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Introduction

Human use of a species is sustainable if it can be continued indefinitely (Ross 1998).  Given this simple yet accurate statement, much of the use of native nonmarine turtles in the United States appears to be unsustainable.  Many populations of turtles have undergone severe declines as a direct result of exploitation by humans, but our knowledge of the extent of this problem is scant.  Most records of population declines have come from researchers who observe a decline over many years in a selected study population.  Because these researchers study a relatively small number of discrete populations, it is extremely difficult to quantify declines across the range of a species, or on a continental scale across multiple species.

It is important to put anthropogenic exploitation as a threatening factor into the proper perspective.  If direct exploitation is of minor consequence as compared to other factors, then detailed analysis of exploitation represents poor prioritization.  A recent exhaustive study of threats to imperiled faunal species in the United States found that loss of habitat was the most deleterious factor for all higher taxonomic groups (Wilcove et al. 1998).  Direct overexploitation by humans was of minor consequence for virtually all groups.  However, one taxonomic group was an obvious exception to the latter result; amongst reptiles, 66% of species known to be imperiled are threatened by overexploitation (this figure did not exceed 46% for any of 12 other higher taxa; Wilcove et al. 1998).  A large proportion of these imperiled species are freshwater turtles.  Thus, although habitat degradation is the single most important threat to reptile species in the United States (97% of imperiled species are subject to habitat loss), exploitation also plays a large role in population declines.  A detailed examination of the effects of exploitation is therefore directly relevant to conservation efforts for turtles.  


It is becoming increasingly apparent that the negative impacts of human activity on the world's reptile fauna have been even more pervasive and severe than the better-known impacts on amphibians (Gibbons et al. 2000).  Within reptiles as a group, turtles have suffered especially severe declines, as documented by Rhodin (1999).  Of the approximately 293 taxa (mainly species, but including some subspecies) of freshwater turtles, tortoises, and sea turtles known to be extant during the last few centuries, 3% are already extinct in the wild.  An additional 4% are critically endangered, 11% are endangered, and 21% are vulnerable (cited in Gibbons et al. 2000).  Like the majority of reptile species, turtles are sensitive to anthropogenic habitat disturbance and habitat destruction.  However, these general problems are exacerbated by high levels of direct human exploitation of turtles as food, pets, and commodities.  In short, if the commercial trade in nonmarine turtles exceeds sustainable levels, the extinction of some species in the wild can be expected within the next decade (Mockenhaupt 1999, Gibbons et al. 2000).


Natural populations of turtles are characterized by a suite of life history characteristics that may predispose these populations to rapid declines in the face of anthropogenic harvest.  Among these characters are delayed maturity, high annual survivorship of adults, and high natural levels of nest mortality.  Demographic analyses have indicated that the sustainability of harvest is a dubious proposition for numerous species (Congdon et al. 1993, 1994, Heppell 1998, Reed et al. 2002).


The trade in reptiles as pets is a burgeoning industry, and some estimates value the total retail trade in reptiles at approximately two billion dollars per year in the United States (Franke and Telecky 2001; note, however, that our re-analysis of these data indicates a lower estimate of $1.36 billion).  Trade in live animals is a fraction (approximately 30%; Hellwig 1999) of this total, with the majority of retail profits derived from sales of cages, bedding, food and other animal care products.  Of households owning reptiles or amphibians, a larger proportion (46%) own turtles than any other taxonomic group (APPMA 2001).  However, the origins of these turtles remain largely unknown, and the large numbers of individual turtles in the trade has caused concern about its sustainability.


In this report, we first summarize existing knowledge of the domestic and international trade in native turtles of the United States.  The domestic trade is poorly documented due to limited oversight by state and federal agencies, and we thus rely on a variety of available data gleaned from the pet trade.  For international trade, we rely heavily on the Law Enforcement Management Information System (LEMIS) import/export database maintained by the U.S. Fish and Wildlife Service, with the acknowledged understanding that these data are also subject to numerous shortcomings.  Second, we summarize current knowledge of the life histories of nonmarine turtles.  These data provide insight into population-level demography, and allow prediction of the relative vulnerability of turtle species to collection by humans.  Because the vast majority of pet turtles originate with commercial turtle farming operations, we analyze and discuss both the positive and negative aspects of these operations in detail, with emphasis on suitability of various species as mass-produced products and sustainability of commercial operations in the long term.  We also discuss the potential importance of the overall geographic range area of a turtle species to sustainability of anthropogenic harvest.


Lastly, we combine trade, range size, and life history data to provide an overall index of vulnerability; this index reflects the likelihood of population declines in the face of sustained anthropogenic harvest.  We hope that this index may prove useful in guiding conservation efforts and legislation. 

Domestic trade


There is little state or federal oversight of the domestic reptile trade.  A few species are offered blanket protection under the auspices of the federal Endangered Species Act (ESA), and a larger number of species are protected within the borders of some states.  However, there is little inter-state consistency in these laws, resulting in a geographic mosaic of protected and unprotected populations that are easily exploited by individuals collecting turtles from the wild once they become familiar with legislative loopholes.  Few states require species-level documentation of retail trade in native turtles, such that the size of the total trade remains nebulous.  It is not our intent to review the legal status of turtle species in the United States on a state by state basis; information of this sort can be found in Levell (1997) and Plummer (2001).  

Fears of salmonella infection prompted the U.S. Food and Drug Administration and U.S. Public Health Service to ban the domestic public sale of juvenile turtles of <4" in carapace length.  Exceptions to this prohibition include sale and distribution of live turtles and eggs for scientific, educational, exhibition, or export purposes.  The ban has greatly reduced the domestic retail trade in those species most commonly produced by turtle farming ventures (Lutz 2000).  An unfortunate side effect of the FDA ban is the continued harvest of wild adults for the domestic pet trade.  At a pragmatic level, however, the ban is rarely enforced.  Many animal dealers sell hatchling turtles, and avoid the ban by including a caveat such as, “All turtles and tortoises under four inches in length are for education, scientific research, or export only, and are not intended as pets.”  

We based our documentation of the domestic trade in native nonmarine turtles on three main aspects of the trade: retail pet stores, multi-vendor ‘herp expositions,’ and the online animal market, including large reptile wholesalers and retailers.  

A. Surveys of retail pet stores

We opportunistically visited a number of retail pet stores in California, South Carolina, Georgia, Ohio, and Florida, with the goal of documenting the species composition, price, and origin (wild-caught or captive-bred) of native nonmarine turtles.  We rapidly came to the conclusion that these retail surveys were relatively unenlightening when quantifying the domestic trade in turtles.  While we occasionally saw box turtles (Terrapene carolina and T. ornata) and juvenile or adult emydines (particularly Pseudemys and Trachemys) in retail stores, the numbers of individuals were very low overall.  Non-native species such as sulcata tortoises (Geochelone sulcata) were actually more common in the stores we visited, despite their relatively higher prices.  The FDA ban on sale of turtles under four inches in carapace length may have played a role in limiting the retail trade in native turtles (but see survey of online animal dealers, below).  After examining results gathered from pet stores, we chose not to include the limited data from retail sources in our analyses, due to low numbers of individuals involved and great uncertainty about origins of these turtles. 

B.  Surveys of multi-vendor ‘herp expositions’


The growth of ‘herp expositions’ and similar shows in the last decade has been explosive.  These one to three-day shows typically consist of 50-500 independent vendors who purchase table space and then sell animals to the public (who gain access by paying admission).  Attendance at these events often exceeds 5000, and sales volumes are apparently high.  Perusal of recent issues of major herpetocultural magazines indicates that 25-30 herp expositions occur every month in the United States, and that they have been steadily increasing in number and scale. These shows are variable in terms of the animals available for sale, as some shows only permit sale of captive-bred individuals while others allow sale of wild-caught individuals.  


We visited nine shows in California, South Carolina, Florida, Georgia, and North Carolina during 2001-2002.  These included two consecutive years of the International Reptile Breeders’ Association exposition in Daytona Beach, FL; this is one of the largest shows of its type, with over 500 vendors.  The results of these trips, however, were somewhat unenlightening.  A total of 14 species of native nonmarine turtle were represented at shows.  The vast majority of individuals represented hatchlings of the genera Trachemys, Chrysemys, Pseudemys, and Apalone from turtle farming operations.  Most of the remaining individuals were also hatchlings produced by small-scale breeders of the more valuable genera (e.g., Emydoidea and Clemmys).  Only the genera Kinosternon and Sternotherus appear to be represented primarily by wild-caught adult individuals, and the number of these were relatively low (for example, these genera in aggregate were represented by approximately 75 individuals at the 2002 International Reptile Breeders’ Association exposition, in contrast to well over 3,000 individuals of the genera Trachemys, Chrysemys, Pseudemys, Chelydra, and Apalone.  

C.  Surveys of the online animal trade


Lastly, to better quantify the domestic trade, we examined the websites of 269 commercial enterprises dealing with reptiles (all of these businesses are listed on the website http://www.kingsnake.com/breeder.html).  Note that some of these enterprises were also represented at herp expos; we did not attempt to correct our analyses for this sort of double representation.  We recorded the number and selling price of each species of U.S. nonmarine turtle offered for sale on the website, as well as any data on body size, age, or origin.  The results of this survey were broadly similar to results gleaned from LEMIS export data (above): The vast majority of turtles sold in online trade appear to be captive-bred hatchlings of a small number of species (Table 1).  Of the 269 online dealers selling reptiles, 24 dealers listed native nonmarine turtles as being currently available.  These dealers sold a combined total of 17 species (Table 1), with prices ranging from $0.62 for hatchling sliders (Trachemys scripta) to $240 for adult wild-caught spotted turtles (Clemmys guttata).  We attempted to estimate the proportion of wild-caught individuals among turtles available for sale by examining the text and/or photographs on the website to obtain descriptions and sizes of animals.  Turtles designated by dealers as “captive-hatched” were considered to be wild-caught, as this term typically refers to offspring produced from a wild-caught gravid female.  Turtles designated “captive bred” were not considered wild-caught.  We considered most adult turtles for sale to be wild-caught, unless they were designated as “long-term captives” or the like (although these designations are oftentimes fabrications to hide the fact that the animals were collected as adults).

The numbers of individuals in the domestic pet trade are difficult to decipher from online sources.  However, many sources offered special prices on hatchling emydine, chelydrid, and trionichid turtles when sold in lots of 1,000 or more individuals, indicating that dealers are able to obtain large numbers of individuals from commercial turtle farming/ranching operations.


Prices varied considerably among dealers, based largely on the type of dealer.  Some dealers advertised themselves as wholesalers, and sold only to pet stores, exporters, and other commercial operations.  Most of these dealers expressly stated on their websites that they did not sell to private individuals, and they tended to trade in large numbers of inexpensive captive-born hatchling turtles.  Retail animal dealing operations which sell to the public had much higher prices (often an order of magnitude higher than wholesalers for the same species and age classes), but usually offered lower total number of individuals.  Most of these animals were also captive-born hatchlings.


Most online animal dealers appear to largely ignore the FDA ban on sale of turtles under four inches in carapace length.  In an attempt to absolve themselves of liability, some online dealers have a disclaimer on their webpages to the effect that turtles under four inches may only be sold for educational, scientific, or exhibition purposes.  Many other sites have no such disclaimer, but this does not necessarily mean that the law is being flagrantly violated.  As an example, when asked about sale of turtles under four inches without a disclaimer on their website, a representative of one of the large online animal dealers (www.animals.com) stated that the company FAXes a document to all potential buyers of these turtles.  The purchaser must sign and return the document, which declares that the animals will be used for educational or scientific uses only (phone call by R.N. Reed to www.animals.com, 11 July 2002).  

International trade


We analyzed the international trade in nonmarine turtles from the United States using data taken from the Law Enforcement Management Information System (LEMIS), which is maintained by the U.S. Fish and Wildlife Service.  This database contains import and export declarations detailing the numbers, species composition, and monetary value of shipments, and comprises the only detailed record of the international turtle trade.  For the purposes of this report, we extracted all export records of live native nonmarine turtles.  Our results are based on the available data on the turtle trade from 1996 through 2000, because USFWS expunges all LEMIS records older than five years on a rolling annual basis.  Telecky (2001) briefly summarized the LEMIS data on turtles for the years 1987-1997, but did not explicitly examine temporal trends in numbers or declared values of turtles in the international trade.  We qualify our use of these data by noting that Franke and Telecky (2001) state that LEMIS data are subject to keystroke errors, and that these data may significantly underestimate the total number of individuals traded (however, this statement was unsubstantiated in the text of the book).

Summary of LEMIS export data

During the years 1996 through 2000, 10,548 export shipments of live turtles contained a total of 51,001,566 individuals (Fig. 1, Table 1).  The total declared value of these individuals was $41,267,775 (Figure 2, Table 1).  Fourteen genera and 37 species were reported as exports; the vast majority of these were emydine turtles of the genera Trachemys, Chrysemys, and Pseudemys (Table 1).  The numbers of turtles exported per year was variable, both in toto and by genus (Table 2).  For most genera, the year-to-year variation in the number of turtles exported was more noticeable than were overall temporal trends in the trade (Figure 3).  However, the genera Macrochelys and Graptemys experienced significant increases in the number of exported individuals over the period 1996-2000, while exports of the genus Terrapene essentially ceased during this period.


Table 3 presents data on exports by species.  Before calculating mean declared values and other monetary statistics, we first sorted and carefully examined the data to remove obviously incorrect records (most likely caused by human data-entry errors such as keystroke mistakes), and excessive prices for individual animals (e.g., $2000 for a single spiny softshell turtle which may have been an albino or a similar color/pattern variant).   

Origins of exported turtles


The LEMIS data include data on the source of turtles in each shipment.  Source codes include designations for animals that are captive-bred, farmed/ranched, wild-caught, and unknown.  Numerous shipments during the years 1996-2000 had entries or codes without a designated meaning in the ‘source’ column; we designated all of these shipments as being of unknown source.  The declared origins of exports are presented in Tables 4, 5 and 6.  Among all exports, 19% of individuals were declared as captive-bred, less than 2% were declared as farmed or ranched, 34% were declared as wild-caught, and 45% were of unknown or undeclared origin (Table 4).  However, these proportions varied greatly among species (Table 6).  

