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Neoichnology of the burrowing spiders Gorgyrella inermis
(Mygalomorphae: Idiopidae) and Hogna lenta
(Araneomorphae: Lycosidae)

J. Michael Hils and Daniel I. Hembree

ABSTRACT

Burrowing arachnids are important to modern soil ecosystems, but knowledge of
these animals in ancient soil ecosystems is limited. In this study, two species of bur-
rowing spiders were studied: Gorgyrella inermis (South African trapdoor spider) and
Hogna lenta (field wolf spider). Individuals of each species were studied to investigate
their burrowing techniques and behaviors and to categorize the morphologies of their
burrows. Experiments were run with variations in sediment density and sediment mois-
ture to evaluate the effects of environmental conditions on burrow morphology. Seven
burrow architectures were produced by the spiders: vertical shafts, vertical shafts with
terminal chambers, subvertical shafts, subvertical shafts with terminal chambers, J-
shaped burrows, Y-shaped burrows, and isolated chambers. All burrow architectures
share common features that make them identifiable as spider burrows. Sediment den-
sity and moisture had little influence on burrow morphology, but architecture diversity
was greatest in sediments of moderate density and moisture. Results from this study
show that spiders produce unique biogenic structures that can be distinguished from
the burrows of other soil organisms. Data collected from this study can be used to bet-
ter interpret the paleoecology and evolutionary history of spiders and soil arthropods.
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INTRODUCTION fossils. Traces produced in marine ecosystems
have long been studied (Dapples, 1938; Moore,
1938; MacGinitie, 1945; Barnes and Powell, 1950;
Frey, 1968; Ginrgras et al., 2008), but more recent
studies have begun to focus on the traces found in

Organisms produce biogenic structures by
modifying a substrate in response to abiotic and
biotic environmental conditions. These structures
may be preserved in the geologic record as trace
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FIGURE 1. Basic spider morphology. Modified from
Dipenaar-Schoeman (2002).

continental ecosystems (Ahlbrandt et al., 1978;
Ratcliffe and Fagerstrom, 1980; O’Green and
Busacca, 2001; Gingras et al., 2002; Hembree and
Hasiotis, 2006; Lawfield and Pickerill, 2006;
Genise et al., 2009; Hamer and Sheldon, 2010;
Buynevich et al., 2011). Trace fossils may be used
to infer the presence of organisms whose bodies
are rarely fossilized (Cameron, 1969; de Gibert et
al., 2000; Chin et al., 2013; Fernandez and Pazos,
2013) and to interpret the environmental conditions
under which the trace was produced (Turner et al.,
1981; Savrda and Bottjer, 1986; Maples and
Archer, 1989; Kraus and Hasiotis, 2006; Dashtgard
et al.,, 2008). These interpretations are possible
because of studies of living tracemakers in the field
and laboratory (Hasiotis, 2007).

Terrestrial arthropods contribute to soil forma-
tion by burrowing through and manipulating sedi-
ment as they make shelter, find food, and create
places for reproduction (Smith and Hasiotis, 2008;
Counts and Hasiotis, 2009; Hembree, 2009; Halfen
and Hasiotis, 2010; Melchor et al., 2010; Fairchild
and Hasiotis, 2011; Getty et al., 2013; Miku$ and
Uchman, 2013; Hembree, 2013; Bowen and Hem-
bree, 2014; Hembree, 2014). Ratcliffe and Fager-
strom (1980) provided some examples of the types
of continental biogenic structures produced by sev-
eral extant soil arthropods and the purposes of
these structures. Arachnids (spiders, scorpions,
mites) are common burrowing arthropods with an
extensive fossil record extending to the Silurian
(Dunlop, 2010). Prior neoichnological studies on
arachnids such as scorpions and whip scorpions
have shown that modern burrowing arachnids pro-

duce unique biogenic structures and are active
agents in soil formation (Sadler, 1993; Hembree et
al., 2012; Hembree, 2013; Schmerge et al., 2013;
Hembree, 2014). Burrowing spiders are another
important group of soil-dwelling arachnids, but few
studies have documented the morphology of spider
burrows or how these animals respond to environ-
mental stresses.

The purpose of this study is to document the
burrow morphology of the trapdoor spider Gor-
gyrella inermis and the wolf spider Hogna lenta
(Arachnida: Araneae) in a controlled laboratory set-
ting. The spiders burrowed in sediments modeled
after their natural habitats as well as sediments
with such stresses as varying sediment composi-
tion and moisture. The reasons for this study are
to: 1) improve our understanding of the behaviors
and techniques associated with burrowing by spi-
ders; 2) aid in the interpretation of terrestrial arthro-
pod-produced trace fossils; 3) facilitate the
inference of spiders in strata through the recogni-
tion of their fossil burrows, thereby improving
paleoecological interpretations; and 4) allow for
improved paleoenvironmental interpretations of
these strata by linking soil conditions to specific
spider burrow properties.

Spider Evolution and Behavior

Araneae consists of 44,032 extant species of
spiders (Platnick, 2013) and is divided into two
suborders: Mesothelae and Opisthothelae. Meso-
thelae is considered to be the most basal of the
extant spiders. Opisthothelae contains two infraor-
ders: Mygalomorphae and Araneomorphae. Myga-
lomorphae contains 2,792 species in 329 genera
(Platnick, 2013). Mygalomorph spiders are gener-
ally bulky, ground-dwelling spiders such as trap-
door spiders and tarantulas. Araneomorphae
contains most extant spiders with 41,748 species
in 3,595 genera (Platnick, 2013). These spiders
are generally slender, web-building spiders such as
orb-weaver spiders, black widows, and wolf spi-
ders.

Spider bodies are divided into two sections:
the anterior cephalothorax and the posterior abdo-
men (Figure 1) (Rupert et al., 2004). Spiders use
pedipalps, or non-walking appendages near the
chelicerae, to grab and kill prey as well as to assist
in reproduction (Pechenik, 1991). The segments
composing the cephalothorax are completely fused
and those of the abdomen are fused in all derived
spiders (Rupert et al., 2004). Spiders produce silk
using spinnerets located at the posterior of the
abdomen.



The fossil record of spiders extends to the
Carboniferous and currently consists of approxi-
mately 1,185 valid species (Dunlop et al., 2013).
The oldest known fossil mesothele is from the Car-
boniferous of France near Montceau-les-Mines
(Selden, 1996; Selden, 2000). The oldest known
opisthotheles appear in the Triassic consisting of a
mygalomorph from the Grés a meuels Formation of
France (Selden and Gall, 1992) and two contem-
poraneous araneomorphs from the Molteno For-
mation of South Africa and the Cow Branch
Formation of Virginia (Selden et al., 1999).

All extant mesothele spiders construct bur-
rows (Bristowe, 1976; King, 2004) as do most
mygalomorphs (Hamilton et al., 2012). Positively
identified fossil spider burrows are rare, however,
and occur mainly in Cenozoic strata, including the
Miocene (Pickford, 2000) and the Pleistocene
(Hasiotis, 2002). Spiders construct burrows as pro-
tection against predators and changes in climatic
conditions as well as for brooding and obtaining
prey (Gertsch, 1949; Hamilton et al., 2012). Con-
struction of a burrow is energetically expensive
and, therefore, sites are chosen carefully (Bond
and Coyle, 1995; M’'Rabet et al., 2007; Hamilton et
al.,, 2012). Burrows are excavated using both the
chelicerae and pedipalps (Gertsch, 1949). The bur-
rows are typically lined with silk, but the thickness
of the silk lining varies between species and sedi-
ment types (Gertsch, 1949). Burrow size and com-
plexity depends on the species and age of the
individual (Gertsch, 1949).

MATERIALS AND METHODS

Two species of spider were chosen for this
experiment: the mygalomorph spider Gorgyrella
inermis and the araneomorph spider Hogna lenta.
These two species were chosen because they are
both known burrowers, and they exhibit different
types of behaviors associated with their burrows as
discussed below. Members of the two infraorders
were also chosen to compare burrows made by
spiders that are only distantly related.

Gorgyrella inermis (Figure 2.1-2) is native to
the grasslands of South Africa. This trapdoor spi-
der belongs to the family Idiopidae, which is known
only from the recent (Platnick, 2013). This species
is an ambush predator, waiting at the opening of
their burrows for prey to wander into striking range.
The burrows of G. inermis have been described as
long, simple shafts with an oval-shaped opening
(Dippenaar-Schoeman, 2002).

Hogna lenta (formerly Lycosa lenta) (Figure
2.3) belongs to the araneomorph family Lycosidae,
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which has a fossil record extending to the Creta-
ceous (Platnick, 2013). Hogna lenta is native to the
southeastern portion of the United States, particu-
larly Florida (Wallace, 1942). They occupy a variety
of habitats although they are often found in sandy
sediments (Eisman et al., 2010). Members of this
family are active, nocturnal hunters that use their
burrows as a daytime retreat (Wallace, 1942). The
burrows produced by H. lenta are generally simple,
vertical shafts that may have a turret (Wallace,
1942; Gertsch, 1949). The burrows are sealed with
a trapdoor constructed of a thick layer of silk cov-
ered by sand or other material (Eisman et al.,
2010).

Eight individuals of Gorgyrella inermis and 11
individuals of Hogna lenta obtained from a com-
mercial source were used in this study. All repre-
sentatives of H. lenfa were adults, whereas G
inermis included five adults (red) and three juve-
niles (black). Adult G. inermis had a mean body
length of 3.7 cm and a body width of 1.4 cm,
whereas juveniles had a mean body length of 2.6
cm and body width of 0.85 cm. Hogna lenta speci-
mens had a mean body length of 2.3 cm and body
width of 0.85 cm. The spiders of both species were
not sexed, but four representatives of H. lenta pro-
duced eggs multiple times during the study.

The spiders were allowed to acclimate to lab-
oratory conditions for at least two weeks before the
experiments began. During this time, they were
housed individually in 10 gal (38 L) terraria filled
with 100% finely shredded coconut fiber, a medium
not used for the experiments. The laboratory was
kept on a 12-hour light cycle with temperatures
between 25-30 °C and humidity at ~35%. Burrow-
ing media were kept moist by daily spraying of
water both during the acclimation period and the
experiments. In addition, individuals of Hogna lenta
were provided with water dishes which were
refilled when media were moistened. Both species
were fed live crickets weekly; any dead crickets
were removed from the terraria. Direct handling of
the spiders was minimized to avoid altering their
behavior and to avoid additional stress.

Three sizes of terraria were used during the
experiments: 10 gal (38 L) (50/ x 25w x 30h cm),
20 gal (76 L) (60/ x 30w x 42h cm), and 30 gal (114
L) (90/ x 42w x 30h cm). The terrarium sizes used
with each species were determined by evaluating
the size of the adult individuals and the potential
size of the burrows as determined during the accli-
mation period. The three sizes of terraria were
filled with sediment to depths of 25, 26, and 35 cm,
respectively. These depths were chosen to allow



HiLs AND HEMBREE: NEOICHNOLOGY OF SPIDERS

FIGURE 2. Representatives of spiders used in this study. 1, Adult Gorgyrella inermis. 2, Juvenile G. inermis.

Hogna lenta.



enough room for the spiders to burrow but also to
prevent escape. The terraria were covered with
screen lids to further prevent escape of the individ-
uals. All study specimens were kept at laboratory
temperatures with no additional heat input. The
sediments used were different mixtures of finely
shredded coconut fiber (organic material), fine- to
medium-grained quartz sand, and sifted potting soil
(organic rich silt and clay). Sediment mixtures were
homogenized and moistened prior to filling the ter-
raria. The density and moisture of the sediment
were measured using a Field Scout SC900 Soil
Compaction Meter (Spectrum Technologies Inc.)
and an Agquaterr EC-300 Salinity Multimeter,
respectively.

Three experiments were conducted with dif-
ferent sediment compositions and moisture con-
tents to determine if burrow morphology changed
in response to changes in environment (Table 1.1).
The point of reference for the burrow morphology
of each species was established in Experiment 1.
The sediment mixtures and sediment moisture lev-
els in Experiment 1 resembled those of each spe-
cies’ natural habitat (Table 1.1). Two additional
parameters were tested in Experiment 1: the time
allowed for burrowing and the size of the terrarium
used. Spiders were allowed to burrow over time
intervals of 14 and 30 days in order to determine if
the morphology of the burrows would change over
time. The spiders were housed in two terrarium
sizes according to the species, one small (10 or 20
gal) and one large (20 or 30 gal), to test the effect
of enclosure size on burrow morphology in labora-
tory conditions. In Experiment 2 the sediment com-
position was altered to include two sediment types
with an increased percentage of fine-grained mate-
rial (Table 1.2). The sediment moisture content was
then altered in Experiment 3 by decreasing and
increasing sediment moisture content by 20% per
trial (Table 1.3).

The spiders were observed, photographed,
and digitally recorded during the experiment.
Recorded observations included time elapsed
before the spiders began a burrow, silk-production
related to burrow construction, and sediment sur-
face features resulting from burrowing. Spiders
were removed from the experimental set-up at the
conclusion of each trial by either capturing them on
the surface or direct extraction from the burrow.
The latter method was used for most individuals of
Gorgyrella inermis, which rarely leave their bur-
rows, and some individuals of Hogna lenta.

Open burrows were filled with Drystone®
plaster. The trapdoors on the burrows of Gorgyrella
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inermis were covered with plaster and kept
attached to the burrow cast to maintain orientation
of the burrow. The burrows of Hogna lenta were
marked to indicate where the spider generally
entered and exited the burrow. In these ways, the
height and width of the burrow relative to the spider
in life position were known for the measurements.
The relative thickness of the silk lining and how
deeply it lined the burrow cast were noted. The
burrow casts were washed and cleaned of silk and
sediment before measurements were taken and
the silk lining was discarded.

