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Abstract

Environmental temperature has a tremendous impact on many areas of spiders' lifestyle. It can
also be a strong teratogen. The study presents the results of teratological research involving embryos
of Eratigena atrica spiders. It was aimed at demonstrating a relationship between the temperature of
embryo incubation and the mortality of embryos as well as the number of individuals with body
deformities. The experiment was based on the application of alternating temperatures as a teratogenic
agent. E. atrica embryos were exposed to temperatures of 14 and 32 °C changed every 12 h for the
first 10 days of their development. We observed that these alternating temperatures significantly
influenced embryo mortality and the number of body deformities. Embryo mortality was high and the
experimental group contained 40 individuals with different anomalies of the prosoma: oligomely,
schistomely, heterosymely, symely and bicephaly. Four individuals were affected by so-called complex
anomalies, (combination of several defects). Complex anomalies of appendages on the prosoma were
recorded for the first time in the history of our research. Since each case was different, we analyzed
and described each of the spiders separately.
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Introduction

In arthropods collected in the natural using a certain teratologic factor, e.g., humidity
environment deformities are reported frequently. In (Buczek, 2000) or chemical compounds (ltow and
the majority of cases these anomalies affect Sekiguchi, 1979, 1980; Buczek, 1992). Temperature
external structures (particularly appendages on is yet another powerful teratogen. Embryo
certain body segments) and the exoskeleton incubation at temperatures significantly different
(Shelton et al., 1981; Spano et al., 2003; Makol and from the species optimum may lead to a number of
taydanowicz, 2006; Asiain and Marquez, 2009; developmental deformities (Juberthie, 1962, 1963a,
Gregati and Negreiros-Fransozo, 2009; Fernandes b).
et al, 2010). More complicated cases include Among arthropods these are arachnids,
conjoined twins and duplicitas posterior, all including spiders, that are often used in teratological
observed in juveniles obtained from embryos studies. Similarly to other arthropods, spiders are
collected in the wild and transferred to the poikilotherms. However, they are commonly referred
laboratory (Jara and Palacios, 2001; Rudolph and to as ectotherms due to the fact that their body
Martinez, 2008; Janssen, 2013). It is impossible to temperature is determined mainly by passive heat
identify —a  factor/factors responsible  for exchange with the surroundings (Punzo, 2007).
malformations in individuals found in nature; the Temperature has a huge impact on many areas of
most likely causes are therefore investigated (Curgi¢ spiders' lifestyle including mating behavior (Davis,
et al., 1983; Eeva and Penttinen, 2009). However, 1989), escape speed (Cobb, 1994), food intake and
deformities can also be induced in strictly controlled growth (Aitchison, 1981), copulation duration (Costa
laboratory conditions by disturbing embryogenesis and Sotelo, 1984), net casting (Barghusen et al.,

1997), nest site choice (Hanna and Cobb, 2006),
and intervals between egg deposition (Downes,

Corresponding author: 1988). According to Li (1995, 2002) Darymple

Teresa Napiorkowska

Department of Invertebrate Zoology (2005) Hanna and Cobb (2006), temperature is the
Faculty of Biology and Environmental Protection main factor influencing egg hatching and the
Nicolaus Copernicus University duration of embryogenesis and post-embryogenesis
Lwowskal, 87-100 Torun, Poland as well as the survival of juvenile stages. In the
E-mail: tnapiork@umk.pl optimum temperature embryogenesis is undisturbed

