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METHODS OF AGE DETERMINATION OF THE DESERT TORTOISE, GOPHERUS
AGASSIZII

David J. Germano and Thomas H. Fritts

Abstract. Methods previously used to determine ages of desert tortoises (Gopherus
agassizii} have disadvantages because they are either 1) time consuming, 2} destructive, or 3}
inaccurate. Repeated capture of chelonians marked as hatchlings gives accurate ages of
individuals (Metcalf and Metcalf 1985), but requires much field effort over several years and is
limited to only those individuals recaptured. Analysis of bone annuli is another accurate means
of determining age (Zug et al. 1986; Zug 1991), but to date requires extraction of a long bone,
which restricts uses to dead specimens. Shell-wear patterns roughly categorize all individuals
in a population (Berry and Woodman 1984), but ages are only approximate and the amount of
shell wear may be subject to a variety of environmental effects.

In contrast, the number of scute annuli counted on the shell accurately reflects the age
of desert tortoises up until about 25 yr of age. Scute annuli not only allow for accurate age
determination of individuals with only one handling, but also have the added advantage of
yielding the growth history of each individual. Extending age determination of tortoises past 25
yr may be possible using thin sections of scute viewed under magnification. Scute annuli and
laminations potentially provide an accurate means of aging all desert tortoises in a population.

INTRODUCTION

Determining ages of individuals is a necessary part of quantitative population analyses {Charlesworth
1980; Gibbons 1987). To accurately assess the status of desert tortoise populations, life-history traits such
as juvenile survivorship,- age-at-first-reproduction, adult survivorship, and fecundity must be determined.
Fluctuations in these population traits can alter the viability of a population. Some life-history traits can only
be determined by accurately aging each individual in a population. Several techniques have been used for
determining ages in tortoises, but all have suffered from serious shortcomings that limit their use in living
populations. We compare techniques used to determine ages of desert tortoises (Gopherus agassizii} and
suggest the use of one technique that is accurate, non-destructive, and can be used with one handling of an
individual.

Age Determination in Tortoises

Mark-and-Recapture - The most accurate method for determining ages of individual tortoises is to mark
hatchlings or very young tortoises, for which ages at the time of first capture can be assigned accurately. These
individuals are then recaptured over many years, and for each subsequent recapture the age is known (Medica
etal. 1975; Gibbons 1987; Turner etal. 1987; Zug 1991). This technique yields exact ages of individuals, but
itis time-consuming. Other disadvantages are that not all marked individuals will be recaptured, some die, and
some disperse out of the area. The inability to find tortoises hampers recaptures of individuals, and this problem
becomes more acute in areas of dense vegetation and in areas where dispersal is significant. Adult desert
tortoises are fairly easily found in Mojave Desert habitats, but small tortoises are largely undetected (Berry and
Turner 1986). All size classes become harder to detect as visibility becomes increasingly poorer in the dense
vegetation of Sonoran and Sinaloan habitats (Germano et al. 1993).

Bone Analyses - This technique is accurate for young tortoises and can be used to determine ages of all individuals
if corrections can be made for lost bone annuli due to reconstruction of bone in older individuals (Castanet et
al. 1977, Castanet and Cheylan 1979; Zug et al. 1986; Zug 1991). The major drawback is the need for a long
bone to be used in the analysis. To date, annual bone growth in tortoises has been detectable only in long bones
such as humeri and femurs. Thus, only dead individuals can reasonably be used (Zug 1991).
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Shell Wear - This technique has been devised for determining ages of individuals based on the size and relative
wear of the shell (Berry and Woodman 1984). Using this method, individuals are placed into various size/age
classes. Each individual is assigned to an approximate age class with only one handling and individuals are not
killed. One disadvantage is that individuals are assigned to general age classes only, which are not very useful
in quantitative population analyses. For example, if reproductively mature individuals are lumped together as
adults, the population structure may seem skewed (Fig. 1). This could significantly alter a biologist's perception
of the viability of a population. Another disadvantage is that although wear on shells is partly a function of age,
it is also a function of differences in environmental factors, such as soil texture and habitat composition. Even
within the same general area, two individuals of the same age may have different amounts of sheil wear due
to microsite differences. Desert tortoises exist in sandy valley habitats in the Mojave Desert as well as on rocky,
boulder strewn hillsides in the Sonoran Desert (Germano et al. 1993).

Scute Rings - Many chelonians produce growth rings on their scutes that potentially can be used for age
determination. Although the following list is not exhaustive, scute rings have been used for determining ages
of young individuals of Chrysemys picta (Sexton 1959; Gibbons 1967, 1968a; Ernst 1971), Chrysemys floridana
(Gibbons and Coker 1978), Trachemys [Pseudemys) scripta (Cagle 1946; Moll and Legler 1971), Clemmys
insculpta (Lovich et al. 1990), Clemmys guttata (Ernst 1975), Emydoidea blandingi {Graham and Doyle 1977,
Ross 1989; Congdon and van Loben Sels 1991), Graptemys pseudogeographica (Moil 1976}, Deirochelys
reticularia (Gibbons 1969), Chelydra serpentina (Gibbons 1968b; Galbraith and Brooks 1989), Terrapene ornata
(Legler 1960; Blair 1976; Doroff and Keith 1990), Terrapene carolina (Ewing 1939; Stickel 1978, Stickel and
Bunck 1989), Kinosternon flavescens (Long 1986), Kinosternon subrubrum (Ernst et al. 1973; Gibbons 1983),
Pyxis planicauda (Kuchling and Bloxam 1988), Chersina angulata (Branch 1984), Testudo hermanni and T.
graeca (Castanet and Cheylan 1979; Lambert 1982; Stubbs et al. 1984}, Geochelone gigantea (Gaymer 1968;
Grubb 1971; Bourn and Coe 1978; Swingland and Coe 1979}, Gopherus berlandieri (Auffenberg and Weaver
1969; Judd and Rose 1983), Gopherus flavomarginatus (Gary Adest, pers. comm.), and Gopherus polyphemus
{Landers et al. 1982). In addition, both Gibbons (1976} and Zug (1991) found that counts of scute rings were
one of the best methods of estimating ages in chelonians.

