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SUMMARY 
 

The bivalve mollusk Mulinia coloradoensis was once the most abundant species of clam inhabiting the 
marine intertidal and shallow subtidal zones of the Colorado Delta. Today, however, only a small relict population 
survives near the River’s mouth.  Geochemical and faunal evidence suggest that the decline in this species’ 
abundance is a consequence of the decline in the delivery of fresh Colorado River water to the Delta since the 
middle of this century. Increased salinity in the delta and former estuary appears to have had an adverse effect on 
the population size of Mulinia coloradoensis. 

Because river water is relatively enriched (compared to sea water) in  16O and mollusks secrete their 
shells in equilibrium with the surrounding water, the isotopic composition of shell calcium carbonate reflects the 
relative proportion of river water and sea water in the mixing zone of the Delta.  Empty shells of Mulinia 
coloradoensis frequently have a greater proportion of 16O in their shells than do the live-collected shells of 
Chione fluctifraga, the most common bivalve living on the Delta today.  This indicates that Mulinia 
coloradoensis commonly lived in water lower in salinity than is now typical of the Delta. 

The faunal composition of the Delta’s shelly deposits also indicates that the abundance of Mulinia 
coloradoensis is controlled by salinity.  Shelly deposits near the mouth of the river are dominated by Mulinia 
coloradoensis, and the relative abundance of the species decreases to the south.  Evidence of the species is 
absent at Punta Faro, 75 km south of the river’s mouth. 

Preliminary analysis of shell characteristics indicates that Mulinia coloradoensis is somewhat distinct 
from Mulinia pallida, a closely related species that lives farther to the south, along the coast of Sonora and 
Sinaloa.  Mulinia coloradoensis is characterized by a sharper posterior ridge, though its shell dimensions are 
similar. 

Survival and recovery of Mulinia coloradoensis probably depends on increased flow of Colorado River 
water to the marine part of its Delta.  Estimating the minimum amount and the timing of such flow will require 
additional geochemical and paleoecological analyses. 

 

 

Figure 1.  Accumulation of shells of Mulinia coloradoensis on Colorado Delta beach.  Shells date from before 
1930, when the Colorado River flowed unimpeded to the Gulf of California. 
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INTRODUCTION 
 

The bivalve mollusk Mulinia coloradoensis was first described by Dall in 1894 from the “Head of the 
Gulf of California in the estuary of the Colorado River” and was noted to be “abundant” there.  No additional 
observations of this species’ population size were made until the largely geological study of Thompson (1968), 
who noted Mulinia coloradoensis as one of the shelly invertebrates typical of the lower intertidal portion of the 
Colorado Delta.   My students and I have been conducting field work on the Colorado Delta since 1992 and 
did not encounter any live specimens until 1998, when a Mexican fisherman lead us to a locality at Isla 
Montague (see Figure 2 for localities mentioned in this text), in the mouth of the River, where we collected five 
live specimens. 

The small number of live specimens today is in sharp contrast to the number of shells of Mulinia 
coloradoensis present in the beaches of the Delta.  Kowalewski et al. (1996) estimated that approximately 500 
billion shells make up the Delta’s beaches and Kowalewski et al. (1994) estimated that from 84 to 95% of the 
shells in the active beaches are Mulinia coloradoensis.  Shells in the active beaches have been radiocarbon and 
amino acid dated and most are younger than 500 years in age (Kowalewski et al., 1998).  Many of the beach 
deposits themselves started to form after 1945, when the area was first surveyed with air photos (Thompson, 
1968, p. 63). 

It seems clear that most of the specimens of Mulinia coloradoensis date from a time when the 
Colorado River flowed unimpeded to the Gulf of California.  Can the decline in the abundance of this species be 
attributed to the cessation in the flow of fresh river water to the Delta since the completion of upstream dams 
and irrigation projects?  Thomson (1968, p. 41) speculated that the decline in muddy substrates was 
responsible for the clam’s decline, while Kowalewski et al. (1996) attributed the population decrease to a 
decline in marine productivity caused by the cessation of the Colorado’s delivery of nutrients to the Gulf.  Both 
explanations implicate decreased Colorado River flow as the cause of the population decline. 

 

 
 
Figure 2. Map of study area. A. Regional map (Baja and Gulf of California); B. Northern Gulf of California and Colorado River 
Delta. 
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We report here on both direct and circumstantial evidence that strongly suggests that increased salinity 
in the Delta region is responsible for the decline in the population size of Mulinia coloradoensis.  We also 
present a preliminary morphometric analysis that indicates that Mulinia coloradoensis is morphologically 
distinct from Mulinia pallida, a similar species found farther south in the Gulf of California. 
 

