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CLASSIFICATION, NOMENCLATURE, DESCRIPTION, RANGE

NAME: Kinosternon sonoriense longifemorale
COMMON NAME: Sonoyta Mud Turtle

SYNONYMS:

FAMILY: Testudines: Kinosternidae

AUTHOR, PUBLICATION: J.B. Iverson, Tulane Stud. Zool. And Bot. 23(1): 43-44.

1981.

TYPE LOCALITY: Mexico: Sonora: Sonoyta, from “artificial pond fed by springs.”

TYPE SPECIMEN: USNM (Smithsonian) 21710 (holotype). United States — Mexican

Boundary Survey. Jan. 15, 1894. Apparently collected by E.A. Mearns (Iverson 1981).

TAXONOMIC UNIQUENESS: The most wide-ranging and ecologically diverse genus of

turtles, ranging from southern Canada to South America (Ernst and Barbour 1989). There are
six species of Kinosternon in the United States. Three of the species, K. arizonense, K.
flavescens and K. sonoriense are found in Arizona. There are two subspecies of K. sonoriense:
the typic K. s. sonoriense, which is widespread in southeast, sub-Mogollon central Arizona and
along the Salt and Gila drainages to the Colorado River, and the Sonoyta Mud Turtle, K.s.
longifemorale, which is highly restricted in the Rio Sonoyta basin. K. sonoriense was originally
split into subspecies based upon shell morphology by Iverson (1981), and mitochondrial DNA
analyses have supported this classification (Rosen 2003, Rosen et al. 2006).

DESCRIPTION: Dark, small (shell up to 135 mm (5.3 in)) freshwater turtle with a dome-

shaped shell (USDI, FWS 2017a). The upper shell (carapace) is olive brown to dark brown with
dark seams. The underside of the shell (plastron) is usually yellow-brown and has two hinges
so that the front and back can close when the turtle retreats inside. Long barbels are usually
present on the chin. The head, neck, and limbs are marked with yellow or cream-colored mottled
patterns on a dark olive background. All feet are webbed. The markings on the head and neck
distinguish this turtle from our other mud turtles (Brennan and Holycross 2016).

AIDS TO IDENTIFICATION: Subspecies may be distinguished from nominate subspecies

by the long femoral scute, short anal schute, wide first vertebral scute, and narrow gular scuts
(Iverson 1981). Given the highly restricted distribution, location can also be a determining
factor in the identification of this subspecies.

ILLUSTRATIONS:

Color photo (Behler 1979).
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Color drawing (Stebbins 2003).
Photo of Holotype Specimen: http://collections.nmnh.si.edu/media/index.php?irn=6000521.
Color photo (USDI, FWS 2017).

TOTAL RANGE: Historic range of the Sonoyta Mud Turtle is not known with certainty, but
is assumed to include areas of the Rio Sonoyta basin which maintained perennial surface water,
including sections of the Sonoyta, Santo Domingo, and Papalote reaches (Rosen et al 2010).
These reaches likely provided 19 to 27 km (12 to 17 mi) of stream habitat in southern Arizona
and northern Sonora, Mexico. This turtle was historically known from at least five sites; one
site in the U.S. and at least four, possibly five, sites in Mexico (USDIL, FWS 2017a).

The Sonoyta Mud Turtle currently occurs in five known locations. One is in Arizona at the
Quitobaquito Springs in Organ Pipe Cactus National Monument, and four are in Sonora
Mexico; the Papalote reach (also known as Agua Dulce), the Xochimilco reach, the Quitovac
spring complex, and the Sonoyta sewage lagoon (USDI, FWS 2017a). The historical Santo
Domingo reach population is believed extirpated.

Quitobaquito Springs and the Rio Sonoyta may have been joined by perennial flows in the past,
but now are separated by about 1.5 km of desert and a national highway. (NatureServe 2016).

RANGE WITHIN ARIZONA: Known from a pond and limited watercourse habitat from

the springs to the pond at Quitobaquito Springs in Organ Pipe Cactus National Monument, Pima
County.

SPECIES BIOLOGY AND POPULATION TRENDS

BIOLOGY: Survivorship of Sonoyta Mud Turtles is known only from the Quitobaquito Springs
population, where male survivorship ranged from 0.83-0.95 and female survivorship ranged
from 0.85-09.5, with juvenile survivorship being lower and gradually increasing as turtles
moved towards adulthood (Riedle et al. 2012, Rosen and Lowe 1996). In this population, a
male-biased sex ratio has been observed by multiple researchers since the 1980°s, ranging from
2:1 to 1.02:1 (Rosen and Lowe 1996, Riedle et al. 2012, USDI NPS 2012, USDI NPS 2013,
USDI NPS 2014, USDI NPS 2015). Variation in body size among populations appears to be
positively correlated to water permanence and aquatic invertebrate abundance (Stanila 2009,
Rosen and Lowe 1996). Mean cohort generation time is approximately 10 to 12 years (Rosen
1986, Rosen and Lowe 1996). Average expected longevity for female Sonoyta Mud Turtles is
about 19 years, though the oldest known wild individual was 39 years old (USDI, FWS 2017a).

