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Abstract

Disgust has long been viewed as a primary motivator of defensive responses to threats posed
by both microscopic pathogens and macroscopic ectoparasites. Although disgust can defend
effectively against pathogens encountered through ingestion or incidental contact, it offers
limited protection against ectoparasites, which actively pursue a host and attach to its surface.
Humans might therefore possess a distinct ectoparasite defense system —including cutaneous
sensory mechanisms and grooming behaviors —functionally suited to guard the body’s
surface. In two U.S. studies and one in China, participants (N = 1079) viewed a range of
ectoparasite- and pathogen-relevant video stimuli and reported their feelings, physiological
sensations, and behavioral motivations. Participants reported more surface-guarding
responses towards ectoparasite cues than towards pathogen cues, and more
ingestion/contamination-reduction responses towards pathogen cues than towards
ectoparasite cues. Like other species, humans appear to possess evolved psychobehavioral

ectoparasite defense mechanisms that are distinct from pathogen defense mechanisms.

Keywords: ectoparasites, pathogens, disgust, grooming, behavioral immune system
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Disgust is widely regarded as an evolved mechanism that shapes behavior to defend
against pathogens and parasites (1-3). Disgust’s features, including nausea, an urge to vomit,
contamination cognitions, and withdrawal, are well suited to protect against microbes
encountered through ingestion or incidental contact (3-7). However, these responses offer
little protection against macroscopic ectoparasites, such as fleas, ticks, or lice, which actively
pursue a host and attach to its body surface. Ectoparasites exert selective pressure on hosts,
hence we can expect selection to have crafted ectoparasite defenses tailored to this threat.
Here, we report results of the first studies to test the hypothesis that humans possess different
psychological and behavioral responses for defending against pathogens and ectoparasites.

Animal research indicates that ectoparasites pose an important fitness threat that has
selected for discrete adaptations (8). For example, ectoparasites decrease reproductive
success in barn swallows (9), while experimental removal of ectoparasites increases it in
Cape ground squirrels (10). In addition to direct costs inflicted by feeding, ectoparasites are
often vectors for infectious diseases (11). Behavioral adaptations to defend against
ectoparasites include specialized grooming movements, such as scratching, picking, muscle
twitching, and tail swishing (8) that are demonstrably effective at controlling ectoparasite
loads (12,13).

Many animals have two forms of grooming. Programmed grooming, involving
endogenously generated periodic movements that occur even in the absence of peripheral
stimulation by ectoparasites, is thought to be important in removing larval- and nymphal-
stage ectoparasites (14). Stimulus-response grooming is rapid, localized grooming in reaction
to cutaneous sensations, such as itch, that cue the location of ectoparasites (15). Itching is
primarily caused by histamine released following ectoparasite bites (8), while tickling

sensations may indicate ectoparasites landing or walking on the body’s surface (16).
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Ectoparasites exert selective pressure on humans by feeding on blood and skin, and by
transmitting diseases such as typhus and plague (11,17). Continuities between animal and
human ectoparasite defense systems can therefore be expected, potentially extending to the
distinction between programmed and stimulus—response grooming (17). Akin to programmed
grooming, people spontaneously inspect their skin, and periodically groom the skin and hair
with movements such as picking and rubbing (18,19). We hypothesise that, paralleling
stimulus-response grooming, people react to ectoparasite stimuli with increased urges to
scratch and groom, and with increased itch and tickle sensations.

Blake and colleagues (20) theorized that a class of stimuli, separate from ingestible
pathogens, may elicit a “skin focused response”, including skin crawling and scratching, that
functions to defend against “skin transmitted pathogens”. Skin-transmitted pathogens were
conceptualized broadly, including “macroparasites, parasite vectors, and infectious lesions...
disease transmission or venom injection via contact with a parasite vector, venomous insect,
arachnid, or reptile”. Blake et al. hypothesize that both ectoparasites and skin-related
pathogen stimuli elicit a surface-guarding response. In contrast, we predict that cues
indicating a risk of pathogen transfer through skin contact will elicit prototypical oral-gastric
and contamination responses. Only ectoparasite cues, or generalizations of them, should elicit
the surface-guarding response, including itching sensations and scratching behaviors, that is
functionally suited to defend against ectoparasites. Thus, the current research is the first to
test whether humans have responses to defend specifically against ectoparasites, in line with
behavior documented in nonhuman species (8, 14).

Several studies report people being disgusted by ectoparasites and other arthropods
(21-23), potentially supporting the view that disgust functions to defend against both

pathogens and ectoparasites. However, because the folk-emotion word “disgust” refers to
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multiple distinct affective responses (5,24-26), participants’ endorsement of this descriptor
cannot be taken as showing that they are experiencing the pathogen-avoidance emotion,
disgust, including sensations such as nausea. Distinct responses addressed by the same folk-
emotion term can be disambiguated using fine-grained items corresponding to more precise
affective feelings and sensations (27-30). Pathogen disgust can be distinguished from other
responses by gauging participants’ endorsement of items measuring oral-gastric sensations,
such as nausea and the urge to gag (2,31), and contamination cognitions and feelings (24,32).

