Age Av. no. of mancas Av. no. of mancas Percentage

(months) n bornin cohort surviving in cohort survival
4-5 14 30.8+12.6 148+9.2 48
56 11 215+86 10.4 £5.0 48.4
6-7 5 136+54 32+24 235
78 5 178x74 8.8+3.2 50.6
Total 35
Average 20.8+5.7 93%41 447

n = number of cohorts.

Average weight of manca cohorts

Av. Wt (mg)
8
I

i T T 1
120 140 160 180 200 220 240

Age (day)

Fig. 8. Changes in average weight of different manca
cohorts during their first half year of life. Each point in-
dicates a cohort. Growth was followed in 21 cohorts some
of them growing faster than others. Due to the difficul-
tiesin weighing so many small animals on the Cahn Gram
Electrobalance, cohorts were weighed at different times.
There appears to be a tendency of growth between 10-20
or even 25 mg within the first six months of life. (error
bars: +SD).

The fact that a P. laevis female is capable
of reproducing so soon after it has released
her young, and that her ovaries contain large
oocytes at all times, indicates three theoreti-
cally interesting possibilities: 1. Unlike in
most isopods, when oogenesisistime limited,
in P. laevis oogenesis is amost continuous.
2. Mature ova undergo embryogenesis fol-
lowed by organogenesis very rapidly; thus,
embryos remain inside the marsupium for
only a very short period before they are re-
leased as mancas. 3. The marsupium must be
ready immediately after parturition, in order
to contain the new batch of ova. These pos-
sibilities need further investigation.

Table 8. Calculated life expectancy of weight classes in
P. laevis (in months).

Welight class (mg) Life expectancy (months)

20-40 8
40-120 10
120-150 5
Total 23
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