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Life-history perspective of adaptive radiation in desmognathine

Lif-H istory Perspectine of Adapti\e Radiation
in Desm ognat ine Salm anders

Rici aro C.  Bruce

This study inwestigats intrspecific variation in age atfirstreproduction,
fecundity, and body size in multispecies assemb lhges Ofdesmognathine sa k-
manders. The hypotheses tested are th atinterspecific differences in body size
am ong desmognathines stm proxim at ¥ from \ariation in age atfirst repro-
duction and t atvariation in the Bter traitis positive ¥ correlated w ith \ariation
in fcundity among species. itis shown that a correlation be tvee n age atfirst
reproduction and ®cundity, combined with a uniform rat ofsurvival, based on
avai bb B estimates Of these parameters, will yield equivalent values of ne tre-
productive rate (Rg among the species of a given assemb kge. Such.equivalence
represents a form of life-history symmetry. Data from two assemblages arc pre-
sented in support of the argument for symmetry. Such life-history symme try
may reflict uniformity in morphological specialization in desmognathines. Giv
en t e morphological adaptations to burrowing (had-wedging) in the subfamily,
the re htionsh ip between adu kbody size and h abitatpre®rence in Desmognathus
may refllctadaption to the size of cover obgct and com position of the sub-
stratum abng t ¢ aquatic-terrestrial h abitat gradient | propose th at these vari-
ables, in association with predation and com petition, represent the se Bcti\e

factors responsible for body size diversification in Desmognathus.

EW genera of \ertbrats exhibit\ariaton
in body size and life history as extreme as
tatshown by te dusky salbmanders of te

genus Desmognathus (Tilley and Bem ardo, 199 3).

Desmognathus, with 16 species currently re cog-
nized, is the prindpallgenus in te subfamil¥
Desm ognat inae, tatoterwise contains on¥
te monotypic Phaeognathw (Tilley and Ma-
honey, 1996; Titus and Larson, 1997). The sub-
fam i ¥ represent ahigh ¥ derined, monophy-
Jetic Eneage witin te Plethodontidae (Schwenk
and Wake, 1993).

In contrast o tie pronouncd \ariaton in
size and e history, desm ognatiines are m or-
phobgicall consenatine (W ake, 1966; Sweet,
1973, 1980). Synapom orphies t at distinguish
te desmognat ines from ot er salbm anders in-

clude nine skeletomuscular d aracters reiated
to feding and/or burrow ing (Schwenk and
Wake, 1993).A b ough desm ognatiines are es-
sental semiaguatic stream side salm anders,
an exensive adaptiwe radiation in ©e soutern
Appakc ian Mountains has yie Bed fulF¥ aguat
ic and ®rrestriallspedes.Whatis remarkab Il
about tis radiation is ©e nearly exact corre-
htion betveen body size and BE history-te
hrger forms are more aguatic, te smallr are
more errestrial (i airston, 1949). The physio-
graphic setiing for e adapti\e radiaton has
been e broad m oisture gradientoftie humid
montane forest oftie sout ern Appalachians.
Com petition (H airston, 1949, 1973, 1986) and
predation (Tilley, 1968; H airston. 1986) m ay
representtie factors t atregu bt te obsened
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patern ofspedes dixriiudon abng the m ois-
twre gradient

Phaeognathus hubrichti, the hrgest species in
te subfami ¥, is te onk im portantexception
 te body size-habitat corre ktion. It is an
e bngakt, tErrestrialburrower endemic t
soutern A Bbama_ Thus, e mode Bpresentd
herein is rescricted O Desnognathus. Phaeogna-
thusis exchided on te basis ofextrteme m or-
ph obgicakpedakation and absenc from mul-
tispecies assem b hges of e Appakdiians.

