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To the editors of Journal of Visualized Experiments.

5th March 2019

“Spider makeovers: Manipulation of color patterns in jumping spiders for use in behavioral
experiments”

Dear Dr Phillip Steindel,

We would be grateful if you would consider our revision of the enclosed manuscript for publication in
JoVE.

We would also be extremely grateful if the video recording team could schedule a visit to our facilities at
the University of Florida in Gainesville (Entomology and Nematology dept), before April 28th 2019, date
at which I will permanently leave the USA. In fact, the earliest possible would be best as our spiders
collected in May 2018 are currently starting to die from old age.

We have now requested permission to reprint and modified 2 figures from two of our previously
published manuscripts, but have not received a response yet. We will send the explicit permissions as
soon as we receive them.

We do hope that we can proceed with the video recording scheduling without delay.

I'look forward to hearing from you.

Yours sincerely,

Malika Ihle, on my and Dr Lisa Taylor’s behalf.
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SUMMARY:

The goal of this protocol is to manipulate the color patterns of jumping spiders and other very
small arthropods with paint in order to study questions related to sexual selection, sexual
cannibalism, predation, aposematism, or any other field of animal coloration.

ABSTRACT:

In the field of behavioral ecology, many experiments are designed to investigate the evolutionary
purposes of colorful traits in the context of sexual selection and predation. Methods are various
but mostly consist of modifying the color patterns of individuals with diverse colorants. Such
techniques have been used across many vertebrate taxa, particularly in birds, but have remained
underdeveloped for invertebrates because of the difficulty of effectively manipulating color in
small organisms. Instead, to manipulate the appearance of invertebrates, scientists have usually
modified the lighting environment to filter out certain wavelengths. However, such a method
affects not only the phenotypic trait of interest but the entire appearance of the individual and
its surrounding. Here, scaling down the techniques previously used on colorful birds, we present
ways of manipulating the colors of small arthropods, using equally emblematic but understudied
species: the colorful jumping spiders.

INTRODUCTION:

Animals often have elaborate color patterns that they display during sexual encounters, agonistic
encounters, or to deter predation. These traits may convey information to receivers such as the
signaler’s individual quality as a mate?, fighting ability as a competitor?, or palatability as a prey
item3. To understand the adaptive purposes of colorful traits, researchers have designed
experiments that involve manipulating colors in various ways. Some researchers have used
colored decoy stimuli such as models*8, photographs®, or videos!®'? that are presented to
receivers in behavioral experiments. Others, especially when using invertebrates, have
manipulated the lighting environment to affect the appearance of colors of live individuals317.
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All these manipulations, while ingenious, have the disadvantage of removing potentially
important natural behavior and/or affecting much more than the trait of interest. In large
vertebrates, such as birds, researchers very often manipulate color directly on live animals
(reviewed in Hill and McGraw, 2006'®). Individual feathers or beaks have been directly colored
with markers>'%-24, dyes containing hydrogen peroxide often used in hair lighteners®?’, or
various paints including nail polish?®. In invertebrates, such studies that manipulate color
patterns directly on live animals are comparatively rare but have still provided immense insight
into the function and evolution of color?®-3°, Even arthropod studies seem to be biased towards
larger taxa that can be more easily handled and painted, leaving color patterns in very small
species relatively understudied.

Here, we describe a delicate color manipulation technique that was developed for very small
animal taxa. Specifically, this method involves manipulating the facial coloration of male jumping
spiders under a microscope in order to investigate the importance of such colorful traits in the
context of mate choice and sexual cannibalism. In this case, we used Habronattus pyrrithrix
(collected from Phoenix, AZ, USA) as a model species (Figure 1). We have published the results
of experimental work using some of these techniques elsewhere383%, but here we describe the
methods in more detail than has been done previously, in a way that should make them
accessible to others attempting to replicate them or adapt them for use on other very small taxa.
Such protocols should open up experimental opportunities on animals that can be as colorful as
the most emblematic birds but that are usually understudied.

PROTOCOL:
1. Equipment preparation
1.1. Select appropriate paints.

1.1.1. For successful application, use paints that are quick-drying and have a texture that is easily
manipulated with thinner. Products that have been used successfully include non-waterproof
eyeliners which can be thinned with water, and enamel paints which can be thinned with enamel
thinner (Table of Materials).

1.1.2. When painting spiders, consider that the carapace of most species has a hardened
exoskeleton while the soft abdomen often stretches and constricts with feeding.

1.1.2.1. Enamel paints produce a solid, hardened coating on the painted surface; therefore, apply
them on hard parts of the cuticle (e.g., carapace, legs, pedipalps). Such enamel coatings are less
effective for spider abdomens because they peel off of the spider as the abdomen changes shape
with feeding.

1.1.2.2. In contrast, eyeliners do not produce a hardened coating, but rather seep into the
colored body scales; as such, use them on both hard and soft body parts (including spider
abdomens).
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NOTE: In the upcoming steps, the most delicate technique is presented that consists in painting
the face and pedipalps of the spiders; and enamel paint is used, which is the most generalizable
method due to the color diversity of enamel paint available.

1.1.3. Before testing paints on live animals, if possible, first measure the spectral properties of
the paint (simply applied to paper or another surface) using a UV-VIS reflectance
spectrophotometer to ensure that there are not any unwanted UV peaks in the spectrum that
would be invisible to humans, but possibly visible to the studied species.

