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Abstract

Maternal care is any behaviour of the mother which directly benefits its offspring
usually at the cost of future reproduction of the female. Many types of maternal care are
known among spiders, but a comprehensive review of all different types of maternal care
across spider diversity is still largely missing. With the summarisation of research
concerning maternal care and thanks to the implementation of genomic data and
subsequent advances in spider systematics and evolutionary research, different types of
maternal care are interpreted in an evolutionary context and mapped on the up to date
phylogenetic tree. Guarding behaviour is common across spider families. On the contrary,
various forms of feeding are rare. Some phenomena (matriphagy and regurgitation)

evolved repeatedly in distantly related spider families.

Abstrakt

Mateiskd péce je chovani matky, které pifimo prospivd potomkiim vétSinou za cenu
budouci reprodukce samotné matky. Mnoho druhti matetské péce je zndmo mezi pavouky,
ale shrnujici studie vSech riznych druhii matei'ské péce u pavouki zatim nebyla vytvoiena.
Pomoci shrnuti vyzkumi zabyvajicich se matefskou péci a pomoci implementace
genetickych dat a pokrokd v systematice pavoukili a v evoluénim vyzkumu rtzné druhy
matetfské péfe jsou interpretovany v evoluénim kontextu a zmapovany na aktudlnim
fylogenetickém stromu. HIidani je Casté chovani napfi¢ ¢eledémi pavoukl.. Naopak rtizné
formy krmeni jsou vzacné. Neékteré fenomény (matrifagie a regurgitace) se vyvinuly

n¢kolikrat u neptibuznych celedi pavoukd.
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1 Introduction
1.1 Parental Care Overview

Parental care is defined as any behaviour of the parents which directly benefits the
offspring usually at the cost of the future reproduction of parents (Trivers 1972). It varies
among the whole animal kingdom (Royle et al. 2014). The ancestral state of parental care
i1s no care at all. Parental care for eggs is favoured via selection if the absence of care
would lead to a low survival rate (Royle et al. 2016). The origin of parental care was thus
likely preceded by ecological factors decreasing offspring survival (Royle et al. 2016). The
result of parental care is an increase in fitness in the offspring (Klug and Bonsall 2010).
The increase in fitness should however outweigh the costs. The conflict between sexes’
fitness or between the fitness of parents and offspring imposes limitations on the evolution
of their behaviour. Parenting behaviour is thus influenced by adaptive plasticity (Kolliker

2012; Royle et al. 2014).

The care can be provided by one of the parents (unisexual care) depending on the sex
if it is maternal or paternal, by both parents (biparental care), or by parents and nonparents
(cooperative care) in social species (Royle et al. 2014). Mothers are the most common
carers across the majority of taxa even though males can be as effective as females (Royle

et al. 2016).

The evolution of parental care among animals is not yet fully understood. There is still
debate about e. g. the origin of mainly biparental care in birds. Biparental care is less
common in all other groups of animals except birds (Wesotowski 2004). Modern reptiles
usually show minimal effort given into parental care (Blrghardt 1977). However, there are
paleontological proofs of parental care in Archosauria, for example, a fossil of Oviraptor

lying on a clutch of eggs (Clark et al. 1999). Brooding in birds may thus have originated in



theropod dinosaurs (Prum 2002). Fishes show social behaviour and complexity of parental

care. In mammals, there is extended biparental or maternal care (Kolliker 2012).

Among invertebrates, there are many groups with unique parental care (Wong et al.
Kélliker 2013). Parental care in insects comprises all stages, from no care, which is the
most common, through uniparental care to biparental care (Gilbert and Manica 2015).
There is a slightly different evolution of parental care between Holometabola and
Hemimetabola in insects. In Hemimetabola, biparental care appears to be more stable in
the evolution of parental care (Gilbert and Manica 2015). An interesting example of
maternal care is the terrestrial staphylinid beetle Bledius spectabilis (Wyatt 1986). Females
of this species construct bottle-like burrows with narrow entering for themselves and their
eggs in the intertidal saltmarsh. The females can close the burrow and reopen it at low tide.
Besides guarding and defending against flooding, anoxia, and predators, they also provide

the larvae with algae as a main source of food (Wyatt 1986).

Similarly, in some crab species, the females provide oxygen to the embryos via

brooding (Fernandez et al. 2000).
1.2  Characterisation of Spiders (Araneae)

Spiders (Araneae) are an order of the class Arachnida which comprises at least 10
other orders: Palpigradi, Scorpiones, Pseudoscorpiones, Solifugae, Ricinulei, Amblypygi,
Schizomida, Thylephonida, Opiliones and Acari (Coddington 2005a). However, some
authors consider Acari as two independent orders (Dunlop and Alberti 2008; Van Dam et
al. 2019), while others argue for including Xiphosura in the arachnids (Lozano-Fernandez

et al. 2019).

Spiders represent the second most diverse order after Acari (P. R. Harvey, Nellist, and

Telfer 2002; Coddington 2005a). Currently, there are 50 975 species of spiders according



to the World Spider Catalog (https://wsc.nmbe.ch/ 2023, 18" March) and the number of

species continually increases.

Spiders are ecologically diverse predators that usually employ their typical
characteristics — web spinning and venom production in prey capture (Foelix 2011). All
spiders are gonochorists with sexual dimorphism. Females are usually larger than males
and in groups with good vision males often have vivid colours for attracting the opposite
sex or as an instrument in competitive interactions with other males (Shamble et al. 2009;

Taylor, Clark, and McGraw 2011).

Although there are studies concerning maternal care in spiders, they are usually
focused on one target species or genera. A comprehensive review of all different types of
maternal care across spider diversity is still largely missing. Thanks to the implementation
of genomic data and subsequent advances in spider systematics and evolutionary research,
different types of maternal care can be interpreted in an evolutionary context. The main
objectives of this bachelor thesis are to: a) summarize the published data concerning
maternal care in spiders and b) detect potential behaviour and evolutionary trends in the
maternal care by mapping the information obtained from the literature onto an up to date

phylogenetic tree.


https://wsc.nmbe.ch/

2 Paternal Care in Arachnids

Paternal care is unusual in arachnids. Sensu stricto, paternal care has been observed
only in order Opiliones (Machado et al. 2004). However, in some orders, there are hints of
male behaviour, which could be beneficial for offspring or future mothers, that I will also

discuss in this chapter.

For females, it is rather costly to decide not to care for their brood because the
production of eggs is costly energy-wise. On the contrary, the production of sperm is cheap
and the only resource that is limited to the males are the females themselves (Wade 2002;
Kokko and Jennions 2003). Therefore, deserting the eggs may increase the fitness of a
male because he can mate again with another female (Trivers 1972). Because their

investment is higher, the females are in the position of the choosing sex and not vice versa.

The main differences between maternal and paternal care are the evolutionary traits
(Trivers 1972; Wade 2002). Maternal care seems to be driven by natural selection whilst
paternal care, exclusive in arachnids to order Opiliones, may be sexually selected
behaviour (Machado et al. 2004). This may be because the internal fertilization, common
in arachnids (Burger et al. 2006), comes with the uncertainty of paternity (Kokko and
Jennions 2003). Reasons for males not being involved may be, besides the reason stated
above, that males sometimes die after mating. In some spider species, females consume
their mates (Elgar and Fahey 1996; Slater et al. 2005). Additionally, males have naturally a
shorter life span, they usually stop feeding during the search for a mate, or may not even

feed at all after reaching maturity (Yip and Rayor 2014).

Paternal care in the order Opiliones has evolved at least three times independently in
distantly related superfamilies of the suborder Laniatores (Nazareth and Machado 2009). In

these groups, females prefer males caring for eggs to noncaring ones (Nazareth and



Machado 2009; Requena and Machado 2015). Males of Chavesincola inexpectabilis
(Opoliones, Gonyleptidae) occupy and defend nests (Nazareth and Machado 2009). Even
though in Opiliones some species have paternal care and some exhibit amphisexual care
for example, Acutisoma proximum (Gonyleptidae) (Buzatto and Machado 2009), maternal
care still prevails (Nazareth a Machado 2009). Amphisexual means that the opposite sex
has the potential for developing characteristic behaviour of each sex. Amphisexual care is
when a male takes on female parental responsibilities after her abandonment of the

offspring.

In Pseudoscorpions (Pseudoscorpiones), parental care is present in all species, but it is
mainly exhibited by mothers (Del-Claro et al. 2009). It has been observed that males
cooperate by offering their prey to members of the colony including the young without
paternity discrimination in Paratemnoides nidifactor (Tizo-Pedroso and Del-Claro 2005;
Del-Claro and Tizo-Pedroso 2009; Del-Claro et al. 2009). Besides capturing the prey, the
males of this species together with non-reproductive females and mothers do the external
cleaning of the colony (Tizo-Pedroso and Del-Claro 2011) and exhibit collective defence

of the young (Tizo-Pedroso and Del-Claro 2011; 2018).

Females provide all known different types of parental care in spiders. No paternal care
in spiders has been observed, but it is known that there is amphisexual care in the orb-
weaver Manogea porracea (Araneidae) and similar cooperative behaviour of both parents
has been observed in the permanently social velvet spider Stegodyphus dumicola

(Eresidae) (Moura et al. 2017; Kiirpick 2000; Yip and Rayor 2014).

In the case of Manogea porracea, as amphisexual care is taken the construction of a
web by a male above the female web with eggs (Moura et al. 2017) because males can in
the absence of the mother take on her responsibilities. Males of this species are valuable
for protecting offspring against predators and parasitoids with the same efficiency as

9



females alone. There is no significant difference between maternal care and the care of
both parents in the case of M. porracea. Therefore, male investment in parental care occurs
efficient only in the absence of a female. One of the reasons for males to participate in
parental care may be an assurance of future copulation (Kiirpick 2000; Hunt and Simmons

2002; Moura, Vasconcellos-Neto, and Gonzaga 2017).

Another interesting case of paternal involvement is documented from the sand
dwelling wolf spiders Allocosa brasiliensis (Lycosidae) (Aisenberg et al. 2011) and
Allocosa alticeps (Lycosidae) (Aisenberg and Gonzalez 2011), which evolved a reversed
sex role, including courtship behaviour and reversed sexual dimorphism (Aisenberg et al.
2007). Males are larger than females which is rare in spiders (Moya-Larano et al. 2002).
Females of these species search for male burrows and initiate courtship when they find
one. After copulation, males leave the female inside the burrow and enclose the entrance
with the cooperation of the female. Female spiders stay in the closed burrow alone
(Aisenberg et al. 2007). In these species, the males are in the position of a choosing sex

(Aisenberg and Gonzélez 2011).
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3 Maternal Care in Spiders

After oviposition, eggs are protected by cocoons made from the mother’s silk. These
cocoons (also called egg sacs), can be carried around, left unattended, or be guarded by the
spider mother (Suter et al. 1987; Ruhland et al. 2016) and defended in times of need (Fink

1987; Castanho and Oliveira 1997; Viera and Romero 2008).

Maternal care sometimes does not end with the care for the egg sack. It can also be
extended to the offspring after hatching (Yip and Rayor 2014). The females can provide
offspring with further defence (Schneider 1995), brooding care (Ruhland et al. 2016), and
food supply (Evans 1998). In this thesis, the maternal care is considered both care for the

eggs before hatching and the care for the offspring (Eason 1964; Guo et al. 2021).
3.1 Cocoons Production and Care

Cocoons are silken sacs made by female spiders to protect their eggs (Opell 1984).
The construction is a complicated process which differs among species. After choosing the
oviposition site the spider constructs a silken basal plate with cylindric walls (Japyassu et
al. 2003; Foelix 2011). Then it lays eggs on the basal plate. The liquid coating around the
eggs starts to harden. It dries up. Subsequently, the female constructs a so-called “cover
plate” as a barrier between the eggs and the environment. The cover plate is a silken
horizontal wall that encloses the eggs and provides further protection (Opell 1984; Foelix

2011; Japyassu et al. 2003).

Females use their silk glands for producing different types of silk. Based on
differences in thread diameter, function, production, and visual aspects, spider silk falls

into three categories: fine, coarse, and tufted silk (Opell 1984).

Some taxa make only single-layered egg sacs from fine silk. Others add a layer of

coarse silk, tufted silk, or both above the first layer. Both coarse and tufted silks can be
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used for camouflage. Fine silk comes from the tubuliform glands. Coarse and tufted silks

are products of ampullate glands (Opell 1984).

The egg sacs may have many different shapes, sizes, and colours that are species-
specific. It is also not rare for cocoons to change colour over time (Ewunkem and Agee

2022).

The most important function of a cocoon is likely delaying water loss (Hieber 1992).
Besides preventing desiccation, the egg sacs silk also helps to protect eggs from microbial
infections and predators (Opell 1984; Viera and Romero 2008; Ponte et al. 2021;
Ewunkem and Agee 2022). Such protection however does not work in cases of spider-
specialized predators, e. g. Mantispidae (Viera and Romero 2008; Ewunkem and Agee

2022).
3.1.1 Oviposition Site Selection

The selection of the oviposition site is crucial because most spiders do not move their
eggs after depositing them so this choice may affect the survival of offspring (Morse
1993). The oviposition site must meet the physical conditions needed for the development
of the eggs (Morse 1985). Web-building spiders do not only choose an oviposition site,
they choose a foraging site for their offspring too. The web made for the egg sac is also

used by the offspring (Suter et al. 1987).

A similar situation happens with the crab spider Misumena vatia (Thomisidae) which
lays and hides eggs between the leaves of milkweed (Morse 1985). Mothers of this species
chose a nest site near the future hunting sites for spiderlings (Morse 1993). For choosing
the nest sites, females have to move from their last hunting side. After emerging, it is
easier for spiderlings to obtain enough feeding opportunities which has a positive effect on

their fitness. Sites with good hunting conditions for adult spiders differ from good hunting
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sites for juveniles because of their physical differences. The placement of the nest site also

affects the probability of parasitism and predation pressure (Morse 1985).