Itw as origina ¥ hypotesized a att e aquatic
desm ognatiines are more primitine tan te
trrestrialforms. wit evoliton hawvng pro-
ceded unidirectiona® or near¥ so (Dunn.
1926; H airston, 1949 . 1985). More recnth,
Bruce (199 1) postu htd t att e ancstraln ode
of BE is bestrepresentd by te semiaguatc,
stream side spedes, sud as D. fuscus,wit bot
te aguatic and Errestriall B histories repre-
senting derined staks. Tilley and Bernardo
(1993) subsequentld questioned bng-standing
assum ptions re lkting EE-history \ariation in ex-
fant spedes o te phylogenetic history ofdes-
mognathines. They argued that eco bgicalloon-
straints observed in desm ognatine assem-
biages, acting w it life-history and morpholog-
ical covariafion, coull serve t decouph
obsened trends in ke history from phy bgeny.
In e same year, Schwenk and W ake (1993),
in ¢ biddatng te Errestriall €eding med &
nism of te aguatic D.marnoratus, suggestd
t atadu kdesm ognat ines have secondari ¥ in-
vaded stream habitas .Mollcu brdatae\en sug-
gesttatte Ul errestrialspedes represent
te basalloondition (Titus, 1992; Titus and Lar-
son. 1997;see allo Collazo and Marks, 1994).
Confirm ation of tis hypotesis woull rquire
te demonstration c at desm ognat ines hawe
reexolled te larval stage . Thus, e traditional
\ew ofdesm ognat ine exolition is under dall
Inge by newer data from a \ariety ofsourcs .

An unresolled exolitionary prob Im is h ow
a morph obgical consenat\e lineage ke te
desm ognatiines (Sweet 1980) has undergone
sudi extreme diversification in body size and
I history ©0 yie l te obsened aguaticer-
restrialgradientin spedes distributon in te
soutern Appabdiians.In tis paper, I ofkra
sollition tatis predicakd on te hypotesis
t atm orph obgicalluniform ity witin te sub-
fam i ¥ is associakd witt common dem ography .
The dem ographicm ode Boutlined be bw , whia
is an ¢ Bboraton of ideas presentd earler
(Bruce, 1995:411), is exallakd wit data from
W o desmognatiine assem b hges.

Dem ographic mode I-Body size in Desmognathus
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in th e southern Appalachian Mountains co-
varies W it h abitatassociation. Small speciesare
terrestrialand hrge ones are agquatic (Hairston,
1949, 1980, 1987). Inkrspedfic varationin
body size w it in an assem b hge is exp hined by
\ariation in egg size, grow &, and age atfirst
reproduction,w it te Bstaccounting for m ost
of te \ariaton (Brucz, 1990). In a gi\en as-
semb lhge, ©e inaease in age at firstreproduc
ton (a) is ordinari ¥ one year in each s&p of
te series (Castanetetall 1996).

In some assem b hges, anerage annua I cun-
dity (b) near ¥ doub Bs as body size increases in
each s&p in te sequence of spedes (Bruce,
1995). The ratio of average annual®aundity
ofa hrger 0 te nextsmallr spedes is te
faundity mullip ker, k .

Annuallprereproductine survinorship is ap-
proxim at ¥ 0.5-0.6 in each spedes (Tilley,
1980; Bruce, 1995). To maintain equinalnc
in netreproductive rac (R,) an ong spedes, te
predse re htionship between Raundity and an-
nuallsurvvorship (s)isk = Fs*where k is te
faindity mu lip kr as age atfirstreproduction
inaeases by a constantinaement n, in each
sep of e sequenc . Ifn=1 year, tienk =
1/s.

ITR,= 10 in a spedes, itwi Mbe m aintained
at1.0ifte spedes evolles 0 a hrger or smallr
size trough te meaanism of inaeasing or
deareasing age atfirstreproduction.Because of
tese re Rtionships, te spedes ofagiven assem -
b hge are dem ographical® uniform: ie.. ata
ginen body size indinviduall ofdifRrentspedes
are ineraangeab l in £rms of suninallprob-
abi iy and ®aundity. Invariane in tese life-
history parame®rs represent a form ofsym-
metry (Chamowv, 1993).