1.2. Use a dissecting microscope connected to a camera and a computer to more easily take
pictures of the outcome of the manipulation for documentation and increasing replicability
(Table of Materials).

1.2.1. Turn on the microscope, computer, and software that processes the camera input.
1.2.2. Select the relevant zoom at which the final picture will be taken.

1.2.3. Stick an insect mounting pin or a small nail (with the head pointed outwards) into a ball of
non-hardening modeling clay (approximately the size of a grape). (The live spider to be painted
will be temporarily mounted to the head of this pin in step 3.1 below). Place the modeling clay
and pin under the microscope to adjust the objectives so that they roughly focus on the head of
the pin (where the spider is to be mounted).

1.2.4. Make sure the objectives are at the right distance for the painter’s eyes, and that the
camera is not obstructing the field of vision during painting (as is the case if the camera is
mounted in one of the oculars, hindering depth perception).

1.3. Transfer the spider into a clean plastic snap-cap vial (around 12 drams, without any webbing
or dead prey).

1.4. Prepare mounting and painting equipment.

1.4.1. Place an extra thin insect mounting pin into a ball of non-hardening modeling clay (in
addition to the one used in Step 1.2.3) and place them on the left side of the microscope (for
right-handed people). This pin will be used to gently adjust the positions of the spider’s legs and
pedipalps (as needed) during painting.

1.4.2. Get a small piece of absorbent paper (such as a paper towel), a piece of white printer
paper, the paints to apply (here, enamel paint), separate containers of paint thinner (one for each
color plus one kept transparent and clean), individual micro brushes for each color (see Table of
Materials), and one micro brush to be only used with clean thinner, all positioned in an organized
fashion on the right of the microscope (for right-handed people).
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1.4.3. Using a toothpick, add a drop of paint in an open plastic dish (such as a small Petri dish or
avial cap) and add paint thinner, for instance with a small syringe. Mix the two with the toothpick
to the right consistency (when the paint is completely homogenized, but not too runny) by testing
it on the white printer paper with a micro brush.

NOTE: In certain cases, if the paint dries quickly, prepare it with slightly more liquid than desired
for application, and let the brushes soak in the pot of paint thinner until later use (step 4).

1.4.4. Put a pea-sized drop of water-based glue (see Table of Materials) onto a corner of the
printer paper.

NOTE: This must be the last stage of the preparation and the next step needs to happen
immediately after this, so that the glue does not dry out.

2. Anesthetization

2.1.1. With the spider in the vial and a hand cupped over the opening to prevent escape, slowly
add CO; gas until the spider’s third pair of legs extends to 180 degrees.

2.1.2. Use a time of exposure to CO; of approximately 20 seconds to 1.5 minutes, depending on
the average size of the species and on the individual spider. We have found the extension of the
third pair of legs to be a reliable indicator of the proper level of anesthesia in H. pyrrithrix, but
this likely varies across species. If using these techniques with a different species for the first
time, first test the anesthesia on a few specimens to assess their response.

2.1.3. Give spiders as little CO; as possible to achieve the needed level of anesthesia. While the
short periods of anesthesia described here produced no mortality (and no noticeable behavioral
differences from non-anesthetized spiders), give all animals in an experiment equal levels of
anesthesia (including sham controls).

2.1.4. Keep the vial closed after adding CO, to maintain the spider under anesthesia; therefore,
include this time when calculating how long the spider is exposed to CO,.

2.1.5. Once the salticid spider has been removed from the vial to begin color manipulation, it will
stay fully anesthetized for approximately 1 to 2 minutes; therefore, do the following steps
(sections 3—6) promptly. Because of this limited time window, attempt the following painting
method with dead specimens first (for practice) before attempting to paint live spiders.

3. Mounting the spider under the microscope

3.1. Add a very small amount of glue onto the head of the mounting pin or nail in the modeling
clay prepared in the field of vision of the microscope.

NOTE: Use the smallest amount of glue that allows maintaining the spider in place to ensure that
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i) the spider does not slide off the pinhead (if too much glue is used), and ii) the spider manages
to free itself after waking up.

3.2. Gently slide the anesthetized spider from its vial onto the table with its ventral side up.

NOTE: Because spiders' abdomens are soft, care should be taken not to tap or drop the spiders
onto the table, as this may cause injury.

3.3. Gently press the pinhead (with glue) on the spider’s sternum (the central area where the
spider’s legs attach to the body) such that the spider will slightly bounce and extend its legs under
the small pressure applied. For extra control of the pressure applied, hold the modeling clay with
both hands, having both hands steadied firmly against the table.

3.4. Reposition the modelling clay under the microscope so that the area to paint is facing up and
in focus.

4. Painting the spider
4.1. Assess the paint consistency prior to touching the paintbrush to the spider.

4.1.1. Retest the paint consistency (use the absorbent paper to wipe the brushes if they were
maintained in the thinner), adjust again if necessary, and always first try applying paint on the
printer paper to control for the paint quantity contained in the brush hairs.

4.1.2. With the right hand and while looking through the microscope, bring the tip of the brush
in the field of vision, and make sure (a second time) that the brush hairs do not contain too much
paint, in which case wipe some of it onto the printer paper.

4.2. Test the paint consistency on the spider.

4.2.1. Touch the spider with the brush on the largest area that will need to be painted over. This
will inform the painter whether the consistency and quantity of paint is right (i.e., when the paint
slightly and slowly soaks into the hair/scales of the spider).

