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Determining the age of individuals in a turtle population 
is a useful tool for understanding their ecology (e.g., demog 
raphy, growth rates, age at sexual maturity , senescence). 
Even recording age of only a portion of a population is 
important, especial ly if the age of younger individuals can be 
determined accurately. Most useful for long~term studies is 
a technique that does not require individuals to be killed or 
harmed. Counting the number of rings formed by deposition 
of epiderma l scute layers in turtles has been used by many 
researchers to determine age without harming individuals. 
Several reviews (e.g., Gibbon s, 1976; Graham, 1979; Casta -

net, 1988; Zug , 1991) have supported this technique to 
determine the age of young turtles, but recent papers have 
questioned its use (Stott, 1988; Cox et al., 1991; Tracy and 
Tracy, 1995; Kennett, 1996; Brooks et al., 1997). Although 
there are an impressive number of studies that have used 
scute annuli to estimate age of turtles, Kennett ( 1996) stated 
"growth annuli on many species have proved unreliable in 
determining ages of individuals." Further, there is concern 
that researchers do not validate the use of scute layers 
(Galbraith and Brooks , 1987; Brooks et al., 1997). The 
underlying concern is whether or not growth rings on scutes 
represent layers that are deposited annually or not. We 
provide a current review to investigate the evidence for and 
against the use of scute rings for age determination and 
compare its advantages and limitations . 

Historical Use of Scute Annuli 

The use of scute annuli to determine ages of turtles 
extends from Agassiz (1857) who used them to determine 
ages of Chrysemys picta. Discussing the general nature of 
scute layering in turtles, Agassiz 0857:259) stated "hence it 
follows that we find upon the surface of each scale, around 
a small angu lar central plate, (the scale of the first years' 
growth,) a smaller or greater number of concentric stripes or 
regular annual rings, as they are exhibited on a transverse 
section of an old tree ." He also discussed the use and 
appearance of scute annuli in several tortoise species, in
cluding Gopherus polyphemus, Geochelone radiata, and 
Psammobates geometricus, as well as severa l aquatic spe
cies. Coker (1906) was the next to use scute annuli to 
determine age of a turtle species, Malaclemys terrapin. 
Other early pioneers of this technique were Benedetti ( 1926) 
working on Testudo graeca, Storer (1930) on Clemmys 
marmorata, Townsend ( 1931) on Geochelone vicina, Risley 
(1933) on Sternotherus odoratus, Sergeev (1937) on Emys 
orbicularis, Ewing ( 1939) and Nichols ( 1939) on Terrapene 
carolina, and Liu and Hu (1940) on Chinemys reevesii. 
Cagle was the first to extensively use scute annuli as a means 
of determining age of Trachemys scripta (1946, 1948a, 
1948b, 1950), Chrysemys picta (1954a), Malaclemys terra
pin (1952b ), and several species of Graptemys ( 1952a, 1953, 
1954b). Sexton (1959) showed how to determine age of C. 
picta even when some of the early annuli were missing due 
to wear . Carr (1952) pointed out some of the problems 
associated with using scute annuli to determine age of 
turtles, but believed that they were a useful tool. 

Multiple authors have used scute annuli to determine 
age of at least some portion of populations of turtle or 
tortoise species (Table 1). The most frequently studied 
species were Chrysemys picta, Clemmys insculpta, 
Trachemys scripta, Testudo graeca, Chelydra serpentina, 
and Emydoidea blandingii. We have not presented this table 
to justify the use of scute annuli merely because others have 
used this method. We recognize that the hypothesis that 
scute rings are formed annually has not been tested in all 
of thes e studies, but it has been verified for numerous 
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Table 1. Studies that have used scute annuli to determine age of individual turtles. Numbers in parentheses are the maximum number of 
scute rings reported by those authors and were either given in the text or determined from graphs. Numbers in brackets are unusually high 
number of scute rings found only in one individual. Question marks mean the number is highly uncertain. Taxonomy follows Ernst et al. 
(1994) and Ernst and Barbour (1989). 

PELOMEDUSIDAE 
Podocnemisexpansa 

Pritchard and Trebbau, 1984 
CHELIDAE 

Chelodina rugosa 
Kennett, 1996 (5) 

Chelodina mccordi 
Rhodin, 1994 

Elseya dentata 
Kennett, 1996 (8) 

Pseudemydura umbrina 
Burbidge , 198 l 

Phrynops ru.fipes 
Magnusson et al., 1997 

Che/us fimbriatus 
Pritchard and Trebbau, 1984 

CHEL YDRIDAE 
Chelydra serpentina 

Christiansen and Burken, 1979 (20); 
Iverson et al., 1997 (29); Gibbons , 
1968a; Hammer, 1969; Graham and 
Perkins, 1976; Galbraith and Brooks, 
1987; Galbraith and Brooks , 1989; 
Gibbons, 1987;Congdonetal., 1992; 
Congdon et al., 1994 

Macroclemys temminckii 
Dobie , 1971 (36-37); Tucker and 
Sloan, 1997 (45); Powders , 1978; 
Morris and Sweet, 1985 

KINOSTERNIDAE 
Stemotherus odoratus 

Risley, 1933 (10); Tinkle, 1958 (9); 
Mahmoud, 1969 (I 0); Mitchell, 1988 
(10); Mahmoud, 1967; Ernst, 1986; 
Gibbons, 1987; Mitchell , 1985c; 
Harding, 1997 

Stemotherus depressus 
Tinkle, 1958 (4) 

Stemotherus minor 
Tinkle, 1958 (10); Etchberger and 
Ehrhart, 1987; Eichberger and 
Stovall, 1990 

Stemotherus carinatus 
Tinkle, 1958 (8); Mahmoud, 1969 
(10) 

Kinostemon subrubrum 
Mahmoud, 1969(10);Iverson, 1979a 
(8); Mahmoud, 1967; Ernst et al., 
1973; Gibbons, 1983; Frazer et al., 
1991a 

Kinostemon baurii 
Iverson, 1979b 

Kinostemon creaseri 
Iverson , 1988a 

Kinostemon scorpioides 
Pritchard and Trebbau , 1984 

Kinostemon alamosae 
Iverson, 1989a 

Kinostemon jlavescens 
Mahmoud, 1969(lO) ;Iverson 1989b 
(10); Mahmoud, 1967; Long, 1986; 
Iverson, 1991 

Kinostemon sonoriense 
Hulse, 1976 (9-11); Hulse, 1982 (5); 
van Loben Sels et al., 1997 (9) 

Kinostemon hirtipes 
Iverson, 1981; Iverson et al., 1991 

Kinostemon chimalhuaca 
Berry et al., 1997 

EMYDIDAE 
Chinemys reevesii 

Liu and Hu, 1940 (ca. 5) 
Mauremys japonica 

Yabe, 1989 (15); Yabe, 1992 
Mauremys leprosa 

Meek, 1987 (13); Keller , 1997 (8); 
Perez et al., 1979 

Melanochelys tricarinata 
Mitchell and Rhodin, 1996 

Melanochelys trijuga 
Mitchell and Rhodin, 1996 

Rhinoclemmys punctularia 
Pritchard and Trebbau, 1984 

Clemmys guttata 
Ernst, 1975 (14, o; 18, 'i'); Ernst, 
1970; Graham , 1970; Graham, 1995; 
Ernst and Zug, 1994; Perillo, 1997 

Clemmys muhlenbergii 
Ernst, 1977 (13); Lovich et al., 1998 

Clemmys insculpta 
Harding and Bloomer , 1979 (15); 
Farrell and Graham , 199 l (20); Ross 
et al., 1991 (19); Brooks et al., 1992 
(29); Garber, 1989; Lovich et al., 
1990; Ernst et al., 1994; Harding, 
I 997 ; Daigle, 1997 

Clemmys marmorata 
Storer, 1930(12);BuryandGermano, 
1998 (12-14, [16]) 

Emys orbicularis 
Sergeev, 1937 (12) 

Emydoidea blandingii 
Graham and Doyle, 1977 (15); 
Ross, 1989 (18); Congdon and van 
Loben Sels, 1991; Congdon and 
van Loben Sels, 1993 (19); Rowe , 
1992 (14, [19]); Graham and 
Doyle, 1978; Gibbons , 1987; 
Congdon et al., 1993; Herman et 
al., 1994; Harding , 1997 

Terrapene carolina 
Nichols, 1939 (15); Stickel, 1978 
(18-20); Schwartz et al.,1984 (9); 
Stickel and Bunck, 1989(13);Ew ing, 
1939; Minton, 1972; Harding , 1997; 
Pilgrim et al., 1997 

Terrapene omata 
Legler , 1960 (12- 13); Blair, 1976; 
Doroff and Keith, 1990 

Chrysemys picta 
Sexton, 1959 (8);Erns t, 197la ;Erns t, 
1971b (4); Quinn and Christiansen, 
1972(10);EmstandEmst, 1973(5); 
Wilbur, 1975 (9); Tucker , I 978 (5-
6); Iverson , 1982 (7); MacCulloch 
and Secoy, 1983 (7-11); Mitchell, 
1988 (7); Frazer et al., 1991b (7); 
Congdon et al., 1992 (6-9); Frazer et 
al., 1993 (5); Lindeman, 1996 (7); 
Rowe, 1997 (8);Agassiz, 1857; Cagle, 
1954a; Gibbons, 1967; Gibbons, 
1968b; Gibbons, 1968c; Christiansen 
andMoll , 1973;Moll, 1973;Bayless, 
1975; Hart , 1982; Mitchell, 1985a; 
Mitchell, 1985b; Balcombe and 
Licht , 1987; Gibbons, 1987; Ernst 
and McDonald , 1989; Rickard et al., 
1989; Ross, 1989; Zweifel, 1989; 
Iverson and Smith, 1993; St. Clair et 
al., 1994; Lindeman , 1997 

