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Linking burrow morphology to the behaviors
of predatory soil arthropods:
Applications to continental ichnofossils

Daniel I. Hembree

ABSTRACT

Predatory arthropods are known from terrestrial environments since the Silurian.
Many of these animals have developed morphological and behavioral adaptations for
living within soil environments. Ichnofossils are common in Paleozoic paleosols, yet
most are of uncertain origin and may record a hidden diversity of predatory arthropods.
These ichnofossils are especially important given the relatively poor preservation
potential of soil invertebrates in the environments they inhabit. To better understand the
morphology and uses of predatory soil arthropod burrows, laboratory experiments
were conducted with centipedes, scorpions, whip scorpions, and spiders. Specimens
were placed in sediment-filled terrariums for 1 to 36 weeks. The animals were
observed continuously using digital recordings to monitor their behaviors and use of
their burrows. Open burrows were cast and described qualitatively and quantitatively.
The animals burrowed using various techniques including intrusion, compression,
excavation, and backfilling. Some burrows were occupied for short intervals (2-5 days)
before being abandoned, whereas others were permanently occupied. Burrows ranged
from simple vertical shafts to complex, branching networks that served as temporary to
permanent dwellings, and most were used as sites for ambush predation or as prey
traps. The different predatory arthropods produced unique burrows that could be linked
to specific behaviors. Distinct burrow features were linked to predatory activities includ-
ing vertical shafts, multiple surface openings, branching tunnel networks, and
expanded chambers. These data can be applied to continental ichnofossils to improve
our understanding of the evolution of terrestrial predatory arthropods, their distribution
through time, and interpretations of the paleoecology of ancient soil ecosystems.
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INTRODUCTION

Predatory arthropods are known to have been
present in terrestrial environments since the Silu-
rian (Dunlop, 2010). Many of these animals have
acquired behavioral adaptations suited for soil
environments, including fossorial habits, and are
integral parts of soil ecosystems (Lavelle and
Spain, 2005; Potopov et al., 2022). These animals
engage in a variety of activities and behaviors in
the substrate and produce a wide array of biogenic
sedimentary structures, or ichnofossils, in the pro-
cess (e.g., Hasiotis, 2007; Hembree, 2016; Genise,
2017). Ichnofossils are common even in Paleozoic
paleosols (Retallack, 2001), yet most are of uncer-
tain origin and may record a hidden diversity of
predatory arthropods. Understanding the origin of
these ichnofossils is especially important given the
relatively poor preservation potential of soil inverte-
brates in the environments they inhabit (Martin,
1999). In addition, continental ichnofossils have a
wide range of uses in paleontological, sedimento-
logical, and sequence stratigraphic studies (Hasio-
tis, 2007; MacEachern et al.,, 2012a, 2012b;
Mangano et al., 2012).

Modern soils contain a diverse and abundant
biota, including members of all terrestrial phyla,
forming elaborate food webs containing several
trophic levels (Lavelle and Spain, 2005; Potapov et
al., 2022). These animals contribute significantly to
pedogenesis, including the mixing, mounding, and
aeration of soils (Schaetzl and Anderson, 2005).
Key to soil food webs, like most, are large carni-
vores. In soil food webs, arthropods such as centi-
pedes, scorpions, and spiders are the major
predators (Lavelle and Spain, 2005; Potapov et al.,
2022). These animals occupy soil environments on
every continent except Antarctica, in arid to tropical
climates from the equator to high Iatitudes
(Schaetzl and Anderson, 2005). Soil arthropod car-
nivores can be semi-fossorial to fossorial, occupy-
ing the substrate temporarily to permanently,
feeding on a wide variety of prey, from nematodes,
annelids, gastropods, arthropods, and even verte-
brates (Lavelle and Spain, 2005).

Soil arthropod carnivores have a long, if
sparse, fossil record, owing to their lack of mineral-
ized hard parts and the generally destructive
nature of their habitats (Dunlop, 2010). Body fossils
of scorpions are known from the Silurian (Ludford-
ian) and Devonian (Dunlop and Selden, 2013;
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Gess, 2013), centipedes from the Devonian (Shear
and Bonamo, 1988), spiders from the Carbonifer-
ous (Stephanian) (Selden, 1996), and whip scorpi-
ons from the Pennsylvanian (Moscovian) (Tetlie
and Dunlop, 2008). What is generally lacking, how-
ever, is a clear fossil record of the bioturbation pro-
duced by these types of soil animals which, given
their geologic range, should be abundant in
paleosols from the Paleozoic to the recent.

This paucity of ichnofossil data is most likely
an issue of recognition rather than a problem of
preservation. To better understand the morphology
and behavioral significance of predatory soil arthro-
pod burrows in the fossil record, observations of
extant animals in the laboratory and field are
essential. The study of modern trace-making
organisms allows for the interpretation of ichnofos-
sils, including the behaviors involved in their pro-
duction, the environments that influenced their
production, and the organisms that produced them
(Bromley, 1996). These actualistic studies provide
the data that makes ichnofossils invaluable to
paleoecological and paleoenvironmental recon-
structions. While many investigations of the traces
produced by modern soil animals have been pub-
lished (e.g. Jackson, 2000; Tschinkel, 2003;
Gobetz, 2005; Hembree and Hasiotis, 2006, 2007;
Lawfield and Pickerill, 2006; M’rabet et al., 2007,
Rodriguez-Tovar, 2007; Smith and Hasiotis, 2008;
Counts and Hasiotis, 2009; Hembree, 2009; Halfen
and Hasiotis, 2010; Hembree et al., 2012; Kinlaw
and Grasmueck, 2012; Melchor et al., 2012; Platt
et al., 2012; Genise et al., 2013; Hembree, 2013,
2014; Miku$ and Uchman, 2013; Bowen and Hem-
bree, 2014; Catena and Hembree, 2014; Doody et
al., 2014; Dzenowski and Hembree, 2014; Sarzetti
et al., 2014; Cantil et al., 2014, 2015; Doody et al.,
2015; Hils and Hembree, 2015; Monaenkova et al.,
2015; Adams et al., 2016; Belmontes et al., 2018;
Uchman et al., 2018; Hembree, 2019; Nascimento
et al., 2021; Thacker and Hembree, 2021), direct
connections between predatory behavior and bur-
row morphology are not well documented (e.g.,
Lehane and Ekdale, 2013).

In this study the connections between the
behaviors of soil arthropod carnivores and specific
morphological traits of their burrows were analyzed
for the purpose of identifying similar types of
behaviors and trace makers in the fossil record
based on ichnofossil morphology. These data can



be applied to continental ichnofossils to improve
understanding of the evolution of terrestrial preda-
tory arthropods, their distribution through time, and
interpretations of the paleoecology of ancient soil
ecosystems.

