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Abstract

Some Scydmaeninae are strict specialists that

feed exclusively on heavily sclerotized oriba-

tid or uropodine mites. The chapter reviews

the available literature on the feeding habits of

Euconnus, Stenichnus, Scydmaenus, and

Cephennium beetles and presents previously

unpublished observations on Neuraphes and

Microscydmus species. Species with unspe-

cialized mouthparts attack the mite’s

gnathosoma, removing movable parts to gain

access to soft tissues. They also often remove

genital or anal plates to feed through the

resulting openings. In Euconnus that are

specialized to feed on ptyctimous (i.e., capa-

ble of encapsulating) oribatids, a sticky drop-

let of digestive juice exuded onto the

predator’s mouthparts is used to capture

mites. The prey is then lifted and covered

with noxious digestive juice, which weakens

or kills the encapsulated mite. Once the

muscles responsible for maintaining the

encapsulation are relaxed, the prey’s

prodorsum opens, and Euconnus beetles use

their mandibles to crush the mite’s ventral

plates and gain access to the flesh. In

Scydmaenus that are specialized to feed on

non-ptyctimous Oribatida and Uropodina,

the mandibles play a major role both in cap-

turing prey and in breaching the mite’s

defenses. The prey’s legs are often cut off if

they are long or spiny, which facilitates the

subsequent attack on the gnathosoma.

Cephenniini are the “hole scrapers”: they

have paired labial suckers on the prementum,

which are used to immobilize their prey. Once

the mite adheres to the suckers, the predator’s

mandibles slowly grind a small hole in the

prey’s cuticle. Digestive juices are then

injected; through the same puncture, liquefied

tissues are ingested. The entire feeding pro-

cess can take many hours. Some species show

preferences toward particular mite taxa and

may play a significant role in the oribatid or

uropodine mite population dynamics.

12.1 Introduction

Over a century ago, Reitter (1909) noticed that

Scydmaeninae (Scydmaenidae at that time)

seemed to feed on mites. This view was

supported by Schuster (1966a, b), who observed

the feeding of adult Cephennium majus Reitter

and larvae of C. majus and C. thoracicumMüller
and Kunze; Schuster carried out the first

published prey preference experiments with

these minute (1–1.5 mm) beetles. Scydmaeninaes

were given a broad spectrum of potential prey,
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including Oribatida, Uropodina, and Gamasida

mites, as well as Collembola, Protura, and oligo-

chaete Enchytraeidae. They were found to feed

mostly on the armored Oribatida, and only rarely

on Uropodina and Gamasida.

A classic work was published by Schmid

(1988), who made systematic observations of the

feeding preferences and techniques of adults of

many species belonging to the genera

Cephennium Müller and Kunze (Cephenniini),

Neuraphes Thomson, Scydmoraphes Reitter,

Stenichnus Thomson, Microscydmus Saulcy and

Croissandeau, Euconnus Thomson

(Glandulariini), and Scydmaenus Latreille

(Scydmaenini), as well as larvae of Cephennium,
Stenichnus, and Scydmoraphes. A broad spectrum

of Oribatida and Uropodina species was tested

(approximately 200 species). Various structures

of the mouthparts and legs of Scydmaeninae

were interpreted as adaptations for feeding on

these heavily armored Acari.

Later, Molleman and Walter (2001)

demonstrated that some Australian Glandulariini

and Scydmaenini showed strong preferences

toward armored mites. However, they also scav-

enged on dead ants, beetles, springtails, and unar-

mored nymphs of galumnid mites (Oribatida).

Jałoszyński and Olszanowski (2013, 2015,

2016) carried out prey choice experiments with

a broad spectrum of possible prey mites offered

to four species of Scydmaeninae under labora-

tory conditions. They obtained results

concerning their prey preferences and interesting

details of their feeding techniques.

The data obtained so far demonstrate that

Scydmaeninae not only use different methods to

breach their prey’s defenses but also show rela-

tively narrow preferences toward certain taxa or

particular body forms of oribatids or (less fre-

quently) uropodines. Although our knowledge is

still fragmentary, two distinct feeding techniques

can be defined, depending on the morphological

specialization of the predator’s mouthparts. Some

behavioral variants were also discovered, which

evolved to cope with the different and often

sophisticated defense systems of armored mites.

It should be noted that not all Scydmaeninae

are specialist predators feeding on heavily

sclerotized mites. Leleup (1968) noticed that

South African Mastigini carry small larvae and

springtails in their mandibles. Furthermore,

O’Keefe and Monteith (2000) mentioned

observations of the only Australian Clidicini spe-

cies carrying large neanurine springtails in their

mandibles. Jałoszyński (2012a, b) demonstrated

that two European species of Scydmaenus pre-

ferred either springtails or soft-bodied Acari and,

under laboratory conditions, showed no interest

in Oribatida; scavenging dead arthropods and

cannibalism were also reported by the same

author.

Because many other arthropods feed on soft-

bodied prey and very few are strictly specialized

to utilize heavily protected armored mites as the

only source of food, the prey preferences and

feeding techniques of acarophagous

Scydmaeninae have attracted much attention.

