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ABSTRACT
Research on cognition in spiders, particularly in relation to navigation, has primarily focused on araneomorphs studied 
under controlled conditions. Mygalomorphs, such as tarantulas (Theraphosidae), have been largely neglected and almost 
nothing is known about their cognitive foraging behaviour in natural environments. Here, we present nine observations 
of arboreal and fossorial New World tarantulas, including a blind cave-dwelling species, which together provide rare 
field-based evidence that tarantulas may be capable of flexible, experience-based navigation. All observed arboreal species, 
as well as two fossorial species, exhibited behaviour that may reflect spatial learning, by foraging in prey-rich locations 
situated relatively far from their retreats. This behaviour differs from ontogenetic shifts in habitat use, which are noted 
here in several species for comparison; possible ontogenetic shifts in foraging behaviour in troglobitic tarantulas are also 
briefly discussed. The remaining observations involve tarantulas responding to disturbance with fast, direct returns to their 
burrows without disorientation. We discuss the likely allothetic and idiothetic cues underlying these behaviours, while also 
considering alternative or complementary explanations for retreat recognition and foraging movements based on chemical 
and chemo-tactile cues. Finally, we briefly review existing experimental research on tarantula cognition, as well as studies 
on physiological and behavioural changes associated with stress or altered internal states that may interact with cognitive 
processes.

1   |   Introduction

Spatial orientation is the ability of an organism to perceive its 
position and body posture in three-dimensional space and to 
use this information to guide movement, maintain balance and 
navigate within its environment. In spiders, spatial orientation 
relies on the integration of allothetic and idiothetic navigational 
cues. Idiothetic cues are self-referential, that is, derived from 
the animal's own movements, including proprioceptive input 
from mechanosensory structures (Seyfarth et al. 1982), whereas 

allothetic cues are external, primarily visual, vibrational, or 
chemical.

These mechanisms function not only during short-distance 
movements, such as quickly leaving a retreat to capture prey 
and returning along the same route, but also during noctur-
nal, long-distance mate-searching excursions that may extend 
tens of meters, followed by a direct homing trajectory back to 
the burrow (Nørgaard 2005). Of the three main homing strat-
egies, that is, retracing the outbound path, using a ‘cognitive 
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map’ based on geometric information from environmental 
landmarks, and path integration, the latter appears to be 
the primary strategy employed by spiders, involving the in-
tegration of distance and directional information acquired 
during the outbound journey (Gaffin and Curry 2020; Ortega-
Escobar  2020). It has been suggested that the complex path 
integration tasks reported in some species may involve the 
use of visual landmark cues and spatial memory, as observed 
in vertebrates; however, evidence supporting the presence of 
this mechanism in arthropods remains limited (Collett 2019; 
Foelix 2025).

Research on learning and memory in spiders, particularly in 
relation to navigation, is relatively recent and largely based 
on araneomorphs under controlled conditions (Barth  2002; 
Japyassu and Laland  2017; Punzo  2004). In tarantulas 
(Theraphosidae) and other mygalomorphs, studies have 
primarily focused on close-range orientation, such as re-
treat recognition and behavioural adjustment near the bur-
row entrance, mediated by chemo-tactile cues conveyed by 
silk. By contrast, the role of cognition in orientation, par-
ticularly in natural environments, remains almost entirely 
unexplored, even though a few experiments suggest that 
tarantulas are capable of learning, retaining, and utilising 
information acquired through visual, chemical, and mecha-
nosensory experiences under controlled conditions (Punzo 
1988; Punzo 2002).

During independent field surveys across North and South 
America (Figure  1), RCW and other theraphosid researchers 
observed behaviours in juveniles (J), subadults (SA), and adults 
(A) of multiple species that may indicate cognitive involvement 
in routine foraging away from their retreats. Here, we describe 
these observations and discuss the possible roles of learning and 
memory in shaping such behaviours. Several cases of ontogenetic 

shifts, either in microhabitat use or foraging behaviour, are also 
briefly discussed.

