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SUMMARY
A foundational pressure in the evolution of all animals is the ability to travel through the world, inherently
coupling the sensory and motor systems. While this relationship has been explored in several species,1–4

it has been largely overlooked in primates, which have typically relied on paradigms in which head-restrained
subjects view stimuli on screens.5 Natural visual behaviors, by contrast, are typified by locomotion through
the environment guided by active sensing as animals explore and interact with theworld,4,6 a relationshipwell
illustrated by prey capture.7–12 Here, we characterized prey capture in wild marmoset monkeys as they nego-
tiated their dynamic, arboreal habitat to illustrate the inherent role of vision as an active process in natural
nonhuman primate behavior. Not only do marmosets share the core properties of vision that typify the pri-
mate Order,13–18 but they are prolific hunters that prey on a diverse set of prey animals.19–22 Marmosets pur-
sued prey using vision in several different contexts, but executed precise visually guided motor control that
predominantly involved grasping with hands for successful capture of prey. Applying markerless tracking for
the first time in wild primates yielded novel findings that precisely quantified how marmosets track insects
prior to initiating an attack and the rapid visually guided corrections of the hands during capture. These
findings offer the first detailed insight into the active nature of vision to guide multiple facets of a natural
goal-directed behavior in wild primates and can inform future laboratory studies of natural primate visual
behaviors and the supporting neural processes.
RESULTS AND DISCUSSION

Prey-capture strategies
Here we analyzed 288 4K UHD videos of marmosets engaged in

active prey pursuit and capture of insects in northeastern Brazil

to characterize the relationship between natural visual and posi-

tional behavior in a wild primate. Hunting behaviors were group-

ed into three of the more typical tactics distinguished by the

sequence of visually guided motor actions employed to capture

different prey types in the dynamic forest environment.19 These

three strategies were largely determined by the prey itself,

such as whether it was moving on a substrate or flying, or was

stationary and relying on cryptic coloration, with variation within

each strategy reflecting the nuanced interactions between prey

behavior and the immediate substrate idiosyncrasies. Although

our analyses highlight hunting of insects, marmosets also

actively hunt other prey (e.g., lizards, N = 27 videos).
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Figure 1A illustrates ‘‘mouth capture,’’ the strategy employed

by marmosets to track small, mobile prey with limited capture

avoidance behaviors (e.g., ants, termites, etc., N = 80 videos;

Video S1) characterized by the overwhelming use of their mouth

to capture insects rather than their hands (n = 73 observations;

mouth, 90.4%; hands, 9.6%; p < 0.01, Fisher’s exact test). The

prevalence of mouth use in this context contrasted with all other

prey-capture strategies.

Figure 1B depicts ‘‘stalk/pause and lunge,’’ the strategy em-

ployed by marmosets to capture stationary prey that often relied

on camouflage to avoid capture (e.g., stick bugs, moths, grass-

hoppers, N = 93 videos; Video S2). Notably, insects that evolved

mimicry increase the difficulty of their detection and are akin to a

natural visual pop-out task to marmosets.23,24 Some of these

species, while stationary on a substrate, enact fast evasive be-

haviors when pursued by predators. Grasshoppers and dragon-

flies, for example, will rapidly jump or fly away if predators are
gust 8, 2022 ª 2022 The Author(s). Published by Elsevier Inc. 3423
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Figure 1. Marmoset prey-capture strategies

(A) ‘‘Mouth capture.’’ The marmoset stands over the prey and captures mul-

tiple insects with their mouth. See also Video S1.

(B) ‘‘Stalk/pause and lunge.’’ The animal identifies the prey, gets into position,

and pauses before making a ballistic grasp. See also Video S2.

(C) ‘‘Capture in flight.’’ The monkey identifies and tracks the prey before

capturing it with a visually guided grasp. See also Video S3.
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detected, while stick bugs evade predation by holding their legs

against their body and drop to the ground to hide among the

leaves.25 As a result, when hunting these prey, marmosets

position themselves for the attack, sometimes slowly stalking

the prey (Video S2). Once in position, marmosets typically pause

for 1–5 s before initiating a high-speed, ballistic grasp of the prey

(Video S2).

