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In a recent acticle Vogt 71994 advocated the use ot
environmental sex determination (ESDY us w conservation
tool to assist in the recovery of imperiled .urtle populations.
His suggestion is predi. u 1 on the assumption that temale
turtles are more importeat than males since one m e can
mseminate many femules (polygyny). With this fotacaaen
he sugg csted  hat cuptive reeding progre or toe cnd
decliring tuices should b e ~rodue” g 0 W ter o
hatchlings at uretic of 6200 weolecfure rowale. Voo s
propas ' was questoned by Mrosct o and Godfi
(1995 as a “superficially « v ctive cheme [that] s
reminisce it of headstarting,” another dubious conserva-
tion tool (krazer. 1992). In this essay I continue the
cautious approach suggested by Mrosovsky and Godfrey
and claborate some ot the potential demographic and
ecologic consequences of manipulating
turtle ponuiations.

SexRitio Vear® + o ¢ Turties. — Anexamination of tie
X ratio niaulation on tatic s cequires an
understanding o patural s X ratio vuriation. Adulr sex ratios
in turtle populations can var, uccording to four underlving
factors. assuming that .mpling bias is not a concern (Gib-
bons, 1990: L.ovich and Gibbons, 1990).

I The sexes can experience ditferential mortality. a
likely possibility in mest highly acuatic species in which
females are the only sex to leave the relative safety of the
aquatic environre tte lay eees,

2. The  zes me, ~xhibit differenticr _mmigration or
emigration (Parker. 1901 Gibbons ¢t al., 1990 Lovich,
1990a). Mol conan; ou us ot wrtles wae Lnev A to moe
more frequent! and for greater distunces than fo 1ales and
this can produce episodic or lasting differenees in sex raaos
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3 7 Tea wrtes e bipirl 8P with the sex of hatchling s
determined by the temperatare af which cges o ¢ incubatac
(v ert and Nelson, 1991; Janzen and Puaukstis, 1991a,
1991b). Although ESD cuan cause considerable variation in
the primary sex raido within coborts among years, some
long -trm studies have de wonstrated that  ex ratos tenc
odunit oocrmany s (v zife. 1989 references in
Lo.th ad Gibpons. 1990 Mros sky. . vvdy,

4o uisn, o dile onees in the

e L0 e wE ber ool the  txes. hus

ing ot attain-
heen Lowa W
7 aenee adun o TG T SCveran o e specie. including
Vg ansieriapie (Lovichand Gibbons, 1990), Trachemys
seripia (Gibbons. 1990}, and Clersinyy inscudpta (Lovich et
al., 1990). Simply sated, the sex that matures carlier is
expected to predominate nu nerically. assuming that other
fuctors do notexert un overy. icming influence (Lovich and
Cibb s, 1990,
Recent rescarens (Lovich and Gibbons. in prep.) has
deme. o Sip bet wen oo ual size dimor-
~oisn dedetsoxate s nturtle o o the vorrelation of
wth > 5 ~~toem and the coupling of ¢+ x determining
pate ~ tosexua izedimorphismi{Ewertund Nelson. 199 1),
The sigriticance of this iinding is th 2 suggestion that biased
adult sex ratios are to be cxpected in some turtle species and
that the dircction and magnitude of bias is predictable:
under natural conditions. adult sex ratios will tend to be
1 o-hiaoed in species in which females are lareer than

a olad

~ales. and female-biused  on males ave lurger than fe-

mal

“Lue assuartion thue adult sex ratios are naturajlybi - »d
oS¢ e Lartie soecles. s hoiobee s snown in numerous
detai.oa fong -tzrm studies. has profound iaplications for
any program Liat would attempt to manipulute the sex ratio
to produce an excess of females (Morreale et al., 1932). A
major concern would be the impact of such a program on the
reproductive ecology of a species, specifically as it relates to
th eifects of multiple puternity, sperm competition. fertil-
ity and intra- and ir s wal competition on populatior
persis. nee.

