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Size and Growth of the Eyes of the Troglobitic
Salamander Typhlotriton spelasus

by

Joseph C. BESHARSL* ** and Ronald A, BRANDON#*

The eves of troglobitic urodeles are reduced in size compared to their epigaan
relatives (reviewed by Brandon, 1971a), but in no case 5 a thorough analysis of
growth and variation in size available. Measurements of the eyes of Eurpees triden-
riferg (Mitchell and Reddell, 1963} and Heideotriton wallocer (Brandon, 1968)
indicate that one parameter of eve reduction of these animals is considerable indi-
vidual variation and bilateral asymmetry, The significance of these obscrvations is
not clear, however, since in no case has it been determined whether ar oot such
variation reflects genotypic differences, The inherent difficulties in genctic analysis
nmong urodele amphibians preclude a quick answer to this question.

Typhiotriton spefaews is the only troglobitic uradele that attains sexual maturity
after metamorphesis; the athers are paedogenetic (Brandon, 1966, 197 1a). In addi-
tion, T spedacuy larvae have Tunctional eyes that osually depenerate after meta-
morphosis (Eigenmann and Denny, 1900; Stane, 1964; Besharse, 1972). These
ohservations show that the minimal genotype necessary for the development of
functional eyes is preseot in T ospeleens and that such genetic factors affecting
degencration as may be discovered must have their effect on a terminal develop-
mental stage. We have supgpested (Besharse, 1972, Besharse and Brandon, in prepars-
tion that structural degeneration of the eyves of T, spelgens results from generalized
cessation of cye growth and maintenance, Our observations on eve siee and its
variation are compalible with that hypathesis.

In the present report we analyee growth and variation in size of T2 spefaens eyves
compared to those of the more visually oriented species Furvees fecifuga. Bves of
larval T spelgcus are smaller than those of £ fucifiigs at the beginning of the larval
growth period but, in most cases, invrease in size at a rate (relative to hody size)
comparable to those of £ fucffigs during larval life, Postmetamorphic cessation of
eye growth in T spefesus, during the time when the eves are degenarating structur.
ally, s accompanied by increased individual variation and bilateral asvmmelry of
ey size,
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MATERTALS AND METHODS

Gross morphological examinations and mewsurements were made on 168 T
spefaeus and 155 F. fucifuge, ull from Shannon, Pulaski, and Ripley cos., Missouri,
new i the Zoological Research Museum of Southern Wlinois Universily st Carbon-
dale. These animals were Killed in Chloretooe, Nxed in 10% formaling and preserved
in 5% ethyl alcohol, Most of the postmetamorphic sample of T spefacuy came
from Wet Cave, Shannon Cao., Mo sdditional data are available on this sample
{Brandon, 197 1h).

The skin immedislely above the eye was cot with irdectomy scissors and re-
flected laterally und posteriorly, exposing the dorsal surface of the eyebull. Orbital
cortective lissue was separated and the greatest diamceter of the vyeball was mea
sured {perpendicular to the viswal axis) with a calibraled occular micrometer in a
binocular microscope at 30 X, Snoul-vent length of each animal was recorded: all
lengths piven were measured from the snout ta the posterior end of the vent,

Gonads of all postmetamorphic 77 speloews were examined so that variation in
eve size could be related to sex and postmetamorphic age. Females were considered
immature if the aviduct was thin, uncoiled, amd lay dorsal to an ovary containing
small (< L0 mm diameter), yolkless ova. Females with larze (1.5 to 3.0 mm
diameter), yolked ovarian ova and hypertraphied, coiled oviducts, and (hose with
small ovarian ova (< |3 mm} and modecately enlarged, laterally displaced oviducts
were considered maturc. All postmetamoerphic male 7o ospeloens examined were
sexually mature. Male T spefaens have a multiple testis; for cach individual the
number of testis lohes was counted, In many other salamansders Lhal have a multiple
testis (Humphrey, 1922, 19260 Ocgan, 1961 the number of lobes reflects the
number of previous breeding vears with a vearly change in testis marphelogy and
an ierease of one in number of lobes every other veur. Since the annual testicolar
eycle of T spelgeus cesembles thal of other salamanders {Brandon, 197153, a
similar relationship belween age and testis lobation probably exists in T, spelgens
and the number of testis Jobes reflects the relative postmetamorplic uge of males;
males with three labes are older than those with one or two.

