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Abstract. Porcellium collicola (Verhoeff, 1907) and Trachelipus arcuatus (Budde-Lund, 1885)
(Crustacea: Isopoda: Oniscidea) are two terrestrial isopod species inhabiting the leaf litter of oak
forests in South Romania. This paper presents the size of reproductive females, fecundity (the
number of eggs for a female for a brood), fertility (the number of larvae or mancas per female) and
the relationship between the number of eggs or mancas per brood pouch and the total body length of
pregnant females. In Porcellium collicola populations’ reproductive females had a total body length
of 3.3 to 7.3 mm, average fecundity was 18.60£7.10 eggs per female and average number of mancas
per female was 10.29+8.05. In Trachelipus arcuatus the total body length of reproductive females
was between 9.80 - 16.60 mm and the average number of eggs per brood per female was 55.60+£21.71.
A direct correlation between the size of pregnant females and fecundity and fertility was established
for Porcellium collicola.

Résumé. Porcellium collicola (Verhoeff, 1907) et Trachelipus arcuatus (Budde-Lund, 1885) sont
deux especes d’isopodes terrestres de la litiere des foréts de chénes dans le sud de la Roumanie.
Ce travaille présente les dimensions du corps des femelles ovigéres, fécondité (le nombre d’ceufs
d’une femelle dans la poch marsupiale), fertilité (le nombre de larves ou manca par une femelle) et la
relation entre le nombre d’ceufs ou de larves (manca) de leur poche marsupiale et la longueur du corps
des femelles ovigeres. Chez Porcellium collicola, les populations de femelles reproductives ont une
longueur totale de 3,3 a 7,3 mm, fécondité moyenne était 18,60 = 7,10 ceufs par femelle et nombre
moyen de mancas par femelle était 10,29 + 8,05. Chez Trachelipus arcuatus la longueur totale du
corps des femelles reproductrives était compris entre 9,80 a 16,60 mm et le nombre moyen d’ceufs
par la poche marsupial était 55,60+£21,71. On a établi I’existence d’une corrélation linéaire entre la
longueur du corps des femelles ovigeres et la fécondité et la fertilité Porcellium collicola.
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INTRODUCTION

Terrestrial isopods are crustaceans that successfully colonized a variety
of terrestrial habitats (e.g. Hornung, 1995/1996, 2011; Quadros et al., 2009;
Warburg, 1987). The middle-east European species are mainly iteroparous animals,
reproducing more then once during their lifetime (Hornung, 1988). Fecundity and
fertility of terrestrial isopods are easy to estimate because females carry their eggs
and larvae from the first stage in a brood pouch on the ventral part of the thorax
during the breeding period (Hornung, 2011; Kight, 2008; Paris & Pitelka, 1962;
Warburg, 1987). Fecundity is defined as the number of eggs for a female for one
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brood (Achouri et al., 2008; Hamaied & Charfi-Cheikhrouha, 2004; Quadros et al.,
2009). Fertility is the number of juveniles (mancas) leaving the brood pouch per
female (Achouri et al., 2008). Fecundity indicates the reproductive potential of a
population, while fertility expresses the natural capacity of a population to produce
new life forms.

In terrestrial isopods, fecundity is related to the size of the ovigerous females
(Achouri et al., 2008; Dangerfield & Hassall, 1992; Hornung, 1988; Lawlor, 1976;
Quadros et al., 2009; Radu & Tomescu, 1972; Zimmer, 2002; Warburg, 1994) and
the number of broods produced by female per year (Accola et al., 1993; Radu &
Tomescu, 1971; Tomescu, 1973, 1976). Fertility of terrestrial isopods is also related
to the size of the reproductive females (Warburg, 1994).

This paper presents the size of reproductive females, fecundity, fertility
and the relationship between the size of pregnant females and the number of eggs
or mancas per brood pouch for the populations of two terrestrial isopod species —
Porcellium collicola and Trachelipus arcuatus that inhabit the leaf-litter of two oak
forests from Vlasia plain (South Romania). We assumed that fecundity and fertility
of the studied terrestrial isopod species depend on the total body length of pregnant
females.

