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RESUMEN

La generacion de informaciéon que permita entender como responden las especies a la
pérdida y modificacion de sus habitats, es fundamental para el planteamiento adecuado de
acciones de manejo y conservacion. En el presente trabajo, evaluamos la distribucion actual
de una salamandra en peligro de extincion Ambystoma ordinarium, estimando el tamafio de
sus poblaciones mediante la técnica de marcaje y recaptura, e identificando mediante un
modelo jerarquico los efectos negativos de la calidad del habitat y la presencia de un
depredador introducido (trucha) sobre el tamafio de sus poblaciones. Asimismo, evaluamos
la relacion entre la calidad del habitat y la prevalencia de anormalidades corporales en esta
especie, mediante un modelo de regresion logistica. La distribucion de la especie disminuy6
un 44.82% en relacion con su registro histérico, mientras que la calidad de los habitats y la
presencia del depredador significativamente ejercieron un efecto negativo sobre el tamafio
de las poblaciones, siendo menor en los sitios con presencia de truchas, mientras que los
arroyos con altos niveles de calidad de hébitat presentaron mayores tamafos poblacionales.
Significativamente la probabilidad de que un caracter sea anormal aument6 a medida que se
perdid la calidad en los habitats. Estos resultados presentan un panorama desalentador para
la especie ya que de agudizarse los efectos negativos, la probabilidad de que la especie se
extinga es eminente, por lo cual se recomienda monitorear permanentemente a la especie,
asi mismo es necesario realizar acciones encaminadas a su conservacion in situ y la
implementacion de estudios dirigidos a la reproduccion ex situ, que permitan garantizar la
viabilidad de A. ordinarium.

Palabras clave: Peligro de extincion, marcaje y recaptura, modelo jerarquico,

anormalidades corporales, depredador introducido (trucha).



ABSTRACT

The generation of information that allows us to understand how species respond to the loss
and modification of their habitats, is fundamental for the proper management and
conservation actions. In the present work, we evaluated the current distribution of an
endangered salamander Ambystoma ordinarium, estimating the size of its population
through the mark-recapture technique, and identifying through a hierarchical model the
negative effects of habitat quality and presence of an introduced predator (trout) on the size
of its populations. We also evaluated the relationship between habitat quality and the
prevalence of body abnormalities in these species, using a logistic regression model. The
distribution of the species decreased 44.82% in relation to its historical record, while the
quality of the habitats and the presence of the predator significantly exerted a negative
effect on the size of the populations; being smaller in those sites with the presence of trout,
while the streams with high levels of habitat quality had higher population sizes.
Significantly, the probability of a character being abnormal increased as habitat quality was
lost. These results present a discouraging panorama for the species because of the
worsening of the negative effects, the probability that the species is extinct is eminent,
which is why it is recommended to permanently monitor the species. Likewise it is
necessary to carry out actions aimed to in situ conservation of the species and the
implementation of studies directed to ex situ reproduction, that allow to guarantee the
viability of A. ordinarium.

Key words: Endangered, mark-recapture, hierarchical model, body abnormalities,

introduced predator (trout).
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INTRODUCCION

La pérdida de la biodiversidad en los ultimos siglos se ha dado a una velocidad
excepcionalmente rapida, se estima que en los ultimos 515 afos se ha extinguido una
especie aproximadamente cada dos afios (Ceballos et al. 2015). A nivel mundial, 11,939
especies de vertebrados de las 62,839 se encuentran amenazadas (19%), mientras que hasta
un 30% de las poblaciones disminuyeron en cuarenta afos (Baillie et al. 2010). Las causas
mas frecuentes se relacionan a efectos directos o indirectos generados por las actividades
del hombre, como la pérdida y modificacion de habitats, la contaminacién ambiental, la
sobreexplotacion de recursos naturales, la proliferacion de patogenos, el aumento de
radiacion ultra violeta, el cambio climatico y la invasién de especies exdticas, entre otras
(Wright y Zamudio 2002, Funk et al. 2005, Schmidt et al. 2005, Urbina-Cardona 2008,
Bennett y Saunders 2010).

La pérdida y modificacion de los habitats juega un papel preponderante ya que se
modifican variables estructurales y ambientales, como la temperatura, humedad y la
velocidad del viento, asi como la disponibilidad de alimento, refugios y los patrones de
presa-depredador, entre otros (Davies y Nelson 1994, Kiesecker et al. 2001, Hamer y
McDonnell 2008), limitando la adecuacion de las especies, forzando a los individuos a
ocupar sitios suboptimos con baja calidad de habitat (Bendik et al. 2014).

Los sistemas acuaticos son altamente vulnerables a las alteraciones del hébitat ya
que sus caracteristicas fisicoquimicas y estructurales dependen en gran medida de las
condiciones del paisaje (Walsh et al. 2005, Ficetola et al. 2011, Campbell et al. 2014). En
los arroyos la pérdida de la cubierta forestal y vegetal de las areas aledanas, hace que la

escorrentia permita un aporte de contaminantes y de material del suelo al fondo de los
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arroyos disminuyendo la profundidad, aumentando la temperatura del agua y alterando los
patrones del flujo del agua (Davies y Nelson 1994, Hannah et al. 2008, Huang et al. 2013,
Nadai-Monoury et al. 2014).

Si los niveles de disturbio incrementan y persisten, los arroyos pierden
gradualmente la capacidad de resiliencia, afectando la viabilidad y persistencia de las
especies que los habitan (Angulo et al. 2006, Hamer y McDonnell 2008). Aunado a ello, la
introduccién de especies exoéticas representa una de las amenazas antropogénicas mas
extendidas en los sistemas acudticos (Hartel et al. 2007). Aunque poco evaluados, los
efectos de las especies invasoras y decremento en calidad de habitat, asi como su
interaccion, pueden agudizar los efectos negativos sobre las poblaciones de vertebrados
acuaticos (Hartel et al. 2007). Por lo tanto, la capacidad de los organismos para responder y
el tiempo de respuesta a estos efectos podra marcar la diferencia entre persistir o perecer.

La disminucion del tamafio poblacional es uno de los efectos negativos relacionados
a la pérdida y modificacioén de los habitats (Lowe y Bolger 2002, Willson y Dorcas 2003,
Denoél y Lehmann 2006, Barrett et al. 2010). Asi, las poblaciones pequefas y aisladas son
mas susceptibles a extinguirse (Vallan 2000, Armstrong 2005, Ferraz et al. 2007), al ser
vulnerables a eventos estocasticos, ambientales y genéticos, ademas de que sus tasas de
recuperacion demograficas son bajas, lo que limita su resiliencia (Caughley 1994, Morris et
al. 2002).

Algunas poblaciones de vertebrados pueden mostrar sefiales de alarma que no se
reflejan inmediatamente en la disminucion del tamafio poblacional, pero pueden ser
afectaciones fisiologicas y conductuales que en un futuro pueden llegar a afectar

negativamente la sobrevivencia de la especie. Reconocer este tipo de sefales antes de que



las poblaciones disminuyan o se extingan es un reto para la conservacion y manejo de las
especies (Soto-Rojas et al. 2017).

Las anomalias corporales pueden ser una sefial de alarma y un reflejo del estado de
salud de una poblacion (Hegde y Krishnamurthy 2014, Martinez-Silvestre et al. 2014, Soto-
Rojas et al. 2017), ya que pueden afectar directa o indirectamente la sobrevivencia de los
individuos al limitar la capacidad para evadir depredadores, alimentarse y reproducirse
(Johnson et al. 2006). En general, las causas que generan estas afectaciones corporales
siguen siendo una interrogante (Johnson et al. 2006, Williams et al. 2008, Reeves et al.
2008, 2010, 2013).

La identificacion de sefiales de alarma antes de que las poblaciones sean afectadas
negativamente, ademds de la generacion de informacién que permita entender coémo
responden los individuos a la pérdida y la modificacion del habitat sigue siendo uno de los
elementos clave para contribuir a la conservacion de las especies de vertebrados.

Los anfibios son el grupo mas amenazado de vertebrados, seguido de mamiferos y
reptiles (Ceballos et al. 2015). Su piel altamente permeable, su ciclo de vida bifasico entre
habitats acuaticos y terrestres, su baja tasa de desplazamiento en comparacion a otros
vertebrados y su alta fidelidad a sus sitios de reproduccion los hacen altamente vulnerables
a las modificaciones en sus habitats (Duellman y Trueb 1994, Orizaola y Brafia 2006).

México es el segundo pais a nivel mundial con mayor diversidad de anfibios del
orden Caudata (Anfibios con cola), ya que cuenta con 137 de las 189 especies registradas.
De este orden, la familia Ambystomatidae contribuye a que México sea considerado mega
diverso por su alto grado de endemismo, ya que 16 de las 18 especie registradas para
México son endémicas (88.8%) (Parra-Olea et al. 2014). Para los integrantes de esta familia

el panorama es poco alentador ya que 15 de las 16 especies endémicas se encuentran
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enlistadas en alguna categoria de riesgo de la Union Internacional para la Conservacion
(IUCN, por sus siglas en inglés).

En cuanto a la legislacién nacional NOM-059-SEMARNAT-2010, 11 especies
(73.5%) se encuentran listadas en la categoria de sujetas a proteccion especial (Pr), 3 (20%)
como amenazadas y 1 (6.5%) en peligro de extincion (NOM-ECOL-059-ECOL). Para la
mayoria de estas especies, las actividades humanas y sus efectos colaterales como el
crecimiento urbano, el aclareo de bosques, la explotacion de cuerpos acuiferos, entre otras,
son las principales causas que amenazan su viabilidad y persistencia (Alcocer y Bernal-
Brooks 2010, Clipp y Anderson 2014).

Si las amenazas persisten y los efectos se agudizan, la viabilidad de varias especies
del género Ambystoma en México estarara amenazada. En este sentido, el reconocimiento
de los efectos negativos de la perturbacion del habitat sobre las especies del género
Ambystoma es fundamental para una adecuada conservacion de este grupo de especies.