For spiders that are guarding the egg sac after deposition, it is critical to choose the
right habitat, which is suitable for the parents and the offspring, because the habitat will
influence the fitness of both (Morse 1985; Pike et al. 2012). This can be very tricky. For
example, in the flat-rock spider Hemicloea major (Gnaphosidae), which lives under rocks,
it is very hard to find a habitat with liveable thermal conditions for the female and her
offspring (Pike et al. 2012). Females of this species do not move their egg sacs after
deposition, and they live in a thermally challenging environment with temperatures above
50°C. Their rock, used as a shelter, must be large and thin for preventing overheating and
simultaneously hot enough to fasten the embryonic development of the eggs (Goldsbrough
et al. 2004). Besides thermal cues, spiders have other species-specific ecological
preferences in retreat site selection (Bilde et al. 2002). Abiotic and biotic conditions of

habitat can affect adaptive advantage.

Eggs can be laid inside spiders’ retreats, also called egg nests, as seen in jumping
spider Heliophanus cupreus (Salticidae), or be hung in free hanging structures (Foelix
2011; Hieber 1992). Daddy long-legs spiders (Pholcidae) hold this hanging structure in
their chelicerae (Jakob 1991). Pholcids do not only hold the cocoons they also spin special
fine silk web domes, which can be later used by offspring before they molt (Sedey and

Jakob 1998).

For orbweavers, it is typical to hang cocoons onto the low vegetation or under the
bark. Argiope cophinaria hangs cocoon on the tops of field grasses. It is supposed to hang

securely with balance even in the wind (McCook 1890).

The females of the ogre-faced spider Deinopis cf. cylindracea construct spherical

brown cocoons which are left hidden by the female in the litter (Ponte et al. 2021a). They
13



are quite safe left alone, without a guarding mother, because their colour resembles the

branches and autumn leaves they are hiding under, and provides them with camouflage.

Some spiders always carry their cocoons wherever they go. Females of the spitting
spider Scytodes sp. carry their egg sac in their chelicerae (Li et al. 1999), the same way as
the nursery web spiders Pisauridae do (Fink 1987). Wolf spiders (Lycosidae) carry their
cocoons attached to their spinnerets (Eason 1964; Ruhland et al. 2016), and huntsman

spider Heteropoda venatoria (Sparassidae) carries the cocoon in its pedipalps underneath

the body (fig. 1) (Parr 2016).

Figure 1: Female of Heteropoda venatoria (Sparassidae) guarding its egg sac by
carrying it underneath its body in pedipalps. Taken from Ewunkem and Agee 2022.

Female spiders usually care only for their own cocoons, but mothers of Loxosceles
gaucho (Sicariidae) can care after foreign egg sacs with the same amount of energy. If they

are faced with a choice, they will prefer their own, unless their cocoon is not viable. It
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means that some spider species are able to recognize their own cocoons, but do not hesitate

to spend energy even on foreign ones (Japyassu et al. 2003).

On the other hand, some spider species are not able to differentiate between cocoons
and some spiders, which have multiple egg sacs, tend to desert them (Japyassu et al. 2003;
Foelix 2011; Ewunkem and Agee 2022). Generally, the spiders with an one year cycle do
not guard their cocoons, and therefore usually produce more than one egg sac (Humphreys
1987). The abandonment of the cocoons after construction is also widely occurring in e.g.
orb-weaver spiders (Araneidae) (Mark Harvey et al. 1993), and with some exceptions

(Benavides et al. 2017) in the pirate spiders (Mimetidae) (Guo et al. 2021).

Besides ultimate desertion, females sometimes leave their egg sacs only for a while.
For example, the females of Holocnemus pluchei (Pholcidae) abandon their cocoons only
for a brief moment to copulate with males (Calbacho-Rosa et al. 2017). A common
behaviour is abandoning the egg sac in defence. For example in the ant-mimicking spider
Aphantochilus rogersi (Thomisidae), mothers leave their cocoons unguarded and drive ants

away by attacking (Castanho and Oliveira 1997a).

Wolf spider mothers are able to recognise if their cocoon is full of living juveniles, or
if it is empty, which seem to have the same absence of emitting signals as cocoons full of
dead juveniles. In the case of unviable or empty egg sacs, the mothers abandon them
(Ruhland et al. 2019). Similarly, abandonment is often in the case of offspring with no
chance of survival due to various reasons (Klug 2006). Damaged cocoons by fungi etc. can
be recognised by spider mothers, but there are also many other forms, for example,
parasites such as Mantispidae, which spider mothers cannot distinguish, and therefore care
for the cocoon even if there is no chance of survival for its content (Viera and Romero

2008).
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3.2 Defending and Guarding

Spider mothers usually guard their eggs before hatching. Some species continue the
guarding after the juveniles hatch, until their first or later molts (Brach 1976), or in some
cases into adulthood (Yip and Rayor 2014). Most spiders are solitary and the spider
mothers care for the offspring only until they disperse (Eason 1964). Parental care is
considered to be one of the first steps on a way toward the sociality of primary non-social
species (Viera et al. 2007). Only a minority of species has evolved some sort of social
organisation in maturity, but it is more common among siblings and their parent to form a
subsociality and stay together before reaching maturity. This subsocial behaviour has been
discovered in 18 spider species with no phylogenetic relation. The difference between
subsocial behaviour and care for newly emerged spiderlings is the length of the stay
together. This care is called transient subsocial behaviour and most authors do not consider

it as real social interaction until it is extended beyond the first instar (Yip and Rayor 2014).

In this bachelor thesis, I follow the categorization of transient subsocial behaviour
according to Yip and Rayor (2014). They divided transient subsocial behaviour into 3
categories: egg sac guarding, opening the egg sac, and guarding the offspring until the first

instar.
3.2.1 Egg Sac Guarding

Aside from egg sac carrying species, the guarding of the egg sac is usually happening
in one place. Females guarding their egg sacs may simply position themselves near their
clutch, or they can construct a protective shelter for both themselves and their egg sacs. For
example, females of the bromeliad-living jumping spider Psecas chapoda (Salticidae)
construct their cocoons in the middle of a leaf of Bromelia balansae and subsequently
build yet another silk cover above their egg sac and themselves as protection (Viera and

Romero 2008). Similar behaviour is known from the families Clubionidae, Anyphaenidae,
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and Cheiracanthiidae, which guard their eggs in the nests constructed by silk and rolled-up
grass leaves (Humphreys 1987; Toyama 1999). Vegetation is used also by spiders from the
genus Stegodyphus (Eresidae) as a typical habitat for the construction of their silken nests,
but most velvet spiders live under the bark of trees or stones (Sharma et al. 2021). Families
Dysderidae and Gnaphosidae also hide under the stones in silken cells (Pike et al. 2012;

Sharma et al. 2021).

The presence of a guarding female seems to have two main benefits for eggs; The
survival rate of guarded cocoons is higher, and spiderlings emerge later than those of
unguarded egg sacs (Fink 1986). Higher mortality in egg sacs, which are not guarded by a
spider mother, is caused by predation or sac disappearance (Fink 1986; 1987; Viera and

Romero 2008; Yip and Rayor 2014).

For example, unguarded cocoons of the green lynx spider, Peucetia viridans
(Oxyopidae), break their attachment lines of silk due to abiotic factors and disappear after
a while. Disappearance and following death by falling to the ground is prevented by the
presence of a guarding mother which can avert dislodgement into a more hostile
environment by resuming the tightening of the silk threads (Fink 1987). It was shown that
most of the unguarded egg sacs of this species are not able to emerge on their own (Willey
and Adler 1989). The same inability of emergence was shown in uncarried cocoons of a

huntsman spider Heteropoda venatoria (Sparassidae) (Parr 2016).

The obvious reason why the presence of adult spider is decreasing the mortality of
eggs is defending them against predators, such as ants or araneophagic spiders (Fink 1987;
Willey and Adler 1989; Viera and Romero 2008). The already mentioned green lynx spider
can defend its eggs against ants by direct attack or by changing the position of the cocoon
attached to low vegetation by adjusting the silk threads holding it in place The ants are not
only dangerous for the eggs, but also for adult female spiders; however, the mothers do not

17



hesitate to defend their eggs (Fink 1987; Eason 1964; Viera and Romero 2008; Willey and

Adler 1989).

The guarding period is not easy for females because they are willing to risk their own
lives in defence of their egg sacs (Viera and Romero 2008). Moreover, the guarding
females and non-guarding females of the same species have significant differences in
weight changes. Guarding females of green lynx spider feed ten times less than non-
guarding ones. The hunger and also the energy expenditure caused by guarding or due to
the heaviness of carried eggs lead to a significant loss of weight in females (Fink 1986;
Parr 2016). Besides the energy cost of maternal care, it also increases the risk of predation

(Royle et al. 2012; Yip and Rayor 2014).
3.2.2 Opening the Egg Sac

In some species, for example in wolf spiders, the spiderlings cannot escape from a
cocoon without their mother’s help. They are not able to open the egg sac by simply
cutting through the egg sac wall with their chelicerae as the spider mother is (Foelix 2011;
Eason 1964). Females use their pedipalps and legs for rotation of the egg sac, and tear the

silk by chelicerae along the white seam of the cocoon (Ruhland et al. 2016).

In the case of nonviable egg sacs, mothers of the wolf spider Pardosa saltans
(Lycosidae) tend to abandon their cocoons right before the time of emerging, and do not
try to tear it beforehand (Ruhland et al. 2019). The females are informed by tactochemical
stimuli of the cocoon about the state of their eggs’ development (whether the juveniles are
alive, or not) in the postembryonic period (Ruhland et al. 2019). After the emergence of
juveniles, females of P. saltans end egg sac care and stop carrying the empty cocoons,
which would otherwise lead to wasting their energy. On the other hand, in the cob web
spider Anelosimus cf. studiosus (Theridiidae), the opening of the egg sac and juvenile

emergence seem to be more dependent on mechanical movement of the juveniles inside the
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cocoon and neuroendocrinal mechanisms of the mother, than chemical stimulants (Viera et

al. 2007).

When the spiderlings’ emergence is dependent on the mother’s help, the loss of the
mother usually has a significant impact on the viability of the young. In the green lynx
spider, the loss of a mother does not need to lead to the death of juveniles but in most
cases, it does. In below 30% of cases, the spiderlings were able to make exit holes in the
cocoon wall, but even in these cases they usually got trapped in them and could not escape
(Willey and Adler 1989). Similar records are known from observations of the species
Cheiracanthium japonicum (Cheiracanthiidae), in which offspring were not able to

successfully emerge without the attendance of their mother (Toyama 1999).

In some other species, even though it was shown that the spiderlings can tear the
cocoon silk, their mothers open the cocoon themselves. Such behaviour has been reported

in the huntsman spider Heteropoda venatoria (Sparassidae) (Ross et al. 1982; Parr 2016).
3.2.3 Guarding the Offspring until and after the First Instar

After emerging from the cocoons, the spiderlings usually stay together until the first
instar. The first instar is the developmental stage of the spiderlings that follows after the
first molt, usually occurring inside the egg sac (Yip and Rayor 2014). Until the first instar,
the guarding is considered to be transient subsocial behaviour. Afterwards, it is considered

subsocial behaviour (Yip and Rayor 2014).

The care for the offspring may involve many different behaviours displayed by the
female. One of the reasons for guarding the offspring is the same as for guarding the egg —
to decrease predation and mortality (Fink 1986; Willey and Adler 1989). Mothers are able
to chase and kill some of the predators (Schneider 1995; Yip and Rayor 2014). Therefore,

they increase offspring survivability.
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The second reason for guarding the offspring is the securing of nests or other habitats
(Sedey and Jakob 1998). It has been shown that guarded spiderlings take a longer time
before dispersing than those unguarded ones (Fink 1986). This difference in dispersal may
be caused by differences in adult and juvenile silk. Juvenile silk is finer, it is thus more
advantageous for juveniles to use sturdier webs provided by their mother (Kaston 1987;
Fink 1986). For example, in the subsocial spider Amaurobius ferox (Amaurobiidae), it has
been shown that parental webs inherited from mothers are more efficient in prey capture
than webs constructed by juveniles (Kim et al. 2005). Moreover, the spiderlings can save

energy by using the already existing webs (Jakob 1991).

In nursery web spiders, the females construct a tentlike web for their egg sac when
they are finished with the period of carrying it around in their chelicerae. It is the last act of
maternal care towards their soon emerging spiderlings who can use this web until their first
molt (Foelix 2011). For that reason, the pisaurids are also referred to as the “nursery web
spiders” (Yip and Rayor 2014). Natal webs constructed by pholcids for their offspring to

use before dispersing have a similar function (Jakob 1991; Sedey and Jakob 1998).

Carrying offspring as done by spider mothers in wolf spiders is also considered
guarding. After emerging, the offspring climb onto the mother’s abdomen, where they
continue to be cared for (Eason 1964; Ruhland et. al. 2016). They hold onto their mothers’
abdominal setae (Rovner et al. 1973). Carrying the young prevents the mother from
predatory behaviour. The reason for that may be the potential loss of spiderling on her back
(Ruhland, Pétillon, and Trabalon 2016), or unwanted feeding above her fallen offspring
(Eason 1964). Mother rather reduce their basal metabolism and therefore lower their
activity (Ruhland et al. 2016). They are capable of fuelling the energy of their own tissues
during the brooding period (Ruhland et al. 2016). With the use of silk lines, the spiderlings

can travel between the mother and the ground if it is necessary, for example, if they are

20



dismounted from their mother’s abdomen (Higashi and Rovner 1975). In the case of

dismounting, the female does not help them to remount (Higashi and Rovner 1975).

In social species, the guarding period is usually prolonged into later instar or even to
maturity. Caring for the mature individual is rare in invertebrates, especially in spiders
(Royle et al. 2012; Dong et al. 2019). Along with prolonged care comes prolonged feeding
and guarding of the offspring (Kullmann 1972). Cooperation plays a key role in social
spiders. They built webs together, they provide communal feeding, and most importantly
they exhibit collective brood care. Examples of families with collective brood care are the
velvet spiders (Eresidae) and funnel-web spiders (Agelenidae), and cob-web spiders
(Theridiidae) (Kullmann 1972). In collective brood care adult individual does not care only

after their offspring but also after the offspring of others (Kullmann 1972; Lubin 1982).

