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INTRODUCTION

Mexico is the southern most country of North 
America, extending into the Isthmus of Tehuantepec.  It 
has a total area of 1,964,375km2 and is bounded by a 
coastline of 7,828km to the west (Pacific) and 3,294km 
to the east, which includes parts of the Gulf of Mexico 
and the Caribbean (CNA 2008).  The country has a wide 
range of terrestrial habitats and formations consisting 
of volcanic mountain ranges and extensive arid deserts, 
and is estimated to contain at least 10% of the known 
world terrestrial biodiversity including plants, reptiles, 
amphibians and mammals (Espinosa et al. 2008).  This 
taxonomic diversity reflects the wide range of habitats 
represented in Mexico, regional differences in climate 
and its position between the Nearctic and Neotropical 
biogeographical regions (Morrone 2005).

Similarly, a wide range of aquatic systems occurs 
across the country with over 50 large rivers and 70 large 
lakes represented.  The rivers Yaqui, Fuerte, Mezquital, 
Lerma-Santiago, and Balsas drain into the Pacific, whilst 
the Bravo, Pánuco, Papaloapan, Grijalva and Usumacinta 
rivers drain into the Gulf of Mexico (Lara-Lara et al. 2008).  
There are over 70 lakes ranging in size from 10–100 
km2.  Lake Chapala in Jalisco is the largest lake, followed 
by Cuitzeo and Pátzcuaro in Michoacán, Catazajá in 
Chiapas, del Corte in Campeche, Bavicora and Bustillos 
in Chihuahua, and Catemaco in Veracruz.  Though, there 
have been various studies on the distribution of plants 
and animals across the country (Ramamoorthy et al. 
1993, Flores-Villela & Gerez 1994, Koleff & Soberón 
2008) there have been relatively few studies on aquatic 
biota (Domínguez-Domínguez et al. 2006b; Huidobro et 
al. 2006; Aguilar-Aguilar et al. 2008).  The freshwater fish 
fauna is particularly diverse with more than 616 species 
described of which 264 are endemic (examples of some 
Mexican freswater fish species are shown in images 
1–7).   A further 115 species are known to be exotics 
(Miller et al. 2009).  In spite of this diversity there have 
been very few attempts to formally describe regional 
differences in fish species assemblages to better inform 
conservation action.

In this study, we attempt to identify and define 
regional differences in biodiversity in terms of the 
‘hotspot’ approach which has proved successful in 
identifying areas of conservation importance elsewhere 
in the world (Myers 1988, 1990; Myers et al. 2000).  
Both species number (richness) and endemism are used 
in defining the ‘hotspot’ approach by combining two 
independent measures of biodiversity.  Myers (2003) 
had stressed that “there is an urgent need to document 

freshwater ecosystems which could prove to be one 
of the most species-rich hotspots, certainly in terms 
of fish and one of the most severely threatened of all 
hotspots”.  Freshwater ecosystems therefore provide 
ideal candidates for applying the biodiversity hotspot 
approach (Mittermeier et al. 2010).

Thus, the main aim of the current study was to re-
evaluate the status of freshwater fishes in Mexico in 
terms of their species richness and degree of endemism, 
and identify and map local ‘hotspots’ to further direct 
conservation planning and debate in the country. Large-
scale studies of this kind on freshwater fish have largely 
been confined to Brazil and Africa (Nogueira et al. 2010; 
Darwall et al. 2011). 

METHODS

The analysis used during this study was based on the 
geographical procedures employed by Aguilar-Aguilar et 
al. (2008). This consisted of developing geo-referenced 
distribution records for the freshwater fishes found in 
Mexico.  Empirical data were derived from the National 
Mexican Biodiversity Authority (CONABIO) and records 
held by the Global Biodiversity Information Facility 
(GBIF).  These sources yielded 36,174 countrywide 
records and maps for 563 of the 650 known species 
listed for the country.  These data, which account for 
ca. 86% of the total fish fauna, also included many of 
the introduced or exotic species (Contreras-MacBeath 
2014).

For each species, spatial records were converted to a 
vector format using ArcGis 9.3 and superimposed onto 
a 1:4,000,000 scale map of Mexico obtained from the 
geo-information module of CONABIO.  Each map was 
then compared to previously published species accounts 
(Miller et al. 2009) and those mentioned in Fishbase 
(Froese & Pauly 2010) to eliminate inconsistencies 
and false positives (Fielding & Bell 1997).  Of the total 
records examined, 358 were rejected representing 1% 
of the total.  A grid map of Mexico was then produced 
consisting of 249 grid cells assigned 1–31 from west to 
east and from A to M North to South.  Each 1oX1o grid cell 
equivalent to 12,345km2 was subsequently converted to 
raster format.  This marker allowed a comparison of the 
geographical layers.  Once the grid was obtained, each 
grid-cell was assigned consecutive numbers from 1 to 
249.