Of all the data in the LEMIS databases, we are most dubious of the declared appellations of sources of exported turtles.  For many species, the number of individuals of unknown source exceeded those of known sources, and we suspect that many entries are erroneous.  As an example, fewer than 10 million individuals of Trachemys scripta were declared as captive-bred or farmed during the five-year period in question, even though approximately this number of hatchlings is produced annually by turtle farms in Louisiana alone (Lutz 2000).  In contrast, the LEMIS data report that over 16 million T. scripta were wild-caught, which seems highly unlikely.  Nonetheless, the LEMIS database provides the only quantitative summary of the origins of exported turtles, and it is likely that these data are somewhat accurate for some species (e.g., high numbers of wild-caught turtles of the genera Clemmys, Emydoidea, Kinosternon, Sternotherus, etc).  

Predicting future trade

Turtle dealers, biologists, and those otherwise involved with turtles have recently been inundated by emails inquiring about purchasing snapping turtles, softshell turtles, and some other species (R.N. Reed, pers. obs., Appendix 1).  These emails appear to originate with commercial turtle farming operations in Asia, and especially in China.  These farms have greatly increased in number and size over the last few years (K. Buhlmann, pers. comm.), and supply Asian markets with turtles for culinary and medicinal purposes, and for use as pets.  The LEMIS data indicate that approximately 25,000,000 turtles were exported to China, Hong Kong, and/or Taiwan during the period 1996-2000, representing roughly half of all exports.  As turtles imported from the United States reach maturity and begin reproducing, these Asian operations may eventually become self-sustaining, thus eliminating the need for continued imports.  Also, the European Union recently banned the importation of hatchling turtles for health-related reasons, further reducing demand for hatchling turtles (but possibly increasing demand for subadults and adults).  Thus it appears that the present volume of hatchling turtles produced by commercial interests in the United States may be financially unsustainable in the long run, and many turtle producers may be driven out of business or forced to drastically down-size their operations.   This projected trend towards reduction of the hatchling turtle trade should largely eliminate the need to replace senescent or dead captive females with females from natural populations.  It must be stressed, however, that this conclusion is largely supposition; a lifting of the domestic or EU bans on sales of juvenile turtles would likely allow the industry to maintain itself at present levels, as would failure of Asian turtle farms. 

Life history and demographic analyses


Not all species are created equal.  Although turtles tend to exhibit long lives and late maturity as compared to other higher vertebrate taxa (Congdon et al. 1993), the life histories of various turtle species vary considerably within the order Testudines.  Life history variation of this sort has obvious consequences for population-level demography, as well as for the responses of these populations to harvest by humans.  


Ideally, predictions of the response of turtle populations to harvest would be based on empirically derived population-level demographic variables from long-term studies of each species.  However, acquisition of accurate demographic data for long-lived organisms requires sustained ecological study (often over multiple decades), and these data are unfortunately forthcoming for very few turtle populations.  In fact, to the best of our knowledge even minimal demographic data (including adult female survivorship and age at maturity) are available for fewer than 20 species at the present time.  These include studies of Blanding’s turtle (Emydoidea blandingii; Congdon et al. 1993), the common snapping turtle (Chelydra serpentina; Congdon et al. 1994, Galbraith et al. 1989), the painted turtle (Chrysemys picta; Iverson and Smith 1993, Mitchell 1985a, 1988, Zweifel 1989, Wilbur 1975, Tinkle et al. 1981), the common musk turtle (Sternotherus odoratus; Mitchell 1985b, 1988), the Eastern mud turtle (Kinosternon subrubrum; Gibbons 1983, Frazer et al. 1991), the yellow mud turtle (Kinosternon flavescens; Iverson 1991), the Sonoran mud turtle (Kinosternon sonoriense; Rosen 1987), the ornate box turtle (Terrapene ornata; Blair 1976), the Eastern box turtle (Terrapene carolina; Schwartz and Schwartz 1991), the yellow-bellied slider (Trachemys scripta; Frazer et al. 1990 a, b), the chicken turtle (Deirochelys reticularia; Buhlmann 1998), the diamondback terrapin (Ernst et al. 1994, Tucker et al. 2001) the gopher tortoise (Gopherus polyphemus; Iverson 1980, Cox 1989), and the desert tortoise (Gopherus agassizii; Turner et al. 1987).

Detailed demographic data are lacking for most (>75%) of the nonmarine turtles of the United States, and are not likely to be forthcoming in the immediate future for most species.  In the face of ongoing anthropogenic threats to various turtle populations it is therefore necessary to estimate demographic profiles of most species using the best available science.  Authors have approached this issue in a number of ways.  For example, sustainability of harvest of the alligator snapping turtle (Macrochelys temminckii) was analyzed via reliance on an exhaustive literature search and demographic knowledge of the closely related common snapping turtle (Chelydra serpentina; Reed et al. 2002).  Similar knowledge of population-level biology is not available for most species, such that demographic analyses are stymied.  Table 8 presents a summary of published life history data for nonmarine turtles of the United States.

In the present report, we examine the potential population-level effects of anthropogenic harvest by various means.  First, we calculate elasticities to estimate the sensitivity of various life stages to anthropogenic harvest from natural populations.  Previous analyses have indicated that nonmarine turtles share similar patterns of elasticities (Heppell 1998).  Elasticities measure the proportional contribution of a vital rate (e.g., age-specific fecundity and survival) to the annual population multiplication rate.  A change in a vital rate with high elasticity will therefore likely have large effects on long-term population persistence.  Among most turtle species, adult survivorship elasticities are much greater than are elasticities of fecundity or juvenile survivorship, indicating that survival of adults has the greatest contribution to long-term population stability.  Heppell (1998) presented a method for identifying the most sensitive life stages of turtles, by generating approximate elasticities using limited life history data.  Heppell (1998) showed that elasticities can be estimated with a high degree of precision for turtle populations using only three variables (age at maturity, adult female annual survival, and population multiplication rate).  This estimate is calculated as:

Efec = 
____P – λ____




(α – 1) P - α λ

Where,

E = elasticity of fecundity

P = annual adult survival

λ = annual population multiplication rate

α = age at maturity

By assuming a stable age distribution, λ is set equal to 1.0, allowing estimation of elasticities using only two variables.  Elasticities for hatchling, juvenile, and adult age classes may be reconstructed once Efec has been estimated: 




Ehat = Efec 




Ejuv = Efec (Yjuv)




Eadu = 1 – (Ehat + Ejuv)

Where


Ehat = Elasticity of hatchling age class


Ejuv = Elasticity of juvenile age classes


Eadu = Elasticity of adult age classes


Yjuv = Number of years spent as a juvenile (equals age at maturity minus one)

This model assumes that fecundity elasticity is equal to each juvenile survival elasticity, and also assumes that annual fecundity and survival rates are constant after attainment of maturity.  


As previously mentioned, due to a paucity of data these elasticity analyses are currently possible for only a small number of species.  Therefore, we first calculated elasticities for these “known” species (Table 9).  For species for which age at maturity is unknown, we assigned age at maturity using data from a closely related congener or (for those genera for which age at maturity is known for multiple species) by calculating the mean age at maturity among species for which data are available.  For species for which mean adult female survivorship is unknown, we calculated elasticities using survivorship estimates extrapolated from the phylogenetically closest congener for which survivorship was known (Table 9).  After these calculations, we were left with some species for which female survivorship data were lacking; this was true for entire genera for which no adequate demographic data are available.  However, among species for which empirical data were available, mean annual adult female survivorship was 88.4% (SD = 0.051, minimum 83%, maximum 96%).  Because the standard deviation of mean female survivorship was so low, it can be inferred that female survivorship is not extremely variable interspecifically.  This in turn suggests that mean annual female survivorship may be an acceptable substitute for empirical survivorship data.  We therefore calculated elasticities for the remaining species using known age at maturity and annual female survivorship set at 0.884.  


Results of elasticity analyses are presented in Table 9.  Elasticities of fecundity were uniformly low (mean = 0.066), indicating that exploited populations are unlikely to recover via increased egg production.  In contrast, juvenile and adult elasticities were much higher (mean = 0.463 and 0.471, respectively), indicating that survival of juvenile and adult individuals is much more important to long-term population persistence.  The five species with highest elasticities of adult survival were (in descending order): Kinosternon flavescens, Emydoidea blandingii, Clemmys muhlenbergii, C. insculpta, and K. baurii.  These species were characterized by delayed age at maturation and extremely high adult survivorship.  Of these, turtles of the genera Emydoidea and Clemmys are highly prized in the pet trade, commanding a high price and captive-bred in small numbers by dedicated keepers.  Given all of these factors, it is unsurprising that many populations of these turtles have declined in recent years, and indeed, C. muhlenbergii is federally threatened under the U.S. Endangered Species Act.  It is also interesting that 7 of the 20 species with highest elasticities of adult survival were members of the family Kinosternidae (K. flavescens, K. baurii, K. subrubrum, K. hirtipes, K. sonoriense, Sternotherus odoratum, and S. carinatus).  Although these turtles do not comprise a significant portion of the trade in live turtles, the majority of kinosternid turtles in the trade are wild-caught adults.  These species are typically secretive bottom-dwellers that are easily exploited using baited traps, and their supposed economic insignificance and the clandestine nature of their habits may mean that overexploitation can occur without much notice from natural resource professionals.

Our estimates of survival elasticity point out a shortcoming of our analyses using Heppell’s (1998) formulae.  Using these formulae, we found that Clemmys insculpta has the lowest adult survival fecundity of any native turtle, which is surprising given that this species has low reproductive output and the highest mean age at maturity (16 years) among all species.  Heppell (1998) noted that elasticities of juvenile survival outweighed those of adult survival for species with late maturity, and concluded that this was, “due to the large proportion of a population in the preadult age classes for species that take many years to reach maturity.  Thus, a change in the juvenile survival rate may affect a much larger proportion of the population than a similar change in adult annual survival, provided that the change affects all preadult age classes.”  In the case of C. insculpta, we assigned adult female survivorship as 0.879 (the mean of known survivorships for other species, as discussed above).  Using this rate, on average only 4% of females in a population will still be alive 25 years after attaining maturity, such that age at maturity comprises a significant portion of a female’s overall lifespan.  This is an indication that our assignment of survivorship based on a mean calculated from other species may be flawed.  The genus Clemmys is closely related to the genus Emydoidea, and E. blandingii is the only species in the Clemmys/Emydoidea clade that has been studied for a sufficient number of years for construction of an empirical life table (Congdon et al. 1993).  In a population of E. blandingii, annual adult female survivorship is at least 96%, and older females enjoy higher fitness (some females of E. blandingi were marked as adults five decades ago).  Substituting the same survivorship rate for C. insculpta increases the elasticity of adult survivorship to 0.60, among the highest elasticities observed among species.  We used this adjusted elasticity in later calculations for C. insculpta.  We suspect that 0.879 is a substantial underestimate of female survivorship for many turtle species, especially those with late maturity (e.g., Graptemys barbouri, G. ernsti, etc.).  Because means are influenced by extreme values, our mean survivorship of 0.884 was most likely biased by one of the survivorship estimates for Trachemys scripta (0.81; Frazer 1990); this rate may have been an underestimate (J.W. Gibbons, pers. comm.).  This suspicion is bolstered by the opinion of one of the world’s leading turtle biologists who stated that, for the species for which survivorship rates are unknown, “there is no reason to believe that annual rates for any of these taxa are below 90% in healthy populations” (J. Iverson, pers. comm. 8/2002).  While we are fairly confident that the method of Heppell (1998) is a good estimator of elasticities for those species with complete demographic data, we urge caution when interpreting results calculated using multi-species means or extrapolation from phylogenetically-related groups.


While considerable life history variation occurs among turtle species, it is important to put this variation into perspective.  Compared to most other taxa, turtles have exceptionally high ages at maturity and annual survivorship.  A comparison of turtles to mammals is especially enlightening.  A published analysis of life history and elasticity patterns of 50 populations of mammals includes raw data on each population (Heppell et al. 2000, Appendix 1).  Among mammals, only a few large-bodied species such as whales, elephants, hippos, and chimpanzees exhibit ages at maturity (7-15 years) and total life spans that approach the equivalent values for turtles.  Most of these same mammalian species, with the addition of lions, some seals, and a few primates, have adult female survivorships in the range exhibited by turtles (0.85-0.96).  Few resource managers would argue that any of these mammalian species can be heavily exploited without causing population declines, and indeed, many of these species are of considerable conservation concern due to past and/or present unsustainable levels of exploitation.  If we accept that whales and chimpanzees deserve intensive monitoring and management due to their demographic characteristics, then similar attention should be paid to turtles with similar demographies.  To do otherwise is rampant taxonomic chauvinism (Bonnet et al. 2002). 


One possibly useful strategy when discussing this problem with natural resource managers is to compare life histories of turtles with those of deer (a species with which managers are probably more familiar).  On average, female black-tailed deer reproduce at one year of age, live about 9 years, and enjoy about 82% annual survivorship (Taber and Dasmann 1957, cited in Heppell et al. 2000).  In contrast, a full half of the 50-odd species of turtles in the United States do not even reach sexual maturity by nine years of age, and some species live for well over five decades.  The disparity between these numbers should be sufficient to convince even the most herpetophobic of resource managers that unlimited harvest of turtles is unsustainable.

Geographic range area and

implications for conservation


The overall area of the geographic range inhabited by individuals of a species has important implications for both exploitation and conservation of a species.  Species with larger ranges generally tend to achieve higher densities per unit area across these ranges, and often reach the highest densities near the center of their range (Gaston 1990, Brown et al. 1996, Gaston and Blackburn 1996).  Additionally, exploitation tends to be geographically disproportionate for species with large ranges, such that some areas receive heavy collecting pressure while other areas see little exploitation.  This mosaic of exploitation pressure allows unexploited source populations to help replenish depleted stocks in adjacent areas.  It must be noted, however, that this replenishment may occur on an extended timescale (e.g., decades) for many turtles with high ages at maturity and/or low clutch sizes.  An empirical example of geographically uneven exploitation of turtles is the case of Trachemys scripta: Continued harvest of this turtle in Louisiana has resulted in loss of large-bodied females in exploited populations (Close and Seigel 1997), but this wide-ranging species is apparently secure across much of the southeast United States.

Hecnar (1999) analyzed range sizes of a majority of the world’s turtles from range maps in Iverson (1986), and found that range size was positively correlated with habitat breadth, diet breadth, and body size.  Range size did not differ among families or genera, instead appearing to be a species-specific trait.  Lastly, turtle range sizes were limited by positions of coastlines and river drainages, mountain ranges, deserts, and cool isotherms across continents (Hecnar 1999).  Dr. Hecnar graciously offered us the use of his range size data for turtles of the United States, with the stipulation that we would not provide actual range sizes in this report.  Therefore, Table 11 presents a ranking of geographic range areas for these species, from smallest to largest.   