En el presente trabajo se evalud el efecto de la modificacion del habitat y la
presencia de una especie de pez exdtica sobre el tamafio poblacional de una especie de
Ambystoma. Se us6 como modelo de respuesta a la salamandra de montana Ambystoma
ordinarium, catalogada por la [UCN como especie en peligro de extincion dado que su area
de ocupacion es menor 500 km?, ademés de que su distribucion se encuentra severamente
fragmentada y existe un continuo declive en la extension y calidad del habitat forestal

(Shaffer et al. 2004).



En particular, en varias zonas del area de distribucion de ésta especie, existe una fuerte
impacto sobre los arroyos que habita debido a presiones de deforestacion, urbanizacion,
cultivos, introduccion de depredadores, entre otras (Soto-Rojas et al. 2017). Por lo cual, en

el presente trabajo se plantearon las siguientes

Preguntas de investigacion:
(Cual es la distribucion actual de la especie?, ;Cudles son los niveles de calidad del hébitat
en los arroyos ocupados por esta especie?, ;La calidad del habitat afecta el tamafo
poblacional de la especie?, ;Los depredadores exoticos como la trucha tienen algiun efecto
sobre el tamafio de las poblaciones de la especie?, ;Las anomalias corporales se relacionan
con la calidad del hébitat?.

Nuestra hipotesis es que el rango de distribucion y el tamafio de las poblaciones de
esta especie disminuiran a medida que se pierda la calidad del habitat, ademas de que la
presencia del depredador afectara negativamente el tamafio de la poblacion de Ambystoma
ordinarium. Asi mismo se plantea que la baja calidad del habitat incrementara la

probabilidad de que los individuos de A. ordinarium presenten anomalias corporales.
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CAPITULO 1. RESPUESTA DE LA
POBLACION A LA CALIDAD DEL
HABITAT Y LA PRESENCIA DE UN
DEPREDADOR SOBRE LA
SALAMANDRA MEXICANA EN
PELIGRO DE EXTINCION (Ambystoma
ordinarium)

Este articulo ha sido enviado como:

Soto-Rojas, C., I. Suazo-Ortufio., J. A. M. Laos y J. Alvarado-Diaz. 2017. Population
responses to habitat quality and predator presence of an endangered

mexican salamander (Ambystoma ordinarium). Enviado para revision.
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Abstract

Knowledge about how habitat quality modulates populations’size is crucial for ecology
and conservation planning. In a time span of 43 years, the endangered salamander
Ambystoma ordinarium has disappeared from 44.82% of historicaly registered localities.
Using mark-recapture we estimated population size of this species, sampling all localities
where this species is presently known to exist. Additionally, using a hierarchical model, we
evaluated the sinergic effect of habitat quality and the presence of an exotic predator (trout,
Oncorhynchus mykiss) on the salamander’s population size. During a period of five months
we captured a total of 506 individuals, of which 115 (22.72%) were recaptured. The model
adjusted to 87% of the sampling sites, and the results showed that quality of the habitat and
the presence of the predator had a significant effect on population size. Salamander’s

population size was lower in sites with presence of trouts, whereas streamss with high
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levels of habitat quality presented higher population sizes. These results suggest that effects
of anthropogenic disturbance resulting in the reduction of habitat quality and in the
presence of alien predators may impact negatively populations’ size and consequently

increase the risk of extinction of this species.

Key words: estimated population, habitat quality, mark-recapture, hierarchical

model, predator, endangered salamander.
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1. Introduction

In recent centuries, loss of biodiversity has ocurred at an exceptionally high rate (Ceballos
et al., 2015). Since 1970, an average reduction of 30% in population size has been recorded
worldwide for wild vertebrates, and 19% of 62,839 vertebrate species are threatened
(Baillie et al., 2010). Habitat loss and habitat modification have played a leading role in the
reduction of populations’size (Ancides and Marini, 2000; Baillie et al., 2010; Smith and
Green, 2005) as a result of negative effects of these threats on availability of food resources
and refuges, as well as prey-predator’s interactions (Davies and Nelson, 1994; Hamer and
McDonnell, 2008; Kiesecker et al., 2001). These changes might force individuals to occupy
sites with suboptimal habitat conditions, limiting the ability to meet their biological
requirements (Bendik et al., 2014). Freshwater ecosystems are highly vulnerable to habitat
alterations as their physicochemical and structural characteristics are highly dependent on
landscape’s conditions (Ficetola et al., 2011; Grant et al., 2014; Walsh et al., 2005). Loss of
forests and other vegetation cover in streams’surrounding areas frequently results in a
reduction in water depth, an increment in water temeparture, as well as an alteration in
flowing patterns (Davies and Nelson, 1994; Hannah et al., 2008; Huang et al., 2013; Nadai-
Monoury et al., 2014; Rouse et al., 1999). If alterations persist, streams gradually lose
resilience, affecting the viability and permanence of species inhabiting these ecosystems
(Hamer and McDonnell, 2008). In addition, one of the most widespread anthropogenic
threats in aquatic systems is the introduction of exotic species (Hartel et al., 2007).
Although poorly evaluated, the interaction between invasive species and habitat quality
may exacerbate the negative effects on aquatic vertebrate populations (Hartel et al., 2007).
Reduction of population size of wild vertebrates is one of the effects that has been reported

in relation to habitat loss and modification (Barret et al., 2010; Deno€l and Lehmann, 2006;
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Lowe and Bolger, 2002; Willson and Dorcas, 2003). In general, species with small
populations are more susceptible to extinction (Armstrong, 2005; Ferraz et al., 2007;
Vallan, 2000), as they are highly vulnerable to stochastic, genetic and environmental events
(Caughley, 1994; Morris et al., 2002). Therefore, information on the response of population
size to reduction of habitat quality is a necessary step to delineate conservation strategies
for wild species.

The mexican salamander, Ambystoma ordinarium, is a facultative paedomorphic
species inhabiting mountain streams in the middle section of the Trans-mexican volcanic
axis (state of Michoacan), classified as endangered according to the IUCN and under the
category of special protection in local legislation NOM-ECOL-059-2010. It is also
considered an evolutionary distinct species (EDGE score

5.86;http://www.edgeofexistence.org/amphibians/species_info.php?id=586). Its distribution

is limited and strongly fragmented in an area of less than 500 km2 of occupation (IUCN
accessed March 2017). The streams inhabited by this species present a markedly
environmental deterioration, product of anthropogenic activities such as immoderate
logging, livestock farming and vehicular traffic, among others (Alvarado-Diaz et al., 2003;
Ruiz-Martinez et al., 2014). The exploitation for medicinal purposes (C. Soto-Rojas, Pers.
Comm.) is an additional threat for this species, as it has been registered for other
Ambystoma species (Zambrano et al., 2007). In addition, the presence of the exotic rainbow
trout (Oncorhynchus mykiss), a predator that can consume salamanders (Manentli et al.,
2009) has been reported in some of these streams (Soto-Rojas, 2012).

Our main goal in this study was to evaluate how the habitat quality and the
presence of an exotic predator affects the population size of A. ordinarium. Our hypothesis

is that the populations size of A. ordinarium will be larger in streams with high levels of
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habitat quality, whereas in the presence of trouts (alien predator) population size will be

small regardless of habitat quality.

2. Methodology

2.1. Field surveys.

Of the 29 streams where A. ordinarium had been historically registered (Anderson and
Worthington, 1971; Weisrock et al., 2006) we sampled 16 streams where this species was
still present by 2014 (Soto-Rojas et al., 2017) (Fig. 1). Salamanders were visually searched
along a 100 m long transect established at the middle section of each of the 16 streams.
Each transect was sampled upstream three times (once each day in three consecutive days).
The sampling effort was standardized to 18 person-hours per transect. Procedures for
salamanders’field surveys, such as sampling protocol, capture technique, and anesthetizing
methods are described in detail in Soto-Rojas et al. (2017). Adult paecdomorphic individuals
(> 60 mm snout-vent length, Anderson and Worthington, 1971), previously anesthetized,
were marked with a PIT tag (Trovan ID-100A), following the technique of Winandy and
Denoél (2011). One tag per individual was inserted in the caudal musculature, about 1 cm
posterior to the vent. After recovering from the anesthesia, tagged individuals were released
at the capture site. From March to July 2014, each of the 16 streams were sampled along
the established transect for three consecutive days, marking new individuals and
recapturing tagged salamanders. Recaptured individuals were identified with a field
microchip reader (Trovan GR-250). During the search for salamanders the presence of

trouts in the stream was visually evaluated.
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Fig.1. Locations where historically Ambystoma ordinarium was registered in Michoacan, México (black dots). White dots represent
current distribution: Paso del muerto PMU, Turiran TUR, Tepetate TEP, San Gregorio SGR, Cruz del plato CP, Iratzio IRT, Rio bello
conservado RBC, Agua zarca AZA, Rio bello perturbado RBP, Golondrinas GOL, Reja REJ, Piedra redonda PR, Campestre CMP,
Lienzo LNZ, Pino real PRE, Kilémetro 23 KM, Vaquerito VAQ, Zurumbeneo ZUR, San Antonio Villalongin SAV. Puerto Garnica
PGA, Carindapaz CPZ, San Jos¢ de la Cumbre SJC, Queréndaro QUE, Agostitlan AGO, Mil cumbres MCU, Pino Gordo PGO, Los
Sauces SAU, Cieneguillas CIE, Ojo de Agua OAG.