SALINITY CHANGE AND POPULATION SIZE OF  Mulinia coloradoensis 
 

The Colorado River once supplied between 13 and 15 million acre feet per year of river water to the 
Gulf of California (Stockton and Jacoby, 1976).  However, it has now become the most important source of 
water for the arid southwestern U.S. and often all of its flow is diverted before it reaches the sea (Hely, 1969; 
Morrison et al., 1996).   Inflow from the river also once brought large amounts of sediment and nutrients to the 
marine Delta.  The diversion of the River’s flow must have altered the environments and biotas of the Colorado 
Delta.  Perhaps the most obvious change has been an increase in the salinity of the Delta’s waters.  Since 
diversion of the River’s flow, little fresh water has been available to dilute sea water in this hot and arid region.  
The geochemistry of mollusk shells can be used to estimate the change in salinity (see also Rodriguez et al., 
1998). 
 
Geochemical evidence 

The oxygen bound in water molecules is in one of three stable isotopic forms, 16O,  17O, and 18O.  (For 
a glossary and explanation of key geochemical terms and concepts, see Appendix 1).  Because continental 
waters (rivers, lakes and groundwater)  ultimately derive from the evaporation of sea water, and evaporation 
changes the relative proportions of the isotope species, river and sea water have distinct isotopic compositions.  
Sea water is enriched in the heavier stable oxygen isotope 18O whereas river water is enriched in the lighter 
stable oxygen isotope 16O (Clark and Fritz, 1997).  In deltaic environments where river water mixes with sea 
water, the isotopic composition of the mixed water reflects the relative amounts of fresh (river water) and saline 
(sea water) water in the delta, and thus, the salinity. 

Clams such as Mulinia coloradoensis precipitate their shells of calcium carbonate (CaCO3) in 
equilibrium with the ambient water.  This means that they record within the calcium carbonate of their shells the 
relative amounts of the oxygen isotopes in the water when they were alive. Thus, clams that live within deltaic 
environments record the relative amount of river inflow to the system by sampling the relative amounts of each 
stable isotope in the system. 

Although water temperature has an effect on the isotopic composition of shell carbonate, it is much less 
significant than the control exerted by the proportion of fresh and sea water.  Furthermore, the temperature 
effect can be easily estimated by sampling shell material grown during different seasons of the year. 

We sampled shells of two species of bivalve mollusks from the Colorado Delta: Mulinia coloradoensis 
and Chione fluctifraga.  Mulinia coloradoensis samples were from shelly deposits dating from a time 
Colorado River water reached the Delta.  Chione fluctifraga lives within the Gulf of California today and 
sampled shells grew in the absence of any influx from the River, as indicated by salinity measurements taken at 
the time of collection.   

We analyzed the oxygen isotope ratios from shells of live-collected Chione fluctifraga in order to 
understand how temperature affects isotopic variation within clam shells.   The 18O ratios within these clams 
range between about 1.0 per mil and -2.5 per mil with a mean of -1.35 per mil  (Appendix 1).  Because 
Colorado River water did not flow into the Gulf of California when these specimens were alive, this variation is 



 

 
 5 

due solely to the seasonal variation in water temperature and evaporation.  Comparing these values to those 
from shells of Mulinia coloradoensis allows us to account for temperature-and evaporation-caused isotopic 
variation.  The addition of the relatively 16O-enriched Colorado River water would lower the shell isotopic 
values below that seen in live-collected Chione fluctifraga. 

Shells of Mulinia coloradoensis do have relatively low  18O ratios, reflecting the inflow of river water to 
the Delta (Appendix 2).  Isotopic variation in these shells results from both seasonal variation in water 
temperature and periods of major freshwater influx, such as during the arrival of the spring snowmelt.  Oxygen 
isotope ratios in shells of Mulinia coloradoensis range from about 1.0 per mil to almost -7.0 per mil with a 
mean of about -2.00 per mil.   18O values within shells of Chione fluctifraga never reach the low values that 
are consistently found within shells of Mulinia coloradoensis.   

Figure 3 compares isotopic variation in living Chione fluctifraga with that in empty shells of Mulinia 
coloradoensis.   While specimens of Mulinia coloradoensis occasionally experienced salinities comparable to 
that of today, most  18O values are below the range of today’s values (as measured in live Chione fluctifraga), 
indicating that Mulinia coloradoensis grew during times when the Colorado River flowed into the Gulf. 

 
We can also use this isotopic 

approach to reconstruct the extent of the 
mixing zone of river water and sea water in 
the Gulf.   We can determine how far the 
influence of the Colorado River water 
extended before it was thoroughly diluted with 
sea water. Figure 4 shows that  18O ratios in 
shells of Mulinia coloradoensis become 
higher with increasing distance from the mouth 
of the River.  This would be expected since 
the influence of the river water should be less 
pronounced farther away from the River’s 
mouth.  Oxygen isotope values from shells at 
Isla Montague, the locality closest to the 
River’s mouth, have the lowest average 
isotopic values, whereas shells from Campo 
Don Abel -- 65 km from the mouth-- have 
the highest values.  At Campo don Abel, the 

isotopic signature of the shell reflects normal marine salinity, showing that Colorado River water did not affect 
Gulf water salinity this far south. 
 
