tion. By 42 days (experiment 1) a multi-
lobed “organ” had formed beneath the
kidney capsule, consisting mostly of
adipose tissue. Histologic sections re-
vealed scattered foci consisting of islets
of Langerhans of varying size and
shape and variable numbers of ducts in
a thin fibrous stroma with a rich vascu-
lar supply. No exocrine elements were
apparent. Electron micrographs reveal
normal-appearing beta and alpha cells;
typical secretory granules are present in
the beta cells, and the many empty en-
velopes suggest active insulin secretion
(7). At the present time we cannot
estimate the extent of growth in size
or number of islets of Langerhans in
situ after transplantation.

Our rate of success continues to in-
crease in current experiments as various
factors of the transplantation protocol
are altered. These parameters include
precise location and arrangement of
the transplants on the kidney, insulin
regimen around the time of transplanta-
tion, handling of the donor tissue, and
so forth. The kidney has proved to be
an ideal locus in terms of ease of ac-
cessibility for the initial placement of
the fetal pancreases and subsequent
evaluation, and in terms of attracting
an early and vigorous vascularization.
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Geckos: Adaptive Significance and Energetics of Tail Autotomy

Abstract. Coleonyx variegatus is adapted to readily sacrifice its tail to preda-
tors. This adaptation is associated with characteristic tail behavior and rapid tail
regeneration. There is no facultative metabolic increase associated with tail regen-
eration, and energy normally allocated to body growth and maintenance is
diverted to tail regeneration. This supports the contention that tail behavior,
autotomy, and rapid regeneration evolved as mechanisms promoting survival in

terms of predator escape.

Tail autotomy in geckos and a num-
ber of other lizard species is considered
a mechanism for reducing mortality
from predation, although little quanti-
tative experimental data have been
presented in support of this hypothesis
(1). The eublepharid geckos are re-
markable in that a regenerated tail
may be larger than the original (2).
Moreover, the tail display of these liz-
ards may be used to distract a preda-,
tor’s attention away from the head or
body. It has been suggested that Cole-
onyx tails serve as fat stores contribut-
ing to increased survival over periods
of fasting due to unpredictable environ-
mental conditions (3). This effect ap-
pears secondary when the high inci-
dence of regenerated tails (up to 74
percent in natural populations) is con-
sidered (4). These data and those
reported here suggest that Coleonyx
tails are adapted primarily for use in
predator escape.

Behavioral experiments with a nat-
ural Coleonyx predator, the spotted
night snake (Hypsiglena ochrorhyncha)
(5), were designed to determine the
advantage associated with having an
autotomous tail. Predator-prey en-
counters took place in a 1.0 by 1.8 m
arena with sand substrate interrupted
by rocks and brush to simulate natural
conditions. Red light was used for
initial observations (6), but white light
was subsequently used because it had
no apparent effect on predator or prey
behavior. We first tested for differences
in predator attack frequency or prey
behavior related to the presence or
absence of tails on geckos [see (7)] and

found none ‘(x*>=0.288, P> .05).

Second, we determined the advan-
tage associated with possessing an
autotomous tail. Eight tailed geckos
were introduced into the arena and
allowed 15 minutes to adjust. Then a
night snake was introduced. Geckos
responded to the night snake by carry-
ing the tail high above the body and
waving it back and forth. Occasionally,
geckos seemed attracted to undulatory
movements of the snake and ap-
proached it with the tail-waving dis-
play. The geckos responded to any
sudden movement of the predator by
rapid retreat. When a gecko was within
striking range, the snake would orient
to the thickest part of the prey or the
waving tail. Attacks were scored as
either capture or escape. In 30 such
trials, 11 (37 percent) of the geckos
escaped while losing portions of the
tail, and 19 (63 percent) were cap-
tured by night snakes. In our tests (7),
no tailless geckos escaped from snake
attack.

Rapid regeneration of the lost tail
would be expected in Coleonyx be-
cause of the adaptation of the tail for
predator escape. Regeneration rates
were monitored on 14 geckos after tails
were removed at the base (8). In the
first 5 weeks, tail growth of males
(N=17) averaged 0.80 mm per day
and that of females (N =7) averaged
0.60 mm per day (Fig. 1), as com-
pared to an average of 0.82 mm per
day in the field (both sexes) (4). More
rapid regeneration in males suggests
different selection pressures between
sexes and can be attributed to several

Table 1. Mean caloric values and ash and water contents of Coleonyx variegatus tails and

bodies.