4.2.1.1. If no paint gets applied, soak the brush into the paint and return to step 4.1 to repeat the
procedure.

4.2.1.2. If the paint soaks in rapidly and spills over onto an area that should not be covered by
paint, and assuming that the spillage is minimal and that the individual could still take part in the
experiment, wipe the brush onto the absorbent paper and return to step 4.1 to repeat the
procedure.

NOTE: This type of liquid spillage cannot be fixed. If the spillage reaches the chelicerae or the
eyes, or other parts that could be lethal or toxic for the individual, consider placing the spider
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immediately in the freezer to euthanize it before it wakes up and excluding the spider from the
experiment.

4.3. Paint all areas that need colors following steps 4.1 and 4.2.

4.3.1. If painting the face of the spider, use the extra thin pin with the left hand to hold down the
front legs and pedipalps (so that they will be out of the way of the paintbrush). This is best done
while looking through the microscope to avoid damaging the spider’s appendages. In addition, if
painting the face of the spider, and depending on the brushes used to paint, consider painting
both sides of the face before trying to paint the central part between the eyes—both painted
areas can be joined by holding the brush parallel to the spider face and inducing capillary action.

4.3.2. When painting pedipalps or legs, make sure not to touch any joints if the paint is a
hardening one (such as the enamel paint), and make sure not to apply paint to the male’s sperm
delivery organs (on the underside of the distal segment of the pedipalps).

4.4. Clean off paint that may have been inadvertently added to non-desired areas if the paint did
not fully soak into the spider’s scales (liquid spillage referred to above) and if it is taken care of

immediately (before the paint dries).

4.4.1. Soak the clean micro brush into the clean thinner and thoroughly wipe it onto the
absorbent paper, so that it contains the slightest amount of thinner (it should appear almost dry).

4.4.2. Absorb the excess paint from the spider with the brush by pushing the hair of the brush
onto the paint to be removed and quickly lifting the brush away, removing the paint by capillary
action.

4.4.3. Clean the brush and repeat.

5. Taking the spider’s picture

5.1. Switch the objective to the camera mode.

5.2. Take a picture using the computer software, making sure the zoom picked is the one selected
on the microscope, so that a scale bar can be added.

6. Releasing the spider from the pin or nail

6.1. When the spider starts moving, hold the pin so that the spider’s front legs are touching the
spider’s vial.

6.2. Let the spider release itself, and if needed, gently incline the pin to help the spider pull itself
away from the dried glue.
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6.2.1. If the spider wakes up before the painting is completed, allow the spider at least 15
minutes to recover before being anesthetized again. If this is done, ensure that all groups get the
same levels of anesthesia (including sham-treated individuals, if applicable).

NOTE: Spiders appear to resume their normal behavior rapidly after manipulation (< 15min) but
we recommend a standardize resting time of 12 hours prior to using the spider in a behavioral
test.

7. Analysis of the spiders’ behavior

7.1. Compare the behavior of unmanipulated, sham-treated, and manipulated subjects to assess
the potential toxicity of the application (which may vary by specific paint type, color, application
area, and study species). Relevant behavior to compare could include activity rate, type of activity
performed, success in performing specific activities (e.g., capturing prey), etc.

7.1.1. Use sham-treated spiders as part of the experimental design (for instance receiving the
paint application on a non-visible area or having neutral-colored paints applied to the same
areas) in order to only change the color of the individual while controlling for other factors (e.g.
handling time, odor, surface texture, etc.).

NOTE: If painting legs or pedipalps, consider the possibility that this may interfere with sensory
hairs (prevalent on spider legs and pedipalps, see Foelix 2010%°) and, in these cases sham-treated
males should have neutral-colored paints applied to the same areas as a control.

7.1.2. When developing new methods, compare painted spiders with unmanipulated spiders to
assess whether color-manipulated individuals still behave normally.

8. Measuring the reflectance properties of the color manipulation on the painted subject

8.1. Once euthanized (after spiders were involved in an experiment or specifically euthanized for
this purpose, see Note below), measure the spectral properties of the color manipulation using
a standard portable UV-VIS spectrophotometer (Table of Materials), especially for areas larger
than 1 mm in diameter.

8.2. For smaller areas, use a custom-built microspectrophotometer (a UV-VIS spectrophotometer
routed through a microscope) for easier and more precise measurements, although the optics of
the microscope cut out UV light, meaning that measurements are limited to the human-visible
wavelengths (see Taylor et al. 20114%).

8.3. In cases where color-manipulated areas are extremely small and UV reflectance data is
required, use commercially available UV-VIS microspectrophotometers, although they are more

expensive (see Taylor et al. 2014%?).

NOTE: The light source of UV-VIS spectrophotometers contains UV light and can be dangerous to
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animals' eyes (including ours) so spectral measures should only be done after the animals are
euthanized and not merely anesthetized. For enamel-painted spiders, this can be done after the
spiders have been used in experiments since the paint does not wear off (see representative
results below). For water-based paint which may sometimes fade after days or weeks, a set of
spiders could be sacrificed for measurement at the time when their counterpart would be
involved in an experiment (to capture data that reflects the actual color manipulation used in the
experiment). Reporting the spectral properties of the paints will allow replication by other
researchers who may want to replicate the color manipulation, but do not have access to the
same specific paint products.