Trachemys scripta 
Cagle, 1948a (4-5); Tucker et al., 
1995a; Tucker et al., 1995b (6); 
Cagle, 1946; Cagle, 1950; Webb, 
1961; Gibbons, 1970; Moll and 
Legler, 1971; Gibbons et al., 1981; 
Gibbons , 1987; Frazer et al., 1990; 
Gibbons and Lovich, 1990; Dunham 
and Gibbons, 1990; Gibbons and 
Greene, 1990; Mitchell and Pague , 
1990; Tucker and Moll, 1997 

Pseudemys concinna 
Jackson and Walker, 1997 

Pseudemy s jloridana 
Gibbons and Coker , 1977 (7?); Gib
bons, 1987 

Pseudemys rubriventris 
Graham , 1971 (10); Graham, 1969 

Deirochelys reticularia 
Gibbons, 1969 (6); Gibbons, 1987; 
Buhlman, 1995 

Graptemys geographica 
Iverson, 1988b (9-10); Gordon and 
MacCulloch, 1980; Vogt, 1980; Gra
ham, 1989 

Graptemys barbouri 
Cagle, 1952a 

Graptemys emsti 
Cagle, l952a; Shealy, 1976 

Graptemys gibbonsi 
Cagle , 1952a 

Graptemys pseudogeographica 
Vogt, 1980 (6, o; 12, 'i') 

Graptemys ouachitensis 
Vogt, 1980(6, o; 12, 'i');Moll, 1976 
(6); Cagle, 1953; Webb, 1961 

Graptemys oculifera 
Kofron, 1991 (6); Jones and 
Hartfield , 1995 (5-6); Cagle, 1953 

Graptemys jlavimaculata 
Cagle, 1954b 

Graptemys nigrinoda 
Lahanas , 1982 

Malaclemys terrapin 
Cagle, 1952b (6-7); Seigel, 1984 (7); 
Coker, 1906 

TESTUDINIDAE 
Acinixys planicauda 

Kuchling and Bloxan, 1988 (20) 
Chersina angulata 

Branch , 1984 (20) 
Geochelone pardalis 

Lambert , 1995 (20-25, [28)) 
Geochelone sulcata 

Lambert, 1993 (20-24) 
Geochelone gigantea 

Gaymer, 1968(25) ;Grubb, 1971 (20-
30); Bourn and Coe, 1978 (20-25); 
Swingland and Coe, 1979; Gibson 
and Hamilton ,1984; Swingland et 
al., 1989 

Geochelone carbonaria 
Pritchard and Trebbau, 1984 (20-26) 

Geochelone vicina 
Townsend, 1931; Townsend , 1937 

Testudo graeca 
Castanet and Cheylan, 1979 (17 -
18) ; Lambert, 1982 (19, [35)); 
Stubbs et al., 1984 (< 20); 
Benedetti, 1926; Brazaet al., 1981; 
Hailey, 1988; lnozemtsev and 
Pereshkolnik, 1994; Bayley and 
Highfield, 1996 

Testudo hermanni 
CastanetandCheylan , 1979(17-18) ; 
Stubbs et al., 1984 ( < 20); Meek, 
1985; Meek, 1989(19) ; Stubbs et al., 
1985 (15); Hailey, 1988 (8); Hailey , 
1990 ( 16); Hailey and Loumbourdis, 
1990 

Gopherus agassizii 
Germano 1994 (24); Germano and 
Joyner, 1988; Germano, 1988 ; 
Germano , 1992; Germano, 1998 

Gopherus berlandieri 
Auffenberg and Weaver , 1969 (18); 
Germano, 1994 (24 ); Judd and Rose, 
1983 

Gopherus polyphemus 
Landers et al., 1982 (20 -30?); 
Germano , 1994 (24); Mushinsky et 
al., 1994 (23 ); Spearman , 1969; 
Aresco and Guyer, in press 

Gopherus jlavomarginatus 
Germano , 1994 (25) 

Malacochersus tomieri 
Moll and Klemens , 1996 (15-18) 
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species. Also, many scientists that have worked for 
decades on chelonians find the technique useful. 

Evidence of Annual Deposition of Scute Rings 

Major reviews that have supported the use of scute 
annuli to determine age in chelonians include Zangerl ( 1969), 
Gibbons (1976, 1987), Graham(1979), Castanet(1988), and 
Zug ( 1991 ). Coker ( 1906) was the earliest worker who gave 
data in support of the annual deposition of scute rings 
reporting that two Malaclemys terrapin added 2 annuli after 
2 years. In Geochelone vicina, Townsend (1931) found that 
two known-age captive tortoises (12 and 15 yrs) had 12 and 
15 scute annuli. Ewing (1939) did not show specific data 
confirming annual deposition of rings in Terrapene carolina, 
but he made plaster casts of shells and recaught turtles 
several years later. He indicated that scute rings are formed 
annually and that care is needed to distinguish pseudoannual 
(false) rings when making age estimates. 

Numerous other studies since the 1930s have shown 
that growth rings on scutes match age in young turtles. The 
validity of scute rings being deposited annually has been 
shown in Chelodina rugosa and Elseya dentata (Kennett, 
1996), Pseudemydura umbrina (Burbidge, 1981 ), Phrynopes 
rufipes (Magnusson et al., 1997), Chelydra serpentina 
(Galbraith and Brooks, 1987; Congdon et al., 1994; Brooks 
et al., 1997), Kinosternon sonoriense (van Loben Sels et al., 
1997), Chrysemys picta (Cagle, 1946; Sexton, 1959; Zweifel, 
1989; Congdon et al., 1992; Rowe, 1997), Trachemys scripta 
(Gibbons, 1970), Graptemys ernsti (Shealy, 1976), Clemmys 
guttata (Ernst, 1975), C. insculpta (Harding and Bloomer, 
1979; Lovich et al., 1990; Ernst et al., i994), C. marmorata 
(Bury and Germano, 1998), Emydoidea blandingii (Congdon 
and van Loben Sels, 1991 ), Terrapene carolina (Stickel and 
Bunck, 1989), T. ornata (Legler, 1960; Schwartz et al., 
1984), Geochelone gigantea (Grubb, 1971; Bourn and Coe, 
1978), Testudo graeca (Benedetti, 1926; Castanet and 
Cheylan, 1979), T. hermanni (Stubbs et al., 1985; Castanet 
and Cheylan, 1979), Gopherus polyphemus (Mushinsky et 
al., 1994; Aresco and Guyer, in press), and G. agassizii 
(Germano, 1988, 1998). For all these studies, annuli can be 
used to determine age only up to the time when linear growth 
slows to a low rate, which is generally at or just after the onset 
of sexual maturity (Bury, 1979). 

It is important to determine the maximum number of 
scute annuli that are countable so that age estimates are 
reliable. There is a maximum number (or range) of scute 
growth rings that are useful for determining age (Table 1). 
Past this number of rings, even if very narrow rings can be 
counted, the periodicity of deposition has not been deter
mined. Maximum numbers of countable scute annuli gener
ally are 5- 14 for freshwater species and 15- 29 for tortoises 
(Fig. 1). The greatest number of scute annuli regularly 
counted for any species is 36-45 inMacroclemys temminckii 
(Table 1). In both studies, the number of growth rings on 
scutes were determined on dead animals after lifting the 
scute off the shell, soaking the scute in water, and back-
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Figure 1. Distribution of maximum number of scute rings among 
freshwater turtles and tortoises. 

lighting the scute. This differs from traditional methods of 
counting annuli on live turtles, but we do not know if this 
difference accounts for the unusually high numbers of annuli 
on Macroclemys compared to other species. This is also one 
of the largest turtles and they frequent quiet waters with 
muddy substrata, which may reduce wear. 