Qualitative data of the burrows were recorded
including general shape, number of surface open-
ings, number of burrow branches, and number of
chambers (Figure 3.1). Quantitative measurements
included the maximum depth, total length, the max-
imum and minimum angles of the burrow with
respect to the sediment surface, and the mean
angle of branching if present. Burrow width, height,
and circumference were measured at 1 cm inter-
vals along the burrow cast’s length beginning at the
surface opening. The width-to-height ratio at these
intervals was then calculated. Complexity and tor-
tuosity of the burrow casts were also determined.
Both are scale-independent measurements that
can be used to compare burrow systems produced
by animals of different sizes (Meadows, 1991;
Hembree and Hasiotis, 2006). Burrow complexity
is the sum of the number of segments (s), the num-
ber of openings in the sediment surface (e), and
the number of chambers (h) (Figure 3.2). Tortuosity
is the measure of the deviation of a shaft or tunnel
from a straight line calculated by dividing the total
length of a segment (u) by the straight line distance
between the ends of the segment (v) (Figure 3.3).
Quantitative properties were used to statistically
compare the burrow casts. All statistical analyses
were performed using PAST (ver. 2.17b) (Hammer
et al., 2001).

The Bray-Curtis similarity measure was used
to determine the degree of similarity of burrow mor-
phologies within each individual species and
between the two species of spiders. The Bray-Cur-
tis similarity measure is a nonparametric statistical
analysis in which the sum of the differences for
each quantitative measurement is divided by the
sum of the total measurements in the sample (Bray
and Curtis, 1957). This number is subtracted from
1.0 to determine similarity. Similarity is ranked from
0.0 (completely dissimilar) to 1.0 (identical). Two
burrows with a rank of 1.0 were considered identi-
cal, ranks between 0.9 and 0.6 express high to
moderate similarity, and ranks < 0.5 are dissimilar
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TABLE 1. Experimental design and burrows produced. Sediment density is given in kgf/cmZ2. 1, Experiment 1; 2, Exper-
iment 2; 3, Experiment 3. Sediment moisture values are in percent total volume. VS: vertical shaft, VC: vertical shaft
with terminal chamber, SS: subvertical shaft, SC: subvertical shaft with terminal chamber, JS: J-shaped burrow, YS: Y-

shaped burrow, IC: isolated chamber.

1. Experiment 1: Basic Morphology

Species  Individuals Terrarium Sediment Sediment Sediment Sediment Duration Resulting Burrow
P Size (gal) Composition Depth (cm) Density  Moisture (day) Architectures
G. inermis 5 20 30-50-20% organic- 35 0.35 55% 14 VS (3),SS (1), IC (1)
sand-clay/silt
G. inermis 5 20 30-50-20% organic- 35 0.35 55% 30 VS (2), VC (2)
sand-clay/silt
G. inermis 3 30 30-50-20% organic- 25 0.35 55% 14 VS (1), VC (1), SC
sand-clay/silt (1)
G. inermis 3 30 30-50-20% organic- 25 0.35 55% 30 VS (1), SS (1)
sand-clay/silt
H. lenta 5 10 50-50% organic-clay/ 25 0.35 35% 14 VS (3), YS (1)
silt
H. lenta 4 10 50-50% organic-clay/ 25 0.35 35% 30 VS (2), VC (1)
silt
H. lenta 4 20 50-50% organic-clay/ 26 0.35 35% 14 VS (1)
silt
2. Experiment 2: Sediment Composition
Species  Individuals Terrarium Sediment Sediment Sediment Sediment Duration Resulting Burrow
P Size (gal) Composition Depth (cm) Density  Moisture (day) Architecture
G. inermis 5 20 30-35-35% organic- 35 0.35 55% 30 VS (4)
sand-clay/silt
G. inermis 5 20 30-20-50% organic- 35 0.70 55% 30 VS (2), VC (2)
sand-clay/silt
H. lenta 3 20 25-75% organic-clay/ 26 0.35 35% 30 VS (2), SS (1)
silt
H. lenta 4 20 100% clay/silt 26 0.70 35% 30 VS (1), SS (3)
3. Experiment 3: Sediment Moisture
Species  Individuals Terrarium Sediment Sediment Sediment Sediment Duration Resulting Burrow
P Size (gal) Composition Depth (cm) Density Moisture (day) Architecture
G. inermis 4 20 30-50-20% organic- 35 0.35 35% 30 VS (2),SS(1),JS (1)
sand-clay/silt
G. inermis 4 20 30-50-20% organic- 35 0.70 75% 30 VS (1)
sand-clay/silt
H. lenta 4 20 50-50% organic-clay/ 26 0.35 15% 30 VS (2)
silt
H. lenta 4 20 50-50% organic-clay/ 26 0.35-0.70 55% 30 VS (1), SS (1)

silt

different environmental

conditions. The dendro-

(cf. Hembree et al., 2012; Hembree, 2013; Bowen
and Hembree, 2014; Catena and Hembree, 2014;
Dzenowski and Hembree, 2014; Hembree, 2014).
The scores resulting from the Bray-Curtis
analysis were used to construct dendrograms of
similarity. Analyses of the dendrograms reveal the
amount of similarity between burrows with different
qualitative architectures and those produced under

grams were also used to determine if the burrows
of different animals separate into specific clusters.

The burrows produced by the spiders were
compared to those produced by four other burrow-
ing arthropods from previous studies. These bur-
rows were measured and described in the same
manner as the spider burrows. The burrows of
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1. Architectural Morphology
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FIGURE 3. Quantitative properties of burrows. 1, Measurements of burrows included maximum depth (D), slope (OA),
total length (L), branching angle (BA), and tunnel and shaft width (w), height (h), and circumference (c). Width is
defined as parallel to the hinge-line of the burrow trapdoor; height is defined as perpendicular to the hinge-line of the
burrow trapdoor. 2, Complexity (C) is the sum of the number of segments (s), chambers (h), and surface openings (e)
of a single burrow system. 3, Tortuosity is a measure of the average sinuosity of all of the segments of a burrow sys-
tem. The tortuosity of a single segment is found by dividing the total length (u) by the straight-line distance (v). Modi-

fied from Hembree et al., 2012.

three other arachnid species were used to deter-
mine similarity of burrows within Arachnida: the
Mexican blond tarantula (Figure 4.1), Apho-
nopelma chalcodes (n = 2) (Araneae: Theraphosi-
dae), the Arizona desert hairy scorpion (Figure
4.2), Hadrurus arizonensis (n = 17) (Scorpiones:
Caraboctonidae) (Hembree et al., 2012), and the
whip scorpion (Figure 4.3), Mastigoproctus gigan-
teus (n = 18) (Thelyphonida: Thelyphonidae)
(Hembree, 2013). It was expected that arachnid
burrows would be similar as all five species share
the same basic arachnid body plan. The burrows of
the American giant millipede (Figure 4.4), Narceus
americanus (n = 15) (Diplopoda: Spirobolida)
(Bowen and Hembree, 2014), were used to deter-
mine the similarity of the spider burrows with unre-
lated arthropods. It was expected that the spider
burrows would not be similar to the millipede bur-

rows because the body plans and life habits of mil-
lipedes are very different than those of arachnids.

The nonparametric Mann-Whitney and Kolm-
ogorov-Smirnov tests were used to evaluate the
differences in individual properties between groups
of burrows. Properties compared for each test
included: 1) total depth, 2) total length, 3) mean
width, 4) mean height, 5) mean circumference, 6)
mean slope, 7) complexity, and 8) tortuosity. The
tests were used for two different analyses. The first
was to determine if statistically significant changes
occurred in burrow properties in different sediment
compositions and in different sediment moisture
conditions. The second was to determine if the
quantitative burrow properties of Gorgyrella iner-
mis and Hogna lenta were similar, and then to
determine if the burrow properties of both spider
species were similar to those of the other arthro-
pods.
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FIGURE 4. Representatives of other laboratory animals used for burrow comparisons. 1, A female Mexican blond
tarantula (Aphonopelma chalcodes), 2, An Arizona hairy desert scorpion (Hadrurus arizonensis), 3, A whip scorpion
(Mastigoproctus giganteus), 4, A giant American millipede (Narceus americanus).

RESULTS
Behaviors

Individuals of Gorgyrella inermis and Hogna
lenta burrowed 0-15 days after the experiments
began with an average of five days to begin bur-
rowing. The smaller individuals of both species
generally burrowed faster than larger ones. Some
individuals, most commonly H. lenta, never pro-
duced a burrow. Burrows could be located at any
place in the terraria, but the spiders often burrowed
along the side of the glass wall. Both species
began constructing their burrows by manipulating
the sediment with their pedipalps and chelicerae.

8

Individuals of Hogna lenta were observed
pushing the sediment against the walls of their bur-
rows (Figure 5.1-5) (Appendix 1). Although
Gertsch (1949) reported that wolf spiders removed
sediment wrapped in silk from their burrows, this
behavior was not observed. A thin layer of silk was
deposited on the sides of the burrow as the spider
moved into the sediment (Appendix 2). Hogna
lenta covered their burrow openings with a thin
layer of sediment stuck together using silk (Figure
5.6) (Appendix 3).

The burrows of Hogna lenta were used for
dwelling, hunting, and nesting. These spiders were
often observed at the surface, but typically



retreated into their burrows in response to bright
lights and disturbances near their enclosures.
Although H. lenta is an active surface hunter, some
individuals were also observed ambushing prey
from their burrow entrances. Two H. lenta individu-
als produced eggs during the course of the experi-
ments, which were collected into sacks made of
silk (Figure 6.1). Newly hatched spiders stayed
with their mother until their first molt (Figure 6.2).
The nesting burrows were large enough to house
the spider and the egg sack (Figure 6.3). Hogna
lenta individuals with eggs rarely left their burrows
to hunt.

Gorgyrella inermis produced burrows in two
ways (Figure 7). Smaller individuals compacted
sediment against the sides of their burrows with no
excavation. Larger individuals wrapped sediment
collected at the base of the burrow in silk (Appen-
dix 4) and threw these packets from the burrow
(Figure 7.2-5) (Appendix 5). These packets could
land up to 27 cm from the burrow opening (Figure
8.1). The spiders deposited a thick layer of silk
along the sides of the burrow (Figure 7.6; Appendix
6). Gorgyrella inermis made thick trapdoors con-
structed of organic matter and silk attached to one
side of the burrow opening with a hinge (Figure
8.2).

The burrows of Gorgyrella inermis were used
for both dwelling and ambush hunting. These spi-
ders did not leave their burrows once they were
constructed so to obtain prey, G inermis waited
near the top of its burrow and grabbed prey that
moved near the entrance with its pedipalps and
front legs. The prey was pulled down into the bur-
row for consumption. Gorgyrella inermis excreted
waste by climbing to the top of the burrow and
forcefully expelling waste away from the burrow.

Surface Morphology

The surface of the sediment was smoothed
prior to the introduction of a spider. Gorgyrella iner-
mis produced obvious trapdoors at the entrances
of their burrows. The trapdoors were flush with the
sediment surface except when a burrow was built
against the side of the terrarium and the burrow
protruded ~1 cm above the sediment (Figure 8.1).
Some individuals did not construct a burrow and
instead produced surface silk structures. One
structure was a “mat” made of silk and sediment
(Figure 8.3). These mats were as thick as the lining
around a burrow and were always built against the
glass walls of the terraria. The second structure
was similar to a cocoon; the spider first constructed
a mat and then enclosed itself in a covering of silk
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(Figure 8.4). The cocoons were also built against
the glass walls.

The burrows of Hogna lenta were usually
flush with the sediment surface. In some experi-
ments, the spiders completely closed off their bur-
rows and did not leave during the trial. When this
occurred, the sediment bulged slightly above the
surrounding sediment surface, indicating the pres-
ence of a burrow (Figure 9.1). Hogna lenta also
produced turrets that could be up to 2 cm above
the sediment (Figure 9.2). These structures only
occurred in the corners of the terraria. In addition to
burrow construction, some H. lenta deposited lines
of silk along the edges of their terraria when they
did not produce a burrow (Figure 9.3). These lines
appeared to be constructed of a few strands of a
silk and ran parallel to each other. The lines were
not associated with a burrow and sometimes dis-
appeared after the spider made its burrow.

Silk Lining of Burrow Walls

The burrows of both Gorgyrella inermis and
Hogna lenta were lined with differing amounts of
silk. Both species deposited silk during burrow con-
struction, but Gorgyrella inermis produced a much
thicker layer of silk than H. lenta. The silk lining of
G. inermis burrows was thickest near the trapdoor
and absent at the base of the burrow. Chambers
had little to no silk on their walls. Scratches in the
silk resulted in striations present on the surface of
the burrow casts (Figure 10.1-2). These were pro-
duced by spiders bracing their legs into the silk in
order to climb along the burrow’s length. The lining
of H. lenta burrows had a uniform thickness along
the length of the burrow, but was absent at the
base. Striations were also present on H. lenta bur-
row casts (Figure 10.3-4); however, the striations
were less well defined than those on G. inermis
burrows.

Both species altered the thickness and extent
of the silk lining when environmental conditions
changed. In general, sediments that were stable,
either because of increased clay or moisture con-
tent, resulted in burrows with less silk than those
produced in less stable sediment (Figure 11). Many
Hogna lenta burrows produced in more cohesive
sediment did not have any detectable silk lining
and those casts have a much more irregular bur-
row wall than those with silk linings. Gorgyrella
inermis burrows produced in these sediments had
a thinner silk lining and the linings did not extend
as far along the shaft. No differences in the nature
of the silk lining were observed between burrows
produced in 14 or 30 day trials.
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™ | Spinnerets on
i .pc*lriﬂpf
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N

FIGURE 5. Burrow production by Hogna lenta. 1-2, Spider pushes headfirst into the sediment until it is nearly cov-
ered. 3, Spider turns around inside the chamber to face outward. 4, Spider applies silk to the sediment and moves it
around. 5, Spider covers itself in silk-lined sediment. 6, Spinnerets gathering sediment together to form a trapdoor.

The sediment surrounding the spider and its burrow has been lightened.

