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Abstract. Vinegaroons in the high desert grasslands of southeastern Arizona spend much of the year in deep sealed underground

cells and dig to the surface when the first summer rains begin in late June or during July. They are active only at night, when they

are large apex ambush predators that prey on a variety of small, surface-dwelling animals. Adult and last instar immature vinegaroons

were frequently observed, whereas the smaller first three instars were rarely seen. Using mark-capture techniques, the density

of individuals in the area was found to be at least 95 individuals/ha to as high as 680 individual/ha. The population profile

remained mostly steady over several years with adults and 4th instar immatures constituting 90% of the observed population.

Females were mainly present during the earlier part of the foraging season. In contrast, males were active much longer and

until the end of season. The three first instars of vinegaroons spent little time on the surface of the ground partly because they are vul-

nerable to predators and partly because they require few prey items to accumulate the necessary reserves for molting to the next instar.

About 12% of the population had injuries, or signs of previous injuries. Most injuries were to their tail-like flagellum, with a few sen-

sory leg injuries. Short, regrown flagella in field individuals showed their ability to regenerate these lost appendages and laboratory

experiments demonstrated that vinegaroons can regenerate lost parts of sensory legs and even their hard, powerful pedipalps.
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Vinegaroons are large arachnid predators found in various
tropical and warm regions of the world, including South and East
Asia, North and South America, Oceania, and West Africa (Harvey
2003). Much of the literature relates to taxonomic and phylogenetic
aspects of the group (e.g., Harvey 2003; Tetlie & Dunlop 2008;
Selden et al. 2016; Cai & Huang 2017; Clouse et al. 2017;
Barrales-Alcalá et al. 2018; Teruel 2018; Giribet & Edgecombe
2019; Seraphim et al. 2019; Lozano-Fernandez et al. 2020), with
some investigations of their morphology (Wolff et al. 2015; Gallant
& Hochberg 2017; Freeman & Hochberg 2018; Grams et al. 2018;
McLean et al. 2018; Seiter et al. 2018; Lehmann & Melzer 2019),
embryology (Yoshikura 1961, 1965), physiology (Ahearn 1970;
Crawford & Cloudsley-Thompson 1971; Shultz 1991, 1992), and
ability to spray highly concentrated acetic acid admixed with other
aliphatic acids (Eisner et al. 1961; Yogi & Haupt 1977; Itokawa
et al. 1981, 1985; Haupt et al. 1988, 1993; Schmidt et al. 2000;
Haupt & M€uller 2004).
Vinegaroon courtship behavior has been studied in detail (Klingel

1963; Weygoldt 1970, 1971, 1972, 1978, 1988; Haupt 1997;
Ferreira et al. 2011; Weygoldt & Huber 2013; Watari &

Komine 2016; Seiter et al. 2018; Schmidt et al. 2021). In contrast,
other vinegaroon behaviors such as prey choice (Toledo 2007;
Noriega & Botero-Trujillo 2008; Carrel & Britt 2009; Schmidt
& Schmidt 2022) and potential predators (Eisner et al. 1961;
Punzo 2005; Schmidt & Schmidt 2022) have received little atten-
tion, and the life span and fecundity of vinegaroons has been reported
for only two species, the Japanese species Typopeltis stimpsonii
(Wood, 1862) (Yoshikura 1965) and the North American species
Mastigoproctus tohono Barrales-Alcalá, Francke and Prendini, 2018
(Schmidt et al. 2021).
The paucity of basic knowledge of vinegaroon behavior and

general natural history is partly because vinegaroons are strictly
nocturnal creatures that do not fluoresce like scorpions, are not
attracted to lights, are dark colored, slow moving, and are rarely
seen in their natural habitats. We report here the natural history

and basic biology of the vinegaroon Mastigoproctus tohono in its

natural environment.

