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Abstract

'The Bolson tortoise, Gopherus flavomarginatus, occurs within a restricted geographical area in the Mexican
Chihuahuan Desert. We analyzed the variation in surface microhabitat with relation to the burrow occu-
pancy for this tortoise at the Mapimi Biosphere Reserve, Mexico. In summer 2010, we monitored burrow
activity (active, inactive, or abandoned) and measured environmental factors that might influence the
burrow’s occupancy by tortoises (air temperature, relative humidity and substrate temperature, both inside
and outside the burrow, and the plant cover around it). Discriminant analysis was used to identify the
importance of these variables influencing burrow occupancy. Correlation and linear regression analyses
were performed to quantify the relation between environmental factors in the sampled burrows.

Results. Sixty-one burrows were identified at the Tortugas locality. The first function’s auto-value
analysis indicates that this function explains 97.9% of the variation in burrow activity status; high occu-
pancy scores were associated with low substrate temperature inside the burrow. Plant cover was inversely
proportional to substrate temperature inside the burrow. These results suggest the importance the density
of plants surrounding the tortoise’s burrow as a key factor influencing the burrow microclimate and oc-
cupancy by the tortoises.

Conclusions. Gopherus flavomarginatus inhabits burrows, in part, based on microhabitat structure,
with plant cover being a main factor influencing burrow occupancy. Our findings indicate that human
land use and vegetation management are important for conserving Bolson tortoises, and for understand-
ing habitat conditions necessary for the successful establishment of populations elsewhere.
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Introduction

Research on the ecology of ectothermic organisms has established the importance of
vegetation structure for their microhabitat selection (Hertz et al. 1994, Vitt etal. 1997,
Litzgus and Brooks 2000, Bryant et al. 2002). Changes in vegetation produce varia-
tions in other microhabitat attributes, like light intensity, wind speed, air and soil tem-
peratures (Pringle et al. 2003). Variation in these features influences thermoregulatory
behaviors and activity levels in ectotherms (Adams and Decarvalho 1984, Huey 1982,
1991, Huey and Kingsolver 1989, Webb et al. 2005, Turbill et al. 2011), resulting in
greater impact on species that are thermally sensitive to changes in habitat structure
(Walther et al. 2002, Pringle et al. 2003).

Population ecology theory predicts that in a changing environment, a population
can adapt to new conditions, migrate to a place that favors its survival, or become
extinct (Pease et al. 1989, Pringle et al. 2003) if the species presents a capacity of
dispersion and limited evolutionary responses (Allendorf and Luikart 2007). Long
term studies have established relationships between changes in vegetation density and
animal movements and extirpations of populations with small distributions (Fitch
1999, Pringle et al. 2003). For example, abundances of forest birds in New Hampshire
decreased considerably over a period of 30 years causing local extinction of four spe-
cies; the most important local factor affecting bird abundance was temporal change in
forest vegetation structure (Holmes and Sherry 2001). Likewise, it has been reported
that for Gopherus polyphemus in sites invaded by an introduced weed, tortoises avoided
areas where weeds had formed a dense monoculture, suggesting that habitat selection
increases isolating effect of habitat fragmentation on this tortoise (McCoy et al. 2013).

The Bolson tortoise, Gopherus flavomarginatus (Figure 1), is North America’s least
studied tortoise; it is considered as Vulnerable by IUCN Red List (2015), and has a
geographical distribution restricted to the Mapimi Basin in the Mexican Chihuahuan
Desert (Aguirre et al. 1984). This restricted distribution is likely due to specific habitat
requirements (Aguirre et al. 1997), including constant temperatures and humidity
levels provided by their burrows throughout the year, as G. flavomarginatus seems to
have a limited thermoregulation capacity (Adest et al. 1989); Adult individuals of this
species have a high fidelity to their burrow, spending about 95% of their life hibernat-
ing or aestivating within this structure, and remain only 5% outside of them during
the summer season (Adest et al. 1989, Lovich and Daniels 2000, Daren-Riedle et al.
2008), and adult tortoises are unlikely to be naturally depredated (Trevifio et al. 1995).

