Analyzing jumping spider responses to static visual predator objects
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Abstract: Detection of a present predator is critical for prey survival, but prey cannot remain
constantly vigilant without suffering fitness costs. To reduce the costs of vigilance, prey species
use different cues to determine if another animal is a predator. We wished to determine whether
or not Pelegrina helenae would respond to digital images of Phidippus audax as predators and
whether the size of an image played a role in predator recognition response. P. helenae were
placed in a plastic enclosure facing an iPhone X and shown an image of either P. audax or a
ladybug and trials were recorded using a GoPro Hero 7. A second experiment was then
performed where spiders were shown the same stimuli, but all ladybug stimuli had been
increased to match the size of the P. audax stimuli. The presence of a Phidippus audax stimulus
on screen significantly increased the vigilance duration of Pelegrina helenae which indicates that
there is some specific visual predator cue that P. helenae is using to identify P. audax as a
predator. Size on an image was not significant in the global model, but in the artificial size
model, the vigilance duration between P. audax and the ladybug stimulus was not significantly
different, indicating that size does play some role in predation risk, but not a large enough role to
override specific predator cues.

Introduction:

Predation is the primary driver of selection of traits in prey morphology, physiology, and
behavior, as prey cannot survive unless they manage to successfully avoid and evade predators
(Schmitz 2017, Johnson and Belk 2020). Accurate and rapid detection of a present predator is
critical for prey survival, but prey cannot remain vigilant constantly without suffering fitness
costs like loss of food, missed mating, decreased parental investment, etc., (Edwards 1983,
Magnhagen 1991, Brown 1999, Périquet 2012). To reduce the costs of constant vigilance, prey
use different specific cues, visual, chemical, or auditory, etc., to rapidly determine if another
animal is a predator (Persons et al. 2001, Lee et al. 2021, RoBler et al. 2022).

Similar to prey, predators must balance maintenance of traits that decrease detection
probability by prey and traits that increase hunting success (Ings and Chittka 2009, Menda et al.
2014). For example, a tiger’s fur when viewed through the eyes of a chital deer blends into the
environment, but langur monkeys, which are associated with chital deer, can see the tiger and
alert the deer (Newton 1989). Tigers are reliant on an ambush hunting strategy, so they can only
sprint after deer for a short amount of time, so if langur monkeys raise the alert too early, the
tiger might end up missing a meal (Sunquist and Sunquist 1989). Jumping spiders are also an
excellent example of this balance as they deploy a number of crypsis strategies, including
ambush predation, while still retaining a large frontal eye formation which makes them excellent
hunters (Jackson 1990, Jackson and Wilcox 1998, Bednarski et al. 2012). However, jumping
spiders are both conspecific and heterospecific predators, and this eye formation, specifically
their four frontal eyes which are composed of two large anterior median eyes and two posterior
median eyes, has been identified as a trait that identifies them as a predator to prey jumping
spiders (RoBler et al. 2022).
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A myriad of traits, such as body size, number of eyes, eye position, leg position, etc., and
the interactions between them may be used by prey to rapidly detect predator presence and
therefore assess predation risk. Current methodological approaches, like the use of 3D printed
models, may hamper the ability to efficiently test all of these unique combinations of traits,
especially as these models are limited to only static predator traits and cannot test how these
traits interact with movement (RoBler et al. 2022). A simple tool is required that allows for rapid
manipulation and presentation of trait combinations in a variety of different contexts. Digital
images and videos are one solution as advances in digital screen resolution and quality have
allowed predator-prey recognition and cues to be tested by exposing an animal to digital images
or videos of a known predator or prey and observing their reaction (Clark and Uetz 1990).

Using jumping spiders as a study species, we experimentally tested the ability of a
common sagebrush-dwelling jumping spider, Pelegrina helenae, to detect and attend to digital
images of their common jumping spider predator, Phidippus audax. The predation in jumping
spiders allows predator detection cues to be tested by using larger jumping spiders as a predator
species (Menda et al. 2014, RoBler et al. 2022). Given this general trend, we also tested if
Pelegrina helenae exhibit antipredatory behaviors in response to any nearby, non-threatening
object the same size as Phidippus audax.