480


mailto:tnapiork@umk.pl

and embryo mortality is low. An increase in
incubation  temperature  usually  accelerates
embryogenesis, while a decrease delays this
process (Pulz, 1987). The studies of Jacunski (1969,
1971) and Mikulska and Jacunski (1970, 1971)
demonstrate that the application of temperature
higher than the thermal optimum (supra-optimal) (32
°C) of Eratigena atrica (previously known as
Tegenaria atrica) may impair their morphogenetic
processes, leading to body deformities. In
subsequent experiments the exposure of embryos
to temperature changed at regular intervals (lower
and higher than the optimum) led to a higher
number of individuals with anomalies and more
complex changes in their prosoma and opisthosoma
than when a single thermal shock was applied.
These alternating temperatures (14 and 32 °C) used
as a teratogenic agent were responsible for
oligomely, heterosymely, polymely, schistomely,
symely, and bicephaly in spiders (Jacunski, 1984;
Jacunski and Templin, 2003; Jacunski et al., 2004;
Templin et al., 2009, 2009-2010; Napidrkowska et
al., 2010a, b, 2016; Napiorkowska and Templin,
2013). In addition, in some cases the structure of
internal organs is investigated (especially the central
nervous system) to assess changes corresponding
to particular deformities (Jacunski et al., 2002a, b, c,
2005; Napioérkowska et al., 2010a, b, 2013, 2015).

We put forward a hypothesis that the
application of alternating temperatures (14 and 32
°C) would significantly affect the mortality of
embryos and number of deformities in Eratigena
atrica. The experiment was aimed primarily at
evaluating the effect of thermal conditions on spider
embryonic development. Another objective was to
present several examples of developmental
deformities in spiders in order to demonstrate
changes in their morphology caused by temperature
used as a teratogen. Morphological changes
analyzed in this study were identified for the first
time in the history of teratology.

Materials and Methods

The study involved embryos of Eratigena atrica
(Agelenidae). 43 sexually mature females and 17
males were collected during one breeding season in
August 2015 near the towns of Chetmza and Torun
(Poland) and transported to the laboratory, where
each spider was put into a separate glass container
with a capacity of 250 cm?®. Spiders were kept in a
dark room at the temperature of 21 - 23 °C and
relative humidity of 70 % and fed twice a week
larvae of Tenebrio molitor Linnaeus. Water was

provided regularly. Three weeks after the culture
was established, a male was introduced into the
container with a female ready for fertilization. The
procedure was repeated after two weeks. First
cocoons were laid at the end of November.
Embryos were immediately removed from the
containers, then counted and divided into two
groups: the control group, maintained at the
temperature of 22 °C and the humidity of 70 %, in
conditions optimal for the embryonic development of
this spider species (Jacunski and Wisniewski,
1997). The experimental group was exposed to
temperatures of 14 and 32 °C (both significantly
deviating from the optimum) applied alternately
every 12 h. This method was applied for the first
time by Jacunski (1984). The procedure continued
for ten days, until the first metameres of the
prosoma appeared on the germ band.
Subsequently, all experimental embryos were
incubated under the same conditions as the control
ones. Hatching took place approximately 20 days
after the eggs were laid. All control and
experimental  larvae  were  evaluated  for
developmental deformities.

A relationship between incubation temperature
and embryo mortality was tested using x? test for a
contingency table. The same test was used for the
number of anomalies, with Yates correction for
small abundances.

Results

During one breeding season we obtained
approx. 1,200 embryos, half of which constituted the
control group. Individuals from this group were not
affected by any developmental abnormalities.
Embryo mortality was 5 % in the control group and
about 30 % in the experimental group, due to the
incubation temperature (x> = 129.9, df = 1, p <
0.0001). 40 individuals had leg anomalies. The
number of teratogenically modified individuals was
related to alternating temperatures (x>= 54.1, df = 1,
p < 0.0001). The highest number of larvae were
affected by oligomely, i.e., they had a reduced
number of legs on the prosoma. Teratological
material also contained individuals with schistomely
(bifurcation) of walking legs, heterosymely (fusion of
legs lying next to each other on the same side of the
prosoma), and symely (fusion of legs of the same
pair, lying opposite each other on the prosoma). In
addition, one individual was affected by bicephaly
(presence of two heads) and four others, by
complex anomalies, i.e., a combination of at least
two deformities (Table 1). Since the majority of these

Table 1 Kinds and frequency of anomalies in the prosoma in Eratigena atrica

Kind of anomaly Number of individuals %
Oligomely 28 70.0
Heterosymely 2 5.0
Schistomely 3 7.5
Symely 2 5.0
Bicephaly 1 2.6
Complex anomalies 4 10.0
Total 40 100.0




Fig. 1 Eratigena atrica larvae with developmental anomalies of the prosoma.

