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GLACIER CAVES: A GLOBALLY THREATENED SUBTERRANEAN BIOME
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Abstract

Caves and cave-like voids are common features within and beneath glaciers. The physical environment is harsh and 
extreme, and often considered barren and devoid of life. However, accumulating evidence indicates that these caves 
may support a diverse invertebrate fauna with species endemic to each region. As glaciers continue to disappear at an 
alarming rate due to global warming, they take their largely unknown fauna with them. Thus, glacier caves may harbor 
one of the most endangered ecosystems globally, and yet their biodiversity is among the least studied or known. Faunal 
surveys and ecological studies are urgently needed before all examples are lost.

INTRODUCTION
Glacier caves are voids within and beneath glaciers that are formed mostly by surface meltwater sinking into the 

glacier through crevasses, moulins, and fissures (Piccini and Mecchia, 2013; Smart, 2003; Kováč, 2018; Gulley and 
Fountain, 2019). Glacier caves can be enlarged by geothermal melting (Kiver and Mumma, 1971; Giggenbach, 1976), 
as well as by pressure and friction at the contact between the ice and bedrock. These caves are created by natural 
phenomena during the life of the glacier and are common features in glaciers. They are best developed in montane gla-
ciers in comparison to polar glaciers, largely because of the steeper gradient, greater flow rate, and seasonally warmer 
temperatures (Smart, 2003).  The cave structure is dynamic; for example, changing shape and course as the glacier 
flows downslope; enlarging during warm periods; and collapsing and deforming under pressure.  However, the voids 
within sediments at the base of glaciers may remain open and contain liquid water during most of the life of the glacier 
(Hodson et al., 2015) especially in montane glaciers at low and mid latitudes (Hotaling et al., 2017b). A meltwater stream 
often flows along the contact between the glacier and bedrock. This meltwater exits glaciers through springs and seeps 
that feed surface streams. Glacier caves are distinct from ‘ice caves’ (the latter more accurately referred to as ‘freezing 
caverns’), which are conventional caves in rock ,such as limestone and basalt, that trap cold air and contain permanent 
ice (Kováč, 2018; Perşoiu and Lauritzen, 2018). The known fauna of freezing caverns was reviewed by Iepure (2018).

Glacier caves can be considered a subgroup of the larger subterranean biome, as well as a subgroup of the gla-
cial biome (Anesio et al., 2017). The latter is a subgroup of the aeolian biome (Papp, 1978; Swan, 1992).  A biome is 
a grouping of ecosystems that share similar features of their physical environment and characteristics of the resident 
community of organisms. The physical environment within glacier caves is extreme. Temperatures remain near or 
below freezing, and the polished ice walls often appear clean and devoid of organic material. There are few food re-
sources visible that could support life. Liquid water necessary for cellular function would be unavailable except during 
periods when meltwater is present.  Shallow glacier caves receive subdued sunlight filtered through the translucent 
ice, but deeper caves remain completely dark (Hotaling et al., 2017b). Subglacial sediments are normally anoxic unless 
refreshed by incoming aerated surface water (Hodson et al., 2015). In addition, survey of subglacial habitats can be 
extremely difficult and dangerous (Hodson et al., 2015; Gulley and Fountain, 2019; Templeton and Jahn, 2019).  

The barren appearance is deceiving. Organic material can be relatively abundant. The surface of glaciers traps 
wind-borne organisms and organic detritus that become encased in the ice when covered by new snow fall (Mani, 
1968; Papp, 1978; Edwards, 1987; Lockwood et al., 1991; Cartaya and McGregor, 2014; Vanlooy and Vandeberg, 
2019). The organic material is preserved often for millennia within the ice until meltwater releases it and washes it into 
caves or it is released at the margin of receding glaciers (Mani, 1968). The interface between the ice and bedrock under 
montane glaciers contains relatively abundant nutrient resources that support distinct and diverse microbial communi-
ties (Bhatia et al., 2006; Hodson et al., 2015; Hotaling et al., 2017b).

Meltwater on the glacial surface support diverse assemblages of microbiota on nearly all glaciers studied worldwide 
(Takeuchi 2011; Hotaling et al., 2017b). The main source of nutrients supporting these surface communities is transport-
ed by wind (Mani, 1968; Swan, 1992).  Additional nutrients are contributed by autotrophic algae growing on the snow, 
but these organisms also require aeolian-derived nutrients for growth (Swan, 1992). These communities contribute 
significant organic material to meltwater that sinks into the glacier through crevasses and moulins (Hodson et al., 2015; 
Anesio et al., 2017; Hotaling et al., 2017b).  The invertebrates are represented by five phyla: Rotifera, Annelida, Tardi-
grada, Nematoda, and Arthropoda (Zawierucha et al., 2015). Surprisingly, rotifers live on and in the snow and ice of 
glaciers in Iceland (Shain et al., 2016). A few macroscopic organisms exploit organic resources on the glacial surface, 
e.g., the obligate glacial ice worm, Mesenchytraeus solifugus on glaciers of northwestern North America (Hotaling et 
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al., 2019) and numerous arthropods such as Arachnida, Collembola and Diptera in the Himalayas (Swan, 1992) and 
Plecoptera in Patagonia (Takeuchi 2011).  