METHODS

Research area.—A square survey plot 160 m on edge was estab-

lished in 1996 near Willcox, Cochise County, Arizona, USA 1,279 m

above sea level. The area is an overgrazed high desert grassland con-

sisting of mostly flat or gently sloping stabilized and weathered
sandy-loam soil. Currently the dominant vegetation consists mainly

of burroweed (Isocoma tenuisecta), mesquite (Prosopis velutina),
indigo bush (Psorothamnus sp.), and sand sagebrush (Artemisia fili-
folia). In addition to the dominant vegetation, a variety of ephemeral
plants and other small perennial plants are present. Exact coordi-

nates of the location are not provided to avoid over-collecting of

this population for the pet trade or commercial interests and thereby

potentially harming the population and the environment (Marshall
et al. 2022).

For the years 1999–2004, soil moisture was measured as the aver-

ages of three gypsum block sensors permanently buried in the soil at

depths of 10, 30, 50, and 70 cm and recorded with a Delmhorst Model

KS-D1 moisture analyzer (Delmhorst Instruments, Towaco, NJ USA).
These gypsum block sensors provide only a relative measure of soil

moisture which can be easily visualized when the soil is excavated. In

this system, “moist” is observed when the soil is a dark gray in color

and is assumed to be saturated, whereas “dry” soil is a much lighter
gray in color and contains very little water. Almost no gradation of

color in this soil is observed between the moist and dry zones.
The temperatures at the research site were measured throughout

each visit for the years 1999–2004 at the ground surface level with

a Raytek Raynger ST8 infrared thermometer (Raytek Corp., Santa
Cruz, CA, USA) and at 15 and 30 cm below surface level using

30 cm Comark standard industrial penetration probes (Comark,

Hertfordshire, UK). In order to record the maximum and minimum

temperatures experienced at the site, particular attention was focused
on ensuring visits occurred during both the hottest and coldest days

of each year.* Deceased
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Above ground activity and population of vinegaroons.—In 1996,

free-ranging individuals of Mastigoproctus tohono were captured

by hand during nighttime searches in the research area during the

summer rainy season that began that year on 1 July and ended about

26 September. Searches continued thereafter until 9 November.

Captured individuals were measured for body length (anterior tip

of prosoma to the end of the wide segments of the opisthosoma),

uniquely marked with colored Liquid Paper (Liquid Paper Corpo-

ration, Wilmington DE), and released. The life stage (female,

male, 4th instar, 3rd instar 2nd instar or 1st instar) of individuals is

easily determined by nonoverlapping lengths of the body and the

carapace (Schmidt et al. 2021) and was recorded, as were any

injured body parts. Previously marked individuals were recorded

as recaptures. Similar surveys were continued in 1997 and 1998

with the change that individuals were not marked. Thereafter, the

area was revisited less frequently between the years of 1999 to

2018 and data recorded as above.
Laboratory tests of regeneration of lost body parts.—In

1997 and 1998, adult vinegaroons were collected in the field and

maintained in 4 L jars of 15 cm diameter x 24 cm high filled to a

height of 16 cm with moistened sandy-loam soil taken from the survey

plot. The laboratory temperature ranged from 24–328C with a relative

humidity range from 30–60%. The animals were fed a variety of

insects mostly captured at blacklights during the night, or on the

ground during the day in the study area or in Tucson, Arizona.

The prey consisted mainly of cockroaches, beetles, caterpillars,

and crickets. The jars were capped with lids fitted with screened

central holes to provide limited ventilation. First and second instar
individuals from these adults were reared in smaller jars similar to
those used for the adults. Immatures were tested for the ability to
regenerate lost parts of sensory legs, walking legs, or pedipalps. For
sensory legs, one sensory leg of each of four well-fed 1st instars was
severed at the mid-tibia in December 1999 and three days later the
other sensory leg was also severed at the mid-tibia. For an injured
pedipalp, a 2nd instar individual had its pedipalp severed mid-tibia.
For walking legs, each of three 2nd instar individuals had a posterior
walking leg severed at the patella. None of these individuals were
fed after surgery, and they were then placed in small jars containing
deep moist study site soil where they dug overwintering chambers
in which they molted to the next instar.

RESULTS

Environmental properties of the research area.—The sandy
loam in the research area is soft, nearly uniform, and free of rocks
and pebbles, yet is firm enough that it does not collapse upon digging.
In this habitat, vinegaroons excavate nests that are approximately
30 cm deep and end in a chamber in which the animal resides during
daylight in the active season. At the end of the active season the resi-
dent vinegaroon fills the tunnel with soil and resides in the cell at the
bottom (Fig. 1).

