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ABSTRACT
Freshwater springs and associated wetlands are increasingly recognized as locally persistent resources within rift-
basin paleolandscapes, and at Olduvai Gorge they have been linked to repeated concentrations of artifacts and
fauna during dry phases. These reconstructions, however, often emphasize water and food availability, with less
explicit attention to a major, underappreciated constraint, safe sleeping sites under nocturnal predation risk. This
commentary uses Kikuletwa Hot Springs as a modern field prompt, alongside published reconstructions of spring
and wetland use at Olduvai Bed I and Lowermost Bed II, to highlight the three-dimensional refuge structure that
spring-oasis patches can support, especially woody cover and, where present, nearby rocky refuges generated by
rift structure. By reframing springs as refugial nodes that bundle freshwater, edible plant resources, and refuge
opportunities, this perspective helps separate activity locations from resting and sleeping needs within a wider
pattern of movement and site use. It also leads to simple, testable predictions that can be applied to existing
evidence and future work. The novelty is therefore not that springs attract hominins, but that spring-fed patches
can be treated as bundled refuge structures, where freshwater, food opportunities, and nocturnal safety may be
co-located, and where sleeping constraints may help organize daily ranging beyond the basin-floor record. Under
this framing, archaeological evidence should occur more frequently near springs, wetlands, wooded patches, or
other refuge features; these relationships should be weaker where deposits show greater water disturbance; and
targeted survey of under-explored rocky ground and upland margins should reveal evidence that has so far been

missed.

INTRODUCTION

lduvai Gorge is frequently interpreted through the

distribution of fossils and artifacts preserved in basin-
floor and lake-margin sediments and landforms (Hay 1976;
Leakey 1971). While these deposits are informative, they
may not provide a complete picture of hominin landscape
use. At Olduvai, hominin behavior is most visible archae-
ologically where tool use, butchery, or other artifact-rich
activities left durable traces. Sleeping and resting behav-
ior are far less likely to leave such clear signatures, even
though they may have been equally important in structur-
ing daily landscape use.

One recurring issue is that resource-rich lowlands can
also be high-risk nocturnal environments for medium-sized
terrestrial primates. For many primates, daily foraging on
the ground is paired with a strong preference for elevated
sleeping sites that reduce predation risk (Bidner et al. 2018;
Hamilton I1I 1982; Lewis-Bevan et al. 2025). This safety con-
straint can shape how primates use landscapes, including
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where they choose to rest or sleep between foraging bouts,
and it should be considered even if the Olduvai record is
concentrated in lake-margin and basin-floor deposits.

Recent work at Olduvai has emphasized the impor-
tance of groundwater-fed springs and wetlands as locally
persistent resources during climatic oscillations and has
linked spring and wetland deposits to repeated concentra-
tions of activity (Ashley et al. 2009; Ashley et al. 2010a; Ash-
ley et al. 2010b; Cuthbert and Ashley 2014). The purpose of
this short commentary is to add a behavioral layer to that
framework, by treating springs not only as water points but
as refugial nodes that can generate safe sleeping opportuni-
ties through associated tree cover. In short, the novelty here
is not that springs attract hominins, but that spring-fed
patches can form part of a three-dimensional refuge struc-
ture that constrains nocturnal safety and therefore shapes
daily movement and site use.

Northern Tanzania contains multiple modern ground-
water and wetland settings that can serve as partial ana-
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Figure 1. Location of Kikuletwa Springs in relation to Mount Kilimanjaro and Mount Meru. The springs lie well away from the
mountain flanks, illustrating the distal occurrence of groundwater discharge discussed in the text. Elevation contours, in meters above
sea level, were generated by the author from the JAXA ALOS World 3D-30m (AW3D30) digital surface model, Version 3.2/3.1 (Japan
Aerospace Exploration Agency Earth Observation Research Center 2021) (basemap: Esri World Imagery. Sources: Esri, DigitalGlobe,
GeoEye, i-cubed, USDA FSA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community).

logs for aspects of Olduvai’s rift-basin ecology (Ashley et
al. 2010a). Kikuletwa is used here as the illustrative case
because its spring discharge occurs well away from the
mountain front, highlighting that reliable freshwater and
associated tree cover can emerge distal to the recharge
slopes, in locations that would otherwise appear exposed
(Figure 1). This choice is therefore intended to clarify mech-
anism rather than to imply that Kikuletwa is the only or
best analog in the region. A February 2026 visit to Olduvai
Gorge and Kikuletwa provides the immediate field prompt
for this perspective, but the argument is anchored in the
published spring, wetland, and vegetation reconstructions
for Bed I and Lowermost Bed II.