A, B = larva with oligomely and a forked walking leg (ventral view): A, B = forked ends; C1, C2 = chelicerae; L =
walking legs; P1, P2 = pedipalps, Scale bar = 0.40 mm.

C, D = larva with oligomely, heterosymely and shortening of walking leg (ventral view): A = fused coxae, C1, C2 =
chelicerae, L = walking legs; P1, P2 = pedipalps, Scale bar = 0.50 mm.

E, F = larva with heterosymely of chelicerae and schistomelic pedipalps (ventral view): A, B = forked ends of
pedipalps; C1, C2 = chelicerae; L = walking legs; P1, P2 = pedipalps, Scale bar = 0.40 mm.

G, H = larva with oligomely, double heterosymely, polymely and short stump (ventral view): C1, C2 = chelicerae;
G1, G2 = gnathocoxae; P1, P2 = pedipalps; L = walking legs, S = stump, Scale bar = 0.45 mm.
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malformations  (i.e., oligomely,  schistomely,
heterosymely) had already been discussed in
previous papers (e.g., Jacunski et al, 2005;
Napiorkowska et al., 2007, 2013), we decided to
focus on four individuals with complex anomalies.
These four cases differ significantly and are
therefore analyzed separately.

Case 1. The spider in Figure 1 (A, B) was
affected by two anomalies observed on two sides of
the prosoma. On the right side of the prosoma
(ventral side) there were only three walking legs (L)
(unilateral oligomely). The deformity on the opposite
side was more complex and therefore more difficult
to classify. The second walking leg was slightly
shorter and thicker than the others and had two
ends (A, B). The ends were relatively short and had
the same length but one (A) was massive and had
two small protuberances. The free ends had a
uniform structure and there were no visible articular
surfaces on them. This anomaly may be classified in
two ways: 1) as schistomely (bifurcation) 2) as
polymely  with  partial  heterosymely  (one
supernumerary walking leg and incomplete fusion of
two others).

Case 2. The complex anomaly in the spider in
Figure 1 (C, D) affected its walking legs and was
very complicated. On the left side of the prosoma
(ventral side) only two legs were fully developed (L)
(oligomely). On the right side of the prosoma, apart
from two well-developed walking legs (L), there
were two appendages behind the pedipalp (P2).
However, these two legs had the coxae fused into
one large, massive structure (heterosymely) (A).
The remaining part of one of these appendages was
properly built, with six segments, but the other was
teratogenically changed: it was significantly shorter,
and consisted of only two narrow segments.
Unilateral lack of legs caused significant asymmetry
of the prosoma.

Case 3. The spider in Figure 1 (E, F) had
anomalies in the anterior part of the prosoma. The
anomalies affected its chelicerae and pedipalps.
Both chelicerae (C1 and C2) were partially fused
(heterosymely) with schistomelic pedipalps (P1 and
P2). Deformities of the pedipalps were identical.
Forked ends of both pedipalps (A and B) were of
equal length and width and consisted of three parts:
patella, tibia and tarsus. The ends of the legs moved
independently. These teratogenically changed
pedipalps with well developed gnathocoxa merged
with chelicerae. The fusions on the right and left part
of the prosoma were identical. Heterosymely
affected half of the base part of each chelicera and
the first three segments of each pedipalp. The
remaining part of the chelicerae including claws
were not fused.

Case 4. The spider in Figure 1 (G, H) had
several deformities affecting its walking legs:
oligomely,  double  heterosymely, polymely.
Moreover, one leg was much shorter and another
was not well-developed. On the right side of the
prosoma (ventral side), there were only two fully
developed legs with seven parts (L). Before them,
behind the pedipalp (P2), was a short stump (S),
probably a considerably shortened walking leg. On
the other side of the prosoma behind the pedipalp
(P1) were five walking legs (L); one was
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supernumerary (polymelic). The first was shorter
and thinner than the others. Its first three segments
(coxa, trochanter, and femur) were well-developed,
while the remaining ones were teratogenically
changed: they were considerably narrower, with
indistinct segmentation. Moreover, the coxa of this
leg was fused with the coxa of the pedipalp (P1)
(heterosymely). The coxae of the two next legs on
this side of the prosoma were also fused
(heterosymely), The remaining parts of these legs
were properly developed.