REPRESENTATIVE RESULTS:

Effectiveness of color-manipulation

Using these techniques, various degrees of color manipulation are effective, including concealing
colors completely or reducing or enhancing their intensity. This is evident from both photographs
and measurements of spectral reflectance (Figure 2, Figure 3, and Figure 4). Here we show color-
manipulated male Habronattus pyrrithrix compared to natural red-faced males. Spectral
properties were measured using a UV-VIS spectrophotometer (see Table of Materials) that can
precisely measure colored areas as small as Imm in diameter. Measurements were taken relative
to a diffuse reflectance white standard (see Table of Materials).

On rare occasions (5 out of 108 males painted with black eyeliner 1 (see Table of Materials) on
their face), the water-soluble eyeliner began to wear off the spiders’ faces after a week or two.
This was not observed for the other brand of eyeliner (eyeliner 2; see Table of Materials). In both
cases, spider’s cages were sprayed with water three to five times per week. Different conditions
of maintenance may affect the wear of water-based paint. The enamel paint was still intact for
all manipulated males (n=221), even for those still alive after 6 months.

Potential toxicity of the color manipulation

One should avoid getting paint on the spiders’ eyes so as not to obstruct their vision, nor on their
chelicerae, mouth parts and other orifices, and possibly other soft body parts to prevent possible
ingestion and poisoning. One should also be careful with painting joints or parts that contain
sensory hairs (such as the legs and pedipalps) so as not to restrict their mobility or sensory
system. However, if such color manipulations on these body regions are necessary, or if there is
any doubt about the possibility of subtle negative effects, it is then best to apply paints to
individuals in all treatment categories. This way, one would avoid unintentionally manipulating
the sensory systems of individuals in ways that might be biased against one of the treatments
only. For instance, in an experiment using males manipulated shown in Figure 4, the aim was to
increase and decrease the amount of red displayed by males during courtship. Since some males
would get their natural red faces concealed with gray enamel paint (to decrease the amount of
red displayed), the other males for which we wanted to maintain a red face were painted red
over their naturally red face with the same product as the gray-faced males. Similarly, since we
wanted to add red patches to the pedipalp on certain males to increase the amount of red color
patches displayed, gray paint was used to cover the pedipalp of other males so that all males
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would be painted on this sensitive area (see Figure 4). Although preferable, this strategy may not
always be feasible. For instance, in another experiment, the red coloration was removed by using
a black eyeliner giving the same spectral property as the underlying cuticle of the male, while
leaving the other male colors intact and natural (Figure 2). In this case, for natural looking males,
the same amount of eyeliner was applied to the area on the top of their carapace just behind
their anterior median eyes (an area that is not clearly visible to females), to control for potential
odor or overall toxicity of the product. However, the location where the paint is applied may
affect spiders differently. Therefore, to assess subtle differences in the way or the location where
the paint was applied may have on the integrity of the spider, the behavior of both types of males
in a context that was relevant to our hypotheses (relative to mate choice and sexual cannibalism)
was compared. Males were put two-by-two in the presence of a female, and we compared their
delay to become active, their delay to courting, and the total duration they spent courting with
general linear mixed effect models (using the function Imer with the R package Ime4*3in R version
3.5.2* with the female identity as a random effect, and using the maximum likelihood criterion
to obtain p-values. In this case, all comparisons reveal no differences between treatments (see
Table 1) and it was therefore concluded that we did not introduce a bias in favor of one or the
other treatment category.

In either case, when having very similar treatment categories (Figure 4), or only sham treated
individuals (Figure 2 and Figure 3), researchers should assess how their model species are
affected by the paint they use and ensure that they still behave in a similar and ecologically
relevant manner. One could record data to assess the possible effects of toxicity as much as
possible, for instance by comparing activity rates between treated and unmanipulated
individuals. Our spiders painted with enamel paint like in Figure 4 were compared to
unmanipulated males in an otherwise identical context. Specifically, males were introduced
singly to a female cage and their delay to leave the vial, delay to courting and courting rate (prior
to copulation, and prior to being attacked or cannibalized) were compared. No differences were
found (when using similar linear mixed effect models as above) and we therefore concluded that
our painted males behaved naturally (Table 2).

Finally, it is important to note that any spiders in the experiments (usually females) that
cannibalized color-manipulated males never appeared to suffer from negative effects. Spiders
digest their prey externally, usually leaving the painted areas of the cuticle behind. However, if
adapting this method for other systems where color-manipulated animals will be consumed, one
should assess the potential risks of toxicity.

FIGURE AND TABLE LEGENDS:

Figure 1. Adult male Habronattus pyrrithrix (nearly full adult) size illustrating how tiny their
colored body regions are. Photographed by Lyle Buss.