There is a weak relationship between maximum cara
pace length (CL) of a species and maximum number of 
countable scute layers (R2 = 0.37, n = 45), but the relation
ship is due mainly to the large number of layers found by 
Dobie ( 1971) and Tucker and Sloan ( 1997) on Macroclemys 
temminckii (Fig. 2). Otherwise there is much scatter between 
size and scute layers for freshwater turtles, and essentially a 
flat line for tortoises (Fig. 2). This indicates that size is not 
a reliable estimator of age in turtles and tortoises. Irrespec
tive of size, species appear to have a set numberof annuli that 
are deposited during juvenile growth. 
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Figure 2. Relationship of the maximum number of scute layers 
(from Table 1) to maximum carapace length for freshwater turtles 
and tortoises of the world. Maximum carapace lengths were taken 
from Ernst et al. (1994) and Ernst and Barbour (1989). Squares = 
freshwater turtles, triangles = tortoises (R2 = 0.37, n = 44) . 
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Alternative Views 

The validity of using scute annuli to determine age has 
been questioned recently for all turtles (Cox et al., 1991; 
Kennett, 1996; Brooks et al., 1997) and specifically for 
Chelodina longicollis (Stott, 1988), Gopherus agassizii 
(Tracy and Tracy, 1995), Chelydra serpentina and Chrysemys 
picta (Brooks et al., 1997), and Clemmys guttata (Litzgus 
and Brooks, 1998). Both Cox et al. (1991) and Kennett 
(1996) cited papers on Stemotherus m. minor by Tinkle 
(1958) and Iverson (1978) and a paperon Chelydraserpentina 
by Galbraith and Brooks (1987) as evidence of lack of 
reliability of scute annuli to determine age in most turtle 
species. Contrary to the statement ofunreliability, Galbraith 
and Brooks ( 1987) specifically showed that the number of 
scute annuli matched age in young C. serpentina, but they 
warned that annual formation of rings should be checked in 
each species. In contrast, some Stemotherus m. minor appar
ently did not show distinct annuli (Tinkle, 1958; Iverson, 
1978), but in these studies the species occurred in year -round 
equitable habitats (springs and nearby streams), which are 
unusual in temperate latitudes. It is erroneous, however, to 
generalize the possible unreliability of scute annuli to deter
mine age in a few populations of a few species to most other 
turtle species, especially species in temperate latitudes. In 
fact, both Tinkle (1958) and Iverson (1978) used annuli to 
determine age of a portion of the population of S. m. minor, 
and Iverson has successfully used the technique subse
quently on many other species (Table 1). Further, although 
Kennett (1996) questioned the reliability of scute annuli to 
determine age of turtles, he found that they were reliable for 
determining age of young individuals of two species he 
studied in Australia (Table 1). 

Stott (1988) showed that one Chelodina longicollis 
marked in January 1980 had produced 6 scute rings when 
recaptured in late November 1983. He concluded that scute 
rings were not produced annually in this species. However, 
he only reported ring formation on the small nuchal and first 
marginal scutes as opposed to the larger scutes, such as 
costals or abdominals, where rings are easier to count. Also, 
non-annual production of scute rings in this one individual 
does not preclude annual deposition in other individuals in 
this or other populations. 

For Gopherus agassizii, Tracy and Tracy (1995) stud
ied laboratory -reared tortoises fed a high protein diet and 
kept continually active. This artificial environmental regime 
led to the formation of multiple growth rings in a year. The 
authors concluded that single scute rings were not produced 
annually and, therefore, scute rings could not be used to 
determine age of young desert tortoises (Tracy and Tracy, 
1995). These conditions bear no resemb lance to natural 
environmental conditions that produce annual deposition of 
scute rings in Gopherus agassizii (Germano, 1988) and, 
therefore, invalidates their experiment as a test of this 
method (Germano, 1998). 

Studies by Brooks et al. (1997) on Chelydraserpentina 
and Chrysemys picta and by Litzgus and Brooks (1998) on 

Clemmys guttata were done on populations in Ontario at the 
northern limit of the range of these species. Both studies 
reported that scute annuli cannot be used to determine age 
because there was a non-significant relationship between 
number of scute rings added and time elapsed. They found 
that in some i ndi vi duals for which scute annuli had not worn 
off, the number of rings added were less than annual or, in 
some cases, actually less than originally counted. 

Similar problems in methodology are apparent in both 
papers. Brooks etal. (1997) showed that juvenile C. serpentina 
and C. picta have a one-to -one relationship between the 
number of scute annuli and age. However, because the 
relationship does not hold throughout life, they dismissed 
the use of annuli at any age. They also showed that C. 
serpentina with 22- 23 rings do not add additional rings after 
10 yrs. This is to be expected for adults that are growing 
linearly at a slow rate. Data in their paper support the use of 
scute annuli as an accurate indicator of age in young turtles. 
For Clemmys gutatta, Litzgus and Brooks (1998) admitted 
that their use of different field assistants during the study 
probably led to misreadings of the number of scute rings or 
possibly the coded identifications of individuals. This is the 
likely explanation for the apparent loss of scute rings exclu
sive of wear. The number of scute rings can only decrease in 
subsequent years by wear or by absorption; the authors 
discounted the first explanation and no one has ever reported 
the absorption of scute rings. As with the study by Brooks et 
al. (1997), Litzgus and Brooks (1998) attempted to use scute 
rings to estimate age of all turtles for which all or some annuli 
were still visible. However, there is a maximum number of 
scute rings that can be counted with the unaided eye (Table 
1). The authors did not indicate how old the turtles were at 
the start of the study. Ernst (1975) showed that production of 
visible scute annuli in C. guttata ceased by 14 yrs in males 
and 18 yrs in females . Litzgus and Brooks (1998) had 64.3% 
(27 individuals) of their sample with ~ 15 scute rings and 
47.6% (20 turtles) with~ 19 rings. When rings become too 
small to be counted, it is a misuse of the method to try to use 
scute layers to determine age of individuals. Although the 
number of scute rings produced may be slightly less than age 
as the turtle approaches the time it ceases production of visible 
rings altogether ( Germano, 1988, 1998; Galbraith and Brooks, 
1989), it is a fairly accurate method of determining age as long 
as counts are made carefully and estimates are not made on 
individuals past the time rings are being produced annually. 

There are a few instances where the number of scute 
rings do not seem to be formed annually, primarily among 
species in tropical areas. Species where annuli were not found 
to correspond with chronological age include Batagur baska 
(Moll, 1980) and some populations of Malacochersus tomieri 
(Moll and Klemens, 1996). Such instances underscore the need 
for testing the assumption that annuli match chronological age 
for each species, and, in some cases, for each population. 

However , even in tropical areas , scute annuli appear to 
form in some species. In Venezuela, scute annuli are distinct 
in Kinostemon s. scorpioides, Geochelone carbonaria, and 
G. denticulata, and are apparent on at least some individuals 
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of Podocnemis expansa, Chelus fimbriatus, and 
Rhinoclemmys diademata (Pritchard and Trebbau, 1984). 
Trachemys scripta in Panama may form more than one 
growth layer in a year, but the pattern of scute shedding 
allowed for determining age of young turtles up to 9 yrs of 
age using scute annuli (Moll and Legler, 1971 ). Recaptures 
of marked T. scripta from Costa Rica (n = 12) confirmed that 
major annuli were formed annually for this population as 
well (J. Tucker, pers. comm.). Phrynops rufipes in central 
Amazonia, Brazil, appear to deposit annual scute layers, at 
least for a short period of time (Magnusson et al., 1997). Scute 
annuli are apparent in Melanochelys species in tropical Nepal 
(Mitchell and Rhodin, 1996), in Chelodina rugosa and Elseya 
dentata in northern Australia (Kennett, 1996), and in Chelodina 
mccordi on Roti in Indonesia (Rhodin, 1994). All of these 
cyclical tropical growth patterns probably represent differen
tial growth related to distinct wet and dry periods. 

Relatively unusual environmenta l conditions can also 
affect deposition of scute annuli. In the temperate species 
Pseudemydura umbrina and Gopherus agassizii, unusually 
low rainfall years can lead to the lack of an annulus being 
deposited (Burbidge, 1981; Germano and Fritts, 1994). 
Although there are a few exceptions, environmental condi
tions for most species or in most years seem to cause the 
development of annual rings during early life. 

Conclusions and Guidelin es 

With few excep tions, counting scute annuli is a reliable 
method of estimating ages of chelonians and can be used to 
determine the age of individua ls often to or near the age of 
maturity (Table 1). The method involves counting growth 
annuli found on either the plastron or the carapace as 
described by Carr (1952), Sexton (1959), Legler (1960), 
Zangerl (1969), Moll and Legler (1971), Bourn and Coe 
(1978), Graham (1979), and Zug (1991). Scute lamellae are 
laid down as a series of underlying plates that are extremely 
thin under previous years' layers but expand on the outer 
edge to form a thickened ring. These annua l rings can be 
recognized by the deep indentation they leave in the epider
mal layer of the scute and because they form a complete 
annulus around the scute. Indentations should be visible at 
least on three sides. 

The best and least worn scutes should be used to 
determine age and this varies from species to species and 
from individual to individual. Annuli on the plastron may be 
more distinct in some species, such as Gopherus polyphemus 
and Clemmys marmorata, and resist wear longer than annuli 
on the carapace. In contrast, annuli on the plastron of G. 
agassizii often are worn faster than on the carapace. 

Although we believe that counts of scute annuli provide 
a reliable estimate of age of most younger chelonians, there 
are severa l drawbacks to this technique that must be recog 
nized when determining age. There may be temporary 
cessation of growth during the growing season of an indi
vidual and non-annual or false rings can sometimes form. 
These must be recognized when making counts. Generally, 

false rings can be distinguished from annual rings because 
they form shallower indentations on the epidermal surface 
(Legler, 1960). However, in some instances false rings may 
be almost as deep as annual rings. False rings do not form 
completely around the scute but may form a deep ridge on 
the lateral (carapace) or medial (plastron) aspect of the scute 
(Legler, 1960; Landers et al., 1982). There is no substitute 
for experience in distinguishing rings on turtle shells. Errors 
can be reduced by inspecting several scutes and comparing 
numbers obtained among scutes. 

