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ABSTRACT. – Vegetation change is one of the major drivers affecting web-building spider species, causing them to vary in abundance and 

to adapt their web traits accordingly. Rice ecosystems are among the most important agricultural areas, and understanding the influence of 

vegetation complexity throughout rice development on common Tetragnatha spiders is crucial to developing sustainable management 

practices. Six sympatric species of Tetragnatha spiders, T. javana, T. mandibulata, T. maxillosa, T. nitens, T. praedonia and T. virescens, 

were found in rainfed lowland rice fields in southern Thailand. The abundance, web diameter and web height of each species were measured 

and compared across rice developmental stages. Overall, the number of Tetragnatha spiders was significantly higher in the tillering stage than 

the flowering stage, while abundance during the booting stage was not significantly different from either. The numbers of T. javana, T. 

mandibulata and T. maxillosa were higher than those of T. nitens, T. praedonia, and T. virescens during all rice stages. Throughout the rice 

growing season, vegetation complexity increased continuously while both web diameter and web height exhibited hump-shaped patterns for 

all spider species (i.e., webs were larger and built higher above ground level during the middle of the growing season). The diameter and 

height of Tetragnatha webs varied by species, but only web diameter was positively related to spider body length for almost all spider 

species. Our findings confirm that changes in vegetation complexity during rice development, as well as spider body length, affect the 

functional traits of Tetragnatha webs in rice ecosystems. 
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INTRODUCTION 

 

Web-building spiders are common generalist 

predators in agricultural ecosystems. They are highly 

diverse in agroecosystems and help limit prey 

populations, including those of insect pests (Takada et 

al. 2013; Michalko et al. 2019). For example, previous 

studies have reported that spiders were the main 

predators of lepidopteran and coleopteran pests (Tahir 

et al. 2009; Mishra et al. 2020). Additionally, they also 

trap small insect pests, such as thrips, planthoppers, 

and aphids (Kiritani et al. 1972; Landis et al. 2000). 

Therefore, many researchers have demonstrated the 

role of web-building spiders as important biological 

control agents for regulating insect pest populations, 

especially in rice ecosystems (Ludy, 2007; Tahir et al. 

2009; Mishra et al. 2020).  

Rice ecosystems are temporary wetlands that host 

high biodiversity (Lawler, 2001; Bambaradeniya et al., 

2004; Leitão et al. 2007) and support complex 

interactions among multiple species, which help to 

suppress rice pests and thus enhance rice production 

(Settle et al., 1996; Altieri, 1999; Macfadyen et al., 

2015). Vegetation complexity in rice ecosystems 

changes markedly during the growing season, which 

can affect spider abundance and composition (Bao et 

al. 2018). For instance, the abundance of T. javana 

decreased significantly as rice fields progressed from 

the reproductive stage to the ripening stage 

(Saksongmuang et al. 2020). However, there are no 

studies examining the effect of vegetation complexity 

on the web characteristics of web-building spiders in 

rice ecosystems. Therefore, it is important to study not 

only spider abundance but also web trait composition 

in order to gain basic knowledge on how habitat 

structure affects community and niche partitioning of 

web-building spiders in rice ecosystems. 

Tetragnatha (Latreille, 1804) spiders are a 

dominant group of web-building spiders that are 

commonly found in rice ecosystems (Tahir and Butt, 

2008; Rattanapun, 2012). Previous studies have 

reported that Tetragnatha spiders offer a potential 

value in pest control in rice fields (Baba et al. 2018; 

Tsutsui et al. 2018). They prefer wet habitats, 

especially during the rice growing season, and exhibit 

spatial and temporal dynamics (Tsutsui et al. 2016; 

Saksongmuang et al. 2020). Previous studies have 

reported that vegetation structure determines the 

availability of attachment substrates for web-building 

spiders to build webs (Langellotto and Denno, 2004; 

Glover, 2013; Ávila et al. 2017; Mithali and Pai, 2018). 