For evaluation, data of each species was transformed 
to raster format, obtaining a matrix in binary format, 
with grid-cells with a value of “1” where the species was 
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present and “0” where it was not.  This grid was then 
combined with the distributional ranges of each species 
using the “combine” command of Arc Info 7.0, which 
from a series of rasters, creates a new one that shows in 
its database all the possible combinations among all the 
rasters used in the operation.

The end result was a coverture in matricial format 
with an associated table that contains 534 columns, each 
representing a species, and 249 lines that represent grid-
cells.  In this way, presence and absence information 
was available for every species in each grid-cell.  The 
total for each line represented species richness in each 
grid-cell, while the total for each column indicated 
the distributional range for each species.  With this 
information, a map of Mexico was constructed showing 
species richness in three categories: Low (1–30 species), 
medium (31–60 species) and high (61–90 species). 

The endemism analysis was based on the ‘Corrected 
Weighted Endemism’ Index CWEI (Crisp et al. 2001; 
Linder 2001; Aguilar-Aguilar et al. 2008) using 216 of 
the 264 known Mexican endemic species, because of 
the availability of point data.  To calculate the Weighted 
Endemism Index (WEI), each species was weighted for 
the inverse of its range such that each endemic species 
in a grid-cell had a maximum ‘weight’ of 1; if a species 
was present in three grid-cells, it has a weight of 0.33 
and one in 30 grid-cells has a weight of 0.03.  To calculate 
the value for each grid-cell, the weight values for all the 
species in that grid-cell was added so that cells with a 
high number of restricted range species had a higher 
score than grid-cells with fewer restricted range species 
(Linder 2001).  To correct for the correlation with species 
richness, and to generate the CWEI, the ‘weighted’ 
endemism was divided by the total number of species in 
a grid-cell (Crisp et al. 2001).  A map that differentiates 
between areas of low, moderate and high endemism was 
subsequently produced with the results of this analysis.

Due to the fact that the former is a coarse analysis 
that considers relatively large areas, and that it is 
known that some Mexican freshwater fish species have 
highly restricted distribution ranges that would not be 
identified by this means, we further analyzed single site 
endemics (extant species) separately, so as to have a 
finer view of endemism.

To identify possible conservation ‘hotspots’ of 
richness plus endemism, the two previous maps were 
combined by creating two raster maps both with the 
same grid size, a grid position, and the same geo-
reference, the first for species richness and the second 
for species endemism.  A cross operation was performed 
by overlaying the two raster maps by comparing cells 

at the same positions in both maps and keeping track 
of all the combinations that occur between the values 
or classes in both maps.  A cross-table and the output 
cross-map were obtained.  The results were stored in 
an output cross-table and an output cross-map.  In the 
table associated with the output raster, a new item was 
created containing a unique value for all the possible 
combinations of the two input classes, as well as the class 
number and description of the first input map (richness) 
and those of the second input map (endemism) which 
makes it possible to identify every single combination.  
The number of pixels occurring for each combination 
was counted, as well as the areas of the combinations 
calculated.  A biodiversity quality indicator was then 
defined by assigning to every combination a value, 
following the decision rule: 

IF Vr + Ve < 4 then BQI = poor else if 4≤ Vr + Ve ≤5 then 
BQI = medium else BQI = high

This provided the basis for the production of a map, 
which correlates richness and endemism.

RESULTS AND DISCUSSION

Distribution and range
Fish species records were obtained from 235 of the 

249 grid-cells covering Mexico which represented 94.3% 
of the country area.  Those areas without confirmed 
records are shown in Figure 2 as white squares and are 
generally associated with arid regions of country, namely 
the provinces of El Salado and Mapimi.

In terms of distribution patterns, species varied from 
having very restricted distributions occurring in only 
one grid cell (23.3% of the total) up to those, which 
were widely represented across the country (Fig. 1 ).  
Ten species are represented in 45 to 66 of the grid cells, 
namely Astyanax aeneus (66 cells), Astyanax mexicanus 
(65), Micropterus salmoides (62), Poecilia mexicana 
(60), Poecilia sphenops (55), Gambusia affinis (54), 
Lepomis macrochirus (51), Oreochromis mossambicus 
(47), Heterandria bimaculata (46) and Sphoeroides 
annulatus (45).  Astyanax aeneus was the most widely 
represented species, occurring in 66 cells equivalent to 
ca. 491,093km2 or 26.5% of the country area.

