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Perna perna (Linnaeus, 1758) is the main marine bivalve mussel yielded commercially in Brazil. In spite of this, scientific data is very
scarce regarding its productivity in tropical shallow waters. The Condition Index (CI) is used worldwide in mariculture to assess
animal health, harvest time, and yield. In this study, the authors used CI results from nine different methods to assess the season
effect on the mussel CI and also to evaluate the potential yield of three southern Brazilian bays. The results from nine CI methods
were used for the comparison of the seasonality and yield of mussels reared in three marine bays. Sampling was carried out monthly
within two 4-month periods, from December 2008 to August 2009. The results show a trend for seasonal effects on the CI results.
The winter months showed the highest and the lowest values. Between bays, higher CI values were detected in animals reared at
Sepetiba Bay, followed by Guanabara Bay and Ilha Grande Bay. We suggest that the CI (that considers the ratio between bivalve soft
tissue wet weight and total length) should be used by fishermen, since this formula was able to detect differences between sites and

is more easily applied.

1. Introduction

Marine mussel farming activity has increased almost 20%
around the world from 1999 to 2008 [1]. The marine mussel
Perna perna (Linnaeus, 1758) (Mollusca: Bivalvia) belongs to
the Mytilidae family and is one of the most cultivated bivalves
in Brazil, representing 19% of the total produced by the entire
Brazilian mariculture.

The Condition Index (CI) has been used as a tool to
evaluate the physiological state of bivalve health. The CI
provides useful information for shellfish farmers, since it
indicates the commercial quality of the animals [2] and the
best growing area or cultivation process [3]. There is an
understanding that these animals show different physiolog-
ical activity (growth, reproduction, and excretion, among
others) in different environmental conditions and that the
CI can summarize these variations [4]. Previous studies

have been conducted in order to address the parameters
responsible for CI fluctuations. It has been demonstrated
that the CI is influenced by the gametogenesis stage of
the animal, when there is a decrease of body mass in the
transition period from the last spawning and the inactive
sexual stage, as the interfollicular space is not yet filled by
connective tissue [5]. Low food availability (low organic
seston and phytoplankton) and primary spawning during the
summer have been related to the lowest CI values observed
in P perna in a tropical bay [6]. High temperatures can
also inhibit spawning [7]. Studies have showed that mussels
collected from contaminated sites present lower CI values
when compared to animals from less impacted areas [8].
A positive relationship between polychlorinated biphenyls
(PCBs) and the CI has been also observed, which could be
understood as the intake of these contaminants with food
consumption, with no negative impact of these chemicals on
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FIGURE 1: Study area. The three sampling sites are referred to as the
bay name of their location. Guanabara Bay (GB); Sepetiba Bay (SB);
Ilha Grande Bay (IGB). The arrows start at the approximate location
of the sampling sites. The image showing the site coordinates was
acquired from http://www.ngdc.noaa.gov/mgg/shorelines/shore-
lines/lines.html.

physiological parameters [9]. Additionally, seasons can play
an important role in the CI variation but do not influence the
cytochemical response in mussel [10].

Different proposed methods to estimate the CI are avail-
able in the literature, but there is no agreement about which
one is the most accurate. Total shell and soft tissue weight,
internal volume, and total length are the parameters most
used in CI equations. Previous studies have been conducted
in order to discuss the more reliable CI equation found in the
literature, but the suggested method (net growth efficiency)
[4] is difficult to calculate and requires a well-equipped labo-
ratory to perform the precise determinations. This represents
the main constraint for this method to be widely adopted in
marine bivalve farming, especially in undeveloped countries
where low technologies are often applied in marine farms.

When we consider mariculture in tropical areas we can
observe that very few CI data are available in indexed
journals, and this piece of information is even scarcer when
we search for papers specifically regarding the mussel P
perna.