2   |   Observations

2.1   |   Arboreal Tarantulas (Aviculariinae)

Observation #1 (Figure  2A–C): Avicularia avicularia 
(Linnaeus, 1758) [A; ♀]; Emerald Jungle Village [4°47′05.0″N 
52°25′21.0″W], Montsinéry, French Guiana; 09.2004; R.C. West.

For two consecutive weeks, every night, this individual 
(Figure  2A) was observed leaving its silken retreat (R), con-
structed between wooden beams on the underside of the lodge 
roof, shortly after sunset (Figure 2B,C). The tarantula travelled 
approximately 2 m along the underside of one beam, then made 
a right-angle turn to its left and proceeded another 2 m to a po-
sition at the end of the beam, where it was observed foraging (F) 
and consuming flying insects (mainly large moths) attracted to 
the light (L) suspended beneath the roof beam (Figure 2C).

Observation #2 (Figure  3A,B): A. avicularia [SA/A; ♀]; La 
Sourou Camp [4°39′52.7″N 52°21′20.5″W], Roura, French 
Guiana; 04.2025; C. Leblond, D. Visser.

On multiple occasions, this individual was observed leav-
ing its silken retreat constructed on the east side of a tall tree 
(Figure 3A), walking approximately 2 m down from the retreat 
before positioning itself in a downward-facing posture to wait 
for prey (Figure 3B).

Observation #3 (Figure  3C): Avicularia variegata F.O. 
Pickard-Cambridge, 1896 [SA/A; ♀]; Novo Airão [2°37′23.9″S 
60°56′35.3″W], Amazonas, Brazil; 11.2017; R. Bertani.

FIGURE 1    |    Partial map of the Americas showing localities of the nine observations reported here (coloured circles); map generated using 
SimpleMappr (Shorthouse 2010).
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This individual was observed emerging at night from its silken 
retreat, constructed inside an unused birdhouse mounted atop 
a tall pole. The tarantula navigated around the far side of the 
birdhouse and down the green pole before positioning itself ap-
proximately 1 m away in a downward-facing stance to wait for 
and capture prey in an area illuminated by a light mounted at 
the end of the metal conduit pipe on the right (Figure 3C).

2.2   |   Fossorial Tarantulas (Theraphosinae)

Observation #4 (Figures  4A, 5A, 6A): Aphonopelma iodius 
(Chamberlin & Ivie, 1939) [A; ♀]; Christmas Tree Pass [35°15′35.4″N 
114°44′43.8″W], Clark County, Nevada, USA; 04.2003; R.C. West.

The spider (Figure 4A) was observed on the ground at night, pre-
sumably foraging for prey (F). When approached, either advanc-
ing footstep vibrations or the increased intensity of the flashlight 
beam triggered a quick retreat of approximately 2 m back to its 
burrow (R), along a relatively straight path (Figures  5A, 6A). 
The approximate nocturnal route taken back to the burrow was 
photographed the following day.

Observation #5 (Figures  4B, 5B, 6B): Aphonopelma chal-
codes Chamberlin, 1940 [A; ♀]; Tucson Mountain Park 

[32°12′48.1″N 111°05′18.1″W], Pima County, Arizona, USA; 
09.2012; R.C. West.

While searching for tarantulas and scorpions along a trail at 
night using a flashlight, this individual (Figure  4B) was ob-
served standing motionless on the ground, presumably forag-
ing (F). When approached, advancing footstep vibrations or 
increased flashlight intensity likely triggered a quick retreat 
back to its burrow (R) along a relatively straight path of ap-
proximately 1.5 m (Figures  5B, 6B). The approximate noc-
turnal route taken back to the burrow was photographed the 
following day.

Observations #6 (Figure  7A,B): Bonnetina cf. cyaneifemur Vol, 
2000 and Brachypelma klaasi (Schmidt & Krause, 1994) [SA, 
A; ♀♀]; Chamela-Cuixmala Biosphere Reserve [19°29′17.2″N 
104°59′44.0″W], Chamela, Jalisco, Mexico; 7–9.2022; D.C. Ramírez.