Oribatida were once believed to have evolved

their defense systems in response to predation

by prostigmatan and mesostigmatan mites;

because this pressure is now low, they currently

live in an “enemy-free space” (e.g., Jeffries and

Lawton 1984; Peschel et al. 2006). Oribatids are

indeed well protected against most invertebrate

predators. Their defense systems include thick

cuticles (which are often reinforced by minerali-

zation, carinae, or reticulation). Furthermore,

depending on taxon, they also have long setae

on the idiosoma or spiny legs that make it diffi-

cult for a predator to attack the mite’s body.

Some produce repellents or toxins in the

so-called oil glands, whereas others accumulate

soil particles on their body surface that form an

additional protective crust. Many oribatids have

pteromorphs, which are lateral laminar

projections over their coxae that protect the legs

from being cut off by predators. The so-called

ptyctimous mites can “encapsulate”—that is,

they adopt a compact defensive posture with all

appendages and vulnerable ventral membranous

structures hidden under their closed prodorsum,

which is shield-like and can move to open/close

the encapsulation (Pachl et al. 2012; Schmelzle

et al. 2008, 2009, 2010). A combination of sev-

eral defensive mechanisms or structures in one

species is not uncommon. Predators that have
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adopted to feed on this kind of prey are expected

to use unusual techniques or to have unique tools

to breach defenses of their prey. Such adaptations

are summarized in this chapter on the basis of the

available literature—mainly studies published by

the author (Jałoszyński 2016; Jałoszyński and

Olszanowski 2013, 2015, 2016) but also previ-

ously unpublished observations concerning the

genera Microscydmus and Neuraphes.

12.2 Cephenniini, the “Hole
Scrapers”

All known species of Cephenniini have highly

modified mouthparts (Fig. 12.1a, b), with the

labium transformed into a prey immobilizing

device. The head is strongly declined, such that

the mouthparts are directed downward. The

labrum is typically semicircular with a membra-

nous marginal velum and a membranous

epipharynx; the mandibles are variable in shape

but often short and relatively blunt; and the max-

illae are generalized, as those in all Scydmaeninae.

The most unusual is the labium (Fig. 12.1b), which

has a highly movable prementum, with its anterior

surface capable of tilting dorsally, ventrally, or/and

laterally. The labial palps are exceptionally small

and broadly separated, and the area between them

is occupied by four or six symmetrically distributed

suckers. Often, the anterior surface of the

prementum is additionally divided by a median

longitudinal groove, so that the lateral halves can

move independently and better fit to the convex

surface of oribatid mites.

The ultrastructure of the suckers was studied

by Jałoszyński and Beutel (2012), who found that

each sucker is composed of an outer oval plate

connected by a circumferential ring with the

inner plate bearing a median perforation; thus,

the lumen between the plates is continuous with

the inner space of the labium. The suckers, the

labial cuticle, and the internal sclerotized scaf-

fold of the labium, including the hypopharyngeal

suspensorium, form a continuous functional unit

operated by labial muscles, which can modulate

the degree of concavity of the outer plates of the

suckers. This sophisticated system of structures

requires muscle contractions only during the

attack; however, when the mite adheres to the

suckers by suction forces, the muscles relax. It

was suggested that the complex structural

components of the suction discs have evolved

by invagination of exocuticular structures and

that the development of suckers was preceded

by local sclerotizations of the prementum,

induced by contact with soft-bodied or partly

armored prey (Jałoszyński and Beutel 2012).

The labial modifications found in all extant

Cephenniini suggest that they all feed on armored

mites and presumably cannot feed on other types

of prey. It is possible that this is an ancient adap-

tation: the oldest unambiguously identified fossil

of Cephenniini, from Upper Cretaceous

(Cenomanian) Burmese amber, is morphologi-

cally nearly identical with extant representatives

of this tribe (Jałoszyński and Peris 2016). How-

ever, mouthparts of this fossil are not exposed.

Thus, further study is needed to shed more light

on the evolution of this intriguing, narrow feeding

adaptation that most likely enabled Cephenniini to

avoid competition with other small invertebrate

predators of the forest floor.

Prey preferences, feeding techniques, and the

functional morphology of mouthparts were stud-

ied using several species of European

Cephennium as model organisms (Jałoszyński

and Beutel 2012; Jałoszyński and Olszanowski

2016). Jałoszyński and Olszanowski (2016)

described three phases of the feeding process on

oribatid prey: (1) attack and stabilization of the

attachment site (about 4�5 min), (2) penetration

of the mite’s cuticle (about 40 min), and (3) feed-

ing (7�8 h). The mite is attacked from behind or

from above (Fig. 12.3a) and lifted using the

beetle’s prementum (Fig. 12.3b, c). The adhesion

between the beetle’s mouthparts and the mite is

so strong that it is possible to kill and preserve

them, then subsequently take scanning electron

microscopy images, without disrupting the con-

nection (Fig. 12.1c, d). Within the first 1�5 min,

the captured mite is rotated using the protarsi,

apparently to find the best attachment site. The

manipulations take place without detaching the

prey; the mouthparts of the beetles appear to

slide over the surface of the mite’s cuticle.
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When an apparently suitable site has been

chosen, both mandibles start to rhythmically

spread and close, and the second phase begins.

