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The Biodiversity Crisis
At local, regional, and global scales, 

biodiversity and the services that it provides to 
people are being threatened by anthropogenically 
induced factors such as climate change, land use 
change, invasive species, and the interactions 
among them.  Moreover, the distribution of 
negative effects on biodiversity from such 
global change drivers will not be homogeneous 
throughout all regions of the planet, and many 
areas that currently harbor high biodiversity 
will likely suffer disproportionately higher rates 
of habitat loss and fragmentation, as well as 
continued degradation in the coming decades of 
this century.

Humans have a long history of modifying 
natural landscapes and converting them to uses 
(e.g., croplands, pastures, urban areas, industrial 
developments) that serve the welfare of society, 
at least in the short term.  Nonetheless, the extent 
of land use modification has become so pervasive 
and severe that some have come to recognize 
the last few hundred years, especially those 
associated with the industrial revolution and the 
mechanization of agriculture, as the Anthropocene 
(Steffan et al. 2003; Zalasiewicz et al. 2010).  
Similarly, recognition of the emerging dominance 
of anthropogenically modified landscapes -- 
anthromes -- suggests the ubiquitous nature of 
human-dominated landscapes that have emerged 
over the last few centuries (Ellis and Ramankutty, 
2008; Ellis et al. 2010).  We now live in a world 
in which wildlands occupy less than a quarter of 
the area of terrestrial biomes (Figure 1) and are in 
rapid decline.

Throughout much of the world, human 
populations continue to increase, as does the 
per capita use of resources.  By 2050, the size 
of the human population is projected increase 
by 2.3 billion individuals (UNDESSA 2007).  For 
global food production to meet this demand, it 

must increase by 70% (FAO, 2010).  Although 
some of this required increase in production 
will be attained by cultivating crops with higher 
yields, including use of genetically modified 
organisms, a substantial portion of the required 
increase will necessitate the conversion of natural 
areas to agricultural lands.  For energy supplies 
to meet the demands of a burgeoning human 
population, energy production must increase by 
100% (Sheffield, 1999), with a substantial quantity 
potentially associated with biofuel production, 
causing additional reduction in the extent of 
natural areas or diminishing the allocation of 
arable land to food production.  In general, the 
effects of decreasing the amount of habitat and 
increasing the fragmentation of habitat are clear 
from theoretical and empirical perspectives (Pimm 
and Raven, 2000; Barbault and Sastrapradja, 
1995):  population sizes decrease and species go 
extinct. 

Climate change and increasing climate 
variability will alter the geographic distribution of 
critical environmental factors (e.g., temperature, 
precipitation), as well as the frequency, intensity, 
and scale of disturbances (e.g., cyclonic storms, 
droughts), all of which affect the distribution 
and abundance of organisms (Parmesan et al., 
2000), as well as the interactions among them 
(Gilman et al., 2010).  By some estimates, climate 
change alone could contribute to the extinction of 
approximately 25% of the species in some groups 
of organisms, such as vertebrates and plants 
(Malcolm et al., 2006).  In part, this may occur 
because new combinations of environmental 
characteristics may emerge more rapidly than 
will the ability of some species to adapt to 
them.  Alternatively, no-analog communities 
(i.e., novel combinations of species compared 
to current communities) will develop in which 
biotic interactions may enhance extinction rates 
(Williams and Jackson, 2008).  Moreover, species 
occupying high elevation habitats, especially 
those in the Tropics, which have heretofore been 
buffered from the effects of humans because 
of their inaccessibility and ruggedness, may 
be particularly vulnerable to extinctions as 
current high-elevation habitats will shrink in 
extent and the species that are high elevation 
specialists will suffer higher extinction rates 
than their low elevation counterparts (Colwell 
et al., 2008).  Currently, such mountainous areas 
enjoy particularly high species richness and 
are inhabited, especially at higher elevations, 
by micro-spatial species (i.e., those with small 
geographic distributions), which are characterized 

Willig, M.  R. (2012). A Bat Monitoring Network for Global Change in the Anthropocene: Now or Never. Pp. 20-25 in Flaquer, C. & Puig 
Montserrat, X. eds. Proceedings of the International Symposium on the Importance of Bats as Bioindicators. Museum of Natural Sciences 
Edicions, Granollers.