REPRODUCTION: Limited information available. Minimum age of sexual maturity is just
under 6 years for female turtles, and 4 years for males (Rosen and Lowe 1996). Observed clutch
size (based upon three gravid females) was 4 eggs per clutch (Rosen 1986). Clutch frequency
was estimated at 1.4 to 1.6 clutches per year per female (Rosen and Lowe 1996). Eggs are
buried on land. Egg survivorship is rather high at 85-90%. Sex determination depends on
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incubation temperatures at a critical period (it is likely that females are produced by warm
temperatures) (Rosen and Lowe 1998).

FOOD HABITS: Opportunistic carnivores, feeding primarily on aquatic invertebrates. Like
the Sonora Mud Turtle, hatchlings and juvenile turtles likely feed on littoral invertebrates, while
subadults and adults likely feed on benthic and plant-crawling invertebrates (Hulse 1974, Rosen
1986, Rosen and Lowe 1996, Lovich et al. 2010, Stanila et al. 2008). If aquatic invertebrates
are scarce, Sonoyta Mud Turtles will shift to omnivorous feeding, including plants and
vertebrates in their diet (Rosen and Lowe 1996).

HABITAT: Historically found in cienegas and streams supported by springs. Current habitat
consists of streams and natural or man-made ponds. Sonoyta mud turtles need aquatic habitats
free of nonnative predators or competitors with perennial or near-perennial surface water,
terrestrial riparian habitats that maintain moist soils necessary for nesting and estivation, and
shoreline that is free of insurmountable barriers to movement between aquatic and terrestrial
sites (USDI, FWS 2017a).

Aquatic habitat usually consists of water up to 2 m (7 ft) deep, with rocky, sandy, or muddy
substrate and emergent and/or submergent vegetation (USDI NPS 2015, Paredes-Aguilar and
Rosen 2003, Rosen 2003, Rosen et al. 2010). In general, subadult, juvenile, and hatchling turtles
prefer areas of shallower water with dense emergent and overhead vegetation, while adult turtles
require similar shallow water with complex structure for protective shelter, but also utilize areas
of deeper (up to 2 m (7 ft)) water with submerged vegetation where they likely forage for
invertebrates (Rosen 1986, Rosen and Lowe 1996).

ELEVATION: For the species, elevation ranges from sea level to about 6,700 feet (2044
m). Quitobaquito Pond is situated at about 1080 feet (330m).

PLANT COMMUNITY: Agquatic and riparian. Emergent aquatic vegetation includes American
bulrush (Schoenoplectus americanus), cattail (Typha domingensis), spikerush (Eleocharis
geniculate), and traveling spikerush (Eleocharis rostellata) (Felger et al. 1992). Submerged
aquatic vegetation includes holly-leaved water nymph (Najas marina), slender pondweed
(Potamogeton pectinatus), ditch-grass (Ruppia maratima), and horned pondweed (Zannichellia
palustris) (Felger et al. 1992). Riparian vegetation includes Fremont cottonwood (Populus
fremontii), Gooding willow (Salix goodingii), honey mesquite (Prosopis glandulosa),
screwbean mesquite (P. glandulosa), seepwillow (Baccharis salicifolia), greythorn (Ziziphus
obtusifolia), woltberry (Lycium spp.), salt grass (Distichlis spicata), and arrowweed (Pluchea
sericea) (Felger er al. 1992).

At Quitobaquito Pond, American bulrush is a dominant plant.
POPULATION TRENDS: Decreasing. At Quitobaquito Pond, this subspecies declined from

probably several hundred in the 1950’s to fewer than 100 (68 in 1989, Rosen and Lowe 1998)
in the late 1980’s. Definitive reasons for this decline are not known, but it has been surmised
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that several drainings and renovations of the pond (which included the loss of the shallow water
juvenile habitat) were factors. After some habitat improvements, the juvenile survivorship
increased, and the 1995 population was estimated at 130 individuals. Surveys in 2002 yielded
an estimate of 134 individuals. (NatureServe 2004). Estimates from 2001 — 2006 ranged from
39 — 153, but the high estimate may have been inflated due to only a single recapture during the
second sampling period (Riedle et al 2012). The average estimated population (excluding
young of the year at < 40mm or 1.6in) is 105.1 for the 18 year period since 1984. The largest
estimate since the mark-recapture surveys began was 189 (+/- 78) in 2013. This site requires
continued maintenance by the National Park Service to maintain water levels and control
encroachment of vegetation (USDI FWS 2017a).