A main disadvantage of subsocial parental care is possibly the increased risks of
predation because larger nests attract more predators, and the energy cost of parental care
also leads to weaker mothers (Royle et al. 2012; Yip and Rayor 2014). Guarding females
lose significantly more weight than unguarding females. That is mainly because of energy
expenditure during guarding and defending, and also because of feeding the offspring (Yip
and Rayor 2014; Ruhland et al. 2016). Also, it has been shown that unguarding females

have better chances to construct second egg sacs than guarding females (Fink 1986).

The last advantage of the guarding period for offspring is the provisioning of the food
supply by the mother (Kullmann 1972). Food provisioning during the gregarious phase
exists in various forms in spider families (Yip and Rayor 2014). Of course, there are
exceptions, for example, wolf spider females carry their offspring on their abdomen but do

not feed them (Ruhland et al. 2016).
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3.3 Providing Food Supply

Food is essential for the offspring and for the mother which has a larger energy
expenditure due to parental care. Despite the energy cost, the mothers do not usually feed
during brood care (Ewunkem and Agee 2022; Ross et al. 1982; Parr 2016). The reason for
this may be avoiding the dangerous situations associated with prey attacking (Ruhland et

al. 2016).

Offspring of some species must stay inside the egg sac for some time to complete their
development. This period is called the larval stage and ends with the first molt into a
nymph, which is defined as an individual with functioning venom and silk glands (Ibarra
1985; Foelix 2011). The offspring are fed only by trophic eggs during the larval stage, or

not at all (Ibarra 1985; Perry and Roitberg 2006).

In some spider species, the mother provides hatched offspring with food supply.
Forms of feeding vary in species from providing trophic eggs, sharing prey, feeding the
offspring liquefied food from the midgut, secreting nutritive fluids (milking) to the suicide
of the mother which then becomes the offspring’s meal (Guo et al. 2021; Dong et al. 2019;

Chen et al. 2018).

All types of food provisioning methods have proven to decrease or completely prevent

cannibalism between siblings (Bilde and Lubin 2001).

3.3.1 Direct Food Supply

As a direct food supply is considered sharing the prey with the offspring or laying a
batch of trophic eggs. These eggs, also called nurse eggs, cannot develop into viable
spiderlings and are used by the offspring to feed upon (Perry and Roitberg 2006). They are
full of yolk, and therefore very nutritious for spiderlings (Gundermann et al. 1991; Perry

and Roitberg 2006). Spider mother deposits trophic eggs either during oviposition into the
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cocoon, just before the hatching of the fertilized eggs, or continuously in the course of

spiderling development (Gundermann et al. 1991; Perry and Roitberg 2006).

Laying trophic eggs within the egg sac is known from several families, for example in
spitting spiders Scytoididae (Hite 1966), cob-web spiders Theridiidae (Valerio 1974), and
ground spiders Gnaphosidae (Ibarra 1985; Yip and Rayor 2014), but the consumption of
the trophic eggs outside the cocoon has been observed only in funnel-web spiders
Agelenidae (Ibarra 1985), crab spiders Thomisidae and lace-web spiders Amaurobiidae

(Ibarra 1985; Kim and Roland 2000).

In Amaurobius ferox (Amaurobiidae), the offspring stimulate their mother, which
could be viewed as begging behaviour, before she begins with laying the clutch of the
nurse eggs (Kim and Roland 2000). Mothers after the separation from their offspring do
not lay any trophic eggs and rather lay viable batches (Perry and Roitberg 2006; Kim and

Roland 2000; Gundermann et al. 1991).

Another direct food provisioning is sharing the prey. In some spiders, mothers feed
upon the prey before they share it with the offspring, and in others, female spider only
injects saliva which makes it easier for spiderlings to suck out the insides (Kullmann

1972).

The funnel-web spider Coelotes terrestric (Agelenidae) guards its cocoon inside a
tube-like retreat, and after hatching, it provides spiderlings with an increasing amount of
captured prey for about a month (Krafft et al. 1988). Spiderlings of this species stroke their
mother in a begging like behaviour until she gives them her prey. By the end of the
gregarious phase, spiderlings are able to steal their mother’s food by force. The prey
handling time by the mother is decreasing; therefore, she has less time to feed on the prey

and needs to increase the prey capture to satisfy her needs. Leaving off the captured prey is
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also present in other spider species, for example in Archaeranea wau Theridiidae (Lubin

1982; Krafft et al. 1988; Foelix 2011).

3.3.2 Regurgitation

Regurgitation is a way of feeding the offspring with liquified food from the mother’s
midgut. It consists of predigested prey and the mother’s own intestinal tissue (Salomon,
Schneider, and Lubin 2005). This feeding method does not require spiderlings to use any
venom or enzymatic fluids; therefore, they can save energy and resources (Salomon et al.
2005). No species lay trophic eggs and regurgitate at the same time which suggests that
these two methods of food provision have the same function, and therefore are mutually

exclusive (Yip and Rayor 2014).

Regurgitation is found in two unrelated families cribellate Eresidae (for example in
genus Eresus, Stegodyphus ) and ecribellate Theridiidae (for example in genera Theridion
and Anelosimus) (Kullmann 1972; Brach 1977; Foelix 2011). This method of feeding was
recognised as an obligatory phase of maternal care in few spider species (Kullmann 1972).
It is for example known as an obligatory phase in Theridion impressum (Theridiidae)
(Kullmann 1972). Regurgitation is typical for social spiders with some exceptions (Lubin
1982), but it can be found in solitary species. Besides families Eresidae and Theridiidae,
there is a record of one species in wolf spiders, Aglaoctenus lagotis (Lycosidae), which

feeds its offspring by regurgitation (Stefani et al. 2011).

The length of regurgitation differs among the species. Some spiders feed their
offspring until the first instar, others, for example, Stegodyphus lineus (Theridiidae),

prolong their brooding care and regurgitate even after the first molt (Kullmann 1972).

Regurgitation has proven to be a good method for fair feeding because mothers give

food to spiderlings in portions, and can thus regulate their growth, and reduce size
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differences among the offspring (Kullmann 1972; Salomon et al. 2005). The spiderlings

are able to beg for food by pushing towards the mother’s mouth (Salomon et al. 2005).

Regurgitation does not need to be only towards juveniles. In the genus Anelosimus
(Theridiidae), there has been observed regurgitation by subadult siblings towards starving
individuals (Gomez et al. 2015). It has been shown that males are favoured in feeding
from siblings’ midgut (Viera et al. 2006). Preference towards male feeding may be aimed
towards reaching maturity faster. Males need fewer molts to reach maturity, which is
probably a strategy developed to avoid inbreeding in subsocial spiders (Bukowski and

Avilés 2002).
3.3.3 Matriphagy

Matriphagy is the consumption of the living mother by its offspring (fig. 2) (Toyama

2001).

L

Figure 2: Stegodyphus lineatus (Eresidae) spiderlings eating their mother by
matriphagy. Taken from Royle et al. 2014.
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Females provide themselves as a food source willingly (Toyama 2003). They are eaten
completely except for the exoskeleton by their offspring which climb onto the female’s

body and suck out its fluids (Toyama 2003; Salomon et al. 2005; Tripathi et al. 2020).

It is a great sacrifice for the mother because it seems to be present even in mothers,

that are healthy and capable of producing the next batch of eggs.

In Chiracanthium japonicum (Cheiracanthiidae), matriphagy has been observed even
though no other food provisioning method during maternal care is known (Toyama 1999;
2001). The second instar offspring perform consumption of their mother (Toyama 1999).
Matriphagy is beneficial for this species, but spiderlings can survive without feeding upon
their mother, if the mother is removed, but the offspring without matriphagy tend to
disperse earlier, at the second instar, which influences their future survival (Toyama 2001;

2003).

Dispersal from the nests without a mother occurs faster than from those where the
offspring feed upon the present mother. However, the orphaned spiderlings are not able to
molt into the third molt before dispersal and to grow as fast as the ones with matriphagy
occurring inside their nests (Toyama 2001). Delayed dispersal and occurrence of the third
molt inside the breeding nests may be also beneficial because spiderlings are always at
higher risk during molting. Molting within the nest is therefore safer for them (Toyama

1999).

The two main advantages of matriphagy are the increase of spiderling size before
dispersal and the prevention of cannibalism among the siblings (Toyama 2001; 2003).
Also, later dispersal in later instars increases the spiderling survival rate, reproductive
success, and fitness (Toyama 2001; Kim et al. 2000) because larger females of C.

japonicum produce more eggs, and larger males have better reproductive chances in the
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future (Toyama 1999; 2003). It has been also shown that matriphagous spiderlings are

better at prey capture (Kim et al. 2000).

Regurgitation often precedes matriphagy (Salomon et al. 2005), and can be displayed
by many species within the same family. In the case of Eresidae, the females of
Stegodyphus lineatus provide up to 95% of their body mass to their offspring by
regurgitation, and the rest is provided by matriphagy (Salomon et al. 2005). This is
probably because regurgitated fluid has more nutritional value (Salomon, Schneider, and
Lubin 2005). Similar behaviour is also known from S. pacifus (Eresidae) (Tripathi et al.
2020). In S. mimosarum (Eresidae), regurgitation seems not restricted to mothers but
extends to females that show allomaternal behaviour, the care of othermother’s offspring

(Seibt and Wickler 1987; Junghanns et al. 2017).

Another example of a species with extended maternal care and matriphagy is
Amaurobius ferox (Amaurobiidae) (Kim et al. 2000), which does not feed the offspring
neither by regurgitation nor by sharing its prey. It rather uses trophic eggs (Kim and

Roland 2000).

3.3.4 Milking

Milking has been observed in the jumping spider Toxeus magnus (Salticidae) (Chen et
al. 2018). This type of feeding is provided in the form of nutritive high-protein fluid
droplets excreted by the female’s epigastric furrow (fig. 3) and sucked out by spiderling
(Chen et al. 2018; Dong et al. 2019). The spiderlings of 7. magnus are not able to survive
without milk provisioning. In this species, the milking is extended to the sexually mature

offspring (Chen et al. 2018; Dong et al. 2019).
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Figure 3: Female of Toxeus magnus (Salticidae) producing milk droplets from epigastric
furrow. (A) Ventral view of mother. (B) Milk droplets. Taken from Dong. et al. 2019.

The evolutionary mechanisms leading to milking in spiders are poorly understood, but
it has been hypothesized that this nutritive fluid could have evolved from trophic eggs
(Chen et al. 2018). Lactation in mammals is considered the costliest method of maternal
care. The milking in spiders in comparison to the lactation in mammals, does not show any

immunological effects (Demmelmair et al. 2017; Dong et al. 2019).
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4 Evolution of Maternal Care in Spiders

In this bachelor thesis, maternal care in spiders was divided into 3 main categories: 1)
cocoon production and care, 2) defending and guarding, and 3) providing food supply. The
production of egg sac is known from all spider families so it is not highlighted in the
phylogenetic tree as the other subcategories are. In the second category (defending and
guarding), it is distinguished between a) guarding the eggs, and b) guarding the hatched
spiderlings, and in the last category (providing food supply), there are various
subcategories: a) sharing the prey captures, b) trophic eggs, c¢) regurgitation, d) matriphagy,

and e) milking.

Based on my research, the types of maternal care are summarized in the table (tab. 1),
and mapped onto the phylogenetic tree representing our current understanding of spider
evolution (fig.4). The phylogenetic topology was created as a consensus of scientific
articles (Opatova et al. 2020; Kallal et al. 2021; Azevedo et al. 2022; De Oca et al. 2022)
and follows Kallal et al. 2021 in term of the position of the velvet spiders Eresidae and the
superfamily Nicodamoidae (but see Kallal et al. 2021 and Kulkarni et al. 2021). Some
families are not included in the topology due to the incomplete taxon sampling in the

source literature.

In the phylogenetic tree, only the information that could have been obtained via
scientific references is shown (tab. 1). Families without any highlighted type of maternal
care either do not display any parental behaviour. Families with no data about their

maternal care are marked with N/A (not available)
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Figure 4: Phylogenetic tree mapping the various types of maternal care in spiders.
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5 Discussion

Research concerning maternal care in spiders is a prominent field of behavioural study
in arachnology (Yip and Rayor 2014). I hope that in the future we will know more, but at

the current state, there is no information concerning maternal care in some spider families.

The most common method of maternal care in spiders besides the construction of the
cocoon, which is present in all families, is certainly egg sac guarding. There are no
significant differences in the occurrence of guarding across Mygalomorphae and

Araneomorphae. Guarding of the eggs is common in both groups.

The food provisioning methods are relatively rare among spider families. As the main
food provisioning method, direct food supply is predominant. The most unique type of
maternal care is milking in Salticidae (Chen et al. 2018; Dong, Quan, and Chen 2019), but
it may have not been discovered in other families yet. Other feeding methods probably

evolved more times based on the research.

Regurgitation had to evolve at least in four families independently - once in Oval
Calamistrum Clade (family Lycosidae), and at least once in both Eresidae and Theridiidae
(Araneoidea clade). In two instances, Eresidae and Theridiidae, regurgitation is also linked
with matriphagy (Yip and Rayor 2014). It seems that the presence of regurgitation and
matriphagy is related to the social behaviour in Eresidae and Theridiidae (Kullmann 1972;
Kiirpick 2000). The phenomenon of regurgitation preceding matriphagy was not found in

other families, but it may be a consequence of missing data.

Matriphagy had to evolve at least four times in distantly related spider clades
(Araneoidea, Dyonicha, Marronoids, and Oval Calamistrum Clade) in the evolution of
spiders. In the case of Marronoids, it actually evolved twice within the same clade. There is

a possibility of simultaneous evolution of matriphagy within one family in other spider
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families, but more research is needed to confirm (Gundermann et al. 1991; Kim et al.

2000).