2.2. Habitat quality

We used the Rapid Bioassessment Protocols (RBPs) of Barbour et al. (1999) to assess
habitat quality of the 16 surveyed streams. This protocol is a visually based method that
evaluates habitat condition using a categorical scoring system to appraise habitat condition
(Barbour et al., 1999). The evaluated variables to assess habitat quality were vegetative
protection of stream-bank, type and embededss of substrate, channel flow status, patterns of
velocity and depth, sediment deposition, riffle frequency, and human alterations. These

variables were recorded along the 100 m long transect laid along the middle section of each
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stream (see Soto-Rojas et al., 2017 for a detailed description of measurement of variables).
Scored values of RBPs range from 0 (indicating a markedly disturbed condition) to 200
(indicating a habitat in pristine condition) (Barbour et al., 1999). The evaluated streams
were assigned to four habitat condition categories according to RBPs scores: poor (0-59),
marginal (60-112), sub-optimal (113-165) and optimal (166-200). RBPs have been widely
used to evaluate habitat condition of wadeable streams (e.g. Boonsoong et al., 2009; 2010;

Manentli et al., 2009; Petty et al., 2013; Soto-Rojas et al., 2017; Sweeten and Ford, 2016).

2.3. Estimation of population size

Considering that spatial movements of A. ordinarium are markedly limited (Montes-
Calderon et al., 2011), populations at each of the sampling stream were considered as close
units, without the ocurrence of mortality, natality, migration or inmigration during the
sampling period. We used a protocol that maximizes sampling homogeneity, assuming that
probabilty of detection is constant (Ficetola et al., 2011). To estimate population size at
each of the streams’section where the sampling transect was laid we used a hierarchichal
model, assuming that tagging does not affect probability of recapture, that tags are not lost,
that captured salamanders represent a random sample of the population and that all
individuals have the same probability of capture. In this hierarchichal model, site-specific
population size N; (i = 1, ..., R) is regarded as latent variable following a discrete Poisson
distribution with intensity parameter A; = exp(a + fXy; + yX5;), where B and y are
unknown parmeters that quantify the effect of the covariables X;; and X,; on variability of
abundance, where X;; are the RBPs scores in the i-th site and X,; is a binary covariable that

indicates presence (value of 1) or absence (value of 0 ) of the predator (trout) in the survey
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at the i-th locality. Additionaly, it is assumed that the vector of capture frequency in the i-th
locality, ¥; = Vi, Yi1» -» Yim) follows a multinomial distribution (N;,7), where the
clements of the vector of probabilities 7 are given by m; = (7]n) p’ (1 —p)™ 7/, where m
represents the number of visits to each locality (m = 3) and p is an unknown parameter
that represents the probability of capture. It is assumed that observations ¥, ..., Y are
independent. The point estimation of parameters was made using the maximum likelihood
method. We used a parametric bootstrap method to estimate confidence intervals. The

parameter of main interest is the expected size of the population in the i-th locality, given

the data set and the model.

3. Results

3.1. Habitat quality.

We surveyed a total of 16 000 lineal meters of streams with a total sampling effort of 288
person-hours (2 persons x 3 hours x 3 sampling days x 16 sites). RBPs scores indicated that
two streams (12.5%) were in the optimal category of habitat condition, nine (56.25%) were

suboptimal, and five (31.25%) were in the marginal category.
3.2. Population size.

We tagged a total of 506 salamanders in the 16 surveyed streams. The model of population

size estimation satisfactorily adjusted in 14 of the 16 sampled streams (Fig. 2).
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Fig. 2. Observed and estimated captures of A. ordinarium in relation to scores of Rapid Biassessemnet Protocols RBPs, in each of the
sampling streams. Grey-scale shows the estimated probability density function for the number of individuals caught at the i-th locality.
Observed captures are marked with a black dot.

Therefore, for the model of population size estimation we considered 376 salamanders that
were tagged in these 14 streams. Of the 376 tagged salamanders we recaptured 85 (22.6%).
SJC was the stream with the highest number of salamanders observed more than once
(recaptured once or twice), whereas KM was the stream with the lowest number of
salamanders observed more than once (Table 1). Trouts were observed in three of the 14

sampled streams.
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Table 1. Number of individuals of A. ordinarium observed one time (Capture 1), two times (Capture 2) and three times

(Capture 3), and population size estimates (CL = central limit, LL = lower limit, HL = higher limit) for each of the

sampled sections of the 14 selected streams along the Trans-mexican volcanic axis. Also shown are RBPs scores (Scores),

category of habitat condition (HC) and presence (+) of trout for each stream (Trout).

Locality Capture 1 Capture 2 Capture 3 Total CL LL HL Scores (HC) Trout
Captures

AGO 40 8 1 49 79 71 89 156 Suboptimal

Sic 49 18 11 78 121 110 137 172 Optimal

SAV 2 1 2 5 14 11 18 134 Suboptimal +
CPZ 7 8 7 22 50 43 60 154 Suboptimal

KM 7 2 0 9 12 10 13 81 Marginal +
CP 19 3 0 22 50 43 60 154 Suboptimal

AGZ 45 17 2 64 92 85 101 153 Suboptimal

RBC 27 5 0 32 56 48 67 178 Optimal +
TUR 26 0 0 26 56 49 67 157 Suboptimal

PR 13 0 0 13 28 24 33125 Suboptimal

LNZ 10 0 0 10 15 13 17 75 Marginal

GOL 2 0 0 22 36 32 41 123 Suboptimal

VAQ I 0 0 11 34 28 2 145 Suboptimal

REJ 13 0 0 13 23 20 28 110 Marginal

The model of population size estimation indicated that population size responded

significantly to both the level of habitat quality and the presence of trouts (p < 0.00001).

As the level of habitat quality of streams increased, population size also increased.

However, in streams where trouts resided, population size of salamanders was small

regradless of the level of habitat quality (Fig. 3).
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Fig. 3. Model of population estimation of Ambystoma ordinarium using as covariable scores of RBPs and the presence of trouts. Solid
line corresponds to expected abundance estimation in the absence of trouts and dotted line corresponds to expected abundance estimation
in persence of trouts.

Values of parameters used for the population size estimation model are shown in Table 2.
The highest estimated population size was 121 salamanders in one of the optimal habitat
quality streams (SJC) without presence of trouts (Table 1). Trouts were registered in the
only other stream ranked in the optimal level of habitat quality (RBC) and the estimated

population of salamanders was of only 56 individuals (Table 1).

Table 2. Values of the parameters used for the model of population size estimate with a

confidence interval of 95%.

Parameter Estimator Lower limit Upper limit
a 0.63001736 -0.1720 1.3606
,3 0.02303161 0.0183 0.0283
Y -0.71687454 -1.0511 -0.4296
p 0.24278943 0.2045 0.2790
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4. Discussion
Habitat loss and modification associated to human activities frequently results in a general
reduction in distribution ranges and population size of wild vertebrate species (Baillie et al.,
2010; Grant et al., 2014; Pike et al., 2011). Species with restricted distributions and small
population size are at higher risk of extinction than species with larger population size since
they are more vulnerable to demographic and environmental changes as well as loss of
genetic variability (Caughley, 1994; Cushman, 2006; Feeley and Terborgh, 2008; Morris
and Doak, 2002; Petranka et al., 2004; Sunny et al., 2014). For wild populations of A.
ordinarium, survival and long-term persistence is a difficult challenge considering that in
the last 43 years its occupation range has diminished 44.82 % (Soto-Rojas et al., 2017). In
the present study, we found that at all of streams’sampled sections, population size of A.
ordinarium was relatively small. Reductions in the size of A. ordinarium’s populations
closely followed the gradient from high to low levels of habitat quality of streams, except
for those streams with resident trouts. The three streams in which trouts were observed
presented different levels of habitat quality (optimum, suboptimal and marginal) and had
population sizes lower than expected by the model of population size estimation (Table 1).
It has been reported that exotic fish predators, such as trouts, tilapias and carps
negatively impact population size of the ambystomatid salamanders A. mexicanum
(Zambrano et al., 2007) and A. macrodactylum (Funk and Dunlap, 1999), sometimes even
extirpating populations. In the case of trouts, Manentli et al. (2009) described them as
generalist predators that can consume larvae and neotenic adults of ambystomatids.
Although it is likely that A. ordinarium is preyed upon by a variety of native predators,
only the snake Thamnophis cyrtopsis has been registered as predator of this species

(Garcia-Garrido et al., 2016). Effects of natural predators on population size of A.
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ordinarium have not been evaluated, but it is possible that these effects are negligible, as it
occurs in other ambystomatid species (Gall and Mathis, 2010).

Negative effects of habitat disturbance on other salamander species have been
documented (e.g. Ambystoma mexicanum [Zambrano et al., 2007], Eurycea cirrigera
[Barret et al., 2010; Wilson and Dorcas, 2003], Desmognathus fuscus [Price et al., 2012],
Cryptobranchus alleganiensis alleganiensis [Burgmeier et al., 2011], Plethodon cinereus
[Hocking et al., 2013], Ensatina eschscholtzii [Welsh. Jr. et al., 2015], A. maculatum
[Strojny and Hunter Jr., 2010]). Some anthropogenic activities implicated in the decline of
salamander populations include deforestation, agriculture, pollution, urbanization and
introduction of exotic species (Ethier and Fahring, 2011; Ficetola et al., 2011; Funk and
Dunlap, 1999; Grant et al., 2014; Price et al., 2012; Wilk et al., 2014; Zambrano et al.,
2007).

