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A R T I C L E  I N F O   

Keywords: 
Salamander 
Extinction 
Conservation 
Population 
Stream 
Geomorphic 
Water quality 

A B S T R A C T   

Amphibians are one of the most vulnerable vertebrate groups globally as a consequence of pollution and habitat 
degradation. To explore the environmental and anthropogenic variables that are currently influencing amphibian 
distribution in central Mexico, we used the Mexican endemic Mountain salamander (Ambystoma ordinarium) as a 
model. In particular, we evaluated which physicochemical water quality variables, river geomorphological 
structure, and habitat conditions provide the better environment for A. ordinarium populations. We generated a 
Multiple Factor Analysis model to identify the relationship of the different variables simultaneously. Our results 
showed a higher number of salamanders and better body condition animals in conserved sites. The change in the 
riverbed́s physical structure by increasing degradation influenced water quality and the substratés particle size. 
Changes included reducing the slope and water velocity, consequently decreasing dissolved oxygen content, 
increasing turbidity, dissolved solids, and particle embeddedness. This made habitat less suitable for Ambystoma. 
Results from the classification and regression tree model suggest that the most important variables related to 
higher salamanderś abundance were riverbed stability>12.5 and the slope bigger than 0.016. Also, individuals 
with better body condition were found in sites with slopes bigger than 0.02 and wider riparian vegetative zones 
(>3). Our study suggests that habitat deterioration by anthropogenic activities, such as deforestation of riparian 
vegetation, cattle ranching, and agriculture, that mainly impact the slope and flood-prone areas may start a 
detrimental cascade that may lead to local extinctions of the Mountain salamander. Therefore, to safeguard 
A. ordinarium, we first need to conserve their habitat, focusing the efforts not only on the riverbed, but also on the 
vegetation associated with the riverbank. The study provides insight into important variables that may be 
considered for future restoration projects for the A. ordinarum, emphasizing the zones in the rivers where these 
projects could occur.   

1. Introduction 

A massive loss of worldwide biodiversity, frequently referred 
described as the sixth mass extinction is currently occurring (Barnosky 
et al., 2011). Partly as a result of this biodiversity loss and to other 
marked impacts of humans on the planet, it has been proposed that the 
current geological period be known as Anthropocene (Ceballos, Ehrlich, 

& Dirzo, 2017; Dirzo et al., 2014). 
Amphibian populations have been declining for several decades 

(Houlahan, Findlay, Schmidt, Meyer, & Kuzmin, 2000) and are one of 
the animal groups most affected by global change. In Latin America, 
salamanders are highly threatened, and the Eastern Sierra Madre region 
of Mexico is considered a hotspot for extinctions worldwide (Wake & 
Vredenburg, 2008). 
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Amphibians are closely linked with water bodies like rivers, since 
they rely on them to reproduce and survive in the early stages of their 
life cycles (Duellman & Trueb, 1994). Also, since amphibians export 
nutrients from the river to the riparian zone, several studies have 
documented that a decrease in the abundance and diversity of 
amphibian communities may reduce trophic web complexity (Verburg, 
Kilham, Pringle, Lips, & Drake, 2007) and have adverse cascade effects 
upon ecosystem function (Keitzer & Goforth, 2012). 

In Mexico, salamanders of the family Ambystomatidae are well 
represented; 17 of the 33 known species are distributed in Mexico, 15 of 
which are endemic to the country (Shaffer & Lauder, 1985; SEMARNAT/ 
CONANP, 2018; SEMARNAT, 2010). One of these species is Ambystoma 
ordinarium, endemic to Central Mexico, it lives in stream mountains, 
surrounded by coniferous forests, and it is considered as a paedomorphic 
facultative species, but some can metamorphose to the adult stage, and 
move to terrestrial habitat to live in wood debris and barks (Anderson & 
Worthington, 1971; Soto-Rojas, Suazo-Ortuño, Montoya Laos, Alvarado- 
Díaz, & Rutherford, 2017; SEMARNAT, 2010). In the stream, this species 
lives in ponds, in caves or aquatic roods, but can move swimming or 
walking along the stream, in average use area is 5.1 ± 0.55 m2 (Montes- 
Calderón, Suazo-Ortuño, & Alvarado-Díaz, 2011). This species in 
paedomorphic stage feeds principally on aquatic and terrestrial in-
vertebrates (Alvarado-Díaz, García-Garrido, & Suazo-Ortuño, 2003). 

Ambystoma ordinarium has been categorized as endangered by the 
IUCN (2020) and has special protected status in Mexican national 
legislation NOM-059-SEMARNAT-2010 (SEMARNAT, 2010) Some 
studies with A. ordinarium showed that low habitat quality has been 
correlated with malformations and limb loss (Soto-Rojas et al., 2017), 
high levels of stress, and higher rates of parasitosis (Ramírez-Hernández 
et al., 2019). Adverse health effects and population decline in 
A. ordinarium have also been correlated with declines in the aquatic 
invertebrate community, which are their main source of food (Alvar-
ado-Díaz et al., 2003; Ruiz-Martínez, Alvarado-Diaz, Suazo-Ortuno, & 

Pérez-Munguía, 2014). 
In this study, we aimed to characterize the habitat where 

A. ordinarium currently occurs in western Mexico, considering water 
physicochemical and geomorphic characteristics (Rosgen, 1994) in 
rivers along a gradient of habitat quality (Barbour, Gerritsen, Snyder, & 
Stribling, 1999). We used this information to determine the natural 
habitat for the species and identify key variables that limit the health 
and persistence of A. ordinarium populations. 

2. Methodology 

2.1. Study site 

The distribution of A. ordinarium is restricted to streams of the 
Transmexican Volcanic Belt in western Mexico, in the municipalities 
between Salvador Escalante and Ciudad Hidalgo in the state of 
Michoacán. The altitudinal range is between 2400 and 2900 masl (IUCN 
SSC Amphibian Specialist Group, 2020). In this study, we selected sites 
in the Lerma-Santiago and Balsas Hydrological regions, in rivers from 
the Lake of Zirahuen, Río Tacambaro, Río Carácuaro, Río Purungueo, 
Río Tuxpan and Lago de Cuitzeo watersheds (Fig. 1). 