Tetragnatha spiders normally build large horizontal 

webs that requires optimal spacing between rice stems 

or the rice canopy to build webs of the appropriate size 

for catching prey; less complex vegetation early in the 

season may thus be more suitable for these species 

(Jayakumar and Sankari, 2010; Rattanapun, 2012). 
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Here, we examined changes in the abundance and 

web traits (specifically, web diameter and web height 

from the ground) of Tetragnatha spider communities 

throughout rice development in rainfed lowland rice 

fields in southern Thailand. We hypothesized that (i) 

the overall number of Tetragnatha spiders, as well as 

the numbers of each species, would change throughout 

rice development. We also predicted that (ii) different 

species of Tetragnatha spiders would change their web 

diameters and web heights as vegetation complexity 

changes during rice development. Specifically, we 

predicted that Tetragnatha spiders would maximize 

their web diameter and web height in the middle 

season of rice when vegetation complexity was 

moderate. Finally, we predicted that (iii) web diameter 

and web height would increase with increasing spider 

body length.  

 

MATERIALS AND METHODS 

 

Study sites and sampling periods  

 

We conducted this study in 12 rainfed lowland rice 

fields across Songkhla and Phatthalung provinces in 

southern Thailand (Supplement materials Table S1). In 

this study, we selected rice fields that were treated with 

chemical fertilizers, herbicides, and mechanical weed 

controls on the field bunds, but were not treated with 

insecticides. All selected rice fields were growing the 

same rice variety locally known as “Sang Yod 

Phatthalung - geographical indication [GI] variety” that 

was planted using the seed sowing method during the 

same period. The mean size of the study rice fields was 

1.39 ha, ranging from 1.12 to 1.60 ha (Supplement 

materials Table S1). We collected data during a single 

rice-growing season from November 2020 to February 

2021. The phenological stages of rice were classified 

following Guo et al. (2018) and Gong et al. (2021). 

Our sampling periods corresponded with the three 

different developmental stages of rice: tillering (40-50 

Day After Planting; DAP), booting (65-75 DAP) and 

flowering (80-90 DAP) (Fig. 1, S. Venus, personal 

communication, January 4, 2021). 

 

Vegetation measurements 

 

To measure the vegetation complexity at each rice 

stage, we placed a 1.5-m measuring pole upright at 5 

random points per field and then recorded vegetation 

height of rice plants and weeds as well as vegetation 

contacts (the number of points where vegetation 

touched the pole) (McNett and Rypstra, 2000; 

Malumbres-Olarte et al. 2012; Saksongmuang et al. 

2024). The height and the number of contacts 

continuously increased from the tillering stage to the 

flowering stage (Supplement materials Table S2). 

Vegetation complexity defined as the vegetation height 

multiplied by the vegetation contacts, increased with 

the development of rice stages (R = 0.94, p < 0.05; 

Supplement materials Fig. S1). Whereas the water 

level in the fields decreased with the development of 

rice fields (Supplement materials Table S2). 

 

Spider collection 

 

At each site, we collected spiders following a 

standardized protocol (Diehl et al. 2013; Michalko et 

al. 2021). During each rice developmental stage, we 

collected data at each study site in the evening (6.30 

pm – 8.30 pm) and morning (6.30 am – 8.30 am), as 

these times are when Tetragnatha spiders are most 

active (Kiritani et al., 1972; Herberstein and Elgar 

1994). In each field, we established four 40-m transects 

along rice bunds. We collected Tetragnatha spiders by 

visually inspecting all rice plants, from ground level to 

the highest part of the rice plant, within 1 m on each 

side of the transect. We recorded web diameter and 

web height from the ground surface and also observed 

the angle of the web from horizontal plane - 0⁰ or 

nearly 0⁰ being horizontal and 90⁰ or nearly 90⁰ being 

vertical (Tew and Hesselberg, 2018; Kennedy et al. 

2019). We spent 30 min per transect, resulting in two 

hours of observation in the morning and two hours of 

observation in the evening for each study rice field. 