Therefore, if Bolson tortoise requires specific microclimatic conditions to inhabit
burrows and survive, variations in microhabitat are expected to influence either their
use or abandonment. An analysis of microhabitat variation is shown here in relation to
the occupation of burrows of G. flavomarginatus. Our objectives included: 1) charac-
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Figure 1. Gopherus flavomarginatus (Bolson tortoise).

terization of the environmental factors of air temperature, relative humidity, substrate
temperature and pH; physical factors of width and height of burrows and 2) determine
how these factors are related to plant cover and occupancy of burrows. This informa-
tion can increase understanding of this species’ response to variation among micro-
habitats, and support conservation efforts for this species.

Methods

The 100 hectare study site, Tortugas, is located in the south-central portion of the
Mapimi Biosphere Reserve, in Mexico (26°00', 26°10'N and 104°10', 103°20"W;
CONANP 2006) and within the region known as the Mapimi Basin (Figure 2). The
reserve encompasses parts of the municipalities of Tlahualilo and Mapimi in the State
of Durango, Sierra Jimenez in Chihuahua, and Sierra Mojada in Coahuila. The site
is located at an altitude of 1000-1200 m in the lowlands up to 2000 m and provides
numerous exposures of volcanic and chalky origin and sand dunes (Ramirez-Carballo
and Pedroza-Sandoval 2011). A semi-hot desert climate prevails (2.8°C in winter to
36.3°C in summer), with an annual mean precipitation of 145.88 mm (CNA 2007)
concentrated in summer (from June to September).
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Figure 2. Study site. The black circle show Tortugas locality, in dotted lines is show The Mapimi Bio-
sphere Reserve and continuous lines the state limits.

At Tortugas, we followed the monitoring protocol established by CONANP to find
adult tortoise burrows (CONANP 2006). Burrow monitoring was performed during
two consecutive days in summer (September, 2010). There was no rainfall before or after
those two days. We classified burrow occupancy (active, inactive, or abandoned) based
on measuring external characteristics according to Auffenberg and Franz (1982) and Cox
et al. (1987). Accordingly, an active burrow shows foot or plastron prints on the access
tunnel and the surrounding mound; the soil is loose, with little compaction. In an inac-
tive burrow, no tortoise tracks are seen, and soil at the burrow’s entrance and the mound
looks compacted. Finally, an abandoned burrow entrance shows an accumulation of de-
bris, such as branches, grass, cobwebs, and the soil of the mound is clearly compacted.
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In every burrow, was measured microhabitat structure considering the variables
width (W) and height (H) of the entrance and the substrate’s pH 30 cm inside. Data-
loggers (Datalogger USB-WKO057, accuracy: + 1.0) were used to measure environmen-
tal factors continuously, including air temperature (T) and relative humidity (RH)
inside (30 cm depth) and outside (30 cm above surface) the burrow, except pH, all
environmental data were recorded each hour for 24 hours; substrate temperature inside
the burrow (T)) was also recorded using dataloggers (in contact with the surface). Also,
we measured plant cover (PC) using an ellipse area formula (z x a x b/4, where a =
major axis and b = minor axis), within three meters of each burrow.

Discriminant analysis was used to determine which habitat and environmental fac-
tors differentiate burrows categorized by their occupancy status. Normality was not
achieved (Kolmogorov-Smirnov tests; P < 0.05) and we transformed the continuous data
(W, H, pH, T, RH, T) with the logarithmic formula (X" = LOG10(X + 1)), and PC
with the arcsine formula (X'= ArcsinVX), according to Zar (1999). A Post Hoc test (LSD)
was performed to identify differences among the averages of the three status groups.
Lastly, correlation and linear regression analyses were performed to quantify the relation
between significant environmental factors and PC in the sampled burrows and was plot-
ted temporal variation of temperature. All statistical analyses were made using STATTS-
TICA 10.0 (StatSoft 2011) software and considered statistically significant at P < 0.05.