Lowirind - Pelro Civa e o il Cor i
well o leolished that o cral turtle ¢ cles exhibit multple
rte ity (Harry and Briscoc. 19835, Kaufmann, 1992:
C lbraith et al.. 19935 Coupled with the sperm storage
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ability possessed by many turties (Gist and Joncs. 1989),
multiple paternity and sperm competition must e consil-
ered as significant adaptations in their ceproduct ve strategs.
In reality the mmaporiance of thes iraits u~, seen furgely
ignored in turtles (Galbraith et al.. [993).

Several adaptive explanations for sperm storage and
multiple pat. aity have been proposc | for wrtles und are
reviewed hy Gelbruith (1993), Orne of the mmost obvious
explanations is the possibility that sperm storage is an
adaptive feature of the reproductive strategy of long-lived
organisims in which females may not have contaci with
males 11 x0 e vears. Coimbined with vie pussibifits t
frequent copulations mivht increase oftspring viability in
some reptiles us a possible result of <rerm competition
Madsen etal,, 19921 itis logical to assume that the. > trms
would he strong  seleeted for i tuitles,

Multiple patemity and sperm competition w.e only
¢ffective when the number of repreductive males s suffi-
cient (o facilitate muliiple inseminations. Ruw 2nt work bs
Suge and Ciesse . 190945 demaonstrar the impistunce of
breeding structure on gene diversity in naturai and captive
p pulations. They s.iowed unequivocally thut multiple pa-
terpity increcses the offective population siz - above that
capectedfror polvgyny ormoene  my. Si_aifcantly, asthe
number of males actually mating decreases. the impact of
multiple paternity also decreases.

Sperm competition. an extension of male-male conflict
within the fe nare reproducs -~ tract. can iead o the ™ unie-
tion of wfspring ity reader litness, “ssuming the . cnougil
males are available w0 assure multipie inseminations of
females. However. most di__ussions oT  perm competition
huve ignored the p ssipility of competi ion mong v v o s
haploid genotynes st sperm within the cjaculate of o <in. e
male. Haig and Bergsirom (19957 suggested that rivalry
within ¢juculates limits cooperation among » cmbers of dn
ejaculaie wien the: compete with spo = vomn iy mi s,
Further. a gene that gains anadvanta_ i 1competition within
an ejaculate (called a segregation distorter) can increase in
frequency even whenitis associated with sign’“icant _osts1o
organismal fitness. i¥ the <. iion disrorter imy .irs ..o
corppetiiiveness of O ocalat s Lowhico it e urs, Caon Lo
relative advantage of the distorter s reduced when females
mate with multiple males.

The pr cding disc iun st osts loac Mittipa pe -
nity and spert competition me | e very iu, ortan bt the
persistence vi populations and ciutions against manipulat-
ing the sex ratio of turtle populations to produce "1 xcess of
female «

Foodhire, — Chan (1991, 7 d 1 Mresove ™ an .
Godfrey (1995), sugaested that the noor hatch rates (30 .
infertility according to Mrosevsky, 1994) of leatherback ca
turtles (Neriitoc elvs coriveeay ia Mali | ta may b ooattrih-
uted {0 ‘nsu
Observauons by Wood and Wood (1980) on captive green
sea turtles (Chelonia mvdas) showed that the percentage of
1 ting females was directly correlated with the ohsery _d
durstion of mating " .oy sugge . that the dura icn of

wiet numbers of moles to f otlize O ke s,
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observed mating is a pattial function of the number of males
that copulate with «'emale. Males of this species are known

s cein snultiple ¢orulations (Booth and Peters, 1972).
Thu . ¢ 9 ihe act of ner g cun be relatzd to the relative
abundance und behavior of male turtles.