Many of the widely dispersed species correspond 
to the distribution maps previously described by Miller 
et al. (2009) and Froese & Pauly (2010), reflecting 
natural geographical boundaries.  These species 
include Astyanax aeneus, Astyanax mexicanus, Poecilia 
mexicana, Sphoeroides annulatus and possibly Poecilia 
sphenops, if sites with populations of un-determined 
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taxonomic status are included (Miller et al. 2009).    
Other widely distributed species are those, which are 
known to be associated with human activities, especially 
aquaculture.  The Cichlid Oreochromis mossambicus 
(commonly referred to as Mozambique Tilapia) is now 
the seventh most widely distributed freshwater fish in 
Mexico.  In addition, four native species, which have had 
relatively small original distributions in Mexico, have now 
been translocated to many other parts of the country.  
Species such as Micropterus salmoides and Lepomis 
macrochirus have both been widely stocked for sport 
fishing (Contreras-MacBeath et al. 1998) and Gambusia 
affinis is often used for the control of mosquito larvae 
(Miller et al. 2009). Similarly, Heterandria bimaculata 
has spread through aquaculture activities (Contreras-
MacBeath et al. 1998).  It is alarming that half of the ten 
most widely distributed freshwater fishes of Mexico are 
exotics (Gozlan et al. 2010).

In contrast, 124 species (23.3% of the total) have 
ranges restricted to only one cell.  Most of these 
restricted species are from five families comprising 67% 
of the total namely, Poeciliidae (19 spp), Atherinopsidae 
(16 spp), Cyprinodontidae (12 spp), Cyprinidae (11 spp) 
and Goodeidae (9 spp).

When examined by their range areas, it is apparent 
that the overall pattern for all species is skewed to the 
right (Fig. 1), consistent with the generalized model 
described by Gaston (1998).  That is, most species have a 
relatively small range size and a few have relatively large 
range size.  This pattern has been observed for many 
other taxonomic species assemblages (Bell 2001; Jetz & 
Rahbek 2002).

For Mexico, Ceballos (2001) found that that 50% of 
mammal species and 8% of birds could be considered 
as ‘rare’ based on the criterion (50,000km2) employed 
by IUCN. Similar results were found for reptiles and 

amphibians (Ceballos 2001), which correspond to 
the value, observed here for fish.  Thus based on the 
50,000km2 criterion, 57% of Mexican freshwater fish 
should be considered as rare.

Moreover, if each 1o grid cell is equivalent to 
12,345km2, then 100 species found within this category 
(19%) roughly fit the criterion of ‘restricted range’ 
species proposed by Nogueira et al. (2010) who found 
that of the 2587 freshwater fish species known for 
Brazilian freshwaters, 819 (32%) had distribution ranges 
not exceeding 10,000km2.  Similar to Brazil, these 
values could be used in the identification of site-scale 
conservation priorities in Mexico.

Richness
The number of fish species found across the 249 

grid cells varied from one up to 90 species per cell 
with an overall mean of 19 species per cell (Fig. 2).  In 
terms of richness, the grid-cell with the highest richness 
(S=90) was located in south-eastern Mexico within the 
Papaloapan River basin.  This includes Lake Catemaco, 
los Tuxtlas (Biosphere Reserve) and the coastal lagoon 
of Sontecomapan in the State of Veracruz.  Of the 90 
species recorded, six were exotics, especially tilapias 
introduced for aquaculture.  The 86 remaining species 
were distributed amongst 27 families, the most speciose 
of which were Poeciliidae with 18 and Cichlidae with 
10.  Both these groups represent 32% of the total fish 
diversity in the grid-cell.

If families are grouped according to Myer’s (1949) 
classification of freshwater fish based on their tolerance 
to salt water (primary, secondary and ‘peripheral’) 
(Berra 2007), ‘peripheral’ families dominate, with 22 
families and 50 species, while there are only two primary 
families with five species and three secondary families 
with 29 species.  This clearly reflects the influence of 
the paleogeographical history of the region, as well as 
marine radiations and incursions into the freshwater fish 
fauna (Myers 1966; Miller et al. 2009).  This is consistent 
with what has also been described for the whole of 
North America (Lévêque et al. 2008).

From Fig. 2, it is evident that the highest values 
of species richness are found in four distinct centers 
formed by grid cells which correspond well with the 
ichthyofaunal provinces described earlier by Miller et al. 
(2009). 

