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ADAPTIVE VALUE OF SEX DETERMI-
NATION MODE AND HATCHLING SEX
RATIO BIAS IN REPTILES.—Ewert and
Nelson (1991) presented important new data on
the distribution of temperature-dependent sex
determination (TSD) and genetic sex determi-
nation (GSD) modes among turtle taxa. In TSD
species, egg incubation temperature influences
the sex of hatchlings, whereas offspring sex of
GSD species is not influenced by incubation
temperature.

Ewert and Nelson discussed four alternative
adaptive explanations for the existence of TSD
in turtles and other reptiles, They also pre-
sented evidence apparently contrary to each of
these explanations and were obviously unsatis-
fied with any of them as comprehensive ex-
planatory scenarios for the observed patterns.
However, in their concluding remarks, they de-
scribed the two lesser-known models as ““addi-
tional models worthy of consideration” and say
that all four *may be important” (1991:63). Here
I suggest that most previous studies have lacked
relevant comparison with sister taxa. I further
consider the four models, compare them to
available information on population genetics and
natural history of relevant species, and suggest
directions for further investigation.

First, it is necessary to point out that in the
search for explanations for the origin of TSD,
limiting research to the examination of species
with TSD is unlikely to be profitable. Phylo-
genetic analysis of the distribution of TSD in
reptilian taxa does not clearly show whether
TSD is the primitive state in turtles, but the
pattern in lizards (Janzen and Paukstis, 1991a)
suggests that GSD is primitive for Sauria. What-
ever selective advantage TSD provided when it
evolved may have been dependent on condi-
tions that no longer exist, and demonstration
of current selective advantages can only suggest
why it persists, not why it evolved. Thus, cur-

rent selective mechanisms that may maintain

TSD are the focus of the four explanations dis-
cussed by Ewert and Nelson (1991).

It must further be noted that two of these
explanations, “‘group-structured adaptation in
sex ratios’ and “sib-avoidance," are attempts
to explain offspring sex ratio bias, not TSD spe-
cifically. Ewert and Nelson show that in 14 of
16 reported populations of TSD reptiles, off-
spring sex ratios were female biased (they state
that “some"" of these estimates may be free’ of
sampling error) and propose their two hypoth-
eses as adaptive explanations. Unfortunately,
they do not present similar sex ratio data from
GSD species for comparison. Thus, it is not pos-
sible to determine from their presentation
whether female-biased sex ratios are unique to
TSD species. Nevertheless, if biased sex ratios
are adaptive, then TSD would be just one of
several possible mechanisms that vertebrates use
to accomplish this result (see Frank, 1990, for
review of these mechanisms, and Frank and
Swingland, 1988, and Charnov and Bull, 1989,
for other explanatory hypotheses for offspring
sex ratio bias). The other two explanations,
“phylogenetic inertia" and “temperature-de-
pendent differential fitness,” are specific to TSD,

Group-structured adaptation.—Ewert and Nelson
suggested that the observed hatchling sex ratio
patterns may be a by-product of selection for
sex ratio biases in small breeding kin groups
(Hamilton, 1967). In such systems, a small num-
ber of kin groups are restricted to breeding
among themselves, and the usual Fisherian ar-
gument for 1:1 sex ratio allocation is violated,
typically when competition between brothers
for mates becomes severe. As the number of
kin groups increases, the optimal sex ratio
quickly reaches 1:1. Thus, this type of breeding
system is highly vulnerable to invasion from out-
side and must be isolated to persist. For ex-
ample, a male from another population that en-
tered the breeding population of such a group
could experience very high reproductive suc-
cess at the expense of the other males of the
group. Ewert and Nelson implicitly suggested
that at least some ‘I'SD reptiles are regularly
restricted to breeding in small groups.

