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Abstract

Spiders can modify their web construction behaviour according
to environmental conditions. Here, we examined how the web
structure of Tetragnatha tenuissima differentiates depending on
habitat type (swamp or river edge) at La Selva Biological Sta-
tion, Costa Rica.We characterized the web architecture based on
length, number of radii, and the spiral spacing relative to web
length. There were no significant differences on the length or
number of radii between the webs present in the swamp and
river habitats. In terms of the spiral spacing relative to web
length, there was a significant difference between habitats, with
less distance in river-side webs than in the ones on swamps. This
could be explained by the potential differential resource avail-
ability on each environment. Therefore, habitat type appears as
an explanatory variable for differences on the web structure of
T. tenuissima. Due to the small number of identifiable individu-
als of other Tetragnatha species, the effect of congeneric species
co-occurrence on web structure remains as a factor to be tested
in future research.

Keywords: Costa Rica • habitat adaptation • niche partitioning • orb-
weaving spiders • web differentiation • web structure

Introduction

One of the most characteristic foraging strategies used by
spiders is web building. This behaviour implies energy
investment in site selection and web construction (Blamires
2020). Recent studies have focused on how biotic and abi-
otic factors affect web architecture in orb-weaving spiders
(Gillespie 1987; Glover 2003; Blackledge & Zevenbergen
2006; Blamires, Thompson & Hochuli 2007; Blamires et al.
2011; Blamires 2020). Among those factors are included
inter and intraspecific competition (Glover 2003; Kennedy
et al. 2019), prey availability (abundance, size, and diver-
sity) (Gillespie 1987; Glover 2003; Blackledge & Zeven-
bergen 2006; Blamires, Thompson & Hochuli 2007;
Blamires et al. 2011; Blamires 2020), wind conditions (Wu
et al. 2013), air temperature and openness of the habitat
(Blamires, Thompson & Hochuli 2007), and the size of the
water body (i.e. river or lake) in which some spiders build
their webs (Gregorič et al. 2011).

The web modifications could be related with the use of
different types of silk (Blamires 2020) or in architectural
features (Blackledge & Gillespie 2004; Gillespie 2004; Gre-
gorič et al. 2011; Kennedy et al. 2019). Among the web
components that spiders tend to modify are the number of
radii, web length, and spiral spacing (Blackledge & Gille-
spie 2004; Gillespie 2004; Gregorič et al. 2011; Kennedy et
al. 2019). Sticky spirals are used for prey capture while the
radii are non-sticky areas of the web which provide struc-
tural support. Orb weavers also use radial strings to attach
their webs to the surrounding structures (Zschokke 1999;
Blackledge & Gillespie 2004). These strings contribute to
counteract the kinetic energy of prey’s flight when it is cap-
tured (Sensenig et al. 2012). The mesh created by all these
web components is related to the efficiency of the web in
prey capture (Blackledge & Zevenbergen 2006). Therefore,
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it is expected that these web features will vary according to
different habitat conditions.

Since the structure of the web is correlated with the type,
availability, and size of the prey (Brown 1981; Yoshida
1981), as well as a medium to avoid competition (Glover
2003), and to survive environmental conditions (Gregorič et
al. 2011; Wu et al. 2013), it can be considered as a proxy for
their trophic niche (Blackledge & Gillespie 2003). It has
been shown that orb weavers can accomplish niche parti-
tioning by the structure and positioning of their webs
(Brown 1981). For example, within the adaptive radiation
of Hawaiian Tetragnatha spiders, it has been demonstrated
that different species co-exist in the same area by using dis-
tinct web architectures to prey on different organisms
(Blackledge & Gillespie 2004; Gillespie 2004; Kennedy et
al. 2019).