During nocturnal field studies conducted in the dry season, a 
subadult or adult B. cf. cyaneifemur (Figure 7A), and on multiple 
occasions subadult or adult individuals of B. klaasi (Figure 7B), 
were observed ranging approximately 0.5–1 m away from their 
ground burrows, presumably hunting for prey. When disturbed, 
all encountered tarantulas retreated quickly and directly back to 
their burrows without difficulty or hesitation.

FIGURE 2    |    Avicularia avicularia, adult female; Emerald Jungle 
Village, Montsinéry, French Guiana. (A) Individual in a downward-
facing posture. (B) Individual emerging from its silken retreat con-
structed between wooden beams on the underside of a lodge roof. (C) 
Nocturnal movement route along the beams between the retreat (R) and 
the foraging site (F) adjacent to a light bulb (L). Photos: Rick C. West.

FIGURE 3    |    Avicularia spp., adult or subadult females. (A,B) A. avic-
ularia, La Sourou Camp, Roura, French Guiana: (A) individual posi-
tioned at the entrance of its silken retreat on the trunk of a tall tree; (B) 
individual in a downward-facing posture. (C) A. variegata, individual 
in a downward-facing posture; Novo Airão, Amazonas, Brazil. Photos: 
Caroline Leblond and Dominique Visser (A,B), and Rogério Bertani (C).
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Observation #7 (Figures  8A,B, 9A,B): Theraphosa apophy-
sis (Tinter, 1994) [A; ♀]; Gavilán [5°32′46.9″N 67°23′22.2″W], 
Amazonas, Venezuela; 02.2002; R.C. West.

The spider (Figure  8A) was observed leaving its ground bur-
row (Figure 8B) on an overcast day during the dry season and 
climbing an adjacent tall tree toward the foliage canopy, reach-
ing an estimated height of approximately 12 m above the ground 
(Figure 9A,B). Further observation was not possible due to time 
constraints. The tarantula may have been foraging in the tree 
canopy during the dry season.

Observation #8: B. klaasi [A; ♀]; Chamela-Cuixmala Biosphere 
Reserve [19°29′17.2″N 104°59′44.0″W], Chamela, Jalisco, 
Mexico; 06.1997; M. Yáñez.

Similar to observation #7, during a day in the dry season, this indi-
vidual was observed climbing down the side of a large acacia tree 
and returning to a nearby ground burrow. It was inferred that the 
tarantula, normally fossorial and nocturnal like T. apophysis, had 
been searching for prey during daylight hours in the dry season.

Observation #9 (Figures 10, 11A,B, 12A): Hemirrhagus sprou-
sei Mendoza & Francke, 2018 [J, SA, A; ♀♀]; Cueva de la Laguna 
Verde [18°32’N 96°36’W], Acatlán, Oaxaca, Mexico; 02.2002; 
R.C. West.

Cueva de la Laguna Verde (Green Lagoon Cave) is a 3350-m-long 
cave formed in water-soluble limestone (karst) by underground 
streams (Figure 11A). The cave was visited specifically during 
the dry season to film the troglobitic tarantula H. sprousei 
(Figure  10), when stream water levels were low and the cave 
was more easily navigable. The cave also hosts several other 
endemic or narrow-ranged species, including the blind cray-
fish Procambarus oaxacae reddelli Hobbs, 1973 (Cambaridae); 
a translucent prawn of the genus Macrobrachium Spence Bate, 
1868 (Palaemonidae); millipedes of the genera Prostemmiulus 
Silvestri, 1916 (Stemmiulidae) and Rhysodesmus Cook, 1895 
(Pyrgodesmidae); a scorpion of the genus Vaejovis Koch, 1836 
(Vaejovidae); a blind catfish of the genus Rhamdia Bleeker, 
1858 (Heptapteridae); and the robber frog Craugastor decora-
tus (Taylor, 1942) (Craugastoridae) (Coons 1976; Reddell 1981; 
Elliott 2020; Francke, pers. comm.; Sprouse, pers. comm.; West, 
pers. obs.).

