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ABSTRACT.~On the basis of degree of adaptation in tail autotomy, five lizard species stedied on the same
area in northeastern Kansas wens arranged in a sequence of specialization. Eumeces obsoletus was the most
specialized (hatchling tail conspicucusly colored and behavior adapted to flaunt it); in Ewmeces fasciatus
also, the hatehling tail was conspicuously colored, but tail flaunting was less developed, In Cremidophorus
sexlipeatus the hatehling tail was conspicuously colorsd bub there was no tail faunting. In Ophisaurs
attenuatus, the tail was easily broken, but there was no special coloration or behavior to direct predator
attack. In Crotaphytus cellaris, the tail was neither conspicuous nor easily broken, and there was no regen-

eralion.

In st lizards, tails break off easily and the de-
tached tail p-r:rl:urmr. |'i1.-r,-|}r w:r':ug“ng contractions that
divert the attenfion of a predator and allow the lizacd
1w escape (Dial and Fitzpatrick, 1983). Depending on
the lizard, the tail may have other important functions
such as fal sterage and locomotion, which also are
subject 1o natural selecion. Hence, lail maorphology
depends on the relative importance of various tail
functions (Vitt et al, 1977). In some lizards, juvenile
pattern and color seem related to tail autotomy and
may be much different fram those of adults. Behavior
of young, mcluding tal Aaunting, has evolved |'I|-L'||'l.g
with adaptations for tail mutotomy.,

Tail autatomy is known to be effective for predator
defense i many lizards (Amnold, 1984, 1988). Howr-
evereloss of the tail has been shown to hemper loco-
modtn and reduce running speed for escape (Cree-
rophorus sexfineatus, Ballinger el al, 1979 Cophosairrus
texanus and Lien wolale, Punzo, 1952; Pederc's murairs,
Brown et al, 1995; Seincella laferalis, [Hal, 1984); lower
aocral status in Lfa siensburiama {Fox and Rostker,
1982; Fox et al. 1996; Fox et al, 1998), reduce repro-
ductive success (Mebuw Feathi, Vit 1981; Caleonyr
breans, [hal and Fitzpatrick, 1981, UL sfonsburiona, Fox
and McCoy, 2000; Laggrtn monticols, Martin and Sal-
vadaor, 1993 Paammodromus algivicis, Salvador et al,
15956); hinder capture of prey (Panmerod romius algiricus,
Martin and Avery, 1997); and hinder survival in gen-
eral (UL stamsburions, Wilsom, 1992; Fox and I'-.-i;{‘ay,
2000; & loberaliz, Clark, 1971 In Eunteces Isbiceps, Vikt
and Cooper {19586) found that costs and benefits of tail
loss are age-specific and correlated with the striking
changs in appearance that accompanies growth, from
the bright, banded pattern, with conspicuous blue tail
in the hatchling, to the dull colored adult.

My purpose was lo compare the diverse lizard spe-
aes of the Filch Natural History Resarvation (FWEHR)
of the University of Kansas, in frequéency of tail lass,
locaticn of breaks, and ameunt and rate of regenera-
taom. The species studied were the Great Plains Skink
(Eumeces ohsolzfus), the Common Five-Lined Skink
(Humeeces fazcituz), the Six-Lined Racerunner (O ser-
limewties), the Slender Glass Lizard (Cwhissurus affenu-
2tus), and the Eastern Collared Lizard (Crofaplagties col-
lizrish Lizards that wers present on the reservation, but
were not included in the study because of the diffi-
culty of obtaming adequate samples, were the Morth-

ern Prairie Skink (Eumeces seplenirionslis) and the
Ground Skink {5 leleralis).

MATERIALS AND METHODS

Each of the lizard species in this account has been
the subject of a natural history study on FNHE, but
over time ecolegical succession has resulted in habitat
changes, populations have dwindled, and some have
disappeared. Mo new material is added for E. fasciafus,
but pertinent passages are cited from my 1954 ac-
count, comparing it with other species, and appropri-
ate Information has been extracked from that publi-
cation (Fig, 18). For O elbenueatus, material from my
198% account is briefly cited, For the other three spe-
cies, the facts and ideas et forth are new, but the dgta
weere collected in the 19505, 1960s, and 1570. Captures
incladed 634 for Enpeces obsolefus, 3353 for O atlemy-

atus, 38| for C. sextinestus and 834 for O collaris. Mea-

surements of spout-vent length (SVL) and tail length
{TL) were obtained from each lizard, In those with
regenerated tails, the locations of former breaks were
noted. Because the tail constitutes a predictable per-
centage of the total length for a given age and size
category, the lengths of missing tails were estimated
by multiplying the SVL by the appropriate percentage
Sandard errors of the means ace indicated..