In analyziog the relationship of eve diameter 1o bady lenpel, use was made of
the allometric equation, Y = bX®, which yvields a straight line when plotied on
double logarithmic coordinates. The value of b s the Yeintercept {value of ¥ when
X = 1) and o represents the catio of the geometric rates of increase of ¥ and X. The
equation was fitted by least squures, using s Hewlett-Packard Caleulatar (9001,
vielding estimates of b, @, and the correlation coafficient {r), The standard error of
the estimate of o {Sa) was calenlated (see Brody, 1943, p, 398), For comparison of
relative dispersion about mean eye diameter o the two specics, cocfficients of
variation (¥) along with 93% conflidence limits were caleulated [Simpson, Roe and
Lewontin, 19607,
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RESULTS

The eyes of larval £ decffloeg were about two Lo thoee times as large us those of T
speloeus of comparable size. In both species eyes were relatively larger in small
larvae, indicating s negative allometric relationship of eve Lo body size, Comparison
of allometric coeffivients (Table 1) of larvae shows 1) that allometric coefficients
tor lurval T spelesws are variable from ane locality to another, 2) tlhat two Pulaski
Co. populations have lower cocfTicients and one has o highee coefficiont thao £
fuctfiga, and 3% that the coeflicient for larvae from Wet Cave s considerably lower
thun those for either larval T spedgaes fraom Pulaski Co.o or for larval £ Jucifigs.
The lower coefficient for the Wel Cuve population reflects the smaller eye size of
large larvae in these animals, The similarily of allametric coefficicnts in four of five
puptlations of T spefaens w that of £ fecifige indicates that in these populations
small eve sive results primarily from [ommation of 2 small cye rudiment al the
hepinning of the larvel prowth period. Decreased relative growth of the eye contrib-
utes further to small eye size in the Wer Cave populalion of T spefeeus (see Fig, 1),
and perhaps also in the Bat Cave and Bruce Cave populations,

In £ fucifiepe the allometric coefficients (o) were lower im postmelamorphic
animals than in larvae (Fig, L, Table 1) sugzesting a slight decrease in relative
growth of the eve after metamorphosis. In contrast. postmetamorphic T, spefoens
(sumple from Wet Cave) deviated from the simple allometric relationship of eye
diameter to body lenath established in lacvae, and this deviation was aceompanied
by increased wvarlahility of eye size (Fig. 1) Ohseevations on a small sample of
pustmetamerphic 7o spelaens from Pulaski Co. sugpest that the same is true of these
animals. Three factors appear to increase variahility: 1) postmetamaorphic cessation
of eve growth and reduction of boedy growtl (Table 2). 2) wide range of variability
of bady size at metamorphosis, and 37 postmetamocphic chanzes in eye shape,

l. Body and eye growth are slight in postmetamarphic T2 spefgens, Among male
T spedacuy with one Lo Usees testis lobes there was a slight but insipnificant inerease
in body size and no significant increase i eye size (Table 23 Mature females were
slightly larger than immature females, but eve siee Jdid not differ sigoificantly,
liecause of the restriction of postmetamorphic growth and atlainment of sexual
maturity seon after metamorphosis, size st metamorphosis and 8ize ar sexuul
malurily are ahout the same.

