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Sexual differences in size and shape are commasstne animal kingdom. The study of

sexual dimorphism can provide insight into the séxand natural-selection pressures
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. . . . . _ - Excluido: ecologically significant, playin
over 100,000 species, gnd exhibit some of the mxireme forms of sexual dimorphism in -~ | a vital role in controlling insect
populations around the world. They also

the animal kingdom, with the males and femalesoaies species differing dramatically in
body shape and/or size. Despite this, researchammiaid sexual dimorphism has primarily
focused on specific clades as opposed to obsetnaitg across arachnid orders, the smallest
of which have received comparatively little attenti This review provides an overview of
the research to date on the trends and potentiduitianary drivers for sexual dimorphism
and sexual size dimorphism (SSD) in individual brad orders, and across arachnids as a

whole. The most common trends across Arachnidéeanale-biased SSD in total body size,
/{ Excluido: within the ]
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However, the evolution of sexually dimorphic traiihin the group is difficult to elucidate

due to uncertainty in arachnid phylogenetic retethips.Based on the dataset we gathered
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here, wehighlight gaps in our current understanging andyssgareas for future research. .- {[ Excluido: also %
~ 7 Excluido: ,




Introduction

Sexual dimorphism (SD), the difference in morphaalj physiological and behavioural
traits between males and females, is ubiquitousinore. Common hypotheses to explain
sex-specific divergence in body size and shap¢erédesexual selection, intraspecific niche

divergence and female fecundity pressures (ShB®&9;1Andersson, 1994)he first major

) | Excluido: § \
step to understand the evolution of SD, howeven thcument angiescribethe occurrence - { Excluido: }
\\\ D
of sexually dimorphic traitg a wide range of specjeAmongst vertebrates, for instance, ;he\\{ Excluido: ing )
. . . . . \\\\ {Excluido: describing ]
occurrence of SD is well documented. In mammatsas been quantified in 1370 species, | {Excluido: can provide important insigmﬂ
\ | into

representing around 30% of known mammalian spétiadenfors, Gittleman & Jones, {Exduido: the evolution of morphology }

2007). Datasets of similar size have been usedaatdy SD in reptiles (1341 species, Cox
et al, 2007) and birds (Owens & Hartley, 1998). In cosiir¢éhe SD literature pertaining to
invertebrates is more fragmented (Abouheif & Famial997), particularly within arachnids.
Whilst a limited number of studies include largeeispecific datasets (e.g. Head, 1995, 554
species) their taxonomic breadth, relative to siz#he group, pales in comparison to those in
the vertebrate literature. Although such studieshighlight trends within specific groups,
they provide only limited insight into trends acg@achnids as a whole, primarily due to its

diversity: the group comprises over 100,000 spg€iescraft & Donoghue, 2004).

Research into arachnid SD to date has largely tatos the spiders (Arachnida:
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subset of SD, which pertains solely to size diffiers in segments or body size between
sexes. Interest in SSD in spiders stems from odwving spiders, which have the largest
proportional weight difference between females awades of all studied land animals

(Foellmer & Moya-Larano, 2007). Hence, researchgrabed the causes of this size
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disparity, and in particular the degree to whiclilss follow Rensch’s Rulgvhich states -~

that if SSD is male-biased within a group, SSD widrease with the increased body size of a
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species; the convergealsotruejf SSD is female-biased in a gro(ipensch, 1950). A focusé{,, [ Excluido: is

) { Excluido: , see Araneae sectic
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on this question and group has left other aracbrdérs relatively understudied, in terms of

both SSD oSDin general

The lack of study is unfortunate, as arachnids titoms an interesting group for
learning more about SD, due to their wide rangeofphologies, habitats and life histories.
Indeed, SD is present in numerous forms througtimiarachnids, including the occurrence

of exaggerated weapons (Santos, Ferreira & Buz2@tt3), asymmetry (Proctor, 2003),

/{ Excluido: /or

Acari). The wide range of potential causes andesgions of dimorphism allow the
influence of sexual selection and niche partitignithin the group to be assessed in great

depth.

_ Recent advances make a review of SD in arachmigtiand important. Rigorous
statistical testing has become commonplace inastedecade, with recent papers not only
commenting on sexual differences, but also quangfyheir significance (e.g. Foellmer &
Moya-Larano, 2007; Zatz et a2011; Santos et aR013). Furthermore, high-resolution

imaging has facilitated the study of smaller orgars, and the adoption of geometric

/{ Excluido: (GMM)

number of groups (e.g. humans, Franklin et28l07; reptiles, Kaliontzopoulou et,&007;
spiders Fernandez-Montraveta & Marugan-Lold# 7). Advances in phylogenetic methods
have also made it possible to reconstruct theguesiphic state of sexually dimorphic traits,

and the order of character acquisition in theiretion, thus providing novel data to help

understand the drivers of SD (eHprmiga et al.2000; Baker & Wilkinson2001; Emlen et {Excluido.

al,, 2005), /

In light of these new approaches, here we preserfirst review of SD across

Arachnida. In particular, we have focused on cimlfatlata on the smaller arachnid orders,



for which there is no pre-existing synthesis ofusxdimorphism. We begin by considering
common methodological issues encountered throughewtrachnid SD literature. We move
potential drivers in the evolution of sexually dimpbic arachnid traits. We conclude with
discussion of shared patterns in SD across Araehaitd make suggestions for the direction
of future research. As this review is of generédriest to all researchers interested in the

development of SD and morphology, all arachnid Bipgerms are defined or described as

s

Considerations when studying sexual dimorphism in arachnids

Across the animal kingdom, metrics for quantify®8D differ considerably between groups.
In mammals, SSD is synonymous with dimorphism idybmass €.g.Weckerly, 1998;
Lindenfors et al., 2007). In contrast, in reptiéesl fish SSD is often studied using body
(e.g.Kupfer, 2007), and in birds using wing tarsudength €.9.Székely et al., 2007). Mass
is infrequently reported for arachnids. A primahalitenge when reporting arachnid SSD is
therefore identifying a linear reference charaatieich reliably represents ‘overall’ body size
in both sexes. Body length inclusive of opisthospfomexample, may increase with feeding
and is, to some degree, a measure of hunting sutaes$urther outlined in sectiodganeaé
and'Solifugae below). As a result, total body size in arachnids igoftaken as carapace

Zeh, 1987a)However, carapace metrics can still be confourieother shape variables
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instanceghe presence of unusual gland featuresiales of some spidggertainlymodifies /-
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the shape of the carapgce (Heinemann & Uhl, 209@umber of potentially problematic -

___SDinarachnids is often considered within the ernof allometric scaling and
support, or lack thereof, for Rensch’s rule. Onegiitable reference character has been
identified, advanced statistics can clarify whdoraktry is present, yet the choice of
regression type bears consideration. Type-I (orglifeast squares) regression is
recommended when variation in the dependent varigbhore than three times that of the
independent variable (Legrende, 1998), yet alloimstudies of organismal morphology

the dependent and independent variables are sigaiteresult in an underestimation of the
regression coefficiene(g. Costa-Schmidt & Aradjo, 2008) and potentially hadlemetric -~
growth. Yet in situations when measurement errtovisand measurement repeatability is
very high, this underestimation is found to be fggigle (e.0.Kilmer & Rodriguex, 2017).

Furthermore, whilst many sexually dimorphic traitew positive allometry, sole focus on

allometric scaling should be avoided. Bondurian@g07) found that many such characters

important to avoid framing hypotheses around omg\dé&eygoldt, 2000). For example, when
studying SSD in orb-weaving spiders, the bulk atre research has focused on the benefits
of small body size in males (e.g. Moya-Larafio et28l02; Foellmer & Moya-Laran@007;
Grossi & Canals2015). However, within a broader phylogenetic eghtfemale gigantism is

often considered more important in the developméstize disparity (Hormiga, Scharff &
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[GM1] Comentario: | could not
understand this sentence. Could you ple
re-write it?

Excluido: Furthermore, whilst many
sexually dimorphic traits show positive
allometry, sole focus on allometric scalin
should be avoided. Bonduriansky (2007
found that many such characters - even
those used as weapons in competition -
scale isometrically, or with negative
allometry, across a range of bird, fish an
insect taxa. An emphasis on recording
shape, as well as size, allometry is thus
best way to determine the presence and
drivers of SD.1
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Coddington, 2000). It is thus important to consitier advantages of differing morphologies
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[GM2] Comentario: | think something is
. . . . _~ | missing here. Perhaps this fragment of text
SD challenging. For a recent overview of arachiiglggeny, see Giribet (201}3). v does not belong to this topoic. In my
AN opinion, it should be removed from the

N

. | text. Anyway, please revis
Taxonomy may also be problematic, most notably wtmrsidering male { Excluido: )

polymorphism, as present in a number of arachradps (Clark & Uetz, 1993; Gaud &
Atyeo, 1996; Santos et al., 2013; Buzatto & Mach&tdi4). Assigning multiple male
morphs to the corresponding female is challendimdeed, male polymorphism is likely to
be more common than reported, but remains dueetditficulties of placing differing
morphs into the same species. This may further toatp the study of sexual dimorphism,

particularly if sexes exhibit niche partitioning.

Finally, we note that caution is required due timnsistent application of
terminology within arachnology. Terms suchsatae(referring to a stiff hair or bristle) and
flagellum(a slender ‘whip-like’ appendage or body tagma)used throughout arachnid
literature to refer non-homologous structures.&@mple, the flagellum refers to a
cheliceral appendage in solifuges and to a straaiarthe posterior opisthosoma in
schizomids (Harvey, 2003). Conversely, homologdngtires may be given different
names across arachnids. The segments of the lmgatry different names between groups
despite being homologous, and in the case of Amygliytnomologous pedipalp segments are
assigned differing names depending on author (Wdyg@000). Where ambiguity in
terminology exists, we provide descriptions of begdgments where terminology alone may

not describe position and form.