MATERIAL AND METHODS

Study site and sampling design

The study was conducted in two oak forests (in the forest steppe of Vlasia
plain), located at 20 km N-E from Bucuresti (Bucharest) (Fig. 1): a Quercus frainetto
wood (Moara Vlasiei forest) and a Quercus robur — Q. pedunculiflora wood
(Branzeasca forest) (Donita et al., 1990). The studied area is located in a medium
flat plain at an elevation of 90 meters above sea level. The climate is continental,
with warm summers (average temperature in July is 23°C) and cold winters (average
temperature in January is 2.9°C). The mean annual precipitation is 550 mm and the
distribution of average monthly precipitation has a minimum in February-March
and October-November and a maximum in June. The type of soil is clay chernozem
in Branzeasca forest and cambic chernozem in Moara Vlasiei forest.

Four stands (units of forest mapping) were selected in studied forests; within
each of them, five areas of 10 square meters, named stations, were randomly chosen:
two in Branzeasca forest (stations 1 and 2) and three in Moara Vlasiei forest (stations
3,4 and 5) (Fig. 1). Station 1 (44°39°09.1” N, 26°15’35.7” E) was located in a 63 years
native stand with the tree layer composed of Quercus frainetto, Q. pedunculiflora
and Acer platanoides. The shrub layer consisted of Crataegus monogyna and
Cornus sanguinea, and the herbaceous layer was composed of Galium aparine,
Urtica dioica, Lamium album, Alliaria officinalis and Polygonatum officinale.
Station 2 (44°38°52.7” N, 26°15’18.7” E) was situated in a 30 years plantation of
Quercus pedunculiflora and Acer platanoides. The shrub layer consisted of Cornus
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Fig. 1 - Location of the study site in Romania and stations in studied forests (adapted from Google Earth).

sanguinea, and the herbaceous layer was composed of Geum urbanum, Bromus
sterilis and Lysimachia vulgaris. Station 3 (44°37°28.4” N, 26°13°24.9” E) was located
in an 81 years native stand with the tree layer composed of Quercus pedunculiflora,
Q. robur and different species of hard wood (maple, hornbeam, etc.). The shrub
layer consisted of Crataegus monogyna and Cornus sanguinea, and the herbaceous
layer was composed of Galium aparine, Lamium album and Polygonatum officinale.
Station 4 (44°37°29.2” N, 26°13’18.6” E) was placed in the preceding stand, in an
area subjected for almost 10 years to progressive cutting of Quercus robur. To
ensure statistical independence of the data, station 4 was distanced at more then 50
meters from station 3 (Magura et al., 2000). Station 5 (44°37°21.3” N, 26°13°09.3”
E) was located in a 65 years native stand with the tree layer composed of Quercus
pedunculiflora, Q. robur and Q. frainetto. The shrub layer consisted of Crataegus
monogyna and Cornus sanguinea, and the herbaceous layer was composed of
Galium aparine, Geum urbanum and Erodium cicutarium. The distance between

the sampling areas from the two studied forests was approximately 4 km (Fig. 1).



368 FINICA MARIANA IVANOV

Terrestrial isopod species were collected using pitfall traps containing a
mixture of ¥ 40% ethylene glycol and 4 4% formalin. In each station ten pitfall
traps were placed in a grid, with a 1.5 meters distance between the lined traps. Traps
were emptied monthly from the 20th of April 2008 to the 7th of May 2009 (except
for December 2008 and January 2009).

Laboratory procedures

Isopods from samples were counted and identified using the keys of Radu
(1985) and Schmidt (1997). Specimens were sexed and separated into males and
females. Males were recognized by the presence of genital apophyses and copulative
stylets. Females were divided into three groups: (1) non-reproductive females,
recognized by the absence of genital apophyses and brood pouch, (2) ovigerous
females, that were carrying eggs or larvae (mancas) in the brood pouch and (3)
post-ovigerous females that had empty brood pouch (Achouri et al,. 2003; Araujo &
Bond-Buckup, 2005; Hamaied & Charfi-Cheikhrouha, 2004).

The eggs or mancas found in the brood pouches of ovigerous females were
gently removed and counted. These data allowed quantifying fecundity and fertility.