We registered evidence of human disturbance at different levels of intensity in all
sampled streams, including those ranked at the optimum level of habitat condition by RBPs
scores. The most obvious signals of disturbance were deforestation, agriculture, cattle
grazing, vehicular traffic and introduced predators (trouts) (Alvarado-Diaz et al., 2003;
Ruiz-Martinez et al., 2014; Shaffer et al., 2004; Soto-Rojas, 2012; Soto-Rojas et al., 2017).
Identifying factors that negatively impact size of wild populations is a necessary step before
implementing mitigation actions. Although the association between habitat quality and
population size makes intuitive sense, in our study of A. ordinarium we provide
quantitative evidence of this relation. We accomplished this by gauging population size
through a gradient of poor to optimum level of habitat condition. To identify the level of
habitat quality of surveyed streams we used an efficient and cost-effective methodology

(RBPs) that allowed us to visually establish habitat condition. RBPs rank habitat condition
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of streams by gauging habitat structural features that bear on water quality and health of
animal communities (Boonsoong et al., 2009; Manentli et al., 2009; Petty et al., 2013; Soto-
Rojas et al., 2017; Sweeten and Ford, 2016). Although in our study design we evaluated
habitat quality of streams incorporating the joint effect of the variables considered by
RBPS, we can hypothesize on the impact that condition of individual variables may have
on population size of A. ordinarium. For instance, the high level of substrate embeddedness
in lower habitat quality streams was probably the result of the top soil being eroded and
transported by runoff from low-vegetation covered hillsides to adjacent streams. The higher
level of substrate embeddedness in streams of lower habitat quality likely results in a
reduction of the surface area available for macroinvertebrates, which constitute the main
component of A. ordinarium’s diet (Ruiz-Martinez et al., 2014). This high level of substrate
embeddedness might also result in a reduction of sites for egg deposition, since this species
generally lay its eggs under rocks and roots (Anderson and Worthington, 1971).

The lower frequency of riffles and bends in streams of lower habitat quality
frequently results in a lower diversity of biological communities and makes these streams
more vulnerable to surges due to storms. Additionally, bends migth provide refuge,
protecting salamanders from storms, mostly occurring during the summer in our study area.
The decline of A. ordinarium population sizes can be further explained by the lack of
vegetation cover that protects the streams from floods and maintains the system stable (Del
Signore et al., 2014).

It has been reported that reproduction and survival of amphibians can be negatively
affected by environmental disturbance (Barrett et al., 2017; Todd and Rothermel, 2006).
Therefore, the alteration of the physicochemical variables of the water (i. e. temperature,

conductivity, oxygen dissolved and pH) could be lethal for aquatic organisms as their vital
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functions are markedly sensitive to fluctuations in physicochemical variables (Ficetola et
al., 2011). An increase on the temperature due to low forest cover migth decrease the
amount of oxygen dissolved or increase the conductivity in the water. Furthermore,
conductivity can also increase because of runoff, resulting in a negative alteration of
physiology and behavior of aquatic salamanders by limiting cutaneous gas exchange,
movement and feeding behavior (Chambers, 2011).

As it has been reported that reproduction and survival of amphibians can be
negatively affected by environmental disturbance (Barrett et al., 2017; Todd and
Rothermel, 2006), it will be important that future studies investigate how the reduction in
population size of A. ordinarium as a result of habitat quality disminution is affecting
individuals’ performance.

In six (TUR, PR, LNZ, GOL, VAQ, REJ) of the 14 sampled streams we
registered small population sizes (range = 10 — 26 individuals) and recaptures were not
obtained. The percentage of recaptures was 22.60%, similar to studies in which population
size of other salamanders’species was estimated using population models (Burgmeier et al.,
2011; O’Donnell and Semlitsch, 2015; Unger et al., 2012; Welsh Jr et al., 2015). Two (RBP
and CMP) of the total of 16 sampled streams were not included in the population estimation
analysis, as despite presenting a low habitat quality score, salamander population size was
relatively high. Causes of the apparent paradox shown by these two streams are not easy to
explain. The reason behind the atypical behavior observed on these populations was beyond

the scope of our experimental design.
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One possible explanation is that food availability was favorably affected, countering the
negative effects of level of habitat quality (Hache et al., 2013). Pifion et al. (2014) reported
that CMP is a site where the input of organic matter has favored a higher diversity and
abundance of macro invertebrates. Similar conditions might be present in RBP as the urban
expansion has markedly increased in this area.

Although the abundance in these two sites did not show negative signs, these sites
adjusted significantly with the rest of the sites in a model that evaluated the probability of a
character in an individual to be abnormal in response to habitat quality (Soto-Rojas et al.,
2017). This suggests that even when the number of individuals did not show signs of
affectation, there are already other alarming signs that migth affect species survival
(Johnson et al., 2006; Soto-Rojas et al., 2017).

Our model of population estimation adjusted in almost 90%, which seems
reasonable to evaluate the effect of the habitat quality on population size of wild riverine
species. Synergistically, introduced predators and the loss and modification of habitats may
exacerbate and accelerate the negative effects on populations of wild vertebrates.
Monitoring the species and generating actions for their conservation, such as the
eradication of trout, are crucial for the viability and persistence of this species as its

conservation status is already critical.
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Abstract

Identification of early warning signals previous to the occurrence of population decline or
extinction is a major challenge for the conservation of animal species. Prevalence of mor-
phological abnormalities in a population can be one of these signals. We registered morpho-
logical abnormalities in the salamander Ambystoma ordinarium. We also evaluated the
relation between habitat quality and the prevalence of abnormalities in this species. We
used scores from rapid bioassessment protocols (RBPs) to assess the habitat quality of
streams inhabited by A. ordinarium. A preliminary survey indicated that of 29 streams where
this species has been historically registered, 13 might have few or no A. ordinarium. The
association between habitat quality and the incidence of morphological abnormalities was
evaluated in these 16 streams. Of 502 sampled individuals, 224 (44.62%) had at least one
body abnormality. Of the 224 individuals with body abnormalities, 84 (37.5%) presented
more than one abnormality. Of a total of 5,522 evaluated morphological characters, 344
(6.74%) were abnormal. Partial loss of gills and missing digits were the most frequent abnor-
malities. Results of a binomial logistic regression indicated that the probability of a character
of an individual to be abnormal was significantly associated with habitat quality; as the levels
of the quality of the habitat increased, the prevalence of morphological abnormalities
decreased. These results suggest that RBPs are a quick and useful method for assessing
the habitat quality of streams inhabited by A. ordinarium. Given that RBPs provide rapid and
cost-effective assessments of the ecological health of aquatic ecosystems, it will be impor-
tant to test if the RBPs protocols can be used to rapidly assess habitat quality for other spe-
cies of stream amphibians. The negative association between habitat quality and the
prevalence of morpohological abnormalities that we found indicates that habitat condition
plays an important role in the high number of abnormalities registered in A. ordinarium.
Therefore, our results suggest that one of the several negative effects of habitat degradation
on amphibians is an increase in the frequency of morphological abnormalities with marked
consequences for the survival and general fitness of aquatic amphibians.
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Introduction

The loss of amphibian populations is a well-known example of the biodiversity crisis presently
occurring on a global scale [1]. A number of factors, such as habitat loss and degradation, the
introduction of invasive species, environmental contamination, diseases and parasites, unsus-
tainable use and global climate change, have been recognized as causes of amphibian declines
[2]. In association with this amphibian decline, an apparent increase in morphologic abnor-
malities has also been registered [3]. In most vertebrates, the presence of morphological
abormalities among individuals of a population is frequently associated with mutations, devel-
opmental flaws and traumas. In addition, the background incidence of abnormailities in wild
vertebrate populations ranges between 0 and 5% [4], although higher incidences of abnormali-
ties have been reported in some species of amphibians (10-50%) [5, 6]. Johnson et al. [5]
define abnormalities as any gross deviation from the normal range of morphological variation,
including malformations (permanent structural defects resulting from abnormal develop-
ment) and deformities (alterations to an otherwise correctly formed structure). In amphibians,
these types of abnormalities frequently involve loss of digits or portions of limbs [1]. These
abnormalities affect an individual’s fitness since their occurrence increases susceptibility to
predation and lowers the individual’s efficiency in prey capture and mate acquisition [7].
Moreover, the energy assigned for repairing of abnormalities limits the availability of energy
needed for other vital functions, such as feeding and reproduction [8]. An increase in the fre-
quency of morphological abnormalities in amphibians has been associated with a number of
environmental stressors, including ultraviolet radiation (UVB), pesticides, endoparasitosis,
chemical contamination, damage caused by intraspecific interactions as well as by predation
attempts [9, 10]. Even though various studies report a marked increment in the incidence of
morphological abnormalities in amphibians during the last decades [1, 11], there are relatively
few studies (e.g. [12, 13]) that evaluate the relationship between habitat disturbance and the
incidence of abnormalities.

The Michoacan stream salamander (Ambystoma ordinarium) is a facultatively paedomor-
phic ambystomatid species inhabiting mountain streams in coniferous forests in the central
Trans-Mexican Volcanic Belt. Localities where this species has been registered are situated
between the vicinity of Patzcuaro Lake in the state of Michoacan and Tianguistenco in the
western portion of the state of México [14]. The total occupation range of this salamander is
less of 500 km? and it is designated as an endangered species by the TUCN (www.iucnredlist.
org accessed February 9, 2017). A. ordinarium is considered as a species in the category of Spe-
cial Protection by the Mexican government (AmphibiaWeb; accessed February 12, 2017).

Considering that identifying environmental factors associated with the reported increment
in morphological abnormalities is important for amphibian conservation [7, 15] and that the
streams inhabited by A. ordinarium present different levels of habitat disturbance, our main
aim in this study was to evaluate the role of habitat quality in the incidence of morphological
abnormalities (sensu [5]) in this salamander. We addressed the following questions: 1) what
types of morphological abnormalities are present in wild populations of A. ordinariumg, 2) is
the method of rapid biossessment protocols (RBPs) of Barbour et al. [16] a reliable predictor of
habitat quality for A. ordinarium?, and 3) what is the association between morphological
abnormalities of A. ordinarium and habitat quality? We hypothesized that in streams with high
disturbance levels, incidence of morphological abnormalities will be greater than in streams of
low disturbance levels. Although in some species of amphibians morphological abnormalities
have been linked to bite injuries inflicted among conspecifics during development (e.g. [6]),
and therefore more abnormalities may be expected in productive high quality habitats, we
hypothesized that incidence of morphological abnormalities will be greater in streams with
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high disturbance levels. This predicition was formulated by considering that the greater levels
of habitat structural complexity in higher quality streams occupied by A. ordinarium provide
numerous and diverse refuges [17], protecting individuals from bites potentially inflicted by
conspecifics and aquatic predators.