21

by high extinction probabilities (Andelman and 
Willig, 2003).  Taken together, these factors 
strongly suggest that the world’s biota will 
become increasingly subjected to threats — direct 
and indirect — associated with human activities.  
Consequently, the biodiversity crisis will likely 
become even more severe in the future, and may 
represent one of the most important long-term 
threats to human welfare, via effects on ecosystem 
services, that must be confronted by society in the 
21st Century.

Biological Indicators and Bats
Effective biological indicators should reflect 

the responses of a range of taxa beyond the 
indicator taxon, and should do so at the level 
of populations and communities.  Additionally, 
these indicators should herald alterations in 
ecosystem function and associated services 
derived by humans.  Importantly, the members of 
the indicator taxon should be responsive to the 
kinds of environmental changes or stresses that 
are anticipated in the future, and should be able 
to capture successes in response to management, 
conservation, and policy initiatives.  Finally, 
biological indicators should be relatively easy to 
monitor over space and time.

The taxonomy of the bats is well understood, 
and the group is species rich and cosmopolitan in 
distribution.  The slow reproductive rate of bats 
(fecundity of no more than 1-3 young per year 
per female) enhances the likelihood that changes 
in abundance in response to stressors can be 
quite rapid, thereby acting as an early indicator 
for other taxa (i.e., enhanced mortality cannot 
be easily overcome because of limits established 
by fecundity).  Moreover, bats are relatively easy 
to capture via mist netting, and advances in 
technologies associated with acoustic monitoring 
(Sherwin et al. 2000; Russo et al. 2003; Duchamp 
et al. 2006) and weather surveillance radars 
(Kelly et al., 2012) promise to revolutionize the 
capacity to accurately assess bat activity patterns 
(phenology) in a species-specific manner over 
relatively broad spatial extents using comparable 
approaches (e.g., Horn and Kunz, 2008; Kunz et al. 
2008). 

Bats occupy a variety of ecological niches, 
consuming a broad array of resources (e.g., fruits, 
nectar, invertebrates, terrestrial vertebrates, fish, 
and blood) and affecting the structure of food 
webs within terrestrial and aquatic communities.  
As a result, bats can directly or indirectly reflect 
the abundance and distribution of many other 
species (e.g., plants and insects), as well as the 

flow of energy or the cycling of nutrients within 
and among ecosystems.  In addition, bats perform 
a suite of critical ecosystem functions (e.g., 
pollination, seed dispersal, insect population 
regulation) that are directly linked to services 
that enhance human welfare (e.g., commercial 
fruit production, insect pest control).  Equally 
important, bats perform important roles in 
facilitating succession or enhancing recovery 
from natural and human-induced disturbances 
(contributing indirectly to carbon sequestration).  
Finally, bats respond to a variety of disturbances 
such as those associated with habitat conversion, 
habitat loss and fragmentation, hunting, 
urbanization, and pollution, and do so at multiple 
spatial scales (Jones et al., 2009). 

Because of their sensitivity at multiple 
spatial scales to a broad range of disturbances 
and stressors, bats may constitute an effective 
biodiversity indicator whose monitoring is both 
accurate and cost-effective.  Indeed, the responses 
of bats to global change drivers recommends 
them for consideration in the implementation of 
local, regional, or global networks of biological 
indicators (Jones et al., 2009).

CLIMATE CHANGE.--Bat mortality is associated 
with climatic extremes such as temperature 
maxima or minima and precipitation maxima 
or minima (e.g., Bourne and Hamilton-Smith, 
2007; Welbergen et al. 2008; Jones et al., 2009).  
Because many bats in temperate environs 
hibernate, they are particularly sensitive to 
increasing temperatures associated with global 
warming (Humphries et al., 2002).  Similarly, 
roosts of some bat species are susceptible to sea 
level rise (McWilliam, 1982), a particularly severe 
problem for island populations.  Moreover, bat 
populations and communities are affected by 
disturbance regimes associated with cyclonic 
storms or droughts (Willig and McGinley, 1999) 
whose frequency, intensity, and scale are 
projected to be modified as a result of global 
change.  Finally, bat mortality is affected by 
renewable energy technologies such as wind 
turbines (Johnson et al., 2003; Kunz et al. 2008; 
Voigt et al. 2012), which likely will become more 
abundant and widespread as humans attempt 
to curb carbon emissions associated with 
dependence on fossil fuels.