As aconsequence ofdem ographicsimi hrity .
ad pustment in age atfirstreproduction repre-
sentamed anism for inaeasing or decreasing
body size © atdoes notinnolle acostin fithess .
Thus, body size is free 0 evo be, unconstrained
by dem ographics, in response O a \ariety of
se Ictine factors .

MATERIALS AND METHODS

Newdata presentd in tis paper are follicle
couns ofgravid £m alls and count of depos-
ited eggs in field clutches. Sam p lhg bca Hies
were in te WoFCieek and Coweeta watr-
sheds. W oF Creek is a 141-hatract on Cullo-
whee Mountain.a spur of e Cowee Moun-
tains, in &k son County, Nort Caro Ilha.Most
of te Raundity data were obtained tere as
byproducts of a \ariety of ocher studies con-
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ducted between 1986 and 1995. In some uses,
Ihawe expanded datasets ch atwere presented
earkr, e.g.. Brue (1990)and Bruc and Hair-
ston (1990). Searches were conducted in the
m ain stream, eigh th eadw ate r tributaries, and
numerous seepages o\er an elevational range
of 730-0130 m.

The Coweerasitts Ble within the CoweetaH y-
drobgic Laboratory, located on the eastrn
s bpes of the Nanwahala Mountains, in Macon
County, North Carollna. Coweeta is 30 km
soutiwest of WoF Creek. Sam p Ing at Coweeca
was conducted in 1994 and 1995 from 12 sites
in the Ball Creek and Shope Fork drainages,
whose conflience forms Coweeta Creek. Most
salbmanders were taken between elevations of
690 m and 1130 m, buta ®w D. acoee and D.
wrighti were collected up ©1420 m. Inasmuah
as fieldwork atCoweeta was conducted inciden-
talco another progct, the samp s of gravid
fmalls were smaland nodeposited chitth es
were found.

Three species of Desmognathus occur atW oF
Creek: the smalD. ocoee, the midsize D. monu-
cola, and the hrge D. quadram acuiatus. At Cow-
eera, the same three species coexist with the wo
diminutive spedcies. D.aeneus and D.wnighti. The
former, howe\er, was unconmon at the sam -
pEIhgsits, and neither granid Emalls nor de-
posittd chitthes were obsened,

Gravid Emalls were ordinari  identified in
the fie B, returned t the Bboratory, anesthe-
tized in MS-222, measured (SVL =snoutwnt
Ingth in mm), and then presened in 8% for-
malin. Yolked folicls in both owaries were
counttd (FOL=number of folicls) folbwing
dissection. Gravid £malls were defined as in-
dividuaBinwhic the average diametr ofovar-
ian Toliclls was at Basth aFd ar ofde posited
ova. The threshol sizes were 1.5 mm in both
D. wrighti and D. ocoee and 2.0 mm in both D.
monticola and D. quadram acuiatus.

Depositd egg chitthes were obserned at WoF
Creek on §. Som e attending fem alks and their
clutches were returned © the BRboratory where
SVLs were measured and eggs were counted.
Femalls and chitthes were ofttn he B until
hatdhing and then re Based. Otherwise, Emals
were presened and dissected to determine the
condition ofthe Emall reproductive tractim -
mediat ¥ after oviposition. In many D.  ocoee,
fmalls were measured and eggs were counted
in the fie B, and the nest was th en restored.

The principallstatisticaltest e mp byed was an
ana bsis of covariance oflog,-follicle num ber (In
FOL), with bg,-snoutwent Ingth (In-SVL) as
covariate. The ANCOVA design folbwed So-
kal and Roh F(1995) and was performed with

7

SYSTAT \wrsion 5.2 for Macintosh. Signifi- ‘
cancewas exalllattd a: a = 0.05 in a lkests.

RESULTS . .