Meltwater exiting the downslope edge of glaciers feeds surface streams and springs. These glacially-fed surface 
waterways support a diverse fauna of cold-adapted aquatic invertebrates (Hotaling et al., 2017a) such as the Himalayas 
(Hamerlik and Jacobsen, 2011), New Zealand (Milner et al., 2001; Winterbourn et al., 2008), N. America (Giersch et 
al., 2016), S. America (Jacobsen et al., 2010), and Europe (Brown et al., 2007; Scotti et al., 2019). Most of the nutri-
ents supporting this community is supplied by organic material exiting the glacier, at least close to the glacier forefront 
(Hotaling et al., 2017a). Although faunal surveys confirm the existence of a diverse fauna in glacially-fed streams, the 
true diversity remains unknown. In fact, most glaciers and associated surface water ways have yet to be surveyed, and 
as glaciers disappear through climate change, many species will be lost without having been described or recognized 
(Brown et al., 2007; Muhlfeld et al., 2011; Jacobsen et al., 2012; Giersch et al., 2015; Hotaling et al., 2017a; b; Jordan 
et al., 2016; Maurer et al., 2019; Zawierucha and Shain, 2019).  For example, 125 of the estimated 150 glaciers have 
disappeared from Glacier National Park in the last 175 years, and by 2050, all of the iconic glaciers in the park will be 
gone (Hall and Fagre, 2003).

FAUNA OF GLACIAL CAVES
In contrast to these surface meltwater habitats, the harsh environment beneath glaciers has long been considered 

inhospitable and devoid of life. However, that view is changing with the discovery of microbial communities in subglacial 
lakes and within the sediments between the glacier and bedrock (Bhatia et al., 2006; Mikucki et al., 2009; Hotaling, 
2017b). The macroinvertebrate fauna of subglacial habitats remains poorly known. I know of no overview of the fauna 
of any glacier cave, but at least a few subglacial arthropods are known. Two species of subterranean amphipods have 
been described from subglacial aquatic habitats in Iceland. Their endemism on the isolated oceanic island indicates 
that they survived in refugia (possibly maintained by geothermal heating) beneath glaciers (Kornobis et al., 2010). At 
least six species of cave-adapted amphipods in North America are thought to have persisted in subglacial refugia 
(Taylor and Niemiller, 2016), and in northern Europe several subterranean species of Niphargus amphipods most likely 
survived multiple glaciation events (McInerney et al., 2014).  In addition to these aquatic species, a few terrestrial cave 
species survived glaciation including an anomalous cave-adapted campodeid dipluran that is known from the edge of 
the last glacial maximum on Vancouver Island, Canada (Sendra and Wagnell, 2019), and several species of collembola 
evidently survived glaciation in the British Isles (Faria, 2019). The habitat of these subglacial animals includes the medi-
um-sized voids in the gravel between the glacier and bedrock, analogous to the “mesocaverns” in Howarth (1983). Liq-
uid water may be available in this habitat by heating from a geothermal source, melting point reduction from pressure, 
and friction from the moving glacier. In August 1988, I visited Paradise Ice Cave in Paradise Glacier, Mt Rainier National 
Park (Fig. 1) and noted that in places the walls seemed alive with insects resting or running on the ice. I did not have a 
collecting permit, and as far as I know, the dozen or more species in four orders that I saw are still unknown. Observed 
were mayflies (Ephemeroptera), stoneflies (Plecoptera), caddisflies (Trichoptera), and flies and midges (Diptera). None 
of the species observed showed morphological characters that might indicate adaptation to subterranean habitats, and 
all may also occur in nearby melt water streams. However, because of their isolation within the glacier, most if not all 
species were successfully living in the cave. Due to glacial retreat from warming, Paradise Ice Cave is no longer ac-
cessible. Comprehensive surveys of aquatic insects were conducted by Kubo and colleagues (2012), and for stoneflies 
by Kondratieff and Lechleitner (2002) occurring in meltwater streams on Mt. Rainier; however, neither study apparently 
included glacial caves in their surveys. There is undoubtably significant overlap in the aquatic arthropod fauna of melt-
water streams and the fauna within glacier caves, but there may be significant differences based on degree of isolation, 
food resources, age and history of the glacier, the source of fauna, and differences in the physical environment  Even 
the meltwater stream fauna that successfully colonized glacier caves might have highly evolved additional physiological 
traits that allow them to survive in the harsh environment, such as being frozen for prolonged periods as well as being 
subjected to periodic anoxic conditions. For example, Bhatia et al. (2006) found that the bacterial communities beneath 
John Evans Glacier in Nunavut, Canada, were highly distinct from the composition of bacterial communities in adjacent 
supraglacial meltwater and ice-free proglacial sediments indicating that the bacterial community beneath the glacier 
were adapted to subglacial conditions.  