For these species, the number of kin groups
must be small, and either there must be lew
attempts at invasion from other groups or in-
dividuals must be good at identifying outsiders
and excluding matings with them. If the num-
ber of kin groups is small, then inbreeding is
common. Inbreeding’s normal genetic result, a
deficiency of heterozygotes, would be expected,
especially in comparison to GSD species (if this
were a ‘TSD-specific phenomenon). Unfortu-
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T'asLe 1. Rerorren MuLTiLocus Hererozveosity (H) ¥or Various TSD REPTILE SPEcy
S
Species Mean H
. Range #loc n Populations
Trachemys scripta® 0.1 .
Emys orbicularis OlD:; il e - i
Caretta caretta® 0.0 1 : :
: .034 0.019-0.062
Cfllrfarrm mydagt 0.119 0.108-0.185 4 o 2
Kinosternon flaveseense 0.146 . s S -
K. scorpioides 0.107 . 5 < ‘
K. acutum* 0.076 :3 5 1
K. leucostomume 0.134 - : t j
Sternatherus carinatuse 0.076 . tw i .
;. ::::::M' 0.125 . l: éﬁ :
- 0 0.124
Rhinoclemmys areolatar 0.000 A rr Y §
R. pulcherrima incisas 0.106 - 10 I .
R. p. mannix ) 0.004 . Jlg 5 ‘
Mauremys mutica 0.036 " i
Melanochelys trijuga: 0.080 v % . l
Chinemys reevesic 0.085 . e " :
Testudo h. hermanniv 0.023 . 16 . y
;“. h, brw:grn’ 0.086 * :: 2? l
. graeca 0.000 . 16 ]
CROCODYLIA ! l
Alligator mississippiensis' 0.022 0.014-0.038 17
LEPIDOSAURIA - - '
Agama stellio 0.065 0.043-0,087 25 242
GSD or sex determination [
mode .
unknawn 0.081 0.00-0.714 82 species
+ * = Not reported or not determinable from data presentes
References: ‘Ewert s thmj. 190 Janzen :m‘l Il‘n:lll::'h:"lil|llq. 198 b Packard and 1

LOB4: Smith et al, 1077, 8, bl e al., 1080; Seidol 1 al o VUKL 08hen o

Mram data reported in Neyo ot al, 1984

nately, relevant published data are scarce, es-
pecially for comparisan with taxonomically and /
or ecologically similar pairs of GSD and TSD
species. This is due in part to the fact that all
crocodilians have ‘TSD, most lizards apparentl
have GSD, and there are few genetic data Fni
the‘ relatively few turtles with GSD,

For a preliminary analysis, 1 collected esti-
mates of heterozygosity (H) for 23 TSD species
(Table 1) including 21 wartles, one crocodilian
and one lizard, Values are well within the re.
ported vange (see Table 1) for 82 reptile species
that either have GSD or for which the sex de.
termination mode is unknown (H values from
Nevo etal., 1084), Although summary statistics
may not be appropriate given the taxonomic
tnevenness and potential for important meth-
odological differences between investigators
clearly there is considerable overlap among H
values for the two groups. This summary
strongly suggestis that there is no genetic evi-

ackard, 1988; Smith and Seribier, 1950,
b VORI WSl and Blanic, 1990; Adarms et ol 100 e Lo i

dence that inbreeding i in'T.
e Ng is more common in ‘TSD
If the group structure hypothesis is

then it might also be expec{}:g that fen::,l:::;:
ented offspring sex ratio biases would be neg-
atively correlated with H values. In other words
extreme female biases would be expected in npe:
cies with high levels of inbreeding (and there-
fore low H values), Three of the species in Table
1 are also listed in Ewert and Nelson's table of
hatchling sex ratios. Of the three, the species
with the highest percentage of female offspring
(Alligator mississippiensis) also has the lowest H
value, well below the average for a large sample
of r:.:pnlcu (Nevo et al., 1984). This result is
consistent with the group structure hypothesis
Howe}rer, Chelonia mydas has an intermediatel
offspring sex ratio but a relatively high H value
Finally, Caretta caretta has a nearly 1:1 sex ratio
but an H value that is both intermediate among
these three TSD species and less than half the
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et al. (1984) average. Here again, it ap-
;?r‘: lhcre(in Iiul)e genetic support for a cor-
relation between offspring sex ratio and indi-
cations of high levels of inbreeding. :
Breeding groups of freshwater turtles might
consist of all the turtles in a network of pond.si
or only of those in a single pond, or 5everad
groups might exist within Oue‘pond. E‘wert at;l
Nelson did not explicitly describe the size of the
breeding groups required by their h)rpotpem.
although their reference to the data of Scribner
et al. (1986) suggests pond-level groups, mth_:lr
than separate groups within a pend, or individ-
uals dispersed over multiple ponds. :
Indications of group structure level may also
be found by evidence of migration and entry
into new breeding populations. Because the
group-structured population cxplan?uon. re-
quires the occurrence of little or no immigra-
tion from other groups, it is similar to the pop-
ulation genetic “island model” for defining
populations. Evidence of migration between
ponds, for example, would imply that the breed-
ing group must be more inclusive and therefore
on a higher level, encompassing the metapopu-
lation within which migration occurs. Migration
estimates are only available for a F‘ew TSD spe-
cies. For example, Smith and Scribner (1990)
showed that migration rates of the turtle Trache-
mys sripta (a TSD species) between breeding
populations in different ponds in South Caro-
lina were between 1.25 and 5 individuals per
generation, relatively high for vcnebrate;:. This
movement is strongly male biased (Gibbons,
1986); thus it presents a strong threat to female-
biased groups. Given this level of immigration,
it seems unlikely that pond populations could
persist as isolated breeding units. It seems even
more unlikely that multiple ponds, such as the
16 sampled by Smith and Scribner (1990) form
a large, rarely invaded unit. ?
If the typical breeding unit is not at the pon
level or higher, it may be composed of mullipl;
groups within each pond. Such group!lco;l?r
not be geographically isolated, as those in if-
ferent ponds could be. Instead, an effective
group recognition system, perhaps using be-
havioral or olfactory clues, would be required
to avoid matings with mcmbers.ofother groups,
I am unaware of convincing evidence Lhar._s_uch
a system, or any other type of kin recognition,
exists in TSD reptiles, unlike that which may
occur in tadpoles (Blaustein and Q'Hara, 1986).
Based on the above arguments, it does not ap-
pear that group structuring _is likely to be adn
important influence on offspring sex ratio mod-
ification in reptiles. Proponents of the group-
structure explanation must provide data show-