Another limitation of the technique is that counting 
rings is useful only to determine age of younger turtles. Most 
young turtles deposit relatively large annuli for several years 
when they are growing rapidly. When linear growth slows, 
usually at or near sexual maturity, turtles no longer deposit 
rings large enough to be detected (Cagle, 1946; Legler, 
1960; Table 1). Although very small rings at the edges of 
scutes may be visible under magnification, no one has yet 
shown these to be produced annually (Germano, 1992), and 
we recommend that only rings that can be counted without 
magnification be used to determine age. The appearance of 
the edges of scutes (Germano, 1992) is the criterion for 
determining whether the individual is the same age as the 
number of growth rings counted on the scute or is older than 
that count. The individua l is the same age (± 1-2 yrs) if the 
last scute ring is flat and smooth or if the lateral (carapace) 
or medial (plastron) edge of the scute is not beveled. If the 
total number of annuli is greater than the maximum number 
reported for that species (Table 1), then caution needs to be 
used in the interpretation of the data. If scute annuli are still 
being formed, the ring closest to the seam is usually soft and 
can easily be indented using a pointed object. Especially in 
turtles with dark shells, new scute growth is often visible as 
a lighter colored area around the scute. If very thin rings are 
visible near the seam, particularly if beveling is evident, and 
the last countable layer is hard, then the turtle is likely older 
than the countable number of growth rings. 

Besides the ability to determine the age of many indi
viduals in a population by counting scute annuli, this tech
nique also means that growth of a large segment of a 
population can be modeled with only one handling of indi
viduals. However, accurately counting annuli is relatively 
time consuming and can slow down field work. If the goal of 
the study is to maximize captures, the time needed to 
determine age of all individuals may be prohibitive. How
ever, we believe that the advantages of determining age of 
individuals outweighs the time spent in most instances. 
Further, capture rates of some species, such as tortoises, are 
genera lly low so it is time well spent to maximize data 
obtained for captures. 

One method that can accelerate data acquisition in the 
field is to make a cast (negative) of one or several scutes 
using dental alginate material followed by making a positive 
impression using dental plaster in the laboratory (Ewing, 
1939; Galbraith and Brooks, 1987). We have found that 
these casting materials are readi ly available from most 
dental supply houses. Besides decreasing the time necessary 
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to gather age data in the field, a permanent record of growth 
is obtained. This can be quite useful when an individual is 
recaptured in later years. Although any scute can be cast, we 
have found that the second costal or the abdominal are 
usually the best to cast because of the relatively straight 
annuli formed. When we make casts, initial age determina 
tion is made in the field using a variety of scutes, but casts 
allow us to make final determinations of age and record 
growth data in the laboratory. We have used this method 
successfully in the field on Gopherus agassizii, G. berlandieri, 
G. flavomarginatus, Clemmys marmorata, and Emydoidea 
blandingii. This technique greatly decreased time spent in 
the field determining age and measuring growth annuli and 
reduced error under field conditions. 

No technique is without error. We recognize that count
ing scute annuli does not work in all instances, and we agree 
with Galbraith and Brooks (1987) and Litzgus and Brooks 
( 1998) that counts need to be validated as an estimate of age 
in turtles. We note, however, that this technique has been 
shown to estimate age reliably in a variety of species. 
Ultimately, any technique is only as good as those who apply 
it. We believe that with care, and following the assumptions 
of the technique, most researchers can use counts of scute 
annuli to determine the age structure of a large segment of a 
population. Unfortunately, no non-invasive method is avail
able to determine the age of turtles past the maximum 
number of countable scute annuli, except to recapture and re
examine turtles of known age. 

Acknowledgments. - We thank J.E. Lovich, P.C.H. 
Pritchard, AG.J. Rhodin, J.K. Tucker, and G.R. Zug for 
critically evaluating an earlier draft of this paper. 

Literature Cited 

AGASSIZ, L. 1857. Contributions to the Natural History of the United 
States of America. First Monograph. Volume I. Part I. Essay on 
Classification. Part II. North American Testudinata. Boston: Little, 
Brown and Co., pp. 1-452. 

AREsco, M.J., AND GUYER, C. In Press. The efficacy of using scute 
annuli to determine growth histories and age of Gopherus 
polyphemus in southern Alabama. Copeia. 

AUFFENBERG, W., AND WEA VER, W.G., JR. 1969. Gopherus berlandieri 
in southeastern Texas. Bull. Florida State Mus. Biol. Sci. 13: 141-203. 

BALCOMBE, J.P., AND Liem, L.E. 1987. Some aspects of the ecology 
of the Midland painted turtle, Chrysemys picta marginata, in Wye 
Marsh, Ontario. Can. Field-Naturalist 101:98-100. 

BAYLESS, L.E. 197 5. Population parameters for Chrysemys picta in a 
New York pond. Am. Midl. Nat. 93:168-176. 

BAYLEY, J.R., AND HIGHFIELD, A.C. 1996. Observations on ecological 
changes threatening a population of Testudo g raeca graeca in the 
Souss Valley, southern Morocco. Chelonian Conservation and 
Biology 2:36-42. 

BERRY, J.F., SEIDEL, M.E., and IVERSON, J.B. 1997. A new species of 
mud turtle (genus Kinosternon) from Jalisco and Colima, Mexico, 
with notes on its natural history. Chelonian Conservation and 
Biology 2:329-337. 

BENEDETTI, D. 1926. Ricerche sull' accrescimentodellaTestudo graeca 
(L.). Boll. 1st. Zool. Univ. Roma 3: 108-125. 

BLAIR, W.F. 1976. Some aspects of the biology of the ornate box 

turtle, Terrapene omata. Southwestern Nat. 21:89-104. 
BOURN, D., AND CoE, M. 1978. The size, structure and distribution of 

the giant tortoise population of Aldabra. Philos. Trans. R. Soc. 
London. B. Biological Sciences 282:139-175. 

BRANCH, W.R. 1984. Preliminary observations on the ecology of the 
angulate tortoise (Chersina angulata) in the eastern Cape Prov
ince, South Africa. Amphibia-Reptilia 5:43-55. 

BRAZA,F.,DELIBES,M.,ANDCAsTRoVIEJo,J.1981.Estudiobiometrico 
y biologico de la tortuga mora (Testudo graeca) en la Reserva 
Biologica de Donana, Huelva. Donana, Acta Vertebrata 8: 15-41. 

BROOKS, R.J., KRAWCHUK, M.A., STEVENS, C., AND KOPER, N. 1997. 
Testing the precision and accuracy of age estimation using lines in 
scutes of Chelydra serpentina and Chrysemys picta. J. Herpetol. 
31:521-529. 

BROOKS, R.J., SHJLTON, C.M., BROWN, G.P., AND QUINN, N.W.S. 1992. 
Body size, age distribution, and reproduction in a northern population 
of wood turtles (Clemmys insculpta). Can. J. Zool. 70:462-469. 

BUHLMANN, K.A. 1995. Habitat use, terrestrial movements, and 
conservation of the turtle, Deirochelys reticularia in Virginia. J. 
Herpetol. 29: 173-181. 

BURBIDGE, A.A. 1981. The ecology of the western swamp tortoise 
Pseudemydura umbrina (Testudines: Chelidae). Aust. Wildl. Res. 
8:203-223. 

BURY, R.B. 1979. Population ecology of freshwater turtles. In: 
Harless, M., and Morlock, H. (Eds.). Tuitles: Perspectives and 
Research. John Wiley and Sons, New York, pp. 571-602. 

BURY, R.B., AND GERMANO, D.J. 1998. Annual deposition of scute 
rings in the western pond turtle, Clemmys marmorata. Chelonian 
Conservation and Biology 3: 108-109. 

CAGLE, F.R. 1946. The growth of the slider turtle, Pseudemys scripta 
elegans. Amer. Midl. Nat. 36:685-729. 

CAGLE, F.R. 1948a. Sexual maturity in the male turtle, Pseudemys 
scripta troostii. Copeia 1948: 108-111. 

CAGLE, F.R. 1948b. The growth of turtles in Lake Glendale, Illinois. 
Copeia 1948: 197-203. 

CAGLE, F.R. 1950. The life history of the slider turtle, Pseudemys 
scripta troostii (Holbrook). Ecol. Monogr. 20:33-54. 

CAGLE, F.R. 1952a. The status of the turtles Graptemys pulchra Baur 
and Graptemys barbouri Carr and Marchand, with notes on their 
natural history. Copeia 1952:223-234. 

CAGLE, F.R. 1952b. A Louisiana terrapin population (Malaclemys). 
Copeia 1952:74-76. 

CAGLE,F.R.1953. ThestatusoftheturtleGraptemysoculifera(Baur). 
Zoologica 38:137-144. 

CAGLE, F.R. 1954a. Observations on the life cycles of painted turtles 
(Genus Chrysemys). Amer. Midi. Nat.. 52:225-235. 

CAGLE, F.R. 1954b. Two new species of the genus Graptemys. Tulane 
Studies in Zoology 1:167-186. 

CARR, A. 1952. Handbook of Turtles. Cornell University Press, 
Ithaca, 542 pp. 

CASTANET, J. 1988. Les methodes d'estimation de l'age chez Jes 
cheloniens. Mesogee 48:21-28. 