For this work we first looked for available data of A. ordinarium 
previous records in IUCN (2015), Escalera-Vázquez, Hernández- 
Guzmán, Soto-Rojas, & Suazo-Ortuño, 2018; Montes-Calderón et al., 
2011; Ruiz-Martínez et al., 2014; Soto-Rojas et al., 2017 as well as some 
new areas (Fig. 1), and we found 55 possible sites. Then, we made a 
preliminary field work to visit each of the 55 sites to evaluate the habitat 
condition proposed by Barbour et al. (1999). This assessment includes 
variables such as: substrate/available cover (ESAC), embeddedness 
(EMB), velocity/depth combinations (VDP), sediment deposition (SDP), 
channel flow status (CFS), channel alteration (CHA), frequency of riffles 
(FR), bank stability (BST), bank vegetative protection (VPR) and ripar-
ian vegetative zone width (RVZW). Each one of these variables was 

Fig. 1. Map with the studied sites of different RBṔs categories in the Transvolcanic Belt of Mexico. Showing the rivers in the different watersheds and the IUCN 
Ambystoma. ordinarium distributional range polygon. 
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evaluated and classified as poor (0 to 5), marginal (6 to 10), suboptimal 
(11–15) or optimal (16–20). The habitat condition was established as 
the sum of the variables, in four habitat quality categories: optimal (166 
to 200), suboptimal (113 to 165), marginal (60 to 113), and poor (0 to 
59). The optimal condition refers to the best state of conservation and 
are sites without or with low alteration in biological and geomorpho-
logical process in the stream or riverbed. Suboptimal condition shows 
sites with minimal alteration. Marginal condition, shows strong modi-
fications in geomorphological or biological conditions process. Poor 
condition show sites with great alterations, with affectation of all of the 
geomorphic process, and represent the major affectation in the state of 
conservation (Barbour et al., 1999). Finally, we selected 12 sites, 
considering three sites per habitat condition to reflect a gradient of 
habitat conservation in the distribution area (Table 1). Sampling was 
conducted during the rainy, winter and dry seasons (García, 2004; 
Nakano & Murakami, 2001), over the course of one year. We evaluated 
habitat quality once each sampling season. 

In each site, we established 100 m transects along the riverbank as 
proposed by Barbour et al. (1999) and Soto-Rojas et al. (2017). 
Ambystoma ordinarium individuals were visually searched and collected 
with a handheld net (Soto-Rojas et al., 2017). This species was consid-
ered diurnal (Anderson & Worthington, 1971), then each transect was 
sampled by two people from 12:00 pm to 2:00 pm, resulting in a sam-
pling effort of 4hrs per site, repeated at the 12 sites, once per season, 
with a total sampling effort per person per site of 12hrs. We registered 
the presence of fish, caught in the handheld-net or from direct obser-
vation, in all the sites and seasons. 

Upon capture, salamanders were transported to a bucket with stream 
water beside the river where we measured their weight, snout-vent 
length (SVL), length-tail (LTa), total length (TL), head width (HW), 
head height (HH), head length (HL), abdomen width (WA), height of the 
middle section of the abdomen (HA), as width and height of the first 
third of the tail (WT1, HT1), width and height of the middle third of the 

tail (WT1, HT1). We selected 30 individuals per site with SVL higher 
than 16 mm, because smaller individuals could be harmed by manipu-
lation (manipulation consisted of holding the organism to take all the 
measurements of the body). After taking measurements, all individuals 
were returned to the river at the position in the transect where they were 
captured, with no>2 hr since capture. The management of the organ-
isms was according to the guidelines of Directive 2010/63/EU for ani-
mals’ experiments (Directiva 2010/63/EU). The organisms did not 
receive extra discomfort for the purpose of this study. To assess 
A. ordinarium health, we calculated body condition (BC) at the labora-
tory, following the criteria of ‘scaled mass index́. This method is based 
on the mass and the morphometric values, we used the formula Ḿi = Mi 
(L0/Li)b

SMA, where Mi is the mass of each individual, Li the SVL of each 
individual, L0 is the arithmetic median of the SVL for each site per 
season, and the bSMA the regression coefficient from the ordinary least 
squares regression on Ln-variables (Ln M/ Ln L) with the Pearsońs r 
correlation coefficient (Peig & Green, 2009). 

At each site, we took water samples to analyze the physicochemical 
parameters in the laboratory, following the protocol proposed by the 
Mexican National Water Commission (CONAGUA). In the field, we 
measured eight water parameters: Temperature (T), conductivity, dis-
solved oxygen (DO), pH, salinity (SAL), total dissolved solids (TDS), % 
saturation of dissolved oxygen (%DO), oxidation reduction potential 
(ORP) and turbidity (TURB) using a multiparametric Quanta (Hydro-
lab). We took three readings at different sections of the transect (0, 50 
and 100 m), between 10:30 and 11:00 am. 

Geomorphic channel design was characterized by the following 
criteria: maximum bankfull depth (MBD), flood-prone area (FPA), 
bankfull mean depth (BMD), maximum depth (MD), entrenchment 
(EST), width/depth ratio (W/DR), sinuosity (SIN), slope (Sl). We then 
used these variables to estimate the classification of the stream (Rosgen, 
1994). This classification was complemented with field determination of 
particle size distribution along the channel, based on 100 measurements 

Table 1 
Sites key, classification of habitat quality and geomorphic channel design. In the stream type, the mayor letter correspond to geomorphology description, the number to 
dominant particle size: 1 = bedrock, 3 = cobble, 4 = gravel; the minor letter correspond to slope: c= <0.02, b = 0.02–0.039.  

Key Site Geographical 
Coordinates 

masl Habitat 
quality 

Stream 
type 

Geomorphology description, modified to Rosgen (1994) 

1 Villa Madero 19◦24́53.5′′ N, 
101◦16́58.7′′ W 

2505 Optimal A4 Steep, cascading, step/pool streams. Hight energy debris transport. Frequently spaced, 
deep pools in associated step-pool bed morphology. Slope 0.04 to 0.10, entrenched < 1.4, 
W/D ratio < 12, Sinuosity 1.0 to 1.2 

2 Carindapaz 19◦41́15.8′′ N, 
101◦54́25.7′′ W 

2213 Optimal A4  

3 Ichaqueo 19◦34́28.9′′ N, 
101◦7́28.2′′ W 

2422 Optimal B3 Moderately entrenched, riffle dominated channel, with infrequently dominated spaced 
pools, very stable plan and profile. Stable banks. Narrow, gently sloping valleys. Rapids 
predominate with occasional pools. Slope 0.02 to 0.039, entrenchment 1.4 to 2.2, W/D 
ratio > 12, sinuosity > 1.2 

4 Atecuaro 19◦34́56.3′′ N, 
101◦12́3.6′′ W 

2193 Sub- 
optimal 

B3c  

5 San Antonio 
Villalongin 

19◦32́5′′ N, 
100◦44́54.9′′ W 

2154 Sub- 
optimal 

B4c  

6 Agostitlan 19◦31́10.5′′ N, 
100◦37́2.3′′ W 

2446 Sub- 
optimal 

B3  

7 Ojo de Agua 19◦44́39.3′′ N, 
100◦45́13.4′′ W 

2386 Marginal B4c  

8 Turiran Paso del 
Muerto 

19◦19́29.2′′ N, 
101◦36́34.8′′ W 

2350 Marginal B4c  

9 Rio Km23 Charo 19◦45́12′′ N, 
101◦2́31′′ W 

1883 Marginal E4 Low gradient, meandering riffle/pool stream with width/depth ratio < 12, and little 
deposition. Alluvial materials with floodplain. Highly sinuous with stable, well vegetated 
banks. Riffle-pool morphology with very low width/depth ratio. Slope < 0.02, 
entrenched > 2.2, W/D ratio < 12, sinuosity > 1.5 

10 Rio Chiquito 
Campestre 

19◦40́51.4′′ N, 
101◦9́27.4′′ W 

1900 Poor F1b Entrenched in highly weathered material. Riffle/pool morphology, channel with higth 
width/depht ratio. Meandering, laterally unstable with high bank-erosion rates. Slope <
0.02, entrenched < 1.4, W/D ratio > 12, sinuosity > 1.4. 