It is important to highlight the wide range worldwide
distribution of the brown mussel P. perna, which comprises
India, Sri Lanka, the Atlantic Coast of South America, North
America, and many Caribbean islands [11]. Additionally,
the CI is not restricted to marine farming activity. It is
also widely used as a biological parameter in studies of
environmental contamination, to assess the relation between
the contaminants concentrations and the mussel health. We
consider that this paper provides quite valuable data to
whom might adopt the P perna as a biological model in
environmental studies

In order to assess the most sensitive CI method equation
between nine frequently used methods in the literature, this
study compares the productivity of P. perna yield in three
tropical coastal bays, as well the seasonality effects on CI
values.

2. Material and Methods

Mussels were reared by longline systems and sampled in sea
farming areas at three bays: Guanabara Bay (GB), Sepetiba
Bay (SB), and Ilha Grande Bay (IGB) (Figure 1). Sampling
was performed in summer (December, January, February,
and March) and in winter (June, July, August, and September)
from 2008 to 20009.
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The three bays show different contamination patterns. GB
(412 km?) is surrounded by 12 cities, including the capital of
Rio de Janeiro State (Rio de Janeiro city). The total number of
inhabitants surrounding the GB is approximately 11 million,
and only about 25% of the domestic sewage shows secondary
treatment [31]. Including the drainage basin, there are about
12000 industries, surrounded by two oil refineries, two navy
bases, and a shipyard [32]. Since 1992 a mussel farming
activity has been in development at the internal southeast
portion of GB, around five km from open sea waters; it
is supported by an association of marine farmers and is
responsible for an annual production of 130 t and 65 t in 2005
and 2006, respectively [33]. We had access to one of these
farmers, who provided all the necessary logistics to conduct
the field work at Jurujuba Beach.

The second sampling site, located in SB, is an exper-
imental marine farm at Itacuruca Island (22°57'04"S;
043°54'28" 0), situated at the northern portion of this bay,
at approximately 10km from the main pollution source of
SB (Sao Francisco channel and Guandu River), which is
responsible for the main input of organic contaminants [34]
at this site. The main industrial activities in the area consist
of metallurgic enterprises and the local port, where the huge
Sepetiba Harbor is located.

The final sampling site has been used as a reference station
in ecotoxicological studies, due to its lower environmental
contamination levels [35]. Nevertheless, a shipyard, an oil
terminal, and a nuclear power plant exist nearby and are
potential sources of contaminants into the IGB ecosystem.
The laboratory of a marine mussel farming named POMAR
that belongs to the “Instituto de Ecodesenvolvimento da
Baia de Ilha Grande” (IEDBIG) is located near the ship-
yard, and the mussels naturally attached to the “longline”
structures from this laboratory at Biscaia Inlet (23°01'38"'S;
044°14'14" O) were used.

Nine CI equations were chosen from the literature to
provide different approaches regarding CI estimation. The
criteria in selecting these methods were based, mainly, on
their assessment viability by the shellfish farmer involved in
mariculture activity and on being a useful tool for bivalve
production. Since one uses different CI calculation methods,
it is expected that different aspects of environmental and
biological variations may be reflected by each equation. When
different CI equations are used to compare cases and all of
the applied methods indicate a difference between the cases,
we can consider that the cases are consistently distinct. The
methods are described as follows:

CI L [soft tissue dry weight (g)] x [fresh shell weight
(g) x100]7" [12],

CIII: [soft tissue wet weight (g)] x [fresh shell weight
(g) x 100]7" [12],

CILIII: [soft tissue wet weight (g) x 100] x [total animal
fresh weight (g)]_1 [36],

CILIV: [soft tissue dry weight (g)] x [internal cavity
volume (mL) x 100]~* [37],

CI V: [soft tissue wet weight (g)] x [shell length (mm)
x 100] 7' [10],
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CI VI [soft tissue dry weight (g)] x 100 x [shell length
(cm)] ™" [22],

CI VII: [soft tissue dry weight (g) x 100] x [total
animal dry weight (g)]_1 [6],

CI VIIIL [soft tissue dry weight (g)] x 100 x [whole
fresh weight (g) — shell fresh weight (g)]_1 [38],

CILIX: [soft tissue dry weight (g)] x [cubic shell length
(em®)] 7" [28].