Methods:
Study subjects

Pelegrina helenae were collected from Wheatland Reservoir #3 near Rock River,
Wyoming (41°53'16.0"N 105°43'42.2"W) and near Forest Service Road 703A by Laramie,
Wyoming (41°15'40.7"N 105°26'20.2"W). Species identification was confirmed using
microscopy. Spiders were collected from shrubs using a 20 x 30 inch white cotton pillowcase as
a beat sheet. The sampled shrubs consisted of Big Sagebrush (Artemisia tridentata) almost
exclusively due to them being the most abundant shrub in both locations. In the lab, spiders were
kept at 19°C - 22.4°C and fed curled-wing fruit flies, and watered weekly.
Experimental design

An iPhone X was chosen to display stimuli as it has a high enough resolution, refresh
rate, and color quality to allow P. helenae to recognize stimuli as real objects. For objects in
motion, flicker fusion frequency of the study subject needs to be considered (Miall 1978, Clark
and Uetz 1990). Jumping spiders have an estimated flicker fusion frequency of 40 hertz (Clark
and Uetz 1990). To avoid animals perceiving flickering in an image, the refresh rate of the screen
the stimulus is displayed on needs to be above the animal’s flicker fusion frequency. The refresh
rate of the iPhone X is 60hz, which is above the critical flicker fusion frequency of P. helenae.

For the natural-size experiment, P. helenae were shown a randomly assigned image of a
life-size Phidippus audax or a life-size ladybug (Coccinella spp.) and the placement of these
images on either the left or right of the iPhone screen was also randomized to prevent spiders
from becoming habituated to an image’s location. Images of both P. audax and the ladybugs were
mostly sourced from Flickr and all images had a Creative Commons Attribution-ShareAlike 2.0
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Generic license (Appendix 1). The background of each image was removed using GIMP 2.0
(The GIMP Development Team 2019) until only the stimulus object was left. The life-size scale
of an image was determined by the average carapace width of each species, which was 5.5 mm
for P. audax and 6 mm for the ladybug (Edwards 2004). P. audax and ladybugs were picked as
predator and non-predator objects due to their widespread distribution at the study site leading to
a higher likelihood that P. helenae would have encountered both in the wild, decreasing the
chance that either species would be perceived as novel objects.

For the artificial-size experiment, spiders were shown a randomly assigned P. audax or
ladybug with a new replacement from the stimulus pool each trial. This process was the exact
same as the natural-size experiment, however, the ladybug image size was increased to match P,
audax by calculating the pixel equivalency of the P. audax image. To achieve pixel equivalency,
we manually extracted the Phidippus or ladybug shape (body and legs) from the original image,
calculated the number of non-background pixels in the resulting image, and then scaled up the
ladybug image to match the pixel number of the Phidippus in its paired trial.

P. helenae were placed in a plastic enclosure for each experiment facing an iPhone X.
The enclosure was 8.5 inches x 4.75 inches x 4.75 inches. The enclosure was open at the top and
the front panel was removed to reduce glare when the iPhone X was placed in front of it. The
enclosure was covered in paper to prevent spiders from seeing out and identifying different
landmarks that they could then associate with risk or become distracted by.

Eighteen spiders were included in the natural-size experiment. A spider shown P. audax
in the first trial was shown a ladybug in the second trial and vice versa. Sixteen spiders
participated in the artificial size experiment. A GoPro Hero 7 was placed nine inches above the
enclosure and oriented 90 degrees down to record the reactions of P. helenae. Videos were
recorded at 1080p and 60 fps.

Prior to the start of the experiments, spiders were moved into 1-inch x 1-inch plastic
containers and placed on a counter near the enclosure for thirty minutes. At the start of the
experiment, P. helenae were lowered to the ground of the enclosure inside their plastic container
and coaxed out using a paintbrush. For both experiments, time began once the spider was placed
inside the enclosure and my hand was out of frame. The stimulus was triggered five seconds
after the spider was placed in the enclosure (Figure 1). If the spider attempted to climb the walls
of the container, it was coaxed back into the enclosure with a paintbrush a maximum of two
times per trial. This interruption time was removed from the total trial time.



Figure 1. An example of a stimulus slide from the natural and artificial size experiment. Stimulus
audax004 is shown on the right. The red rectangle on the left is representative of where another
stimulus object, either ladybug or Phidippus, would be shown (depending on the pre-selection
random order of the trials). Only a single stimulus—either Phidippus or ladybug— was presented
during a single trial.
Quantifying vigilance

Variation in vigilance duration was chosen as our primary metric of behavioral response
of P. helenae to each stimulus. A vigilance bout was defined as an individual P. helenae being
physically oriented towards an object with its eyes positioned in a manner where it was looking
at the stimulus. Within each trial, time stamps were taken for the beginning and ending points for
every instance in a video where the focal P. helenae was oriented toward the stimulus.