Figure 2. Experimental color manipulation used to conceal red facial coloration in Habronattus
pyrrithrix. (A) The intact red facial coloration before color manipulation. (B) The facial coloration
of the same male after concealing the natural red coloration with black eyeliner 1. (C)
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Representative reflectance spectra for the natural red face, the natural underlying black cuticle,
and the red face painted with black eyeliner 2. Modified from Taylor and McGraw 20133,

Figure 3. Experimental color manipulation used to reduce the size and redness of the red facial
patch of male Habronattus pyrrithrix. (A) The intact red facial coloration before color
manipulation. (B) The facial coloration of the same male after applying diluted black eyeliner
(Urban Decay) to the front part of the face, and non-diluted black eyeliner along the edges of the
facial patch to reduce the size of the red area. (C) Mean spectral curves of sham-treated control
males (n = 21) and color-manipulated males (n = 21), compared with the population mean (n=57)
and the 10 drabbest males from a previous study*!. Figure reproduced from Taylor et al. 2014%,

Figure 4. Experimental color manipulation used to modify the color of the red facial patch of
male Habronattus pyrrithrix. Habronattus pyrrithrix males painted with (A) red, (B) red and gray,
and (C) gray enamel paint over their natural red face and naturally cream-colored pedipalps. (D)
Mean spectral curves for unmanipulated males (n = 9), and males with their face covered with
red enamel paint (n = 9). By applying a brighter red over the spider’s face, we effectively
enhanced its red facial coloration. Because enamel paint fully covers the underlying scales, color
could also be changed entirely, as is the case with the gray enamel. (E) In this experiment, red
and gray enamel paints were chosen to be matched for total brightness (total reflectance over
the range of wavelengths visible to these spiders). Differences in the scale of the Y-axes in D and
E are due to different techniques (such as distance to the sample and size of areas measured) for
measuring color samples on paper (E) vs. direct measurements of colors on the face of the spider
(D).

Table 1. Effect of male face color manipulation on behavior, when painted with black eyeliner vs.
sham treated (Figure 2). The structure of each model is given, as well as the mean estimates in
seconds (xSE) for each treatment group. N = number of males, p and t = p-value and t-value for
the male treatment, nFID = the number of levels in the random effect female identity. 2Out of
the 104 male tests performed, 102 were successfully recorded, leading to 204 unique males
observed. P2 males were cannibalized by the female prior to ever exciting the petri dish. €25 males
were cannibalized by the female prior to ever courting the female.

Table 2. Effect of male face color manipulation on behavior, when painted with red or gray
enamel paint (n = 15, Figure 4) vs. unmanipulated males (n = 17). The structure of each model is
given, as well as the mean estimates in seconds (+SE) for each treatment group. N = number of
males, p and t = p-value and t-value for the male treatment. 217 unmanipulated males were
compared to a subset of all the painted males in our experiment (n = 221). Specifically, they were
compared to 15 painted males (5 red (Figure 2A), 5 red and gray (Figure 2B), and 5 gray (Figure
2C)) tested in the same context (in presence of a female) and in the same specific time period.
This is important because unmanipulated males were tested towards the end of the experiment
(in August and September 2018), which corresponds to the end of their natural breeding season
and where males are generally less active. Keeping all these other variables equal allows to
compare the painting treatment without introducing other biases. ®"One male (all gray) was
cannibalized prior to ever courting the female.
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DISCUSSION:
Here, we show that the colors of tiny body parts of arthropods can effectively be manipulated
using colorants such as makeup and enamel paints.

The first critical step to achieve such delicate manipulation is to be able to immobilize small
animals that usually cannot be restrained in one’s hand. Here, to be able to paint sensitive areas
such as jumping spider’s face, we anesthetized individuals with CO, and mounted them on the
head of a pin. This allows work close to the spider’s eyes with less stress than the spider would
likely experience if it were awake (with light from the microscope shining into their faces during
the painting process).

The method also requires getting good quality micro brushes, and, most critically, appropriate
coloring substances. The most difficult step in applying paint without spillage but with good
coverage is to get the right consistency. Therefore, the coloring substance need to be easily
diluted with a thinner, and easily dried out for thickening. Different type of paints could be used;
here, the results are presented with water-soluble (non-waterproof) eyeliners and enamel
paints. Non-waterproof eyeliners have the advantage of being easily liquefied when mixed with
water. However, this trade-off with the dilution of the pigmentation (which may not or may be
desirable (see for instance Figure 3)). Enamel paints have a consistency that can easily be
controlled by adding enamel thinner, while still providing full coverage. However, this
characteristic trade-off with the possibility of maintaining the hair or scale structure of the body
part painted. In addition, enamel paints are long lasting. The downside to this is that enamel paint
and thinner emit strong odors during application and before drying. One additional difficulty
regarding the coloring substances may be to find the right shade, with the right spectral
properties. It is for instance hard to get red eyeliner to use in parallel with black eyeliner, as
eyeliners are often more pink than red. It is also hard to get makeup powder (or pigments) that
do not contain any glitter (which can sometimes be only visible under the microscope). Many
makeup products also reflect UV light which, while invisible to the experimenters, might be
conspicuous to the animals studied.