KIKULETWA AS A MODERN FIELD ANALOG
Kikuletwa Hot Springs, also known as Chemka, is a peren-
nial spring oasis in northern Tanzania. The spring pools
are bordered by dense riparian vegetation, including tall
figs and palms, producing a compact patch of shade and
elevated canopy within a broader, more open landscape
(author observation). Hydrological field investigations at
Chembka describe a high and relatively stable spring output
throughout the year, including only modest fluctuations in
water level and discharge, weak coupling to local precipi-
tation, and a stable outlet temperature, consistent with a

deep groundwater source and a sizable reservoir (Rehr et
al. 2002). The spring discharge occurs distal to the Kiliman-
jaro recharge slopes, that is, well away from the mountain
flanks, and the ground around the pools is relatively flat,
which helps isolate canopy refuge as the primary three-
dimensional structure at the site (Figures 2 and 3).

During a February 2026 visit, no baboons were ob-
served, but vervet monkeys were observed resting high in
the canopy above the spring pools and outflow. This quali-
tative observation is included for functional clarity rather
than as a dataset, and it illustrates how groundwater dis-
charge can generate a small, spatially concentrated refugial
patch that combines reliable freshwater with elevated ref-
uge structure in an otherwise open and exposed setting. Ki-
kuletwa is now a recreational site with regular human ac-
tivity, so present-day predator presence or absence cannot
be regarded as representative of natural predator pressure.

Kikuletwa is therefore used here to visualize the be-
havioral logic of spring refugia. A spring-fed wetland can
be more than a drinking point; it can also provide safe rest-
ing and sleeping options for ground-foraging primates.
The next section summarizes the published evidence that
comparable spring-fed wetland and wooded patches recur
at Olduvai during Bed I and the earliest Bed II, where they
have been linked to repeated hominin activity.
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Figure 2. Riparian canopy at Kikuletwa Hot Springs (February
2026), illustrating the compact refuge structure associated with
spring discharge.

SPRINGS AND WOODY PATCHES

AT OLDUVAI
At Olduvai Gorge, multiple studies have reconstructed
spring-fed freshwater oases and wetlands within a broader
rift-basin mosaic that included saline or alkaline lake phas-
es. In particular, spring and wetland deposits have been
linked to repeated hominin activity during drier environ-
mental phases, consistent with a freshwater spring refugia
model (Ashley et al. 2009; Cuthbert and Ashley 2014). See
also the mapped reconstruction of the wetland and spring
sites in Ashley et al. (2009: Figure 5). In several reconstruc-
tions, springs are treated as especially important during
drier phases, when shrinking lake-margin waters may have
become increasingly saline or alkaline and less suitable for
drinking.

Work at FLK North has explicitly described a freshwa-
ter oasis within savannah grassland settings, and spring-
adjacent areas have been discussed as focal points for
both hominin and carnivore behavior (Ashley et al. 2010a;
Dominguez-Rodrigo et al. 2010). Freshwater spring set-
tings were not necessarily low-risk environments— carni-
vore and crocodile activity is documented around FLK-Zin;
and FLK NN3, reinforcing the importance of nearby pro-
tective vegetation or other refuge structure (Aramendi et
al. 2017). Biomarker work at FLK Zinj, within a spring-fed
wetland setting, indicates that freshwater, edible plant re-
sources, and protective woody cover could be tightly bun-
dled at meter scales, with butchery debris occurring within

Figure 3. Spring pool and outflow at Kikuletwa Hot Springs (February 2026), illustrating the oasis form discussed in the text.
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or immediately adjacent to an isolated woodland patch
near wetland vegetation (Magill et al. 2016), so a spring-
fed patch can be a compact oasis that combines drinkable
water, edible plants, and protective cover. By contrast, AGS
(a Bed I site at Olduvai Gorge) shows that butchery and ar-
tifact concentrations could occur in a relatively open lake-
side setting near freshwater, so the places where tools and
bones accumulate are not always the places where homi-
nins rested or slept (Stancampiano et al. 2022).

Most of this work explains spring-focused activity in
terms of resources, drinkable water, and edible plants. The
additional point emphasized here is that spring-associated
woody patches can also provide refuge structure, includ-
ing safer sleeping opportunities.

SAFE SLEEPING SITES AS A CONSTRAINT
In rift basins, groundwater discharge and local relief can
share the same tectonic controls. Faulting can localize
springs by creating conduits and barriers (Ashley et al.
2010b; Cuthbert and Ashley 2014), and it can also generate
rocky scarps, outcrops, and steep ground (Hay 1976; Parisi
et al. 2020). As a result, rift structure can produce a com-
bined pattern of springs and nearby rocky refuges.

For baboons and other primates, sleeping site selection
is strongly structured by predation avoidance, with cliffs,
caves, and emergent trees typically preferred over open
woodland trees when available (Hamilton IIT 1982). More
recent work on leopard and baboon dynamics likewise em-
phasizes the role of sleeping sites in shaping risk and be-
havior (Bidner et al. 2018).

Applying this logic to Olduvai does not require claim-
ing that hominins slept exclusively in trees. It suggests a
spectrum of plausible refuges, including tall trees at spring
oases, and, where available, fault-generated rocky ground
and steeper slopes that can provide additional refuge op-
tions. Such relief need not occur at every activity locality.
In an active rift setting, the availability of rocky refuges
can also shift through time. The Olbalbal depression on the
Ngorongoro flank is a reminder that faulting can rapidly
reshape local topography, so rocky refuge options may
have changed even where the present-day ground is rela-
tively flat (Parisi et al. 2020).