Intra- and Imer-Sexual Competition, — Sexual selec-
tion operates to enhancd 12atL re or bel viors that iner_C se
wwovof L exitothe ethor asually o mates to femule .
Sexual sclection can result in intra-sexual competition for
mates. usually in the form of male-mule combat. or inter-
sexual choice, usually inthe forn: of fumale choice of a mate
ot s, 1972 0 Abandant wene s available to suguest
the existence of both forms of sexual selection in tartles. as
discussed below.

Chmbar amo o males during the br _ding scason has
weindocy omea oomuny torS 2, particin. 4y i errestrial
species and those in which males are lurger than females
{Berry and Shine, 1980: Gibbons and Lovich, 1990;

Kaufrmann., 192, Ernst ¢t al.. 19945, Kauimann {1992)
tound th g oceursamongitale wood  va (O diys

inscupte j. resulting in o linear dominance hierarchy that
determines access to breeding females. In this species adult
sooratiost 4t 7 female-biic _d under natural conditions
(o Ch et 19y “Lsuch, taee o sond other specic. in
which males are larger wran females may not be adversely
affected by an additional sex ratio bias toward females, but
the exact consequences of sex ratio manipulation remain
unk "

I e nule choice of ma . through discriminatory mat-
ing. has also been demonstrated in turtles. Booth and Peters
{1972 showed that female green se . wrles (Chelonia
no i were capable of avoiding © Huiation with @ variety
of Cauvioral patterns including bitirg. averdance., and re-
fusal. The authors concladed that the female is completely in
control of whether mating occurs or not, This behavior was
by Crowe!l Comuzzie i nd Owers (199 who
suggested thut fe nmiles signal reprouuctive recepti' ity to
males butalso exercise mate sclectivity by avoiding mount-
ing. Lovien et al. 11990y o >rved that fomale slider
tertics (L achs so8cElnrne, osume an aet’ L2 role in
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courtthinincluding the tse of procentive behuviors that
actively solicit m e atfention and may communicute
receplivity.

Boti forr: -~
cithe comy 1

sexual selection require w suilicient pool
“sex for intria-se coribat or choice by the
dorimi o g sex. If sex ratios sre mampulaied o produce
an excess of femr les then adaptations driven by sexuul
The velo-ecificd shider wartle
Loac oo, mple of @ wxon ta which
adult males natv Yy outnumber adult females in well-
studied populations (Gibbons. 1990) and numerous males
comy ooor the @ noon of © emale during the mating

0 Te 19500 Given the tiv © ole remales play in
courtsnip behav or. one must question the result o1 shifting
orinverting the sex ratiotoward an cxce ss of temales. Would
an adequ e number of nales be availubie for sexuud selec-
coperiecSeen Iy Althoug ke question may seein

select™ » n m . be sliered.
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academic, the mmplications are potenti iy profor  v....
considering the ..te of dechining pop "icnx e Troooard s,
Forexample. fewer thun 30 Ps
in the wild, and ceptive breedir 1~ major part « their
recovers progiam Kuchlin, et al. 1992

F oot zic Covse w0 — Sexratio manipt
hav > po sible ec wic ¢ sequeaces as wo L Resousee
partitioning between the ~_ s aresultfromn  ural sejec-
tion due to ditrerential Lrooractions of e ch osex with
environmenti{Shine. IV sLoviea w0 severalec,” gi-
d intv models thut
could account for resource pariitioning.
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cal nuechanisme aa. e been incorpo
ectally as it
relates o the evolution of sexual size dimowphism (SSD;)
(Slatkin. 1984). The first is the dimorphic n che model. It
there are intrinsic differences between males and ‘emales
because of their different energetic needs to ensure succ . <-
ful reproduction or because of different social roles. then
there will be different optimal morphologies toreach. In the
second model, bimodal niche selection, cach sex has the
same needs and 1s ecologically similar. but there are two
optima toward which either sex could evolve (Schoener,
1969, 1977;. The third model. and 1 haps mosi frequently
invoked ccological cause of SSD. is ¢ apetitive dispiace-
ment. a process sintilar to ecologic .1 character displacemen:
usde. cribed by Brown and Wilson (19301 ind Dunhamet al.
(19793, In this model the re ource. used by o 2iven sex ure
determined to some extent by« particular trait. For example,
individuals that are larger ovhave ale wor cooding apparatus
miay be able to consume I+ +r feod items than smaiier
counterparts. It is often assumed that ditferences in the
distribution ok such a trait Jessens cornoetition between the
se__ . for the limiting resource 1Scland . 1966: Schoener.
1966° L rhart and Johnson. 1970: Feduceia and Staughter.
1974. Fitch, 1981).

