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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, t​he 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:  18 
The goal of this protocol is to manipulate the color patterns of jumping spiders and other very 19 
small arthropods with paint in order to study questions related to sexual selection, sexual 20 
cannibalism, predation, aposematism, or any other field of animal coloration. 21 
 22 
ABSTRACT: 23 
In the field of behavioral ecology, many experiments are designed to investigate the evolutionary 24 
purposes of colorful traits in the context of sexual selection and predation. Methods are various 25 
but mostly consist of modifying the color patterns of individuals with diverse colorants. Such 26 
techniques have been used across many vertebrate taxa, particularly in birds, but have remained 27 
underdeveloped for invertebrates because of the difficulty of effectively manipulating color in 28 
small organisms. Instead, to manipulate the appearance of invertebrates, scientists have usually 29 
modified the lighting environment to filter out certain wavelengths. However, such a method 30 
affects not only the phenotypic trait of interest but the entire appearance of the individual and 31 
its surrounding. Here, scaling down the techniques previously used on colorful birds, we present 32 
ways of manipulating the colors of small arthropods, using equally emblematic but understudied 33 
species: the colorful jumping spiders. 34 
 35 
INTRODUCTION:  36 
Animals often have elaborate color patterns that they display during sexual encounters, agonistic 37 
encounters, or to deter predation. These traits may convey information to receivers such as the 38 
signaler’s individual quality as a mate1, fighting ability as a competitor2, or palatability as a prey 39 
item3. To understand the adaptive purposes of colorful traits, researchers have designed 40 
experiments that involve manipulating colors in various ways. Some researchers have used 41 
colored decoy stimuli such as models4-8, photographs9, or videos10-12 that are presented to 42 
receivers in behavioral experiments. Others, especially when using invertebrates, have 43 
manipulated the lighting environment to affect the appearance of colors of live individuals13-17. 44 
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All these manipulations, while ingenious, have the disadvantage of removing potentially 45 
important natural behavior and/or affecting much more than the trait of interest. In large 46 
vertebrates, such as birds, researchers very often manipulate color directly on live animals 47 
(reviewed in Hill and McGraw, 200618). Individual feathers or beaks have been directly colored 48 
with markers2,19-24, dyes containing hydrogen peroxide often used in hair lighteners25-27, or 49 
various paints including nail polish28. In invertebrates, such studies that manipulate color 50 
patterns directly on live animals are comparatively rare but have still provided immense insight 51 
into the function and evolution of color29-39. Even arthropod studies seem to be biased towards 52 
larger taxa that can be more easily handled and painted, leaving color patterns in very small 53 
species relatively understudied.  54 
 55 
Here, we describe a delicate color manipulation technique that was developed for very small 56 
animal taxa. Specifically, this method involves manipulating the facial coloration of male jumping 57 
spiders under a microscope in order to investigate the importance of such colorful traits in the 58 
context of mate choice and sexual cannibalism. In this case, we used Habronattus pyrrithrix 59 
(collected from Phoenix, AZ, USA) as a model species (Figure 1). We have published the results 60 
of experimental work using some of these techniques elsewhere38,39, but here we describe the 61 
methods in more detail than has been done previously, in a way that should make them 62 
accessible to others attempting to replicate them or adapt them for use on other very small taxa. 63 
Such protocols should open up experimental opportunities on animals that can be as colorful as 64 
the most emblematic birds but that are usually understudied. 65 
 66 
PROTOCOL:  67 
 68 
1. Equipment preparation 69 
 70 
1.1. Select appropriate paints. 71 
 72 
1.1.1. For successful application, use paints that are quick-drying and have a texture that is easily 73 
manipulated with thinner. Products that have been used successfully include non-waterproof 74 
eyeliners which can be thinned with water, and enamel paints which can be thinned with enamel 75 
thinner (Table of Materials).  76 
 77 
1.1.2. When painting spiders, consider that the carapace of most species has a hardened 78 
exoskeleton while the soft abdomen often stretches and constricts with feeding40.  79 
 80 
1.1.2.1. Enamel paints produce a solid, hardened coating on the painted surface; therefore, apply 81 
them on hard parts of the cuticle (e.g., carapace, legs, pedipalps). Such enamel coatings are less 82 
effective for spider abdomens because they peel off of the spider as the abdomen changes shape 83 
with feeding.  84 
 85 
1.1.2.2. In contrast, eyeliners do not produce a hardened coating, but rather seep into the 86 
colored body scales; as such, use them on both hard and soft body parts (including spider 87 
abdomens).  88 



   