There is no reliable census from any of the known locations in Mexico. Rosen estimates the
combined population from all sites for this subspecies to be 1200 (estimate ranges from 600 to
2700) (USDI FWS 2017). Paredes-Aguilar and Rosen (2003) estimated the Papalote population
at over 100 animals, the Quitovac population at 200 animals and stable, and the Xochimiclo
population at 400 animals based on professional judgement and available habitat. Because
water quality is poor enough to present a hazard to human health, trapping efforts of Sonoyta
mud turtles have never been implemented at the Sonoyta sewage lagoon, but numerous turtles
have been observed there. The population at the sewage lagoon is believed to be stable and
recruiting (USDI FWS 2017a)

SPECIES PROTECTION AND CONSERVATION

ENDANGERED SPECIES ACT STATUS: LE (USDI, FWS 2017) with CH (USDI

FWS 2020)
[C (USDIL, FWS 2007)]

[C USDL FWS 1997]

[C USDL FWS 1999]

[C USDL FWS 2002, 2004-2011]

STATE STATUS: 1 (AZGFD, AWCS 2022)
[IA (AGFD SWAP 2012)]
OTHER STATUS: P, Determined Endangered in Mexico

(NORMA Oficial Mexicana NOM-059-
SEMARNAT-2010)

Not Forest Service Sensitive (USDA, FS
Region 3 2013, 2007)

[Forest Service Sensitive (USDA, FS Region
3 1999)]

MANAGEMENT FACTORS: The most significant threat to the Sonoyta Mud Turtle is loss

of aquatic and riparian habitat. The main cause of habitat loss within the range of the turtle is
drought and anthropogenic groundwater pumping, which have reduced surface water available
to the species. Groundwater withdrawal will continue to affect baseflow in the Rio Sonoyta



AZGFD Animal Abstract -5- Kinosternon sonoriense longifemorale

basin, and will be exacerbated by climate change. This could result in reduced or eliminated
surface water for four of five remaining populations.

Perennial water supporting four of five turtle populations has been reduced, and all populations
are isolated from each other (USDI FWS 2017a). Discharge from Quitobaquito Springs has
diminished by 42 percent over the past 35 years (USDI FWS 2017a). The perennial reaches of
the Xochimilco, Papalote, and Santa Domingo in the Rio Sonoyta have decreased by 80 to 92
percent due to groundwater pumping and drought. The Santa Domingo reach population is
believed extirpated due to lack of perennial water (USDI FWS 2017a). The population at the
Sonoyta sewage lagoon has the most reliable source of water, but plans for a new wastewater
treatment plant will have 75 percent less habitat available for Sonoyta Mud Turtles.

The Quitobaquito Pond also serves as the primary refugia for the endangered Pupfish (C.
eremus). Although pupfish are found in the nearby Rio Sonoyta, they are a different species,
C. macularius). Since the 1950’s (the pond was officially purchased by the U.S. National Park
Service in 1957) there have been several efforts to improve, modify and/or repair this manmade
water. Not all have been well advised, or executed. During one draining, turtles encountered
were actually given away as pets! During these decades while the turtle population was
declining, it was eventually realized that the shallow water habitats (both in the pond and along
the 100+ meter water course from the main spring to the pond) were critical for juvenile turtles.
Trapping efforts during the 14 years of study also demonstrated that juveniles were only caught
near the vegetated margin of open water, or in dense emergent vegetation. This vegetation is
primarily tule (or American bulrush), Schoenoplectus (formerly Scirpus) americanus. This lack
of optimal juvenile habitat might explain part of the population decline during this period
(Rosen and Lowe 1996). Maintenance of this preferred habitat for juveniles will remain
important. Over 15 years later, Riedle et al (2012) re-emphasize this importance by stating that
for the Quitobaquito population to persist, it is essential that reproduction and juvenile
survivorship be maintained by constant maintenance of shallow water habitat and continual
monitoring for introduced predators.

In the late summer of 2007, a rapid decline in the water level at Quitobaquito Pond began.
Between late 2007 and 2009, a total of 81 turtles were evacuated from the pond and taken to
both the Arizona-Sonora Desert Museum and the Phoenix Zoo in order to maintain assurance
populations. The last census prior to this removal, and completed in 2007, estimated the total
population at 119 turtles. During the evacuation, when hand capture of turtles was used, many
marked turtles that had not been recaptured in years were found. They had apparently become
trap-shy. This is significant because it suggests that the census methods had probably been
underestimating the population size. The 2011 census estimated a population of 156 turtles.
The turtles evacuated during the pond leak crisis from 2007 were eventually repatriated to the
pond, starting in 2011, except for the assurance population that continues to be maintained at
the Arizona-Sonora Desert Museum.

Beyond potential issues with the pond and urban/agricultural encroachment problems in
Mexico, there are additional threats to the Sonoyta Mud Turtle. Further loss or fragmentation
of aquatic habitat in Mexico could be exacerbated by surface water diversion, ground water
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pumping, overgrazing and wildfires. In 2007, a report was made to the Arizona-Mexico
Commission Water Committee that preliminary data from a study suggested that groundwater
usage from the Rio Sonoyta aquifer was exceeding the recharge rate (USDI FWS 2014).
According to unpublished data at Organ Pipe Cactus National Monument, discharge from
Quitobaquito Springs has decreased by almost 50% during the past 30 years.