LAND USE CHANGE.--Bat populations, 
functional groups, and communities respond 
to the conversion of forests to other land uses 
(Fenton et al. 2009).  For example, the abundances 
of 8 species of frugivorous bat differed among 
closed canopy forest, early successional forest, 
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and cultivated fields in Amazonian Peru (Willig et 
al. 2007).  In addition, temporal activity patterns 
of 5 species of frugivore differed between 
agricultural fields and intact or successional forest, 
but no differences occurred between successional 
and closed canopy forest.  Bats also respond to 
variation in landscape structure (number, sizes, 
and juxtaposition of forest patches) associated 
with human activities and do so in guild-specific 
and scale-dependent fashion (e.g., Schulze et al. 
2000; Gorresen and Willig, 2004; Gorresen et al., 
2005; Klingbeil and Willig, 2009; Klingbeil and 
Willig, 2010).  There is similarly strong evidence 
that bats respond to urbanization (e.g., Kunz and 
Reynolds, 2003), agricultural intensification (e.g., 
Stebbings, 1988; Wickramasinghe et al., 2003), 
and pollution (e.g., Jeffries, 1972; Clark et al. 1978; 
Racey and Swift, 1986).

Biodiversity Monitoring Network
In a broad review of the current understanding 

of bat biology, Jones et al. (2009) convincingly 
argued that it is time to “capture the night” (carpe 
noctem) and utilize the full potential of bats 
as global sentinels for change.  I reiterate that 
suggestion and provide a number of criteria for 
consideration in initiating, implementing, and 
maintaining a global network for bats as biological 
indicators.

Network design should be sufficiently flexible 
so as to capture global and continental responses 
to drivers of change, as well as to capture regional 
and local responses to drivers of change (i.e., 
drivers of change at the local scale can be quite 
different from drivers of change at regional or 
global scales).  The balance of interest between 
these scales should be determined by the 
overarching question or questions that motivate 
the network.  

The global network can be distributed and 
federated in nature (i.e., a network of networks).  
This will likely arise because of funding realities 
associated with the political nature of national 
priorities for science.  Nonetheless, a set of 
minimum characteristics associated with the 
overarching goal of capturing change at a global 
scale should be considered for inclusion.  

To ensure a high likelihood of being able to 
answer specific questions about biodiversity and 
global change scenarios, careful consideration 
of sampling design and its efficacy in light of 
estimates of variability should precede selection 
of sampling sites or implementation of sampling 
protocols (Andelman and Willig 2004).  

Multidisciplinary participation in network 

design by scientists with expertise in conservation, 
ecology, population biology, biogeography, 
systematics, land use change, climate change, 
and statistics or modeling would enhance the 
likelihood of success and the long-term value of 
the network.

Recent success in creating an “open-source 
network” should be considered in the absence 
of substantial international, national or private 
funding (see Adler et al. [2011] and Stokstad [2011] 
for a possible mechanism).

Partnerships with and expansion of citizen 
science programs that focus on bats (e.g., iBat) as 
well as other taxa can provide valuable data for 
informing conservation action and biodiversity 
science (Walters et al. 2012).  The full potential of 
these activities may be enhanced considerably 
by embracing modern communication (e.g., 
mobile phones and global positioning devices) 
and cyberinfrastructure advances (e.g., cycle 
scavenging, crowd sourcing, cognitive surplus, and 
human computation).  The education and outreach 
potential of these activities are considerable, 
and provide a mechanism for affecting the issues 
that the public considers when balancing natural 
resource issues with other concerns.

A combination of approaches for sampling 
bats should be developed, including conventional 
approaches (use of mist nets or harp nets), 
acoustic monitoring, and radar surveillance.

Information management is critical to the 
long-term success of any network, especially if 
integration and synthesis is a requirement.  Care 
should be taken to provide adequate metadata 
for collected data, especially as it relates to effort 
(spatial and temporal domains) and systematics.

Monitoring should be conducted in 
collaboration with the IUCN Bat Specialist Group. 
This would guarantee that current scientifically 
validated conservation status is included in 
monitoring activities and that collected data 
about bats as biological indicators can be used to 
clarify the conservation status of species listed as 
“Data Deficient”, thereby improving the “Red List” 
process (see Lacher et al., 2012) .