Research overview

The aim of this research was to determine whether humans show distinct defensive
responses in reaction to cues of the presence of ectoparasites versus cues of the presence of
pathogens. To test this hypothesis, three studies were conducted; two in the U.S. and one in
China. Participants watched videos depicting ectoparasites, such as fleas, and videos
depicting pathogen cues, such as feces (see Supplemental materials for links to stimuli). They
then responded to questions measuring physical sensations and behaviors corresponding,
respectively, to pathogen defense (e.g., nausea), and ectoparasite defense (e.g., itching). In
Studies 1 and 3, participants also reported the number of times they scratched themselves
during each video, and indicated how “disgusted” and “grossed out” they were during each
video!. In Study 1, online U.S. participants viewed five? ectoparasite videos and six pathogen
videos. One of the ectoparasite videos depicted a spider to test whether disgust reported

towards spiders is associated more with the surface-guarding response characteristic of

! Because Study 2 was presented to participants bundled with an unrelated
study, to reduce its length, fewer measures were included.

2 Studies 1 and 2 included an additional video depicting a lice
infestation. However, as we were subsequently unable to obtain permission
to use this video from the person depicted, these data were removed due to
ethical concerns. Excluding these data did not substantively alter
findings. See Supplemental materials for full details.

5
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ectoparasite defense (17, 20), or the oral-gastric response characteristic of pathogen defense
(40). In Study 2, undergraduates at a U.S. university viewed two ectoparasite videos and three
of the pathogen videos. Cultural models of emotion influence how people understand and
report their inner states (27). Moreover, for a wide variety of stimuli, meanings and affective
connotations are importantly colored by cultural meaning systems (27). Accordingly, claims
of species-typical psycho-behavioral mechanisms should be tested cross-culturally. As a first
step in such testing, in Study 3, passers-by were recruited in Shanghai, China to watch one
ectoparasite video and one pathogen video. All studies were approved by the UCLA Office of
the Human Research Protection Program. All hypotheses and methods, but not the analysis
plan, were pre-registered and archived at
https://ost.io/xmsv4/?view_only=c54b354e029f4c849ef2834f4£a48509, along with data. See

online supplemental material for study materials.

Study 1: U.S. MTurk Sample

Methods

Participants

Four hundred U.S. participants were recruited via Amazon’s Mechanical Turk
(filtered for workers with a 95% approval rating with at least 100 HITs approved) for a 20-
minute survey about “bodily reactions to videos” in exchange for US $2.00 (see online
supplemental material for power analyses and sample size justification). After excluding
individuals who failed to complete large portions of the survey, failed an attention check, or

completed the survey in less than 7.3 minutes (the minimum time needed to view the videos
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and answer the questions as rapidly as possible) or more than 40 minutes, the final sample
consisted of 395 individuals (M,, = 33.48, SD,,. = 9.32; 138 female).

Stimuli

Video stimuli were created by conducting Internet searches using terms such as
“disgusting”, “gross”, “skin-crawling”, “rotten meat” and “fleas”. Six videos that clearly and
continuously depicted a pathogen cue (rotten meat, ear wax, cellulitis, an infected arm lesion,
dirty toilets, and warts), and five videos that clearly and continuously depicted ectoparasites,
or generalisations of them (fleas, bed bugs, ticks, mosquitos, and spiders), were each edited to
be 90 seconds long and embedded into an online survey. To maximize participant attention
throughout the study, each participant viewed only two randomly selected videos from each
category.

Measures

Granular items were created to measure the feelings, sensations, and behaviors
postulated to be associated, respectively with pathogen defense responses and ectoparasite
defense responses. Pathogen defense items were derived from existing research (e.g., 5,7,28)
outlining the prototypical disgust response, including both its oral-gastric and contamination
components. Oral-gastric items were “I felt nauseous”, “I felt like I could vomit”, “I felt like I
would gag or retch”, “I felt a physical sensation in my stomach”, “I felt a physical sensation
in my throat”, and “I felt an urge to cover my mouth or nose with my hands”. Contamination
items were “I had a feeling of contamination”, “I felt unclean”, and “I felt an urge to wash”.
Items intended to measure the skin-surface sensations hypothesized to function to defend the
body’s surface against ectoparasites (17) were: “I felt my skin crawl”, “I felt ticklish”, “I felt
goosebumps”, “I felt shivers”, “I felt a physical sensation in my skin”, “I felt an urge to shake

myself”, “I felt an urge to pick at my skin”, “I felt an urge to scratch myself”, and “I felt
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itchy”. Participants reported how strongly they experienced each physical feeling or sensation
while watching the video, using a seven-point scale, ranging from “not at all” to “very
strongly”. Participants also responded to single-item measures of “disgusted” and “grossed-
out” using the same 7-point scale. Additionally, participants reported how many times they
scratched themselves on a sliding scale from 0 to 10.