The introduction of exotic species is another threat. Exotic fish and turtles have already been
removed from the pond, and non-native fish are currently found with known turtle populations
in Mexico. Other exotic aquatic species that could devastate the turtle population would include
the American Bullfrog (Rana catesbeiana) and the crayfish (e.g., Orconectes virilis). Exotic
plants, including salt cedar (Tamarix ramosissima), bufflegrass (Pennisetum ciliare) and Sahara
mustard (Brassica tournefortii) have established along the Rio Sonoyta and have increased the
risk for more frequent and more intense wildfires (USDI FWS 2014).

Rosen (2008) summarized the main threats as ground water pumping and other water
diversions. Urbanization (in the Sonoyta locality) and possibly climate change were also noted
for moderate impacts, but human take was considered to be only a low threat. Road kills,
hybridization, and the effects of introduced species (competitors, predators and disease
transmission) were thought to be none.

Border activities are also a concern. Mexico Highway 2 is about 100 meters (328 feet) south of
the pond. Vehicle tire tracks have been observed on the pond’s berm some 10-15 times during
2008-2009. This activity could cause deterioration or even the collapse of the berm with severe
consequences to the pond, the turtles and the pupfish. It was also documented in 2009 that
vehicles have driven over the artificial cement channel designed by the Arizona Sonora Desert
Museum to carry water from the springs to the pond and to create habitat for the turtles,
especially juvenile habitat. Although no damage has yet occurred, if the concrete is broken
water might be diverted from reaching the pond. In this context, it is important to note that
OPCNM staff are not free to visit the pond at any and all times because they must be
accompanied by law enforcement due to the dangerous illegal border traffic. Thus, any kind of
significant damage to the channel or pond may not be immediately noticed (USDI FWS 2014).

Climate change also appears to pose a risk. Rosen and Lowe (1996) did directly correlate
precipitation with recruitment during 2002-2005. While droughts over the range of the Sonoyta
Mud Turtle are not uncommon, the consensus of 19 climate models predicts that the southwest
will become drier during the 21% century and that this trend has already begun. Given this
setting, conditions for a highly restricted aquatic species in this very arid area could well
become more difficult, but the magnitude and extent of this change cannot be specified at this
time (USDI FWS 2014).

PROTECTIVE MEASURES TAKEN: In 2001, The Quitobaquito Rio Sonoyta Work Group
was formed, consisting of biologists and managers from the National Park Service, Arizona
Game and Fish Department, the US Fish and Wildlife Service, the University of Arizona,
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Arizona-Sonora Desert Museum, Commission on Ecology and Sustainable Development of the
State of Sonora, Pinacate Biosphere Reserve, and private citizens interested in conservation of
aquatic native species in the Rio Sonoyta basin of Arizona and Sonora. In the United States,
management actions have included monitoring of the single wild population, creation of a
refuge population, habitat management, and manipulation of habitat to maintain water levels at
Quitobaquito Springs. Management actions in Mexico have included defining the status and
distribution of the Sonoyta Mud Turtle in Mexico, planning to create habitat to offset the loss
of habitat at the Sonoyta sewage lagoon, removal of nonnative aquatic species, advocating for
integration of conservation into urban infrastructure design, and outreach.

The only habitat for the Sonoyta Mud Turtle in the United States, Quitobaquito Springs, is
protected by the U.S. National Park Service. This habitat is also shared with the Quitobaquito
Desert Pupfish, a species listed as endangered and the pond (spring) is designated as critical
habitat for both species. This site is actively managed to maintain water levels which support
turtles and increase habitat features important to the species (USDI FWS 2017a).

In 2008, Mexico registered Agua Dulce (the Papalote reach) as site #1813 with the Annotated
Ramsar (Convention) List of Wetlands of International Importance. Agua Dulce is a 3 km
stretch of the Sonoyta River, within the Biosphere Reserve “Del Picante y Desierto de Altar,”
where water comes to the surface and creates an oasis, and is of binational interest to both
Mexico and the United States. This site is occupied both by the rare Pupfish (Cyprinodon
macularius) and the Sonoyta Mud Turtle (Kinosternon sonoriense longifemorale), Ramsar
2013.

Plans to upgrade the wastewater facilities for the growing town of Sonoyta will lead to the
eventual decommission of the lagoon where one of the significant Mud Turtle populations
resides in Mexico. In order the protect this rare turtle, plans have been negotiated that include
that (1) all processed waste water will be returned to the Rio Sonoyta; 2) a new pond will be
constructed for eventual relocation of the local population of the Sonoyta Mud Turtles; and 3)
a biologist be hired to oversee the implementation of these mitigations (USDI FWS 2014).