10
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FIGURE 6. Brooding behavior of Hogna lenta. 1, An egg sac. 2, H. lenta with offspring. 3, A vertical shaft (H5) that
served as a brood burrow.

Burrow Morphology

In this study, 27 burrows produced by Gor-
gyrella inermis and 19 burrows produced by Hogna
lenta were successfully cast. Seven burrow archi-
tectures were produced during these experiments
(Table 2): 1) vertical shafts (VS) (Figure 12; Table
3), 2) subvertical shafts (SS) (Figure 13; Table 4),
3) vertical shafts with terminal chambers (VC) (Fig-
ure 14; Table 5), 4) Y-shaped burrows (YS) (Figure
15.1), 5) isolated chambers (IC) (Figure 15.2), 6)
subvertical shafts with terminal chambers (SC)
(Figure 15.3), and J-shaped burrows (Figure 15.4).

Variation in Burrow Architecture

Tracemaker and architecture. Gorgyrella inermis
individuals were responsible for six of the seven

described architectures produced during the exper-
iments. Individuals produced 2—4 (x = 2.43) differ-
ent burrow architectures. The burrows produced by
adult G. inermis were more diverse in architecture
than those of the juvenile G inermis, which only
produced vertical shafts and the J-shaped burrow.
Hogna lenta were responsible for four of the seven
architectures produced during the experiments.
Most individuals produced only one burrow archi-
tecture, however, and no individual produced more
than two.

Environment and architecture. Gorgyrella iner-
mis produced five burrow architectures in sediment
modeled on the species’ natural habitat (Table 1.1).
Increasing sediment density resulted in only two
burrow architectures as well as surface mats and

1
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FIGURE 7. Burrow production by Gorgyrella inermis. 1, Spider excavates a small depression in the sediment. 2, Spi-
der deposits silk in sediment at the base of the burrow, 3—4, Spider turns around inside of burrow and picks up bun-
dles of sediment. 5, The spider throws the sediment from the burrow. 6, Spider deposits silk along the burrow wall.

cocoons (Table 1.2). Decreasing sediment mois-
ture resulted in three burrow architectures,
whereas increasing sediment moisture resulted in
only one burrowarchitecture and a surface mat
(Table 1.3).

12

Hogna lenta produced three burrow architec-
tures in sediment modeled on the species’ natural
habitat (Table 1.1), but three individuals did not
produce burrows during one trial. Increasing sedi-
ment density resulted in two burrow architectures
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FIGURE 8. Surface features produced by Gorgyrella inermis. 1, Sediment forcefully removed from the burrow by the
spider throwing packets with its chelicerae. 2, Trapdoor held open at a burrow entrance. 3, A silk mat produced by a
spider that did not construct a burrow. 4, A cocoon built by a spider that did not burrow. The cocoon did not extend
into the sediment.

(Table 1.2). Increasing sediment moisture resulted
in two burrow architectures and two individuals that
did not burrow, whereas decreasing sediment
moisture resulted in only one burrow architecture
and two individuals that did not burrow (Table 1.3).

Burrow Analyses

Burrows produced by Gorgyrella inermis. All
burrows produced by Gorgyrella inermis have a
similarity of 1.0-0.7 with a mean similarity of 0.90.
A cluster analysis of these burrows separates the
burrows into two main groups (Figure 16). Cluster
A includes all but two burrows that possess a verti-
cal shaft and has a similarity of 0.90. Cluster B
includes all burrows that possess a subvertical
shaft as well as two vertical shafts (G19, G25), and
has a similarity of 0.91. Together, these two clus-
ters have a similarity of 0.89. The J-shaped burrow
(G23) was not grouped with either cluster, and it

shares a similarity of 0.84 with Clusters A and B.
The isolated chamber (G6) was also not included
in a cluster, and has a similarity of 0.72 with all
other burrows.

Burrows produced by Hogna lenta. All burrows
produced by Hogna lenta have a similarity of 1.0—
0.8 with a mean similarity of 0.91. A cluster analy-
sis separates these burrows into the same types of
clusters as were observed in the cluster analysis of
Gorgyrella inermis (Figure 17). Cluster A includes
all burrows with a vertical shaft and has a similarity
of 0.96. Cluster B includes all burrows with a sub-
vertical shaft that have a similarity of 0.93.
Together, these two clusters have a similarity of
0.87. The Y-shaped burrow (H4) was not grouped
into a cluster, and it shares a similarity of 0.82 with
Clusters A and B.

Comparison between Gorgyrella inermis and
Hogna lenta. The burrows of these two species

13
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FIGURE 9. Surface features produced by Hogna lenta. 1, Open trapdoor at the burrow entrance. 2, Turret produced
by building a burrow entrance against the sides of the terrarium. 3, Silk strands deposited along the sides of the terrar-
ium.

14
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FIGURE 10. Striations on sides of burrow casts resulting from scratch marks in the silk linings of spider burrows. 1,
Burrow produced by juvenile Gorgyrella inermis. 2, Burrow produced by adult G. inermis. 3—4, Burrows produced by
Hogna lenta. The surfaces of H. lenta burrow casts include sediment, resulting from the thin layer of silk that lined

these burrows.

differ in depth, total length, and width-to-height
ratio (Table 6.1). Bray-Curtis results show that the
burrows of G. inermis and H. lenta have a similarity
of 1.0-0.7 with a mean similarity of 0.91 (Tables 7,
8). A cluster analysis of the spider burrow casts
does not separate the burrows by species (Figure
18). Cluster A (vertical burrows) and Cluster B
(subvertical burrows) from the previous analyses
were produced with the addition of a third cluster,
Cluster C, which includes the Y- and the J-shaped
burrows. Cluster A has a similarity 0.90 whereas
Cluster B has a similarity of 0.92. The similarity of
both clusters is 0.87. Cluster C has a similarity of
0.92, and the similarity of all three clusters is 0.83.
The isolated chamber does not fit into any of the
three clusters. The overall similarity of all G iner-
mis and H. lenta burrows is 0.74. The burrows in
Cluster A and B differ only in mean slope and com-

plexity (Table 9.1). A comparison of these two clus-
ters with Cluster C results in significant differences
in mean width, mean height, mean circumference,
and mean slope (Table 9.1). Removing the isolated
chamber from the cluster analysis does not alter
the composition and overall similarity of each clus-
ter. Rearranging the Bray-Curtis test matrix to
reflect the cluster analysis reveals that each cluster
includes Bray-Curtis scores of 1.0-0.9 (Figure 19).
Comparison with Aphonopelma chalcodes. Two
burrow casts of Aphonopelma chalcodes with the
same architecture were used in comparison
(Appendix 7). The burrows of A. chalcodes and the
other two spiders differ in width-to-height ratio,
mean circumference, mean slope, and tortuosity
(Table 6.2). Due to their difference in size, the two
A. chalcodes burrows have a similarity of only 0.6.
The similarity of burrows made by A. chalcodes

15
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FIGURE 11. Changes in surficial features due to increasing stability of sediment. The spiders used less silk as sedi-
ment becomes more stable. This resulted in burrow casts with rougher sides than those with more silk. The first bur-
row was constructed in sediment composed of 50% silt-clay and had a thick silk lining. The third burrow was

constructed in 100% silt-clay and had almost no silk lining.

and Gorgyrella inermis ranges from 0.8-0.5 with a
mean similarity of 0.56; the similarity of A. chal-
codes and Hogna lenta ranges from 0.7-0.5 with a
mean similarity of 0.56 (Appendix 8). The mean
similarity of A. chalcodes with both G. inermis and
H. lenta is 0.56. A cluster analysis of the three spe-
cies reproduces Clusters A, B, and C (Figure 20).
The isolated chamber (G6) is most similar to the
smaller A. chalcodes burrow A2, and together they
form Cluster D with a similarity of 0.77. Cluster D
has a similarity of 0.67 with Clusters A, B, and C.
Clusters A and B differ in mean slope and com-
plexity, whereas Clusters A, B, and C differ in mean
width, mean height, mean circumference, mean
slope, and tortuosity (Table 9.2). Cluster D differs
from A, B, and C in depth, mean height, mean
slope, and complexity (Table 9.2). The larger A.
chalcodes burrow A1 does not fit into any cluster,
and its overall similarity with all other spider bur-
rows is 0.56.

Comparison with Hadrurus arizonensis. Seven-
teen burrow casts comprising four different archi-

tectures, were used for comparison (Hembree et
al., 2012) (Appendix 9). The burrows of Hadrurus
arizonensis differ from the spider burrows in eight
different properties (Table 6.3). The similarity of the
H. arizonensis burrows ranges from 1.0-0.5 with a
mean similarity of 0.75 (Appendix 10). The similar-
ity of the burrows produced by H. arizonensis and
Gorgyrella inermis ranges from 0.8-0.3 with a
mean of 0.46; the similarity of the burrows pro-
duced by H. arizonensis and Hogna lenta ranges
from 0.8-0.3 with a mean of 0.46. The comparison
of H. arizonensis burrows with those of both G
inermis and H. lenta results in a mean similarity of
0.46. A cluster analysis results in a complete sepa-
ration of the spider burrows and the scorpion bur-
rows (Figure 21). All spider burrows fall into
Clusters A, B, and C, with the exception of the iso-
lated chamber. This grouping of the spider burrows
has a similarity of 0.75. All H. arizonensis burrows
form Cluster D, with a similarity of 0.68. Clusters A
and B differ in mean slope and complexity,
whereas Cluster A, B, and C differ in mean width,

TABLE 2. Qualitative data for each burrow architecture. Burrows are arranged by increasing complexity. That distribu-
tion architectures produced by each species is provided, as well as the sum of all burrow architectures developed.
(PDF only - see palaeo-electronica.org/content/2015/1057-neoichnology-of-spiders)

16



PALAEO-ELECTRONICA.ORG

FIGURE 12. Vertical shafts. 1, Burrow produced by an adult Gorgyrella inermis (G9). 2, Burrow produced by Hogna
lenta. This burrow served as a brood burrow in addition to a dwelling structure (H5). 3, Burrow produced by juvenile
G. inermis (G15). 4, Burrow produced by H. lenta (H7).

TABLE 3. Quantitative measurements of vertical shafts produced by Gorgyrella inermis and Hogna lenta. (PDF only -
see palaeo-electronica.org/content/2015/1057-neoichnology-of-spiders)
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FIGURE 13. Subvertical shafts. 1, Burrow produced by adult Gorgyrella inermis (G24). 2, Burrow produced by adult
G. inermis (G5). 3, Burrow produced by Hogna lenta (H14). 4, Burrow produced by H. lenta (H16).

mean height, mean circumference, mean slope,
and tortuosity (Table 9.3). Cluster D differs from
Clusters A, B, and C in all properties but depth
(Table 9.3). The similarity of all burrows produced
by the three species is 0.46. Of particular note, no
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subvertical ramps produced by H. arizonensis were
similar to the subvertical shafts produced by either
species of spider.

Comparison with Mastigoproctus giganteus.
Eighteen burrow casts comprising five different
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TABLE 4. Quantitative measurements of subvertical shafts produced by Gorgyrella inermis and Hogna lenta.

G5 G10 G12 G20 G24 H2 H11 H12 H13 H14 H16 H20
Surface Openings 1 1 1 1 1 1 1 1 1 1 1 1
Maximum depth 11.2 13.9 6.6 4.4 8.3 5.5 5.5 6.1 4.4 5.7 6.3 6.6
Total Length 13.2 14.4 7.8 4.6 8.4 5.7 5.6 6.2 5.2 5.8 6.9 7.4
Maximum width 3.1 2.4 3.3 2.9 3.4 2.8 2.9 2.7 2.5 3.1 2.6 3.1
Minumum width 2.3 1.5 21 1.8 1.6 2.1 1.8 1.6 1.2 2.3 1.7 1.7
Mean width 2.6 2 29 2.3 2.6 2.3 2.4 2.3 2.2 2.7 2.3 2.5
Maximum height 3 2.4 3 3 2.7 2.8 2.6 2.8 2.5 2.7 2.6 3.6
Minimum height 21 1.8 1.9 1.5 1.8 1.9 1.6 1.6 1.4 2.3 1.2 1.9
Mean height 2.3 21 2.5 2.4 2.4 2.2 2.2 2.4 2.2 2.5 2.3 2.8
Mean W/H ratio 1.1 1 1.1 1 1.1 1 0.9 1 1 0.9 1 1.1
Maximum 8.9 7.6 9.5 8.4 9.4 8.9 9 8.8 7.9 9.1 8.3 111
circumference
Minimum 7.4 5.7 45 5.6 5.4 6.1 4.5 5.1 3 71 4.8 6
circumference
Mean circumference 79 6.7 8.4 7.3 7.8 7.3 7.5 7.4 6.5 8.3 7.2 8.7
Maximum slope 75° 75° 70° 70° 70° 75° 60° 65° 70° 60° 60° 76°
Minimum slope 75° 75° 70° 70° 70° 75° 60° 65° 70° 60° 60° 65°
Mean slope 75° 75° 70° 70° 70° 75° 60° 65° 70° 60° 60° 70.5°
Branching angles NA NA NA NA NA NA NA NA NA NA NA NA
Complexity 2 2 2 2 2 2 2 2 2 2 2
Tortuosity 1.1 1 1.1 1 1 1.1 1.1 1.1 1 1 1.1

architectures, were used for comparison (Hem-
bree, 2013) (Appendix 11). The burrows of Masti-
goproctus giganteus differ from the spider burrows
in eight different properties (Table 6.4). The similar-
ity of the M. giganteus burrows ranges from 1.0-
0.5 with a mean similarity of 0.75. The similarity of
the burrows produced by M. giganteus and Gor-
gyrella inermis ranges from 1.0-0.4 with a mean of
0.75; the similarity of the burrows produced by M.
giganteus and Hogna lenta ranges from 1.0-0.5
with a mean of 0.75. The comparison M. giganteus
with both G. inermis and H. lenta has a mean simi-
larity of 0.75 (Appendix 12). A cluster analysis
results in two separate groups (Figure 22). The first
group (Clusters A-D) is composed of burrows pro-
duced by all three species and the second (Cluster
E) consists entirely of burrows produced by M.
giganteus. Five M. giganteus burrows are included

in Cluster A with a similarity of 0.90, whereas one
M. giganteus burrow is included in Cluster B with a
similarity of 0.90. Two J-shaped burrows produced
by M. giganteus are included in Cluster C with a
similarity of 0.87. Clusters A and B differ in mean
slope and complexity, whereas Cluster C differs
from A and B in only mean slope (Table 9.4). Clus-
ter D contains the isolated chamber (G6) of G. iner-
mis and two subvertical shafts produced by M.
giganteus with a similarity of 0.90. This new cluster
differs from Clusters A, B, and C in all properties
but depth (Table 9.4). The three clusters have a
similarity of 0.76. Cluster E consists entirely of bur-
rows produced by M. giganteus and includes
mazeworks, U-shaped burrows, J-shaped burrows,
and one subvertical shaft. The similarity of this
cluster is 0.74. Cluster E shares only depth in com-
mon with the other clusters (Table 9.4). The similar-
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FIGURE 14. Vertical shafts with terminal chambers. 1, Burrow produced by juvenile Gorgyrella inermis (G2). 2, Bur-
row produced by adult G inermis (G17). 3, Burrow produced by adult G. inermis (G16). 4, Burrow produced by
Hogna lenta (H4).
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TABLE 5. Quantitative measurements of other burrow architectures produced by Gorgyrella inermis and Hogna lenta.
See Table 1 for architecture key.