Matriphagy often pairs with the presence of trophic eggs, precisely in Marronoids
(families Agelenidae and Amaubiroidae) (Ibarra 1985; Gundermann et al. 1991; Kim et al.
2000), in Oval Calamistrum Clade (family Thomisidae) (Evans 1998), and in Araneoidae
(family Theridiidae) (Valerio 1974; Salomon et al. 2005; Tripathi et al. 2020). Theridiidae
is the family with the highest number (seven) of types of maternal care (construction of the
cocoons, guarding the egg, guarding the hatched offspring, sharing prey with the offspring,
trophic egg, regurgitation, and matriphagy) (Kullmann 1972; Brach 1977; Valerio 1974;

Samuk and Avilés 2013; Yip and Rayor 2014).

Cheiracanthidae is the only family showing matriphagy without regurgitation or
trophic eggs (Toyama 2001). This may be caused by a lack of information, or it can mean
that matriphagy can occur on its own as a method of food provisioning for offspring

without preceding trophic egg or regurgitation.

The results confirm that regurgitation and providing food supply by laying trophic
eggs do not coexist in one species, but it was observed within one spider family
(Theridiidae). This could confirm that trophic eggs and regurgitation can coexist in related

species within the same family.

The data obtained by this bachelor thesis is nonetheless valuable and show a new

angle upon the evolution of maternal care in spiders.
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6 Conclusion

Spiders evolved various methods of parental care to increase the survivability of their
offspring. Generally, the guarding of the egg sac or hatched spiderlings seems to be the
most efficient in adding fitness contravene to the cost of parents because it is the most
common state throughout the spider families worldwide. Extended maternal care including
food provisioning methods was observed only in twenty-one families. It seems that the
behavioural trend of matriphagy, which evolved at least four times, and regurgitation,

which evolved at least four times, evolved independently in distantly related families.

33



7 References

Agnarsson, Ingi. 2003. ‘The Phylogenetic Placement and Circumscription of the Genus
Synotaxus (Araneae: Synotaxidae), a New Species from Guyana, and Notes on
Theridioid  Phylogeny’.  Invertebrate  Systematics 17 (6): 719-31.
https://doi.org/10.1071/1S03002.

Aisenberg, Anita, Fernando G. Costa, and Macerena Gonzalez. 2011. ‘Male Sexual
Cannibalism in a Sand-Dwelling Wolf Spider with Sex Role Reversal’. Biological
Journal of the Linnean Society 103 (1): 68-75. https://doi.org/10.1111/3.1095-
8312.2011.01631.x.

Aisenberg, Anita, and Macarena Gonzalez. 2011. ‘Male Mate Choice in Allocosa Alticeps
(Araneae: Lycosidae), a Sand-Dwelling Spider with Sex Role Reversal’. Journal of
Arachnology 39 (3): 444—48. https://doi.org/10.1636/Hi11-23.1.

Aisenberg, Anita, Carmen Viera, and Fernando G. Costa. 2007. ‘Daring Females, Devoted
Males, and Reversed Sexual Size Dimorphism in the Sand-Dwelling Spider Allocosa
Brasiliensis (Araneae, Lycosidae)’. Behavioral Ecology and Sociobiology 62 (1): 29—
35. https://doi.org/10.1007/s00265-007-0435-x.

Azevedo, Guilherme H. F., Tierney Bougie, Martin Carboni, Marshal Hedin, and Martin J.
Ramirez. 2022. ‘Combining Genomic, Phenotypic and Sanger Sequencing Data to
Elucidate the Phylogeny of the Two-Clawed Spiders (Dionycha)’. Molecular
Phylogenetics and Evolution 166 (January): 2-14.
https://doi.org/10.1016/j.ympev.2021.107327.

Baehr, B, and M Baehr. 1987. ‘The Australian Hersiliidae (Arachnida : Araneae): Taxonomy,
Phylogeny, Zoogeography’. Invertebrate  Systematics 1 (4): 351-437.
https://doi.org/10.1071/1T9870351.

Barnes, J. K., L. E. Higgins, and C. W. Sabrosky. 1992. ‘Life Histories of Pseudogaurax
Species (Diptera: Chloropidae), Descriptions of Two New Species, and Ecology of
Nephila Clavipes (Linnaeus) (Araneae: Tetragnathidae) Egg Predation’. Journal of
Natural History, no. 26: 823-34. https://doi.org/10.1080/00222939200770501.

Barrantes, Gilbert, Olman Alvarado-Rodriguez, and Emilia Triana. 2014. ‘Ultrastructure of
Deinopis Egg Sac (Araneae: Deinopidae)’. Arachnology 16 (5): 157-60.
https://doi.org/10.13156/arac.2012.16.5.157.

Bauer, Tobias, Steffen Bayer, Eckhart Derschmidt, and Hubert Hofer. 2019. ‘Description of
the Egg Sac of Paratrachelas Maculatus, with Notes on Its Establishment in Urban
Regions of Germany and Austria (Araneae: Trachelidae)’. Arachnologische
Mitteilungen: Arachnology Letters 57 (1): 26-30.
https://doi.org/10.30963/aramit5705.

Benavides, Ligia R., Gonzalo Giribet, and Gustavo Hormiga. 2017. ‘Molecular Phylogenetic
Analysis of “Pirate Spiders” (Araneae, Mimetidae) with the Description of a New
African Genus and the First Report of Maternal Care in the Family’. Cladistics 33 (4):
375-405. https://doi.org/10.1111/cla.12174.

Bilde, T., and Y. Lubin. 2001. ‘Kin Recognition and Cannibalism in a Subsocial Spider’.
Journal of Evolutionary Biology 14 (6): 959-66. https://doi.org/10.1046/.1420-
9101.2001.00346.x.

34



Bilde, Trine, Alexei A. Maklakov, Phillip W. Taylor, and Yael Lubin. 2002. ‘State-Dependent
Decisions in Nest Site Selection by a Web-Building Spider’. Animal Behaviour 64 (3):
447-52. https://doi.org/10.1006/anbe.2002.3076.

Blrghardt, Gordon M. 1977. ‘Of Iguanas and Dinosaurs: Social Behavior and Communication
in Neonate Reptiles’. American Zoologist 17 (1): 177-90.
https://doi.org/10.1093/icb/17.1.177.

Bosselaers, Jan, and Rudy Jocqué. 2000. ‘Hortipes, a Huge Genus of Tiny Afrotropical
Spiders (Aranae, Liocranidae)’. Bulletin of the American Museum of Natural History
2000 (256): 4-108. https://doi.org/10.1206/0003-
0090(2000)256<0004:HAHGOT>2.0.CO;2.

Boulton, April M., and Gary A. Polis. 1999. ‘Phenology and Life History of the Desert
Spider, Diguetia Mojavea (Araneae, Diguetidae)’. The Journal of Arachnology 27 (2):
513-21.

Brach, Vincent. 1976. ‘Subsocial Behavior in the Funnel-Web Wolf Spider Sosippus
Floridanus (Araneae: Lycosidae)’. Florida Entomologist 59 (3): 225-29.

——— 1977. ‘Anelosimus Studiosus (Araneae: Theridiidae) and the Evolution of
Quasisociality in  Theridild  Spiders’.  Evolution 31  (1):  154-61.
https://doi.org/10.2307/2407553.

Buchli, Harro H.R. 1969. ‘Hunting Behavior in the Ctenizidae’. American Zoologist 9 (1):
175-93. https://doi.org/10.1093/icb/9.1.175.

Bukowski, Todd C, and Leticia Avilés. 2002. ‘Asynchronous Maturation of the Sexes May
Limit Close Inbreeding in a Subsocial Spider’. Canadian Journal of Zoology 80 (2):
193-98. https://doi.org/10.1139/z01-220.

Burger, Matthias, Peter Michalik, Werner Graber, Alain Jacob, Wolfgang Nentwig, and
Christian Kropf. 2006. ‘Complex Genital System of a Haplogyne Spider (Arachnida,
Araneae, Tetrablemmidae) Indicates Internal Fertilization and Full Female Control
over Transferred Sperm’. Journal of Morphology 267 (2): 166-86.
https://doi.org/10.1002/jmor.10394.

Buzatto, B. A., and G. Machado. 2009. ‘Amphisexual Care in Acutisoma Proximum
(Arachnida, Opiliones), a Neotropical Harvestman with Exclusive Maternal Care’.
Insectes Sociaux 56 (1): 106-8. https://doi.org/10.1007/s00040-008-1044-z.

Calbacho-Rosa, Lucia, Alex Cordoba-Aguilar, Roberto Munguia-Steyer, and Alfredo V.
Peretti. 2017. ‘A Parental Care-Mating Dilemma? Potential Risks for Offspring in the
Pholcid Spider When Egg-Carrying Females Accept Mating’. Journal of Insect
Behavior 30 (2): 155-69. https://doi.org/10.1007/s10905-017-9604-6.

Carver, Linnea M., Patricia Perlaky, Alan Cressler, and Kirk S. Zigler. 2016. ‘Reproductive
Seasonality in Nesticus (Araneae: Nesticidae) Cave Spiders’. PLOS ONE 11 (6): 1-13.
https://doi.org/10.1371/journal.pone.0156751.

Castanho, L. M., and P. S. Oliveira. 1997a. ‘Biology and Behaviour of the Neotropical Ant-
Mimicking Spider Aphantochilus Rogersi (Araneae: Aphantochilidae): Nesting,
Maternal Care and Ontogeny of Ant-Hunting Techniques’. Journal of Zoology 242
(4): 643-50. https://doi.org/10.1111/1.1469-7998.1997.tb05818.x.

1997b. ‘Biology and Behaviour of the Neotropical Ant-Mimicking Spider
Aphantochilus Rogersi (Araneae: Aphantochilidae): Nesting, Maternal Care and

35



Ontogeny of Ant-Hunting Techniques’. Journal of Zoology 242 (4): 643-50.
https://doi.org/10.1111/5.1469-7998.1997.tb05818.x.

Chen, Zhanqi, Richard T. Corlett, Xiaoguo Jiao, Sheng-Jie Liu, Tristan Charles-Dominique,
Shichang Zhang, Huan Li, Ren Lai, Chengbo Long, and Rui-Chang Quan. 2018.
‘Prolonged Milk Provisioning in a Jumping Spider’. Science 362 (6418): 1052-55.
https://doi.org/10.1126/science.aat3692.

Clark, James Matthew, Mark Norell, Luis M. Chiappe, Mongolian-American Museum
Paleontological Project, and Mongolyn Shinzhlékh Ukhaany Akademi. 1999. ‘An
Oviraptorid Skeleton from the Late Cretaceous of Ukhaa Tolgod, Mongolia, Preserved
in an Avianlike Brooding Position over an Oviraptorid Nest. American Museum
Novitates ; No. 3265°. https://digitallibrary.amnh.org/handle/2246/3102.

Coddington, Jonathan A. 2005a. ‘Phylogeny and Classification of Spiders’. In Spiders of
North America: An Identification Manual, 18-24.

. 2005b. ‘Symphytognatidae’. In Spiders of North America: An Identification Manual,

226-217.
https://repository.si.edu/bitstream/handle/10088/4366/CoddingtonSymphytognathidae
05.pdf.

. 2005¢. ‘Theridiosomatidae’. In Spiders of North America: An Identification Manual,
244-45. American Arachnological Society.
https://repository.si.edu/bitstream/handle/10088/4367/CoddingtonTheridiosomatidae0
5.pdf.

Cokendolpher, James C. 2007. ‘New and Rare Nesticid Spiders from Texas Cavec (Araneae:
Nesticidae)’. Speleological Monographs 5: 25-34.

Cokendolpher, James, and Kathryn Macdonald. 2008. ‘Egg Guarding and Spiderling Group-
Feeding in Crevice Weaver Spiders (Araneae: Filistatidae)’. Revista Iberica de
Aracnologia 16 (January): 67—70.

Costa, Fernando G., and Fernando Pérez-Miles. 1998. ‘Behavior, Life Cycle and Webs of
Mecicobothrium Thorelli (Araneae, Mygalomorphae, Mecicobothriidae)’. The Journal
of Arachnology 26 (3): 317-29.

Coyle, Frederick A., and Wendell R. Icenogle. 1994. ‘Natural History of the Californian
Trapdoor Spider Genus Aliatypus (Araneae, Antrodiaetidae)’. The Journal of
Arachnology 22 (3): 225-55.

Crews, Sarah C. 2023. ‘But Wait, There’s More! Descriptions of New Species and
Undescribed Sexes of Flattie Spiders (Araneae, Selenopidae, Karaops) from
Australia’. ZooKeys 1150 (February): 1-189.
https://doi.org/10.3897/zookeys.1150.93760.

De Oca, Laura Montes, Rafael P. Indicatti, Vera Opatova, Marlus Almeida, Fernando Pérez-
Miles, and Jason E. Bond. 2022. ‘Phylogenomic Analysis, Reclassification, and
Evolution of South American Nemesioid Burrowing Mygalomorph Spiders’.
Molecular ~ Phylogenetics and  Evolution 168 (March): 107377.
https://doi.org/10.1016/j.ympev.2021.107377.

Del-Claro, Kleber Del, Paulo S. Oliveira, and Victor Rico-Gray. 2009. Tropical Biology and
Conservation Management - Volume XI: Case Studies. EOLSS Publications.

36



Del-Claro, Kleber, and Everton Tizo-Pedroso. 2009. ‘Ecological and Evolutionary Pathways
of Social Behavior in Pseudoscorpions (Arachnida: Pseudoscorpiones)’. Acta
Ethologica 12 (1): 13-22. https://doi.org/10.1007/s10211-009-0052-y.

Demmelmair, Hans, Christine Prell, Niklas Timby, and Bo Lonnerdal. 2017. ‘Benefits of
Lactoferrin, Osteopontin and Milk Fat Globule Membranes for Infants’. Nutrients 9
(8): 817. https://doi.org/10.3390/nu9080817.

Dippenaar-Schoeman, Ansie S., and Jan G. Myburgh. 2009. ‘A Review of the Cave Spiders
(Arachnida: Araneae) from South Africa’. Transactions of the Royal Society of South
Africa 64 (1): 53—61. https://doi.org/10.1080/00359190909519237.

