Chapter 2 ®)
General Overview of Saproxylic Coleoptera <

Matthew L. Gimmel and Michael L. Ferro

Abstract A broad survey of saproxylic beetles (Coleoptera) from literature and
personal observations was conducted, and extensive references were included to
serve as a single resource on the topic. Results are summarized in a table featuring all
beetle families and subfamilies with saproxylicity indicated for both adults and
larvae (where known), along with information on diversity, distribution, habits,
habitat, and other relevant notes. A discussion about the prevalence of and evolu-
tionary origins of beetles in relation to the saproxylic habitat, as well as the variety of
saproxylic beetle habits by microhabitat, is provided. This initial attempt at an
overview of the entire order shows that 122 (about 65%) of the 187 presently
recognized beetle families have at least one saproxylic member. However, the
state of knowledge of most saproxylic beetle groups is extremely fragmentary,
particularly in regard to larval stages and their feeding habits.

2.1 Introduction to Beetles

There are nearly 400,000 described species of beetles, which comprise 40% of all
described insect species (Zhang 2011). In fact, one in every four animal species
(from jellyfish to Javan rhinos) is a beetle. The dominance of this group in terrestrial
ecosystems can hardly be overstated—and the dead wood habitat is no exception in
this regard. The largest (see Acorn 2006), longest-lived, and geologically oldest
beetles are saproxylic. Of the roster of saproxylic insect pests in forests, beetles

M. L. Gimmel (<)

Department of Invertebrate Zoology, Santa Barbara Museum of Natural History, Santa Barbara,
CA, USA

e-mail: mgimmel @sbnature2.org

M. L. Ferro
Department of Plant and Environmental Sciences, Clemson University Arthropod Collection,
Clemson, SC, USA

This is a U.S. government work and its text is not subject to copyright protection in the 51
United States; however, its text may be subject to foreign copyright protection 2018

M. D. Ulyshen (ed.), Saproxylic Insects, Zoological Monographs 1,
https://doi.org/10.1007/978-3-319-75937-1_2


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-75937-1_2&domain=pdf
mailto:mgimmel@sbnature2.org
https://doi.org/10.1007/978-3-319-75937-1_2

52 M. L. Gimmel and M. L. Ferro

dominate in terms of sheer number of species and, arguably, economic losses
(Furniss and Carolin 1977; Solomon 1995).

Beetles (order Coleoptera) fall within the Endopterygota (Holometabola) and
therefore undergo so-called complete metamorphosis, passing through anatomically
and behaviorally disparate larval, pupal, and adult stages. This temporal division of
labor—in which the primary directive of the larval stage is to eat and grow and the
function of the adult is to disperse and reproduce, often in a habitat quite different
from the larva—is thought to be a key innovation within the insect tree of life.
Indeed, although the Endopterygota contains less than half of the 29 extant insect
orders, it contains over 80% of described insect species [numbers derived from
Zhang (2011)]. When considering saproxylicity among beetle species, the disparate
nature of life stages is a key discussion topic, since a frequent strategy among beetles
is to have a saproxylic larva and a non-saproxylic adult (see Table 2.1).

The anatomy of beetles is peculiar among insects, making them one of the most
distinctive major orders. The most salient feature of beetles is the presence of elytra,
mesothoracic wings modified and corneous and not generally used for flight, which
most often completely cover the dorsal portions of the meso-metathorax (including
flight wings) and abdomen (but can be significantly shortened in some families) and
usually meet in a straight line middorsally. Hardened elytra confer obvious protec-
tion against would-be attackers. As adults, beetles are often heavily armored
throughout and exhibit an ability to retract appendages in defense of predators or
to assist in the ability to squeeze into tight spaces. These adaptations are also related
to protection from pathogens and from water loss in arid habitats (Lawrence and
Newton 1982; Grimaldi and Engel 2005). The general anatomical direction of
beetles has been one of fusion and increased sclerotization; however, there are
many notable exceptions (e.g., Staphylinidae and many Elateroidea).

2.2 Early Evolution of Beetles in Dead Wood

Perhaps no major order of insects typifies the saproxylic habit more than beetles. Of
the “big four” holometabolous insect groups, beetles express the highest diversity in
dead wood habitat in terms of both number of taxa present as well as microhabitat
diversity. They are probably the only order of Endopterygota that can attribute their
evolutionary origins and unique morphology to the dead wood habitat (Hamilton
1978).

During their initial period of diversification, taking place prior to the Early
Permian, beetles experienced major anatomical modifications. Most obvious
among these was the hardening of the forewings into protective elytra. Other
adaptations included dorsoventral flattening of the body, migration of the antennal
insertions laterally (lower) on the head, non-projection of the coxae, rotation of the
mouthparts into a prognathous aspect, reduction of the mesothorax and its fusion
with the metathorax (with concomitant loss of mesothoracic flight muscles), and
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fusion of the hind coxae with the metathorax (see Grimaldi and Engel (2005) for a
good overview).