11 Opopeo 19◦24́22.6′′ N, 
101◦36́9′′ W 

2258 Poor C4b Low gradient, meandering, point bar, riffle/pool, alluvial channels with broad, well 
defined floodplains. Slightly entrenched with well-defined meandering channel. Riflle- 
pool bed morphology. Slope < 0.02, entrenchment > 2.2, W/D ratio > 12, sinuosity > 1.4 

12 Río el Rile Charo 19◦44́38.2′′ N, 
101◦3́56.3′′ W 

1876 Poor B4c Same of B stream description above  
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per season per site, following the methodology of Bunte & Abt (2001). 

2.2. Statistical analysis 

In order to analyze whether there were differences in the physico-
chemical variables among the established habitat categories, we per-
formed Kruskal-Wallis tests. The total number of individuals and 
biometric measurements of A. ordinarium in each habitat category and 
season were analyzed for differences with Kruskal-Wallis followed by 
Tukey-Kramer post-hoc tests considering a significance threshold of 
0.05. Also, for the biometric data we compared the standardized not 
standardized measurements with respect to SVL, and compared the p- 
values. We performed Spearman correlations between pairs of biometric 
variables to identify those closely related. 

To select those environmental variables (physicochemical, geomor-
phological, and habitat) more related to A. ordinarium, we used the 
Spearman correlation method and eliminated those that were highly 
correlated (r2 > 0.97, p < 0.05). With the remaining variables, we 
performed a Multiple Factor Analysis (MFA, Pagès, 2015) to explore the 
correlative structure, including all the environmental descriptors to 
propose hypotheses of which variables could explain the variation of 
A. ordinarium. The MFA was developed with the FactoMiner library (ver. 
2.4; F Husson, see https://cran.r-project.org/web/packages/FactoM 
ineR/FactoMineR.pdf, accessed 12 January 2021). We included five 
subsets of data: Ambystoma values (with Hellinger-transformed), geo-
morphology, water quality (with log- and arcsin-transformation), 
habitat, and fish species (presence-absence values). We analyzed the 
RV-coefficient to measure the similarity of the two configurations of the 
pairs of matrices that represent the different quantitative subsets (Robert 
& Escoufier, 1976). Afterwards, we performed a Classification and 
Regression Tree Analysis (CART) as prediction models to inspect pat-
terns between the variation of A. ordinarium abundance and body con-
dition (dependent variables) and the different independent quantitative 
variables (28 including geomorphology, water quality, and habitat). We 
used CART to identify the variable interactions more clearly because the 
data is partitioned into smaller sections and to create a tree with the use 
of recursive partitioning. The https://cran.r-project.org/ CART was 
developed with the rpart (ver. 4.1–15; B. Atkinson, see https://www. 
rdocumentation.org/packages/rpart, accessed 22 December 2020) 
both in the R language ver. 4.0.3 (R Core Team). 

2.3. Theory 

Amphibian conservation requires a strategy that includes both 
aquatic and terrestrial ecosystems. However often environmental poli-
tics prefer to conserve only the terrestrial zone (Chen, Wang, Gardner, & 
Wu, 2020). Considering both ecosystems also allows the maintenance of 
riparian habitats that can promote the protection of streams and in-
crease biodiversity (Zermeño-Hernández, Benitez-Malvido, & Mendez- 
Toribio, 2020). Land-use change is one of the principal perturbations 
for amphibian communities, but apparently A. ordinarium prefers sites 
with agriculture next to the river (Oropeza-Sánchez et al., 2021). 
Although many factors determine the distribution of this species, this 
type of habitat has been positively correlated with other aspects of 
ecosystem health (Ramírez-Hernández et al., 2019; Soto-Rojas et al., 
2017). Also an important aspect that should be considered for 
A. ordinarium conservation is the presence of exotic predator fish 
(Oncorhynchus mykiss) in its distribution range (Soto-Rojas et al., 2017) 
that can compete with this salamander or be subject of predation (Wake 
& Vredenburg, 2008). Therefore it is necessary to contemplate the sit-
uation as a multifactor problem, considering all the environmental, bi-
otic and geomorphological variables that may affect A. ordinarium 
conservation status. 

With the above considerations, in the case of this species, it is 
important to discuss management actions with local authorities. Form-
ing multidisciplinary working groups, that integrate institutions that 

have incidence in the matter, such as the Secretary of Environment and 
Natural Resources, the National Water Commission and the National 
Commission for Forest Resources, as well as their state affiliates, guided 
by experts in the field and local universities. For this, it is imperative to 
also integrate local people of all ages, as key actors for the conservation 
of streams and for this species. So that management strategies could take 
into consideration different perspectives aiming at the protection of the 
species and the ecosystem where it lives. 

3. Results 

3.1. Abundance and biometric data 

We collected 424 individuals: 91 during the rainy season, 87 in 
winter and 247 during the dry season. We only used 368 individuals for 
biometric analysis since the rest were smaller than 16 mm of SVL. The 
largest individual had a SVL of 106 mm and weighed 56 g. The sites that 
had abundances of A. ordinarium>30 individuals per season were in the 
sites Carindapaz (2), Atecuaro (4) and Agostitlan (6) (Fig. 1). In all the 
sites categorized as optimal, we found Ambystoma. In the suboptimal 
sites, one site (San Antonio Villalongin, 5) only had a few organisms 
during winter, and all of them were smaller than 16 mm of SVL. Mar-
ginal sites showed fluctuations in A. ordinarium presence; only one site 
had salamanders during all three sampling seasons (Río abajo Ojo de 
Agua, 7). One site considered as poor had Ambystoma present, and in 3 
sites (two poor Río Entrada a Charo, 12 and Río Opopeo 11, and one 
marginal Río Turiran Paso del Muerto, 8) we did not detect the sala-
mander. Overall abundances did not differ among seasons (Kruskal- 
Wallis = 1.2395, p = 0.5381). 

We confirmed that there is a strong correlation between weight and 
SVL for A. ordinarium (r2 = 0.830, p < 0.0001). Biometric variables 
differed among seasons (Kruskal Wallis, p < 0.05; Table 2) and in-
dividuals captured during the rainy and winter season were larger and 
more robust than dry season (Tukey-Kramer Alpha 0.05; Table 2). When 
comparing standardized and not standardized data, the Kruskal Wallis 
test showed differences when comparing seasons for the variables Tail 
length, Total length and Tail width 2, and for habitat condition the 
variables Tail height, Tail height 2 and Abdomen width (Table 2). 