Procedure

After viewing each video, participants completed an attention check, then responded
to the above measures.

Analytical strategy

Analyses employed SPSS 25.0. First, factor analysis was used to determine whether
items measuring ectoparasite defense and pathogen defense responses formed the expected
factor structure®. Repeated-measures general linear modelling was used to test whether
pathogen and ectoparasite stimuli differed in the oral-gastric and skin-surface responses they
elicited. Regression analyses were conducted to determine the extent to which single-item
“disgust” and “grossed-out”, and self-reported scratching, were predicted by oral-gastric
versus skin-surface responses.
Results

Factor analysis

To test whether surface-guarding and ingestion/contamination reduction constituted
distinct responses, a factor analysis was conducted using maximum likelihood extraction and
promax rotation. Visual inspection of the scree plot revealed a clear point of inflection after
the third factor, suggesting that two factors be retained. These had eigenvalues of 12.06 and

1.84, and explained 67.01% and 10.23% of the variance, respectively. Items in each factor

3 See supplemental materials for a note on the normality of the data

8
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corresponded conceptually to the expected surface-guarding and ingestion/contamination

reduction responses (Table 1). For each factor, the five items with the highest factor loadings

were averaged to produce composite measures. We label these skin-surface, and, because the

five highest loading ingestion/contamination reduction items were all ingestion related, oral-

gastric, respectively. Pooling across all videos and participants, oral-gastric and skin-surface

factors were correlated 7(1449) = .62.

Table 1. Factor loadings corresponding to each response type in each study

Study 1 (MTurk)

Study 2 (California students)

Study 3 (China)

Factor Factor Factor
1 2 1 2 1 2
itchy 0.99 -0.12 scratch 0.93 -0.16 itchy 0.93 -0.03
scratch 0.98 -0.10 skin-sensation 093 0.01 scratch 0.92 -0.01
pick 0.89 001 pick 0.83 -0.03 pick 0.85 -0.00
Skin-surface s'kin—'sensation 0.84 -0.01 c'raw'l 0.81 0.14 tic}(lish ' 0.76 -0.01
responses ticklish 0.84 -0.02 ticklish 0.77 0.02 skin-sensation 0.70 0.20
goosebumps 0.68 0.20 shake 0.70 0.18 shake 0.61 0.29
shiver 0.63 0.26 shiver 0.66 0.23 goosebumps 0.34 0.52
crawl 0.69 0.16 goosebumps 0.66 0.15 shiver 0.23 0.63
shake 0.76 0.13
nauseous -0.09 0.98 vomit -0.15 1.06 vomit -0.08 0.99
vomit -0.10 0.98 nauseous -0.07 0.99 stomach -0.02 0.87
stomach -0.02 0.86 stomach 0.13 0.82 gag 0.06 0.86
Oral-gastric cover 0.08 0.78 throat 0.10 0.77 nauseous 0.02 0.81
responses gag -0.11 1.00 cover 0.21 0.65 throat 0.01 0.81
contamination 0.25 0.63 contamination 0.40 0.48 cover 0.219 0.653
wash 0.36 0.56 wash 0.57 0.26 contamination 0.27 0.59
unclean 0.27 0.62 unclean 0.19 0.56
throat 0.14 0.75 wash 0.55 0.34

Responses to ectoparasite and pathogen stimuli

To test whether ectoparasite and pathogen stimuli elicited distinct defensive

responses, a repeated-measures ANOVA was conducted with content of stimulus type

(pathogen; ectoparasite) and response (oral-gastric; skin-surface) as within-subjects variables.

There was an interaction between stimulus type and response, F(1, 394) = 220.29, p <.001,

9
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n° = .36. Simple effects analyses showed that pathogen videos elicited a higher oral-gastric
response than skin-surface response, F(1, 394) = 209.35, p <.001, #° = .35, whereas
ectoparasite videos elicited a higher skin-surface response than oral-gastric response, F(1,
394) = 60.78, p < .001, ° = .13 (Figure 1). Supplementary Figure S1 shows oral-gastric and
skin-surface responses for each pathogen and ectoparasite video separately.

Given previous evidence of sex differences in disgust sensitivity (7), we explored the
effect of participant sex on responses to each stimulus type by entering this as a between-
subjects variable, which revealed a significant interaction between sex, stimulus type, and
response, F(2, 392) =5.31, p <.001, ° = .03; women showed stronger responses to both

pathogen and ectoparasite stimuli (see Supplemental Table S2 for mean responses by sex).