Materials and methods
Ethics statement

This study was carried out in strict accordance with the guidelines for use of live amphibians
and reptiles in field research compiled by the American Society of Ichthyologists and Herpe-
tologists (ASIH). All procedures with animals were approved by the Committee on Biosafety
and Bioethics (CBB) of the Institute of Chemical Biology of the Universidad Michoacana de
San Nicolds de Hidalgo. In the research protocol, adult salamanders were visually detected and
captured, anesthetized (by immersion in a solution of tricaine methanesulfonate, 0.25 g/l
diluted in distilled water for an average of 15 minutes) and evaluated; they then recovered
from anesthesia and were released the same day at the site of capture. The biological study, the
protocol and the final report were overseen by the CBB.

Field surveys

We evaluated the presence of A. ordinarium in all 29 streams where it has been historically
recorded [18, 19]. In each of these streams, a transect 800 m long was laid at the middle sec-
tion, and salamanders were visually searched at the bottom of the stream by two persons for
three hours. These surveys were carried out during February 2014. Sites correspond to moun-
tain streams (altitude range = 1,950-3,400 m) in the central portion of the Trans-Mexican
Volcanic Belt in Mexico [19, 20], immersed originally in pine, pine-oak, and fir forests. An-
thropogenic disturbance inflicted on streams and adjacent areas includes bank erosion from
trampling by vehicle traffic, cattle and people, selective logging of riparian vegetation, and
conversion of upslope vegetation to suit agricultural activities [14]. In 16 of the 29 surveyed
streams, we found populations of A. ordinarium (Fig 1). To collect field data on morphological
abnormalities, surveys were performed during the dry season (March-July) of 2014. A 100 m
long transect was laid at the middle section of each of the 16 streams where A. ordinarium pop-
ulations existed. Each transect was sampled upstream three times (one time per day for three
consecutive days). The sampling effort was standardized to 18 person/hours per transect (2
persons x 3 hours x 3 sampling days). Within each transect, salamanders were visually detected
and captured with handheld nets capture (scientific collecting permit number SGPA/DGVS/
04187/13). Once captured, salamanders were anesthetized by immersion in a solution of MS-
222 (tricaine methanesulfonate, 0.25 g/l diluted in distilled water) for an average of 15 minutes
[21, 22]. Only adult individuals (> 60 mm snout-vent length [18]) were considered in this
study. Before the effect of anesthesia ended, salamanders were weighed (gr) (Primo Digital
Scale), marked with a PIT (passive integrated transponder) tag (11.5 mm long and 2.1 mm in
diameter by Trovan ID100A) following the technique of Winandy and Denoél [23] and photo-
graphed. PIT tagging was part of a complementary study to estimate population size of this
species. In the present study, tags were used to avoid counting individuals more than once in
the consecutive surveys. Photographs were used to identify morphological abnormalities. Pho-
tographs were taken of the venter, sides and front of the body (Fig 2). The same person took all
photographs. Each image was referenced with an ID number. Once the procedure was com-
pleted and salamanders recovered from anesthesia, they were released the same day at the site
of capture.
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Fig 1. Distribution of streams sampled for morphological abnormalities of A. ordinarium. See Table 1 for acronyms.

https://doi.org/10.1371/journal.pone.0183573.g001

Identifying morphological abnormalities

Images were used to visually search for morphological abnormalities in the laboratory by the
same person. Each abnormality of forelimbs, hindlimbs and tail was defined as follows: micro-
melia (short limbs), ectrodactyly (missing digits), brachydactyly (missing part of a limb), syn-
dactyly (fusion of fingers), polymelia (extra number of limbs and extra number of hands or
feet), polydactyly (extra number of digits), ectromelia (missing a limb), incomplete tail (miss-
ing part of tail), and regenerated tail [6, 15, 24, 25] (Fig 3). We used the following terms in
referring to gill abnormalities: polygills (extra number of gills), ectrogills (missing gills), bra-
quigills (missing part of a gill) and syngills (fusion of gills) (Fig 3). Images of the ventral body
part were used to determine snout-vent length (SVL), length of tail and total body length by
using the software Image] [22].

Habitat quality

We used the rapid bioassessment protocols (RBPs) of Barbour et al. [16] to assess the habitat
quality of all of the 29 surveyed streams where historically A. ordinarium has been registered.
This protocol is a visually based method that evaluates habitat condition by using a categorical
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Fig 2. (a) ventral view, (b) lateral view, and (c) frontal view of the body of A. ordinarium.

https:/doi.org/10.1371/journal.pone.0183573.9002

scoring system to appraise habitat condition [16]. Following the RBPs, the variables measured
to assess habitat quality were the vegetative protection of streambank, type and embeddedness
of substrate, channel flow status, patterns of velocity and depth, sediment deposition, riffle fre-
quency, and human alterations. These variables were recorded along a 100 m long transect laid
along the middle section of each stream. Scored values range from 0 (indicating a markedly
disturbed condition) to 200 (indicating a habitat in pristine condition) [16]. The evaluated
streams were assigned to four habitat condition categories according to RBPs scores: poor (0-
59), marginal (60-112), suboptimal (113-165) and optimal (166-200).

Physichochemical variables

To test if RBPs are a good predictor of habitat quality for A. ordinarium, we evaluated if the
range of values of physicochemical and structural variables that are relevant for this species in
its habitat [17] and that are not considered by the RBPs matched the categories of habitat con-
dition considered by RBPs. This set of variables was found to be significant for the selection of
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aquatic microhabitats by A. ordinarium [17]. A 100 m long transect was laid in the middle of
each of the 29 streams where the presence of A. ordinarium was historically reported. Every 10
m along the 100 m transect at sampled streams a gauging point was established. At each of
these points, the following measurements were made: water temperature, conductivity and dis-
solved oxygen (by using a YSI 85,Yellow Spring, Ohio, USA), pH (with a conductronic PC18),
water velocity and flow (with a flowmeter model FP211, Global Water), air temperature and
humidity (measured at 1 m above water surface with a microstation Kestrel 4500), width and
depth of the stream (with a tape measure) and canopy cover (with a densiometer).

Fig 3. Types of morphological abnormalities identified in A. ordinarium: (a) micromelia, (b) ectrodactyly, (c)
brachydactyly, (d) syndactyly, (e) polimely, (f) polydactyly, (g) ectromelia, (h) incomplete tail, (i) regenerated
tail, (j) polygills, (k) ectrogills, (1) braquigills, (m) syngills.

https:/doi.org/10.1371/journal.pone.0183573.9003
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Fig 4. (a) Analysis of principal component (PCA) of physichochemical and structural variables of the streams where A. ordinarium has been historically
recorded. Categories of habitat condition according to RBPs scores: optimal, suboptimal, marginal and poor and (b) bootstrap simulation of PCA results.

https:/doi.org/10.1371/journal.pone.0183573.9004

Analysis

To assess if the the range of values of the physichochemical and structural variables that were
measured, in addition to those considered by RBPs, corresponded to the categories of habitat
condition established by RBPs (optimal, suboptimal, marginal, poor), we used a principal com-
ponent analysis with R Core Team [26]. Previous to PCA analysis, we performed autoscaling
of sampled variables. To estimate the distribution of categories of the habitat condition estab-
lished by RBPs, we employed a non-parametric bootstrap approach. We resampled times the
physichochemical and structural variables one thousand times at each sampled stream. The
PCA showed that values of evaluated physichochemical and structural variables were sepa-
rated, with sampling points in the inferior right quadrant corresponding to the most disturbed
streams, and sampling points in the upper left quadrant corresponding to the most conserved
streams (Fig 4A and 4B). A less defined cluster of points in the middle part of the figure corre-
sponds to streams with intermediate conditions of disturbance (Fig 4A and 4B). The PCA
ordination corresponded to labels of RBPs categories of habitat condition (Fig 4A and 4B).
Therefore, to explore the relationship between morphological abnormalities and habitat qual-
ity we employed the scores of RBPs.

To assess the relationship between habitat quality and the probability of abnormalities for
each body character, we considered eleven visible characters by individual: six gills (three on
each side), four limbs (two forelimbs, two hindlimbs) and a tail. Therefore, a total of 5,522
body characters were evaluated (11 characters x 502 individuals). The evaluation of each char-
acter was independent, and each was registered as either abnormal (success) or normal (fail-
ure) (binary variable). Assuming that habitat quality is a factor that can directly or indirectly
influence the health status of an organism, we used a binomial logistic regression model [27]
to assess the relationship between habitat quality and the probability of abnormality of a body
character. In this regression model, we used the values of RBPs as a variation factor. We
assumed that the probability of a body character of an individual of the population to be
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abnormal was determined by habitat quality. This model is given in terms of the following:

Y, ~ Bin (N.P,)

where

Yi = the number of body abnormalities (successes) in N = 11 body characters evaluated to
the i-th individual, i = 1,. . .,502.