In some sites we detected native and exotic fish: Rkm23Char 
(Lampetra geminis, nativo), Río abajo Atecuaro (Aztecula sallaei, native), 
Río Opopeo (Allotoca meeki, native), Río Chiquito Campestre (10) 
(Poeciliidae, exotic), San Antonio Villalongin (Oncorhynchus mykiss, 
exotic), Río Turiran Paso del Muerto (Oncorhynchus mykiss, exotic), Río 
Entrada Charo (Cyprinus carpio, Poeciliidae, exótic). A. ordinarium 
coexisted with fish in Rio Bello (Goodea atripinnis, native) and in Turiran 
(Allotoca sp., native). In sites where we detected the exotic fishes 
Oncorhynchus mykiss and Cyprinus carpio, and a site with the native fish 
Allotoca meeki, A. ordinarium was absent. 

3.2. Habitat quality 

We found differences in A. ordinarium abundance and biometric 
variables regarding habitat quality (Kruskal-Wallis = 12.72, p = 0.0053; 
Table 2). Optimal and suboptimal sites had a higher abundance than 
poor sites. Some habitat quality variables showed a significant rela-
tionship with A. ordinarium abundance, in particular epifaunal substrate 
(Rho = 0.5065, p = 0.002), embeddedness, (Rho = 0.4925, p = 0.002), 
velocity/depth combinations (Rho = 0.3692, p < 0.03), flow status 
(Rho = 0.5020, p = 0.002), channel alteration (Rho = 0.5484, p =
0.0005), frequency of rifles (Rho = 0.6320, p < 0.0001), bank stability 
(Rho = 0.4998, p = 0.002), bank vegetative protection (Rho = 0.5046, 
p = 0.002) and riparian vegetative zone width (Rho = 0.5778, p =
0.0002), as well as the sum of all variables (Rho = 0.6088, p < 0.0001) 
(Table annexed 5.1 and 5.2). 
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Table 2 
Kruskal-Wallis analyses of Ambystoma ordinarium morphometric variables between seasons and sites with non-standardized data. Ambystoma ordinarium N by season: 
Rain n = 123, Winter n = 64, Dry n = 133; N by site: Optimal n = 137, Sub-optimal n = 121, Marginal n = 37, Poor n = 25. Superscripts a, b, c. refer to differences 
between seasons and sites (Tukey-Kramer honestly significant difference, post hoc test, p < 0.05). Gray squares show significant differences between standardized and 
non-standardized morphometric measurements.  

Variables Kruskal-Wallis Season Mean Standard deviation 
(±) 

Kruskal-Wallis Habitat 
quality 

Mean Standard deviation 
(±) 

Weight Xi2 = 22.6036p < 0.0001 Rain 20.27a  12.03 Xi2 = 25.0076p <
0.0001 

Optimal 18.15a  11.07   

Winter 19.25a  9.34  Sub-optimal 19.29a  12.27   
Dry 13.83b  11.68  Marginal 14.0ab  10.1       

Poor 9.04b  11.3 
Snout-vent 

lenght 
Xi2 = 15.9551p = 0.0003 Rain 69.05a  16.09 Xi2 = 25.9647p <

0.0001 
Optimal 66.77a  18.55   

Winter 68.42 a  14.71  Sub-optimal 67.12a  19.96   
Dry 58.31b  22.75  Marginal 58.28ab  17.13       

Poor 48.05c  17.37 
Tail length Xi2 = 15.5271p = 0.0004 Rain 70.03a  18.38 Xi2 = 21.5702p <

0.0001 
Optimal 70.0a  21.86   

Winter 71.96a  18.12  Sub-optimal 67.30ab  21.85   
Dry 60.07b  24.75  Marginal 59.66bc  18.92       

Poor 50.76c  16.77 
Total lengh Xi2 = 15.6238p = 0.0004 Rain 139.08a  33.32 Xi2 = 24.6929p <

0.0001 
Optimal 136.77a  39.62   

Winter 140.38a  32.2  Sub-optimal 134.41ab  41.05   
Dry 118.38b  46.93  Marginal 117.95bc  35.33       

Poor 98.81c  33.85 
Body condition Xi2 = 29.3439p < 0.0001 Rain 20.32a  10.61 Xi2 = 34.5492p <

0.0001 
Optimal 19.12a  8.57   

Winter 17.43ab  9.43  Sub-optimal 20.42a  10.91   
Dry 16.39b  10.15  Marginal 14.15b  9.63       

Poor 9.32b  10.8 
Tail width 1 Xi2 = 23.5112p < 0.0001 Rain 7.49a  2.52 Xi2 = 8.3568p = 0.392 Optimal 6.87a  2.74   

Winter 6.13b  2.07  Sub-optimal 6.04ab  2.38   
Dry 5.7b  2.6  Marginal 6.15ab  2.59       

Poor 5.18b  2.53 
Tail width 2 Xi2 = 9.7631p = 0.0076 Rain 2.78a  1.47 Xi2 = 7.4667p = 0.0584 Optimal 2.57a  1.37   

Winter 2.35ab  1.04  Sub-optimal 2.37a  1.16   
Dry 1.168b  1.17  Marginal 2.54a  1.27       

Poor 1.92a  1.45 
Tail height 1 Xi2 = 3.6210* p =

0.01636 
Rain 14.72a  2.73 Xi2 = 5.4370p = 0.1425 Optimal 14.10a  2.98   

Winter 14.35ab  2.9  Sub-optimal 14.62a  3.26   
Dry 13.65b  3.74  Marginal 13.77a  3.29       

Poor 13.38a  4.26 
Tail height 2 Xi2 = 30.2066p < 0.0001 Rain 14.6a  2.44 Xi2 = 2.0987p =

0.5522* 
Optimal 13.27a  3.08   

Winter 13.17b  2.9  Sub-optimal 13.46a  3.23   
Dry 12.12b  2.72  Marginal 13.35a  3.79       

Poor 12.36a  4.03 
Abdomen width Xi2 = 26.6615p < 0.0001 Rain 15.18a  5.43 Xi2 = 9.3384p = 0.0251 Optimal 13.53a  5.5   

Winter 12.38b  3.31  Sub-optimal 13.13a  4.64   
Dry 11.24b  4.87  Marginal 11.96a  5.2       

Poor 10.81a  4.83 
Abdomen height Xi2 = 24.5843p < 0.0001 Rain 14.76a  3.68 Xi2 = 14.8306p =

0.0020 
Optimal 13.47ab  3.69   

Winter 13.67a  3.57  Sub-optimal 14.07a  3.71   
Dry 12.31b  3.58  Marginal 12.99ab  4.06       

Poor 11.92b  3.72 
Widht head Xi2 = 20.5116p < 0.0001 Rain 17.34a  3.54 Xi2 = 18.5004p =

0.0003 
Optimal 16.16a  4.03   

Winter 15.91a  3.41  Sub-optimal 16.40a  4.55   
Dry 14.45a  4.9  Marginal 14.78ab  4.06       

Poor 13.10b  4.13 
Head height Xi2 = 28.4639p < 0.0001 Rain 10.56a  3.54 Xi2 = 13.1235p =

0.0044 
Optimal 9.39ab  2.74   

Winter 8.43ab  2.55  Sub-optimal 9.92a  3.32   
Dry 8.75b  3.55  Marginal 8.48ab  3.18       

Poor 8.16b  2.97 
Head lenght Xi2 = 8.4917p = 0.0143 Rain 22.43a  3.77 Xi2 = 20.4760p <

0.0001 
Optimal 21.74ab  4.51   

Winter 22.38b  3.97  Sub-optimal 22.30a  5.17   
Dry 20.05b  6.06  Marginal 19.65bc  4.84       

Poor 18.16c  5.37  
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3.3. Water quality 

In general, physicochemical parameters showed important differ-
ences between habitats (Table 3). Results of Kruskal-Wallis Total Solids 
(X2 = 9.1801p = 0.027), conductivity (X2 = 10.0975p = 0.0178) and 
dissolved oxygen (X2 = 10.673p = 0.008) showed significant differences 
between habitat types. The range of the parameters evaluated is shown 
in Table 3. 