Aim and survey methodology

A literature survey was conducted in Google Schotang the scientific name of an arachnid
order (for example “Uropygi”) and all common nang&ghip scorpion”, “vinegaroon”) and
derivatives, with AND (the Boolean operator indiogtthat returned results should contain
this and the subsequent term) then “sexual dimsmphiGoogle Scholar was chosen over
other literature databasesd.Web of Sciencer Scopukas the specified search terms may
occur anywhere within the text, as opposed to tmtitle, abstract and keywords. Each
returned paper was examined to determine if itaioetd pertinent information. Particular
effort was made to identify and incorporate studlied quantified sexual dimorphism,

especially those with statistical support. If nidewce of sexual dimorphism was provided,

_ 1 Excluido: id workers

personal paper collections were used to accedsefudbcuments that did not appear in
Google Scholar or citations. A full list of papémsluded, the form of dimorphism illustrated,
and the type of reporting used (qualitative vs.rijitative) is provided in the Supplementary

Material. We highlight here that “sexual dimorphfismfers to the condition in which males

and females differ in their characteristimsyondprimary sexual organg.he morphology of
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Standard figure abbreviations L { Excluido: Abbreviations
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Each section is accompanied witfigure charting general trends of SSD within theesr
Figures follow a standard configuration: body padkured red indicate male-biased SSD,

green indicates a female bias, and purple mixedigex Legs are numbered 1-4, chelicerae



are marked “C” and pedipalps are marked “P”; mdleqr female ) symbols denote SSD
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in overall body sizeOtherspecific abbreviations are defined in figure capsjo L { E(’)‘g';“sfl‘?e Symbols denote SSD in OVQ'?”
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Description and phylogeny

—

Acari, the subclass that contains mites and tiskhie most speciose arachnid group with
around 55,000 reported species (Zhang, 2011),wdthd is thought that this represents only
asmallfraction of a potential 1 million extant speciesgh®r & Proctor, 1999). Acari have
colonised almost all terrestrial and marine envinents and have also adopted modes of life
including herbivory, predation, parasitism and stayy (Vacante, 2015). Morphologically,

Acari are distinct from the rest of the arachnlid®tigh their tagmosis, and the presence of a

/{ Excluido: - ]
gnathosomaa structure formed by the chelicerae, pedipalpd,raouth, which forma o
functional unit separated from the rest of the blogy region of flexible cuticle. There are
two major clades within Acari, the Parasitifomresl ahe Acariformes. They are
differentiated morphologically by the stigmata agements; in Parasitiformes there are 1-4
dorsolateral or ventrolateral stigmata behind thvacof leg Il, which are absent in
Acariformes (Vacante, 2015).
/{ Excluido: ; J
There is debate about monophyly of Acarigmultiple recent analyses have
/{ Excluido: paraphyletic ]
suggested that the two major clades are split ngakoaripolyphyletic For example,

Garwood et al.’s (2017) morphological phylogenycgw Parasitiformes as the sister group to
/{ Excluido: ; J
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these results (Pepato, da Rocha & Dunlop, 2010)xeder, other molecular studies place -~

Acariformes as the sister group to pseudoscorpiwitls,this clade being the sister group to

all other arachnids including Parasitiformes (Steahal., 2014). Earlier morphological



phylogenies have also placed Acari as a sistempgroRicinulei (Lindquist, 1984; Shultz,
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/{ Excluido: Dimorphism

Sexual dimorphism and potential drivers .| Excluido: Potential
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The majority of literature concerning the SD in Adacuses on the major acariform group

. { Excluido:

mites has also been explored (Proctor, 2003). Withbatida, secondary sexual characters

are generally considered rare (Behan-Pelletier &a&a2010). SSD in overall body length is

/{ Excluido: see

female often overlap in size (Behan-Pelletier & Ean2010). The most commonly SD is

found in the dermal gland system (Behan-Pelletiéagner, 201Q)with markedly different

/{ Excluido: and

arrangements of the dermal porose areas reportegédre sexes (Nortq Alberti, 1997, [ Excluido: .
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Alberti, 1997) and male dermal glands can be aasettiwith integumental structures on the

carapace such as raised tubercles (Behan-PeBekamer, 2010).

Body shape dimorphism is reported in some miteispetCryptoribatula euaensis,
the female carapace takes the semicircular formedypf the family Oripodidae, whereas the
male carapace is pear shaped (Behan-Pelletier E&010). The arrangements of plates

comprising the exoskeleton cafsodiffer between sexes in Oribatida, as can the oenae

/{ Excluido: ,

and Eamer, 2015b). In extreme caghke idostoma, the body segment that attachesto th
legs, can even be bifurcated (Proctor, 2003). Wersg groups of feather mites, body shape is
non-symmetrical across the sagittal plane in m@estor, 2003; Proctor & Knee, 2018). In

those taxa characterised by male polymorphism (gvhreles occur in multiple morphotypes,



often reflecting different mating strategies; &kgdwan 1993; Ra’Anan & Sagil985;

{ Excluido:
Tsubakj 2003), males can be both symmetrical and asymeaé(iProctor, 2003). .
The evidence for SSD in leg length is limited, apgears to favour males. In two
species oAmeronothrusleg length exceeds body width in males, whilstdpposite is true
/{ Excluido: ,

Male-bias SSD in the third leg length has also lEmumented (Gaud & Atyed996).
Furthermore, male legs are often modified with dles, lobes, leg clamps, adanal discs, or
pincers (Proctor, 2003). Setal arrangement alsevaetween sexes, with male orbatids
having modified setae on the legs that are absdietiales (Behan-Pelletier & Eamer, 2010;
Behan-Pelletier, 2015b). Within the gnathosomagrpadipalps are enlarged relative to

female conspecifics. In some species of Astignratdes also have pedipalp branches unseen

. { Excluido:

se

(Proctor, 2003). Chelicerae are also enlargediimesmale feather mite species (Proctor,

p { Excluido

:also
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and

spermatophore (Behan-PellejgiEamer, 2015b). This suggest the influence of sexual -~

selection acting through a form of sexual coercion.

. { Excluido:

.____Potential drivers for dimorphism in Acari are difiit to determine given the relative -

lack of information on life history. A correlation betwebabitat and SD has been discussed

in Oribatida, as the majority of sexually dimorpbkfecies occur in non-soil environments

/{ Excluido: with
(Behan-Pelletier & Eamer, 2010), despite Acari ahale being more speciosetiesoil -
(Behan-Pelletier & Eamer, 2010). Likewise, SD ia tlandular system has been linked to
habitat, as sex pheromones emitted from dermatiglare potentially more important for
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of Kiwi bird (Aves: Apterygiformes) mites has alseen attributed to their environment, with

males living in feathers and females living in ciaus pores, being one of the few

unequivocal examples of niche partitioning betwsgecies in arachnids (Gaud & Atyeo,

/{ Excluido: }
19%6), s
Mating has been hypothesised to play a role irethloration of the third legs of
male feather mites. The lobes, flanges and set&leedlegs potentially help males to align
with the female spermaduct opening (Gaud & Aty&Y9), and sexual selection could drive
the development of tike modifications. Elsewhere, heteromorphic ‘fighterales of
/{ Excluido: other ]

-

monopolise females. In contrast, non-fighter maldsch do not kill off rival malesare
more successful in larger colonies under laboratonditions (Radwan, 1993); factors such
as population density may therefore influence ngaltiehaviour and thus sexual- and male-

dimorphic morphology.

_ Research into SD among mites and ticks has thusefam limited in taxonomic scope.
Advances in high-resolution 3D imaging could askisiire research into SD in smaller
mites. We believe mites present an interestingystuganism for interrogating the interplay
between morphology and mating strategies. For el@mpany oribatid mites can and do
reproduce via parthenogenesis (Behan-Pelletier&eta2010); the extent to which species

that reproduce in this manner exhibit SD is asupdgnown.
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Description and phylogeny 7

Amblypygi, or whip spiders, are an arachnid ordenprising ca. 220 species (McArthur et

al., 2018). Amblypygids live in tropical regionseferring rainforests and caves, and are



obligate predators (Weygoldt, 2003). Members ofdider have a distinct morphology, their
most recognisable trait being raptorial pedipakreeding twice the individual’s body length

in some taxa (Weygoldt, 2000). Amblypygids alsogess antenniform first legs known

/{ Excluido: are adorned with

chemoreception (Igelmund, 1987). Amblypygi alskladerminal flagellumwhich

differentiates them frorthe other two orders that comprise the cl@HelyphonidaUropyaqi

/{ Excluido: (whip scorpions

Aandschizomidgfollowing the International Society of Arachnology). Recewtrphological [ Excluido:

schizomids
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and molecular phylogenies consistently place amigigs in a clade with thelyphonids
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(Shultz, 2007; Garwood & Dunlop, 2014; Sharma gt2f114; Garwood et al., 2017). Excluido:

and consider Thelyphonida a
clade comprising the orders Uropygi an
Schizomida; Weygoldt 2000
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Amblypygi (McArthur et al, 2018), potentially relating an increased capdcityegg
production at larger body sizes (Armas, 2005) guhdity selection. Male-biased SSD in

pedipalps is widespread across the group, buttred bf dimorphism varies greatly between
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tibia length scales similarly in males and femaess early instars. However, after the

fourth nymphal stage, the pedipalpibia displays greater positive allometry relative
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marginemaculatuandHeterophrynus batesfMcArthur et al., 2018)Male-bias SSD in [ Excluido: ;

- { Excluido: male
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Seiter et a.2015). Pedipalgp spines may also be sexually dimorphic in Amblypypth

male and female adutuphrynichus bacillifepossess spines transformed into rounded
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apophyses, yet these are both Igrger and carry ghamdular pores in maleBhrynichus [ Excluido: ,
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(Weygoldt, 2000). The function of the apophyses it associated glandular pores {Excluido: the
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remains unclear (Weygoldt, 2000). SD in the nundfgredipal@l spines has also been {Excmido-

_ Recent work has suggested that territorial commi@sid be a driving force behind
pedipalp SSDn amblypygids Field observations d?hrynus longipefave found that the
majority of territorial contests (82.8% in triaksje decided purely via display (Chapin &
Reed-Guy, 2017). In these trials, the winner wasgs the individual with the longest
pedipal@l femur length, creating a selective pressure fogés pedipalps. However,
investment in pedipalps is a high-risk strategyinabose interactions that escalate to contest
and cannibalism, the winner is best predicted ytgize (Chapin & Reed-Guy, 2017). A
recent study has also reported that the level &f &3oss amblypygid species decreases with

distance from the equator (McArthur et al., 20I8)is may indicate climatic controls on
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The antenniform first pair of legs has also beeseoled to be dimorphic in a number
of species across the group, and statistically aestnated inP. marginemaculatusndH.

batesii(McArthur et al., 2018)Male-male confrontation follows a common patterroas
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antenniform legs, before unfolding their pedipatpsning face on and charging (Weygoldt,
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(Weygoldt, 2000). Whip legs are also thought toehelvemoreceptive functions (Weygoldt,
2000) that could hypothetically aid in mate seaadthough no link has yet been draw

between whips and the ability to locate potentiates. It would therefore appear that SSD in



whip length is driven by sexual selection thoughamantest and potentially female mate

choicevia pre-copulatory courtship

Body segments can also show dimorphism, althouigtrére in the group (Weygoldt,

2000). Shape dimorphism can be observed.ijibaossiyiwith the male having wider

carapace relative to length than females (Vascoggalal., 2014). McArthur et.gP018

also reported widespread female biased dimorphmstaiapace width, although it was being
considered a proxy for overall body size Damon mediuandD. variegatus females
possess a pleural fold along the ventrolateralprstierior opisthosomal margins; in

the underside of the opisthosoma, feraalesome species in the famBhrynichidae possess

an area of red-gold hair around the posterior masfthe genital opening that is otherwise

absent in males (Weygoldt, 2000).