P; = the probability that a character of an individual of the population is abnormal is mod-
eled based on

ex—/iX‘

i~ 1+ eth ’

where X; is the RBPs score corresponding to habitat of the i-th individual and (,f) is the vector
of regression coefficients. The value of & yields probability when the RBPs score is zero. The
coefficient § is the amount the logit (log-odds) changes with a one-unit change in RBPs score:

Py
ln<1 —P) =o+ pX,.

i

Results
Habitat quality

The scores of RBPs indicated that two of the 29 sampled streams were in the optimal category
of habitat condition (172-178), 10 in suboptimal condition (123-157), 14 in marginal condi-
tion (63-110) and three in poor condition (0.0-59) (Table 1, S1 Fig). PCA analysis showed
that the physichochemical and structural variables (those not considered by RBPs) presented a
continuous distribution (Fig 4A), with no single site segregating from the rest based on physi-
chochemical and structural features of the habitat. The first two PCA components explained
47.7% of the variability in the data. In the first PCA component, streams with an optimal habi-
tat condition presented a higher percentage of tree cover (-0.24) and higher values of air
humidity (-0.50) compared to streams in the suboptimal, marginal and poor habitat categories.
These streams in the lower categories of habitat condition presented higher water (0.44) and
air temperatures (0.55). In general, in the second PCA component streams with a lower habitat
condition presented higher conductivity (-0.47) and a lower concentration of dissolved oxygen
(0.60) in the water. Bootstrap analysis showed an affinity of the distribution of physichochem-
ical and structural data in relation to RBPs’ scores of habitat quality (Fig 4B).

Morphological abnormalities

Of the 502 individuals collected, 224 (44.62%) presented at least one morphological abnormal-
ity. Of these, 140 presented one abnormality, 60 two abnormalities, 22 three and 2 individuals
presented four abnormalities. Of the total of 5,522 analyzed characters, 334 were abnormal
(6.04%). Of the 334 abnormal characters, braquigills and ectrodactyly with an ocurrence of
26% and 23%, respectively, were the most frequent abnormalities, followed in descending
order by micromelia (8.98%), incomplete tail (8.38%), poligills (8.08%), syndactyly (6.89%),
ectrogills (5.39%), brachydactyly (4.19%), ectromelia (3.89%), polydactyly (1.80%), regenerated
tail (1.50%), polymelia (0.90%), microdactyly (0.60) and syngills (0.30%).

Probability of abnormalities

The results of the binomial logistic regression showed that the probability of a character of an
individual of the population being abnormal was significantly associated with the scores of
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Table 1. Scores of RBPs, habitat condition and the abundance of A. ordinariumin the 29 sampled streams where this species has been historically

recorded.

Coordinates
Locality Acronyms RBPs scores Habitat condition Longitude Latitude Abundance
Agostitlan AGO 156 Suboptimal 100°37'40.3” 19°32'9.8” 45
San josé de la Cumbre SJC 172 Optimal 100°51'31.4” 194111 78
San Antonio Villalongin SAV 134 Suboptimal 100°44'54.9” 19°32'5.” 5
Carindapaz CPzZ 154 Suboptimal 100°54'25.7" 19°41'15.8.” 21
Kildmetro 23 KM 81 Marginal 101°0’5.1” 19°39'34.” 9
Campestre CMP 63 Marginal 101°9'27.4” 19°40'51.4.” 50
Linezo LNZ 75 Marginal 101°9'22.8” 19°40'45.9” 10
Piedra redonda PR 125 Suboptimal 101°8'41” 19°40'3” 13
Cruz del Plato CP 154 Suboptimal 101°16'58.7" 19°24'53.5” 22
Rio Bello C RBC 178 Optimal 101°7'25.7” 19°36'39.6” 32
Rio Bello P RBP 105 Marginal 101°8'17.2” 19°38'28.3" 80
Turiran TUR 157 Suboptimal 101°35'54.1” 19°21'15.4” 26
Agua Zarca AZA 153 Suboptimal 101°7'29.1” 19°36'49.8” 64
Golondrinas GOL 123 Suboptimal 101°8'35” 19°39'58” 22
Vaquerito VAQ 145 Suboptimal 101°0'7.6” 19°40'54.5” 12
Reja REJ 110 Marginal 101°8'42.3” 19°40'14.04” 13
Puerto Garnica PGA 85 Marginal 101°49'19.4” 19°40'38” 0
Pino Gordo PGO 134 Suboptimal 100°47'56.7" 19°39'33.9” 0
Mil Cumbres MCU 60 Marginal 100°46'27.8” 19'37'15.4” 0
Piedra redonda PRE 16 Poor 101°0'48.6” 19°38'56.3" 0
Zurumbeneo ZUR 87 Marginal 101°1'3.3" 19°41'57.7" 0
San Gregorio SGR 66 Marginal 101°32'20.6” 19°24'3.6” 0
Paso del Muerto PMU 101 Marginal 101°36'34.8” 19°19'29.2” 0
Tepetate TEP 17 Poor 101°34'54.8” 19°22'22.9” 0
Cieneguillas CIE 91 Marginal 100°44'58.5” 19°4243” 0
Ojo de Agua OAG 111 Marginal 100°45'13.4” 19°44'39.3” 0
Querendaro QUE 83 Marginal 100°53'8” 19°48'28.7.3" 0
Los Sauces SAU 91 Marginal 100°42'5.9” 19°40'3.8” 0
Iratzio IRT 26 Poor 101°24'37.23" 19°38'31.74” 0

https://doi.org/10.1371/journal.pone.0183573.1001

habitat condition of RBPs (P-value < 0.001, 8= -0.01; SD = 0.001)). The higher the RBPs
scores the lower the probability of individuals presenting morphological abnormalities (Fig 5).

Discussion

The results of our survey of the 29 streams where historically A. ordinarium has been recorded
must be taken with a certain level of caution. Failing to detect A. ordinarium in 13 of the 29
surveyed streams does not necessarily imply that the species has become extinct in these
streams. This species is more sensitive to thyroid hormone-induced metamorphosis than
other ambystomatids [6]. Considering that surveys were carried out to register larvae/and or
paedomorphic individuals, it is possible that the detection of individuals was negatively
affected if there was a higher proportion of metamorphic forms in streams where this species
was not detected. An additional consideration in interpreting both the presence/absence of A.

ordinarium and the incidence of morphological abnormalities is the short window of time

(February for presence/absence and March-July for abnormalities) in which field surveys were
performed. This period of time corresponds to the dry season in the study area and is when
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Fig 5. Results of the model of binomial logistic regression of the probability of the character of an individual of A. ordinariumbeing
abnormal in relation to habitat quality (RBPs scores). The estimated parameters are a =-1.22, SD = 0.18, P-value < 0.01; § =- 0.01,
SD =0.001, P-value <0.01 (S1 Table).

https:/doi.org/10.1371/journal.pone.0183573.9005

the mountain streams present lower depth and flow rate, as well as clearer water—conditions
that allow a better detectability of salamanders in the streams. Therefore, possible seasonal var-
iations in the incidence of abnormalities were not detected with our sampling design.

Understanding how animals in nature respond to the various anthropogenic environmental
stressors that threaten their survival is critical for the planning of conservation strategies and
actions [28]. Animal species, especially inhabitants of streams, such as the salamander Ambys-
toma oridnarium, are frequently threatened by human activities like urbanization, deforestation
and agriculture that negatively affect habitat conditions [13, 29, 30]. Considering the fast pace at
which habitats are being transformed, it is important to identify methods that provide rapid and
confident assessments of the effects of modifications of habitat quality on the health of popula-
tions. In this study we found that the range of values of physicochemical and structural variables
that are relevant for A. ordinarium in its natural habitat [17] is positively associated with the hab-
itat condition categories of RBPs. Streams that according to scores of RBPs were of optimal habi-
tat condition (high habitat quality) presented a higher percentage of canopy cover, lower values
of water conductivity, lower water temperature and higher levels of dissolved oxygen than
streams with lower scores of habitat condition. These results suggest that the RBPs of Barbour
etal. [16] are a quick and useful method for assessing the habitat quality of streams inhabited by
A. ordinarium. Given that RBPs provide rapid and cost-effective assessments of water quality
and ecological health of aquatic ecosystems [31], it will be important to test if the RBPs protocols
can be used to rapidly assess habitat quality for other species of stream amphibians.

Habitat quality is frequently studied in relation to abundance, density, richnness and diver-
sity of species. Some of these measures, however, such as abundance and density may not be
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adequate predictors of the well-being and physiological performance of individuals [27, 32,
33]. Considering that morphological abnormalities in amphibians have been associated with
various types of environmental stressors (e.g., chemical contamination, UBV radiation, infec-
tion of parasites, predation attempts), it is reasonable to expect a higher rate of abnormalities
in habitats with low levels of environmental quality. Thererfore, our main hypothesis in this
study was that we would find an association between habitat quality and prevalence of mor-
phological abnormalities in A. ordinarium. Results supported this hypothesis since binomial
regression analysis showed a negative association between habitat quality (as indicated by
RBPs scores) and the probablility of morphological abnormalities. As the scores of habitat con-
dition were higher, the probability of abnormalities became lower.

The negative association between habitat quality and the prevalence of morphological
abnormalities that we found suggests that habitat condition plays an important role in the high
number of abnormalities registered in A. ordinarium. Only two of the 29 surveyed streams
were assigned to the optimal category of habitat condition according to RBPs scores. Ten
streams were assigned to the suboptimal, 14 streams to the marginal and three streams to the
poor categories of habitat condition. Therefore, 93% of the surveyed streams presented lower
than optimal habitat conditions, resulting apparently in a high number of salamanders with
morphological abnormalities.

Morphological abnormalities in amphibians have been frequently associated with a reduc-
tion in survival and fitness [34, 35]. The 44.6% of individuals of A. ordinarium with morpho-
logical abnormalities recorded in this study is markedly higher than the background incidence
of 0 to 5.0% reported in some wild vertebrate populations in natural habitats [4] and near the
higher end of the range of abnormalities reported in some amphibian species (10-50%) [6, 7].
Additionally, of the 224 individuals evaluated for abnormalities, 84 (37.5%) presented more
than one abnormality. It is pertinent to acknowledge that in contrast to other studies we
included gill abnormalities in the calculation of the 44.6% of sampled individuals with at least
one type of abnormality. Even though the gill abnormalities recorded might have been in part
related to different proportions of metamorphic forms in dissimilar habitats, if we substract
from the estimation those individuals with gill abnormalities, the resultant figure (29.4%) is
still markedly higher than the background reported incidence (0-5%).