At WoF Creek, ®mall D. quadramaculatus
ordinari ¥ atrach their eggs to the undersides
of Brge rod s in midsiream locations. Th ose of
D. m onticoia select smaMr rod s buried in the
streambed or streambank ;in some cases, eggs
were found attached co severallsmaBMscones and
adpcentroots. The fw clitth es ofD. monticola
obserned at WoF Creek were alin smaller
screams and seepages, whereas o ose of D.quad-
ramaculatus were in bott hrge and smaMstreams.
One chth ofD. quadramaculatus and three of
D. monticola were found in the same sma Bstream
within 2m ofone another. The eggs ofD. ocoee
were usua l¥ bcattd underm oss on soi Il bgs,
and rocs atthe edges oOf streams. Although
ftmalls of altree species atiend their ciutdhes,
in sexerallcases lwas unabl to bcat the £-
malls of D. quadram acubktus and D. m onticoia.
For these, spedes identification was \erified by
raising the eggs o hatding in the Bboratory.

Oviposition seasons atW olF Creek are June
in D. quadramaculatus, ear ¥ co mid-July in D.
monticoia, and mid- co he Ju ¥ in D. scoee. EQg
ciutthes ofalth ree species haw been found in
the fieBinmid-dub.

AtWoFCreek, counts ofyolked owarian fol-
licles in dissected gravid fmalls tnded to be
higher tan the numbers ofeggs in field ciutch-
es ofalthree species (Tab B 1). This may be
the resu kofse\eraMactors, incliding fai bire of

Tasre 1. FecunpiTY IN COWEETA AND WoOLF CREEX

Desmnognathus.
Locality and species n Range Mean SD

Ovarian folicls per €mal

Coweeta
D. quadram acuiatus 5 38-60 542 1178
D. monticola § 2244 2993  6.99
D. ocoee 12 12-28 173 4.3§
D. wrighti 4+ 810 93 0496
Wolf Creek .
D. quadramaculatus 13 42-61 524 6.06
D. monticola 23 19-39  29.0 557
D. ocoee 17 9-22 158 3.88
Eggs per depositd clutch
D. quadramaculatus 3 38~35 45.0 a8
D. monticola -5 HR-27 250 394
D. ocoee 29 5-23 132 3.8




8 6

fmals t deposittheir fu Movarian com p -

ment, egg m ortaly afer ovipositon, as we B
as my failure co bcat alleggs in aclutch. The

last factor w as m ore ofa problem in D. monticola,

where eggs were ofen scatered on several small
rock s in saturaktd grawe Bbeds. Dissection of %-

malls tken wit clitwhes sometimes revealed

one or a €w orange-colored atre ic fo liclls in

te ovaries. Thus malls may retain and resorb

som e yolked folcls.

Toinwestigat the re ktionsh ip between body
size and Raundity, | used a pow er function ap
pkd b SM_and FO L(Fg.l). The power func-
tion is appropriat because SM_is a bhear di-
mension and follicle num ber is expeced © \ary
according 1 body volime _A separakt anabsis
of oonariane of In-FO L, wit In-SVL as covar-
iate, w as conducted for each assem b hge ofspe-
des (Tab B 2).Slopes of bot regression Hnes
in Agure 1were high ¥ significant(Table 2, €st
2). In neiter analsis was tere a significant
inktraction between spedes and In-S\M_(Tab 1
2, test ), thus supporting te assum ption of
homogeneity of s bpe am ong treatments (spe-
des). Subsequentanalses of comm on regres-
sion equations (Tab I 2, €st3)showed bt atat
Coweeta tere was No significant difference
am ong spedes in mean In-FOL adjusted for
common mean h-SM_butt atat Wolf Creek
te difErence was significant Thatis, a com -
mon.regression Ene provded an adequat fit
for alfour spedes ac Cow eeta butnotfor tie
tiree WoOF Creek spedes. Nenxertie Iss, te
com bined W oF Creek data showed a reasonab ¥
chbse approxim atton t a comm on regression
(Hg-1). The mode Bis considered adequat ¥
descriptinve for tie purposes oftis study, be-
cause the re Btionsh ip ofintkrestis between age
atfirst reproduction and mean clitdh size.