2.In ¥ ospelgeny there s o wide range of body sizes at metamuorphosis. B
ficifiga and T2 spefgcus differ inosize at metamorphosis and in the extent of
postinetamarphic inerease in bady size (Fig. 15 see also Brandon, 1966, 1970,
Bishop, 1943, A fwedfepa transforms at a soout-vent lenath of 30-33 mun and may
double in length during postmetamoerphic growth; throughout this me its eves
increase in size al u cepular rate. In contrast, there is broad overlap of budy sizes of
larval (13-54 mm) and postmelamorphic (3857 mm) T, speleces, both between
populations and within populations. Since metamorphosis may ke place over o
broad ranpe of hody sizes, and since their cyves do not inerease in size after meta-
morphosis {Table 2}, eve size in postmetamorphic 7. spefgcns is more variable than
in larvae,
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Fig. 1. Double logarithmic plot of cye diameter agains body length Tac samples of Tepaloredion

spefgeny and Furpees luclflige fram Wet Cave, Shannon Ca,, Missourd showing a lowered
regression slope for 7 ospefgens larvae and a deviation among postmetamotphic T
spelgens from the relationship esiablished in larvie. A, £ fweifige, 32 laeval and 55
transfarmed. B, T spelgens, 18 larval and 43 toansformed. Roth eyes plotted, Duplicate
data poiets omilled. Open citeles, larvae: clogsed circles, postmetamacphic animals. Solid
lincs, regression slape for lurvae. Broken ling, regression slope for pestmelamorphic £
facdflapa,
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Table 1. Allometric coefficients in larval and postmetamorphic Buryeea leifivge
and Typhioirfon spelasus. All localities are in Missouri. Symbaols are as
follows: N, number of eves; b, Y-intercept, o, allometric coelficient;
Sa, standard error of estimate of &; r, correlation cocfficient.

SAMPLE N 4] a Sex r

Eurveeq lucifugs
Wet Cave a4 0.las 0756 0040 0986
Shannon Co.
Tephiotriton spelaens
Wel Cave 36 h203% 0403 0136 0,792
Shannon Co,

LARVAE Bat Cave 20 0112 0638 0076 093]
Fulaski Lo,
Bruce Cave 14 0020 O.e05 0033 0991
Pulaski Co,
Tunnel Cave I8 0062 0,775 005% 0850
Pulaski Co,
Pikes Peal Cave 16 0042 0899 0060 0927
Pulaski Co.
Luryeea lucifuya
Wal Cave 10 0201 068 0423 0977
Shannon Co.

TRANS- Lewis Cave 134 0292 0595 D033 0.97s

FORMED Ripley Co.
Typhlotreiton spelgews
Wer Cave fé OLOHY 0580 0,111 0348l
Shannon Co,

1 Mo significantly different from

EETO.

Table 2. Comparison of body size and eye size in samples of male and female
Fyphiowriton spelacus of varying relative age showing that postmetamorphic
growtl is restricted. Animals from Wet Cave Shannon Co., Missouri.

BODY LEMGTH (mm)

EYE DIAMETER {ram)

Animals N X +93%! X eoam!
Males?® B

| f 44,2+ 4.4 DAT7TH + 0123
2 19 46.8 + 1.0 0.901 + 0,037
3 18 473+ 1.5 REET + 0.044
Femalas

Tmmature 20 42 5+ 1.6 QRO + 0.042
Malurc_ ar 455 19 0835 £ 0.028

I Mean plus o minas 35% confidence i,

2 Numbear of testis lobes wiven.
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A BILATERAL DEVIATION

L Histagrams showing greater froguensy of bilateral asymmetry ol syes of Tepldusriion
spebgers vompred o Ferecsa fvegige AL BT T spelgens Troey Shannan snd Pulaski
cos,, Missouri, B, 154 £ lecéfuge trom Shannon and Bipley cos. Missourn, Shaded arcas
repregenl  postmetemorphic animals: clear areas oepresen? lacvae, Except for 22,
devition interval is Tive peroeni.
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3oActually, lanl Toospelaens cves measured larzer than those of postmeta-
marphic animals of the same sive (Figo 1) suggesting reduclion of eye size after
metamorphaosis. However, eves changed shope during early metamorphosis be-
coming more spherical {Besharse, [972; Besharse and Brandon, in preparation ).
These shape changes were gquite vanable evea bilulerally and, consequently, contrib-
uted to increased variahility and bilateral asymmetry of eve size, and perhaps to the
appirent postmetamorphic decrease in eye size,