Study 1 Study 2 Study 3

s HRe9e 88567

Response Intensity

T T
asponse  OG SS 0oG SS response OG SS 0oG SS response OG SS 0oG SS
stimulus  Pathogen Ectoparasite stimuius Pathogen Ectoparasite stmulus Pathogen Ectoparasite

Figure 1. Participants’ oral-gastric (OG) and skin-surface (SS) responses when viewing
pathogen and ectoparasite video stimuli, in Studies 1, 2 and 3. Response intensity ranges
from 0, “not at all” to 6, “very strongly”. Raw data are jittered. Beans represent smoothed
density of raw data. Boxes and lines represent 95% Confidence Intervals and means,
respectively.

Predicting disgust

10
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To investigate our suggestion that the “disgust” reported towards ectoparasites and
arthropods (e.g., 22) may reflect participants’ use of the same folk-emotion term to refer to a
response that differs from the prototypical disgust response towards pathogen cues, we
regressed the skin-surface and oral-gastric composite measures on single-item disgust
reported towards pathogen and ectoparasite cues. Disgust reported towards pathogen stimuli
was positively associated with the oral-gastric response, 8 = .81,#(392) = 15.54, p < .001, but
negatively associated with the skin-surface response, 3 = - 23,#(392) =-4.49, p < .001.
Disgust reported towards ectoparasite stimuli was positively associated with both oral-gastric,
B =.44,1392) =8.06, p < .001, and skin-surface responses, § = .33, #(392) = 6.06, p < .001.

Previous studies have suggested that “grossed out” more cleanly and specifically
measures pathogen disgust (25). We therefore conducted another regression analysis
predicting how grossed-out participants reported being by pathogen and ectoparasite stimuli.
The pattern was similar. Oral-gastric responses were positively associated, § = .85, #(392) =
16.74, p < .001, and skin-surface responses negatively associated, § = - .26, #(392) = -5.21,p
< .001, with how grossed out participants reported being towards pathogen stimuli. Both oral-
gastric, B = .45,1(392) = 8.63, p < .001, and skin-surface, 8 = .33, #(392) = 6.31, p < .001,
responses were associated with how grossed out participants reported feeling towards
ectoparasite stimuli.

Scratching behavior

To test whether more scratching was elicited by ectoparasite stimuli than pathogen
cue stimuli, a repeated-measures ANOVA was conducted with video content as the within-
subjects variable. Participants reported scratching themselves more while watching
ectoparasite videos (M = 2.6, SD = 2.86) than while watching pathogen videos (M =2.06, SD

=2.18), F(1,390) = 37.02, p < .001, ° = .09. Scratching during pathogen videos was

11
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positively associated with the skin-surface response, = .78, #(389) = 15.52, p < .001, and
negatively associated with the oral-gastric response, 8 =-.11, #(389) =-2.23, p < .001.
Scratching during ectoparasite videos was positively associated with the skin-surface
response § = .53,14(392) = 9.87, p < .001, and with the oral-gastric response, 5 = .25, #(392) =

4.60,p < .001.

Study 2: Californian Student Sample
Methods

Participants

Undergraduates (N = 333) were recruited at a large public university in California in
fulfillment of a course requirement. After excluding participants who skipped some portions
of the videos; were unable to watch the full videos due to technical difficulties; whose
responses were not recorded; or who failed to complete the survey, the final sample consisted
of 318 individuals (241 women, Mage = 19.39, SDyge = 1.61).

Materials

Participants viewed three pathogen-cue videos (rotten meat, dirty toilets, and an
infected lesion) and two ectoparasite videos (mosquitos and ticks) employed in Study 1. After
each video, participants responded to the same self-report measures used in Study 1, except
that the items “gag”, “unclean”, “itchy”, “disgusted”, “grossed-out” and scratch frequency
were not measured.

Procedure

Participants watched the six videos and responded to the measures in a laboratory; a

research assistant noted any distractions or other concerns. As part of a related study not

reported here, participants were also randomly assigned to view videos of animals either

12
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scratching or not scratching themselves; participants were video-recorded throughout, and
were aware of this.
Results

Factor analysis

To test whether surface-guarding and ingestion/contamination reduction constituted
distinct responses, a factor analysis with maximum likelihood extraction and promax rotation
was conducted. Inspection of the scree plot revealed a clear inflection point after factor 3,
suggesting that two factors be retained. These two factors had eigenvalues of 10.17 and 1.34,
and explained 67.81% and 8.99% of the variance, respectively; the items in each
corresponded conceptually to surface-guarding and ingestion reduction responses (see Table
1). For each factor, the five items with the highest factor loadings were again averaged to
give composite oral-gastric and skin-surface measures, respectively. The two measures were
correlated, #(318) =.71, p <.001.