SD inamblypygidsis understudied relative to the larger arachnicemdSeveral

publications report little or no dimorphism withépecies (e.g. Rahmadi et, &010;

Giupponi & Kury. 2013). By necessity, these rely on small samglessiamblypygids are
seldom seen ifarge numbers ithe wild and are thus difficult to collect (Weygtl@000).

As a result, quantitative tests are either notiptessor low in statistical power. Furthermore,
subtle sexual character dimorphism (e.qg. differsricg@edipalpl dentition) are easily
overlooked in studies that rely on linear metriesture work will benefit from revisiting

existing amblypygid collections, and utilising adeas in imaging and 3D morphometrics.
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Araneae

Description and phylogeny s

Araneae — or spiders — are the archetypal araclnil the order comprises over 47,500
species (World Spider Catalogue, 2018). Spider$oargd in almost all terrestrial habitats.
They are always predatory and possess weaponarthabsent in other arachnids, such as
the ability to administer venom via the cheliceragd the ability to spin silk using
opisthosomal spinnerets. Araneae are memberslafla containing Amblypygi and

Uropygi; their sister group is thought to be eitAenblypygi (Wheeler & Hayashi, 1998) or
Pedipalpi as a whole (a clade comprising AmblypYyppygi and Schizomida; Shultz, 2007,

Sharma et al., 2014; Garwood et al., 2017).

Sexual dimorphism and potential drivers e

L _______c

Spiders are typically characterised by female-ic&8D, with females outweighing male

web-building spiders, female body length frequepttgeeds that of males.(.Head, 1995;
Vollrath, 1998), and can be twice that of males (Hormiga, Scharff & Coddington, 2000).
Extreme female-biased SSD is particularly prevaietiie families Thomisidae and
Araneidae (Hormiga, Scharff & Coddington, 2000)eTulk of research concerning SD in
spiders has concentrated on the prevalence of éehias SSD and the potential driving
factors underlying such extremes in total body.sTt® so-called ‘giant females vs. dwarf
males’ controversy (Coddington, Hormiga & Schatf97) has been discussed in detail
elsewhere (see Moya-Larano et al., 2002; Foellmbta§a-Larang2007), and is not
covered further in the present review. Likewise, degree to which total body size SSD in

Araneae is consistent with the predictions of Rbissaile has been the subject of
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considerable study. The current consensus appehesthat SSD actually increases with
body size in spiders characterised by female-b&3 @\bouheif & Fairbairn, 1997; Prenter
et al., 1999) counter to Rensch’s rule, with malé Bemale body size showing relatively
uncorrelated evolution (Foellmar & Moya-Larafio, ZRGFurthermore, interesting exceptions
to female-biased SSD do exist; for example, theatiqspiderArgyroneta aquaticalisplays
male-bias SSD in total body length (Schitz & Takgr2003).Linyphia triangularisalso

subverts the general trend with males having wigphalothoraxes than females (Lang,

L

2001), and malef thewolf spidefAllocosa brasiliensjare larger than femalesin =~ {[ Eiz:ﬂ:jz (s
cephalothorax length (Aisenberg et al., 2Q07). N E Eiz:z:jz)
__ltshould be noted that the above studies conbidey size SSD within the context of
body length (e.g. Head 995; Elgar1991). Body length is subject to change based on
hunting success, resulting in potential overesimnadf female body size in particular, as
they tend to feed more over their life span (Ledr&Morse, 2000). Carapace width is
unaffected, however, and remains roughly constéthirwan instar stage (Legrand & Morse,
2000), and may therefore become the preferred eriatfuture studies of SSD in spiders. {
_{ Excluido: 1

/{ Excluido: GMM

protruding than that of the female relative to allesize (Ferndndez-Montraveta & Marugan-

/{ Excluido: Fernandez-Montraveta &
Lobén, 2017)The authorslso report differences in the relative sizeshefpirosoma and -~ (Marugar-Lobon (2017
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fecundity advantage by stowing more eggs, with mshadies finding strong correlation
between female carapace size and clutch sizeRekar, 2011; Legrande & Morse, 2000).

Statistically significant SSD in carapace width &ight is also present in the linyphiid

/{ Formatado: Fonte: N&o Negrito

-

Oedothorax gibbosugieinemann & Uhl, 2000)This results from a large gland located -



within the male cephalothorax that supplies a mligécretion to females during courtship
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morph that lackthe gland have a smaller carapace. This likelicatds a divergence in male” {

|

SD in the pedipalps of spiders must be consideitdaaution. Within Araneae, the
male pedipalp is principally adapted to transfersmtophores to the female reproductive
tract. As such, they effectively function as gdiataand sex-based differences are examples

of ‘primary’ sexual dimorphism. Unlike other aradthigroups, secondary SD in the

/{ Excluido: taxa

pedipalps is rare in spiders. However, males ofesbarrowing wolf spidex, namely 7
/{ Excluido: (
Allocosa alticepsndA. brasiliensis possess palpal spines that are absgmirispecific " [ Excluido: Allocosa

: N { Excluido: )

females (Aisenberg et al., 2010). Contrary to otherowing wolf spider taxa, males of these { Excluido: the corresponding cursorial

)
)
)
)
]

two species burrow while females engage in active sedech, and modifications to male

pedipalps are thought to improve burrowing perfaroga(Aisenberg et al., 2010).

__ Male-bias SSD in leg length relative to total bailze is commonly observed in
Araneae (Foellmer & Moya-Larano, 2007). Hypothesests adaptive significance fall into
two broad categories: locomotion and display. lasegl leg length has been linked to a
theoretical increase in climbing and bridging spé&mssi & Canals, 2015), whilst other
authors have argued for the role of sexual canisiinah imposing a selective pressure

towards longer legs to aid in escape (Elgar el800). Male-bias SSD in leg length has also

/{ Excluido: where

mate searching possess longer legs relative te thioemales (Framenau, 2005).
Interestingly, in wolf spider taxa in which femakedively search for mates, female-biased

SSD in leg length becomes common, though exampléssoreverse in SSD bias are thought

{ Excluido:

s
s



In contrast, the legs of male salticids (jumpingieps) are commonly elongated and
ornamented with setae for the purpose of displagleNdeacock spiders possess elongated

third legs relative to females, which are used iittelised courtship dance, often tipped with

/{ Excluido: the species

lengthening of the first legs, which are adornethwidges of setae on the tibia unlike those
of the female; again for use in display (Peckhamekham, 1889). Elongation of the
forelegs in male wolf spiders has likewise beeatesl to courtship (Kronestedt, 1990),
supported by the presence of heavily pigmentediésien the mal&chizocosa ocreata
(Scheffer et al., 1996). This species displaysrtning’ behaviour, where males beat their

legs against the ground in order to attract prasgemates. In situations where the substrate

/{ Excluido: said

evidence they also play a visual role in courtshgplays (Scheffer et al., 1996). Intersexual
contest could also drive dimorphism in the legsahe species. Fighting behaviour using the
legs as weaponry has been observed between malesgenerdodisimusand
Blechrosceliswith males typically using their legs to pushiagathe opponent (Eberhard &

Briceno, 1985).

Spider chelicerae are also characterised by S&uagh the direction of dimorphism

_ 1 [GM3] Comentario: Please spell the
P genusZodariorf?

chelicerae exhibit positive allometric growth im¢gh relative to carapace length, with the
resultant enlarged chelicerae in adult males thbtegbe involved in courtship display
(Faber, 1983). Taxa in which males present nupiftd to prospective mates are also

characterised by male-bias SSD in absolute chalisére, although the structures do scale

/{ Excluido: de

have been reported to be statistically larger thates (Walker & Rypstra, 2002). Increased

/{ Excluido: and
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growth of male chelicerae (Funke & Huber, 2005).

p { Excluido:

,,,,, Alternatively, SSD irMyrmarachne palataleoideshelicerae has been attributed to_ -

differing forms of prey capture between males amddles, in which the relatively longer

chelicerae of males are used to spear and dispaggtin the absence of venom, which

/{ Excluido: |

chelicerae haglsobeen correlated to dietary differences betweersdites, in turn relating to

their respective reproductive roles. Females aosvkrto catch significantly more prey items,

-
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and show statistically significant female-biaseshaiiphism in cheliceral paturon length, -

width and fang width (Walker & Rypstra, 2002). letevidence of habitat niche divergence

between sexes exists, indicating female-biasediB$belicerae was likely a response to

/{ Excluido: and

Female-biased SSD in chelicerae in the ant-eapiitesZodarion jozefienaalsoappears to

be related to trophic niche partitioning. Due te thcreased energetic demands of fecundity,

/{ Excluido:

females prey on larger morphsiéssor barbarousnts than males (Pekar et al., 2011). .~

__ Sexual body character dimorphism in ornamentapatterning and colouration are
also common across Araneae. Female orb-weavingrspigive a highly ornamented
carapace comprising spines and bright colours,waie otherwise lacking in males
(Peckham & Peckham, 1889). In the spiny orb-weaugieigeraMicrathenaand Chaetacis
elongate abdominal spines have evolved independienitmales on eight separate

occasions, and may exist as anti-predator struxforeghe usually larger and thus more

/{ Excluido: Magalhaes

characterised by increased colouration. Méddronattus decorydor example, possess a



purple opisthosoma and brighter colours on the degsprosoma than their black and white
female counterparts do (Peckham & Peckham, 1889)hé&r SD is visible when some taxa
are viewed under ultraviolet (UV) light. For exampbnly male&Cosmophasis umbratica
have body parts that reflect UV light (Lim & Li, @6). Salticids are capable of detecting
light well within the UV spectrum (Peaslee & Wilsd®89), and femal€. umbratica

exhibit a preference for UV-reflecting mates asagmul to those with UV-reflecting
capabilities masked (Bulbert et al., 2015). Sugeaech highlights the importance of
considering other potential modalities for dimogphithat are less obvious to the human

observer (Huber, 2005).
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In Theraphosidaecommonly known ggarantulgs, SD occurs in both the size and - [ Excluido: )

o, . . . . . . _ 1 Excluido: (
composition of urticating setae/hich arehairs expelled when the spider is threatened, - {
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setae have been reported in males compared todsmBhumerous species, and statistically
significant differences identified iAvicularia avicularia(Bertani & Guadanucci, 2013).