Dong, Bing, Rui-Chang Quan, and Zhan-Qi Chen. 2019. ‘Prolonged Milk Provisioning and
Extended Maternal Care in the Milking Spider Toxeus Magnus: Biological
Implications and Questions Unresolved’. Zoological Research 40 (4): 241-43.
https://doi.org/10.24272/1.issn.2095-8137.2019.041.

Doran, N. E., A. M. M. Richardson, and R. Swain. 2001. ‘The Reproductive Behaviour of the
Tasmanian Cave Spider Hickmania Troglodytes (Araneae: Austrochilidae)’. Journal
of Zoology 253 (3): 405—18. https://doi.org/10.1017/S0952836901000371.

Dunlop, J. A., and G. Alberti. 2008. ‘The affinities of mites and ticks: a review’. Journal of
Zoological  Systematics  and  Evolutionary  Research 46  (1): 1-18.
https://doi.org/10.1111/5.1439-0469.2007.00429.x.

Eason, Ruth Robinson. 1964. ‘Maternal Care as Exhibited by Wolf Spiders’. Journal of the
Arkansas Academy of Science 18 (3): 13—19.

Edwards, G B, and Joe T Stiles. 2011. ‘The First North American Records of the
Synanthropic Spider Cithaeron Praedonius O. P.-Cambridge (Araneae: Gnaphosoidea:
Cithaeronidae), with Notes on Its Biology’. Insecta Mundi 0187: 1-7.

Edwards, Robert L., and Annabel D. Edwards. 2000. ‘Observations on the Webs and Life
History of Homalometa Nigritarsis (Araneae: Tetragnathidae): A Spider That Lays Its
Eggs in Rows’. Psyche: A Journal of Entomology 103 (1-2): 37-48.
https://doi.org/10.1155/2000/12789.

Elgar, Mark A., and Babette F. Fahey. 1996. ‘Sexual Cannibalism, Competition, and Size
Dimorphism in the Orb-Weaving Spider Nephila Plumipes Latreille (Araneae:
Araneoidea)’. Behavioral Ecology 7 (2): 195-98.
https://doi.org/10.1093/beheco/7.2.195.

Engelbrecht, lan, and Lorenzo Prendini. 2012. ‘Cryptic Diversity of South African Trapdoor
Spiders: Three New Species of Stasimopus Simon, 1892 (Mygalomorphae,
Ctenizidae), and Redescription of Stasimopus Robertsi Hewitt, 1910°. American
Museum Novitates 2012 (3732): 1-42. https://doi.org/10.1206/3732.2.

Evans, T. A. 1998. ‘Offspring Recognition by Mother Crab Spiders with Extreme Maternal
Care’. Proceedings of the Royal Society of London. Series B: Biological Sciences 265
(1391): 129-34. https://doi.org/10.1098/rspb.1998.0273.

Ewunkem, Akamu Jude, and Kyle Agee. 2022. ‘Spider Parental Care and Awe-Inspiring Egg
Sac (Cocoon)’. Edited by Marco Cucco. International Journal of Zoology 2022
(September): 1-7. https://doi.org/10.1155/2022/6763306.

Fernandez, M., C. Bock, and H.-O. Portner. 2000. ‘The Cost of Being a Caring Mother: The
Ignored Factor in the Reproduction of Marine Invertebrates’. Ecology Letters 3 (6):
487-94. https://doi.org/10.1111/j.1461-0248.2000.00172.x.

37



Ferretti, Nelson, Sofia Copperi, Leonela Schwerdt, and Gabriel Pompozzi. 2014. Another
Migid in the Wall: Natural History of the Endemic and Rare Spider Calathotarsus
Simoni (Mygalomorphae: Migidae) from a Hill Slope in Central Argentina’. Journal
of Natural History 48 (31-32): 1907-21.
https://doi.org/10.1080/00222933.2014.886344.

Ferretti, Nelson, Gabriel Pompozzi, Sofia Copperi, and Leonela Schwerdt. 2013. ‘Aerial
Dispersal by Actinopus Spiderlings (Araneae: Actinopodidae)’. The Journal of
Arachnology 41 (3): 407-8. https://doi.org/10.1636/J13-27.1.

Fink, Linda S. 1986. ‘Costs and Benefits of Maternal Behaviour in the Green Lynx Spider
(Oxyopidae, Peucetia Viridans)’. Animal Behaviour 34 (4): 1051-60.
https://doi.org/10.1016/S0003-3472(86)80164-6.

. 1987. ‘Green Lynx Spider Egg Sacs: Sources of Mortality and the Function of
Female Guarding (Araneae, Oxyopidae)’. The Journal of Arachnology 15 (2): 231-39.

Foelix, Rainer F. 2011. Biology of Spiders. 3rd ed. Oxford ; New York: Oxford University
Press.

Forster, Raymond R, and Norman I Platnick. 1985. ‘A Review of the Austral Spider Family
Orsolobidae (Arachnida, Araneae), with Notes on the Superfamily Dysderoidea’.
Bulletin of the American Museum of Natural History 181 (1): 1-230.

Garcia, Erika L., Charles E. Griswold, and Lauren A. Esposito. 2020. ‘Systematics and
Evolution of Kibramoa Chamberlin 1924 (Araneae: Plectreuridae) from the California

Floristic Province’. Journal of Zoological Systematics and Evolutionary Research 58
(1): 114-26. https://doi.org/10.1111/jzs.12357.

Ghirotto, Victor Morais, and Jos¢ Paulo Leite Guadanucci. 2021. ‘Sexual Behavior of Diplura
Macrura and Ischnothele Annulata (Araneae: Mygalomorphae): Further Evidence of
Diplurid  Polyphyly’. The Journal of Arachnology 48 (3): 249-61.
https://doi.org/10.1636/JoA-S-19-006.

Gilbert, James D. J., and Andrea Manica. 2015. ‘The Evolution of Parental Care in Insects: A
Test of Current Hypotheses’. Evolution 69 (5): 1255-70.
https://doi.org/10.1111/evo.12656.

Glatz, Lothar. 1967. ‘Zur biologie und morphologie von Oecobius annulipes lucas (Araneae,
Oecobiidae)’. Zeitschrift fiir Morphologie der Tiere 61 (2): 185-214.
https://doi.org/10.1007/BF00400986.

Goldsbrough, Claire L., Dieter F. Hochuli, and Richard Shine. 2004. ‘Fitness Benefits of
Retreat-Site Selection: Spiders, Rocks, and Thermal Cues’. Ecology 85 (6): 1635-41.
https://doi.org/10.1890/02-0770.

Goloboff, Pablo A. 2000. ‘The Family Gallieniellidae (Araneae, Gnaphosidae) in the
Americas’. Journal of Arachnology 28 (1): 1-6. https://doi.org/10.1636/0161-
8202(2000)028[0001: TFGAGI]2.0.CO:;2.

Gomez, Demian, Carolina Rojas-Buffet, and Carmen Viera. 2015. ‘The Influence of
Regurgitation by Sisters on Male Growth in the Subsocial Spider Anelosimus Vierae
(Araneae, Theridiidae)’. Arachnology 16 (7): 252-54.
https://doi.org/10.13156/arac.2015.16.7.252.

Griswold, Charles, and Mai Yan. 2003. ‘On the Egg-Guarding Behavior of a Chinese
Symphytognathid Spider of the Genus Patu Marples, 1951 (Araneae, Araneoidea,

38



Symphytognathidae)’. Proceedings of the California Academy of Sciences 54 (19):
355-60.

Gundermann, Jean-Luc, Andre Horel, and Chantal Roland. 1991. ‘Mother-Offspring Food
Transfer in Coelotes Terrestris (Araneae, Agelenidae)’. The Journal of Arachnology
19 (2): 97-101.

Guo, Xiangbo, Paul A. Selden, and Dong Ren. 2021. ‘Maternal Care in Mid-Cretaceous
Lagonomegopid Spiders’. Proceedings of the Royal Society B: Biological Sciences
288 (1959): 20211279. https://doi.org/10.1098/rspb.2021.1279.

Harvey, Mark, William Humphreys, B.Y.Main, and R.J. (Eds. 1993. Proceedings of the XII
International Congress of Arachnology.

Harvey, Ms. 1995. ‘The Systematics of the Spider Family Nicodamidae ( Araneae:
Amaurpbioidea)’. Invertebrate Systematics 9 (2): 279-386.
https://doi.org/10.1071/1T9950279.

Harvey, Peter R., David R. Nellist, and Mark G. Telfer, eds. 2002. Provisional Atlas of British
Spiders (Arachnida, Araneae). Vol.1. Vol. 1. Huntingdon: Biological Records Centre.

Hazzi, Nicolas A. 2014. ‘Natural History of Phoneutria Boliviensis (Araneae: Ctenidae):
Habitats, Reproductive Behavior, Postembryonic Development and Prey-Wrapping’.
Journal of Arachnology 42 (3): 303—10. https://doi.org/10.1636/Hi13-05.1.

Hendawy, A. S., and G. A. El-Mezayyen. 2003. ‘Arthropod Composition in Cotton Fields as
Monitored by Pitfall Traps and Some Biological Aspects of True Spiders, Thanatus
Albini’. Agric. Sci. Manoura Univ. 28 (11): 6947-56.

Hickman, Hobart. 1981. ‘New Tasmanian Spiders of the Families Achaeidae, Cycloctenidae,
Amaurobiidae and Micropholcommatidae’. Papers and Proceedings of the Royal
Society of Tasmania, 115: 47-68.

Hieber, Craig S. 1992. ‘The Role of Spider Cocoons in Controlling Desiccation’. Oecologia
89 (3): 442-48.

Higashi, Gaile A., and Jerome S. Rovner. 1975. ‘Post-Emergent Behaviour of Juvenile
Lycosid Spiders’. Bulletin of the British Arachnological Society 3 (5): 113—19.

Hite, Julia Maxine Ripley. 1966. ‘The Biology of the Brown Recluse Spider, Loxosceles
Reclusa, Gertsch and Mulaik’. Kansas State University.
https://www.proquest.com/openview/28ea849¢71b39ba7b5de46¢7d0b61944/17pq-
origsite=gscholar&cbl=18750&diss=y.

Hodge, Simon, Cor J. Vink, Jonathan C. Banks, and Mike H. Bowie. 2007. ‘The Use of Tree-
Mounted Artificial Shelters to Investigate Arboreal Spider Communities in New
Zealand Nature Reserves’. Journal of Arachnology 35 (1): 129-36.
https://doi.org/10.1636/ST-06-19.1.

Humphreys, W. F. 1987. ‘The Accoutrements of Spiders’ Eggs (Araneae) with an Exploration
of Their Functional Importance’. Zoological Journal of the Linnean Society 89 (2):
171-201. https://doi.org/10.1111/1.1096-3642.1987.tb00654.x.

Hunt, J., and L. W. Simmons. 2002. ‘Confidence of Paternity and Paternal Care: Covariation
Revealed through the Experimental Manipulation of the Mating System in the Beetle
Onthophagus Taurus’. Journal of Evolutionary Biology 15 (5): 784-95.
https://doi.org/10.1046/j.1420-9101.2002.00442 .x.

39



Hiisser, Martin. 2018. ‘A First Phylogenetic Analysis Reveals a New Arboreal Tarantula
Genus from South America with Description of a New Species and Two New Species
of Tapinauchenius Ausserer, 1871 (Araneae, Mygalomorphae, Theraphosidae)’.
ZooKeys 784 (September): 59-93. https://doi.org/10.3897/zookeys.784.26521.

Ibarra, Guillermo N. 1985. ‘Egg Feeding by Tegenaria Spiderlings (Araneae, Agelenidae)’.
The Journal of Arachnology 13 (2): 219-23.

Jakob, Elizabeth M. 1991. ‘Costs and Benefits of Group Living for Pholcid Spiderlings:
Losing Food, Saving Silk’.  Animal  Behaviour 41 (4): 711-22.
https://doi.org/10.1016/S0003-3472(05)80908-X.

Jantschke, B., and Wolfgang Nentwig. 2001. ‘Sub-Social Behaviour in the Diplurid
Ischnothele Caudata (Araneae, Dipluridae)’. Bulletin of the British Arachnological
Society 12 (January): 12—16.

Japyassu, Hilton Ferreira, Catia Regina Macagnan, and Irene Knysak. 2003. ‘Eggsac
Recognition in Loxosceles Gaucho (Araneae, Sicariidae) and the Evolution of
Maternal Care in Spiders’. Journal of Arachnology 31 (1): 90-104.
https://doi.org/10.1636/0161-8202(2003)031[0090:ERILGA]2.0.CO;2.

Juberthie, C. 1985. ‘Cycle Vital de Telema Tenella Dans La Grotte-Laboratoire de Moulis et
Strategies de Reproduction Chez Les Araignees Cavernicoles’. Mém. Biospéol. 7: 77—
89.

Junghanns, Anja, Christina Holm, Mads Fristrup Schou, Anna Boje Serensen, Gabriele Uhl,
and Trine Bilde. 2017. ‘Extreme Allomaternal Care and Unequal Task Participation by
Unmated Females in a Cooperatively Breeding Spider’. Animal Behaviour 132
(October): 101-7. https://doi.org/10.1016/j.anbehav.2017.08.006.

Kallal, Robert J, Damian O Elias, and Hannah M Wood. 2021. ‘Not So Fast: Strike
Kinematics of the Araneoid Trap-Jaw Spider Pararchaeca Alba (Malkaridae:

Pararchaeinae)’. Integrative Organismal Biology 3 (1): 1-11.
https://doi.org/10.1093/iob/obab027.

Kallal, Robert J., Siddharth S. Kulkarni, Dimitar Dimitrov, Ligia R. Benavides, Miquel A.
Arnedo, Gonzalo Giribet, and Gustavo Hormiga. 2021. ‘Converging on the Orb:
Denser Taxon Sampling Elucidates Spider Phylogeny and New Analytical Methods
Support Repeated Evolution of the Orb Web’. Cladistics 37 (3): 298-316.
https://doi.org/10.1111/cla.12439.

Kaston, B. J. 1987. ‘9. Evolution of the Web’: In 9. Evolution of the Web, 97-105. Columbia
University Press. https://doi.org/10.7312/topo93832-012.