The com m on regressions shou l notobsaure
te obsenation tat the corre htion between
faundity and SVLis weak or absentwitin sew
eralofthe populations sam p Id (Tab B 3).0ne
striking discrepancy in Tab B 3is te Bc ofa
significant corre ktion of In-FO L with In-SVL
in the hrge sam pl ofbrooding £m alls of D.
ocoee from W OF Creek, exen tough te oor
re Btions w ere significantin t e sm allr samples
ofgravid €malls of this species acboth bcak
ties .The exp hnation for the poor corre bhtion
offecundity and body size m ay derive from the
high residualhariane in clitd size com bined
with an unusua® narrow range offm all body
size in desm ognadi ines, as document®d for WoF
Creek (Bruce, 1993) and obsered in och er mul-
tispedes assem b bhges of desmognathines (Or-
gan, 196 1; Juterbock, 1978).

Ages atfirst reproduction for £m alls atW oF
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Wolf Creek
In FO L=-2525+ 1.459(In SVVL)

4.50+

4.00-

350+

3.00-

2.50~

200
3.00

4.00

In FOL

Coweeta

450 In FOL=-23)2 +1.405(n S\L)

2.00
3.00

T T
4.00 450

In SVL

Hg-1. Regressions offoilicle num be r (FOL) on
snout-vent Ingt (SVL) for log,-wransformed d ata
from gravid fem alls of Desmognathus. Fom Bt
righ t t e polygons oudine dustrs of point for D.
ocoee, D. monticola, and D. quadramaculatus at Wolf
Creek and D. wrighti, D . ocoee, D . monticola, and D .
quadramaculatus at Coweeta.

[3
3.50

Creek are 4=3yrin D. ocoee, 5<7 yt in D. mon-
ticola, and 7-Syrin D. quadramaculatus (Cas-
tanet et al, 1996). Com parab I estim aks h awe
been obtained for e Coweeta popu htions (J.
Castanet H . Frandllon-Vieillot, R . Bruc, un-
publ.). The esdm aces suggestd att e average
difference is approximately 1 yr between suc
@ssive spedes in tie body-size sequence . H ow -
exer, the mode Bdoes notrequire al-yr difer-
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TabLE 2. ANaLysis oF Covariance oF Log,-Forucre NUMBE (In-FOL) IN Desmognathus. Th e covariate is
log,snour—vent length (In-SVL).

Localicy Source of variation df MS F P
W oif Creek Within
(1) Differences among s bpes 2 0.063 2.20 0.122 ns
Error 47 0.023
Total
(2) Slope of conmon regression 1 11342 305.81 < 0.001
Error 31  0.037
(3) Deviadions from conmon intrcept among species 2  0.207 6.86 0.002
Error 49 0.030
Coweera within
(1) Diferences among sbpes 3 0.038 1.42 0.264 ns
Error 21 0.027
Tocal
(2) Sbpe ofconmon regression I 8763 281.75 < 0.001
Error 27  0.031
) DeNiations from conmon intrceptamong species 3 0.055 197 0.145 ns
Error 24 0.028

ence butoniy that tie difErenc between suc
e ssive species is constant

AtWoF Creek, the ratios of mean owarian
follicle number are 1.8 1 for D. quadramaculatus:
D . monticola and 1.84 for D. monticola: D . ocoee.
The Raundity ratios based on depositd clutch-
es are similar: 1.80 for D. quadramaculatus: D .
monticola and 1.89 for D . mon#icola: D . ocoee. Us-
ing the ratios of follicle counts, and assuming
uniform survival t rough life, al-yr s€p in age
atfirstreproduction, and annual re productie
cycles, tie mean annua lsurviva lrate t atwould
yield equal Ry is s =1,71.81= 0.552 in D. quad-
ramaculatus and D . monticola and s=1/1.84=
0.543 for D.monticola and D. ocoee. These are
similar to pub Bsh ed survival values for D. ocoee
(Tilley, 1980) and D . monticola (Bruce, 199 5).
Combining the survival estimates with the ob-
sened Bcundity values,where b2 =daugh &rs
per year, and basing age atfirst re production

on skeletochronological estimates (Castanetet
all, 1996), wi Byield R, values th at\ary around
1.0 in ai Ith ree spedies.