Hunting flying insects is particularly challenging formarmosets

with respect to both the demands on active vision and the role of

sensory feedback to guide precise, high-speed hand move-

ments necessary for successful capture (Figure 1C). In the re-

cordings of marmosets pursuing flying beetles, their behavior

typically abided by one of two strategies. It either involved a sta-

tionary monkey visually tracking the prey for a period of several

seconds before initiating the ballistic grasp (N = 47 videos; Video

S3) or the animal simultaneously visually tracking and physically

following the prey through the arboreal substrate as the insect’s

flight pattern changed (N = 68 videos; Video S3). Two-handed

captures were more common for flying insects than one-handed
3424 Current Biology 32, 3423–3428, August 8, 2022
or mouth captures (64.7%, n = 224 observations), likely because

this tactic yielded a notably higher success rate (82.4%) than

one-handed captures (c2(1) = 9.5, p = 0.002).

Positional behavior during arboreal prey capture
The stability and orientation of the substrate inwhich prey pursuit

occurred were significant factors that affected the variability of

prey capture. Marmosets countered these challenges with

creative changes in positional behavior: the use of adaptive posi-

tioning with multiple limbs on horizontal branches, including

reaching both above (Figure 2A) and below (Figure 2B) the

branch, and vertical branches that, likewise, involved pursuing

prey above (Figure 2C) and below (Figure 2D) the substrate.

Notably, one shared similarity across all positional behaviors

during prey capture was optimizing visual access of the target

while balancing the need for stability, sometimes extending their

body using only their hindlimbs as support at a range of angles

from the substrate, often on small unstable branches. We quan-

tified these positional behaviors by measuring the monkey’s

angle of attack and the extent to which individuals extended their

body in the attack (Figure S1). The average percent body length

extension during prey capture for marmosets on top of the sub-

strate was 54.3% ± 32.0% (mean ± SD), while body extension

when clinging under the substrate was 65.8% ± 36.3%

(mean ± SD). Marmosets hunting on a vertical substrate with

the normal vector of the head pointing upward extended their

body 57% ± 29.1% (mean ± SD), while marmosets hunting on

a vertical substrate with the normal vector of the head pointing

downward extended their body 51.1% ± 39.7% (mean ± SD)

(Figure 2E). When marmosets are under a horizontal substrate,

they will typically extend downward 95% of the time (n = 20/

21, N = 156 observations) as they are already hanging from the

branch with their lower limbs, whereas when they are on top of

the horizontal substrate, they will extend downward only about

12% of the time (n = 9/73, N = 156 observations). These results

illustrate how dynamic biomechanical movements are integral

for active vision and successful prey capture in marmosets as

these changes in positional behavior effectively function to

optimize the view of the prey in a complex environment.

Gaze tracking of flying insects
To precisely quantify different facets of visual behaviors during

prey capture in wild marmosets, we next applied the markerless

tracking technology SLEAP26,27 to a subset of videos that met a

set of criteria related to video recording quality andmodeling ac-

curacy (STAR Methods; Figure S2). These analyses focused on

hunts of flying insects because this context highlights the unique

challenge of successfully capturing a moving insect in three-

dimensional space and the role of vision as an active process

for a goal-directed, high-precision motor action. We distin-

guished between two phases of the marmoset hunt based on

the visual challenges. In the first phase, marmosets visually iden-

tify and track the prey prior to attacking. During the second

phase, marmosets initiate the ballistic grasp based on the

anticipated location of the prey.

We first analyzed head movements in the final seconds prior to

the initiation of the ballistic grasp as a proxy for gaze tracking,

including how they covaried with the flight path of the insect prey

in a subset of 5 videos that met our criteria. Frame grabs from an



Figure 2. Positional behavior preferences

based on substrate orientation

(A–D) Illustrations depicting the range of positional

behaviors during hunting (reaching above or

below) while the marmoset is situated (A) on hori-

zontal substrate, (B) under horizontal substrate,

(C) on vertical substrate with the normal vector of

the marmoset’s head pointing up, and (D) on ver-

tical substrate with the normal vector of the mar-

moset’s head pointing down.

(E) The length of each vector on the polar plots

(shown in black, red, magenta, and blue) corre-

sponds to the percent change in body length of

extension calculated in pixel units. The polar plots

also portray the marmoset’s angle of extension

when reaching for prey depending on the substrate

being grasped. Vectors pointing below the hori-

zontal axis refer to marmosets reaching downward

while hunting. Horizontal substrates are shown to

the left and vertical substrates to the right.