Kim, Kil Won, Bertrand Krafft, and Jae Chun Choe. 2005. ‘Cooperative Prey Capture by
Young Subsocial Spiders’. Behavioral Ecology and Sociobiology 59 (1): 92-100.
https://doi.org/10.1007/s00265-005-0013-z.

Kim, Kil Won, and Chantal Roland. 2000. ‘Trophic Egg Laying in the Spider, Amaurobius
Ferox: Mother—Offspring Interactions and Functional Value’. Behavioural Processes
50 (1): 31-42. https://doi.org/10.1016/S0376-6357(00)00091-7.

Kim, Kil Won, Chantal Roland, and Andre Horel. 2000. ‘Functional Value of Matriphagy in
the Spider Amaurobius Ferox’. Ethology 106 (8): 729-42.
https://doi.org/10.1046/j.1439-0310.2000.00585.x.

40



Klug, Hope. 2006. ‘When to Care for, Abandon, or Eat Your Offspring: The Evolution of
Parental Care and Filial Cannibalism.” The American Naturalist 170 (6): 886-901.
https://doi.org/10.1086/522936.

Klug, Hope, and Michael B. Bonsall. 2010. ‘Life History and the Evolution of Parental Care’.
Evolution 64 (3): 823-35. https://doi.org/10.1111/j.1558-5646.2009.00854..x.

Kokko, Hanna, and Michael Jennions. 2003. ‘It Takes Two to Tango’. Trends in Ecology &
Evolution 18 (3): 103—4. https://doi.org/10.1016/S0169-5347(03)00009-0.

Kolliker, Mathias. 2012. The Evolution of Parental Care. OUP Oxford.

Korenko, Stanislav, Jakub Smerda, and Stano Pekéar. 2009. ‘Life-History of the
Parthenogenetic Oonopid Spider, Triaeris Stenaspis (Araneae: Oonopidae)’. European
Journal of Entomology 106 (2): 217-23. https://doi.org/10.14411/eje.2009.028.

Kostro-Ambroziak, Agata, Janusz Kupryjanowicz, and Martin Schwarz. 2020. ‘“‘Who Wins?
Ray Spiders (Theridiosoma Gemmosum) (Araneae: Theridiosomatidae) versus Egg
Sac  Parasitoids’.  The  Journal of  Arachnology 48  (1):  90-93.
https://doi.org/10.1636/0161-8202-48.1.90.

Krafft, Bertrand, Andre Horel, and Jean-Luc Gundermann. 1988. ‘Maternal Food-Supply
Activity and Its Regulation in Coelotes Terrestris (Araneae, Agelenidae)’. Behaviour
107 (3—4): 278-96. https://doi.org/10.1163/156853988X00386.

Kropf, Christian. 1997. ‘Egg Sac Structure and Further Biological Observations in Comaroma
Simoni Bertkau (Araneae, Anapidae)’. Proc. 16th Europ. Coll. Arachnol., 151-64.

Kulkarni, Siddharth, Robert J Kallal, Hannah Wood, Dimitar Dimitrov, Gonzalo Giribet, and
Gustavo Hormiga. 2021. ‘Interrogating Genomic-Scale Data to Resolve Recalcitrant
Nodes in the Spider Tree of Life’. Molecular Biology and Evolution 38 (3): 891-903.
https://doi.org/10.1093/molbev/msaa251.

Kullmann, Ernst J. 1972. ‘Evolution of Social Behavior in Spiders (Araneae; Eresidae and
Theridiidae)’. American Zoologist 12 (3): 419-26.
https://doi.org/10.1093/icb/12.3.419.

Kiirpick, S M. 2000. ‘Cocoon Care in the Social Spider Stegodyphus Dumicola (Eresidae)’.
European Arachnology, 39-44.

Ledford, Joel, Pierre Paquin, James Cokendolpher, Josh Campbell, and Charles Griswold.
2012. ‘Systematics, Conservation and Morphology of the Spider Genus Tayshaneta
(Araneae, Leptonetidae) in Central Texas Caves’. ZooKeys 167 (January): 1-102.
https://doi.org/10.3897/zookeys.167.1833.

Li, Daiqin, Robert R. Jackson, and Alberto T. Barrion. 1999. ‘Parental and Predatory
Behaviour of Scytodes Sp., an Araneophagic Spitting Spider (Araneae: Scytodidae)
from the  Philippines’.  Journal of Zoology 247 (3):  293-310.
https://doi.org/10.1111/j.1469-7998.1999.tb00993 .x.

Lopardo, Lara, and Gustavo Hormiga. 2015. ‘Out of the Twilight Zone: Phylogeny and
Evolutionary Morphology of the Orb-Weaving Spider Family Mysmenidae, with a
Focus on Spinneret Spigot Morphology in Symphytognathoids (Araneae,
Araneoidea)’. Zoological Journal of the Linnean Society 173 (3): 527-786.
https://doi.org/10.1111/z0j.12199.

Lozano-Fernandez, Jesus, Alastair R. Tanner, Mattia Giacomelli, Robert Carton, Jakob
Vinther, Gregory D. Edgecombe, and Davide Pisani. 2019. ‘Increasing Species

41



Sampling in Chelicerate Genomic-Scale Datasets Provides Support for Monophyly of
Acari  and  Arachnida’.  Nature  Communications 10  (2295):  1-8.
https://doi.org/10.1038/s41467-019-10244-7.

Lubin, Yael D. 1982. ‘Does the Social Spider, Achaearanea Wau (Theridiidae), Feed Its
Young?’ Zeitschrift Fiir Tierpsychologie 60 (2): 127-34.
https://doi.org/10.1111/5.1439-0310.1982.tb00494 x.

Machado, Glauco, Gustavo S Requena, Bruno A Buzatto, and Liliam M Rosseto. 2004. ‘Five
New Cases of Paternal Care in Harvestmen (Arachnida: Opiliones): Implications for
the Evolution of Male Guarding in the Neotropical Family Gonyleptidae’.
Sociobiology 44 (2): 2-22.

Mammola, Stefano, Gustavo Hormiga, Miquel A. Arnedo, and Marco Isaia. 2016.
‘Unexpected Diversity in the Relictual European Spiders of the Genus Pimoa
(Araneae : Pimoidae)’. Invertebrate Systematics 30 (6): 566.
https://doi.org/10.1071/1S16017.

McCook, Henry Christopher. 1890. American Spiders and Their Spinningwork: A Natural
History of the Orbweaving Spiders of the United States with Special Regard to Their
Industry and Habits. Academy of Natural Sciences of Philadelphia.

Morse, Douglass H. 1985. ‘Nests and Nest-Site Selection of the Crab Spider Misumena Vatia
(Araneae, Thomisidae) on Milkweed’. The Journal of Arachnology 13 (3): 383—89.

. 1993, ‘Placement of Crab Spider (Misumena Vitia) Nests in Relation to Their
Spiderlings” Hunting Sites’. The American Midland Naturalist 129 (2): 241-47.
https://doi.org/10.2307/2426504.

Moura, Rafael Rios, Jodo Vasconcellos-Neto, and Marcelo de Oliveira Gonzaga. 2017.
‘Extended Male Care in Manogea Porracea (Araneae: Araneidae): The Exceptional
Case of a Spider with Amphisexual Care’. Animal Behaviour 123 (January): 1-9.
https://doi.org/10.1016/j.anbehav.2016.09.018.

Moya-Larafio, Jordi, Juraj Halaj, and David H. Wise. 2002. ‘Climbing to Reach Females:
Romeo Should Be Small’. Evolution 56 (2): 420-25. https://doi.org/10.1111/5.0014-
3820.2002.tb01351 .x.

Nazareth, Tais M., and Glauco Machado. 2009. ‘Reproductive Behavior of Chavesincola
Inexpectabilis (Opiliones, Gonyleptidae) with Description of a New and
Independently Evolved Case of Paternal Care in Harvestmen’. The Journal of
Arachnology 37 (2): 127-34. https://doi.org/10.1636/ST08-32.1.

Nicolaz, S. P. 1993. ‘Aspectos de La Biologia Reproductiva de Linothele Megatheloides
(Araneae: Dipluridae)’. The Journal of Arachnology 21 (1): 40-49.

Opatova, Vera, Chris A Hamilton, Marshal Hedin, Laura Montes De Oca, Jifi Kral, and Jason
E Bond. 2020. ‘Phylogenetic Systematics and Evolution of the Spider Infraorder
Mygalomorphae Using Genomic Scale Data’. Systematic Biology 69 (4): 671-707.
https://doi.org/10.1093/sysbio/syz064.

Opell, Brent D. 1984. ‘Eggsac Differences in the Spider Family Uloboridae (Arachnida:
Araneae)’. Transactions of the American Microscopical Society 103 (2): 122-29.
https://doi.org/10.2307/3226234.

Parr, Mbua. 2016. ‘Bioecology of Heteropoda Venatoria (Linnaeus) (Araneae: Sparassidae)
and Its Implications in a Tropical Banana Agroecosystem’. Journal of Global
Agriculture and Ecology 5 (3): 164-75.

42



Pekar, Stano, and Jifi Kréal. 2001. ‘A Comparative Study of the Biology and Karyotypes of
Two Central European Zodariid Spiders (Araneae, Zodariidae)’. Journal of
Arachnology 29 (3): 345-53. https://doi.org/10.1636/0161 -
8202(2001)029[0345:ACSOTB]2.0.CO;2.

Pérez-Gonzalez, Abel, Gonzalo D. Rubio, and Martin J. Ramirez. 2016. ‘Insights on Vulval
Morphology in Ochyroceratinae with a Rediagnosis of the Subfamily and Description
of the First Argentinean Species (Araneae: Synspermiata: Ochyroceratidae)’.
Zoologischer Anzeiger - A Journal of Comparative Zoology 260 (January): 33-44.
https://doi.org/10.1016/j.jcz.2015.12.001.

Perry, Jennifer C., and Bernard D. Roitberg. 2006. ‘Trophic Egg Laying: Hypotheses and
Tests’. Oikos 112 (3): 706—14. https://doi.org/10.1111/.0030-1299.2006.14498 x.

Pike, David A., Jonathan K. Webb, and Richard Shine. 2012. ‘Hot Mothers, Cool Eggs: Nest-
Site Selection by Egg-Guarding Spiders Accommodates Conflicting Thermal Optima’.
Functional Ecology 26 (2): 469-75. https://doi.org/10.1111/5.1365-
2435.2011.01946.x.

Platnick, Norman 1. 2000. ‘A Relimitation and Revision of the Australasian Ground Spider
Family Lamponidae (Araneae: Gnaphosidae)’. Bulletin of the American Museum of
Natural  History 245 (January): 1-328.  https://doi.org/10.1206/0003-
0090(2000)245<0001: ARAROT>2.0.CO;2.

Pollard, Simon D. 1983. ‘Egg Guarding by Clubiona Cambridgei (Araneae, Clubionidae)
against Conspecific Predators’. The Journal of Arachnology 11 (3): 323-26.

Ponte, Rafael Pereira da, Vanessa Stefani, German Antonio Villanueva-Bonilla, and Jodo
Vasconcellos-Neto. 2021a. ‘Egg Sac Construction and Camouflage Behaviors of
Deinopis Cf. Cylindracea (Araneae: Deinopidae)’. The Journal of Arachnology 49 (3):
340-46. https://doi.org/10.1636/JoA-S-20-077.

— 2021b. ‘Egg Sac Construction and Camouflage Behaviors of Deinopis Cf.
Cylindracea (Araneae: Deinopidae)’. The Journal of Arachnology 49 (3): 340-46.
https://doi.org/10.1636/JoA-S-20-077.

Prum, Richard O. 2002. ‘Why Ornithologists Should Care About The Theropod Origin of
Birds’. The Auk 119 (1): 1-17. https://doi.org/10.1093/auk/119.1.1.

Quero, Adilson, Marcelo O. Gonzaga, Jodo Vasconcellos-Neto, and Rafael R. Moura. 2023.
‘Offspring Mortality Factors and Parental Care Efficiency of the Spider Manogea
Porracea (Araneidae) in the Brazilian Savanna’. Ethology Ecology & Evolution,
January, 1-17. https://doi.org/10.1080/03949370.2022.2152197.

Requena, Gustavo S., and Glauco Machado. 2015. ‘Effects of Egg Attendance on Male

Mating Success in a Harvestman with Exclusive Paternal Care’. Behavioral Ecology
26 (3): 926-35. https://doi.org/10.1093/beheco/arv035.

Ross, John, David Richman, Fadel Mansour, Anne Trambarulo, and W. Whitcom. 1982. ‘The
Life Cycle of Heteropoda Venatoria (Linnaeus) (Araneae: Heteropodidae)’. Psyche.
Comb. 89 (January): 297-305. https://doi.org/10.1155/1982/26072.

Rovner, Jerome S. 1986. ‘Nests of Terrestrial Spiders Maintain a Physical Gill: Flooding and
the Evolution of Silk Constructions’. The Journal of Arachnology 14 (3): 327-37.

Rovner, Jerome S., Gaile A. Higashi, and Rainer F. Foelix. 1973. ‘Maternal Behavior in Wolf
Spiders: The Role of Abdominal Hairs’. Science 182 (4117): 1153-55.
https://doi.org/10.1126/science.182.4117.1153.

43



Royle, Nick J, Suzanne H Alonzo, and Allen J Moore. 2016. ‘Co-Evolution, Conflict and
Complexity: What Have We Learned about the Evolution of Parental Care

Behaviours?’ Current Opinion in Behavioral Sciences, Behavioral ecology, 12
(December): 30-36. https://doi.org/10.1016/j.cobeha.2016.08.004.

Royle, Nick J., Andrew F. Russell, and Alastair J. Wilson. 2014. ‘The Evolution of Flexible
Parenting’. Science 345 (6198): 776-81. https://doi.org/10.1126/science.1253294.

Royle, Nick J., Per T. Smiseth, and Mathias Kolliker. 2012. The Evolution of Parental Care.
Oxford University Press.