Tarantulas were encountered approximately 300 m into the cave 
system, well beyond the light-transition zone, where polarised 
light might otherwise have an additional effect on navigational 
behaviour in the cave's lightless interior. Unlike non-troglobitic 
tarantulas, H. sprousei lacks an eye tubercle and possesses re-
duced eye cells that may be non-functional, along with long, 
slender legs that are less hirsute than those of non-troglobitic 
congeners.

FIGURE 4    |    Aphonopelma spp., adult females. (A) A. iodius; 
Christmas Tree Pass, Clark County, Nevada, USA. (B) A. chalcodes; 
Tucson Mountain Park, Pima County, Arizona, USA. Photos: Rick C. 
West.

FIGURE 5    |    Daytime view of the nocturnal movement route from 
the presumed foraging site (F) to the burrow (R) of Aphonopelma spp. 
(A) A. iodius; Christmas Tree Pass, Clark County, Nevada, USA. (B) A. 
chalcodes; Tucson Mountain Park, Pima County, Arizona, USA. Photos: 
Rick C. West.
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Individuals were found on cave walls (Figure 11B), either just 
above the stream on the cave floor (Mendoza & Sprouse, pers. 
comm.; West, pers. obs.) or at the entrances of natural cavity 
retreats lacking a silk lining and situated above the flood zone 
(Figure 12A). When approached, they were highly sensitive to 
even slight ground vibrations (e.g., walking) or air currents (e.g., 
breathing) produced by nearby observers. Juveniles were ob-
served at varying distances from burrows constructed in mud 
embankments above the stream's high-water level (Sprouse, pers. 
comm.). When disturbed, these individuals quickly and directly 
returned to their retreats without hesitation or disorientation.

3   |   Discussion

Nine cases of spatial orientation in arboreal and fossorial taran-
tulas in their natural environment were documented here. In 
general, arboreal tarantulas occupy a more limited vertical and 
circumferential space for navigation and hunting, in contrast 
to fossorial species that move across a largely horizontal, 360° 
plane. When active on trees or vertical man-made structures at 
night, most arboreal tarantulas adopt a downward-facing ori-
entation (Figures 2A, 3B, 13A–C). This posture likely enhances 
spatial awareness and proprioceptive control, allowing them to 
more effectively capture prey that climbs from the forest floor 
toward the canopy. It may also facilitate faster strike movements 
by reducing gravitational resistance. Moreover, their more 

dorso-ventrally flattened body form and stance, compared to 
the bulkier build of fossorial species, probably improve stability 
on rounded branches, trunks, and vertical surfaces, a capabil-
ity further supported by densely scopulated feet that increase 
traction.

In the cases involving Aviculariinae, individuals were observed, 
on two occasions repeatedly, leaving their retreats to hunt at more 
favourable locations, such as areas near artificial light sources 
that attracted flying insects, located approximately 1–2 m away 
(Figure 2C). These observations suggest that the tarantulas may 
have learned, retained, and applied information from previous 
experiences to modify their foraging behaviour in ways that en-
hanced prey capture. This behaviour, known as spatial learning, 
has been reported in other arboreal tarantulas during nocturnal 
activity, with individuals travelling varying distances from re-
treats built in natural tree cavities, palm axils, tree trunks or an-
thropogenic structures to locations where prey availability was 
presumably higher (Charpentier 1992; Stradling 1994), as well 
as in several other groups of spiders (Punzo 2004).