G2 G4 G16 G17 G26 H6 G27 G6 G23 H4

Architecture VC VC VC VC VC VC SC IC JS YS
Surface Openings 1 1 1 1 1 1 1 1 1 2

Maximum depth 16.3 7.08 13 12.5 5.7 3.2 9.3 2.1 8.6 4.1
Total Length 18.4 7.7 13.2 12.5 5.7 3.2 9.5 3.7 8.9 6.7
Maximum width 2.4 2.2 6 4.4 5.7 2.6 5.8 2.7 2 2.1
Minumum width 1.9 1.7 1.8 2.3 2.9 2.4 2.4 21 1.7 1.7
Mean width 2.1 1.9 3.6 3 4.3 2.5 3.5 2.5 1.9 1.9
Maximum height 2.7 1.7 3.7 2.7 3.4 2.8 3.9 2.3 2 1.9
Minimum height 1.7 1.4 2.2 1.8 2.1 2.8 2.3 1.6 1.2 1.4
Mean height 2.1 1.6 2.7 2.2 2.9 2.8 3.1 1.9 1.7 1.8
Mean W/H ratio 1 1.2 1.3 1.3 1.5 1.1 1.1 1.3 1.1 1

Maximum circumference 7.9 6.3 15.6 12.2 23.6 7.8 15.3 7.9 6.4 6.8
Minimum circumference 54 5.2 3.1 6.9 17 5.1 7.2 7 5.1 4.9
Mean circumference 6.6 5.6 10.7 8.4 20.8 6.8 10.8 7.4 5.7 6.0
Maximum slope 90° 90° 90° 90° 90° 85° 75° 45° 90° 75°
Minimum slope 78° 76° 90° 90° 90° 85° 75° 45° 39° 35°
Mean slope 84° 83° 90° 90° 90° 85° 75° 45° 64.5° 55°
Branching angles NA NA NA NA NA NA NA NA NA 90°
Complexity 3 3 3 3 3 3 3 2 2 4

Tortuosity 14 1.2 1 1 1 1 1 1.1 1.4 1
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FIGURE 15. Other burrow architectures. 1, Y-shaped burrow produced by Hogna lenta (H4). 2, Isolated chamber pro-
duced by adult Gorgyrella inermis (G6). 3, Subvertical shaft with terminal chamber produced by adult G. inermis
(G27). 4, J-shaped burrow produced by juvenile G. inermis (G23).

ity of the burrows produced by all three species is
0.64.

Comparison with Narceus americanus. Fifteen
burrow casts comprising six different architectures
were used for comparison (Bowen and Hembree,
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2014) (Appendix 13). The burrows of Narceus
americanus differ from the spider burrows in seven
properties (Table 6.5). The similarity of the N.
americanus burrows ranges from 1.0-0.5 with a
mean similarity of 0.76 (Appendix 14). The similar-
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FIGURE 16. Cluster analysis of all burrows produced by Gorgyrella inermis in the study. Cluster A contains burrows
with a vertical component. Cluster B contains burrows with a subvertical component and two burrows with vertical
components. Values located at the nodes of the dendrogram are the mean Bray-Curtis similarity score of all burrows
emanating from that node cluster. Brackets above the dendrogram group together main clusters and provide the
mean Bray-Curtis similarity score of the burrows in that cluster. Clusters indicated by letters in yellow circles are clus-
ters of spider burrows that form in all analyses. Burrow architecture is indicated in the key at the bottom of the figure;
see Table 1 for key. Tracemaker is indicated by the color of the box with the associated name.
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FIGURE 17. Cluster analysis of all burrows produced by Hogna lenta in the study. Cluster A consists mainly of bur-
rows with a vertical component. Cluster B consists of burrows with a subvertical component. Formatting is the same
as in Figure 16.
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TABLE 6. Mann-Whitney and Kolmogorov-Smirnov test results (p values) from the comparison of the burrows pro-
duced by arthropods considered in this study. 1) Gorgyrella and Hogna, 2) Spiders and Aphonopelma, 3) Spiders and
Hadrurus, 4) Spiders and Mastigoproctus, 5) Spiders and Narceus. Boxed values indicate statistical difference

(p<0.05). All measurements are in cm, and all angles are in degrees.

1. Gorgyrella inermis and Hogna lenta

Organism  Test Depth Length Width Height W/H Ratio  Circum Slope Complexity Tortuosity
Spiders MW | 0.006505 |0.007414| 0.4677  0.4947 | 0.002494 0.6257  0.5671 0.3968 0.3662
KS | 0.005944 |0.0005882 0.08522  0.325 0.02798 0.317 0.6544 0.2579 0.4907
G. inermis H. lenta
g:}?;{:;scgfs Property Mean  Median sD Range Mean  Median sD Range
Depth 8.9 8.45 4.22 16.6-2.1 5.78 5.7 1.47 8.7-3.2
Length 9.36 85 4.38 18.4-2.5 6.07 6.2 1.42 8.7-3.2
W/H Ratio 1.10 1.1 0.124 1.5-1 1.01 1.0 0.0809 1.2-0.90
2. Spiders and Aphonopelma chalcodes
Organism  Test Depth Length Width Height W/H Ratio Circum Slope Complexity Tortuosity
A. chalcodes MW 0.6675 0.4484  0.2795 0.7426 | 0.01879 0.03599 |[0.01724 | 0.2757 0.02417
KS 0.6696 0.6128 0.02454 0.5568 | 0.01319 0.02991 |0.01319| 0.6128 0.20454
A. chalcodes G. inermis and H. lenta
g:‘f?ggigg Property Mean  Median SD Range Mean  Median sD Range
W/H Ratio  0.659 0.92 0.156 1.3-0.5 1.06 1.0 0.117 1.5-0.9
Circum 14.3 8.43 6.85 9.46-7.4 7.86 7.4 2.31 20.8-5.3
Slope 26.3 35 1.77 45-25 79.56 85 11.27 90-45
Tortuosity  0.754 1.04 0.326 1.1-0.98 1.02 1.0 0.124 1.4-0.50
3. Spiders and Hadrurus arizonensis
Organism  Test Depth Length Width Height W/H Ratio  Circum Slope Complexity Tortuosity
H. arizonensis MW  0.07281 |4.14E-07 | 5.03E-09 |9.35E-05| 1.32E-09 | 1.43E-08 [1.10E-09| 2.04E-09 3.38E-08
KS 0.09865 | 1.04E-05 | 2.70E-10 0.0005116| 3.23E-12 | 2.70E-10 |1.01E-11| 1.52E-08 2.13E-09
H. arizonensis G. inermis and H. lenta
g:}?g;scg‘; Property Mean Median SD Range Mean Median SD Range
Total Length  26.9 23 18.5 76-7 8.03 6.9 3.84 18.4-2.5
Width 4.34 44 0.553 5.2-3.1 248 2.3 0.515 4.3-1.7
Height 1.86 1.9 0.347 24-1.0 2.33 2.3 0.391 3.2-1.6
WI/H Ratio 2.41 24 0.434 3.1-1.7 1.06 1.0 0.117 1.5-0.9
Circum 12.3 12.3 1.96 17.3-9 7.86 7.4 2.31 20.8-53
Slope 17.2 15 1.7 45-5 79.6 85 11.3 9045
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TABLE 6 (continued).

Compexity ~ 4.00 3 212 9-3 2.21 2 0.463 4-2
Tortuosity 1.96 1.3 1.94 9.0-1.1 1.02 1.0 0.124 1.4-0.50
4. Spiders and Mastigoproctus giganteus
Organism  Test Depth Length Width Height W/H Ratio  Circum Slope Complexity Tortuosity
M. giganteus MW 0.9532 |0.001977 | 4.45E-05 | 0.01405 | 1.47E-09 | 1.58E-05 [9.70E-06| 0.01234 0.002202
KS 0.8078 |0.005419| 4.45E-05 | 0.01874 | 6.13E-10 | 2.10E-05 (2.10E-05| 0.07236 0.002164
M. giganteus G. inermis and H. lenta
'Sir]‘c?g;scg; Property Mean  Median sD Range Mean  Median sD Range
Length 17.7 14.25 15.4 66-3.8 8.03 6.9 3.84 18.4-2.5
Width 3.367 34 1.13 5.8-2.1 2.48 2.3 0.515 4.3-1.7
Height 2 1.9 0.512 2.9-1.0 2.33 2.3 0.391 3.2-1.6
W/H Ratio 1.82 1.9 0.342 24-1.2 1.06 1.0 0.117 1.5-0.9
Circum 11.0 10.65 2.30 17-7.3 7.86 7.4 2.31 20.8-53
Slope 55.4 50 211 90-20 79.6 85 11.3 90-45
Compexity 3.17 2 212 10-2 2.21 2 0.463 4-2
Tortuosity 1.31 1.25 0.363 24-1.0 1.02 1.0 0.124 1.4-0.50
5. Spiders and Narceus americanus
Organism  Test Depth Length Width Height W/H Ratio  Circum Slope Complexity Tortuosity
N. americanus MW | 1.01E-05 | 0.1036 | 6.60E-09 |6.80E-09| 0.2743 7.09E-09 (0.007136| 0.444 0.0006592
KS 1.17E-05 | 0.05088 | 3.24E-11 |1.00E-04| 0.05088 | 3.24E-11 |0.04083 | 0.004083 0.005033
N. americanus G. inermis and H. lenta
gir;?g;scgfs Property Mean Median sD Range Mean  Median sD Range
Depth 3.43 3 1.52 6.9-1.9 7.58 6.6 2.96 16.6-2.1
Width 0.106 0.105 0.0157 0.14-0.082 2.48 2.3 0.515 4.3-1.7
Height 0.0961 0.0923 0.0165 0.13-.078 2.33 23 0.391 3.2-1.6
Circum 3.3 3.1 0.486 44-26 7.86 74 2.31 20.8-5.3
Slope 62.4 70 22.6 90-25 79.6 85 11.3 9045
Compexity 24 2 0.737 4-2 2.21 2 0.463 4-2
Tortuosity 6.56 1.23 14.0 43.0-1.0 1.02 1.0 0.124 1.4-0.5
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TABLE 7. Matrix of Bray-Curtis test results for the comparison of Gorgyrella inermis and Hogna lenta burrows to G
inermis burrows. Cells are filled in black where burrows are compared to themselves. Cells with scores of high to mod-
erate similarity (1.0-0.7) are filled in blue with increasing lightness. See Table 1 for burrow architecture key. (PDF only
- see palaeo-electronica.org/content/2015/1057-neoichnology-of-spiders)

TABLE 8. Matrix of Bray-Curtis test results for the comparison of Gorgyrella inermis and Hogna lenta burrow to H. lenta
burrows. Cells are filled in black where burrows are compared to themselves. Cells with scores of high to moderate
similarity (1.0-0.7) are filled in blue with increasing lightness. See Table 1 for burrow architecture key. (PDF only - see
palaeo-electronica.org/content/2015/1057-neoichnology-of-spiders)

ity of the burrows produced by N. americanus and
Gorgyrella inermis ranges from 1.0-0.5 with a
mean of 0.78; the similarity of the burrows pro-
duced by N. americanus and Hogna lenta ranges
from 1.0-0.5 with a mean of 0.78. A cluster analy-
sis results in two separate groups (Figure 23), both
of which containing burrows produced by all three
species. Five N. americanus burrows are included
in Cluster A with a similarity of 0.89, whereas three
burrows are included in Cluster B with a similarity
of 0.88. Cluster A and B differ in mean slope and
complexity (Table 9.5). Cluster C includes two N.
americanus burrows with a similarity of 0.85. This
cluster differs from Clusters A and B in mean width,
mean height, mean circumference, mean slope,
complexity, and tortuosity (Table 9.5). The similarity
of these three clusters is 0.82. Cluster D is com-
posed of five burrows produced by N. americanus
and one burrow (G6) produced by G. inermis. Bur-
row architectures included in Cluster D are subver-
tical shafts, O-shaped burrows, a helical burrow,
and the isolated chamber produced by G. inermis.
This group has a similarity of 0.69 and is distinct
from the other clusters in all properties (Table 9.5).
The similarity of all burrows produced by the three
species is 0.65.