The species with the smallest geographic range in the United States is the Alabama redbelly turtle (Pseudemys alabamensis), which is federally protected. This species is followed closely by five members of the genus Graptemys (two of which are federally protected), then the flattened musk turtle (Sternotherus depressus, also federally protected), and then three more Graptemys.  Based solely on geographic range size and its established implications for conservation, these species are likely to be of increased extinction concern, and this is borne out by the level of protection afforded to many of them.  The species with the largest geographic ranges include the Eastern box turtle (Terrapene carolina), the spiny softshell (Apalone spiniferus), the painted turtle (Chrysemys picta), the slider (Trachemys scripta), and the common snapping turtle (Chelydra serpentina).  Exploitation of these species is likely to be geographically diffuse, and we thus predict that while local populations may decline precipitously in the face of exploitation (especially for species such as C. serpentina, with high adult elasticities), range-wide extinction via exploitation alone is unlikely.

The genus Graptemys is of singular concern when considering conservation implications of geographic range area.  Many species in this genus are confined to single river drainages.  This subjects them to a disproportionately high risk of local or range wide extinction due to natural or anthropogenic catastrophes.  Natural catastrophes could include extreme drought, hurricanes, or similar events, while anthropogenic catastrophes may include purposeful or accidental releases of toxic substances into rivers, establishment of non-native competitors or predators, or destruction of the turtles’ food base by pollutants or biological agents.  The small size, bright colors, and unusual carapace form of many species also makes them desirable in the pet trade, and species that are not protected at the state or federal level fetch moderately high retail prices.  Continued exploitation for the pet trade (or due to other reasons such as bycatch by anglers, etc) may lower population sizes, thereby increasing the likelihood that stochastic events will result in local or range-wide extinction (Allee et al. 1949).  Increased monitoring of population trends for these species should provide information on whether the pet trade has damaging effects on range-wide conservation status.

Commercial turtle-producing facilities –

Suitability and sustainability

Relative suitability of native turtles as farmed species


The vast majority of turtles in international and domestic trade are hatchlings from commercial breeding (“ranching” and “farming”) operations.  This industry is worth nearly $10 million per year to the economy of Louisiana alone (Hughes 1999), and is but one portion of the booming aquaculture industry in the United States.  The bulk of the trade is composed of turtles of the genera Chelydra, Macrochelys, Trachemys, Pseudemys, and Apalone.  Even more specifically, the genera Trachemys and Pseudemys comprise >90% of the trade and recent taxonomic revisions imply that most of the turtles declared as “Pseudemys sp.” are actually Trachemys scripta.  These species have proven profitable for turtle ranchers, and it is possible that, by providing multitudes of inexpensive hatchlings, these ranches decrease annual take of free-ranging adults for the pet trade.  However, turtle species vary in terms of natural abundance, reproductive parameters, and other life history traits.  It is therefore unlikely that all native nonmarine turtle species represent good candidates for ranching operations.  


Once adults are in captivity on a ranch, the success of the ranch will depend on survivorship of breeding adults, the number of eggs produced annually, and nest success, as well as monetary income from sales of hatchlings.  We assume that adult survivorship is high, as food is provided and predators are excluded.  The latter factor should also greatly increase nest success, as should collection of eggs for artificial incubation.  This means that the number of eggs produced annually is likely the limiting biological factor in determining success or failure of commercial turtle ranching operations, and average sale price per individual is likely the major limiting economic factor.  Therefore, for the 33 species for which data were available we multiplied mean annual egg production (from Table 8) by average price per individual (from LEMIS data) to obtain an index of suitability of a species as a candidate for ranching.


The results of this analysis were somewhat unexpected.  The species most prevalent in the turtle ranching industry (Trachemys scripta) fell in the lower third of our “ranchability” index, as did commonly-farmed species such as Chrysemys picta and Pseudemys nelsoni (Table 12).  At the top of the ranchability spectrum was the alligator snapping turtle (Macrochelys temminckii), which has been exported in increasing numbers in recent years.  This species was followed by commercially valuable species with low reproductive rates such as Clemmys insculpta, C. marmorata, and E. blandingii.  Taken at face value, these results indicate that switching from production of high numbers of inexpensive hatchlings to low numbers of expensive hatchlings is a viable strategy for the commercial trade.  However, this conclusion ignores two important points.  First, obtaining brood stock of some species (e.g., Clemmys and Emydoidea) is difficult, as they are protected in many areas and expensive to acquire from dealers.  Second, and more important, is that the hatchling turtle industry is driven by the sale of inexpensive pets to the public, rather than expensive pets to more advanced hobbyists.  Most hatchling T. scripta die within a year of sale (Franke and Telecky 2001), and are often replaced by their owners, which increases net sales.  Production of the more expensive species is lucrative only so long as there are sufficient well-heeled turtle aficionados, and so long as the number of offspring produced is limited so that competition does not drive down prices.

Sustainability of commercial turtle farming operations


Commercial turtle farming operations are often touted as a means of maintaining sustainable yields of hatchling turtles for the pet trade, thus protecting wild populations from harvest.  However, starting a commercial turtle enterprise requires acquisition of large numbers of breeding adults, which are typically obtained from wild populations.  For many species, the initial take of adults is likely sustainable if: (1) collecting effort is spread across a wide geographic area; (2) harvest is a one-time event such that populations are not subject to pulsed harvest of large numbers of adults; and (3) harvested populations are not subject to additional sources of artificially high mortality (e.g., habitat loss or contamination, unnaturally high mesopredator populations, etc.).  Unfortunately, few of these conditions are met by turtle trappers supplying the farms with breeding stock, and the status of virtually all harvested populations remains unknown.  

Second, the number of adult turtles removed from the wild to replace senescent or dying individuals on turtle farming operations remains largely unknown.  Some authors have reported annual mortality of 33% on some farms (Warwick 1991), while more recent reports refer to <2% mortality.  Using Trachemys scripta as a model species, these mortality figures have very different implications for the sustainability of wild populations.  Consider the following assumptions:  (1) 75% of T. scripta exports are captive bred (a significant underestimate); (2) the mean number of individuals exported per year during the period 1996-2000 was 7,935,705; (3) mean annual reproductive output per female is 25 eggs (an overestimate, considering that not all females breed every year and 25 eggs would represent three clutches).  Using these assumptions, the minimum number of breeding adult females in captivity on turtle farms can be calculated as follows:

# Females  
=  
(# Exported) * (Proportion captive bred)







Reproductive output





=
(7935705)*(0.75)






25





=
238,071

If turtle farms experience 33% annual mortality, then 238,071*(0.33) = 78,563 adult females that must be replaced annually in order to maintain egg production (note that if the % farmed is increased to 90% and fecundity lowered to 15, the number of females that must be replaced jumps to 157,126; this is probably a more realistic number).  If the farms experience 2% mortality, on the other hand, then only 4,761 females must be replaced (substituting the more realistic numbers as above results in 9,522 females).  Some of this replacement likely comes from recruitment of juveniles within the farmed population, but the bulk of replacements is likely wild-caught.  Given that one free-ranging wild population of T. scripta experiences almost 20% annual mortality, we are dubious of reports of <2% annual mortality on turtle farms, unless the captive populations in question are composed of cohorts of adults that are younger than the (unknown) age at which T. scripta becomes senescent.  The large geographic range and high local densities of T. scripta in many regions implies that annual take of 5,000-10,000 individuals may be largely sustainable on a range-wide scale.  Local population depletion is still likely in the vicinity of turtle farms; researchers in Louisiana and western Mississippi found that harvested turtle populations had virtually no large adult females as compared to unharvested sites, and that local turtle dealers were forced to import turtles from other regions to supply local demand (Close and Seigel 1997).  

It is also important to realize that the numbers discussed above are a best-case scenario; the actual number of adult females on turtle farms is almost certainly higher.  Lutz (2000) states that about 150 pond-acres are devoted to the production of hatchling turtles in Louisiana, and that adult turtles are stocked at 7,500 to 15,000 individuals per pond-acre.  Thus between 1,125,000 and 2,250,000 individuals are held on Louisiana turtle farms.  Assuming equal sex ratios, the number of breeding females is thus between 562,500 and 1,125,000 (however, turtles are almost certainly stocked with more females than males since feeding hundreds of thousands of male turtles would not be cost efficient; accounting for this would further inflate any estimate of the number of adult females on farms).  While Louisiana appears to dominate the trade in farm-produced hatchling turtles, similar operations exist in a number of Southeastern states, indicating that even more adults are held on turtle farms.  These numbers greatly exceed the best-case estimate of 238,071 adult females calculated above, implying that we similarly underestimated the number of adults taken from the wild annually to replace those dying in captivity or otherwise required to meet goals for the production of hatchlings.  


Reports from some turtle farms in Louisiana provide interesting data on mortality rates on these farms (Appendix 2 contains the verbatim record of this exchange).  The Louisiana state herpetologist received voluntary reports from turtle farmers indicating that approximately 1,000 individuals of the genus Graptemys have been removed from the wild annually in recent years (with the notable exception that one farmer purchased an additional 6,400 individuals from out of state to start a new operation).  However, these reports also suggest that mortality of farmed Graptemys to be only 1.9 individuals per farmer per year, or approximately 147 individuals per year among all farms.  If we assume that 1,000 individuals have been taken from the wild during each of the past five years and that these individuals plus the abovementioned 6400 individuals represent all of the Graptemys on farms (thus underestimating actual numbers of individuals), then annual mortality would be: (147*5)/[(1000*5)+6400] = 0.06, or 6%.  This crude estimate of annual mortality is not much less than known or estimated mortality rates in wild populations.  However, doubling the estimated number of Graptemys on LA farms (to 22,800 individuals, a more realistic estimate but likely still an underestimate) and substituting this number above would result in an annual mortality of only 3%, which seems an unrealistically low number given reported levels of disease and stress in intensively managed turtle farms (Warwick 1991, Lutz 2000).  We therefore caution against formulating management decisions based on voluntary or unverified reports of mortality rates from commercial operations, or similar reports on the number of individual turtles taken from the wild.   


Finally, trade in commercially farmed turtles raises another conservation issue.  These turtles are shipped in huge numbers all over the world, and some individuals inevitably escape or are released into habitats to which they are not native.  They thus pose a significant risk as invasive species, and may displace native turtles.  This has proven true for Trachemys scripta, which has been reported as an exotic species on at least three continents (Ernst et al. 1994, but see Luiselli et al. 1997).  Even within the natural geographic range of some U.S. turtles, escaped/released pets may breed with natives, thus sullying local genetic distinctiveness.  At a range wide level, this may homogenize the genetic profile of the species, possibly increasing the risk of epidemic disease decimating the species.  Some state agencies actually increase the risk of genetic contamination of native populations via well-meaning but generally ill-conceived policies.  In Louisiana, for example, turtle farmers are required to release 250 hatchlings/year into natural habitats, without regard for the geographic origin, genetic profile, or health status of these individuals.  This practice is of questionable value, and should be suspended immediately.

Synthesis: 

Quantifying relative vulnerability of 

turtle populations to harvest, 

using a multivariate approach 


Thus far we have discussed a number of factors that may cast doubt on the sustainability of harvest of turtles from the United States.  However, these various factors are not entirely concordant with respect to predicting those species most likely to be vulnerable to harvest.  In this concluding synthesis, therefore, we attempt to incorporate various predictors of vulnerability into a model yielding an overall index of vulnerability.  Although models of these sorts are often subject to debate over assumptions and model variables, we trust that these initial attempts will spur critics to gather and analyze more data such that conservation attempts can move forward using the best available science.


Our general interpretation is that the relative numbers of individuals recorded as being traded is not necessarily the best indicator of vulnerability to harvest.  As discussed in preceding sections, the vast majority of domestic and international pet trade consists of commercially farmed turtles of the genus Trachemys, along with several other species of emydine turtles.  Because the hatchling turtles themselves have not been harvested from wild populations, the daunting numbers involved may not accurately reflect impacts on these populations.  Therefore, we do not use the numbers of animals traded as a variable in our model.

Conversely, rare, uncommon, or brightly-colored species are usually the most valuable in the pet trade, and the concept of commercial extinction has been suggested to be inapplicable to valuable turtle species (e.g., Clemmys, Emydoidea, Macrochelys, etc.) in the pet trade (Salzberg 2001, and see Magnusson 2002).  Because of the individual value of these turtles, they are often harvested by non-professional collectors, similar to the situation with exploited rattlesnake populations in Florida (Enge 1993).  Consequently, removal of some animals may continue even after populations have been depleted, although such collecting is likely opportunistic rather than targeted.  Thus, it is likely that without legal protection the most commercially valuable species will not experience a marked respite from harvest even after populations have declined, and hence the monetary value of a species is likely to be correlated positively with its vulnerability to harvest.


We have already discussed the contributions of survivorship elasticities and geographic range sizes to interspecific differences in sustainability of harvest.  We therefore used adult survival elasticity and relative range size combination with monetary values of species as variables in our overall model of vulnerability for each species as follows:

Ω = ( E + Λ ) / Ψ

Where Ω = overall vulnerability to harvest, Ψ = geographic range area in km2 (provided by S. Hecnar), E = adult survival elasticity, and Λ = median sale price of an individual in $U.S. (estimated from congeners when necessary).  Using this formula, higher values of Ω indicate high vulnerability to harvest. Because each of these variables is expressed on a different scale, we standardized each contributing variable for each species from 0.0 to 1.0, and added 1.0 to eliminate division by zero. 

Some species enjoy legal protection from commercialization throughout their geographic range, and thus were not included in this synthetic analysis of vulnerability to harvest (these species also tend to lack data on relative monetary value in the pet trade due to this protection, so that analyses are problematic in any case).  Removing these species resulted in a total pool of 40 species used in our analysis.  

Results


Results of the synthetic estimate of vulnerability are given in Table 13.  Of those species not currently afforded complete protection by state or federal regulation, the 10 most vulnerable species (in descending order) are: wood turtles (Clemmys insculpta), Blanding’s turtles (Emydoidea blandingii), striped mud turtles (Kinosternon baurii), Cagle’s map turtles (Graptemys caglei), razorback musk turtles (Sternotherus carinatus), Mexican mud turtles (K. hirtipes), Pascagoula map turtles (G. gibbonsi), Black-knobbed map turtles (G. nigrinoda), Sonoran mud turtles (K. sonoriense), and red-bellied turtles (Pseudemys rubriventris).  We recommend that these species be considered as a “Top 10” list of taxa requiring additional monitoring so as to prevent declines.  Top 10 lists of this sort are popular with the public, and help to focus attention on species that otherwise receive little conservation funding.  