Individual vigilance bout duration was considered to capture the variation in P. helenae
behavioral responses to stimulus objects. When spiders are presented with a predator many
exhibit a freeze, retreat, or freeze and retreat response (RoBler et al. 2022). The personality of a
spider can influence which response they exhibit. A summed vigilance duration would eliminate
this variation from the data and could potentially result in the same vigilance duration for a
spider that froze for a long period while another alternated between looking and escaping. The
first scenario where a spider stays frozen shows recognition of a predator object, while the
second scenario could be the result of constant vigilance or random behavior. Therefore...
Statistical analysis

To preserve variation in the data, each instance of vigilance was considered its own
observation. Trials were not independent and spiders were used as subjects across trials and
treatments. Individual was included as a random effect in our model to account for any
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personalities that may have been present and for the multiple vigilance bouts recorded per trial.
Data was analyzed using a generalized linear mixed model using the package glmmTMB
(Brooks et al. 2017) in R (version 4.2.1) with a Poisson error structure and trial number nested
within individual identity as a nested random effect. The final model used for primary inference
retained predator treatment (ladybug versus Phidippus), experiment identity (natural versus
artificial), and the interaction between predator treatment and experiment identity (to explicitly
test if predators were perceived differently when they were paired with a natural versus
artificially-sized non-predator. We also conducted a post-hoc analysis on the artificial size data
whose model used for primary inference retained predator treatment (ladybug versus Phidippus)
and experiment identity (artificial) to test if just the size of an image impacted vigilance of P
helenae.

Results:

In the natural size experiment, the average vigilance duration for P. audax was 15.20
seconds (95% CI = 8.58 £26.92 s). The average vigilance bout for the ladybug stimulus was
6.70 seconds (95% CI =3.77 + 11.92 s). The presence of a P. audax stimulus onscreen elicited a
significantly higher vigilance compared to the ladybug stimulus (5 = 0.819, p = 0.018), (Table
1), (Figure 2).

The increased size of the ladybug stimulus was not significant when considered within
the global model. When only the data from the artificial size trial was considered, P. audax
stimulus was not significant (p = 0.496), (Figure 3). When considered alone, in the artificial size
experiment, the average vigilance bout of P. audax was 11.76 seconds (95% CI = 6.42 + 21.57).
The average vigilance bout for the sized-up ladybug was 9.01 seconds (95% CI = 4.93 + 16.46).

Table 1. The results of the global GLMM model. The P. audax significantly altered vigilance
bout duration in P. helenae (p = 0.018). The presence of the ladybug stimulus did not
significantly alter vigilance bout duration in P. helenae (p = 0.413).

model term B SE |z p
0.29 <0.000

(intercept) 1.902 |4 6.470 |1
0.34

treatment (predator) 0.819 (5 2.371 10.018
0.36

experiment (equal size) 0.297 |2 0.819 (0.413

-0.55 10.50 |-1.09
treatment (predator) x expt. (equal size) |3 3 8 0.272




Phidippus stimulus significantly increases look time across treatments
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Figure 2. When all variables were considered together, presences of the P. audax stimulus was
the only significant factor driving P. helenae look time (p = 0.0177). Images of ladybugs, either
natural or artificial size, did not significantly impact look time of P. helenae. Error bars are
standard errors of 95% confidence intervals.

Look Time (s)

Phidippus stimulus was not significant in Artificial Size treatment

P >I0.05

20
15
Stimulus
10 B Ladybug
I Phidippus
5
0

l Stimulus E

Figure 3. The artificial size trial data (n = 16) was modeled separately from the global model.
Artificially increased size ladybugs had higher look times than natural-sized ladybugs. This
increase in look-time was enough to render P. audax not significant (p > 0.05). Error bars are
standard errors of 95% confidence intervals.
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Discussion:

The presence of a Phidippus audax stimulus on screen significantly increased the
vigilance duration of Pelegrina helenae, which indicates that there is some specific visual
predator cue that P. helenae is using to identify P. audax as a predator. In the global model, size
of an image did not significantly impact vigilance duration. When the artificial-size experiment
data was considered on its own, there was no significant difference between the vigilance of P
helenae pm the P. audax stimulus and the ladybug stimulus.