Bilateral asyvinmetry of eve size was preater in ¥ speloeus than in £ ducifiga
(Fig. 2, particulurly in postmetamorphic animals. Sixteen percent of all T speleeus
(Fig. 2AY showed dewiations greater Lhan five percent, whereas no & fecifioe
deviated more than five pereent; most deviations in £ fecifiogr were less than twa
perzent, In both 7 speloews and B fveifiiga, the frequency of devistion was greater
o post-metamorphic animals than i larvae (Fige 23, indicating that asynuoetey
usually develaps after metumerplosis.

Individual variabilily of eye size in postmetmmoerphic T spefecus, expressed as
relative dispersion about mean eye size, was significantly greater than in £ fuciflega
{Table 3y, Values of ¥ owoere low in & fuedfiege, and were higher i males than in
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lernales. Tn ¥7 spelacus, values of W owere Lwo to three tines higher than in £

fucifga, and males did not difter greatly from females, Male and female ¥ apelacus

did differ, however, in mean eye size { Table 3).

Table 3. Cocfficients of vatiation {V} for measurements of eve diameter showing
that varialion in adult Tvpliafriton speleews is grealer than in buryceg
fucifiega. Al animals from Wet Cave, Shannon Co,, Missourd,

54MPLE N X Vo4 U5

Ererpooa fuei g
5965 mm

males 28 340 320 2084
females 28 341 160 £0.42
Typhdatriton spelaeus

males 22 (.90 621+ 184
females 14 a3 B8O = 3.28

1 Coefficicnt of vaciation plis of muous 35% confidence limit,

DISCLISSION

In larval o spelgens cyes prow by negative allometey, but in postmetamorphic T
sprelaens cessation of eye growth is accompunicd by inereased individual variability
and bilateral asymmetey of eve sice. These findings along with the absereation that
eves ordinarily degenerate steuctucally after metumorphosis {Eiperomann and
Denny, 1900; Slone, 1964, Besharse, 1972, Besharse and Brandon, in preparation)
are congistent with the hypothesis {Besharse and Brandon, in preparation} that
postembryonic eve degencration in 7o spelgens resulls from o generalized cessation
uf eye grawth and maintenance.

Megative allomelry in itsell” contributes little o reductivn of eye size in T,
spefaens, In contrast o the sitwation found in anveans (delongh, 1967} und fish
{Martin, 194%; Heuts, 1951, 1953 nezative allometry of eve siee appears (o be
cominan among uredeles (Twitty and Schwind, 1931; Twitty and Elljot, 1934;
Huxley, 1932} In larval T spefeens, allometric coefficieats for four of five popula-
lions are comparable o that of £ fucifige, although eyes sre only about one half as
large as those of & fecifiga of comparable siwe. Thus, the small eye size in T
spefecus results primarily Trom formation of a small eye rudiment prior to the lurval
period, Beduced relative growth of eves contributes further o smaller relative eve
size particw)arly in the Wet Cave population,

Larval and postmetamorphic T2 spefaeny from caves in Pulaski Co. have larger
cves [hoth absolute and relative 1o body sizc) and allain larger hody sizes than
thase [eam Shannon Co. differences which are reflected in allometric coefficients



262 JOSEPH C. BESHARSE AND ROMALD A, BRANDON

for larval cyes. These populational differences may result from differences in
absolute growth which io turo may be related ta local differences in the abundance
of food, B was concluded previously that food is scarce in Wet Cave { Brandon,
1971h), snd subsequent obseevations support thut conclusion. All of the caves
sumpled in Pulaski Co. appear o have a greater abundance of food sppropriste for
salamander larvae as evidenced by large amounts of wrganic debris, bat guano. and
large populations of aquaric crustaceans. It is thus possible that smaller body sia
and smaller relative size of cyes among Wet Cave animals results from outritional
factors.