The temperature in the research area can be hot during the
summer, reaching a maximum soil surface temperature of 59.58C,
and during the winter a minimum temperature of �158C. The soil
temperatures at 15 and 30 cm below the surface (where the

Figure 1.—Vinegaroon underground burrow. (A). Diagram of an adult during the active summer season. (B). Photograph of an excavation of a bur-

row with the adult below the bottom chamber indicated by the arrow.
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vinegaroons are residing) are more moderate and never exceed
38.18C or below 3.28C.
The research area is arid, and the soil is often dry. The soil surface

stays moist only for a few days after a rain but stays moist longer
beneath the surface. The percentages of moist soil in Fig. 2 are esti-
mates derived from periods of time between visits to the research
site and serve to represent the general nature of the soil moisture
with depth. In general, approximately 45% of the time, the soil is
moist at a depth of 10 cm. Often a rain only moistens the upper
levels of the soil and fails to penetrate deeply. For example, at
50 cm depth the soil was moist only 15% of the time (Fig. 2).
Above ground activity of vinegaroons.—In 1996, the first

vinegaroon was observed above ground on July 1. The last was seen
on October 13. During those times we spent 177 hours searching for
vinegaroons, and marked and released 244 individuals. The numbers
of females, males, and immatures, their median date of appearance
on the surface, and the first and last dates recorded on the surface
are listed in Table 1. Overall, the largest individuals (females, males,
4th instars) were observed 210 times, whereas the smaller three
instars were observed only 34 times. Thus, the larger individuals

were spotted over six times as frequently as the small individuals
and the youngest and smallest individuals were rarely seen, with
only one 1st instar and 11 2nd instars seen. Males tended to remain on
the ground surface later in the season than females (23 males versus
5 females after September 7).

Of the 244 marked vinegaroons, 34 were recaptured during the
1996 field season. All of these were large individuals – that is,
females, males, and 4th instars. None of the smaller 1st, 2nd, or 3rd

instars were recaptured despite 34 of them having been marked.
About the same percentage of the populations of females, males,
and 4th instars were recaptured (Table 2A). The number of days
between being marked and recaptured ranged from 1 day to
60 days with an average of 13 days (see Supplemental Table S1,
online at https://doi.org/10.1636/JoA-S-22-044.s1). In general,
females were recaptured within a few days of being marked, whereas
males and 4th instars were recaptured over longer periods following
marking than females (Table 2B). The mean days between captures
and recaptures of females was significantly shorter than for males
(Mann-Whitney U test, Z ¼ 2.72, P , 0.01) or 4th instars (Mann-
Whitney U test, Z ¼ 2.97, P , 0.05).

Figure 2.—Soil moisture profile at various depths in the research area based on 52 observations over five years.

Table 1.—Observations of vinegaroons on the soil surface, 1996.

Life stage Individuals (n) Date first observed Median date observed Date last observed Season length (d)

Female 47 1 July 21 July 13 October 105

Male 79 3 July 17 August 7 October 97

4th instar 84 3 July 8 August 13 October 103

3rd instar 22 3 July 6 August 29 September 89

2nd instar 11 3 July 17August 7 September 67

1st instar 1 12 August 12 August 12 August n/a
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We recaptured 13.9 percent of the 244 vinegaroons marked.

Based on this recapture rate, the number of vinegaroons in the

research area is approximately 1750. This translates into about

680 vinegaroons/ha for the 2.56 ha research area.
The year-to-year variation in the life stage composition of vin-

egaroons was determined for the years 1996, 1997, 1998, and 1999–
2018. The latter period was a combination of sporadic surveys over

