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A SHORT-TERM COMPARATIVE STUDY ON 
Diplodon rhuacoicus YOUNG ADULTS SHELL GROWTH 

UNDER ENRICHED SÃO FRANCISCO RIVER WATER

ABSTRACT

The culture of freshwater mussels (Superfamily 
Unionacea) has attracted the attention of several 
research studies in the past decade in order to achieve 
and dominate the complete life cycle of these animals. 
Furthermore it seems obvious that it’s necessary to 
control the growth and quality parameters of the 
specimens under culture. Concerning this, the present 
work consisted in a comparative study on the shell 
growth of Diplodon rhuacoicus (Lea, 1834) with 
four different treatments: two of these treatments 
were made in tanks with São Francisco River water 
enriched with two inorganic calcium sources (calcium 

carbonate and calcium and magnesium bicarbonate); 
the other two were done with the animals placed in 
grated stainless steel cages submerged in the São 
Francisco river at different depths (three and six 
meters below surface). This research study happened 
in a short-term (one and a half month), from late spring 
to early summer seasons. According to our results it 
was not possible to see any significant differences on 
the shell growth of Diplodon rhuacoicus under these 
four different treatments and the control situation, at 
least in such a short period.

INTRODUCTION
 
Diplodon rhuacoicus (Fam. Hyriidae) is a small size 

freshwater mussel (3-5 cm width) with a beautiful and 
shinny shell nacre; it prefers sandy bottoms and can be 
found, in Brazil, from one to up to eight meters depth 
along the São Francisco River (Mansur et. al., 1987). 

The global decline of non-marine mollusks is 
causing increasing concern (Lydeard et al., 2004). In 
particular, freshwater bivalve mollusks have shown 
severe declines during the last decade with many 
species now facing extinction. The major factor 
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in the demise of the world’s freshwater mussels, 
including the D. rhuacoicus, has been the large-
scale impoundment of rivers over the past 75 years 
(Bencke, 1990; Bogan, 1993; Yeager, 1993) causing 
habitat degradation, alteration and fragmentation 
with implications on the absence or decline of 
host fish populations and a series of additional 
interferences with the chemistry, biology, hydrology 
and geomorphology of streams. Another is the large 
scale infestation in rivers and lakes of exotic species 
considered to be the major cause on recent severe 
declines in the unionoidea populations in North and 
South America (Gillis and Mackie 1994; Schloesser 
and Nalepa 1994; Nalepa 1994). 

Other Diplodon spp. has been used in association 
with semi-intensive finfish and shrimp aquacultures 
to filter the infrastructures water affluents and 
effluents particulate organic matter. This type of 
polyculture has proved itself to be very efficient, 
giving an important contribution to the water quality 
control and to the rationalization of the means of 
production used, at nearly zero cost. It has also 
contributed to: the increase of protein rich start 
materials, the creation of productive employment and 
subsequently of additional income. This integration 
attends to the real concept of sustainable development 
and should be encouraged. The importance in the 
uses that can be given to these animals can be 
further enhanced by emphasize that their shells 
give excellent start materials for the mother-pearl 
industries and are also rich in organic and mineral 
materials with superb nutritional and even medicinal 
value. Actually, a series of treatments of various 
kinds, with freshwater and marine bivalve shells, 
are being used by oriental naturopathy to help in the 
treatment of specific symptoms of several diseases 
and its use is generalized in most of southeast Asian 
countries like China, Japan, Korea, Taiwan, and 
Thailand (Rocha, 2001; Alves, 2004).

It is vital to increase our knowledge about the 
culture and the reinsertion of this species in the 
wild in order to develop the best strategy for the 

maintenance of their natural stocks (Gatenby et al., 
1997) as well as to increase aquacultures economical 
and ecological value. In this view the present 
work aims to study young adults shell growth of 
D. rhuacoicus under four kinds of treatment, in 
the search for the optimization of their inorganic 
requirements.

 
MATERIALS AND METHODS

Animal’s preparation

Freshwater mussels,  Diplodon rhuacoicus, were 
collected from São Francisco basin in Nova Glória, 
Bahia, Brazil; having the collection site the following 
geographical coordinates: 09° 15’ 47.5” S and 038° 
16” 51.3” W.

The bivalves were manually collected using scuba 
diving gear. The sediment samples were also collected 
by scuba diving and scraping of the bottoms substrate. 
The sediment samples were sieved in a 5 millimeters 
grid.

The animals were selected giving preference to 
the younger individuals and the final size obtained 
ranged between 0,920 and 1,410 centimeters. The 
transport was made in thermic boxes with animal 
layers intercalated with damp cloth.

To avoid contamination by pathogenic organisms 
and undesirable epibiont larvae release, the mussel’s 
shells were fairly cleaned with a brush followed by 
depuration in order to remove all the particulate 
matter from the animal’s gills.

The specimens were kept in 19 litter tanks with 
aerated water and river sediment in the bottom 
for a period of 5 days. The water parameters in 
this procedure was as follows: pH between 7,3-
7,6; the photoperiod was 12 hours light/ 12 hours 
darkness to mimic the natural situation and room 
temperature. Feeding was administered daily with 
cultured polyalgae solutions.
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Studies on the shell growth with enriched São 
Francisco River water (EW) 

These studies were characterized by the use of 
two inorganic sources of calcium to enrich the São 
Francisco River water. The following compounds 
were used calcium and magnesium bicarbonate 
(CaMg(CO3)2) and calcium carbonate CaCO3.

For the final concentration of calcium 
determination we had to take in account the natural 
amount already present in the river’s water. Once 
determined the natural concentration we increased 
it to the desired final concentration with calculated 
amounts of both compounds (Table 1).