 89 
NOTE: In the upcoming steps, the most delicate technique is presented that consists in painting 90 
the face and pedipalps of the spiders; and enamel paint is used, which is the most generalizable 91 
method due to the color diversity of enamel paint available. 92 
 93 
1.1.3. Before testing paints on live animals, if possible, first measure the spectral properties of 94 
the paint (simply applied to paper or another surface) using a UV-VIS reflectance 95 
spectrophotometer to ensure that there are not any unwanted UV peaks in the spectrum that 96 
would be invisible to humans, but possibly visible to the studied species.  97 
 98 
1.2. Use a dissecting microscope connected to a camera and a computer to more easily take 99 
pictures of the outcome of the manipulation for documentation and increasing replicability 100 
(Table of Materials). 101 
 102 
1.2.1. Turn on the microscope, computer, and software that processes the camera input. 103 
 104 
1.2.2. Select the relevant zoom at which the final picture will be taken. 105 
 106 
1.2.3. Stick an insect mounting pin or a small nail (with the head pointed outwards) into a ball of 107 
non-hardening modeling clay (approximately the size of a grape). (The live spider to be painted 108 
will be temporarily mounted to the head of this pin in step 3.1 below). Place the modeling clay 109 
and pin under the microscope to adjust the objectives so that they roughly focus on the head of 110 
the pin (where the spider is to be mounted). 111 
 112 
1.2.4. Make sure the objectives are at the right distance for the painter’s eyes, and that the 113 
camera is not obstructing the field of vision during painting (as is the case if the camera is 114 
mounted in one of the oculars, hindering depth perception). 115 
 116 
1.3. Transfer the spider into a clean plastic snap-cap vial (around 12 drams, without any webbing 117 
or dead prey). 118 
 119 
1.4. Prepare mounting and painting equipment. 120 
 121 
1.4.1. Place an extra thin insect mounting pin into a ball of non-hardening modeling clay (in 122 
addition to the one used in Step 1.2.3) and place them on the left side of the microscope (for 123 
right-handed people). This pin will be used to gently adjust the positions of the spider’s legs and 124 
pedipalps (as needed) during painting. 125 
 126 
1.4.2. Get a small piece of absorbent paper (such as a paper towel), a piece of white printer 127 
paper, the paints to apply (here, enamel paint), separate containers of paint thinner (one for each 128 
color plus one kept transparent and clean), individual micro brushes for each color (see Table of 129 
Materials), and one micro brush to be only used with clean thinner, all positioned in an organized 130 
fashion on the right of the microscope (for right-handed people).  131 
 132 



   

1.4.3. Using a toothpick, add a drop of paint in an open plastic dish (such as a small Petri dish or 133 
a vial cap) and add paint thinner, for instance with a small syringe. Mix the two with the toothpick 134 
to the right consistency (when the paint is completely homogenized, but not too runny) by testing 135 
it on the white printer paper with a micro brush. 136 
 137 
NOTE: In certain cases, if the paint dries quickly, prepare it with slightly more liquid than desired 138 
for application, and let the brushes soak in the pot of paint thinner until later use (step 4). 139 
 140 
1.4.4. Put a pea-sized drop of water-based glue (see Table of Materials) onto a corner of the 141 
printer paper. 142 
 143 
NOTE: This must be the last stage of the preparation and the next step needs to happen 144 
immediately after this, so that the glue does not dry out. 145 
 146 
2. Anesthetization 147 
 148 
2.1.1. With the spider in the vial and a hand cupped over the opening to prevent escape, slowly 149 
add CO2 gas until the spider’s third pair of legs extends to 180 degrees.  150 
 151 
2.1.2. Use a time of exposure to CO2 of approximately 20 seconds to 1.5 minutes, depending on 152 
the average size of the species and on the individual spider. We have found the extension of the 153 
third pair of legs to be a reliable indicator of the proper level of anesthesia in H. pyrrithrix, but 154 
this likely varies across species. If using these techniques with a different species for the first 155 
time, first test the anesthesia on a few specimens to assess their response. 156 
 157 
2.1.3. Give spiders as little CO2 as possible to achieve the needed level of anesthesia. While the 158 
short periods of anesthesia described here produced no mortality (and no noticeable behavioral 159 
differences from non-anesthetized spiders), give all animals in an experiment equal levels of 160 
anesthesia (including sham controls). 161 
 162 
2.1.4. Keep the vial closed after adding CO2 to maintain the spider under anesthesia; therefore, 163 
include this time when calculating how long the spider is exposed to CO2. 164 

 165 
2.1.5. Once the salticid spider has been removed from the vial to begin color manipulation, it will 166 
stay fully anesthetized for approximately 1 to 2 minutes; therefore, do the following steps 167 
(sections 3–6) promptly. Because of this limited time window, attempt the following painting 168 
method with dead specimens first (for practice) before attempting to paint live spiders.  169 
 170 
3. Mounting the spider under the microscope 171 
 172 
3.1. Add a very small amount of glue onto the head of the mounting pin or nail in the modeling 173 
clay prepared in the field of vision of the microscope. 174 
 175 
NOTE: Use the smallest amount of glue that allows maintaining the spider in place to ensure that 176 



   

i) the spider does not slide off the pinhead (if too much glue is used), and ii) the spider manages 177 
to free itself after waking up. 178 
 179 
3.2. Gently slide the anesthetized spider from its vial onto the table with its ventral side up. 180 
 181 
NOTE: Because spiders' abdomens are soft, care should be taken not to tap or drop the spiders 182 
onto the table, as this may cause injury. 183 
 184 
3.3. Gently press the pinhead (with glue) on the spider’s sternum (the central area where the 185 
spider’s legs attach to the body) such that the spider will slightly bounce and extend its legs under 186 
the small pressure applied. For extra control of the pressure applied, hold the modeling clay with 187 
both hands, having both hands steadied firmly against the table. 188 
 189 
3.4. Reposition the modelling clay under the microscope so that the area to paint is facing up and 190 
in focus.  191 
 192 
4. Painting the spider 193 
 194 
4.1. Assess the paint consistency prior to touching the paintbrush to the spider. 195 
 196 
4.1.1. Retest the paint consistency (use the absorbent paper to wipe the brushes if they were 197 
maintained in the thinner), adjust again if necessary, and always first try applying paint on the 198 
printer paper to control for the paint quantity contained in the brush hairs. 199 
 200 
4.1.2. With the right hand and while looking through the microscope, bring the tip of the brush 201 
in the field of vision, and make sure (a second time) that the brush hairs do not contain too much 202 
paint, in which case wipe some of it onto the printer paper. 203 
 204 
4.2. Test the paint consistency on the spider. 205 
 206 
4.2.1. Touch the spider with the brush on the largest area that will need to be painted over. This 207 
will inform the painter whether the consistency and quantity of paint is right (i.e., when the paint 208 
slightly and slowly soaks into the hair/scales of the spider).  209 
 210 
4.2.1.1. If no paint gets applied, soak the brush into the paint and return to step 4.1 to repeat the 211 
procedure. 212 
 213 
4.2.1.2. If the paint soaks in rapidly and spills over onto an area that should not be covered by 214 
paint, and assuming that the spillage is minimal and that the individual could still take part in the 215 
experiment, wipe the brush onto the absorbent paper and return to step 4.1 to repeat the 216 
procedure.  217 
 218 
NOTE: This type of liquid spillage cannot be fixed. If the spillage reaches the chelicerae or the 219 
eyes, or other parts that could be lethal or toxic for the individual, consider placing the spider 220 