MATERIALS AND METHODS

This study involved the compilation of the
results of neoichnological experiments with 15 spe-
cies of burrowing predatory arthropods, including
three species of centipedes (Scolopendra viridis,
Scolopendra polymorpha, Hemiscolopendra margi-
nata), five species of scorpions (Pandinus impera-
tor, Heterometrus spinifer, Hadrurus arizonensis,
Smeringurus mesaensis, Uroctonus mordax), one
species of whip scorpion (Mastigoproctus gigan-
teus), and six species of spiders (Hogna lenta,
Gorgyrella inermis, Myrmekiaphilia sp., Apho-
nopelma chalcodes, Hysterocrates gigas, Pelino-
bius muticus) (Figure 1, Table 1) (Hembree et al.,
2012; Hembree, 2013, 2014; Hils and Hembree,
2015; Hembree, 2016, 2017, 2019). In these
experiments the studied animals were placed in
sediment-filled 38-, 75-, 114-, 212-, and 246-liter
terrariums depending on the animal size (Figure 2).
The enclosures were prepared with known environ-
mental parameters including soil consistency, com-
position, and moisture, modeled after the natural
conditions of each species (Table 1). See the refer-
enced papers for details on the experimental
design used for each species.

Once placed in their enclosure, the burrowing
techniques, activities, and behaviors of the animals
were observed for periods of 1-36 weeks. The
observations included daily written records and
illustrations, photographs of the sides and surface
of the enclosures, and digital recordings of the ani-
mals when active. In addition to documenting activ-
ities of the animals, modifications to and use of
specific portions of their burrows were recorded.

Once the experiments were concluded, the
animals were removed from the enclosures, and
their burrows were cast using a quick-drying plas-
ter to document their three-dimensional morphol-
ogy. The architectural and surficial morphology of
the burrows of each species were then described
qualitatively and quantitatively using the same
methodology. Qualitative architectural morphology
included the general burrow form, orientation,
cross-sectional shape, type and amount of branch-
ing, and interconnectedness between different bur-
row elements (e.g., Bertling et al., 2006). Surficial
morphology included features on burrow surfaces
such as scratches, bumps, and linings that record
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evidence of burrow construction, maintenance, and
locomotion styles. Quantitatively the burrow casts
were described with nine properties: 1) number of
surface openings; 2) maximum depth; 3) total
length; 4) width; 5) height; 6) width to height ratio;
7) circumference; 8) burrow slope with respect to
the surface; and 9) branching angles if present
(Figure 3A). Burrow complexity and tortuosity, two
semi-quantitative, scale independent properties,
were also determined (e.g., Meadows, 1991; Hem-
bree and Hasiotis, 2006). Complexity is the sum of
the number of different tunnel segments, surface
openings, and chambers in a burrow system (Fig-
ure 3B). Tortuosity is a measure of the deviation of
the morphology of the shafts and tunnels from a
straight line (Figure 3C).

The observed techniques used by the differ-
ent species to construct and maintain their burrows
were compared to find similarities and differences
and consistent associated burrow architectural ele-
ments. Digital recordings were analyzed to deter-
mine the activities and behaviors associated with
burrows as a whole and individual burrow ele-
ments, including the amount of time spent in differ-
ent portions of the burrow. The qualitative and
quantitative properties of the burrow casts of each
species and group of arthropods were then com-
pared to find distinctive features common to each
type of arthropod predator and arthropod predators
in general.

RESULTS
Burrowing Techniques

The studied arthropod carnivores began con-
structing burrows within minutes (centipedes) to
several days (tarantulas and scorpions) after the
experiments began, but typically within 24 h. In
most experiments, some burrows were started, but
then abandoned soon after construction began,
often within 12-24 h. The animals were observed
burrowing using four basic techniques: intrusion,
compression, excavation, backfilling, and lining
(e.g., Bromley, 1996). Excavation was the most
common technique employed by all the studied
species.

Intrusion involved the animal forcing its way
into the substrate, typically along zones of weak-
ness or in loose substrates (Figure 4A-B; Appendix
1). Intrusion was used by all three centipede spe-
cies and three of the spider species (Hogna lenta,
Myrmekiaphilia sp., Pelinobius muticus). While
simple, this technique was highly effective and was
one of the fastest means of entering the substrate.
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FIGURE 1. Burrowing arthropod predators investigated in this study. A) Scolopendra viridis, B) Scolopendra polymor-
pha, C) Hemiscolopendra marginata, D) Hadrurus arizonensis, E) Smeringurus mesaensis, F) Uroctonus mordax, G)
Heterometrus spinifer, H) Pandinus imperator, 1) Mastigoproctus giganteus, J) Hogna lenta, K) Gorgyrella inermis, L)
Myrmekiaphilia sp., M) Aphonopelma chalcodes, N) Hysterocrates gigas, and O) Pelinobus muticus.
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TABLE 1. Terrestrial arthropod species studied in these experiments, range of lengths of the specimens, the geo-
graphic locations and environments that the species inhabit, and the experimental parameters used for each species
including terrarium size (in liters), sediment content, and sediment moisture. Sediment components include organic

matter (OM), clay (CL), and sand (SA).

Length Terrarium Moisture

Species Type (cm) Location Environment Size (L) Sediment (%)
Scolopendra viridis Centipede 5-8 North America Temperate forest 38, 76 OM, CL, SA 50
Scolopendra Centipede 6-8 North America Semi-arid desert 55, 85 OM, CL, SA 20
polymorpha
Hemiscolopendra Centipede 5-7 North America Temperate forest 55, 85 OM, CL, SA 60
marginata
Hadrurus Scorpion 10-13 North America Semi-arid desert 38, 76, 212 CL, SA 20
arizonensis
Smeringurus Scorpion 5-10 North America Semi-arid desert 38,76 CL, SA 20
mesaensis
Uroctonus mordax Scorpion 5-10 North America Temperate forest 38, 76 oM, CL 35
Heterometrus Scorpion 10-14 Asia Tropical forest 38, 76, 212 oM, CL 50
spinifer
Pandinus imperator Scorpion 11-16 Africa Tropical forest 38,76,212 OM, CL, SA 50

Mastigoproctus Whip scorpion 3-8 North America
giganteus

Hogna lenta Spider 2-3 North America
Gorgyrella inermis Spider 3-5 Africa
Myrmekiaphilia sp. Spider 0.3-0.8  North America
Aphonopelma Spider 6-7 North America
chalcodes

Hysterocrates gigas Spider 6-8 Africa
Pelinobius muticus Spider 2-4 Africa

Semi-arid desert 19, 38, 76, 212 OM, CL, SA 45

Temperate forest 38,76 OM, CL 35
Semi-arid grassland 76, 114 OM, CL, SA 55
Temperate forest 38,76 oM, CL 35
Semi-arid desert 114,212,246 CL, SA 20
Subtropical forest 114,212,246 OM, CL 60
Subtropical grassland 114, 212,246 OM, CL 40

Intrusion was used in conjunction with other bur-
rowing techniques, including compression and
excavation, once the animal was below the sur-
face. Intrusion alone did not result in well-defined
burrows as the sediment collapsed behind the ani-
mal as it moved.

