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Serious investigations regarding natural selection for the sex ratio began with
the hypothesis of Fisher (1958), who concluded that a population's sex ratio at the
end of the period of *'parental expenditure™ should reflect equal expenditure on
males and females. Thus, for species in which males and females incur the same
costs to parents, a population sex ratio of .5 (where sex ratio is expressed as
proportion males) at the end of this period should represent an evolutionary
equilibrium. This argument assumes that genetic variability is associated with
mechanisms of sex determination and that sex represents a heritable trait. Various
quantitative models relating to Fisher's hypothesis have been developed and have
generally supported the notion of natural selection favoring a .5 sex ratio in the
absence of disparate costs incurred by the two sexes (Shaw and Mohler 1953;
Shaw 1958; Bodmer and Edwards 1960; Kolman 1960; MacArthur 1965; Verner
1965: Leigh 1970; Crow and Kimura 1970; Hartl and Brown 1970; Charnov 1975;
Leigh et al. 1976). This general hypothesis has also received empirical corrobora-
tion from the apparently widespread occurrence of sex ratios equal to .5 for
well-studied animals. Nevertheless, examples of primary (at conception) and
secondary (at the end of the period of parental care; definition follows Pianka
1974) sex ratios that differ significantly from .5 do exist. Such ratios seem to be
more prevalent among invertebrates (see reviews in Hamilton 1967; Flanders
1946), but also appear to exist among some vertcbrates (e.g. Crew 1937; Hum-
phrey 1945; Weir 1960; Fitch 1961; Kosswig 1964; Verme 1969; Teitelbaum 1972;
Mech 1975: Howe 1977; Pinkowski 1977; Shine and Bull 1977). Theoretical inves-
tigations and discussions of unequal sex ratios have emphasized inbreeding
(Hamilton 1967; Hartl 1971), polygenic sex determination (Kosswig 1964), sex-
specific differences in reproductive success associated with environments of vary-
ing quality (Trivers and Willard 1973; Charnov and Bull 1977; Charnov 1979),
temporal changes in sex-specific life history expectations (Werren and Charnov
1978), and have also included suggestions regarding the possible importance of kin
selection and group selection (Eshel 1975).

Some organisms exhibit considerable variability of the sex ratio. Such variation
often seems to be related to environmental factors that exert effects by influencing
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the physiological state of reproducing animals and/or by actually affecting sex
determination in the offspring after conception (e.g., White 1954; Andersen 1961;
Trivers and Willard 1973; Charnov and Bull 1977). Environmental influence on the
sex ratio occurs in numerous invertebrates (Banta and Brown 1929a, 1929b;
Christie 1929; Flanders 1939, 1942; Clausen 1939; Ellenby 1954; Battaglia 1963;
Mackauer 1976). Sex ratio in some vertebrates also seems to be associated with
environmental conditions (Verme 1969; Teitelbaum 1972; Mech 1975; Howe 1977;
Trivers and Willard 1973; but see Myers 1978); and Wilson (1975, p. 317) has
stated, **With physiological control of sex determination so prominently devel-
oped in the insects, the possibility should not be overlooked that it also occurs at
least to a limited extent in the vertebrates.’’ Here we examine empirical evidence
on sex ratios in American alligators (Alligator mississippiensis). We use these data
to test two hypotheses: (1) that the sex ratio of young alligators is .5 and (2) that
sex ratios in young alligators from two different environments (wild populations
and a **farm"’ population) are the same. The relevance of these results to theoreti-
cal predictions is discussed.

METHODS

Alligator sex ratios reported here are taken from wild populations in the coastal
marshland of southwestern Louisiana and from a commercial alligator farm be-
longing to the Kliebert brothers near Hammond, Louisiana. Wild samples include
original data from Chabreck as well as reports from the literature. The majority of
Chabreck’s sample was obtained on Rockefeller Wildlife Refuge. These alligators
were located by travelling waterways by boat at night and shining their eyes with a
headlight. All aquatic habitats with water areas large enough for air boat operation
were examined. Small animals were captured by hand. Larger animals were
captured by placing a wire noose mounted on a heavy pole around the neck. The
noose was then tightened, and the alligator was pulled into the boat. Sex was
determined by examining the cloaca for the presence or absence of a penis.
Capturing and sexing techniques were described in detail by Chabreck (1963),

Farm samples reported here represent the progeny of wild-caught males and
females that were caught as immatures and reared in captivity. The farm samples
originated from the clutches of approximately 50-75 females that were insemi-
nated in captivity. The young animals were kept in large concrete enclosures that
were heated during winter months. Farm animals were fed generously and grew at
faster rates than wild animals.