CASTANET, J., AND CHEYLAN, M. 1979. Les marques de croissance des 
os et des ecailles comme indicateur de I' age chez Testudo hermanni 
et Testudo graeca (Reptilia, Chelonia, Testudinidae ). Can. J. Zool. 
57:1649-1665. 

CHRISTIANSEN, J.L., AND BURKEN, R.R. 1979. Growthandmaturityofthe 
snapping turtle ( Chelydra serpentina). Herpetologica 35:261-266. 

CHRISTIANSEN, J.L., AND MOLL, E.O. 1973. Latitudinal reproductive 
variation within a single subspecies of painted turtle, Chrysemys 
picta bellii. Herpetologica 29:152-163. 

COKER, R.E. 1906. The cultivation of the diamond-back terrapin. 
North Carolina Geo!. Surv. Bull. No. 14, 67 pp. 



COMMENTARIES AND REVIEWS 129 

CONGDON, J.D., DUNHAM, A.E., AND VAN LoBEN Sas, R.C. 1993. 
Delayed sexual maturity and demographics of Blanding' s turtles 
(Emydoidea blandingi): implications for conservation and man
agement of long-lived organisms. Conserv. Biol. 7:826-833. 

CoNGOON, J.D., DUNHAM, A.E., AND VAN LoBEN Sas , R.C. 1994. 
Demographics of common snapping turtles ( Chelydra serpentina): 
implications for conservation and management of long-lived or
ganisms. Amer. Zool. 34:397-408. 

CONGDON, J.D., Gorrn, S.W., AND McDIARMID, R.W. 1992. Ontoge
netic changes in habitat use by juvenile turtles, Chelydraserpentina 
and Chrysemys picta. Can. Field-Naturalist 106:241-248. 

CoNGDON, J.D., AND VAN LoBEN Sas, R.C. 1991. Growth and body 
size in Blanding's turtles (Emydoidea blandingi) : relationships to 
reproduction. Can. J. Zool. 69:239-245. 

CONGDON, J.D., AND VAN LoBEN Sas, R.C. 1993. Relationships of 
reproductive traits and body size with attainment of sexual matu
rity in Blanding's turtles (Emydoidea blandingi). J. Evol. Biol. 
6:547-557. 

Cox, W.A., lIAzEuuG, J.B., TURNER, M.E., ANGUS, R.A., AND MARION, 
K.R. 1991. A model for growth in the musk turtle, Stemotherus 
minor, in a north Florida spring. Copeia 1991:954-968. 

DAIGLE, C. 1997. Size and characteristics of a wood turtle, Clemmys 
·insculpta, population in southern Quebec. Can. Field-Naturalist 
111:440-444. 

DoBIE, J .L. 1971. Reproduction and growth in the alligator snapping 
turtle, Macroclemys temmincki (Troost). Copeia 1971:645-658. 

DoRoFF, A.M., AND KErrH, L.B. 1990. Demography and ecology of an 
ornate box turtle (Terrapene omata) population in south-central 
Wisconsin. Copeia 1990:387-399. 

DUNHAM, A.E., AND GIBBONS, J.W. 1990. Growth of the slider turtle. 
In: Gibbons, J.W. (Ed.). Life History and Ecology of the Slider 
Turtle. Washington: Smithsonian Inst. Press, pp. 135-145. 

ERNST, C.H. 1970. Reproduction in Clemmys guttata. Herpetologica 
26:248-232. 

ERNST, C.H. 197 la . Growth of the painted turtle, Chrysemys picta, in 
southeastern Pennsylvania. Herpetologica 27:135-141. 

ERNST, C.H. 1971 b. Populationdynamicsandactivitycyclesof Chrysemys 
picta in southeastern Pennsylvania. J. Herpetol. 5: 151-160. 

ERNST, C.H. 1975. Growth of the spotted turtle, Clemmys guttata. J. 
Herpetol. 9:313-318. 

ERNST, C.H. 1977. Biological notes on the bog turtle, Clemmys 
muhlenbergii . Herpetologica 33:241-246. 

ERNST, C.H. 1986. Ecology of the turtle, Stemotherus odoratus, in 
southeastern Pennsylvania. J. Herpetol. 20:341-352. 

ERNST, C.H, AND BARBOUR, R.W. 1989. Turtles of the World. 
Smithsonian Institution Press, Washington, 313 pp. 

ERNST, C.H, AND ERNST, E.M. 1973. Biology of Chysemys picta bellii 
in southwestern Minnesota. J. Minnesota Acad. Sci. 38:77-80. 

ERNST, C.H., AND McDONALD, B.S., JR. 1989. Preliminary report on 
enhanced growth and early maturity in a Maryland population of 
painted turtles, Chrysemys picta. Bull. Maryland Herpetol. Soc. 
25:135- 142. 

ERNST, C.H., AND ZuG, G.R. 1994. Observations on the reproductive 
biology of the spotted turtle, Clemmys guttata, in southeastern 
Pennsylvania. J. Herpetol. 28:99-102. 

ERNST, C.H, BARBOUR, R.W., ERNST, E.M., AND BUTLER, J.R. 1973. 
Growth of the mud turtle, Kinostemon subrubrum , in Florida. 
Herpetologica 29:247-250. 

ERNST, C.H., Lov1CH, J.E., AND BARBOUR, R.W. 1994. Turtles of the 
United States and Canada. Smithsonian Institution Press, Wash
ington, 578 pp. 

ETCHBERGER, C.R., AND EHRHART, L.M. 1987. The reproductive biol
ogy of the female loggerhead musk turtle, Stemotherus minor 

minor, from the southern part of its range in central Florida. 
Herpetologica 43:66-73. 

ETCHBERGER, C.R., AND Srnv ALL, R.H. 1990. Seasonal variation in the 
testicular cycle of the loggerhead musk turtle, Stemotherus minor 
minor , from central Florida. Can. J. Zool. 68:1071-1074. 

EWING, H.E. 1939. Growth in the eastern box-turtle, with special 
reference to the dermal shields of the carapace. Copeia 1939:87-92. 

FARRELL, R.F., AND GRAHAM, T.E. 1991. Ecological notes on the turtle 
Clemmys insculpta in northwestern New Jersey. J. Herpetol. 25:1-9. 

FRAZER, N.B., GIBBONS, J.W., AND GREENE, J.L. 1990. Exploring 
Fabens' growth interval model with data of a long-lived vertebrate 
Trachemys scripta (Reptilia: Testudinata). Copeia 1990: 112-118. 

FRAZER, N.B., GIBBONS, J.W., AND GREENE, J.L. 1991a. Life history 
and demography of the common mud turtle Kinostemonsubrubrum 
in South Carolina, USA. Ecol. 72:2218-2231. 

FRAZER, N.B., GIBBONS, J.W., AND GREENE, J.L. 1991b. Growth, 
survivorship and longevity of painted turtles Chrysemys picta in a 
southwestern Michigan marsh. Amer. Midi. Nat. 125:245-258. 

FRAZER, N.B., GREENE, J.L., AND GIBBONS, J.W. 1993. Temporal 
variation in growth rate and age at maturity of male painted turtles, 
Chrysemys picta. Amer. Midl. Nat. 130:314-324. 

GALBRAITH, D.A., AND BROOKS, R.J. 1987. Addition of annual growth 
lines in adult snapping turtles, Chelydra serpentina. J. Herpetol. 
21:359-363. 

GALBRAITH, D.A., AND BROOKS, R.J. 1989. Age estimates for snapping 
turtles. J. Wildl. Manage. 53:502-508. 

GARBER, S.D. 1989. A comparison of two populations of Clemmys 
insculpta, the North American wood turtle. Plastron Papers 19:32-35. 

GA YMER, R. 1968. The Indian Ocean giant tortoise Testudo gigantea 
on Aldabra. J. Zool. 154:341-363. 

GERMANO, D.J. 1988. Age and growth histories of desert tortoises 
using scute annuli. Copeia 1988:914-920. 

GERMANO, D.J. 1992. Longevity and age-size relationships of popu
lations of desert tortoises. Copeia 1992:367-374. 

GERMANO, D .J. 1994. Growth and maturity of North American tortoises 
in response to regional climates. Can. J. Zool. 72:918-931. 

GERMANO, D.J. 1998. Scutes and age determination of desert tortoises 
revisited. Copeia 1998:482-484. 

GERMANO, D.J., AND FRITrs, T.H. 1994. Methods of age determination 
of the desert tortoise, Gopherus agassizii. Proc. Desert Tortoise 
Council 1987-1991, pp. 93-100. 

GERMANO, D.J., AND JoYNER, M.A. 1988. Changes in a desert tortoise 
( Gopherus agassizil) population after a period of high mortality. In: 
Szaro, R.C., Severson, KE., and Patton, D.R. (Eds.). Management of 
amphibians, reptiles, and small mammals in North America. USDA 
Forest Service, General Technical Report RM-166, pp. 190-198. 

GIBBONS, J. W. 1967. Variation in growth rates in three populations of 
the painted turtle, Chrysemys picta. Herpetologica 23:296-303. 

GIBBONS, J.W. 1968a. Growth rates of the common snapping turtle, 
Chelydra serpentina, in a polluted river. Herpetologica 24:266-267. 