List of abbreviations

burrow width

burrow height

air temperature inside the burrow
air temperature outside the burrow
relative humidity inside the burrow
relative humidity outside the burrow
substrate temperature inside the burrow
PC  plant cover

LSD  least significant difference

df.  degrees of freedom

SD  standard deviation

Results

We located and measured a total of 61 burrows at the Tortugas study site. There was
significant difference in the T, among the three types of burrows (F = 32.40, d.f. = 2,
58, P < 0.001; Table 1). Post hoc analysis (LSD) showed that abandoned burrows had
higher T, (x = 31.1°C, SD = 5.24) than active (¥ = 28.0°C, SD = 4.7) and inactive
(x = 27.0°C, SD= 3.8) ones (Table 1).
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Table 1. Descriptive statistics of environmental factors for active (n = 26), inactive (n = 7), and aban-
doned (n = 28) burrows, and means comparison tests among burrows categories (d.f. = 2, 58 for all cases).
Air temperature inside the burrow (T), air temperature outside (T ), relative humidity inside (RH), rela-

tive humidity outside (RH, ), substrate temperature inside (T ).

Environme’ntal factor/ Mean Star.xde.u‘d Min-Max Wilks F P
Burrow’s status deviation Lambda
T (°C) 0.472 32.40 <0.001
Active 28.00 4.72 18.0-37.0
Inactive 27.00 3.82 24.0-35.0
Abandoned 31.10 5.24 20.0-43.0
T (°C) 0.995 0.136 0.873
Active 33.74 7.80 15.5-48.1
Inactive 34.92 6.86 22.0-40.5
Abandoned 33.47 5.14 20.6-43.8
T (O 0.993 0.191 0.827
Active 33.40 7.51 14.8-44.0
Inactive 34.90 7.15 22.2-41.9
Abandoned 33.45 4.94 21.0-42.2
RH, (%) 0.964 1.090 0.343
Active 29.49 7.29 19.0-51.4
Inactive 30.65 8.19 20.5-41.5
Abandoned 34.55 14.37 19.0-75.0
RH_ (%) 0.984 0.478 0.623
Active 21.48 6.37 14.0-37.1
Inactive 20.68 5.91 13.4-28.8
Abandoned 22.30 5.07 15.3-38.0
pH 0.987 0.384 0.683
Active 7.07 0.57 6.0-8.0
Inactive 7.0 0.0 7.0-7.0
Abandoned 6.98 0.28 6.0-8.0
LC (%) 0.979 0.633 0.535
Active 56.20 26.7 4.9-116.6
Inactive 59.84 21.71 38.7 - 100
Abandoned 55.2 21.4 19.8-86.8
W (cm) 0.978 0.649 0.526
Active 30.73 12.79 14.0-61.0
Inactive 24.71 8.63 13.0-38.0
Abandoned 23.75 11.19 12.0-60.0
H (cm) 0.909 2915 0.062
Active 21.88 14.02 6.0-75.0
Inactive 19.57 7.13 9.0-30.0
Abandoned 15.10 8.12 1.0-46.0

Results of discriminant analysis were as follows: the first function was statistically
significant (A = 0.241, x?= 76.74, d.f. = 18, P < 0.001; n = 61), while the second func-
tion was not (A = 0.942, x?>=3.25,d.f. =8, P < 0.917; n = 61). The first function’s auto-
value analysis indicates that this function explains 97.9% of the variation in burrow
activity status, where T, showed the higher scores (Table 2 and Figure 3).
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Figure 3. Distribution of the centroids for Bolson tortoise burrows during the summer season.

Table 2. Discriminant canonical function 1 scores with relation to burrow entrance width (W), height
(H), air temperature inside the burrow (T ), air temperature outside (T ), relative humidity inside (RH,),
relative humidity outside (RH, ), substrate temperature inside (T,), plant cover (PC), and substrate pH.

Environmental factors Score
T, 621
H -.185
RH, 110
RH, 073
PC .061
pH -.054
W .020
T, 009
T, ~.004

An inverse relationship was observed between PC and T, (y = -0.2181x + 41.504),
indicating that the higher the plant cover around the burrow, the lower the substrate
temperature inside it (Figure 4). Correlation and determination coefficients were high
(R=0.98, R? = 0.96, respectively); plant cover around the burrows influences 96% the
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Figure 4. Relation between plant cover (PC) and inner burrow substrate temperature (T,) for Gopherus

flavomarginatus burrows.
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Figure 5. Temporal variation of temperature. T, makes reference to temperature of substrate, squares in-

dicate active burrows, circles make reference to abandoned burrows and rhombus show inactive burrows.

increase of substrate temperature inside the burrows. This relationship was found to
be highly significant (F = 1408.949, d.f. = 1,59; P < 0.001), the temporal variation of

temperature is shown in Figure 5.