Somewhat analogous arboreal movements observed in oth-
erwise fossorial species (observations #7 and #8), apparently 
associated with foraging in the tree canopy rather than on 
the ground during the dry season, further supports this in-
terpretation. We also encountered several photographs on 
online platforms documenting similar arboreal movements 

FIGURE 6    |    Fossorial burrows of Aphonopelma spp. (A) A. iodius, 
burrow at the base of a creosote bush amid sparse vegetation; Christmas 
Tree Pass, Clark County, Nevada, USA. (B) A. chalcodes, burrow near 
low grasses; Tucson Mountain Park, Pima County, Arizona, USA. 
Photos: Rick C. West.

FIGURE 7    |    Bonnetina cf. cyaneifemur (A) and Brachypelma klaasi 
(B), adult or subadult females; Chamela-Cuixmala Biosphere Reserve, 
Chamela, Jalisco, Mexico. Photos: Rick C. West.
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and retreat construction in otherwise fossorial species from 
different genera and subfamilies (Figure  14A–D). These be-
haviours may represent similar ecological strategies, although 
further investigation is required. Temporary relocation to ar-
boreal microhabitats may also be influenced by environmen-
tal conditions. In lowland floodplain areas, ground-dwelling 
theraphosids, regardless of life stage, may climb and make 
temporary retreats in shrubs or trees during the rainy sea-
son to avoid seasonal inundation (West, pers. obs.). Similar 
responses to flooding have been documented in other inverte-
brates as well (e.g., Yamazaki et al. 2015).

It should be noted that the apparently opportunistic behavioural 
plasticity observed in observations #7 and #8 differs from on-
togenetic shifts in habitat use, in which different age- or size 
classes selectively utilise different microhabitats, possibly to re-
duce size-dependent predation, cannibalism, and intraspecific 
competition (Werner and Gilliam 1984). Such shifts have been 
documented in several groups of spiders (e.g., Edgar 1971; Kronk 
and Riechert 1979; Rayor and Uetz 1993; Hazzi et al. 2025), in-
cluding the theraphosid genera Hysterocrates Simon, 1892 and 
Ephebopus Simon, 1892 (West 2003; Marshall and West 2008). 
Of the former, which is a member of the entirely fossorial sub-
family Eumenophorinae, juveniles of H. crassipes Pocock, 1897 
found in large numbers in palms in Cameroon have been briefly 
described by West (2003). Ephebopus, in contrast, is a fossorial 
lineage within the otherwise arboreal subfamily Psalmopoeinae. 
Individuals of E. cyanognathus West & Marshall, 2000 and 

E. murinus (Walckenaer, 1837) occupy arboreal retreats during 
early life stages (Figure 15A,C) and later permanently move to 
the ground to construct fossorial retreats (Figure 15B) as prey 
demands increase (Marshall and West 2008; West, pers. obs.). 
Some adults of E. rufescens West & Marshall, 2000, however, 
were observed to remain in tree retreats, typically within root 
mass clusters in tree crotches (Figure 15D). Finally, on one oc-
casion, a juvenile of the entirely fossorial theraphosine genus 

FIGURE 8    |    Theraphosa apophysis, adult female and burrow; 
Gavilán, Amazonas, Venezuela. (A) Adult female. (B) Fossorial burrow 
among leaf litter. Photos: Rick C. West.

FIGURE 9    |    Theraphosa apophysis, adult female; Gavilán, 
Amazonas, Venezuela. (A) Individual climbing approximately 12 m up 
a tall tree toward the canopy foliage. (B) Closer view of the same indi-
vidual. Photos: Rick C. West.

FIGURE 10    |    Hemirrhagus sprousei, adult female; Cueva de la 
Laguna Verde, Acatlán, Oaxaca, Mexico. Photo: Rick C. West.
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Pamphobeteus Pocock, 1901 was found in a self-made silken re-
treat above ground among foliage in Peru (West, pers. obs.).