   

immediately in the freezer to euthanize it before it wakes up and excluding the spider from the 221 
experiment.  222 
 223 
4.3. Paint all areas that need colors following steps 4.1 and 4.2. 224 
 225 
4.3.1. If painting the face of the spider, use the extra thin pin with the left hand to hold down the 226 
front legs and pedipalps (so that they will be out of the way of the paintbrush). This is best done 227 
while looking through the microscope to avoid damaging the spider’s appendages. In addition, if 228 
painting the face of the spider, and depending on the brushes used to paint, consider painting 229 
both sides of the face before trying to paint the central part between the eyes–both painted 230 
areas can be joined by holding the brush parallel to the spider face and inducing capillary action.  231 
 232 
4.3.2. When painting pedipalps or legs, make sure not to touch any joints if the paint is a 233 
hardening one (such as the enamel paint), and make sure not to apply paint to the male’s sperm 234 
delivery organs (on the underside of the distal segment of the pedipalps). 235 
 236 
4.4. Clean off paint that may have been inadvertently added to non-desired areas if the paint did 237 
not fully soak into the spider’s scales (liquid spillage referred to above) and if it is taken care of 238 
immediately (before the paint dries). 239 
 240 
4.4.1. Soak the clean micro brush into the clean thinner and thoroughly wipe it onto the 241 
absorbent paper, so that it contains the slightest amount of thinner (it should appear almost dry). 242 
 243 
4.4.2. Absorb the excess paint from the spider with the brush by pushing the hair of the brush 244 
onto the paint to be removed and quickly lifting the brush away, removing the paint by capillary 245 
action. 246 
 247 
4.4.3. Clean the brush and repeat. 248 
 249 
5. Taking the spider’s picture 250 
 251 
5.1. Switch the objective to the camera mode. 252 
 253 
5.2. Take a picture using the computer software, making sure the zoom picked is the one selected 254 
on the microscope, so that a scale bar can be added.  255 
 256 
6. Releasing the spider from the pin or nail 257 
 258 
6.1. When the spider starts moving, hold the pin so that the spider’s front legs are touching the 259 
spider’s vial. 260 
 261 
6.2. Let the spider release itself, and if needed, gently incline the pin to help the spider pull itself 262 
away from the dried glue. 263 
 264 



   

6.2.1. If the spider wakes up before the painting is completed, allow the spider at least 15 265 
minutes to recover before being anesthetized again. If this is done, ensure that all groups get the 266 
same levels of anesthesia (including sham-treated individuals, if applicable).  267 
 268 
NOTE: Spiders appear to resume their normal behavior rapidly after manipulation (< 15min) but 269 
we recommend a standardize resting time of 12 hours prior to using the spider in a behavioral 270 
test. 271 
 272 
7. Analysis of the spiders’ behavior 273 
 274 
7.1. Compare the behavior of unmanipulated, sham-treated, and manipulated subjects to assess 275 
the potential toxicity of the application (which may vary by specific paint type, color, application 276 
area, and study species). Relevant behavior to compare could include activity rate, type of activity 277 
performed, success in performing specific activities (e.g., capturing prey), etc. 278 
 279 
7.1.1. Use sham-treated spiders as part of the experimental design (for instance receiving the 280 
paint application on a non-visible area or having neutral-colored paints applied to the same 281 
areas) in order to only change the color of the individual while controlling for other factors (e.g. 282 
handling time, odor, surface texture, etc.).  283 
 284 
NOTE: If painting legs or pedipalps, consider the possibility that this may interfere with sensory 285 
hairs (prevalent on spider legs and pedipalps, see Foelix 201040) and, in these cases sham-treated 286 
males should have neutral-colored paints applied to the same areas as a control. 287 
 288 
7.1.2.  When developing new methods, compare painted spiders with unmanipulated spiders to 289 
assess whether color-manipulated individuals still behave normally. 290 
 291 
8. Measuring the reflectance properties of the color manipulation on the painted subject 292 
 293 
8.1. Once euthanized (after spiders were involved in an experiment or specifically euthanized for 294 
this purpose, see Note below), measure the spectral properties of the color manipulation using 295 
a standard portable UV-VIS spectrophotometer (Table of Materials), especially for areas larger 296 
than 1 mm in diameter.  297 
 298 
8.2. For smaller areas, use a custom-built microspectrophotometer (a UV-VIS spectrophotometer 299 
routed through a microscope) for easier and more precise measurements, although the optics of 300 
the microscope cut out UV light, meaning that measurements are limited to the human-visible 301 
wavelengths (see Taylor et al. 201141).  302 
 303 
8.3. In cases where color-manipulated areas are extremely small and UV reflectance data is 304 
required, use commercially available UV-VIS microspectrophotometers, although they are more 305 
expensive (see Taylor et al. 201442).  306 
 307 
NOTE: The light source of UV-VIS spectrophotometers contains UV light and can be dangerous to 308 