Discussion

Adest et al. (1989) described individuals of this species emerging from their burrows at
night as a response to increasing substrate temperatures inside their burrows (>34°C)
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because of thermal delay (which it is described as the speed at which the temperature
fluctuations penetrate the substrate (Kortner et al. 2008)). Also, they described that
around 0700 hr at a distance of 15 cm inside the burrow, the substrate temperature is
still above 31°C, while the temperature of an adult individual (7.3 kg) is below 30°C
when beginning foraging bouts at the surface. These observations support a hypoth-
esis that the substrate temperature inside G. flavomarginatus burrows influences its
occupancy dynamics, increasing the possibility of abandonment when the substrate
temperature inside these structures consistently is equal to or greater than 31°C.

Our analyses provided evidence that an increase in substrate temperature inside the
burrows and their consequent abandonment at our Tortugas study site was correlated
with vegetation cover at a scale of 3 m. Aguirre et al. (1984) described that the presence
of G. flavomarginatus burrows at the Mapimi Biosphere Reserve seemed to be related
to shrub type (Larrea tridentata (Coville 1893), Prosopis glandulosa (Torrey 1827) and
grasslands (Hilaria mutica (Bentham 1881)). McCoy et al. (2006) and Waddle et al.
(2006) reported that habitat quality reduction was the apparent explanation for the
increase of abandoned burrows in G. polyphemus population in Florida, USA. Addi-
tionally, Aresco and Guyer (1999) stated that land cover changes around G. polyphemus
burrows can result in their abandonment in certain habitats. Similarly, Boglioli et al.
(2000), Hermann et al. (2002), Jones and Dorr (2004), Baskaran et al. (2006), and
Ashton et al. (2008) all described that for other species of Gopherus the presence of
burrows is associated with the vegetation, and that the permanent abandonment of
these burrows seems to happen as a response to unfavorable habitat conditions.

Moreover, Huey (1982), Hertz et al. (1994), Vitt et al. (1997), and Bryant et al.
(2002) mentioned that vegetation structure plays a key role in the activity, feeding, and
distribution of some ectothermic organisms. These previous studies support our con-
clusion that the occupation of G. flavomarginatus burrows are related to microhabitat
structure, with vegetation cover being one of the main environmental factors that can
affect habitat selection, this interaction of temperature and microhabitat is key to the
species’ survival. With predicted increasing temperatures as climate change effects be-
come more pronounced in the deserts of America (Friggens 2012), this interaction will
be critical over the coming years. On the other hand, we consider that relative humid-
ity inside the burrows is important for Bolson tortoise. However, this variable showed
low scores to discriminate activity status of the burrows and did not present significant
differences when comparing between activity status; therefore, it was no possible to
determine its influence on burrows occupation.

It is important to note that G. flavomarginatus might not have originated as a desert
ecosystems species, they appeared toward the end of the Tertiary, so they could have spent
more than 94% of their evolutionary history during the Quaternary (Pleistocene-Holo-
cene) living in non-desert grasslands (Van Devender and Burgess 1985). Therefore, their
current restriction to cool microclimates in their summer burrows could be an extension
of a physiology geared to a cooler, more mesic climate. Consequently, it is likely that their
thermal physiology and even their social behavior reflect more their burrow microhabitat
than the surface environment of the Chihuahuan Desert (Adest et al. 1989).



66 Jorge Luis Becerra-Lopez et al. / Nature Conservation 17: 59-69 (2017)

Conclusions

Having in mind that vegetation cover is a key part of burrows occupancy dynamics for
this species, preserving the plant life in regions where G. flavomarginatus might poten-
tially colonize or be translocated to in and outside the Mapimi Biosphere Reserve is
of critical importance. To achieve this, we need to conceptualize a dynamic reserve (as
opposed to a static one that actually exists) that follows ecological succession processes
on which this tortoise species survival seems to be strongly dependent.

