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Abstract

In this study, chromosomal characteristics of Eratigena agrestris (Agelenidae) were investigated for the first time. 
Karyotype features including diploid chromosome number, sex chromosome system, chromosome morphology, 
and meiotic behavior were obtained from specimens collected in two localities of Mediterranean region. A spreading 
method including dissection, hypotonization, fixation, and staining was used to prepare the chromosome slides. In 
a total, 10 adult males were used due to having high numbers of dividing cells. Cytogenetical results showed that 
the diploid chromosome number and sex chromosome system was 2n♂ = 42 (X1X20). The sex chromosomes were 
identified tentatively. All chromosomes were telocentric. Relative chromosome lengths of autosomal pairs ranged 
between 5.65 and 3.32%, and relative chromosome lengths of X1 and X2 were 5.33 and 4.19%, respectively. In the 
first meiotic division stages, bivalents usually had one chiasma, but some had two chiasmata. At the end of the 
meiosis, two kinds of nuclei, with or without sex chromosomes, have occurred. These results contribute to a better 
characterization of the Agelenidae cytogenetic.
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The order Araneae is a diverse group of arachnids that are widely 
distributed all over the world. Current taxonomic systems show 
that more than 48,000 spider species are found and divided into 
three main clades, such as Mesothelae, Mygalomorphae, and 
Araneaomorphae (Coddington and Levi 1991). Among them, the 
last one represents the most derived taxonomic group including 
more than 40,000 species (World Spider Catalog 2019). However, 
only almost 850 spider species belonging to 70 families have been 
studied by cytogenetics previously (Araujo et al. 2019).

Agelenidae is one of the family belongs to the Araneomorphae 
infraorder, including 82 genera and 1,307 species and the genus 
Eratigena Bolzern, Burckhardt & Hänggi, 2013 comprises 37 spe-
cies, mainly from Europe, North America, and part of Asia (World 
Spider Catalog 2019). Among them, Eratigena agrestris (Walckenaer 
1802) is a member of the funnel-web spiders that have usually long 
legs, swift-runners that build funnels or tube-shaped retreats in 
grass, billet piles, rock piles, and various area around the home and 
yard (Davis 2016).

Among the species of Agelenidae, only 17 species were cytogen-
etically studied and most studied taxa belong to the genus Tegenaria 
Latreille, 1804 with six karyotyped species (Araujo et  al. 2019). 
Within the genus Eratigena, E. atrica (C.L. Koch 1843) is the only 
species of the whole genus that was chromosomally analyzed, pre-
senting a karyotype formula of 2n♂ = 42, X1X20 (Revell 1947).

Most spider species have a multiple X chromosome system called 
X1X20 system (X1X2 in males and X1X1X2X2 in females) (Král 2007) 
which has been noticed as a plesiomorphic character in spiders be-
cause it is present in representatives of the phylogenetically basal 
family Liphistiidae (Mesothelae) (Suzuki 1954).

This study reports the karyotype of E. agrestris based on diploid 
chromosome number, sex chromosome system, and meiotic charac-
teristics, for Turkish populations. This study will introduce new data 
on the genus Eratigena and fill a gap in cytogenetics of the family 
Agelenidae.

Materials and Methods

Biological Material
Male specimens of Eratigena agrestis (Walckenaer 1802)  were 
collected during 4 May 2018 from Mediterranean part of 
Turkey: 1)  Pozantı/Adana: (3♂; 37°25′19.98″N, 34°52′46.55″E; 
Collection Numbers: ZKPA1.18–ZKPA3.18), 2)  Soğucak/Mersin: 
(7♂; 36°58′01.30″N, 34°32′05.35″E; ZKSM1.18–ZKSM7.18) 
(Permission from Turkish Environment and Urban Ministry, 
Provincial Directorate of Environment and Urbanization, Permission 
Number: 51512229-3807). All of the collected spiders were placed 
in separate plastic tubes and transferred to the laboratory. Subadult 
samples were kept in the laboratory until they were adults and fed 
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Fig. 1. Karyology of Eratigena agrestris from spermatogonial metaphases (2n♂ = 42, X1X20): (a) karyogram; (b) ideogram (bar = 10 µm).

with Drosophila melanogaster twice a week. A  wet cotton was 
put into plastic tubes for the moisture requirement. The specimens 
used in the study were preserved in the Genetics Laboratory of 
Department of Molecular Biology and Genetics, Faculty of Art and 
Science, Nevşehir Hacı Bektaş Veli University (Nevşehir, Turkey).

