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Abstract We present the first character-based phylogenetic hypothesis for cunaxid
genera and subfamilies based on 47 morphological characters scored from adult
females. The phylogeny suggests that two of the subfamilies are not monophyletic,
and although bootstrap support was not high enough to confidently redefine the
subfamilies, it presents a testable hypothesis that will hopefully spur phylogenetic
investigations of Cunaxidae using molecular techniques.
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Cunaxidae (Acariformes: Trombidiformes: Prostigmata: Eupodina: Bdelloidea)
(Fig. 4.1a—d) are cosmopolitan predatory mites that are commonly encountered in
terrestrial habitats, including forest leaf litter and soil, tree holes, grasslands, agri-
culture fields, and anthropogenically disturbed areas such as house dust and stored
food products (Skvarla et al. 2014). They are generalist predators that employ active
and ambush hunting techniques to feed on a variety of active and sessile prey, includ-
ing, Psocoptera, phytophagous mites, nematodes, scale insects, and arthropod eggs
(Ewing and Webster 1912; Walter and Kaplan 1991; Smiley 1992; Walter and Proc-
tor 1999; Castro and Moraes 2010). Cunaxids fail to survive when offered only
plant material, and although one report of honeydew feeding exists, it is unknown if
they can survive solely on honeydew (Zaher et al. 1975; Walter and Proctor 1999;
Skvarla et al. 2014). Smiley (1992) and Skvarla et al. (2014) reviewed the biology,
biogeography, morphology, and taxonomy and systematics of the family.
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Cunaxidae is a relatively small family consisting of approximately 436 species,
which are organized in 27 genera and 6 subfamilies (Table 1). Most authors consider
Cunaxidae and Bdellidae (Fig. 4.1e, f) to be sister taxa that comprise Bdelloidea
based on a number of derived characters, including the presence of trichobothria on
leg segments, a solenidia present on the palp tibiotarsi, and unique leg segmentation
consisting of a divided femur and fused tibiotarsus (Smiley 1992; Skvarlaetal. 2014),
although this classification is not universally accepted (Lindquist, pers. comm.).
Bdelloidea are sometimes considered to be sister to the aquatic and mostly marine
Halacaroidea, and are generally placed in the cohort Eupodina within the suborder
Prostigmata (e.g., Norton et al. 1993; Lindquist 1996).

Cunaxid subfamilies have traditionally been proposed with little or no cladistic
backing, which creates two major problems. First, basal taxa may be grouped together
because they have fewer derived characters or share pleisomorphic characters lost in
derived taxa. Second, highly derived taxa that stem from within established groupings
may be classified separate from those groups, leading to paraphyly of the larger group.
Both of these situations lead to classifications that do not reflect evolutionary history
and are thus misleading.

Testing the validity of cunaxid subfamilies is compounded by the fact that no
rigorous phylogenetic hypotheses of higher classifications (i.e., Prostigmata, Eupod-
ina, Bdelloidea) exist, which makes outgroup selection difficult. For example, Norton
et al. (1993) and Lindquist (1996) provided cladograms of Prostigmata, but the rela-
tionships were based on unpublished analyses and data (Proctor 1998). Numerous
studies (morphological: O’Connor 1984; molecular: Dabert et al. 2010; Pepato et al.
2010; Pepato and Klimov 2015; Dabert et al. 2016; Xue et al. 2017) have recovered a
monophyletic Prostigmata, but none have focused on the group and suffer from lim-
ited taxon sampling; additionally, recent molecular studies have recovered various
phylogenetic hypotheses, some of which do not support recognized or hypothesized
groups or relationships, including a monophyletic Euopdina (Dabert et al. 2010;
Pepato and Klimov 2015; Dabert et al. 2016; Xue et al 2017), a sister-group relation-
ship between Halacaroidea and Bdelloidea (Pepato and Klimov 2015; Dabert et al.
2016), or monophyletic Bdelloidea (Pepato and Klimov 2015).