Acknowledgments

To members of the Tlahualilo, Durango commonality and the Mapimi Biosphere Re-
serve administration for all the help and assistance provided to carry out this study;
also we thank L. D. Wilson for reading and improving the manuscript.

References

Adams SR, De Carvalho MC Jr (1984) Rates of heat exchange in the ornate box turtle, 7er-
rapene ornata. Comparative Biochemistry and Physiology 79A 3: 359-361.

Adest GA, Aguirre-Leén G, Moratka DJ, Jarchow JV (1989) Bolson tortoise (Gopherus fla-
vomarginatus) conservation: 1. Life history. Vida Silvestre Neotropical 2: 7-13.

Allendorf FW, Luikart G (2007) Conservation and the genetics of populations. Blackwell,
London. http://www.wiley.com/Wiley CDA/WileyTitle/productCd-EHEP002672.html

Aguirre G, Morafka DJ, Adest GA (1997) Conservation strategies for the Bolson Tortoise, Go-
pherus flavomarginatus, in the Chihuahuan Desert. In: Van Abbema ] (Eds) Proceedings:
Conservation, Restoration, and Management of Tortoises and Turtles-An International
Conference. Conference. New York Turtle & Tortoise Society, New York, 333-338. http//
www.eaglemountainpublishing.com/?page=shop/flypage &product_id=268

Aguirre G, Adest GA, Moratka DJ (1984) Home range and movement patterns of the Bolson
Tortoise, Gopherus flavomarginatus. Acta Zoolégica Mexicana 1: 1-28.

Aresco M]J, Guyer C (1999) Burrow abandonment by Gopher Tortoises in slash pine planta-
tions of the Conecuh National Forest. Journal of Wildlife Management 63: 26-35. http://
hteps://doi.org/10.2307/3802484

Ashton KG, Engelhardt BM, Brancifort BS (2008) Gopher tortoise (Gopherus polyphemus)
abundance and distribution after prescribed fire reintroduction to Florida scrub and san-
dhill at Archbold Biological Station. Journal of Herpetology 42: 523-529. https://doi.
org/10.1670/06-246.1

Auffenberg W, Franz R (1982) The status and distribution of the gopher tortoise (Gopherus
polyphemus). In: Bury R (Ed.) North American Tortoises: Conservation and Ecology. US
Fish and Wildlife Service (Washington, DC), Wildlife Research Report 13: 95-126.


http://www.wiley.com/Wiley
http://www.eaglemountainpublishing.com/?page=shop/flypage
http://https://doi.org/10.2307/3802484
http://https://doi.org/10.2307/3802484
https://doi.org/10.1670/06-246.1
https://doi.org/10.1670/06-246.1

Plant cover effect on Bolson tortoise (Gopherus flavomarginatus Legler 1959, Iéstudinidae)... 67

Baskaran LM, Dale VH, Efroymson RA, Birkhead W (2006) Habitat modeling within a regional
context: An example using gopher tortoise. American Midland Naturalist 155: 335-351.
http://dx.doi.org/10.1674/0003-0031(2006) 155[335:HMWARC]2.0.CO;2

Bentham G (1881) Notes on gramineae. Journal of the Linnean Society, Botany 19: 93-94.
https://doi.org/10.1111/j.1095-8339.1881.tb00355.x

Boglioli MD, Michener WK, Guyer C (2000) Habitat selection and modification by the gopher
tortoise, Gopherus polyphemus, in Georgia longleaf pine forest. Chelonian Conservation and
Biology 3: 699-705.

Bryant SR, Thomas CD, Bale ]S (2002) The influence of thermal ecology on the distribu-
tion of three Nymphalid butterflies. Journal of Applied Ecology 39: 43-55. https://doi.
org/10.1046/j.1365-2664.2002.00688.x

Bury RB, Moratka DJ, McCoy CJ (1988) Part I. Distribution, abundance, and status of the
Bolson tortoise. In: Morafka D], McCoy CJ (Eds) The ecogeography of the Mexican Bol-
son tortoise (Gopherus flavomarginatus): derivation of its endangered status and recommen-
dations for its conservation. Annals Carnegie Museum (Pittsburgh): 5-30.

