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Abstract
Colour has been hypothesized to play a crucial role in prey capture for sit-and-wait preda-
tors that rely on visual cues to deceive their prey. Prey capture success has been directly 
linked to colouration in spiders; however, evidence so far focuses mostly on dorsal coloura-
tion, excluding ventral patterns that are visible to prey and may be relevant for prey attrac-
tion. Here, we explored whether the dorsal and ventral colouration of a colour polymorphic 
spider is associated with light environment and prey capture success. We quantified the 
number of prey captured across three dorsal (black, white, and yellow) and two ventral 
(black and a mosaic yellow/orange pattern) morphs of Gasteracantha cancriformis, con-
sidering light intensity on dorsal and ventral sides. We found that spiders capture more 
prey in low light environments, and that individuals often expose their dorsal coloura-
tion towards low light levels. We did not find significant differences in prey capture rate 
between morphs dorsally or ventrally. These results indicate that how and where spiders 
position their web can be more important for prey capture than colouration. Alternative 
hypotheses such as aposematism, camouflage and thermoregulation deserve more attention 
in future studies that aim to understand the role of colouration in spiders and the factors 
causing spider colour polymorphisms.

Keywords  Colour polymorphism · Light environment · Araneae · Web position · 
Gasteracantha

Introduction

Colouration promotes survival and reproductive success in numerous ways, serving as 
warning signal, sexual attribute or providing physiological benefits (Ducrest et al. 2008; 
Cuthill et al. 2017; Caro and Ruxton 2019; Delhey 2019). The role of colouration var-
ies from clade to clade, and multiple colours may be associated with distinct functions, 
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which can lead to the presence of discrete colour variants within a single population 
(i.e., Colour polymorphism; Gray and McKinnon 2007; Mclean and Stuart-Fox 2014; 
Jamie and Meier 2020). For instance, phenotypic variation in the butterfly Heliconius 
numata is promoted by positive selection imposed by predators, coupled with selection 
associated with female mate preference (Chouteau et al. 2017). Likewise, colour poly-
morphism in Timema walking sticks is maintained by multiniche polymorphism, where 
different colour morphs occupy different ecological niches provided by the host plant 
(e.g. stem and leaves) reducing predation (Nosil et al. 2018). Even though multiple stud-
ies have identified the drivers of colour variation, we still have limited understanding 
of the role of colouration in some common and abundant colour polymorphic lineages.

Sit and wait predators, like web-building spiders, can rely on colouration as an anti-
predator defence (aposematism, Ximenes and Gawryszewski 2020), for thermoregula-
tion (Rao and Mendoza-Cuenca 2016) and even prey attraction (Hauber 2002). The lat-
ter is widely acknowledged as a common function of colouration in the literature (Craig 
and Ebert 1994; Bush et al. 2008; White and Kemp 2015; Liao et al. 2019; Peng et al. 
2020; Ximenes et  al. 2020; Kemp et  al. 2022), suggesting that individuals with con-
spicuous and bright colours capture more prey than individuals with dark coloration 
(Tso et al. 2002; Liao et al. 2019). This foraging advantage could be caused by decep-
tion, since brightly coloured patches could, in the eyes of prey, resemble mates or food 
items (e.g., flowers; White and Kemp 2015). However, several experiments have chal-
lenged this hypothesis, finding that prey capture rate can also be similar between differ-
ent colour morphs of the same species (Tso et al. 2007; Gawryszewski and Motta 2012), 
and in some cases, inconspicuous individuals might even attract more prey (Nakata and 
Shigemiya 2015). One key aspect, however, is that most studies exploring the effect of 
colouration on prey capture have considered only dorsal patterns (Gawryszewski and 
Motta 2012; White et al. 2017; Ximenes et al. 2020). This overlooks the role that ventral 
colours may have in prey capture (Craig and Ebert 1994; Tso et al. 2006, 2007; Peng 
et al. 2020) and that multiple lineages vary in their dorsal and ventral colourations (e.g. 
Gastercanthines spiders; Fig. 1).