Although eyes of larval T7 speleeny are somewhat more variable thao those of
larval £7 lueifige, a dramatic increasc in varability ocours after metamorphosis,
during which time the ewves are degenerating {Besharse, 1972 Besharse and Bran-
don, in preparation). Tt appears that multiple factors associated with body growth
and eye degeneration contribule o increased variation. Thus, cessution of growth
and maintenance af eyes, variation in body size and thus cye size at metamorphosis,
and wariable shape changes all have effects. The extent to which this variability
reflects intra-populational peoctic dilferences remains uncertain.

However, three observations suggest that a significant fraction of the abserved
variability reflects phenatypic differences. First, genetic modifications controlling
eye development are limited inasmuch as development of functional eves is charac.
teristic of larvae, Second, bilateral asymmetry which rellects phenotypic variation is
extensive only after metamarphosis, Third, eve degeneration and to g lesser extent
eve size are influenced by light and darkness (Besharse, 1972). In addicion, an
influence of food supply an eve and body growth is possible.

The consistency with which eves develop in larvae and degencrate afler meta-
morphosis (Eigenmann and Denny, 1900; Stone, 1964, Besharsce, 1972; Besharse
and Branden, in preparation) points stroogly toward the view that differential
selective pressures act on larvae and adults. OF the croglobitic urodeles, T gpefieus
is uniquely adapted to ulilize 2 wide sepment of the cave biolope, including aquatic,
terrestrial, light, and dark zopes. Larvae are often found outside of caves and in
entranceways, where they can ulilize food sources not available 1o adults. Dispersal
of larvae by way of epigean streams may be important to the species. Adulrs,
however, appeur to be restricted to the dark zones of caves. The selective advantage
gained by degeneration of eves after metamorphaosis remaing elusive, The elassical
argument of enerpy cconomy (see Barr, 1968). a3 it perluing o eye development, is
inapplicable since eves do develop and become functional in larvae. Eve degenera-
tion, however, occurs as animals altain sexual maturity when energy requircments
are much increased, particulacly in females, Thus, it is possible that selection for
overal]l energy cconomy would cause reallocation of energy resources in adults, ane
aspect of which wauld be in failure to maintain eyes,
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SUMMARY

The eves of larval 7o speloeny grow by negative allometry, but in ullometric coelTi-
cients they are net greatly different from £ eifuga, The major differences in aye
size. hoth absalute and relative to body sice, between T spefgens and £ ficifiogs
ate established prior to the larval arowth period. The eves of T2 spelaews cease to
prow at metamorphosis and are reduced in size thereafter. In addition, there is
increased individual variability and hilateral asymmetry of eye size in adult T
spelgens compared to both adult £ fueifiige and farval 72 spedaens. This variability,
exprossed as relative dispersion aboul mean cye size, is significantly greater than in
E. feetfuge, and appears to result from three factors: 1) postmetamorphic cessation
af eve growth, 2) wide variation in bady size and eye size at metamorphosis, and 3)
postmetamorphic shape chunges and redoction of eve size.

RESUME

La croissance des veox de la larve de T ogpelgens est allométrique négative, mais
avec des coefficients pew différents de ceux de £ fueifige. Eotre 7. spelgens ot £
fucifiepa, les principales différences de la taille de oeil, tant absolute que relative 4
celle du corps, ont &1¢ Hablies avanl la période de croissance larvaire, Les yeux de
T spefecus cessent de croitre 3 la métamorphose el sonl, par la suite, de taille
réduite, De plus, 'adulte de T spelacus montre une variabilité individuelle plus
grunde el une asyméirie bilarérale de la taille de Voeil, comparativement & adulte
' fweifiege ot A lu larve de T spefaens, Cette variabilitd, qui s'exprime par ung
dispersion relative sutour de la taille moyenne de Poeil, est significativement plos
grande que chez £ ecifige et semble doe @ trois facteurs: 1) arrét de croissance de
Foeil aprds métamorphose 23 grande variation de la taille du corps et de la Laille de
I"oeil lors de la métamaorphose et 3} changement de la forme aprés métamorphose ct
réduction de la taille de I'oail.
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