Compression involved the compacting of sedi-
ment along the sides of the burrow, reducing the
porosity of the surrounding sediment to produce an
open space (Figure 4C-D; Appendix 2). This pro-
cess was most effective in loose substrates with
low sand content. Compression was used by all
three centipede species and three spider species
(Hogna lenta, Gorgyrella inermis, Myrmekiaphilia
sp.). Sediment was compacted with the arthropod’s
appendages, body, or a combination of the two.
This method was generally initiated after entry into
the substrate by intrusion, or after burrow construc-
tion had already been initiated by excavation. Bur-
rows produced by compression tended to be
cylindrical, circular to ovoid in cross section, and
had smooth interior surfaces.

Burrowing by excavation occurred in more
cohesive, dense substrates and generally involved
the removal of sediment from the subsurface by
kicking or throwing it from near the burrow opening
or carrying it out of the developing burrow (Figure
4E-G; Appendix 3). Excavation was used by all the
studied animals except for Hogna lenta. The
arthropods used a variety of appendages to exca-
vate including their walking legs, pedipalps, and
maxilla. Excavated sediment was deposited at the
surface directly by the burrow entrance or carried
up to several body lengths away from the entrance.
Burrows produced by excavation had a variety of
forms from vertical shafts to complex mazeworks.
Most burrows constructed by excavation were of
irregular width and height and had rough interior
surfaces.

Backfilling involved the deposition of exca-
vated sediment within the burrow, filling most or all
of the tunnel or shaft behind the animal (Figure 4H;
Appendix 4). Two of the studied centipedes (Scol-
opendra polymorpha, Hemiscolopendra marginata)
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FIGURE 2. Examples of experimental enclosures used
in this study. A) Surface view of a 212 L enclosure
before the introduction of the study animal. Objects
were placed on the surface to encourage burrowing. B)
Side view of a 246 L enclosure filled with 60 cm of an
organic rich clay loam. C) A 212 L enclosure filled with
55 cm of an organic-rich clay loam. Five specimens of
Pandinus imperator produced a branching burrow com-
plex in the subsurface (at arrow). D) Plaster-filled, con-
nected U-shaped burrows produced by Mastigoproctus
giganteus in a 38 L enclosure filled with an organic-rick
clay loam.
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FIGURE 3. Quantitative burrow properties. A) Measure-
ments were taken for number of surface openings (SO),
burrow slope (S), maximum depth (D), total length (L),
tunnel, shaft, and chamber width (w), height (h), and cir-
cumference (c), and branching angles (BA). B) Com-
plexity includes the number of segments (s), chambers
(h), and surface openings (e) within a single burrow sys-
tem. C) Tortuosity of a single burrow segment is found
by dividing the total length (u) by the straight-line dis-
tance (v) from end to end. Modified from Hembree
(2019).
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FIGURE 4. Burrowing techniques observed among the studied arthropod predators. A) Initial burrowing by intrusion
by Scolopendra polymorpha (burrow opening at arrow). B) Burrowing by intrusion by Hogna lenta. C) Continued con-
struction of a vertical shaft by compression by Gorgyrella inermis, compressing sediment along burrow boundary (at
arrow) to increase the width. D) Subsurface tunnel construction by intrusion by Hemiscolopendra marginata. No sedi-
ment is removed as the tunnel is extended but is pressed against the tunnel boundary (at arrow). E) Burrowing by
excavation by Mastigoproctus giganteus. Sediment is removed and carried with the pedipalps (at arrow). F) Burrowing
by excavation by Pelinobus muticus. Sediment is removed and carried with the pedipalps (at arrow). G) Burrowing by
excavation by Hadrurus arizonensis. Sediment is scraped and kicked back out (at arrow) of the developing burrow
with the first two pairs of legs. H) Backfilling of a tunnel by S. polymorpha. The centipede removes sediment from the
developing tunnel and uses it to fill the old tunnel (at arrow). 1) Light silk lining around the opening, shaft, and chamber
(at arrows) of Hysterocrates gigas. J) Thick silk lining around the shaft (at arrow) of G inermis producing a smooth
interior surface. K) Six silk runners (example at arrow) connected to the burrow entrance of G. inermis with a closed
trap door.
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and the whip scorpion (Mastigoproctus giganteus)
often engaged in backfilling of their burrows, pack-
ing previously excavated tunnels with sediment
dug out from new tunnels. This process resulted in
open burrow architectures that shifted over time,
from complex to simple. Whip scorpions also used
backfilling to isolate themselves from the surface
for several weeks.

Burrows could be modified by the addition of a
lining, typically to provide additional structural sup-
port or as a substrate for more effective chimney
climbing. This process was most evident in the spi-
der species, all of which would coat the burrow
walls with thin to thick layers of silk (Figure 4I-J;
Appendix 5). These silk linings were also used for
prey detection as they tended to extend up to the
surface as either mats or strings (Figure 4K). The
addition of a lining resulting in burrow casts with
smooth sides as well as surficial features such as
scratch marks.

Burrow Associated Activities

The burrows produced by the arthropod pred-
ators in these experiments served various func-
tions. Many of the activities and behaviors were
observed in association with the specific burrow
elements and burrow architectures.

Most commonly the burrows served as per-
manent dwellings, used for occupation, conceal-
ment, and protection (Figure 5A-B). These burrows
were constructed quickly, usually over 1-3 days
after the animal was placed in the enclosure.
Dwelling burrows were occupied for periods of
weeks to months during which time the animals
rarely moved to the surface and were engaged in
continual maintenance, modification, and expan-
sion of the burrow. Dwelling burrows were kept
open with one to several surface openings, con-
sisted of simple shafts or ramps, U-shaped bur-
rows, or mazeworks of varying depths from a few
centimeters to 10s of centimeters, and, with scorpi-
ons, whip scorpions, and spiders, typically had one
or more chambers. Surface openings were sealed
with excavated sediment (backfilled) in association
with molting. With spiders, this sediment was typi-
cally bound with silk.