GIBBONS, J.W. 1968b. Population structure and survivorship in the 
painted turtle, Chrysemys picta . Copeia 1968:260-268. 

GIBBONS, J.W. 1968c. Reproduction potential, activity, and cycles in 
the painted turtle, Chrysemys picta . Ecol. 49:399-409. 

GIBBONS, J. W. 1969. Ecology and population dynamics of the chicken 
turtle, Deirochelys reticularia. Copeia 1969:669-676. 

GIBBONS, J.W. 1970. Reproductive dynamics of a tu.rtle (Pseudemys 
scripta) population in a reservoir receiving heated effluent from a 
nuclear reactor. Can. J. Zool. 48:881-885. 

GIBBONS, J.W. 1976. Aging phenomena in reptiles. In: Elias, M.F., 
Eleftheriou, B.E., and Elias, P.K. (Eds.). Special review of experi
mental aging research. EAR Inc., Bar Harbor, Maine, pp. 453-475. 

GIBBONS, J.W. 1983. Reproductive characteristics and ecology of the 



130 CHELONIAN CONSERVATION AND BIOLOGY, Volume 3, Number 1-1998 

mud turtle, Kinosternon subrubrum (Lacepede). Herpetologica 
39:254-271. 

GIBBONs,J.W. 1987. Why do turtles live so long?Bioscience37:262-269. 
GIBBONS, J.W., AND CoKER, J.W. 1977. Ecological and life history 

aspects of the cooter, Chrysemys floridana (Le Conte). 
Herpetologica 33:29-33. 

GIBBONS, J.W., AND GREENE, J.L. 1990. Reproduction in the slider 
turtle and other species of turtles. In: Gibbons, J.W. (Ed.). Life 
History and Ecology of the Slider Turtle. Washington: Smithsonian 
Inst. Press, pp. 124-134. 

GIBBONS, J.W., AND Lov1cH, J.E. 1990. Sexual dimorphism in turtles 
with emphasis on the slider turtle (Trachemys scripta). Herpetol. 
Monogr. 4:1-29. 

GIBBONS, J.W., SEMLITSCH, R.D., GREENE, J.L., AND SCHUBAUER, P. 
1981. Variation in age and size at maturity of the slider turtle 
(Pseudemys scripta). Amer. Nat. 117:841-845. 

GIBSON, C.W.D., AND HAMILTON, J. 1984. Population processes in a 
large herbivorous reptile: the giant tortoise of Aldabra atoll. 
Oecologia 61 :230-240. 

GoRDON,D.M.,ANDMAcCuLwctt,R.D.1980. An investigation of the 
ecology of the map turtle, Graptemys geographica (Le Sueur), in 
the northern part of its range. Can. J. Zool. 58:2210-2219. 

GRAHAM, T.E. 1969. Pursuit of the Plymouth turtle. Int. Tort. Tort. 
Soc. Jour. 3(1):10-13. 

GRAHAM, T.E. 1970. Growth rate of the spotted turtle, Clemmys 
guttata, in southern Rhode Island. J. Herpetol. 4:87-88. 

GRAHAM, T.E. 1971. Growth rate of the red-bellied turtle, Chrysemys 
rubiventris, at Plymouth, Massachusetts. Copeia 1971:353-356. 

GRAHAM, T.E. 1979. Life history techniques. In: Harless, M., and 
Morlock, H. (Eds.). Turtles: Perspectives and Research. John 
Wiley and Sons, New York, pp. 73-95. 

GRAHAM, T.E. 1989. Map and softshell turtles from Vermont. Bull. 
Maryland Herpetol. Soc. 25:35-39. 

GRAHAM, T.E. _ 1995. Habitat use and population parameters of the 
spotted turtle, Clemmys guttata, a species of special concern in 
Massachusetts. Chelonian Conservation and Biology 1 :207-214. 

GRAHAM, T.E., AND DoYLE, T.S. 1977. Growth and population char
acteristics of Blanding' s turtle, Emydoidea blandingii, in Massa
chusetts. Herpetologica 33:410-414. 

GRAHAM, T.E., AND DOYLE, T.S. 1978. Dimorphism, courtship, eggs, 
and hatchlings of the Blanding's turtle, Emydoidea blandingii 
(Reptilia, Testudines, Emydidae) in Massachusetts. J. Herpetol. 
13:125-127. 

GRAHAM, T.E., AND PER.KlNs, R.W. 1976. Growth of the common 
snapping turtle, Chelydra s. serpentina, in a polluted marsh. Bull. 
Maryland Herpetol. Soc. 12:123-125. 

GRUBB, P. 1971. The growth, ecology and population structure of giant 
tortoises on Aldabra. Philos. Trans. R. Soc. London 260:327-372. 

HAILEY, A. 1988. Population ecology and conservation of tortoises: 
the estimation of density, and dynamics of a small population. 
Herpetol. J. 1:263-271. 

HAILEY, A. 1990. Adult survival and recruitment and the explanation of 
an uneven sex ratio in a tortoise population. Can. J. Zool. 68:547-555. 

HAILEY, A., AND LoUMBOURDIS, N.S. 1990. Population ecology and 
conservation of tortoises: demographic aspects of reproduction in 
Testudo hermanni. Herpetol. J. 1:425-434. 

HAMMER, D.A. 1969. Parameters of a marsh snapping turtle population, 
Lacreek Refuge, South Dakota. J. Wildl. Manage. 33:995-1005. 

HARDING, J.H. 1997. Amphibians and Reptiles of the Great Lakes 
Region. Ann Arbor: University of Michigan Press, 378 pp. 

HARDING, J.H., AND BLOOMER, T.J. 1979. The wood turtle, Clemmys 
insculpta ... a natural history. HERP - Bull. New York Herpetol. 
Soc. 15:9-26. 

HART, D.R. 1982. Growth of painted turtles, Chrysemys picta, in 
Manitoba and Louisiana. Can. Field-Naturalist 96:127-130. 

HERMAN, T.B., POWER, T.D., AND EATON, B.R. 1994. Status of 
Blanding' s turtle, Emydoidea blandingii, in Nova Scotia, Canada. 
Can. Field-Naturalist 108:182-191. 

HULSE, A.C. 1976. Growth and morphometrics of Kinostemon 
sonoriense (Reptilia, Testudines, Kinosternidae). J. Herpetol. 
10:341-348. 

HULSE, A.C. 1982. Reproduction and population structure in the turtle 
Kinostemon sonoriense. Southwestern Nat. 27:447-456. 

lNoZEMTSEV, A.A., AND PEREsHKOLNIK, S.L. 1994. Status and conser
vation prospects of Testudo graeca L. inhabiting the Black Sea 
coast of the Caucasus. Chelonian Conservation and Biology 
1:151-158. 

IVERSON, J.B. 1978. Reproductive cycle of female loggerhead musk 
turtles (Stemotherus minor minor). Herpetologica 34:33-39. 

IVERSON, J.B. 1979a. Reproduction and growth of the mud turtle, 
Kinosternon subrubrum (Reptilia, Testudines, Kinosternidae), in 
Arkansas. J. Herpetol. 13:105-111. 

IVERSON, J.B. 1979b. The female reproductive cycle in North Florida 
Kinostemon subrubrum (Testudines: Kinosternidae). Brimleyana 
1:37-46. 

IVERSON, J.B. 1981. Biosystematics of the Kinostemon hirtipes 
species group. Tulane Stud. Zoo!. Bot. 23:1-74. 

IVERSON, J.B. 1982. Ontogenetic changes in relative skeletal mass in 
the painted turtle Chrysemys picta. J. Herpetol. 16:412-414. 

IVERSON, J.B. 1988a. Distribution and status of Creaser' s mud turtle, 
Kinostemon creaseri. Herpetol. J. 1:285-291. 

IVERSON, J.B. 1988b. Growth in the common map turtle, Graptemys 
geographica. Trans. Kansas Acad. Sci. 91:153-157. 

IVERSoN,J.B.1989a. NaturalhistoryoftheAlarnosmudturtle,Kinostemon 
alanwsae (Kinosternidae ). Southwestern Nat 34: 134-142. 

IVERSON, J.B. 1989b. The Arizona mud turtle, Kinostemonjlavescens 
arizonense (Kinosternidae), in Arizona and Sonora. Southwestern 
Nat. 34:356-368. 

IVERSON, J.B. 1991. Life history and demography of the yellow mud 
turtle, Kinostemonflavescens. Herpetologica 47:373-395. 

IVERSON, J.B, AND SMITH, G.R. 1993. Reproductive ecology of the 
painted turtle (Chrysemys picta) in the Nebraska sandhills and 
across its range. Copeia 1993:1-21. 

IVERSON, J.B, BARTHELMESS, E.L., SMITH, G.R., AND DER.IVERA, C.E. 
1991. Growth and reproduction in the mud turtle, Kinostemon 
hirtipes in Chihuahua, Mexico. J. Herpetol. 25:64-72. 

IVERSON, J.B, HIGGINS, H., SmULNIK, A., AND GRIFFITHS, C. 1997. Local 
and geographic variation in the reproductive biology of the snap
ping turtle ( Chelydra serpentina) . Herpetologica 53:96-117. 

