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ABSTRACT. This study estimated the population density of Spondylus limbatus at six fishing banks that are 

representative of the Gulf of California, Mexico. Each bank was identified in July 2011. There were significant 
differences in density between banks, and a steady north-to-south decrease in density that was fitted to a potential 

model. At low densities, S. limbatus showed a lower variability in size. Since the densities of S. limbatus are 
suitable for commercial exploitation, sustainable extraction can be performed under a population recovery 

approach. Also, this study represents a baseline for the evaluation and monitoring of populations of this species 
through time and contributes to set general guidelines for the assessment of commercial feasibility and 

exploitation criteria. 
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In the Gulf of California, populations of Spondylus 

limbatus G.B. Sowerby II, 1847 are distributed from the 

intertidal zone to 18 m depth on rocky bottoms with 

gravel or sand (Skoglund & Mulliner, 1996). This 

species has been exploited for hundreds of years 

throughout the east-central Pacific, including the 

Mexican coasts (SEMARNAT, 2005). The adductor 

muscle (“callo") is marketed as a food product, and the 

shell is used in the elaboration of handcrafts (Skoglund 

& Mulliner, 1996; Villalejo-Fuerte & Muñetón-

Gómez, 2002). Authorized commercial fishing of this 

species is carried out in the upper part of the Gulf of 

California, but no structured fishery has evolved in the 

central-western area. In the Agua Verde-Tembabiche 

fishing area, the commercial exploitation of local 

populations or banks of S. limbatus started in 2010, 

through fishing permits granted sporadically when the 

abundance of other species of higher fishery value 

drops. However, no official fisheries statistics of these 

catches are currently available (Villalejo-Fuerte et al., 
2015). This species is listed as subjected to special 
protection in the Mexican Official Standard NOM-059- 
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SEMARNAT 2001. Thus, its exploitation and 

management should be carried out following the 

General Law of Ecological Equilibrium and Environ-

mental Protection and the General Wildlife Act (DOF, 

2010). Therefore, it is recommended that fishing 

activities be carried out under appropriate regional 

management regulations, which should be strictly 

implemented (SEMARNAT, 2005). In the Loreto and 

Agua Verde zone, anecdotal evidence from fishers 

describes that this resource was highly abundant in the 

past. However, the only published work on the 

abundance of this species on the coasts of Baja 

California Sur reports low densities and states that 

shallow banks have been either overexploited or 

depleted; additionally, the species is considered as 

endangered (Baqueiro-Cárdenas et al., 1982). Since 

knowledge about the abundance of a species is essential 

to assess the status of populations, the first objective of 

this work as to estimate the density of S. limbatus in six 

of the main fishing areas within the Agua Verde-

Tembabiche fishing zone located in the central-western 
region of the Gulf of California (Fig. 1). 
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Figure 1. Most important banks of Spondylus limbatus in the Agua Verde-Tembabiche fishing area. Areas in black indicate 

the estimated shape and length of each bank. 

 

In addition, we evaluated the effects of depth, site 

and substrate size on the density of fishing banks. This 

information is essential to provide scientifically sound 

proposals to establish conservation strategies. To this 

end, six banks representative of the fishing areas of S. 

Limbatus were selected, according to local fishers, and 
classified by the size of the substrate (Table 1, Fig. 1). 

In July 2011, each bank was surveyed by boat, 

marking and geo-referencing the border of each bank 
with a GPS (GPSMAP76CSx®). The depth and bottom 

structure of each bank were determined using a 

Garmin® Echo 551d 77/200 kHz HD-ID echo sounder 

/ Down Vu transducer. According to the profile of the 

seabed, banks were sorted into two groups: rocky 

substrate, when it was composed of smooth low rocks 

(<50 cm), and very rocky substrate, when it included 

substrates with high rocks (>50 cm). The population 

density was estimated through semi-autonomous 

diving (hookah), with transects running parallel to the 

coast at two depths (5 and 10 m); each transect 
consisted of a 50 m line (SEMARNAT, 2010). 

Quadrats (5 m2) were placed at 5 m intervals along 
each transect from position 0 to 50 m. All individuals 

recorded in each quadrat were counted. Oysters were 

sorted into three size categories: small (<90 mm shell 
height, SH), medium (between 90 and 130 mm SH), and 
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Table 1. Area and type of substrate of the most important 

Spondylus limbatus banks in the Agua Verde-Tembabiche 
fishing area, Gulf of California. 
 