During evening observations, we used a flashlight 

covered with dark red plastic to minimize disturbance 

to spiders (Herberstein and Elgar 1994). Specimens 

were euthanized following Cooper (2011). We 

measured the body length of all adult Tetragnatha 

spiders (from the front of the cephalothorax to the tip 

of the abdomen when they were stretched out). To 

identify adult vs juvenile, is by considering the 

genitalia whether it has been fully developed. All adult 

Tetragnatha spiders were identified to species level 

based on Vungsilabutr (1988) and Barrion and 

Litsinger (1995) and related taxonomic publications 

facilitated by the World Spider Catalog (2022), e.g. 

Song et al. 1999. Only adult spiders were used in the 

analyses while juvenile spiders were excluded. 

 

Statistical analysis 

 

To investigate the impact of rice stage or vegetation 

complexity on the abundance and web traits of 

Tetragnatha spiders, we conducted separate analyses 

for 1] the overall number of Tetragnatha spiders, 2] the 

number of each species of Tetragnatha spiders, 3] the 

web diameter of each species, and 4] web height from 
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the ground for each species. We also investigated 5] 

the relationships between spider body length and web 

diameter and web height. 

We used generalized linear mixed effects models 

(GLMM) for the abundance and web trait analyses. We 

treated rice stage or vegetation complexity, 

Tetragnatha spider species, and body length as fixed 

effects.  We treated rice fields as a random effect. In all 

analyses, we used the information-theoretic approach 

to select an optimal model based on model 

probabilities, i.e. Akaike information criteria (AIC) or 

Akaike weights, as an alternative to backward or 

forward selection. The AIC or Akaike weights for each 

model can be computed based on how they support the 

data while correcting for biases that arise from model 

complexity (Garamszegi, 2011). We built several 

competing models and ranked the models following the 

highest Akaike weights (Supplement materials Table 

S3, S4 and S6). We based our inferences on the models 

that were strongly supported by the highest Akaike 

weights (Guthery et al. 2003; Cinar et al. 2021). To 

account for potential nonlinear relationships between 

response variables and explanatory variables as the 

response variable takes its maximum value at medium 

values of explanatory variable, we included quadratic 

terms of vegetation complexity in all models. We built 

models with all possible combinations of explanatory 

variables, including linear and quadratic terms of 

vegetation complexity, and the simplest model was the 

null model (Supplement materials Table S4). 

Depending on the response variable, the most complex 

models included interactions between quadratic terms 

of vegetation complexity and spider species (e.g., 

poly(vegetation complexity,2)*species) for vegetation 

complexity analyses and interactions between body 

length and spider species (e.g., body length*species) 

for body length analyses (Supplement materials Table 

S4 and S6).  

To account for non-normal distributions of errors, 

we used various distributional families within the 

GLMMs depending on the distribution type of each 

response variable. For the overall number of 

Tetragnatha spiders and the number of Tetragnatha 

spiders of each species, we used GLMMs with 

negative binomial distributions and log link functions 

as the dependent variables were count data and 

overdispersed. We analyzed web diameter and web 

height using GLMMs with gamma distributions and 

log link functions as the dependent variables were 

positively continuous and heteroscedastic.  

All statistical analyses were conducted within the R 

environment, version 4.1.2 (R Development Core 

Team, 2021). GLMMs were conducted within the R 

package “glmmADMB” (Skaug et al. 2018) and model 

selection within the package “MuMIn” (Barton, 2018).  

 

RESULTS 

 

Overall, we collected 613 adult Tetragnatha spiders 

comprising of six species namely T. maxillosa (32.1%), 

T. javana (30.7%), T. mandibulata (27.7%), T. nitens 

(4.6%), T. pradonia (3.0%) and T. virescens (1.9%). 

All species of Tetragnatha spiders built horizontal 

webs (0⁰ - 30⁰ from horizontal plane), but web diameter 

and web height from the ground differed by species. 

 

The effect of rice stages on Tetragnatha spider 

abundance 

 

Rice stage significantly affected the total number of 

Tetragnatha spiders (Akaike weights = 0.954; 

Supplement materials Table S3). Overall, the number 

of Tetragnatha spiders was significantly higher in the 

tillering stage compared to the flowering stage, while 

the booting stage was not significantly different from 

either (Fig. 2a).  