Experimental Steps of Chromosome Preparation
Chromosome preparations were made according to the protocol 
of Dolejš et  al. (2011), a classical spreading technique. Testes 

were used due to providing high numbers of dividing cells, which 
are useful to determine the karyotype and analyze the meiotic be-
havior. Chromosome preparations were made by three main steps 
as follows:

First step: Testes were dissected out in a physiological solution for in-
vertebrates (Lockwood 1961) and then put into a hypotonic solution 
(0.075 M KCl) for 12–15 min at room temperature (RT). For fixation, 
freshly prepared Carnoy’s solution (3:1; ethanol:acetic acid) was used 
twice for 10 and 20 min at RT.
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Second step: A drop of acetic acid (60%) was put on a slide and 
a piece of tissue was put into the acetic acid, then immediately cell 
suspension was prepared using a pair of tungsten needles. The prepar-
ations were placed on a histological plate (surface temperature was 
42°C). Cell suspension was moved until the drop had almost evap-
orated. The preparations were air-dried for 24 h and inspected under 
a phase-contrast microscope (Leica DM500) to choose best quality 
preparations with chromosomes.

Third step: The preparations were stained with 5% Giemsa solution 
in Sörensen buffer (pH = 6.8) for 27 min at RT. The preparations were 
then washed with tap water and then washed with distilled water. They 
were placed in special boxes after being dried in RT and kept in 4°C.

Microscope Analysis and Karyotyping
Chromosome preparations were investigated under a light micro-
scope CX21 (Olympus) and chromosome photographs including 
mitotic and meiotic cells were taken at 100× magnification with a 
BX53 (Olympus) microscope equipped with DP26 digital camera by 
CellSens (Olympus) program. Some chromosomal parameters such as 
the short arm (p), long arm (q), total chromosome length (C), centro-
meric index (CI = p/C × 100), relative chromosome length (RCL%), 
and X2/X1 ratio of spermatogonial metaphases were measured and 
calculated using CellSens (Olympus) program from 10 well-spread 
metaphases. Karyotype was prepared by arranging chromosomes in 
pairs based on their size using images of mitotic metaphases using 
Adobe Photoshop CS3 program and ideogram was made by Excel soft-
ware (Microsoft Office). Chromosome measurements followed Levan 
et al. (1964) criteria (metacentric = 1.0–1.69, submetacentric = 1.7–
2.99, subtelocentric = 3.0–6.99, and telocentric = 7.0–∞).

Results

Karyotype of Eratigena agrestris
Karyotype of E.  agrestris comprises 42 telocentric chromo-
somes, 20 autosomal pair, and two sex chromosomes (Fig. 1). The 

sex chromosome system was ♂X1X20/♀X1X1X2X20. Karyotype 
formula for males was 2n♂ = 42, X1X20. RCL of the largest auto-
somal pair was 5.65% and the smallest autosomal pair was 3.32%. 
Chromosomes decreased gradually in size. RCL of the sex chromo-
somes, X1 and X2, were 5.33 and 4.19%, respectively (Table 1). The 
X2/X1 ratio was obtained from 10 spermatogonial metaphases as 
78.61 (%).

Meiotic Characteristics of Eratigena agrestris
Stages of meiosis
At diplotene, 20 autosomal bivalents and two positively 
heteropycnotic univalent sex chromosomes were observed (Fig. 2a). 
Some bivalents had two chiasmata; in general, the bivalents had only 
one chiasma. At anaphase II, the sister chromatids were moved to 
the opposite poles and there were two kinds of nuclei: n = 22 (20 
autosomes and two isopycnotic sex chromosomes) and n = 20 (20 
autosomes) (Fig. 2b).