Based on Lubkin and Engel (2005), the two Early Permian “beetle” families are
Tshekardocoleidae (from Tshekarda, Russia) and Oborocoleidae (from Obora,
Czech Republic); even though the latter are older (268 Ma), they are only known
from scattered elytra. Tshekardocoleidae are conclusively placed as beetles based on
mesothoracic structure (Kukalova 1969). Late Permian beetle families include
Permocupedidae, Asiocoleidae, Rhombocoleidae, and Schizocoleidae. Before
Permocoleus (Lubkin and Engel 2005), no Permian beetles were known from
North American deposits. These families, collectively referred to as Protocoleoptera
(sensu Lawrence and Slipiriski 2013: 4), are distinguished from one another based on
the morphology of the elytra. All possess varying degrees of apparent sclerotization
of the elytra as visualized through the relative area proportion of “window punc-
tures” (presumably the original wing membrane) versus the principal and interstitial
veins separating them.

Recently, however, the fossil beetle Coleopsis archaica (Kirejtshuk et al. 2014)
has come to light from the earliest Permian of Germany (ca. 295 Ma), which was
classified in the Tshekardocoleidae; additionally, the authors synonymized
Uralocoleidae and Moravocoleidae with this family. This fossil in part led Toussaint
et al. (2017) to re-calibrate and re-date the beetle tree of life dataset of McKenna et al.
(2015), shifting the origin of Coleoptera about 80 million years older to approxi-
mately 333 Ma (95% CI: 349 to 317 Ma)—a Late Carboniferous origin for the order.
An excellent summary of the fossil history of beetles can be found in Lawrence and
Slipiriski (2013: 4-8).

Whether the morphological changes outlined above developed in association with
saproxylicity is not known with certainty, though present-day forms adapted to this
habitat possess these features in particular. The Permian experienced a rapid rise in
the dominance of the gymnosperms, while tree lycopods typical of the Carbonifer-
ous went extinct, probably in connection with Northern Hemisphere desertification
and Southern Hemisphere glaciation (Shear and Kukalovad-Peck 1990).
Ponomarenko (2003) concluded that the beetle ancestral habit was
“xylomycetophagy,” with xylophagy and rhizophagy not appearing until later
(Jurassic) times. At the very least, evolution of these Protocoleoptera preadapted
beetles to a saproxylic lifestyle, allowing them to squeeze into bark crevices without
damaging flight wings and other appendages [although Permian Protocoleoptera
tended to have more complete wing venation, suggesting that folding mechanisms
had not yet developed; see Crowson (1975)]. Additionally, fossils of trees whose
bark was probably prone to sloughing were present in the same deposits as these
early beetles (Crowson 1981). Unfortunately there are no known fossils of beetle
larvae or wood borings in these deposits, so this evidence remains strictly circum-
stantial. Since larvae lack the same dispersal abilities as adults and are generally tied
to their habitats more intimately, form is generally much more closely tied to habits
in this life stage. Consequently, larval evidence would go a long way toward
informing the habits of the world’s first beetles. However, Crowson (1981: 660)
believed, based on the presumed groundplan of larval beetle mouthparts, that the first
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beetle larva was more likely to have been a mold-feeding type than a wood-boring
type. Even so, this potentially places the protocoleopteran larvae on or around
decaying wood. Although most of the Permian forms are currently grouped into
the extinct suborder Protocoleoptera, they are quite similar morphologically to many
members of the extant order Archostemata, which contains almost exclusively
saproxylic members today.

One report of Carboniferous wood-boring activity by Cichan and Taylor (1982) is
suggestive of early beetles in a (presumably aerial) root of a gymnosperm and
consists of 0.3-0.6 mm-diameter burrows with accompanying frass. However, it is
not until Triassic fossils that we have unambiguous evidence of wood-inhabiting
activity in beetles. The remarkable published findings of Walker (1938) based on
numerous examples of fossilized wood of Araucarioxylon arizonicum Knowlton
(Araucariaceae) in the Petrified Forest of Arizona exhibit a wide range of boring
patterns, whose similarity to modern boring behavior of Buprestidae and Scolytinae
(Curculionidae) was noted. Tapanila and Roberts (2012) later reported ichnofossils
of pupation in wood that probably represented early beetles from similar deposits
(Late Triassic Chinle Formation of southern Utah). Based on the foregoing evidence,
both fossil and ichnofossil, it seems likely that saproxylic beetles have existed since
at least the Permian, for nearly 300 million years.