When considering spider species, the most optimal 

model included the additive effect of rice stage and 

species of Tetragnatha spider (Akaike weights = 0.895; 

Supplement materials Table S3). The numbers of T. 

javana, T. mandibulata, and T. maxillosa were clearly 

 
 

FIGURE 1. The three developmental stages of “Sang Yod Phatthalung” rice during which data were collected: tillering (left), booting 

(middle) and flowering (right). 
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higher than those of T. nitens, T. praedonia and T. 

virescens in all rice stages (Fig. 2b). The numbers of T. 

javana, T. mandibulata, T. maxillosa and T. praedonia 

were generally higher in the tillering stage than the 

flowering stage, while the numbers of T. nitens and T. 

virescens were not different among stages (Fig. 2b). 

 

The effect of vegetation complexity on web diameter 

and web height 

 

When examining web diameter, the best model 

included the additive effects of the quadratic terms of 

vegetation complexity and spider species (Akaike 

weights = 0.611; Supplement materials Table S4 and 

S5). The relationship between vegetation complexity 

and web diameter was hump-shaped for all species. All 

species built their webs with the largest sizes in middle 

complex vegetation (i.e., the booting stage) and built 

their webs at smaller sizes in more complex vegetation 

(i.e., the flowering stage) than compared to simple 

vegetation (i.e., the tillering stage) (Fig. 3a). Moreover, 

the six species of Tetragnatha differed in web 

diameter. Tetragnatha mandibulata built webs that 

were significantly larger than all other species, while T. 

virescens built the smallest webs (Fig. 3a). 

 When analyzing web height, the best model 

included the additive effects of the quadratic terms of 

vegetation complexity and spider species (Akaike 

weights = 0.684; Supplement materials Table S4 and 

S5). The relationship between vegetation complexity 

and web height was hump-shaped for all species. All 

species built their webs at the highest heights in middle 

complex vegetation and built their webs at lower 

heights in more complex vegetation than compared to 

simple vegetation (Fig. 3b). Furthermore, the six 

species of Tetragnatha built webs at different heights 

above ground level. Tetragnatha virescens webs were 

significantly higher than all other species, while T. 

maxillosa webs were significantly lower than all others 

(Fig. 3b). 

 

The effect of spider body length on web diameter 

and web height 

 

When examining web diameter, the best model 

included the additive effects of body length and spider 

species (Akaike weights = 0.922; Supplement materials 

Table S6). Web diameter of Tetragnatha spiders 

tended to increase with their body length for almost all 

species, except T. nitens (Fig. 4a). However, the largest 

web diameter (web size) did not relate with the largest 

size of spider body length. Tetragnatha javana showed 

the highest body length, but they built the smallest web 

size. Whereas T. mandibulata, the second largest body 

length, built the largest web size (Fig. 4a). 

When analyzing web height, the best model 

included only the spider species (Akaike weights = 

0.520; Supplement materials Table S6). Web height 

did not relate to any of body length. The web height of 

T. virescens was the highest web from ground, but not 

significantly different from T. javana, T. mandibulata 

and T. praedonia. Whereas web height of T. maxillosa 

and T. nitens were significantly lower than other 

species, except T. praedonia (Fig. 4b).  

 

 

 

 
FIGURE 2. Mean (± SE) number of all Tetragnatha spiders per rice field (a) and for each Tetragnatha spider species (b) at each 

developmental stage of rice. Rice stages with different letters are significantly different (Tukey’s honestly significant differences test, 

P<0.05). 
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DISCUSSION 

 

 The decreasing abundance of Tetragnatha spiders 

from the tillering stage to the flowering stage can be 

explained by two reasons. First, Tetragnatha spiders 

are orb-weavers that exhibit high dispersal ability and 

can quickly reach new habitats (Bell et al. 2005; 

Cotoras et al. 2017; Candek et al. 2021). They prefer 

wet habitats that can support high numbers of prey, 

including midge flies and mayflies, so they were high 

abundance by occupying rice canopies and rice stems 

above water level to build horizontal webs for catching 

prey during the early rice growing season (Rattanapun, 

2012; Tsutsui et al. 2016; Radermacher et al., 2020). 