CI 1V, described by Rebelo and collaborators [37], requires
more time and manual work in order to determine the
internal cavity volume, but it is a feasible method to be applied
by bivalve producers.

Thirty specimens of P. perna of commercial size (6-8 cm
total length) were sampled monthly from each sampling
site during the summer and winter months. Mussels were
sampled from a longline farming system, in depths from
L5m to 2m. As the field work was performed during two
days per month, it was not possible to obtain biometric
measurements on fresh animals, so the samples were taken to
the laboratory and frozen at —18°C. Before measurements the
specimens were thawed at room temperature. The epibionts
were removed, the external bissus section was cut, and total
body wet weight was obtained. The soft tissue was desiccated
by cutting the adductor muscle and removing the internal
bissus portion. After this, the shell and wet soft tissues
were weighed (+£0.01g precision). Soft tissues were frozen
again (-=70°C). Soft tissue dry weight was measured after
lyophilization. Total shell length was determined using a
digital caliper (+0.02 mm precision).

To compare the CI I data reported here to values observed
in the literature, it is important to note that we did not
place the fresh soft tissue on a paper towel as originally
described [36]. We believe that, for mariculture purposes, this
could become an obstacle, so the soft tissue was compressed
in the analyst’s hands to extract as much water as possible
while still maintaining tissue integrity and then weighed,
obtaining the final soft tissue wet weight. The authors were
not able to evaluate if this modification has an effect on
data comparability for this method. Nevertheless, it does not
impair the conclusions of the present paper because they are
based on the comparisons between the results of each of the
studied bays.

It was not possible to perform method CI IV on the
samples collected in August at SB, as the shells were very
fragile and did not allow shaping the internal cavity volume
model to assess the internal volume.

All analyzed mussels were grown by the “longline”
method, which means that the animals were submerged the
whole time, allowing nonstop contact with their food source.
This is important to note before comparing our data with
the literature, as one might find systems where the mussels
are pulled out of water for a few hours up to a day and
dropped into the water again to prevent excess biofouling on
the organism’s shells, which most likely reduces the feeding
rate of the animals.

The total length (TL) means from all the analyzed animals
was approximately 7.5cm and the soft tissues wet weight
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FIGURE 2: Basics biometric parameters of the studied organisms
from the three bays: Sepetiba Bay (SB), Ilha Grande Bay (IGB), and
Guanabara Bay (GB). Soft tissue wet weight (ST WW) and total
length (TL) are shown in box and whiskers plots. Data is divided
by summer (S) and winter (W). The horizontal line inside the box
represents the median value, box represents the data range of 25—
75%, and the whiskers are the minimum and maximum values.

(ST WW) means was 10.0g (Figure 2). Although some
data found in the literature indicates that no relationship is
observed between size and CI [39], we observed one study
that indicates that larger soft tissue weights are related to
higher CI values [40].

The statistical data analyses were performed on Graphpad
Prism 5.0 (GraphPad Software Inc.) platform. Normality was
assessed by the Shapiro-Wilk test and the difference on vari-
ances with the Kruskall-Wallis test and Dunns’ post hoc test
was applied to identify the differences between the sampling
sites. The significance level for all tests was considered as 5%.
With the intent of evaluating the seasonality effect on the
observed CI values, we ranked the CI values (from highest to
lowest) obtained by each method from each bay. In addition,
we verified the significant differences (Dunns’ test) between
the first and the second highest CI values in relation to the CI
values of the following months.