Discussion

Chromosomal studies on the genus Eratigena are represented by 
E. atrica, that presents 2n♂ = 18–24 according to Carnoy (1885) 
and 2n♂ = 42 according to Revell (1947). This latter being co-
incident with the 2n♂ = 42 found in the present paper. Carnoy 
(1885) did not provide information about the sex chromosome 
system and chromosome morphology of the species however, 
Revell (1947) clarified the sex chromosome system as X1X20 type 
and the telocentric morphology of the chromosomes, as also found 
in the present study. The probable reason for the different diploid 
number found by Carnoy (1885) may be pointing the methodo-
logical problems of the studies in that time that conduct to erro-
neous interpretations.

When the karyotype characteristics are evaluated, the gradual de-
crease of relative chromosome lengths, the absence of very large or 
very small chromosomes is a common feature in entelegyne spiders 
(Poyraz 2017). At the same time, when meiotic division properties 

Table 1. Measurements from 10 spermatogonial metaphases of Eratigena agrestris

Pair no. Long arm (q) (µm) Short arm (p) (µm) Total length (µm) Centromeric 
index (CI)

Relative length 
(RCL%)

Chromosome 
morphology

1 11.56 ± 0.22 0 11.56 ± 0.22 0 5.65 t
2 11.08 ± 0.36 0 11.08 ± 0.36 0 5.42 t
3 10.97 ± 0.14 0 10.97 ± 0.14 0 5.36 t
4 10.80 ± 0.32 0 10.80 ± 0.32 0 5.28 t
5 10.44 ± 0.20 0 10.44 ± 0.20 0 5.10 t
6 10.21 ± 0.27 0 10.21 ± 0.27 0 4.99 t
7 10.06 ± 0.42 0 10.06 ± 0.42 0 4.92 t
8 9.90 ± 0.18 0 9.90 ± 0.18 0 4.84 t
9 9.73 ± 0.26 0 9.73 ± 0.26 0 4.76 t
10 9.52 ± 0.34 0 9.52 ± 0.34 0 4.65 t
11 9.26 ± 0.15 0 9.26 ± 0.15 0 4.53 t
12 9.08 ± 0.12 0 9.08 ± 0.12 0 4.44 t
13 8.82 ± 0.40 0 8.82 ± 0.40 0 4.31 t
14 8.60 ± 0.10 0 8.60 ± 0.10 0 4.20 t
15 8.22 ± 0.38 0 8.22 ± 0.38 0 4.02 t
16 7.90 ± 0.14 0 7.90 ± 0.14 0 3.86 t
17 7.62 ± 0.21 0 7.62 ± 0.21 0 3.72 t
18 7.28 ± 0.40 0 7.28 ± 0.40 0 3.56 t
19 7.04 ± 0.33 0 7.04 ± 0.33 0 3.44 t
20 6.80 ± 0.16 0 6.80 ± 0.16 0 3.32 t
X1 10.90 ± 0.27 0 10.90 ± 0.27 0 5.33 t
X2 8.58 ± 0.12 0 8.58 ± 0.12 0 4.19 t

t = telocentric; ± = standard deviation.
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are considered, a positive heteropycnosis of sex chromosomes in mei-
osis I and isopycnosis in meiosis II, usually having only one chiasma 
(sometimes two chiasmata) on diplotene bivalents and migration to 
the same pole of sex chromosomes on anaphase I are frequently en-
countered in entelegyne spiders (Araujo et al. 2012). Thus, it can be 
concluded that the findings obtained in this study are consistent with 
genus characteristics.
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Fig. 2. Meiosis of Eratigena agrestris from adult males: (a) diplotene, 20 autosomal bivalents and two univalent sex chromosomes (arrow shows sex 
chromosomes and asterisks show bivalents that have two chiasmata); (b) anaphase II (20 autosomes, without sex chromosomes) (bars = 10 µm).
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