Responses to ectoparasite and pathogen videos

To test whether ectoparasite and pathogen stimuli elicited distinct defensive
responses, a repeated-measures ANOVA was conducted with response (oral-gastric; skin-
surface) and stimulus type (pathogen; ectoparasite) as within-subjects factors. There was an
interaction between stimulus type and response, F(1, 317) =431.79, p <.001, ? = .58.
Simple effects analyses showed that pathogen videos elicited a higher oral-gastric response
than skin-surface response, F(1, 317) = 105.54, p < .001, ° = .25, whereas ectoparasite
videos elicited a higher skin-surface response than oral-gastric response, F(1, 317) = 344.61,
p <.001, »? = .52. Figure S2 shows mean responses towards each pathogen and ectoparasite

video. Adding participant sex as a between-subjects variable revealed a significant three-way

13
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interaction, F(1,314) =5.73, p <.001, * = .05; women showed stronger responses to both

pathogen and ectoparasite stimuli (see Supplemental Table S2 for details).

Study 3: Shanghai Public Sample

Methods

Participants

Participants (N = 394) were recruited in public areas in Shanghai, China for a study
about the relationship between feelings, visual perception, and memory in return for 30 RMB
(~U.S. $4.25). Thirty-three participants were excluded for having rushed through the survey,
or as having been distracted while participating, leaving 361 individuals (178 women) in the
final sample (Mg = 31.85, SD,oe = 12.36).

Materials and procedure

Participants viewed stimuli and answered questions on a tablet computer in a quiet
public location. One pathogen-cue video (infected lesion) and one ectoparasite video (fleas)
from Study 1 were presented in random order, followed by the self-report items. Items used
in Study 1 were independently translated into Mandarin (see Supplement) by two bilingual
native speakers, with any differences reconciled through discussion with other native
speakers. Lacking an equivalent Mandarin phrase, the item “I felt my skin crawl” was
excluded. A research assistant noted any concerns regarding participant attention.
Results

Factor analysis

To test whether surface-guarding and ingestion/contamination reduction constituted
distinct responses, factor analysis was again conducted. Visual inspection of the scree plot

reflected a clear inflection point after factor 3, suggesting that two factors be retained. The

14
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two factors had eigenvalues of 11.63 and 1.08, and explained 68.44% and 6.36% of the
variance, respectively. The items in each factor again corresponded to surface-guarding and
ingestion reduction responses (see Table 1). For each factor, the five items with the highest
factor loadings were averaged to give composite oral-gastric and skin-surface measures,
respectively. These measures were correlated #(361) = .76, p <.001.

Responses to pathogen and ectoparasite cues

To test whether ectoparasite and pathogen stimuli elicited distinct defensive
responses, a repeated-measures ANOVA was conducted with stimulus type (pathogen;
ectoparasite) and response (oral-gastric; skin-surface) as within-subjects factors. There was
an interaction between stimulus and response, F(1, 353) = 99.81, p <.001, #* = .22. Simple
effects analyses showed that a stronger oral-gastric response was elicited by the pathogen
video than by the ectoparasite video, F(1, 353) =21.29, p <.001, 5’ = .06, whereas a stronger
skin-surface response was elicited by the ectoparasite video than by the pathogen video, F(1,
353)=36.12, p <.001, ° = .09 (Figure 1). Participant sex did not interact with stimulus type,
F(2,345)=0.40, p = .67, ° = .00, or response, F(2, 345)=1.26, p = .29, n° = .01.

Predicting disgust

To test whether single-item “disgust” and “grossed out” were predicted by skin-
surface responses in addition to oral-gastric responses, we regressed the skin-surface and
oral-gastric composite measures on single-item disgust reported towards pathogen and
ectoparasite stimuli. Towards the pathogen video, the oral-gastric response predicted disgust
(exin, %)), B =0.83,1(356) =20.31, p < .001, and grossed-out (yanwu, [K3%), B = .72,
#(356) = 14.68, p < .001, whereas the skin-surface response did not, 5 =-.002, #356) = -.05, p
=.96, and = .02, #(356) = .46, p = .65, respectively. Towards the ectoparasite video, the

oral-gastric response predicted disgust, 5 = .76, #(352) = 16.15, p < .001, and grossed out, 3 =

15
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.63, 1(353) =10.9, p < .001, but the skin-surface response (8 = 0.06, #352) = 1.3, p =0.2 and
B =.07,1353)=1.19, p = 23) did not.

Scratching behavior

To test whether more scratching was elicited by ectoparasite stimuli than pathogen
cue stimuli, a repeated-measures ANOVA was conducted with self-reported scratching
behavior and stimulus type (pathogen versus ectoparasite) as within-subjects factors. The
ectoparasite video (M = 1.01, SD = 1.68) elicited more scratching behavior than the pathogen
video (M = 0.88, SD = 1.57), F(1, 349) = 3.94, p = .05, ° = .01. Scratching behavior elicited
by the ectoparasite video was positively associated with the skin-surface response, = .52,
#(351) =7.09, p < .001, but not with the oral-gastric response, 5 = .05, #(351) =0.83,p = 41.
Scratching behavior elicited by the pathogen video was positively associated with the skin-
surface response, 3 = .73, 1(352) = 13.24, p < .001, and negatively associated with the oral-

gastric response, 8 =-.13, #(352) =-2.27,p = .02.