   

animals' eyes (including ours) so spectral measures should only be done after the animals are 309 
euthanized and not merely anesthetized. For enamel-painted spiders, this can be done after the 310 
spiders have been used in experiments since the paint does not wear off (see representative 311 
results below). For water-based paint which may sometimes fade after days or weeks, a set of 312 
spiders could be sacrificed for measurement at the time when their counterpart would be 313 
involved in an experiment (to capture data that reflects the actual color manipulation used in the 314 
experiment). Reporting the spectral properties of the paints will allow replication by other 315 
researchers who may want to replicate the color manipulation, but do not have access to the 316 
same specific paint products. 317 
 318 
REPRESENTATIVE RESULTS:  319 
 320 
Effectiveness of color-manipulation 321 
Using these techniques, various degrees of color manipulation are effective, including concealing 322 
colors completely or reducing or enhancing their intensity. This is evident from both photographs 323 
and measurements of spectral reflectance (Figure 2, Figure 3, and Figure 4). Here we show color-324 
manipulated male Habronattus pyrrithrix compared to natural red-faced males. Spectral 325 
properties were measured using a UV-VIS spectrophotometer (see Table of Materials) that can 326 
precisely measure colored areas as small as 1mm in diameter. Measurements were taken relative 327 
to a diffuse reflectance white standard (see Table of Materials). 328 
 329 
On rare occasions (5 out of 108 males painted with black eyeliner 1 (see Table of Materials) on 330 
their face), the water-soluble eyeliner began to wear off the spiders’ faces after a week or two. 331 
This was not observed for the other brand of eyeliner (eyeliner 2; see Table of Materials). In both 332 
cases, spider’s cages were sprayed with water three to five times per week. Different conditions 333 
of maintenance may affect the wear of water-based paint. The enamel paint was still intact for 334 
all manipulated males (n=221), even for those still alive after 6 months.  335 
 336 
Potential toxicity of the color manipulation 337 
One should avoid getting paint on the spiders’ eyes so as not to obstruct their vision, nor on their 338 
chelicerae, mouth parts and other orifices, and possibly other soft body parts to prevent possible 339 
ingestion and poisoning. One should also be careful with painting joints or parts that contain 340 
sensory hairs (such as the legs and pedipalps) so as not to restrict their mobility or sensory 341 
system. However, if such color manipulations on these body regions are necessary, or if there is 342 
any doubt about the possibility of subtle negative effects, it is then best to apply paints to 343 
individuals in all treatment categories. This way, one would avoid unintentionally manipulating 344 
the sensory systems of individuals in ways that might be biased against one of the treatments 345 
only. For instance, in an experiment using males manipulated shown in Figure 4, the aim was to 346 
increase and decrease the amount of red displayed by males during courtship. Since some males 347 
would get their natural red faces concealed with gray enamel paint (to decrease the amount of 348 
red displayed), the other males for which we wanted to maintain a red face were painted red 349 
over their naturally red face with the same product as the gray-faced males. Similarly, since we 350 
wanted to add red patches to the pedipalp on certain males to increase the amount of red color 351 
patches displayed, gray paint was used to cover the pedipalp of other males so that all males 352 



   

would be painted on this sensitive area (see Figure 4). Although preferable, this strategy may not 353 
always be feasible. For instance, in another experiment, the red coloration was removed by using 354 
a black eyeliner giving the same spectral property as the underlying cuticle of the male, while 355 
leaving the other male colors intact and natural (Figure 2). In this case, for natural looking males, 356 
the same amount of eyeliner was applied to the area on the top of their carapace just behind 357 
their anterior median eyes (an area that is not clearly visible to females), to control for potential 358 
odor or overall toxicity of the product. However, the location where the paint is applied may 359 
affect spiders differently. Therefore, to assess subtle differences in the way or the location where 360 
the paint was applied may have on the integrity of the spider, the behavior of both types of males 361 
in a context that was relevant to our hypotheses (relative to mate choice and sexual cannibalism) 362 
was compared. Males were put two-by-two in the presence of a female, and we compared their 363 
delay to become active, their delay to courting, and the total duration they spent courting with 364 
general linear mixed effect models (using the function lmer with the R package lme443 in R version 365 
3.5.244 with the female identity as a random effect, and using the maximum likelihood criterion 366 
to obtain p-values. In this case, all comparisons reveal no differences between treatments (see 367 
Table 1) and it was therefore concluded that we did not introduce a bias in favor of one or the 368 
other treatment category.  369 
 370 
In either case, when having very similar treatment categories (Figure 4), or only sham treated 371 
individuals (Figure 2 and Figure 3), researchers should assess how their model species are 372 
affected by the paint they use and ensure that they still behave in a similar and ecologically 373 
relevant manner. One could record data to assess the possible effects of toxicity as much as 374 
possible, for instance by comparing activity rates between treated and unmanipulated 375 
individuals. Our spiders painted with enamel paint like in Figure 4 were compared to 376 
unmanipulated males in an otherwise identical context. Specifically, males were introduced 377 
singly to a female cage and their delay to leave the vial, delay to courting and courting rate (prior 378 
to copulation, and prior to being attacked or cannibalized) were compared. No differences were 379 
found (when using similar linear mixed effect models as above) and we therefore concluded that 380 
our painted males behaved naturally (Table 2). 381 
 382 
Finally, it is important to note that any spiders in the experiments (usually females) that 383 
cannibalized color-manipulated males never appeared to suffer from negative effects. Spiders 384 
digest their prey externally, usually leaving the painted areas of the cuticle behind. However, if 385 
adapting this method for other systems where color-manipulated animals will be consumed, one 386 
should assess the potential risks of toxicity.  387 
 388 
FIGURE AND TABLE LEGENDS:  389 
 390 
Figure 1. Adult male Habronattus pyrrithrix (nearly full adult) size illustrating how tiny their 391 
colored body regions are. Photographed by Lyle Buss. 392 
 393 
Figure 2. Experimental color manipulation used to conceal red facial coloration in Habronattus 394 
pyrrithrix. (A) The intact red facial coloration before color manipulation. (B) The facial coloration 395 
of the same male after concealing the natural red coloration with black eyeliner 1. (C) 396 