Using a stereo microscope, the total length of ovigerous females were
measured to the nearest 0.05 mm. The length was determined as the distance
between median lobe of the head and the tip of the pleotelson (Achouri et al., 2003;
Paris & Pitelka, 1962).

Data analysis

The relationship between the number of eggs or mancas per brood pouch
and the total body length of ovigerous females were described using simple linear
regression (Achouri et al., 2003, 2008; Alletlawi & Achuthan Nair, 1994; Paris &
Pitelka, 1962). Results were considered statistically significant if the calculated value
of the probability to reject the null hypothesis was less than 0.05. The analyses were
implemented using Microsoft Excel program.

RESULTS AND DISCUSSIONS

In the five stations of the study sites only two species of terrestrial isopods
were collected by pitfall trapping: Porcellium collicola (Verhoeff, 1907) and
Trachelipus arcuatus (Budde-Lund, 1885). Porcellium collicola was present in
captures from all stations (Tab. 1). It is a sylvan species that is present in forests with
a dense shrub layer (Tomescu et al., 1992) and high soil humidity (Tomescu et al.,
1995, 2008). In the studied zone P. collicola had the highest abundance in station 3
(Tab. 1) that was placed in the native forest stand with the most dense shrub layer and
the highest canopy closure. Trachelipus arcuatus was collected mainly from station
2 (Tab. 1) located in a plantation from the same forest as station 1. It is also a sylvan
species (Tomescu et al., 2000, 2005, 2008) but is less frequent in leaf-litter (Radu,
1985; Tomescu et al., 2008) and prefers areas with moderate light and humidity, as
glades (Radu, 1985). The presence of 7. arcuatus mostly in station 2 may be related
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to microclimate conditions on the forest floor in forest plantations that are similar
to those from glades, as a consequence of a simplified structure of the phytocenosis
and a reduced closure of the canopy.

Table 1
The total number of Porcellium collicola and Trachelipus arcuatus specimens
collected in studied plots.
Species Station 1 Station 2 Station 3 Station 4 Station 5
Porcellium collicola 1693 26 2052 793 494
Trachelipus arcuatus 2 51 0 2 0
Total 1695 77 2052 795 494

The size of reproductive females

We determined the minimum, maximum and median body length of
reproductive (ovigerous and post-ovigerous) Porcellium collicola females in stations
1, 3,4, and 5, from which a large number of specimens were collected, by examining
1145 specimens (612 in station 1, 397 in station 3, 136 in station 4 and 139 in station
5). Size of females at sexual maturity was estimated as the minimum body length of
ovigerous females.

Reproductive females of P. collicola had a body length of 3.3 to 7.3 mm, with
a median of 5.05 mm. The minimum body length of sexually mature P. collicola
females varied in studied populations between 3.30 and 4.35 mm. Dangerfield and
Hassall (1992) also found a variation in the minimum size of gravid female (mean
live mass) between different populations of Armadillidium vulgare. The variation of
the reproductive female’ minimum body length may be explained by the existence of
different growth rates in terrestrial isopod populations from habitats with different
ecological conditions. Kight (2008) argued that two genetically identical females
reared in different growth conditions could have different adult body size. The
ovigerous females of P. collicola had the highest minimum body length (4.35 mm) in
station 3 located in the natural forest stand with the most dense shrub layer and the
highest canopy closure. This suggests the existence of more favorable microclimate
conditions on the forest floor of this stand for P. collicola and is supported by the
highest abundance of the species in station 3 (Tab. 1). In terrestrial isopods, females
have to reach a minimum reproductive size (Caubet, 1998) that depends on tactics
of individual development and growth conditions experienced by the individuals
(Dangerfield & Hassall, 1992; Zimmer, 2004).

In Trachelipus arcuatus we determined the minimum, maximum and median
body length of reproductive females by examining 20 specimens collected in station
2. Breeding females of 7. arcuatus had a body length between 9.80 and 16.60 mm,
with a median of 11.10 mm. There are no data regarding the size of the reproductive
females of Porcellium collicola and Trachelipus arcuatus in the literature.
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Fecundity and fertility

In Porcellium collicola we quantified fecundity and fertility by counting the
eggs or mancas in the brood pouch of ovigerous females captured in stations 1, 3, 4,
and 5 during the entire study. In Trachelipus arcuatus we quantified only fecundity
because no females with mancas in their brood pouch were captured in the studied
area.