Differences between dorsal and ventral colours have been reported in numerous lineages 
(Rowland 2009; Kamilar and Bradley 2011; Allen et al. 2012). One common explanation 
for this colour variation is that each side of an individual may be exposed to differential 
light environments and animals can position themselves to optimize the signal that is being 
transmitted (Penacchio et  al. 2015; Cuthill et  al. 2016; Donohue et  al. 2020). However, 
while this hypothesis has been widely explored from a predator perspective, the effect of 
dorsal and ventral colours on prey capture remains unexplored. Therefore, considering that 
the light environment might influence prey capture (Nakata 2021), it is possible that colour 
morphs of polymorphic spiders differ in how they position themselves on the web to attract 
prey.

Gasteracantha cancriformis is a colour polymorphic web-building spider distributed 
in America, with at least 20 dorsal abdominal colour morphs across its distribution (Sal-
gado-Roa et  al. 2022). Previous work has discarded the prey capture hypothesis as pos-
sible explanation for the presence of multiple morphs within a single population, and has 
favoured instead the idea of an anti-predator role of colour (Gawryszewski and Motta 
2012; Ximenes and Gawryszewski 2020). Nevertheless, these studies have not considered 
ventral variation in colour, which side is exposed towards prey, or the light environment 
where morphs are found. Moreover, given that the frequency and differences between col-
our morphs vary across the distribution of the species (Salgado-Roa et al. 2022), it is pos-
sible that previous findings cannot be generalized to all populations.
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Here, we tested in the field whether there were differences in prey capture success across 
three different colour morphs of G. cancriformis when considering the relative position of 
the spider towards the prey and the light environment (illumination intensity). The studied 
population consisted of one colour morph completely dark on the dorsal and ventral sides, 
sympatric with two morphs that shared a mosaic yellow/orange ventral pattern but differ in 
their dorsal colouration (white and yellow; Fig. 1). We evaluated whether success in prey 
capture differs between dark and bright colour morphs depending on the light conditions, 
and thus whether these differences initially may facilitate the presence of multiple colour 
morphs in a single population.

Methods

Study site and data collection

We conducted field observations over 6 days in June of 2021 at a peripheral area of Ibagué-
Colombia (4.37 N, -75.15 W; Supplementary Material Fig. S1.). The location is covered by 
a mixture of native shrubs, grass and planted Tabebuia rosea trees, its climatic conditions 
are similar to the ones found in a seasonally dry tropical forest with a mean temperature of 
27 °C and precipitation that varies between 1200 and 1700 mm (Pizano and Garcia 2014). 
This site was chosen because it had an extremely high abundance of G. cancriformis (more 
than 100 individuals in a 1 km transect).
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Fig. 1   Ventral and dorsal colour variation of “Gasteracanthines” species. Species names in red are species 
with reported ventral and dorsal colour polymorphism. On the left side of the image there are three exam-
ples of polymorphic lineages, including the focal study species Gasteracantha cancriformis
 The phylogeny was modified from Scharff et  al. (2020). Photo credits: iNaturalist  (iNatu​ralist.​org), and 
Macharoenboon et al. (2021)

https://www.inaturalist.org/
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To evaluate the effect of coloration on prey capture success, we first randomly selected 
a minimum of 14 individuals per dorsal colour morph to perform repeated daily meas-
ures and observations on the same individuals when possible. We also considered a con-
trol observation group that consisted of a web without the spider. For this, we randomly 
removed every day 14 individuals from their webs. We surveyed spider webs during four 
daily checks at intervals of 1 h, from 7 to 11 AM (a total of 24 checks, visiting every indi-
vidual four times per day), we stopped observations at this time because webs were in poor 
condition after this due to wind or prey captured. In every visit, the observer examined 
the web from a lateral view checking the surface of the web to determine which side the 
prey entered from, and recorded the following variables: (i) placement of the spider (dor-
sal/ventral side exposed towards open areas) (ii) number of prey on the web (iii) whether 
the prey entered from the ventral or dorsal side (iv) number of prey that remained on the 
web since last visit, (v) whether the spider captured any prey at the moment of the visit. 
We also used a digital illuminance meter (Model: LX1330B-Dr. meter; spectral sensitivity 
from 400 to 700 nm) to measure the light intensity (in lux) received by every individual 
on their dorsal and ventral sides. Although lux is a measure of light intensity to the human 
visual system, it is highly correlated with total light intensity (integral of irradiance; John-
sen 2012). Minor differences between lux and light intensity to different types of receivers 
are unlikely to affect our analyses because we converted to a binary variable (high and low 
luminosity) due to its bimodal distribution (Supplementary Material Fig. S2). To measure 
lux, we placed the equipment parallel to each individual side to measure the amount of 
light that was received by the spider on each side, while reducing effect of the angle where 
the spider was positioned. We took these measurements in  situ during the last check of 
each day (11 AM). When possible, every prey item was classified down to the order level. 
Additionally, we measured the following variables to test whether other factors besides col-
ouration could influence prey capture: (i) web capture area (following Herberstein and Tso 
2000), (ii) opisthosoma width, (iii) web height off the ground and (iv) the presence of silk 
decorations. Three people recorded the data, focusing each on a maximum of 30 random 
individuals per day.