Ruhland, Fanny, Julien Pétillon, and Marie Trabalon. 2016. ‘Physiological Costs during the
First Maternal Care in the Wolf Spider Pardosa Saltans (Araneae, Lycosidae)’.
Journal of Insect Physiology 95 (December): 42-50.
https://doi.org/10.1016/].jinsphys.2016.09.007.

Ruhland, Fanny, Stefan Schulz, Maxime R Hervé, and Marie Trabalon. 2019. ‘Do Wolf
Spiders’ Egg-Sacs Emit Tactochemical Signals Perceived by Mothers?’ Behavioral
Ecology 30 (2): 570-81. https://doi.org/10.1093/beheco/ary197.

Salomon, Mor, Jutta Schneider, and Yael Lubin. 2005. ‘Maternal Investment in a Spider with
Suicidal Maternal Care, Stegodyphus Lineatus (Araneae, Eresidae)’. Oikos 109 (3):
614-22. https://doi.org/10.1111/1.0030-1299.2005.13004..x.

Samuk, Kieran, and Leticia Avilés. 2013. ‘Indiscriminate Care of Offspring Predates the
Evolution of Sociality in Alloparenting Social Spiders’. Behavioral Ecology and
Sociobiology 67 (8): 1275-84. https://doi.org/10.1007/s00265-013-1555-0.

Schneider, J. M. 1995. ‘Survival and Growth in Groups of a Subsocial Spider (Stegodyphus
Lineatus)’. Insectes Sociaux 42 (3): 237-48. https://doi.org/10.1007/BF01240418.

Sedey, Kris A., and Elizabeth M. Jakob. 1998. ‘A Description of an Unusual Dome Web
Occupied by Egg-Carrying Holocnemus Pluchei (Araneae, Pholcidae)’. The Journal of
Arachnology 26 (3): 385-88.

Seibt, Uta, and Wolfgang Wickler. 1987. ‘Gerontophagy versus Cannibalism in the Social
Spiders Stegodyphus Mimosarum Pavesi and Stegodyphus Dumicola Pocock’. Animal
Behaviour 35 (6): 1903-5. https://doi.org/10.1016/S0003-3472(87)80087-8.

Shamble, Paul S., Dustin J. Wilgers, Katharine A. Swoboda, and Eileen A. Hebets. 2009.
‘Courtship Effort Is a Better Predictor of Mating Success than Ornamentation for Male
Wolf Spiders’. Behavioral Ecology 20 (6): 1242-51.
https://doi.org/10.1093/beheco/arp116.

Sharma, Akhilesh, Garima Singh, and Rajendra Singh. 2021. ‘Faunal Diversity of Spider
Families Dictynidae, Dysderidae, Eresidae and Filistatidae (Araneomorphae: Araneae:
Arachnida) in  India’. SSRN Scholarly = Paper.  Rochester,  NY.
https://papers.ssrn.com/abstract=3916154.

Silva, Ligia Rosario Benavides. 2016. ‘Systematics and Evolution of Pirate Spiders
(Arachnida, Araneae, Mimetidae) and Mite Harvestmen of the Family Neogoveidae
(Arachnida, Opiliones, Cyphophthalmi) with Emphasis in the Neotropical Region’.
The Faculty of Columbian College of Arts and Sciences of The George Washington
University.

Slater, Peter J. B., Jay S. Rosenblatt, Charles T. Snowdon, Timothy J. Roper, H. Jane
Brockmann, and Marc Naguib. 2005. Advances in the Study of Behavior. Elsevier.

44



Stefani, V., K. Del-Claro, L.A. Silva, B. Guimaraes, and E. Tizo-Pedroso. 2011. ‘Mating
Behaviour and Maternal Care in the Tropical Savanna Funnel-Web Spider

Aglaoctenus Lagotis Holmberg (Araneae: Lycosidae)’. Journal of Natural History 45
(17-18): 1119-29. https://doi.org/10.1080/00222933.2011.552802.

Suter, Robert, Glenn Doyle, and Cari Shan. 1987. ‘Oviposition Site Selection by Frontinella
Pyramitela (Araneae, Linyphiidae)’. J. Arachnol. 15 (January): 349-54.

Taylor, Lisa A., David L. Clark, and Kevin J. McGraw. 2011. ‘Condition Dependence of
Male Display Coloration in a Jumping Spider (Habronattus Pyrrithrix)’. Behavioral
Ecology and Sociobiology 65 (5): 1133—-46. https://doi.org/10.1007/s00265-010-1127-
5.

Tiwari, Ajeet Kumar, Garima Singh, and Rajendra Singh. 2021. ‘Biodiversity of Some Poorly
Known Families of Spiders (Areneomorphae: Araneae: Arachnida) in India’ 10 (1):
8352-71.

Tizo-Pedroso, Everton, and Kleber Del-Claro. 2005. ‘Matriphagy in the Neotropical
Pseudoscorpion Paratemnoides Nidifactor (Balzan 1888) (Atemnidae)’. The Journal of
Arachnology 33 (3): 873-77. https://doi.org/10.1636/S03-61.1.

. 2011. ‘Is There Division of Labor in Cooperative Pseudoscorpions? An Analysis of
the Behavioral Repertoire of a Tropical Species’. Ethology 117 (6): 498-507.
https://doi.org/10.1111/5.1439-0310.2011.01906.x.

2018. ‘Capture of Large Prey and Feeding Priority in the Cooperative
Pseudoscorpion Paratemnoides Nidificator’. Acta Ethologica 21 (2): 109-17.
https://doi.org/10.1007/s10211-018-0288-5.

Toyama, Masatoshi. 1999. ‘Adaptive Advantages of Maternal Care and Matriphagy in a
Foliage Spider, Chiracanthium Japonicum (Araneae: Clubionidae)’. Journal of
Ethology 17 (1): 33-39. https://doi.org/10.1007/BF02769295.

. 2001. ‘Adaptive Advantages of Matriphagy in the Foliage Spider, Chiracanthium
Japonicum (Araneae: Clubionidae)’. Journal of Ethology 19 (2): 69-74.
https://doi.org/10.1007/s101640170001.

——— 2003. ‘Relationship between Reproductive Resource Allocation and Resource
Capacity in the Matriphagous Spider, Chiracanthium Japonicum (Araneae:
Clubionidae)’. Journal of Ethology 21 (1): 1-7. https://doi.org/10.1007/s10164-002-
0067-6.

Traxler, Tanja. 2016. ‘The Impact of Predation by the Myrmecophagus Spider Zodarion
Elegans (Araneae: Zodariidae) on the Activity Pattern of the Mediterranean Harvester
Ant Messor Wasmanni (Hymenoptera: Formicidae)’. Ecologica Montenegrina 7
(September): 328—44. https://doi.org/10.37828/em.2016.7.10.

Tripathi, Rishikesh, Ashish Kumar Jangid, Manju Siliwal, and Sutirtha Dutta. 2020. ‘The
First Report of Matriphagy in Stegodyphus Pacificus’. Acta Arachnologica 69 (1): 17—
21. https://doi.org/10.2476/asjaa.69.17.

Trivers, Robert. 1972. ‘Parental Investment and Sexual Selection’. In Sexual Selection and the
Descent of Man, 378.

Valerio, Carlos E. 1974. ‘Feeding on Eggs by Spiderlings of Achaearanea Tepidariorum
(Araneae, Theridiidae), and the Significance of the Quiescent Instar in Spiders’. The
Journal of Arachnology 2 (1): 57-62.

45



Van Dam, Matthew H., Michelle Trautwein, Greg S. Spicer, and Lauren Esposito. 2019.
‘Advancing Mite Phylogenomics: Designing Ultraconserved Elements for Acari
Phylogeny’. Molecular Ecology Resources 19 (2): 465-75.
https://doi.org/10.1111/1755-0998.12962.

Viera, C., S. Ghione, and F.G. Costa. 2007. ‘Mechanisms Underlying Egg- Sac Opening in
the Subsocial Spider Anelosimus Cf. Studiosus (Araneae Theridiidae)’. Ethology
Ecology & Evolution 19 (1): 61-67. https://doi.org/10.1080/08927014.2007.9522581.

Viera, C., and G. Q. Romero. 2008. ‘Maternal Care in a Neotropical Jumping Spider
(Salticidae)’. Journal of Zoology 276 (3): 237-41. https://doi.org/10.1111/1.1469-
7998.2008.00480.x.

Viera, Carmen, Soledad Ghione, and Fernando G. Costa. 2006. ‘Regurgitation among
Penultimate Juveniles in the Subsocial Spider Anelosimus Cf. Studiosus (Theridiidae):
Are Males Favored?’ The Journal of Arachnology 34 (1): 258-60.

Villanueva-Bonilla, German Antonio, Helena Carolina Onody, Bernardo F. Santos, and Jodo
Vasconcellos-Neto. 2016. ‘First Record of Egg Sac Predation on a Wall Crab Spider
Selenopidae (Araneae) by the Wasp Camera Lunavenatrix Sp. n. (Ichneumonidae,
Cryptinae)’.  Journal of Hymenoptera Research 49  (April):  65-79.
https://doi.org/10.3897/JHR.49.7862.

Vink, Cor J., Brian M. Fitzgerald, Phil J. Sirvid, and Nadine Dupérré. 2011. ‘Reuniting Males
and Females: Redescriptions of Nuisiana Arboris (Marples 1959) and Cambridgea
Reinga Forster &amp; Wilton 1973 (Araneae: Desidae, Stiphidiidae)’. Zootaxa 2739
(1): 41. https://doi.org/10.11646/zootaxa.2739.1.4.

Wade, Michael J. 2002. ‘The Evolution of Parental Care in the Context of Sexual Selection:
A Critical Reassessment of Parental Investment Theory.” The American Naturalist 160
(3): 286-92. https://doi.org/10.1086/341520.

Watson, Paul J. 1998. ‘Multi-Male Mating and Female Choice Increase Offspring Growth in
the Spider Neriene Litigiosa(Linyphiidae)’. Animal Behaviour 55 (2): 387-403.
https://doi.org/10.1006/anbe.1997.0593.

Wesolowski, Tomasz. 2004. ‘The Origin of Parental Care in Birds: A Reassessment’.
Behavioral Ecology 15 (3): 520-23. https://doi.org/10.1093/beheco/arh039.

Willey, Marianne B., and Peter H. Adler. 1989. ‘Biology of Peucetia Viridans (Araneae,
Oxyopidae) in South Carolina, with Special Reference to Predation and Maternal
Care’. The Journal of Arachnology 17 (3): 275-84.

Wong, Janine W. Y., Joél Meunier, and Mathias Kolliker. 2013. ‘The Evolution of Parental
Care in Insects: The Roles of Ecology, Life History and the Social Environment’.
Ecological Entomology 38 (2): 123-37. https://doi.org/10.1111/een.12000.

Wood, Hannah M. 2008. ‘A Revision of the Assassin Spiders of the Eriauchenius
Gracilicollis Group, a Clade of Spiders Endemic to Madagascar (Araneae:
Archaeidae)’. Zoological Journal of the Linnean Society 152 (2): 255-96.
https://doi.org/10.1111/5.1096-3642.2007.00359.x.

. 2020. ‘Morphology and Performance of the “Trap-Jaw” Cheliceral Strikes in Spiders
(Araneae, Mecysmaucheniidae)’. Journal of Experimental Biology 223 (14):
71eb219899. https://doi.org/10.1242/jeb.219899.

46



Wu, Yaying, Zhimin Li, Yan Yang, and Zizhong Yang. 2022. ‘Two New Species of the
Genus Macrothele Ausserer, 1871 (Araneae, Macrothelidae) from China’. Biodiversity
Data Journal 10 (November): €90967. https://doi.org/10.3897/BDJ.10.e90967.

Wyatt, Tristram D. 1986. ‘How a Subsocial Intertidal Beetle, Bledius Spectabilis, Prevents
Flooding and Anoxia in Its Burrow’. Behavioral Ecology and Sociobiology 19 (5):
323-31. https://doi.org/10.1007/BF00295705.

Yancey, Mary Elizabeth, Nathaniel C. Mann, Marc A. Milne, and Kirk S. Zigler. 2018. ‘Egg
Sacs of Liocranoides Keyserling, 1881 (Araneae: Zoropsidae) Cave Spiders’. Journal
of Arachnology 46 (3): 553-55. https://doi.org/10.1636/JoA-S-17-074.1.

Yip, Eric C., and Linda S. Rayor. 2014. ‘Maternal Care and Subsocial Behaviour in Spiders:
Subsocial ~ Spider  Review’.  Biological =~ Reviews 89  (2):  427-49.
https://doi.org/10.1111/brv.12060.

Zanatta, M. F., G. Q. Romero, and J. Vasconcellos-Neto. 2016. ‘Effect of Maternal Care on
Egg Survival in Aysha Piassaguera (Araneae: Anyphaenidae)’. Insectes Sociaux 63
(3): 439-45. https://doi.org/10.1007/s00040-016-0472-4.

47



8 Appendixes

Table 1: Table of obtained information via scientific references about types of maternal care discussed in this bachelor thesis as observed in spiders.