Manipulating the coloration of arthropods by directly applying colorants onto their body parts
comes with advantages and inconveniences when compared to other methods. Its main
limitation is that one cannot absolutely dismiss the possibility of some subtle toxicity effects.
However, one can ensure not to introduce biases against one treatment group by applying paint
to all treatment categories, and/or one can test whether the paint application interferes with
behaviors of interest. With the methods presented here, we collected enough evidence to
suggest that the paint application led to negligible to no negative effect (Table 1 and Table 2).
The main advantage of this method is that tiny patches of color can be targeted, their color
‘removed’ (see Figure 2), made duller (Figure 3) or brighter (Figure 4), in isolation from the rest
of the body coloration and the individual's environment. This contrasts with the most common
alternative method which consists of manipulating the lighting conditions, and thereby modifying
the visual appearance of the whole individual and its surroundings. In fact, even when not
specifically manipulating lighting conditions, one can successfully manipulate color and see
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limited or no effects of this manipulation if the lighting environment is not appropriate®.
Therefore, it is important to measure and consider the light environment where any experiments
will be conducted (i.e., measure irradiance) and make sure to closely match it to natural lighting
conditions (for instance using full spectrum light bulbs that mimic natural light when in captivity).
Overall, by using micro brushes and a microscope, this protocol allows for more precise
manipulation of tiny color patches than most other direct coloring methods that have been used
previously on invertebrates. Most previous studies have used animals with color patches that are
relatively large compared to the faces of jumping spiders (e.g., manipulation of butterfly wing
colors?®343> the bodies of adult hemipterans (‘true bugs’)3%3¢ and grasshoppers3?, or the legs of
relatively large wolf spiders3%3337), The methods presented here open up opportunities to study
the amazing diversity of color patches on taxa that are understudied due to their small size.

Similar techniques could be applied to other arthropods that can be immobilized or anesthetized
and for areas where paint would not affect the mobility or health of the individual (i.e., excluding
areas such as joints, structures such as hair or arolia that are needed for appropriate locomotion,
mouth parts, or other orifices such as breathing structures). These techniques can also be
extended to include a larger palette of dyes, paints, and makeups that are widely available.

Finally, these delicate techniques could be used not only to manipulate color on small organisms,
but also to manipulate patterns (such as stripes) in relatively larger organisms. This should be
beneficial to a wide variety of researchers that can adapt our methods to their own studies of
sexual selection, communication, aposematic prey signals, and other contexts in which animals
use color.
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Table 1

N Dependent variable p t Red-faced SE Black-faced +SE nFID

202° Male delay to leave dish 0.35 -0.93 140.0 23.9 109.8 239 102
179 Male delay to court 0.74 0.33 983.4 127.1 1031.0 126.5 95
204% Male Courtship effort 0.52 0.63 181.2 24.4 203.0 244 102
204° Male Courtship effort prior  0.41 0.68 89.0 15.7 97.5 15.7 102

to any attack
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N  Dependent variable p t Unmanipulated +SE  Painted +SE

32° Male delay to leave dish 0.87 -0.17 380.8 143.1 3454 152.4
31° Male delay to court 0.93 -0.09 502.6 105.8 488.1 116.6
31 Male Courtship effort 0.74 -0.33 2324.3 455.0 2102.1 484.4
31° Male Courtship effort 0.68 0.42 1495.1 450.8 1770.1 479.9
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Name of Material/ Equipment Company
CO2 tank AirGas (Radnor, PA)
Enamel paint thinner Testors (Vernon Hills, IL)
Flat enamel paint Testors (Vernon Hills, IL)
Light microscope Zeiss (Jena, Germany)
Light microscope camera Zeiss (Jena, Germany)
Light microscope camera software Zeiss (Jena, Germany)
Liquid liner eyeliner, shade “Perversion” Urban Decay (Costa Mesa, CA)
Megaliner liquid eyeliner, black WetnWild (Los Angeles, CA)
Micro brushes MicroMark (Berkeley Heights, NJ)
Non-hardening modelling clay Van Aken International Claytoon (North Charleston, SC)
Small nail or insect mounting pins BioQuip (Rancho Dominguez, CA)
Small plastic containers such as the lids of snap-cap  BioQuip (Rancho Dominguez, CA)
Small syringe Fisher Scientific
Spectralon white standard Labsphere Inc. (North Sutton, NH)
UV-VIS spectrophotometer Ocean Optics (Dunedin, FL)
Water soluble school glue Elmer's (High Point, NC)

Wood toothpicks Up&Up, Target Corporation (Minneapolis, MN)
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Comments/Description

to anesthesize spiders

to thin enamel paint

can be thinned with enamel paint thinner

to paint small areas with precision

to take picture before and after manipulation for documentation

to process pictures taken before and after manipulation
non-waterproof eyeliner which can be thinned with water; eyeliner 2
non-waterproof eyeliner which can be thinned with water; eyeliner 1
to allow precise painting of small areas

to stick small nail or insect pin in and flexily adjust their angles

to glue spiders on as well as moving away spider’s appendages in front of the area to paint
to mix paint and thinner to the right consistency

to transfer small amount of enamel thinner

to measure spectral properties of colors

to measure spectral properties of colors

to mount the spiders onto a nail/pin

to transfer drops of enamel paint
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the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE. :

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c} to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum
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rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JOVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JOVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JOVE. JOVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JOVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JOVE, making of videos by JOVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to
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the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JOVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name: R
Malika Thle
Department:
Envomology & pJesmetolos
Institution: e — =

Title: *:‘)r
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Signature:

N
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Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Rebuttal Letter
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Editorial comments:
General:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammar issues.

The manuscript was proofread.
2. Please reduce the amount of personal pronouns (you, we).

We considerably reduced the amount of personal pronouns.

Protocol:

1. There is a 10 page limit for the Protocol, but there is a 2.75 page limit for filmable content. If revisions
cause the highlighted portion to be more than 2.75 pages, please highlight 2.75 pages or less of the
Protocol (including headers and spacing) that identifies the essential steps of the protocol for the video,
i.e., the steps that should be visualized to tell the most cohesive story of the Protocol.