Movement, or locomotion, through shafts and
tunnels could be observed where the burrows
intersected the side of the enclosure (Figure 5C;
Appendix 6). Locomotion could be limited to a
range of 10s of centimeters in simple burrows to
100s of centimeters in a mazework. Two main
styles of locomotion were observed in burrows,

pacing, and chimney climbing. Pacing involved
normal movement along a horizontal or subhori-
zontal plane, typically along the ‘floor’ of the bur-
row. This locomotion style was observed in all the
studied arthropods. Chimney climbing was vertical
movement, where the appendages were in contact
with the burrow along all sides. This locomotion
style was observed in spiders, centipedes, and
whip scorpions. While observed, locomotion was
limited during the experiments and associated with
burrow construction and maintenance and active
hunting. The animals were stationary for most of
the time they were observed.

While some hunting was observed on the sed-
iment surface, the burrows served as ambush sites
for the arthropod carnivores, so they did not need
to move to the surface. Burrows used in this man-
ner generally had openings that were partially or
fully concealed, such as by a constructed trap door
or an object on surface. The prey was captured at
the surface as the carnivore waited inside the bur-
row, just below the surface opening (Figure 5D-E;
Appendix 7). Spiders and centipedes most often
used their burrows in ambush predation. These
burrows were characterized by vertical shafts near
the surface, but could be more complex (U-
shaped, Y-shaped, or branching) below the sur-
face. Most of the studied spiders that engaged in
ambush predation used constructed “trapdoors” or
simple sediment plugs to conceal the surface
opening of their burrow (Figure 4J-K). The centi-
pedes did not conceal their burrow openings.

Burrows also served as prey traps, where the
prey animals entered the burrow and were cap-
tured below the surface (Figure 5F-G; Appendix 8).
In some cases, the predator waited just inside the
burrow, 5-10 cm from the opening, for prey to enter
and capture was directly observed. In others, the
predator could not be seen, but the prey animals
entered the burrow opening and did not emerge.
Burrows used in this manner generally possessed
multiple surface openings and below the surface
were multiple interconnected shafts and tunnels.
This was a typical burrow form produced by scorpi-
ons from both arid and tropical regions as well as
centipedes and whip scorpions. However, burrows
that served as prey traps also included simple
ramps and helical burrows with a single opening
produced by tarantulas and scorpions. Key fea-
tures of burrows used as prey traps were uncon-
cealed openings and entrance tunnels with a
shallow slope.
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FIGURE 5. Burrow-associated activities and behaviors observed among the studied arthropod predators. A)
Hysterocrates gigas (at arrow) dwelling within a shallow burrow with an enlarged terminal chamber. B) Two speci-
mens of Pandinus imperator dwelling within a burrow complex. C) Scolopendra polymorpha moving through a burrow
complex. D) Scolopendra polymorpha engaged in ambush predation positioned just below the burrow opening. E)
Hysterocrates gigas engaged in ambush predation braced within the vertical shaft below the burrow opening. F)
Aphonopelma chalcodes (at arrow) waiting within its burrow for prey to enter the tunnel. G) Pandinus imperator (at

arrow) waiting within its burrow for prey.

Burrow Morphology

The burrows produced by the studied centi-
pedes, scorpions, whip scorpions, and spiders pos-
sessed distinct features related to their level of
evolutionary similarity. For example, it was possible
to differentiate the burrows of centipedes, scorpi-
ons, whip scorpions, and spiders and even the bur-

rows of the different species of each of these
groups. However, there were also features that
were shared by the burrows of all the arthropod
carnivores.

Burrows produced by all the studied animals
were kept connected to the surface for a significant
portion of the time of occupation, most likely to pro-
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vide access to prey based on observations (Figure
6A-C). The openings may have been concealed or
covered (Figure 4K), but the connection to the sur-
face was still maintained. The number of openings
varied based on the type of animal or even by spe-
cies. Spiders typically only had one surface open-
ing except for Pelinobius muticus and Hogna lenta,
which rarely had two openings. The studied scorpi-
ons were more variable in the number of surface
openings; burrows of the tropical to temperate
scorpions Pandinus imperator and Heterometrus
spinifer, and Uroctonus mordax had only one open-
ing whereas those of the arid scorpions Hadrurus
arizonensis and Smeringurus mesaensis often had
multiple openings. Burrows of Mastigoproctus
giganteus had one to several openings depending
on the time of occupation. Centipede burrows were
characterized by multiple surface openings.

There were multiple architectures of burrows
produced by the soil arthropod predators depend-
ing on the type of animal and the style of prey cap-
ture (ambush vs. prey trap). Largely vertically
oriented burrows were quite common among many
of the studied animals, particularly the spiders,
whip scorpions, and centipedes. Spider burrows
were the most vertical, consisting of a single or pri-
mary shaft with a circular cross section (Figure
6D). Most spider burrows were unbranched, but
multiple horizontal branches were present in bur-
rows of P. muticus, and H. lenta produced rare Y-
shaped burrows (Figure 6E). Spider burrows gen-
erally had an enlarged chamber at or below the
surface; the level of enlargement of the chamber
varied considerably (Figure 6F). An exception to
this trend in spider burrow morphology were the
burrows of Aphonopelma chalcodes, which con-
sisted of subhorizontal ramps and helical tunnels
(Figure 6G). This difference in architecture coin-
cided with a difference in locomotion style within
the burrows; A. chalcodes were not observed using
chimney climbing but walked solely on the floor of
their tunnels.

Whip scorpion burrows had significant vertical
components, especially at the entrance. These
burrows had pronounced J-, U-, or Y-shapes which
transitioned into a horizontal element in the subsur-
face (Figure 6H-J). The cross-sectional form of the
shafts and tunnels was irregular but tended to be
more elliptical, with a greater width than height.
Enlarged chambers occurred at burrow termina-
tions. As the time of occupation increased, addi-
tional burrow elements were added to produce
complex mazeworks composed of multiple J-, U-,
and Y-shaped burrows connected by short horizon-
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tal tunnels (Figure 6K). In all cases, however, the
vertical elements were the dominant component.

This same trend was observed in the centi-
pede burrows, which were largely J- to U-shaped,
becoming interconnected over time (Figure 6L-M).
Connection to the surface was vertical, with hori-
zontal elements occurring in the subsurface. Centi-
pede burrows also tended to be elliptical in cross
section, but no defined chambers were observed.

Scorpion burrows were largely subhorizontal
in orientation, consisting of simple, low-sloping
ramps or helical tunnels (Figure 7A-D). These bur-
rows had a pronounced elliptical cross section and
most possessed laterally expanded chambers at
the ends of tunnels (Figure 7E). Hadrurus arizon-
ensis did produce a more complex set of burrow
forms, including U-shaped burrows and maze-
works composed of multiple, interconnected ramps
and U-shaped burrows (Figure 7F).