ing that small, exclusive bre'eding groups exist
in TSD species, particularly in contrast to close-
ly related GSD species. Such evidence might be
behavioral or genetic. Population genetic data
could be analyzed using techniques such as those
of Weir and Cockerham (1984) or Long et al.
(1986) to determine whether nlxch structuring
exists, and if so, the level at which it occurs.

ib-avoidance.—Ewert and Nelson pointed out
fllsbn ‘:gme reptile species with TSD have been
reported to commonly lay u.mse:r.ual clutches.
They presented data for ltlghl TSD species
where the proportion of unisexual clutches var}
ied from 29% to 86%. Obviously, offspring o
unisexual clutches cannot interbreed. Ewert and
Nelson (following Thompson, 1983) suggested
that TSD may be a mechanism for reducing
inbreeding. This may be advantageous where
both the cost and potential for full-sib matings
is high, Ewert and Nelson postulated that for
bisexual clutches the potential for inbreeding
may be high when clutch survival lcndtlsd. to be
all or none, and a surviving clutch might be-
come a substantial part of the future local
i ulation, )
br?vvd;:f alzl?ipNellon recognized some difficul-
ties with this scenario, and lhr.'s_t' bear i!lrti‘\er
discussion. This explanation is unsatisfying
largely because other types of kin matings are
not reduced. It appears that female turtles may
store sperm for an extended period (Gist and
Jones, 1989), so offspring from su!m-quunt.
clutches in the same year or in following years
may also be full sibs. Unless lh!:m:'_ dlﬂ"erc.nt
clutches were all of the same sex, full-sib in-
breeding mightstill occur. Production of single-
sex clutches also does not reduce breeding be-
tween half-sibs, parent and offspring, or other
types of inbreeding, unless females rt?uslntenlly
choose nest sites that produce nlfs]lnrmg of the
same sex in each reproductive rplsx{rlc'. Also,
given that dispersal into other hlrm-:img popu-
lations is apparently common, it appears un-
likely that such a specialized m?!('h::rmm is nec-
essary to reduce inbreeding. Fn_la]ly, there are
no data suggesting that inbrecdmg should be a
particular problem for the species that have
TSD, especially relative to the species that have
GSI?ZI‘SD was useful in reducing inl)r:_.-cdmg.
then inbreeding would be more common in GSD
species than in TSD species, the reverse of the
prediction made under the group-structured
explanation. In this case TSD species wl’l,'d ha\:'c
“higher H values than GSD species. 1t is again
relevant that H values for TSD speciesare quite
similar to those for GSD species (Table 1), Sup-
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port for the sib-avoidance explanation must in- o test this hypothesis is logistically difficult; Ew-
clude a demonstration that inbreeding is re- ert and Nelson (1991) and Janzen and Paukstis
duced through TSD, that TSD speciesaremore  (1991b) summarized the available inferential
likely to have unisex clutches, or even that in-  support. One important question that Charnoy
breeding is sufficiently deleterious to TSD spe-  and Bull did not consider in developing their
cies that this special mechanism evolved to re-  model is the evolution of GSD from TSD. How-
duce it. ever, Bull and Bulmer (1989) suggested that
TSD species might be more vulnerable than
GSD species to climatic changes, resulting in
severe populationwide sex ratio biases. Under
turtles, data are now available for at least one  climatic variation, their analysis showed much
species in each extant turtle family (Ewert and stronger selection against TSD in short- than
Nelson, 1991; references in Janzen and Pauk- ip long-lived species. Some empirical support
stis, 1991a, 1991b), Unfortunately, the pattern  for this prediction was presented by Janzen and
within most families is almost entirely unknown,  Paukstis (1991b). Thus, researchers interested