(1) The first center is localized in southeastern 
Mexico, with the largest number of species per grid-
cell (62–90) concentrated in the Grijalva-Usumacinta, 
Coatzacoalcos and Papaloapan rivers (darkest color 
in the map).  This region corresponds with the area of 

This commonly used criterion is as 
stated by Ceballos 2001, which is 
already in the text and the reference 
has been provided.
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Figure 1. Range size for Mexican freshwater fishes



Journal of Threatened Taxa | www.threatenedtaxa.org | 26 February 2014 | 6(2): 5421–5433

 
Sciades guatemalensis

Astyanax aeneus Cichlasoma 
urophthalmus Poecilia mexicana Gambusia 

yucatana Belonesox belizanus Rocio ocotal 
Parachromis friedrichsthalii Heterandria 

bimaculata Cichlasoma salvini

2

 



Journal of Threatened Taxa | www.threatenedtaxa.org | 26 February 2014 | 6(2): 5421–5433

Goodea 
atripinnis Oreochromis mossambicus

Algansea 
Notropis sallaei Chirostoma arge Ilyodon 

whitei Poeciliopsis infans Oreochromis 
aureus Xiphophorus hellerii.

 

Astyanax mexicanus Ictalurus 
punctatus Lepomis macrochirus Micropterus 
salmoides

Astyanax mexicanus
Poecilia Mexicana 



Journal of Threatened Taxa | www.threatenedtaxa.org | 26 February 2014 | 6(2): 5421–5433

2

Cyprinodon atrorus Cyprinodon 
bifasciatus Etheostoma lugoi Gambusia longispinis
Herichthys minckleyi Lucania interioris Xiphophorus 
gordoni

Cyprinodon alvarezi Megupsilon aprorus 

 
Cyprinodon veronicae Cyprinodon longidorsalis 

Cyprinodon inmemoriam
Cyprinodon ceciliae

Gambusia krumholzi 
  Prietella phreatophila 

Gambusia alvarezi, 

Cyprinodon 
Cyprinella bocagrande

11

9

7

5

3

2 2

1 1 1

0

2

4

6

8

10

12

FAMILIES

# 
O

F S
PE

CI
ES



Journal of Threatened Taxa | www.threatenedtaxa.org | 26 February 2014 | 6(2): 5421–5433

Gobiesox 
juniperoserrari, 

Notropis imelda  Poeciliopsis lutzi
 

 Cyprinodon 
julimes
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Bramocharax caballeroi
2

Poeciliopsis catemaco Xiphophorus milleri 

1. Atherinella elegans
2. Gila brevicauda
3. Gila minacae
4. Cyprinodon salvadori
5. Cyprinodon pachycephalus
6. Cyprinodon  julimes
7. Gambusia krumholtzi
8. Gambusia alvarezi
9. Cyprinodon macrolepis
10.  Characodon audax
11. Fundulus philpisteri

12. Cyprinodon bobmilleri 
13. Tampichthys erimyzonops
14. Allotoca maculata 
15. Yuriria amatlana
16. Algansea amecae
17. Allotoca goslinei
18. Ameca splendens

20. Notropis grandis
21. Allotoca zacapuensis
22. Girardinichthys ireneae

34. Rhamdia macuspanensis
35. Theraps rhoephilus 
36. Rocio ocotal
37. Cyprinodon verecundus
38. Cyprinodon labiosus
39. Cyprinodon maya
40. Cyprinodon simus
41. Cyprinodon esconditus
42. Cyprinodon beltrani
43. Rocio gemmata

23. Ilyodon cortesae

25. Ilyodon lennoni
26. Poblana ferdebueni
27. Rhamdia zongolicensis
28. Herichthys deppii 
29. Bramocharax caballeroi
30. Millerichthys robustus
31. Profundulus oaxacae
32. Paraneetroplus zonata
33. Gambusia eurystoma
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Image 5. Atherinella sp. (Silverside) from an unknown locality