2.3 Habits and Habitats of Saproxylic Beetles

Saproxylic beetles can be conceptually divided up along a variety of axes, including
but not limited to (1) taxonomic, (2) feeding type, (3) succession, and (4) microhab-
itat. Division along the taxonomic axis is accomplished in Table 2.1. As the study of
saproxylic beetles progresses, in the future it would be perhaps more biologically
useful to divide up these taxa along the feeding type axis—categories might be, e.g.,
mycophagy, myxomycophagy, xylophagy, predatory, saprophagy, and parasitoids.
However, given the incomplete nature of this knowledge at present and the difficulty
of ascertaining such information through detailed life history studies and careful
labwork, we can only indicate these feeding types where known. An additional axis
related to feeding types is succession, in a sense treating the dead log as a forensic
entomologist treats a dead body; categorizing beetles as early, middle, and late
(veteris) in relation to the death of the tree; and recognizing important differences
related to “carcass” size, position, geography, tree species, and macrohabitat. For the
discussion below we divide up saproxylic beetles into categories based on micro-
habitat, for this can be directly and unambiguously observed in the field. The flow of
categories below progresses (roughly) from the interior of a dead log to the periphery
of dead-wood-dependent habitats, with a discussion of aquatic dead-wood habitats
appearing at the end. For a lengthy discussion of the European saproxylic beetle
fauna by habitat, see Merkl (2016).
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2.3.1 Wood-Inhabiting Taxa

This subcategory is typified by classic wood-boring taxa, which tend to sport strong,
stout mandibles in whichever stage actively tunnels through wood. Larvae that are
borers are more prevalent than adults and tend to be more or less cylindrical and have
a poorly sclerotized cuticle, and the head capsule tends to be retracted into the
thorax. Some adults, however, are wood-boring and include Bostrichidae, Ptinidae,
and Curculionidae (Lawrence and Slipifiski 2013). Beetles in the first two groups are
often pests of wood inside houses (Lewis and Seybold 2010). Other groups include
certain Curculionidae (Platypodinae and Scolytinae: Xyleborini), Cerambycidae,
Passalidae, Buprestidae, Lymexylidae, Ptinidae, and Bostrichidae. For a more
detailed discussion of the ambrosia beetles (Curculionidae: Platypodinae and certain
Scolytinae), see Sect. 2.3.7.

Cerambycidae, which contain an enormous number of wood-borers (“round-
headed borers™), whose adults do not tunnel through wood, typically start as larvae
by boring subcortically and then bore directly into sapwood and heartwood as they
develop (Evans 1975). Buprestidae larvae (“flat-headed borers”) often have similar
habits, boring through wood just under the cambium before plunging into the wood
toward the center of the log to finish larval development and to pupate.

As woody debris reaches an advanced stage of decay, it plays host to a distinct
fauna. Especially rotten wood is known to be a classic habitat for scarabaeoid grubs,
particularly of the families Lucanidae, Passalidae, and Scarabaeidae (chiefly the
subfamilies Cetoniinae and Dynastinae), a fact well-known among enthusiasts of
those groups, while larvae of Callirhipidae are typical of white-rotted wood in an
advanced decay stage (Lawrence and Slipiriski 2013). However, Ferro et al. (2012a)
demonstrated a distinct fauna of smaller beetles within the final decay stage of
hardwood logs in an eastern North American forest (Ferro 2018, see Chap. 22).
For an in-depth discussion of the habits of Passalidae and Lucanidae, see Ulyshen
(2018) and Huang (2018) (Chaps. 3 and 4, respectively).

Some beetles seem to be typical of red-colored rotten wood. Notable examples
include Micromalthus debilis LeConte (Micromalthidae); Schizophilus subrufus
(Randall) of the Eucnemidae (Otto and Young 1998); members of the small family
Prostomidae, which prefer wood with a mud- or clay-like consistency (Lawrence
1991; Klimaszewski and Watt 1997; Lawrence and glipiﬁski 2013); the Nearctic
Priognathus monilicornis (Randall) (Pythidae) (Pollock 2002a); and certain terres-
trial larvae of Scirtidae from the Southern Hemisphere (Lawrence and Slipiriski
2013).

2.3.2 Subcortical Taxa, Including Phloem Feeders

The subcortical group is dominated, both in terms of number of species and
abundance, by the “bark beetles” of the subfamily Scolytinae (Curculionidae).
An extremely wide variety of other beetle groups, however, are typical of this
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habitat. Cucujidae, Laemophloeidae, and Silvanidae, collectively known as “flat
bark beetles,” contain adults and larvae often highly flattened and specialized for
living under bark. Their habits are not entirely clear, but many are at least facultative
predators and are probably opportunistic scavengers or saprophages. Predatory
beetles typical of this habitat, and often associated with Scolytinae, are the
Histeridae, Trogossitidae (Trogossitinae), Carabidae (Bembidiini: Tachyina),
Synteliidae, Chaetosomatidae, Thanerocleridae, Cleridae, Brentidae, larvae of
Brachypsectridae, Cantharidae, Lampyridae, Rhadalidae, adults of Elateridae,
Bothrideridae, and certain Zopheridae (Colydiinae). Parasitoid beetles include
Bothrideridae and Passandridae. Other taxa present in this microhabitat, probably
feeding upon fungal mycelium, are Biphyllidae, Cerylonidae, Cryptophagidae,
Endomychidae, Teredidae, Carabidae (Rhysodinae), Euxestidae, Jacobsoniidae,
Eupsilobiidae, Boridae, Pythidae, Pyrochroidae, Salpingidae, Monotomidae,
Mpyraboliidae, Nitidulidae, Curculionidae (Cossoninae), larvae of Synchroidae,
Mycteridae, and Scraptiidae.