2. For each protocol step/substep, please ensure you answer the “how” question, i.e., how is the step
performed? Alternatively, add references to published material specifying how to perform the protocol
action. If revisions cause a step to have more than 2-3 actions and 4 sentences per step, please split into
separate steps or substeps.

Specific Protocol steps:
1. 1.3: Where do the spiders you are using come from?

We added that information into the introduction when first mentioning the species name in line 70.

Figures, Tables, and Figure Legends:

1. Figures: Please obtain explicit copyright permission to reuse any figures from a previous publication.
Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial
policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial
Manager account.

L]


https://www.editorialmanager.com/jove/download.aspx?id=996156&guid=545a34b0-76f4-4704-b0eb-0703e6dd356a&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=996156&guid=545a34b0-76f4-4704-b0eb-0703e6dd356a&scheme=1

We have now emailed the copyright office of Elsevier and Oxford University Press and are waiting to
hear back from them.

Table of Materials:

1. Please ensure the Table of Materials has information on all materials and equipment used, especially
those mentioned in the Protocol.

We now list all equipment used, even more generic ones, so that this table could be, in principle, used
as a shopping list.

Reviewers' comments:

Reviewer #1:

This is a very interesting and well-written protocol, | recommend its publication in JoVE.

| have no further comments or criticisms, except that there's a typo in Line 166 "brush hairs hair".

Typo corrected.

Reviewer #2:
Manuscript Summary:

The authors describe in sufficient ways how to manipulate the coloration of small jumping spiders with
either enamel paints or makeup.

It was a pleasure reading this manuscript. | find the manuscript well-structured, clearly written and
therefore easy to follow and to understand. | have no major concerns and just a few minor points listed
below in the line-by-line comments.

Major Concerns:

none



Minor Concerns:
L133 add CO2 gas until the spider's third pair of legs extends to 180 degrees
# | am curious: why the thirds pair of leg specifically?

We added Note 1 after step 2.1.: “The time of exposure to CO, can range from approximately 20
seconds to 1.5 minutes, depending on the average size of the species and on the individual spider. We
have found the extension of the third pair of legs to be a reliable indicator of the proper level of
anesthesia in H. pyrrithrix, but this likely varies across species. If using these techniques with a
different species for the first time, one should first test the anesthesia on a few specimens to assess
their response.” in lines 136-141.

152 Note: Because spiders' abdomens are soft, care should be taken not to tap or drop the spiders onto
the table, as this may cause injury.

# why don't you put some soft paper or cotton beneath?

It is very easy to simply let them slide down the vial. Besides, | am afraid any other non-smooth
surface would provoke the possibility of the spider’s legs to get a grip (especially with cotton) that
would be difficult to disentangle. Working quickly is essential and a smooth, uncluttered surface helps
with that.

L166 in the field of vision, and make sure (a second time) that the brush hairs hair do
#Double: "bursh hairs hair"

Corrected.

L208: 6.2. Let the spider release itself, and if needed, gently incline the pin to help the spider pull itself
away from the glue.

# How do you ensure to have the right stickiness of glue so that it both holds the spider in place when
wanted but also allows the spiders to pull itself free?

When using Elmer’s school glue, it never became a problem: if the glue is first applied shortly after
being applied onto the piece of paper (see Note after 1.4.4) and before it starts drying out, and only a
very small amount (3.1.), it will maintain the spider in place. It will dry during the painting process and
the spiders always managed to free themselves from it. We added a Note after 3.1. to highlight the



fact that with too much glue, the spider can slide off the pinhead and the glue could get onto other
more fragile areas such as the legs themselves, lines 157-159. We also clarified at line 220 at the the
spider is being pulled away from the ‘dried’ glue.

L257 Table of Materials) that can precisely measure colored areas as small as Imm.
# 1 square mm2 or 1 mm wide?

Changed to 1mm in diameter.

L 261 -264 On rare occasions (5 out of 108 males painted with black WetNWild eyeliner on their face),
the water soluble eyeliner would begin to wear off the spider's faces after a week or two. This was not
observed for the other brand of eyeliner (Urban Decay). The enamel paint was still intact for all
manipulated males (n=221), even for those still alive after 6 months.

# under which housing conditions? | know for example that many spiders are housed in boxes or cups
which are sprayed with water regularly and spiders themselves may get wet. | guess the paint would
wear of more quickly then.

| added: “In both cases, spider’s cages were sprayed with water three to five times per week. Different
conditions of maintenance may affect the wear of water-based paint” line 281.

# concerning cannibalism: what are the potential effects for females if they prey on a painted male and
thus may consume some of the paint e.g. if it is on top carapace or abdomen into which the female
might bite?

We have provided enamel painted prey (termites, spiders) to numerous jumping spiders before and
never notice any detrimental effect. We added: “Finally, it is important to note that any spiders in our
experiments (usually females) that cannibalized color-manipulated males never appeared to suffer
from negative effects. Spiders digest their prey externally, usually leaving the painted areas of the
cuticle behind. However, if adapting this method for other systems where color-manipulated animals
will be consumed, one should assess the potential risks of toxicity.” in lines 331-335.

L 311 please provide information how you define sub-adult. | guess it will be one instar missing before
maturation?

You are right, this was the penultimate stage prior to sexual maturity. However, we changed this
photograph to a picture of an actual adult as adults were used in the rest of the paper.