Alligators from both sets of samples were classified as adults and/or immatures.
Alligators from wild Louisiana populations attain sexual maturity at a total body
length of approximately 1.8 m (Giles and Childs 1949; Joanen and McNease 1973),
and our age classification is based on this length, Immatures are especially rele-
vant to our discussion and have thus been additionally classified into 0.3-m size

intervals that can be tentatively related to age classes using growth rate data of

Chabreck and Joanen (1979) and Mcllhenny (1934) for wild Louisiana alligators.
Farm alligators were reared in age-specific pens and all the animals reported here
(with the possible exception of an occasional older animal which may have
climbed into the pens) were 2 yr old.
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m‘;l;‘:;c; statistical tests are used in this paper. Two of these lests are sometimes
ed under the general term **binomial test” (e.g., Siegel 1956) and are used to

. putation of the ili
that x or fewer males (or females; whichever sex is fewer in number) w’:ﬁgf:lc’g

in a sample of size n if the probability of sampling a male (or female) is really .5

(i.e., p = ¢ = 0.5). This probabil; ini
Y probability of obtaining a value ag extreme as x is

P@) = g(j.’)pfq" !

and is used here for small sam i
! used ple sizes. For larger samples we use th
approximation of the binomial distribution and compute the fulIowir‘;:g"fm(-:::tl

statistic,
. (x + .5) —np
\_/npq '

wdfl;cg is appro?cimatelyvdigtributed as normal (0, 1) under the null hypothesis. The
::_. bc hS term is a continuity corfcction factor (e.g., Siegel 1956), and v is ch-osen
e the number of represen_tauves of the sex having fewer individuals. The ¢

RESULTS

Table | sumwarizes available data on sex ratios of alligators, and includes sj
sum[ﬂf:s fr'nm‘wﬂd populations in southwestern Louisiana and lu:fo samples fro fex
i.mlm.'lmu “farm™ population. The samples have been subiectilvely cias f[inc?
l‘:ccurdmg to how representative they are of their currcspnndiné populations sll) j
from the 1972 agnd 1973 Louisiana experimental harvest seasons are knowl 't 13
flonrepresentative because of harvest regulations designed to select male" (‘-;’a.le
misano et al. 1973; Joanen et al, 1974). The exact collecting procedures Dfé'N l
(1949) are not k'nUWn. although we have no reason to suspect that his sampl, 5
:::. rcpr'ueicnlullm.;‘ul'lhc studied population, Our own data from a wild po:ufast;!:

¢ not restricted to a particular habitat and & i i
are tl}u farm samples (R. Kliebert, personal co‘:'l:cml::er:;i;;gr:;) t\:fhl;:l:lr\is;zmm:. -
of animals randomly selected from pens. Table 1 does not ir.lclude one adlgﬁ'e al
rcf'ercl]cc providing alligator sex-ratio data (Forbes 1940y ) because of our l'nl l:'a(')fl'la[
lo assign the sumple to a wild or farm population. Forbes (1940q) o6 ”c)i'
receving 166 young alligators, aged 19 mo or less, from a “*dealer.”" Th i

f!flhl.‘i sumple was .331 and differed significantly from .5 (P < .uoi z *—-e—s:;;?“lo
5 not known wl'let!'ler these animals originated from wild eggs 'thal ha(i b -
c_ollected and artificially incubated, or whether they were caught as youn hatei:n
lings. Forbes (1940a) also reported that the dealer, who was “believed colgnpcl:n;
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to determine the sex of young alligators,’ had found two nests of 41 alligators
aged 5 mo and had determined that only 11 of these animals were males. We have
not included this sample in table 1 because we are aware of no method by which
alligators of that age can be externally sexed (see Brazaitis 1968).