Bioglyphs, or markings produced by the trace
maker such are scratch marks from appendages or
mouth parts, were present along the burrow sur-
faces of many of the arthropods and were pro-
duced during construction, maintenance, and
movement through the burrow. Finer scale scratch
marks associated with continual chimney climbing
were produced by the trapdoor spiders (Figure
7G). Scorpions, whip scorpions, and tarantulas
produced larger scale features associated with
sediment excavation with appendages (Figure 7H-
I). Lining or constructed walls were not common
among the studied animals. Heavy silk linings were
present in some of the spider burrows, some of
which incorporated surrounding sediment (Figure
7J). Thin, discontinuous, compressional linings
were present in some centipede tunnels when
observed in cross sections (Figure 7K).

DISCUSSION

Associations of Burrow Morphology, Soil
Arthropods, and Predation Activity

Experimental studies of extant burrowing ani-
mals are vital to the recognition of the traces they
produce in the fossil record (Hembree, 2016).
These studies provide the defining features, or ich-
notaxobases, that can be used to properly interpret
the behavioral significance of the trace and poten-
tial trace makers (Bromley, 1996; Bertling et al.,
2006; Hembree, 2016; Bertling et al., 2022). Criti-
cal ichnotaxobases include internal structure (or
fill), bioglyphs, cross sectional shape, orientation
with respect to the sediment surface, and architec-
ture (Bromley, 1996; Bertling et al., 2006). The
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FIGURE 6. Burrow morphology: openings and architecture. A) Elliptical burrow opening of Scolopendra polymorpha.
B) Circular burrow opening of Hysterocrates gigas surrounded by a mound of excavated sediment. C) Paired triangu-
lar burrow openings of Pandinus imperator. D) Simple vertical burrow of Gorgyrella inermis with a single entrance. E)
Vertical branching burrow of Pelinobus muticus with a single entrance. F) Vertical burrow Hysterocrates gigas with
large terminal chamber and a single entrance. G) Subvertical helical burrow of Aphopelma chalcodes with a single
entrance. H) J-shaped burrow of Mastigoproctus giganteus with a single entrance. 1) U-shaped burrow of
M. giganteus with two entrances. J) Y-shaped burrow of M. giganteus with two entrances. K) Mazework of M. gigan-
teus with five entrances (at numbers). L) U-shaped burrow of S. polymorpha with two entrances. M) Mazework of
S. polymorpha with four entrances (at numbers).
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FIGURE 7. Burrow morphology: architecture and bioglyphs. A) Simple subhorizontal burrow of Hadrurus arizonensis
with a single entrance. B) Helical subhorizontal burrow of H. arizonensis with a single entrance. C) Simple subhorizon-
tal burrow of Pandinus imperator with a single entrance. D) Branching subhorizontal burrow of P. imperator with a sin-
gle entrance. E) Branching, helical burrow of P. imperator with a large terminal chamber (at arrow). F) Mazework of
H. arizonensis with multiple branches and two entrances (at arrows). G) Multiple, fine striations (at arrows) along, and
parallel to, the shaft of a Gorgyrella inermis burrow. H) Pair of protrusions (at arrows) on the roof of a terminal cham-
ber of Mastigoproctus giganteus. 1) Large striations (at arrows) along the side of a subhorizontal burrow of
Aphonopelma chalcodes. J) Burrow opening of Hogna lenta showing silk and sediment lining (at arrow). K) Compres-
sion lining (at arrow) visible in a cross section of a tunnel of Scolopendra polymorpha.
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experiments described in this study revealed sev-
eral key ichnotaxobases produced by predatory
soil arthropods that can be useful in identifying
their burrows in the fossil record.

As a result of the maintained connection of the
burrows to the surface, the burrows would be
largely passively filled when preserved (e.g., Brom-
ley, 1996). The plaster poured into the burrows
from the surface openings was able to fill most of
the burrows, even when they were composed of
multiple elements. This suggests that the burrows
have a good preservation potential in the event of
the rapid emplacement of fluidized sediment on the
landscape (e.g., Bromley, 1996; Savrda, 2007).
This feature of the studied burrows, occurring in all
four types of soil arthropods, was related to their
use as a permanent dwelling and the need of the
arthropod trace makers to access prey at the sur-
face (e.g., Williams, 1987). This same feature has
been observed in a variety of predatory arthropod
burrows, in particular among spiders and scorpions
(e.g., Shorthouse and Marple, 1980; Polis et al.,
1986; Adams et al., 2016; Belmontes et al., 2018;
Uchman et al., 2018; Nascimento et al., 2021).
Some portions of the burrows could show evidence
of active filling as the result of burrow maintenance
activities, such as when old portions of burrow
complexes were filled in with the material exca-
vated from new areas as observed in centipedes
and whip scorpions. This active filling is massive in
nature and generally matches the composition of
the surrounding sediment. Primary differences
between backfill and the surrounding matrix may
include a different texture and higher porosity due
to the excavation process (e.g., Bromley, 1996).

The presence of bioglyphs on tunnel and shaft
surfaces was common among the studied burrows.
These features have a high degree of preservation
potential and are important ichnotaxobases
(Bertling et al., 2006). They are also critical to the
interpretation of the behavioral significance of fossil
burrows and their potential trace makers (Bertling
et al., 2006; Gobetz, 2005; Knaust, 2012). The bio-
glyphs observed in the burrow casts from this
study, including fine scratch marks and large pro-
trusions, were produced during burrow construc-
tion and occupation, either as a result of sediment
excavation or locomotion through the burrow. Simi-
lar bioglyphs have been observed in burrows of
other wolf spiders (Belmontes et al., 2018) and
trapdoor spiders (Nascimento et al., 2021). Both
activities are expected of burrows that are kept
open, regularly maintained or modified, and occu-
pied for extended periods of time as a dwelling
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structure (Bromley, 1996; Hasiotis, 2007). The
most typical feeding style of macrofauna associ-
ated with these burrow characteristics in terrestrial
environments is carnivory (e.g., Lavelle and Spain,
2005; Potopov et al., 2022).