This framing does not depend on any single explana-
tion for how bones and artifacts accumulated at particular
sites. Whatever the transport or deposition pathway, the
main point is that interpretations of hominin habitat use
should make room for a simple constraint. Where could
vulnerable primates rest safely at night?

IMPLICATIONS FOR INTERPRETING
OLDUVAI ASSEMBLAGES AND
LAETOLI FOOTPRINTS
If spring-associated habitats are treated as refugial nodes,
lake-margin artifact and faunal concentrations can be read
as foraging and processing areas within a wider pattern of
daily movement and site use, rather than as the only places
where hominins spent most of their time. In this view, re-
peated use of spring and wetland locales is expected, but so

is moving back and forth from safe refuges, including trees
and nearby relief.

Paleobotanical syntheses indicate that spring-related
wetlands and palm-rich woodlands were not unique to
Olduvai but occurred as highly localized patches at Laetoli
and Peninj as well, consistent with fault-controlled ground-
water discharge and freshwater wet spots across northern
Tanzania (Barboni 2014; Barboni et al. 2019). Work at Oldu-
vai also shows that groundwater can be expressed as subtle
seeps with diagnostic sedimentary signatures, suggesting
that some spring-fed wet spots may be overlooked if at-
tention is limited to the most obvious spring and wetland
localities (Ashley et al. 2016). At a broader spatial scale,
groundwater hydro-refugia modeling has mapped pres-
ent-day “permanent” springs across the eastern branch of
the East African Rift and indicates that many could remain
productive through dry phases, reinforcing the likelihood
that spring-fed nodes were widespread across the region
(Cuthbert et al. 2017). This strengthens the inference that
the wider region likely contained multiple spring-fed re-
fugial patches beyond the best known localities, and that
some potential nodes remain unrecognized because they
have not been found, preserved, or exposed.

Bones and artifacts can be moved and re-concentrated
after deposition, and similar looking patterns can be pro-
duced in different ways, so the refugial-node idea should
be tested with spatial and sedimentary evidence rather
than assumed from the positions of assemblages alone (Nel
et al. 2021). At Olduvai, recent fluvial taphonomy work ar-
gues that many of the assemblages examined are largely in
place, which means the spatial layout of bones and artifacts
is more likely to be meaningful (Dominguez-Rodrigo et al.
2019).

The Laetoli trackways record a clear northerly move-
ment direction. Miller et al. (2024) found that, while most
footprint trails were oriented in random directions, all of the
hominin trackways were directed northward, and suggest-
ed that this might reflect movement toward a water source.
Published paleobotanical evidence indicates that localized
spring-related wetlands and woodland occurred at Laetoli
(Barboni 2014; Barboni et al. 2019). Modern hydrological
work in the wider northern Tanzanian region also shows
that groundwater discharge can emerge through spatial-
ly separated spring areas rather than at a single obvious
source (Rehr et al. 2002). Within the framework proposed
here, such localized groundwater-fed patches could have
functioned as refugial nodes, combining water, vegetation,
and refuge opportunities. An as yet unidentified spring-fed
refugial node north of Laetoli therefore provides one plau-
sible explanation for the observed northerly movement, al-
though no such destination has yet been identified.

TESTABLE HYPOTHESES
This reframing leads to three clear, testable hypotheses that
apply across rift-basin paleolandscapes.
1. If springs and refuge structure were important to
hominins, archaeological evidence should occur more
frequently near springs, wetlands, wooded patches,
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or other safe refuge features.

2. Where archaeological deposits show greater water
disturbance, their relationship to springs, wetlands,
wooded patches, or other refuge features should be
weaker.

3. If hominins also used refuge areas beyond the bet-
ter-preserved basin floor, targeted survey of under-
explored cliffs, rocky ground, and upland margins
should reveal evidence that has so far been missed.

CONCLUSION

Kikuletwa is not presented as a direct analog for the geol-
ogy or ecology of Bed I Olduvai. It is presented as a modern
field prompt that makes the refugial structure of spring sys-
tems easier to appreciate. When combined with published
reconstructions of spring and wetland use at Olduvai, it
underpins a simple reframing—springs can be treated as
refugial nodes that combine freshwater, plant resources,
and elevated sleeping opportunities.

Making safe sleeping sites explicit as a constraint
links primate ecology to rift-basin hydrology and tapho-
nomy in a practical way. For expanded context on refugial
landscape structure and behavioral constraints in an East
African rift setting, see Smith and Reynolds (2025). It also
provides simple predictions to check with maps, environ-
mental evidence, and field survey. Above all, it is a remind-
er that basin-floor deposits may not tell the whole story of
where early hominins rested, slept, and moved across the
wider landscape.
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