Pelegrina helenae were able to identify digital images of P. audax as predators. This
indicates that digital images and videos are an effective method to test predator detection in prey
species and further research can be conducted to determine which specific traits are triggering
the recognition response in P. helenae. Current methods that test prey responses to static predator
objects are often cost-prohibitive and inaccessible due to their use of 3D modeling technology
(RoBler et al. 2022). It is possible to use our methodology to test which specific visual cues are
triggering this response by modifying images to focus on specific traits such as eye formation,
coloration, size, etc. Photo manipulation software is widespread and good quality programs are
available for free or low cost, so this method could be easily replicable with other jumping spider
species or insects in general.

The exact traits that P. helenae are using to identify P. audax as predators were not tested
in this study. Previous studies have indicated that the eye formation of jumping spiders is a
significant cue (RoBler et al. 2022). One possible avenue of experimentation would be presenting
just the faces of spiders, or shapes with the jumping spider eye formation on them, and seeing if
P. helenae respond to those objects as predators.

Other studies have identified movement of an image as the primary factor in predicting
jumping spider responses (Bednarski et al. 2012, Bartos and Minias 2016). All stimulus objects
in those studies have been prey objects (i.e. crickets). P. helenae’s significant response to static
predator objects indicates that movement might not be necessary for the identification of
predator objects. Future experiments can present both static and in-motion predator objects to P,
helenae to determine what impact motion has on P. helenae’s recognition of predator objects.
Flicker fusion frequency of the study species and refresh rate of the display device does continue
to need to be accounted for (Miall 1978, Clark and Uetz 1990).

When considered alone, the vigilance duration of P. helenae towards P. audax and the
ladybug stimulus was not significantly different in the artificial size trial, so we can infer that
size plays some role in predation risk. However, given that this is a post-hoc analysis further
experimentation needs to be done to confirm the true effect of this result. Decreasing the size of
the P. audax stimulus would be one way to test the role of size in predator recognition and
predation risk. By analyzing the impact of size on its own, it’s possible that the impact of size on
predator detection might be exaggerated as the size of the stimulus was not significant in the
global model. While it does play some role, the exact specifics and size threshold that triggers
the response is not known at this time. Size is not the single deciding, or primary, factor to P
helenae of what is a predator.
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In natural settings, prey species, like P. helenae, receive and have to sift through large
amounts of information to identify both prey and predators. Traits like body size, coloration, and
eye formation can all play a role in what is perceived as a predator. By using lab
experimentation, we are able to tease out specific traits that P. helenae is using to identify
predators. Accurate predator detection and recognition is important to prey survival and
Pelegrina helenae treat digital images of Phidippus audax as real predator objects. This indicates
that there are strong visual cues that P. helenae are selecting for to identify P. audax as a
predator. This experiment did not consider either auditory or chemical cues in conjunction with
visual. The exclusion of auditory, chemical, movement, and other cues in lab experimentation
does remove some of the nuance of P. helenae s predator recognition, so more experimentation
focusing on the interaction of traits is necessary to truly identify what traits are most important
for predator recognition.
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Appendix 1

List of Stimulus Images and Sources. All images were sourced from Flickr and have a Creative
Commons Attribution-ShareAlike 2.0 Generic license.

image_id URL
audax001 https://flickr.com/photos/brian_tomlinson/49608332178
audax003 https:/flickr.com/photos/usfws_southwest/32651149615
audax004 https://flickr.com/photos/briangratwicke/17359930735
audax006 https://www.flickr.com/ph 4 N02
audax007 https://www.flickr.com/photos/49580580@N02
audax008 https://www.flickr.com/ph nkax/461 1371
audax009 https://flickr.com/photos/30314434@N06
audax010 https://www.flickr.com/photos/doundounba/17446641016
audax011 https://www.flickr.com/photos/tnagy/26676264 186
ladybug001 https://www.flickr.com/photos/sanmartin/4725416450
ladybug002 https://flickr.com/photos/patrick_k59/49041959273
ladybug003 https://flickr.com/photos/conall/16871756929
ladybug004 https://flickr.com/photos/orangeaurochs/16867414680
ladybug005 https://flickr.com/photos/dm-set/3481674978
ladybug006 https://flickr.com/photos/daubiwan/14122675452
ladybug007 https://flickr.com/photos/daubiwan/14122343332
ladybug008 https://flickr.com/photos/stanzebla/19585722105
https://pixnio.com/fauna-animals/insects-and-bugs/ladybug-insects-pictures/nature-w
ladybug009 ildlife-beetle-ladybug-insect-summer-arthropod-bug
ladybug010 https://commons.wikimedia.org/wiki/File:Coccinella_septempunctata.png
ladybug011 https://pxhere.com/en/photo/1010495