Because our synthesis does not consider 10 species that enjoy protection across their entire geographic ranges, the overall index should be considered as a measure of vulnerability of populations that are subject to legal commercial harvest.  Poaching and laundering of illegally harvested live turtles into the pet trade undoubtedly occurs on a wide scale, but is most likely not of major consequence for many species.  The exceptions to this would be species with extremely localized and easily exploited populations (e.g., bog turtles Clemmys muhlenbergii) or species with small geographic ranges (e.g., Alabama red-bellied turtles Pseudemys alabamensis) such that declines in a single population represent a significant proportion of the overall number of individuals of that species.  For those species that are already protected but still subject to illegal harvest, the obvious solution is increased enforcement activity, combined with repeated attempts to instill a conservation ethic in the populace at large.

We note that our overall index of vulnerability is unsurprising for some species, e.g., populations of wood and Blanding’s turtles have been considered for increased legal protection at a variety of levels.  However the Top 10 list of vulnerable taxa is also noteworthy for its inclusion of several species that have not been previously considered for serious conservation attention.  Among these are several members of the mud and musk turtle group, comprising bottom-dwelling species that often attain high local densities.  Our life history analyses indicate that these taxa largely share very high adult survivorship, require five to eleven years to reach maturity, have among the lowest clutch sizes of any native turtle species, and often have restricted geographic ranges.  This combination of factors may increase the vulnerability of these populations to harvest.  The ecological role of these locally abundant turtles is largely unknown, and their apparent vulnerability could mean that harvest will result in rapid population declines with serious ecological repercussions at the community level.

Recommendations and priorities for 

future investigation

1. Natural history and demography. –  Detailed knowledge of natural history and demography is sadly lacking for the majority of turtle species in the United States.  Additional research is vital to an understanding of long-term conservation status of turtles, and funding for basic ecological research must be provided by state, federal, and private organizations and agencies to attain this goal.  We stress, however, that these studies must be properly designed and of a duration long enough to detect population trends:  Short-term studies, while valuable in many respects, may not provide data useful for long-term conservation efforts. 

2. Research prioritization. – Knowledge of the life history and population status of some genera and species is especially lacking.  A particularly troubling example is members of the genus Graptemys, which have recently been exported in growing numbers. Demographic data for this genus are largely lacking, even though the genus represents a quarter of all United States turtle species.  Many of these turtles have small geographic range areas and prolonged ages at maturity, making them especially vulnerable to exploitation.  The entire Graptemys complex is thus in need of immediate research attention, and we recommend that inventory and monitoring be initiated for as many species as possible.  Similar efforts should be initiated for the genera Clemmys and Pseudemys, although most members of the latter genus appear to be largely secure.

3. Identification and origins of turtles in the retail trade. – Considerable uncertainty exists as to the identity of many turtles in the retail pet trade.  This is especially true of shipments described in the LEMIS database: Many shipments are identified only to the generic level, and the current declared origins of turtles appear to be largely erroneous. We highly recommend that USFWS implement rules and regulations designed to ensure accurate identification (to the species level), geographic origin, and commercial origin (wild-caught, farmed, etc.) of all exported turtles.  Sales of wild-caught adult females have a much bigger ecological impact than sales of farmed hatchlings, but it is currently difficult to differentiate these groups from available data.

4. Trade in turtles for culinary purposes. - We did not specifically examine the trade in turtles for culinary purposes, either domestically or abroad.  While the retail pet trade is composed largely of farmed hatchling turtles, the trade in turtles for meat is necessarily composed of adult individuals, which are almost all wild-caught.  This trade is not of minor concern; Ceballos (2001) reported that a single retailer in Texas reported having 2,500 pounds of boneless turtle meat available for immediate sale.

5. Concerns about commercial turtle farming. – The turtle farming industry may be beneficial in the long run, by reducing exploitation of wild populations of many species.  However, the industry is plagued by a number of issues that must be addressed before concluding an overall benefit to wild turtle populations.  The numbers of adults taken from the wild to start new farms and replace dead/senescent individuals on farms must be better quantified, and the geographic origins of these wild-caught turtles must be accurate and publicly available.  Ill-conceived policies such as release of hatchlings without regard to their geographic origin or genetic profile must be eliminated.

6. Reducing harvest of adults. – Adult survivorship is vitally important to population stability of virtually all turtle species, and efforts should be made to reduce exploitation of this segment of populations to the extent possible.  This is especially true for species with the highest elasticities of adult survivorship.  While some of the latter species already enjoy at least limited protection across much of their geographic range (e.g., Clemmys and Emydoidea), other have been largely overlooked (e.g., Kinosternon and Sternotherus).  We advocate increased monitoring of these latter taxa to increase long-term sustainability of wild populations.  We have appended the statement on sustainable use of herpetofauna adopted by Partners in Amphibian and Reptile Conservation (PARC; Appendix 3).

7. Inconsistencies in state law. – Individual U.S. states vary widely in legislation designed to protect turtle populations.  Some turtle species are protected in all but a few states, such that the latter may serve as points where turtles from adjacent states may be illegally “laundered” into the pet trade.  We recommend that state natural resource personnel discuss this problem and attempt to alleviate it via progressive action and enforcement of existing regulations, e.g., the Lacey Act.  More uniform application of sensible legislation will promote this goal; we have appended a set of model state regulations formulated by PARC (Appendix 4).
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Appendix 1.  Text of a recent email interchange among turtle biologists, discussing a recent spate of inquiries from Chinese sources about purchase of turtles.

-----Original Message-----

From: Allen Salzberg [mailto:asalzberg@nyc.rr.com] 

Sent: Thursday, June 06, 2002 10:00 AM

To: Kurt Buhlmann

Subject: Re: Turtle farms of american turtles in China?

Thanks I will contact Peter. But you should know that about 2-3 weeks ago orders for any baby snappers any breeder has in the US were flooding the US from China Hong Kong and Taiwan. If they weren't regular importers, or they wanted even more, they were covering themselves, by trying every possible outlet, by searching the net for anyone who had any contact/mention of

snappers. I did an article on the prices of snappers for the Turtle & Tortoise Newsletter two years ago. So my name cropped up and I was contacted. I asked the person who contacted me and he specially wanted Florida snappers, and said he would be ordering baby snappers (of any kind)

in the thousands on a regular basis soon. Dave Lee was also been contacted. Senkes has heard about it from dealers all over Florida. The very sudden demand for such large numbers is amazing and I believe unprecedented for any species.

Allen Salzberg

----- Original Message -----

From: "Kurt Buhlmann" <K.BUHLMANN@CONSERVATION.ORG>

To: "Allen Salzberg" <asalzberg@nyc.rr.com>

Sent: Thursday, June 06, 2002 8:48 AM

Subject: RE: Turtle farms of american turtles in China?

> Allen-

> The Chinese are farming turtles. I was just at a CITES meeting in China and we discussed establishing viable sustainable farms in China. Of course, we would rather encourage their use of their own native species, but they do have common snappers, alligator snappers, red-eared sliders, and perhaps Florida softshells. I know nothing of the desire to have all sub-species

of snappers that you mention below. You might want to ask Peter Paul VanDijk

at TRAFFIC SE Asia. pptsea@po.jaring.my 

KURT

Kurt A. Buhlmann, Ph.D.

Coordinator for Amphibian and Chelonian Conservation

Deputy Chair, IUCN/SSC Tortoise and Freshwater Turtle Specialist Group

Center for Applied Biodiversity Science

Conservation International

1919 M Street, Suite 600

Washington DC 20036

202-912-1352

-----Original Message-----

From: Allen Salzberg [mailto:asalzberg@nyc.rr.com] 

Sent: Saturday, June 01, 2002 11:47 PM

To: Darrell Senkes

Subject: Turtle farms of American turtles in China?

Hi

I've been hearing rumors about people in China trying to start turtle farms.  But using Taiwan dealers to import their stock. And the farms are not for Asian turtles, but with snappers and softshells. Two admittedly logical candidates. I've also been told that they are looking for the different species and subspecies of these turtles, sort of like different variations of the same product. To the point that they want to have all four subspecies of snappers. (Is it four? is the Florida snapper a real subspecies?) One dealer wanted to know if they are starting farms, why do they want both all the adults they can get and what sounds like thousands of babies a week? No

answer as of yet on that one.  Hear anything about this?

Allen Salzberg

Appendix 2.  Text of a recent email interchange between R.N. Reed and J. Boundy (LA state herpetologist), describing reported mortality rates of farmed turtles.

Bob:

I don't have much firsthand knowledge of turtle mortality on turtle farms.

My inquiries have concerned alligator snappers and map turtles only.  For

the former, 1 death was reported for the past 4 years, and for map turtles,

294 were reported dead in two years.  Of those, about 50 died immediately

after being placed in the ponds, and the farmer attributed the loss to

handling and shipping by the trapper.  For map turtles, I estimated 1.9

turtles lost/year/farmer.  I recommend checking with Craig Hoover of

TRAFFIC, who surveyed a number of the farms several years ago, and John Carr

at ULM (bicarr@ulm.edu), who has also visited a number of the farms.

For numbers taken -- again my concern has been with ASTs and map turtles.

In 4 years 19 ASTs were removed from the wild to add to breeding ponds, and

for map turtles the average has been about 1000/yr with one exception in

which a farmer purchased 6400 from Arkansas for a start-up pond.  John Carr

has been doing nest and turtle counts in N Louisiana for several years, and

could probably provide a sense of whether the populations seem depleted.

Based on my surveys in S Louisiana, and landing info from trappers, there

does not appear to be significant take, nor observable depletion of any

freshwater species down here.

Turtle farmers are required to release only Trachemys hatchlings.  There is

some consensus among several of us researchers that this has no positive

value, and there will probably be a recommendation forthcoming to curtail

mandatory releases.

I hope this helps.

Jeff

-----Original Message-----

From: Robert Reed [mailto:reed@srel.edu] 

Sent: Tuesday, August 13, 2002 11:35 AM

To: boundy_jj@wlf.state.la.us 

Subject: turtle trade query

Hi Jeff;

I'm a post-doc with Whit Gibbons here at SREL, and am currently working on a

report addressing sustainability of trade in US freshwater turtles.  I'm

wondering if you have any insight on survivorship of turtles on the big LA

turtle farms: I've heard estimates of 33% annual mortality (Warwick 1991) to

less than 2% mortality (as reported by the farmers themselves in the recent

HSUS pet trade book).  What's your impression of the situation?  Are large

numbers of turtles still taken from the wild for these farms, and what's the

effect on population stability?  Finally, does LA still require turtle

farmers to release 250 hatchlings/year without regard to their origin and

genetic profile?

Thanks for any information, wild guesses, etc.  Please let me know if I can

answer any questions about our project, etc.

Bob

Appendix 3. PARC position statement on the sustainable use of reptiles and amphibians

Partnership for Amphibian and Reptile Conservation (PARC)

POSITION ON SUSTAINABLE USE OF REPTILES AND AMPHIBIANS 

March 07, 2001 Draft  

[This document was adapted and modified from the position paper on sustainability of fish and wildlife resources adopted at the July, 2000 business meeting of the Western Association of Fish and Wildlife Agencies. It was further modified after a position paper discussed by the PARC Committee on Policy and Trade, and using comments from PARC members and chairs.]

Introduction.

Urban development, poor land use practices, local collection (e.g., pets, food, research, cultural events, and trade), and indiscriminate killing based on prejudice, are all factors negatively impacting reptile and amphibian populations worldwide.  Despite strong efforts by the conservation community, the exploitation of reptile and amphibian populations continues at high and probably unsustainable levels.  In an ideal world, the use of reptiles and amphibians would be balanced by natural recruitment in adequate natural habitats and would have no detrimental effect.  The issue of use cannot therefore be separated from issues of habitat protection, economic factors, market forces, research, regulations, and enforcement capability. Policies regarding reptile and amphibian use must consider these issues, and be based on sound science to ensure that wild populations are not negatively impacted. PARC brings together stakeholders from many perspectives, our challenge has been to find common ground on which effective and practical policy and regulatory guidance for sustainable use can be formulated.

Sustainability is, at its core, a simple but contentious concept.  An action is sustainable if it can be continued indefinitely.  Wildlife resource use that is not sustainable will lead to the depletion of populations, degradation of habitats or ecosystems, and loss of ecosystem services.  Currently, some of our use of natural resources is sustainable, including reptile and amphibian populations, however some of it is not.  Policies and regulatory action directed at sustainable exploitation of reptiles and amphibians can have the dual benefit of leading to effective conservation. A large body of knowledge on sustainable wildlife management can be applied to the sustainable resource management of reptile and amphibian populations.

Position On Sustainable use of Reptiles and amphibians

“It is the commitment of members of PARC to manage reptile and amphibian populations in a sustainable manner that will integrate the conservation, protection, utilization, and enhancement of their populations, habitats, and ecosystems.”
To further support and help member agencies and institutions implement sustainable  reptile and amphibian management, PARC’s committee on Policy, Trade, and Regulation has modified a set of management principles developed by the Western Association of Fish and Wildlife Agencies for sustainable reptile and amphibian use. These model principles can be used as guidelines by PARC, its member organizations, private landowners, conservation organizations, state and federal government agencies, and the public to evaluate the sustainability of reptile and amphibian uses. These guidelines combine both ideal and practical components of sustainable use. The extent to which the guidelines are used by member organizations is a choice each must make. Each organization’s decision will be affected by its legal authorities, resource base, population demographics, culture, constituent expectations, local politics, and other constraints.  

Whatever form or practice sustainable use takes, adoption, implementation and espousal of this position will assure the public that PARC and its member organizations continue to be leaders in reptile and amphibian conservation. 