The number of eggs for a brood was different for all four analyzed P.
collicola populations (stations 1, 3, 4, and 5). In terrestrial isopods, the number of
eggs produced per brood generally varies with the size of females (Paris & Pitelka,
1962), but there are also exceptions (Radu & Tomescu, 1972). The number of P.
collicola pregnant females collected in each station, their minimum and maximum
body length, and minimum, average (=SE) and maximum number of eggs per brood
are presented in tab. 2.

Table 2
Reproductive parameters of Porcellium collicola populations in stations 1, 3, 4, and 5.
Number of Minimum Maximum | Minimum eggs | Maximum eggs | Average number

Station pregnant body length | body length number per number per of eggs (+ SE) per
females (mm) (mm) brood brood brood

1 325 4.00 - 4.95 6.10 5 31 15.2245.05

3 215 4.60 7.05 5 54 23.27+7.30

4 72 4.40 6.05 5 35 18.63+6.63

5 60 4.95-5.60 6.35 9 36 20.15+6.48

In terrestrial isopods, the average number of eggs per brood pouch may
depend upon the species and locality (Hamaied & Charfi-Cheikhrouha, 2004;
Kight, 2008) and also on habitat and within-habitat level (Oberfrank et al., 2011).
In the case of a species, brood size is connected to life-history strategies, but is
influenced by climatic conditions: light intensity, day length, temperature, etc. and
habitat parameters: microclimate, vegetation, shelter sites, etc. (Hornung, 1988;
Kight, 2008; Oberfrank et al., 2011). In P. collicola populations from studied forests,
fecundity varied between 5 and 54 eggs per brood per female. A variation in brood
size between populations was also found in Armadillidium vulgare (Kight, 2008).
The variation of terrestrial isopods’ fecundity might be explained by a combination
of factors influencing individual growth and ecophysiology: the genetic determinant
of the growth rate, the ability of individuals to utilize resources, the given
environmental conditions, the birth date in seasonal environments, the timing of
allocation of resources to reproduction, the timing within the temporal sequence of
reproductive events in the case of iteroparous species (Achouri et al., 2003; Hamaied
& Charfi-Cheikhrouha, 2004).

The average number of P. collicola eggs’ (= SE) for a brood of a female in the
analyzed stations is presented in tab. 2. In the study zone (combined samples from
all stations) the average number of eggs (+ SE) per brood per female was 18.60+7.10,
and the body length of ovigerous females carrying eggs in their brood pouch varied
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between 3.85 and 6.80 mm. There are no data regarding fecundity of P. collicola
in the literature. A similar mean number of eggs per brood pouch (18.00+3.4) was
found in Porcellionides pruinosus (Hamaied & Charfi-Cheikhrouha, 2004). Smaller
values of the mean number of eggs per brood pouch were reported: 11+4 eggs per
female for Atlantoscia floridana (Araujo & Bond-Buckup, 2005), 15 eggs per female
for Hyloniscus transsylvanicus (Tomescu, 1976), 17 eggs (Radu & Tomescu, 1972) or
17 — 32 eggs per female depending on time for Protracheoniscus politus (Hornung,
personal communication; Oberfrank et al., 2011). Higher values were reported for
Trachelipus nodulosus (23 eggs per female) (Hornung, 1988), Armadillo officinalis
(25 eggs per female) (Alletlawi & Achuthan Nair, 1994), Armadillidium pelagicum
(50.91414.30 eggs per females) (Hamaied & Charfi-Cheikhrouha, 2004).

In Trachelipus arcuatus fecundity was quantified by counting eggs in the
brood pouches of 10 ovigerous females collected in the study plots. The number of
eggs per brood pouch varied between 33 eggs in a female with body length of 11.90
mm and 110 eggs in a female with body length of 15.00 mm. The average number
of eggs (+ SE) for a brood in a female was 55.60+21.71. There are no data regarding
fecundity of 7" arcuatus in the literature.

