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Background

Big Bend National Park is located on Southwestern Texas and the border with Mexico along the Rio Grande.  The park was established on June 12, 1944, covering over 801,000 acres in the Chihuahuan desert (Easterla, 1973).  Big Bend is known to inhabit rich and highly natural resources and remarkable geology.   It hosts the richest diversity of birds, bats and cacti compared to other National Parks in the United States, being home to the following species: more than 1200 species of plants (including approximately 60 cacti species), about 3600 species of insects, 450 species of birds, 75 species of mammals, 56 species of reptiles, 40 species of fish, and 11 species of amphibians (Easterla, 1973).  The current published literature is large with publications since the early 1930’s (Mosauer, 1932); mainly concerned with taxonomy, morphology and distribution (Schmidt and Smith, 1944; Easterla, 1973; Scudday and Dixon, 1973; Stuart et al., 1993) although there has also been some vast work on other aspects such as thermoregulation (Grant, 1990; Grant and Dunham, 1990; Beaupre, 1993; Beaupre et al., 1993).


Chisos Mountains is characterized by mountains born from volcanic eruptions occurred 40 to 60 millions of years ago, surrounded by Chihuahuan desert represented by unique flora and fauna (Easterla, 1973).  The Rio Grande is a boundary between the United States and Mexico, and borders the National Park for 118 miles.  It is the second largest river in the United States, and is experiencing many perturbations, including reduced water quality and quantity and introduced species (Jung et. al, 2002). Studies have described that human populations have increased levels of chemicals along the Rio Grande, which could be potentially problematic for animals that use that environment (e.g., rattlesnakes (Crotalus spp.) and copperheads (Agkistrodon contortrix; Jung et al., 2002). Based on amphibians’ surveys along the river, some other reptiles were found, such as: basking turtles (Jones and Hartfield, 1995) and water snakes (Mushinsky et al., 1980).

The herpetofauna at Big Bend N.P. has been well studied and described as diverse and spectacular.  Based on Easterla (1973; updated on 2002), there are 12 species of amphibians and 60 species of reptiles (excluding hypothetical species), presently recorded for Big Bend N. Park.  Thirty-one species represent the suborder Serpentes (Order Squamata): five are viperids, 24 colubrids, and two corresponding to blind snakes.  In addition, there are 22 different species of lizards: two non-natives, two species of geckos, two Crotaphytidae (collared and leopard lizards), nine Phrynosomatidae, two Scincidae (skinks) and four Lacertidae (whiptail lizards) and one alligator lizard.  Also, there are six species of turtles: three Emydidae (box and water turtle), one Trionychidae (softshell), one Kinosternidae (mud turtle) and one Testudinae (terrestrial tortoise).  

Based on the N.P. reptiles checklist, the most common seen species in the park are: (i) lizards: Mediterranean gecko, southwestern earless lizard, crevice spiny lizard, side-blotched lizard, striped whiptails, checkered whiptails, and marbled whiptails; (ii) snakes: western coachwhip, Texas night snake, whipsnake, bullsnake, black-necked garter snake, western diamondback and black-tailed rattlesnake; and (iii) turtles: big bend slider and Texas spiny softshell.  Due to habitat loss, few species from the herpetofauna have been already extirpated from the park area (Burns et al., 2003).
Studies concerning species richness are fundamental to their conservation. Knowledge of natural history, foraging ecology, habitat use can lead and guide decisions regarding the management of endangered populations (Seminoff et al., 2002).  National parks are the key conservation tool in order to protect species and their habitats (Burns et al., 2003).  Over the past years, global warming climate changes pose the greatest threat to biodiversity (Morse et al., 1993), altering the geographic distribution of many habitats and their component species.  Long-term field studies can report and analyze differences in species richness and abundance in a determined area, and if necessary try to relocate higher rate loss of certain species to new doable geographic locations (Heyer et al., 1994).
Recent empirical studies suggest that wildlife species are already responding to recent global warming trend with significant shifts in range distribution (e.g., earlier breeding, flowering, and migration; Burns et al., 2003).  These empirical observations provide important evidences of the wildlife responses to climate change.  On the other hand, the use of predictive power of models is essential for anticipating the large-scale and long-term effects of climate change as entire complex communities shift (Burns et al., 2003). Modeling provides an outline that entrains perception, generates new hypotheses, and provides new ideas on mathematical rationalities (Duvall and Beaupre, 1998). 

Individual-based simulations (IBS) are computer programs that replicate the effects of environmental factors on characteristics of distinct individuals (Beaupre, 2001).  IBS has the potential to determine what individual properties and what elements of an individual performance are essential for generating the characteristic features of population dynamics (Fahse et al., 1998).  Computer program approach includes environmental characteristics in its analysis.  Detailed knowledge about individuals is necessarily to understand individual-based models, however is fairly available, mainly because individuals change in behavior overtime (Fahse et al., 1998).  Models typically consist of a framework where interactions occur and some number of individuals defined in terms of their behaviors and characteristic parameters (Flierl et al., 1999).  In an individual-based model, the characteristics of each individual are tracked through time, contrasting to modeling techniques where the characteristics of the population are fitted together and the model attempts to simulate changes in these averaged characteristics for the whole population (Flierl et al., 1999).