The beetles broadly open one mandible, while

the other mandible makes short scraping

movements within the area delimited by the

labrum and the prementum. For most of the

time, the prey remains lifted; however, when

the grip is in the posterodorsal region of the

idiosoma, the mite often manages to reach for

the ground with some legs, pulls itself closer to

the arena, and starts crawling forward. Beetles

counteract by lifting the mite higher. The scrap-

ing movements of one mandible can be observed

for 10�15 min. Then, the position of the mite is

changed, with the working mandible being

replaced by the previously resting one. After

about 20 min, the mite’s leg movements weaken

to suddenly become very rapid. This increased

activity of the mite marks the moment of com-

pleting the perforation of the cuticle; however,

the prey remains alive and erratically moves its

Fig. 12.1 Examples of Cephenniini (a–d) and their

prey (e). (a) Cephennium majus, mouthparts in

anteroventral view. (b) Separated labium of Cephennium
majus in anterior view. (c) Cephennium majus preserved
during feeding on ptyctimous oribatid mite. (d)
Cephennium ruthenum preserved during feeding on

non-ptyctimous oribatid mite. (e) Phthiracarus

sp. (Oribatida, Phthiracaridae), prey of Cephennium
majus, showing feeding damage (arrow). Abbreviations:

bst basistipes, cd cardo, eph epipharynx, gal galea, lac
lacinia, llh lateral lobe of hypopharynx, lp labial palp, ls
labial sucker, mdmandible, mnmentum, mstmediostipes,

mxp maxillary palp, ntg notogaster, pmn prementum, ppf
palpifer, prd prodorsum

288 P. Jałoszyński



legs for about half an hour. Cephennium keeps on

working with one mandible, presumably broad-

ening the hole or trying to insert a tip of the

mandible deeper.

When the movements of the prey’s legs defini-

tively stop, it is usually possible to see that the tip

of one mandible of the beetle is inserted into the

hole and the other mandible is still broadly open.

This is when the third phase starts. The beetle can

now feed through the tiny hole, which is often

only about 20 μm wide (Fig. 12.1e). When

attached to the mite’s cuticle, the surface of the

prementum that bears the suckers is parallel to the

body surface of the mite, and the labrum is

strongly flipped dorsally. To feed, Cephennium
beetles close their mandibles, which are bent and

short enough to be contained between the labrum

and labium. The attachment site is completely

surrounded by the beetle’s mouthparts, which

tightly seal the hole margins to enable injection

of digestive juices and subsequent ingestion of

liquefied tissues. The connection is sealed by the

membranous marginal velum of the labrum,

which laterally fits tightly into the dorsomesal

notch on each closed mandible. Ventrally and

laterally, the contact zone is sealed by the flexible

lateral lobes of the hypopharynx, the prementum,

and the maxillae; the latter fits into the concave

ventral surface of the closed mandibles. The feed-

ing can take several hours.

The only damage caused by the beetles is a

tiny hole scraped through the mite’s cuticle

(Fig. 12.1e). Because the attack is directed onto

the dorsolateral or posterodorsal surface of the

idiosoma, Cephennium can successfully feed on

both ptyctimous and non-ptyctimous mites, as

the encapsulation of the former does not protect

against this type of attack. Furthermore,

pteromorphs are an inefficient protection against

this feeding technique. However, the unique

morphological and behavioral adaptation of

Cephennium requires a subglobose prey with

smooth and sparsely setose body to ensure the

adhesion by suction forces; deeply sculptured,

reticulate, or spiny mites are not attacked. In

addition, those that accumulate soil particles on

the body surface avoid being captured by

Cephennium.

Even among “morphologically acceptable”

oribatids, Cephennium species select only partic-

ular taxa, showing strong preferences toward

ptyctimous Phthiracaridae and non-ptyctimous

Ceratozetidae, Achipteriidae, and Liacaridae.

Jałoszyński and Olszanowski (2016) observed

also significant differences in prey preferences

between two morphologically similar

Cephennium species that differ slightly in their

body size. Their choice of prey was clearly

affected by this difference, as the larger

C. majus was able to feed on larger prey than

the smaller C. ruthenum Machulka. The feeding

process clearly depends on the prey’s body size

(or volume). Presumably, the structure of the

mite’s cuticle also plays an important role, as

the time from attack to the killing of the mite in

some instances depends on the mite taxon rather

than its body length.

12.3 Glandulariini
and Scydmaenini: Brutal Force
and Leg-Cutting

Species of Glandulariini and Scydmaenini

known to feed on Oribatida and/or Uropodina

have unspecialized mouthparts, except for typi-

cally sharp and slender mandibular apices

(Fig. 12.2a, b) that are well adapted to insert

into the mite’s natural body openings. It was

demonstrated that adults of different species

within the same genus, not differing in the struc-

ture of mouthparts, can feed on soft-bodied

arthropods or on armored mites only. Such a

pair of morphologically very similar species is

Scydmaenus tarsatus Müller and Kunze and

Scydmaenus rufus Müller and Kunze; the former

feeds on weakly sclerotized Acaridae and

springtails, whereas the latter feeds on Oribatida

and Mesostigmata (Uropodina) (Jałoszyński

2012a; Jałoszyński and Olszanowski 2015).