In terrestrial isopods, the number of eggs per brood per female is in close
linear correlation with the size of pregnant females (Hornung, 1988). Using simple
linear regression, we described the relation between the number of eggs per brood
pouch and the female’s body length for both isopod species. In Porcellium collicola
we described this relation for stations 1, 3, 4, and 5 and for the study zone (combined
samples from all stations).

The simple linear regression indicated a significant linear correlation
between the number of eggs in the brood pouch and the body length of P. collicola
females in station 1 (r = 0.741, p < 0.0001), station 3 (r = 0.783, p < 0.0001), station
4 (r=0.728, p <0.0001), station 5 (r = 0.660, p < 0.0001) and for the study zone (r =
0.816, p < 0.0001). The relation between the number of eggs and the female’s body
length, along with the coefficient of determination (r*) are presented in figures 2
and 3. Thus, we established the existence of a linear correlation between fecundity
and the body length of P. collicola females in studied forests. This phenomenon is
common in terrestrial isopod species (AlJetlawi & Achuthan Nair, 1994).

We also established a significant correlation (r = 0.851, p = 0.0009) between
the number of eggs in the brood pouch and the body length of Trachelipus arcuatus
females, although the linear regression model was based only on 10 specimens. The
relation between the number of eggs and the females’ body length, along with the
coefficient of determination (r?) are presented in fig. 4. These results confirm the
underlying study hypothesis according to which fecundity of the studied terrestrial
isopod species depends on the total body length of pregnant females.

A direct correlation between the number of eggs in the brood pouch and
the female’s body length was also identified in Armadillidium vulgare (Miller &
Cameron, 1983; Paris & Pitelka, 1962; Tomescu et al., 1992), Trachelipus nodulosus



372 FINICA MARIANA IVANOV

35 — 60 —
y=9.0858x- 28.94 . y=10.465x- 34.443 .
30+ 50 4 #=0.6126
. *
25 4
L 40T
»
%20 4 )
5 &30+
S5+ s
20 4
10 4
51 10 4
0 t t t t t t t | 0 + t t t t t t t |
35 40 45 50 55 60 65 70 75 35 40 45 50 55 60 65 70 715
Station 1 Bodylength (mm) Station 3 Bodylength (mm)
40 40
g5 | V710024x-32683 a5 | y=9.467x-30.000 " R
2_ .
30 L 30 L r°=0.4362 .
S 25 + é 25 +
& 20 3 20 +
S S
2 15 1 z 15 4
10 + 10 +
5+ ST
0 ' ' ' ' ' ' ' ! 0 t t t + + + + i
35 40 45 50 55 60 65 70 75 35 40 45 50 55 60 65 70 75
Station 4 Body length (mm) Station 5 Bodylength (mm)

Fig. 2 - The relationship between the number of eggs per brood and the body length of Porcellium
collicola females in stations 1, 3, 4, and 5.

(Hornung, 1989; Tomescu et al., 1992), Armadillidium versicolor, Ligidium
hypnorum, Protracheoniscus politus (Tomescu et al., 1992), Trachelipus difficilis
rotundatus (Accola et al., 1993; Tomescu et al., 1992), Cylisticus convexus (Hatchett,
1947 in Paris & Pitelka, 1962), Porcellio scaber (Brereton, 1956 in Paris & Pitelka,
1962; Tomescu & Craciun, 1987), Porcellionides pruinosus (Achouri et al., 2003,
2008), Armadillo officinalis (Alletlawi & Achuthan Nair, 1994), Agabiformius
lentus, Porcellio laevis, P. dalensis, Armadillidium granulatum, Soteriscus
gaditanus, Porcellionides sexfasciatus (Achouri et al., 2008). In some isopod
species direct correlations were identified between fecundity and other parameters
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Fig. 3 - The relationship between the number of eggs per brood and the body length of Porcellium
collicola females in the study zone.
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Fig. 4 - The relationship between the number of eggs per brood and the body length of Trachelipus
arcuatus females in the study zone.

of ovigerous females, as the body weight in Armadillidium pelagicum (Hamaied
& Charfi-Cheikhrouha, 2004) and Porcellio laevis (Lardies et al., 2004) or the
cephalothorax width in Atlantoscia floridana (Araujo & Bond-Buckup, 2005). In
terrestrial isopods, large females produce larger number of eggs per brood then the
small ones. Therefore the birth rate in populations is related not only to the number
of reproductive females, but also to their size at reproduction (Hamaied & Charfi-
Cheikhrouha, 2004).