https://flickr.com/photos/brian_tomlinson/49608332178/in/photolist-2izHEQ3-SREMYU-2iZN6mE-UY6YJR-VXtGBZ-6W98wa-24NZafR-NGx8eW-GANTPa-G2YMAf-gdXjRu-UHWQgc-Wv5CHj-JJK3NR-6W98za-6W98wT-Hz5ne5-RfduXS-2ghr3bR-6Wdaqq-fpzwrs-DhcZNz-F9bMcE-6rE2Z5-5rkDDz-6rEAV1-XLUAr2-aPD94H-or81fB-2nHEG9n-76HYCx-Wxop7c-sFa9QW-29mUeRs-RKgFer-Yzo1rq-GiKCos-MheLL-t4gTr4-71SsPp-emd9w3-GiKGkA-s7eBfd-5niqXX-rPNCg9-71StmD-3kveSD-2gdL176-4QBGuP-9nZ99c
https://flickr.com/photos/usfws_southwest/32651149615/in/photolist-RKgFer-Yzo1rq-GiKCos-MheLL-t4gTr4-71SsPp-emd9w3-GiKGkA-s7eBfd-5niqXX-rPNCg9-71StmD-3kveSD-2gdL176-4QBGuP-9nZ99c-sLMqVD-rS6CRR-3kveSk-aPbJPg-s5txjo-s7HeEk-9nZ99v-xd6XY5-9Hex7D-788nuq-oVV6Mq-2khFR3M-21SRm-4QFUG9-24FsnAB-xeri5X-2gdL1hM-2gdKLDF-2gdL1i8-2gdKuHk-9L4wpn-juVR7T-2gdKuNq-2gdKuxL-GiKJfs-2gdKuFw-2gdKuB3-2gdKuJ7-2gdKuBZ-CPKnFU-24FsnKp-2gdL18i-uN8R6y-73HaA1
https://flickr.com/photos/briangratwicke/17359930735/in/photolist-ss3bAB-ovWKka-topVVv-4QBGiv-oNCL6F-bwJtYL-24FsnEK-pSwkTV-WreWDf-pSwmic-fwWyUM-sazPLx-pAj15o-oYv725-pAguXk-9L4wPF-4QBFTe-pAn1iA-wT1MuL-4QBGcp-oeJZn4-oJ381a-oFSo4z-xwMcKw-24Fsnxa-oLKTmQ-oLKUza-4QFUed-oFANLt-p1gv86-oJ3HGx-5p6YVs-oJ3HdN-oYv3BE-odbJgV-oVUEGL-oJ3MMY-4QFTUJ-oJ3JQ4-p1guGg-9EGoU4-p1wT9p-gQTpSJ-oJ3nwW-p1wU9k-oNCLoK-pSwm3H-oJ358r-odbvCE-oJ3sE1
https://www.flickr.com/photos/49580580@N02/17948859249/in/album-72157711468619481/
https://www.flickr.com/photos/49580580@N02/albums/72157711468619481
https://www.flickr.com/photos/sankax/4610001371
https://flickr.com/photos/30314434@N06/51395484866/in/photolist-2miDi4q-R1hpzh-f1b8D1-fEwrU-FuUy2g-mfV12h-6o1GaS-gmS5Jc-emd9cb-YznY8s-ZBj8RG-YznYSo-fY8LHj-Yzo2qE-2jrXJmh-27bQBJm-GiKCos-2mCMcvN-6nLvMT-2gNKzoe-2gNKt6j-3kveSt-2jrWrda-MheLL-t4gTr4-71SsPp-emd9w3-GiKGkA-s7eBfd-5niqXX-rPNCg9-mwcoEn-71StmD-3kveSD-2gdL176-Fup8nK-25WHe4A-HMWmPm-4QBGuP-2jrWreH-9nZ99c-sLMqVD-3kveSk-sYkEdC-4zuLoS-t4eS3v-cDnaL-24FsnAB-2m6AGYJ-tqrUzA
https://www.flickr.com/photos/doundounba/17446641016
https://www.flickr.com/photos/tnagy/26676264186
https://www.flickr.com/photos/sanmartin/4725416450