See also Figure S1.

ll
OPEN ACCESSReport
exemplar video show three time points over 500 ms immediately

before theballisticgrasp is initiatedandhighlight theclose relation-

ship between head and insect movements that occur during this

time period (Figure 3A). Correlation between insect and head

movements was largely limited to the final period—1.5 s—before

initiating capture. Figure 3B shows the change in XY coordinates

for the head and insect movements in the same exemplar video

over a longer period of time. This observation was also true for

all videos analyzed. The Pearson correlation coefficient between

head and insect movements remained between 0.5 and 1 (N = 5

observations) for the entirety of this time period (Figure 3C). One

other notable result from this analysis was the prodigious increase

inheadvelocityover the500msprior to initiating thecaptureaction

(Figure 3D). This likely suggests that marmosets were closely

tracking the flight path, with vision providing important information

about the speed and motion direction of the prey, and potentially

reflecting a change in the attentional demands necessary to accu-

rately capture the flying beetle. This analysismay also suggest that

marmosets have a preference for a particular type of insect flight

behavior when initiating an attack, when the insects are moving

along a continuous path rather than at times when the path was

less predictable.
Current B
Visually guided prey capture
Because the position of flying insects is

constantly changing, successful capture

relies on a complement of two overlap-

ping visually guided processes. First,

marmosets must anticipate the likely

position of the insect in three-dimen-

sional space. Second, as insects

frequently change their flight pattern,

marmosets need to make quick adjust-

ments in response to changes in insect

trajectory after the ballistic grasp is initi-

ated. Notably, these elements of the

behavior may be unique to primates,

as they involve visual control of coordi-

nated hand movements and adjustment
of hand shape to effectively grasp prey (or other objects) in

three-dimensional space.28 To quantify the second phase of

the hunt, visually guided prey capture, we again applied

SLEAP to a subset of 15 videos that met our criteria (STAR

Methods). Figure 4A depicts a parallel series of frame grabs

from an exemplar video and the respective XY coordinates

of the hand movements when a marmoset reaches for and

grasps a flying insect that illustrate how the respective posi-

tion of the hands and insect change over this time. Impor-

tantly, the hands did not follow the optimal trajectory in any

of the videos (Figure 4B) and diverged in several quantifiable

ways. First, the hand movements had several inflections re-

flecting the changes in trajectory during the motor action

(average = 2.4, range = 0–7; Figure 4C). Second, the average

tortuosity for the hand movement trajectory was 3.08, which

significantly diverged from the optimal path (t(24) = 5.31,

p < 0.0001; Figure 4D). These corrections in hand trajectory

are occurring at high speeds, as the latency to peak velocity

occurred at an average of 224.44 ms (Figure 4E), while the

mean duration of the entire ballistic grasp during capture

was 375.61 ms (Figure 4F; N = 123 observations). Our ana-

lyses indicate that marmosets made real-time visually guided
iology 32, 3423–3428, August 8, 2022 3425



Figure 3. Gaze tracking flying insects dur-

ing prey pursuit

Gaze tracking was characterized by the relation-

ship between marmoset head and insect move-

ments prior to initiating capture using SLEAP for

accurate annotations. See also Figure S2.

(A) Three single frames from the final 500 ms

before prey capture illustrate coordinated move-

ments between the marmoset head and insect

flight trajectory.

(B) Raw XY positional data of both the marmoset’s

head movement (bottom right) and insect’s flight

pattern (top left) from the example screen shown

in (A) over the 2 s prior to initiating the ballistic

grasp for prey capture.

(C) Pearson’s correlation coefficient between the

marmoset head and insect flight in a sliding window

over the 2.5 s before prey capture was initiated.

Zero (0) indicates the onset of the ballistic grasp.

(D) Average velocity (cm/s) of the marmoset head

over the same time period as in (C).

95% confidence intervals are shown in shading for

(C) and (D).
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corrections to the path of the hand trajectory during the short

interval of time from the initiation of the motor action until the

insect was captured, likely due to changes in the prey’s flight

path or potentially other insects in the visual field. The trajec-

tories of the left and right hands were not statistically different

(t = �0.56, p = 0.589). This finding shows that, like other pri-

mates,29–31 wild marmoset hand movements are under

continuous visual control when targeting the capture of flying

beetles and can be modified through feedback in response to

the exact types of natural challenges the visual system

evolved mechanisms to overcome.