The number of mancas found in marsupial pouch of Porcellium collicola
pregnant females varied between 2 and 28, and the average number of mancas (+ SE)
per female was 10.29+8.05. Pregnant females carrying mancas in their brood pouch
had a body length of 4.35 to 7.00 mm. A wide range of the number of young released
from the marsupial pouch (from 7 to 36) was also found in a tropical population
of Porcellionides pruinosus (Dangerfield & Telford, 1990). From the 21 analyzed
P. collicola females 12 were carrying less then 10 mancas per marsupial pouch.
The low number of mancas per female may be the result of their expulsion from
the brood pouch when females impacted the liquid from the trap. This is supported
by the presence of free mancas and females with open marsupial pouch and few
mancas in trapped material. Araujo and Bond-Buckup (2005) found that females
of Atlantoscia floridana move heavily and expel the marsupial content when they
contact the ethanol during Berlese funnel extraction.

Linear regression indicated a significant correlation (r = 0.507, p = 0.016)
between fertility and size of Porcelium collicola females. The relation between the
number of mancas per brood pouch and the female’s body length, along with the
coefficient of determination (r?) are presented in fig. 5. Thus, we established the
existence of a linear correlation between fertility and body length of P. collicola
females in studied forests. These also confirm the underlying study hypothesis
according to which fertility of the studied terrestrial isopod species depends on the
size of pregnant females.
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Fig. 5 - The relationship between the number of mancas per brood pouch and the body length of
Porcellium collicola females in the study zone.

A similar relation between fertility and female’s size was observed in other
terrestrial isopod species. Achouri et al. (2003) showed a significant correlation
between the number of hatched embryos found in marsupial pouch and the female’s
body length in Porcellionides pruinosus. Alletlawi and Nair (1994) found a positive
correlation between the number of young liberated by females and females’ body
length in Armadillo officinalis. Dangerfield and Telford (1990) found a positive
relationship between the body mass of female and the number of young released from
the brood pouch. Miller and Cameron (1983) showed the existence of a significant
relation between isopods’ size and the number of larvae in the marsupial pouch in
Armadillidium vulgare.
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PARAMETRII REPRODUCERII LA SPECIILE PORCELLIUM COLLICOLA
(VERHOEFF, 1907) SI TRACHELIPUS ARCUATUS (BUDDE-LUND, 1885)
(CRUSTACEA: ISOPODA: ONISCIDEA) DIN SUDUL ROMANIEI

REZUMAT

Porcellim collicola (Verhoeff, 1907) si Trachelipus arcuatus (Budde-Lund, 1885) sunt
doua specii de izopode terestre care traiesc in litiera padurilor de stejar din campia Vlasiei (sudul
Romaniei). Acest articol prezinta marimea corpului femelelor reproducatoare, fecunditatea (numarul
de oua per ponta per femela), fertilitatea (numérul de larve sau manca per femela) si relatia dintre
numarul de oud sau manca per punga incubatoare si lungimea totala a corpului femelelor purtatoare
de oua sau larve. In populatiile de Porcellium collicola femelele reproducitoare au avut o lungime
totald a corpului de 3,3 — 7,3 mm, fecunditatea medie a fost de 18,60+7,10 oud per femeld, iar
fertilitatea medie a fost de 10,29+8,05 manca per femela. in cazul speciei Trachelipus arcuatus
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lungimea totald a corpului femelelor reproducatoare a fost cuprinsa intre 9,8 si 16,6 mm, iar numarul
mediu de oud per ponta per femela a fost de 55,60+21,71. S-a stabilit existenta unei corelatii directe
intre marimea corpului femelelor purtatoare de oud sau manca si fecunditate, respectiv fertilitate la
specia Porcellium collicola.
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