ResuLTs ann Discussioe

Enreces obeoletas—The Great Plains Skink was
studied on FNHE, 194591953 If vwas confined o sew-
eral relatively small areas that were the most weric
parts of the reservation, and s succession progressed,
its mumbers dwindled until none remained (Fitch,
LB5E). Tt was especially peominent at Rat Ledge a
limestene outcrop at 1he top of 2 south-facing slope
where cattle had grazed and at an abandoned lime-
stome guarty en a hilllop edge about 1 km farther
nerth. The species is notable for its fossorial habits.
Many were captured in wire funnel traps at the bases
of beuldess or outcrops. Also, many were captured by
hand when they were exposed in burrews Bepeath
sunken flat rocks.

In hatehling Great Plaings Skinks the tail is relatively
short, averaging 117.9% of SVL (Table 1), The tail be-
comes proporiionately longer as SVL increases, and,
in large adults, the intact tail is about L5 tHmes SVL.
Breaks averaged about halfway from the tail base to
the tip (an cstimated 456 + 0.03% in 41 males and
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Taerk 1. Allometric growth in lizard tails and color pattern of trunk and tail.

SVL Blean relative tadl
Species i Sex range (am) length [rail /SVL) = 5E Trunk eabar pattermn Tail color
Enmeces 17 jus A%=30 1179 = 37 Jet black imdigo
abaaletus 19 juv 40=79 1344 £ 27 Transitional Transitional
10 M 102=123 1496 = 1,78 Tam, speckied with black Trunk color
12 F 101-122 15506 = 2.04 Tan, speckied with black Trunk color
Cremidophoris 10 juv 30-34 1535 = 273 Brightly striped Bright bhee
sexlinentus 12 juv 4049 1819 = 1.60 Transitional Transitional
33 juw 50-59 1822 = 1.4 Transitional Transitional
4 [} G0-55 1903 = 1.38 Dull stripes Gray-brown
17 E b0-6% 1909 = 1.10 Dzl stripes Gray-brown
16 M 70=79 1946 = 101 Crall stripes Gray-brown
24 F 7079 1882 = 1.1 Crall stripes Gray-brown
Cphismirus 20 juw 70-89 1899 = 1.26 Tan with black lines Trunk color
wtlenurus 45 jusr 90-109 1962 = 1.14 Tam with black lines Trunk color
20 juy 130-134 2033 = 1.16 Tam with black lines Trunk calae
24 juv 140-159 2063 £ 1.82 Tam with ack lines Trunk colos
14 juv 160-179 2015 = 142 Tan with black lines Trunk color
15 juw 180=159 1994 = 156 Tam with black lines Trunk color
B M 200-224 159.1 = 250 Tan with white speckling Trunk color
12 F H)-234 192 = 255 Tan with black lines Trunk color
& M 225+ 1985 = 211 Tan with white speckling Trunk color
6 F 225 191.8 = 3.18 Tan with black lines Trunk color
Crataplaytaes 17 juv 40-a3 1463 = 1.24 Gray with dark crossbands Gray
calleres 26 juw 80-59 156.9 £ 1,29 Transiticnal Gray
25 juw St 1513 £ 1.5 Transiticnal Geay
20 jur F0-79 1663 = 145 Transitional Gray
17 juw BO-55 1724 = 1.72 Transitional Gray
10 adult =99 1794 2 2.72 Greenish gray with dark Gray
markings and white

specks
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TasLe 2. Ontogeny, sex, and tail breakage (number and percent] in three lizard species

——

SVL il
Species range (mm) Age and sex I N Percent

Enmeces obsoletus 30=39 hatchlings [ 1 167
4074 juveniles a0 18 350

80-99 larger young 58 3 534

100-133 adult males 40 24 700

100-133 adult fermabes 67 45 67.2

Crnermnidopharug sexlineafus 32-29 hatchlings 15 2 133
4149 small juveniles 15 3 200

20-55 large juveniles 25 3 120

£0-69 small adult males 3 7 212

£0-69 small adult females 22 (] 72

T large adult males 54 17 s

70=79 large adult females 56 17 3004

Opkisaurus o fertn g =10 hatchlings 13 2 13.3
a0-139 14 year juventles 115 12 9.5

140-189 large juveniles i) L] 8.6

190-210 adolescents n 7 240

211-230 zmall adult males 18 u 62.5

211-230 small adult females 13 i} 4.0

231-251 large adult males [ 17 720

231=251 large adult fernalea z =3 71.5

=250 Targest males 2 15 7.0

47.0 = 0.04% in 37 females), with no statistically sig-
nificant différence between the sexes.