Giwven a constant Raundity ratio, the re k-
tionship between ®cundity (b) and age atrirst
reproduction (a)is th e exponentia unction, b
=ceM where Mis the instantaneous morta ity
rat diatan be cabu htd from annua Bsurvival,
s=e~¥ Usingk = 164 asa conmon ®aundity
muBlipler yie s s= Ik = 0.543, and M=
0.610. If the sucessive valies ofa are 3, 6, and
7 yr, then b = 0.723e%%1%, gpproximately, for
te WoFCreek assemblage. The awerage adu lk
ffmal Hespan can be calculated from 1/M =
1.64 yr and is identicallfor the three spedies
under th e assumptions of the mode 1

In the sma MCoweeta samp I, te ovarian fol-
licle ratios are 1.8 1 for D.quadramaculatus: D .
monticola, 1.73 for D. monticola: D. ocoee, and
1.86 for D. acoee: D . wrighti. Noton ¥ are these

TaBLE 3. CORRELATION BETWEEN In-FOL AND In-SVL IN INDIVIDUAL SAMPLES OF Desmognathus. Ana bsis
restricted 10 those samples wheren > 5.

Locality Sampile a r t p
Wolf Creek D. quadmma:ulatu:. gravid 13 0.016 -0.052 0.960
D. monticola, g!'ZVid 23 0.296 1.418 0.171
D. ocoee, gravid 17 0.796 5001 c 0.001
D . ocoee, brooding 29 0.09 8 --0.510 0.614
Coweena D. monticola, gravid 8 0.795 3.206 0.018
D. ocoee, g-ravid 12 0.69 8 3.087 0.012
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remarkably uniform, tiey are \ery similr to
th e Wolf Creek ratios. The fo Mch rado ofth e

hrgestto th e smallest species atCowee ta, D.

quadramaculatus: D. wrighti, a three-stp se-
quence, is 5.83, and 5.83¥3=1.80, which can

be used as th e common & cundity multiplier at
Coweeta. Substirutuon of th is valie in the ex-

pressions ginen abowe yie Hs estimats ofmean
annual survivalls =0.536, and instantane ous

mortallty race, M =0.587.

Discussion

Body-size \ariation_-Exp Bhnations of variation
in body size in Desmognathus h a\e often been
framed in terms oftrade-offs in resource aib-
cation am ong th e com peting processes of
grow &, maintnance, storage, and reproduc
tion. Most in\estigations ofth isk ind h awe in-
o Led D.ocoee (Tilley, 19 80;H orn.1988;Ber-
nardo, 1994). Anunder ¥ingtheme emerging
from t ese studies is chat m aturation essentia ¥y
halls growthin emalls and tiereby Emits body
size and size-re httd fcundity. Thus, the deci-
sion tomature atone age or the nextmay de-
pend on extrinsiclevels of mortallty in-the eco
systm in question and the probabi Ity of sur-
vivalto the nextyear. H owe\er, Bernardo ( 199 4)
suggested thattie difkrence inage atmaturity
may derive from differential se Bction on body
size itself or on egg size \ia corre htiona Iselec-
tion on body size.