Organisms that have special features that facilitate scientific studies can be named as model organisms (Huey et al., 1982; Beaupre and Duvall, 1998).  The use of reptiles in research has been expanded into varied new fields, such as physiological ecology, behavioral ecology, ethology, reproductive biology, chemical ecology, and conservation (Beaupre and Duvall, 1998).  Reptiles have been used as important models to conduct research in physiological ecology (Beaupre and Duvall, 1998).  Features such as ectothermic animals, low-energy lifestyles, high biomass conversion efficiencies, and low resting metabolic rate make them excellent model organisms (Beaupre and Duvall, 1998), especially in the case of understanding possible effects of environmental change, since there are complex interactions among thermal environment, resource availability and physiology (e.g., growth and reproduction).  Interactions can affect their life history on both geographic and temporal scales (Beaupre and Duvall, 1998).  

Objectives
The goal of this study is to compare the reptiles species found between Chisos Mountains and Rio Grande Village.  In addition, the data will be compared to the existent published literature of reptiles species from Big Bend National Park.   After comparing the data gathered during the fieldwork in Big Bend N.P. to current publications, I would be able to inspect differences related to the most seen (common), rare or even non-existent species (published in Easterla, 1973; updated on 2002) of reptiles between both areas.  Comparisons may lead to different species research focus for future research, and possibly identifying some differences in species richness at the N.P.  Studies carried out on Big Bend National Park could generate modeling studies for other preserved areas nationally and maybe even internationally levels.  This study is part of Field Ecology course (BIOL 585) from the University of Arkansas.

Material and Methods

The study will be conducted at Big Bend National Park in two different locations: Chisos Mountains and Rio Grande Village.  Data will be collected between March 15th and 20th, 2004.  Animals will be assessed through time-constrained visual searches along transects (Figure 1) and unlimited visual search.  For each observation, I will record species identity, date, time of day, weather, temperature, climate conditions, GPS location, behavior, and habitat use (Figure 2).  All animals will get their pictures taken in order to help identification, and cataloguing species.  Animals will be identified based on Peterson Field Guide for Eastern Reptiles and Amphibians.

At each site, two 200-m square plots will be surveyed through time-constrained visual search (TCS).  Each plot will contain a 100-m long transect separated each by 10-m.  Each plot will be sampled for at least two hours a day between diurnal (between 0800-1200) and nocturnal (between 1800-2200) time of period.  TCS is one of the best ways to survey species that are rare.  In addition, it is useful as a preliminary approach, and a short term surveys (Doan, 2003).  Animals observed outside the plots will count as unlimited visual search (UVS).

Animals will be captured by hand (except venomous species) using the grab and jab method.  A temporary little paint mark will be drawn in each species dorsum in order to avoid capturing the same animal more than once.  If possible, natural history data will be collected (e.g., snout-vent length (SVL), tail length (TL), weight (Mass) and gender).   Behavior observations will consist on any activity performed by the animal at the time of encounter, such as: foraging, resting, digesting, ecdysis, thermoregulation, moving, reproducing, or other.  Responses to approaches will be also observed.

Habitat use will be recorded as (i) zone; (ii) quadrat; and (iii) general habitat.  Zone type consists on the type of forest formation where the animals is located (e.g., deciduous, riparian, cave, field, desert, etc).  Quadrat is the 1-m square resources surrounding the animal (in percentage, types of rock, leaf, vegetation, and log).  Finally, general habitat will be based on distances and diameters of: mean distance rock (MDR), mean length rock (MLR), diameter of nearest log (DNL), diameter of nearest over-story tree (DNOV), diameter of breast-high of nearest over-story tree (DBHOV), diameter of nearest under-story tree (DNUN), and canopy (CAN, in %).  Also, sun exposure or shade will be recorded.

Future perspective

The use of technology, such as computer models, GPS, GIS, and others, allows researchers to monitor and analyze ecological changes and human impacts in global biodiversity hotspots and wilderness areas.  Computer models can simulate ways of species ranges movements in response to changes of temperatures and climate.  Moreover, DNA storage in genes banks and reproduction in captivity can be used as endangered species protection programs, in order to preserve the richness of biological diversity of the area.  By using these types of information, researchers can decide when to act on possible climate change-related trends in species distribution or abundance.  Overall, the earlier a problem is detected, the greater the probability of successful treatment and the lower the cost for conservation of the biodiversity. 

Literature cited

Beaupre, S.J. 1993. Variation in body temperatures of mottled rock rattlesnakes from two populations: implications for body size. Bull. Ecol. Soc. Am. 74 (Supp 2):159. 

Beaupre, S.J. 2001. Modeling time-energy allocation in Vipers: Individual responses to environmental variation and implications for populations. Pg 463-481 In Biology of the Vipers (eds. G.W. Shuett, M. Hoggren, M.E. Douglas and H.W. Greene). 580pp.