Setae composition is also sexually dimorphic, vigthales of three different genera

/{ Excluido: (

/{ Excluido: ;

Type-lll setae, the latter being a longer seta tesedard off vertebrates. Differences in setal

composition may relate to the males’ requiremersetarch for mates, placing them at greater

{ Excluido:

s
s

Spiders are by far the most-studied arachnid drdiarms of SD, and particularly
SSD. Research in this group has benefitted fromnaber of novel approaches, including

advanced imaging technigues (e.g. studies in UMgg¥ity and histological sectioning),

_ 4 Excluido: Additionally, sample sizes are
kinematics and biomechanical testing. The appbeatif such techniques to other arachnid -~ | often far in excess of those generated o

************************************** nor-Araneae arachnid




orders may prove useful in future reseavstiditionally, sample sizes are often far in excess

of those generated on non-Araneae arachnids.

Palpigradi

/{ Excluido: Phylogeny

s

Description and phylogeny

—

Palpigradi, or micro-whip scorpions, are one ofl#est studied arachnid orders (see

,{ Excluido: (Harvey, 2002. They

caves across the tropics (Condé, 1996rvey, 200 Diagnostic features include a long,

segmented terminal flagellum coupled with tri-segtad chelicerae (Harvey, 2003)

,{ Excluido: ,

Moreover, all species are very smailhd, typically average 1-1.5 mm in total length (Ax - [ Excluido: they

_ - Excluido: h
2000).The ordeiPalpigradjasbeen placed in Tetrapulmonata with Amblypygi, Amme } e

o

to different groups, includinécariformes (Van der Hammen, 1989; Regier et 81,03,

solifuges (Giribet et al., 2002) or the rest of &raida (Shultz, 2007). The most recent
studies have placed Palpigradi as the sister g®arasitiformes (Sharma et al., 2014) or to

the remaining arachnids (Garwood & Dunlop, 2014rv@@d et al., 2017).
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L _______c
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expression of SD occurs predominantly in setalngeanents. Ificukoenenia chilanganales

have more setae on the opisthosomal sternitegaeterotized plates making up

/{ Excluido: ,

also differs on other opistosomal segments, witkefBamirabilispossessing 31 setae on



sternite VI compared to six or seven in the fenf@endé, 1991). Setae are generally thicker

| Excluido: )
__ Dimorphism in the palpigrade glandular systems ledse been observed.
lawrencej females possess three large glandular massesrttatde under segment VIl
compared to two glands in the males (Condé, 19918.extra glands in females may play a
role in reproduction (Condé, 1991), though thisas elaborated on. The degree to which the
above differences are statistically significant agms untested, however, and previous studies

are limited by small sample sizes.

Further work is needed for the patterns and drigéRD in Palpigradi to be
understood. As far as we are aware, the matingshabPalpigradi have never been reported,

and relatively little is known of their ecology ahdhaviour. An improved understatinfthe

/{ Excluido: , in particular, ]

mating and courtshipehaviorawill prove important for identifying the potentidtivers of -~

/{ Excluido: ~-~Quebra de segdo (contl’nua).-»-.-}
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Description and phylogeny 7

Pseudoscorpions, occasionally referred to as bomp®ons (or sometimes false scorpions),
are represented by over 3300 species (Garcia @04l6). Members of the order are found in
a wide range of terrestrial environments, typicallyhe tropics and subtropics, although
occasionally as far north as arctic Canada (Muckn®90). Pseudoscorpions appear
superficially similar to scorpions, possessing pafiil claws and a segmented opisthosoma,
although they lack the tail and telson seen in sag¥pions. They also differ from scorpions
in size; the largest pseudoscorpion reacimég 12 mm in total body length (Beier, 1961) yet

most measure approximatelyrm (Schembri & Baldacchino, 2011). Some morpholalgic



studies place pseudoscorpions as the sister goosgotpions (Pepato, da Rocha & Dunlop,
2010; Garwood & Dunlop, 2014; Garwood et al., 2047 others to solifuges (Legg, Sutton,
& Edgecombe, 2013; Giribet et al., 2002; ShultZ)20Molecular studies, in contrast, have

placed them as the sister group to acriform miafma et al., 2014).

/{ Excluido: Dimorphism
Sexual dimorphism and potential drivers L~ { Excluido: Potentia
o [ Excluido: Drivers
Overall body size dimorphism is well documentegiseudoscorpigngn Cheiridioidea, & - - { Excluido: groug
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large superfamilgontainingthe well-studiedChernetidae (Murienne et al., 2008), males are \ { Excluido:

in

o U

U ) U U (N

o [ Excluido: group
consistently smaller than females, measured byeamlength (Zeh, 19874d) fact, Zeh
(1987a) notes that male-biased SSD is rare in @tidae, finding just eight species that {E o tested
XClUuldo: teste:
exhibit reverse SSD in the 45 that wetedied(Zeh, 19872). s
Sexual size dimorphism in pseudoscorpion pedipalpsesent in a number of
,{ Excluido: the
species. Males in the family Chernetidae typichHye larger pedipafp claws thap females .-
/{ Excluido: see
(Figure 6; Zeh 1987a,b). This is highly variablevever: male claw silhouette area ranges. - - [ Excluido:
. . . . P { Excluido: see
from 60-150% of that in females (Figure 7; Zeh,@R&urthermore, the direction and extent
/{ Excluido: ,
of dimorphism can vary significantly within a genitss not uncommaqn to find both strong -
/{ Excluido: see
male-biased and female-biased SSD in claw sizémitlyenus, (Figure; Zeh, 1987b). - { Excluido: ,
Regression analysis also reveals that the SSD lia cfeavs seems to increase relative to
female body size (Zeh, 1986). However, we notettiiattrend is not normalised to body
/{ Excluido: ; therefore
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Several pseudoscorpion groups engage in ‘pairangtualised dance in which the
male grasps the female’s pedipalplaws before depositing a spermatophore (Weygoldt,

1966). Zeh (1987a) has suggested pairing may bajar rontrol on dimorphism, particularly



in pedipal@l claws. Furthermore, male-male aggression has t@eelated t&SD in

/{ Excluido: SSD ]
pedipalg Male pseudoscorpions often figkdchother using the pedipalpclaws [ Excluido: one ]

(Weygoldt, 1966; Thomas & Zeh, 1984), and experitalenork suggests chela size, not
body length, is a good predictor of the victor urcls contests. Notably, it has also been
reported that males with larger chelae produce speematophores than those with smaller

chelae, suggesting they may have greater matingesa¢Zeh, 1986). A weak but significant

/{ Excluido: observed ]
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SD in pseudoscorpions is therefore well documergéaties have included extensive
statistical testing on morphometric characteristéesl the selective pressures driving SD are
comparatively well understood. SSD has been péatiguvell described in Chernetidae, yet
substantially less is known of other pseudoscorfaamilies. This is where significant gaps in

the current body of knowledge lie.

Opiliones

/{ Excluido: Phylogeny ]
Description and phylogeny 7
Opiliones, commonly known as harvestnerdaddy long-legsare the third largest arachnid

/{ Excluido: in J

the tropics, though their range stretches intchib-latitudes (Pinto-da-Rocha/lachado &

/{ Excluido: et al. ]

p { Excluido: sensors for detecting vibration}s

Synapomorphies of the group include the positiothefgonopore, the presence of a penis or

spermatopositor for direct copulation, and the gmes of repugnatorial glands (Pinto-da-

/{ Excluido: , Machado & Giribet ]




the sister group to a clade comprising pseudosmospand scorpions (Shultz, 2007; Pepato,

Excluido: trees ]

/{ Excluido: (Sharma et al., 2014) ]

Ricinulei and Xiphosuga, although the authors nbé&impact of long branch attraction

(Sharma et al., 2014).
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Conversely, in Cranaidae and Oncopodidae the ceedpanuch larger in males than females %EXC'“"‘O (
Excluido: )

(Pinto-da-Rocha et al., 2007). Hence, whilst diatibtesting is limited within the Opiliones,

this qualitative work suggests the direction of S8ight be variable across the group.

Modification of the tergites, sclerotized uppertgats of arthropod segments, is
observed in a number of species. In Pettalidagitésraround the anal region in males

possess grooves and ridges that are absent indgnimalextreme cases tergites in this region
/{ Excluido: o ]




between sexes, as does body patternation (PinRedha et al., 2007; Taylor, 2004). The

drivers behind this type of dimorphism are unclear.

SD and SSD in specific appendages is more straugiported within Opiliones. In

/{ Excluido: (Gonyleptidae)
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(Figure 8, Zatz, 2010). Leg length is also bimddahales of this speciesiales of the .
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males appear more like femalg¢gatz et al., 2011). Such male dimorphism has been { Excluido: (
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contess betweermales of thémajor’ morph. ‘Minor’ males, in contrast, avoid mi@ss and { Excluido: ;
~ { Excluido: of L. concolor
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employ a tactic of ‘sneaking’ into harems in orttesteal copulation&atz et al., 2011) ] { Excluido: s (Zatz et al., 2011)
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: N { Excluido: with the females
Excluido: (Buzatto & Machado, 2008;
Munguia-Steyer et al., 2012; Muniz &
males, but not in females. All are involved in malale contest These include apophyses Machado, 2015)
/{ Excluido: trochantae ]

Willemart et al. (2009) identify five charactersNin maximughat show positive allometry in

-

leg, all of which are involved with a phase of fiigly termed ‘nipping’ (Willemart et al.,
2009). The apophyses take a much simpler formnrafes (Willemart et al., 2009). The

curvature and diameter of the males’ fourth fensualso characterised by positive allometry,

potentially creating an advantage in the ‘pushpitase of contesin which males use their {E i ]
XCluiao:

/{ Excluido: (Buzatto & Machado, 2008; }
proximur In this species, magef the'major’ morph use the second leg to tap opponemts i [ Buzatto etal., 2011) ]
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a ritualised territorial contest (Buzatto & Macha@008 Buzatto et al., 200)1with the

winner of such contests either holding, or takingrahe contested territory and
hypothetically increasing their resource holdinggodial. Yet field observation, coupled with

statistical testing, has revealed no significaffedgnce in second leg length or body size



between the winners and losers of territorial catstéBuzatto & Machado, 2008). Males with
longer second legs do control larger harems, horvéwut do not hold preferential territories

(Buzatto & Machado, 2008).

__ Chemical communication has also been correlatséxdan Opiliones. Tegumental
gland openings located on the tarsus of the fostth and occasionally third leg, or the
femur of leg one, are present in males but not fesn@Villemart et al., 2010; Proud &
Felgenhauer, 2013; da Silva Fernandes & Willen2&14). Males rub the glandular pores on
surfaces, and control the flow of pheromones egdréda Silva Fernandes & Willemart,
2014; Murayama & Willemart, 2015). Meanwhile, femBicranopalpus ramosugossess

greater numbers of sensory structures (campaniémahfalciform setae) on their tarsi

/{ Excluido: ;

detect chemical cues left by males. Males do hompessess sensilla chaetica, which are

also thought to have a chemoreceptive function &picer, 1987; Kauri, 1989; Willemart et

al., 2009), suggesting that chemical secretions a&yplay a role in warding off rival males {Excluido.

