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Abstract 
 
 A review of the literature, examination of the type specimen of Mulinia pallida, 
and comparison of museum specimens of the bivalve mollusks Mulinia pallida and 
Mulinia coloradoensis confirm that the two are separate species.  The two species differ 
with regard to the sharpness of the posterior ridge, thickness of the shell, and size of the 
resilium.  Mulinia coloradoensis has a weaker posterior ridge, a thicker shell, and a more 
robust resilium.  

Isotopic analyses of shell material suggest that the two species differ in their 
environmental preferences.  Mulinia pallida tolerates higher salinities than Mulinia 
coloradoensis. 
 Field-collected and museum specimens indicate that Mulinia coloradoensis is 
limited in distribution to the Colorado River delta.  Mulinia pallida occurs throughout the 
rest of the Gulf of California.   Although we support Keen's (1971) recognition of 
Mulinia pallida and Mulinia coloradoensis as distinct species, unlike Keen, we find no 
evidence for the occurrence of Mulinia coloradoensis beyond the Colorado delta. 
 The population of Mulinia coloradoensis has declined since the large-scale 
diversion of river water from the bivalve's habitat.  The degraded habitat of the Colorado 
delta and the small living population of Mulinia coloradoensis makes this species 
vulnerable to extinction. 
 
Introduction 
 
 The Colorado Delta population of the marine bivalve mollusk Mulinia 
coloradoensis has been drastically reduced since the diversion of Colorado River water 
for agricultural and domestic uses.  Kowalewski et al. (2000) document that this species 
once constituted approximately 90% of the shelly fauna of the delta, whereas their recent 
surveys indicate that M. coloradoensis is now only 1% of the of the living fauna.  Overall 
population density on the delta has also declined, from as much as 50 clams per square 
meter before upstream water diversions to approximately 3 per square meter in 1999-
2000.  Kowalewski et al. (2000) attribute the decrease in population density to the 
decrease in nutrients once supplied by the river. 

In a related paper, Rodriguez et al. (2001) document that pre-diversion specimens 
of M. coloradoensis lived in lower salinity water than characterizes the delta today.  They 
attribute the change in species composition to the increase in salinity that resulted from 
upstream water diversions. 
 Does Mulinia coloradoensis only occur on the Colorado Delta?  If this species is 
endemic to the delta, then the population crash since river diversion threatens the entire 
species.  If M. coloradoensis occurs elsewhere in the Gulf of California, then other 
populations of the species could persist even if the Colorado delta population becomes 
locally extinct. 
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 This study:  
?? reviews the published literature on the distribution and taxonomic status of species of 

the genus Mulinia in the Gulf of California;  
?? compares the shell morphology of Mulinia coloradoensis from the Colorado Delta to 

the shell morphology of Mulinia pallida, a related species that occurs in much of the 
rest of the Gulf of California;  

?? identifies field-collected and museum specimens of Mulinia in the Gulf of California; 
and  

?? examines isotopic evidence for salinity tolerances in species of Mulinia in the Gulf of 
California. 

 
 
 
Species of Mulinia in North America  
 Mulinia lateralis of the Atlantic coast is the best known species of the genus.  All 
other species of the genus Mulinia in North America occur in the Gulf of California and 
west coast of Mexico and have not been studied extensively.   

The limited work on Mulinia in the Gulf of California is characterized by some 
taxonomic uncertainty.  Broderip and Sowerby (1829) described the species Mulinia 
pallida from a specimen collected at San Blas, Nayarit, Mexico, and Dall (1894) 
described two species from the Gulf of California: Mulinia modesta, from specimens 
collected at Guaymas, Sonora, and Mulinia coloradoensis from specimens collected at 
the “head of the Gulf of California in the estuary of the Colorado River.”   
 Grant and Gale (1931) concluded that all three species were simply geographic 
variants of Mulinia pallida.  However, Keen (1971), the leading authority on molluscs of 
the tropical eastern Pacific, synonomized only M. modesta with M. coloradoensis. 
According to Keen, then, there are two species of Mulinia along the west coast of 
Mexico: M. pallida, with a range from the “southern part of the Gulf of California to 
northern Peru”, and M. coloradoensis, “restricted to the Gulf of California and west 
Mexican area”.  In distinguishing the two species morphologically, Keen noted that the 
posterior ridge of M. pallida is sharper than in M. coloradoensis.  The designation of 
these species as distinct is now accepted practice among students of eastern Pacific 
molluscs (e.g., Bernard 1983; Gemmell et al. 1987).  
  