Since microclimates on even a single log can differ greatly (Evans 1975:
159, from Geiger 1950: 235, also Chauvin 1967), their beetle faunas correspond-
ingly differ. The wet, waterlogged parts of the wood-bark interface have a distinctive
beetle fauna, apparently most diverse in the Southern Hemisphere, which may
contain Hydrophilidae (especially Cylominae) and larvae of Scirtidae (M. Fikacek,
pers. com.; MLG, pers. obs.).

2.3.3 Dead Wood Surface (Including Contact with Substrate)

A large number of beetles find optimum shelter under dead logs, since they provide a
relatively stable microclimate along the ground surface, with much lower thermal
conductivity than rocks and with high moisture retention properties. In addition to
those beetles obligately associated with wood-rotting fungi (which often reach their
peak toward the more moist underside), adult and larval beetles typical of this habitat
include in particular Carabidae, Leiodidae (Camiarinae), Staphylinidae,
Tenebrionidae, and Zopheridae.

A large number of adult beetles occur on the surface of dead wood at night; some
of these are predacious (e.g., Carabidae), but many of these graze on lichens and
microfungi and may include certain Tenebrionidae (especially Stenochiinae),
Cerambycidae, Erotylidae, and Chalcodryidae. Adults of Buprestidae are also typ-
ical of this habitat but are mostly diurnal. Some larvae of Cryptocephalinae
(Chrysomelidae) graze the outer layer of dead twigs (Chamorro 2014). Among
predacious Carabidae, remarkable larval examples include tiger beetles of the genera
Collyris, Ctenostoma, Therates, and some Tricondyla, which occupy tunnels open-
ing to the bark surface, from which they hunt prey nocturnally (Balduf 1935;
Trautner and Schawaller 1996; Pearson and Vogler 2001; excellent illustrations of
burrows in Zikan 1929).

An interesting community of beetles is also associated with wounded parts of
living trees (sap flows and slime fluxes), a microhabitat often infected with bacteria,
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yeasts, and other microfungi. Members of the family Nosodendridae are perhaps the
most strikingly adapted beetles in this peculiar habitat, the larvae possessing mostly
dorsal spiracles, with the last pair being located at the apex of an elongated terminal
abdominal segment, allowing the larvae to be totally immersed in the slime flux
(Crowson 1981; Leschen and Beutel 2010b). The larvae also possess a rough dorsal
surface which allows debris to adhere and causes the larvae to virtually disappear in
their habitat. Other taxa typical in the sap flow or slime flux microhabitat include
Peltastica (Derodontidae; Leschen and Beutel 2010a), Sphaeritidae (Newton
2016a), some Histeridae (Kovarik and Caterino 2016), adult Lucanidae (Scholtz
and Grebennikov 2016), Euderia (Bostrichidae; Klimaszewski and Watt 1997), and
many Nitidulidae (Jelinek et al. 2010).

Tree holes (or tree hollows) with an accumulation of woody debris and other
organic matter represent unique environments with a distinct community. These
habitats are covered in detail by Mic6 (2018, see Chap. 21). Coleoptera species in
these habitats are dominated by certain Histeridae, Ptiliidae, Staphylinidae (espe-
cially Pselaphinae), Hybosoridae, Scarabaeidae, Elateridae (larval), Ciidae,
Tenebrionidae, and Curculionidac (Park et al. 1950; Park and Auerbach 1954;
pers. obs.).

2.3.4 Wood-Rotting Fungal Bodies and Slime Molds

Inhabiting fungal fruiting bodies on a dead wood substrate is one of the largest single
categories of saproxylicity in beetles, and many beetle families possess this habit
(Crowson 1981; Lawrence 1989). Perhaps most typical of this habit are the families
Staphylinidae (especially subfamilies Aleocharinae, Oxyporinae, and Tachyporinae)
and Erotylidae. Significant numbers or percentages of Tetratomidae, Tenebrionidae,
Zopheridae, Ciidae, Ptiliidae, Anthribidae, Nitidulidae, Endomychidae,
Anamorphidae, Latridiidae, Discolomatidae, Endecatomidae, Phloiophilidae,
Mycetophagidae, Hobartiidae, Cryptophagidae, Lamingtoniidae, and Leiodidae
also occur in this habitat. Gilled mushrooms (Agaricales) and polypore-style basid-
iomycetes harbor the greatest number of beetles, though significant associations
occur in other wood-inhabiting fungi (including Ascomycetes, see Crowson 1984)
as well. Certain members of Derodontus (Derodontidae) are partial to the “tooth
fungi” (Hydnaceae) (Leschen 1994) and members of Litochropus (Phalacridae)
inhabit and consume the woody galls of Daldinia (Ascomycota: Xylariales)
(Gimmel 2013). Lawrence (1977) reported on a broad collection of beetles from
Hypoxylon on dead oak and discussed this habitat in detail. For an excellent
summary of mycophagy among Coleoptera, see Lawrence (1989).