many years that were combined to yield 161 individuals that could

then be compared to the three years of more intensive surveying

(Table 3). The percentage composition of females, males, and each

of the four immature instars within each time period is shown

in Fig. 3. The proportions of the different life stages were similar

over the time periods, with two exceptions: (1) females comprised a

smaller percentage of the population in 1996 than in the other time

periods; and (2) 4th instars constituted a larger percentage of

the population in 1996 than in other time periods (Fig. 3). The

numbers of individuals of instars 1–3 were too few to allow mean-

ingful conclusions.
Frequency of encountering injured vinegaroons in the field.—

Each vinegaroon found in the field was examined for evidence of

injury to any body parts. Seventy-three of the 609 individuals

encountered (12%) exhibited some type of injury. Females had the

highest injury rate at 17.3% of their population, followed by males

at 12.6% and 4th instars at 6.8% (Table 4). The percentage composi-

tion of injured females, males, and each of the four immature instars

for each time period is shown in Fig. 4. The frequencies of injury

for the different time periods were similar for females. Compared to
other years, males and 4th instars had higher frequencies of injury in
1997. Individuals smaller than 4th instars were too few in number to
draw meaningful conclusions concerning their percentages of injury.
Most injuries were to the tail (flagellum) (Table 5), a body part that
is easily broken or entirely lost when attacked. Eleven percent of the
population sustained either partial or total loss of the tail. This figure
includes 10 individuals that had shorter tails that had regenerated
following previous injuries. Sensory legs were occasionally injured
(3.1% in females and 1.9% in males). No immatures sustained
injuries to sensory legs. Walking legs were not injured in field-
encountered vinegaroons, with the exception of one female that had
a missing middle walking leg.

Regeneration of lost body parts.—The ability of vinegaroons
to replace a lost tail with a new tail approximately half the normal
length was observed in 10 individuals from the field. Other injured
body parts were rarely seen, and all of those were in adults, which
cannot molt to replace a lost body part. To test the ability of vinega-
roons to regrow lost body extremities other than tails, sensory legs, a
walking leg and a pedipalp were partially amputated. After molting to
2nd instars, all four of the 1st instars that had both sensory legs ampu-
tated at the mid-tibia regrew sensory legs that appeared normal with
the exception that they often had one fewer or one extra tarsomere
than the normal eight (Table 6). The ability of vinegaroons to regrow
replacement walking legs was poorer than their ability to regrow sen-
sory legs, and those that were regrown were either non-functional or
poorly functional. One individual not only survived the loss of a third
of a pedipalp – it regrew a normal size replacement upon molting with
the only noticeable difference being a lighter color of the replaced part.

DISCUSSION

The study site is an ideal habitat for vinegaroons in many ways. The
soil is soft and easy to dig burrows in, to avoid the heat of summer and
the cold of winter. In the laboratory, 1st instars readily dig in the sub-
strate to a depth of 15 cm, a field depth at which the temperature is not
life-threatening and never exceeds 38.18 nor drops below 38. The habi-
tat provides an abundance of prey, especially during the summer rainy
season when there are numerous beetles, moths, caterpillars, crickets,
grasshoppers, winged ants and termites, antlion adults, scorpions,
spiders, and solifuges, all of which have been shown to be prey of
large vinegaroons (Schmidt & Schmidt 2022). It is also a habitat
that is nearly free of predators of large vinegaroons, though smaller
individuals do have predators in the habitat (Schmidt & Schmidt
2022). Population densities and factors that are important in vinega-
roon life cycles are unknown in other habitats, such as along juni-
per/oak riparian areas, and might be different in important aspects.

Vinegaroons only emerge from their deep underground cells
after the first rains of summer. We have visited the study area in
the spring and just before the first summer rain at the site for over

Table 2A.—Recaptures of vinegaroons, 1996.

Life

stage

Captures

(n)

Individuals

recaptured (n)

%

Recaptured

Female 47 7a 14.9

Male 79 14 17.7

4th instar 84 13b 15.5

1st, 2nd, 3rd 34 0 0

Total 244 34 13.9

a 2 individuals recaptured twice.
b 1 recaptured twice, 1 recaptured three times, 1 recaptured four times.

Table 2B.—Time between captures and recaptures of vinegaroons,

1996.

Life

stage

Recaptures

(n)

Mean days

between captures

S

Dev.

Female 7 1.86 0.90

Male 14 15.3 15.9

4th instar 13 17.2 19.3

Total 34 13.2 16.5

T3

Table 3.—Vinegaroon populations observed during various years.