__ Male-bias SSD is also statistically supported mpledipalpl length ofPhalangium
opilio, and SD is observed through mechanoreceptorsifiéengolely on the male
appendage (Willemart et al., 2006). Males of thiscées fight by pushing against each other
and rapidly tapping their pedipalps against theooygmt. Pedipalp SSD is thought to
determine the strength and frequency of taps (Widle: et al., 2006). The appendages are
also used to hold the legs of females during cdjmulasuggesting maleedpalps have
adaptations for multiple functions (Willemart et, &006). Likewise, male-bias SSD is
reported in the length of the chelicerae in someilfes (e.g.Metasarcidae, Cranaidae and
Oncopodidae; Pinto-da-Rocha et al. 2007 P Iopilio, male chelicerae also have a horn-like

projection protruding upwards in a dorsal directicm the second cheliceral segment



(Willemart et al., 2006). During contestmales align their chelicerae and push against one

/{ Excluido: see
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multiple functions (Willemart et al., 2006). In sjies characterised by extreme male
polymorphism such ag?antopsalis cheliferoidesexual dimorphism is also reported in
chelicerae length, with the smallest male morplicalfy possessing reduced chelicerae

relative to the female (Painting et al., 2015).

It is clear that male-male contests and differireging strategies are a key control on
SD in harvestmen, yet recent work has suggestedra fundamental control on whether

males aim to hold territory or favour scramble cetitppn, and thus the potential level of

/{ Excluido: Opilionid

months experiencing favourable climatic conditiguesiticularly temperature (Machado et
al., 2016). In climates that consistently expergemonthly mean temperatures of ovécs

along with the requisite amount of precipitatidme breeding season is long and males
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usuallyholdreproductive territoriedn cooler climates the breeding season is muohtehy -~ [ Excluido: territory
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exaggerated contest structures characterised l®tmeded SSD are therefore typically only

seen in warmer climates (Machado et al., 2016).

It should also be noted that SD and male dimorplifien co-occurs in harvestmen,

having been attributed to similar selective presswffset by intralocus sexual and tactical
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conflict (Buzatto & Machadp2014 and references therejn). Several studies have e 1 Excluido: ,
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differentiated betweea‘major’ male morph with exaggerated traits and nitemale-like’ E Exclnido: o

‘minor’ morph. Whilst such studies do not strictiyantify sexual dimorphism, information -~ | Exctido:s
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__Inconclusion, a male bias in the size of legs|iceme and other structures that
appear to be related to intrasexual selection atkswpported in Opiliones. The common
direction of SSD in total body size remains uncléamever, due to ambiguous data with
poor statistical support, though it is possibld thaaries across the order. Given the large

number of studies pointing towards male-male carggs primary driver in SD in

/{ Excluido: might

-

biased in the direction of males (e.g. Smuts & Sif93). However, though contest is
clearly a driver for the exaggerated morphologfesnajor’ males, comparatively little work

appears to have been dedicated to how ‘minor’ malesre contest is not a factor, differ
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should also be a priority A potentially suitablexy may be the width of the cephalothorax,
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reliably identify in some groups (G. Machagers. comr‘r).[

Ricinulei
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Description and phylogeny v

Ricinulei, or hooded tick spiders, are the leastcgpse arachnid order comprising only 58
described species (Prendini, 2011). Ricinulei appeahabit damp tropical environments
such as wet leaf litter and caves (e.g. Gert$8iil; Cokendolpher & Enrique2004; Cooke
1967; Tourinho & Azeved®007). Features of the group include a lockingeitietween the
prosoma and opisthosoma, and, uniquely, a hood#matover the mouthparts. No

consensus exists on the placement of Ricinuleichvianges between studies from being the



sister group to a clade including Acari and sokfsiGarwood et al., 2017), or a clade with
Acari (Shultz, 2007; Pepato, da Rocha & Dunlop,®@#a a sister group to Xiphosura

(Sharma et al., 2014).
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Excluido: Ricinulei

There is little evidence of SSD in overall bodyesiz Ricinulej although males of - A
777777777777777777777777777777777777 T { Excluido: specimen

Pseudocellus pachysorhave, been found to possess a shorter and morelgtethearapace _ - - | Excluido: also
) { Excluido:

o U L

females than it is long, whilst the opposite i®tim males (Cooke, 1967). Dimorphism is
present in the third leg across the group, wherepallatory organ is present in males (Legg,
1976). The organ derives from modified metataradltarsal podomeres (Pittard & Mitchell,
1972). Of particular note is the close corresponddretween the margins of the male
metatarsal dorsum and a flange on the female’olae (Legg, 1976), which become
attached during mating (Legg, 1977). It is possib& the seemingly co-evolving leg
structures could be an example of the ‘lock and kggothesis (Masley, 2012). Adaptations
related to copulation in males are thought to kertamically informative in the group

(Tuxen, 1974), but whether these structures canttito reproductive isolation is yet to be

/{ Excluido: and ]
tested. Cooké._Shadab (1973) report that the shape of the abddstfeites and the

number of tubercles can also show significant SIbdo not expand on these statements. —
/{ [GM8] Comentario: Are they sexually }

dimorphic? It is not clear.
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Male-biagd SSD has also been documented in the legs of Réci¢itigure 10). L7

/{ [GM 9] Comentario: Please spell the }
Based on a small sample size, Legg (1976) founithallegs olBL hanseninalesto be longer - genusRicinoider?

"~ 7 Excluido: male
than those of females relative to body lengthhmgecond leg, male femoral diameter can be

twice that of conspecific females, and the pat&flmales is also longer and more curved



/{ Excluido: and

conical spur with a coarse granulated texture ®miter surface (Teruel & Schramm, 2014).
This pattern has been correlated to the compleinmaehaviour of Ricinulei, during which

males may climb on top of females (Cooke, 1967d,4976) and engage in an extended

/{ Excluido: caress

(Cooke, 1967; Legg, 1977). This may indicate teatdle mate choice drives the elongation {Excmido-

of male legs.

The retractable ‘hood’ (cucullus) covering the nipatrtsand chelicerae also differs

/{ Excluido: (Pittard, 1970)

more reflexed at its edgéBittard, 1970)The cucullus is hypothesised to play a role in
mating, the male cucullus acting as a wedge to telpck the ridge between the prosoma
and opisthosoma in females, whiistinoides afzeliemales use the cucullus to stabilise eggs
during transport (Pittard, 1970). This suggests fdraale mate choice and differing
reproductive roles may drive cucullus dimorphismeTucullus also has non-reproductive

functions, aiding in capturing prey and holdingdauring consumption (Pittard, 1970), and

. { Excluido:

-

has also been reported, but the driver of this damism is unclear (Legg, 1976)

To date, most documented instances of SD in Rieirare qualitative, and little
morphometric data exists to provide statisticalpgupof these conclusions. Future studies
would benefit from revisiting previously describeallections (e.g. Cooke & Shadal973)
and applying morphometric analyses, allowing theuoence/extent of SD to be more

rigorously quantified.




Schizomida
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Description and phylogeny s

Schizomida, or short-tailed whip scorpions, congjisst over 230 described species

/{ Excluido: Schizomide

(Reddell & Cokendolpher, 1993Ylost species in the ordare primarily tropical in 7

distribution and tend to be found away from briligitt, with some species being troglodytes

(Humphreys, Adams & Vine, 1989). Schizomids haverbiund in desert environments

/{ Excluido: and

-
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whip scorpions, except their prosoma, which isd#d into two regions (Barnes, 198ahd

/{ Excluido: s

thelack of eyes. Due to these morphological similariteshizomidsare almost universally - [ Excluido: Schizomide

thought to be the sister group of Uropygi (Giribeal., 2002; Shultz, 2007; Legg et &013;

Garwood & Dunlop, 2014; Sharma et al., 2014).
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The most consistent sexually dimorphic trait witeghizomids is the flagellum (a projection
from the terminal opisthosoma), which often vaiiteshape between sexes. The male

flagellum is generally enlarged and bulbous, whetha female is typically elongate

/{ Excluido: might

recognition during mating (Sturm, 1958, 1973). letaf courtship and mating are limited to
one speciesSurazomus sturfjiin which the female uses her mouthparts to tgpmale
flagellum during courtship (Sturm, 1958, 1973). &iwthat many schizomids have
secondarily lost their eyes (Harvey, 1992), itagtainly possible that the grasping of the

male flagellum plays a role in both sex and spe@esgnition during courtship. It has been

/{ Excluido: ,
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1980), with males of the family Protoschizomidatenfpossessing an elongate flagellum
similar to that of females (Rowland & Reddell, 18y9nstead, Protoschizomidae species
lacking dimorphism in the flagella tend to showrnaiing of the distal body segments in
males; elongation is seen in pygidial segments KaxXitl/or terminal body segments V-XII

(Rowland & Reddell, 1979a).

SSD is also present in the schizomid pedipalp: snalenany species have

/{ Excluido: their

significantly longer pedipalps th@mnspecifidemales, (Figure 1,IHarvey, 2001; Santos et [ Excluido: counterpart

NSl
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al., 2013; Monjaraz-Ruedas & Francke, 2015). Inatjphic speciessuch afkowlandius { ——

o

potiguar, male pedipalp length is also highly variable tietato prosoma length compared to

/{ Excluido: see
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************************************** ~ { Excluido: and

) ‘[ Excluido: male morpt

having pedipalps similar in shape and size to ¢ineafe (Santos et al., 2013). Male pedigélp

o

elongation occurs largely in the femur, patella tibid (Rowland & Reddell, 1979a, 1981).

In contrast to Opiliones, where male dimorphism lesn correlated with male-male
fighting (Buzatto et al., 2011; Zatz et al., 201dyidence for direct combat in schizomids is

lacking. Furthermore, the male pedipalp does rey pldirect role in copulation (Sturm,

/{ Excluido: s

males stretch out their pedipalps and use thenckoyp small twigs before displaying them

for females (M. Rowland, perscomm from Santos et g12013). Further work is required to

/{ Excluido: were

confirm this withinRowlandiusand other genera. If thiszhavioral information isonfirmed -~

it would suggest that female mate choice may bérdridimorphism.