Model Principles for Sustainable Reptile and Amphibian use

A Shared Vision

A sustainable society is one that can persist over generations, one that is farseeing enough, flexible enough, and wise enough not to undermine either its natural resource systems or its social systems of support. In the present millennium, there will undoubtedly be increasing demands for natural resources and on the environment.  In recognition of this, PARC:

· affirms and renews its commitment to sustainable natural resource management;

· understands that reptiles and amphibians are important components of human society, local economies, and ecosystems;

· understands that sustaining the reptile and amphibian populations is a task broader than the responsibilities of any one agency, or one country, and requires the collective actions of the public and private sector;

· understands that successful implementation of sustainable management practices will require cooperation among PARC members;

· understands that, to be sustainable, conservation practices must be biologically and  economically sound, and socially acceptable; 

· understands that all citizens who may be affected by  reptile and amphibian management in a region, should have an opportunity to participate in the definition of priorities and development of sustainable conservation practices;

· understands that achieving sustainable use of reptiles and amphibians will require the integration of planning, organization, and management actions and stability of funding for management agencies;

· understands that achieving sustainable management of reptiles and amphibians will require the support of the majority of the public; 

· believes that implementing sustainable management fulfills the will of the people to conserve and protect reptiles and amphibians for the benefit of present and future generations of reptiles, amphibians, and humans. 

Principles and Criteria for Sustainable Reptiles and Amphibians Use.

With the goal of sustaining reptile and amphibian populations, their habitats, and their ecosystems, PARC endorses the following principles and criteria for their sustainable management:

Habitat Management 

· Reptile and amphibian habitats shall be protected and managed to maintain or increase productivity.

· An adequate quantity and diversity of habitat should be protected and managed to sustain the full complement of native reptile and amphibian populations and other species. 

· Habitats should not be perturbed beyond their ability to quickly return to fully functional states.

· Adverse effects of proposed habitat alterations on reptile and amphibian populations should be assessed and minimized prior to approval.

· Effects of habitat loss and fragmentation should be minimized by user groups, regulatory agencies, and boards when making resource conservation and allocation decisions.

· Degraded habitats should be restored to fully functional levels of productivity when possible. Ongoing monitoring should be conducted to determine current status of the habitat and effectiveness of the restoration activities as part of an adaptive management process.

· The proposed use or introduction of reptiles and amphibians to a region or ecosystem in which they do not naturally occur (e.g., pets, commerical breeding farms, live fishing bait), must be carefully analysized and weighed against the biological risks. 

Population Management 

· Reptiles and amphibians shall be managed to maintain healthy populations, habitats, and ecosystem functions.


· Species diversity should be protected and maintained at the population, species, and ecosystem levels. 

· Depleted populations and species should be allowed to recover or, where appropriate, actively restored.

· Temporal and geographic magnitudes of populations should be assessed; and population monitoring programs should be appropriate to the scale and intensity of each population’s use or ecosystem value.

· Population size goals should be established in a manner consistent with sustainable yield, and should be achieved in a manner that maintains genetic and phenotypic characteristics, sex ratio, age structure, etc. 

All sources and impacts of commercial and noncommerical consumption, scientific collection, and other human-induced mortality (e.g., roads, urban sprawl) should be considered in management planning and decision making. Other impacts that should be considered by wildlife managers include natural predation, invasive species, pathogens, pollution, and climate change. 

· Population goals should be achieved in a manner consistent with protection of non-target populations or species and adverse effects of introduced or enhanced populations should be assessed and minimized.

· The role of reptiles and amphibians in ecosystem functions should be considered in management decisions and when setting population goals.

· Population trends should be monitored and considered in harvest management decisions. Species should not be harvested unless the agency’s best biological opinion or monitoring efforts demonstrate there is a harvestable surplus.

Management System 

· A management system, which takes into account all relevant biological, technological, economic, social, and environmental aspects, shall be used to guide science-based management actions and regulate human activities.

· Reptiles and amphibians should be managed for multiple benefits when possible. Any uses should be compatible with other resource uses and should not be detrimental to other populations, species, their habitats, or their ecosystems. Biological decisions should take into account economic and social impacts, just as economic and social decisions should reflect environmental concerns.

· Management objectives should be provided in the form of science-based management plans, strategies, guiding principles, and policies and integrated with other resource planning processes. In the absence of sound or clear scientific information regarding a species or population, the agency should error on the side of caution. 

· Management agencies should have management systems that are effective in protecting habitats and controlling human-induced sources of mortality, and incorporate appropriate procedures to assure effective monitoring, compliance, control, and enforcement.  

· There should be joint assessment and management of populations that cross state and international jurisdictional boundaries. Monitoring, compliance, control, and enforcement should be coordinated with landowners, agencies, states, or nations.

· Mechanisms for the collection and dissemination of information necessary to carry out management activities should be available and utilized.

· Management programs and decision-making procedures should be able to clearly distinguish between and effectively deal with biological and resource allocation issues.

· Adequate staff and budget for monitoring, research, management, and enforcement activities should be available to implement sustainable management principles.

Public Involvement   

· Systems that produce public information or encourage involvement for sustained use of reptiles and amphibians shall be developed.


· Reptiles and amphibians should be managed to assure adequate public access, without deteriment to the species , population, habitat, or ecosystem. 

· Programs to encourage and involve private land owners in sustainable management of reptiles and amphibians and their habitats should be created or expanded.

· Information and agency decisions about reptiles and amphibians should be disseminated to all interested parties in a timely fashion.

· Regulatory and management decisions should be made in a fair, informed, timely fashion in a transparent and open process that uses the best information available and that provides for integrated resource management, public input, and review. 

· Public information and education programs should include materials on habitat requirements, threats, the biological importance of reptiles and amphibians, population status and regulatory processes.

Management Approach   

· Management programs shall be science-based and address uncertainty and information gaps.

· Management should be timely, responsive, and based on the best available scientific information.

· In the face of uncertainty, reptile and amphibian populations and their habitats and ecosystems should be managed conservatively.

· Management programs should include adaptive management that incorporates current research and monitoring results to ensure the most up-to-date information is being used to resolve problems or deficiencies.

· Research and monitoring should be done to improve scientific, technical and public knowledge of reptiles and amphibians.

· Scientific information on the status of populations and the condition of their habitats should be routinely updated.

Appendix 4.  PARC Model State Herpetofauna Regulations 

Model State Herpetofauna Regulations 

recommended by 

Partners in Amphibian and Reptile Conservation (PARC)
The objective of this model is to assist wildlife management agencies in creating or modifying their regulations regarding the collection, manipulation, possession, and sale of native and non-native herpetofauna; and promote consistency, when reasonable and feasible, between adjacent states. An agency’s decision to selectively adopt parts of, or the entire model, will depend upon its statutory authority, available resources, relevance of the recommendation, and stakeholder input.  

The conservation of wild native herpetofauna populations, sustainable use of those populations, and public safety can be reasonably assured if the agency incorporates the following baseline recommendations: 

· Establish the legal presumption that all herpetofauna, and their body parts, are protected from collection unless specifically allowed; 

· Promote enforcement of regulations; 

· Establish appropriate penalties for violators;

· Establish a licensing or permitting system to manage the personal, commercial, and scientific use of herpetofauna; 

· Regulate the collection, possession, and sale of native taxa, and venomous, invasive, and potentially dangerous non-native taxa (those taxa potentially threatening native species, ecosystems, or human health); and

· Centralize the management and regulatory authority for all aspects of native and non-native herpetofauna into one work unit.

In this document, we have elaborated on the recommendations that PARC believes are the most critical to successful herpetofauna management and regulation.

1) Suggested recommendations for regulating the collection of herpetofauna intended for personal use:

a. Require the purchase of a standard fishing or small game hunting license, for the collection of herpetofauna for personal use (e.g., pets, food, fishing bait, or cultural needs). As an alternative to a fishing or hunting license, consider creating a special herpetofauna license or stamp. This special license or stamp could also assist an agency in managing and monitoring the number of collectors, collection trends, create an stakeholder contact list, and establish base funding for herpetofauna management.

b. Identify a list of native and non-native taxa that may be collected from the wild, or for species rich states, a list of taxa that may not be collected (i.e.,, prohibited or restricted taxa). Taxa placed on such a list should be considered on a case-by-case basis, and supported by sound scientific data or the best available information. The natural history, rarity, vulnerability, and rangewide distribution of each taxa should be evaluated in developing this list.

c. Establish seasons, daily or yearly collection and possession limits, size limits, safe and humane capture methods, and geographical areas open or closed to collection.

d. Consider allowing juveniles (typically those under the age of 14-16 years) to collect some of the most common (open season) taxa for personal use without a permit or license.

e. No wild collected native taxa should be sold or bartered, unless regulated by the wildlife management agency.

f. Specimens held in captivity for any length of time should not be released into the wild. The exception would be specimens temporarily held in the field for photographs or identification.

g. Live aquatic herpetofauna collected for fishing bait should be used at the body of water where captured, and not transported alive to another body of water. Unused live bait should be humanely euthanized or given to another angler fishing at that site.

2) Suggested recommendations for regulating the collection of herpetofauna intended for commercial sale or use (e.g., biological supply companies, pet dealers, and specialty meat or skin suppliers):

a. Develop a special permit and review process to allow for the limited and closely regulated commercial collection of identified taxa. The fee for this permit or license should be proportionally higher than fees assessed for personal or scientific use, to cover the administrative oversight and regulation compliance of commercial collectors. The permit or license should be required for even the most common native taxa and established populations of non-native taxa. In some cases, the collection and commercialization of non-native taxa may be prohibited to prevent further deliberate human dispersal.

b. Identify a list of native and established non-native taxa that may be collected from the wild, or for species rich states, a list of taxa that may not be collected (i.e.,, prohibited or restricted taxa). Each taxon listed should be considered on a case-by-case basis, and supported by scientific data or the best available information. The natural history, rarity, vulnerability, rangewide distribution, and local traditional uses of each taxa should be evaluated in developing this list. In the absence of such information, the agency should err conservatively when establishing collection limits and seasons. 

c. Establish seasons, daily or yearly collection and possession limits, sex and size limits, safe and humane capture methods, and geographical areas open or closed to collection.

d. Specimens held in captivity for any length of time should not be released into the wild.

e. Develop guidelines for, and require the use of, aseptic field techniques (aquatic and terrestrial) to prevent the spread of pathogens between wild populations (e.g., Declining Amphibians Population Task Force field techniques).

f. Disperse collection activities for all taxa to avoid negatively impacting local populations.

g. Require the submission of an annual or seasonal report that includes accurate information on the numbers of specimens of each taxon collected, date of collection, an identifiable geographical location/region where collected, and the buyer. These records should be keep current and made available for impromptu agency inspections.

3) Suggested recommendations for regulating the sale of captive-bred native taxa.

a. Identify a list of native taxa (e.g., species, subspecies, genera, families, etc) that may be possessed, bred, exported, exchanged or sold without permit or authorization. In some circumstances, it may be easier to identify prohibited or restricted native taxa. 

b. Develop an annual permit fee and special permitting process regulating the sale of captive-bred native taxa. Permit fees should be used for administrative oversight and regulation compliance, required for even the most common native taxa. 

c. Provide significant penalties for illegal collections or other prohibited activities.

d. Require breeders and dealers to provide their customers with the taxon’s common and scientific name, basic and humane husbandry information, average adult size, human health risks, and the proper disposal of unwanted pets.

e. For venomous or potentially dangerous native taxa, require the permittee to develop an emergency bite protocol.


f. If the illegal trade of some wild taxa is a concern, set a maximum size limit for specimens (e.g., hatchlings, juveniles) that may be exported, exchanged, or sold. 

g. The seller must possess and maintain documentation supporting the taxon’s legal origin (e.g., license or permit).

h. Develop basic captivity standards for breeders and dealers to ensure that specimens are safely and humanely held.

i. Require the submission of an annual report that includes information on: the number of individuals of each taxa currently held, physical location of the collection, number of young born in captivity, number of individuals that died in captivity, and a list of buyers. For rare, valuable, or taxa with the potential for illegal trade, breeders and/or juveniles should be marked with a PIT tag or similar life long, unique and permanent mark. Identification marks should be readily recognizable, non-reuseable, and ideally traceable to the breeder. Distribution of identification tags should remain in control with the wildlife agency and tags distributed in conjunction with the licensing process.

4) Suggested recommendations for regulating the possession and sale of non-native taxa, including venomous, invasive, or potentially dangerous taxa.

a. Identify a list of non-native taxa (e.g., species, subspecies, genera, families, etc) that may be possessed, bred, exported, exchanged or sold without permit or authorization. In some circumstances, it may be easier to identify prohibited or restricted native taxa. 

· For all taxa, to the greatest extent possible, assure their accidental escape or intentional release is not likely to result in the establishment of new populations, harm or have an adverse affect on native taxa or ecosystems, or pose a significant threat to humans or domestic animals either by injury or disease.

b. Develop a process by which individuals can apply to possess prohibited or restricted taxa. Ideally, the possession of prohibited or restricted taxa will be limited to use in valid scientific research projects, public education programs, or displays in recognized museums, aquaria, or zoos.

c. Require breeders and dealers to provide their customers with the taxon’s common and scientific name, basic and humane husbandry information, average adult size, human health risks, and information on the proper disposal of unwanted pets. 

d. Require the seller to possess and maintain documentation supporting the specimen’s legal origin (e.g., copies of a license, permit, or letter of authorization).

e. Develop basic captivity standards for breeders and dealers to ensure that specimens are safely and humanely held.

In addition, for venomous, invasive, or potentially dangerous taxa:

a. Develop a special permitting or licensing process, with an annual fee. The fee should be used to cover administrative oversight and regulation compliance. Ideally, the possession of prohibited or restricted taxa will be limited to use in valid scientific research projects, public education programs, or displays in recognized museums, aquaria, or zoos.

b. Ensure applicants possess or obtain minimum experience in the husbandry of the taxa they intend to keep, before issuance of a permit or license.

c. Surplus research specimens or their progeny, should be disposed of to an accredited zoo or aquarium, research institution, or as directed by the wildlife management agency.

d. Require submission of an annual report that includes information on the number of individuals of each taxon currently held, physical location of the collection, number of births and deaths, and a comprehensive list of buyers. Breeders and juveniles should be marked with a PIT tag or other life long, unique, and permanent mark. Identification marks must be readily recognizable, non-reusable, and ideally identify the original source. Identification tags should be distributed in conjunction with the licensing process.

e. For venomous and potentially dangerous taxa require development of an effective emergency (e.g., bite, escape) protocol specific to the taxa held.

5) Suggested recommendations for regulating the scientific collection or manipulation of native herpetofauna for research, education, display, or salvage activities.