We are especially interested in making inferences about sex ratios for specific
age classes, but many of the wild population data of table | do not permit
assignment of specific age classes to size intervals. Chabreck and Joanen (1979)
demonstrated that male and female growth rates began to differ significantly at a
body length of 100 ¢em (during the third year of life). By the fourth and fifth years of
life female growth rates seem to slow to the extent that the 0.3-m size intervals of
animals greater than 1.2 m contain cohorts of more than one age or year class. The
probable occurrence of more age classes of females than of males in the size
intervals 1.2—1.5 m and 1.5-1.8 m obscures the meaning of sex ratios associated
with these size intervals and assures a larger proportion of females than would be
expected in a comparison of single age class samples.

In the wild populations empirical sex ratios exhibited a preponderance of males

in all samples, and the test statistics permit rejection (P < .05) of the hypothesis of
a .5 sex ratio in 11 of the 14 samples (table 1). All three of the samples for which
this hypothesis could not be rejected occurred in size intervals expected to include
more female than male age classes. The three samples of greatest interest from
wild populations are those representing the three smallest size intervals: 0.3-0.6
m, 0.6=0.9 m, and 0.9-1.2 m, roughly corresponding to the first, second, and third
years of life, respectively (Chabreck and Joanen 1979; Mcllhenny 1934; Chabreck
1965). These three samples are believed to be representative, and all exhibit
significantly greater proportions of males than expected under the hypothesis of a
0.5 sex ratio. We suggest that it is highly unlikely that the sex ratios in these three
samples represent the results of a .5 hatching sex ratio coupled with high sex-
specific mortality of females, During the first year and a portion of the second year
of life, young alligators tend to remain near the hatching site and the den of the
mother (Chabreck 1965; Joanen and McNease 1971), Both immature males and
females should thus be exposed to the same risks and mortality factors during this
period. After the first 18 mo immature alligators move about a great deal; no
sex-specific differences in movement were found in the capture-recapture work of
Chabreck (1965). McNease and Joanen (1974) found sex-specific differences in
habitat preferences of immature alligators, but these animals ranged from 0.9 m to
1.8 m total body length and were probably all older than 2 yr. At this age alligators
are relatively free from predation. The similar growth rates of alligators during the
first 2 yr of life (Chabreck and Joanen 1979) suggest similar patterns of energy
allocation and again provide no evidence of differential mortality during this
period. We conclude from our samples and these tests that the proportion of males
among very young alligators appears to be significantly greater than .5 in wild
alligator populations.

The 1976 and 1977 samples of 2-yr-old farm alligators included very high
proportions of females (table 1), In both samples, the hypothesis that sex ratio was
.5 was conclusively rejected (P < .001). Total mortality from hatching to age 2 yr
in these animals averaged 5% (R. Kliebert, personal communication). Even if all
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f this i
gex.slseng%r:alltyﬂw?s concentrater_.l on males (there was no evidence of differential
e o :}:10 a‘ltly), the h.atcihmg sex ratio (if sex had been determined at th:t
S a\f'e still l:feen significantly lower than .5, We conclude that sex rati
monai; youtng atr:m alhgatqrs was lower than .5, and that differential sex-s m'f;O
¥ rates after hatching coupled with a -5 hatching ratio could S
produced so extreme a result. SRR
Th ild ati
Ie r;{;;ls ai;r:l\irz;sp;ﬁ:atmr: zal"nples appeared to exhibit strikingly different
; 5 erested in testing the hypothesis that i
ngtﬂlresd of Fompurabl:_: age were different. The 0.9-1.2-m siieszra;:tff? fl‘}]’;“
Jognenelg;;‘lr::ls consisted primarily of 2-yr-old individuals (see Chubreckwa: d
i s w}th ct:r!:i];;]ybi.%g:f(lhabreck 1965). This sample of 725 individuals w:xs
/ ined tarm sample of 346 animal i
e R g . nimals (also 2-yr-olds) using a
x2 2 sex rati f1
significantly different (P < 001, »2 :S 1055.[;e :W‘fﬂsamplcs SRR