Material and methods 
 We examined published descriptions of species of Mulinia in the Gulf of 
California and examined the type specimen of Mulinia pallida in the Natural History 
Museum (London).  We also examined museum specimens of Mulinia pallida and 
Mulinia coloradoensis borrowed from museums in the U.S. and Mexico. 
 We also examined specimens of Mulinia from museum collections and compared 
these specimens to those from our own Colorado delta collections and to single 
specimens that we collected from Kino Bay, Sonora and Tasiota Beach, Sonora.  

From June 27-30, 2000 we examined localities in the vicinity of Guaymas, Sonora 
in an effort to find specimens of Mulinia pallida or Mulinia coloradoensis. 
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 Table 1.  Specimens of Gulf of California Mulinia examined in this study. 
 
Species examined Locality Collection Number Comments 
Mulinia pallida Guerrero Negro 

Lagoon, B.C. 
SBNHM 1 Doubtful record, Pacific Coast 

Mulinia pallida San Blas, Nayarit Cal Academy  1 Type area 
Mulinia pallida San Blas, Nayarit LACM 4 Type area 
Mulinia pallida San Blas, Nayarit Cal Academy  2 Type area 
Mulinia pallida Mazatlan, Sinaloa LACM 2  
Mulinia pallida Mazatlan, Sinaloa SBNHM 1  
Mulinia pallida Mazatlan, Sinaloa SBNHM 2  
Mulinia pallida Mazatlan, Sinaloa Cal Academy  21 From 10-17 fathoms  
Mulinia pallida Mazatlan, Sinaloa LACM 3  
Mulinia pallida Mazatlan, Sinaloa SBNHM 7  
Mulinia pallida Mazatlan, Sinaloa SBNHM 1  
Mulinia pallida Isabel Island, Sinaloa Cal Academy  4  
Mulinia pallida Isabel Island, Sinaloa Cal Academy  4  
Mulinia pallida Teacapan, Sinaloa SBNHM 4  
Mulinia pallida Macpule Is., Sinaloa SBNHM 5 From 12 fathoms  
Mulinia pallida Macapule Is. Sinaloa ICMyL 16 From 9 m.  Label says M. 

coloradoensis – in error 
Mulinia pallida Topolobampo, Sinaloa SBNHM 1  
Mulinia pallida Sinaloa Cal Academy  10  
Mulinia pallida Sinaloa Cal Academy  3  
Mulinia pallida Altata, Sonora SBNHM 6  
Mulinia pallida Guaymas, Sonora SBNHM 2  
Mulinia pallida Playa Tasiota, Sonora  UA 1  
Mulinia pallida Kino Bay, Sonora SBNHM 1  
Mulinia pallida Kino Bay, Sonora SBNHM 5  
Mulinia pallida Kino Bay, Sonora UA 2  
Mulinia pallida Cholla Bay, Sonora SBNHM 1 Previously unknown from this 

locality 
Mulinia coloradoensis San Felipe, B.C. Cal Academy  31 Label says M. pallida – in error 
Mulinia coloradoensis San Felipe, B.C. SBNHM 1 Label says M. pallida – in error 
Mulinia coloradoensis Colorado Delta UA 50  
 
Abbreviations:  SBNHM = Santa Barbara Natural History Museum; Cal Academy = California Academy 
of Sciences; LACM = Los Angeles County Museum; ICMyL = Insituto de Ciencias del Mar y Limnología, 
Universidad Nacional Autónoma de México; UA = University of Arizona. 
 

Note that museum specimens are not always correctly identified.  The original 
identification could be in error or the identification could reflect prevailing opinion 
regarding the validity of species names.  In the case of Mulinia in the Gulf of California, 
most specimens are identified as Mulinia pallida.  This is likely because of the restricted 
distribution of Mulinia coloradoensis and Grant and Gale’s (1931) opinion that Mulinia 
coloradoensis was simply a geographic variant of Mulinia pallida. 