The species is notable for its striking ontogenetic
change in appearance. The hatchlings ame so different
that they were long thought to be a different species,
“guttulaius™ (VanDenburgh, 1922, p. 5M). They are jet
black except for white and orange spots on the su-
pralabials and a deep blue (indigo) tail. When forag-
ing abave geound, hatchlings mowve about with 2 com-
ically exaggerated “swagger”” standing high and
swaying from side to side as they walk with the tail
p.::fLang writhing mowvements that seem adapted to
attract the attention of predators. It is not known how
this tail-flaunting affects predators, nor cven what
kinds of predstors are the main ones for the skinks.
Tail advertising iz even more prominent than in E
laticeps as dederibed by Vitt and Cooper (1956).

Emeces fasciatus.—In this skink, the tail i extremaly
fragile, and a high proportion of adults have broken
and regenerated it Growth and régenération of fhe
tail were discussed in Fitch (1954). When there were
secondary breaks, these most often occurred on the
original tail, proximal to the previous break (regen-
erated tails lack wvertebraz with fraciure planes, and
consist of tough, fibrous tissue. with a cartilaginous
tube replacing the spinal column). The Rearcr to the
1ail’s base that a break ocourred, the longer the regen-
erated tail; it somelimes grew to approximately two-
thirds the length of the original tail. Breaks were rel-
atively infrequent on the basal decile of the tail but
were comman on the second deeile, with the incidence
steadily deerensing distally. Tails broken near the base
weighed from 16-20% of the skink's total weight, and
it seemmved that a major part of the total loss consisted
of far (Fitch, 1954). Regeneration was found 1o be more
complete in young that were still growing than in
adults. Behavior 2soms to be adapted to attract atten-
tion. As hatchlings mave about to forage, the conspic-

uous blue tail is Maunted by being elevated and made
te perform squirming movements, Presumably the liz-
ard benefits by diverting attention, from the body o
the tail, which breaks if it is seized, and then wezgles
vigorously, holding the attention of the predator. First-
hand gbservations of natural predatoss catching Five-
Lined Skinks and their o tail-Aaunting are
lacking. As a skink sears adult size, the bright Blue
tail facdes, and in old adults it is gray and inconsple-
uous, Also, the hatchlings bedy pallern, with con-
trasting stripes of dack brown and yellow, gradually
fades and disappears completely in old males. In obd
fernales, the bands are still discernible but have be-
corme dull and faint, with but little contrast. The tail
flaunting of hatchlings rapidly declines and dissp-
pears in larger young, :

Cremidesionis sexlinestis —Six-Lined Racerunners
were commen on FMHR when protection as a natural
area was initiated, bur the successional changes that
aceurfed were not favorable to the species, and it re-
treated to refugia of xeric habital, notably the stesp
banks with bare, sliding soil of a diversion ditch, near
the headguarters where it persisted for several years
before disappearing (Fitch, 1956a). There are differ
ences bebwesn the sewes, and bebeeen young and
adults, in relative wil length (Table 1) Large adubt
males have slightly longer tails than those of the larg:-
st adult females (1946 = 1.01% of SVL in males vs
189.2 + L10% in females). juveniles have relatively
shart tails; hatehling rails averaged 1535 = Z79% ol
SWL). The larger the lizard, the greater its relative il
length, The tail is leagile and ;-ubbjr!ct to breakage O
30 racerunners under 50 mm SYL (hatchlings and ear-
ly young), ondy five (16.79%) had broken tails (Table 2
In large adults, the percentage of individuals with
broken tails increzsed bo 31.5% in males and 30.4% in
fernales (Table 2).

In hatchling racerunners, the kil is bright Blue, con-
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trasting with the alternating light and dark stripes of
the body, and suggesting that, as in skinks, it has
evolved to distract predators from the more valnera-
Ble trunk area. However, the hatchling racerunners
tail is not Aaunted as it is in skinks, and the blue color
fades rapidly as the lizard grows. Recapturés of
marked racerunners were frequent; and from these, it
was learned that there is no regencration for the firs)
week or two after a break, bul regeneration is rapid
during the following weeks. The regenerated tail is
much shorter than the original. In 44 adult racerun-
ners with ﬁ:grnuru.bed tails, the average break oc-
curred a8 399 = 289% of the original tail length from
s base In 25 racerunners with regenerated tails, av-
erage length of the regenerated tail was estimaled as
511 = 1.5% of the original that was lost. These fgures
exelude nime individuals with relatively short regen-
crated tafls (2,3, 4, 5, &, 6, 7, 13, 16%), but the timing
of the beaks was not known. These were apparently
capiured too soon after the original tail was lost for
the new tail to develop fully.