DISCUSSION

We hg i
R anilv:’flll(;us cun;cll_lded t!'mt Sex ratios of very young alligators from both the
il fpnpu ations differed significantly from .5, a result which is som
L i or vertebrates. Even more interesting is the significant dif'feren:f;
e the. Wi[;azg; oif:!'ae twodi?rge samples of 2-yr-olds, with males predominat
ulation and females in the farm ati i i
5 : . : ; population. This I iffer-
mr;ﬁ:&zandisnue.“t_o iuspc;[ environmental influence on the mechanism o?ts:z; g’::{::
alligators. The farm alligators origi )
i igat s originated from clutches of wild-
EH;T:)T? ke!:t in large enclosures at Kliebert's “farm.” The newly ‘}::[l?:l:adugrl“
£ s were transferred to tanks that were heated in winter months (wild aneimaal\?

groups of young alligators were reared
v . were markedly different, S -
;:mehztha\fel not _heen four_u.jl in alligators (Risley 1942: Cohen and Gm:: iqu‘;roo)mo
bk mdlé%. in crgcodnhans as a group (Becak et al. 1964: Ohno 19.6‘,'- Cnhir.
Chmm;:zn”' qz;(:ﬂ:ﬂc we r‘cahznlz that this does not exclude the pos‘sitl)ili!y u';
mosomal se ermination, the apparent lack of such ; fem
the feasibility of some environ i Sl il Tt e Syt
of s mentally influenced mechanism. It is als i
:";‘i::e{:lunﬁ ;1I|l1r|1_.:ullurl.~; exhibit aspects of bisexuality. In numcrm;s' ;i:a:ljhgi:szr::?;nt
¥ hatched alligators (J. D. Nichols and R H , e
have consistently noted the b6 L Sl o e
i ¢ presence of both Wolffian and i
embryonic precursors of s i el ot (e
SOTIS sperm ducts and oviducts, res i i
; ; » respectively). B -
?;,;:az of;ff(:‘ng alligators have also been reported and described b}; le_izzu(é:lg;g
4 the! 5 }.l;l‘hus_. we suspect that alligator sex may not be rigidly determined‘
e of halching, and may bq influenced by the posthatching environment
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entiation in the snapping turtle, Chelydra serpentina, and such cﬂ:cfts ::z:l;la g:
important in alligators. Incubation temperatures were not mcfs:;ureth or sic
alligators, and it is possible that they deviated to some Fxtent . n': ossemmes %
to wild alligator nests (see Chabreck 1.9‘!3 for data on m?ub_auon eth: s
wild alligators). It is difficult to envision the adaptive significance o S
which varies with incubation temperature, unle‘u perhaps tel:nperz;t:re Siaces
growth rate and thus size or physiological com.mlon uf hatchlings. In any ’ .a i
have no evidence indicating any inﬂuence. of incubation temperatu;eto:_a gnﬁ_
sex ratio and thus suspect that sex ratio is mﬂucnced'by _the postha ; ::; s
ronment, as suggested earlier. However, we cannot dismiss the incubal
thesis as a possibility. e i
PerRaet:;redil:s‘:oof the actualpmec hanism of sex t!elemunanon. we wouldthkf ts(: kll‘slz
the observed pattern of variation in sexlmnus of young alhgat_m;:1 [.:.e :ratios
generality of recent hypotheses dealing with the evqlutlun of 'v(a:rm ¢ Sy s
and environmental sex determination (Trivers and Wllla_rd 1973; lha.rm:nd ?nmma_
1977). Charnov and Bull (1977) have suggcsteq thalt environmental hsex ve.re e
tion should be most strongly favored by selecum! in cases where tf E:n i ':ale i
is variable or patchy with respect to the relative advantage of | mgvcrwhich
female, and where there is little control exerted by pa.rcm. or offspring ? i
patch type the offspring enters. There are certainly dnﬂ'cr:pcesf in il
crohabitats in which hatchling alligators ﬁnd‘ t!\emselves. depending, o; cd ug ir;
on whether the nest is located on a levee or ndgc. along a large water Io y.r o
the interior marsh. However, adult female gihgalors do exert contro| ovcwm)
source of variation via nesting habitat sele_ctlon (see Joane:'-; a:nd M(‘:ﬁe:s:h fmdl
The Louisiana coastal marsh also exhibits 1;mporal varmnon.w:t dod Ll
resource abundance and hatchling mortality risks due to predau?n an he::' i
tion, apparently varying in response to ycar-to-yc?r r,hangc:sl in mars| i
levels. Nesting female alligators can exhibit on_ly limited contro' ‘gvef such ar
tion in habitat suitability (some control is possible through the **decision
i i ry years).
ne'sl‘th::;.e:hp:f:l:llllzitt:uﬁsypredicted by Charnov ‘und Bull (1977) u? favor the elwt)‘lu_
tion of environmental sex determination (envnmnmen.tal patchiness and tl':) al :;:
lack of control over patch type encountered by offsprm.g) seem to‘l;e."mt:’ ({973)
alligator. However, Charnov and Bull (1977) and Tr_wcrs and y illar gk
predict not only environments that are patchy but environments that am(pd 1ha!:
with respect to the relative advantage of being mule or female, We have rLu edq o
the alligator's environment varies wmpoml]_y wntl3 respect 1o ncsuurc‘e al u:r.nr:: .
and hatchling mortality. Because of the mmilnrlly of growth rale}b.'rmu ;. ot
patterns, and habits of hatchling alligators, we discount the pmnnb:3 ity o cl ;
specific mortality differences at this age. Werrcn .and Chnrnmf (1978) prcse: 2
‘‘perturbation model” suggesting that differential afex-speC}ﬂc rcsl;lunsc. 1_
periods of exceptional mortality or survival can result in selection forrt e tcmpod
rary overproduction of one sex. However, l.he. pet"t‘urbat'ion model ol \fVer;en :Jr; »
Charnov (1978) essentially involves a “predlctmn,. by either reproducmghem o
or new young, of the adult sex ratio expected to exist w'hcn lh.e young reac 1';:xthe
maturity. Such predictions would probably .be unreliable in a specle: ble i
alligator, which exhibits a long development time. For these reasons, and because
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of the fact that the major difference between the **farm’” and natural environments
involved resource abundance, we feel it is most reasonable to look for differences
in the value of resources to males and females when seeking an explanation for the
observed sex-ratio differences.