Furthermore, there are no hard and fast (or even widely accepted) rules on exactly 
how distinct a particular variant must be before it deserves the designation of a distinct 
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species.  Although molecular studies can enumerate degrees of genetic difference 
between populations, no specific guidelines exist to determine species-level differences.  
And in any event, the lack of well-preserved soft tissues in species of Mulinia from the 
Gulf of California preclude any molecular analyses of differences among the populations 
at the present time. 
 Our judgments here are based on our experience with bivalve mollusk hard parts 
(shells) from the Gulf of California and the Pacific Coast of Baja California.  We base 
our species distinctions and our identification of diagnostic features on our experience 
with species of other bivalve mollusks.  Such qualitative assessments remain traditional 
and accepted practice among scientists concerned with the taxonomy of marine bivalve 
mollusks.  We have supplemented our species diagnoses by quantitative comparisons of 
two morphological features: the sharpness of the posterior ridge, and the size of the 
resilium (Fig. 1). 
 

 
 
Figure 1.  Close-up of hinge area of a typical species of Mulinia showing resilium.  
(Moore, 1969, p. N600).   The resilium is the shallow depression below the beak of the 
valve.  In life, the resilium contains the ligament. 
 

Specimens identified as M. pallida from localities ranging from Nayarit and 
Sinaloa to San Felipe, Baja California were obtained from museum collections.  The 
sharpness of the posterior ridge was examined and analyzed in 50 specimens of M. 
coloradoensis, from our own collections, and in 50 specimens of M. pallida . 

We calculated the ratio between resilium size (as measure by the distance from 
the beak to the end of the resilium) and valve size (height) in 16 specimens of Mulinia 
pallida from the ICMyL collection from Isla Macapule, Sinaloa and in 16 similar-sized 
specimens of Mulinia coloradoensis from the Colorado Delta. 

We compared the oxygen isotope variation in specimens of Mulinia pallida to the 
oxygen isotope variation in specimens of Mulinia coloradoensis.  Oxygen isotopes are 
sensitive to ambient water temperatures and salinities and provide insight into 
environmental tolerances (see Rodriguez et al., 2000). 
 
Results 
 The holotype (type specimen) of Mulinia pallida consists of a pair of valves 
collected from San Blas, Nayarit, Mexico.  The shell of the type specimen (Fig  2) is 
thinner than the typical Mulinia coloradoensis shell and has the sharply defined umbonal 
ridge (=posterior ridge) noted by Keen (1971, p. 207) in her brief diagnosis of the two 
Gulf of California species of Mulinia. 

 



 6

 
 
 

 
 
Figure 2.  Holotype (type specimen) of Mulinia pallida from The Natural History 

Museum, London.  Note sharpness of posterior ridge. 
 
 

 

 
 
Figure 3.  Specimens of Mulinia coloradoensis showing gentle posterior ridge.  

Scale bars are 1 cm each, 
 
 
We found the posterior ridge in M. pallida to be significantly sharper than the 

ridge in M. coloradoensis (Fig. 4).  These results are consistent with Keen’s (1971) 
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characterization of M. coloradoensis as a distinct species though the distribution of 
Mulinia with gentle posterior ridges appears more limited than Keen’s “Gulf of 
California and west Mexican area”. 

 

 
 

Figure 4.  Frequency of posterior ridge type in Mulinia coloradoensis and Mulinia 
pallida. 
 

We also noted that the two species differ with regard to the relative size of the 
(when adjusted for overall shell size) of the resilium (Fig 1), the shallow depression on 
the interior of the valves that contains the ligament and prjects into the interior of the 
shell.  The resilium is larger and projects farther into the interior in Mulinia 
coloradoensis than in Mulinia pallida. Figure 5A shows the resilium in the type specimen 
of Mulinia pallida and Figure 5B shows the resilium in a specimen of Mulinia 
coloradoensis. 

 

 
Figure 5.  A. Close-up of hinge and resilium in type specimen of Mulinia pallida.  B. 
Close-up of hinge and resilium in specimen of Mulinia coloradoenis.  Specimens equal in 
size.

 
The average ratio of resilium size to shell size in Mulinia pallida is 0.1437, 

whereas the average ratio in Mulinia coloradoensis is 0.178.   Figure 5 shows the 
variation among the measured specimens.  This difference is statistically significant. 
 

 
A B 
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Figure 5.  Variation in relative size of resilium.  Black bars are Mulinia pallida, gray bars 
are Mulinia coloradoensis.  Larger ratio indicates a larger resilium (when corrected for 
overall shell size). 

