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Abstract

Teratology is the science that deals with the causes and patterns of deformities,
abnormalities and defects in the physical development of animals. Teratological
occurrences can be due to genetic or environmental conditions. Ocular teratologies
are common in hypogean spiders. This communication reports on the occurrence of
ocular teratologies of the South African endemic spider family, Stasimopidae.
Various museum collections resulting in 181 spiders were examined for cases of
ocular teratologies. Six females and one male were found to display some form of
teratology. The species found to exhibit these were, Stasimopus patersonae, S.
robertsi, S. insculptus peddiensis, S. griswoldi, and three unidentified specimens.
The teratologies range from reduced eye size to numerous additional eyes. The
exact cause of the teratologies is unknown. They could, however, be linked to
embryonic trauma or developmental issues, juvenile injury, or unusual environmental
conditions during embryonal development. The spiders all survived to adulthood as
in hypogeal spiders, eye sight is not the most relied on sense. Understanding the
causes of teratologies is important as it may enable researches to predict the effect

of increasing chemical use and global climate change on the embryology of spiders.
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Introduction

Teratology has long been documented and studied in the field of arachnology
(Kaston 1982, Jimenez and Llinas 2002). It is the science that deals with the causes
and patterns of deformities, abnormalities and defects in the physical development of
animals (Balazuc 1948, Ujhazy et al. 2012, Burke et al. 2018). Reporting
teratological cases is important because they may indicate the effect a particular
environmental condition may play during development and may be of general
interest (Burke et al. 2018).

Ocular teratologies are the most frequently reported deformity of the external
features of spiders (Jimenez and Llinas 2002). The documentation of teratological
cases of the ocular patterns in the Araneae started with Kaston in 1937 in which he
described a spider from the family Amaurobiidae and another from the family
Corinnidae both with missing eyes (Kaston 1937). Many other cases have been
reported since Kaston (Kaston 1962, 1982, Marer 1972, Savory 1977, Ono and Kudo
1996, Noordijk and Heijerman 2016). It has been noted that the teratology of the
eyes of spiders tends to be more common in hypogean spiders, due to a stronger
reliance on senses other than vision (Jimenez and Llinas 2002). These types of
studies have advanced to experimental phases in which researchers are testing
different environmental conditions (e.g. temperature changes, high humidity and
different chemicals) and how this influences the development of structural
abnormalities. These studies were not only carried out on spiders, for example the
giant house spider, Eratigena atrica (Temperature), but also on other organisms,
such as Japanese horseshoe crabs, Tachypleus tridentatus (Chemicals) and the
tick, Hyalomma marginatum marginatum (Humidity) (Itow 1980, Itow and Sekiguchi
1980, Buczek 2000, Napiorkowska et al. 2007, Napiérkowska and Templin 2017,
2018). In multiple studies carried out on the giant house spider, it was found that
alternating between high and low temperatures during embryogenesis, causes
deformities in the pedipalp, legs and prosoma of spiders, which often leads to

fatality.

Spiders typically have eight eyes, the Anterior Median eyes (AME) are known as the
‘principal’ eyes, with the other eyes (Anterior Lateral (ALE), Posterior Median (PME)

and Posterior Lateral (PLE)) known as ‘secondary’ eyes (Figure 1). Principal and



secondary eyes differ extensively in terms of development, structure and function
(Morehouse et al. 2017).

This communication serves to report the extent of some ocular teratological
occurrences found in the South African spider genus Stasimopus Simon (1892),
which is endemic to Southern Africa. The genus has recently been placed into its
own family, Stasimopidae (Opatova et al. 2019). It is a large genus comprising of 47
species (World Spider Catalog 2020). These spiders live in retreats comprising
vertical burrows or chambers under rocks or on trees which are lined with silk
(Dippenaar-Schoeman 2002). The females lead sedentary lifestyles, only exiting the
burrow to capture prey within reach of the burrow entrance (Engelbrecht and
Prendini 2011, Satler et al. 2013). However, the males are nomadic in nature,

spending time wandering to locate females and are the drivers of dispersal.

Methods and Materials

Multiple national and international museum collections (Albany Museum,
Grahamstown, South Africa; The National Museum, Bloemfontein, South Africa;
Ditsong Museum of Natural History, Pretoria, South Africa; Iziko Museum of Cape
Town, South Africa; Museum fur Naturkunde, Berlin, Germany; National Collection of
Arachnida, Pretoria, South Africa) were examined. A total of 142 females and 70
males examined from 39 different species between the sexes. The examined
material yielded six females and one male that display some form of teratology
(Table 1).