The orb-weaving spiders from the family Tetragnathidae
have a worldwide distribution including the rainforests of
Costa Rica (Okuma 1992). Their webs are placed near trees,
among plants close to the water, or in the canopy foliage of
forests (Yoshida 1981; Nasir 2016). They also sometimes
aggregate their webs to provide protection from predation
(Blamires, Thompson & Hochuli 2007). Many tetragnathids
have species-specific webs, while others build more generic
ones. Relative body sizes can also affect web structure.
Amongst the genera in this family, Tetragnatha are known
to build unique webs, with different structures according to
the species (Nasir 2016). Out of the seven Tetragnatha
species reported from Costa Rica (Banks 1909, 1913;
Okuma 1992), three of them are present at La Selva Biolog-
ical Station: Tetragnatha elongata, T. tenuissima, and T.
mexicana (Cotoras pers. obs.). They are present in swamp
and riverside habitats. T. tenuissima appeared to be the most
abundant and wide spread of them (Cotoras pers. obs.).

The physical proximity of the suitable habitats for T.
tenuissima at La Selva Biological Station allowed us to
explore what is the effect of the local environment on the

web structure. Particularly, we set out to ask: will the web
structure of T. tenuissima vary amongst different types of
habitats, such as swamps and rivers? We predict that T.
tenuissima webs will have a different architecture depend-
ing on the environment because of the expected differential
prey availability and local environmental physical con-
straints (i.e. exposure, water flow, substrate availability,
etc.). This research brings new insights into the degree of
plasticity in web construction, given the habitat conditions,
on a continental Tetragnatha species.

Methods

Eight sampling areas (four river margins and four
swamps) were selected based on the land use denomination
(Clark & Clark 2000; Romero et al. 2013) of La Selva Bio-
logical Station (10°25′N 84°00′W). In addition to habitat
type, the selection criteria for the sampling sites were based
on Tetragnatha abundance and accessibility. We visited
each site three times over a six-week period, between June
and July 2017. Surveys happened during the early morning
or the following evening if it rained during the morning. We
timed specimen collections to a total of 150 minutes per
visit. The search time was stopped when a Tetragnatha web
was found. Each web was dusted with corn starch to
enhance visual contrast and photographed with a ruler for
scale. The web was then destroyed to avoid organisms get-
ting trapped in a spider-less web. Spiders were preserved in
95% ethanol. Date, time, and area of collection were
recorded for each spider and web.

Adult spiders were identified down to species using orig-
inal descriptions and a dichotomous key (Okuma 1992).
Juvenile spiders could only be classified to genus. Speci-
mens that could not be identified at the species level were
not included in the study to prevent having as a confounding
factor the between species variation. The webs belonging to
adult spiders were processed on ImageJ to measure the web
length, number of radii and the spiral spacing. The web
parts were classified following Zschokke (1999) and Black-
ledge & Gillespie (2004). Webs were measured vertically,
horizontally, and diagonally (from the last spiral of one end
to the last spiral on the other end). From these three mea-
surements, a total average length was calculated for each
web. Radii were considered as the lines starting at the center
and tracing up to the last spiral line and divided the web into
triangular sub-sections (Zschokke 1999; Blackledge &
Gillespie 2004). To calculate the spiral spacing, we used the
distance between two spiral intersections on the radii with
most of them, or on the one with fewer tangled spiral lines.
A fix number of eleven spiral distances were evaluated in
order to include all webs. To correct by the size effect of the
web, we used the ratio of the spiral distance to the web
length. Similar methods to characterize web structure have
been previously used (e.g. Gillespie 1987; Blackledge &
Gillespie 2003; Kennedy et al. 2019).

To assess whether web characteristics differed between
riverside and swamp habitats, we used box plots, Analysis

Fig. 1: Schematic map of sampling sties and species occurrences in La
Selva Biological Station: Taconazo river (1), El Sura river (2), El
Saltito swamp (3), and the Experimental swamp (4). Trails indi-
cated only for reference. Inset: relative location of La Selva Bio-
logical Station (dot) in Costa Rica. Map from R Studio packages sf
v. 0.9-8 (Pebesma 2018), mapview v. 2.9.0 (Appelhans et al. 2020),
leaftet v. 2.0.4.1 (Cheng, Karambelkar & Xie 2020), and magrittr
v. 2.0.1 (Bache &Wickham 2020).
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of Variance (ANOVA), and Linear Mixed Models, as imple-
mented in the R Suite (version 3.4.0) (R Core Team 2018)
packages lme4 v1. 1-26 (Bates et al. 2015) and dplyr v 0.7.6
(Wickham et al. 2018).