Faunal analysis 

The relative abundance of empty shells of  Mulinia coloradoensis changes with increasing distance 
from the River’s mouth, another indication of the role of the River’s fresh water input in controlling the 
abundance of this species.  Figure 5 shows the proportion of shells of Mulinia coloradoensis in the beach 
deposits of the Delta region.  Proportions range from 75 to 95% from the River’s mouth (Isla Montague) 
through the middle part of the Delta, drop to 27% at Campo don Abel, and are zero at Punta Faro, 75 km 
south of Isla Montague.  

 
Figure 3. Oxygen isotope values and ranges for subfossil Mulina 
cororadoensis and live-collected Chione fluctifraga. Box area 
equals 25 and 75% quatities, center line is the mean, lines outside 
box equal 5th and 95th% values, and solid circles indicate individual 
values beyond the 5th and 95th percentile values. 
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The increase in isotopically-estimated 
salinity with distance from the mouth of the River 
(Figure 4) and the decrease in relative 
abundance of Mulinia coloradoensis (Figure 5) 
are strong circumstantial evidence that the 
abundance of this species is controlled by the 
effects of Colorado River influx. 
 

IS Mulinia coloradoensis A DISTINCT 
SPECIES? 

 
Species of the genus Mulinia in the Gulf 

of California have received little study.  Broderip 
and Sowerby (1829) described the species now 
known as Mulinia pallida from specimens 
collected at San Blas, Nayarit, Mexico (1,500 
km south of the Colorado Delta and 360 km 

south of the opening of the Gulf of California).  Dall (1894) described two species of Mulinia from within the 
Gulf: Mulinia modesta, from specimens collected at Guaymas, Sonora (570 km south of the Colorado Delta) 
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) reviewed the 

three species (M. pallida, M. modesta and M. 
coloradoensis, and concluded that all were 
geographic variants of a single species, Mulinia 
pallida.  However, Keen (1971), the principal 
authority on mollusks of the tropical eastern 
Pacific, recognized two species along the west 
coast of Mexico: Mulinia pallida with a range 
from the “Southern part of the Gulf of California 
to northern Peru” and Mulinia coloradoensis, 
as “Restricted to the Gulf of California and west 
Mexican area.”  There are no reliable records of 
either Mulinia coloradoensis or Mulinia 
pallida along the western (Baja California) 
coast of the Gulf. 

Although both Keen (1971) and Grant 
and Cole (1931) compared M. coloradoensis 
with M. pallida, it is not clear that actual 
specimens were always examined.  In fact, Grant and Cole (1931) imply that they compared specimens of 
Mulinia pallida only with Dall’s (1894) original illustrations.  In distinguishing the two species Keen (1971) 

 
 
Figure 4. Average fossil oxygen isotope values from localities 
within the Colorado River Delta. See Figure 1 for localities. 

 
Figure 5. Perent Mulina coloradoensis in beach shell samples. 
Beach samples were collected from the surface and contained at 
least 300 shells greater than 5mm in size. Km values under locality 
names indicate distance from the mouth of the river. 
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notes that Mulinia coloradoensis is heavier and thicker than Mulinia pallida and that the posterior ridge is less 
sharp than that present in Mulinia coloradoensis. . 

Keen’s (1971) treatment of Mulinia pallida and Mulinia coloradoensis as distinct species is now 
accepted practice among students of eastern Pacific mollusks (e.g., Gemmell et al., 1987; Bernard, 1983).  
Other studies that note the occurrence of species of Mulinia in the Gulf of California are Parker (1963), 
Thompson (1968) and Kowalewski et al. (1994), but none of authors discuss the taxonomy of Mulinia.   

Neither Grant and Cole (1931) nor Keen (1971) made any measurements and based their conclusions 
on a qualitative assessment of shell form.   These methods are no longer followed in distinguishing species of 
bivalve mollusks - rigorous quantitative analyses are now required; we present a preliminary analysis below that 
supports Keen’s assessment of Mulinia coloradoensis as a distinct species. 
 
Mophometric analysis 

We examined the length, height, width, and the sharpness of the posterior ridge of 50 museum 
specimens of Mulinia pallida to 50 specimens of Mulinia coloradoensis collected from the Colorado Delta.  
Shells of Mulinia pallida were from localities ranging from Nayarit and Sinaloa to San Felipe, Baja California.  
Museum shells were obtained from collections of the Santa Barbara Museum of Natural History, the California 
Academy of Sciences, and the Los Angeles County Natural History Museum.   