Based on a population viability analysis, it was determined that an offsite minimum assurance
population of 8 small juveniles (0-1 years), 8 large juveniles (2-6 years), and 8 adult (7-12 years)
females, along with a smaller number of males, would be sufficient to maintain a zero extinction
probability population. (Riedle et al 2012). This population is housed at the Arizona Sonora
Desert Museum near Tucson. In addition to this assurance population, a number of other refugia
population sites have been identified in the U.S. and in Mexico that one day might serve to
create additional populations for this subspecies (USDI FWS 2014).

SUGGESTED PROJECTS: Despite the rather intensive studies that have been made on this
small and restricted population during the past 30+ years, various researchers have identified a
number of additional studies or projects that would assist the conservation of this unique
subspecies:

e Regular censuses should continue to monitor population trends at Quitobaquito;
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e The populations in Mexico should be surveyed and also monitored via capture and release
census methods on a routine basis;

e Obtain additional information on nesting, either by studying the more common K.
sonoriense sonoriense subspecies in similar habitat settings, or by using minimally
instrusive methods on the Quitobaquito population, or both;

e Monitor for any mortalities (turtles or pupfish) and use established protocols and laboratory
analyses to ascertain causes (current or potentially future contaminants or other water
quality issues are still of concern);

e Limit public access to the exposed watercourse and banks that runs from the springs to the
pond (to minimize disturbance to turtles, especially juveniles, and to control potential
illegal collecting);

e In Mexico, increase local awareness of the unique resources of the Rio Sonoyta, and
increase community involvement in the conservation of these resources.

LAND MANAGEMENT/OWNERSHIP: USDI, National Park Service - Organ Pipe Cactus

National Monument. Assurance population that evolved from turtles salvaged at Quitobaquito
Pond during emergency repairs in 2008 is maintained at the Arizona-Sonora Desert Museum.

SOURCES OF FURTHER INFORMATION

REFERENCES:

Arizona Game and Fish Department. 2012. Arizona’s State Wildlife Action Plan 2012-2022.
Arizona Game and Fish Department. Phoenix, Arizona. 233 pages.

Arizona Game and Fish Department. 2022. Arizona Wildlife Conservation Strategy: 2022-
2032. Arizona Game and Fish Department, Phoenix, Arizona. 378 pages.

Behler, J.L. and F.W. King. 1979. The Audubon Society field guide to North American reptiles
and amphibians. Alfred A. Knopf. New York, New York. P. 441.

BISON. Available: http:/fwie.fw.vt.edu/states/nmex_main/species/030425.htm.

Brennan, T.C. and A.T. Holycross. 2006. A Field Guide to Amphibians and Reptiles in Arizona.

Arizona Game and Fish Department, Phoenix, AZ. Also online at:
http://www.reptilesofaz.org/Turtle-Amphibs-Subpages/h-k-sonoriense.html, accessed
3/30/2016.

Ernst, C.H. and R.W. Barbour. 1989. Turtles of the World. Smithsonian Institution Press,
Washington, D.C./London: [1]-xii, 313pp

Felger, R., P.L. Warren, S. Anderson, and G.P. Nabhan. 1992. Vascular plants of a desert oasis:
flora and ethnobotany of Quitobaquito, Organ Pipe Cactus National Monument, Arizona.
Proceedings of the San Diego Society of Natural History, #8. 39pp.

Fernandez, P.J. and P.C. Rosen. 1996. Effects of the introduced crayfish (Orconectes virilis) on
native aquatic herpetofauna in Arizona. Arizona Game and Fish Department, [IPAM
Project No. 194054. 56 pp.

Hulse, A.C. 1974. Food habits and feeding behavior in Kinosternon sonoriense. Leconte
(Chelonia: Kinosternidae). Journal of Herpetology 8:195-199.


http://fwie.fw.vt.edu/states/nmex_main/species/030425.htm
http://www.reptilesofaz.org/Turtle-Amphibs-Subpages/h-k-sonoriense.html

AZGFD Animal Abstract -9- Kinosternon sonoriense longifemorale

Integrated Taxonomic Information System (ITIS). Retrieved 12/9/2004 from ITIS,
http://www.itis.usda.gov.

Iverson, J.B., 1976. Kinosternon sonoriense. Catalogue of American Amphibians and Reptiles
(CAAR).

Iverson, J.B. 1981. Tulane Stud. Zool. And Bot. 23(1): 43-44.

Jones, Cristina. 2009. Conservation across Borders. Arizona Wildlife Views. May-June. pp.
17-21.

King, K.A., Cynthia T. Martinez and Philip C. Rosen. 1996. Contaminants in Sonoran Mud
Turtles from Quitobaquito Springs, Organ Pipe Cactus National Monument, Arizona.
USFWS Arizona Ecological Services Field Office, Phoenix, AZ. (In: Rosen and Lowe
1996).

