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ABSTRACT

Physiological condition and organisms’ health which are grown in culture systems depends on several factors
including water quality, feeding and density among others. In Mexico, the colonies of the axolotl Ambystoma
mexicanum (Shaw), an indigenous amphibian under extinction risk, are maintained under different culture conditions
according to the objectives of the colony and the available resources. Particularly, water electrolytic characteristic
and ionic and osmotic conditions are the factors with greater variation in the axolotl culture systems. Therefore, it is
necessary to standardize the best maintenance conditions to store the germoplasm of the axolotl and to ensure healthy
organisms with researching purposes. Thus, the aim of the present study was to evaluate the development and growth
of Ambystoma mexicanum larvae reared under different maintenance media, usually used in Mexico for the culture
of the species: 1) dechlorinated tap water; 2) dechlorinated tap water enriched with sodium chloride and commercial
colloidal solution and 3) Holtfreter’s solution reconstructed with dechlorinated tap water. In each experimental
condition, 15 larvae on stage 44 (immediately after hatching) were maintained during 21 days and development and
growth were weekly recorded. lonic and osmotic conditions of the external media were routinely registered. The
obtained results suggested a better physiological condition of the axolotls maintained on Holtfreter’s solution, where
the highest growth rate (13 g WW d-') and the greatest condition factor (0.79) were registered. The use of this solution
is recommended due it guarantees the suitable development of early stages of A. mexicanum on culture systems.
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RESUMEN
La condicion fisioldgica y por lo tanto la salud de los organismos acuéticos depende de varios factores como la calidad
del agua de mantenimiento, la alimentacion, la densidad, entre otros. En México, las colonias del ajolote Ambystoma
mexicanum (Shaw), anfibio endémico y en riesgo de extincion en su habitat, son mantenidas bajo diferentes condiciones
de cultivo de acuerdo con los objetivos de la colonia y los recursos disponibles. Particularmente, las caracteristicas
electroliticas del agua de mantenimiento y las condiciones i6nicas y osméticas, son los factores que presentan mayor
variacion entre los diferentes sistemas de cultivo. Por lo tanto, se considera necesario estandarizar las condiciones
adecuadas de mantenimiento de los ajolotes para mantener el germoplasma de la especie y para garantizar organismos



20

Robles-Mendoza, C., et al.

sanos con fines de investigacion. El objetivo del presente estudio fue evaluar el desarrollo y el crecimiento de larvas del
ajolote en tres diferentes medios usualmente utilizados en México en el mantenimiento de las colonias del ajolote: agua
de la llave libre de cloro, agua de la llave con solucion comercial salina y de coloides y solucion Holtfreter. Los resultados
obtenidos denotan una mejor condicién fisioldgica de los ajolotes mantenidos en la solucion Holtfreter, medio en el cuél
registraron la mayor tasa de crecimiento (13 g WW d') y un mayor indice de condicion (0.79). De acuerdo con estos
resultados se propone el uso de la solucion Holtfreter para garantizar el adecuado desarrollo de los estadios tempranos
de A. mexicanum bajo condiciones de mantenimiento y/o cultivo controlado.

Palabras clave: Ambystoma mexicanum, mantenimiento, desarrollo, crecimiento, solucion de Holtfreter.

INTRODUCTION

Ambystoma mexicanum is an endemic amphibian of the central
basin of México including Xochimilco, a wetland nowadays
surrounded by México City. Xochimilco is the remaining lacustri-
ne area of the ancient lakes system in the valley of Mexico which
consists of a complex system of canals and artificial islands. Is
an important agricultural zone since pre-colonial period. Due
to its unique historical, cultural, and ecological features, it was
declared in 1987 as a World Heritage Site by UNESCO, and in 2004
as a RAMSAR Site (UNESCO, 2003; RCW, 2007). However, heavy
environmental pressures as biological, physical and chemical
stressors have altered quantitatively and qualitatively the water
canals contributing to the reduction and extinction of indigenous
species as the axolotl (Zambrano et al,, 2007; Contreras et al,
2009). For this reason, this species is under special protection
by Mexican legislation, in the IUCN Red List is categorized
as critically endangered and is included on the appendix Il of
Convention on International Trade in Endangered Species of wild
fauna and flora (DOF, 2002; CITES, 2007; IUCN, 2009). In this sce-
nario, it is necessary to ensure the maintenance of the genetic
stock of the species under culture controlled conditions until
their re-introduction to its natural habitat can be achieved.