Beaupre, S.J. and D. Duvall. 1998. Integrative Biology of rattlesnakes. Journal of Bioscience. 48 (7):538-539.

Beaupre, S.J, A.E. Dunham and K.L Overall. 1993. The effects of consumption rate and temperature on apparent digestibility coefficient, urate production, metabolizable energy coefficient and passage time in canyon lizards (Sceloporus merriami) from two populations. Funct. Ecol. 7(3):273-80.

Burns, C E., K.M. Johnston and O.J. Schmitz. 2003. Global climate change and mammalian species diversity in U.S. national parks. PNAS. 100(20):1474-11477. 

Doan, T.M. 2003. Which methods are most effective for surveying rain forest herpetofauna? Journal of Herpetology 37(1):72-81.

Duvall, D. and S.J. Beaupre. 1998. Sexual strategy and size dimorphism in rattlesnakes: integrating proximate and ultimate causation. American Zoologist. 38:152-165.

Easterla, D.A.  1973.  Amphibians and reptiles checklist, Big Bend National Park, Rio Grande Wild and Scenic River. Big Bend Natural History Association in cooperation with the National Park Service. Jamestown, ND: Northern Prairie Wildlife Research Center Home Page. (Version 2002, reviewed by J. Scudday). http://www.npwrc.usgs.gov/resource/othrdata/chekbird/r2/bendrep.htm 

Fahse L., C. Wissel and V. Grimm. 1998. Reconciling classical and individual-based approaches in theoretical population ecology: a protocol for extracting population parameters from individual-based models. The American Naturalist. 152(6): 838-852.

Flierl, G., D. Grünbaum, S. Levin and D. Olson. 1999. From Individuals to Aggregations: the Interplay between Behavior and Physics. Journal of Theoretical Biology, 196(4):397-454.

Grant, B.W. 1990. Trade-offs in activity time and physiological performance for thermoregulating desert lizards, Sceloporus merriami. Ecology 71(6):2323-33. 

Grant, B.W. and Dunham A.E. 1990. Elevational covariation in environmental constraints and life histories of the desert lizard Sceloporus merriami. Ecology 71(5):1765-76.

Heyer, W.R., M.A. Donnelly, R.W. McDiarmid, L-A.C. Hayek, and M.S. Foster. 1994. Measuring and monitoring biological diversity: standard methods for amphibians. Smithsonian Institution Press, Washington, DC. 364 pp. 

Huey, R.B. 1982. Temperature, physiology, and the ecology of reptiles.  pp25-91 in C. Gans and F.H. Pough (eds.) Biology of the Reptilia.  Vol. 12.  Academic Press, N.Y.

Jones, R.L. and P.D. Hartfield. 1995. Population size and growth in the turtle Graptmys oculifera. Journal of Herpetology 29:426-436.

Jung, R.E., K.E. Bonine, M.L. Rosenshield, A.de L. Reza, S. Raimondo and S. Droege. 2002. Evaluation of canoe surveys for anurans along the Rio Grande in Big Bend National Park, Texas. Journal of Herpetology (36):390-397.

Morse, L.E., L.S. Kutner, G.D. Maddox, J.T. Kartesz, L.L Honey, C.M. Thurman and S.J. Chaplin. 1993. The potential effects of climate change on the native vascular flora of North America: a preliminary climate-envelopes analysis. Rep. TR-103330, Electric Power Research Institute, Palo Alto, CA.

Mosauer, W. 1932. The amphibians and reptiles of the Guadalupe Mountains of New Mexico and Texas. Occas. Pap. Mus. Zool. Univ. Mich. 246:1-18.

Mushinsky, H.R., J.J. Hebrard and M.G. Walley. 1980. The role of temperature on the behavioral and ecological associations of sympatric water snakes. Copeia 1980:744-754.

Schmidt, K.P. and T.F. Smith TF. 1944. Amphibians and reptiles of the Big Bend region of Texas. Field Mus. Nat. Hist. Publ. Zool. Ser. 29(5):75-96. 

Scudday, J.F. and J.R. Dixon. 1973. Diet and feeding behavior of teiid lizards from Trans-Pecos, Texas. Southwest. Nat. 18:279-89.

Seminoff, J.A, A. Resendiz and W.J. Nichols. 2002. Diet of east pacific green turtles (Chelonya mydas) in the central gulf of California, Mexico. Journal of Herpetology. 36(3): 447-453.

Stuart, J.N., C.W. Painter and B.C. Stearns. 1993. Trachemys gaigeae (Big Bend slider), maximum size. Herpetol. Rev. 24(1):32-3. 

Figure 1.  Design of the 200-m square plot that will be used to survey the herpetofauna of Big Bend National Park at Chisos Mountains and Rio Grande, through time-constrained visual search (TCS).  Plot contain a 100-m long transect separated each by 10-m, and a main transect (200m).
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Figure 2.  Data sheet that will be used at the field in order to collect available data on the herpetofauna survey of Big Bend National Park at Chisos Mountains and Rio Grande.
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