CNA (Comisién Nacional del Agua) (2007) Datos climatoldgicos de las estaciones meteor-
olégicas de La Soledad, Laboratorio del Desierto y La Flor. Informacién proporcionada por
Comisién Nacional del Agua en archivo digital.

CONANP (Comisién Nacional de Areas Naturales Protegidas) (2006) Programa de conservacién
y manejo Reserva de la Biosfera Mapimi (México): 182. http://www.conanp.gob.mx/progra-
mas/pdf/Anex0%202%20Protocolo%206%20RB%20Mapimi.pdf

Cox ], Inkley D, Kautz R (1987) Ecology and habitat protection needs of gopher tortoise
(Gopherus polyphemus) populations found on lands slated for large-scale development in
Florida. Florida Game and Freshwater Fish Commission Non-game Wildlife Program
Technical Report 4: 69.

Coville FV (1893) Botany of the Death Valley expedition. A report on the botany of the
expedition sent out in 1891 by the U.S. Department of Agriculture to make a biological
survey of the region of Death Valley, California. Government Printing Office (Washing-
ton) 318.

Daren-Riedle JR, Averill-Murray C, Lutz CL, Bolen DK (2008) Habitat use by Desert Tor-
toises (Gopherus agassizii) on alluvial fans in the Sonoran Desert, South Central Arizona.
Copeia 2: 414-420. https://doi.org/10.1643/CH-06-010

Fitch HS (1999) A Kansas snake community: composition and change over fifty years. Krieger, Ma-
labar (Florida): 165.

Friggens MM, Warwell MV, Chambers JC, Kitchen SG (2012) Modeling and predicting veg-
etation response of western USA grasslands, shrublands, and deserts to climate change
(Chapter 1). In: Finch DM (Ed.) Climate change in grasslands, shrublands, and deserts
of the interior American West: a review and needs assessment. Gen. Tech. Rep. RMRS-
GTR-285. U.S. Department of Agriculture, Forest Service, Rocky Mountain Research
Station, Fort Collins, CO, 1-20. https://www.fs.fed.us/rm/pubs/rmrs_gtr285.pdf

Hermann SM, Guyer C, Waddle JH, Nelms MG (2002) Sampling on private property to
evaluate population status and effects of land use practices on the gopher tortoise, Go-


http://dx.doi.org/10.1674/0003-0031(2006
https://doi.org/10.1111/j.1095-8339.1881.tb00355.x
https://doi.org/10.1046/j.1365-2664.2002.00688.x
https://doi.org/10.1046/j.1365-2664.2002.00688.x
http://www.conanp.gob.mx/programas/pdf/Anexo%202%20Protocolo%206%20RB%20Mapimi.pdf
http://www.conanp.gob.mx/programas/pdf/Anexo%202%20Protocolo%206%20RB%20Mapimi.pdf
https://doi.org/10.1643/CH-06-010
https://www.fs.fed.us/rm/pubs/rmrs_gtr285.pdf

68 Jorge Luis Becerra-Lopez et al. / Nature Conservation 17: 59-69 (2017)

pherus polyphemus. Biological Conservation 108: 289-298. doi: hetp://dx.doi.org/10.1016/
S0006-3207(02)00123-4

Hertz PE, Fleishman L], Armsby C (1994) The influence of light-intensity and temperature on
microhabitat selection in Anolis lizards. Functional Ecology 8: 720-729. http://www.jstor.
org/stable/2390231

Holmes RT, Sherry TW (2001) Thirty-year bird population trends in an unfragmented temper-
ate deciduous forest: importance of habitat change. The Auk 118: 589-609. https://doi.
org/10.1642/0004-8038(2001)118[0589: TYBPTT]2.0.CO;2

Huey RB (1982) Temperature, physiology, and the ecology of reptiles. In: Gans C, Pough FH
(Eds) Biology of the Reptilia, Academic Press, New York, 12: 25-91.