All the aforementioned uses could be accommodated in one permit or separate permits. This permit would also allow recognized environmental consultants to conduct inventory work for proposed development projects and to relocate individuals out of harm’s way when necessary. Work with Federally listed taxa, or on Federal or Tribal lands, will require an additional and separate permit. The permitting process should be as quick and efficient as possible, so not to impede or discourage scientific research.

a. The permit should be issued for free or for a nominal administrative fee.  

b. Establish a special application and review process (with qualified reviewers), to evaluate the conservation, scientific, or educational benefits of the proposal. In other words, is the proposed activity in the best interest of the population or taxa?

c. Identify a list of native and non-native taxa that may be collected from the wild, or for species rich states, a list of taxa that may not be collected (i.e.,, prohibited or restricted taxa). Each taxon listed should be considered on a case-by-case basis, and supported by sound scientific data or the best available information. The natural history, rarity, vulnerability, rangewide distribution, and local traditional uses of each taxon should be evaluated in developing this list. In the absence of such information, the agency should err conservatively.

d. Each permit should specify the number of specimens that can be collected or manipulated, acceptable methods of collection, disposition of dead salvaged or voucher specimens, and approved handling, marking, or tissue sampling techniques. 

e. Specimens held in captivity for any length of time should not be released into the wild. Exceptions could be made for specimens temporarily held at the field site (e.g., for data processing, photographs) or licensed wildlife rehabilitators that practice aseptic husbandry standards.

f. Require the submission of an annual or otherwise regular report that includes accurate information on the numbers of individuals of each taxon collected, observed, or handled, identifiable geographical location, and the eventual disposition of those specimens collected. These records should be keep current and made available for agency inspection. 

g. Specimens collected must be deposited in a recognized or accredited public museum or educational institution.

h. All agents assisting the applicant should be identified in the permit, and a copy of the permit should be in the possession of the applicant and agents at all times. When possible, background reviews of all applicants and their agents should be conducted to search for wildlife violations within and outside the state.

i. Research projects that require the collection of significant numbers of specimens should be geographically dispersed to minimize the impact on wild population.

j. Develop guidelines and require the use of aseptic techniques (aquatic and terrestrial) to prevent the spread of pathogens in wild populations (e.g., DAPTF field techniques).

k. Whenever possible specimens confiscated by law enforcement, salvaged from future development sites, or captured on nuisance wildlife calls, should be substituted for wild collection. Likewise, captive bred specimens should be recommended if available.

6) Establish a comprehensive list noting the biological and legal status of native herpetofauna (e.g., state or federal endangered, threatened, rare, sensitive, or special concern). In addition, consider the following recommendations:

a. Develop a process map or decision tree to add, remove, or modify taxa on the State’s comprehensive list.

b. Prohibit the collection of taxa on the comprehensive list without permit or license.

c. Provide significant penalties for prohibited activities involving listed taxa, that are proportionally greater than violations for non-listed taxa.

d. Develop an evaluation process (preferably through the existing scientific collecting permit process) for requests for the collection, manipulation, or handling of taxa on the comprehensive list.

e. Integrate the State’s comprehensive list of taxa, with those of adjacent states or countries.

Table 1. Results of surveying 269 online animal dealers (listed at www.kingsnake.com).  Of these 269 dealers, 24 had native nonmarine turtles for sale.  “No. of dealers” = the number of dealers selling a particular species; “Average price” = non-weighted mean of the selling price across all dealers; “Price range” = the minimum and maximum selling prices across all dealers; “Estimate of % WC” = estimate of the proportion of turtles for sale that were wild-caught, using descriptions and sizes of animals provided by the seller.  See text for additional information.  

	Species
	No. of dealers
	Average price ($)
	Price range ($)
	Estimate of % WC

	Apalone ferox
	7
	8.58
	1.50 - 18
	0

	Apalone muticus
	1
	2.1
	.
	0

	Apalone spiniferus
	3
	9.03
	2.10 - 15
	0

	Chelydra serpentina
	6
	22.33
	7 - 50
	10

	Chrysemys picta
	6
	15.83
	4.50 - 25
	40

	Clemmys guttata
	5
	148.40
	100 - 240
	60

	Clemmys insculpta
	3
	118.75
	100 - 125
	25

	Clemmys marmorata
	NA
	NA
	NA
	NA

	Clemmys muhlenbergii
	NA
	NA
	NA
	NA

	Deirochelys reticularia
	1
	20
	NA
	100

	Emydoidea blandingii
	3
	116.67
	100 - 125
	30

	Gopherus agassizii
	NA
	NA
	NA
	NA

	Gopherus berlandieri
	NA
	NA
	NA
	NA

	Gopherus polyphemus
	NA
	NA
	NA
	NA

	Graptemys barbouri
	NA
	NA
	NA
	NA

	Graptemys caglei
	1
	200
	NA
	100

	Graptemys ernsti
	NA
	NA
	NA
	NA

	Graptemys flavimaculata
	NA
	NA
	NA
	NA

	Graptemys geographica
	3
	7.42
	3 - 15
	15

	Graptemys gibbonsi
	NA
	NA
	NA
	NA

	Graptemys kohnii
	4
	14.50
	10 - 20
	10

	Graptemys nigrinoda
	NA
	NA
	NA
	NA

	Graptemys oculifera
	NA
	NA
	NA
	NA

	Graptemys ouachitensis
	NA
	NA
	NA
	NA

	Species
	No. of dealers
	Average price ($)
	Price range ($)
	Estimate of % WC

	Graptemys pseudogeographica
	NA
	NA
	NA
	NA

	Graptemys pulchra
	NA
	NA
	NA
	NA

	Graptemys versa
	NA
	NA
	NA
	NA

	Kinosternon baurii
	4
	11.25
	10 - 15
	85

	Kinosternon flavescens
	1
	35
	NA
	0

	Kinosternon hirtipes
	NA
	NA
	NA
	NA

	Kinosternon sonoriense
	NA
	NA
	NA
	NA

	Kinosternon subrubrum
	1
	12
	NA
	0

	Macrochelys temminckii
	4
	46.88
	25 - 125
	0

	Malaclemys terrapin
	4
	80
	35 - 125
	40

	Pseudemys alabamensis
	NA
	NA
	NA
	NA

	Pseudemys concinna
	2
	3.80
	3.35 - 5
	0

	Pseudemys floridana
	9
	10.07
	3.60 - 15
	0

	Pseudemys gorzugi
	NA
	NA
	NA
	NA

	Pseudemys nelsoni
	2
	11.25
	10 – 12.50
	0

	Pseudemys rubriventris
	5
	19.83
	6 - 65
	10

	Pseudemys texana
	NA
	NA
	NA
	NA

	Sternotherus carinatus
	2
	15.50
	15 - 16
	100

	Sternotherus depressus
	NA
	NA
	NA
	NA

	Sternotherus minor
	1
	50
	40 - 60
	100

	Sternotherus odoratus
	3
	12.17
	8 - 15
	75

	Terrapene carolina
	10
	40.08
	9.50 - 100
	80

	Terrapene ornata
	4
	42.25
	30 - 50
	85

	Trachemys gaigeae
	NA
	NA
	NA
	NA

	Trachemys scripta
	17
	9.78
	0.62 - 20
	10


Table 1.  Overview of exports of native U.S. nonmarine turtles during the years 1996-2000, as declared in USFWS LEMIS database.

	Genus
	# Individuals
	Total declared value
	Mean declared value/individual 

	Apalone
	170930
	352502
	$2.06

	Chelydra
	85124
	266268
	$3.13

	Chrysemys
	250025
	636122
	$2.54

	Clemmys
	2316
	158010
	$68.23

	Deirochelys
	258
	5878
	$22.78

	Emydoidea
	273
	24041
	$88.06

	Graptemys
	736366
	1547942
	$2.10

	Kinosternon
	9287
	50840
	$5.47

	Macrochelys
	72529
	962290
	$13.27

	Malaclemys
	3133
	103335
	$32.98

	Pseudemys
	8683274
	6395196
	$0.74

	Sternotherus
	50247
	177493
	$3.53

	Terrapene
	323
	7935
	$24.57

	Trachemys
	40937465
	30579698
	$0.75


Table 2. Annual exports of native U.S. nonmarine turtles (by genus) during the years 1996-2000, as declared in USFWS LEMIS database.  

	Genus
	1996
	1997
	1998
	1999
	2000

	Apalone
	31562
	23750
	40293
	38576
	36749

	Chelydra
	18899
	19472
	16157
	11575
	19021

	Chrysemys
	51499
	34235
	42497
	54633
	67161

	Clemmys
	176
	558
	234
	767
	581

	Deirochelys
	26
	68
	38
	88
	38

	Emydoidea
	66
	88
	43
	50
	37

	Graptemys
	72142
	136925
	145901
	181702
	199696

	Kinosternon
	1565
	2337
	1777
	1694
	1914

	Macrochelys
	10567
	11918
	6804
	19590
	23650

	Malaclemys
	821
	448
	339
	737
	785

	Pseudemys
	52989
	207236
	2334278
	2620345
	3468426

	Sternotherus
	6436
	12631
	11476
	7117
	12587

	Terrapene
	301
	2
	4
	0
	15

	Trachemys
	6797902
	9155191
	7589965
	7563091
	9831316


Table 3. Declared numbers and monetary values of native nonmarine turtles exported from the United States during 1996-2000 as declared in USFWS LEMIS database, listed by species.  See text for additional information on the construction of this table.  Median declared value and range were not calculated for species represented by a single shipment, and shipments with value declared as $0 were not included in the table.

	Species
	Number of individuals
	Mean declared value
	Median declared value
	Range

	Apalone ferox
	95376
	5.34
	2.50
	0.19-400

	Apalone muticus
	12920
	2.78
	2.50
	1.19-10

	Apalone spiniferus
	18703
	4.07
	2.50
	0.25-35

	Apalone spp.
	40782
	3.25
	2.03
	0.50-50

	Chelydra serpentina
	84304
	16.51
	3.44
	0.40-2500

	Chrysemys picta
	104099
	3.91
	3.50
	0.30-20

	Chrysemys spp.
	145924
	3.59
	2.65
	0.19-140

	Clemmys guttata
	1517
	93.81
	87.50
	10-200

	Clemmys insculpta
	18
	300
	.
	.

	Clemmys marmorata
	64
	156.57
	175
	50-246

	Clemmys muhlenbergii
	0
	.
	.
	.

	Clemmys spp.
	13
	131.25
	125
	75-200

	Deirochelys reticularia
	243
	23.79
	20
	8-45

	Emydoidea blandingii
	266
	109.99
	122.50
	22.73-250

	Gopherus agassizii
	0
	.
	.
	.

	Gopherus berlandieri
	0
	.
	.
	.

	Gopherus polyphemus
	0
	.
	.
	.

	Graptemys barbouri
	1168
	42.87
	14.25
	1.50-150

	Graptemys caglei
	164
	97.71
	100
	20-200

	Graptemys ernsti
	0
	.
	.
	.

	Graptemys flavimaculata
	50
	3
	.
	.

	Graptemys geographica
	37898
	7.30
	2
	0.49-65

	Graptemys gibbonsi
	275
	58.39
	47
	17.50-120

	Graptemys kohnii
	0
	.
	.
	.

	Graptemys nigrinoda
	9589
	11.95
	9.27
	1-175

	Graptemys oculifera
	0
	.
	.
	.

	Graptemys ouachitensis
	253
	5.14
	5
	0.50-10

	Graptemys pseudogeographica
	145162
	2.84
	2.50
	0.06-27.48

	Graptemys pulchra
	161
	20.18
	10
	3.80-50

	Graptemys versa
	648
	24.98
	25
	3.5-40

	Graptemys spp.
	539594
	3.07
	2
	0.15-55

	Kinosternon baurii
	0
	.
	.
	.

	Kinosternon flavescens
	0
	.
	.
	.

	Kinosternon hirtipes
	0
	.
	.
	.

	Kinosternon sonoriense
	0
	.
	.
	.

	Kinosternon subrubrum
	280
	5.25
	4
	2.25-15

	Kinosternon spp.
	8551
	6.71
	5
	0.49-90

	Macrochelys temminckii
	65266
	117.98
	15
	1.71-1900

	Malaclemys terrapin
	2936
	37.72
	35
	4.35-100

	Pseudemys alabamensis
	0
	.
	.
	.

	Pseudemys concinna
	115113
	2.85
	2.50
	0.23-35

	Pseudemys floridana
	44698
	3.28
	3
	0.15-25

	Pseudemys gorzugi
	0
	.
	.
	.

	Pseudemys nelsoni
	167942
	3.99
	2.50
	0.20-200

	Pseudemys rubriventris
	119
	36.15
	25
	4-150

	Pseudemys texana
	0
	.
	.
	.

	Pseudemys spp.
	8250899
	1.78
	0.67
	0.10-130

	Sternotherus carinatus
	0
	.
	.
	.

	Sternotherus depressus
	8
	130
	.
	.

	Sternotherus minor
	582
	10.03
	10
	2-35

	Sternotherus odoratus
	24103
	2.93
	2.43
	0.50-62

	Sternotherus spp.
	25946
	4.84
	4.5
	0.49-35

	Terrapene carolina
	309
	37
	27.50
	20-100

	Terrapene ornata
	1
	100
	.
	.

	Trachemys gaigeae
	300
	3
	.
	.

	Trachemys scripta
	39678525
	5.97
	0.95
	0.05-450


Table 4. Declared sources and monetary values of nonmarine turtles exported from the United States during 1996-2000, as declared in USFWS LEMIS database.

	Source
	No. of shipments
	No. of individuals
	Declared value ($)

	Captive-bred
	1689
	9928028
	7888172

	Farmed/Ranched
	88
	850387
	1545316

	Wild-caught
	4797
	17152926
	14195386

	Unknown/Undeclared
	3967
	23070219
	17638851


Table 5. Declared sources of native nonmarine turtles exported from the United States during 1996-2000 as declared in USFWS LEMIS database, listed by species. 