Moreover, although the adults and larvae of Sc.
tarsatus have strikingly different mandibles

(asymmetrical and with mesal teeth in adults

vs. symmetrical, falciform, and lacking teeth in

larvae), their prey choices are similar

(Jałoszyński 2012a; Jałoszyński and Kilian
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2012). It seems that behavioral rather than mor-

phological adaptations play the key role in feed-

ing for Glandulariini and Scydmaenini.

Consequently, it is not possible to infer their

preferred prey by studying the structure of the

mouthparts; only direct behavioral observations

can address the question concerning the prey

choice and feeding technique.

The compost-inhabiting European

Scydmaenus rufus feeds predominantly on

oribatids belonging to Scheloribatidae and

Oppiidae and Urodinychidae uropodines

(Jałoszyński and Olszanowski 2015).

Scheloribatids and urodinychids are short-legged

mites with either smooth or distinctly reticulate

cuticle. Cuticular structures do not protect them

against Sc. rufus because the primary target of its

attack is the gnathosoma, with the secondary

target being the genital or anal opening. There-

fore, typical feeding damage is restricted to these

body regions (Fig. 12.2e, f). The beetles attack

the anterior body region of their prey, inserting

one mandible into the mite’s mouth opening and

breaking off all of its mouthparts by rotating the

mite. The feeding takes place through the

resulting opening by external digestion. The

beetles inject digestive juices into the

gnathosomal opening and ingest the liquefied

Fig. 12.2 Examples of Scydmaenini (a) and their prey

(c–f) and Glandulariini (b) and their prey (g). (a) Head
of Scydmaenus rufus in anterior view (after Jałoszyński

and Olszanowski 2015, modified). (b) Mouthparts of

Euconnus pubicollis in anterior view (after Jałoszyński

and Olszanowski 2013, modified). (c–d) Oppia nitens
(Oribatida, Oppiidae) before (c) and after (d) feeding of

Scydmaenus rufus. (e–g) Prey of Scydmaenus rufus (e, f)

and Euconnus pubicollis (g) showing feeding damage:

Punctoribates punctum (Oribatida, Mycobatidae) (e),
Uroobovella pyriformis (Uropodina, Urodinychidae) (f),
and Phthiracarus sp. (Oribatida, Phthiracaridae) (g).
Abbreviations: apt anal plate, cl clypeus, gal galea, gns
gnathosoma, gpt genital plate, lac lacinia, lbr labrum, lp
labial palp, md mandible, mxp maxillary palp
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tissues. In abandoned empty mite shells, usually

some or all the legs are also removed. However,

this is a secondary process that results from

rotating and manipulating the dead mite during

feeding; the legs, with their internal soft tissues

already dissolved, are brittle and easily break off.

A modification of this simple mechanism is

required when Sc. rufus attacks Oppiidae mites,

which have long and spiny legs (Figs. 12.2c and

12.3g). The legs are a part of the mites’ defense

system and mechanically interfere with a

predator’s attempts to get close to the vital

regions of the gnathosoma or ventral structures.

Consequently, the attack typically begins with

the cutting off of some legs. An experiment

with 60 beetles, each attacking a single Oppia

mite, took observations 10–100 min after the

attack (Jałoszyński and Olszanowski 2015).

After just 10 min, one or two of the mite’s legs

or at least some podites were removed in 40% of

mites. After 30 min, several legs were removed

in 70% cases and the first successful attempts to

attack the gnathosoma were noticed. After

100 min, all of the mite prey had some or all of

their legs cut off; their mouthparts were also

completely removed. In some cases, the second-

ary targets—the genital plates—were also

removed at this phase (Fig. 12.2d).

Beetles that manage to successfully attack the

gnathosoma can be observed exuding a droplet of

digestive juices onto their prey and then sucking

it back; one mandible remains inserted into the

gnathosomal (or genital) opening during the

entire feeding process. Beetles select their prey

based on unknown factors. However, body size is

certainly one of them because attacks on

too-large prey (e.g., some Liacaridae oribatids)

are usually unsuccessful. It is worth noting, how-

ever, that beetles do make such attempts despite

poor chances to succeed. Tactile or chemical

(and less so, visual) stimuli seem to play an

important role in initiating attacks.

A different technique of attack, but a similar

method of feeding, is used by a common

European inhabitant of the forest leaf litter,

Euconnus pubicollis (Müller & Kunze), a

glandulariine ant-like stone beetle (Jałoszyński

and Olszanowski 2013). When presented with a

broad spectrum of oribatid and uropodine mite

taxa, this species strongly prefers the ptyctimous

Phthiracaridae (Phthiracarus spp.). Several other
oribatid families (both ptyctimous and

non-ptyctimous) represented less than 8% of its

diet in laboratory prey choice experiments (based

on 30 beetles observed for a month that chose

their prey from more than 1400 living mites

belonging to 24 families and 50 species;

Jałoszyński and Olszanowski 2013). The

mouthparts of E. pubicollis are similar to those

of most Glandulariini (Fig. 12.2b), with unmodi-

fied labrum, maxillae, and labium, as well as

elongated, curved mandibles that each have a

small preapical mesal tooth and a slender apical

portion. The preferred prey of this species is

ptyctimous and therefore is capable of encapsu-

lation; consequently, when attacked, the mites

retract and protect all vulnerable body parts

under their shield-like prodorsum. This defensive

posture does not leave any externally accessible

grip sites or intersegmental membranes that

could be pierced. Euconnus pubicollis uses a

different technique to capture its prey and breach

its defenses than does Cephennium or Sc. rufus.