Discussion

Overlooking both the differing task demands of defending against dissimilar threats
and evidence that animals possess distinct behavioral defenses against ectoparasites, previous
accounts nominate disgust as a key motivator of human defensive responses to pathogens and
ectoparasites. Across three studies we found that humans respond differently towards cues of
pathogens versus cues of ectoparasites. Pathogen cues elicited more prototypical disgust
responses, such as nausea and the urge to vomit, which are functionally consistent with
avoidance of ingestible sources of pathogens. Ectoparasites elicited more surface-guarding
responses, such as itching and scratching, which are functionally consistent with defense

against ectoparasites that actively seek to attach to the body’s surface. Pathogen cues present
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on human skin, including warts and an infected lesion, elicited more of an ingestion-
reduction response than a surface-guarding response, indicating that the latter is elicited by
ectoparasites specifically, rather than by skin-transmitted pathogens in general (cf., 20).
These findings are consistent with the hypothesis that humans possess an ectoparasite defense
system distinct from the pathogen avoidance system.

Previous studies report that, like pathogen cues, ectoparasite cues elicit disgust (21-
23). Indeed, our participants also reported being “disgusted” and “grossed out” by
ectoparasite cues. However, granular measures showed that participants’ responses involved
more cutaneous sensations and action tendencies than prototypical oral-gastric disgust
sensations and action tendencies. Additionally, regression analyses supported the notion that
the categorical terms “disgust” and “grossed out” are used imprecisely by participants: the
degree to which participants experienced both skin-surface sensations and oral-gastric
sensations predicted how disgusted and grossed-out they reported being by ectoparasite cues.
Interestingly, this was not the case in Study 3, raising the possibility that Mandarin speakers

may use éxin (%), the folk-emotion equivalent of the English “disgust,” with greater

precision than English speakers’ use of “disgust”.

Despite clear differences between the two classes of responses, our findings also
reveal overlap, suggesting incomplete dissociation between ectoparasite defense and
pathogen defense mechanisms. Participants reported experiencing some oral-gastric
sensations towards ectoparasite cues. And oral-gastric sensations, in addition to skin-surface
sensations, predicted the overall level of “disgust” participants reported towards ectoparasite
cues. Either or both of two explanations may obtain. First, consistent with processes of neural
reuse in the evolution of psychological adaptations, particularly when there are overlapping

task domains (e.g., attending to the body-environment interface), defense mechanisms
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plausibly share some elementary architecture, resulting in overlap in patterns of responding
(33). Second, even if two mechanisms are quite distinct, they may nevertheless be co-
activated by some stimuli. One limitation of our design is that exclusively visual stimuli were
employed. Together with olfaction, vision is a powerful pathway for canonical disgust
elicitation (34). In contrast, ectoparasites are often detected via skin sensations when an
ectoparasite lands on a host (16), with vision plausibly being a secondary mode of detection.
It is therefore possible that our choice of stimulus modality may have reduced dissociation in
response patterns; employing other modalities might increase the distinction between
responses towards ectoparasite and pathogen cues (e.g., 35). Consonant with this possibility,
Stevenson and colleagues (36) have argued that oral-gastric disgust is frequently anticipatory,
occurring to prevent contact with a stimulus. In contrast, ectoparasite defense responses may
be more strongly activated after contact has occurred.

Contrary to expectations, granular items measuring contamination sensations, and
contamination-removing urges, did not cleanly load with the items intended to measure
ingestion-reducing sensations. Video stimuli may not adequately activate contamination
sensations, given that these are predominantly elicited by physical contact with a stimulus
(37). Future research could use tactile as well as visual stimuli to better test whether
contamination sensations are elicited more strongly by pathogen cues than by ectoparasites
cues. Similarly, measures of behavior in addition to reported qualia might more effectively
distinguish between responses.