Comparison of all arthropod burrows. A cluster
analysis of the six arthropod species results in two
separate groups (Figure 24). The first group con-
sists of the four distinct clusters formed by the bur-
rows of Gorgyrella inermis and Hogna lenta.
Clusters A, B, and C all include burrows produced
by G inermis, H. lenta, Mastigoproctus giganteus,
and Narceus americanus. Cluster A has a similarity
of 0.90, Cluster B has a similarity of 0.88, and Clus-
ter C has a similarity of 0.86. The similarity of all
three clusters is 0.83. Cluster A and Cluster B differ
in mean slope and complexity, whereas Clusters A,
B, and C differ in mean slope (Table 9.6). Cluster D
includes the burrows produced by G. inermis, H.
lenta, and N. americanus and has a similarity of
0.73. This cluster is composed of subvertical
shafts, O-shaped burrows, and the isolated cham-
ber. Cluster D differs from Clusters A, B, and C in
all properties but depth and length (Table 9.6).

These four clusters have a similarity of 0.71. The
second group consists of two distinct clusters,
Clusters E and F, and is composed of all Apho-
nopelma chalcodes, all Hadrurus arizonensis, eight
M. giganteus, and one N. americanus burrow
casts. Cluster E includes subvertical ramps and
helical burrows and has a similarity of 0.78. Cluster
F includes mazeworks, U-shaped burrows, J-
shaped burrows, helical burrows, and subvertical
ramps and has a similarity of 0.79. Clusters E and
F differ in depth, width-to-height ratio, mean slope,
complexity, and tortuosity (Table 9.6). Clusters A,
B, C, and D differ from Clusters E and F in all prop-
erties but depth and mean height (Table 9.6). The
similarity of all burrows produced by the arthropods
is 0.53.

Environmental controls on burrow morphology.
Eight different Mann-Whitney and Kolmogorov-
Smirnov tests were run for both species, but no
characteristics were found to be significantly differ-
ent when conditions changed (Table 10).

DISCUSSION
Burrow Morphology and Tracemaker

Two species of burrowing spiders produced
seven different burrow architectures. Gorgyrella
inermis produced six of these architectures,
whereas Hogna lenta produced four. Individuals of
both species produced multiple burrow architec-
tures in different experiments. Although G. inermis
and H. lenta are distantly related, both species pro-
duced four of the same burrow architectures.
Nearly all burrow architectures produced by G
inermis and H. lenta share common features: a sin-
gle burrow opening, a nonbranching vertical to
subvertical shaft with a circular-to-elliptical cross-
section, a width-to-height ratio of approximately
one, and surficial features related to a silk-lining.
These features are reflective of the general spider
body form. The bodies of G. inermis and H. lenta
consist of a cephalothorax and an abdomen. The
eight legs radiate from the cephalothorax, forming
a generally circular shape. This allows the spiders
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FIGURE 18. Cluster analysis of all burrows produced by Gorgyrella inermis and Hogna lenta. Clusters A (vertical) and
B (subvertical) are maintained, but an additional cluster, C, forms. Cluster C contains the J- and Y-shaped burrows.
The isolated chamber is not included in any cluster. Formatting is the same as in Figure 16.

climbing technique used by the other two spider
species. Burrow properties related to the subverti-
cal ramp morphology and the tarantula’s locomo-
tion technique produced statistically significant
differences when compared to the other spiders
(Table 6.2). Surficial features of tarantula burrows
included protrusions on the burrow walls resulting
from the excavation of sediment and the absence
of a silk lining. The dissimilarity in burrow morphol-
ogy between the tarantulas and other spiders
would make linking the tarantula burrow to a large
spider difficult.

The scorpion Hadrurus arizonensis and the
whip scorpion Mastigoproctus giganteus are super-
ficially very similar in morphology. Both species
have large pedipalps modified into pincers, an
elongate, low body, and a long tail. These arach-
nids, therefore, have a much different body plan
than do the spiders. Hadrurus arizonensis exca-
vated its burrows by kicking loose sediment behind
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it or by picking up sediment with its walking legs
(Hembree et al., 2012). Mastigoproctus giganteus
excavated sediment using its pedipalps and depos-
ited the material outside of the burrow (Hembree,
2013). The scorpions and whip scorpions produced
simple vertical shafts and subvertical ramps as well
as more complex burrow architectures not pro-
duced by either Gorgyrella inermis or Hogna lenta,
including U-shaped burrows, helical burrows, and
mazeworks (Hembree et al., 2012; Hembree,
2013). The burrows of H. arizonensis and M.
giganteus vary from the spider burrows in all bur-
row properties but depth (Table 6.3—4). The scorpi-
ons and whip scorpions produced surficial features
that differ greatly from those produced by the spi-
ders. The burrows of H. arizonensis include no bio-
glyphs or surface sculpture marks and the texture
of the walls is controlled by the surrounding sedi-
ment (Hembree et al., 2012). The upper surface of
M. giganteus burrows is irregular and the floors are
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TABLE 9. Mann-Whitney and Kolmogorov-Smirnov test results (p values) from the comparison of clusters in each den-
drogram. 1) Gorgyrella and Hogna (Figure 18), 2) Spiders and Aphonopelma (Figure 20), 3) Spiders and Hadrurus
(Figure 21), 4) Spiders and Mastigoproctus (Figure 22), 5) Spiders and Narceus (Figure 23), 6) All arthropods (Figure

24). Boxed values indicate statistical difference (p<0.05). All measurements are in cm, and all angles are in degrees.

1. Gorgyrella inermis and Hogna lenta

Clusters Test Depth Length Width Height ;: {cli-lo Circum Slope Complexity Tortuosity
Aand B MW 0.5284 0.8672 0.6977 0.5268 0.2726 0.7476 | 1.83E-07 0.2561 0.136
KS 0.4373 0.8424 0.5739 0.4144 0.1505 0.4729 | 1.15E-08 | 0.005935 0.4033
Cand (A+B) MW 0.6862 0.7465 0.05439 | 0.03994 | 0.9541 | 0.04611 | 2.66E-02 0.1712 0.08435
KS 0.895 0.7386 0.03906 | 0.02582 | 0.7959 | 0.03184 | 2.58E-02 0.5583 0.02083
Analysis of . .
Differences: Property Mean Median SD Range Mean Median SD Range
A and B Cluster A Cluster B
Slope 86.4 87 3.92 90-75 68.9 70 5.84 75-60
Complexity  2.23 2 0.425 3-2 2.08 2 0.277 3-2
C and (A+B) Cluster C Cluster (A+B)
Width 1.9 1.9 0 1.9-1.9 2.48 23 0.515 4317
Height 1.75 1.75 0.0707 1.9-1.9 2.37 2.35 0.517 3.2-1.6
Circum 5.85 5.85 0.212 6.0-5.7 7.6 7.5 2.35 20.8-5.3
Slope 59.75 59.75 6.72 64.5-55 81.3 85 9.26 90-60
Tortuosity 0.8 0.8 0.283 1.0-0.6 1.02 1 0.124 1.4-05
2. Spiders and Aphonopelma chalcodes
Clusters Test Depth Length  Width Height W/MH  Circum  Slope Complexity Tortuosity
A and B MW 0.8119 0.874 0.6901 0.6409 0.47 0.8031 | 5.25E-05 0.3396 0.3312
KS 0.9316 0.9316 0.7889 0.6404 0.1809 0.7559 | 2.30E-06 | 0.001312 0.2426
Cand (A+B) MW 0.7523 0.6274 0.04811 [ 0.03615 | 0.8564 | 0.04138 | 3.67E-02 0.1424 0.07881
KS 0.8661 0.6369 0.0347 0.0238 | 0.8441 | 0.0288 | 4.16E-02 0.5559 0.01959
D and MW 0.0208 0.1911 0.2138 | 0.07124 | 0.941 0.3748 | 1.71E-02 0.5426 0.7274
(A+B+C)
KS | 0.01583 | 0.2749 0.3897 | 0.04716 | 0.5551 0.737 1.30E-02 0.01918 0.6591

smooth whereas the walls feature paired protru-
sions, resulting from the excavation of material by
the animal’s pedipalps (Hembree, 2013).

The millipede Narceus americanus has an
elongate, low body with multiple pairs of walking
legs. While this species does not have any
appendages specifically modified for grasping, it
has been observed using its mandibles to pick up
sediment grains (Bowen and Hembree, 2014). Nar-
ceus americanus produces simple vertical shafts
and subvertical shafts as well as helical burrows,

O-shaped burrows, and U-shaped burrows, archi-
tectures not produced by the spiders (Bowen and
Hembree, 2014).

The burrows of N. americanus vary from the
spider burrows in all burrow properties but burrow
length and width-to-height ratio (Table 6.5). The
similar width-to-height ratio may result from the mil-
lipede’s anatomy. These animals are vaguely circu-
lar in cross section, and they construct their
burrows by compression of the sediment with their
bodies (Bowen and Hembree, 2014). The burrow
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TABLE 9 (continued).

[';\i?lerfr:zeosf: Property = Mean Median SD Range | Mean Median SD Range
Aand B Cluster A Cluster B
Slope 86.4 87 3.92 90-75 68.9 70 5.84 75-60
Complexity 2.226 2 0.425 3-2 2.08 2 0.277 3-2
C and (A+B) Cluster C Cluster (A+B)
Width 1.90 1.9 0 1.9-1.9 2.50 2.35 0.518 4.3-1.7
Height 1.75 1.75 0.0707 1.8-1.7 2.37 2.32 0.377 3.2-16
Circum 5.85 5.85 0.212 6-5.7 7.96 75 2.35 20.8-5.3
Slope 59.8 59.8 6.71 64.5-55| 81.3 85 9.260 90-60
Tortuosity 0.8 0.8 0.283 2.0-1.6 1.02 1 0.124 1.4-0.05
D and Cluster D Cluster (A+B+C)
(A+B+C)
Depth 2.6 2.6 0.707  3.1-21 7.76 6.65 3.65 16.6-2.5
Height 1.75 1.75 0.0707 1.8-1.7 2.34 2.3 0.390 3.2-16
Slope 35 35 14.1 45-25 80.3 85 10.1 90-55
Complexity 2 2 0 2-2 2.22 2 0.767 4-2
3. Spiders and Hadrurus arizonensis
Clusters  Test Depth Length Width Height ;: {:i-lo Circum Slope  Complexity Tortuosity
Aand B MW 0.5284 0.8672 0.6977 0.5268 0.2726  0.7476 | 1.83E-07 0.2561 0.136
KS 0.4373 0.8424 0.5739 0.4144 0.1505 0.4729 | 1.15E-08 | 0.005935 0.4033
Cand (A+B) MW  0.6862 0.7465 | 0.05439 | 0.03994 | 0.9541 | 0.04611 | 2.66E-02 0.1712 0.08435
KS 0.895 0.7386 | 0.03906 | 0.02582 | 0.7959 | 0.03184 | 2.58E-02 0.5583 0.02083
D and MW 0.0779 |4.14E-07 | 3.54E-09 |1.15E-04(5.29E-10|1.48E-08( 1.10E-09 | 5.46E-09 | 8.05E-09
(A+B+C+GBb)
KS  0.09865 |1.03E-05| 2.70E-07 0.003956 3.23E-12|7.68E-10( 1.04E-11 3.92E-08 1.35E-06
I;?fae%sr:zeosf: Property  Mean Median SD Range Mean Median SD Range
Aand B Cluster A Cluster B
Slope 86.4 87 3.92 90-75 68.9 70 5.84 75-60
Complexity — 2.26 2 0.425 3-2 2.08 2 0.277 3-2
C and (A+B) Cluster C Cluster (A+B)
Width 1.9 1.9 0 1.9-1.9 25 2.35 0.377 3.2-1.6
Height 1.75 1.75 0.0707 1.9-1.9 2.37 2.3 0.517 3.2-16
Circum 5.85 5.85 0.212 6.0-5.7 7.6 75 2.35 20.8-5.3
Slope 59.75 59.75 6.72 64.5-55| 81.3 85 9.26 90-60
Tortuosity 0.8 0.8 0.283 1.0-0.6 1.03 1.0 0.110 1.4-0.5
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D and (A+B+C+G6) Cluster D Cluster (A+B+C+G6)
Length 26.9 23 18.5 76-7.0 8.03 6.9 3.83 18.4-2.5
Width 4.34 44 0.553 5.2-3.1 2.48 2.3 0.515 4.3-1.7
Height 1.86 1.9 0.347 24-1.0 2.33 2.3 0.391 3.2-16
W/H Ratio  2.41 24 0434 3.1-13 1.06 1.0 0.117 1.5-0.9
Circum 12.3 12.3 1.957 17.3-9.0| 7.86 7.4 2.31 20.8-5.3
Slope 17.2 15 1.7 45-5 79.6 85 1.3 90-45
Complexity 4 3 2.12 9-3 2.21 2 0.463 4-2
Tortuosity 1.96 1.3 1.94 9.0-1.1 1.02 1.0 0.124 1.4-0.5
4. Spiders and Mastigoproctus giganteus
Clusters Test Depth Length Width Height R"I: {:i-lo Circum Slope  Complexity Tortuosity
Aand B MW 0.5695 0.8012 0.883 0.6538  0.311 0.9417 | 4.21E-05 0.4108 0.3301
KS 0.6414 0.973 0.8003 0.8466 0.07347 0.9289 | 8.11E-06 | 4.49E-05 0.05098
Cand (A+B) MW  0.4613 0.07504  0.9264 0.09654 0.1914 0.9877 | 5.76E-03 0.1023 0.5669
KS 0.4241 0.2973 0.4528 0.1178 0.5131 0.4528 | 3.19E-03 0.2973 0.3445
D and MW  0.2556 |7.86E-01| 1.84E-01 |5.40E-01(6.17E-02|1.69E-01| 5.83E-03 | 5.12E-01 4.53E-01
(ArB+C) KS 0.2853 | 8.30E-01 | 3.65E-01 | 0.4104 |6.31E-02(3.65E-01| 3.67E-03 | 4.63E-03 | 7.81E-01
E and MW  0.5828 |4.62E-05| 4.25E-04 |3.03E-01(5.02E-05|6.58E-04| 5.70E-06 | 6.66E-06 1.57E-06
(ArB+C+D) KS 0.8059 |7.21E-05| 3.97E-04 | 0.2461 |1.71E-05(8.79E-04| 4.79E-07 | 8.79E-04 1.40E-06
[I;\i?lerfr:zeosf: Property = Mean Median SD Range | Mean Median SD Range
AandB Cluster A Cluster B
Slope 81.1 85 9.30 90-60 68.3 70 60.9 75-60
Complexity  2.16 2 0.370 3-2 2.07 2 0.267 3-2
Tortuosity 1.03 1.0 0.107 1.4-0.5 1.04 1.0 0.0514 1.1-1.0
C and (A+B) Cluster C Cluster (A+B)
Height 61.1 62.3 4.66 65-55 79.6 84.5 10.4 90-55
D and Cluster D Cluster (A+B+C)
Length 6.73 8 2.64 8.5-3.7 8.39 7.4 4.58 26.5-2.5
Width 2.87 3 0.321 3.1-25 2.62 25 0.707 5.8-1.7
Height 2.13 1.9 0.404 26-1.9 2.26 2.3 0.447 3.2-1.0
W/H Ratio  1.37 1.3 0.208 106-1.2| 1.18 1.1 0.312 2.2-0.9
Circum 9.73 10 2.21 11.8-7. 8.26 7.5 252 20.8-5.3
Slope 48.3 50 2.89 50-45 77.9 83 12.4 9045
Complexity 2 2 0 2-2 2.19 2 0.441 4-2
Tortuosity 1.05 1.06 0.0502 1.1-1.0 1.03 1 0.123 1.4-0.5
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TABLE 9 (continued).