For interspecific \variation in body size, tie
standard exp hnation derines from Tilley’s
(1968) conjecture on the rol ofpredation in
re gu htingdesmognathine popu htions, fol-
bwed by H airsron’ (1986) experimentalldem -
onstration ofintrspecific intractions in a four-
species assemb bhge. The essentiallexolitionary
interpretation_is th atallopatric spedation re-
su bs in some initial body-size variation; reesta-
blishment ofcontact Bads to predation ofth e
hrger specieson the smallir and, to a BIsser
degree, com pe tition fivoring th e former; the
smaller species sh ifts to more terrestrial h abi-
tats, which for desmognatiines are presumab ¥
less satisfactory th an t e theoretically ancestrall
aguatic h abitats; and th e smaller species evolles
adaptations cothe new habitat Acoording ©
tis argum ent predation and com pe tition,
through teir e fle cts on mortality and other
dem ograph ic attributes, representth ¢ factors
responsib I for the exolition ofth e body-size
.gradient in Desmognathus (Hairston, 19 86).

This exp hnation suffers from the absence of
re Bab B survivorship data. Organs (196 I)sur-
wvivorsh ip curves and I tab Bswere based on
th e questionable intrpretation th attie five

spedeshe studied ah reproduced initaly atthe
same age .Oter survivonhip data dea with Sin-
gle species and are difficult to use comparatively
{Danstedt, 19 73; Tilley, 1980; Bruce, 1995).
Hairston's (19 86, 19 87) ana Wsis assumed that
an evo bitionary sh ift @ terrestrial habitats by
tie smallr spedes im proned suninallbuthis
experiment® were notdesigned co generak sur-
\inalldata for t e four spedes in question.For
exam p I, itis notknown wheter suninvallofD.
ocoee is Bwer tan d ar ofthe hrger D.monticola
and D.quadramaculatus because the former is
eaten by tie Rter W o spedes or higher than
th atofthe hrger spedes because D.ocoee has
shifted 0 safr, more €rrestrialh abitat ..

Demography -The f®aundity data presentd

herein, coupled wit reentmore re lab I data
on body size and age atfrstreproduction (Bruc .
1993; Castanetet al 1996), suggestthat a close

Ink age or symmetry exists am ong age atfirst
reproduction, body size, and faundity in des-
mognathines. 1Tt is relationship is ted ®© sim -

i br survival probabi Hies am ong spedes, ten a
fixed re ktionship am ong HE-h istory variables

ma7 prescribe te direction of exolitonary

transform ations under a \ariety ofse Bcti\e re-

gim es .Be cause ofgeograph icvariation in body

size and Eaundity, e paaem may nothe as

exdentin studies where data from difErent
popu ktions hawe been poold (e g.. Tilley,

1968).The valuable b | ofdesmognathine life-
history data provded by Ti By and Bernardo

(199 3) summarizes Ecaundity for aw ide range

ofspedes and popu ktions butdoes notpermit
evaliation ofSym m e try relationships in partic-

ular assem b kges . IFexternallm ortaly drives

te exolition of BE histories (Starns, 1992;
Ch am ov, 1993), and if mortality \aries geo-

graphically, ten itis atte bcalll\e It atsym -

metry willbe deeced .

The dem ographic argumentoffred herein
assumes uniform size-spedfic surnvivorship and
faundity schedu Bs across spedes boundaries .
The teoreticallbasis of tie argumentis tie
obsenation of re ktinve m orph o bgicallunifor-
mity am ong desmognathines (Sweet 1973,
1980).This Nads t te proposition @ atm or-
ph o bgicalluniform ity has prescribed a conm on
setofintrinsicsurvival and £aundity saedu Bs.
Adpstment in body size,envolled in response
1 \arious envronm entalfactors, and accom-
plished by shift in age at firstreproduction.
provMde access to tese schedulls.The obpct
ofse Bction is body size; because of t e invar-
ance in dem ographic param e®rs, a dange in
size can be attained with outa costin fitness
trough aange in age atfirstreproduction.
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There are se\eraldifficulties wit te mode I
One involles egg size and hacch Ing size . \ari-
ation in egg size infllenes Bhnalgrowdh and
m etam orph osis in salm anders (Kap hn, 1980.
1985).The presentm ode kreats indinidua ke ggs
as equivalent across spedes, whereas in realty
tey \vary in size. Thus a com parison of egg
num ber does notpredse § refl ect differences in
reproductixe albcation, inasmud as chitw Wl
ume is a productofegg volime and num ber.