   

Representative reflectance spectra for the natural red face, the natural underlying black cuticle, 397 
and the red face painted with black eyeliner 2. Modified from Taylor and McGraw 201339. 398 
 399 
Figure 3. Experimental color manipulation used to reduce the size and redness of the red facial 400 
patch of male Habronattus pyrrithrix. (A) The intact red facial coloration before color 401 
manipulation. (B) The facial coloration of the same male after applying diluted black eyeliner 402 
(Urban Decay) to the front part of the face, and non-diluted black eyeliner along the edges of the 403 
facial patch to reduce the size of the red area. (C) Mean spectral curves of sham-treated control 404 
males (n = 21) and color-manipulated males (n = 21), compared with the population mean (n=57) 405 
and the 10 drabbest males from a previous study41. Figure reproduced from Taylor et al. 201438. 406 
 407 
Figure 4. Experimental color manipulation used to modify the color of the red facial patch of 408 
male Habronattus pyrrithrix. Habronattus pyrrithrix males painted with (A) red, (B) red and gray, 409 
and (C) gray enamel paint over their natural red face and naturally cream-colored pedipalps. (D) 410 
Mean spectral curves for unmanipulated males (n = 9), and males with their face covered with 411 
red enamel paint (n = 9). By applying a brighter red over the spider’s face, we effectively 412 
enhanced its red facial coloration. Because enamel paint fully covers the underlying scales, color 413 
could also be changed entirely, as is the case with the gray enamel. (E) In this experiment, red 414 
and gray enamel paints were chosen to be matched for total brightness (total reflectance over 415 
the range of wavelengths visible to these spiders). Differences in the scale of the Y-axes in D and 416 
E are due to different techniques (such as distance to the sample and size of areas measured) for 417 
measuring color samples on paper (E) vs. direct measurements of colors on the face of the spider 418 
(D).  419 
 420 
Table 1. Effect of male face color manipulation on behavior, when painted with black eyeliner vs. 421 
sham treated (Figure 2). The structure of each model is given, as well as the mean estimates in 422 
seconds (±SE) for each treatment group. N = number of males, p and t = p-value and t-value for 423 
the male treatment, nFID = the number of levels in the random effect female identity. aOut of 424 
the 104 male tests performed, 102 were successfully recorded, leading to 204 unique males 425 
observed. b2 males were cannibalized by the female prior to ever exciting the petri dish. c25 males 426 
were cannibalized by the female prior to ever courting the female. 427 
 428 
Table 2. Effect of male face color manipulation on behavior, when painted with red or gray 429 
enamel paint (n = 15, Figure 4) vs. unmanipulated males (n = 17). The structure of each model is 430 
given, as well as the mean estimates in seconds (±SE) for each treatment group. N = number of 431 
males, p and t = p-value and t-value for the male treatment. a17 unmanipulated males were 432 
compared to a subset of all the painted males in our experiment (n = 221). Specifically, they were 433 
compared to 15 painted males (5 red (Figure 2A), 5 red and gray (Figure 2B), and 5 gray (Figure 434 
2C)) tested in the same context (in presence of a female) and in the same specific time period. 435 
This is important because unmanipulated males were tested towards the end of the experiment 436 
(in August and September 2018), which corresponds to the end of their natural breeding season 437 
and where males are generally less active. Keeping all these other variables equal allows to 438 
compare the painting treatment without introducing other biases. bOne male (all gray) was 439 
cannibalized prior to ever courting the female. 440 



   

 441 
DISCUSSION:  442 
Here, we show that the colors of tiny body parts of arthropods can effectively be manipulated 443 
using colorants such as makeup and enamel paints.  444 
 445 
The first critical step to achieve such delicate manipulation is to be able to immobilize small 446 
animals that usually cannot be restrained in one’s hand. Here, to be able to paint sensitive areas 447 
such as jumping spider’s face, we anesthetized individuals with CO2 and mounted them on the 448 
head of a pin. This allows work close to the spider’s eyes with less stress than the spider would 449 
likely experience if it were awake (with light from the microscope shining into their faces during 450 
the painting process). 451 
 452 
The method also requires getting good quality micro brushes, and, most critically, appropriate 453 
coloring substances. The most difficult step in applying paint without spillage but with good 454 
coverage is to get the right consistency. Therefore, the coloring substance need to be easily 455 
diluted with a thinner, and easily dried out for thickening. Different type of paints could be used; 456 
here, the results are presented with water-soluble (non-waterproof) eyeliners and enamel 457 
paints. Non-waterproof eyeliners have the advantage of being easily liquefied when mixed with 458 
water. However, this trade-off with the dilution of the pigmentation (which may not or may be 459 
desirable (see for instance Figure 3)). Enamel paints have a consistency that can easily be 460 
controlled by adding enamel thinner, while still providing full coverage. However, this 461 
characteristic trade-off with the possibility of maintaining the hair or scale structure of the body 462 
part painted. In addition, enamel paints are long lasting. The downside to this is that enamel paint 463 
and thinner emit strong odors during application and before drying. One additional difficulty 464 
regarding the coloring substances may be to find the right shade, with the right spectral 465 
properties. It is for instance hard to get red eyeliner to use in parallel with black eyeliner, as 466 
eyeliners are often more pink than red. It is also hard to get makeup powder (or pigments) that 467 
do not contain any glitter (which can sometimes be only visible under the microscope). Many 468 
makeup products also reflect UV light which, while invisible to the experimenters, might be 469 
conspicuous to the animals studied. 470 
 471 
Manipulating the coloration of arthropods by directly applying colorants onto their body parts 472 
comes with advantages and inconveniences when compared to other methods. Its main 473 
limitation is that one cannot absolutely dismiss the possibility of some subtle toxicity effects. 474 
However, one can ensure not to introduce biases against one treatment group by applying paint 475 
to all treatment categories, and/or one can test whether the paint application interferes with 476 
behaviors of interest. With the methods presented here, we collected enough evidence to 477 
suggest that the paint application led to negligible to no negative effect (Table 1 and Table 2). 478 
The main advantage of this method is that tiny patches of color can be targeted, their color 479 
‘removed’ (see Figure 2), made duller (Figure 3) or brighter (Figure 4), in isolation from the rest 480 
of the body coloration and the individual's environment. This contrasts with the most common 481 
alternative method which consists of manipulating the lighting conditions, and thereby modifying 482 
the visual appearance of the whole individual and its surroundings. In fact, even when not 483 
specifically manipulating lighting conditions, one can successfully manipulate color and see 484 