3. Results

When analyzing the differences between the sampling
months at each bay (Tables 1, 2, and 3), December showed
the highest values of CI in all methods in most of the cases.
In cases where December is not the highest one, it comes in
second place, but with no significant difference to the first
placed month. The exception to this was observed at IGB for
CI method VIII, where December is the fourth placed month,
but with no significant difference in comparison to the other
top three placed months. When we observe the second month
with higher CI values, summer months are always present,
alternating between January, February, and March. CI II and
CI VII at GB are the exceptions. In this case August appears
in second place but shows no significant difference regarding
the third placed month which is a summer month (February).
Moving to the bottom of the rank, winter months appear in
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TABLE 4: Comparison Condition Indices. Summary of Dunn’s test
in the comparison between all Condition Indices (Cls) obtained
by every method for each sampling site: Sepetiba Bay (SB); Ilha
Grande Bay (IGB); and Guanabara Bay (GB). “Yes” and “no” refer
to the presence or absence of significant differences, respectively
(P < 0.05).

Method BS X BIG BS X BG BIG X BG
CII Yes No No
CIII Yes No No
CIIII Yes No Yes
CIIV Yes No Yes
CIV Yes Yes Yes
CIVI Yes Yes Yes
CIvIll Yes No No
CI VIII Yes No Yes
CIIX Yes Yes Yes

almost every sequence. March is the exception at IGB for
methods CI I, CI II, and CI III, where this month appears
in penultimate position. It is also important to highlight that,
in every rank, a significant difference is observed between the
first two and the last two ranked months.

When all sampling months from each sampling site are
grouped by CI calculation method, a normal distribution is
only detected at GB for methods III, IV, VII, and XIII and
at IGB only for methods IV and VIII. Therefore, all data was
treated as nonparametric.

When we consider the results of all sampling months,
the Kruskall-Wallis analysis shows a significant difference
between the variances of each bay for all tested methods.
Dunn’s post hoc test shows that SB has significantly higher
CI values when compared to IGB for all nine methods and
that GB presents significantly higher CI values in relation to
IGB for six methods. When GB and SB are directly compared,
only three methods showed significantly higher CIs at SB, and
no difference is observed for the other methods (Table 4).

4. Discussion

Previous reviews have already stated that the best method for
assessing bivalve physiological condition is the net growth
efficiency [4]. Such types of CI calculations, classified as
“dynamic” methods, are able to detect short term changes
due to nutritional status or stress. However, the focus of the
present study was to assess the commercial quality of the
animals and which “static” methods used in the estimation
of CI values should be considered for this purpose [39]. In
general, we can consider that, in cases where no significant
difference is detected in comparing results derived from a
single CI method applied for set data, two situations can
be considered: (1) there is really no difference between the
animal’s health states of the studied sites; (2) the method in
question is not able to detect the existing difference because,
for example, it generates highly variable data. Performing an
overview on results from the CI methods used in the present
study, a general agreement between the distinct approaches
is reached. The highest CI values are found in the summer
months (especially December) and the lowest ones in winter,

suggesting a seasonal effect (Tables 1 to 3). In spite of that,
it is not possible to reach a complete agreement about the
differences between the CI values when we compare SB X GB
and IGB X GB (Table 4). This is due to the fact that some
CI methods show significant differences between the bays,
while others do not. Therefore, the authors would suggest
an interpretation for the case where a significant difference
between two sites is detected by one method but not by the
other one. This may be understood as a better resolution
power of the CI method that was able to detect the existing
differences between the bays. With this in mind, we would
suggest methods CI'V, VI, and IX to be adopted by subsequent
studies, since they showed significant differences between the
studied areas while the other methods did not.

Taking a closer look at the equations, it seems that tissue
water content does not play an important role in these
analyses, since we reached the same conclusions in equations
V ([soft tissue fresh weight (g)] x [shell length (mm)] %
100) and VI ([soft tissue dry weight (g)] x 100 x [shell length
(cm)]™), suggesting that fisherman could use the CI V.