JACKSON, D.R.,AND WALKER, R.N. 1997. Reproduction in the Suwannee 
cooter, Pseudemys concinna suwanniensis. Bull. Florida Mus. 
Nat. Hist. 41:69-167. 

JoNES, R.L., AND HARTFIELD, P .D. 1995. Population size and growth in 
the turtle Graptemys oculifera. J. Herpetol. 29:426-436. 

JUDD, F.W., AND RosE, F.L. 1983. Population structure, density and 
movements of the Texas tortoise Gopherus berlandieri. South
western Nat. 28:387-398. 

KELLER, C. 1997. Discriminant analysis for sex determination in 
young Mauremys leprosa. J. Herpetol. 31 :456-459. 

KENNETT, R. 1996. Growth models for two species of freshwater 
turtle, Chelodina rugosa and Elseya dentata, from the wet-dry 
tropics of northern Australia. Herpetologica 52:383-395. 

KOFRON, C.P. 1991. Aspects of ecology of the threatened ringed sawback 
turtle, Graptemys oculifera. Amphibia-Reptilia 12:161-168. 

KucHLING, G., AND BLOXAN, Q.M.C. 1988. Field-data on the 
Madagascan flat tailed tortoise Pyxis (Acini.xys) planicauda. Am-



COMMENTARIES AND REVIEWS 131 

phibia-Reptilia 9: 181-187. 
LAHANAS, P .N. 1982. Aspects of the life history of the southern black

knobbed sawback, Graptemys nigrinoda delticola Folkerts and 
Mount. M.S. Thesis, Auburn University, Alabama. 

LAMBERT, M.R.K. 1982. Studies on the growth, structure and abun
dance of the Mediterranean spur-thighed tortoise, Testudo graeca 
in field populations. J. Zool., London 196:165-189. 

LAMBERT, M.R.K. 1993. On growth, sexual dimorphism, and the 
general ecology of the African spurred tortoise, Geochelone sulcata, 
in Mali. Chelonian Conservation and Biology 1:37-46. 

LAMBERT, M.R.K. 1995. On geographical size variation, growth, and 
sexual dimorphism of the leopard tortoise, Geochelone pardalis, in 
Somaliland. Chelonian Conservation and Biology 1:269-278. 

LANDERS, J.L., McRAE, W.A., AND GARNER, J.A. 1982. Growth and 
maturity of the gopher tortoise in southwestern Georgia. Bull. 
Florida State Mus. Biol. Sci. 27: 81-110. 

LEGLER,J.M. 1960. Naturalhistoryoftheornate box turtle, Terrapene 
omata ornata Agassiz. Univ. Kansas Publ. Mus. Nat. Hist. 
11:527-669. 

LINDEMAN, P.V. 1996. Comparative life histories of painted turtles 
( Chrysemys picta) in two habitats in the inland Pacific Northwest. 
Copeia 1996:114-130. 

LJNDEMAN,P.V.1997.Contributiontowardimprovementofmodelfit 
in nonlinear regression modelling of turtle growth. Herpetologica 
53: 179-19 l. 

Lrrzaus, J.D., AND BROOKS, R.B. 1998. Testing the validity of counts 
of plastral scute rings in spotted turtles, Clemmys guttata . Copeia 
1998:222-225. 

Lru, C., AND Hu, S. 1940. Notes on the growth of Geoclemys reevesii . 
Peking Nat. Hist. Bull. 14:253-266. 

LoNG, D.R. 1986. Clutchforrnationin the turtle,Kinostemonflavescens 
(Testudines: Kinosternidae ). Southwestern Nat. 31: 1-8. 

LoVICH, J.E., ERNST, C.H., AND McBREEN, J.F. 1990. Growth, matu
rity, and sexual dimorphism in the wood turtle, Clemmys insculpta. 
Can. J. Zool. 68:672-677. 

Lov,cH, J.E., ERNST, C.H., ZAPPALORTI, R.T., AND HERMAN, D.W. 
1998. Geographic variation in growth and sexual size dimorphism 
of bog turtles ( Clemmys muhlenbergii). Am. Midi. Nat. 139:69-78. 

MAcCuLLOCH, R.D., AND SEcoY, D.M. 1983. Geography, growth, and 
food of western painted turtles, Chrysemys picta bellii (Gray), 
from southern Saskatchewan. Can. J. Zoo!. 61:1499-1509. 

MAGNUSSON, W.E., CARDOSA DE LIMA, A., LoPES DA COSTA, V., AND 
PIMENTAL DE LIMA, 0. 1997. Growth of the turtle, Phrynops rufipes, 
in central Amazonia, Brazil. Chelonian Conservation and Biology 
2:576-581. 

MAHMOUD, LY. 1967. Courtship behavior and sexual maturity in four 
species of kinosternid turtles. Copeia 1967:314-319. 

MAHMOUD, I. Y. 1969. Comparative ecology of the kinosternid turtles 
of Oklahoma. Southwestern Nat. 14:31-66. 

MEEK, R. 1985. Aspects of the ecology of Testudo hermanni in 
southern Yugoslavia. British J. Herpetol. 6:437-445. 

MEEK, R. 1987. Aspects of the population ecology of Mauremys 
caspica in north west Africa. Herpet. J. 1:130-136. 

MEEK, R. 1989. The comparative population ecology of Hermanns 
tortoise, Testudo hermanni in Croatia and Montenegro, Yugosla
via. Herpetol. J. 1:404-414. 

MlmoN, S.A., JR. 1972. Amphibians and Reptiles oflndiana. Indiana 
Acad. Sci., Indianapolis, 346 pp. 

MITCHELL, J.C. 1985a. Variation in the male reproductive cycle in a 
population of painted turtles, Chrysemys picta, from Virginia. 
Herpetologica 41:45-51. 

MITCHELL, J.C. 1985b. Female reproductive cycle and life history 
attributes in a Virginia population of painted turtles, Chrysemys 

picta. J. Herpetol. 19:218-226. 
MrrcHELL, J.C. 1985c. Female reproductive cycle and life history 

attributes in a Virginia population of stinkpot turtles, Stemotherus 
odoratus . Copeia 1985:941-949. 

MITCHELL, J.C. 1988. Population ecology and life histories of the 
freshwater turtles Chrysemys picta and Stemotherus odoratus in 
an urban lake. Herpetol. Monogr. 2:40-61. 

MITCHELL, J.C., AND PAGUE, C.A. 1990. Body size, reproductive 
variation, and growth in the slider turtle. In: Gibbons, J.W. (Ed.). 
Life History and Ecology of the Slider Turtle. Washington: 
Smithsonian Inst. Press, pp. 146-151. 

MITCHELL, J.C, AND RHooIN, A.G.J. 1996. Observations on the natural 
history and exploitation of the turtles of Nepal, with life history 
notes on Melanochelys trijuga. Chelonian Conservation and Biol
ogy 2:66-72. 

MoLL, D. 1976. Environmental influence on growth rate in the 
Ouachita map turtle, Graptemys pseudogeographica ouachitensis . 
Herpetologica 32:439-443. 

MoLL, D.,AND KLEMENS, M.W. 1996. Ecological characteristics of the 
pancake tortoise, Malacochersus tomieri, in Tanzania. Chelonian 
Conservation and Biology 2:26-35. 

MoLL, E.O. 1973. Latitudinal and intersubspecific variation in repro
duction of the painted turtle, Chrysemys pi cta. Herpetologica 
29:307-318. 

MoLL, E.O. 1980. Natural history of the river terrapin, Batagur baska 
(Gray) in Malaysia (Testudines: Emydidae). Malaysian J. Sci. 
6:23-62. 

MoLL, E.O., AND LEGLER, J.M. 1971. The life history of a neotropical 
slider turtle, Pseudemys scripta (Schoepft), in Panama. Bull. Los 
Angeles Co. Mus. Nat. Hist. Sci. 11: 1-102. 

MoRR1s, M.A., AND SWEET, M.J. 1985. Size, age, and growth of an 
alligator snapping turtle, Macroclem ys temmincki, from Illinois. 
Trans. Illinois Acad. Sci. 78:241-245. 

MusHINSKY,H.R.,WILSoN,D.S.,ANDMcCoY,E.D.1994.Growthand 
sexual dimorphism of Gopherus polyphemus in central Florida. 
Herpetologica 50: 199-128. 

NICHOLS, J.T. 1939. Data on size, growth and age in the box turtle, 
Terrapene carolina. Copeia 1939: 14-20. 

PEREz, M., COLLADO, E., AND RAMo, C. 1979. Crecirniento deMauremys 
caspicaleprosa(Schweigger, 1812)(Reptilia, Testudines)enlaReserva 
Biologicade Dofiana. Dofiana, Acta Vertebrata 6:161-178. 

PER.u..Lo, K.M. 1997. Seasonal movements and habitat preferences of 
spotted turtles (Clemmys guttata) in north central Connecticut. 
Chelonian Conservation and Biology 2:445-447. 

PILGRIM, M.A., FARRELL, T.E., AND MAY, P.G. 1997. Population 
structure, activity, and sexual dimorphism in a central Florida 
population of box turtles, Terrapene carolina bauri. Chelonian 
Conservation and Biology 2:483-488. 

POWDERS, V.N. 1978. Observations on oviposition and natural incu
bation of eggs of the snapping turtle, Macroclemys temmincki, in 
Georgia. Copeia 1978:154-156. 