# did | miss it? It would be good to have some more information about the statistic used to analyze the
behavior of the males. What kind of model did you used? How were the p-values obtained etc.

Thanks for this remark! We actually forgot to mention this in addition to the tables. We added: “with
general linear mixed effect models (using the function Imer with the R package Ime4* in R version
3.5.2* with the female identity as a random effect, and using the maximum likelihood criterion to
obtain p-values” in lines 313-315.

Discussion:
L372 This allows us to work close to the spider's eyes without stressing them.

# | recommend to rewrite this statement. You may not stress the spiders during painting as they are
anesthetized at this moment. However, during catching and transferring them into the tubes and then
filling those with CO2 you most likely stress the animals. As these are integral parts of the protocol |
think it is unjustified to state that you can paint them without stressing them. This comment might be a
bit splitting hairs, but the reader should not get the impression that this method is completely stress
free for the animals.

Thanks for this remarks. We agree that this statement was not clear. We added: “This allows us to
work close to the spider’s eyes with less stress than the spider would likely experience if it were
awake (with light from the microscope shining into their faces during the painting process)” in lines
403-405.

Reviewer #3:

This manuscript presents a useful protocol applicable to small invertebrates for the study of color
perception and behavior. | only have a few comments:

Line 233: | think it would be valuable to detail when and how to measure the spectral properties of the
painted spiders. For example, shall it be done right after painting? Do the spiders need to be
anesthetized again? Do the spiders need to be mounted again? This type of questions should be
integrated in the protocol.

Thanks for these remarks, these are important considerations that indeed needs to be integrated in
this protocol. After Note 1 “Note 1: The light source of UV-VIS spectrophotometers contains UV light
and can be dangerous to animals' eyes (including ours) so spectral measures should only be done after
the animals are euthanized and not merely anesthetized.” We added: “For enamel-painted spiders,



this can be done after the spiders have been used in experiments since the paint does not wear off
(see representative results below). For water-based paint which may sometimes fade after days or
weeks, a set of spiders could be sacrificed for measurement at the time when their counterpart would
be involved in an experiment (to capture data that reflects the actual color manipulation used in the
experiment)” in lines 257-262. We now also start step 8.1. with: “Once euthanized (after spiders were
involved in an experiment or specifically euthanized for this purpose, see Note 1), spectral properties
of the color manipulation can be easily measured using a standard portable UV-VIS
spectrophotometer”

Discussion: | would like to see in the discussion a brief comparison of the methods presented with the
methods used so far in small invertebrates.

We added: “Overall, by using micro brushes and a microscope, this protocol allows for more precise
manipulation of tiny color patches than most other direct coloring methods that have been used
previously on invertebrates. Most previous studies have used animals with color patches that
relatively large compared to the faces of jumping spiders (e.g., manpulation of butterfly wing
colors®3%3, the bodies of adult hemipterans (‘true bugs’)3%3® and grasshoppers 3!, or the legs of
relatively large wolf spiders3>3337)” in lines 443-448.

Minor comment:

Line 48: Animals

Typo corrected.

Reviewer #4:
Manuscript Summary:

This well-written paper is an excellent contribution for JoVE. The protocols are clearly written, and could
easily be adapted for other arthropods. As someone who has done similar work and who is familiar with
the work of the Taylor lab, | still learned some new tips that | will employ, and | imagine that other more
novice readers will find this paper to be especially useful.

| especially appreciated the care to discuss controls for these manipulations and the clear photographs.



Major Concerns:

None.

Minor Concerns:
L56. | assume the authors mean "ingenious" and not "ingenuous"!

Yes thanks for spotting this typo!

L59-60. Given that "hair dye" is a subset of "dye," the first usage of "dye" could be explained or given
more detail

After further search on the composition of these dyes, all appear to contain hydrogen peroxide often
used in hair dye, and we therefore changed the sentence to read: “dyes containing hydrogen peroxide

often used in hair lighteners?>?”” in line 60.

L116. This list should be separated with semicolons because one of the list items has two parts (...the
paints to apply; separate containers of paint thinner for each color, plus one kept transparent and clean;
individual micro brushes..."

We changed the punctuation to read: “.., separate containers of paint thinner (one for each color, plus
one kept transparent and clean), ...”

L143. "it will stay..." rather than "they", to match number. FYI, in my experience, non-salticids may stay
anesthetized for longer.

We corrected they to it and added ‘once the salticid spider’ in line 149.

L157. I'm having a hard time picturing this—with the edges of both hands grounded? or the wrists?
Maybe "steadied firmly against" would be better.

Changed accordingly. It will indeed be either the wrist or the edges of both hands depending of what
is more comfortable when lowering the eye sight level at the spider’s level.

L192. | suggest "clean off paint" or "clean away paint" rather than just "clean paint"



Changed accordingly to ‘clean off’.

L223. It might be better to say "as part of the experimental design" (rather than "their")

Changed accordingly.

L226. Space missing before parentheses.

Added.

L229. Parentheses seem clunky; instead, "...paints applied to the same areas as a control"

Changed accordingly.

There were many inconsistencies in the References (e.g., in capitalization of article titles) that need to
be cleaned up.

Cleaned up.

The tables could be formatted more cleanly.

The table of material was formatted. As for the other two, letters referring to footnotes were
reformatted to be subscripts.