The requirement of standardizing the water content in
bivalves soft tissue has been suggested by previous studies,
since bivalves increase water uptake in poor physiological
conditions, such as exposure to a prolonged starvation period
[4]. Considering that the studied bays are more likely to be in
high eutrophication states, the animals reared in such water
bodies would hardly be exposed, for example, to a starvation
period as further discussed.

When comparing the mussel CI values obtained at each
bay, it is possible to suggest that SB presents a higher
potential for mussel farm activity. Two aspects may help
better understand the observed result: the land’s use of the
bays’ surroundings and the geographical physiognomy of the
bays. SB and GB have limited communication with the open
sea and are surrounded by large urban and/or industrial
areas. Because of this, the continental contribution of organic
matter and nutrients to these two bays by the untreated
sewage disposal promotes aquatic system eutrophication
(Molisani et al. [41], Borges et al. [42]), which is then
reflected in more food availability to the mussels reared at
SB and GB. On the other hand, IGB is freely connected
to the Atlantic Ocean [43], reducing the residence time of
the organic matter that is introduced from the continent.
Moreover, IGB has minor expressive urban and/or industrial
activity installed at its drainage basin, resulting in lesser
continental organic matter contribution to the water column.
Due to this scenario, food availability seems to be a major
factor in determining CI variation, rather than ecosystem
contamination, as previously reported for native oysters [37],
since the contamination ascribed to SB and GB has apparently
a minor effect on CI values. In order to better estimate the
mussel yields from each studied bay, it would be interesting
to have access to scientific data regarding the growth rate of
mussels reared in SB, IGB, and GB, but so far this piece of
information is not available. Thus, it is not possible to evaluate
if the lower CI values observed in IGB could be overcome by
a higher growth rate, resulting in a similar final annual yield
in IGB when compared to SB and GB.
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TaBLE 5: Condition Indices from different sites around the world. A comparative summary of the CI values (in different units) from different
sites around the world obtained with the same methods used in this study. Results of the present study are also presented, showing the range
observed over the three study areas. The sites are classified as polluted (Poll.) or unpolluted (Unpoll.) in accordance with the description of
their respective papers. Original data from the cited papers that use different units were transformed to the same units used in the present

study.