Mulinia coloradoensis and Mulinia pallida do not differ in their length/height, length/width, or 
width/height ratios (Figure 6).  However, the posterior ridge in Mulinia pallida was significantly sharper than 
the ridge in Mulinia coloradoensis (Figure 7): 40 of the 50 (80%) Mulinia pallida individuals were classified 
as having a “sharp” posterior ridge whereas none of the 50 valves of Mulinia coloradoensis were classified as 
“sharp” and 35 (70%) were classified as “gentle”.  This feature is different in the two samples and is consistent 
with Keen’s (1971) characterization of Mulinia coloradoensis as a distinct species. 

We do not wish to over-interpret these preliminary results.  Although there is some basis for considering 
Mulinia coloradoensis and Mulinia pallida as distinct species, our sample size is small, few shell features were 
studied, the geographic distribution of the two bivalves is poorly known, and the two bivalves’ soft-part 
anatomies have never been studied, much less compared. 
 
Remaining issues 

If Mulinia coloradoensis and M. pallida are, in fact, simply different populations of the same species, 
then the post-river diversion decline in population size of Mulinia coloradoensis on the Colorado Delta may be 
a decline of a geographic variant, rather than a threat to the survival of an entire species.  We cannot definitively 
resolve this important question here, but our preliminary analysis indicates that specimens of Mulinia 
coloradoensis are morphologically distinct from specimens of Mulinia pallida. 

An additional unresolved question is the geographic distribution of Mulinia coloradoensis itself.  
According to Keen (1971) this species also occurs at Guaymas, Sonora (570 km south of the Colorado Delta). 
 We do not know the extent to which specimens from Guaymas differ from those on the Colorado Delta.  It is 
evident, however, that Mulinia coloradoensis has a discontinuous geographic distribution.  For example, it is 
not known in the Puerto Peñasco, Sonora region (100 km south of the Colorado Delta), despite intensive 
collecting efforts there (Fürsich et al., 1991).  A discontinuous distribution would be consistent with an estuarine 
habitat: the next major estuary south of the Colorado Delta is at Guaymas.  Furthermore, Mulinia lateralis, a 
related species from the Atlantic coast, is a typical inhabitant of estuaries (e.g., Williams et al., 1986). 
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Figure 6. Means (circles) and 95% confidence limits around 
the mean (horizontal lines) for measurement data for each 
species; A. length/height ration; b. length/width ration; C. 
width/height ratio. 

 
 

Figure 7. Histogram showing frequency of posterior ridge type in Mulina coloradoensis and Lulina pallida. 
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Figure 8. Gulf of California. Circled M’s show localities where Parker’s (1963) samples 
contained Mulina specimens (After Parker, 1963). 

O
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ur preliminary morphometric analysis supports the recognition of Mulinia coloradoensis as a distinct species 
and our geochemical analyses suggest an estuarine habitat for this species. However, the taxonomy, 
morphology, ecology, and geographic distribution of species of Mulinia in the Gulf of California are poorly 
known.  Additional study of new specimens from throughout the Gulf and California and west coast of Mexico 
will be necessary before definitive conclusions can be made regarding the status of Mulinia coloradoensis. 
 

 
 IMPLICATIONS FOR CONSERVATION AND RESTORATION 

The decline in the abundance of Mulinia coloradoensis seems clearly correlated with the decrease in 
influx of Colorado River water since the completion of extensive upstream dam and diversion projects.  
Resumption of the River’s flow to the marine portion of the Delta would likely allow this species to persist or 
even recover to former population sizes.  However, the necessary amount and timing of fresh water influx 
remains to be determined.  Detailed geochemical analyses of the shell may indicate if spawning is linked to 
episodes of high flow, or if productivity linked to river influx plays an important role in the biology of Mulinia 
coloradoensis. 
 

CONCLUSIONS 
1.  The population size of Mulinia coloradoensis has greatly decreased since its original discovery and 
description in 1894.  Only one relict living population has been found in the mouth of the River. 
2.  Geochemical analysis of the shells of dead Mulinia coloradoensis indicates that it grew in salinities lower 
than that present on the Colorado Delta today.  The isotopic composition of the shell also changes with 
increasing distance from the River’s mouth, suggesting that salinity decreased with increasing distance. 
3.  The relative abundance of Mulinia coloradoensis in beach deposits decreases with increasing distance from 
the River’s mouth.  This suggests that this species’ abundance was controlled by the effects of the River’s influx. 
4.  Mulinia coloradoensis is morphologically distinct from museum specimens identified as Mulinia pallida, a 
similar species known from farther south in the Gulf of California.   Additional study of the two species’ 
morphology and distribution will be needed for a definitive analysis of the taxonomic status of Mulinia 
coloradoensis. 
5.  Survival and restoration of Mulinia coloradoensis on the Colorado Delta probably requires increased flow 
of Colorado River water to the marine portion of its Delta 
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