Trivers and Willard (1973) argued that, in species in which parental investment
by males is negligible, selection should favor the production of males during
periods of resource abundance. This prediction follows from the assumption that
in such species reproductive success of males is expected to vary more than that
of females (Trivers 1972). Thus, any early advantage (obtained either from being
born to a female in good physical condition or from experiencing resource abun-
dance during early growth) that is maintained until adulthood should have greater
effects on male reproductive success because of the importance of competition
for females and the ability of superior males to inseminate many females (Trivers
and Willard 1973). In adult male alligators parental investment is certainly negligi-
ble, and males possess the ability to inseminate several females per breeding
season (Chabreck 1965; Joanen and McNease 1975), Competition for mates is
important, as evidenced by fighting between males during the breeding season and
the establishment of mating territories (Joanen and McNease 1975; Garrick and
Lang 1977). In addition, the probability of breeding is greater for males larger than
2.7 m total body length (Joanen and McNease 1975). Following the arguments of
Trivers and Willard (1973), we might thus be led to predict a preponderance of
males among young hatchlings in times of resource abundance. Similarly, if
sex-specific differences in size reflect the relative importance of size to male and
female fitness (Charnov and Bull 1977), then we would again predict a higher
proportion of males (the larger sex in adulthood) among alligators when resources
are abundant. However, in the farm population resources were superabundant for
both parent and offspring alligators, and yet an extreme abundance of females was
produced.

Although the empirical evidence on alligator sex ratios initially appears to
falsify the hypotheses of Trivers and Willard (1973) and Charnov and Bull (1977),
we will consider another interpretation which seems consistent with their predic-
tions. It appears that sexual maturity in alligators is dependent on size rather than
age (sce Whitworth 1971; Joanen and McNease 1975). Whitworth (1971) reported
obtaining a female alligator 0.3 m long (probably 1 yr old). The animal exhibited an
extremely high growth rate in captivity, and mated, nested, and produced eggs 3
yr later (Whitworth 1971), at an age several years younger than the normal age of
sexual maturity in the wild. It thus appears that age of first nesting may vary
several years in alligators and that environmental factors and resource abundance
may exert considerable influence on this age (see also Joanen and McNease 1975).
If sexual maturity in alligators is a function of size and physical condition, rather
than age, then a female with a high growth rate in early life could gain a substantial
increase in fitness relative to other females. The fact that dramatic increases in
population or genotypic rates of increase can be uchieved by reductions in devel-
opment time (i.e., a decreased age of sexual maturity) is well known to ecologists
(e.g., Cole 1954; Lewontin 1965), and could result in large differences in fitness
between fast- and slow-maturing females,