SD in shape is also present in the schizomid pgzip&pecies of thlexicanus

/{ Excluido: ,

species group (a clade defined by RowlafiV'5 containing members of the genus 7

Schizomusshow both SD and male dimorphism: some males hdargge pedipalp with a



tibial spur, which is absent in males with smafiedipalps and females (Rowland & Reddell,

1980).
__ SDin schizomids is far from consistent, its presgabsence varying at both a family
and genus level (Rowland & Recdll 19753, 19883, Even withina single species he [ |
extent of SD varies in response to the environn@ate dwelling individuals oschizomus
mexicanugre more strongly sexually dimorphic than thosepifiean populations, for
example (Rowland & Reddell, 1980). Whilst compg]lievidence has been put forward in
support of sexual selection driving schizomid diptosm (Santos et al., 2013), a paucity of
_{ Excluido: wild )
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Scorpiones
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Description and phylogeny

—

Scorpions are one of the more diverse arachnid®enprising around 1750 described
species (Kovarik, 2009). They have colonised a wéghgie of terrestrial environments, with a
northernmost occurrence of 80 (Polis & Sissom, 1990). Scorpions are unique ayabn
arachnids in possessing a long metasoma (tailjnetmg in a venomous sting. Significant
uncertainty exists regarding the placement of tioeig within the arachnid phylogeny.
Recent morphological analyses have suggested thég be the sister group of harvestmen
(Shultz, 2007), the sister group to a clade ofisgéis and pseudoscopions (Wheeler &
Hayashi, 1998; Giribet et al., 2002), the sisteugrto Opiliones and pseudoscorpions
(Garwood et al., 2017), or the sister group to gesaorpions (Pepato, da Rocha & Dunlop,
2010). Molecular phylogenies variously place thdeoras closest to Ricinulei and Pedipalpi

(Sharma et al., 2014), or as the sister group ¢nidRsscorpions, solifuges and harvestmen



(Giribet et al., 2002). One placement that haseghinecent traction is Arachnopulmonata, a

/{ Excluido: ,

clade that includes scorpions and pantetrapulmasptders and pedipalpi]his cladghas - [ Excluido: having

P { Excluido: being

peenrecovered from molecular studies (Sharma et al4pand the groups within the clade. -

/{ Excluido: seeming
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seemdo have morphological similarities in their vaseugstems (KluBmanhkricke & .
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Wirkner, 2016; see also Giribet 2018).
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a larger carapace than males, which is thoughe @ ieliable indicator of overall body size

(e.g. Koch 1977; Sdnchez-Quirés et,&012). Nevertheless, the extent of SSD can vary

/{ Excluido: papuan

carapace of females on average 40% longer thawotinales. In contrast, some species

show less than 1% difference in carapace lengthdmat sexes (Koch, 1977; Polis & Sissom,

/{ Excluido: ;

1990). Reverse SSD is also occasionally observedrite scorpion cladgSor example, [ Excluido: for

maleLiocheles australaisaearapace length is on average 28% greater thaoftfemales
(Koch, 1977). Female-biased SSD appears to bedetatfecundity selection, with clutch

size being strongly correlated with maternal bodg €.9.Outeda-Jorge et al., 2009).

Scorpion SSD has also been reported based orbtatgllengthinclusiveof tail.
Kjellsvig-Wearing (1966) found males dityus tritatisto be longer in overall body length

than females. We note that this length metrickislyi a poor proxy for total body size, as the

/{ Excluido: ,

elongated (Koch, 1977; Carlson et al., 2014; Fad.eR015); a trait most marked in the
generaCentruoides, Hadogenes, IsometamsiHemiscorpiugPolis, 1990). This elongation

is achieved by lengthening of existing metasomgiremnts relative to females (Carlson et al



2014), rather than the addition of segments. Ab stiatal body length performs worse than
carapace length as a predictor for body mass,altietconfounding factor of SSD in the tail.
The telson itself is not sexually dimorphic in thejority of species, but there are some
exceptions (Polis & Sissom, 1990).Hieterometrus laoticuthe telson is longer in males

(Booncham et al2007). Other structural modifications can be fbimmales of

/{ Excluido: Lourenco }
Anuroctonus, ChaerilugndHemiscorpiugPolis & Sissom, 199Qourenco& Duhem, -~
2010) and there is even some evidence of dimorpimsranom glands in scorpions that {E i }
Xcluiao:

The extent to which tail SSD is reflected in bebaval differences between male and

female scorpions remains unclear. Lengthening®hthle metasoma has no impact on either
/{ Excluido: ( }

-
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It may be that the increased length of the malesweha is related to ‘sexual stinging’, in

which males sting their prospective mates (ofteth@arthrodial membrane adjacent to the

[GM10] Comentéario: | would not use thi
pedipalpl tibia) to subdue the female and facilitate matidiggermann, 1955, 1957; _~7 | word because it implies coersion. As far|as
********************************************** | known, there is no evidence that the
sexual stinging is a coersive behavior used

Francke, 1979; Tallarovic et al., 2000). The magtasoma may also be used to ‘clubjap by males to "subdue” females during
N courtship.
the female during mating (e.g. Alexand&959; Polis & Farleyl979a). \{ExcluidOI massage ]

The limbs of scorpions are also characterised Wy, 8th maleCentruroides vittatus
/{ Excluido: see ]

translates to a 30% sprint speed increase oveldemathe same body size (Carlson et al.

/{ Excluido: ; ]
2014),Limb elongation has therefore been linked to the doctedemale ‘flight’ versus -~ [ Excluido: limb ]
female ‘fight’ response to predation (Carlson et2014). Similar locomotory benefits could

/{ Excluido: ; }
potentially also apply to males seeking out sedgritanales prior to matingdrinally, longer -~ {E i ]

””” XCluiao:
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dimorphism is present in the pedipalps, which calays (chelae) in scorpions. Chelae in

males are often described as elongate or graaitgaced to females, although the opposite is
’ observed in some genera (eBgithus Scorpioand somditus Polis 1990). The degree to

which male chelae really are larger than femalts abntrolling for body size remains a

point of contention, however. Whilst both the fixaad movable fingers of male chelae are

longer and wider than females in absolute termsssonumerous species (e€daraboctonus

/{ Excluido: , ]

normalise against body length. This largely reBebe above difficulties (as discussed in

/{ Excluido: ‘Scorpions’ paragraph 2 and 3]
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species, the movable finger of females is moreanlittian that of the males (Carrera et al.,

2009), and dentition (processes on the inside saidathe chelae) differs between sexes in

_{ Excluido: family )

thefamily Buthidag, (Maury, 1975). Pedipalp dimorphism hasipiesly been hypothesized. -
to play a role in matingduring courtship, many scorpions act in a ‘courtship dance . {[ Eiﬁ:ﬁ:gg :during %
involving the male and female grasping chelae gdanating (e.g. Alexandet959; Polis &
Farley 1979a). Dimorphism in pedipalpchelae dentition, in particular, is thought to thid { ——— ]
male's grip of the female during mating (Maury, 887 _ g
___ Sexdifferences in mode of life have also been @sed as potential drivers of
dimorphism in the scorpion pedipalghelae and chelicerae (Carrera gt2009). Males are
more active during the mating season than fem&leks(& Sissom, 1990) and excavate
burrows more frequently than females (Carrera.e28D9) n contrast, females build {[ E:z:z:jz |n %

E { Formatado: Fonte: Néo ltalico )

associated with burrowing are common (Polis, 1%3@ndini, 2001), but burrowing has yet

to be systematically investigated as a driver béliBin scorpions




/{ Excluido: (
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than males, and the angle between the two wingegter (Polis, 1990). In an ontogenetic
study ofParuroctonus mesaensisale pectines grew at a much faster rate wheartheal
reached sexual maturity, potentially indicating gngan may be subject to sexual selection
(Polis & Farley, 1979b). Multiple authors have aleond statistically significant differences
in pectine length between species (Booncham e2@07; Fox et al., 2015). Pectines function
as both mechano- and chemoreceptors. It has b@ethegised that males use their larger
structures to track chemical trails left by femabasd thus find mates (Melville, 2000).
Several authors have also suggested that males@eepectinal teeth than females (e.g.

Alexander 1959; Williams 1980; Mattonj 2005).

__Insummary, SSD is less extreme in scorpions thamyother arachnid groups, yet
several anatomical regions do reliably exhibit déferences. On average, females are larger
in total body size, whilst males possess longes,letpngate and gracile chelae, a slender
metasoma, and enlarged pectines. Reverse SSDsenpiia the chelae and metasoma in

some groups (Polis & Sissom, 1990). Future resestrobild aim to map the phylogenetic

/{ Excluido: preference

result in differential selection operating on meadesl females.

Solifugae
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Description and phylogeny

—

Solifuges, known as camel spiderssun spiderscomprise approximately 1000 species
(Punzo, 1998a). The order is largely limited ta amvironments, although some species are

found in rainforests and their margins (Harvey, 200 he occurrence of sensory racquet



organs on the ventral surface of the coxae onVfagjfferentiate Solifugae from other

/{ Excluido: ;

arachnidgOthernotable morphological features include enlargedioti@e, elongate leg .-~ [ Excluido: other

patellae relative to other arachnids, and the pasef trachea instead of book lungs
(Harvey, 2003). There is some debate over theilggenetic position within arachnids.
Some studies report solifuges as the sister gmpgeudoscorpions (Shul@007; Giribet et
al., 2002) while others place them in a clade with Koames (Pepato, da Rocha & Dunlop,
2010, Garwood et al2017). Recent molecular work has placed solifuegethe sister group
to a clade including Xiphosura, Ricinulei, ScormenPedipalpi, Araneae and Qpiles

(Sharma et al., 2014).

/{ Excluido: Dimorphism
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Body length SSD is present in solifuges. Malestgpéeally slightly smaller in body size,

/{ Excluido: see

& Willemart, 2007). Female-biased SSD likely retate a fecundity advantage, with body
size tightly correlating to clutch size lfremobates marathoiiiPunzo, 1998a). It has been

suggested that the longer legs of reateSolifugae could relate to extended mate searches or

/{ Excluido: and

use in mating (Wharton, 1986). Racquet organslacelarger in males (Peregi Willemart, -~ [ Excluido: i

2007), and their hypothesized function as chemg@tecg may increase male capacity to

/{ Excluido: es

detect pheromones and aid mate search (Punzo, )J199fafact that male pedipalps are used [ Excluido: is - combined with th

U

studies report SD in the chelicerae (see SuppleaneMaterial), yet often fail to distinguish

the effects okhapeandsizedimorphism from one another. Indeed, a commonlpntepl



metric of solifuge chelicerae is their aspect ratiith male chelicerae characterised by a
greater length:width ratio than those of femalem@®, 1998a; Peretti & Willemart, 2007).
Whilst aspect ratio can itself be an important imoetften affecting function (e.g. Kruyt et
al.,, 2014; Yeh & Alexeey2016), the degree to which the ‘slender’ chelieeobmales are
also dimorphic in total size is yet to be addreseete literature. Calculations based on
mean values presented by Punzo (1998a) do sugyeald-biasd dimorphism in cheliceral
length and width, however. Quantifying the presesic8SD in chelicerae is further

complicated by the lack of a reliable metric faatdody size. Body length has been

/{ [GM ;1] Comgn_tério: Perhaps you could}
chelicerae and propeltidiim (CP index) has beefepsl as a metric of solifuge total body -~ | explain whatit s for the readers.

size (Bird, 2015), further confusing the picturéhwiegards to chelicerae length and overall {Excmido- g ]

Dimorphism in solifuge chelicerae shape and demti{projections from the

chelicerae) is more widely accepted. Male chelieen® straighter (Hrusko\MartiSova et

,{ Excluido: ;

/{ Excluido: ; Bird, 2015
paturon which contains the cheliceral muscles)asengracilei.e. parrowerthan in females -~ [ Excluido: (

 J (N

- { Excluido: and not as deep;

(Bird, 2015). The dentition of adult male cheliceimalso reduced in projection size (Bird,
2015). This is not universally true however — thougt quantified, there appears to be little
to no difference in the size of the primary andoselary teeth between sexesSiolpugiba
lineataand some species BemiblossiaBird, 2015). Both are known to be termitophagous,
thus Bird (2015) has hypothesised that solifugdictm@l dimorphism is linked to feeding
behaviour. Males are known to feed less often fharales (Junqua, 1962; Wharton, 1986),
and male chelicerae show less dental wear (Fitdl90). Sex differences in dietary

preference have also been observed under laboiaadjtions, with femal&ulvia dorsalis



feeding on highly sclerotized beetles, which afesed by males (HruSkowdartiSova et al.,
2010). The increased depth of the manus in fentedBoerae may therefore facilitate an
increase in muscle volume and enhanced bite farddeseding efficiency (Bird, 2015). Such
a pattern has previously been found interspecificapecies characterised by chelicerae that

are more robust are capable of delivering a stnobige force (van der Meijden et al., 2012).