Discussion

The results of the experiment confirm the
hypothesis that temperatures of 14 and 32 °C used
alternately have a significant impact on the mortality
of embryos of E. atrica and the number of
morphological deformities.

Oligomely (absence of legs) was the most
frequent. It was identified in 70 % of individuals
affected by deformities. Other anomalies, including
complex ones (10 %), occurred with a significantly
lower frequency. In total, specimens with
morphologic changes constituted approx. 10 % of all
individuals which hatched in this experiment. The
number of individuals with anomalies would
probably have been larger but the mortality of
embryos was very high. We assume that the
majority of embryos died in the early stages of
embryogenesis due to extensive deformities.
Others, although successfully completed embryonic
development, could not leave the egg shells
because of developmental defects. In the
teratological material we found heavily deformed
embryos, which did not leave the chorion. It can
thus be concluded that serious leg deformities
prevented them from hatching. The question then
arises why the remaining 90 % of individuals from
the experimental group did not show any changes.
The possible explanation lies in efficient repair
mechanisms that can effectively eliminate at least
some of the deformities.

Our results indicate that organs of locomotion
are most susceptible to  developmental
abnormalities. It may be connected with the fact that
they are less vital for survival than, for example,
chelicerae. In addition, it is believed that the thorax,
with its metameric structure, is more primal and
more prone to teratogenic effects of temperature
(Jacunski, 1984; Jacunski et al., 2004). Moreover,
simple leg anomalies are not life threatening for a
spider. As indicated by Jacunski et al. (2005),
individuals without one or two legs can still build
webs, hunt and molt, even though their fitness is
severely impaired. Similar observations were made
by Pechmann et al. (2011). It should also be noted
that a majority of the anomalies consisted of one
type of deformity. Complex anomalies were
identified only in four individuals. In two cases
deformities affected only walking legs (Figs 1 A, B
and C, D). It seems that in one specimen (Figs 1A,
B) the defect was not very severe: only one leg was
missing, and the other was slightly shorter and
thicker than the remaining ones. Two free ends in
the distal part of this leg could indicate light
schistomely. However, it cannot be ruled out that



these were actually two not fully fused legs. This
would indicate the presence of two anomalies on
one side of the prosoma: polymely and partial
heterosymely. Of these two  possibilities,
schistomely is a less severe option. The results
obtained by Napidrkowska et al. (2007) demonstrate
that schistomely is subject to spontaneous
processes of repair: after several molts the defect is
eliminated. Furthermore, after the bifurcated end of
the appendage is amputated, the damage is
repaired as a result of epimorphic processes. The
affected spider can lead a normal life. However, in
the second case (Figs 1C, D) the defect seems
more serious. A higher number of missing legs
combined with heterosymely (fusion of legs)
significantly impaired the symmetry of the prosoma
and influenced molting of this individual. During the
first post-larval molt the deformed leg detached.
This led to a large loss of hemolymph and caused
the death of the spider. It should be noted that the
change which we identify as heterosymely
resembles a biramous leg. In arthropods a biramous
leg is considered primal, so, it can be viewed as a
possible return to ancestry. Similar conclusions
were made by Jacunski (1971, 1984, 2002) and
Templin et al. (2009-2010) who investigated larvae
of E. atrica with appendages on petiolus (the first
segment of the opisthosoma) or in place of book
lungs as well as larvae with a change in the
opisthosoma resembling postabdomen. According
to these authors, alternating temperatures impairing
embryonic development, caused a return to
phylogeny and atavism (the appearance of traits
belonging to ancestors).