Results

Specimen collection

A total of 66 webs were photographed over the duration
of the study. Out of these, 13 corresponded to adult T.
tenuissima. The rest were unidentified juvenile Tetragnatha
or belonged to the species T. elongata or T. mexicana. Web
data corresponding to T. tenuissima was collected in four of
the eight sites. Two sites corresponded to rivers (3 individu-
als) and two to swamps (10 individuals) (Fig. 1). In the
rivers, we found T. tenuissima co-occurring with T. elongata
and unidentified juvenile Tetragnatha. In Taconazo river
there was one T. tenuissima out of seven collected speci-
mens; while in Sura river, there were two T. tenuissima out
of three collected specimens. In the swamps, we found T.
tenuissima co-occurring with T. elongata, T. mexicana and
unidentified juvenile Tetragnatha. In El Saltito swamp by
the CCL trail, there were four T. tenuissima out of 20 col-
lected specimens; while in the Experimental swamp by the
CES trail, six T. tenuissima out of 55 collected specimens.
T. tenuissima was the most common identifiable species of
the three recorded on the study site (Fig. 1).

Web length

There were no significant differences in the average
lengths between webs present in swamp and river habitats
(Adjusted R2= 0.01804, p = 0.293).

Number of radii

There were no significant differences amongst the
number of radii between webs present in swamp and river
habitats (Adjusted R2= 0.1819, p = 0.0818; Fig. 2). The data
dispersion is higher on the webs present on swamps, while
more concentrated on the ones from rivers.

Spiral distances relative to web length

There were significant differences on the spiral distances
relative to web length between webs present in swamp and
river habitats. Webs from swamps display larger spiral dis-
tances relative to web length than the ones present in rivers
(Adjusted R2 = 0.0570, p = 0.0024; Fig. 3).

Discussion

In general, orb-weaving spiders can adapt their behav-
iour according to environmental factors (Glover 2003; Wu
et al. 2013). However, the particular effect of local environ-
mental factors (biotic and abiotic) on web-building behav-
iour is still understudied (Eberhard 1982; Gregorič et al.
2011). Here, we set out to test how differences between
river and swamp habitats affect the web structure on the
Neotropical continental species, T. tenuissima. We evalu-
ated web length, number of radii, and spiral distancing rela-
tive to web length.

There were no significant differences on the length or
number radii between webs present on swamp and river
habitats. Some orb weavers are known to create larger webs
when there is more competition and to aggregate in areas
with higher number of structures for web anchorage (Glover
2003). Nevertheless, we found a higher number of webs in
the swamps compared to the rivers, but the size of the webs
did not vary significantly. Regarding the number of radii, we
found a non-significant tendency (p = 0.0818) for more radii
in those webs present on riverbanks. The fact that radii are
support structures (Zschokke 1999; Blackledge & Gillespie
2004), could explain why in an area more exposed to the
wind, such as rivers, webs would tend to have more of them
(Wu et al. 2013). Previous evidence suggests that orb weav-
ing spiders invest more on structural support on webs placed
in rivers (Gregorič et al. 2011), which is congruent with the
tendency described for T. tenuissima. However, an
increased sample size would be required to resolve if this
tendency remains non-significant or reaches statistical sig-
nificance.

In terms of spiral spacing relative to web length, there
was a significant difference between habitats with less dis-
tance in river-side webs with respect to those in swamps

G. A. Cardona-Rivera & D. D. Cotoras 955

Fig. 2: Number of radii lines by habitat type. Fig. 3: Relative spiral distance by habitat type.
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(p = 0.0024). Klecka (2015) provided evidence for differ-
ences in potential prey-species composition between
swamps and rivers in a similar environment to the one in
this study. This differential resource availability could be a
factor to explain the web differentiation detected between
swamps and rivers (Fig. 3). It has been previously suggested
that webs with a denser mesh might be more effective in
absorbing the kinetic energy of moving prey (Sensenig et al.
2003) and capturing larger organisms (Blackledge & Zeven-
bergen 2006), then it could be possible that there is an abun-
dance of larger prey in the rivers compared to the swamps.