The remaining observations involve tarantulas quickly and 
directly returning to their retreats when threatened, without 
hesitation or disorientation. Studies on the catch-and-return be-
haviour of the funnel-weaver Agelena labyrinthica (Clerck, 1757) 
(Agelenidae) under controlled conditions (e.g., Bartels  1929; 
Görner 1962; Görner and Claas 1985) suggest that navigation in 
this species primarily relies on a combination of external and 
internal cues acquired during the outbound journey, including 
light position, polarised light, web tension patterns, gravity, 
and idiothetic signals; alternatively, the spider may rely only on 
idiothetic information, even when external cues are available 
(Moller 1970; Görner 1972). The close integration of allothetic 
and idiothetic cues suggests that both types of information are 
processed within the same region of the central nervous system 
(Foelix 2025).

A more comparable case may be the nocturnal wandering spi-
der Cupiennius salei (Keyserling, 1877) (Trechaleidae). Blinded 
individuals can accurately return to a prey capture site after dis-
placement by relying on idiothetic cues, particularly input from 
slit sensilla (lyriform organs when compound), which are mech-
anoreceptors near the leg joints that detect exoskeletal strain 
(Barth  2004). Spiders with mechanically damaged lyriform 
organs showed reduced return accuracy, greater navigational 
errors, and an inability to navigate curved paths (Barth and 

Seyfarth 1971; Seyfarth and Barth 1972; Seyfarth et al. 1982). We 
report a similar case in juveniles of H. sprousei, a blind troglo-
bitic tarantula, which retained awareness of both the direction 
and distance to their retreats in the absence of vision or polar-
ised light. It is noteworthy that adults of H. sprousei and other 
troglobitic congeners in different cave systems display more 
erratic movement patterns, with no fixed retreats except when 
mated females construct hammock-like egg sacs (Figure  12B) 
within natural rock cavities (Mendoza and Francke 2018). This 
suggests a possible ontogenetic shift in foraging behaviour, with 
reduced reliance on fixed retreats as individuals mature and the 
energetic demands of capturing larger prey increase.

It remains unclear whether tarantulas use both allothetic and 
idiothetic cues to navigate back to their retreats. In A. labyrin-
thica and C. salei, navigation appears to rely mainly on idiothetic 
cues, as noted above. In contrast, in the wolf spider Lycosa taran-
tula (Linnaeus, 1758) (Lycosidae), blinding the anterior median 
eyes, which detect polarised light, disrupts return to the retreat, 
which indicates a high reliance on this allothetic cue for naviga-
tion (Ortega-Escobar and Muñoz-Cuevas 1999). Given that most 
tarantulas are predominantly nocturnal, idiothetic cues are 
likely more important, though they are capable of detecting po-
larised light (Henton and Crawford 1966), which may be useful 
during the less frequent diurnal returns. Silk draglines left along 
the path back to the burrow also aid navigation, as discussed 

FIGURE 11    |    Cueva de la Laguna Verde, Acatlán, Oaxaca, Mexico. 
(A) One of the cave entrances. (B) Rick C. West observing a female 
Hemirrhagus sprousei foraging on a cave wall. Photos: Rick C. West (A) 
and Peter Sprouse (B).

FIGURE 12    |    Hemirrhagus spp., adult females. (A) H. sprousei, in-
dividual inside a natural cavity retreat near the cave floor; Cueva de 
la Laguna Verde, Acatlán, Oaxaca, Mexico. (B) H. papalotl Pérez-Miles 
& Locht, 2003, individual with a fixed, hammock-like egg sac; Gruta 
de Zacatecolotla, Taxco de Alarcón, Guerrero, Mexico. Photos: Rick C. 
West (A) and Jorge Mendoza (B).
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8 of 12 Ecology and Evolution, 2026

further below (Minch 1978; Shillington and Verrell 1997; Gaffin 
and Curry 2020).

While efficient in short-range navigation, tarantulas seemingly 
lack the ability for long-distance path integration seen in a few 
other groups. For example, adult males of the wandering hunts-
man Leucorchestris arenicola Lawrence, 1962 (Sparassidae) un-
dertake nocturnal round trips of several tens of meters to locate 
females and return directly to their burrows, likely by using 
local cues (Nørgaard et  al.  2007). Mate-searching excursions 
in tarantulas, on the other hand, are almost entirely random 
and do not circle back to a central location (Janowski-Bell and 
Horner 1999).