The cross-sectional shape of the burrows
ranged from circular to elliptical and was generally
consistent throughout individual burrows. The
cross section of the tunnels and shafts was largely
related to the body morphology of the trace-making
arthropod. Arthropods with a body morphology with
a high width-to-height ratio, such as scorpions,
whip scorpions, and centipedes, produced burrows
with elliptical cross sections. Those arthropods with
a body width-to-height ratio close to 1, such as spi-
ders, produced burrows with a more circular cross
section. The cross-sectional relationships between
body form and burrow were consistent even with
differences in burrow orientation (vertical or subho-
rizontal). The same cross-sectional shapes have
been observed in the burrows of other scorpions
(Williams, 1966; Koch, 1978; Polis et al., 1986;
Adams et al., 2016) and spiders (Miller and Miller,
1984; Belmontes et al., 2018; Uchman et al., 2018;
Nascimento et al., 2021) studied in the field. In the
experimental studies, the body-burrow cross sec-
tion relationship was best expressed in burrow ele-
ments deeper within the substrate as opposed to
elements that connected to the surface, as those
became distorted in shape as a result of burrow
maintenance and predation activities.

The recognition of the diversity of burrow ori-
entations and architectures produced by predatory
soil arthropods is key to identifying their burrows in
the fossil record. Burrows of the four different types
of predatory arthropods had their own defining
architectural elements. It is, in many cases, possi-
ble to identify the type of trace maker (e.g., spider,
scorpion, whip scorpion, centipede) based on the
burrow morphology (e.g., Hembree, 2016). Even
burrows produced by different types of the same
group of arthropods, such as trapdoor spiders and
tarantulas, can be distinguished (Hembree, 2017).
However, while there was no one burrow morphol-
ogy produced by all four types of the studied
arthropods, they did have common elements
related to similarities in their life activities and
behaviors.

The two end member burrow architectures
that were produced could be separated into those
that were primarily vertical and those that were pri-
marily subhorizontal in orientation with respect to
the sediment surface. Among the vertical burrows,
simple shafts were common among spiders, but U-
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to Y-shaped burrows were distinctive vertical archi-
tectures frequently produced by a variety of the
studied animals, including centipedes, whip scorpi-
ons, scorpions, and spiders. The same architec-
tures have been observed in wolf spiders (Miller
and Miller, 1984; Belmontes et al., 2018; Uchman
et al., 2018), trapdoor spiders (Nascimento et al.,
2021), and scorpions (Harington, 1978). These
architectures had a strong connection with ambush
predation activities in which the predatory arthro-
pod was able to position itself just below the sur-
face opening. The vertical nature of the connecting
burrow element allowed the animal to remain con-
cealed from prey animals at the surface in addition
to, in some cases, the presence of a sediment
cover or constructed trapdoor (Bond and Coyle,
1995; Hils and Hembree, 2015; Hembree, 2017).
The vertical nature of the burrow also appeared to
enhance the ambush nature of prey capture,
increasing both the speed of attack and the degree
of surprise in the prey animal (Bond and Coyle,
1995; Hils and Hembree, 2015).

Subhorizontal burrows, largely produced by
tarantulas and scorpions, ranged from straight
ramps to helical ramps. These burrows tended to
have low slopes, from 10-35°, and elliptical cross
sections. Helical ramps, while seemingly complex,
simply consisted of repeating series of connected
straight ramps that were turned in a new direction
at different intervals. The same architectures have
been observed in a number of different types of
scorpions (Koch, 1978; Shorthouse and Marples,
1980; Polis et al., 1986; Adams et al., 2016). These
architectures were largely used as prey trap struc-
tures, as observed in these experiments and in the
field (Williams, 1987; Hembree et al., 2012; Hem-
bree, 2014, 2017). In general, it was observed in
these experiments that prey animals most often
entered burrows with a lower slope at the entrance
(subhorizontal burrows rather than vertical). It was
also more difficult for the predatory arthropods to
conceal themselves close enough to the surface
for these burrows to be effectively used in ambush
predation. More commonly, these animals waited
deeper inside the burrow for prey to enter (Wil-
liams, 1987; Hembree et al., 2012; Hembree,
2014, 2017). Surface animals will typically enter
the substrate through existing openings for con-
cealment and protection, making this an effective
strategy for acquiring prey (Lavelle and Spain,
2005).

Paired with their maintained surface open-
ings, which would result in passive infilling and bio-
glyphs produced by excavation and long-term
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occupation, these major architectural end mem-
bers are good indicators of predatory feeding strat-
egies in soil environments. This combination of
ichnotaxobases would be essential for interpreta-
tion of this activity in ichnofossils.

More complex burrows were produced by
many of the studied animals, including at least one
species per arthropod group (Table 2). These bur-
rows are defined as mazeworks as their compo-
nents spread throughout a three-dimensional
space in the subsurface (Bromley, 1996). Produc-
tion of similarly complex burrows has been
observed in other scorpions (Shivashankar, 1994).
The complex burrows were largely composed of
repeating simple elements, such as shafts, ramps,
or U-shaped burrows, that were constructed indi-
vidually and connected over time (Figure 61, K-M).
These simple elements were the same architec-
tural end members described above. While the
way they were constructed varied, the complex
burrows possessed all the key features (fill, bio-
glyphs, cross section, orientation) of the individual
elements, which were useful in interpreting behav-
ioral significance and trace maker identity. For
example, complex burrows were observed in ani-
mals that dominantly used their burrows as either
sites of ambush predation or as prey traps. Those
burrow complexes that were used for ambush pre-
dation tended to have vertical elements connected
to the surface (Figure 6K, M) whereas those used
as prey traps had subhorizontal connections (Fig-
ure 7F). As a result, the recognition of a complex
burrow or mazework in the fossil record may pro-
vide evidence of the activity of a predatory arthro-
pod, but analysis of the individual elements would
be critical to the interpretation.

Finally, many of the burrows produced by
predatory soil arthropods were large in scale (Fig-
ures 6G, 7B, E), especially those of spiders and
scorpions. This included tunnel and shaft diameter
as well as total length and depth of the burrows.
These burrow dimensions were not necessarily
correlated to animal body size, especially when the
burrows were occupied by multiple individuals in
the case of scorpions (Hembree, 2014). Burrowing
by excavation tended to result in burrows with
larger dimensions than the trace maker’s body.
This connection corresponded to the nature of sed-
iment extraction techniques, which tended to be
irregular in nature, and the need for many of the
animals to turn their bodies in the shafts and tun-
nels to move to the surface while carrying loads of
sediment (Hembree, 2013, 2017, 2019). This
observation should provide caution when assess-
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TABLE 2. The number of burrow casts collected for each studied arthropod species and the number and type of archi-
tectures produced. VS = vertical shaft, JB = J-shaped burrow, UB = U-shaped burrow, YB = Y-shaped burrow, ST =

subhorizontal tunnel, HB = helical burrow, BB = branched burrow, MW = mazework.