Image 1. Astyanax aeneus (Platilla) from Agua Salada Spring in 
Morelos State
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Image 3. Ictalurus balsanus (Balsas River Catfish) captive specimen 
from the Ichthyology laboratory
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Image 4. Balsas Cichlid Cichlasoma istlanum from Agua Salada 
Spring in Morelos State
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Image 7. Captive specimen of Spotted Gar Lepisoteus oculatus
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Image 6. Balsas Molly Poecilia maylandi from Las Estacas Spring in 
Morelos State
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Image 2. Tequila Splitfin Zoogoneticus tequila captive specimen
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Mexican endemics (77%).  Unfortunately, this region 
of Mexico has also been identified as one of the most 
seriously downgraded/impacted areas (rivers and lakes) 
by human activities (Bernal-Brooks 1998; Fisher et 
al. 2003; von Bertrab, 2003; Garrido et al. 2010).  This 
has had a negative impact on the native fish fauna 
of the region (De la Vega-Salazar 2006; Domínguez-
Domínguez et al. 2006a; Domínguez-Domínguez et al. 
2008; Mercado-Silva et al. 2009; Magurran 2009) and 
has resulted in the extinction of six species, namely 
Chirostoma bartoni, Chirostoma charari, Evarra 
bustamantei, Evarra eigenmanni, Evarra tlahuacensis 
and Skiffia francesae (Contreras-MacBeath 2005).

The Central-southeastern hotspot includes the area 
with most water resources in Mexico for the rivers 
Coatzacoalcos, Papaloapan and Grijalva-Usumacinta 
(CONAGUA 2008; Bunge 2010).  This hotspot is more 
relevant because of its richness of 208 species, rather 
than its endemics comprising of only 30 species (14.4%).  
Maybe due to the abundance of water in this hotspot, 
as well as the relatively low human population, it is one 
of Mexico’s regions with lowest pollution as indicated 
by measures of Biochemical Oxygen Demand (BOD) 
and Chemical Oxygen Demand (COD) (CONAGUA 2010). 
Nevertheless, Rio Grijalva is highlighted as an area that 
has witnessed large habitat modifications due to the 
construction of four large dams (Garrido et al. 2000).  
There are als two known extinct species in this hotspot 
namely Atherinella callida, Priapella bonita (Harrison & 
Stiassny 1999). 

The last of the hotspots identified is a small area 
in northern Mexico that corresponds to the lower Rio 
Bravo. As in the former case, this hotspot is highlighted 
mainly by its richness of 90 species, rather than the 
occurrence of seven endemics (7.7%).  As with many 
Mexican freshwater ecosystems associated with arid 
regions, it has been severely impacted by human 
activities (Contreras-Balderas & Lozano-Vilano 1993).  
Surveys have demonstrated that the original freshwater 
fish fauna has been retreating from the lower reaches 
and is being replaced by brackishwater and marine 
invaders (Contreras-Balderas et al. 2002).  This river 
which had a runoff of over 12,000 million cubic meters/
year in 1962 had less than 2% of that figure in 2002 and 
was dry for months in the delta region, both in 2002 and 
2004 (Contreras-Balderas et al. 2008).
 

CONCLUSIONS

Data on species richness and endemism are both 
crucial for identifying regional and national ‘hotspots’ 
and for directing conservation effort.  Identifying and 
mapping these centres by means of geographical 
information systems based on museum data have 
confirmed several previously identified centres of 
freshwater fish richness including those of southeastern 
Mexico, the Mesa Central, the Bravo-Conchos river 
system and the Panuco and Tuxpan-Nautla rivers.  A 
further seven areas with high CWEI endemism values have 
been identified including the valley of Cuatrociénegas 
recognized as a true centre.  Unfortunately, an important 
area previously identified as a center of endemism, has 
now been identified as a “Ghost” centre of endemism 
(Llanos El Salado) in southwestern Nuevo León, due to 
the loss of six endemic cyprinodont species that were 
previously present in this area.  In addition, 49 single 
location endemics were found to be widely dispersed 
across Mexico.  One site, the Chichancanab lagoon on 
the border between Yucatan and Quintana Roo, contains 
a flock of six endemic cyprinodonts. Many of the other 
single site endemics which are threatened species 
should be considered as areas triggering ‘Alliance for 
Zero Extinction’.  However, three hotspots of richness 
and endemism in Mexico including the Mesa Central 
have been seriously compromised by human activities 
that are very detrimental to fish species populations.

This study has provided a countrywide analysis 
of the distributional patterns of most of the known 
species of freshwater fish in Mexico, using the most 
up-to-date information available.  However, further 
work is required on a smaller scale to identify and 
resolve local conservation issues. However, our results, 
provide important baseline reference material which 
can stimulate further conservation initiatives and 
debate at both local and national level.  The next step 
is to complete the IUCN threat assessments for each 
species. When completed, it will be possible to cross-
reference our findings with the distributional patterns 
of threatened species and define explicit conservation 
goals.  Our study has also shown that methods, which 
have previously been applied to terrestrial taxa, can also 
be applied successfully to aquatic taxonomic groups.
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