and it is clear that species-level investigations  in testing this explanation may be more suc-
can be profitable (see below). The current data  cessful if they emphasize short-lived species.
are insufficient to determine definitively which As a test of lemperature-dependent differ-
of the two modes is ancestral, Bul| (1980, 1983)  ential fitness, eggs from both species might be
discussed the use of evidence from heteromor- incubated under a range of temperature and
phic sex chromosomes to determine the prim-  moisture conditions and the resulting hatch-
itive state in turtles, but results of this noncla- lings subjected toa variety of performance tests.
distic approach appear inconclusive. Both modes  Although probably all fitness tests are subject
are present in the most primitive families of to criticism, a battery of locomotor and repro-
turtles (using the Phylogeny of Gaffney and  ductive performance tests could be used to com-
Meylan, 1988, and Gaffney et al., 1991). Using  pare “fitness.” Similar field tests might be more
cladistic procedures with amphibians and mam-  informative but would be much more difficult.
mals as multiple outgroups for turtles, there is Charnovand Bull (1977) predicted that, for TSD
no evidence conflicting with the hypothesis that  species, the majority sex at each incubation tem-
GSD is primitive for turtles. Heteromorphic sex perature should have higher fitness, GSD
chromosomes are ubiquitous in mammals and  cjes would not be predicted to show such dif.
are probably homologous within the class  ferences.
(Graves, 1991), although the same is not true
for amphibians (Schmid et al,, 199 1). Where some answers might be Jound. —Investiga-
Ewert and Nelson suggested that phyloge-  tions of polytypic genera are possible in both
netic inertia is an unlikely explanation for the  lizards and turtles. For example, Ewert and Nel.
observed sex determination pattern in chelo-  son reported that, in the turtle genus Clemmys,
nians because of TSD/GSD plasticity in this ¢ guttata has TSD and C. insculpta has GSD.
highly conservative class, This plasticity takes TSD appears Lo be primitive for the Family
two forms: First, two patterns of TSD havebeen  Emydidae, based on the phylogeny of Gaffney
observed; thus there is important variation even  and Meylan (1988) and Gaffney et al. (1991)
among ‘TSD species (Ewert and Nelson, 1991).  and the sex determination pattern reported by
Second, if TSD is primitive for turtles, GSD has  Ewert and Nelson (1991)and Janzen and Pauks-
evolved independenﬂy at least four times (see is (1991a, 1991b). Thus the condition in C.
Janzen and Paukstis, 19912); if GSD is primitive, insculpta is clearly derived, Comparison of the
TSD has evolved at least nine times. Quantifi-  ife history, ecology, and population geneties of
cation of the impact of phylogenetic inertia will insculpta with its sister taxa may be produc-

require not only robust cladograms but also data tive, although the available data do not strongly
on sex determination mode for many more spe-  indicate why GSD might have evolved in €. in-
cies. Too little is known of the pattern within  sculpia,

families to assess the importance of phyloge- Similarly, TSD is known in only a few lizard
netic inertia on a finer scale at this time, families (Janzen and Paukstis, 1991b), and this

pattern scems to be the result of independent
Temperature-dependent differential fitness.—Char- evolutionary events. Both modes are found
nov and Bull's (1977) hypothesis is perhaps the  within the lizard genus Gecho (references in Ew-
most widely accepted model for the adaptive  ert and Nelson, 1991). These taxa are partic-
significance of TSD but suffers from a lack of  ularly appealing as experimental subjects to test
clearly supportive data, The research needed  theories of (he evolution of sex-determination