Then, Tetragnatha spider abundance decreases when 

the number of their main prey decreases due to the 

draining out of water in the late rice growing season 

(Saksongmuang et al. 2024). Second, the observed 

decline in spider abundance is likely due to the 

relationship between vegetation structural complexity 

and spider web characteristics. Many studies have 

reported that the webs of web-building spiders strongly 

depend on vegetation structure, which determines the 

availability of attachment substrates (McNett and 

Rypstra, 2000; Glover, 2013; Ávila et al. 2017). In the 

tillering stage or early growing season, lower 

vegetation complexity creates optimal gaps between 

rice stems and within the rice canopy to support the 

preferred web sizes of Tetragnatha spiders. These 

spiders are therefore abundant during this period 

(Blackledge et al. 2003; Saksongmuang et al. 2020). 

On the other hand, in the flowering stage, the 

vegetation may become too dense and complex for 

Tetragnatha spiders to build their large webs. The 

abundance of Tetragnatha spiders in rice fields 

therefore decreases during the late growing season as 

they move to other habitats that provide more suitable 

conditions, such as levees or ditches (Bambaradeniya 

and Edirisinghe, 2008; Tsutsui et al., 2016). 

Different species of Tetragnatha spiders showed 

differences in abundance throughout the rice growing 

season. The numbers of T. javana, T. mandibulata, and 

T. maxillosa were dominant in all rice stages. These 

three species are the most common Tetragnatha 

spiders found across tropical Asian countries (Okuma, 

1988a, b) and correspond with the results of studies in 

India (Jayakumar and Sankari, 2010; Anis Joseph and 

Premila, 2016a) and Pakistan (Tahir and Butt, 2008). 

These three species were highly abundant during every 

stage of rice development and much more dominant 

than the other three species throughout the rice 

growing season. 

Rice development affected not only the abundance 

of Tetragnatha spiders, but also web trait composition. 

The web diameters and web heights of all Tetragnatha 

spider species were found to have hump-shaped 

relationships with vegetation complexity throughout 

rice development. This finding can be explained by the 

fact that vegetation structure is an important 

determinant of web trait composition (McNett and 

Rypstra, 2000; Langellotto and Denno, 2004; Mithali 

and Pai, 2018). Lower vegetation complexity during 

 

 
FIGURE 3. The effect of vegetation complexity on web diameter (a) and on web height (b) for six Tetragnatha spider species during 

rice field development. Thick lines show the estimated relationships and shaded bands show 95% confidence intervals. 
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the early growing season or tillering and booting stages 

created larger spaces between rice plants, which 

allowed Tetragnatha spiders to build larger webs. 

However, these Tetragnatha spiders were found to 

build webs with smaller diameters when vegetation 

was more complex during the flowering stage. During 

the late growing season, the density of rice plants and 

weeds impeded the ability of spiders to build large 

webs and thus forced them to build smaller webs 

(Blackledge et al. 2003; Jayakumar and Sankari, 2010; 

Saksongmuang et al., 2020).  

The six species of Tetragnatha spiders were also 

found to build webs closer to the ground during the 

flowering stage when vegetation complexity was 

higher. This finding might be due to the effect of dense 

vegetation near the rice canopy formed by the leaves 

and flowers of rice and weeds together with the 

draining out of water in the field. Therefore, 

Tetragnatha spiders that normally build large 

horizontal webs likely had to move closer to the 

ground or place that have enough space in order to 

build their horizontal webs of the optimal size in gaps 

for catching prey (Bambaradeniya and Edirisinghe, 

2008; Anis Joseph and Premila, 2016b; Dzulhelmi et al. 

2017). 

Different species of Tetragnatha spiders showed 

differences in web diameter and web height throughout 

rice development. T. mandibulata built the largest 

webs but did not construct webs at the greatest heights. 