Banks 
Estimated 
area (m2) 

Substrate size 

Agua Verde  92,689 Very Rocky (>50 cm) 
Very Rocky (>50 cm) 

Very Rocky (>50 cm) 
Rocky (<50 cm) 
Rocky (<50 cm) 
Rocky (<50 cm) 

Punta Rumalda  36,817 

Santa Marta  23,941 

San Felipe    5,644 

San Mateo  23,941 

Punta Tembabiche  68,570 

 

large (>130 mm SH). The population density was 

estimated based on the number of individuals per 

square meter. Differences in density were statistically 

significant (Kruskal-Wallis, P < 0.05) between banks. 

A post-hoc Dunn’s test revealed that bank density is 

higher in Agua Verde. When density gradients between 

banks were explored, a north-to-south decrease in 

density was observed (Fig. 2).  

The most favorable conditions for Spondylus 

limbatus occur to the north of the study area where 

rocky substrates are more abundant, promoting the 

development of this species. The Agua Verde, Punta 

Rumalda and Santa Marta banks showed higher 

densities and recorded a higher proportion of rocky 

substrates; this was observed during sampling, as the 

type of substrate in each bank was recorded. The best 

fit to describe the variation in population density across 

study sites was a potential negative relationship (Fig. 
2). 

The minimum (1.37 ind m-2), maximum (3.88 ind 

m-2), and mean (2.51 ind m-2) densities estimated in this 

study differ from those in the Mediterranean Sea for 

Spondylus spinosus (3.4 and 4.4 ind m-2) (Shabtay et 
al., 2014) and S. gaedoropus (2.3 and 6.8 ind m-2) 

(Kersting et al., 2006). Similar values are reported for 

other genera of bivalves that live attached to hard 

substrates, such as Pinctada mazatlanica in California, 

where the mean density was 1.2 ind m-2 (Solano-Lopez 

et al., 1997), while P. mazatlanica in Costa Rica 

reached a density of 2.4 ind m-2 (Cipriani et al., 2008). 

These densities have been recorded for medium-sized 

bivalves, while larger species of the genus Tridacna 

that also live attached to the substrate show lower 

densities (Militz et al., 2015). On the other hand, 

species that live buried in sandy substrates show higher 

densities, as is the case of Panopea generosa, with a 

density of 3.0 ind m-2 on the USA Pacific coast 

(McDonald et al., 2015). 

No significant differences were observed between 

depth and density (Mann-Whitney U test; P < 0.05, Z = 
0.40) in any of the sites studied. The overall analysis of  

 
Figure 2. Relationship between density (ind m-2) and 

locality for Spondylus limbatus in six banks across the 
Agua Verde-Tembabiche fishing area, Gulf of California, 

Mexico. 

 

Table 2. Density (ind m-2) of Spondylus limbatus by size 

class in the six banks evaluated in the Agua Verde-
Tembabiche fishing area, Gulf of California, Mexico. The 

number of samples (n), mean density (X), standard 

deviation (SD), and coefficient of variation (CV). 
 

Individual size n X SD CV 

Small  119 2.62 2.32 88.54 
Medium  108 2.55 2.11 82.74 

Large 88 2.23 1.59 71.30 

Kruskal-Wallis test X2 = 0.9, P  0.05 

 

density by size class showed no significant differences 

(Kruskal-Wallis test, α = 0.05). However, a trend in the 
association between lower densities and larger shell 

sizes was observed (Table 2). 

The results of the analysis of the density-depth-shell 

size relationship showed a steady decrease in density 
related to shell size at 5 m depth, with the smallest 

individuals showing the highest density (2.95 ind m-2), 
while larger organisms were less abundant (1.9 ind m-2), 

and medium-sized individuals showed intermediate 
values (2.36 ind m-2). In contrast, at 10 m depth, there 

is a higher density of medium-sized individuals (2.85 

ind m-2) and a lower density of small organisms (2.26 
ind m-2), while large individuals showed an 

intermediate density (2.53 ind m-2). 

For most banks studied, the bankshell size 
interaction showed a density of about 2.0 ind m-2. 

Exceptions are Agua Verde and Punta Rumalda, where 

large and small individuals predominate, respectively 
(Table 3). 

The predominance of larger individuals can be 
attributed to the sampling method used in this study, 
which does not facilitate the detection of small 

individuals. 
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Table 3. Interaction between density (ind m-2), individual size and depth in banks of Spondylus limbatus in the Agua Verde-

Tembabiche fishing area, Gulf of California, Mexico. 