The accuracy of counts of scute rings for determining ages of desert tortoises requires demonstrating
arelationship between number of scute rings and actual age. This relationship was demonstrated for a population
of desert tortoises at the Nevada Test Site in the northern Mojave Desert (Germano 1988). These tortoises
ranged in age from 21-25 yr, and counts of scute rings were either exactly the age of the tortoise or were within
1-2 yr of the known age. In addition, counts of scute rings were exactly the same as age for six captive raised
desert tortoises, and the number of bone rings counted from long bones were not significantly different from
counts of scute rings for 16 dead desert tortoises {(Germano 1988). Although this work demonstrated the utility
of using scute rings to determine ages of desert tortoises, the use of easily seen scute rings limits aging animals
to those < 20-25 yr of age. Sectioning the edges of scutes revealed the presence of additional layers in animals
that seemed older than 25 yr (Germano 1992), tortoises for which scutes are beveled on the edges (Fig. 2). Only
minimum estimates of age could be determined from this method because no tortoises of known age were
available, but it is possible that this method actually reveals true ages of older individuals. Other methods of
aging tortoises > 25 yr should be tested, such as bore cores taken from marginal scutes (P.A. Medica, pers.
comm.).

DISCUSSION

Quantitative demographic analyses of desert tortoise populations require a knowledge of the age of living
individuals. Mark-recapture, bone analysis, and the shell-wear technique have serious disadvantages that
preclude their use in this type of analysis. Counts of scute rings are an accurate means of determining ages of
desert tortoises less than 25 yr. Analysis of thinned sections of scute for tortoises older than 25 yr extended
the ability to determine the age of any individual.

Criteria for using easily seen scute rings to age desert tortoises are that the number of rings is less than
20-25 and that the last ring shows a clean edge as it abuts the last ring of an adjacent scute (Fig. 2). Desert
tortoises are likely older than the number of scute rings visible to the unaided eye when the last scute ring is
not distinct and the edge of the scute is beveled (Fig. 2). For these individuals, we suggest cutting off a thin
section of epidermal material from the edge of a carapace scute for further microscopic analysis. We have taken
thin scute sections from living desert tortoises that appear older than 25 yr without significant harm to the
individual.
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Figure 1. Biased age structure of desert tortoise populations may result from the inability to separate individuals
into actual ages and due to the problem of not being able to find all individuals, particularly younger individuals.
Hatchling and young tortoises may remain cryptic, which makes them under-represented in the age structure.
For the hypothetical data we used here, lumping ages (left column) may over-represent adults, indicating that
the population is declining. If tortoises were aged to the year (right column), the population structure might
appear more typical of a growing or stable population.
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Figure 2. Above. A tortoise thatis as old as the number of rings counted on a scute. The last ring of a scute
abuts evenly with the last ring of an adjacent scute. Below. Beveling that can occur in a tortoise that is likely
older than the number of rings that can be discerned easily. Adjacent scutes do not meet cleanly.
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There is the potential to incorrectly age an individual by 1-2 yr if care is not taken to identify subannual
rings from annual rings, i.e., some tortoises have two rings in one year. In addition, Berry {1987) has shown
that a ring may not form in a very poor rainfall year. Individuals that do not grow appreciably for several years
could be incorrectly aged, but careful inspection of scutes on the carapace and plastron should alert the
investigator to this problem because a small chasm will likely form between normal rings due to the minimal
growth. We also suggest the use of dental casts {Galbraith and Brooks 1987) to preserve a section of the
carapace or plastron used in the growth analysis. This will speed data gathering in the field and provide a
permanent record of growth. In our experience, the carapace is better for determining growth and age because
it usually wears less than the plastron (Germano 1988).

The use of scute rings for determining the ages of desert tortoises seems to be applicable throughout
their range. Based on the nearly 300 desert tortoises that we have examined from throughout their range, we
have found that the general appearance and maximum number of rings on a scute is the same, subject only to
variation in annual ring widths. In addition, all parts of the range of the desert tortoise experiences a period of
adverse environmental conditions that slows tortoise growth and therefore produces an annual calibration. In
the Mojave and Sonoran Deserts, cold winters cause tortoises to become dormant, and dryness from February
to April causes dormancy in tortoises in Sinaloan habitats (Germano et al. 1993). Besides being usefui for aging
desert tortoises, scute rings have the additional benefit of providing a growth history of the first 25 yr of an
individual (Germano 1988). Future population analyses of the desert tortoise can easily incorporate age
determination of individuals, at least for those under 25 yr,
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