   

limited or no effects of this manipulation if the lighting environment is not appropriate39. 485 
Therefore, it is important to measure and consider the light environment where any experiments 486 
will be conducted (i.e., measure irradiance) and make sure to closely match it to natural lighting 487 
conditions (for instance using full spectrum light bulbs that mimic natural light when in captivity). 488 
Overall, by using micro brushes and a microscope, this protocol allows for more precise 489 
manipulation of tiny color patches than most other direct coloring methods that have been used 490 
previously on invertebrates. Most previous studies have used animals with color patches that are 491 
relatively large compared to the faces of jumping spiders (e.g., manipulation of butterfly wing 492 
colors29,34,35, the bodies of adult hemipterans (‘true bugs’)30,36 and grasshoppers31, or the legs of 493 
relatively large wolf spiders32,33,37). The methods presented here open up opportunities to study 494 
the amazing diversity of color patches on taxa that are understudied due to their small size. 495 
 496 
Similar techniques could be applied to other arthropods that can be immobilized or anesthetized 497 
and for areas where paint would not affect the mobility or health of the individual (i.e., excluding 498 
areas such as joints, structures such as hair or arolia that are needed for appropriate locomotion, 499 
mouth parts, or other orifices such as breathing structures). These techniques can also be 500 
extended to include a larger palette of dyes, paints, and makeups that are widely available.  501 
 502 
Finally, these delicate techniques could be used not only to manipulate color on small organisms, 503 
but also to manipulate patterns (such as stripes) in relatively larger organisms. This should be 504 
beneficial to a wide variety of researchers that can adapt our methods to their own studies of 505 
sexual selection, communication, aposematic prey signals, and other contexts in which animals 506 
use color. 507 
 508 
ACKNOWLEDGMENTS:  509 
This work was supported by funding from the National Science Foundation (IOS-1557867 to LAT), 510 
the Florida Museum of Natural History, and the Entomology and Nematology Department at the 511 
University of Florida. 512 
 513 
DISCLOSURES:  514 
The authors have nothing to disclose. 515 
 516 
REFERENCES:  517 
1 Baeta, R., Faivre, B., Motreuil, S., Gaillard, M., Moreau, J. Carotenoid trade-off between 518 
parasitic resistance and sexual display: an experimental study in the blackbird (Turdus merula). 519 
Proceedings of the Royal Society B: Biological Sciences. 275 (1633), 427-434 (2008). 520 
2 Ninnes, C. E., Webb, S. L., Andersson, S. Are red bishops red enough? On the persistence 521 
of a generalized receiver bias in Euplectes. Behavioral Ecology. 28 (1), 117-122 (2017). 522 
3 Mappes, J., Marples, N., Endler, J. A. The complex business of survival by aposematism. 523 
Trends in Ecology & Evolution. 20 (11), 598-603 (2005). 524 
4 Clark, D. L., Macedonia, J. M., Rowe, J. W., Kamp, K., Valle, C. A. Responses of Galápagos 525 
Lava Lizards (Microlophus bivittatus) to Manipulation of Female Nuptial Coloration on Lizard 526 
Robots. Vol. 73 (SPIE, 2017). 527 
5 Finkbeiner, S. D., Briscoe, A. D., Reed, R. D. Warning signals are seductive: Relative 528 



   