E and Cluster E Cluster (A+B+C+D)
(A+B+C+D)
Length 22.2 19.25 18.0 66-125| 8.40 7.4 4.58 26.5-2.5
Width 4.16 415 1 57-2.4 2.62 25 0.707 5.8-1.7
Height 2.13 1.95 0.12 2.9-1.6 2.26 2.3 0.447 3.2-1.0
W/H Ratio  1.94 1.95 0.267 24-15 1.18 1.1 0.312 2.2-0.9
Circum 12.2 10.9 3.09 17.0-8.3| 8.26 7.5 2.52 20.8-5.3
Slope 36.9 375 9.22 47-20 77.9 83 12.4 9045
Complexity 4.5 35 2.67 10-2 2.19 2 0.441 4-2
Tortuosity 1.6 1.5 0.363  2.4-13 1.03 1.0 0.124 1.4-0.5
5. Spiders and Narceus americanus
Clusters Test Depth Length Width Height I;I:/t'i-'o Circum Slope Complexity Tortuosity
Aand B MW 0.775 0.9409 0.8151 0.6481 0.2242 0.8738 | 2.08E-08 0.2501 0.1065
KS 0.3038 0.3038 0.7461 0.5839 0.2052 0.6381 | 7.20E-10 | 2.85E-03 0.3431
Cand (A+B) MW  0.5194 0.7809 0.0084 ]0.006638| 0.8771 | 0.0132 | 1.83E-03 0.5232 0.5072
KS 0.8792 0.726 | 0.009266 |0.005264( 0.6869 [0.007009| 1.13E-03 0.02982 0.3073
D and MW [ 0.006464 | 6.31E-01 | 2.23E-02 |4.36E-03 [1.90E-02|8.97E-03( 9.25E-05 | 4.53E-02 | 3.03E-03
(ArB+C+Go) 0.005894 | 2.10E-01 | 5.89E-03 |0.002205|5.89E-03|5.89E-03| 3.11E-05 | 1.72E-01 2.56E-02
Analysis of Property Mean Median SD Range Mean Median SD Range
Differences:
Aand B Cluster A Cluster B
Slope 86.3 87 4.09 90-75 69.1 70 5.45 75-60
Complexity 2.2 2 0406 1.4-05 2.07 2 0.258 3-2
C and (A+B) Cluster C Cluster (A+B)
Width 0.955 0.955 1.09 1.9- 222 23 0.925 4.3-0.815
0.0096
Height 0.880 0.855 1.01 1.8- 2.10 23 0.825 3.2-0.0825
0.0083
Circum 4.47 4.41 1.59 6.1-3.1 7.40 7.35 2.69 20.8-2.6
Slope 55.7 59.8 124  65-383| 81.1 85 9.1 90-60
Complexity 2.5 2 1.00 4-2 2.16 2 0.370 3-2

walls and ceilings are typically smooth as a result
of this burrowing technique, but because of
absence of a silk lining the wall texture is controlled
by the sediment.

Burrow Morphology and Behavior

The morphology of the burrows produced by
Gorgyrella inermis and Hogna lenta is related to
the behaviors exhibited by these species. Most
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importantly, the locomotion styles employed by the
spiders controlled how the spiders constructed
their burrows and how they behaved inside of the
finished burrows.

The average time to beginning burrow con-
struction was five days. All burrows began as either
a vertical shaft or subvertical shaft with one surface
opening. Subsequent modifications to these archi-
tectures, such as second surface opening or a
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D and Cluster D Cluster (A+B+C)
(A+B+C)
Depth 3.67 2.95 1.82 6.9-1.9 7.12 6.55 3.74 16.6-1.9
Length 8.09 9.7 409 125-2.34 754 6.75 3.88 18.4-1.9
Width 1.01 1.09 0.883 2.5-0.105 2.12 2.3 0.985 4.3-0.0096
Height 0.841 0.878 0.695 1.9- 2.01 2.25 0.888 3.2-0.0083
0.0824
W/H Ratio  1.21 1.25 0.132 1.31- 1.06 1.0 0.117 1.5-0.89
0.964
Circum 4.04 34 1.67 7.4-3.1 7.18 7.3 2.73 20.8-2.6
Slope 39.3 36.3 12.1 60-25 79.2 84.5 1.4 90-38.3
Complexity — 2.67 25 0.816 4-2 2.19 2 0.436 4-2
Tortuosity 14.5 1.46 20.6 43-1.0 1.04 1.0 0.212 2.3-0.5
6. All Arthropods
Clusters Test Depth Length Width Height I::/tli-lo Circum Slope Complexity Tortuosity
Aand B MW 0.6142 0.811 0.6131 0.9046 0.1495 0.6567 | 2.10E-09 0.6933 0.1103
KS 0.3741 0.212 0.6751 0.8472 0.1127 0.8173 | 3.00E-11 0.001851 0.2362
Cand (A+B) MW  0.6934 0.05814  0.8784 0.1142 0.4974 0.8288 | 8.54E-04 0.1377 0.1976
KS 0.559 0.1132 0.4343 0.1048 0.5988 0.3781 | 2.56E-04 0.07935 0.1176
D and MW 0.0873 0.5791 0.1606 |0.008276( 0.03095 | 0.164 5.36E-06 0.6551 0.005936
(ArB+0) KS 0.1617 0.1538 | 0.02949 | 0.01397 |0.004231| 0.03811 | 1.00E-04 | 0.002128 0.1008
Eand F MW [ 0.004284 | 0.05873  0.6612 0.3658 | 0.022 | 0.8178 | 8.22E-06 | 0.0001995 0.3299
KS [ 0.002861 | 0.1523 0.3668 0.7977 |0.08807 | 0.952 2.32E-06 0.0003 0.4693
(A+B+C+D) MW  0.9072 (3.51E-10| 7.40E-11 | 0.2881 [9.28E-10(4.38E-10| 4.77E-14 | 3.44E-12 1.79E-07
and (E+F) KS 0.972 | 7.20E-09 | 2.25E-12 | 0.06005 |2.41E-12|1.50E-11| 1.74E-16 | 9.39E-11 1.07E-06
[;?leisr:eosf: Property = Mean Median SD Range Mean Median SD Range
Aand B Cluster A Cluster B
Slope 85.9 85 4.09 90-75 68.9 70 5.77 75-60
Complexity — 2.17 2 0.381 3-2 217 2 0.529 4-2
C and (A+B) Cluster C Cluster (A+B)
Slope 61.9 64.5 4.39 65-55 80.9 85 9.05 90-60

chamber, occurred only in experiments lasting 30
days. Both species climbed vertically inside of their
burrows by bracing their legs against the sides.
This behavior produces scratch marks in the silk
linings and in finer-grained sediment. The spiders
also walked along the bottoms of burrows with a

subvertical shaft; however, a few legs were still
braced against the burrow walls.

All seven burrow architectures were used for
dwelling. During the experiments, Gorgyrella iner-
mis never left their burrows. Gorgyrella inermis
individuals spent a majority of their time at the base
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TABLE 9 (continued).

D and Cluster D Cluster (A+B+C)
(A+B+C)
Width 1.75 1.13 0.943 3.1-1.02| 225 2.3 1.1 5.8-0.082
Height 1.37 1.07 0.678 2.6-0.79| 1.95 22 0.870 3.2-0.078
W/H Ratio  1.26 1.28 0.177 1.6-0.965 1.16 1.10 1.10 2.2-0.89
Circum 5.72 3.62 354 11.8-3.1| 7.48 7.30 2.91 20.8-2.6
Slope 43.6 41.7 9.29 60-33 79.4 83 10.2 90-55
Complexity — 2.25 2 0.469 3-2 2.21 2 0.481 4-2
Tortuosity 11.1 1.16 18.5 43-1.0 1.06 1.0 0.209 2.3-0.5
Eand F Cluster E Cluster F
Depth 5.22 4.2 3.25 16-2.8 7.85 7.7 2.57 12.4-2.9
W/H Ratio  2.33 24 0.650 3.1-0.55| 1.84 2 0.476 2.5-0.77
Slope 13.3 13 6.58 25-5 35.9 35 7.84 47-25
Complexity — 2.87 3 0.352 3-2 5.38 4 2.63 10-3
(A+B+C+D) and Cluster (A+B+C+D) Cluster (E+F)
(E+F)
Length 7.90 6.8 451 265-19| 253 19 17.7 76-6.1
Width 2.19 2.3 1.09 5.8-0.082 4.18 4.35 1.17 6.6-0.12
W/H Ratio  1.17 1.1 0.287 2.2-0.89| 2.10 2.05 0.617 3.1-0.55
Circum 7.28 7.3 3.01 20.8-2.6| 12.1 12.05 3.10 19.1-34
Slope 75.4 80 15.2 90-33 23.8 225 13.5 47-5
Complexity — 2.21 2 0.476 4-2 4.04 3 2.19 10-2
Tortuosity 2.10 1.0 6.67 43-0.5 1.75 1.3 1.55 9.0-0.52

of their burrows facing outward. The burrow shafts
produced by G. inermis were not wide enough to
allow individuals to turn around inside of the bur-
rows. Gorgyrella did have to turn around, however,
because G inermis eliminates waste outside of its
burrow by positioning its abdomen outside of and
away from the burrow entrance. Most individuals
were, therefore, forced to climb to the top of the
burrow and maneuver their bodies while straddling
the burrow entrance directly underneath the trap-
door. Those that constructed chambers, however,
utilized them to turn their bodies and spent less
time exposed at the burrow entrance. In contrast,
Hogna lenta individuals left their burrows to hunt
and obtain water. These excursions occurred
mainly during dark hours, and the spiders utilized
the entire surface area inside of the terrarium. The
burrow shafts produced by H. lenta were larger
than their bodies and enabled individuals to turn
around inside of their burrows.

The morphology of Gorgyrella inermis bur-
rows enables this species to ambush prey from the
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entrance of its burrow. Spiders waited near the top
of the burrow, hidden underneath the trapdoor, and
used the posterior four legs to brace against the
shaft walls. Two legs held onto the rim of the bur-
row and the two anterior legs and pedipalps were
used to grab prey that came near the burrow
entrance. The spider grabbed the animal, pulled it
into the burrow, and then moved to the base of the
burrow to consume its prey. Individuals that did not
produce burrows were still able to catch prey, but
they were not as successful as evidenced by abdo-
mens that were smaller and desiccated compared
to those living in burrows. Prey was observed
escaping these individuals, whereas no prey was
ever seen escaping from a burrow. The burrow
architectures produced by Hogna lenta did not
assist in obtaining prey. Hogna lenta is an active
hunter that searches for prey animals near its bur-
row; however, one individual was observed
ambushing its prey from its burrow entrance. Most
H. lenta individuals consumed their prey on the
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TABLE 10. Mann-Whitney and Kolmogorov-Smirnov test results (p values) from the comparison of the properties of
Gorgyrella and Hogna burrows produced under different experimental conditions including terrarium size, sediment

density, and sediment moisture. No results indicated significant differences (p<0.05).

Siz-rt::rrsar:niltj;Lg Densl;tg'isl\::)d to Den;ig:sznsc:d to Moisture: Mod to Dry Moistux;tMod to
G. inermis MW KS Mw KS MW KS Mw KS MW KS

Depth 0.06619  0.05292 0.8852 0.5344 0.3123  0.5344 0.1939 0.1075 0.4875  0.7361
Total Length 0.1761 0.3572 0.665 0.5344 0.3123  0.5344 0.1939 0.1075 0.4875  0.7361
Averge Width 0.7133 0.2587 0.8852 0.9969 0.3123  0.2195 0.3123 0.1075 0.8170  0.9355
Average Height 0.9025 0.8757 0.6650 0.9969 0.3123  0.5344 0.3123 0.5344 0.8170  0.9356
Average Circ 0.7133 0.8778 0.1939 0.1075 0.3094  0.1075 0.4075 0.5344 0.8170  0.7361
Average Slope  0.8510  0.05292 0.1479 0.9969 0.5385  0.5344 0.7715 0.5344 1 0.7361
Complexity 0.1282 0.4772 0.1814 0.5344  0.8687 1 0.1814 0.5344 0.4017  0.7361
Tortuosity 0.2330 0.2235 0.6650 0.5344 0.1913  0.5344 0.1124 0.1075 0.1052  0.1376

Size: Sm_ tolLg Density: Mod to Density: Mod to Moisture: Mod to Dry Moisture: Mod to

Terrarium Denser Densest Wet
H. lenta MW KS Mw KS MW KS Mw KS MW KS

Depth 0.6625 0.9762 0.6625 0.3197 0.8597  0.9610 0.7728 0.9906 0.77828  0.4249
Total Length 0.3827 0.3197 0.6579 0.3197 0.8597  0.9610 0.7728 0.9906 0.3865  0.4249
Averge Width 0.6625 0.9762 0.6625 0.9762 0.8597  0.8214 0.7728 0.8979 0.3865  0.6001
Average Height 0.3827 0.3955 1 0.9762 0.8597  0.9610 0.7728 0.9906 0.7728  0.7796
Average Circ 1 0.9762 0.07652 0.03626 0.5926  0.6160 0.7671 0.7796 0.3743  0.4249
Average Slope  0.1642 0.3197 0.1642 0.3197 0.2756  0.1520 0.3173 0.4249 0.3329  0.4249
Complexity 1 0.9762 0.5050 0.9762 0.3865 0.9610 0.6831 0.9906 0.6831 0.9906
Tortuosity 0.6428 0.9762 0.3537 0.3197  0.8454  0.9988 0.6831 0.9906 0.7469  0.7796

surface, but some brought their prey into the bur-
rows.