We organized the experiments in two groups. 
To each group an individual test tank was assigned 
with its own air-lift biofilter, constant aeration and 
a specific inorganic source of calcium. 10 young 
adult animals were kept in each tank. The pH and 
temperature monitoring as well as feeding was done 
on a daily basis. A daily monitoring on the mortality 
was also performed.

Each 15 days a detailed morphometric study 
was made on the animals, where data referring to 
the height, width and thickness for each individual 
was logged. This experiment had the duration 45 
days.

Studies on the shell growth with natural São Francisco 
River water (NW)

These studies were composed by two research 

groups. A grated stainless steel cages with cubic 
shape (30 x 30 x 15 cm) was assigned to each group 
with 10 mussels placed inside the cages. One of the 
cages was placed at 3 meters depth and 18 meters 
from the river margin the other at 6 meters depth and 
23 meters from the river margin. The same 15 days 
routine of the (EW) studies was done in these studies 
also with a total period of 45 days.

Biometric study

The growth rate (GR) was calculated using a 
formula used by Marrom (1946) and Rezende (1998)

 

Where: Lf = Final Length
  Li = Initial Length 
    t = Time in days

Statistical analysis

The statistic evaluation of the comparative study 
done between the four treatments, was done by one-
way analysis of variance (ANOVA) with a level of 
significance of 5%. A t-test was also done for each pair 
NW 3/6 meters and EW (CaCO3)/(CaMg(CO3)2).

RESULTS

The mean values of the physicochemical 
parameters (pH and water temperature) for each 
treatment are indicated in Table 2.

Table 1. Ions concentrations.
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The biometrical study was made with data 
collected every 15 days during the whole period of 
the experiments. 

From table 3 and graphic 1 is possible to 
observe that the experiments of EW with 
CaMg(CO3)2 (1,15±0,12) and NW at 3 meters depth 
(1,08±1,11) apparently expressed a better efficiency 
in promoting shell growth on D. rhuacoicus. 
In contrast, the experiments of EW (CaCO3) 
(0,62±0,63) and NW at 6 meters depth (1,59±0,39) 
presented the lowest shell growth ratio. However 
the statistical treatment from the growth ratio 
data done with one- way ANOVA didn’t detect 
significant differences between the four treatments 
(P>0,05) neither the individual t-tests done between 
the pairs EW CaMg(CO3)2/ EW (CaCO3) and NW 3 
meters/NW 6 meters. 

A casualty rate up to 30% was expected for each 
treatment due to the young age of the  in fact this number 
was in general higher reaching a maximum of 60% 
casualties in the experiment with EW (CaMg(CO3)2)

DISCUSSION

According Machado et al. (1988), shell growth 
on freshwater bivalves is promoted by acidification 
caused by oxygen declining in the environmental  
water or by the metabolic rate internal increasing in 
the mantle fluids of these animals.

This repiratory/metabolic acidosis tendency 
causes dissolution on the calcium carbonate reserves 
stored under the form of calcareous microspherules 
inside the mantle with the increase of Ca2+ and 
CO3

2- ion contents in the haemolymph. These Ca2+ 
and CO3

2-   gradients, facilitated by high epithelium 
permeability to calcium ions, will thrive them by 
diffusion towards the shell, mainly in the summer.  
On the other hand, the Ca2+ and CO3

2-  ion content 
tendency to decrease in the winter, which with 
low respective permeability, doesn’t promote the 
passage of these ions to the shell compartment, 
on the contrary, forcing them to stay in the mantle 
where they are incorporated in the calcareous 
microspherules.

Table 2. Physico-chemical parameters.

Table 3. Statistical analysis of the growth rate (%)
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It was expected that the experiments with EW 
(CaCO3) revealed expressive results when comparing 
those with NW, but even with Ca2+ and CO3

2- ions 
supersaturation the treatments didn’t increase 
significatively the calcification of the shell and 
subsequently the growth rate when comparing with 
the other experimental situations at least in such a 
short term. We may speculate that due to the high 
physiological pH revealed during all the experiments, 
the greater concentration of Ca2+ and CO3

2- ions in the 
EW (CaCO3) treatment, the calcification mechanism 
was directed to the microspherules of the mantle. 

According Lorens and Bender (1977) in Mytilus 
edulis there’s a direct correlation between the 
magnesium concentration and shell growth. This 
link was revealed when this marine bivalve was 
submitted to water with high levels of magnesium 
which is atypically incorporated in the shell. These 
discoveries combined with the results obtained by 
Dodd (1965) that found a seasonal variability of this 
metal (Mg+2) in M. edulis shells, showing that an 
increase or a decrease of magnesium in the shell could 
be correlated with the highest (summer) and lowest 
(winter) calcification rates respectively. In contrast, an 
opposite effect was revealed in the European unionid 
Anodonta cygnea by Wilbur and Bernhardt (1984) 
showing that when exposed to low concentrations of 

(Mg+2) ion, the shell growth is promoted and vice-
versa. Based on these contradictory statements it is 
also possible to speculate that our results concerning 
the magnesium assay, suggests that the influence of 
this ion on the growth of D. rhuacoicus doesn t́ have 
any expressive meaning, confirming its unspecific 
and unclear role on the shell calcification.

So, as a final conclusion, short-term periods 
of exposure of young bivalves of D. rhuacoicus to 
enriched water with both calcium ion sources as well 
as at different depth in the river didn’t allow us to 
discern significant results but gave us some indication 
that can be used in a longer term studies in order 
to clarify the knowledge about the growth of these 
animals.
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