/{ Excluido: 1

mating (van der Meijden et al., 2012). M&aleodes caspiusse their chelicerae to insert

/{ Excluido: ;

spermatophores into the genital opening of the ferfiruskovaMartisova et al., 201Q) -~

often inserting the fixed finger or occasionallg tlthole chelicera into the genital opening

,{ Formatado: Fonte: N&o Negrito

(Amitai et al., 1962; Bird, 2015). After sperm tsd@r, the male may start a ‘chewing’ action;”

A

the precise reason for this is unknown but is hypsised to help force sperm into a storage
area and/or break up the spermatophore (Muma, 1966)straighter shape of the male
chelicerae may assist with spermatophore inse(tionSkovaMartiSova et al., 2010), whilst

reduced dentition could minimise damage duringtgéchewing (Bird, 2015). Sexually

,{ Excluido: ;

dimorphic setae are also present on the base chfleserag/n Oltacola chacoensjgor [ Excluido: in

instancethese are less numerous in males, but larger ax@h@eretti & Willemart, 2007).
During mating, setae are pressed up against tlgepéal region of the female, indicating a

potential role during mating (Peretti & Willema2007).
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SD is also present in the solifuge flagellum, amghte structure protruding from the "
fixed finger of the chelicerae. The flagellum oconly in male solifugae (Punzb998).
There is considerable interspecific variation ithbilne form of the flagellum (Lawrence,
1954; Punzo, 1998b) and in its articulation: ifixed in some species and movable in others
(Punzo, 1998b). Lamoral (1975) suggested multipteqtial functions for the flagellum,

including as a mechanoreceptor and being involliedstorage and emission of exocrine

secretionsFlagella may also play a role in mating, beingdisy maleOltacola chacoensis



to carry spermatophores (Peretti & Willemart, 20@nd being inserted into the genital

//{ Excluido: ]
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_Tosummarise, SSD is present to some degree irbindg size and may be present in
chelicerae of solifuges, though shape dimorphishetter accepted. More work is required to
determine the relative importance of mating andlifegzon cheliceral morphology. Bird
(2015) advocates a geometric morphometrics apprmaghantifying the morphology of
chelicerae, and we concur that such a study inctudiales and females from multiple,
phylogenetically disparate species would be an iapb advance in the field. Furthermore,

life history information pertaining to Solifugaelimited to a small number of species;

mating in particularhas only been studied in three families (HruSkilaatiSova et al.,

2010). Focusing basic research onto lesser-stggl@gps may illuminate further trends in {Excluido }
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Jropygi 7
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Uropygi, known as whip scorpions or vinegaroons,rapresented by 110 extant species -
(Zhang, 2011). The group is found in habitats kaito tropical and subtropical areas,
preferring damp and humid conditions, althodgestigoproctus giganteus found in arid

,{ Excluido: . ]
environments in the southermited States(Kern & Mitchell, 2011). As their common name- - [ Excluido: . ]
suggests, uropygid morphology bears some resentartbat of scorpions, with palpal

_ 4| Excluido: uropygid ]
claws and a segmented opisthosoma. Howgwep scorpionanatomy differs from that of -~
scorpions in having a segmented terminal flagellostead of a stinging tail. Furthermore,

/{ Excluido: uropygid ]

located near the pygidium as a means of defenden(iit et al., 2000). There is consensus in



the phylogenetic position of Uropygi: they are wideegarded as the sister group to
Schizomida, together forming Thelyphonida, and geinited with the Amblypygi to form

the clade Pedipalpi (Giribet et al., 2002; Shu#)7; Sharma et al., 2014; Garwood et al.,

/{Excluido:
2017, B .
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SSD has been reported in whip scorpions, with ntaesng a larger prosomal scutum, the

,{ Excluido: ,

dorsal sclerotized prosomal plate (seen as a gabdator of body size) than femalgs (Figure - [ Excluido: see

16; Weygoldt, 1988). Other minor structural modifions can also be seen in the opistisoma
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positive allometric relationship in the length bétpalpal femur and patella when regressed

against carapace length in adult male of the sp&tdstigoproctus gigantuthat is unseen in

/{ [GM12] Comentario: u?

females (Weygoldt, 1971). SSD in the pedipalpdsis aeen in the geneTmerphone\llhsf L
andTypopeltj and to a lesser degréhelyphonugWeygoldt, 1988). Male pedipalps have
also been described as “stronger” in these gehéeydoldt, 1988), but there are no
biomechanical analyses to support this statemeimoilifferences in structure between the
male and female pedipalare also present. For example, the third spintefemale
trochanter ofThelyphonus indicuis much longer relative to othpedpalpal spines
(Rajashekhar & Bali, 1982), and the patella apopsyse thicker relative to length in

females (Rajashekhar & Bali, 1982).
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in every group (Gravely, 1916). Where present, dphism is expressed through a larger

tibial apophysis in males; this results, in malesgessing a broader area on the tibia termed a



/{ Excluido: ;

Rajashekhar & Bali, 1982). The tibial apophysis Aagde range of male morphologies
across the group, ranging from a small projectima suite of highly modified curved
structures (Gravely, 1915). Similarly, the tarsusharacterised by sexually dimorphic

projections in some species, with m@lendicus(Rajashekhar & Bali, 1982)

p { Excluido:

and;Mastigoproctus gigantu@Veygoldt, 1971) bearing a spine close to thefithe fixed -~

finger of the pedipalg claw, not present in females.

/{ Excluido: .

The sexually dimorphic pedipalps of Thelyphonideetaypothesized to play a role in~

male-male contest over prospective females (W&t&omine, 2016). Fighting includes a
phase of grappling, where males face each othefigimousing their pedipalps, and a
tackling phase, during which males try to overtilmair opponent using the pedipalps (Watari
& Komine, 2016). Numerous publications report timatles also use the pedipalps in mating,
typically grabbing the first legs of the female wihe pedipalps and manipulating her until

they are face-to-face (Weygoldt, 1971, 1972).

Further work is needed to determine the underlyirgers of SD in the Uropygi. As

/{ Excluido: See

Prendinj 2009), a concerted collecting effort will be rewul before any broad scale patterns {E i -
_ | Excluido: uropygi

/{ Formatado: Sem sublinhado
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1). The lack of current consensus regarding phyletie relationships between arachnid

orders precludes us from deriving the ancestratlitiom of dimorphism, with only



Arachnopulmonata (containing Scorpiones, Araneaehlpygi, Schizomida and Uropygi;

1 Excluido: see

Figure 17) and its internal relationships beingsistently, recovered (Giribet, 2018). [ Excluido: being

However, a current consensus phylogeny is includedlow readers to gain an insight into {E i
XClulao: see

the distribution of sexual dimorphism across theugr(Figure 17). - { Formatado: Fonte: Nao Negrito

DX Al

p { Excluido:

/{ Excluido: Opiliones

reported in mites, amblypygidsarvestmenpseudoscorpions, scorpions and solifuges. -~

Whilst some species are known to subvert the getrerad, we note that there is no evidence

of male-biased SSD being dominant across an order.

Secondly, SSD in leg length relative to body siggdally favours males, occurring in

/{ Excluido: Scorpiones

scorpiongsolifuges spiders Ricinulei angharvestmenThis trait is seemingly driven by [ Excluido: Solifugae

N
N { Excluido: Aranear

behavioural factors, although the precise mechadiffiers between groups (see below). { Excluido: Opiliones

A

Additionally, the majority of arachnid orders extiisimorphism in either size or shape of the

/{ Excluido: arachnids

pedipalps. When present, SSD in the pedipblpically favours malg which often posses [ Excluido: with males

) { Excluido: sing

additional spurs or other accessories to the aggendn the most extreme exampjgsders { Excluido: Araneas

o

have modified their pedipalps to transfer sperntadogs directly. However, in the majority

of cases, the pedipalp does not play a directinadperm transfer and is instead involved in

/{ Excluido:
female mate choice or intraspecific male contest. 7
SSD in chelicerae is also observed in a numberaahaid orders (Acari, Araneae,
Opiliones and Solifugae), though the direction iofiarphism can differ. When dimorphism
/{ Excluido:

Opiliones chelicerae are used in male-male cofiféglemart et al., 2006), spider chelicerae

are thought to be used for intersexaabnisticdisplays (Faber, 1983) and nuptial gift giving

/{ Excluido: de




biased intersexual difference in the number of gagytured has been empirically

P { Excluido:

Differences in cheliceral wear patterns suggestithalso the case in solifuge (Fitcher, 1940).