Here we demonstrate that active vision is integral to successful

prey capture inwildmarmosets. Far frombeing apassive process,

vision is closely coupled to all elements of prey capture in

marmosets, including creative biomechanical positioning on often

precarious substrates, similarly to other species.7–11 A compelling
3426 Current Biology 32, 3423–3428, August 8, 2022
advantage of this natural behavior is that it

comprises visual processes studied inde-

pendently in primate vision for decades—

discrimination, recognition, motor plan-

ning, decision-making, and visually guided

selection, among others—within a single,

cohesive visual behavior.32 These visual

processes are in fact not separable, but

operations within an integrated behavioral

sequence that is representative of the

distinct challenges that together have

driven the evolution of the complementary

mechanisms in the primate visual system,

and in particular precise visually guided

reaching and control of hand movements

and articulation that may be unique to our

Order. While marmoset hunting strategies

were largely determined by the behavior

of theprey type, incontrast tomanyclassic

neuroethological behaviors, prey capture
itself was far from stereotyped in thesemonkeys. Rather, the gen-

eral hunting strategies were highly variable, likely reflecting the

need to be adaptable to the immediate environment to find crea-

tive solutions for successful predation. The behavioral variability

that emerges due to an interaction between a presumably ideal

strategy for obtaining prey and the specific ecological challenges

underscores the advantages of primate prey capture to elucidate

the likely supporting perceptual and cognitive processing,

including decision-making and cognitive control, under natural

variableconditions, andcanbeusedasprinciples thatguide future

experimental work on these key issues. As not all theoretical

models of vision developed in more traditional laboratory settings

are likely reflective of how this system functions under real-world

scenarios,33 natural primate behaviors such as prey capture will

likely benecessary to elucidate remaining keyquestions about pri-

mate brain function.



Figure 4. Visually guided prey capture

(A) Left plots four continuous time periods during prey capture from an exemplar video and the XY coordinates of the marmoset’s right (red line) and left (yellow

line) hands and insect (green line); right plots only the XY coordinates. The dark lines show the change in movement during the time interval plotted over that

specific period of time, while lightly shaded lines indicate the preceding time periods.

(B) Summary of (A) shows the path of both hands and the insect, as well as the optimal trajectory in blue for each hand.

(C) Number of inflection points during reaches from all videos analyzed. Error bars represent SD.

(D) Plots the tortuosity index for all prey-capture reaches. Significance is p < 0.0001. Error bars represent SD.

(E) Latency to peak velocity (ms) during ballistic grasps for flying prey. Error bars represent SD.

(F) Duration of ballistic movement (ms) from initiation of the motor action to successful grasp of the prey.

See also Figure S2.
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Detailed methods are provided in the online version of this paper
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d KEY RESOURCES TABLE
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B Materials availability
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Lead contact
Further information and requests for resources should be directed to and will be fulfilled by the lead contact, Cory Miller (corymiller@
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Materials availability
This study did not generate new unique reagents.

Data and code availability
All data and original code have been deposited in a Dryad repository Database: https://doi.org/10.6076/D1P88X and is publicly avail-

able as of the date of publication. DOI is listed in the key resources table.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

Study site and subjects
High-resolution videos were recorded of wild marmosets inhabiting the semiarid scrub-forests in the Baracuhy Biological Field Sta-

tion in Northeast Brazil (7�31’42’’S, 36�17’50’’W).34,35 Data collection was conducted between March 2020 and June 2021 following

two social groups- House Group (mean group size of 9 animals) and Coqueiro Group (mean group size of 8 animals).

METHOD DETAILS

Data analysis
Analyses were performed on the 288 Ultra HD video recordings (4K; width: 3840 pixels; height: 2160 pixels) of marmoset prey-cap-

ture on the Sony FDR AX-53 camcorder at a frame rate of 29.970 fps. Videos may contain one or more observations of a hunting

strategy by one or more subjects being filmed. 287 videos that were not reflected in the final analyses exhibit marmosets foraging

for food by leafmanipulation or opportunistic prey capture.19 Videos recorded in the fieldwere uploaded in Brazil onto a shared server

and cataloged at UCSD.

Positional behavior during arboreal prey capture
Quantitative analysis shown in Figure 2 was performed using Adobe Premiere Pro version 22.0 and Adobe Photoshop version 22.5.1.