In addition to dwelling, two Hogna lenta indi-
viduals (FWS2 and FWS5) used their burrow for
brooding. Both spiders produced vertical shafts in
less dense sediment and subvertical shafts in the
densest sediment. The quantitative properties of
these burrows were statistically similar those pro-
duced by the other H. lenta individuals that did not
lay eggs (Table 11). One individual was allowed to
keep its egg sac until after the young hatched (60
days). This brood burrow had no unique qualitative
features, and its measurements were statistically
similar to other H. lenta vertical shafts.

Burrow Morphology and Sediment Conditions

Observations of the burrows produced by
Gorgyrella inermis and Hogna lenta at the conclu-
sion of each experiment indicate that differences in
sediment conditions, both sediment density and
moisture, influenced the diversity of architectures
produced and the possibility of burrow construc-

tion. Each species of spider was allowed to burrow
in sediment of moderate density and moderate
moisture. Experiments in these sediments pro-
duced the most diverse set of architectures (Table
1.1). Three of the architectures, subvertical shafts
with terminal chambers, isolated chambers, and Y-
shaped burrows, were only produced in this sedi-
ment type.

Increased sediment density led to the produc-
tion of only two burrow architectures (Table 1.2).
Only adult Gorgyrella inermis individuals produced
chambers under these conditions; juvenile Gor-
gyrella inermis individuals and Hogna lenta individ-
uals produced only vertical and subvertical shafts.
Denser sediments limited the ability of the spiders
to manipulate the sediment and construct complex
burrow architectures. Comparison of adult G. iner-
mis burrows to those of juvenile G. inermis and H.
lenta suggests that smaller spiders were not physi-
cally capable of constructing more than simple bur-
rows. One adult G inermis individual did not
construct a burrow in this sediment and instead
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produced a silk mat. The stability of this sediment
was also shown by the lack of silk lining on the bur-
row walls. Burrowing animals may apply linings to
the sides of the burrows to increase structural
integrity (Bromley, 1996). The spiders did not
expend energy shoring-up burrows that did not
need the addition of a silk lining. Although architec-
tural diversity was decreased, quantitative features
of these burrows were not statistically different than
those produced in more ideal sediments.

Decreasing sediment moisture limited the bur-
row architectures produced and even prevented
the production of open burrows. Both Gorgyrella
inermis and Hogna lenta produced simple burrows,
although one G. inermis individual did produce a J-
shaped burrow, the only experiment in which this
architecture was produced. Three individuals, one
G. inermis and two H. lenta, did not produce any
open burrows. Neither the thickness of the silk lin-
ings nor the surface area of the burrow chamber
covered in silk increased when compared to the
burrows produced in sediments with moderate
moisture.

Increasing sediment moisture also limited the
number of burrow architectures produced and pre-
vented the production of open burrows. Two of the
four individuals of Gorgyrella inermis and two of the
four individuals of Hogna lenta did not construct
burrows in these conditions. Those burrows that
were produced were only simple vertical shafts. As
observed before, the stability of the sediment was
shown by the lack of silk lining applied to the bur-
row walls. Again, although architectural diversity
was decreased, quantitative features of these bur-
rows were not statistically different than those pro-
duced in more ideal sediments (Table 1.3).

These observations may be useful for inter-
preting soil conditions in the fossil record. Spiders
had difficulty burrowing in sediments that were too
dense, too dry, or too moist. These conditions can
be interpreted by a decrease in burrow complexity
and diversity. The identification of a silk lining may
be the best indicator of environmental conditions.
The production of silkk has physiological cost
(Breed et al., 1964; Prestwich, 1977), and spiders
do not use silk when it is unnecessary. Gauging the
amount of silk present when a spider burrow is
identified is a reliable indicator of sediment stability,
although it would be difficult to distinguish if the sta-
bility is controlled by composition or moisture con-
tent by burrow analysis alone.
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SIGNIFICANCE

Identification of Spider Burrows in the Fossil
Record

Identification of burrows produced by a spe-
cific tracemaker is accomplished through the rec-
ognition of unique characteristics, or ichnotaxo-
bases, present in those burrows made by living
animals. Ichnotaxobases for the burrows produced
by burrowing spiders include:

Architecture. Spider burrows can include vertical
shafts, vertical shafts with terminal chambers, sub-
vertical shafts, subvertical shafts with terminal
chambers, J-shaped burrows, Y-shaped burrows,
and isolated chambers. These burrows include one
to two surface openings, shafts, tunnels, and
chambers.

Overall shape. Shafts and tunnels are elliptical in
cross section. There is no clear floor or roof to
these burrows. Shaft and tunnel width is nearly the
same as shaft and tunnel height. Shafts and tun-
nels tend to be straight with tortuosity values nearly
equal to 1.0. Chambers may occur at the base of a
shaft or off to the side along the horizontal. Cham-
bers have the same cross-sectional shape and
may be up to two times the size of shafts and tun-
nels. Branching occurs rarely. When present each
branch has a single surface opening and leads to a
primary shaft.

Orientation. Nearly all spider burrows are vertical
(80°-90°) or subvertical (60°-75°) just below the
burrow entrance.

Internal structure. Burrows made by spiders pos-
sess no distinguishable lining made by manipula-
tion of sediment. Fill may be passive or active, but
spiders seal their burrows with trapdoors made of
silk and sediment to prevent passive fill. Burrows
lacking a thick silk lining are more likely to be filled
passively by gravitational collapse of the sediment.
Surficial features. Burrowing spiders line their
burrows with silk. Burrows produced in sediment
that is unstable have thick silk linings, whereas
those produced in stable sediment have thin or no
silk linings. Scratch marks are preserved in silk lin-
ings running parallel to the burrow and occur along
the entire length of the burrow. Those burrows with
little to no silk linings have irregular burrow walls
and no surficial features.

Paleontological and Paleoecological
Significance

In some circumstances, trace fossils may be
more beneficial to paleoenvironmental interpreta-
tion than body fossils. Trace fossils are often pre-
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TABLE 11. Mann-Whitney and Kolmogorov-Smirnov test results (p values) between burrows produced by Hogna lenta
individuals with a brood and those without a brood. No results indicated significant differences (p<0.05).

Dwelling vs. brood burrows of H. lenta

. Total Avg Avg W/H . Avg . .
Architecture Test Depth Length Width Height Ratio Avg Circ Slope Complexity Tortuosity
Vertical Shaft MW  0.0519  0.05019  0.8961 0.3608 0.8961 0.8961 0.3865 1 0.8724

KS 0.02626 0.02626  0.9208 0.1747 0.6509 0.9208 0.3658 0.3197 0.6509
Subvertical MW  0.3286 0.3329 0.8465 0.8465 0.8465 0.8465 0.8407 1 0.8465
Shaft KS 0.4739 0.4739 0.7052 0.7052 0.9093 0.7052 0.9093 0.3197 0.7052

served in the sediment in which they were formed
and so are able to provide reliable indicators of the
paleoenvironmental conditions (Bromley, 1996).
This differs from body fossils, which may be carried
away from the environment in which the organism
lived. Trace fossils also provide records of organ-
isms with low preservation potential, namely those
organisms lacking hard body parts (Bromley,
1996). This is important for paleoecological inter-
pretations as soft-bodied organisms may comprise
most of the biomass in an ecosystem. As a result,
the diversity of trace fossils may be used to
improve estimates of biological diversity (Frey,
1975).

With a fossil record extending back to the Car-
boniferous, spider burrows should be commonly
identified in the fossil record. Some terrestrial fossil
burrows (e.g., Macanopsis and Skolithos) have
been attributed to various arthropods, including
spiders (Ratcliffe and Fagerstrom, 1980; Brown
and Kraus, 1983; Hasiotis, 2002; and Retallack et
al., 2003). A wide variety of tracemakers, however,
could make burrows with similar architectures. The
identification of spider burrows allows for better
interpretation of this group’s evolution as well as
provides a better understanding of soil ecosystems
through time. Body fossils of spiders are rare in the
Paleozoic, and younger fossils are often preserved
in amber (Shear, 1994).

Spiders are major predators of invertebrates,
and this order consists entirely of carnivores
(Clarke and Grant, 1968; Reichert and Lockley,
1984; Hodge, 1999). The density and diversity of
spiders are indicative of the health of an ecosystem
as they require enough animals to prey upon. Spi-
ders are also prey items for other animals, so the
presence of larger predators may be inferred as
well. The number of spider individuals can be
assessed by counting the number of spider bur-
rows present in modern habitats, although the den-
sity of spider abundance varies depending on

species and habitat. For example, Bradley (1996)
found that the density of Australian trapdoor spi-
ders is on average 391/ha, whereas Coyle and
Incenogle (1994) found that density of a trapdoor
spider in California could be up to 300 individuals
per 3 m2. Species of both mygalomorphs and
aranemomorphs remain faithful to their burrows for
long periods of time (e.g., Suttle, 2003; Hamilton et
al., 2012). Burrow fidelity was also observed in this
study. Individuals of Gorgyrella inermis constructed
only one burrow, whereas some individuals of
Hogna lenta abandoned a burrow to construct a
new one. The new burrow became the primary
dwelling, and the abandoned burrow became filled
with sediment or collapsed.

Importance of Spiders in Soil Formation

In this study, burrow depth for Gorgyrella iner-
mis was restricted to 2.1-16.6 cm, whereas the
burrows for Hogna lenta were restricted to 3.2-8.7
cm below the sediment surface. These depths are
associated with the A and upper B soil horizons (0—
20 cm). In nature, the burrows of H. lenta have
been reported to be 2 m deep during the winter
(Eisman et al., 2010). A major contributor to soil
formation by soil animals is the mixing of sediment
by transporting material from the subsurface to the
surface (Lavelle et al., 2006). Animals do this when
excavating burrows, but this technique is not the
only way in which a burrow can be produced
(Bromley, 1996). Animals can also compact sedi-
ment along the sides of a burrow as they push their
way into the substrate. In this study, both species
of spiders mainly constructed burrows in this way.
Only adult G inermis individuals were observed
moving sediment to the surface, but not all adults
engaged in this behavior. The compaction of soil,
however, changes the porosity and permeability of
the sediment along the burrow walls and disrupts
or destroys primary sediment structures.
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Open burrows provide a direct conduit for
water to penetrate deeper into sediment. The pres-
ence of silken trapdoors makes this contribution
unlikely while a spider inhabits a burrow. The spi-
ders maintain burrow integrity and repair trapdoors
when these are torn or removed; however, a
vacated burrow will no longer be maintained. All
open burrows also provide a conduit for gas
exchange between the atmosphere and soil, which
occurs continuously. Even burrows that have been
filled with sediment will allow water and gases to
move through the infill since the material will be
less dense than the burrows’ walls and the sur-
rounding matrix.

The spiders in this study were found to not
contribute greatly to the introduction of organic
matter into the sediment. Leftover material from
prey animals was ejected from or carried out of the
burrows by the spiders. Spiders that molted inside
of a burrow removed the molt in a similar manner.
Gorgyrella inermis excretes waste outside of its
burrow, and it is assumed that Hogna lenta
excretes while moving outside of the burrow. The
silk linings may be the greatest contribution of
organic matter to the soil. Spider silk is composed
of mainly of proteins called spidroin (van Beek et
al., 2002), and it is very slow to decompose. Bur-
rows produced in holding tanks prior to the begin-
ning of the experiments had very thick silk linings
and have remained unchanged for months to
years.

Although quantitative properties did not sig-
nificantly change with changes in sediment proper-
ties, the diversity of burrow architectures present
would enable for better interpretations of original
soil composition and moisture content. The rela-
tionship between the amount of silk used to line a
burrow and the cohesiveness of the sediment is
also an effective means of interpreting these sedi-
ment conditions. Fossil spider burrows could be
present in any soil type from Entisols to Oxisols,
but it is unlikely that these burrows would be found
in Gelisols or sediments in cold regions. Fossil spi-
der burrows would be associated with a number of
ichnofossils including those produced by other
arachnids (scorpions, whip scorpions), other soil-
dwelling arthropods (millipedes, centipedes,
insects), and possibly vertebrates (amphibians,
reptiles, mammals), but root traces would be most
common.

Use of Cluster Analyses

A cluster analysis of six arthropod species
reveals two large clusters: one composed of small
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arachnids and millipedes, the other composed of
large arachnids and some millipedes. Within these
clusters burrows produced by the same species
tended to group together. If burrows produced by
an unknown tracemaker are highly similar to bur-
rows within a specific cluster, then the tracemaker
is likely to either be related to those species or to
engage in very similar behaviors (Table 9.6). Addi-
tional qualitative characteristics such as internal or
surficial features may be used to further distinguish
the identity of the tracemaker.