Knowles, Glen E., Rafaela Paredes Aguilar, David H. Hall, James C. Rorabaugh, and Philip C.
Rosen. 2002. In: Meeting Resource Management Needs: Fourth Conference on Research
and Resource Management in the Southwestern Deserts. USGS Sonoran Desert Field
Station, The University of Arizona, Tucson. pp. 72-73.

Lovich, J., C. Drost, A.J. Monatesti, D. Casper, D.A. Wood, and M. Girard. 2010. Reptilian
prey of the Sonora Mud Turtle (Kinosternon sonoriense) with comments on saurophagy
and ophiophagy in North American turtles. The Southwestern Naturalist 55:135-138.

NatureServe. 2004. NatureServe Explorer: An online encyclopedia of life [web application].
Version 4.1. NatureServe, Arlington, Virginia. Available: https://explorer.natureserve.org/
(Accessed: April 8, 2016).

Paredes-Aguilar, R., and P. C. Rosen. 2003. Status of the Sonoyta Mud Turtle (Kinosternon
sonoriense longifemorale) in Rio Sonoyta, Mexico. Final report to the Arizona Game and
Fish Department, Phoenix. 14 pp.

Quitobaquito-Rio Sonoyta Working Group (QRSWG). In prep. Conservation agreement and
rangewide conservation assessment and strategy for the Sonoyta mud turtle, Sonoyta
pupfish, Quitobquaito springsnail, and longfin dace in Quitobaquito and Rio Sonoyta.
February 2, 2012 draft, 64 pp.

Ramsar Convention on Wetlands. 2013. Accessed 4/5/2016,
http://ramsar.rgis.ch/cda/en/ramsar-documents-list-anno-mexico/main/ramsar/1-31-
218%5E16517_4000 0.

Riedle, J.D. and R.T. Kazmaier. 2009. Population viability analysis of Sonoyta mud turtles at
Quitobaquito Springs, Arizona, USA. A Final Report to Organ Pipe Cactus National
Monument and Western National Parks Association.

Riedle, J.D., P.C. Rosen, R.T. Kazmaier, P. Holm, and C.A. Jones. 2012. Conservation Status
of an Endemic Kinosternid, Kinosternon sonoriense longifemorale, in Arizona. Chelonian
Conservation and Biology 11(2): 182-189.

Rorabaugh, J. Available: http://www.arts.arizona.edu/herps/KISO.html.

Rosen, P.C. 1986. Population decline of Sonoran mud turtles at Quitobaquito Springs. Report
to the National Park Service, Cooperative Park Studies Unit, University of Arizona,
Tucson.

Rosen, P.C. 2000. Interim Report on the Status of the Sonoran Mud Turtle (Kinosternon
sonoriense longifemorale) at Quitobaquito, Organ Pipe Cactus National Monument.



http://www.itis.usda.gov/
https://explorer.natureserve.org/
http://ramsar.rgis.ch/cda/en/ramsar-documents-list-anno-mexico/main/ramsar/1-31-218%5E16517_4000_0__
http://ramsar.rgis.ch/cda/en/ramsar-documents-list-anno-mexico/main/ramsar/1-31-218%5E16517_4000_0__
http://www.arts.arizona.edu/herps/KISO.html

AZGFD Animal Abstract -10- Kinosternon sonoriense longifemorale

Rosen, P.C. 2003. Taxonomic status of the Sonoyta mud turtle (Kinosternon sonoriense
longifemorale Iverson) based on mitochondrial Dloop sequence, with a discussion of
phylogeography. Unpublished report, School of Natural Resources, University of Arizona,
Tucson. 33pp

Rosen, P.C. 2008. Aridlands Turtles in Southwestern North America II. A Review of
Conservation Status and Problems. In: Sonoran Herpetologist 21(12): 130-135.

Rosen, P.C. and C.H. Lowe. 1996. Ecology of the Amphibians and Reptiles at Organ Pipe
Cactus National Monument. Technical Report No. 53. USDI National Biological Service,
Cooperative Park Studies Unit, University of Arizona and the NPS Organ Pipe Cactus
National Monument.

Rosen, P.C. and C.H. Lowe. 1996. Population ecology of the Sonoran Mud Turtle (Kinosternon
sonoriense) at Quitobaquito Springs, Organ Pipe Cactus National Monument, Arizona.
Final Report. Arizona Game and Fish Department Heritage Grant IIPAM 192037. Phoenix,
AZ.

Rosen, P.C., and C.H. Lowe. 1998. Ecology and Management of the Sonoran Mud Turtle at
Quitobaquito Springs, Organ Pipe Cactus National Monument, Arizona. In: First
Conference on Research and Resource Management in Southern Arizona National Park
Areas: Extended Abstracts. T.J. Tibbets and G.J. Maender, eds. Organ Pipe Cactus Natl.
Monu. And Cooperative Park Studies Unit, Univ. of Arizona, Tucson. pp. 85-87.