3.4. Geomorphic channel design 

Sampled rivers were classified as A, B, C, E and F, with variations in 
the substrate (Table 1). We found that A. ordinarium abundance was 
significantly different among river types (X2 = 26.42, p = 0.048), B4 
rivers had significantly higher abundances than A4, F1B, B3c, E4, and F4 
(Tukey-Kramer alpha p < 0.05). Salamanders were not found in C and E 
rivers. The abundance per site and season was negatively correlated 
with flood-prone area (Rho = -0.7131, p = 0.009 and Rho = -0.5763, p 
= 0.0002) and positively correlated with slope (Rho = 0.6136p <
0.0001). Some biometric variables were also correlated with physical 
variables: weight of A. ordinairum with flood-prone area (Rho =
0.5520p = 0.0005) and slope (Rho = 0.7228, p < 0.0001), SVL with 
flood-prone area (Rho-0.5473, p = 0.0006) and slope (Rho = 0.7526, p 
< 0.0001), length tail with flood-prone area (Rho = -0.5671, p =
0.0003), and slope (Rho = 0.7639, p < 0.0001), total length with flood- 
prone area (Rho = -0.5428, p = 0.0003), and slope (Rho = 0.7445, p <
0.0001), body condition with flood-prone area (Rho = -0.5453, p =
0.0006) and slope (Rho = 0.7181, p < 0.0001) (Table annexed 5.1 and 
5.2). Interestingly, we found that dominant substrate category size 
(D75) influenced A. ordinarium abundance (Kruskal-Wallis X2 16.78p =
0.03); the highest abundances were associated with sites dominated by 
large-cobbles (128 a 256 mm) and sites with large and medium boulders 
were different and more abundant from sites with boulder very large, 
cobble small, gravel fine, medium and very coarse (Tukey-Kramer Alpha 
0.05). We also found that morphological variables flood-prone area and 
slope were correlated with all of the habitat quality variables (Rho 0.5 a 

07p < 0.05). 

3.5. Environmental and biological variables 

When considering all variables together, the MFA showed that the 
dimensions 1 to 3 captured 46% of the variation. The plot related to the 
individual factor map shows the positions of the sites in the ordination 
space according to the five viewpoints (Fig. 2). The correlation circle 
plot describes the quantitative variables normalized vectors (Fig. 3). It is 
possible to identify an indirect gradient of the habitat and water quality 
along the first axis and the geomorphology gradient combining the first 
and second axes (from lower right to upper left). Particularly, the scores 
of sites 1, 2, 3, 4, and 6 are more related to higher A. ordinarium abun-
dance and body condition and correspond to a high slope, as well as high 
dissolved oxygen values, the presence of medium size rocks, and more 
conserved and extended riparian vegetation, aspects that promote the 
bank stability of the river. On the other side, sites 9 and 12 showed the 
highest concentrations in ammonium and total solids, high biological 
oxygen demand and hardness, smaller particles in the sediments, and 
the presence of introduced fish species with the lack of A. ordinarium. 
The RV coefficients between the pairs of groups (Table 4) showed that 
the Ambystoma variables are more linked with the habitat conditions. 

With the use of the complete dataset (N = 36), the Ambystoma’s 
abundance CART model predicted that 44.4% of the sites with the 
greatest number of individuals were found when the riverbed stability 
scale value was>12.5. With smaller values, the next variable related to 
the abundance was the slope with more individuals in slopes bigger than 
0.02 (Fig. 4a). In the body condition, again, the slope was the most 
important variable with values bigger than 0.02 and a reduced channel 
alteration (values bigger than 12; Fig. 4b). Because of the lower sample 
size, it is important to mention that it was not possible to split the 
database in the training and test, and this is an approximation to be used 
as a baseline to compare when more information is available (see 
Table 5.1) 

Table 3 
Water physicochemical parameters and the range of variation in all the studied sites. N = 36. Kruskal-Wallis test for the variation between physicochemical parameters 
and habitat condition categories, p-value significance =*.  

Parameter Unit Mean Standard deviation (±) Minimum Maximum Kruskal-Wallis Xi2 p-value 

Water temperature ◦C  15.51  2.41 9.6 19.7  5.034  0.1693 
Dissolved oxigen mg/L  4.95  1.29 0.79 6.79  10.0975  0.0178* 
Conductivity µS/cm  215.03  313.33 21 1649  10.0975  0.0178* 
pH u  7.06  0.58 6.01 8.17  7.3593  0.0613 
Turbidity NTU  12.01  25.24 1.78 144  6.3387  0.0963 
Total hardness Pt-Co  76.98  109.98 8.3 577  9.4505  0.0239* 
Calcium hardness mg/L  53.73  79.96 6.2 437.96  7.5529  0.0562 
Magnesium hardness mg/L  23.25  31.44 2.1 143  10.7966  0.0129* 
Total alcalinity mg/L  78.45  116.82 8 638  11.3206  0.0101* 
Carbonates mg/L  1.41  6.09 0 36  2.3108  0.5105 
Bicarbonates mg/L  77.04  111.93 8 602  10.997  0.0117* 
Chlorides mg/L  13.88  19.35 1.29 87.97  7.4934  0.0577 
Sulphats mg/L  19.18  25.66 1.87 116.44  6.4955  0.0898 
Calcium mg/L  4.95  6.58 0.126 29.46  2.9452  0.4002 
Magnesium mg/L  1.63  2.48 0.06 12.28  5.4389  0.1423 
Sodium mg/L  2.47  3.33 0.09 12.19  3.6375  0.3034 
Total solids mg/L  435.58  1663.46 20 10,048  9.1801  0.027* 
Total suspended solids mg/L  153.89  865.12 2 5200  11.673  0.0086* 
Total dissolved solids mg/L  281.69  814.34 14 4848  8.607  0.035* 
Sedimented solids mg/L  2.26  12.47 0 75  10.0953  0.0178* 
Chemical oxygen demand mg/L  20.76  70.24 0.3 398  10.7224  0.0133* 
Biochemical oxygen demand mg/L  13.46  45.66 0.19 258.7  10.5134  0.0147* 
Total Carbon organic mg/L  6.71  22.82 0.09 129.3  10.6627  0.0137* 
Ammonia nitrogen mg/L  0.82  2.61 0.056 15.23  3.2414  0.3559 
Fecal coliform UFC/100 ml  9502.86  10464.21 0 32,100  2.0813  0.5557 
Salinity mg/L  0.10  0.11 0.02 0.66  11.5948  0.0089* 
% Saturation of dissolved oxygen %  50.49  14.19 6.65 66.03  3.5365  0.3161 
Oxidation reduction potential mV  269.73  73.57 − 82.25 356.75  4.5522  0.2077  
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4. Discussion 