All the specimens were photographed using Zeiss Axio Zoom V16 with the Axiocam
512 colour and stacked with ZEN 2.3 SP1 (Blue Edition) or a Leica M 165C
stereomicroscope attached to Leica camera (DMC-2900). Two different systems
were required because the males and some females have a steeper carapace and
thus required an imaging system with a greater depth of field. All specimens were

photographed on a petri dish of glass beads for ease of adjustment.

An ocular teratology is considered to be a deviation from the normal ocular pattern

for the genus. This standard pattern is shown in Figure 1.



Table 1. Specimen information for the Stasimopus individuals showing some form of

teratology.
Species Sex Locality Accession
Stasimopus patersonae Female SOUTH AFRICA, Eastern Cape Albany Museum
(Hewitt, 1913) province, Perseverance (Collector number:
1955)
Stasimopus griswoldi Female SOUTH AFRICA, North-West Ditsong Museum of
(Engelbrecht and province, Brits, Hartebeespoort dam Natural History
Prendini, 2012) (TMSA-24001)
Stasimopus robertsi Female SOUTH AFRICA, Gauteng province,  Ditsong Museum of
(Hewitt, 1910) Pretoria, Lyttelton junction Natural History (TMSA
-3109-3112)
Stasimopus insculptus ~ Female SOUTH AFRICA, Eastern Cape Albany Museum
peddiensis province, Peddie (AMGS-84594)
(Hewitt, 1917)
Stasimopus sp. Female SOUTH AFRICA, Western Cape National Collection of
province, Kleinwaterval Arachnida (NCA)
(NCA 2017/1885)
Stasimopus sp. Female SOUTH AFRICA, Northern Cape National Collection of
province, Sandkop Arachnida (NCA)
(NCA 2019/643)
Stasimopus sp. Male SOUTH AFRICA, Eastern Cape National Collection of
province, Bloemhof farm Arachnida (NCA)
(NCA 2019/605)




Anterior Lateral
Eye (ALE)

Anterior Median
Eye (AME)

Posterior Lateral
Eye (PLE)

Pasterior Median
Eye (PME)

Figure 1: The ocular pattern of a Stasimopus female trapdoor spider. This represents the
standard number and arrangement of eyes for this genus of spider. Any additional or
reduced number indicates a teratology. Any change in the position of the eye in relation to

the other eyes is also regarded as an abnormality

Results

The S. patersonae female has a growth protruding from the left PME (Figure 2A).
The specimen of S. robertsi has a teratology of the right PME, which appears to be
bifurcating (Figure 2B). Stasimopus insculptus peddiensis specimen has a number of
deformities (Figure 2C). The right AME is absent entirely. There are six eye-like
protrusions to the left of and beneath the right ALE. The right PME is split into two.
Both PMEs are bifurcating and the left is partially split. The female of S. griswoldi has
two smaller, presumably non-functional eyes on either side of the right ALE and one
small growth on the outside of the left ALE (Figure 2D). The unidentified female from
Kleinwaterval farm (NCA 2017/1885) has what appears to be cuticles for multiple (at
least seven) additional eyes, but none of them are completed with lenses (Figure
2E). The additional cuticles to support a lens span from the ALE to the PLE on both
sides of the ocular pattern. The other unidentified Stasimopus female from Sandkop
(NCA 2019/643), has multiple deformities (Figure 2F). The right ALE has two
additional eyes to the right. The left ALE has a small additional eye to the left. The
right PLE appears to be split into three separate compartments. The unidentified
male from Bloemhof farm (NCA 2019/605) has a smaller than usual left AME (Figure
2G).



Figure 2: Ocular teratologies of various specimens of the genus Stasimopus. All teratologies

are indicated by white arrows. (a). Stasimopus patersonae with an additional growth on the
left posterior median eye. (b). Stasimopus robertsi with an additional growth on the right
posterior median eye. (c). Stasimopus insculptus peddiensis with a number of deformities.
(d). Stasimopus griswoldi with three small growths around the anterior lateral eyes. (e).
Stasimopus species (female, NCA 2017/1885) with many additional growths/eyes

surrounding the entire ocular pattern. (f). Stasimopus species (female, NCA 2019/643) with



multiple additional eyes and bifurcating eyes. (g). Stasimopus species (male, NCA

2019/605) with a smaller right anterior median eye.