Phylogenetic inertia.—Because of the continuing
investigations into sex determination mode in
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NOTES ON THE NATURAL HISTORY OF
AMEIVA CHRYSOLAEMA (SAURIA: TEI-
IDAE) FROM BARAHONA, DOMINICAN
REPUBLIC.—Ameiva chrysolaema is endemic to
Hispaniola and widely distributed on the island.
A relatively large lizard, males have snout-vent
lengths (SVL) to 160 mm, females o 131 mm
(Schwartz and Henderson, 1991). The species
is xerophilic and inhabits Acacia scrub, xeric
woodlands (especially without dense ground
cover), mangrove borders, scrublands, and open
beaches with some cover (Schwartz and Hen-
derson, 1991). Like other teiids (Regal, 1988),
A. chrysolaema is a nonterritorial, wide-ranging
forager capable of intensive prolonged scarch-
5. According to Regal (1078), A. chrysolaema
hunts and probes for food during more than
70% of its above-ground activity period, Rates
for spontaneous locomotion in a standard lab-
oratory open-field test were equal to those of a
rodent. Tntense foragers constantly move about,
investigating holes and cracks, making it awk-
ward to attempt thermoregulatory postures be-
yond occasional flattening onto the substrate;
therefore one would predict either a wide runge
of body temperatures, shuttling (alternation of
foraging in sunlight or shade), or a restriction
of intense activity to hours of the day when a
satisfactory thermal equilibrium with the enyi-
ronment can be maintained without thermo-
regulatory posturing (Regal, 1968, 1983),
Herein we examine aspects of natural history;
population dynamics; and thermoregulatory,
foraging, feeding, aggression/avoidance, and
general behavior in a small population of A.
chrysolaema in the courtyard of the Hotel Guaro-
cuya, Barahona, Provincia de Barahona, Re-
piiblica Dominicana.

Materials and methods.—Barahona is situated at
the southwestern edge of the Bahia de Neiba,

Mean annual temperature is 36.1 G and mean
annual precipitation 1047.1 mm (Salcedo et al.,
1983). For June, the month during which the
study took place, mean precipitation is 200 mm
and mean temperature 28 C, The Hotel Guaro-
cuya is located on the southern edge of the city
at sea level, The study site, a courtyard situated
on the west side of the hotel, had an area of
approximately 1398 m? and was enclosed by a
1-m tall conerete fence with two gates through
which the animals could enter or exit. Soil com-
prised packed sand with numerous sand crab
burrows, which were often used as refuges by
ground-dwelling lizards. Vegetation included
patches of grass, oyster plants, large crotons,
hibiscus, spider lilies arranged in flower beds,
and equal numbers of broadleaf and palm trees.
Other diurnally active lizards oceupying the
courtyard included terrestrial Leiocephalus
schreibersii and L., barahonensis, cryptozoan Ce-
lestus costatus, arboreal Anolis oybotes, A, breviros.
tris, and A. coelestinus, and the |ess common grass-
anole, A. olssoni,

From 4-15 June 1991, 19 A, chrysolaema were
captured by noosing. Cloacal lemperatures were
taken within |5 sec of capture with a Miller and
Weber quick-reading cloacal thermometer,
along with substrate surface temperatures, and
air temperatures at 2 cm and 1 m, All environ-
mental temperatures were taken while shaded
and sheltered from any wind, Animals were sex
typed, measured, weighed, toe clipped for per-
manent identification, and color marked using
acrylic paint bands around the bases of the rails,
The paint bands allowed recognition of indi-
viduals without the need to recapture them re-
peatedly. Oceasional loss of the paint bands re-
sulting from shedding and wear made it
necessary to recapture and remark five animals,
Animals were released at the exact site of cap-
ture,

After four days devoted primarily to trap-
ping, we systematically observed animals by
walking a census route through the study area
while noting time, location, and each animal's
activity. Ameiva can live at high densities in areas
of human habitation and are consequently ha-
bituated to human activity (Lewis and Saliva,
1987), which make them ideal for a behavioral

study because lizards in more natural settings
are more likely to flee or settle down and watch
the observer ifthey are followed from a distance
close enough to accurately monitor behavior,
We estimated population size and density using
both the Peterson-Lincoln index (Pacala and
Roughgarden, 1985) and the Schnabel method
(Tanner, 1988),

We calculated home ranges using convex