Rosen, P.C., H.-W. Hermann, and C. Melendez. 2006. Phylogeography of the Southwestern
mud turtle (Kinosternon sonoriense Leconte). Final report to Arizona Game and Fish
Department and CONABIO (Mexico).

Rosen, P.C., P.A. Holm, and C.W. Conner. 2006. Rio Sonoyta mud turtle. 7 pp. in Organ Pipe
Cactus National Monument. Ecological monitoring program report, 1997-2005. National
Park Service. Organ Pipe Cactus National Monument, Arizona.

Rosen, P.C., C. Melendez, J.D. Riedle, A.C. Pate, and E. Fernandez. 2010. Ecology and
conservation in the Sonoyta Valley, Arizona and Sonora. Pages 143—160 in Halvorson, W.,
C. Schwalbe, and C. van Riper, ds. Southwestern Desert Resources, University of Arizona
Press, Tucson, Arizona. 360pp.

Secretaria de Medio Ambiente y Recursos Naturales. 2010. NORMA Oficial Mexicana NOM-
059-SEMARNAT-2010, Proteccién ambiental-Especies nativas de México de flora y
fauna silvestres-Categorias de riesgo y especificaciones para su inclusion, exclusion o
cambio-Lista de especies en riesgo.

Stanila, B.D. 2009. Morphology and demography of Sonoran Mud Turtles (Kinosternon
sonoriense) along an aquatic habitat permanence gradient. M.S. Thesis, University of
Central Oklahoma, Edmond, Oklahoma, USA. 68pp.

Stanila, B.D., K.J. Locey, and P.A. Stone. 2008. Kinosternon sonoriense: Diet. Herpetological
Review 39:345.Stebbins, R.C. 1985. A field guide to western reptiles and amphibians.
Second edition, revised. Houghton Mifflin Company. Boston, Massachusetts. Pp. 99.

Stebbins, R.C. 2003. A field guide to western reptiles and amphibians. Third edition. Houghton
Mifflin Company. Boston, Massachusetts. Pp. 248-249.

USDA, Forest Service Region 3. 1999. Regional Forester’s Sensitive Species List.

USDA, Forest Service Region 3. 2007. Regional Forester’s List of Sensitive Animals.



AZGFD Animal Abstract -11- Kinosternon sonoriense longifemorale

USDI, National Park Service (NPS). 2012. Resource Brief~2012 Status of the Sonoyta Mud
Turtle. Organ Pipe Cactus National Monument, Ajo, Arizona. 2pp.

USDI, National Park Service (NPS). 2013. Resource Brief~2013 Status of the Sonoyta Mud
Turtle. Organ Pipe Cactus National Monument, Ajo, Arizona. 2pp.

USDI, National Park Service (NPS). 2014. Resource Brief~2014 Status of the Sonoyta Mud
Turtle. Organ Pipe Cactus National Monument, Ajo, Arizona. 2pp.

USDI, National Park Service (NPS). 2015. Resource Brief~2015 Status of the Sonoyta Mud
Turtle. Organ Pipe Cactus National Monument, Ajo, Arizona. 2pp.

USDI, National Park Service (NPS). 2016. Resource Brief~2016 Status of the Sonoyta Mud
Turtle. Organ Pipe Cactus National Monument, Ajo, Arizona. 2pp.

USDI, Fish and Wildlife Service. 1997. Endangered and Threatened Wildlife and Plants;
Review of Plant and Animal Taxa That Are Candidates or Proposed for Listing as
Endangered or Threatened, Annual Notice of Findings on Recycled Petitions, and Annual
Description of Progress on Listing Actions; Notice of Review, Proposed Rule. Federal
Register 62(182): 49402.

USDI, Fish and Wildlife Service. 1999. Endangered and Threatened Wildlife and Plants;
Review of Plant and Animal Taxa That Are Candidates or Proposed for Listing as
Endangered or Threatened; Annual Notice of Findings on Recycled Petitions; Annual
Description of Progress on Listing Actions; Proposed Rule. Federal Register 64(205):
57538.

USDI, Fish and Wildlife Service. 2002. Endangered and Threatened Wildlife and Plants;
Review of Species That Are Candidates or Proposed for Listing as Endangered or
Threatened; Annual Notice of Findings on Recycled Petitions; Annual Description of
Progress on Listing Actions; Proposed Rules. Federal Register 67(114): 40647-40679.

USDI, Fish and Wildlife Service. 2004. Endangered and Threatened Wildlife and Plants;
Review of Species That Are Candidates or Proposed for Listing as Endangered or
Threatened; Annual Notice of Findings on Resubmitted Petitions; Annual Description of
Progress on Listing Actions; Notice of Review; Proposed Rule. Federal Register 69(86):
24876-24904.

USDI, Fish and Wildlife Service. 2005. Endangered and Threatened Wildlife and Plants;
Review of Native Species That Are Candidates or Proposed for Listing as Endangered or
Threatened; Annual Notice of Findings on Resubmitted Petitions; Annual Description of
Progress on Listing Actions; Notice of Review; Proposed Rules. Federal Register 70(90):
24870-24934.