Instincts are innate, inherited behaviour patterns essential 
for survival, guiding actions such as migration, hunting, mat-
ing, and nest-building without prior learning. They are trig-
gered by specific environmental cues to produce consistent, 
adaptive responses. Learning, in contrast, is the process by 
which experience modifies behaviour, often permanently, en-
abling animals to adapt to changing conditions. Spiders, long 
considered largely instinct-driven animals, in fact exhibit re-
markable learning, memory, and behavioural plasticity despite 
their tiny brains. Associative learning in spiders has been doc-
umented in different contexts, such as linking vibration fre-
quency (Bays 1962) or colouration (Jakob et al. 2007) to prey 

taste, navigating modified webs and improving return paths 
after repeated trials (LeGuelte 1969), remembering previously 
captured (Rodriguez and Gamboa  2000) or temporarily out-
of-sight prey while adjusting their movements based on past 
experiences and accounting for changes in their own position 
(Hill 1979; Tarsitano and Jackson 1992, 1994), and searching 
for separated egg sacs, which they will accept within 1–2 days 
(Peckham and Peckham  1887), all of which reflect the pres-
ence of short- and long-term memory and cognitive processes. 
Learning can be strong enough to even override innate prefer-
ences, as shown in specialised myrmecophagous spiders that, 
when raised on detrimental prey, such as fruit flies, come to 
prefer these over their naturally optimal ant prey (Pekař and 
Cárdenas 2015).

Most experiments on the learning capacities of spiders have 
focused on visual hunters (e.g., Lycosidae, Salticidae) and orb-
weavers (e.g., Araneidae), while other groups, such as taran-
tulas, have received little attention; this is likely due to their 
generally sedentary nature, despite the potential for species with 
longer lifespans, such as tarantulas, to evolve more flexible be-
havioural programs (Poli 1988). The few studies conducted on 
tarantulas have demonstrated both spatial reversal and complex 
maze learning, which require a neural architecture more com-
plex than that found in most arthropods (Gallistel  1990). In a 
T-maze, most individuals learned over repeated trials to avoid 
bright light and heat (Punzo 2002) or to orient toward polarised 
light (Henton and Crawford 1966). In a complex six-alley maze, 
most learned to navigate efficiently, making progressively fewer 
errors and reaching the goal more quickly after 10 days of train-
ing (Punzo 2002). In nature, individuals inhabiting abandoned 
rodent burrows, which often have multiple side branches, adjust 
their position and egg sac placement according to temperature 
and humidity (Main 1982; Kotzman 1990), which indicate their 
ability to remember different sites in three-dimensional space 
for survival and reproduction (Punzo  2002). According to an-
other experiment, A. chalcodes can learn and retain avoidance 
behaviours, such as adjusting leg position to avoid an aversive 
stimulus, which is associated with increased RNA and protein 
synthesis in the supraesophageal ganglion (SEG) and decreased 
acetylcholinesterase activity. Blocking protein synthesis with 
cycloheximide impairs learning, particularly when applied 
before training. RNA activity rises specifically in the protoce-
rebrum and central body of the SEG, but not in the optic or sub-
esophageal ganglia, which demonstrates the role of the SEG in 
learning (Punzo 1988).