Euconnus pubicollis, when confronted with its

preferred prey, rapidly moves its head and

mouthparts toward the cuticle of the mite, exudes

a droplet of sticky liquid from its mouth, and lifts

the mite; furthermore, it often additionally uses

the protibial apices with spatulate, adhesive setae

to manipulate its prey. However, the beetles are

able to lift their prey without using their fore

legs, only by means of the sticky properties of

the liquid on their mouthparts or/and capillary

forces. The anterior portion of the beetle’s

labrum or its dorsal surface adheres to the mite

cuticle by means of the liquid exuded from the

mouth; the mandibles remain widely spread and

only their apices touch the mite. The maxillae are

protruded anteriorly, with galea and lacinia cov-

ered with the liquid and adhering to the prey

cuticle. The maxillary palps are spread laterally

and occasionally touch the prey’s cuticle. The

labium is protruded anteriorly; its anterior part

is also covered with the liquid and adheres to the

mite. This arrangement of mouthparts allows the

formation of a large contact area from the labrum
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to the galea and lacinia, bearing dense trichia

covered with the liquid.

The beetles typically adopt a posture of a

raised head and prothorax while standing on

their middle and hind legs; alternatively, they

use substrate particles to attack from above,

standing head down, with hind and middle legs

on the side of a soil or wood particle, and the

anterior part of the body with the captured mite

hanging down above the ground (Fig. 12.3d, e).

The attack phase, if undisturbed by other beetles,

is immediately followed by manipulating the

prey and searching for access to fragile or mov-

able parts of the integument. If there are other

beetles frequently disturbing the successful

predator, the latter walks for minutes or even

hours with the prey held in its mouthparts,

searching for shelter under soil particles or in

narrow spaces between them, where it could

continue to manipulate the mite to overcome its

encapsulation.

Adult Euconnus beetles that have already cap-

tured a phthiracarid mite frequently rotate their

prey using their protibiae, and often detach and

attach their mouthparts to the prey. A volumi-

nous droplet of liquid is regularly produced and

sucked back in cycles of a few seconds, with the

droplet first increasing in size then rapidly

decreasing in volume. This is repeated from

about 90 min to more than 20 h, during which

Fig. 12.3 Scydmaeninae feeding on armored mites. (a–
c) Cephennium majus feeding on ptyctimous (a, c) and
non-ptyctimous (b) Oribatida. (d, e) Euconnus pubicollis
feeding on Phthiracarus sp. (f)Microscydmus sp. feeding

on Oribatida. (g) Scydmaenus rufus feeding on Oppia
nitens. (h) Stenichnus godarti feeding on Uropodina. (i)
Neuraphes elongatulus feeding on juvenile Damaeidae
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time the manipulated mite remains motionless

and encapsulated. During this prolonged activity,

Euconnus covers the entire body surface of its

prey with the liquid exuded from the mouthparts.

The moving and rotating of the mite is occasion-

ally accompanied by movements of the

mandibles; apparently, the beetle searches for a

grip on the margins of the closed prodorsum or

the genital and anal plates. It seems that toxic or

otherwise noxious properties of the exuded liquid

(presumably digestive juice) are responsible for

slowly weakening the mite; eventually, the

muscles that maintain the encapsulation relax.

The moment when the prodorsum is at least

partly lifted marks the end of the long struggle and

the beginning of the last phase. The time from the

attack to the lifting of the prodorsum can range

from approximately 1 to more than 20 h and

depends on the body length of the prey. To gain

access to the flesh after opening the prodorsum of

the prey, the Euconnus beetle presses the mite’s

ventral (genital and anal) plates. To this aim, the

mite is usually pressed against the ground; the

beetle adopts a posture with its head and pronotum

lowered toward the prey while standing on all six

legs. The mandibles are used to grip the margin of

genital or anal valves. Gradually, the entire com-

plex of ventral plates is pressed into the notogaster

and often crushed, exposing the flesh. The

mouthparts and nearly the entire head of

Euconnus are gradually inserted deeper and

deeper into the notogaster, if the mite is large

enough. During feeding, the mandibles rapidly

chew away the soft internal tissues. At this stage,

the beetle exudes a small amount of digestive

juice from its mouth. When the prey is too small

for the beetle’s head to be inserted into the open-

ing, only the mandibles (or even only one mandi-

ble) are inserted into the mite’s body. The mite is

rotated around the inserted mandible while copi-

ous amounts of digestive juice are exuded and

then ingested.