Generally, results from network activities 
should be freely available to the scientific and 
professional community.

In conclusion, framing a vision for the network 
will require a careful consideration of data 
quantity and quality, tradeoffs associated with 
the scales at which questions will be answered, 
models for quantifying biotic change and 
enhancing predictive understanding, and the 
quantitative tools that will be used to inform 
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conservation action and policy.  Given the 
magnitude of the biodiversity crises, and the 
nature of threats that promise to exacerbate it in 
the near future, the time is literally now or never 
for mobilizing the scientific community to adopt 
a multi-scale global network based on bats as 
biological indicators.

Acknowledgments
This manuscript benefited greatly from comments 
by S.J. Andelman, C.P. Bloch, L.M. Cisneros, B.T. 
Klingbeil, T.E. Lacher, Jr., M.A. Mares, S.J. Presley, 
and RB. Waide. The figure was expertly crafted by 
B.T. Klingbeil.  For the invitation to submit this 
contribution, I am especially grateful to C. Flaquer 
and the organizers of the “International Symposium on 
Bats as Bioindicators”.  Finally, this essay is dedicated 
to Elisabeth Kalko and Tom Kunz, modern pioneers in 
advancing the study of bats.

References
• Adler, P.B., et al.  2011.  Productivity is a poor 

predictor of plant species richness. Science 
333:1750-1753.

• Andelman, S.J., and M.R. Willig.  2003.  
Present patterns and future prospects for 
biodiversity in the Western Hemisphere.  
Ecology Letters 6:818-824.

• Andelman, S.J., and M.R. Willig.  2004.  
Networks by design:  A revolution in ecology. 
Science 305:1565-1566.

• Barbault, R., and S.D. Sastrapradja.  1995. 
Generation, maintenance and loss of 
biodiversity.  Pp. 193-274, in W.H. Heywood 
(Ed.), Global Biodiversity Assessment, 
Cambridge University Press, Cambridge.

• Bourne, S., and E. Hamilton-Smith.  2007.  
Miniopterus schreibersii bassanii and climate 
change.  Australasian Bat Society Newsletter 
28:67-69.

• Colwell, R.K., G. Brehm, C.L. Cardelus, 
A.C. Gilman, and J.T. Longino.  2008. Global 
warming, elevational range shifts, and lowland 
biotic attrition in the wet tropics. Science 
322:258-261.

• Daszak, P., A.A. Cunningham, and A.D. Hyatt.  
2000.  Emerging infectious diseases of wildlife-
-threats to biodiversity and human health.  
Science 287:443-449.

• Duchamp, J.E., M. Yates, R.-M. Muzika, and 
R.K. Swihart.  2006.  Estimating probabilities 
of detection for bat echolocation calls:  an 
application of the double-observer method.  
Wildlife Society Bulletin 34:408-412.

• Ellis, E.C., and N. Ramankutty.  2008.  Putting 
people in the map: anthropogenic biomes 
of the world. Frontiers in Ecology and the 
Environment 6:439-447.

• Ellis, E.C., K.K. Goldewijk, S. Siebert, 
D. Lightman, and N. Ramankutty.  2010.  

Anthropogenic transformation of the 
biomes, 1700 to 2000.  Global Ecology and 
Biogeography 19:589-606.

• FAO.  2010.  How to feed the world in 2050.  
Food and Agriculture Organization of the United 
Nations, Rome, Italy.

• Fenton, M.B., M. Davison, T.H. Kunz, G.F. 
McCracken, P.A. Racey, M.D. Tuttle, and 
A.P. Dodson.  2006. Linking bats to emerging 
diseases. Science 311:1098-1099.

• Gilman, S.E., M.C. Urban, J. Tewksbury, G.W. 
Gilchrist, and R.D. Holt.  2010.  A framework 
for community interactions under climate 
change.  Trends in Ecology and Evolution 
25:325-331.

• Gorresen, P.M., and M R. Willig. 2004. 
Landscape responses of bats to habitat 
fragmentation in Atlantic forest of Paraguay. 
Journal of Mammalogy 85:688-697.

• Gorresen, P.M., M.R. Willig, and R.E. Strauss. 
2005. Multivariate analysis of scale-dependent 
associations between bats and landscape 
structure. Ecological Applications 15:2126-
2136.