In culture systems the organism’s health depends of several
factors as water quality, food, density, among others. The mainte-
nance of these factors at levels able to satisfy the physiological
requirements of the organisms is necessary for their adequate
development, growth and reproduction (Prosser, 1991).

Several studies conducted in fish support the hypothesis
that at an isosmotic medium, in which ionic and osmotic gra-
dients between the blood and water are minimum, the energetic
costs for osmoregulation is lower, therefore, the energy saved is
directed for increasing growth (Laiz-Carrion et al., 2005; Tsuzuki
et al, 2007). Likewise, in aquatic amphibians the energetic cost
for ionic and osmotic regulation can change the amount of ener-
gy available for development and growth (Shoemaker & Nagy,
1977, Hochachka & Somero, 1978; Prosser, 1991). Therefore ionic
and osmotic conditions of the external medium are important
factors to control during the maintenance of the axolotl under
culture systems.

In Mexico, there are several colonies of A. mexicanum
maintained under different culture conditions, mainly related with
different characteristics of the culture water such as electrolyte
quality, ionic and osmotic conditions (Otto, 1998, Maya, 2006).
Thus, the aim of the present study was to evaluate the develop-
ment and growth of Ambystoma mexicanum larvae reared under
different maintenance media, usually used for the culture of the
species under controlled conditions.

MATERIALS AND METHODS

Origen and maintenance of the organisms. Axolotl eggs (stage
8), corresponding to blastula stage, were obtained from the
Laboratorio de Restauracién Ecoldgica (Instituto de Biologia,
UNAM). In order to control and maintain the same variability
among the experiments, only one clutch of eggs was considered.
The embryos were divided in two aquaria of 4 L and were main-
tained until hatching (stage 44) in the same conditions of recep-
tion: dechlorinated tap water, 20 °C of temperature, 6.40 mg L of
dissolved oxygen and 8.6 + 0.2 units of pH; measurements were
controlled daily with a Brannan thermometer, an YSI Incorporated
oxymeter (Mod. 50B) and a Checker pH meter. Photoperiod was
maintained at 16 h daylight and 8 hours darkness and oxygen
dissolved was regulated by gently aereation. During the mainte-
nance period water was filtered through biological, carbon and
particulate filters as well as ultraviolet irradiation.

Table 1. Ranges of the major ion concentrations and osmotic
pressure (OP) in the experimental maintenance media.

Maintenance lons, mmol L' op
media Na* K+ Cl mOsm Kg’
DTW 43-45 004-007 13-18 8-9
SCS 50-52 003-0.04 28-33 12-14

HS 34-33 045-051 20-23 63-72

DTW: Dechlorinated tap water; SCS: Dechlorinated tap water
enriched with sodium chloride and commercial colloidal solution;
HS: Holtfreder's solution.
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Figure 1. Growth rate (mg WW d”') of A. mexicanum larvae reared
under different experimental maintenance media: dechlorinated
tap water (DTW); dechlorinated tap water enriched with sodium
chloride and commercial colloidal solution (SCS); Holtfreter’s
solution (HS). Different letters indicate significant differences
among experimental groups (p < 0.05).

In order to ensure the healthy state of the organisms previo-
us to the tests, daily observations of embryos development of A.
mexicanum were made following Bordzilovskaya et al. (1989).

Experimental protocol. Experimental solutions tested
corresponded to the main maintenance water solutions used in
the axolotl culture systems in Mexico: 1) dechlorinated tap water
(DTW); 2) dechlorinated tap water enriched with commercial
colloidal solution (87 uL L") , sodium chloride (0.16 g L") and
iodine-free (Pentabiocare, Biomaa) (SCS) and 3) Holtfreter's solu-
tion (HS) reconstructed with dechlorinated tap water (Henning,
1996).

For each experimental group (maintenance solution) 15
larvae on stage 44 (immediately after hatching) were placed
in individual aquaria containing 8 L of each test solution. The
experiments were carried out in duplicates. During the experi-
mental period of 20 days, water temperature, dissolved oxygen,
pH and photoperiod were maintained similar as the maintenance
period of axolotl embryos. Ammonia and nitrite were measured
weekly through the Indophenol and Sulphanilamide methods,
respectively (Rodier, 1981) and were kept under safe levels for
the axolotls (less than 0.09 mg N-NH,L! and 0.1 mg N-NO, L)
Once a week, the 70% of the water volume of the aquaria was
exchanged and the experimental solutions replaced; thus static
renewal tests were conducted

Axolotl larvae were feed with brine shrimp Artemia sp.
nauplii according to their age: 500 nauplii/axolotl for larvae from
1-10 days post hatching (dph) and 1,500 nauplii/axolotl for 11-20
dph larvae.