Empty phthiracarid mite shells that were

abandoned after feeding by E. pubicollis have

characteristic feeding damage patterns

(Fig. 12.2g). The prodorsum is either broadly

open or (frequently) completely removed. The

ventral plates are typically deeply pressed inside

the idiosoma, often crushed and fragmented. The

entire feeding process shows a strong linear cor-

relation with the prey length; it can take from

several hours to more than 30 h.

Euconnus pubicollis can also feed on some

non-ptyctimous oribatid mites (but not on

uropodines). Species that were successfully

attacked by beetles in prey choice experiments

belong to Achipteriidae, Chamobatidae,

Oribatellidae, Ceratozetidae, and Galumnidae

(Jałoszyński and Olszanowski 2013). Their

defense systems do not rely on encapsulation,

but solely on the strength of their smooth and

sparsely setose cuticle. Additionally, some of

them (e.g., galumnids) have pteromorphs—lat-

eral cuticular lobes that protect their legs from

being cut off by predators. These structures do

not protect mites from being killed by

E. pubicollis, whose technique does not involve

cutting the legs prior to attacking other body

parts. Non-ptyctimous oribatids are captured

and lifted in a similar way as the beetles handle

phthiracarids (i.e., by a droplet of sticky liquid

produced from the predator’s mouth). However,

further manipulations are clearly different. The

mite, which adheres to the mouthparts (and often

to the protibiae) of E. pubicollis, is moved,

rotated, and frequently pressed against the

ground or soil particles when the predator

detaches its tibiae to change its grip. Euconnus
tries to insert the slender and pointed tip of one

mandible into the gnathosoma, the genital or anal

valves. When successful, the leg movements of

the prey stop, apparently marking the moment of

death; the beetle rotates the mite around the

inserted mandible to tear off movable structures

around the opening. The time from the attack to

inserting one mandible into the prey is

25–190 min. During feeding, beetles usually

remove all or most of the legs of the mite. How-

ever, this is secondary damage: the legs are bro-

ken off during the last 5–20 min by the mandible,

which remains outside the mite during rotations.

Purposeful severing of the legs with both

mandibles, as a prerequisite for attacking the

body openings, was not observed.

Euconnus beetles often take short breaks dur-

ing feeding on both ptyctimous and
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non-ptyctimous oribatids. The dead mite is

placed on the ground and the predator spends a

short time (up to slightly over 2 min) with self-

grooming. The cleaning is restricted to the

antennae and distal portions of the fore legs,

which are passed through the mouthparts. Addi-

tionally, the middle legs are used to clean the

elytra. Then, the beetles resume their feeding.

Thus far, all observed Scydmaeninae that feed

on armored mites and have an unmodified labium

feed in a similar way as Scydmaenus rufus or

Euconnus pubicollis (although lifting of the

prey using a droplet of sticky liquid was observed

only for the latter species). Many observations

were made by the author of this chapter; how-

ever, most of them remain unpublished because

collecting a sufficient number of specimens for

conclusive prey choice experiments is a difficult

task. Acarophagous Glandulariini include one of

the smallest predaceous beetles; among them are

the genus Microscydmus Saulcy and

Croissandeau (Fig. 12.3f), which comprise spe-

cies with adults as small as 0.6–0.8 mm in body

length. Such small beetles attack only oribatids

with the smallest adults; however, they feed in

the same way as the much larger Scydmaenus or

Euconnus (i.e., through the damaged gnathosoma

of non-ptyctimous mites).

A notable example of acarophagous

Glandulariini showing a mixed mechanism of

capturing mites is the genus Stenichnus

Thomson. These middle-sized (typically

1.5–2.5 mm) Holarctic beetles have long and

very slender falciform mandibles, usually with

finely serrated mesal margins, and one pair of

membranous suckers or adhesive discs on their

prementum (Jałoszyński 2013). The ultrastruc-

ture of these organs remains unknown, but they

seem to be simpler than those in specialized

Cephenniini. Moreover, the labial palps in

Stenichnus are large and not reduced, as those

in Cephenniini. Little is known about feeding

habits of this genus; most observations so far

have remained unpublished. It seems that

Stenichnus shows preferences toward feeding

on armored and relatively large Uropodina.

Jałoszyński (2016) reared an adult of the

European St. godarti (Latreille) ex larva and fed

it with uropodines; this single beetle ate

112 individuals of Trichouropoda sp. within

92 days of its life. Adults of Stenichnus seem to

use their labial suckers only during the initial

phase of capturing the prey to adhere to the

mite’s cuticle and lift the uropodine mite. Then,

the long mandibles take over and further

manipulations lead to their insertion into the

mite’s gnathosoma. This mixed mechanism can

be expected to allow for feeding on various

mites. Indeed, some observations of several spe-

cies of Stenichnus showed that they can feed on

smooth and finely reticulated Oribatida and

finely or coarsely reticulated Uropodina

(Jałoszyński, unpublished data).

Schmid (1988) suggested that the mouthparts

of Neuraphes Thomson are used to grasp the legs

of Damaeoidea (as Belboidea) oribatids, but no

further details were given. Damaeoidea include

mites that were not attacked by any Scydmaeninae

species tested by Jałoszyński and Olszanowski

(2013, 2015, 2016); they seem to be especially

well protected against predators by their morpho-

logical structures. Some species are exceptionally

large and have particularly thick and hard cuticles.