Loss of digits has been reported as the most frequent morphological abnormality in
amphibians (e.g. [5, 36]). To our knowledge, ours is the first study about wild amphibians that
reports morphological abnormalities in gills. Braquigills, the partial loss of gills was the most
frequent abnormality (26%), whereas ectrodactyly, the loss of digits presented an incidence of
23.0%. Gills in urodeles are responsible for up to 60-70% of oxygen uptake and CO2 removal
[37]. Therefore, a reduction of gill surface as a result of injures likely affects the fitness of those
individuals with this type of morphological abnormality.

Reported causes of morphological abnormalities in amphibians include road proximity
[38], trematode parasites [39, 40], predation attacks [41], radiation [42] and chemical contami-
nants [43]. Our experimental design did not allow us to identify the relationship between the
type of abnormalities and specific causative agents. The negative association between habitat
quality and prevalence of abnormalities offered us the possibility of exploring the role of some
possible causal factors.

The proximity of roads has been associated with the incidence of morphological abnormai-
lities in frogs [38]. The most obvious effects are direct injury or death from contact with vehi-
cles [44]. Of the streams that we surveyed, those with lower scores of habitat quality had paved
or gravel roads parallel to or crossing the streams. Traffic on these roads included trucks,
motorcycles, cars and bicycles. Cattle also trampled portions of the banks of these lower habitat
quality streams. Both traffic crossing the bed of streams and trampling of banks by cattle are

PLOS ONE | https://doi.org/10.1371/journal.pone.0183573  August 28, 2017 11/15

50



B PLOS |on

Habitat quality and morphological abnormalities

potential causes of some of the morphological abnormalities related to body injures, such as
partial or total loss of gills, digits, extremities and tail. Roads also crossed some of the streams
with better habitat quality scores, but elevated bridges were used for traffic passage.

Predation attempts have also been considered as one cause of body injures in aquatic amphib-
ians [8]. Therefore, another possible source of abnormalities related to body injures is attacks by
predators such as Odonata nymphs [14] and garter snakes (Thamnophis cyrtopsis [45]). Preda-
tory fish are also one of the major predators of salamanders in aquatic escosystems [46] and can
inflict injures such as partial or total loss of tail, digits, gills and extremities [47]. In three of the
16 streams sampled for prevalence of abnormalities, introduced rainbow trout (Oncorhynchu
mykiss), a known predator of aquatic salamanders [46] was registered in this study.

Parasite infection is another possible cause of the morphological abnormalities recorded in
this study. It has been reported that morphological abnormalities such as polymelia (extra
number of limbs, hands or feet), polydactyly (extra number of digits), micromelia (short
limbs) and syndactyly (fusion of digits) are associated with the presence of parasites such as
trematodes (i.e. Robeiroia sp.) [7, 24, 36]. It has been suggested that the process of regeneration
of limbs and digits in salamanders is sensitive to the effects of parasites, resulting in abnormal
structures [48]. In our study, although of low prevalence, polymelia, polydactyly, micromelia
and syndactyly were registered. Snails of the family Planorbidae are intermediate hosts in the
life cycle of Robeiroia [49], and the presence of these snails in the diet of A. ordinarium [14]
indicates that these snails are present in at least some of the streams inhabitad by this salaman-
der. This finding suggests the possible implication of parasites in the incidence of some of the
abnormalities registered. Additionally, changes in water quality caused by human activities
favor a proliferation of planorbid snails [11].

The increasing prevalence of morphological abnormalities has recently been suspected as a
potential factor implicated in the decline of amphibian populations and species [1]. To our
knowledge, this is the first field study that shows a direct association between the incidence of
morphological abnormalities and the quality of the habitat in an endangered salamander
throughout its entire distribution range. Therefore, our results suggest that one of the several
negative effects of habitat degradation on amphibians is an increase in morphological abnor-
malities with marked consequences for the survival and general fitness of aquatic amphibians.
Studies evaluating body abnormalities can provide important information for determining the
causal elements and can be a sign of the health status of the ecosystem, since the proliferation
of body abnormalities can not only cause death to individuals but may be a warning sign of
environmental degradation [50, 51, 52].
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La tasa actual de extincidén de especies y la disminucién de poblaciones de vertebrados
silvestres reflejan los efectos de las actividades realizadas por el hombre, que en su mayoria
repercuten negativamente y se agudizan con la demanda de recursos naturales para el
sustento humano y el crecimiento poblacional a nivel mundial (Baillie et al. 2010, Pimm et
al. 2014, Stuart et al. 2008). Si bien las interacciones entre especies y habitats a largo plazo
pueden resultar en la evolucion de adaptaciones que promueven la adecuacion de las
especies, en la actualidad la alta tasa de transformacion de habitats y modificacion de
interacciones, limita la respuesta de adaptacion de las especies (Ceballos et al. 2015).

Sin embargo, hay especies que responden positivamente a la transformacion del
habitat asociado a actividades humanas. Esta respuesta positiva frecuentemente se refleja en
el incremento en abundancia de estas especies. En las especies afectadas negativamente por
estos cambios las abundancias de sus poblaciones disminuyen subita o paulatinamente y en
algunos casos se extinguen (Bennett y Saunders 2010).

Una de las causas principales asociada a actividades humanas que afectan
negativamente a las especies silvestres es la pérdida y modificacion de los habitats (Barrett
et al. 2010). Esta amenaza puede afectar la adecuacion de las especies directa o
indirectamente. Por ejemplo, a medida que se modifica la estructura de los habitats, la
disponibilidad de refugios y sitios para termorregulacion, descanso, alimentacion y
reproduccion puede disminuir, limitando la adecuacién de las especies (Davies y Nelson
1994, Hamer y McDonnell 2008, Kiesecker et al. 2001, Mitchell et al. 2012, Price et al.

2010, Stuart et al. 2004).
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Adicionalmente, los cambios del habitat por actividades antrépicas frecuentemente
modifican variables ambientales microclimaticas y fisicoquimicas (e.g. temperatura,
humedad, oxigeno disuelto, pH, conductividad) que a su vez pueden afectar la fisiologia y
conducta de las especies (Chambers 2011, Chambers et al. 2013, Kiesecker 1996). Las
variables ambientales que dependiendo de su disponibilidad e intensidad desencadenan una
serie de reacciones fisiologicas, conductuales y fenotipicas en los organismos y pueden
suscitar fluctuaciones o cambios en las tendencias poblacionales, anomalias genéticas y
morfoldgicas que son consideradas estresores ambientales (Angulo 2002).

La combinacién de un marcado vacio de informacion sobre biologia y ecologia de
especies de anfibios y los altos niveles de extincion de especies y poblaciones, ha resultado
en prioridades de atencion especial para este grupo de tetrdpodos (Pimm et al. 2014, Hamer
y McDonnell 2008, Urbina-Cardona 2008). Adicionalmente, la presion negativa por la
pérdida y modificacion de sus habitats, demanda la generacion de informacién que permita
entender como responden los anfibios a estos cambios, de lo cual dependerd en gran
medida la eficiencia de las acciones de conservacion.

El presente estudio permitié identificar la respuesta de una especie de anfibio a la
pérdida y modificacion de su habitat y a los efectos de la introduccion de un depredador no
nativo (la trucha arcoiris Oncorhynchus mykiss). Se utilizd6 como modelo de estudio la
salamandra de montafia en peligro de extincion Ambystoma ordinarium. Los resultados
indicaron que las poblaciones de A. ordinarium disminuyeron significativamente a medida
que disminuy? la calidad del habitat y hubo presencia del depredador (trucha); mientras que
significativamente las anormalidades corporales en los individuos aumentaron. No se

registrd la presencia de esta salamandra en los sitios que presentaron el mayor grado de
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perturbacion (menor nivel de calidad de habitat). El disefio experimental de este estudio no
permitio identificar las causas directas de estas afectaciones, sin embargo, permitié proveer
evidencia cuantitativa de estas relaciones.

Los sitios donde historicamente se habia reportado esta especie y no se registro su
presencia fueron los que presentaron mayores niveles de afectacion antropica (Soto-Rojas
et al. 2017). Si bien la respuesta de los anfibios depende del tipo de afectacion y de la
magnitud de ésta (Hamer y McDonnell 2008, Pimm et al. 2014), la extincion local de
poblaciones de anfibios y en particular de las especies estrechamente ligadas a cuerpos
acuaticos, se ha asociado con la urbanizacion, la pérdida de cobertura forestal, la
conversion de bosque a cultivos, la contaminacion, la transformacion y la pérdida de
cuerpos de agua (Adams et al. 2013, Cole et al. 2014, Currinder et al. 2014, Otto et al.
2014, Price et al. 2012, Urban et al. 2006).

Este tipo de estresores ambientales fueron identificados en el presente estudio. Los
niveles mayores de estos estresores se presentaron en los sitios donde la especie no se
registrd. Sin embargo, en los arroyos en que su presencia fue registrada, la degradacion de
la calidad del habitat fue aparente. En la actualidad existen pocos lugares donde las
actividades del hombre no han tenido efecto (Wu et al. 2014) y es preocupante que este tipo
de actividades se agudicen, ya que no solo los anfibios pueden responder negativamente a
la antropizacion de los hébitats, sino también otros grupos de organismos.