contributions of color and pattern to predator avoidance and mate attraction in Heliconius 529 
butterflies. Evolution. 68 (12), 3410-3420 (2014). 530 
6 Moore, M. P., Martin, R. A. Intrasexual selection favours an immune-correlated colour 531 
ornament in a dragonfly. Journal of Evolutionary Biology. 29 (11), 2256-2265 (2016). 532 
7 Nokelainen, O., Valkonen, J., Lindstedt, C., Mappes, J. Changes in predator community 533 
structure shifts the efficacy of two warning signals in Arctiid moths. Journal of Animal Ecology. 534 
83 (3), 598-605 (2014). 535 
8 Yewers, M. S. C., Pryke, S., Stuart-Fox, D. Behavioural differences across contexts may 536 
indicate morph-specific strategies in the lizard Ctenophorus decresii. Animal Behaviour. 111 329-537 
339 (2016). 538 
9 Baldwin, J., Johnsen, S. The male blue crab, Callinectes sapidus, uses both chromatic and 539 
achromatic cues during mate choice. The Journal of Experimental Biology. 215 (7), 1184 (2012). 540 
10 Künzler, R., Bakker, T. C. M. Female preferences for single and combined traits in 541 
computer animated stickleback males. Behavioral Ecology. 12 (6), 681-685 (2001). 542 
11 Landmann, K., Parzefall, J., Schlupp, I. A sexual preference in the Amazon molly, Poecilia 543 
formosa. Environmental Biology of Fishes. 56 (3), 325-331 (1999). 544 
12 Nelson, X. J., Jackson, R. R. A predator from East Africa that chooses malaria vectors as 545 
preferred prey. PLoS ONE. 1 (1), e132 (2006). 546 
13 Bajer, K., Molnár, O., Török, J., Herczeg, G. Female European green lizards (Lacerta viridis) 547 
prefer males with high ultraviolet throat reflectance. Behavioral Ecology and Sociobiology. 64 548 
(12), 2007-2014 (2010). 549 
14 Gerlach, T., Sprenger, D., Michiels, N. K. Fairy wrasses perceive and respond to their deep 550 
red fluorescent coloration. Proceedings of the Royal Society B: Biological Sciences. 281 (1787), 551 
20140787 (2014). 552 
15 Girard, M. B., Elias, D. O., Kasumovic, M. M. The role of red coloration and song in peacock 553 
spider courtship: insights into complex signaling systems. Behavioral Ecology. 29 (6), 1234-1244 554 
(2018). 555 
16 Lim, M. L. M., Land, M. F., Li, D. Sex-specific UV and fluorescence signals in jumping 556 
spiders. Science. 315 (5811), 481 (2007). 557 
17 Xu, M., Fincke, O. M. Ultraviolet wing signal affects territorial contest outcome in a 558 
sexually dimorphic damselfly. Animal Behaviour. 101 67-74 (2015). 559 
18 Hill, G. E., McGraw, K. J. Bird coloration: function and evolution. Vol. 2 pp.137-200 560 
(Harvard University Press, 2006). 561 
19 Chaine, A. S., Roth, A. M., Shizuka, D., Lyon, B. E. Experimental confirmation that avian 562 
plumage traits function as multiple status signals in winter contests. Animal Behaviour. 86 (2), 563 
409-415 (2013). 564 
20 Hasegawa, M., Arai, E. Experimentally reduced male ornamentation increased paternal 565 
care in the Barn Swallow. Journal of Ornithology. 156 (3), 795-804 (2015). 566 
21 Lawes, M. J., Pryke, S. R., Andersson, S., Piper, S. E. Carotenoid status signaling in captive 567 
and wild red-collared widowbirds: independent effects of badge size and color. Behavioral 568 
Ecology. 13 (5), 622-631 (2002). 569 
22 Quesada, J. et al. Plumage coloration of the blue grosbeak has no dual function - A test of 570 
the armament-ornament model of sexual selection. The Condor. 115 (4), 902-909 (2013). 571 
23 Safran, R. J. et al. The maintenance of phenotypic divergence through sexual selection: 572 



   

An experimental study in barn swallows Hirundo rustica. Evolution. 70 (9), 2074-2084 (2016). 573 
24 Tringali, A., Bowman, R. Plumage reflectance signals dominance in Florida scrub-jay, 574 
Aphelocoma coerulescens, juveniles. Animal Behaviour. 84 (6), 1517-1522 (2012). 575 
25 Jerónimo, S. et al. Plumage color manipulation has no effect on social dominance or 576 
fitness in zebra finches. Behavioral Ecology. 29 (2), 459-467 (2018). 577 
26 Hill, G. E. Plumage coloration is a sexually selected indicator of male quality. Nature. 350 578 
(6316), 337-339 (1991). 579 
27 Wolfenbarger, L. L. Female mate choice in northern cardinals: is there a preference for 580 
redder males? The Wilson Bulletin. 111 (1), 76-83 (1999). 581 
28 ten Cate, C., Verzijden, M. N., Etman, E. Sexual imprinting can induce sexual preferences 582 
for exaggerated parental traits. Current Biology. 16 (11), 1128-1132 (2006). 583 
29 Davis, A. K., Cope, N., Smith, A., Solensky, M. J. Wing color predicts future mating success 584 
in male monarch butterflies. Annals of the Entomological Society of America. 100 (2), 339-344 585 
(2007). 586 
30 Exnerová, A. et al. Avoidance of aposematic prey in European tits (Paridae): learned or 587 
innate? Behavioral Ecology. 18 (1), 148-156 (2006). 588 
31 Forsman, A., Appelqvist, S. Visual predators impose correlational selection on prey color 589 
pattern and behavior. Behavioral Ecology. 9 (4), 409-413 (1998). 590 
32 Hebets, E. A. Subadult experience influences adult mate choice in an arthropod: exposed 591 
female wolf spiders prefer males of a familiar phenotype. Proceedings of the National Academy 592 
of Sciences. 100 (23), 13390 (2003). 593 
33 Hebets, E. A., Cuasay, K., Rivlin, P. K. The role of visual ornamentation in female choice of 594 
a multimodal male courtship display. Ethology. 112 (11), 1062-1070 (2006). 595 
34 Kingsolver, J. G. Experimental manipulation of wing pigment pattern and survival in 596 
western white butterflies. The American Naturalist. 147 (2), 296-306 (1996). 597 
35 Morehouse, Nathan I., Rutowski, Ronald L. In the eyes of the beholders: Female choice 598 
and avian predation risk associated with an exaggerated male butterfly color. The American 599 
Naturalist. 176 (6), 768-784 (2010). 600 
36 Prudic, K. L., Skemp, A. K., Papaj, D. R. Aposematic coloration, luminance contrast, and 601 
the benefits of conspicuousness. Behavioral Ecology. 18 (1), 41-46 (2006). 602 
37 Rutledge, J. M., Miller, A., Uetz, G. W. Exposure to multiple sensory cues as a juvenile 603 
affects adult female mate preferences in wolf spiders. Animal Behaviour. 80 (3), 419-426 (2010). 604 
38 Taylor, L. A., Clark, D. L., McGraw, K. J. Natural variation in condition-dependent display 605 
colour does not predict male courtship success in a jumping spider. Animal Behaviour. 93 267-606 
278 (2014). 607 
39 Taylor, L. A., McGraw, K. J. Male ornamental coloration improves courtship success in a 608 
jumping spider, but only in the sun. Behavioral Ecology. 24 (4), 955-967 (2013). 609 
40 Foelix, R. Biology of spiders. Third edn (Oxford University Press, 2010). 610 
41 Taylor, L. A., Clark, D. L., McGraw, K. J. Condition dependence of male display coloration 611 
in a jumping spider (Habronattus pyrrithrix). Behavioral Ecology and Sociobiology. 65 (5), 1133-612 
1146 (2011). 613 
42 Taylor, L. A., Maier, E. B., Byrne, K. J., Amin, Z., Morehouse, N. I. Colour use by tiny 614 
predators: jumping spiders show colour biases during foraging. Animal Behaviour. 90 149-157 615 
(2014). 616 