In addition to testing the current subfamilial classification scheme, well-supported
phylogenetic hypotheses allow stories to be told about evolutionary trends and char-
acter evolution. For example, Smiley (1992) considered Parabonzia the most basal
cunaxid genus as they share a number of characteristics with Bdellidae, including
6-9 pairs of setae on the subcapitulum and “a five segmented palpus which resembles
the palpi of the Bdellidae”. He also considered cunaxids with 3—segmented palps the
most derived, having “body sizes [that] are smaller and...adaptations to exploit dif-
ferent habitats and smaller prey.” However, without a well-supported phylogenetic
hypothesis, these opinions cannot be corroborated.
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Fig. 4.1 Cunaxidae and Bdellidae. a Cunaxoidinae. b Pulaeus. ¢ Armascirus. d Rubroscirus. e,
f Bdellidae. (a) © Scott Justis, (b—d) originally published in Skvarla et al. (2014), (e¢) © Graham
Montgomery, (f) © Alice Abela. All photos used with permission



70

Table 1 Table showing 27
genera and 6 subfamilies
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Subfamily Genus Number of species
Bonziinae Bonzia 7
Bonziinae Parabonzia 7
Coleoscirinae Coleoscirus 32
Coleoscirinae Neobonzia 25
Coleoscirinae Neoscirula 29
Coleoscirinae Pseudobonzia 10
Coleoscirinae Scutascirus 8
Cunaxinae Allocunaxa 1
Cunaxinae Armascirus 47
Cunaxinae Cunaxa 68
Cunaxinae Cunaxatricha 1
Cunaxinae Dactyloscirus 33
Cunaxinae Riscus 4
Cunaxinae Rubroscirus 24
Cunaxoidinae Bunaxella 3
Cunaxoidinae Cunaxoides 26
Cunaxoidinae Denheyernaxoides
Cunaxoidinae Dunaxeus

Cunaxoidinae Funaxopsis
Cunaxoidinae Lupaeus 28
Cunaxoidinae Neocunaxoides 19
Cunaxoidinae Paracunaxoides 1
Cunaxoidinae Pulaeus 33
Cunaxoidinae Qunaxella 1
Cunaxoidinae Scutopalus 15
Orangescirulinae Orangescirula 3
Scirulinae Scirula 2
Total 436

4.1 Materials and Methods

This manuscript is modified from Chapter VI of Skvarla’s (2011) unpublished MS
thesis. Terminology has been updated and follows Skvarla et al. (2014).
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4.1.1 Cladistic Analysis

The analysis included every genus of Cunaxidae (27 genera) and Bdellidae (13 gen-
era) as ingroup taxa. Anystidae, Eupodidae, Tydeidae, and Labidostommatidae were
chosen as outgroup taxa as they represent many of the larger groups (e.g., Anystina,
Eupodina) and morphological diversity within Prostigmata. Halacarioidea, which has
been suggested as the sister group of Bdelloidea, was excluded from the analysis as
their many adaptations to an aquatic lifestyle make determining homologies difficult
or impossible. 47 characters were scored from adult females; males and non-adult
stages were excluded as they are unknown from most species of Cunaxidae.

Characters states were obtained from literature and, when possible, confirmed
with specimens. Characters present in at least two taxa, and thus potentially synapo-
morphic, were included. Characters were equally weighted and unordered. Charac-
ters were coded as polymorphic when more than one character state existed within
a single taxa. In some instances, an apparently polymorphic character (e.g., tarsal
lobes absent; present and small; present and large) was divided into two characters
(character 1: tarsal lobes absent or present; character 2: if present, tarsal lobes small
or large) as an underlying relationship appeared to exist between the characters.

Character states that could not be determined were coded with a question mark.
The uncertainty of a character was due to the complete absence of the character
in the taxa in question (such as the number of setae on the palp femurogenu when
the femora and genua of a particular taxa are not fused) or to uncertainty as to the
homology of the character across taxa. A question mark was also scored when the
state of a character could not be determined from the literature.

A heuristic search for 1000 most parsimonious cladograms was carried out using
Mesquite 2.74 (Maddison and Maddison 2010). Trees were rearranged by subtree
pruning and regrafting. A strict consensus tree was calculated using the 1000 most
parsimonious cladograms. Bootstap values, consistency index (C.I.) and retention
index (R.1.) were calculated using WinClada 1.00.08 (Nixon 2002).