Species Type # Casts  # Architectures Architectures
Scolopendra viridis Centipede 14 2 VS, UB
Scolopendra polymorpha Centipede 29 6 VS, ST, JB, UB, BB, MW
Hemiscolopendra marginata Centipede 98 7 VS, ST, JB, UB, YB, BB, MW
Hadrurus arizonensis Scorpion 17 4 ST, HB, UB, MW
Smeringurus mesaensis Scorpion 8 1 ST
Uroctonus mordax Scorpion 6 1 ST
Heterometrus spinifer Scorpion 6 2 ST, HB
Pandinus imperator Scorpion 15 3 ST, HB, BB
Mastigoproctus giganteus Whip scorpion 42 6 VS, JB, UB, YB, BB, MW
Hogna lenta Spider 19 2 VS, YB
Gorgyrella inermis Spider 27 2 VS, JB
Myrmekiaphilia sp. Spider 5 3 VS, ST, BB
Aphonopelma chalcodes Spider 10 2 ST, HB
Hysterocrates gigas Spider 9 2 VS, BB
Pelinobius muticus Spider 8 2 VS, BB

ing potential trace makers based on burrow size;
large burrows in paleosols do not necessarily
require a vertebrate trace maker (e.g., Hembree,
2016).

Application to and Comparisons with
Ichnofossils

The interpretation of the behavioral signifi-
cance of ichnofossils requires the known associa-
tion of trace morphology with animal activities in
the modern (e.g., Bromley, 1996). Experimental
studies of burrowing animals in the laboratory and
observations of them in the field make these asso-
ciations possible and provide sets of useful ichno-
taxobases that can be applied to ichnofossils
interpretation. Ichnofossils interpreted as record of
predatory feeding activities have generally con-
sisted of bite marks or drill holes in hard substrates
(Oichnus), coprolites containing animal material, or
close associations of trails or trackways with other
ichnofossils (i.e., Cruziana/Rusophycus and Plano-
lites) (Buatois and Mangano, 2011). These types of
ichnofossils show direct interaction with prey mate-
rial (bites, holes, coprolites) or assumed interac-
tions due to the proximity of two different traces.
The former is more definitive and based on com-
parisons with modern feeding traces (e.g., Nebel-
sick and Kowaleski, 1999; Kelley and Hansen,

2003). The latter, however, is far less certain as co-
occurring or even overlapping ichnofossils may
have been produced at different times (Bromley,
1996). The recognition of specific burrow morphol-
ogies produced by terrestrial predatory animals,
especially those where the burrow is used in the
acquisition of prey, can provide another means of
interpreting predation activity in the fossil record.
The key characteristics of predatory soil
arthropods burrows revealed by this study were
primarily tied to how the burrow was used to
acquire prey, as a site for ambush or as a prey
trap. Burrows used as sites for ambush predation
tend to be vertical in orientation (single shaft, U-, or
Y-shaped), at least near the surface. Branching
horizontal tunnels may be present, but they do not
constitute the majority of the total burrow. The
shafts and tunnels have cross sections that are
generally circular and have a maintained surface
connection. This connection, however, may be cov-
ered by a maintained trapdoor or sediment plug
that may inhibit passive infilling. Chambers are typ-
ically present and occur at the burrow termination
and at the surface opening. Burrows used as prey
traps tend to be subhorizontal in overall orientation,
consisting of a single straight to helical tunnel or
interconnected networks of tunnels with multiple
surface openings. Branches are common as are
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chambers at the ends of tunnels. Regardless of
specific predatory activity, tunnels and shafts could
be either lined or unlined depending on the trace
maker, related to specific burrowing techniques.
However, all burrows would be kept open and pri-
marily preserved by passive infilling.

Occurrences of various continental ichnogen-
era have been interpreted as the burrows of differ-
ent predatory arthropods, particularly those of
spiders (Dunlop and Braddy, 2011). Simple bur-
rows that have been associated with predatory
arthropod trace makers include Skolithos, Cylindri-
cum, and Macanopsis. Morrissey et al. (2012) sug-
gested arachnids may have produced Skolithos
associated with Late Silurian to Early Devonian
paleosols from the Lower Old Red Sandstone of
the Anglo-Welsh Basin. Melchor et al. (2006) and
Sciscio et al. (2021) also listed spiders as possible
tracemakers of Skolithos from Early Mesozoic flu-
vial successions of Argentina and Zimbabwe,
respectively. The described burrows do match the
general morphology of simple vertical spider bur-
rows observed in the experiments, in particular
those of trapdoor spiders. Smith et al. (2008)
included spiders as a possible trace maker of
Cylindricum. These burrows are similar in morphol-
ogy and scale to the simple, inclined burrows pro-
duced by wolf spiders and smaller tarantulas in the
experiments. Macanopsis has also been associ-
ated with spiders when present in paleosols (Bown
and Kraus, 1983; Hasiotis, 2002; Catena et al.,
2016) owing to the enlarged terminal chamber.
Trapdoor spiders in particular produced burrows
similar to Macanopsis. It should be noted, however,
that in all of these examples, additional possible
trace makers were mentioned including beetles,
bees, wasps, and many other insects. Mikus and
Uchman (2013), for example, clearly demonstrated
the morphological similarity between beetle bur-
rows and Macanopsis. In the case of burrows with
simple morphologies, clear associations with spe-
cific behaviors or trace makers are difficult to dis-
cern. Additional details that may support an
arthropod predator as a trace maker may include
the wide spacing of individual burrows, smooth sur-
faces of the burrow interior resulting from a silk lin-
ing, or bioglyphs such as scratch marks indicating
repeated movement through the burrow.

Fossil burrows associated with scorpions are
less common but have been described from the
Jurassic eolian dunes of North America (Loope,
2008, Engelmann et al., 2014; Good and Ekdale,
2014) and Permian floodplains of Europe (Dunlop
et al., 2016). The burrows described from dune
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deposits have a number of forms and are often
irregular in appearance, but in general tend to have
low angle slopes, elliptical to circular cross sec-
tions, passive to active fill, and sharp contacts with
the surrounding matrix without a defined lining or
wall or bioglyphs (Loope, 2008, Engelmann et al.,
2014; Good and Ekdale, 2014). While alternative
trace makers for these burrows were described
(i.e., reptiles or mammals) they do possess some
of the ichnotaxobases associated with modern
scorpion burrows. The burrow described by Dunlop
et al. (2016) is unique in that the terminal chamber
contains the complete body fossil of a scorpion.
The burrow itself is not well defined due to the
nature of the specimen’s collection and prepara-
tion, but it did appear to include a widened terminal
chamber with a connected tunnel. None of the bur-
rows associated with scorpions were attributed to
specific ichnotaxa.