• Horn, J.W., and T.H. Kunz.  2008.  Analyzing 
NEXRAD Doppler radar images to assess 
nightly dispersal patterns and population 
trends in Brazilian free-tailed bats (Tadarida 
brasiliensis).  Integrative and Comparative 
Biology 48:24-39.

• Humphries, M.M., D.W. Thomas, and J.R. 
Speakman.  2002.  Climate-mediated energetic 
constraints on the distribution of hibernating 
mammals.  Nature 418:313-316.

• Johnson, G.D., W.P. Erickson, M.D. Strickland, 
M.F. Shepherd, D.A. Shepherd, and S.A. 
Sarappo.  2003.  Mortality of bats a large-scale 
wind power development at Buffalo Ridge, 
Minnesota.  The American Midland Naturalist 
150:332-342.

• Jones, G., D.S. Jacobs, T.H. Kunz, M.R. Willig, 
and P.A. Racey.  2009.  Carpe noctem:  the 
importance of bats as bioindicators.  Endangered 
Species Research 8:93-115.

• Kelly, J., J. Shipley, P. Chilson, K. Howard, W. 
Frick, and T. Kunz.  2012.  Quantifying animal 
phenology in the aerosphere at continental scale 
using NEXRAD weather radars.  Ecosphere 3:6.

• Klingbeil, B.T., and M.R. Willig. 2009. 
Guild-specific responses of bats to landscape 
composition and configuration in fragmented 
Amazonian rainforest. Journal of Applied 
Ecology 46:203-213.

• Klingbeil, B.T., and M.R. Willig. 2010. 
Seasonal differences in population-, ensemble- 
and community-level responses of bats to 
landscape structure in Amazonia. Oikos 
119:1654-1664.

• Kunz, T.H., and D.S. Reynolds.  2003.  Bat 
colonies in building.  Pp. 91-102, in T.J. O’shea 
and M.A. Bogan (eds.), Monitoring trends in bat 



24

populations of the United States and territories:  
problems and prospects.  U.S. Geological 
Survey, Biological Resources Division, 
Information and Technology Report02003-003.  
Washington, DC 

• Kunz, T.H., E.B. Arnett, W.P. Erickson, 
A.R. Hoar, G.D. Johnson, R.P. Larkin, M.D. 
Strickland, R.W. Thresher, and M.D. Tuttle.  
2007.  Ecological impacts of wind energy 
development on bats: questions, research needs, 
and hypotheses.  Frontiers in Ecology and the 
Environment 5:315-324.

• Kunz, T.H., S.A. Gauthreaux, N.I. Hristov, 
J.W. Horn, G. Jones, E.K.V. Kalko, R.P. Larkin, 
G.F. McCracken, S.M. Swartz, R.B. Srygley, 
R. Dudley, J.K. Westbrook, and M. Wikelski.  
2008.  Aeroecology:  probing and modeling 
the aerosphere.  Integrative and Comparative 
Biology 48:1-11.

• Lacher, T.E., Jr., L. Boitani, and G.A.B. da 
Fonseca.  2012.  The IUCN global assessments:  
partnerships, collaboration and data sharing for 
biodiversity science and policy.  Conservation 
Letters 5:327-333.

• Malcolm, J., L. Canran, R.P. Neilson, L. 
Hansen, and L. Hannah.  2006.  Global warming 
and extinctions of endemic species from 
biodiversity hotspots.  Conservation Biology 
20:538-548.

• McWilliam, A.N.  1982.  Adaptive responses to 
seasonality in four species of Microchiroptera in 
coastal Kenya.  Unpublished Ph.D. Dissertation, 
University of Aberdeen.

• Parmesan, C., T.L. Root, and M.R. Willig.  
2000.  Impacts of extreme weather and climate 
on terrestrial biota.  Bulletin of the American 
Meteorological Society 81:443-450.

• Pimm, S.L., and P. Raven.  2000.  Biodiversity: 
extinction by numbers.  Nature 403:843–845.

• Racey, P.A., and S.M. Swift.  1986.  Residual 
effects of remedial timber treatments on bats.  
Biological Conservation 35:205-214.

• Russo, D.R., and G. Jones.  2003.  Use of 
foraging habitats by bats in a Mediterranean area 
determined by acoustic surveys: conservation 
implications.  Ecography 26:197-209.