Statistical analysis

We first tested whether there were differences in the opisthosoma width, web height and 
web area between colour morphs. To do this, we implemented linear models with dor-
sal colouration (white, black, yellow; and empty web when possible) as the independent 
variable and the web variables mentioned earlier as response, using base R (R Core Team 
2021). We checked the fulfilment of the model assumption plotting the residual normality 
and heteroscedasticity.

Positioning and light levels

To test whether there was a preference on which side spiders face towards open areas, 
we compared dorsal and ventral light measures of each individual, where the higher 
measure was considered as open space and the lower measure as vegetation. Hence, we 
implemented a generalized linear mixed model (GLMM) from a ‘binomial’ family and 
used side (dorsal or ventral) as fixed effect and orientation (towards open area or fac-
ing towards vegetation) as response variable. We also considered the identity of every 
individual spider as random effect because some individuals were observed more than 
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once. GLMM models were run using the R package glmmTMB (Brooks et  al. 2017). 
The significance of the fixed effects was evaluated using type II Wald chi-square test in 
the R package car (Fox and Weisberg 2019).

Given that our data on light levels had a clear bimodal distribution (Supplemen-
tary Material Fig. S2), we treated this variable as binary (high/low) with values above 
400  lx considered as ‘high’ luminosity and below that threshold as ‘low’ luminos-
ity levels. This categorization is independent of how the spider positioned its body 
towards the open space or vegetation (Chi-square test of independence: X2 = 2.11, 
DF = 1, P = 0.15). This is because, although for any given individual open space had 
higher luminosity levels than vegetation, open space did not always fall within the high 
luminosity category (> 400  lx). Therefore, we also tested if individuals with differ-
ent colour morphs preferred certain light conditions, and whether the side exposed to 
higher light levels was the same across morphs. To accomplish this, we used a GLMM 
from a ‘binomial’ family and used luminosity (high/low) as the response variable and 
colour morph and side (dorsal or ventral) as fixed effects, along with their interac-
tion. We also considered the identity of every individual spider as random effect. We 
evaluated the significance of the fixed effects using type III Wald chi-square test imple-
mented in the R package car (Fox and Weisberg 2019).

Prey capture success

For these analyses, we considered the total captured prey, which is the summatory of 
remaining prey on the web and direct observations of prey capture. We first explored 
if the presence of the different morphs on the web influences the capture of prey when 
compared to webs without any spider. We modelled the number of prey captured (per 
web per side) applying a type II negative binomial distribution. We selected this dis-
tribution because the variance in our count data was greater than the mean, which lead 
to a lack of uniformity of the residuals when applying a Poisson distribution (https://​
fcsal​gado.​github.​io/​Gaste​racan​tha_​captu​rePrey/​data_​analy​ses.​html). We used morph 
identity (including empty web), the square root of web area, the presence of web deco-
rations and the observer (the person collecting data) as fixed effects. The interactions 
between the predictors were considered and then discarded because neither was statis-
tically significant. The identity of every individual spider, the day and checking time 
were used as random effects. We computed these analyses with the R package glm-
mTMB (Brooks et al. 2017) and we checked the zero-inflation, under- or over-disper-
sion and the Q-Q plot of the residuals with functions from the R package DHARMA 
(Hartig 2021).