Time period Female (n) Male (n) 4th instar (n) 3rd instar (n) 2nd instar (n) 1st instar (n) Total (n)

1996 47 79 84 22 11 1 244

1997 36 41 25 6 1 4 113

1998 29 32 25 2 3 0 91

1999–2018 50 55 43 12 1 0 161

Total 162 207 177 42 16 5 609

% of total 26.6 34.0 29.1 6.9 2.6 0.8 100
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20 years and have never seen an individual before the first rain of

the season. Once the rains come, the nighttime temperatures are
warm, the humidity is high, and all stages of vinegaroons begin

appearing above ground. At this time, the area is rich in prey
resources as evidenced by the large number of individuals caught

and marked in the small area. We actually captured 95 individuals
per hectare and that serves as a minimum number in the area. Noth-

ing is known about navigational systems or home ranges of vinega-
roons, though the home ranges of most other arachnids are small
(Gaffin & Curry 2020; Jones et al. 2022). We suspect that the home

ranges of vinegaroons are likewise small compared to the size of the
research site and that they are unlikely to move out of the study area

(Gaffin & Curry 2020). Therefore, the recapture data support the
observation that many individuals were not seen and that based on

the recaptures, the calculation of as many as 680 individuals/ha is
realistic.
The lifecycle of vinegaroons is at least six years and could be as

long as 11 years if immatures cannot find enough prey to gain the
body mass necessary for molting to the next stage (Schmidt et al.

2021). This ability to hedge bets by enduring years of low rainfall

and prey abundance might be the reason we observed a relatively

stable life stage makeup of the population over the years.
The amount of prey in the area appears to be a major factor govern-

ing the ultimate vinegaroon population density. The amount of prey

likely also explains the presence and length of time that the various life
stages are above ground. Females emerge early in the season and tend

to disappear relatively quickly compared to males and 4th instars.
Females have two requirements they must meet before they return

to, and stay, underground – mating and finding enough prey to feed
to their new 1st instar offspring (Schmidt et al. 2021) and to accumu-
late the necessary body reserves for overwintering and producing a

cluster of eggs. Once they have achieved these goals, staying above
ground would increase the risk of injury or death. Males, on the

other hand, require only enough captured prey to sustain themselves,
but need to spend as much time searching for potential mates as pos-

sible – hence, the presence mainly of males in the later times of the
season when they still have a small chance of finding a female with

which to mate. Fourth instars are relatively safe from predators but
need to find enough prey to gain the body mass necessary for molt-

ing to an adult. Once they have achieved this, they, like the females,

Figure 3.—Composition as a percentage of the population for each of the six vinegaroon life stage types observed above ground during 1996, 1997,

1998, 1999–2018, and for the combined total of all time periods.

Table 4.—Injuries of vinegaroons observed in the field during various years.

Year(s) Female (n) Male (n) 4th instar (n) 3rd instar (n) 2nd instar (n) 1st instar (n) Total (n)

1996 9 9 4 1 2 0 25

1997 7 8 4 1 0 0 20

1998 4 3 1 0 1 0 9

1999–2018 8 6 3 2 0 0 19

Total 28 26 12 4 3 0 73

Population 162 207 177 42 16 5 609

% Populat. 17.3 12.6 6.8 9.5 18.8 0 12.0
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should avoid remaining above ground. The three smallest instars of
vinegaroons present an interesting situation. We rarely saw 1st, 2nd,
or 3rd instars above ground, something that has been noted by other
naturalists (Punzo 2000; personal discussions). Two factors appear
related to these observations. First, unlike large individuals of the
species, small ones are susceptible to predation by large spiders and
other arthropods, amphibians, and cannibalism by larger vinega-
roons (Schmidt & Schmidt 2022). The small vinegaroons would
benefit by spending as little time subjected to these risks as possible.
Second, since vinegaroons from this habitat do not ever molt twice
in a year and much of the prey in the environment is their size or
smaller (Schmidt & Schmidt, unpublished), they can quickly gain
enough resources from only a few prey items to enable them to molt
to the next instar the following spring.
Many vinegaroons in the research site showed evidence of having