Other research has revealed additional cognitive complexi-
ties in tarantulas, including behavioural laterality (Ruhland 
et  al. 2017), as well as physiological and behavioural changes 
indicative of stress or altered internal states, which may inter-
act with cognitive processes. These include increased levels 
of hemolymphal cortisol, a hormone associated with chronic 
stress, and a reduced range of behavioural patterns under full-
spectrum lighting (Somerville et  al.  2021), decreased levels of 
serotonin and octopamine in the SEG following agonistic in-
teractions between males, particularly in subordinates (Punzo 
and Punzo  2001), highly variable durations of tonic immobil-
ity in ‘flipped’ tarantulas, where massed trials produced more 
prolonged responses consistent with elevated fear or stress-like 
states (Crawford  1979), and increases in aggression and flight 

FIGURE 13    |    Arboreal tarantulas, adult or subadult females. (A) 
Phormingochilus sp.; Lahad Datu, Sabah, Borneo. (B) Stromatopelma 
calceatum (Fabricius, 1793); Man, Ivory Coast. (C) Poecilotheria rega-
lis Pocock, 1899; Murud, Raigad, Roha, Maharashtra, India. Photos: 
Raphael S. von Büren (A), Johanna Fabiani (B), and Sushant More (C; 
reproduced under CC0 1.0, iNaturalist observation 59151113).
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responses in individuals raised in unenriched enclosures, 
whereas enriched conditions result in more ‘positive’ behaviours 
(Bennie et al. 2011).

Although the behavioural cases described suggest that learning 
and memory may contribute to prey-searching and navigation, 
the cognitive interpretation proposed here should be regarded 
as preliminary in the absence of experimental evidence. As 
noted, mygalomorphs rely extensively on chemical and chemo-
tactile cues, particularly those associated with silk, which may 
provide alternative or complementary explanations for retreat 
recognition and foraging movements (Yáñez et  al.  1999; Dor 
et al. 2008; Copperi et al. 2019). For example, movement of ju-
venile tarantulas around the maternal burrow indicates that pe-
ripheral silk networks provide a cue-bearing substrate that helps 
maintain spatial position and facilitates returning to the retreat 
(Shillington and McEwen 2006). Silk-borne signals are also im-
portant in reproductive behaviours and sexual communication, 
allowing males to locate females, assess their reproductive sta-
tus, and initiate courtship near burrows (Minch  1979; Quirici 
and Costa 2005; Copperi et al. 2019).

Prey-searching behaviour in spiders likewise depends on mul-
tiple sensory modalities, including chemical, vibrational, and 
visual cues (Uetz et al. 2013). Chemical traces left by prey can 
influence microhabitat selection and patch residence time, while 
visual features such as habitat structure and light availability 
may further affect site choice (Persons and Uetz 1996a, 1996b; 
Punzo and Kukoyi 1997; Persons and Rypstra 2000; de Omena 
and Romero  2010). For example, in human-modified environ-
ments, artificial lighting often creates stable prey-rich patches 
that spiders preferentially forage in (Heiling  1999; Mammola 
et al. 2018), which may partly explain the behaviours reported 
in observations #1 and #3.

Overall, available evidence suggests that learning-based nav-
igation and cue-based orientation are not mutually exclusive 
and may interact in shaping movement and foraging behaviour 
in spiders. While the observations reported here are compati-
ble with experience-based spatial behaviour, they may also be 
explained, at least in part, by well-documented sensory mech-
anisms. Combining field observations with manipulative exper-
iments designed to test learning hypotheses under controlled 

FIGURE 14    |    Fossorial tarantulas in arboreal microhabitats. (A) Chilobrachys natanicharum Chomphuphuang et al., 2023, adult female; Khao Sok 
National Park, Surat Thani, Thailand. (B) Chromatopelma cyaneopubescens (Strand, 1907), adult female; Paraguaná Peninsula, Falcón, Venezuela. 
(C) Phrixotrichus cf. vulpinus (Karsch, 1880), sex and life stage undetermined; Concepción, Bíobío, Chile. (D) Cyriocosmus sp., adult or subadult fe-
male; Trésor Regional Nature Reserve, Roura, French Guiana. Photos: Niran Anurakpongsathorn (A), Carlos Aramburu (B), Ernesto Guzman (C), 
and Olivier Fortune (D).
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conditions will therefore be essential for assessing the relative 
contributions of cognitive and sensory processes to orientation 
and foraging in mygalomorph spiders.
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