To explore in depth the differences in prey capture between colour morphs, we ran a 
model analysis excluding the empty web treatment from our analysis. We followed the 
above procedure but removing the presence of web decorations as a predictor (because 
of the clear absence of effect of this variable on prey capture). Instead, we included 
luminosity (high or low) and spider side (dorsal or ventral), the square root of web 
area and the observer (the person collecting data) as explanatory variables and the day, 
checking time and the identity of every individual as random effects. The significance 
of the fixed effects was evaluated using type II Wald chi-square test in the R pack-
age car (Fox and Weisberg 2019). We interpreted the results of all the statistical tests 

https://fcsalgado.github.io/Gasteracantha_capturePrey/data_analyses.html
https://fcsalgado.github.io/Gasteracantha_capturePrey/data_analyses.html
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considering the P-value as continuous measure of evidence rather than a reference to 
make binary conclusions (Muff et al. 2022).

Results

We sampled a total of 129 individuals of the black (n = 25), yellow (n = 41) and white 
(n = 63) dorsal morphs and observed a total of 314 prey capture events. From these events, 
we identified 265 prey items to the order level and found that they belonged to seven orders 
(Diptera, Hemiptera, Coleoptera, Homoptera, Hymenoptera, Neuroptera and Lepidoptera), 
where dipterans were the most abundant prey (229 prey captured, ~ 86.4% of the identified 
preys; Supplementary Material Fig. S3). We found that the three colour morphs have simi-
lar values of web area and web height, but differed in the opisthosoma width, with yellow 
morphs being slightly larger than black and white morphs (Table 1). We found no evidence 
of an association between opisthosoma width and prey capture (X2 = 0.32, DF = 1, P = 
0.73), therefore we excluded opisthosoma width from subsequent analyses, to avoid mul-
ticollinearity issues with colouration. We also found very strong evidence that web height 
was related to web area (Estimate of F1272.85=18.51, P < 0.0001), with larger spiderwebs 
being built higher up. Hence, we chose to only include web area in further models predict-
ing prey capture, as this is a reliable indicator of foraging investment (Chacon and Eber-
hard 1980).

Positioning and light levels

We found a higher frequency of individuals with ventral side oriented towards open areas 
(X2 = 34.03, DF = 1, P < 0.0001) and high luminosity (X2 = 104.95, DF = 1, P  < 0.0001). 
Through the course of our observations, we did not notice any positional change at the hub. 
Morphs differed in exposure to high or low luminosity but only on the ventral side; yellow 
morphs exposed their ventral side to brighter light conditions than did black and white 
individuals (X2 = 7.15, DF = 2, P = 0.02; Fig. 2). We did not find luminosity differences 
between morphs for the dorsal side.

Prey capture success

We found very strong evidence that the presence of spiders on the web decreased the num-
ber of prey captured (X2 = 36.9, DF = 3, P < 0.0001; Fig. 3). Additionally, there was mod-
erate evidence that individuals with bigger webs capture more prey (X2 = 3.73, DF = 1, 

Table 1   Web and abdomen parameters for the three dorsal colour morphs and ANOVA test results. Param-
eters values are presented as mean ± standard error

Measure White Yellow Black Empty web ANOVA

Web area (cm2) 360.56 ± 22.2 390.76 ± 23.6 372.07 ± 22.1 376 ± 34.7 F3 = 0.46; P = 0.70
Web height (cm) 126.2 ± 5.45 129.2 ± 5.15 130.6 ± 9.33 116.05 ± 9.49 F3 = 0.58; P = 0.62
Opistosoma width (mm) 10.21 ± 0.17 10.52 ± 0.2 9.62 ± 0.33 NA F2 = 3.43; P = 0.03
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P = 0.053). We also discarded any effect of the presence of web decorations on the number 
of insects captured (X2 = 0.41, DF = 1, P =  0.51). When we explored in depth associations 
between colour morph and prey capture, the model showed that colour morphs do not differ 
in their prey capture success (X2 = 0.61, DF = 2, P =  0.73; Fig. 4). However, spiders caught 
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Fig. 3   Total prey capture results 
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the raw observations in the field. 
Colours are coded as in Fig. 2 
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to the empty web treatment
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a higher number of insects under dim light (X2 = 10.85, DF = 1, P = 9E-4; Supplementary 
Material Fig. S4), approximately 70% more prey than the ones under high luminosity.

Discussion

We did not observe significant differences in prey capture success between either dorsal or 
ventral colour morphs of G. cancriformis, even when considering the light environment. 
Instead, we found that light environment strongly affects prey capture success indepen-
dently of the colour morph, since webs in dim light capture 70% more prey than those in 
high luminosity conditions. We also observed that the yellow morph is exposed to higher 
luminosity ventrally than black or white morphs, but this habitat preference did not appear 
to correspond to reduced prey capture success. Thus, our data do not support an association 
of colour variation with differences in prey capture, but instead suggest that colour morphs 
of G. cancriformis may differ in their microhabitat preferences.