Some Damaeidae accumulate soil particles on

their idiosoma to form an additional protecting

crust, and many have very long and spiny legs.

Previously unpublished observations made by the

author of this chapter show that several Central

European species of Neuraphes indeed feed

exclusively on Damaeidae—but on juveniles, not

on heavily sclerotized adults (Fig. 12.3i).

Juveniles are spiny but soft-bodied; their main

protection are long and spiny legs, which prevent

predators from getting close to the vulnerable

body. Neuraphes beetles grasp the mite’s legs to

turn their prey upside down, then attack soft ven-

tral structures. Neither living juveniles nor their

remains abandoned after feeding can be identified

to the genus or species level. Thus, it is especially

difficult to study prey preferences of Neuraphes.

Besides the general technique they use, nothing

else is known about their prey choice.
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12.4 Problems and Perspectives

Defensive adaptations of Oribatida—and to a

lesser extent, those of similarly armored

mesostigmatan Uropodina—are relatively well

studied. They seem so efficient that acarologists

proposed the hypothesis of an “enemy-free

space” where extant mite taxa live after having

developed impenetrable protection during

co-evolution with predatory prostigmatan and

mesostigmatan mites (e.g., Jeffries and Lawton

1984; Peschel et al. 2006). Indeed, oribatids are

particularly difficult prey because of their thick

and mineralized cuticle, which is often

reinforced by a system of grooves, carinae, or

reticulation; they are also protected by long

spines or accumulated soil particles, as well as

the presence of defensive glands in many taxa.

However, it is well-known that various oribatids

can be successfully attacked and eaten by some

rove beetles, as Pselaphinae and Scydmaeninae,

and by some ants.

Park (1947) mentioned that Batrisodes Reitter

(Pselaphinae, Batrisini) feeds on oribatids, but no

further details concerning the feeding technique or

mite taxa were given. Two species of Japanese

ants in the genusMyrmecina Curtis (Myrmicinae,

Crematogastrini) showed some behavioral and

morphological adaptations to use oribatids as a

major or sole source of food. The worker ants

crush and tear off a large portion of the mite’s

cuticle to feed larvae; the latter have elongate and

narrow heads that can be easily inserted into the

partly damaged mite shell to feed on the flesh

(Masuko 1994). Early reports concerning the

featherwing beetles (Ptiliidae) being capable of

feeding on Oribatida (Riha 1951) have never

been confirmed and seem dubious, as ptiliids are

currently recognized as a group of fungivorous or

spore-feeding beetles (e.g., Betz et al. 2003;

Jałoszyński 2015). Therefore, the Scydmaeninae

are currently the best studied examples of arthro-

pod predators specialized to feed on armored

mites, which are one of the best protected prey

among thousands of soft-bodied invertebrates that

inhabit the soil, leaf litter, rotten wood, or

decomposing plant remains.

There are currently more than 5300 nominal

species of Scydmaeninae known. Prey

preferences and feeding-related behaviors have

been studied under laboratory conditions in a few

of them, including only four that feed on oribatid

or uropodine mites (Jałoszyński and

Olszanowski 2013, 2015, 2016). However,

already in such a tiny fraction of known

scydmaeninae diversity, the observed spectrum

of behavioral and morphological adaptations and

differences in prey preferences are astounding.

Cephennium species are “hole scrapers” and use

sophisticated structures of their modified,

specialized mouthparts to capture subglobose

and smooth oribatids. When given a choice

between more than 40 species representing

more than 20 families of Oribatida and

Uropodina, they predominantly fed on

Phthiracaridae, Ceratozetidae, and

Achipteriidae; the larger of two tested species

also fed on Liacaridae. The choice of prey was

apparently not affected by the ptyctimous versus

non-ptyctimous body form of the prey, and the

entire feeding process took place through a tiny

hole ground in the mite’s cuticle (Jałoszyński and

Olszanowski 2016).

Euconnus pubicollis, when given a choice

between mites belonging to 50 species and

representing 25 families of Oribatida and

Uropodina, predominantly fed on one family

only—the Phthiracaridae—showing strong

preferences toward the ptyctimous body form of

its prey. This species captures mites using a

droplet of sticky liquid exuded from its mouth,

to which the prey adheres and can be further

manipulated and “opened” by a slow process in

which copious amounts of digestive juices

weaken the mite; mandibles are only used in the

final coup de grâce (Jałoszyński and

Olszanowski 2013). Scydmaenus rufus, when

offered more than 20 species representing

15 families of Oribatida and Uropodina, predom-

inantly fed on the oribatid Scheloribatidae and

Oppiidae, and only marginally on the uropodine

Urodinychidae and other taxa. This species also

has unspecialized mouthparts, which are used to

attack the mite’s gnathosoma to feed through a
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large opening left after tearing off the prey’s

mouthparts. If the prey mites have long and

spiny legs, they are partly removed before the

predator can gain access to the gnathosoma

(Jałoszyński and Olszanowski 2015). Unpub-

lished observations of the author of this chapter

on several other Scydmaeninae species show an

even broader spectrum of adaptations and

narrower prey preferences, as those of

Neuraphes, which seems to feed exclusively on

juvenile Damaeidae.