Ophigarres attenustus.—In the glass lizard, as in oth-
er spocies, the fail is relatively short in hatchlings and
becomes rélatively longer as the lizacd grows, How-
ever, when the growing young have more than dou-
bled their hatching leagth and have reached about 150
mm SVL, there is a change in the lails allometric

mowth, and it becomes relatively shorfer in adults
{Table 1). In small juveniles, the tail averaged 1898 =
1.26% of SVL. The maximum TL/SVL ratic (average
206 = 1.82%) ocours in the second spring after hatch-
ing, when the young are somewhat less than one-fifth
of adult weight. Subsequently, as growth proceeds,
relative tail length declines to about 195% of SVL in
the largest adults,

Miximum regeneration fequired 22-56 months and
thie regenbrated tail averaged only 13.3% of the length
ol the missing tail. The detached tail averaged 12.9%
of the lizard’s weight in 209 instances. Loss of the tail
constituted a serious handicap to the lizard by reduc-
ing its speed for escape dashes Thirty-seven of 47
large adults (SVL = 260 mm) all had regencrated tails.
There was & decreasing ratio of glass lizards having
irtact fails as they grew older (Table 2). Tail breaks in
males averaged a little farther distally tham in females.
Comparing adults with intact tails, those of the largest
males averaged about 7% longer (= 2%) than those of
females of the same size (Table 1), Fragility of the tail
in Ophisatris was emphasized by the fact that many
of those captured flipped off their tails after they were
released. This was especially lisble to happen when
the lizard was dropped into a cloth bag. If the bag
already contained one or more glass lizards, the pros-
pect for autotomy was increased; the presence of other
glass lizards seermid 1o haighten ackivity.

Crotapintus collores,—The Eastern Collared Lizard
exemplifies those lizards in which tail autotomy ap-
parently s not a part of defense strategy and the tall
docs nod break easily, In 1949, five of these lzards
from the Flint Hills of Kansas near Manhattan wene
released at the site of an abandoned limestone quarry
on FNHE. They thrived and survived through several
generations. until ecological succession resulted in a
drastic reduction of exposed rock surfaces caused by
invasion by shrubs and teees. In all, 43 collared lizards
were caught and marked at the quarry. The colony
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was always confined o the relatively small area of
exposed rock at the quarry site (Fitch, 1956b).

Only bwo of the lizards had damaged tails; these
were missing the terminal 55% amd 20%, tively.
The latter was found to be missing the terminal 17 mm
of its tail on 3 Septembes 1950, During the following
year, it was recorded 21 times, and there was no re-

alion; the tall remained blunt-ended. The olher
had lost its tall on 2 September 1949, and in the next
Il months there was no regenerstion. Except for the
original fve. lizards were first caught as hatchlings,
and if they were not eliminated at an early age, they
were recapbured many times during growth, but enly
a few survived to maturity.

CoNCLUSIONS

In the lizard species of FNHE, tail autotomy was
found to be developed to varying degrees. It was
pethaps most déveloped in E. obsoletus hatchlings:
not only was the indigo tail in striking contrast
with the conspicucus jet black bedy, but tail Naunt-
ing was a conspléusus aspect of hatchling behavior
when the young lizords moved about in the open.
Hatchlings stand high and sway from side to side
as they walk, with the tail elevated, performing
writhing maovements, Ewmeces fascictus hatchlings
alse faunt theic tails, which are bright blue, con-
trasting with a brightly striped body, but the
“swagger walk” is less exagperated than in E, ob-
saletus. In C. sexlinestus also, the tail is bright blue,
contrasting with the striped body. but flaunting be-
havior was not cbie . The censpicucus tails of
the two skinks and the racerunner may be consid-
ered adaprations to avold being eaten by bird pred-
alors, because most other predators, including
snakes and mammals, probably lack good color vi-
sion. [n O slfenuatus, the tail color does not conirast
with that of the body and the pattern in young is
ot strikingly different from that in adults, but tail
autotomy is highly developed, and few survive to
adulthood without tail breakage On many occa-
sions glass lizards were observed to snap off their
own tails when they were pursued or captured. The
incidence of broken tails increased, from zero in
hatchlings to nearly one-third in large adult €, sex-
linzatus, to more than two-thirds in those of E, ob-
sofefus, and to about three-fourths in those of O al-
tenuatus, In each species, the incidence of breaks
was similar in {he sexes but was a little higher in
males. In adults of both species of skinks, adult tail
length was about 1.5 times SVL In racerunners and
glass lizards, the tail /SVL ratio of adults averaged
a little more than 1.9. In C. eollaris, tail autotomy iz
not developed. The caudal vertebrae do net have
cleavage planes, tafls do not break easily, and when
they do break, there is no regeneration. In all spe-
cies of this study, tails were relatively short in
hatchlings,
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