4.1.2 Characters and Character States

Gnathasoma

1. Shape of gnathasoma: normal (0); elongated (1).
II. Setae hg;: not geniculate (0); geniculate (1).
III. Number of subcapitular setae: 2 (0); 4 (1); 5 or more (2).
IV. Pedipalps extend beyond distal end of subcapitulum by at least the last two
segments: no (0); yes (1).
V. Pedipalp ends in a claw: no (0); yes (1).
VI. Pedipalp fixed digit: absent (0); present (1).
VII. Pedipalp femora divided: no (0); yes (1).
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VIIL
IX.
X.
XL
XIL
XIII.
XIV.
XV.
XVL
XVIL
XVIIL
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Pedipalp femora and genua fused: no (0); yes (1).

Pedipalp tibiae and tarsi fused: no (0); yes (1).

Femoral apophysis: absent (0); present (1).

Apophysis between genua and tibiae: absent (0); present (1).

Number of setae on femurogenua: 5 (5); 6 (6).

Number of setae on basifemora: 1 (0); more than 1 (1).

Shape of basifemoral seta if only 1 seta present: simple (0); spine-like (1).
Shape of telofemoral seta: simple (0); spine-like (1); multi-branched (2).
Cheliceral fixed digit: absent (0); present (1).

Number of cheliceral seta(e): 0 (0); 1(1), more than 1 (2).

Number of adoral setae: 0 (0); 1 (1); 2 (2).

Dorsal idiosoma

XIX.
XX.
XXI.
XXII.
XXIII.

XXIV.
XXV.
XXVL
XXVIIL
XXVIIL

Eyes: absent (0); present (1).

Naso: absent (0); present (1).

Number of dorsal trichobothria. 0 (0); 1 (1); 2(2).

Hysterosomal median plate: absent (0); present (1).

Hysterosomal median plate fused to protersomal shield if median plate
present: no (0); yes (1).

Idiosomal plates and shields patterned with reticulations: no (0); yes (1).
Cupule ia: absent (0); present (1).

Cupule im: absent (0); present (1).

Cupule ip: absent (0); present (1).

Setae f: absent (0); present (1).

Ventral idiosoma

XXIX.
XXX.
XXXI.
XXXII.
XXXII.
XXXIV.
XXXV.
XXXVL

Legs

Coxae I-1l fused into sternal shield: no (0); yes (1).

Number of setae on coxae I: 3 or fewer (0); more than 3 (1).
Number of setae on coxae II: 3 or fewer (0); more than 3 (1).
Number of setae on coxae III: 3 or fewer (0); more than 3 (1).
Number of setae on coxae IVI: 3 or fewer (0); more than 3 (1).
Internal genital setae: absent (0); present (1).

Cupule ih: absent (0); present (1).

Number of setae on genital plates: 4 (0); more than 4 (1).

XXXVIL. Tibiae I trichoborhtium: absent (0); present (1).
XXXVIIL. Tibiae Il trichoborhtium: absent (0); present (1).
XXXIX. Tarsus I trichoborhtium: absent (0); present (1).
XL. Tibiae IV trichoborhtium: absent (0); present (1).
XLI. Tarsus IV trichoborhtium: absent (0); present (1).
XLII. Tasri constricted distally, forming lobes: no (0); yes (1).
XLII. Tarsal lobes, if present. small (0); large (1).
XLIV. Leg tibiae divided into basi- and telofemora: no (0); yes (1).
XLV. Shape of empodium: pad-like (0); 4-rayed (1).
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XLVIL. Ambulacral claw sculpturing: smooth (0); rippled (1).
XLVIL. Number of setae complementing anal plates: 1 (1); 2 (2); more than 2
3.

The coded matrix run in this analysis is presented in Fig. 4.2.

4.2 Results and Discussion

The heuristic search resulted in 1000 cladograms with a length of 131 (CI = 52; RI
= 86). The strict consensus of these cladograms is given in Fig. 4.3. Bootstrap values
>50 are presented over each branch.