When exploring the region in search of A. ordinarium, we found one 
new site at 1900 masl with a population of salamanders. This site is 
located below the 1950 masl altitudinal limit previously reported by 
Soto-Rojas et al. (2017), or the 2400 masl reported by the IUCN (2020). 
This site was also outside of the distributional limits of the reference 
polygon reported by the IUCN (IUCN Ssc Amphibian Specialist Group, 
2020). Interestingly, during our study, we found that A. ordinarium 
abundances did not fluctuate among seasons, although body condition 
did. During the rainy and winter seasons we found the largest and 
heaviest individuals, similar to other studies that have found more 
robust animals during winter (Anderson & Worthington, 1971). In 
winter, they were found in more confined spaces such as small caves or 
between the rocks, which made them difficult to detect. Similar 
behavior about the selection of habitat has been reported for Ambystoma 
leorae and A. altamirani in rivers of Transvolcanic Belt in Mexico (Lemos- 
Espinal, Smith, Ballinger, & Ramirez-Bautista, 1999). The winter season 
also corresponds with the period of reproduction, and we detected 
numerous A. ordinarium eggs similar to reported by Anderson & Wor-
thington, (1971). We observed a larger number of juveniles with sizes 
smaller than 70 mm in SVL, during the dry season corresponding to the 
growth period as reported by Montes-Calderón (2011), in the Chiquito 
River, in Mexico. This corresponds with the period during which 

invertebrate communities, which are an important food source for 
A. ordinarium, are most stable in the watershed (Barbour et al., 1999; 
Nakano & Murakami, 2001; Peréz-Munguía & Pineda-López, 2005; 
Segnini, 2003). 

4.1. Habitat quality 

Considering the distributional range of A. ordinarium proposed by 
IUCN (2020), we found that the sites with the highest habitat quality are 
at the border between the Cuitzeo and Balsas watersheds. We found 
eight sites in the optimal category where A. ordinarium is found, con-
trasting with the two sites reported by Soto-Rojas et al. (2017). The 
populations of Ambystoma in United States developed better in 
conserved or semi-conserved habitats, showing higher abundances in 
optimal and sub-optimal sites, decreasing in abundance as habitat de-
teriorates (Micacchion, 2011). Some studies in the Sierra Madre Oriental 
in Mexico have found that salamanders are also thriving in optimal and 
sub-optimal sites, as found in this study (Wake & Vredenburg, 2008). We 
also found heavier and larger individuals with better body condition in 
the sub-optimal and optimal sites. When habitat conditions decline to 
marginal and poor, sites did have small populations of Ambystoma, and 
the individuals presented low body condition, as reported previously 
(Soto-Rojas et al. 2017, Ramírez-Hernández et al. 2019). This is similar 
to Hydromantes flavus, whose abundance and body condition are 

Fig. 2. Results from the first and second dimensions of the multiple factor analysis. (a) site scores (centroids; black dots), habitat categories (supplementary; grey 
scale squares), and fish species (presence-absence; black triangles). 
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positively associated with conserved sites, in north-eastern Sardinia, 
Italy (Lunghi, Guillaume, Blaimont, & Manenti, 2018) 

When considering habitat variables, our results suggest that 
A. ordinarium prefers conserved or semi-conserved riparian vegetation 
sites. Reduction in vegetation cover lead to higher water temperature, 
inducing salamanders to move from those areas; this has also been found 
in Ambystoma talpoideum, in ponds of Louisiana (Raymond & Hardy, 
1991) or need a conserved forest like A. jeffersonianum in northwest 
Ohio (Micacchion, 2011). Habitat quality variables also affect geo-
morphology (Barbour et al., 1999) since vegetation and stability of the 
riverbank, as well as rapid frequency and river course alterations, 
decrease river slope and, in turn, increase flood-prone area, affecting 
A. ordinarium populations (Fig. 4). A similar effect, when the habitat 
alteration be present, has been found in other biological communities 
where riverbeds influence fish communities in the Brandywine water-
shed, Pennsylvania (Albertson et al., 2018), and vegetation in the 
watershed of the Duero River, Michoacan Mexico (Zermeño-Hernández 
et al., 2020). As well as amphibian communities was very sensitive to 
habitat alterations (Wake and Vredenburg 2008). 

In our study, a reduction in water velocity, river depth, frequency of 
riffles and abnormal particle sedimentation, can reduce the capacity for 
sediment transport since small particles tend to be left in this section of 
the river (Rosgen, 1994). This sedimentation pattern increases the 
embeddedness and closes the spaces created by large particles, 
decreasing the space available for epifaunal colonization (Piñón Flores, 
Munguía, García, & López, 2014; Torres-Olvera, Durán-rodríguez, 
Torres-garcía, Pineda-lópez, & Ramírez-Herrejón, 2018). Therefore, this 

process also leads to a loss of both refuges and food items for 
A. ordinarium. The individuals found in poor sites showed low body 
condition, where riparian vegetation was scarce and riverbank stability 
was low. 

4.2. Water quality 

The sampled sites increased physicochemical parameter intervals 
previously reported for A. ordinarium (Alvarado-Díaz et al., 2003; 
Ramírez-Hernández et al., 2019; Shaffer & Lauder, 1985). In our study, 
the intervals were: temperature (Maximum 19.7, Minimum 9.6), pH 
(Maximum– 8.17, Minimum 6.01), and conductivity (Maximum 1649, 
Minimum 21) (Table 3). This information may be useful for modeling 
A. ordinarium distribution, as proposed by Escalera-Vázquez et al. 
(2018), but incorporating habitat condition of the rivers and water 
quality, in the distribution area. Including water quality for 
A. ordinarium distribution modeling is crucial since the increase of 
chemical and organic discharges in the river may influence its pop-
ulations, as has been found for A. rivulare (Chaparro-Herrera, Nandini, & 
Sarma, 2013; Lemos-Espinal et al., 1999). For example, in the present 
investigation, we found no A. ordinarium at the two sites where urban 
water discharges were found. 

Some studies with fish communities have found that physicochem-
ical parameters are not always good predictors of species’ distributional 
ranges or abundances (Albertson, Ouellet, & Daniels, 2018). That was 
the case in this study, as we did not detect differences between water 
physicochemical variables in sites with different conservation cate-
gories. However, we did detect some relationship between habitat 
conservation category for conductivity and dissolved oxygen as found by 
Soto-Rojas et al. (2017) but not for temperature. 