Caloric content

Part Per milli- P;:aﬁllo]; (‘;,,Sl;)f (V(V%Ja:;:fr
gram of ash-free dry weight) wet weight)
dry weight dry weight
Original tails (N = 3) 5.79 6.31 9.01 . 75.50
Regenerated tails (N = 19) 6.24 6.68 7.06 75.66
Bodies (N = 22) 5.06 5.90 16.70 73.74
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Fig. 1 (left). Sexual dimorphism in tail
regeneration rates in adult male and fe-
male geckos (Coleonyx variegatus). Tails

of seven females and seven males were broken at the base (8); geckos had free access
to food during the trial. Vertical bars indicate 1 standard deviation, outermost hori-
zontal lines represent range, and asterisks denote significant differences (P < .05).
Fig. 2 (right). Relationship of calories invested in tail regeneration and calories in-
vested in body growth in Coleonyx variegatus. Changes in caloric content are cal-
culated from ash-free dry weights. The proportion of energy invested in regeneration
increases with size, which reflects relative age (4). Two males that apparently re-
jected most food lost body weight but still regenerated a portion of the tail.

not mutually exclusive factors such as
differential predation as the result of
behavioral dimorphism, intrasexual ag-
gressive differences (9), or mating be-
havior dimorphism (10).

Inasmuch as regeneration requires
substantial amounts of energy, meta-
bolic comparisons of tailed and un-
tailed geckos were made with a Gilson
differential respirometer to determine
if facultative metabolic increases were
associated with rapid regeneration.
There was no significant difference
(t =0.253, P> .05) between tailed
geckos (0.398 cm?® of O, per gram of
body weight per hour; N=29) and
geckos regenerating tails (0.407 cmS
of O, per gram per hour; N =20).

After 7 weeks, when tail regen-
eration was nearly completed, the
geckos were killed. The regenerated
portion of the tail was removed from
geckos in the experimental group (11)
and the whole tail from those in the
control group. Bodies and tails were
weighed and then freeze-dried, weighed
again, ground, ashed, and burned by
using a Phillipson microbomb calorim-
eter. Caloric values per milligram were
higher for Coleonyx tails (Table 1) than
for bodies and even higher than for
most eggs (the life history stage with
greatest caloric content per milligram)
of other lizard species studied (12).
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Growth data indicated age-specific
differences in the ratio of tail growth
to body growth. Because of the differ-
ence in caloric content per milligram
of bodies and tails, growth data were
converted to calories (Fig. 2). Older
geckos did not use as much energy for
body growth as did younger ones and
allocated a larger proportion of energy
to tail regeneration. Male geckos allo-
cated a larger proportion of energy to
tail regeneration than did females (Fig.
2). In addition, males have smaller
bodies than females (4), which fur-
ther enhances this proportional sexual
dimorphism in the ratio of tail energy
to body energy. In view of the differ-
ences in selective pressures between
sexes discussed above, allocation of
less energy for tail regeneration in fe-
males may reflect adaptive compromise
between competing energy allocations
for tail regeneration and processes such
as reproduction.

The autotomy mechanisms, tail be-
havior, and rapid regeneration of the
tail at the expense of growth and main-
tenance energy in Coleonyx are highly
significant as predator defense mecha-
nisms. The gecko’s capacity to convert
food into fat at a rapid rate (3), in
addition to the fact that a majority of
the fat stores are not in the tail (3),
further supports this contention; non-

tail fat stores may be as important for
tail regeneration as they are for use
during fasting periods. It is difficult
to propose evolutionary explanations
of adaptive compromise for a fat stor-
age tail that is highly autotomous unless
the lizard losing the tail regains the
lost energy by returning and ingesting
it (/). This assumes, first, that the tail
sometimes escapes from the predator
and, second, that the lizard returns and
ingests it. In our experiments there
were no instances in which predators
lost the tail. In ten trials in which
geckos were left with their broken tails
overnight, none ingested them.

A different adaptive compromise is
suggested for Coleonyx in which the
primary mechanism is allocation of fat
deposition to the tail. This system per-
mits rapid regeneration of a large tail
and increases the effectiveness of tail
display for predator escape. Also, in
the event that the tail is not lost, an
emergency energy store (3) is avail-
able. The adaptive compromise in
Coleonyx is also unique in that, once
the tail is lost, selective pressure for
rapid tail regeneration for either preda-
tor escape or fat storage would be the
same.
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