4.2.1 Monophyly of Bdelloidea and Cunaxidae

The strict consensus cladogram suggests that Bdelloidea is a monophyletic lingeage
and that Cunaxidae and Bdellidae are sister clades, rather than a single clade in which
one family grades into the other. However, Halacaroidea was excluded from the
analysis and the number of outgroups was extremely limited. Inclusion of additional
Prostigmata outgroups or Halacaroidea within a molecular phylogeny may change
one or both of these conclusions.

4.2.2 Validity of Subfamilies

Parabonzia was recovered as the most basal cunaxid genus and sister to the rest
of the family. This is not surprising as Parabonzia shares many characteristics with
Bdellidae (e.g., non-raptorial pedipalps). The grouping of Parabonzia with Bonzia in
Bonziinae was not recovered. This subfamily is identified primarily by the presence of
a multi-branced seta on the palp telofemora, which suggests that the multi-branched
seta is plesiomorphic or evolved independently.

The subfamily Cunaxinae was recovered as a monophyletic lineage within a
larger clade formed by the addition of three genera (Pseudobonzia, Neoscirula, and
Neobonzia) currently classified within Coleoscirinae. This suggests that Cunaxinae
is a valid subfamily, but should be redefined to accommodate the coleoscirine genera.
The defining character of the larger clade is the absence of fusion between a hystero-
somal plate (if it is present) with the protersomal plate and presence of 5-segmented
palps (excluding Allocunaxa).

The second major clade recovered contains an unresolved basal polytomy formed
by the remaining coleoscirine genera (Coleoscirus and Scutascirus), and a grade
formed by the monobasic Orangescirulinae and Scirulinae into an unresolved Cunax-
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Fig. 4.2 (continued)

oidinae. This larger clade is defined by the expansion of the hysterosomal plate and
fusion with the protersomal shield.

The lack of resolution and support in the phylogenetic hypothesis is problematic.
There are trends that suggest the need for changes in classification, but resolution and
support are too weak to confidently make those changes. For example, as previously
mentioned, Bonzia is not recovered with Parabonzia, thus prompting the dissolution
of Bonziinae. However, the placement of Bonzia within Cunaxidae is uncertain.
With more data it may be recovered with Parabonzia as a monophyletic clade, as
an independent lineage (as is suggested by this analysis), or within one of the two
major clades.

The classification of the clade containing Cunaxoidinae depends on better res-
olution. If the basal polytomy is resolved and Coleoscirus and Scutascirus form a
monophyletic lineage the clade could be broken into two subfamilies: Coleoscirus +
Scutascirus and Orangescirulinae + Scirulinae + Cunaxoidinae. Alternately, it could
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obtained using 47 characters. Bootstrap values >50 are presented over each branch
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be broken into four subfamilies, Coleoscirus + Scutascirus, Orangescirulinae, Scir-
ulinae, Cunaxoidinae. If the basal polytomy is resolved and the coleoscirine genera
are not monophyletic, that is form grade with Orangescirulinae and Scirulinae into
Cunaxoidinae, Cunaxoidinae could redefined to include them, thus forming a single
diverse subfamily, or they could be broken into five subfamilies (i.e., Coleoscirinae,
Scutascirinae, Orangescirulinae, Scirulinae, and Cunaxoidinae), four of which would
be monobasic.

4.2.3 Evolutionary Trends

While the strict consensus cladogram is not resolved enough to be a basis for classi-
fication changes, it does suggest directions in evolutionary trends. The most derived
taxa in both larger clades (Allocunaxa and Cunaxoidinae) have palps in which the
basifemora, telofemora, and genu have fused into a femurogenu, resulting in a 3-
segmented pedipalp. This fusion in Cunaxinae may be more evolutionarily recent
evolutionarily as species with fused pedipalpal segments still retains dark lines that
indicate where the sutures are. Conversely, the palp segmentation of Cunaxoidinae
can only be inferred through muscle attachment and setal placement as they lack
sutures any external indication of the fused segments.

4.3 Conculsions

The morphological phylogenetic hypothesis presented here illustrates possible incon-
sistencies between current classification schemes and evolutionary history. However,
aphylogenetic hypothesis with better support must be elucidated before such changes
can be made with any kind of confidence. As the morphological characters presented
in this study did not provide the needed resolution and support, molecular characters
are the next logical step.
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