Huey RB (1991) Physiological consequences of habitat selection. American Naturalist 137:
91-115. https://doi.org/10.1086/285141

Huey RB, Kingsolver JG (1989) Evolution of thermal sensitivity of ectotherm perfor-
mance. Trends in Ecology and Evolution 4: 131-135. https://doi.org/10.1016/0169-
5347(89)90211-5

IUCN (International Union for Conservation of Nature) (2015) Red List of Threatened Species.
http://www.iucnredlist.org/details/9402/0 [Accessed: 09 November 2015]

Jones JC, Dorr B (2004) Habitat associations of gopher tortoise burrows on industrial
timberlands. Wildlife Society Bulletin 32: 456-464. https://doi.org/10.2193/0091-
7648(2004)32[456:HAOGTB]2.0.CO;2

Kértner G, Pavey CR, Geiser F (2008) Thermal biology, torpor and activity in free-living mul-
garas in arid zone Australia during the winter reproductive season. Physiological and Bio-
chemical Zoology 81: 442-451. https://doi.org/10.1086/589545

Litzgus JD, Brooks R] (2000) Habitat and temperature selection of Clemmys guttata in a north-
ern population. Journal of Herpetology 34:178-185. https://doi.org/10.2307/1565413

Lovich JE, Daniels R (2000) Environmental characteristics of desert tortoise (Gopherus agas-
sizii) burrow locations in an altered industrial landscape. Chelonian Conservation and
Biology 3: 714-721. http://www.dmg.gov/documents/PAP_Envrnmntl_Chretrstes_ DT _
Brrw_Lctns_in_Altrd_Indstrl_Lndscpe_Lovich_Daniels_012301.pdf

McCoy ED, Mushinsky HR, Lindzey ] (2006) Declines of the gopher tortoise on protected
lands. Biological Conservation 128: 120—127. http://www.sciencedirect.com/science/jour-
nal/00063207/128/1

McCoy ED, Basiotis KA, Connor KM, Mushinsky HR (2013) Habitat selection increases the
isolating effect of habitat fragmentation on the gopher tortoise. Behavioral Ecology and
Sociobiology 67.5: 815-821. https://doi.org/10.1007/s00265-013-1505-x

Pease C M, Lande R, Bull JJ (1989) A model of population growth, dispersal and evolution
in a changing environment. Ecology 70: 1657-1664. https://doi.org/10.2307/1938100

Pringle RM, Webb JK, Shine R (2003) Canopy structure, microclimate, and habitat selec-
tion by a nocturnal snake, Hoplocephalus bungaroides. Ecology 84: 2668-2679. https://doi.
org/10.1890/02-0482

Ramirez-Carballo H, Pedroza-Sandoval A (2011) Evaluacién participativa de la degradacion
del suelo en la reserva de la bidsfera de Mapimi, Durango, México. Revista Chapingo Serie
Zonas Aridas 6: 247-254. http://www.redalyc.org/articulo.0a?id=62921030009


http://dx.doi.org/10.1016/S0006-3207(02)00123-4
http://dx.doi.org/10.1016/S0006-3207(02)00123-4
http://www.jstor.org/stable/2390231
http://www.jstor.org/stable/2390231
https://doi.org/10.1642/0004-8038(2001)118%5B0589:TYBPTI%5D2.0.CO;2
https://doi.org/10.1642/0004-8038(2001)118%5B0589:TYBPTI%5D2.0.CO;2
https://doi.org/10.1086/285141
https://doi.org/10.1016/0169-5347(89)90211-5
https://doi.org/10.1016/0169-5347(89)90211-5
http://www.iucnredlist.org/details/9402/0
https://doi.org/10.2193/0091-7648(2004)32%5B456:HAOGTB%5D2.0.CO;2
https://doi.org/10.2193/0091-7648(2004)32%5B456:HAOGTB%5D2.0.CO;2
https://doi.org/10.1086/589545
https://doi.org/10.2307/1565413
http://www.dmg.gov/documents/PAP_Envrnmntl_Chrctrstcs_DT_Brrw_Lctns_in_Altrd_Indstrl_Lndscpe_Lovich_Daniels_012301.pdf
http://www.dmg.gov/documents/PAP_Envrnmntl_Chrctrstcs_DT_Brrw_Lctns_in_Altrd_Indstrl_Lndscpe_Lovich_Daniels_012301.pdf
http://www.sciencedirect.com/science/journal/00063207/128/1
http://www.sciencedirect.com/science/journal/00063207/128/1
https://doi.org/10.1007/s00265-013-1505-x
https://doi.org/10.2307/1938100
https://doi.org/10.1890/02-0482
https://doi.org/10.1890/02-0482
http://www.redalyc.org/articulo.oa?id=62921030009