https://flickr.com/photos/patrick_k59/49041959273/in/photolist-2hHERTX-sAgDu2-wfMTpf-2hSrEcL-7kQGpj-4Lqqs3-bojeqw-bFPPnz-h7WnaZ-9PbiD3-afoofH-7Wzasq-2gaQGhH-bF9dks-u7QSp-5mr3Gy-25nm3we-aCmrqD-8oyVmW-bmtzpA-FS5EL-w1uJaA-tpytYk-9HDWsp-9HDZWi-8gDmsM-9HGPnW-9GRfv6-9WuCy9-azGVwn-9okcJQ-9HE3dD-2gxG9NN-JckXd-7tn65-9BvTMk-9RSZnn-6McyQ9-9Ts5CZ-6tVB3r-ZeoVCq-eE3MLR-sbAQVr-8FumVF-xqPriH-86JYJJ-6DZqx7-A2ERtp-wixPRi-w1uvX7
https://flickr.com/photos/conall/16871756929/in/photolist-rGUawR-9nSd6W-7S5RV8-57GbGM-9HDXjt-aef5Uz-6DZqq1-d1fzW-9vsYX8-6gYocW-7VVYnn-6EqWan-t1gvk-6EqW7g-gnc8qu-6EkfVu-umeYvj-6RR2FS-dsSHc6-6Ev6FA-4RTQDG-6DZqrh-dv7faz-6EQCnM-9vYNYX-gMWXPo-KVoaFh-bsCXJA-6EQCri-9JczMC-t1gK1-Hyvk7-f9pQk-77maZY-hSUzv-JMKH2-t1gYz-bVJX9P-6EUMW7-HjLpvj-6DZqoG-7qfABe-2jy1R2Z-6Ev6Wm-ay1m6q-fdYkmn-6x4LCA-6EUMZo-4RPEnH-6sPUgy
https://flickr.com/photos/orangeaurochs/16867414680/in/photolist-rGvUJu-8Mvu8t-6z7apT-2hqbTxe-6LmmAS-KDfCE-6E4FRY-6zbeuJ-cmnhuj-abrv6h-2o3SrG9-F71n8-7tLfdW-praPfv-v7VXh-FjzifE-9WmBm-8Myz9E-8zKvdY-7AugZv-S4YAZ7-6mKZx1-2i1HEKV-dKddLj-T84hBm-2m3fcG2-aK3pKZ-mWmfvc-pycEbJ-Fjzifu-559x3W-6tywa9-2jHnmfp-27RMUjA-vwVFj7-9HGXi9-6NWdbD-TWXAXg-4NejPB-9d1Mfc-6Mevsj-mANh2P-2jgvRYN-tvAuE7-arASBo-5y9xgt-cfEM7b-ZdNn-2jqnH8e-8xNqwT
https://flickr.com/photos/dm-set/3481674978/in/photolist-6iEuEW-8fxSy3-9HGYhG-5Pr8Cz-a4uWoB-97vkNc-7S991A-4NR2S9-2jdk248-eKHrz-2fRQhqb-Jcrrx-wbogar-2jnpTq8-2nAxkS7-2mYxvqE-6rNbX-f9pfm-6D6A3R-fArgWq-2nPV3dy-2jUFkXp-2hW8kc4-6PqQi5-6D6yJx-9q33Aw-xXaWdd-3NCxPY-4NLMVz-am3RrZ-vUjNh-6DaFc1-8y6Agb-9q32wQ-2bbNqXb-9q32gG-yvJLE-9HGZhU-2bjro3B-xFUnx-GaDWZW-K1eeTJ-vCMedz-pJBQZ9-2hRGF4B-NxMfNL-cohGZ-82LZRt-dixtX3-bsWFKq
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Appendix 2
Example images of a Phidippus audax (audax001) and a ladybug (ladybug008) unedited. Photo
credits in links in Appendix 1.




audax001 and ladybug008 thresholded stimulus objects from the natural size trial




Ladybug008 from the artificial size trial




Appendix 3

The summed observation time of the majority of Pelegrina helenae vigilance duration was 10
seconds. The 290 and 350-second summations were the result of two separate P. helenae
orienting towards the P. audax stimulus and remaining oriented for the rest of the trial.
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