Discussion
The exact causes of these deformities are unknown.

The secondary eyes of spiders and scorpions initially develop from a common eye
field during embryonic development, this eye field is then split into the separate units
(ommatidia) and each unit develops into an eye (Loria and Prendini 2014,
Morehouse et al. 2017). It is thus plausible that any form of trauma during the
splitting of the eye field could cause the deformities seen in Figure 2A, B, C
(excluding the AMEs), D, E and F. The development of the separate ommatidia has
also been linked to gene expression and an error in this process could lead to the

afore mentioned deformations.

Jimenez and Llinas (2002) stated that deformities could be linked to illness or injury
during the juvenile stages of a spider’s life. This is also recognised in Balazuc (
1955) as heteromorphosis which was reported in the ocellus of the spur-throated
grasshopper, Melanoplus (Orthoptera: Acrididae). It is possible that in the case of
additional eyes (Figure 2E and F), a duplication of part of the cephalic region may
have occurred during embryonic development (Jimenez and Llinas 2002). The
formation of photoreceptors without lenses is believed to be caused by the failure of
photoreceptors at recruiting the cuticular lens secreting cells, thus inhibiting the
formation of the lens (Morehouse et al. 2017). This could be the cause of the
deformities seen in Figure 2E. The reasons for the photoreceptor failure are not yet

known.

Multiple genes which play a role in general arthropod eye development have been
identified in spiders, which implies that the developmental process likely follows a
similar pattern (Morehouse et al. 2017). From this it can be deduced that loss of the
dac -gene would lead to the loss of a secondary eye, but not the primary eye. The
genetic pathway responsible for primary eye development must still be investigated

further to understand what may lead to the loss of AMEs such as in Figure 2C.

It is most likely that these teratologies are the result of environmental conditions

during embryonal development. Multiple studies have shown the effects of different



temperatures causing various teratologies under laboratory conditions
(Napiorkowska et al. 2007, Napiorkowska and Templin 2017, 2018). Another
possible cause for the deformities reported in this paper is exposure to pesticides
during embryonal or post-embryonal development (Holmberg and Kokko 1983,
Noordijk and Heijerman 2016). The Karoo region in which the non-identified
individuals were collected has been documented to have undergone extensive
spraying with the pesticide Deltamethrin for the control of brown locusts (Brown et al.
1993, Brown and Kriel 1994, Stewart et al. 1994, Price et al. 2000). In addition, to
Deltamethrin being used in the area, the Northern Cape part of the Karoo underwent
many different chemical trails for locust control using Fipronil, Fenvalerate,
Tralomethrin, Pyridaphenthion and Alpha-cypermethrin (Price et al. 1994, 1996,
2000, Stewart and Napier Bax 1995, Stewart et al. 1995, Chambers and de Klerk
1997, Price 2001). These studies stated that the chemicals cause a ‘knock-down
state’, in which the locusts become paralysed for varying amounts of time (Brown et
al. 1993, Brown and Kriel 1994, Price et al. 1996). The locusts either die during the
knock-down due to environmental conditions, die after the knock-down due to the
pesticide action, or make a full recovery (Brown et al. 1993, Brown and Kriel 1994,
Price et al. 1996). Only two of these studies considered the impact of these trials on
non-target organisms, thus the impact this may have had on the spider fauna is
unknown (Brown et al. 1994, Stewart et al. 1994).

For most species of spider, sight is not the main avenue for prey capture. Spiders
such as those in this study, live in burrows and are nocturnal. These spiders are

more reliant on mechanical and chemical stimuli (Foelix 1996, Jimenez and Llinas
2002). Thus, the impairment of vision would likely not lead to mortality, which may

explain how these specimens survived to maturity (Jimenez and Llinas 2002).

More studies are needed to investigate why and how ocular teratologies occur in the
Araneae as to better understand the environmental and/or genetic conditions, which
underlie this. Long term studies are also suggested which will investigate the impact
ocular teratologies have on spider behaviour and survival. It is vital to understand
the underlying causes of teratological cases to be able to predict the effects of
increasing use of chemicals (pesticides and herbicides) and changing global climate,

which may affect the embryology of spiders.
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