CONCLUSIONS

Specimens of two burrowing spiders, Gor-
gyrella inermis and Hogna lenta, produced seven
different burrow architectures including vertical
shafts, vertical shafts with terminal chambers, sub-
vertical shafts, subvertical shafts with terminal
chambers, J-shaped burrows, Y-shaped burrows,
and isolated chambers. The production of these
architectures was dependent on size of the individ-
ual and the sediment conditions in which the bur-
row was produced. Adult individuals of G. inermis
produced the greatest diversity of burrow architec-
tures whereas juvenile individuals of G. inermis and
adult individuals of H. lenta produced the lowest
diversity. Despite the diversity of architectures, all
burrows produced by the spiders include one to
two surface openings, a nearly circular cross sec-
tion, and surficial features influenced by a silk lin-
ing. The presence of a silk lining is a definitive
characteristic of a spider tracemaker. Increasing
sediment density did not produce statistical differ-
ences in burrow measurements, but the diversity of
burrow architecture was decreased and some indi-
viduals were unable to construct burrows. Sedi-
ment with low and high moisture also limited the
architectural diversity and prevented some individ-
uals from constructing burrows.

The burrows of Gorgyrella inermis and Hogna
lenta are highly similar. Although these species are
not closely related, their similar body morphology
and life habits control the morphology and function
of their burrows. This contrasts to the burrows pro-
duced by the larger spider, Aphonopelma chal-
codes, which are dissimilar to those produced by
G inermis and H. lenta. The burrows of other
arachnids, the scorpion Hadrurus arizonensis and
the whip scorpion Mastigoproctus giganteus, are
dissimilar when the burrow architecture is different
from those produced by G inermis and H. lenta,
but the same architectures are highly similar. This
result also occurs when the burrows of the milli-
pede Narceus americanus are compared to the



burrows produced by G. inermis and H. lenta. Qual-
itative data, however, can be used to differentiate
those similar burrows produced by different trace-
makers. Accurately identifying spider burrows and
burrows produced by other arthropods such as
scorpions, whip scorpions, and millipedes will aid
in revealing the biodiversity of terrestrial ecosys-
tems in the fossil record.
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APPENDIX 1.

Video of Hogna lenta using compaction burrowing technique (see palaeo-electronica.org/content/2015/1057-neoich-
nology-of-spiders).
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APPENDIX 2.

Video of Hogna lenta depositing silk on compacted sediment and glass of the terrarium (see palaeo-electronica.org/
content/2015/1057-neoichnology-of-spiders).
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APPENDIX 3.

Video of Hogna lenta gathering sediment with silk to form a trapdoor (see palaeo-electronica.org/content/2015/1057-
neoichnology-of-spiders).
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APPENDIX 4.

Video of Gorgyrella inermis using silk to gather material into a bundle (see palaeo-electronica.org/content/2015/1057-
neoichnology-of-spiders).
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APPENDIX 5.

Video of Gorgyrella inermis gathering silken bundle of sediment and removing it from the burrow (see palaeo-electron-
ica.org/content/2015/1057-neoichnology-of-spiders).
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APPENDIX 6.

Video of Gorgyrella inermis depositing silk along the sides of its burrow (see palaeo-electronica.org/content/2015/
1057-neoichnology-of-spiders).
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Quantitative data for the burrows produced by Aphonopelma chalcodes. All measurements in cm. SR = subvertical

ramp.

Architecture

Surface Openings

Maximum depth

Total Length

Maximum width
Minumum width

Mean width

Maximum height
Minimum height

Mean height

Mean W/H ratio

Maximum circumference

Minimum circumference

Mean circumference

Maximum slope
Minimum slope

Mean slope

Branching angles

Complexity

Tortuosity

A1 A2
SR SR
1 1
9.5 3.1
17.9 6.1
7.6 3.7
3.6 2.9
6.6 34
6.7 24
2.5 1.2
5.1 1.9
0.77 0.55
22.2 10.9
11.1 71
19.14 9.46
55° 25°
0° 25°
27.5° 25°
NA NA
3 2
0.52 0.98
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APPENDIX 8.

Bray-Curtis result matrix for Aphonopelma chalcodes. This matrix displays the comparison of burrows produced by
Gorgyrella inermis, Hogna lenta, and A. chalcodes. Cells are filled in black where burrows are compared to them-
selves. Cells with scores of high (1.0-0.8), moderate (0.7-0.6) to low (0.5-0.3) similarity are filled in blue with increas-
ing lightness. See Table 1 and Appendix 7 for architecture key. (PDF only - see palaeo-electronica.org/content/2015/
1057-neoichnology-of-spiders)
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Quantitative data for the burrows produced by Hadrurus arizonensis. All measurements in cm. SR = subvertical ramp,
HB = helical burrow, MW = mazework, UB = U-shaped burrow.

DHS DHS DHS DHS DHS DHS DHS DHS DHS DHS DHS DHS DHS DHS DHS DHS DHS
1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17

Architecture SR SR HB MW MW SR HB MW UB SR SR SR SR SR HB SR SR

Surface Openings 1 1 1 5 4 1 1 3 2 1 1 1 1 1 1 1 1

Maximum depth 39 28 72 74 67 43 46 84 8 3 42 34 4 4.2 16 53 6.8

Total Length 1" 9 27 57 46 7 13 31 30 16 1" 19 19 23 76 37 26

Maximum width 4.3 6 77 46 64 59 33 72 42 52 44 65 49 67 53 62 54
Minumum width 3.2 3 28 19 26 29 27 29 3 38 41 42 31 441 3.7 31 4

Mean width 39 48 45 36 42 42 341 47 36 44 43 52 41 49 45 48 49

Maximum height 28 19 32 23 31 16 14 26 25 21 2 33 26 23 33 28 22
Minimum height 1 1.1 08 08 14 1 o6 14 15 13 09 19 18 14 16 17 15

Mean height 19 16 2 18 19 14 1 19 21 18 16 22 22 17 23 24 18

Mean W/H ratio 2.1 3 23 2 2.2 3 3.1 25 17 24 27 24 19 29 2 2 27

Maximum 121 14 18 145 17 115 105 16 115 136 1.2 165 13 155 14 15 13
circumference

Minimum 10 112 65 95 105 6 85 95 105 97 68 115 99 105 10 11 11.5
circumference

Mean 11.2 127 145 131 122 94 9 123 113 119 10 139 M5 125 173 129 126
circumference

Maximum slope 40° 10° 30° 50° 90° 30° 40° 50° 90° 10° 40° 10° 20° 20° 30° 20° 20°

Minimum slope 0° 0° 0° 0° 0° 0° 0° 0° 0° 0° 0° 0° 0° 0° 0° 0° 0°

Mean slope 20° 5° 15°  27°  37° 15° 20° 30° 45° 5° 20° 5° 10°  10°  13° 8° 8°

Branchingangles NA NA NA 75° 75 NA NA 700 NA NA NA NA NA NA NA 65 NA

Complexity 3 3 3 9 9 3 3 7 4 3 3 3 3 3 3 3 3

Tortuosity 1.1 1.1 9 14 18 141 33 11 1.3 13 15 11 12 14 33 12 12
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APPENDIX 10.

Bray-Curtis result matrix for Hadrurus arizonensis, Gorgyrella inermis, and Hogna lenta. Formatting is the same as
Appendix 8. See Table 1 and Appendix 9 for architecture key. (PDF only - see palaeo-electronica.org/content/2015/
1057-neoichnology-of-spiders)
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Quantitative data for the burrows produced by Mastigoproctus giganteus. All measurements in cm. SR = subvertical
ramp, MW = mazework, UB = U-shaped burrow, VS = vertical shaft.

WS1 WS2 WS3 WS4 WS5 WS6 WS7 WS8 WS9 WS10 WS11 WS12 WS13 WS14 WS15 WS27 WS28 WS32

Architecture UB MW  JS SR VS UB JS up Mw JS SR JS SR VS VS SR VS VS

Surface 2 2 1 1 1 2 1 2 4 1 1 1 1 1 1 1 1 1
Openings

Maximum 71 106 M 56 101 49 107 57 124 125 6.6 7.7 6.1 34 8.1 3.3 4.9 5.8
depth

Total Length 29 395 185 125 101 16 16 21 66 26.5 8 17.5 8.5 3.8 10.2 4 5.7 6

Maximum 76 81 43 39 63 3 5 4 6.2 6.6 3.1 6.4 3.2 22 4.2 2.6 3.3 3.1
width

Minumum 45 34 26 34 53 22 24 29 37 2.6 2.8 2.7 2.8 1.9 27 1.6 22 25
width

Mean width 57 54 36 37 58 24 34 34 46 4.1 3 4.7 3.1 21 34 21 27 2.8

Maximum 32 43 28 21 29 17 23 2 2 24 29 25 21 1.1 4.4 1.9 1.9 1.3
height

Minimum 25 15 2 17 19 13 17 15 17 1.2 2.2 1.9 1.8 0.9 1.5 1.1 1.6 1.2
height

Mean height 28 29 23 19 22 16 2 1.7 19 1.9 2.6 2.2 1.9 1 2.6 1.5 1.7 1.3

Mean W/H 2 1.9 1.6 1.9 2 1.5 1.7 2 2.4 2.2 1.2 21 1.6 2.1 1.3 1.4 1.6 2.2
ratio

Maximum 19 265 12 1 17 95 125 1 145 16 12 17 10.5 7.5 14.5 8 9.5 8
circumferen
ce

Minimum 135 10 9.5 10 155 75 8 9.5 9 75 11.5 10.5 9 7 8 6.6 75 75
circumferen
ce

Mean 159 17 109 105 163 83 99 105 11.3 108 11.8 13.9 10 7.3 11 7.3 8.3 7.7
circumferen
ce

Maximum  70° 90° 80° 30° 90° 50° 70 50° 80° 90° 50° 90° 50° 90°  90° 60° 90°  85°
slope

Minimum 0° 0°  40° 10° 90° O° 0° 0° 0° 40° 50° 0° 50° 70 80° 60° 70° 80°
slope
Mean slope 47° 35° 60° 20° 90° 33° 40° 30° 45° 65° 50° 45 50° 80 85° 60° 80° 83°

Branching NA 90° NA NA NA NA NA NA 80 NA NA 90° NA NA NA NA NA NA
angles

Complexity 4 7 2 2 2 3 3 3 10 3 2 4 2 2 2 2 2 2

Tortuosity 24 1.7 12 1.3 1 16 13 14 14 1.3 1.1 1.7 1 1 1.2 1 1 1
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APPENDIX 12.

Bray-Curtis result matrix for Mastigoproctus giganteus, Gorgyrella inermis, and Hogna lenta. Formatting is the same as
Appendix 8. See Table 1 and Appendix 11 for architecture key. (PDF only - see palaeo-electronica.org/content/2015/
1057-neoichnology-of-spiders)
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APPENDIX 13.

Quantitative data for the burrows produced by Narceus americanus. All measurements in cm unless otherwise noted.
SV = subvertical burrow, VS = vertical shaft, HB = helical burrow, OS = O-shaped burrow.

NA32 NA23 NA25A NA21A NA21B NA28 NA29C NA30A NA30C NA33A NA33C NA29B NA21F NA29A NA26B

Architecture SV SV SV SV SV VS VS VS VS VS HB HB HB (o] (6]
Surface 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Openings

Maximum 4.1 6.7 3 1.9 4 24 1.9 25 23 3.1 2.95 34 2.9 34 6.9
depth

Total Length 4.3 8.2 9.4 2.34 4.3 3 1.9 25 2.6 3.1 6.8 10.7 10 10.6 12.5
Maximum 0.93 1.69 1.17 1.30 1.45 1.40 1.17 0.93 1.04 1.20 1.18 1.06 1.65 1.29 1.80
width (mm)

Minumum 0.85 0.8 0.78 1.05 1.1 14 1.17 0.7 0.93 1.04 0.7 0.74 0.68 0.83 0.74
width (mm)

Mean width 0.88 1.04 1.02 1.18 1.24 1.40 1.17 0.82 0.99 1.12 0.96 0.84 1.16 1.05 1.09
(mm)

Maximum 098 0.95 1.01 1.25 1.23 1.38 0.9 0.88 0.93 1.47 1.17 0.92 1.15 0.96 1.13
height (mm)
Minimum 0.86 0.73 0.57 1.18 1.05 0.95 0.9 0.77 0.8 1.1 0.85 0.61 0.8 0.6 0.67
height (mm)

Mean height 092 0.83 0.79 1.22 1.14 1.17 0.90 0.83 0.87 1.29 0.98 0.78 0.97 0.82 0.93
(mm)

Mean W/H 096 1.26 1.31 0.96 1.08 1.24 1.30 0.98 1.14 0.89 0.98 1.10 1.21 1.29 1.17
ratio
Maximum 3 4.1 3.7 4.2 4.3 5 3.5 2.8 3.1 43 4.3 3 43 35 4.8

circumference

Minimum 27 2.7 25 35 3.3 3.7 3.5 24 2.8 35 23 25 23 2.7 23
circumference

Mean 2.8 3.1 3.1 3.9 3.7 4.4 3.5 2.6 3.0 3.9 3.1 2.7 3.4 3.1 34
circumference

Maximum 70° 65° 45° 33° 73° 85° 80° 90° 80° 90° 80° 60° 55° 60° 60°
slope

Minimum slope  70° 50° 25° 33° 70° 85° 80° 90° 80° 90° 50° 60° 0° 15° 60°
Mean slope 70°  38.3° 35° 33° 71.5° 85° 80° 90° 80° 90° 65° 75° 25° 37.5° 60°
Branching NA NA NA NA NA NA NA NA NA NA NA 90° NA NA NA
angles

Complexity 2 2 2 2 2 2 2 2 2 2 2 4 4 3 3
Tortuosity 1 1.2 1.7 1 1.1 1.3 1 1 1.1 1 23 1.5 1.2 43 39
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APPENDIX 14.

Bray-Curtis result matrix for Narceus americanus, Gorgyrella inermis, and Hogna lenta. Formatting is the same as
Appendix 8. See Table 1 and Appendix 13 for architecture key. (PDF only - see palaeo-electronica.org/content/2015/
1057-neoichnology-of-spiders))
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