Our data shows that the presence of spiders at the hub reduces the capture of insects on 
the web. Because the population where we performed the observations consisted of both 
bright and dark abdominal colours, we hypothesize that the insects are using achromatic 
cues to avoid being captured. In fact, it has been suggested that bees can detect spiders 
on the web (Rao et  al. 2008), and when they are at long distances they use achromatic 
cues (Heiling et al. 2005). Studies of other populations of G. cancriformis located in dif-
ferent and distant habitats show mixed support for the effect of spider presence on prey 
capture. Results of our study are consistent with observations and experiments in another 
dry tropical forest (i.e. the Brazilian Cerrado), where there was a negative effect of spider 
presence on prey capture success (Ximenes and Gawryszewski 2020). By contrast, in a 
population occupying humid Brazilian Atlantic forest, webs with spiders captured more 

woLhgiH

Luminosity

woLhgiH

Luminosity

0

1

2

3

4

0

1

2

3

4

)b)a Ventral side Dorsal side

N
um

be
r o

f p
re

y 
ca

pt
ur

ed
 p

er
 h

ou
r

N
um

be
r o

f p
re

y 
ca

pt
ur

ed
 p

er
 h

ou
r
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prey than empty webs (Messas et al. 2021). These mixed results might be associated with 
the particular abiotic characteristics of each ecosystem or the different prey communities 
present in each environment, factors that have been linked to foraging success in other line-
ages (Tate et al. 2016; Tate and Amar 2017; Nokelainen et al. 2022).

We did not find evidence supporting differential prey capture rate between the sides of 
the spiders observed. These results differ from previous observations in a different colour 
morph of G. cancriformis from the Brazilian Atlantic Forest, where individuals captured 
more prey from their dorsal than ventral side (Messas et al. 2021). One explanation for this 
discrepancy is that in this population the species constructs the web with the dorsal body 
section directed towards open space (Messas et al. 2021), instead of towards the vegetation 
(as we found). This variation might be linked to local differences in light and wind direc-
tion, factors that can determine how spiders orient their body on the web (Robinson and 
Robinson 1978; Biere and Uetz 1981; Herberstein and Heiling 2001). In fact, the way spi-
ders position their body on the hub varies among species (Nakata and Zschokke 2010; Rao 
et al. 2011; White et al. 2017) and may be related to prey attraction (Rao et al. 2015; Peng 
et al. 2020) or to other factors like thermoregulation (Biere and Uetz 1981; Herberstein and 
Heiling 2001; Rao and Mendoza-Cuenca 2016). Identifying the variables that determine G. 
cancriformis position preference on the web is still an open question and needs to be tested 
under controlled conditions.

Results from our study agree with previous experiments that rejected the role of dorsal 
bright colouration as a prey lure in populations where the dark morph is not present (Gaw-
ryszewski and Motta 2012; Ximenes and Gawryszewski 2020). Because of the time frame 
of our observations, it is possible that our results are able to capture only extreme effects, 
ignoring the total variation in prey capture rate. Nevertheless, we consider that, if this vari-
ation actually exists, it may not play a crucial role in the fitness of the colour morphs. 
The reason behind this idea is that in similar systems where bright colours are essential 
to attract insects, differential prey capture has been found when using a similar number 
of observations (Hauber 2002; Rao et  al. 2015; Kemp et  al. 2022). Alternative hypoth-
eses such as aposematism, camouflage, and thermoregulation need to be investigated in the 
future to understand the function of spider colouration and maintenance of spider colour 
polymorphism. Based on indirect experimental evidence and observations (Edmunds and 
Edmunds 1986; Ximenes and Gawryszewski 2020), it is possible that conspicuous coloura-
tion may serve as an aposematic signal that reduces predation in G. cancriformis. Never-
theless, direct and control experiments are needed to support this hypothesis; in fact, the 
evidence for aposematism in spiders in still inconclusive and scarce (Robledo-Ospina and 
Rao 2022).