USDI, Fish and Wildlife Service. 2006. Endangered and Threatened Wildlife and Plants;
Review of Native Species That Are Candidates or Proposed for Listing as Endangered or
Threatened; Annual Notice of Findings on Resubmitted Petitions; Annual Description of
Progress on Listing Actions; Notice of Review; Proposed Rules. Federal Register 71(176):
53756-53835.

USDI, Fish and Wildlife Service. 2007. Endangered and Threatened Wildlife and Plants;
Review of Native Species That Are Candidates or Proposed for Listing as Endangered or
Threatened; Annual Notice of Findings on Resubmitted Petitions; Annual Description of
Progress on Listing Actions; Proposed Rules. Federal Register 72(234): 69034-69106.



AZGFD Animal Abstract -12- Kinosternon sonoriense longifemorale

USDI, Fish and Wildlife Service. 2008. Endangered and Threatened Wildlife and Plants;
Review of Native Species That Are Candidates or Proposed for Listing as Endangered or
Threatened; Annual Notice of Findings on Resubmitted Petitions; Annual Description of
Progress on Listing Actions; Proposed Rules. Federal Register 73(238): 75176-75244.

USDI, Fish and Wildlife Service. 2009. Endangered and Threatened Wildlife and Plants;
Review of Native Species That Are Candidates or Proposed for Listing as Endangered or
Threatened; Annual Notice of Findings on Resubmitted Petitions; Annual Description of
Progress on Listing Actions; Proposed Rules. Federal Register 74(215): 57804-57878.

USDI, Fish and Wildlife Service. 2010. Endangered and Threatened Wildlife and Plants;
Review of Native Species That Are Candidates or Proposed for Listing as Endangered or
Threatened; Annual Notice of Findings on Resubmitted Petitions; Annual Description of
Progress on Listing Actions; Notice of Review. Federal Register 75(217):69286.

USDI, Electronic EMF: Tech - Reptile - Kinosternon - K. sonoriense longifemorale of Findings
on Resubmitted Petitions; Annual Description of Progress on Listing Actions; Notice of
Review. Federal Register 76(207):66432.

USDI, Fish and Wildlife Service. 2012. Endangered and Threatened Wildlife and Plants;
Review of Native Species That Are Candidates or Proposed for Listing as Endangered or
Threatened; Annual Notice of Findings on Resubmitted Petitions; Annual Description of
Progress on Listing Actions; Proposed Rule. Federal Register 77(225):69997.

USDI, Fish and Wildlife Service. 2014. USFWS Species Assessment and Listing Priority
Assignment Form: Kinosternon sonoriense longifemorale. Accessed 4/29/2016,
http://www.fws.gov/southwest/es/arizona/Documents/SpeciesDocs/SonoytaMudTurtle/S
onoytaCandidateForm.pdf.

USDI, Fish and Wildlife Service. 2017a. Species Status Assessment Report for the Sonoyta
Mud Turtle. Version 2.0. August 2017. U.S. Fish and Wildlife Service, Region 2,
Albuquerque, New Mexico.

USDI, Fish and Wildlife Service. 2017b. Endangered and Threatened Wildlife and Plants;
Endangered Species Status for Sonoyta Mud Turtle. Final Rule. Federal Register
82(181):43897-43907.

USDI, Fish and Wildlife Service. 2020. Endangered and Threatened Wildlife and Plants;
Designation of Critical Habitat for Sonoyta Mud Turtle. Final Rule. Federal Register
85(121):37576-37590.

MAJOR KNOWLEDGEABLE INDIVIDUALS:
David Hall — University of Arizona, Tucson, Arizona.
Christina Jones — U.S. Fish and Wildlife Service, Phoenix, Arizona.
Tom Jones — Arizona Game and Fish Department, Phoenix, Arizona.
Phil Rosen — University of Arizona, Tucson, Arizona.

ADDITIONAL INFORMATION: At one time, the Rio Sonoyta flowed westward to the
Colorado River. About 100,000 years ago, eruptions within the Sierra Pinacate Volcanic Field
diverted the river more southwards towards the Gulf of California. The Sonoran Mud Turtles
found along the Rio Sonoyta became isolated and eventually evolved into a taxon different from
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the typic Kinosternon sonoriense, and has since been recognized as the subspecies K. s.
longifemorale (Riedle et al 2012). The population at Quitobaquito Pond is even further isolated
from the Rio Sonoyta populations by the borderline Mexican Highway 2. There has been no
aquatic connection in recent times, and the distance (not to mention the highway crossing
hazard) is beyond the known terrestrial migrations of mud turtles.

When handled, mud turtles gives off a musky odor, hence they are sometimes called stinkpots
or stinking jims. The odor glands are located on each side of the body where the skin meets the
underside of the shell.
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