It seems that gaining access to armored mites

as a source of food might have been an important

event in the evolution of Scydmaeninae. An

unnamed species that is morphologically very

similar to the extant acarophagous Cephenniini

is known from the Cenomanian (Jałoszyński and

Peris 2016), and a Stenichnus-like glandulariine

species with a specialized prementum bearing a

pair of suckers was recently discovered in

Turonian amber (Jałoszyński et al. 2017).

Oribatids are beyond doubt a much more ancient

group than scydmaeninaes; the oldest fossils of

Oribatida date to the Middle and Upper Devo-

nian (e.g., Norton et al. 1988; Subı́as and Arillo

2002; reviewed by Arillo et al. 2012), whereas

ant-like stone beetles are known from the Upper

Cretaceous (reviewed by Jałoszyński and Peris

2016). It remains unknown how scydmaeninaes

adapted to feed on armored mites or what was the

food of their ancestors. Oribatids—and to a lesser

extent, uropodines—are very rich food sources in

terrestrial ecosystems; however, they are so well

protected against predators that only few can

feed on these mites. Species that are able to

breach the defenses of this prey, can escape the

competition that shapes relationships between

numerous small soil predators, such as ants,

ground beetles, spiders, pseudoscorpions,

mesostigmatan mites, and others. Furthermore,

various species of Scydmaeninae that co-occur

in the forest floor can avoid competition by

specializing to feed on particular mite taxa or

mite body forms. This seems to be a major

achievement for a large group of predators that

live in highly competitive environments.

Have oribatid mites evolved defense

mechanisms during at least 100 Ma of

co-evolution with specialized predators? To

date, it has not been possible to answer this

question. Apparently, some of the most efficient

defense mechanisms, such as the encapsulation

of ptyctimous mites, are easily overcome by

scydmaeninaes, and oribatids seem helpless dur-

ing attacks. Even toxic secretions of their defen-

sive glands do not protect them against

scydmaeninaes; for example, Scheloribates

laevigatus (Koch), readily eaten by Scydmaenus
rufus, is a well-known producer of highly toxic

alkaloids—among others the infamous

pumiliotoxins, which are components of skin

secretions of dendrobatid poisonous frogs

(Saporito et al. 2007, 2011). On the other hand,

Jałoszyński and Olszanowski (2016) analyzed

the morphological characters of mites not eaten

by any species of Scydmaeninae tested so far.

They concluded that adults of oribatid taxa with

particularly thick and typically densely sculp-

tured cuticles, such as Carabodidae, Nothridae,

Damaeidae, and Hermanniellidae, avoid preda-

tion by ant-like stone beetles.

It seems that Scydmaeninae may exert some

pressure on the local population dynamics of

their prey. Although under laboratory conditions

Euconnus pubicollis consumed on average only

1 mite per 3.7 days, Scydmaenus rufus was able
to consume approximately 1.4 mites per day

(Jałoszyński and Olszanowski 2013, 2015).

Assuming that Sc. rufus is active only during

the warm season in Central Europe and feeding

rates remain constant over time, then 100 beetles

might consume nearly 26,000 mites from April to

September (Jałoszyński and Olszanowski 2015).

Sc. rufus commonly inhabits compost, from

which more than 50 beetles were collected from

10 L of the substrate taken only from the upper

compost layer (Jałoszyński and Olszanowski

2015). Thus, it seems possible that a population

of this species contained within a typical garden

compost heap may significantly affect the popu-

lation dynamics of their most preferred prey—

that is, scheloribatids and oppiids. Because
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oribatids are known to alter the chemistry and

nutrient cycling in decomposing plant matter

(e.g., Wickings and Grandy 2011), these pro-

cesses may also be affected by their dedicated

predators.

A major open research question in studies of

the specialized feeding of scydmaeninaes on

armored mites is the astonishingly long feeding

process. It may take over 10 h to complete feed-

ing by Cephennium beetles and more than 30 h

for Euconnus (Jałoszyński and Olszanowski

2013, 2016). During this process, the mandibles

of the beetle may be buried deeply in the

idiosoma (or one mandible in the gnathosoma)

of the mite (Euconnus), or the tip of one mandi-

ble may be inserted into the tiny hole drilled by

Cephennium. This is not a good position to

escape from larger generalist predators of soil

and leaf litter, such as ants or ground beetles,

which are common in this habitat. The effort

and energy investment made into the slow pro-

cess of penetrating the mite’s cuticle or breaking

off its mouthparts must be awarded by feeding

long enough to gain energy, not to lose it. A

disturbance from numerous soil invertebrates,

and especially predators that could attack

scydmaeninaes, is likely to disrupt the feeding

before the energy balance reaches a positive

value. How the beetles protect themselves while

being attached to prey that is often nearly as large

as themselves, and how they manage to complete

their feeding undisturbed, remain major

questions in the study of Scydmaeninae biology.
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