bew studies have examined the role of inter-sexual
resource pattitioning in turtles. Tucker et al. (1995) noted
significant dietary partitioning between the sexes of dia-
mondback terrapins (Malaclemys terrapin) with females
cating larger prey and a wider diversity of prey than males.
Sloan et al. (1996) found ditferences in diet between male
and female alligator snapping turtles (Macroclemys
renminckiny. Differences in prey s..c nd distribution may
lead to habitat partitioning between the sexes.

Given that the population of M. rerrapin studied hy
Tucker et al. (1995) has a strongly miale-biased adult ser
ratio iLovich und Gibbo ». 1990)) one must question the
impact o1 @ titicial | manipulating the s - ratio to produce
an excess of remales. Would the  xcess rtemales voset the
balance ot resource partitioning o cating to » much o. the
prey base on which the population subsists? W suld resource
partitioning it ..t break down? These are w.ooreticul ques-
tions, perhaps, but guestions that need o be considered
before manipulating the sex ratic of turtle populations. In
actuality, the “experiment’ tu tesi this hypothesis is already
being “conducted” since terrapin populations are experienc-
ing extremely high male mortality in crab traps (Bishop,
1983: W. Roosenburg, pers. comn.).

Summary

Vet {1944) periormed a veivable service to the chelo-
niae wervation community by initiating « dialogue on the
¢T N using sexrailo manipulation. aconservition tool.
fnth spiritet continuing 1t dial gue T maintain that there
£ insts cient nformation ut this time to evaluate fully the
po o thilinipact oo sex ratio manipulation on turtle popula-
tic . .oOseence and hoCothe information svailable argues
e Voo anipulaiion. Turthermore. Vogt's suggestion to
produce predominantly fernaae wirtles wouald only exaccer-
bate probiems caused by predicted global warming which
has the putential te eliminate the production of male oft-
spring in some turtle species (Junzen. 1994).

The pitfalis of sex ratio manipulation in turtle popula-
tions were first highlighted by Morreale et al. (1982) who
wurned that artificial incubation projects for green sea turtles
{Chelonia mydas) were releasing all male, all female, or
cvenintersex hatchlings. They recommended against the use
of artificial incubation in an effort to maintain natural sex
ratios. Later, Frazer £1992) eloquently articulated the fallacy
of headstarting us another conservation technique that em-
phasizes treating svmptoms insiead of causes. Too many
con ervationists had defined the disuppearance of turtles
ory wmeric...)y in terms of there not being enough turtles.
The “halfway technologyv™ s ution,: Jdiscussed by Frazer
O, v <imply to produce more turtles without tocusing
atiention on cavses for thetr disappearanee This theme was
amplified by Mefte 119923 »ynoted the propensity of humans
o cmbrace technology i the  arch ior solutions to ecological
Sroblem . again focusing on sy nptoms and not causes.

The id-a of using sex ratio manipulation to “jump-start”
declining turtle populations has all the allure of technology
noted by Meffe combined with the short-sightedness of the
haltway approach noted by Frazer. Now the problem ap-
pears to be not just having too few turtles, but not having
enough female turtles. In a world that is increasingly hostile
to turtles ot both sexes, I see little hope for this approach until
we face the real problems of over-exploitation. pollution,
habitat destruction. and rampant human population growth
(Meffe et al., 1993).
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