Like other categorical emotion words (27,29), “disgust” is imprecise and polysemous
(25,31), and may subsume multiple functionally distinct responses; these can be distinguished
using fine-grained items that more precisely measure sensations and action tendencies. As

illustrated here, this approach can distinguish distinct reactions previously conflated under a
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single emotion term, and may prove valuable for resolving other debates, such as whether
moral disgust involves the full disgust response, or is primarily metaphorical (6).
Considerable research has posited a “behavioral immune system” in humans, largely
because of links with important health and social outcomes, including intergroup attitudes
and political sentiments (38). Much of this research has focused on individual variation in
pathogen disgust sensitivity (39). Our findings raise the question of whether variation in
ectoparasite defense sensitivity also contributes to these outcomes. Studies have also
identified links between disgust and psychopathologies (2,40). Some of these conditions,
including skin-picking disorders (41), delusional infestation (42), and trypophobia (43),
involve skin sensations and grooming behaviors, and may be more closely related to
pathologies of ectoparasite defense than to pathologies of pathogen avoidance (17). Of
similar translational importance, even as COVID-19 has focused researchers ever more
intently on pathogen avoidance, vector-borne diseases continue to expand. Understanding the
psychology of ectoparasite defense may importantly enhance campaigns to combat illnesses

which kill or debilitate millions every year.
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1. Hyperlinks to video stimuli

The ectoparasite videos:

Fleas https://www.youtube.com/watch?v=3DvSKOdtmVg

A tick https://www.youtube.com/watch?v=]0YFFOyZYtc

A spider https://www.youtube.com/watch?v=6lwultwsyP4

Mosquitos https://www.youtube.com/watch?v=Sg-b3VQ5098

Bed bugs https://www.youtube.com/watch?v=SQbLYOhShAO0

*

The pathogen-cue videos:

Rotting meat https://www.youtube.com/watch?v=ZCklZ5egXHA

Ear Wax https://youtu.be/Ceygsj2 T04

Cellulitis https://www.youtube.com/watch?v=K7vATqCSHMS8

Infected arm lesion https://www.youtube.com/watch?v=WghfxXya3Xg

Dirty festival toilets https://www.youtube.com/watch?v=6twmDEdIIEo

Wart https://www.youtube.com/watch?v=ur-Tyimz65Q
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* Note. This study included an additional video clip of ectoparasites. Searching publicly-
available materials on YouTube.com, we identified a video depicting a girl suffering a severe
infestation of head lice. We edited the video down to a short clip in which only the scalp is
visible, being careful to excise any features of the video, including sound, that could reveal the
identity of the individual depicted. The UCLA Office of the Human Research Protection
Program approved use of the edited clip. Following the conclusion of the project it was brought
to our attention that, in the unedited video, the individual suffering the lice infestation — who is a
minor — states that she does not want the recording to be posted online. We therefore sought
permission from the individual and her parents to utilize the edited version of the video.
Unfortunately, we were unable to reach these individuals and obtain permissions. For ethical
reasons, we have therefore omitted the video clip from the archived materials and omitted the
data obtained using this clip from both the archived dataset and the results reported in this paper.

Removing these data from the analyses does not substantively alter the results: In Study 1, the
mean oral-gastric response to ectoparasite stimuli was 2.18 (SD = 1.84) including the lice video,
compared to 2.12 (SD = 1.89) excluding the lice video, and the mean skin-surface response was
2.75 (SD = 1.81) including the lice video, compared to 2.71 (SD = 1.87) excluding the lice video.
In Study 2, the mean oral gastric response to ectoparasite stimuli was 0.73 (SD = 1.12) including
the lice video, compared to 0.61 (SD = 1.07) excluding the lice video, and the mean skin-surface
response to ectoparasite stimuli was 2.25 (SD = 1.69) including the lice video, compared to 2.06
(SD = 1.69) excluding the lice video. These minor differences did not change the outcome of any
of the tests of statistical significance.

2. Power analysis

Given that this was the first research to compare oral-gastric and skin-surface responses towards
pathogen and ectoparasite cues, there was uncertainty about the expected effect size, and we
sought to power the studies sufficiently to detect small effects. For 95% power to detect a small
effect size (f = 0.1) using repeated measures ANOVA and a correlation of ).5 between dependent
measures, G¥Power recommended a total sample size of 327. For Study 1 we chose to exceed
this recommendation and recruited 400 participants (as detailed in the study preregistration), in
part to allow for exclusions based on pre-registered criteria. Sample sizes for Studies 2 and 3
were partially determined by our ability to recruit participants (volunteers for a lab study in
Study 2 and volunteer passers-by in Shanghai, China for Study 3) but we still recruited enough
participants (333 in Study 2 and 394 in Study 3) to detect small effect sizes.

3. Note on the normality of the data



ECTOPARASITE DEFENSE

The data were distributed across all scores on the 7-point scales; however, there was some
departure from normality, mostly due to left skewness, especially measures of oral-gastric
responses towards ectoparasite cues, and skin-surface responses towards pathogen cues (as
expected according to our hypothesis). However, the departure from normality was moderate and
our sample sizes were large, and ANOVA (without transformation of data) is robust to moderate
departures from normality, especially with large sample sizes such as the ones we used (Blanca
et al., 2017; Schmider et al., 2010).

Blanca Mena, M. J., Alarcon Postigo, R., Arnau Gras, J., Bono Cabré, R., & Bendayan, R.
(2017). Non-normal data: Is ANOVA still a valid option?. Psicothema, vol. 29, num. 4, p. 552-
557.