 

Bank 

Individual size  Depth 

Small 

(ind m-2) 

Medium 

(ind m-2) 

Large 

(ind m-2) 

 5 m 

(ind m-2) 

10 m 

(ind m-2) 

Agua Verde 2.82      4.80  3.81   3.08  4.58  

Punta Rumalda 3.44  1.14  1.12   2.09  2.45  

Santa Marta 1.78  1.89  2.66   1.33  2.62  

San Felipe 1.69  1.58  1.61   1.76  1.56  

San Mateo 1.84  2.33  1.71   2.17  1.73  

Punta Tembabiche 1.43  1.50  1.11   1.17  1.55  

 

Table 4. Combined effect of the bankdepthshell size interaction on Spondylus limbatus density (ind m-2) in the Agua 
Verde-Tembabiche fishing area, Gulf of California, Mexico.  

 

Bank Depth (m) 
Shell size 

Small Medium Large 

Agua Verde 5 1.62 2.10 1.50 

10 1.79 2.44 2.18 

Punta Rumalda 5 1.22 1.28 1.23 

10 1.57 1.34 1.15 
Santa Marta 5 1.62 1.91 1.41 

10 1.52 1.40 1.40 

San Felipe 5 1.31 1.27 1.18 

10 1.42 1.38 1.52 

San Mateo 5 1.41 1.50 1.22 

10 1.66 1.66 1.95 

Punta Tembabiche 5 1.54 1.14 1.04 

10 1.93 1,15 1.29 

 

 

Regarding the relationship of bank density-depth 

(Table 3), the density of the banks is higher at 10 m vs. 

5 m in Agua Verde, Punta Rumalda and Santa Marta. 

However, an inverse relationship between density and 

depth is observed in San Felipe and San Mateo (higher 

density at 5 m), while density is higher at 10 m in Punta 

Temba. In the province of Esmeralda, Ecuador, Aguilar 

et al. (2013) reported a maximum density of 0.026 ind 

m-2 for Spondylus limbatus (= S. calcifer) and of 0.008 

ind m-2 for S. princeps at 12 m depth, in areas with 

substrates of irregular medium-sized stones covered 

with fine sediment and small embedded algae; these 

densities are lower than those found in the present 

study, and the positive relationship between density and 

depth coincides in both studies. This cross-interaction 

regarding depth could be because the density-

regulating factor is not the size of rocks of the substrate 

since it was similar. Instead, it is somewhat related to 

other factors not recorded in this study. Separately, no 
statistically significant differences (Mann-Whitney U 

test, Z = 0.40, P > 0.05) are evident in the effects of 

either depth or shell size on the density. However, when 

we analyze the triple bankdepthshell size interac-

tion, noticeable changes in density were detected within 
each bank with respect to the shell size (Table 4). 

Agua Verde and Punta Rumalda are the sites where 

the bankshell size interaction is most evident; these 

show a pattern of a higher density of medium-sized 

organisms in the first bank and smaller organisms in the 
second, regardless of depth. 

The particular conditions of each bank should be 

taken into account to analyze these patterns; the 

concentration of nutrients, waves, characteristics of the 

habitat and degree of exploitation by commercial 

fishing might be affecting the local populations of S. 
limbatus. 

Depth affected the abundance of large and small 

individuals in Agua Verde, but only of the large 

organisms in Punta Rumalda. The banks at Punta 

Temba and San Mateo shared similar characteristics, 

i.e., prevalence of medium-sized individuals at 5 m 

depth and of small organisms at 10 m, which explains 

the minor influence of shell size and depth on bank 
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density. Finally, in the case of San Felipe, a higher 

density of small individuals was observed at 5 m, and 

of large organisms at 10 m, while Santa Marta showed 

a higher density of medium-sized individuals at 5 m, 

and of large individuals at 10 m; this explains the cross-
interaction mentioned above. 

In sites where this species is found at greater depth, 

densities range from 1 to 5 individuals per 25 m2, the 

latter being a suitable density for commercial 

exploitation. Baqueiro et al. (1982) reported a decrease 

in the abundance of S. limbatus in Baja California Sur 

but made no comparisons of density between fishing 

sites, which highlights the importance of the results 

obtained in the present work. Based on our results, we 

concluded that the densities of S. limbatus in the Agua 

Verde-Tembabiche fishing area of the Gulf of 

California, Mexico, are suitable for commercial exploi-

tation; this study sets a baseline for the assessment and 

monitoring of these populations.  
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