4.3. Geomorphic channel design 

Mountain streams are characterized by pronounced slopes (>3%), 
stretched channels and strong erosive processes (Bylak & Kukuła, 2020; 
Rosgen, 1994; Vannote, Minshall, Cummins, Sedell, & Cushing, 1980), 
and the channel design types represented are “A, Aa+, B, G, and F 
(Rosgen, 1994). In our case, the principal river types were A and B, and 

Fig. 3. Correlations among each subset of the quantitative variables. The description of the acronyms is described in the text.  

Table 4 
RV-coefficients (lower-left triangle) of the pairs of matrices involved in the MFA 
and their p-values (upper-right triangle).   

Geomorphology Water 
quality 

Habitat 
quality 

Ambystoma 

Geomorphology 1 0.002 0.0000067 0.000012 
Water quality 0.32 1 0.000002 0.002 
Habitat quality 0.34 0.41 1 0.00013 
Ambystoma 0.31 0.23 0.4 1  

M.A. Piñon-Flores et al.                                                                                                                                                                                                                       



Journal for Nature Conservation 64 (2021) 126063

9

type C and E were less frequent. Stream types C and E are abnormal and 
represent physical alterations that can severely influence the habitat for 
riparian organisms (Barbour et al., 1999). Mountain rivers have steep 
slopes, therefore A. ordinarium is adapted to thrive in those conditions. 
As found in our results, the loss of slope in the riverbed that may reduce 
salamander populations. Changes in river slope and loss of microhabitat 
have been correlated with deforestation and land-use change for agri-
culture, so in order to prevent river degradation we must devote 
particular effort to stop or reduce land-use changes along rivers (Almada 
et al., 2019). In our study, optimal sites are surrounded by conserved 
forests, while in sub-optimal sites there is evidence of agriculture and 
cattle ranching, and in marginal and poor sites there are few trees on the 
riverbanks and urban settlements nearby. Our results showed that 
A. ordinarium preferred sites with large particles in the substrate of the 
riverbed, which may provide different habitats for the salamander and 
its food (Keitzer & Goforth, 2012). In the sites with smaller particles, the 
salamander was rare or absent; this condition is considered abnormal, 
resulting from anthropogenic disturbances along the riverbed (Barbour 

et al., 1999; Bunte & Abt, 2001; Rosgen, 1994). 

4.4. River integrity 

When considering all of the habitat quality, geomorphology and 
physicochemical parameters evaluated in relation to A. ordinarium 
populations, we found that anthropogenic activities such as deforesta-
tion, cattle ranching, and agriculture influence water quality and the 
physical structure of the riverbed, as has been reported in other studies 
(Almada et al., 2019; Bylak & Kukuła, 2020). These activities increase 
erosion, which directly decreases particle size, altering the transport and 
sedimentation processes, reducing the slope and water velocity, amount 
of dissolved oxygen, also increasing turbidity, dissolved solids, particle 
embeddedness and suitable habitat for macroinvertebrate communities 
(Barbour et al., 1999; Piñón Flores et al., 2014; Torres-Olvera et al., 
2018; Rosgen, 1994; Bunte and Abt, 2001). Since macroinvertebrates 
are the main food source for A. ordinarium, those changes appear to be 
critical for the salamanders’ food availability (Alvarado-Díaz et al., 

Fig. 4. CART model for Ambystoma ordinarum showing the important variables, the intensity of the shaded boxes relates to the values’ magnitude, and the percentage 
is related to the sites from the database found in the node. (a) The number of individuals, BST = riverbed stability and Sl = slope. (b) Body condition, RVZW =
riparian vegetative zone width. 
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Table 5.1 
Spearman correlations (Rho) for the principal selected variables; significances values: *=p < 0.05, **=p < 0.0001. AB = abundance, W = weight, SVL = snout-vent length, BC = Body condition. FPA = flood-prone area, 
BMD = bankfull mean depth, MD = maximum depth, W/DR = width/depth ratio, Sl = slope. Temp = temperature, DO = dissolved oxygen, COND = conductivity, DZA T = total hardness, Biochemical oxygen demand, TS 
= total solids, DO%= % Oxygen saturation, ORP = oxide reduction potential. ESAC = substrate/available cover, EMB = embeddedbess, VPD = velocity/depth combinations, CFS = channel flow status, CHA = channel 
alteration, FR = frequency of riffles, BST = bank stability, VPR = bank vegetative protection, RVZW = riparian vegetative zone width (RVZW), RBṔS = Habitat condition value.    

Ambystoma ordinarium Physicochemical parameters   

AB W SVL BCI TEMP DO COND Ph DZA T BOD TS N-NH3 DO% ORP 

A. ordinarium AB 1 0.7653** 0.7565** 0.7821** − 0.0174 0.37* − 0.3581* − 0.2143 − 0.3391* − 0.3643* − 0.3588* − 0.1998 0.2985* 0.2894  
W 0.7653** 1 0.9809** 0.9969** − 0.1371 0.3628* − 0.3478* − 0.3608* − 0.3565* − 0.3605* − 0.3626* − 0.3295* 0.2701 0.3041  
SVL 0.7565** 0.9809** 1 0.9789** − 0.1466 0.3673* − 0.3079 − 0.2941 − 0.3268 − 0.3859* − 0.3209 − 0.3188 0.2755 0.2932  
BCI 0.7821** 0.9969** 0.9789** 1 − 0.1211 0.3681* − 0.3493* − 0.329 − 0.3589* − 0.3709* − 0.3627* − 0.3295* 0.2926 0.2981 

Geomorphology FPA − 0.5815** − 0.5549** − 0.55** − 0.5545** 0.2147 − 0.2087 0.3199 0.4352* 0.2977 0.1447 0.394* 0.2687 − 0.1972 − 0.1895  
BMD − 0.1068 − 0.1483 − 0.1797 − 0.1598 − 0.1682 − 0.291 0.4584* 0.1393 0.5161* 0.427 0.4304* 0.5675* − 0.3585* − 0.0579  
MD − 0.2575 − 0.3624* − 0.4012* − 0.3589* 0.0977 − 0.1331 0.1229 0.1151 0.1635 0.2464 0.1415 0.3822* − 0.1801 − 0.2098  
W/DR − 0.1298 − 0.0842 − 0.0416 − 0.0818 0.2955 0.2045 − 0.0676 0.1836 − 0.113 − 0.3338* − 0.0273 − 0.2628 0.2017 0.1564  
Sl 0.6136** 0.7228** 0.7526** 0.7255** − 0.2638 0.3001 − 0.4326* − 0.3199 − 0.4605* − 0.4903* − 0.4215* − 0.3048 0.3425* 0.255 