Schmider, E., Ziegler, M., Danay, E., Beyer, L., & Biihner, M. (2010). Is it really robust?
Reinvestigating the robustness of ANOV A against violations of the normal distribution
assumption. Methodology, 6, 147-151.
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3. Figure S1. Mean responses to each pathogen video in Study 1 (U.S. MTurk sample). Response

types are Ingestion/contamination reduction (IC) or Surface-guarding (SG).



ECTOPARASITE DEFENSE
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3. Figure S2. Mean responses to each ectoparasite video in Study 1 (U.S. MTurk sample).

Response types are Ingestion/contamination reduction (IC) or Surface-guarding (SG).
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4. Figure S3. Mean responses to each pathogen and ectoparasite video in Study 2
(Californian student sample). Response types are Ingestion/contamination reduction

(IC) or Surface-guarding (SG).
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5. Table S1. Mean (and standard deviation) disgust and grossed-out ratings in Study 1 (MTurk)
and Study 3 (China)

Study 1 Study 3
Disgust Pathogen ,Vlde?s 4.33 (1.57) 2.77 (1.9)
Ectoparasite videos | 3.21 (1.82) 2.49 (1.87)
Grossed-Out Pathogen Yldef)s 4.32 (1.52) 2.74 (1.9)
Ectoparasite videos | 3.01 (1.83) 2.68 (1.81)

6. Table S2. Mean (and standard deviation) oral-gastric and skin-surface responses by participant

SEX

Study 1 Study 2 Study 3

(MTurk) (UCLA) (China)

. Male Pathogen |3.12(1.82) |1.65(1.53) |2.13(1.55)
Oral-gastric .

Female videos 342(1.87) |247(1.66) |1.67(1.44)

. Male Ectoparasite | 2.08 (1.87) | 0.46(0.84) | 1.76 (1.51)
Oral-gastric .

Female videos 2.21(1.94) |0.66(1.14) | 1.42(1.19)

. Male Pathogen | 2.27 (1.96) 1.34 (1.25) 1.54 (1.49)
Skin-surface .

Female videos 2.03 (1.84) 1.57 (1.20) 1.12 (1.15)

. Male Ectoparasite | 2.60 (1.84) | 1.67(1.54) | 1.84(1.57)
Skin-surface :

Female videos 2.93 (1.92) 2.18 (1.72) 1.51(1.27)
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7. Survey Items used in Study 1

Please rate how much you agree that each of the following statements describes how you felt while
watching the video:

3 4 6

0 1 2 > (Very
N v littl '
(Not at (Very (alittle) (Strongly) strongly)

all) (0) Little) (1) 2) (somewhat) (moderately) (5) o

(3) (4)

| felta
physical
sensation in
my stomach

| felta
physical
sensation in
my throat

| felt ticklish

| felt like |
could vomit

| had a feeling
of
contamination

| felt an urge
to pick at my
skin

I felt an urge
to cover my
mouth or
nose

| felta
physical
sensation in
my skin

| felt my skin
crawl
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After having watched the video, rate how much you agree with the following statements:

0 1
(Not at (Very
all) Little)

| felt
nauseas

| felt
goosebumps

| felt shivers

| felt an urge
to shake
myself

| felt an urge
to wash

| felt an urge
to scratch
myself

| felt itchy

| felt like |
would gag
or retch

| felt
unclean

2
(a little)

3

(somewhat)

4

(moderately)

5
(Strongly)

6
(Very
strongly)
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How strongly did you experience the following feelings while watching the video:

, . : ’ ’ > (V6ery
(Not at (Very (A Little) (Strongly)
all) (0) little) (1) 2) (Somé\;vhat) (Mod(e‘lr)ately) (5) Strc()g)gly)

Disgusted

Grossed
out

About how many times did you scratch yourself?

Survey Items used in Study 3 (Mandarin)

Q76 MRERES SARRMR, EEZFRRAB". SRR R ERINH LR -

o

E

Q12 EEEME N — T - FEWELRT  EFHRTEN S REZ/BM. e, ]
T RbX e B R R/ B RIS THE R - TENE MMM ST, TTH = H NPk FE 2 &R -

Ql BAVE T REAAENE % FL R BRI SR RZ /B 1E P N YRS RR TR0
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[0-5E2%AF, 1-JLFEREA, 2-Hi > 3-A—L, 4-thfE, 5583 6-FEEREZ]
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BT IRABE A LB -
BRBIE CRUbHRIREENEE) -
BRI T -

:[

AW TRV -
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HAEMEZEEOSKAE) -
BRI IRAY A R -
HREELL -

R HGEE TG S -
HREE B -
BEMERE I ECH AL -
TREWREFRE AL -
HEMEERIRE A D) -
HREIE (REREE .

Q86 FEME AT » FENTLL T B2 RS H 25851 2
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