• Schuze, M.D., N.E. Seavy, and D.F. Whitacre.  
2000.  A comparison of the phyllostomid bat 
assemblages in undisturbed neotropical forest 
and in forest fragments of a slash-and-burn 
farming mosaic in Petan, Guatemala.  Biotropica 
32:174-184.

• Sheffield, J.  1999.   World population 
and energy demand growth:  the potential 
role of fusion energy in an efficient world.  
Philosophical Transactions of the Royal Society 
of London A 357:377-395.

• Sherwin, R.E., W.L. Gannon, and S. Haymond.  
2000.  The efficacy of acoustic techniques to 
infer differential use of habitat by bats.  Acta 
Chiropterologica 2:145-153.

• Stebbings, R.E.  1988.  Conservation of 
European Bats.  Christopher Helm, London.

• Steffen, W., P.J. Crutzen, and J.R. McNeill.  
2003.  The Anthropocene:  are humans now 
overwhelming the great forces of nature?  
AMBIO 36:614-621.

• Stokstad, E.  2011.  Open-source ecology takes 
root across the world.  Science 334:308-309

• United Nations, Department of Economic 
and Social Affairs, Population Division 
(UNDESSA).  2007.  World population 
prospects: The 2006 revision.  Working Paper 
No. ESA/P/WP.202.

• Voigt, C.C., A.G. Popa-Lisseanu, I. Niermann, 
and S. Kramer-Schadt.  2012.  The catchment 
area of wind farms for European bats: a 
plea for international regulations. Biological 
Conservation 153:80-86.

• Welbergen, J.A., S.M. Klose, N. Markus, and 
P. Eby.  2008.  Climate change and the effects 
of temperature extremes in Australian flying 
foxes.  Proceedings of the Royal Society, Series 
B 275:419-425.

• Wickramasinghe, L.P., S. Harris, G. Jones, and 
N.V. Jennings.  2004.  Bat activity and species 
richness on organic and conventional farms:  
impact of agricultural intensification.  Journal or 
Applied Ecology 40:984-993. 

• Williams, J.W., and S.T. Jackson.  2008.  
Novel climates, no-analog communities, and 
ecological surprises.  Frontiers in Ecology and 
the Environment 5:475-482.

• Walters, C.L., R. Freeman, A. Collen, C. 
Dietz, M.B. Fenton, G. Jones, M.K. Obrist, 
S.J. Puechmaille, T. Sattler, B.M. Siemers, S. 
Parsons, and K.E. Jones.  2012.  A continental 
scale tool for acoustic identification of European 
bats.  Journal of Applied Ecology 49:1064-1074.

• Willig, M.R., and M.A. McGinley. 1999. The 
response of animals to disturbance and their 
roles in patch generation. Pp. 633-657 in L.R. 
Walker (Ed.), Ecosystems of Disturbed Ground. 
Elsevier Science, Amsterdam, The Netherlands.

• Willig, M.R., S.J. Presley, C.P. Bloch, 
C.L. Hice, S.P. Yanoviak, M.M. Diaz, L.A. 
Chauca, V. Pacheco, and S.C. Weaver. 2007. 
Phyllostomid bats of lowland Amazonia: Effects 
of habitat alteration on abundance. Biotropica 
39:737-746.

• Zalasiewicz, J., M. Williams, W. Steffen, 
and P. Crutzen.  2010.  The new world of the 
Anthropocene.  Environmental Science and 
Technology 44:2228-2231.



25

Figure 1.--Global maps of the anthropogenic biomes of the 
world for 1700, 1800, 1900, and 2000.  The sequence illustrates 
300 years of increasing intensity and pervasiveness of human 
modified landscapes (modified from Ellis et al., 2010).  Numbers 
indicate general categories: Dense settlements--urban 
settlements (11) and mixed settlements (12); Villages--rice 
villages (21); irrigated villages (22); rain-fed villages (23); 
and pastoral villages (24); Croplands--residential irrigated 
croplands (31), residential rain-fed croplands (32), populated 
croplands (33), and remote croplands (34); Rangelands-
-residential rangelands (41), populated rangelands (42), 
and remote rangelands (43); Seminatural areas--residential 
woodlands (51), populated woodlands (52), remote woodlands 
(53), and inhabited treeless and barren lands (54); and 
Wildlands--wild woodlands (61), and wild treeless and barren 
lands (62).
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