The subglacial microbial communities along with aeolian debris and surface animals falling into subglacial voids 
would provide resources needed by cavernicoles. Animals that can exploit these resources and reproduce in subgla-
cial voids would, over time, become adapted to life underground, possibly by an adaptive shift (Howarth et al., 2019). 
Potential candidates for colonizing aquatic subglacial habitats include the invertebrates inhabiting the glacial surface 
and glacial fed streams noted above. A potential source for terrestrial animals that could colonize glacial caves is the 
community of scavengers and predators living in talus slopes adjacent to snow fields. These animals characteristically 
venture onto the ice during favorable weather to feed on moribund aeolian waifs trapped on the ice. They retreat into the 
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talus to escape unfavorable conditions (Edwards, 1987). These communities are dominated by cryophilic arthropods 
including spiders, harvestmen, springtails, grylloblattids, and staphylinid and carabid beetles (Mani, 1968; Edwards, 
1987; Wipfler et al., 1914). Many of these cryophilic talus-inhabiting arthropods have close relatives adapted to live 
in conventional caves including freezing caverns (Iepure, 2018). Without biological surveys, one cannot assume that 
these caves do not harbor unique animals (Ficetola et al., 2018). If these cave faunas were to go extinct before being 
studied, the assumption that nothing could possibly live there would remain true, and biologists could claim that they 
never existed. Our understanding of the fauna of glacial caves is currently analogous to the assumption pre-1970 that 
young lava tubes on oceanic islands were barren of life (Howarth, 1972).  A diverse fauna including species highly 
specialized to live only underground in caves and similar habitats is now known from most temperate and tropical re-
gions that have been adequately surveyed (Howarth, 1983; Howarth and Moldovan, 2018). The animals living in glacial 
caves provide unique research opportunities in evolutionary ecology, behavior and physiology.  For example, how do 
the animals survive in such a harsh environment?  Specifically, how long can glacier cave arthropods survive freezing?  
Meltwater streams maintain annual freezing and thawing cycles, and the surface stream fauna is known to survive in 
such regimes. The same temperature regime may not be true in glacier caves as slight prolonged cooling of the climate 
or collapse of passages may isolate the animals in frozen crypts for decades or centuries. How do animals disperse 
within or below the glacier?  Which populations are permanent residents, and which are meta populations?  The latter 
require periodic recolonization from surface habitats. Understanding the environment and faunal adaptations may help 
explain how the recently discovered anomalous campodeid survived beneath the glacier (Sendra and Wagnell 2019).

SUGGESTED COLLECTION METHODS
Biological surveys of caves can be challenging both physically and logistically (Wynne et al., 2019). Fortunately, 

improved equipment and training have made exploring caves and conducting research safer and more productive.  Fur-
thermore, protocols for biological surveys have evolved and become more standardized (Hunt and Millar, 2001; Culver 
and Sket, 2002; Wynne et al. 2019). These methods can be utilized or modified for surveying glacial caves; however, 

Figure 1. View downslope in Paradise Ice Cave, Mt. Rainier National Park, Washington, U.S.A. showing snow cone below skylight.
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because of the additional risks inherent in exploring glacial caves, it seems prudent that the initial reconnaissance sur-
veys employ passive collecting techniques that can be deployed remotely or quickly in accessible locations. For exam-
ple, for terrestrial habitats, baited pitfall traps, including mesocavern traps (López and Oromí, 2010) could be lowered 
by rope into crevasses that reach the substrate. For aquatic habitats, plankton nets and baited shrimp traps could be 
lowered into waterways. Where possible, traps can be placed in and along the margins of springs exiting glaciers. This 
latter strategy should include surveys of the volume and composition of organic material released from the glacier. In 
addition, biologists might collaborate with glaciologists and utilize the holes drilled into glaciers. The results from these 
reconnaissance surveys will indicate which accessible caves would be suitable for more intensive surveys.

CONCLUSIONS
The fauna and microbiome of caves occurring in and beneath glacial ice are poorly known, and their ecology little 

understood. The few studies done to date indicate that a diverse fauna exists, which includes narrowly endemic spe-
cies. Research in glacial caves is difficult due to the harsh environment and dynamic nature of the caves. Nevertheless, 
biodiversity and ecological studies are valuable and potentially improve our understanding of how organisms adapt to 
harsh environments. Glaciers and their associated habitats are disappearing at alarming rates. Glacial caves harbor 
one of the most endangered ecosystems on earth. Without successful mitigation to reverse global warming and limit 
the loss of montane glaciers, most glaciers, along with their associated fauna, will disappear in the next few decades.  
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