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Abstract

Although the induction of metamorphosis
in Ambystoma mexicanum has been studied,
no information is available on the recognition
of metamorphic stages in this species. The
aim of our study was to define the stages of
metamorphosis in A. mexicanuwmn using mor-
phometric criteria. Metamorphosis was in-
duced with an injection i.p. of l-thyroxine (T,;
2.5 pg/g). Metamorphosis is a gradual pro-
cess. All the animals survived, and metamor-
phosis was completed in 24 + 1 days. Four
metamorphic stages were defined using as
principal criteria the reduction in the tail
height (considering the ratios lower/upper tail
fin and upper tail fin/total tail height) and the
reduction in gill length. Body weight and dor-

sal ridge length were recorded too. A. mex-
icanum is used in many neuroendocrinological
and biochemical studies in which the knowl-
edge of the stages of metamorphosis may be
necessary for the interpretation of results.*

Introduction

The axolotl, Ambystoma mexicanum, is a
neotenic amphibian with no external evidence
of metamorphosis. The animals become sexu-
ally mature and breed in a larval form (Duell-
man and Trueb, 1986). However, A. mex-
icanum, like other neotenic species, undergoes
metamorphic changes if it is treated with thy-
roid hormones [thyroxine (T,), triiodothyronine
(Tl or thyrotropin hormone (T'SH) (Kuhn and
Jacobs, 1989).

*Preliminary results were presented at the Interna-
tional Workshop on the Molecular Biology of the
Axolotl and Other Urodeles. Oct, 1993. Indianapolis
IN, USA. Program and Abstracts p. 9.

Although the induction of metamorpho-
sis in A. mexicanum has been studied (Kuhn
and Jacobs, 1989), little information is avail-
able about the recognition of metamorphic
stages in this species (Marx, 1935).

Metamorphic stages have been docu-
mented clearly in anurans (Bentley, 1976;
Gosner, 1960; Taylor and Kollros, 1946), but
to our knowledge only one study of urodele
amphibians exists that provides quantitative
criteria for metamorphosis. This study is of A.
tigrinum, a urodele which spontaneously met-
amorphoses. In A. tigrinum metamorphosis
generally begins at a different time in each
animal. This situation limits the use of A.
tigrinum for studies in which it is necessary to
know the start time of metamorphosis.

The neotenic species susceptible to meta-
morphosis provide an alternative for those
studies which require control of the onset of
metamorphosis. A useful species may be A.
mexicanum, one which furthermore is already
extensively used in neuroendocrine and bio-
chemical studies.

In the present work we define four meta-
morphic stages in A. mexicanum following the
general criteria suggested by Norman for A.
tigrinum (Norman, 1985).

Material and Methods

Biological Material. The axolotls [A. mexi-
canum (n = 30), 1 year old, 20 £ 2 cm long and
weighing 60 + 5 gr] were obtained from our
colony (Cano-Martinez et al., 1990). The ani-
mals were kept in 50x20x20 cm glass contain-
ers and maintained in a room with a light-
dark cycle of 12:12, starting the light at 7

a.m. Each container held five animals in 15
liters of 20% modified Holtfreter solution, pre-
pared with water without chloride at a tem-
perature of 18-20°C. During metamorphosis,
1/3 of the solution was changed each day,
and the solution level was lowered gradually
until metamorphosis was complete. The ani-
mals were fed little fish (ad libitum) and small
pieces of beef (individually with forceps) three
times per week.

Induction of Metamorphosis. The experi-
ments were carried out in the months of July
and August, 1992. Handling during the ex-
periment and measurements were done by
same person, using the same instrument, at
the same hour of the day (noon to 1 p.m.), and

using the same morphological criteria. Each
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Table 1. Measurement Criteria

Parameters

Measurement Procedure

Dorsal Ridge Length (mm)

Gill Length (mm)

Body Weight (g)

Tail Height
Lower tail fin height
Upper tail fin height (mm)

obtained by subtracting the distance from mouth to the origin point of the

dorsal ridge from the total body length; the measurement was made on the
back dorsal center.

Length of the central gill on each sides: the distance from the

ventral angle of the gill base to the distal tip of the ventral gill epithelium
(without the gill filaments). The measurement was made with the gill spread
out along the animal’s back.

The total weight in grams. The water excess was eliminated with
absorbent paper in each measurement.

These three parameters were measured 1 cm anteroposterior of the cloaca
(See Figure 1).

The measurement procedures were based in general on Norman’s criteria with some modifications (Norman, 1985).
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Figure 1. Axolotl body representation showing the points for measurement of morphometric parameters . TH=
tail height; UTFH = upper tail fin height; LTFH = lower tail fin height.
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Table 2. Values of the measured parameters in each metamorphic stage for

Ambystoma mexicanum.

Parameter DRL TH LTFH UTFH LTFHUTFH LTFH UTFH/TH GL
Stage % Y% % % X100 X100 %

0 100 100 100 100 40 or greater 100

| 83+3*  83+4* 25+2° 75t1* 251010 855"
! 62+1* 69+3* 0.0 58+1* — 0.0 _ 48+3*
i 52+2* 6516 272" 25t010 242"
v 21+3*  5415* 1.1£0.5" 11£0.3"

The values represent the mean + SE (n=24). The comparison was by Student’s ‘1" test.
* = P<0.001; DRL = Dorsal Ridge Length; TH = Tail Height; LTFH = Lower Tail Fin Height; UTFH = Upper Tail

Fin Height; GL = Gill Length.

animal was identified by a colored cotton
thread placed just behind the gills. The ex-
perimental animals (n = 24) received one i.p.
injection of 1-thyroxine (T,; 2.5 pg/g) in 150 pl
of amphibian Ringer solution; the dosage was
determined previously (Vargas-Gonzilez et al.,
1990). The control group (n = 6) received an
equivalent volume of Ringer solution.