The electrolytic characteristics of each experimental
solution were analyzed. Total concentration of major inorganic
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ions, Na*, K* and CI", were measured with an ions multi-analy-
zer (Medica Inc.) and the osmotic pressure (mOsm) through a
micro-osmometer (The Advanced Inc.).

Organism's performance. To establish the physiological
condition of the axolotls maintained in each experimental solu-
tion, the development and growth of the organisms was evalua-
ted. To avoid any stress due handling manipulation, the stage
of development of the larvae was registered weekly through
the identification of limbs development as suggested by Nye et
al. (2003). Wet Weight (WW mg) and total length (TL, cm) were
evaluated at the beginning (0 days), half (11 days) and at the
end (20 days) of the tests and were measured with an analytical
balance Sartourius (+ 0.0005) and a digital vernier micrometer,
respectively.

The growth rate (GR, mg WW d') of axolotl larvae was
evaluated through the equation 1, commonly used for fishes
(Busacker et al., 1990).

Equation 1:
_ - wi _ AW
B t ot

where, AW is the difference of the initial (Wi) and final (W1)
axolotl body wet weight (mg WW) and t is the number of days
between each two weighing.

GR

The nutritional state or “well-being” of the axolotls at the
end of the experimental period was expressed by the Fulton’s
condition factor (K) calculated as in equation 2 (Busaker et al,
1990).

Equation 2;
_ ww
K=y

where, WW is the wet weight (mg) and TL is the total
length (cm).

Statistical analysis. Statistical differences between expe-
rimental groups (physicochemical parameters and axolotl phy-
siological responses) were analyzed by ANOVA test; post-hoc
comparisons were made using the Newman Keuls test (Zar,
1984). Statistical was conducted using the Statistica software
(StatSoft, Inc., Ver. 1998).

RESULTS

Physicochemical characteristics of the experimental solutions.
Temperature, pH and oxygen dissolved recorded in the experi-
mental aquaria did not significantly change during the trial and
were similar between the three experimental groups (p >0.05).
Nevertheless, as expected, Na*, K* and CI" levels as well as
the osmotic pressure of the Holtfreter's maintenance solution
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(HS) were higher than the DTW and SCS maintenance solutions
(Table 1).

Mortality, development and growth of axolotls. At the end
of the tests, mortality of the organisms was similar (10%) within
the different treatments (p>0.05). The development of the larvae
reared in the three maintenance media was similar (p>0.05) and
in agreement with the period involved as suggested by Nye et
al. (2003). At the half of the experimental period (day 117), all the
test organisms were in stages 50 and 51 corresponding when the
forelimb digits are developing and the hindlimbs are beginning to
emerge; atthe end of the trials (day 20™), the organisms of the three
maintenance media were at stage 54 corresponding when the fore-
limb is complete and the digits | and Il of the hindlimbs are visible.

The effect of the different maintenance media on growth
of axolotl larvae is summarized in table 2. Larvae growth rate in
terms of total length (cm TL d') was similar between the experi-
mental groups as well as between the evaluation periods (11 and
20 days; p >0.05). However in terms of biomass (mg WW d"), lar-
vae growth reared in HS was 22 and 20% higher (p <0.05) at day
11, and 21 and 54% higher (p <0.05) at day 20%" than the axolotls
reared under DTW and SCS media, respectively. Similarly, final
growth rate of the larvae reared in HS was 39 and 40% higher
(p <0.05) than the organisms maintained in DTW and SCS media,
respectively (table 2; figure 1).

The condition factor of the organisms at the end of the tests
was similar between the larvae maintained in SCS and in HS media
(p>0.05); nevertheless, in the larvae reared under DTW it was 11%
lower than the organisms maintained in HS (p <0.05; table 3).

DISCUSSION

The development of the A. mexicanum larvae maintained in the
three culture media (DTW, SCS and HS) was similar and in agree-
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ment with the time of development reported for the species (Nye et
al., 2003). Therefore it is possible to suggest that the quality of the
solutions did not modify the activity of the thyroid hormone, whose
mechanisms are the principal stimuli of the morphologic develop-
ment of amphibians, and in general of all vertebrates (Uhlenhuth,
1921; Brown, 1997; Smirnov & Vassilieva, 2004). Moreover, the high
values of survival (90%) obtained at the end of the tests in the
different maintenance media suggest that any of them altered the
physiological condition of the larvae of A. mexicanum.