Se cond . rigorous app Bcation oftie m ode Hre-
gquires tatpre- and posunaturatona Isuninal
each be constantand equallam ong spedes ofa
ginen assemb lhge . This is unke . Nexerte-
Iss, tie basic argumentdoes notrequire de-
m ograph ic identity, justa high degree ofsim-
i Rrity .

Selective factors.-IT e prindpall obfct of se-
Iction in Desmognathus is body size.ten what
are te selective factors? The traditionalexp b
nation is tatte ranges ofbody sizes and ke
histories are products of smalr spedes being
ousktd from favored aguatic habitat by unfa
orab B dem ographic environment tatderie
from inkractions wit Hrger congeners (Hair-
ston, 1986) .My extnsion oftis model is based
on te premise t at morphologically similar
spedes share a comm on setofresponses o te
opportunities afforded by tie resource gradient
of Appakdiian ecosysems. The ewvoliton of
body size is seen as an actixe procss drixen by
positine se Bction in response 1 unexp bikd re-
soures ofarid envronment

Resource \ariab Is t atsure ¥ h a\e contrib-
utd © te diversificaion of desmognathines
are e com position ofte substratum and sub-
stratum particle size. Schwenk and Wake's
(199 3) functiona Im orph o bgic ana ¥sis sh ow ed
t atse\eralloft e skeletomuscular synapomor-
phies of desm ognati ines are adaptatons 1 head-
first burrow ing innolling crenie widening
t rough dorsoventral wedging of tie head.L
suggestt at hrger spedes are adaptd oo te
hrge rodcs found witin tie stream boundary;
midd B-size spedes © te smallr rods and
graxel ofthe streambank; and sm aMr spedes
1 wood, Baves, and moss of tte forest fibor.
Senerallexperiment on habitat @ oic in a \e-
riety of desm ognatiines haw demonstrated
tiese re htionships (Krzysik and MiMlr, 1979 ;
Carr and: Tay br, 1985; Southerland, 1986).

Furtier resolution and summary.—Some assem -
b kges ofdesmognathines contain t o or m ore
spedes of similar body size and B¢ history.Sud
e co bgicall analogues are usual} found in eco-
sysems where predpitaton is high and te
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moisture gradient is particu br ¥ wide .One ex-
am p 1 is D. marmoratus and D. quadramaculatus,
which coexist in num erous watersheds, with the
Bter being somewhat more Errestrial Des-
mognathus monticola and D. fuscus coexist atsom e
bcalties, partcu br¥ in te centralAppaka i-
ans where e hrger aquatic forms are absent
(e g- Krzysik,1979).In tie GreatSm oky Moun-
tains, tiere are com p Ix paterns ofeco bgical
overbp of e simihr-sized D. imitator, D. acoee,
and D. santeetlah (Tilley, 198 1). The two €r-
restriaBspedes, D. aeneus and D. wrighs, coexist
in e soutern Nanwahala Mountains, repre-
senting ©e mostmesic ecosysem in e Ap-
palachians (Bruce, 199 1).Ifte occurrence of
ecological analogues is exp Binab I on t e basis
ofte breadt and ridi ness ofte resoure base,
teir cexisenc in noway innalldats te mod-
e BIofadaptive radiation presentd herein.

Imvariantre lktionsh ips am ong age atfirstre-
production, adu kbody size, €aundity, and sur-
wvivallin desm ognatiines w ou l representlife-
history symmetry (Cham ov, 1993).Unke most
instanes ofsymmetry, where tie under¥ing
cause is unknow n, © ¢ causaMfactor in desmog-
nachines m ay be te morph obgicalconstraint
im posed by te unique set of €eding/burrow -
ing synapom orphies. A tstofte modelwil
require a more inknsive inwestigation of e
histories in an expanded set of assem b hges en-
oom passing a greaker \ariety ofspedes t an oc
aurs atW oFCreek and Cow eera.
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