Metamorphic Parameters. In each animal
the following parameters were measured each
day: body weight in grams, total body length,
central gill length (GL) on each side, dorsal
ridge length (DRL), tail height (TH), and lower
and upper tail fin height (LTFH and UTFH), in
millimeters. The last three parameters were
measured one centimeter anteroposterior to
the cloaca (Figure 1). The ratios LTFH/UTFH
and UTFH/total tail height were estimated
every day; the percent of reduction in the oth-
er parameterswas calculated too. The measure-
ment procedures are summarized in Table 1.

Results

The animals with hormonal stimulation
presented metamorphic changes; four meta-
morphic stages were described and metamor-
phosis was completed in 24 + 1 days. The
control group did not present metamorphic
signs; however we observed a slight body
weight reduction (Figure 2). In the experimen-
tal group, our results show a correlation be-
tween the metamorphic stages and the time of
the beginning of each stage.

In all experimental animals the reduction

in body weight, dorsal ridge length, gill length,
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tail height, and lower and upper tail fin height
was clear. (Figures 2 and 3).

The parameters’ values for each stage are
shown in Table 2 and a comparison with A.
tigrinum metamorphic stages is shown in
Table 3.

Discussion

In the present study we have demon-
strated that metamorphosis in A. mexicanum
is a gradual process with a duration of 24 + 1
days if it is induced with only one injection of
T, (2.5 pg/g). Under these conditions four
metamorphic stages were defined by morpho-
metric criteria. We observed that during in-
duced metamorphosis with this dosage it is
possible to use the length of the gills as a
morphological standard for staging metamor-
phosis, as well as the lower and upper fin re-
gression. We found that variability in the re-
sponse by the animals with induced metamor-
phosis can be reduced considerably if the dos-
age of thyroid hormone is adjusted to body
weight and if the reference point for the fin
height measurements is not dependent on the
subjective decision by the researcher about
the “tail's highest point,” but is instead tied to
an invariable anatomical reference point such
as the cloaca.

The results of our study are in agreement
with Norman’s study. Time cannot be used as
a basis for predicting the onset and staging of
metamorphosis in wild species, even under
controlled laboratory conditions. However, in
neotenic species such as A. mexicanum bred

in laboratory conditions, the onset of meta-
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Figure 2. Time of metamorphosis. Comparison between control and experimental groups. A little reduction was observed in the parameters of the control
lue represents the average + SEM (experimental, n = 24, and control n = 6).

group, but the difference s not significant. Each va
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P < 0.001. The significance was estimated by

Figure 3. Morphometric parameters and stages of metamorphosis. Each bar is the average + SEM (n = 24). *

Student’s “t” test.

upper tail fin

lower tail fin height; UTFH =

PM = premetamorphosis; BW = body weight; DRL = dorsal ridge length, GL = gill length, TH = tail height; LTFH

height.
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Figure 4.Changes in T, serum levels inrelation to gill length reductionduring metamorphosis T,-induced meta-
morphosis in A. mexicanum. Each bar is the average + SEM. * = P < 0.001. The significance was estimated by
Student’s “t” test. On the right side is the scale for gill reduction in percent. PM = premetamorphosis.
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Table 3. Metamorphic Stages in Ambystoma mexicanum. A comparison with
metamorphic stages in Ambystoma tigrinum.

Ambystoma tigrinum*

Ambystoma mexicanum

! Larval: lower/upper tail fin ratios of
40% and greater.

] Lower/upper tail fin heights X 100 = 25.

1] Lower/upper tail fin heights X 100 = 10.

v Lower tail fin height = 0.

V') Upper/total tail height x 100 = 25 to 10.

Vi Uppetr/total tail height X 100 = 10.

VIl Gill length = 0.

Premetamorphic
Neotenic: lower/upper tail fin ratios of
40% and greater. Gill length = 100%.

l Lower/upper tail fin heights X 106 =25 to
10. Gill length = 85 to 75%.

I Lower tail fin height = 0. Gill length = 45
to 50%.

i Upperftotal tail height X 100 = 25 to 10.
Gill length = 25 to 20%

v Gill length = 0 to 2%.

* According to Norman (1985) and Carr and Norris (1988). We included the values of the gill length for A. mexicanum.
Norman’s stages Il and lil correspond to stage | in A. mexicanum. Norman’s stages V and VI correspond to stage lll in A.

mexicanum.

morphosis can be determined by the re-
searcher. We observed a correlation between
the metamorphic stage and the time of the
beginning of each stage in the experimental
population; however, this time varied within a
range of one day (Figure 2).

In practice it isdifficultfor all animals of
an experimental population to have the same
exact value for the lower to upper fin height
ratios; this situation introduces uncertainties

which are unfavorable for physiological studies.

We suggest that it is necessary to include
some physiological correlate to metamorpho-
sis for staging metamorphosis, such as the cir-
culating thyroid hormone levels at each stage.
In fact, we reported in another study the T,
serum levels at the different metamorphic
stages in A. mexicanum (Cano-Martinez et al.,
1994). The T, serum levels were detectable in
the animals with T, administration. A hor-
mone increase at stages I and II followed by a
decrease at stages III and IV with a trend to
return to neotenic values was observed (Fig-
ure 4) just as occurred during metamorphosis

in other amphibians (Bentley, 1976; Kuhn and
Jacobs, 1989; Larras-Regard et al., 1981).

Just as Norman's criteria have been used
for A. tigrinum, we consider that our study can
be used as a basis for staging metamorphosis
in A. mexicanum and other urodeles.
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