There are also habitat-specific modifications described
for orb weavers on aquatic environments, in those cases the
spiders use large amounts of silk to resist potential structural
damages produced by the environmental conditions of large
rivers (Gregorič et al. 2011). These types of modifications
were not assessed on this study.

The small number of T. elongata and T. mexicana identi-
fiable specimens prevented us to explicitly evaluate the
effect of species co-occurrence on web structure, which has
been assessed for Hawaiian web building Tetragnatha
(Blackledge & Gillespie 2004; Kennedy et al. 2019). In that
case, the presence of species from the same genus was the
factor that influenced web structure. However, a key differ-
ence between the continental Tetragnatha at La Selva and
the Hawaiian Tetragnatha is the fact that the latter are
closely related and had differentiated in the context of an
adaptive radiation. This is not the case for the widespread
continental species from Costa Rica. Therefore, web struc-
ture changes due to interspecific competition might not be
present on the species from La Selva. Another possibility is
that resources are not limited at La Selva and, despite all
Tetragnatha occupying the same niche, the selective pres-
sure due to competition is low so it does not result in web
structure differentiation.

In summary, the observed web differentiation due to
environmental conditions is congruent with previous studies
which suggest that orb-weaving spiders differentiate their
webs according to specific conditions present in different
habitat types (Wu et al. 2003; Blamires, Thompson &
Hochuli 2007; Gregorič et al. 2011). Further studies with a
larger sample size of T. tenuissima, including other Tetrag-
natha species, assessing prey availability, and measuring
specific habitat conditions will provide a more complete and
detailed understanding to the relative effect of these factors
on web architecture.
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Abstract

Two new species of theridiid spiders are described from north-
ern Iran: Episinus mikhailovi sp. n. (♂♀, Gilan and Mazandaran
provinces) and Theridion arsia sp. n. (♀, Qazvin Province); the
latter has a unique type of thread-like mating plug previously
undocumented in the family. Furthermore, Enoplognatha sub-
margarita Yaginuma & Zhu, 1992, stat. reval. is rediagnosed
and removed from the synonymy of Enoplognatha margarita
Yaginuma, 1964, and a unique line of fine perforations connect-
ing the copulatory openings are newly documented for this
species. Finally, the first records of E. margarita from Mongolia
and E. submargarita from Kyrgyzstan are also presented.

Keywords: Central Asia • mating plug • Middle East • new records •
taxonomy

Introduction

Theridiidae Sundevall, 1833 is the fourth largest spider
family, comprising 2517 extant species in 124 genera glob-
ally, as well as 194 extinct species known solely from fossils
(Dunlop, Penney & Jekel 2020; World Spider Catalog
2021). Members of this family, commonly known as
cobweb spiders, are relatively poorly studied in Iran, with
only 52 species of 20 genera of theridiids recorded from this
country, including one recently described endemic species
(Zamani et al. 2021; Zamani & Marusik 2021). While
investigating some Iranian material of this family, we
detected two species new to science, one belonging to Epis-
inus Walckenaer, 1809 and another one most probably
belonging to an undescribed genus but tentatively assigned
to TheridionWalckenaer, 1805, both of which are described
herein. Furthermore, the taxonomic status of Enoplognatha
margarita Yaginuma, 1964 is partially revised, with one
species currently in its synonymy being revalidated, rediag-
nosed and illustrated in this paper.

Material and methods

Specimens were photographed using a Canon EOS 7D
camera attached to an Olympus SZX16 stereomicroscope
and a JEOL JSM-5200 scanning electron microscope at the
Zoological Museum of University of Turku. Photographs
were taken in dishes with paraffin on the bottom holding the
specimens in position. Digital images were montaged using
CombineZP and Helicon Focus 3.10 image stacking soft-
wares, and edited using CorelDraw and Adobe Photoshop
CC graphic design softwares. Lengths of leg segments were
measured on the dorsal side and are listed as: total length
(femur, patella, tibia, metatarsus, tarsus).