   

43 Bates D, Maechler M, Bolker B, Walker S. Fitting Linear Mixed-Effects Models Using lme4. 617 
Journal of Statistical Software, 67(1), 1-48 (2015). 618 
44 R Core Team. R: A language and environment for statistical computing. R Foundation for 619 
Statistical Computing, Vienna, Austria. URL https://www.R-project.org/ (2018). 620 
 621 



Figure 1 Click here to access/download;Figure;Fig1.jpg

https://www.editorialmanager.com/jove/download.aspx?id=996147&guid=ddb61f48-d4ce-43e8-927e-06f3cd1b4519&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=996147&guid=ddb61f48-d4ce-43e8-927e-06f3cd1b4519&scheme=1


1mm 

C 

A B 
Figure 2 Click here to access/download;Figure;JOVE_Fig2.pdf

https://www.editorialmanager.com/jove/download.aspx?id=996137&guid=7d730ced-03eb-4076-84d6-8ca2adfb0c4b&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=996137&guid=7d730ced-03eb-4076-84d6-8ca2adfb0c4b&scheme=1


A B 

C 

1mm 

Figure 3 Click here to access/download;Figure;JOVE_Fig3.pdf

https://www.editorialmanager.com/jove/download.aspx?id=996138&guid=c5fa91d7-e0e9-4386-b147-5540166b6a33&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=996138&guid=c5fa91d7-e0e9-4386-b147-5540166b6a33&scheme=1


1 mm 

D E 

A B 

C 

Figure 4 Click here to access/download;Figure;JOVE_Fig4.pdf

https://www.editorialmanager.com/jove/download.aspx?id=996139&guid=c670a75a-131d-49b5-8aab-c9e8a5e606b8&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=996139&guid=c670a75a-131d-49b5-8aab-c9e8a5e606b8&scheme=1


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

202b Male delay to leave dish 0.35 -0.93 140.0 23.9 109.8 23.9 102

179c Male delay to court 0.74 0.33 983.4 127.1 1031.0 126.5 95

204a Male Courtship effort 0.52 0.63 181.2 24.4 203.0 24.4 102

204a Male Courtship effort prior 

to any attack

0.41 0.68 89.0 15.7 97.5 15.7 102

Table 1 Click here to access/download;Table;Table 1 JoVE.xlsx

https://www.editorialmanager.com/jove/download.aspx?id=996144&guid=2deb7215-246e-40c8-8578-c36bc3eb28be&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=996144&guid=2deb7215-246e-40c8-8578-c36bc3eb28be&scheme=1


N Dependent variable p t Unmanipulated ±SE Painted ±SE

32
a Male delay to leave dish 0.87 -0.17 380.8 143.1 345.4 152.4

31b Male delay to court 0.93 -0.09 502.6 105.8 488.1 116.6

31
b Male Courtship effort 0.74 -0.33 2324.3 455.0 2102.1 484.4

31
b Male Courtship effort 

prior to any attack

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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Catalog Number
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red: 075611115009, black: 075611114903, white: 075611116808

stemi 508

Axiocam 105 color

Zen 2 blue edition

(discontinued)

SKU# 871A

#84648

18165

#1208B7

#8912

1482910F

WS-1-SL

USB 2000 (spectrophotometer) with PX-2 (light source)

#E304

#253-05-0125



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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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. 

Rebuttal Letter Click here to access/download;Rebuttal
Letter;Reviewers_comments.docx
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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, I recommend its publication in JoVE. 

I 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. I find the manuscript well-structured, clearly written and 

therefore easy to follow and to understand. I 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 

# I am curious: why the thirds pair of leg specifically? 

We added Note 1 after step 2.1.: “The time of exposure to CO2 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, I 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 1mm. 

# 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? I know for example that many spiders are housed in boxes or cups 

which are sprayed with water regularly and spiders themselves may get wet. I guess the paint would 

wear of more quickly then. 

I 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. I 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 I 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 lmer with the R package lme443 in R version 

3.5.244 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. 

# I 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 I 

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. I only have a few comments: 

 

Line 233: I 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: I 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 
colors29,34,35, the bodies of adult hemipterans (‘true bugs’)30,36 and grasshoppers 31, or the legs of 
relatively large wolf spiders32,33,37)” 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, I still learned some new tips that I will employ, and I imagine that other more 

novice readers will find this paper to be especially useful. 

 

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

 



Major Concerns: 

None. 

 

Minor Concerns: 

L56. I 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 lighteners25-27” 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. I 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. 