Premiere was used to quantify the duration of a subject’s hunting action frame by frame up to hundredths of a second, including the

pause before a ballistic movement, and the start to completion of a ballistic movement based on the type of prey the marmoset went

after. Using Premiere, the start frame of the ballistic movement marks when the marmoset’s body is at its original position. The end

frame of the ballistic movement reflects when themarmoset is most fully extended, reaching out towards its prey. Frames depicting a

side profile of the moment before and after a ballistic movement was achieved were exported into Adobe Photoshop for further

examination.

Since body lengths of animals in the wild were not possible, the ruler tool in Adobe Photoshopwas used to obtain measurements in

pixels including the marmoset’s body length pre- and post- ballistic movement in exported frames, allowing us to attain the percent

length of extension. For the pre-ballistic measurement of themarmoset’s body, it wasmeasured from the base of the tail or foot to the

top of their forehead or mouth, depending on the visibility of each body part in the frame. The post-ballistic measurement was

measured from either the same tail base or foot—if visible and in instances where they are using their legs to extend—to the extended

body part being used to grab (either the extended hand(s) or mouth). Additionally, the ruler tool was used to estimate the angle of

extension from the substrate a subject opts for depending on how they are oriented on that substrate. The angle was measured

from the parallel substrate, to the base of where the marmoset is clinging onto, and to the extended arms. Owing to the limitations

of a 2D video, videos demonstrating body extension along the Z plane were not taken into consideration for measuring to minimize

the chance of error.
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The polar plot in Figure 2Ewas created using a customMATLAB script to demonstrate themarmoset’s angle of extension depend-

ing on the substrate they are hunting on (horizontal or vertical) and the length of the arrow depicts a visual representation of the

percent body length of extension in pixels. The ‘‘-’’ sign refers to the downward direction the marmoset is reaching in (Figure 2E).

As a way to classify differences in the marmoset’s orientation relative to the vertical substrate, we used the direction of the normal

vector extending from the top of their head, as this was the most visible point of reference in the frames, to define if the marmosets

were extending upright (normal vector points up) or ‘‘supine’’ (normal vector points down). To obtain the normalized percent change

in length of extension, the following formula was used:

=
Post Ballistic Body Length ðpixelsÞ � Pre Ballistic Body Length ðpixelsÞ

Pre Ballistic Body Length ðpixelsÞ 3 100

Since only one camera angle was often available for analysis, the ability to measure velocity during a capture was not feasible.

Instead, using the aforementioned formula, we examined the normalized percent change in the marmoset’s body length over the

duration of the ballistic movement during a hunting sequence to capture their change in motion.

Markerless tracking analyses
To more precisely quantify the marmoset’s visuomotor integration that occurs when hunting, we employed computer vision technol-

ogy for markerless tracking on one dynamic hunting strategy involving a one- or two-handed capture mid-air following rapid head-

gaze tracking behavior of flying beetles (Coleoptera). Down-sampled videos (1280 x 720) were uploaded onto SLEAP (Social LEAP

Estimates Animal Poses)26,27 where deep learning was employed for markerless tracking of the marmoset body, whereas the flying

insect was hand annotated either on a separate project or following the inference process. The right hand, left hand, middle top of

head, left ear tuft, and right ear tuft of the marmoset in the video were manually annotated in a small percentage (�15%) of frames.

Then, active learning takes place as we train a neural network through the single animal pipeline to estimate positions of the marmo-

set’s body parts by running inference until satisfied with the accuracy of the network’s predictions. A custom MATLAB script was

used to verify the accuracy of the computer’s predictions by comparing the average distance between the hand labels to the pre-

dicted labels (Figure S2). While pose estimation was computed for the entire video clip (typically �15s) to improve the robustness

and accuracy of the model, analyses presented here focused on the few seconds before and during insect capture. These select

frames were further refined for analysis by additional hand annotations. H5 files were then exported for use in additional analyses.

The frame numbers for start and end behaviors, such as gaze tracking and ballistic movement, were hand marked and verified by

two other people in the Miller Lab.