PRITCHARD, P.C.H., AND TREBBAU, P. 1984. The Turtles of Venezuela. 
Soc. Stud. Amph. Rept. Contrib. Herpetol. No. 2, 403 pp. 

QUINN, A.I ., AND CHRISTIANSEN, J.L. 1972. The relationship between 
bottom type and growth rate of western painted turtles Chrysemys 
picta belli in Iowa, a preliminary report. Proc. Iowa Acad. Sci. 
78:67-69. 

RHoDIN, A.G.J. 1994. Chelid turtles of the Australasian Archipelago: 
11. A new species of Chelodina from Roti Island, Indonesia. 
Breviora 498:1-31. 

RICKARD, R.S., ENGEMAN, R.M., ZERBE, G.O., AND BURY, R.B. 1989. 
A nonparametric comparison of monomolecular growth curves: 
application to western painted turtle data. Growth, Develop. and 



132 CHELONIAN CONSERVATION AND BIOLOGY, Volume 3, Number 1 - 1998 

Aging 53:47-56. 
RISLEY, P.L. 1933. Observations on the natural history of the common 

musk turtle, Stemotherus odoratus (Latreille). Pap. Mich. Acad. 
Sci. Arts Let. 17 :685-711. 

Ross, D.A. 1989. Population ecology of painted and Blancting's 
turtles (Chrysem ys pi cta and Emydoidea blandingi) in central 
Wisconsin. Wis. Acad. Sci. Arts Let. 77:77-84. 

Ross, D.A., BREWSTER, K.N., ANDERSON, R.K., RATNER, N., AND 
BREWSTER, C.M. 1991. Aspects of the ecology of wood turtles, 
Clemmys insculpta, in Wisconsin. Can. Field Naturalist 105:363-367. 

RowE, J.W. 1992. Observations ofbody size, growth, and reproduc
tion in Blanding's turtle (Emydoidea blandingi) from western 
Nebraska. Can. J. Zoo!. 70:1690-1695. 

RoWE, J.W. 1997. Growth rate, body size, sexual dimorphism and 
morphometricvariationinfourpopulationsof paintedturtles( Chrysemys 
picta 1Jelli1) from Nebraska. Am Midi. Nat. 138: 174-188. 

SCHWARTZ, E.R., SCHWARTZ, C.W., AND KEISTER, A.R. 1984. The 
three-toed box turtle in central Missouri, Part II: a nineteen-year 
study of home range, movements and population. Missouri Dept. 
Conser. Terrestrial Series No. 12, 29 pp. 

SEIGEL, R.A. 1984. Parameters of two populations of ctiamond back 
terrapins (Malaclemys terrapin) on the Atlantic coast of Florida. In: 
Seigel, R.A., Hunt, L. E., Knight, J.L., Malaret, L., and Zusch!ag, N.L. 
(Eds.) . Vertebrate Ecology and Systematics. A Tribute to Henry S. 
Fitch. Univ. Kansas Mus. Nat Hist. Spec. Pub!. 10:77-87. 

SERGEEV, A. 1937. Some materials to the problem of the reptile 
postembryonic growth. Zoologicheskii Zhurnal 16:723-735. 

SEXTON, O.J. 1959. A method of estimating the age of painted turtles 
for use in demographic stucties. Ecol. 40:716-718. 

SHEALY, R.M. 1976. The natural history of the Alabama map turtle, 
Graptemys pulchra Baur, in Alabama. Bull. Florida State Mus. 
Biol. Sci. 21:47-111. 

SPEARMAN, R.LC. 1969. The epidermis of the gopher tortoise Testudo 
polyphemus (Daudin). Acta Zoologica 50: 1-9. 

ST. CLAIR, R., GREGORY, P.T., AND MACARTNEY, J.M. 1994. How do 
sexual differences in growth and maturation interact to determine size 
in northern and southern painted turtles? Can. J. Zoo!. 72: 1436-1443. 

STICKEL, L.F. 1978. Changes in a box turtle population during three 
decades. Copeia 1978:221-225. 

STICKEL, L.F., AND BUNCK, C.M. 1989. Growth and morphometrics of 
the box turtle, Terrapene c. carolina. Herpetologica 23:216-223. 

STORER, T.I. 1930. Notes on the range and life-history of the Pacific 
fresh-water turtle, Clemmys mannorata. Univ. Calif. Pub!. Zoo!. 
32:429-441. 

STOTT, P. 1988. Use of growth rings to determine age in the freshwater 
tortoise Chelodina longicollis: a cautionary tale. Trans. R. Soc. S. 
Australia 112:179-180. 

STUBas,D., HAILEY, A., PuLFORD, E.,ANDTYLER, W . 1984. Population 
ecology of European tortoises: review of field techniques. Am 

phibia-Reptilia 5:57-68. 
STUBBS, D., SWINGLAND, LR., HAILEY, A., ANDPuLFoRD, E. 1985. The 

ecology of the Mediterranean tortoise Testudo hermanni in north
ern Greece (the effects of a catastrophe on population structure and 
density). Biol. Conser. 31:125-152. 

SWINGLAND, LR., AND CoE, M.J. 1979. The natural regulation of giant 
tortoise populations on Aldabra Atoll. Philos. Trans. R. Soc. 
London. B. Biol. Sci. 286:177-188. 

SWINGLAND, I.R., NORTH, P.M., DENNIS, A., AND PARKER, M.J. 1989. 
Movement patterns and morphometrics in giant tortoises. J. Anim. 
Ecol. 58:971-985. 

TINKLE,D.W. 1958. ThesystematicsandecologyoftheStemothaerus 
carinatuscomplex (Testudinata, Chelydridae). Tulane Stud. Zoo!. 
6:1-56. 

TOWNSEND, C.H. 1931. Growth and age in the giant tortoise of the 
Galapagos. Zoologica 9:459-474. 

TOWNSEND, C.H. 1937. Growth of Galapagos tortoises, Testudo 
vicina, from 1928 to 1937. Zoologica 22:289-293. 

TRACY, C.R., AND TRACY, C.R. 1995. Estimating age of desert tortoises 
(Gopherus agassi zii) from scute rings. Copeia 1995:964-966. 

TucKER, A.D., AND SLOAN, K.N. 1997. Growth and reproductive 
estimates from alligator snapping turtles, Macroclemys temminckii, 
taken by commercial harvest in Louisiana. Chelonian Conserva
tion and Biology 2:587-592. 

TucKER, J.K. 1978. Variation in reproductive potential and growth in 
Chrysemys picta within a single body of water. Bull. Maryland 
Herpetol. Soc. 14:223-232. 

TUCKER, J.K., AND MOLL, D. 1997. Growth, reproduction, and survi
vorship in the red-eared turtle, Trachemys scripta elegans, in 
Illinois, with conservation implications. Chelonian Conservation 
and Biology 2:352-357. 

TuCKER,J.K.,MAHER, R.J., AND ThEiuNo, C.H. 1995a. Melanisminthered
eared slider (Trachemys scripta elegans). J. Herpetol. 29:291-2%. 

TucKF.R, J.K., MAHER, R.J., AND THEIUNG, C.H. 1995b. Year-to-year 
variation in growth in the red-eared turtle, Trachemys scripta elegans. 
Herpetologica 51 :354-358. 

vANl.oBEN Sa.s,R.C., CoNGOON,J.D., ANDAuSTIN,J.T. 1997. Life history 
and ecology of the Sonoran mud turtle (Kinostemon sonoriense) in 
southeastern Arizona: a preliminary report. Chelonian Conservation 
and Biology 2:338-344. 

Voor, R.C. 1980. Natural history of the map turtles Graptemys 
pseudogeographica and G. ouachitensis in Wisconsin. Tulane Stud. 
Zoo!. Bot. 22:17-48. 

WF1lB, R.G. 1961. Observations on the life histories of turtles (genus 
Pseudemys and Graptemys) in Lake Texoma, Oklahoma. Am. Midi. 
Nat 65:193-214. 

Wll.BUR, H.M. 1975. A growth model for the turtle Chrysemys picta . 
Copeia 1975:337-343. 

Y ABE, T. 1989. Population structure and growth of the Japanese pond 
turtle, Mauremys japonica . Japanese J. Herpetol. 13:7-9. 

Y ABE, T. 1992. Sexualdifferencesin annual activity andhomerangeofthe 
Japanese pond turtle, Mauremys japonica, assessed by mark-recapture 
and ractio-tracking methods. Japanese J. Herpetol. 14: 191-197. 

ZANGERL, R. 1969. The turtle shell. In: Gans, C., Bellairs, A.d' A., and 
Parsons, T.S. (Eds.). Biology of the Reptilia, Volume I, Morphology 
A. Academic Press, London, pp. 311-339. 

Zuo, G.R. 1991. Age determination in turtles. Society for the Study of 
Amphibians and Reptiles, Herpetol. Circular No. 20, 28 pp. 

ZWEIFEL, R.G. 1989. Long-term ecological studies on a population of 
painted turtles, Chrysemys picta , on Long Island, New Yorlc. Am. Mus. 
Novitates 2952:1-55. 

Received: 18 November 1997 
Reviewed: 3 May 1998 
Revised and Accepted: 10 June 1998 