However, beside the development and survival of the axolo-
tl, the maintenance media had a significant effect on the axolotl's
growth in terms of biomass (mg WW d-'), although no differen-
ces were observed on the total final length of the organisms.
This later response can be due to the cannibal behavior of the
organisms, mainly in the larval and juvenile stage, although they
have an adequate food supply and maintained at a recommended
density (Barlow, 1996). It is common that axolotls bite the tail of
the other organisms altering the real size of the larvae (Gresens,
2004). To avoid this confusion factor on the axolotl's length, it is
recommended for future studies to consider the standard length
(distance from the beginning of the mouth to the forelimbs or to
cloaca) instead of the total length of the organisms.

In all three maintenance media, the larvae gained 11, 11
and 14 times in weight throughout the 20 days in DTW, SCS and
HS tests respectively. However, the rate of growth of 12.6 mg
d'in larvae maintained in the Holtfreter's medium was 39 and
40% higher than that of the organisms maintained on DTW and
SCS media, denoting e that this maintenance solution favors the
increase of biomass. The calculated Fulton’s condition factor
values also suggest a better condition in organisms maintained
in the Holtfreter's medium (K =0.79), whereas the significant
reduction of 11% of this index at the end of the tests in larvae
reared in DTW suggest an inadequate maintenance media for
the axolotl larvae.

Table 2. Total length (cm TL) and wet weight (mg WW) of axolotl larvae reared under different maintenance media: dechlorinated tap water (DTW);
dechlorinated tap water enriched with sodium chloride and commercial colloidal solution (SCS); Holtfreter’s solution (HS). Mean + Standar Deviation.

Maintenance

Experimental period, d

media 0 " 20
Total length (cm)
DTW 1.33 + 0.05% 2.23+0.13Y 3.0+0.13
SCS 1.32 +0.04% 2.27 +0.10 2.98 + 0.07¢
HS 1.32 + 0.05° 2.34 + 0.079 3.24 £0.29
Wet Weight, mg
DTW 18.15 + 3.5° 95.78 + 16.7" 199.0 + 37.1¢
SCS 17.93 +1.2% 94.45 + 11.0 197.02 + 36.2¢
HS 18.9 + 2.5 112.28 + 12.5 270.14 + 56.6%2

Different letters indicate significant differences among time at each experimental media ( p<0.05). Different numbers indicate significant

differences among experimental group at each period ( p < 0.05).

Hidrobioldgica



Maintenance media for the Mexican axolot!

Table 3. Condition factor (K) of A. mexicanum larvae reared under
different maintenance media: DTW (dechlorinated tap water);
SCS (dechlorinated tap water enriched with sodium chloride and
commercial colloidal solution); HS (Holtfreter’s solution). Mean +
Standard Deviation.

Maintenance media
Day DTW SCS HS

0 0.74 + 0.131? 0.82 +0.1% 0.79 + 0.05%'
1 0.80 + 0.07 0.82 + 0.0741 0.82 + 0.05"
20 0.70 + 0.08%2 0.75 + 0.0921 0.79 + 0.1

Different letters indicate significant differences among experimental
groups at each period (p<0.05).

Different numbers indicate significant differences among time at
each experimental media (p<0.05).

Considering that the energetic demand for the amphibian
osmoregulation probably is minimum or null at isosmotic condi-
tions or near to it (where the ionic and osmotic gradients between
internal and the external medium are minimal), the energetic
requirements for maintenance are lowered and the saved energy
can be directed to increase growth and to maintain an overall
suitable physiological condition as is suggested for fish and
another species of amphibians (Gordon & Tucker, 1965; Dennis &
Bulger, 1995; Laiz-Carrion et al., 2005; Tsuzuki et al., 2007).

Under isosmotic conditions, Hronowski & Armstrong (1977)
reported for axolot! larvae external medium levels of Na*, K*, CaZ",
Cl and osmotic pressure of 94.7, 3.0, 1.6, 84.7 mmol L' and 216
mOsm, respectively. Therefore, it can be considered that although
the Holtfreter's solution does not represent a condition of isosmo-
ticity for the larvae of A. mexicanum, the energy involved in the
osmotic regulations mechanisms is probably reduced in relation
with the other two maintenance media (DTW and SCS), leading to
growth enhancement and a suitable physiological condition.

According to the results obtained in the present work,
we conclude that among the solutions used for the culture of
the axolotl Ambystoma mexicanum in Mexico, the Holtfreter’s
medium guarantees a suitable development and growth of the
organisms. Therefore we propose to use this medium in culture
systems for both, the maintenance of the genetic stock of the
Mexican axolotl and researching purposes.
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