Method Species Site Poll./Unpoll. Range Reference
Mytilus edulis g%nwy Estuary (North Wales), Unpoll. 8.51-11.67 [12]
CIT Modiolus barbatus Mali Ston B.ay (South Adriatic Unpoll. 9.0-18.5 [13]
Sea), Croatia
Geukensia demissa Buzzards Bay (Florida), USA — 4.0-11.0 [14]
Perna perna Rio de Janeiro Coast, Brazil 7.05-14.6 Present study
M. edulis S‘I’élwy Estuary (North Wales), Unpoll. 4732-58.49 (12]
ClII M. edulis British Columbia, Canada Poll./Unpoll. 82-142 [15]
M. edulis (North Sea), Germany Unpoll. 20.0-135.0 [16]
P. perna Rio de Janeiro Coast, Brazil 38.05-77.45 Present study
Mytilus Nice Bay, France Poll. 14.1-29.7 %
galloprovincialis
CITII P 5elma ] Sao Paulo Coast, Brazil — 17-32 [18]
M. edulis an B}
Mytilus trossulus Gaspé Bay (Quebec), Canada Unpoll. 44.0-65.0 [19]
P. perna Rio de Janeiro Coast, Brazil 27.5-43.6 Present study
M. edulis Elliott Bay (West Coast), USA Poll. 4.0-8.5 [10]
. Lauritzen Channel (East Coast),
CIvV M. edulis USA Poll. 8.3-10.3 [20]
L Limski Kanal (Northern
M. galloprovincialis Adriatic), Croatia Unpoll 7.6-11.3 [21]
P. perna Rio de Janeiro Coast, Brazil 7.47-20.14 Present study
M. edulis San Francisco Bay, USA Poll. 3.7-4.6 [22]
M. galloprovincialis Alfacs Bay (Mediterranean Sea), - 10.4-17.4 [23]
CIVI Spain
Perna viridis Hong Kong (castern shores), Poll. 4.61-6.55 [24]
China
P. perna Rio de Janeiro Coast, Brazil 13.8-37.9 Present study
P perna Guayacan (north coast of Sucre), Unpoll. 11.64-19.49 (6]
Venezuela
CIVII iali
P. perna Ensenada de Turpialito, Unpoll. 12.06-19.1 [6]
Venezuela
P. perna Rio de Janeiro Coast, Brazil 7.08-13.63 Present study
Perna canaliculus Stewart Island, New Zealand — 12.2-275 [25]
L. Ensenada Pier (Baja California),
CIVIII M. galloprovincialis México Poll. 25.5-50.0 [26]
M. edulis Loch Etive and Loch Leven, Unpoll. 25.0-55.0 [27]
Scotland
P. perna Rio de Janeiro Coast, Brazil 15.51-17.2 Present study
. Coastline of the Inner Danish
M. edulis Waters, Denmark Poll. 0.19-1.17 (28]
CLIX M. edulis and M. Halifax Harbor, Nova Scotia, Poll. 0.5-13 [29]
trossulus Canada
Gulf of Gdansk (Southern
M. trossulus Baltic), Poland Poll. 0.1-0.8 [30]
P perna Rio de Janeiro Coast, Brazil 0.14-0.59 Present study
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To evaluate the seasonality effect on mussel CI we
sampled animals monthly during eight months (summer and
winter). Our results show a pronounced seasonality effect on
the CI values, where the beginning of summer is shown to
be the best season to harvest the reared animals. This data
is in agreement with the CI for P. perna from the Sao Paulo
State Coast (southeastern Brazil) that shows higher Cls in
October and November and lower Cls in April and May
[18]. However, in another study conducted with P. perna at
the Sao Paulo Coast, the authors found no seasonal effect
on the growth and yield of seeds [44]. In a previous study
conducted with P. perna in southern Brazil, the authors have
proposed the end of spring as the best time for harvesting
the mussels [45] in accordance with our data that shows
December as the month that presents the higher CI (Spring
in Brazil ends officially on 20 December). P. perna mussels
cultivated in Venezuela showed a tendency to present higher
Cls in January, with an expressive increase from December
onwards [46], and it has also demonstrated that the CI is
not influenced by mussel gender. It has been stated that P.
perna presents partial spawning and fast recovery during the
summer time at subtropical climates, due to the high food
avaijlability and relatively low temperature variation [44].
Although we did not determine the gametogenic stage of the
animals analyzed in this study, our results are in accordance
with this scenario. The seasonality influence on mussel CI
values has already been reported for Mytilus galloprovincialis
reared in the middle of the Adriatic Sea that suggest the end
of autumn and winter as the optimum times for harvesting
[47].

Data about tropical environments is still quite scarce, so
one should consider climate differences before comparing the
results from the present study with reports from other sites
around the world. Taking this into account, when compiling
the available data in the literature referring to the same CI
methods adopted in the present approach, we observed no
expressive discrepancies in relation to the observed range
of the CI values (Table 5). The consensus between the data
available in the literature and the results of the present study
suggested that CI values are less affected by high latitudes of
other studied sites (e.g., Coastline of the Inner Danish Waters,
Denmark) or by the levels of pollution at the sampling sites
(polluted/unpolluted).

5. Conclusions

There are many lines of evidence of seasonal variation on
CI values, with higher values in the summer. An overview
of the results obtained by the nine methods indicates that
Sepetiba Bay with midlevels of contamination shows the
highest production potential. Considering the sensitivity of
the evaluated CI methods, CI V ([soft tissue fresh weight (g)]
x [shell length (mm)] ™! % 100) indicated the best harvest time
and the most favorable area to develop mussel farming.
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