These postulated differences in female fitness do not lead us directly to the
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prediction of low sex ratios in times of resource ahungan;e. Maile‘dalllrilia:lto:: ;.:lls_lo
ibit hi i i f resource abundance -
xhibit high growth rates during periods o | ! =
:nce incrzasis in relative fitness because qI:lnf Iarger slz:3 and ii:o;:rlmlgﬁt&
i i ncreases becal
tive advantages (as discussed earlier), as well as i s ohiaid
i i s of males or females rela
tions in development time. Reproductive succes s,
function of age at first repro  ag
members of the same sex must be a ‘ e
i i i babilities of breeding and success ly p
specific (or size-specific) prol . t i el
i ize- fic) survival probabilities.
young, and age-specific (size-speci ) e s sy s
i i i Iligators to compute adeq
enough information avallqble on a LS SO maswres of
relative lifetime reproductive success for varying | e
tion in female reproductive succe
However, we have suggested a source of varia S = Smoces
i i ionship between resource abundance l ag
(via the postulated functional relations I ] : by
i i itude to produce large
sexual maturity) which may be of sufficient magn e
i i We further suggest that these differen
ces in relative fitnesses of females. : L
i les at varying resource levels. In tion,
be larger than those experienced by mal b g,
i i to us, the relative fitness gain as
as an anonymous reviewer pointed out ’ e
i ity i bably more predictable for fem:
with a decreased age of sexual maturity is pro . . -
i i males must still compete for
than males. Even after reaching reproductive size, ma s e
i i dictability of relative fitness g
females. This factor should result in lower pre e
ienci levels. In any case, we sugges
for young males experiencing high resource I | i
i i h different ages of sexual m y
differences in female fitness assoc:a.tqd wit ; f s _
:::::ld reconcile our empirical results with the generalized predictions of Trivers
i 977).
d Willard (1973) and Charnov and Bull (1 )
m'lCorr(:nlx:nru:icm for the relationships we have h;{roll:;snz;.d '::)mm:sb zt;:'cln(ml :r::ﬁ:
i i i i her reptile, the dia - i
scale rearing experiment mvuly:ng anot
(Malaclemmys centrata), in which a marked preponderance of fen&a}e:,t(ifi:l;:l:;
=0.14,n = 1,433 animals) was produccd(HiIdcbra.nd 1932, 1933). Gro iy
lhe-;e -ulnimuh were increased through winter feeding, :nd sexu(al_ll‘r;:lat:;;ydn';gn
se 5 ' ek - \
ies was shown to be a function of size rather than age ( »
aliggg;esHildcbmns.l‘s data came from broods (groups of cluu;hes) :rruduce;i;:;l::l
3 ‘he exhibiting the lowest age o
for over a decade. The annual brood ex i
zll::;uri!y (the 1911 brood was fed three winters and prudm:}:d(giﬁgsrwhel:';: ):;(;)I[:i;
i i i tio emales
Iso the brood with the most dlsprupurtlfmnte sex ra 188 : :
r:::c:'szfildcbrnnd 1932). The brood that required the longest time !o.rcmh sesxu‘l)l
maturi‘ty (the 1919 brood was fed only one winter and prt&d::cd elgga I}l-;i;tf:hmm
i i i females an males;
as the brood with the highest sex ratio (93 | : I
:‘;32). These extremes in sex ratio and age at maturity thus correspond closely to
our predicted relationship between these two parameters.

SUMMARY

Samples of alligators from wild and **farm" populatiugs exhlbflled d:s;}:iropu;:
tionate sex ratios. Males predominated among young atllgalorsa] rom v:he t";crm
ulations, whereas females were much more abundant than m e!s in g
population, where resources were superabunldant. These resu t;ﬂ arnm:e o
considerations lead us to hypothesize that environmental factors influe

T ————. - -
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determination in alligators, During favorable environmental conditions natural
selection is expected to favor a preponderance of the sex whose individuals ex-
hibit the greater environmentally associated variation in relative fitness, We hy-

maturity
result in
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