Gaze-tracking flying beetles

Analysis was performed on videos that met the following criteria: (1) Videomaintained stable, continuous focus of both the insect and

the animals head for at least 2 seconds prior to initiating capture, (2) the animal was not chasing the insect during this period or other-

wise locomoting, but remained sitting on the substrate and (3) there were no obstructions of either the insect or marmoset that would

affect annotation of the video. Five videos met these strict criteria and were used in the analysis typically due to the flying insect not

remaining in focus for sufficient periods of time during the video. The frame number of both the start of the marmoset gaze and the

end of the gaze/start of the ballistic movement was marked in each video. The start of the gaze was defined as when the marmoset’s

head movement stops scanning and the head moves in closer before the body starts to move in the same direction. The end of the

gaze period is defined as when the marmoset’s headmovement shifts away from the targeted prey, usually to redirect its attention to

the route they are trying to take as they move closer or to check if there are other competitors around. The gaze can then resume

when the head movement turns back to the direction of where the target is/where the target is moving. Videos were processed

in Python 3.6 and the aforementioned time periods mentioned during the gaze period were analyzed (Figure 3A). Gaze estimates

in 3B were made between the SLEAP label that demarcated the middle of the head and the SLEAP bug label. A line was drawn

from the two to show an approximate gaze line. In 3C, velocity of both the head SLEAP labels and the insect’s SLEAP label were

calculated. A rolling correlation was taken to quantify the relationship between the head and the bug in the final second. The Python

pandas package outputs the Pearson’s Correlation Coefficient in a sliding binwindowwith a bin size of 10. In order to characterize the

period of high correlation before the bug catch, a rolling average of bin size 10 was taken and any correlation coefficient above 0.5

was considered significant. A 95% confidence interval was calculated using Python in order to show the variability of the data in both

3C and 3D.

Visually-guided prey capture

These analyses were performed on videos that maintained stable, continuous focus and/or accurate model prediction of both the

insect and at least one of the animal’s hands for the duration of time from the initiation of the ballistic grasp till prey capture. The frame

number of both the start and end of themarmoset’s ballistic movement wasmarked in each video. Start of ballistic graspwas defined

as when the marmoset lifts its hand(s) from the branch or hand(s) move away from the body towards the target without stopping until

the target is caught. End of ballistic grasp was defined as when the target prey is caught. Analyses were performed on 15 videos that

met these criteria and had the least occlusion by vegetation. Lines were drawn from the start of the ballistic movement to the point of

prey capture to demonstrate themost direct path - the optimal trajectory - of a reach if the insect’s flight path was perfectly predicted.

We next applied two different measurements to quantify howmuchmarmoset hand trajectories deviated from the optimal trajectory:

‘Number of Inflection points’ and ‘Tortuosity’. The left and right hands were analyzed separately in each video because both hands

were not always clearly visible. This yielded 15 left hand events and 9 right hand events from the videos used in analyses here.
e2 Current Biology 32, 3423–3428.e1–e3, August 8, 2022
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- Inflection points. This analysis identified the number of instances that marmosetsmodified the direction of their handmovement

during the ballistic grasp leading to prey capture. This measure was taken by first calculating the distances from the ideal line

and then calculating the number of local maxima and minima. Values were validated by marking the point at which a local max

and min were found.

- Tortuosity. - To better quantify the changes and curvature of the arm reaches during prey capture of flying insects, wemeasured

the tortuosity of the reach trajectory. Tortuosity was calculated to show the ratio between the distance of the optimal trajectory

or total length (L) and the actual movement of the hand or the path length (C). This ratio was then t = C=L. In order to test for

significance, a paired t-test was performed against the null hypothesis of 1, since 1 would be the value of t if C = L:

- Latency to peak velocity. We calculated the velocity of the hand over the course of the ballistic action to determine the time at

which the velocity was at its maximum.

To calculate the duration of ballistic reaches to capture flying insects for Figure 4E, we lowered our selection criteria to all videos in

which the body was visible (N = 123 observations). The frame numbers were denoted for the duration of the ballistic movement and

the average was calculated.

QUANTIFICATION AND STATISTICAL ANALYSIS

Statistical analysis
Statistical analyses of SLEAP output were performed using Python. Excel (Microsoft Corporation) was used to conduct all other sta-

tistical analyses, including mean values and standard deviation. We used the Fisher Exact Test with probability mass function to

compare methods of capture on small, mobile prey. To examine whether there was a preference for capturing small, flying beetles

using one or two hands, a c2 test was applied. Statistical significance was set to p < 0.05 (two tailed) for all analyses. Statistical

analysis of Figure 4E was a two sided t test performed in Python.
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