Plant cover effect on Bolson tortoise (Gopherus flavomarginatus Legler 1959, Téstudinidae)... 69

Trevifio E, Morafka DJ, Aguirre-Leén G (1995) Morphological distinctiveness of the northern
population of the Bolson tortoise, Gopherus flavomarginatus. Publicaciones de la Sociedad
Herpetolégica Mexicana.

StatSoft Inc (2011) STATISTICA (data analysis software system), version 10. http://www.stat-
soft.com

Torrey J (1827) Some account of a collection of plants made during a journey to and from the
Rocky Mountains in the summer of 1820. In: James EP (Ed.) Annals of the Lyceum of
Natural History of New York. New York, 161-254.

Turbill C, Bieber C, Ruf T (2011) Hibernation is associated with increased survival and the evo-
lution of slow life histories among mammals. Proceedings of the Royal Society of London
Series B. Biological Sciences 278: 3355-3363. https://doi.org/10.1098/rspb.2011.0190

Van Devender TR, Burgess TL (1985) Late Pleistocene woodlands in the Bolson de Mapimi:
a refugium for the Chihuahuan Desert biota? Quaternary Research 24: 346-353. https://
doi.org/10.1016/0033-5894(85)90056-0

Vitt L], Zani PA, Lima ACM (1997) Heliotherms in tropical rain forest: the ecology of Kentro-
pyx calcarata (Teiidae) and Mabuya nigropuncrata (Scincidae) in the Curua-Una of Brazil.
Journal of Tropical Ecology 13: 199-220. https://doi.org/10.1017/s0266467400010415

Waddle JH, Mazzotti FJ, Rice KG (2006) Changes in abundance of gopher tortoise burrows at
Cape Sable, Florida. Southeastern Naturalist 5: 277-284. http://dx.doi.org/10.1656/1528-
7092(2006)5[277:CIAOGT]2.0.CO;2

Walther GR, Post E, Convey P, Menzel A, Parmesan C, Beebee TJC, Fromentin JM, Hoegh-
Guldberg O, Bairlein F (2002) Ecological responses to recent climate change. Nature 416:
398-395. https://doi.org/10.1038/416389a

Webb JK, Shine R, Pringle RM (2005) Canopy removal restores habitat quality for an endangered
snake in a fire suppressed landscape. Copeia 4: 894-900. http://dx.doi.org/10.1643/0045-
8511(2005)005[0894:CRRHQF]2.0.CO;2

Zar JH (1999) Biostatistical Analysis (4™ edn). Prentice Hall, 947.


http://www.statsoft.com
http://www.statsoft.com
https://doi.org/10.1098/rspb.2011.0190
https://doi.org/10.1016/0033-5894(85)90056-0
https://doi.org/10.1016/0033-5894(85)90056-0
https://doi.org/10.1017/s0266467400010415
http://dx.doi.org/10.1656/1528-7092(2006)5%5B277:CIAOGT%5D2.0.CO;2
http://dx.doi.org/10.1656/1528-7092(2006)5%5B277:CIAOGT%5D2.0.CO;2
https://doi.org/10.1038/416389a
http://dx.doi.org/10.1643/0045-8511(2005)005%5B0894:CRRHQF%5D2.0.CO;2
http://dx.doi.org/10.1643/0045-8511(2005)005%5B0894:CRRHQF%5D2.0.CO;2

	Plant cover effect on Bolson tortoise (Gopherus flavomarginatus Legler 1959, Testudinidae) burrow use
	Abstract
	Introduction
	Methods
	List of abbreviations

	Results
	Discussion
	Conclusions
	Acknowledgments
	References