Inhabitants of myxomycetes (slime molds), which are most often associated with
woody debris, include certain Leiodidae (particularly Leiodinae: Agathidiini) (New-
ton 1984), certain Carabidae, Staphylinidae, Clambidae, Eucinetidae, Cerylonidae,
and Latridiidae (Forrester and McHugh 2010). Perhaps most intimately tied to this
habitat are members of the family Sphindidae, whose members are known to feed
and develop only in myxomycetes, both as larvae and adults.
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2.3.5 Other Woody Plant Parts

Other woody or corky plant tissues (cones, galls, woody carps, etc.) are inhabited by
a variety of small beetles, including a number of Scolytinae and Ptinidae. Scolytines
often found in fallen woody carps include Araptus and Hypothenemus species;
species of Conophthorus develop in cones of Pinus; one species of Spermophthorus
has been reported from a gall (Wood 1982). Members of one spondylidine
cerambycid genus, Paratimia, develop in pine cones (Svacha and Lawrence
2014b). As for Ptinidae, species of Ernobius can be found inhabiting cones of
conifers (Ruckes 1957), while Ozognathus larvae inhabit oak galls (Philips and
Bell 2010). Ommatidae are suspected of developing in underground roots, though
this has not been confirmed (Hornschemeyer and Beutel 2016). Root-feeding larvae
in woody plants are typical of many Scarabaeidae, Elateridae, Cerambycidae and
Curculionidae (Evans 1975), and certain termitophilous beetles are associated with
termites whose nests occupy such roots (e.g., Anorus of the Dascillidae; Lawrence
2016b).

2.3.6 Aquatic Saproxylic Habitats
2.3.6.1 Waterlogged and Submerged Woody Debris

Several families of beetles are typical of wood submerged in lentic or lotic environ-
ments, including Amphizoidae (adults and larvae), Lutrochidae (adults and larvae),
Cneoglossidae (larvae only), some Elmidae (adults and larvae), some Dryopidae
(adults only), some Hydraenidae (adults only), some Psephenidae (larvae only), and
some Eulichadidae (larvae only; Ivie 2016). Larvae of certain Lutrochidae and
Elmidae may even burrow into submerged wood (Valente-Neto and Fonseca-
Gessner 2011). Waterlogged wood may harbor larvae of Oedemeridae and larvae
of some Ptilodactylidae (Ptilodactylinae) (Lawrence and Slipir’lski 2013: 237). Many
larvae of Scirtidae also forage on submerged wood (Lawrence 2016a). Larvae of
Oedemeridae may inhabit intermittently buried pieces of driftwood (Kriska 2002);
the so-called wharf borer, Nacerdes melanura (Linnaeus), even inhabits wood
pilings and other structural timber inundated by seawater and has the potential to
be a minor pest (Arnett 1951). As indicated by Dudley and Anderson (1982), wood-
degrading activity of aquatic beetles is relatively minor, at least in temperate regions.

2.3.6.2 Water Trapped in Tree and Log Holes

These peculiar habitats play host to a few aquatic Coleoptera, primarily including
larvae of Scirtidae and adults and larvae of Dytiscidae. A summary of beetles
recorded from container habitats (including water in saproxylic environments) was
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provided by Kitching (2000, Table A.13). Scirtidae larvae are actively moving
detritus feeders mostly present among debris in the hole but also crawling inverted
just under the water surface (Lawrence 2016a). Dytiscidae are predacious, primarily
on other invertebrates, as both adults and larvae, and are active swimmers through
the water column. A few genera of this family are present in phytotelmata broadly,
including tree and log holes, and the fauna of these habitats is distinctive (Miller and
Bergsten 2016); however, most of these are probably not restricted to particular
types of phytotelmata. A remarkable southeast Asian species of Nitidulidae,
Amphicrossus japonicus Reitter, is an aquatic predator of mosquito larvae in injured
bamboo culms and stumps that have filled with water. Adults seize mosquito larvae
with their front legs (Kovac et al. 2007).

2.3.7 Ambrosia Beetles
2.3.7.1 Saproxylic Beetle Agriculture

Three major groups of beetles may be referred to as “ambrosia beetles™:
Lymexylidae; Curculionidae, Scolytinae (various tribes); and Curculionidae,
Platypodinae. The nature of the ambrosia habit in Lymexylidae is not nearly as
developed as in the curculionid lineages, but they were probably the first group to
evolve such habits (Wheeler 1986). In this family, it is pouches in the female
genitalia that act as mycangia, transporting fungal inoculum to the site of egg laying.
The fungus (which belongs to Ascoidaceae), while containing nutrients consumed
by the larvae, probably serves to condition the wood for tunneling by the larvae
(Wheeler 1986).

Unlike their relatives that create two-dimensional superficial galleries under bark,
most ambrosia beetles in Scolytinae and Platypodinae bore directly into wood,
across the grain, where the larvae feed not on the wood itself but exclusively on
fungi cultivated in the tunnels by the adults. These specialized fungi (primarily
Ophiostomales and Microascales) are delivered using mycangia, which are cuticular
invaginations on the beetle cuticle that transport fungal inoculum. Three types of
mycangia are known in Xyleborini: mandibular, mesothoracic, and elytral (Cognato
et al. 2011) (for a discussion of the distribution of mycangia among beetles, see
Grebennikov and Leschen 2010). As the fungi grow, they form a dark carpet of
conidia that are then fed upon by the larvae (Jordal and Cognato 2012). Not only are
the beetles totally dependent on the fungus for food, but they apparently also cannot
complete development without the presence of certain fungal steroids (Jordal and
Cognato 2012).