This result can be explained by the large body size and 

the high abundance of this species, allowing them to 

build larger webs and outcompete other species 

(Henaut et al., 2006; Tahir et al., 2010; Sensenig et al., 

2011). However, the web diameter and height of T. 

mandibulata decreased in more complex vegetation 

because the density of rice plants and weeds inhibited 

the formation of large webs, so spiders were forced to 

build smaller webs closer to the ground. On the other 

hand, the smallest webs were constructed by T. 

virescens and they also built webs that were the highest 

above ground level. As this species occupies sites that 

are closer to the rice canopy and that have a denser 

microhabitat, they build smaller webs than those of 

other species that live at lower sites and build larger 

webs (Blackledge et al. 2003; Jayakumar and Sankari, 

2010). This study confirms that some species construct 

larger webs at lower heights, while other species 

construct smaller webs at greater heights, which is in 

response to vegetation complexity. Such findings 

correspond to previous studies demonstrating that 

different spider species co-occurring within the same 

microhabitat may exhibit niche partitioning to 

minimise competition by building webs of different 

sizes and at different heights (Richardson and Hanks 

2009; Tahir et al. 2012; Dzulhelmi et al. 2017) and this 

may turn to enhance pest control effects through 

multiple-predator effects (Losey and Denno, 1998; 

Michalko et al. 2019). 

However, in this study, there was considerable 

overlap in web height between some spider species. 

For instance, T. praedonia, T. javana and T. 

mandibulata constructed their webs at similar heights. 

The observed overlap in web heights among these 

species possibly implies that there are differences in 

web diameter between these species. For example, T. 

mandibulata built larger webs than T. javana and T. 

praedonia, so they might target prey of different sizes. 

Corresponding to previous studies, sympatric web-

building spider species also partition their niche 

through mesh size and mesh quality (Tahir et al. 2012; 

 

 
FIGURE 4. The effect of Tetragnatha spider body length on web diameter (a) and on web height (b) for six Tetragnatha spider species. 

Thick lines show the estimated relationships and shaded bands show 95% confidence intervals. Spider species with different letters are 

significantly different (Tukey’s honestly significant differences test, P<0.05). 
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Dzulhelmi et al., 2018a). In the present study, we did 

not study the quality and size of the mesh, so it remains 

to be addressed in further studies. 

In addition, the web diameters of Tetragnatha 

spiders were also influenced by spider body length. In 

each species, body length was positively correlated 

with web diameter (Henaut et al., 2006; Tahir et al., 

2010). These correlations are possibly due to larger 

spiders targeting larger prey that can be captured by 

larger webs, which also reduces competition with 

smaller spiders (Uetz et al. 1978; Richardson and 

Hanks, 2009; Dzulhelmi et al., 2018b). It is also 

possible that larger spiders need to construct larger 

webs than smaller spiders in order to support their 

heavier bodies (Sensenig et al., 2011; Dzulhelmi et al. 

2018b). Moreover, when comparing between species, 

we found that the largest size of spider body length did 

not build the largest web diameter. This is possibly due 

to the web diameter positively related to carapace 

width more than body length of spider (Tahir et al., 

2010). However, this study did not quantify carapace 

width of different species of Tetragnatha spiders. 

Therefore, further work should investigate the sizes of 

webs to determine whether they change in response to 

changes in carapace width of spiders.  

 

CONCLUSIONS 

 

This study shows that Tetragnatha spider 

abundance and web characteristics change throughout 

the rice growing season in response to the changing 

availability of support structures to construct their 

webs. Higher vegetation complexity decreased spider 

abundance and resulted in Tetragnatha spiders building 

smaller webs or closer to the ground. However, 

different spider species exhibited differences in web 

diameter and web height throughout the rice growing 

season in response to both vegetation complexity and 

body length. It can be concluded that different spider 

species exhibit niche partitioning with other congeners 

by using web characteristics, which promotes co-

existence of Tetragnatha species within the same rice 

field habitats. The findings obtained from this study 

provide basic knowledge of niche partitioning and co-

existence among different species of Tetragnatha 

spider. Our findings can be linked to the role of web-

building spiders as important biological control agents 

and can help lead to sustainable management in rice 

ecosystems. 
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