En el caso de A. ordinarium si las presiones antropicas persisten y se agudizan, su
permanencia y viabilidad estard comprometida, ya que en los sitios donde altn estd
presente, el tamano de las poblaciones disminuyeron a medida que disminuyo la calidad del
habitat. Estos resultados apoyan la hipotesis de que la adecuacion y viabilidad de las

especies se ven afectadas cuando se incrementa la modificacion de sus habitats, ademds de
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que presiones adicionales como la presencia de especies invasoras pueden acelerar los
efectos negativos sobre las poblaciones, puesto que el efecto de los depredadores
introducidos, en comparacion con los depredadores locales, suele ser significativo pudiendo
llegar a la extirpacion de las especies locales (Funk y Dunlap 1999). Aunado a este tipo de
estresores que operan negativamente sobre A. ordinarium, la vulnerabilidad de la especie
aumenta debido a qué al disminuir las abundancias, las poblaciones son mas vulnerables a
eventos estocasticos, ambientales y genéticos (Armstrong 2005, Caughley 1994, Ferraz et
al. 2007, Morris et al. 2002, Vallan 2000).

Otro signo de afectacion de la especie fue la proliferacion de anormalidades
corporales a medida que la calidad del habitat disminuyo. Es probable que la presencia de
anormalidades corporales pueda disminuir la capacidad de los individuos para evadir
depredadores, asi como para alimentarse y reproducirse adecuadamente, y en consecuencia
afectar la viabilidad de la especie (Johnson et al. 2006, Soto-Rojas et al. 2017). En base a
los resultados obtenidos, es importante la identificacion de factores adicionales que pueden
afectar negativamente a la especie, como patdogenos y contaminantes, que no fueron
evaluados en este estudio.

Debido a la precaria situacién en que se encuentra la especie en todo su rango de
distribucion (menor tamafno poblacional y mayor numero de anormalidades corporales en
sitios con menor calidad de hébitat) es urgente el monitoreo permanente de esta para
identificar las causas directas que pueden estar afectando los patrones de ocurrencia,
colonizacion y extincion local de las poblaciones de A. ordinarium. Asi mismo es necesario
realizar acciones encaminadas a la conservacion in situ de la especie y la implementacion
de estudios encaminados a la reproduccion ex situ, que permitan garantizar la viabilidad de

A. ordinarium.
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ANEXO 1

LOS AJOLOTES MICHOACANOS

Este articulo esta en proceso de publicacion:

Soto-Rojas, C., y 1. Suazo-Ortufio. Los ajolotes michoacanos. Estudio de

estado.CONABIO.
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En la actualidad mas de un tercio de las especies de anfibios se encuentran amenazadas o en
peligro de extincion (Stuart et al. 2004). Los esfuerzos para entender este alarmante declive
se han centrado principalmente en los anuros (sapos y ranas), mientras que se ha puesto
poca atencion sobre las especies de salamandras (Rovito et al. 2009), posiblemente debido
a que estos organismos son mas dificiles de observar.

Descripcion del grupo

Los ajolotes también llamados Achoques, Achoqui o Achd¢jki, por el pueblo purépecha
(Velarde 2011), son conocidos por su morfologia peculiar ya que tienen branquias externas
y ramificadas que salen hacia atras de la base de la cabeza en su estado larvario y pierden
sus branquias cuando sufren metamorfosis (figura 1). Por lo general su piel es lisa en casi
todo el cuerpo y presentan pliegues de cada lado, tienen una cabeza robusta, ancha y plana
que contrasta con el resto del cuerpo que es mas alargado, sus ojos son pequefios y no
tienen parpados. El periodo de reproduccion y puesta de huevos de esta familia es variable
pero en general depositan sus huevecillos en la temporada invernal (Huacuz 2002, Soto

Rojas 2012).
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Figura 1. Ambystomidos de Michoacan: a) Ambystoma amblycephalum b) A. andersoni; c) A. dumerilii; d) A. ordinarium; e)

Ambystoma rivulare y f) Ambystoma velasci. Fotos: Oscar Medina Aguilar.
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Diversidad y Distribucion

En México se han registrado 137 especies de salamandras pertenecientes a cuatro familias:
Ambystomatidae (ajolotes), Plethodontidae (salamandras sin pulmones), Salamandridae
(salamandras) y Sirenidae (sirenidos) de las cuales 87 especies se encuentran en alguna
categoria de riesgo en la NOM-059-SEMARNAT-2010. De las cuatro familias de
salamandras mexicanas, en Michoacan unicamente se encuentran representadas dos:
Plethodontidae que presenta salamandras apulmonadas y estd constituida por tres especies:
Pseudoeurycea belli, P. leprosa y P. longicauda; y Ambystomatidae integrada por seis
especies de ajolotes (cuadro 1, figura 1). Las seis especies de ambystomas presentes en
Michoacan se encuentran incluidas en alguna de las categorias de conservacion de la UICN

y la NOM-059-SEMARNAT-2010 (cuadro 1).
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Cuadro 1. Listado de las especies de ambystomas del estado de Michoacan de acuerdo al
estado de conservacion de la UICN (2014) y la Norma Oficial Mexicana Ecologica (NOM-

059-SEMARNAT-2010).

Estado de
Conservacion
NOM-059-
SEMARNAT-
Especie Nombre comuin Endemismo UICN 2010
A
Ambystoma amblycephalum Ajolote o salamandra Michoacan  CR Pr
Ajolote, Achoque de A
Ambystoma andersoni Zacapu Michoacan CR Pr
Ajolote, Achoque de A
Ambystoma dumerilii Patzcuaro Michoacan CR Pr
Ajolote de montafia,
Ajolote o salamandra
Ambystoma ordinarium de arroyo A México  EN Pr
Ambystoma rivulare Ajolote A México DD A
Ambystoma velasci A México LC Pr

A=Amenazada, Pr = Sujeta a proteccion especial, CR = En Peligro Critico, EN = En Peligro, DD=
Deficiencia de datos.
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Habitan en lagos, lagunas, rios perenes e intermitentes y zonas terrestres donde predomina
la humedad. Todos los Ambystomatidos presentes en Michoacén se ubican en el Sistema
Volcanico Transversal. Las especies que habitan estrictamente cuerpos de agua lénticos
son A. andersoni (figura 1b) en el Lago de Zacapu y A. dumerili en el Lago de Patzcuaro
(figura Ic), y se consideran organismos paedomorficos estrictos, es decir han perdido su
capacidad para transformarse y salir al medio terrestre. Mientras que A. amplycephalum
(figura 1a) que habita en la region de Tacicuaro, Municipio de Morelia, A. ordinarium
(figura 1d) que habita en los arroyos de montafia del Sistema Volcanico Transversal, A.
rivulare (figura le) que habita en la Reserva de la Mariposa Monarca, y A. velasci que
habita en el bajio Michoacano (figura 1f) viven en cuerpos de agua loticos perenes o
intermitentes; ademads, pueden sufrir metamorfosis y perder las branquias (paedomorficos
facultativos) lo que les permite salir del medio acuatico e invadir el medio terrestre
(Duellman y Trueb 1994).

En la entidad A. ordinarium, A. rivulare y A. velasci son endémicas a México mientras
que los Ambystoma dumerili, A. andersoni y A. amblycephalum, son microendémicos al
estado lo que significa, que solo estdn presentes en estos sitios y no se encuentran en
ninguna otra parte del mundo (Shaffer 1989).

Importancia de los ajolotes

La importancia biologica de estos organismos endémicos se entrelaza con la riqueza
cultural ya que son animales enigmaticos y sorprendentes que han formado parte de la
cultura mexicana como deidades, alimento y medicina desde antes de la conquista hasta la
actualidad. Hoy en dia estos organismos forman partes de diversos mitos, de los cuales se
puede mencionar que en la mitologia Azteca se consideraba que el “axolotl” era la

encarnacion de un dios prehispanico que le tiene miedo a la muerte y quiere escapar de ella
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mediante sus poderes de transformacion. En algunas leyendas nahuas, se cuenta que habia
un dios malvado que presumia y hacia cosas malas a los hombres y a los dioses. Entonces
los dioses decidieron deshacerse de ¢l y enviarlo al inframundo para que de ahi no pudiese
salir, sin que se dieran cuenta el dios malvado los escucho y decidié esconderse en el Lago
de Patzcuaro para que no lo encontraran, entonces fue como surgio el achoque (Velarde
2011). A pesar de que no se han comprobado sus efectos, los ajolotes se utilizan para curar
diversas afecciones, en particular las relacionadas con las enfermedades respiratorias y la
tristeza (Velarde 2011).

Los ambystomas son considerados depredadores importantes y consumidores generalistas
ya que pueden alimentarse de casi cualquier presa que puedan atrapar y engullir (Shaffer
1989); desde pequenos peces, artropodos acuaticos y terrestres, hasta larvas de moscos,
arafas, grillos, lombrices, huevos y larvas de otros anfibios (Duellman 1961, Alvarado-
Diaz et al. 2003, Huacuz 2002). Incluso se ha reportado que estos organismos se comen
entre si, por lo que también son considerado canibales (Lemos et al. 1999, Soto-Rojas
2012).

Acciones de conservacion y recomendaciones

Actualmente estos organismos enfrentan  diversas amenazas como la pérdida y
contaminacion de habitat, depredacion por animales introducidos, extraccién para consumo,
muerte por infecciones de hongos y los efectos colaterales del calentamiento global, entre
otros (Blaustein et al. 1994, Huacuz 2002, Stuart et al. 2004,Velarde 2011, Soto-Rojas
2012). Estas amenazas sumadas a la falta de informacion sobre la biologia y el estado de
conservacion actual de las especies que habitan en Michoacan, representan un panorama
critico para la supervivencia de los ambystomas. Se considera necesario desarrollar e

implementar acciones de manejo y conservacion que garanticen su persistencia, por
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ejemplo el saneamiento de los cuerpos de agua donde estas especies habitan, asi como la
prohibicion total de su captura con fines comerciales y de autoconsumo, ya que en la region
de la meseta purépecha aun se contintia con el saqueo desmedido de estas especies. Por otro
lado, es urgente que las agencias gubernamentales financien proyectos de investigacion que
permitan evaluar el tamano y estado actual de las poblaciones de cada una de estas
especies, asi como las condiciones en que se encuentran los cuerpos de agua y los habitats

en los que ocurren estas especies.
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