About 2000 species of Scolytinae have evolved to use these cultivated fungi as a
primary food source, apparently at least ten separate times, represented by the
following lineages: Corthylini, Corthylina (460 spp.); Scolytini, Camptocerus
(30 spp.); Bothrosternini, Bothrosternus and Eupagiocerus (16 spp.); Xyleborini
(1300 spp.); Xyloterini (24 spp.); Scolytoplatypodini (32 spp.); Hyorrhynchini



60 M. L. Gimmel and M. L. Ferro

(15 spp.); Premnobiini (25 spp.); and one species each of Hypothenemus
(Cryphalini) and Scolytodes (Hexacolini) (Jordal and Cognato 2012). Xyleborini
are the most widespread and dominant group and comprise about 30 genera and
1300 species that are concentrated in tropical regions but contain a number of
temperate species as well (Cognato et al. 2011; Jordal and Cognato 2012). The
habit of fungus cultivation among Scolytinae is apparently less than 50 million years
old, with Xyleborini developing this trait only about 20 million years ago. This is
corroborated by both a dated phylogenetic hypothesis (Jordal and Cognato 2012)
and lack of presence of Xyleborini in Dominican amber which, however, does
contain inclusions of Corthylina and Platypodinae (Bright and Poinar 1994).

The Platypodinae (“pinhole borers”), the other main beetle group with advanced
fungus-cultivating habits, is probably the oldest such group of insects, estimated at
around 80 ma or older (Jordal 2015), and presumably the habit evolved only once
within the group. All except two of the about 1400 described species are ambrosia
beetles, and they occur primarily in tropical areas (Jordal 2015). However, unlike the
Xyleborini, all Platypodinae are monogamous and not haplodiploid and do not
engage in parthenogenesis. The only known eusocial beetle is the Australian
platypodine species Austroplatypus incompertus (Schedl) (Kent and Simpson 1992).

Ambrosia beetles have a number of advantages through their specialized habits.
The beetles are able to attack a wide variety of tree hosts since their fungi have wide
tolerances, a particular advantage in hyper-diverse tropical regions. In addition, the
Xyleborini have evolved haplodiploidy, with the flightless dwarf (haploid) males
from unfertilized eggs being rarely produced, and matings occurring primarily
between siblings. The fact that a colony can be started by a single female allows
them to colonize rapidly and efficiently (Cognato et al. 2011). Because they tend to
be so widespread and abundant and among the first colonizers of newly created
saproxylic habitats, ambrosia beetle populations in wood generally bring with them
or otherwise attract a veritable ecosystem of associates, including mutualists, pred-
ators, and commensals. Interestingly, ambrosia beetles are much less likely to kill
healthy host trees than certain scolytine bark beetle counterparts which spread
so-called blue-staining pathogenic fungi (Evans 1975; Crowson 1981; see above),
with a few exceptions, such as Fusarium dieback associated with shot-hole borers
(Euwallacea spp.).

2.3.8 Notable Unique Structures, Adaptations, and Mysteries
2.3.8.1 Unique Structures

One extraordinary adaptation of a few saproxylic beetles that deserves mention is the
possession of infrared-sensitive pits on the adult cuticle. These structures are located
in the thoracic sclerites or abdomen and apparently serve as detectors for beetles
seeking to oviposit in fire-killed wood. The structures are known to occur in two
phylogenetically distant families: Buprestidae [represented by Melanophila (s.str.)
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and Merimna atrata (Gory and Laporte)] and Acanthocnemidae (containing only
Acanthocnemus nigricans Hope). In Melanophila (s.str.), each of a pair of pits is
located on the metaventrite, adjacent to the mesocoxal cavity. Each pit contains a
number of spherical sensillae (Evans 1966). In Merimna atrata, these organs are
similar, but 1-3 pairs occur laterally on abdominal ventrites 2—4 (Mainz et al. 2004).
In Acanthocnemus nigricans, each of a pair of pits is located along the notosternal
suture of the prothorax (anterior to procoxae) and is made up of a flat disc overlying a
small airspace. A large number of sensillae are located on the surface of the disc, and
the type of infrared receptor is quite different from that of the buprestids (Kreiss et al.
2005).

Larvae of the family Eucnemidae are unique among Coleoptera for several
structures: (1) non-opposing mandibles that curve outward rather than inward (also
possessed by some Elateridae: Cardiophorinae), (2) microtrichial patches on most
body segments, and (3) areoles (median oval shiny structures) on most body
segments (Muona and Terdvdinen 2008). All of these structures appear to be
adaptations for squeezing through hard, often fluid-filled wood. When the mandib-
ular muscles contract, the mandibular apices move away from each other (Van Horn
1909). The microtrichial patches serve as cuticular anchors as the legless larva creeps
forward using waves of internal fluid pressure, while the areoles apparently drain
excess water from the larva (Muona and Terdvidinen 2008).