	Species
	Wild-caught
	Captive-bred
	Farmed/Ranched
	Unknown/Undeclared

	Apalone ferox
	43162
	27145
	440
	25094

	Apalone muticus
	8357
	3458
	0
	925

	Apalone spiniferus
	7492
	1542
	86
	9766

	Apalone spp.
	20761
	7615
	300
	14607

	Chelydra serpentina
	50848
	19869
	0
	14407

	Chrysemys picta
	67465
	15642
	392
	20602

	Chrysemys spp.
	25641
	19914
	130
	100239

	Clemmys guttata
	1059
	298
	68
	423

	Clemmys insculpta
	29
	18
	0
	35

	Clemmys marmorata
	29
	0
	0
	0

	Clemmys muhlenbergii
	0
	0
	0
	0

	Clemmys spp.
	10
	4
	0
	390

	Deirochelys reticularia
	132
	31
	0
	95

	Emydoidea blandingii
	183
	41
	8
	52

	Gopherus agassizii
	0
	0
	0
	0

	Gopherus berlandieri
	0
	0
	0
	0

	Gopherus polyphemus
	0
	0
	0
	0

	Graptemys barbouri
	806
	227
	0
	135

	Graptemys caglei
	87
	77
	0
	0

	Graptemys ernsti
	0
	0
	0
	0

	Graptemys flavimaculata
	50
	0
	0
	0

	Species
	Wild-caught
	Captive-bred
	Farmed/Ranched
	Unknown/Undeclared

	Graptemys geographica
	18947
	668
	0
	18283

	Graptemys gibbonsi
	190
	84
	2
	6

	Graptemys kohnii
	*
	*
	*
	*

	Graptemys nigrinoda
	5511
	1615
	30
	2433

	Graptemys oculifera
	0
	0
	0
	0

	Graptemys ouachitensis
	195
	38
	0
	20

	Graptemys pseudogeographica
	69990
	32355
	0
	42855

	Graptemys pulchra
	111
	0
	0
	50

	Graptemys versa
	327
	282
	0
	40

	Graptemys spp.
	60340
	23792
	1092
	455728

	Kinosternon baurii
	0
	0
	0
	0

	Kinosternon flavescens
	0
	0
	0
	0

	Kinosternon hirtipes
	0
	0
	0
	0

	Kinosternon sonoriense
	0
	0
	0
	0

	Kinosternon subrubrum
	250
	15
	0
	37

	Kinosternon spp.
	5971
	1303
	17
	1265

	Macrochelys temminckii
	37718
	26888
	0
	7923

	Malaclemys terrapin
	1848
	1228
	30
	27

	Pseudemys alabamensis
	0
	0
	0
	0

	
	
	
	
	

	Species
	Wild-caught
	Captive-bred
	Farmed/Ranched
	Unknown/Undeclared

	Pseudemys concinna
	62575
	24983
	529
	28311

	Pseudemys floridana
	19972
	13472
	133
	11169

	Pseudemys gorzugi
	0
	0
	0
	0

	Pseudemys nelsoni
	59809
	82327
	5416
	21534

	Pseudemys rubriventris
	58
	41
	20
	0

	Pseudemys texana
	0
	0
	0
	0

	Pseudemys spp.
	114697
	85699
	9430
	8143099

	Sternotherus carinatus
	0
	0
	0
	0

	Sternotherus depressus
	24
	0
	0
	0

	Sternotherus minor
	372
	97
	55
	58

	Sternotherus odoratus
	13724
	4644
	82
	5652

	Sternotherus spp.
	17511
	6912
	50
	1475

	Terrapene carolina
	209
	103
	4
	1

	Terrapene ornata
	1
	0
	4
	0

	Trachemys gaigeae
	300
	0
	0
	0

	Trachemys scripta
	16408362
	9504910
	55766
	14529278

	Trachemys spp.
	27670
	20671
	5016
	385492


*  Graptemys kohnii was recently split from G. pseudogeographica; all exports of the former were thus presumably declared as the latter, and entries for G. pseudogeographica include both species.

Table 6.  Declared sources of native nonmarine turtles exported from the United States during 1996-2000 as declared in USFWS LEMIS database, listed by species and expressed as a proportion of the total number of individuals exported.

	Species
	Wild-caught
	Captive-bred
	Farmed/Ranched
	Unknown/Undeclared

	Apalone ferox
	0.450
	0.283
	0.005
	0.262

	Apalone muticus
	0.656
	0.271
	0.000
	0.073

	Apalone spiniferus
	0.397
	0.082
	0.005
	0.517

	Apalone spp.
	0.480
	0.176
	0.007
	0.337

	Chelydra serpentina
	0.597
	0.233
	0.000
	0.169

	Chrysemys picta
	0.648
	0.150
	0.004
	0.198

	Chrysemys spp.
	0.176
	0.136
	0.001
	0.687

	Clemmys guttata
	0.573
	0.161
	0.037
	0.229

	Clemmys insculpta
	0.354
	0.220
	0.000
	0.427

	Clemmys marmorata
	1.000
	0.000
	0.000
	0.000

	Clemmys muhlenbergii
	0
	0
	0
	0

	Clemmys spp.
	0.025
	0.010
	0.000
	0.965

	Deirochelys reticularia
	0.512
	0.120
	0.000
	0.368

	Emydoidea blandingii
	0.644
	0.144
	0.028
	0.183

	Gopherus agassizii
	0
	0
	0
	0

	Gopherus berlandieri
	0
	0
	0
	0

	Gopherus polyphemus
	0
	0
	0
	0

	Graptemys barbouri
	0.690
	0.194
	0.000
	0.116

	Graptemys caglei
	0.530
	0.470
	0.000
	0.000

	Graptemys ernsti
	0
	0
	0
	0

	Graptemys flavimaculata
	1.000
	0.000
	0.000
	0.000

	
	
	
	
	

	Species
	Wild-caught
	Captive-bred
	Farmed/Ranched
	Unknown/Undeclared

	Graptemys geographica
	0.500
	0.018
	0.000
	0.482

	Graptemys gibbonsi
	0.674
	0.298
	0.007
	0.021

	Graptemys kohnii
	*
	*
	*
	*

	Graptemys nigrinoda
	0.575
	0.168
	0.003
	0.254

	Graptemys oculifera
	0
	0
	0
	0

	Graptemys ouachitensis
	0.771
	0.150
	0.000
	0.079

	Graptemys pseudogeographica
	0.482
	0.223
	0.000
	0.295

	Graptemys pulchra
	0.689
	0.000
	0.000
	0.311

	Graptemys versa
	0.504
	0.435
	0.000
	0.062

	Graptemys spp.
	0.112
	0.044
	0.002
	0.842

	Kinosternon baurii
	0
	0
	0
	0

	Kinosternon flavescens
	0
	0
	0
	0

	Kinosternon hirtipes
	0
	0
	0
	0

	Kinosternon sonoriense
	0
	0
	0
	0

	Kinosternon subrubrum
	0.828
	0.050
	0.000
	0.123

	Kinosternon spp.
	0.698
	0.152
	0.002
	0.148

	Macrochelys temminckii
	0.520
	0.371
	0.000
	0.109

	Malaclemys terrapin
	0.590
	0.392
	0.010
	0.009

	Pseudemys alabamensis
	0
	0
	0
	0

	
	
	
	
	

	Species
	Wild-caught
	Captive-bred
	Farmed/Ranched
	Unknown/Undeclared

	Pseudemys concinna
	0.538
	0.215
	0.005
	0.243

	Pseudemys floridana
	0.446
	0.301
	0.003
	0.250

	Pseudemys gorzugi
	0
	0
	0
	0

	Pseudemys nelsoni
	0.354
	0.487
	0.032
	0.127

	Pseudemys rubriventris
	0.487
	0.345
	0.168
	0.000

	Pseudemys texana
	0
	0
	0
	0

	Pseudemys spp.
	0.014
	0.010
	0.001
	0.975

	Sternotherus carinatus
	0
	0
	0
	0

	Sternotherus depressus
	1.000
	0.000
	0.000
	0.000

	Sternotherus minor
	0.639
	0.167
	0.095
	0.100

	Sternotherus odoratus
	0.569
	0.193
	0.003
	0.235

	Sternotherus spp.
	0.675
	0.266
	0.002
	0.057

	Terrapene carolina
	0.659
	0.325
	0.013
	0.003

	Terrapene ornata
	0.200
	0.000
	0.800
	0.000

	Trachemys gaigeae
	1.000
	0.000
	0.000
	0.000

	Trachemys scripta
	0.405
	0.235
	0.001
	0.359

	Trachemys spp.
	0.063
	0.047
	0.011
	0.878


Table 8.  Published data on life history and demography of turtles; these data were used in elasticity analyses following Heppell (1998), as well as in calculation of indices of suitability as ranched species.  Clutch size and frequency were largely taken from the species accounts of Ernst et al. (1994); clutch frequency was assumed to be similar to congeners (with correction for body size differences) if empirical data were not available for the species.  Some data in this table were taken from Shine and Iverson (1995), albeit with numerous modifications and addenda.  We have taken the average of values given for those species where sources from multiple populations conflict.  All data refer to adult females.

	Species
	Maximal female CL (cm)
	Clutch size
	Clutch frequency
	Age at maturity

(years)
	Annual survival

(adults)
	Sources

	Chelydra serpentina
	42.0
	30
	1
	13
	0.93
	Congdon et al. 1994

	Macrochelys temminckii
	53.0
	25
	1
	13
	Unk
	Reed et al. 2002

	Apalone muticus
	35.6
	16
	1.5
	9
	Unk
	Plummer 1977

	Apalone spiniferus
	54.0
	15
	2
	Unk
	Unk
	

	Apalone ferox
	59
	19.5
	3
	Unk
	Unk
	

	Sternotherus odoratus
	13.7
	3
	3
	5
	0.84
	Mitchell 1985, 1988

	Sternotherus depressus
	12.5
	3
	2
	Unk
	Unk
	

	Sternotherus minor
	14.5
	3.3
	3
	8
	Unk
	Tinkle 1958, Cox et al. 1991

	Sternotherus carinatus
	17.6
	3.6
	2
	5
	Unk
	Mahmoud 1967

	Kinosternon subrubrum
	12.5
	3
	1.5
	5
	0.88
	Gibbons 1983, Frazer et al. 1991

	Kinosternon baurii
	12.7
	4
	2.5
	5
	
	Iverson 1979e

	Kinosternon flavescens
	16
	5
	1.5
	11
	0.95
	Iverson 1991

	Kinosternon sonoriense
	17.5
	5
	2.5
	7
	0.87
	See references in Shine and Iverson (1995)

	Kinosternon hirtipes
	18.5
	3
	2.5
	7
	Unk
	Iverson et al. 1991

	Clemmys guttata
	12.5
	3.6
	1.5
	8
	Unk
	Ernst 1970b

	Clemmys muhlenbergii
	10
	3
	1
	5
	Unk
	Holub and Bloomer 1977

	Clemmys insculpta
	21.5
	9.7
	0.75
	16
	Unk
	Ernst et al. 1994 (book)

	Clemmys marmorata
	20.0
	6.3
	1
	9
	Unk
	Ernst et al. 1994 (book)

	Emydoidea blandingii
	27.4
	12.5
	0.5
	14
	0.96
	Congdon et al. 1993

	Terrapene carolina
	21.6
	4.5
	2
	7
	0.82
	Minton 1972, Schwartz et al. 1984

	Species
	Maximal female CL (cm)
	Clutch size
	Clutch frequency
	Age at maturity

(years)
	Annual survival

(adults)
	Sources

	Terrapene ornata
	15.4
	5
	1
	9
	0.83
	Blair 1976

	Chrysemys picta
	25.1
	9
	1.5
	8
	0.89
	See references in Shine and Iverson (1995)

	Trachemys scripta
	28.0
	7
	3
	8
	0.83
	Frazer et al. 1990a, b, Tucker and Moll 1997

	Trachemys gaigeae
	22.2
	6
	2.5
	Unk
	Unk
	

	Pseudemys concinna
	43.7
	19
	1.75
	Unk
	Unk
	

	Pseudemys gorzugi
	23.5
	9
	1.75
	Unk
	Unk
	

	Pseudemys floridana
	40.3
	20
	3
	6
	Unk
	Jackson 1988a

	Pseudemys rubriventris
	40.0
	11
	2
	Unk
	Unk
	

	Pseudemys nelsoni
	37.5
	12.6
	3.5
	6
	Unk
	Jackson 1988a

	Pseudemys alabamensis
	33.5
	19
	2
	Unk
	Unk
	

	Pseudemys texana
	33.0
	11.5
	2
	6
	Unk
	Vermesch 1992

	Deirochelys reticularia
	25.4
	8.5
	2.25
	5
	0.84
	Buhlmann unpublished data

	Graptemys geographica
	27.3
	10.1
	2.25
	Unk
	Unk
	White and Moll 1990

	Graptemys barbouri
	33.0
	10
	2.5
	15
	Unk
	Sanderson 1974

	Graptemys pulchra
	27.3
	6
	5
	Unk
	Unk
	

	Graptemys ernsti
	28.5
	7.2
	3.5
	14
	Unk
	Shealy 1976

	Graptemys kohnii
	27.0
	7
	2.25
	Unk
	Unk
	

	Graptemys gibbonsi
	29.5
	7
	4
	Unk
	Unk
	

	Graptemys caglei
	21.3
	3.5
	2.25
	Unk
	Unk
	

	Graptemys pseudogeographica
	27.0
	14.1
	2
	8
	Unk
	Vogt 1980

	Graptemys ouachitensis
	24.0
	10.5
	2
	7
	Unk
	Webb 1961

	Graptemys versa
	21.4
	Unk
	Unk
	Unk
	Unk
	

	Graptemys oculifera
	22.0
	Unk
	Unk
	10
	Unk
	Kofron 1991, Jones 1991

	Graptemys flavimaculata
	18.0
	4.7
	1.5
	Unk
	Unk
	Seigel et al. unpublished data

	Graptemys nigrinoda
	22.1
	5.5
	3
	9
	Unk
	Lahanas 1982

	Malaclemys terrapin
	23.1
	8.2
	2.5
	6
	0.84
	Ernst et al. 1994, Tucker et al. 2001

	Species
	Maximal female CL (cm)
	Clutch size
	Clutch frequency
	Age at maturity

(years)
	Annual survival

(adults)
	Sources

	Gopherus agassizii
	30.0
	6
	1.5
	15
	0.94
	Turner et al. 1987

	Gopherus berlandieri
	20.0
	3
	1.5
	13.3
	Unk
	Ernst et al. 1994 (book)

	Gopherus polyphemus
	38.1
	7
	1.25
	11
	0.9
	Iverson 1980, Cox 1989


Table 9.  Results of estimation of fecundity and survival elasticities for native nonmarine turtles in the United States, estimated using age at maturity and mean annual female survivorship following Heppell (1998; see Tables 8 and 9 for data and text for additional description of methods).  Elasticities represent the proportional contribution of fecundity or annual survival to the population multiplication rate.  Species in boldface indicate elasticities calculated entirely from species-specific data from empirical field studies. Age at maturity (AM) and adult female survivorship (AFS) were estimated from congeners for species for which empirical data are unavailable.  For species for which survival estimates were not available for entire genera, AFS was set at 0.884 (the mean of empirically-derived survivorships for other species, designated as Empirical mean). Efec = elasticity of fecundity, Ejuv = elasticity of survival for juvenile age classes (age 0 to attainment of sexual maturity), Eadult = elasticity of survival of adult age classes.  