P { Excluido:

Solifugae and Scorpiones). In solifuges and scomithe co-occurrence of larger sensory
structures and longer leg length (Melville, 2008rd?ti & Willemart, 2007; Punzo, 1998b)
may be tied to the selective pressures of matelsiegr (Punzo, 1998a; Melville, 2000). In
Opiliones, male and females have different senanatomy (Wijnhoven, 2013) though there

is no clear indication as to whether one sex hagased sensory capabilities relative to the

/{ Excluido:

/{ Excluido: Pressures

/{ Excluido: Ornaments

When sexually dimorphic structures appear betteeldped in males, they are often found to
play a role in male-male contestr male-female courtship. The degree to whichetiesa-

or intersexual selection pressures are most prevaées yet to be discussed for Arachnida as

/{ Excluido: 1

sexually dimorphic structures in Acari, Amblypygiraneae, Opiliones, Pseudoscorpiones
and Uropygi. In mites, mal€. berleseuse enlarged third legs to kill rival males (Radyan

1993), whilst male amblypygids ‘fence’ each othging their sexually dimorphic

/{ Excluido: a

antenniform ‘whip’ legs (Weygoldt, 2000). The hypkkometric chelicerae of male Arereea .-~

/{ Excluido: combat

/{ Excluido: s

2011). Finally, the sexually dimorphic pedipalpsPaieudoscorpiones (Weygoldt, 1966;



Thomas & Zeh, 1984) and Uropygi (Watari & Komin818) are involved in grappling

/{ Excluido:

P { Excluido:

third legs of mites may assist males in aligninthwie female spermaduct opening (Gaud &

Atyeo, 1979), and the sexually dimorphic antenmifdwhips’ of amblypygids are also used

/{ Excluido: caress

/{ Excluido: a

pedipalps of pseudoscorpions are also involvedritualised dance prior to mating
(Weygoldt, 1966). There are several instances fimerefbothintra- and intersexual

selection pressures acting on a given sexually gihio structure.

__Arguably, however, examples of courtship and ferghl@ce driving the evolution of
sexually dimorphic structures are even more wicksghr Of those groups considered in the
present study, evidence of intersexual selectionindy SSD is lacking for only Uropygi. In
addition to the examples listed above, the chaidesrns of Opiliones are placed on the
female dorsum after copulation (Willemart et a0@), and the longer male legs of Ricinulei
are engaged in ‘leg play’ prior to mating (Cook@61; Legg, 1977). In schizomids, the
female chelicerae grip the male flagellum durindinga(Sturm, 1958, 1973), whereas the
dimorphic chelicerae of solifuge are used by théenagrip the female and transfer
spermataphores (Peretti & Willemart, 2007). Theatjphic pedipalp of scorpions has also

been hypothesised to play a role in the ‘courtslaipce’, as males and females grasp chelae

/{ Excluido: groups

(Ricinulei, Schizomida, SolifugaeandScorpiones), courtship and mating appear to be the

/{ Excluido:




L ______ur

The scramble competition hypothesis posits thatrtbset mobile males within a population
will reach and copulate with a greater number ofdkes (Ghiselin, 1974). Male traits
conferring an advantage in locating a receptivealefrsuch as sensory and locomotor
adaptations, may therefore become sexually dimonphdiler the selective pressure of
scramble competition (Andersson, 1994). This id-sepported in the case of Araneae, with
decreased male body size and increased leg lemgttiders being linked to improved
climbing ability (Moya-Larafio et al., 2002), briagi ability (i.e. walking upside-down on
silk bridges; Corcobado et al., 2010) and locomepmed (Grossi & Canals, 2015). Here we
also identify instances of male-b@&sSSD in leg length in Acari, Scorpiones, Solifugae,
Ricinulei and Opiliones, and reduced total bodg $icmale Acari, Amblypygi,
Pseudoscorpions, Scorpiones and Solifugae. Witturpsons, decreased body mass and
elongate legs have been correlated to increased speed in mal€. vitttus(Carlson et al.,
2014), and the increased size of pectines (semmsgans) in males has been hypothesised to
play a role in mate searching (Melville, 2000).d=i&ere, smaller body size and increased
leg length in male Solifugae may also be relateahéte searching (Peretti & Willemart,
2007), with maleMetasolpuga pictaypically covering much greater straight-line distas
than females (Wharton, 1987). The chemosensingiea@rgans of male solifuges are also
enlarged (Peretti & Willemart, 2007). The casesitnamble competition driving some
aspects of SD in both Scorpiones and Solifugdedetore convincing. Yet within Ricinulei
and Opiliones, male-biad SSD in leg length appears better explained by th& in mating
(Legg, 1977) and male-male conse@illemart et al., 2009; Buzatto et al., 2014)

respectively. Asvill be discussed below, further experimental work focusinghe

biomechanical and physiological implications of paize and leg length dimorphism would

be particularly insightful in this respect.

s
’
;o
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/{ Excluido: 1

Fecundity selection .~ { Excluido: Selection

L _____r

Fecundity selection is a well-documented drivefenfiale-bias body size dimorphism within

A

Araneae (Head, 199&oddington et al., 1997). In femalef thewolf spidefDonacosa {[ E:Z:E:ZZ s

merinj he disproportonately lage opisthosom of femés been corrlated 10 g9 g

production and storage, for example (Ferndndez-Mweata & Marugan-Lobon, 2017).

Under laboratory conditions, female body mashaant-eating spidgZodarion jozefienge {[ E:E:E:ZZ :
o { Excluido: )

has been found to tightly correlate to number afsggresent within the egg sack (Pekar et { Formatado: Fonte: Nao Glico

A

al., 2011). More broadly across Araneae, bodydizmrphism has been explained by female

/{ Excluido: for increased reproductive
size increase via fecundity selectjon (Prenter918fuber, 2005). Yet despite this wealth of = [ outPut

data pertaining to Araneae, relatively little iokm of the role of fecundity selection across

the smaller arachnid orders. Within scorpions cdi@pace length of females is correlated to
increased litter size=(g.Outeda-Jorge et al., 2009), and female-daamorphism in

prosoma length has therefore been taken as eviddrieeundity selection (Fox et al., 2015);

similar patterns can also be seen in solifugesZ®ut098a). Beyond this, female-taas

/{ Excluido: size dimorphism

et al., 2007; Zatz, 2010), pseudoscorpions (Ze&7aPand amblypygids (McArthur et al.,

2018). Whilst the degree to which such dimensiangespond to potential fecundity in these

/{ Excluido: ,

groups has remained largely unexplqeeétieast in one species of amblypygid, for instance — -
/{ Excluido: in at least one species of

. . 7| amblypygid
female carapace size does appear to be corretateddd size (Armas, 2005). .
/{ Excluido: Partitioning
Nichepartitioning ... -

Males and females may also diverge in their energequirements due to their different
reproductive or social roles, resulting in differémait optima between the sexes (Statkin,

1984). Here we highlight examples of niche pamitig within Acari and Araneae, although



unequivocal examples are limited across Arachridee to the increased energetic demands

_{ Excluido: predate )
of reproduction, female ant-eating spidefsjfzefienaghave been found jmonsumdarger -
prey items using their enlarged chelicerae comptredales (Pekér et al., 2011). In such
instances, fecundity selection (as discussed almarepe thought of as driving niche
partitioning. The increased reproductive outpuenfiales can necessitate habitat or dietary
divergence, resulting in morphological dimorphiseyoncdthat of total body size. Trophic
dimorphism has also been reported in the nymphgkstof Kiwi bird feather muﬁiwialges//{[ E:E:E:ZZ? %
palametrichus(Gaud & Atyeo, 1996), with males and females diaggi theirpreferred =" }
_{ Excluido: sexual dimorphisi )

also compounded by ontogenetic nymphal stages.d{evitlst there is some evidence that
niche partitioning promotes sexual dimorphism iacainids, it does not currently appear to
be a major driving force. The relative lack of exdes of niche partitioning (in comparison

to male contest for example) may partly reflect the paucity dibirmation relating to the

discrete dietary and habitat preferences of eachhasvever. In some instances, our

/{ [GM13] Comentario: ? ]
understanding of the morphology of sexual dimdrahexceeds that of their potential -~
dietary and habitat niches.

{ Formatado: Sem sublinhado ]
COI’]C|USiOQ // \ Formatado: Sem sublinhado \

In conclusion, we believe that a key endeavoufuture work should be to trace the
evolution of SD across Arachnida more broadly, ectieg work that has thus far
predominantly been restricted to Aranéae. For eXxantipe frequency with which pedipalp

SSD occurs across arachnids (7 out of 11 orderg)pmiat towards an early origin within the

[GM 14] Comentario: This suggestion
roup. Alternatively, given that arachnid pedi ear to be involved in numerous -~ | seems to be very simplistic because what
9 p‘ ********* y; given that arachnid | Pe *Em *************************** - you call "pedipalp SSD" refers to very
. . . . o . different structures. Compare, for instance,
different courting and mating tasks, pedipalp dipmigsm may have evolved independently pedipalp SSD in scorpions, whip spider
and harvestme

several times. Such analyses will prove extremdlyrimative with regards to the origin of



Excluido: - and its evolution more

SD in the grougbut necessarily must overcome issues regardintpgéyetic uncertainty. In -~ / { generally -
arachnids as a whole, there is little congruentedsn recent morphological and molecular
phylogenies (Sharma et al., 2014; Garwood et @L72Giribet, 2018); this issue is often

replicated withinndividual arachnid orders. Furthermore, there is a genetalifyeof

information on the phylogenetic relationships witBmaller arachnid orders. For example,

just one molecular phylogenetic study of Palpigtzas been published to date (Giribet et al.

/{ Excluido: ;

1996, Garwood et al2017) and no molecular phylogenetic study of tltepas a whole has
ever been conducted. Therefore, ideally futureyeesl of SSD should be accompanied by

improved phylogenies, or else account for curr@mentainty in phylogeny.

_ Furthermore, we note that basic data pertainirtbediology and life history of many
arachnid orders are still lacking, particularlytle smaller groups. For example, information
on courtship displays in Schizomida are limitedt@cdotal evidence, and there is no
published data on mating in Palpigradi. An improwaderstanding of ontogenetic scaling in
the size and shape of arachnids is also a pridnitgarticular, the ability to better identify
discrete ontogenetic stages and the onset of smatakity will prove useful, as dimorphism

frequently becomes more pronounced beyond thig.poin

/{ Excluido: We also believe that f

morphometrics, statistics, experimental physiolagg biomechanics. Some progress has

been made in this direction concerning Araneaef@Dexample, recent studies have

/{ Excluido: GMM

employedgeometric morphometrjio quantify shape dimorphism amongstmerlini e

/{ Excluido: Araneae,

amongst the smaller arachnid orders is typicallgrgified using ratios of linear metrics (e.qg.
Weygoldt 2000; Vasconcelos et a2014; Santos et aR013), and may therefore fail to

capture finer-scale shape change between sexdbeRupre, statistical hypothesis testing



remains limited amongst the smaller orders. Whiitsited sample sizes are both frequent and
undoubtedly a problem, other studies comprisirgrger number of samples continue to
eschew statistical testing, and further work isdeekto statistically corroborate previously

published qualitative observations. Finally, fialdd lab-based experimental studies are

{ Excluido: , ]
uncommon outside of spiders (Moya-Larafio et aD22@rossi & Canals, 2015). This work-
is, however, imperative, as an improved understandf form-function relationships will
provide further insights into the life history obth sexes, and the potential evolutionary
drivers behind SD within arachnids.
,{ Excluido: : ]
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