 
We were unable to make collections from the Rio Yaqui area because of political 

instability in the area during the time of our visit.  The Rio Yaqui delta is the next major 
delta area to the south of the Colorado River and may contain habitats suitable for 
Mulinia.  Published records (Valdes, et al, 1994) do not list any species of Mulinia in the 
area, but do note the occurrence of  the genus Mactra in the Agiabampo area, near the 
Sonora-Sinaloa border.  Mulinia is frequently misidentified as Mactra by novice 
collectors.  We have alerted scientists at the Guaymas campus of the ITESM (Insitutio 
Tecnologico y de Estudios Superiores de Monterrey) of our interest in specimens of 
Mulinia and urged them to contact us in the event that likely specimens are discovered.  
However, this is a remote area populated largely by indigenous Yaquis who are quite 
suspicious of outsiders.  We hope that our contacts at nearby ITESM will eventually 
result in the recovery of specimens should they exist. 
 
Isotopic differences 
 As Rodriguez et al. (2001) show, differences in the stable oxygen isotope 
composition of the shell can indicate differences in the salinity of the water in which the 
shell grew.  In Mulinia coloradoensis, isotopic values lower than approximately -2.50 per 
mil indicate that that portion of the shell grew in water less saline than now present on the 
Colorado Delta and that the species typically inhabited low salinity (~27‰) water 
 We determined the stable oxygen isotope composition of eight samples from a 
specimen of Mulinia pallida collected at Kino Bay, Sonora (Table 2).  None of the 
samples were less than –2.04 per mil.  We also determined the stable oxygen isotope 
composition in four samples from a specimen of Mulinia pallida collected at Playa 
Tasiota, Sonora  (approximately 40 km north of Guaymas) (Table 2).  None of the 
samples were less than –0.31.   
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Table 2  Oxygen isotope values from shells of Mulinia pallida in the Gulf of California. 
Playa Tasiota, Sonora 
Sample number del 18O comments 
TB1-D1L-1 0.19 umbo 
TB1-D1L-2 -0.31  
TB1-D1L-7 0.03  
TB1-D1L-8 0.19 Growing edge 
 
Kino Bay, Sonora 
Sample number del 18O comments 
BK1-D1R-1 0.08 umbo 
BK1-D1R-2 -0.44  
BK1-D1R-3 -0.05  
BK1-D1R-4 0.74  
BK1-D1R-5 0.46  
BK1-D1R-6 -1.62  
BK1-D1R-7 -0.89  
BK1-D1R-8 -2.04 Growing edge 
 
 
 These results indicate that these specimens grew in waters of normal (~37‰) Gulf 
salinity and that Mulinia pallida is a normal marine species.  This conclusion is supported 
by the reported depths and locations of some of the Mulinia pallida specimens in 
museum collections.  For example, the INMyL specimens from near Mazatlan, Sonaloa 
range in water depths from 9 to 15 meters  (Hendrickx and Toledano-Granados, 1994)..   

The isotopic analyses suggest that the environmental tolerances of Mulinia pallida 
and Mulinia coloradoensis differ.  Mulinia pallida appears to tolerate normal marine 
salinities while Mulinia coloradoensis appears to require brackish (low salinity) water. 
 
Distribution of species 
 According to the specimens we collected along the Sonoran and Baja California 
coasts, and the museum specimens from the Sonoran and Baja California coasts, the only 
confirmed specimens of Mulinia coloradoensis occur in the Colorado Delta area.  Even 
the museum specimen of Mulinia from Cholla Bay, Sonora, only 90 km distant from the 
Colorado Delta is clearly Mulinia pallida, as indicated by its sharp posterior ridge, 
subdued resilium, and relatively thinner shell for its size. 
 Our evidence indicates that Mulinia coloradoensis is restricted in its distribution 
to the Colorado River Delta.  This distribution is more limited than that noted by Keen 
(1971). 
 
Conclusions 
1. Gulf of California specimens identified as Mulinia pallida and Mulinia coloradoensis 
are morphologically distinct.  Mulinia coloradoensis has a thicker shell, a more 
prominent resilium, and a less angular posterior ridge than Mulinia pallida. 
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2.  These morphological differences are of the type and magnitude to support the 
continued taxonomic distinction between these two species. 
3.  Mulinia coloradoensis is restricted in its distribution to the Colorado River Delta.   
4.  Mulinia pallida occurs along the west coast of Mexico, from Bahia la Choya (near 
Puerto Peñasco), Sonora, south to at least San Blas, Nayarit. 
5.  Continued decline of the already-small population of Mulinia coloradoensis threatens 
the survival of this species. 
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