In the experiments, centipedes, scorpions,
spiders, and whip scorpions produced burrows
generally similar to both Arenicolites and Psilonich-
nus, having forms that were U-shaped to Y-
shaped. These are burrow forms that are generally
not associated with predators in continental set-
tings, and so this direct association is important for
interpretations of ichnofossils assemblages in
paleosols. The complex burrows of centipedes,
consisting of series of multiple, interconnected U-
shaped burrows, most closely resemble Treptich-
nus, although they are significantly larger and with
more pronounced U-shaped segments. Continen-
tal examples of Treptichnus have been interpreted
as burrows of insect larvae, but these have mor-
phologies that are distinct from those produced by
centipedes (Getty et al., 2016). The more complex
mazeworks observed in the experiments, such as
those produced by the scorpions and whip scorpi-
ons, would likely require the establishment of new
ichnotaxa if found in the fossil record. Given their
prevalence of production by these animals, high
burrow complexity could be used as an indication
of predation-related activities.

CONCLUSIONS

Improving the interpretation of the behavioral
significance of continental ichnofossils as well as
their potential trace makers required detailed
knowledge of the burrowing techniques, behaviors,
and burrows of modern animals. Soil arthropods
represent a significant proportion of the trace-mak-
ing community with continental ecosystems, and
likely have been since the Middle Paleozoic, and
are, therefore, critical to understand within an ich-



nologic context. The experimental study of soil
arthropods, such as those described here, is an
important step in fully realizing the diversity of bur-
row forms produced by different taxonomic groups,
as well as how and why these burrows are pro-
duced. While recognition of specific trace makers
is an important goal, proper interpretation of the
behavioral significance is critically important and
typically more attainable (Bromley, 1996). This is
especially true when investigating ichnofossils with
simple architectures; while one simple burrow form
may have been produced by a variety of animals,
the behavioral significance in the specific environ-
mental setting is more restricted.

The centipede, scorpion, whip scorpion, and
spider species investigated in this study engaged
in predation activities closely tied to their burrows,
including ambush predation and prey trapping. The
burrow morphologies were related to both the body
form of the trace maker as well as the functional
use of the burrow. Each group of animals studied
produced burrows that were generally distinct, yet
they possessed similar components, or ichno-
taxobases, due to these similar uses. Vertical ele-
ments were typically used in ambush predation,
whereas horizontal burrows with multiple openings
were typically used as prey traps. In addition to
serving as sites for prey acquisition, the burrows
were also permanent dwellings and were regularly
maintained and modified during periods of occupa-
tion. The burrows produced were similar in mor-
phology to Skolithos, Palaeophycus, Macanopsis,
Arenicolites, Psilonichnus, and Treptichnus. There
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were also more complex burrows that did not fit
within any described ichnogenera.

The recognition of predatory soil arthropod
burrows in the fossil record has the potential to
increase our understanding of the evolution of
predatory arthropods as well as their changing
geographic and environmental distribution through
time. Ichnofossils of these types of animals are
especially important due to the poor preservation
potential of soil arthropods in the environments
they occupy. Ultimately if we can use continental
ichnofossils to recognize all the components of the
soil fauna, we will be able to greatly improve inter-
pretations of ancient soil ecosystems including
those components of terrestrial food webs that are
not preserved as body fossils.
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APPENDICES

APPENDIX 1.

Video (MP4 file) of Hemiscolopendra marginata and Pelinobus muticus burrowing at the surface through
intrusion. The video playlist is available at https://www.youtube.com/watch?v=ezGGo4pt-
WYA&list=PLq5V216znxIWvPf6xbmkDCiCeToMGas8il.

Burrowmg by intrusion
_- mvolveS the animal forcing
" its way -_\lnto the substrate.-

i &
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APPENDIX 2.

Video (MP4 file) of Scolopendra polymorpha and Hogna lenta burrowing by compression at the surface and
in the subsurface, respectively. The video is available at https://www.youtube.com/watch?v=ezGGo4pt-
WYA&list=PLq5V216znxIWvPf6xbmkDCiCeToMGa8il.

8% I
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APPENDIX 3.

Video (MP4 file) of Mastigoproctus giganeus, Pandinus imperator, Hadrurus arizonensis, and Aphonopelma
chalcodes burrowing by excavation. The video is available at https://www.youtube.com/watch?v=ezG-
Go4ptWYAR&ist=PLg5V216znxIWvPfoxbmkDCiCeToMGaa8il.

Burrowing by excavation involves the removal of
sediment from the subsurface and deposition on
the surface.

Mastigoproctus giganteus
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APPENDIX 4.

Video (MP4 file) of Scolopendra polymorpha burrowing by backfilling in the subsurface. The video is avail-
able at https://www.youtube.com/watch?v=ezGGo4ptWYA&list=PLg5V216znxIWvPf6xbmkDCiCeToM-
Gaasil.

Scolopendra polymorpha

Backfilling involves the excavation and deposition
of sediment in theé subsurface, filling previously
~ excavated tunnels and shafts.
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APPENDIX 5.

Video (MP4 file) of Gorgyrella inermis lining its burrow with silk. The video is available at https://www.you-
tube.com/watch?v=ezGGo4ptWYA&list=PLqg5V216znxIWvPf6xbmkDCiCeToMGa8il.

Spiders applied silk to the base, sides, and tops of their
burrows to provide stru€tural/support. -
.‘ .

Gorgyrella inermis
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APPENDIX 6.

Video (MP4 file) of locomotion through a burrow complex by Scolopendra polymorpha. The video is avail-
able at https://www.youtube.com/watch?v=ezGGo4ptWYA&list=PLg5V216znxIWvPf6xbmkDCiCeToM-
Gasil.

modification.

Scolopendra polymorpha
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APPENDIX 7.

Video (MP4 file) showing an example of ambush predation from a burrow by Scolopendra polymorpha. The
video is available at https://www.youtube.com/watch?v=ezGGo4ptWYA&list=PLq5V216znxIWvPféxbmkD-
CiCeToMGaS8il.

Burrows can be used for ambush predation.

E#rrows used this way typically have vertical

ments. u

\

Scolopendra polymorpha

29



HEMBREE: BURROWS OF ARTHROPOD PREDATORS

APPENDIX 8.

Video (MP4 file) showing an example of a burrow being used as a prey trap. Crickets enter the burrow
opening of Mastigoproctus giganteus. The video is available at https://www.youtube.com/watch?v=ezG-
Go4ptWYARist=PLg5V216znxIWvPfoxbmkDCiCeToMGaa8il.

Burrows serve as prey traps |
~when animals enter the burrg
through surface openings.

Mastigoproctus giganteus
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