Our results highlight the importance of light environment for prey capture, since we 
observed that individuals in dim light capture significantly more prey than those under 
bright light. A possible explanation for this difference is that in conditions of high lumi-
nosity, web silk tends to be more visible in the eyes of the prey (Craig 1988), which can 
decrease the chance of flying into the web (Herberstein and Fleisch 2003). However, for 
some lineages the visibility of the web may be crucial to capture flying prey, especially if 
the web has decorations (Craig et al. 1996; da Silva et al. 2021). Another possibility is that 
our results reflect the abundance of prey in low luminosity, as it has been proposed that 
flying insects are more abundant in shaded areas rather than in sunny sites (Shelly 1988). 
In consequence, spiders in shaded environments would capture more prey in their web. In 
any case, these results suggest that colour variation should not have a large effect on prey 
capture, because most prey would enter the web under low luminosity, where differences 
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between colour morphs are probably less evident (Menzel 1981; Rose and Menzel 1981; 
Kelber et al. 2017).

The yellow morph’s ventral side was more often facing towards high luminosity condi-
tions, compared to the ventral side of the black and white morphs. This suggests it may be 
possible that the ventral colour variation of G. cancriformis is associated with microhabitat 
preferences. It is likely that the reason why we only observed differences in habitat light 
between morphs on the ventral side is because this side is frequently facing open areas 
(Hauber 2002; Rao et  al. 2015), where there is room for larger variation in illumination 
(facilitating detection of differences across morphs). The presence of contrasting micro-
habitats in heterogenous environments has been hypothesized to promote phenotypic vari-
ation due to positive frequent dependent selection within each habitat (Bond 2007; Gor-
don et al. 2015). Microhabitat preference may be a consequence of background-matching 
behaviour to reduce predation (Fark et al. 2022; Heinze et al. 2022), an adaptation to max-
imise prey capture. Alternatively, it may be important for thermoregulation (Broennimann 
et al. 2014; Muri et al. 2015). However, we did not find that the yellow morph performed 
better in high luminosity conditions compared to the other morphs, in terms of prey cap-
ture. Moreover, because the yellow and white morphs share the same ventral colour and 
pattern, it is possible that other ecological factors are influencing colour morph frequency 
in certain light environments. Experimental evidence is needed to explore these hypotheses 
in detail. It is worth noting that our results are based on the measurement of the light inten-
sity in units of lumens per meter squared (i.e. Lux). This unit has been criticised for repre-
senting the luminosity as perceived by the human eye, for its limited resolution (resolution 
of 1  lx), and for not providing spectral information (Marangoni et  al. 2022; Aulsebrook 
et al. 2022). Despite these difficulties, we consider that our results are still valid because 
a large part of the daylight intensity is covered by the spectral sensitivity of the equip-
ment used (Marangoni et al. 2022). In addition, we treated the light intensity as a binary 
variable, so the difference in their mean values (supplementary Fig. 2; low light = 42.42 lx, 
high light = 17,987 lx) was not affected by the limited resolution of the equipment. Another 
possible limitation of our study is that we measured light intensity only in a single period 
of the day, ignoring changes in the sun position and possible effect of passing of clouds or 
movement of foliage. Besides this obstacle, we think that the sun position did not affect 
our result because most of the spiders were facing their dorsal side towards the vegetation, 
as in other species (Hauber 2002; Rao et al. 2015). This means that at any time of the day, 
measurements of light exposure would be lower for the dorsal side when compared to the 
ventral side. Given that the time interval during which we collected data every day was 
short (4 h per day; 7–11 AM), we would not expect much variation in light measurements. 
In summary, we found no evidence that variation in dorsal and ventral colouration of G. 
cancriformis is associated with differences in prey capture. This reinforces the idea that we 
are still far from understanding the adaptive role of bright colours and the factors promot-
ing dorsal and ventral colour polymorphism in this and other spider lineages. For instance, 
we still ignore what is causing the change in abundance of bright colours across the distri-
bution of the species or the complete absence of white or yellow morphs in some locations 
(e.g., San Andrés-Colombia, Galapagos-Ecuador and Lima-Perú), and the ubiquity of dor-
sal and ventral dark morphs throughout the distribution of the species (Salgado-Roa et al. 
2022). Our results also highlight that variables such as light environment and the position 
of the spider on the web can dramatically affect the number of insects caught and should be 
considered in future studies exploring prey capture.
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