Guarding | Guarding Sharing

Family Cocoon the eggs ' the hatched prey Trophic eggs Regurgitation Matriphagy @~ Milking  References

Liphistiidae yes N/A N/A N/A N/A N/A N/A N/A Guo et al. 2021

Heptathelidae yes N/A N/A N/A N/A N/A N/A N/A

Hexurellidae yes yes N/A N/A N/A N/A N/A N/A Viera and Gonzaga 2017
Costa and Peréz-Miles

Mecicobothriidae yes yes N/A N/A N/A N/A N/A N/A 1998; Viera and Gonzaga
2017
Viera and Gonzaga 2017;

Atypidae yes yes yes N/A N/A N/A N/A N/A Dippenaar-Schoeman
2002

Antrodiaetidae yes yes yes N/A N/A N/A N/A N/A Viera and Gonzaga 2017;

Coyle and Icenogle 1994
Megahexuridae yes yes N/A N/A N/A N/A N/A N/A Viera and Gonzaga 2017
Viera and Gonzaga 2017;
Yip and Rayor 2014;
Ischnothelidae yes yes yes yes N/A N/A N/A N/A Jantschke and Nentwig
2001; Ghirotto and
Guadanu 2021

Microhexuridae yes yes N/A N/A N/A N/A N/A N/A Viera and Gonzaga 2017
Hexathelidae yes yes N/A N/A N/A N/A N/A N/A Viera and Gonzaga 2017
Euagridae yes yes N/A N/A N/A N/A N/A N/A Viera and Gonzaga 2017
Porrhothelidae yes yes N/A N/A N/A N/A N/A N/A Viera and Gonzaga 2017
. Viera and Gonzaga 2017;
Macrothelidae yes yes N/A N/A N/A N/A N/A N/A WU et al. 2022 &
Viera and Gonzaga 2017;
Paratropididae yes yes N/A N/A N/A N/A N/A N/A Valdez-Mondragon et al.
2014;
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Family Cocoon c:::;dg';sg thc.:e u;;g;:i d Sl::z:g Trophic eggs Regurgitation Matriphagy =~ Milking  References
Stasimopidae yes yes N/A N/A N/A N/A N/A N/A \E/r']egr;s:edcﬁto:f:ﬁazggy'
Atracidae yes yes N/A N/A N/A N/A N/A N/A Viera and Gonzaga 2017
. . Viera and Gonzaga 2017;
Actinopodidae yes yes N/A N/A N/A N/A N/A N/A Ferretti et al. 2013
Halonoproctidae yes yes N/A N/A N/A N/A N/A N/A Viera and Gonzaga 2017
Viera and Gonzaga 2017;
Migidae yes yes yes N/A N/A N/A N/A N/A Dippenaar-Schoeman
2002; Ferretti et al. 2014
Idiopidae yes yes N/A N/A N/A N/A N/A N/A ?\//'Ifr"zaazr;‘jjiz::;g;021?7’
Ctenizidae yes yes N/A N/A N/A N/A N/A N/A Viera and Gonzaga 2017
Euctenizidae yes yes N/A N/A N/A N/A N/A N/A Viera and Gonzaga 2017
Homostolidae yes yes N/A N/A N/A N/A N/A N/A Viera and Gonzaga 2017
Viera and Gonzaga 2017;
Barychelidae yes yes N/A N/A N/A N/A N/A N/A Dippenaar-Schoeman
2002; Schwendinger 2003
Yip and Rayor 2014; Viera
. and Gonzaga 2017; Hiisser
Theraphosidae yes yes yes yes no no no N/A 2018; Dippinaar-
Schoeman 2002;
Buchli 1969; Viera and
Nemesiidae yes yes yes yes no no no N/A Gonzaga 2017; Dippenaar-
Schoeman 2002
Pycnothelidae yes yes N/A N/A N/A N/A N/A N/A Viera and Gonzaga 2017
Viera and Gonzaga 2017;
Cyrtaucheniidae yes yes yes N/A N/A N/A N/A N/A Dippenaar-Schoeman
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2002; Leroy and Leroy
2005



Family Cocoon c:::;dg';sg thc.:e u;;g;:i d Sl::z:g Trophic eggs Regurgitation Matriphagy =~ Milking  References
Nicoldz 1993; Dippenaar-
Dipluridae yes yes yes N/A N/A N/A N/A N/A Schoeman 2002; Ghirotto
and Guadanu 2021
Rhytidicolidae yes yes N/A N/A N/A N/A N/A N/A Viera and Gonzaga 2017
Anaminidae yes yes N/A N/A N/A N/A N/A N/A Viera and Gonzaga 2017
Entypesidae yes yes N/A N/A N/A N/A N/A N/A Viera and Gonzaga 2017
Viera and Gonzaga 2017;
Microstigmatidae yes yes yes N/A N/A N/A N/A N/A Dippenaar-Schoeman
2002
Hypochylidae yes N/A N/A N/A N/A N/A N/A N/A
Cokendolpher and
Filistatidae yes yes yes yes no no no N/A MacDonald 2008, Yip and
Rayor 2014
Caponiidae yes N/A N/A N/A N/A N/A N/A N/A
Trogloraptoridae yes N/A N/A N/A N/A N/A N/A N/A
.. Japyassu et al. 2003;
Segestriidae yes yes yes no no no no N/A Rovner 1986 Tiwari 2021
Orsolobidae yes yes yes no no no no N/A Forster and Platnick 1985
Oonopidae yes yes N/A N/A N/A N/A N/A N/A Korenko et al. 2009
i Sharma et al. 2021;
Dysderidae yes yes yes N/A N/A N/A N/A N/A Rovher 1986
Telemidae yes yes N/A N/A N/A N/A N/A N/A Juberthie 1985
Tetrablemidae yes N/A N/A N/A N/A N/A N/A N/A
Diguetidae yes yes N/A N/A N/A N/A N/A N/A Boulton and Polis 1999
Plecteurydae yes yes no no no no no N/A Garcia et al. 2020
Yip and Rayor 2014, Sedey
Pholcidae yes yes yes no no no no N/A and Jakob 1998; Jakob
1991
Psilodercidae yes yes N/A N/A N/A N/A N/A N/A Pérez-Gonzales et al. 2015
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Family Cocoon c:::;dg';sg thc.:e u;;g;:i d Sl::z:g Trophic eggs Regurgitation Matriphagy =~ Milking  References
Hite 1966; Yip and Rayor
Scytodidae yes yes yes yes yes no no N/A 2014; Perry and Roitberg
2006
. Benavides et al. 2017;
Ochyroceratidae yes yes yes N/A N/A N/A N/A N/A Silva 2016
Sicaariidae yes yes yes yes no no no N/A Japyassu et al. 2003
. Benavides et al. 2017;
Drymusidae yes yes yes N/A N/A N/A N/A N/A Silva 2016
Periegopidae yes N/A N/A N/A N/A N/A N/A N/A
Leptonetidae yes yes N/A N/A N/A N/A N/A N/A Ledford et al. 2012
Austrochilidae yes N/A N/A N/A N/A N/A N/A N/A
. Forster and Gray 1979;
Gradungulidae yes yes yes no no no no N/A Doran et al. 2001
Stenochilidae yes N/A N/A N/A N/A N/A N/A N/A Guo et al. 2021
Palpinanidae yes N/A N/A N/A N/A N/A N/A N/A Guo et al. 2021
Huttoniidae yes N/A N/A N/A N/A N/A N/A N/A Guo et al. 2021
Mecysmaucheniidae yes yes N/A N/A N/A N/A N/A N/A Wood 2020
Archaeidae yes yes no no no no no N/A Wood 2008
Eresidae yes yes yes no no yes yes N/A KuIImar'm 1972; Brach
1977; Yip and Rayor 2014;
Megadyctinidae yes N/A N/A N/A N/A N/A N/A N/A
Nicodamidae yes yes N/A N/A N/A N/A N/A N/A Harvey 1995
Kullmann 1972; Brach
- 1977; Valerio 1974;
Theridiidae yes yes yes yes yes yes yes N/A Samuk and Aviles 2013;
Yip and Rayor 2014
. Coddington 2005;
Symphytognathidae yes yes no no no no no N/A Griswold and Yan 1951
Anapidae yes no no no no no no N/A Kropf 1997
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. Guarding | Guarding Sharing . . . I
Family Cocoon the eggs | the hatched prey Trophic eggs Regurgitation Matriphagy =~ Milking  References
Malkaridae yes yes N/A N/A N/A N/A N/A N/A Kallal et al. 2021
L .
Mysmenidae yes yes N/A N/A N/A N/A N/A N/A ch))piz;rdo and Hormiga
. . Guo et al. 2021, Benavides
Mimetidae yes yes yes no no no no N/A etal. 2017; Silva 2016
Arkyridae yes N/A N/A N/A N/A N/A N/A N/A
E E
Tetragnathidae yes yes yes N/A N/A N/A N/A N/A Zg\(/)v;rds S s
Sinaphridae yes N/A N/A N/A N/A N/A N/A N/A
Cyatholipidae yes N/A N/A N/A N/A N/A N/A N/A
Pimoidae yes yes N/A N/A yes N/A N/A N/A Mammola et al. 2016
. . Watson 1998, Kostro-
Linyphiidae yes no no no no no no N/A Ambroziak 2020
Theridiosomatidae yes no no no no no no N/A Coddington 2005
Yip and Rayor 2014;
. Harvey et al. 1993; Barnes
Araneidae yes yes yes N/A N/A N/A N/A N/A et al.; Quero et al 2022;
Moura et al. 2023
. . Carver et al. 2016;
Nesticidae yes yes yes no no no no N/A Cokendolpher 2007
Synotaxidae yes yes N/A N/A N/A N/A N/A N/A Agnarson 2003
Physoglenidae yes N/A N/A N/A N/A N/A N/A N/A
Uloboridae yes yes yes yes no yes no N/A Yip and Rayor 2014
Hersiliidae yes yes N/A N/A N/A N/A N/A N/A Baehr and Baehr 1987
Oecobiidae yes no no no no no no N/A Glatz 1967
Deinopidae es no N/A N/A N/A N/A N/A n/a  Barrantesetal. 2014;
P ¥ Ponte 2021
Pekar and Kral 2001;
Zodariidae yes yes yes yes no yes no N/A Castanho and Oliveira
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Family Cocoon the eggs | the hatched prey Trophic eggs Regurgitation Matriphagy =~ Milking  References
. Rowell and Avilés 1995;
Sparassidae yes yes yes yes no no no N/A Parr 2016
Kim and Roland 2000;
Amaurobiidae yes yes yes no yes no yes N/A Ibarra 1985; Kim et al.
2005;
Cycloctenidae yes yes N/A N/A N/A N/A N/A N/A Hickman 1981
Stiphidiidae yes yes yes N/A N/A N/A N/A N/A Vink 2011; Hodge 2007
Desidae yes yes yes yes no no no N/A Downos 1994
Krafft et al. 1988; Ibarra
Agelenidae yes yes yes yes yes no yes N/A 1985; Gundermann et al.
1991
Dictynidae yes yes yes N/A N/A N/A N/A N/A Silva 2016
Hahniidae yes N/A N/A N/A N/A N/A N/A N/A
Cybaeidae yes N/A N/A N/A N/A N/A N/A N/A
Homalonychidae yes N/A N/A N/A N/A N/A N/A N/A
Dippenaar-Schoeman and
Zoropsidae yes yes N/A N/A N/A N/A N/A N/A Myburgh 2009; Yancey
2018
Tengellidae yes N/A N/A N/A N/A N/A N/A N/A
Selenoculidae yes N/A N/A N/A N/A N/A N/A N/A
Thomisidae yes yes yes yes yes no yes N/A Evans 1998
Yip and Rayor 2014; Fink
Oxyopidae yes yes yes no no no no N/A 1986; Willey and Adler
1989
. Humphreys 1987; Tiwari
Psechridae yes yes no no no no no N/A ot al. 2021
Ctenidae yes yes N/A N/A N/A N/A N/A N/a  Yipand Rayor 2014; Hazzi
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Family Cocoon c:::;dg';sg thc.:e u;;g;:i d Sl::z:g Trophic eggs Regurgitation Matriphagy =~ Milking  References

Pisauridae yes yes yes N/A N/A N/A N/A N/A Yip and Rayor 2014
Stefani et al. 2011; Yip and
Rayor 2014; Ruhland

Lycosidae yes yes yes yes no yes no N/A 2019; Eason 1964;
Ruhland, Pétillon, and
Trabalon 2016

Trechalieidae yes N/A N/A N/A N/A N/A N/A N/A

Prodidomidae yes N/A N/A N/A N/A N/A N/A N/A
Chen et al. 2018; Dong et

Salticidae yes yes no no no no no yes al. 2019.; Yip and Rayor
2014; Viera and Romero
2008; Silva 2016

Philodromidae yes yes N/A N/A N/A N/A N/A N/A Hendawy and El-
Mezayyen 2003

Cheiracanthiidae yes yes yes no no no yes N/A Toyama 1999; 2001; 2003

Corinnidae yes yes N/A N/A N/A N/A N/A N/A Bosselaers et al. 2000

Miturgidae yes N/A N/A N/A N/A N/A N/A N/A

. Crews 2023; Villanueva-

Selenopidae yes yes N/A N/A N/A N/A N/A N/A Bonila 2016

Trachycosmidae yes N/A N/A N/A N/A N/A N/A N/A

Anyphaenidae yes yes N/A N/A N/A N/A N/A N/A Zanatta et al. 2016
Humphreys 1987; Perry

Clubionidae yes yes no no yes no no N/A and Roitberg 2006; Pollard
1983; Harvey et al. 1993

Trachelidae yes yes N/A N/A N/A N/A N/A N/A Bauer et al. 2019

Gallieniellidae_1 yes yes N/A N/A N/A N/A N/A N/A Goloboff 2000

Phrurolithidae yes N/A N/A N/A N/A N/A N/A N/A

Liocranidae yes N/A N/A N/A N/A N/A N/A N/A

Gallieniellidae_2 yes yes N/A N/A N/A N/A N/A N/A Goloboff 2000
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Family Cocoon the eggs | the hatched prey Trophic eggs Regurgitation Matriphagy =~ Milking  References
Cithaeronidae yes yes N/A N/A N/A N/A N/A N/A Edwards and Stiles 2011
Trochanteridae_1 yes N/A N/A N/A N/A N/A N/A N/A

Ibarra 1985; Yip and Rayor
Gnaphosidae_1 yes yes no no yes no no N/A 2014; Pike et al. 2012;
Perry and Roitberg 2006
Ibarra 1985; Yip and Rayor
Gnaphosidae_2 yes yes no no yes no no N/A 2014; Pike et al. 2012;
Perry and Roitberg 2006
Ibarra 1985; Yip and Rayor
Gnaphosidae_3 yes yes no no yes no no N/A 2014; Pike et al. 2012;
Perry and Roitberg 2006

Molycrinae yes N/A N/A N/A N/A N/A N/A N/A
Lamponidae yes yes N/A N/A N/A N/A N/A N/A Platnick 2000
Trochanteridae_2 yes N/A N/A N/A N/A N/A N/A N/A
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