Of the two remaining cases of complex
anomalies, one affected only pedipalps and
chelicerae (Figs 1E, F), while the other affected
walking legs and a pedipalp (Figs 1G, H). Case 3 is
particularly interesting (Figs 1E, F). This type of
deformity was identified for the first time in the
history of teratological studies. The deformity
affected pedipalps and chelicerae on both sides of
the prosoma in exactly the same way. Before,
Jacunski et al. (2002a) reported one case of
unilateral heterosymely of these appendages.
Histological analysis then revealed a change in the
position of a venom gland, which was contained
entirely within the fused appendages and shifted
towards the pedipalp. The specimen in Case 4 (Figs
1G, H) had six abnormalities, which affected legs on
the prosoma. Although extremely rare, such
anomalies have already been described by Jacunski
and Napiorkowska (2000) and Jacunski et al.
(2004).

It would be very interesting to understand why
these abnormalities developed. According to
Rousseaux (1988) abnormal phenotypes are the
results of the genetic constitution of an animal and
the molecular, cellular, and histogenic environment
in which they grow. For normal development, the
critical cellular mass, correct cellular induction and
movements must occur at the proper time and
place. Mutations, chromosomal aberrations, and
environmental interactions with genes that produce
abnormal development may initially produce
abnormal cells and later a phenotypically abnormal
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individual. It could be assumed that anomalies that
we observed in spiders result from changes in the
movement or death of cells caused by alternating
temperatures or displacement or dislocation of the
cumulus in blastoderm stages. However, based on
latest reports (e.g., Damen et al., 1998; Telford and
Thomas, 1998; Pechmann et al., 2009; Schwager et
al,, 2009; Khadjeh et al.,, 2012) we suppose that
these deformities result from changes in Hox gene
expression patterns. Hox genes are able to alter the
arthropod plan. Hox genes encode transcription
factors and are expressed in partially overlapping
expression domains along the anterior-posterior
body axis. These genes determine the presence or
absence of legs in different parts of the body. One
of them is Antennapedia gene (Antp), whose
expression pattern in A. tepidariorum suggests a
role in leg repression rather than in leg development
(Khadjeh et al., 2012). It can therefore be assumed
that in the deformed spider shown in Figs 1G, H
there was, among other things, a variation in the
expression pattern of this gene, and this led to the
development of a supernumerary leg.

Another homeobox gene which is well known
for its role in appendage formation is Distal-less (DII)
gene. The results of Pechmann et al. (2011)
suggest that the early expression of At-DIl in the
germ disc is required for the formation of L1 and
L2 segments. The loss of early At-DIl function
leads to malformation of the L1 and L2 segments
and a large portion of the cells in these malformed
segments is later removed by cell death.
Moreover, the cell death apparently removes more
cells in this region, resulting in the animals lacking
both L1 and L2. Therefore, in case of oligomely
(absence of walking legs), identified in three
individuals (Figs 1A, B; C, D and G, H), there might
have been a change in the expression of the Hox
(Dll) gene responsible for the formation of
segments and the entire appendages. Without
sufficient research we were unable to determine
which ones were lost, and we therefore marked
them with the letter L only.

In the natural environment many factors may
influence  embryogenesis of spiders. Body
deformities and changes in the internal structure are
common results. It should be stressed that
temperature affects not only the embryogenesis, but
also hiology of spiders and other invertebrates.
Moreover, it determines the distribution and
dynamics of entire populations (Ahmad et al., 2016;
Elekcioglu, 2017; Khan and Naveed, 2017).
Unquestionably, complex anomalies described
above were induced by the application of alternating
temperatures during the first ten days of embryonic
development. Deformities of this kind prevent
spiders from leading a normal life not only in the
environment, but also in the laboratory under the
supervision of researchers. Extensive changes in
spiders' morphology can seriously impair their life
processes, eventually leading to their death. They
do not have a chance to reach sexual maturity and
reproduce. It should be accentuated that climate
change and extreme weather events may result in a
growing number of serious deformities in spiders in
the natural environment.
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