survived after bodily injuries. Evidence included the partial or total
loss of their tails, the presence of regrown tails from loss during a
previous season, and missing parts of their sensory legs. Vinegaroon
tails are sensory organs that enable them to detect predatory threats
from behind. They might also help orient the direction in which their
defensive vinegary spray is aimed, although the tail is not necessary

for directing their defensive spray. Individuals that have autotomized
their tails are capable of spraying in appropriate directions (Eisner
et al. 1961; personal observations). Sensory legs are used to actively
explore the environment around the individual and, thus, are suscepti-
ble to being attacked and injured by potential predators. Female sen-
sory legs are also held in the pedipalps of males during courtship and
could be injured at that time (Haupt 1997). Male sensory legs are used
much less in courtship and would be expected to receive few injuries.
We did, however, observe one situation in which a female severed a
male sensory leg during a failed courtship (personal observation). We
cannot know how frequently sensory legs are lost due to attacks by
predators versus being injured during courtship, though our experience
suggests that injury during courtship is extremely rare (Schmidt et al.
2021). Only one individual in the field environment was seen missing
a walking leg. Whether that leg loss was from an attack by a predator
or was from a molting or congenital problem is unknown. The rarity
of walking leg losses indicates that predator attacks to the sides of vin-
egaroons are uncommon, or that those that do occur might be lethal to
the vinegaroon and thus not leave evidence.

Spiders are well-known for their ability to regrow lost legs or
pedipalps after molting (Fleming et al. 2007; Fraser et al. 2020). The

Figure 4.—Composition as a percentage of injured individuals of vinegaroons for each of the six vinegaroon life stage types observed above ground

during 1996, 1997, 1998, 1999–2018, and for the combined total of all time periods.

Table 5.—Injured body parts of vinegaroons observed in the field from 1996–2018.

Body part injured Female (n) Male (n) 4th instar (n) 3rd instar (n) 2nd instar (n) 1st instar (n) Total (n)

Tail (flagellum) 25 23 12 4 3 0 67

Sensory leg 5 4 0 0 0 0 9

Walking legs 1 0 0 0 0 0 1

Population (n) 162 207 177 42 16 5 609

% Injured tail 15.4 11.1 6.8 9.5 18.8 0 11.0

% Injured sensory legs 3.1 1.9 0 0 0 0 1.48

% Injured walking legs 0.62 0 0 0 0 0 0.16
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regeneration of lost body parts in vinegaroons has been little explored.
Our surgical removal of about half of both sensory legs demonstrated
that individuals lacking much of their sensory legs could still orient
and successfully dig overwintering chambers, molt, and regrow
normal-appearing sensory legs. The regrowth was not perfect in that
many of these individuals had fewer or more tarsomeres at the tip of
their sensory legs than normal. Our few individuals that had parts of
walking legs removed did not regenerate good functional replacement
legs. This finding of an inability to replace a functional walking leg
deserves re-examination. The pedipalps of vinegaroons are armored,
hard appendages used for prey capture and holding. They would not
be expected to be severed or lost and, if they were, the animal would
not be expected to survive. Nevertheless, based on our one individual
that had a pedipalp partially removed, it did regenerate a normal func-
tional replacement which indicates that vinegaroons are capable of
regrowing portions of lost pedipalps.
Spadefoot and other toads are abundant and active at night in

the study area. They might be major predators of 1st instar vinega-
roons simply because of their large numbers. Large wolf spiders and
theraphosid spiders also inhabit the area as do scorpions, solifuges
and other large arthropods and these predators all present a risk to
the smallest vinegaroons. This might explain the observations that
1st and 2nd instar vinegaroons are almost never seen in the field (Punzo
2000; Schmidt & Schmidt unpublished data) and 3rd instars are rarely
observed. Although the occurrence of cannibalism among vinegaroons
has been widely believed among biologists and sometimes reported
(Eisner et al. 1961; Teruel & Rodrı́guez-Cabrera 2014), our research in
the field and laboratory revealed that the killing and/or cannibalism
among adult and 4th instars is exceedingly rare (Schmidt & Schmidt
2022). However, cannibalism of the first three immature instars by
large individuals does occur (personal observations) and might be
part of the reason why the three youngest instars of vinegaroons
limit their exposure time above ground.
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