	Species
	AM
	Estimated from:
	AFS
	Estimated from:
	Efec
	Ejuv
	Eadult

	Apalone ferox
	9
	A. mutica
	0.884
	
	0.0602
	0.4813
	0.4585

	Apalone mutica
	9
	
	0.884
	Empirical mean
	0.0602
	0.4813
	0.4585

	Apalone spiniferus
	9
	A. mutica
	0.884
	Empirical mean
	0.0602
	0.4813
	0.4585

	Chelydra serpentina
	13
	
	0.93
	
	0.0380
	0.4565
	0.5054

	Chrysemys picta
	8
	
	0.89
	
	0.0621
	0.4350
	0.5028

	Clemmys guttata
	8
	
	0.884
	Empirical mean
	0.0640
	0.4481
	0.4879

	Clemmys insculpta
	16
	
	0.884*
	Empirical mean
	0.0423
	0.6350
	0.3226*

	Clemmys marmorata
	9
	
	0.884
	Empirical mean
	0.0602
	0.4813
	0.4585

	Clemmys muhlenbergii
	5
	
	0.884
	Empirical mean
	0.0792
	0.3169
	0.6038

	Deirochelys reticularia
	5
	
	0.85
	
	0.0938
	0.3750
	0.5313

	Emydoidea blandingi
	14
	
	0.96
	
	0.0263
	0.3421
	0.6316

	Gopherus agassizii
	15
	
	0.94
	
	0.0326
	0.4565
	0.5109

	Gopherus berlandieri
	13.3
	
	0.94
	G. agassizii
	0.0345
	0.4246
	0.5409

	Gopherus polyphemus
	11
	
	0.9
	
	0.0500
	0.5000
	0.4500

	Graptemys barbouri
	15
	
	0.884
	Empirical mean
	0.0442
	0.6189
	0.3369

	Graptemys caglei
	10
	Generic mean
	0.884
	Empirical mean
	0.0568
	0.5108
	0.4325

	Graptemys ernsti
	14
	
	0.884
	Empirical mean
	0.0463
	0.6013
	0.3525

	Graptemys flavimaculata
	10
	Generic mean
	0.884
	Empirical mean
	0.0568
	0.5108
	0.4325

	Graptemys geographica
	10
	Generic mean
	0.884
	Empirical mean
	0.0568
	0.5108
	0.4325

	Graptemys gibbonsi
	10
	Generic mean
	0.884
	Empirical mean
	0.0568
	0.5108
	0.4325

	Graptemys kohnii
	10
	Generic mean
	0.884
	Empirical mean
	0.0568
	0.5108
	0.4325

	Graptemys nigrinoda
	9
	
	0.884
	Empirical mean
	0.0602
	0.4813
	0.4585

	Graptemys oculifera
	10
	
	0.884
	Empirical mean
	0.0568
	0.5108
	0.4325

	Graptemys ouachitensis
	7
	
	0.884
	Empirical mean
	0.0684
	0.4104
	0.5212

	Species
	AM
	Estimated from:
	AFS
	Estimated from:
	Efec
	Ejuv
	Eadult

	Graptemys pseudogeographica
	8
	
	0.884
	Empirical mean
	0.0640
	0.4481
	0.4879

	Graptemys pulchra
	10
	Generic mean
	0.884
	
	0.0568
	0.5108
	0.4325

	Graptemys versa
	10
	Generic mean
	0.884
	
	0.0568
	0.5108
	0.4325

	Kinosternon baurii
	5
	
	0.88
	K. subrubrum
	0.0811
	0.3243
	0.5946

	Kinosternon flavescens
	11
	
	0.95
	
	0.0333
	0.3333
	0.6333

	Kinosternon hirtipes
	7
	
	0.88
	K. subrubrum
	0.0698
	0.4186
	0.5116

	Kinosternon sonoriense
	7
	
	0.87
	
	0.0730
	0.4382
	0.4888

	Kinosternon subrubrum
	5
	
	0.88
	
	0.0811
	0.3243
	0.5946

	Macrochelys temminckii
	13
	
	0.93
	C. serpentina
	0.0380
	0.4565
	0.5054

	Malaclemys terrapin
	6
	
	0.84
	
	0.0889
	0.4444
	0.4667

	Pseudemys alabamensis
	6
	
	0.83
	T. scripta
	0.0919
	0.4595
	0.4486

	Pseudemys concinna
	6
	P. floridana
	0.83
	T. scripta
	0.0919
	0.4595
	0.4486

	Pseudemys floridana
	6
	
	0.83
	T. scripta
	0.0919
	0.4595
	0.4486

	Pseudemys gorzugi
	6
	
	0.83
	T. scripta
	0.0919
	0.4595
	0.4486

	Pseudemys nelsoni
	6
	
	0.83
	T. scripta
	0.0919
	0.4595
	0.4486

	Pseudemys rubriventris
	6
	
	0.83
	T. scripta
	0.0919
	0.4595
	0.4486

	Pseudemys texana
	6
	
	0.83
	T. scripta
	0.0919
	0.4595
	0.4486

	Sternotherus carinatus
	5
	
	0.84
	S. odoratus
	0.0976
	0.3902
	0.5122

	Sternotherus depressus
	8
	S. minor
	0.84
	S. odoratus
	0.0755
	0.5283
	0.3962

	Sternotherus minor
	8
	
	0.84
	S. odoratus
	0.0755
	0.5283
	0.3962

	Sternotherus odoratus
	5
	
	0.84
	
	0.0976
	0.3902
	0.5122

	Terrapene carolina
	7
	
	0.82
	
	0.0865
	0.5192
	0.3942

	Terrapene ornata
	9
	
	0.83
	
	0.0720
	0.5763
	0.3517

	Trachemys gaigeae
	8
	T. scripta
	0.83
	T. scripta
	0.0776
	0.5434
	0.3790

	Trachemys scripta
	8
	
	0.83
	
	0.0776
	0.5434
	0.3790


* See text for discussion of survivorship estimates for Clemmys insculpta.  In later analyses we used the survivorship estimate from the closely-related Emydoidea blandingi (0.96), which increased elasticity of adult survival in Clemmys insculpta to 0.6000

Table 11.  Rankings of geographic range areas among native nonmarine turtles in the U.S., ranked in order from species with the smallest range to those with the largest range.  Geographic range areas provided courtesy of S.J. Hecnar; see Hecnar (1998) for range size calculation methodology.

	Species
	Rank

	Pseudemys alabamensis
	1

	Graptemys ernsti
	2

	Graptemys oculifera
	3

	Graptemys gibbonsi
	4

	Graptemys flavimaculata
	5

	Graptemys caglei
	6

	Sternotherus depressus
	7

	Graptemys barbouri
	8

	Graptemys versa
	9

	Graptemys nigrinoda
	10

	Trachemys gaigeae
	11

	Pseudemys nelsoni
	12

	Pseudemys gorzugi
	13

	Pseudemys rubriventris
	14

	Pseudemys texana
	15

	Graptemys pulchra
	16

	Clemmys muhlenbergii
	17

	Kinosternon baurii
	18

	Gopherus berlandieri
	19

	Apalone ferox
	20

	Gopherus polyphemus
	21

	Kinosternon sonoriense
	22

	Pseudemys floridana
	23

	Kinosternon hirtipes
	24

	Sternotherus carinatus
	25

	Clemmys marmorata
	26

	Sternotherus minor
	27

	Gopherus agassizii
	28

	Malaclemys terrapin
	29

	Graptemys ouachitensis
	30

	Graptemys kohnii
	31

	Deirochelys reticularia
	32

	Clemmys insculpta
	33

	Macrochelys temminckii
	34

	Clemmys guttata
	35

	Emydoidea blandingi
	36

	Graptemys pseudogeographica
	37

	Graptemys geographica
	38

	Kinosternon subrubrum
	39

	Kinosternon flavescens
	40

	Species
	Rank

	Pseudemys concinna
	41

	Apalone mutica
	42

	Terrapene ornata
	43

	Sternotherus odoratus
	44

	Terrapene carolina
	45

	Apalone spiniferus
	46

	Chrysemys picta
	47

	Trachemys scripta
	48

	Chelydra serpentina
	49


Table 12. Index of suitability of turtle species as farmed commodities, obtained by multiplying mean clutch size by average sale price for species for which data were available.  A higher index number increased high potential as a ranched species.  See text for discussion.

	Species
	Index of suitability

	Sternotherus odoratus
	8.8

	Graptemys flavimaculata
	14.1

	Kinosternon subrubrum
	15.8

	Trachemys gaigeae
	18.0

	Sternotherus minor
	33.1

	Chrysemys picta
	35.2

	Graptemys pseudogeographica
	40.0

	Trachemys scripta
	41.8

	Apalone muticus
	44.5

	Pseudemys nelsoni
	50.3

	Graptemys ouachitensis
	54.0

	Pseudemys concinna
	54.2

	Apalone spiniferus
	61.1

	Pseudemys floridana
	65.6

	Graptemys nigrinoda
	65.7

	Graptemys geographica
	73.7

	Apalone ferox
	104.1

	Graptemys pulchra
	121.1

	Terrapene carolina
	166.5

	Deirochelys reticularia
	202.2

	Malaclemys terrapin
	309.3

	Clemmys guttata
	337.7

	Graptemys caglei
	342.0

	Sternotherus depressus
	390.0

	Pseudemys rubriventris
	397.7

	Graptemys gibbonsi
	408.7

	Graptemys barbouri
	428.7

	Chelydra serpentina
	495.3

	Terrapene ornata
	500.0

	Clemmys marmorata
	986.4

	Emydoidea blandingii
	1374.9

	Clemmys insculpta
	2910.0

	Macrochelys temminckii
	2949.5


Table 13.  Overall index of vulnerability to commercial harvest for 41 species of freshwater turtles native to the United States, calculated using elasticity of adult survivorship (Elasticity), geographic range area (Range), and median monetary value in the retail trade (Value).  Higher values for the index of vulnerability indicate that a species is potentially more vulnerable to harvest.  Methods of calculation, formula used in vulnerability calculation, and details of variable standardization given in text.

	Species
	Elasticity
	Geographic range
	Value
	Vulnerability

	Clemmys insculpta
	1.887556
	1.154491
	1.996833
	3.364591

	Emydoidea blandingii
	1.994082
	1.170053
	1.405167
	2.905209

	Kinosternon baurii
	1.869321
	1.031555
	1.010167
	2.791406

	Graptemys caglei
	1.322474
	1.000918
	1.330167
	2.650208

	Sternotherus carinatus
	1.591361
	1.04589
	1.030167
	2.506504

	Kinosternon hirtipes
	1.589448
	1.044084
	1.010167
	2.489851

	Graptemys gibbonsi
	1.322474
	1.000583
	1.1535
	2.474531

	Graptemys nigrinoda
	1.410251
	1.003385
	1.027733
	2.42976

	Kinosternon sonoriense
	1.51232
	1.041578
	1.010167
	2.421794

	Pseudemys rubriventris
	1.376998
	1.015864
	1.080167
	2.418792

	Clemmys guttata
	1.509266
	1.163051
	1.2885
	2.40554

	Graptemys versa
	1.322474
	1.002976
	1.080167
	2.395511

	Malaclemys terrapin
	1.437779
	1.068122
	1.1135
	2.388565

	Deirochelys reticularia
	1.655639
	1.148617
	1.0635
	2.367316

	Graptemys ouachitensis
	1.621827
	1.118681
	1.0135
	2.355744

	Pseudemys gorzugi
	1.376998
	1.015478
	1.006
	2.346675

	Pseudemys nelsoni
	1.376998
	1.015209
	1.005167
	2.346477

	Pseudemys texana
	1.376998
	1.015919
	1.006
	2.345657

	Kinosternon flavescens
	2
	1.286294
	1.010167
	2.340186

	Apalone ferox
	1.410251
	1.036793
	1.005167
	2.3297

	Graptemys pulchra
	1.322474
	1.016604
	1.030167
	2.314216

	Pseudemys floridana
	1.376998
	1.042039
	1.006833
	2.28766

	Kinosternon subrubrum
	1.869321
	1.263303
	1.010167
	2.279333

	Macrochelys temminckii
	1.568556
	1.162839
	1.046833
	2.249141

	Graptemys ernsti
	1.052563
	1.000332
	1.1535
	2.20533

	Trachemys gaigeae
	1.142035
	1.003776
	1.006833
	2.140784

	Graptemys pseudogeographica
	1.509266
	1.178672
	1.005167
	2.133277

	Sternotherus minor
	1.20016
	1.063532
	1.030167
	2.097094

	Graptemys kohnii
	1.322474
	1.130349
	1.005167
	2.059222

	Graptemys barbouri
	1
	1.002211
	1.044333
	2.039823

	Graptemys geographica
	1.322474
	1.247635
	1.0035
	1.864307

	Pseudemys concinna
	1.376998
	1.304901
	1.005167
	1.825552

	Sternotherus odoratus
	1.591361
	1.422742
	1.004933
	1.824853

	Apalone muticus
	1.410251
	1.335321
	1.005167
	1.808866

	Terrapene ornata
	1.049941
	1.380121
	1.330167
	1.724565

	Terrapene carolina
	1.193428
	1.451986
	1.0885
	1.571591

	Apalone spiniferus
	1.410251
	1.702939
	1.005167
	1.418382

	Chrysemys picta
	1.559752
	1.899737
	1.0085
	1.351898

	Chelydra serpentina
	1.568556
	1.999764
	1.0083
	1.28858

	Trachemys scripta
	1.142035
	1.912669
	1
	1.119919


Figure 1. Total number of individual nonmarine turtles native to the United States that were exported annually from 1996 to 2000.
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Figure 2. Total value (in US$) of individual nonmarine turtles native to the United States that were exported annually from 1996 to 2000.
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Figure 3.  Number of individual nonmarine turtles native to the United States of various genera that were exported annually from 1996 to 2000.  Roughly grouped by number of individuals exported per year.

A.  Exports of the genera Clemmys, Deirochelys, Emydoidea, Malaclemys, and Terrapene
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Figure 3B. Exports of the genera Apalone, Chelydra, Macrochelys, Sternotherus, and Kinosternon.
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Figure 3C. Exports of the genera Chrysemys and Graptemys.
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Figure 3D. Exports of the genera Pseudemys and Trachemys.
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