As a group, beetles are well-known for their tendency to evolve elaborate
weaponry as adults, usually horns or other cuticular projections, especially among
males. Interestingly, this occurs primarily in saproxylic taxa, especially those spe-
cializing on well-decayed wood, sap flows, or wood-decaying fungi, though it also
occurs in taxa associated with other habitats (e.g., dung). Saproxylic taxa possessing
this trait include Scarabaeidae (several subfamilies), Lucanidae, Staphylinidae
(Piestinae), Ptinidae, Ciidae, and Tenebrionidae. One explanation for this phenom-
enon is that habitats that are highly localized and defendable (e.g., those listed
above), in combination with unrestricted terrain for fighting, such as the surface of
a log or tree trunk, provide selection pressure to evolve fight-performance-related
structures (see Emlen (2008) for an extensive discussion).

2.3.8.2 Parasitoids

There are not many parasitoids among beetles, but two saproxylic families are
exclusively ectoparasitoid as larvae, Bothrideridae and Passandridae, the former
being parasitic on larvae and pupae of wood-boring beetles, as well as Hymenoptera,
Xiphydriidae and Apidae (Xylocopa). Passandridae are also parasites of various
wood-boring beetles (especially Phytophaga) and larval Hymenoptera. The most
advanced forms, however, are represented by the endoparasitoid larvae of
Ripiphoridae, of which members of two of the five subfamilies (Hemirhipidiinae
and Pelecotominae) are known to attack wood-boring beetle larvae, particularly of
the families Ptinidae and Cerambycidae (Lawrence et al. 2010b).
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As pointed out by Crowson (1981: 555), the dividing line between predators and
parasitoids is a blurry one, particularly in saproxylic forms. Brentidae and
Zopheridae contain some species inhabiting brood burrows of Scolytinae; Cleridae
(e.g., Orthopleura) contain more-or-less parasitic forms on wood-boring beetle
larvae (Crowson 1981: 555). Intermediate forms between predators and parasitoids
exist among members of the zopherid genus Colydium, which are often present with
Platypus, and Aulonium which is associated with Scolyfus (Crowson 1981: 556).
Adults of Lasconotus (Zopheridae) often have a concave dorsal surface, presumably
to assist in squeezing past obstacles among the burrows of Scolytinae (MLG, pers.
obs.).

2.3.8.3 Sociality

Eusociality and even subsociality are quite rare among beetles, but it is notable that
these traits are only known to occur in saproxylic species. The most widespread and
well-known among these taxa are within the Passalidae (Ulyshen 2018, see Chap. 3).
Less well-known subsocial species are the passalid-looking members of the genus
Phrenapates (Tenebrionidae: Phrenapatinae) (Lawrence and Slipir’lski 2013). As
mentioned previously, the only known eusocial beetle is Austroplatypus
incompertus (Schedl) (Curculionidae: Platypodinae), which lives in galleries in the
heartwood of Eucalyptus trees in southeastern Australia (Kent and Simpson 1992).

2.3.8.4 A Mystery

The family Trictenotomidae contains some of the largest adult beetles in the world,
which are among the most popular collectors’ items in Coleoptera. There are two
genera (Autocrates and Trictenotoma) that occur in southern and eastern Asia.
However, the presumed saproxylic larva has apparently only been found once, in
Java in association with “débris of pupae and imagines” of Trictenotoma childreni
Gray. This remarkable larva measured 12 cm long (Gahan 1908). Unfortunately the
whereabouts of this specimen are currently unknown, and additional collecting
efforts have so far not been fruitful (M. Barclay, pers. com.). For further notes on
the life history of Trictenotomidae, see Pollock and Telnov (2010).

2.4 Overview of Saproxylic Beetles (Table 2.1)

While a few families of saproxylic beetles are dominant on the research radar of most
dead wood entomologists, one of the primary purposes of this chapter, Table 2.1 in
particular, is to highlight some lesser-known but biologically or numerically signif-
icant groups. Well-known groups with large numbers of well-studied species include
Carabidae, Scarabaeoidea, Buprestidae, Elateridae, Bostrichidae, Cleridae,
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2 General Overview of Saproxylic Coleoptera
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Cerambycidae, and Curculionidae. In our view, the most significant poorly studied
groups in saproxylic habitats are the Leiodidae, Staphylinidae, Eucnemidae,
Ptinidae, Trogossitidae, Laemophloeidae, Silvanidae, Erotylidae, Mordellidae,
Melandryidae, Ciidae, Zopheridae, and Tenebrionidae.