Physicochemical 
parameters 

TEMP − 0.0174 − 0.1371 − 0.1466 − 0.1211 1 0.004 0.1765 0.4642* 0.1759 0.0211 0.1224 0.1125 0.19 − 0.2952  

DO 0.37* 0.3628* 0.3673* 0.3681* 0.004 1 − 0.4796* − 0.0248 − 0.4476* − 0.4484* − 0.4887* − 0.2918 0.7586** 0.4182*  
COND − 0.3581* − 0.3478* − 0.3079 − 0.3493* 0.004 − 0.4796* 1 0.6148** 0.9797** 0.5698* 0.9466** 0.4444* − 0.5105* − 0.4563*  
Ph − 0.2143 − 0.3608* − 0.2941 − 0.329* 0.4642* − 0.0248 0.6148** 1 0.5597* 0.3006 0.6258** 0.3531* − 0.0046 − 0.4682*  
DZA T − 0.3391* − 0.3565* − 0.3268 − 0.3589* 0.1759 − 0.4476* 0.9797** 0.5597* 1 0.5603* 0.9246** 0.4753* − 0.4891* − 0.4333*  
BOD − 0.3643* − 0.3605* − 0.3859* − 0.3709* 0.0211 − 0.4484* 0.5698* 0.3006 0.5603* 1 0.5111* 0.3354* − 0.4637* − 0.4097*  
TS − 0.3588* − 0.3626* − 0.3209 − 0.3627* 0.1224 − 0.4887* 0.9466** 0.6258** 0.9246** 0.5111* 1 0.4876* − 0.5298* − 0.4859*  
N- 
NH3 

− 0.1998 − 0.3295* − 0.3188 − 0.3295* 0.1125 − 0.2918 0.4444* 0.3531* 0.4753* 0.3354* 0.4876* 1 − 0.1496 − 0.2503  

DO% 0.2985* 0.2701 0.2755 0.2926* 0.19 0.7586** − 0.5105* − 0.0046 − 0.4891* − 0.4637* − 0.5298* − 0.1496 1 0.3067  
ORP 0.2894 0.3041 0.2932 0.2981 − 0.2952 0.4182* − 0.4563* − 0.4682* − 0.4333* − 0.4097* − 0.4859* − 0.2503 0.3067 1 

Habitat quality ESAC 0.5328* 0.3822* 0.4149* 0.3926* − 0.1733 0.4727* − 0.4551* − 0.2911 − 0.4109* − 0.5027* − 0.4398* − 0.3183 0.3787* 0.1814  
EMB 0.5235* 0.5039* 0.4935* 0.4988* − 0.3707* 0.5561* − 0.6785** − 0.5715* − 0.6471** − 0.3847* − 0.7183** − 0.4496* 0.4902* 0.5514*  
VDP 0.4237* 0.3326* 0.3444* 0.3333* − 0.2071 0.4237* − 0.6018* − 0.4852* − 0.5726* − 0.7614** − 0.5875* − 0.2754 0.4017* 0.3981*  
CFS 0.5311* 0.5367* 0.5686* 0.538* − 0.3342* 0.492* − 0.5914* − 0.4474* − 0.601* − 0.6617** − 0.6017* − 0.3787* 0.3994* 0.4045*  
CHA 0.5631* 0.5715* 0.5959* 0.5723* − 0.3553* 0.3914* − 0.5427* − 0.478* − 0.5159* − 0.4901* − 0.5136* − 0.3524* 0.285 0.2786  
FR 0.6603** 0.6137** 0.645** 0.6033** − 0.3189 0.429* − 0.4734* − 0.531* − 0.4606* − 0.4489* − 0.5009* − 0.4364* 0.2961 0.3936*  
VPR 0.5331* 0.4972* 0.5307* 0.4993* − 0.3302* 0.3716* − 0.4792* − 0.3763* − 0.465* − 0.4984* − 0.4785* − 0.2335 0.2113 0.2925  
BST 0.5407* 0.5421* 0.5609* 0.5409* − 0.3623* 0.3518* − 0.3847* − 0.388* − 0.353* − 0.458* − 0.385* − 0.1603 0.1616 0.2907  
RVZW 0.5969* 0.6136** 0.6441** 0.6177** − 0.3481* 0.3391* − 0.4153* − 0.347* − 0.391* − 0.4008* − 0.4006* − 0.2286 0.2083 0.2831  
RBP‘S 0.6078** 0.5634* 0.5859* 0.5621* − 0.3025 0.442* − 0.6104** − 0.5158* − 0.5861* − 0.6103** − 0.6053** − 0.3131 0.3372* 0.3991*  
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2003; Ruiz-Martínez et al., 2014). Therefore, A. ordinarium populations 
decrease with the loss of river slope and increase in the flood-prone area 
resulting from the destabilization and loss of riparian zone. Contrasting 
with other species of the same genus, A. ordinarium prefers habitats with 
high slopes (>3%), streams dominated by riffles with high levels of 
oxygen and substrate particle size dominated by pebbles and gravel, as 
well as conserved riverbeds with native vegetation. 

One aspect to highlight is that in two sites (one considered sub- 
optimal and one marginal) where A. ordinarium was found previously 
(Soto-Rojas et al., 2017), we did not detect the salamander during this 
investigation, but several individuals of the exotic fish Oncorhynchus 
mykiss and Cyprinus carpio were found. The trout is a well-known top 
predator in river mountains of north-America (Vannote et al., 1980) that 
can affect amphibian populations in California (Wake & Vredenburg, 
2008). The introduction of exotic fish predators in habitats where 
Ambystoma thrives is a strong pressure that can negatively affect its 
populations, as has been found for A. leorae in Cotzala river (Lemos- 
Espinal et al., 1999). In particular, C. carpio could feed on the same preys 
and therefore affect amphibian populations, it has been pointed out as a 
strong competitor for the salamander A. mexicanum in the lake of 
Xochimilco (Zambrano & Valiente, 2010). 

5. Conclusions 

While A. ordinarium was present and apparently thriving in a range of 
environmental conditions, it prefers Optimal and Sub-optimal sites 
where vegetation on the riverbed is conserved, riverbed substrate par-
ticles are large and slopes are high. Habitat deterioration by anthropo-
genic causes that decrease slope and increase flood areas may set off 
detrimental cascades that may lead to local extinctions of the Mountain 
salamander. Knowing the water physicochemical parameter intervals 
for A. ordinarium distributional area may be of great help to establish its 
potential as a bioindicator species (Riss, Ospina, & Gutierrez, 2002; 
Ruiz-Picos, Kohlmann, Sedeño-Díaz, & López-López, 2017). Some au-
thors have proposed that Ambystoma may be considered environmental 
degradation bioindicators (Shaffer & Lauder, 1985); however it is not 
yet clear if this condition can be applied for Mexico as has been estab-
lished for Ohio in United States (Micacchion, 2011). 

Our study suggests that to safeguard the persistence of A. ordinarium 
populations we first need to conserve their habitat, focusing efforts not 
only on the riverbed, but also on the vegetation associated with the 
riverbank, since this will increase riverbed stability and help maintain 
slope and associated geomorphological conditions. Also, the discharge 
of sewage into rivers, which alters the physicochemical water quality 
that enables the salamander to thrive, must be avoided. Finally, if we 
want to preserve A. ordinarium in the wild, the introduction of exotic fish 
species for human consumption should be avoided in the rivers within 
the distribution area of this species. 
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