Our working definition of saproxylic for this chapter is any species that would no
longer be present in a community if dead and dying woody material were no longer
available (including dead and dying wood in live trees). This definition is similar to
that of Alexander (2008) in that it includes such habitats as sap flows and slime
fluxes. For this chapter, we elected to favor a more inclusive definition of saproxylic
habitats when deciding about apparently borderline cases. The reason for this was to
highlight taxa that have not been traditionally included in discussions of saproxylic
organisms in the interest of a more complete survey of beetles associated with woody
material. We feel we have provided ample information about the specific habits and
habitats of such organisms (where known) so that researchers employing a more
restricted definition will be able to unambiguously include or exclude taxa belonging
to particular guilds according to whichever scheme is being followed. Additionally,
we hope that this more inclusive approach helps encourage future researchers to
investigate the true habits and habitat requirements of such nontraditional and
otherwise overlooked taxa, particularly where their specific habits and habitats are
currently unknown.

As suggested above, the state of knowledge of the habits and habitats of some
beetle groups is exceedingly poor, so these numbers are certainly underestimates,
though vast numbers of undescribed species are known to occur among both
saproxylic and non-saproxylic Coleoptera. Saproxylicity among Coleoptera broadly
is a vast and largely unexplored research area, and we encourage other researchers
and observers to assist in refining our table of saproxylic beetles. As the core of this
contribution, we have included a list of all beetle families and subfamilies, regardless
of saproxylicity, in order to (1) facilitate the visualization of errors, omissions, or
potential current discoveries, as well as (2) to appreciate the proportion of higher-
level diversity with saproxylic members (Table 2.1). It should be clear based on the
foregoing that lack of indication of saproxylic habits in the table should not be taken
as a positive assertion that the group contains no saproxylic members—immature
stages are still undescribed for most described species of beetles (see, e.g., Acorn
2006) and even among described immatures, habits are incompletely known. For
groups with saproxylic members, we indicate approximate world species totals, an
estimate of the percentage of members saproxylic, world distribution of the group,
and more specific habits and habitats where known (by us) through literature
surveys, personal observations, and communication with other workers. The primary
sources of information for this table were the three volumes of the Handbook of
Zoology, Coleoptera volumes {Volume 1: Beutel and Leschen (2005) [updated
version: Beutel and Leschen (2016a)]; Volume 2: Leschen et al. (2010); Volume
3: Leschen and Beutel (2014)}, the two volumes of American Beetles [Volume 1:
Arnett and Thomas (2000); Volume 2: Arnett et al. (2002)], the Coleoptera chapter
of immature insects (Lawrence 1991), references contained within these sources, and
a smattering of other sources cited in the text and “Notes” section of Table 2.1. Since
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the two active stages of beetles, larvae and adults, often have dramatically different
habits or habitats, we created two different columns and indicate habits and habitats
for both, even in the case of larval- or adult-only saproxylic taxa. Entries concerning
habits and feeding types refer to the group as a whole and not just to saproxylic
members. We hope this will be a helpful tool for those investigating the presence of
particular saproxylic taxa, since indirect surveys can be a viable alternative to
directly sampling saproxylic habitats.

The classification used here recognizes 187 beetle families, of which 122, or
about 65%, contain at least one known saproxylic member (Table 2.1). Saproxylic
beetles are represented in three of the four suborders of beetles—only Myxophaga
lacks known saproxylic members. Our current state of knowledge indicates that
there are 32 beetle families in which all or virtually all species (90-100%) would be
considered saproxylic, 31 families in which most species (50-90%) are saproxylic,
35 families with some species (10-50%) that are saproxylic, 22 with a few (<10%)
saproxylic species, and one family (Trictenotomidae) for which no estimate can be
given. Adults of saproxylic species are found within woody debris in about 61 fam-
ilies, on woody debris or fungi in 64 families, and away from woody debris in
43 families (categories overlapping, not cumulative). Where known, adults are
mostly (in descending order) mycophagous, saprophagous, and predacious, with a
few that are phytophagous, non-feeding, pollen-feeding, nectar-feeding,
sap-feeding, or myxomycophagous. Adult feeding is unknown for about 27 families.
Larvae of saproxylic species are found within dead wood for about 100 families and
on dead wood or fungi in about 49 families. Where known, larvae are mostly
mycophagous, saprophagous, or predacious with a very few myxomycophagous,
phytophagous, sap-feeding, or parasitic. Larval feeding is unknown for about seven
saproxylic families.

2.5 Conclusion

The primary purposes of this chapter were twofold: firstly, to assemble what is
known concerning the higher beetle taxa associated with the saproxylic habitat and
provide a broad summary thereof. While we did not attempt an exhaustive review of
the topic, we hope that the information and resources provided in this chapter
provide sufficient ordnance to successfully storm the landscape of this topic and
further interrogate particular saproxylic beetle groups.

Secondly, this chapter provides a map of sorts to parts of the saproxylic beetle
landscape, highlighting those that are unknown, veiled, and beyond the wall of
ignorance. Table 2.1 is bespotted with the term “unk” (i.e., unknown, 153 times!), to
us evoking the spots that cover the fawn of a white-tailed deer—immature, gangly,
and unsure of itself and the world. Our knowledge of saproxylic beetles is in much
the same state, a long way from maturity. The reader is provided with a thin guide
that we hope will be useful when marshalling resources and directing excursions into
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that mysterious realm. Every “unk” is an opportunity for future students of the topic
to help piece together the complex tapestry of saproxylic beetle natural history.
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