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Introduction
Freshwater mussels (Unionidae) are known to live 
in calm and slow-flowing waters in North America, 
Europe, Asia and Africa (Walker et al. 2001). Their 
densities may vary from region to region and they 
can be widespread in some places, reaching up to 
100 mussels per square meter (Strayer et al. 2004). 
Along with this, species of the unionid freshwater 
mussels have become endangered, rare or extinct in 
Europe and North America (Lima et al. 2012).

As commonly known, freshwater mussels play 
an important role in aquatic ecosystems. They are 
filter-feeder organisms which strain and remove or-
ganic substances, bacteria and phytoplankton from 
the water column and ensure a reduction in turbidity. 
On the other hand, they can be consumed by not only 
fish but also by other organisms, such as raccoons, 
muskrats, otters, turtles and birds. At the same time, 
their shells are an important part of the aquatic sys-
tem as these shells can become a habitat for peri-
phyton, crustaceans, molluscs and a variety of macro 
invertebrates (Grabarkiewicz & Davis 2008).

In recent years, some studies have been carried 
out on mass reduction of the population of freshwa-
ter mussels (Coker et al. 1921). The destruction of 
habitats, changes in river flows, pollution, over con-
sumption, migration of invasive species and climate 
change have affected the reduction rate of this spe-
cies. For this reason, some studies were encouraged 
in 1992 in order to commission important protec-
tion regulations for some freshwater bivalve species 
(for example, Margaritifera margaritifera and Unio 
crassus). As a result, the Habitats Directive was pub-
lished in Europe (Lopes-Lima et al. 2014a).

Actually, U. crassus was known to be the most 
common unionid species in the past in Europe, but in 
the second half of the 20th century its populations in 
West and Central Europe was dramatically reduced 
(Bauer et al. 1991). Nowadays, as evaluated by the 
IUCN, U. crassus has been considered an endan-
gered and protected species in some European coun-
tries (Lopes-Lima 2015). The species is now extinct 
in Lithuania (Balevičius 1992), while it is on the 
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Critically Endangered list in Austria (Reischütz 
& Reischütz 2007), Germany (Binot-Hafke et 
al. 2011) and Sweden (Rüetschi et al. 2012). 
Additionally, it is categorised as a vulnerable spe-
cies in Belarus (Mnreprb 2006), Finland (Rassi et 
al. 2010) and Slovakia (Steffex 1994) and also de-
scribed as a rarely found species in Hungary (Fehér 
et al. 2004). It has been reported that the U. cras-
sus has a more stable population in the Baltic and in 
Eastern Europe (Lopes-Lima et al. 2015).

Unio crassus is distributed in some rivers and 
lakes in many regions of Turkey (Ercan et al. 2013, 
Ercan & Tarkan 2014). However, based on personal 
communications by local fishermen and field obser-
vations, it has been determined that this species has 
been decreasing in number also in Turkey. There has 
been limited research and information about growth, 
survival, aquacultural attempts regarding U. crassus 
as well as on the regions in Turkey that could be suit-
able for its development. Therefore, it is important to 
determine the growth conditions of this endangered 
species in their distributed areas. For this purpose, 
our aim was to describe growth performance and 
survival rate of U. crassus for different individual 
length classes by using the net culture method in the 
Çine Creek, Aydın, Turkey using environmental fac-
tors that affect growth and aquacultural opportunity.

Materials and Methods
Study area
This study was carried out in the Çine Creek 
(37°45’51”N, 27°49’59”E; Fig. 1) in the basin of the 
Great Menderes River, western Turkey. The Great 
Menderes River is 584 km long and is the longest riv-
er in the Aegean Region. It starts near the Dinar Town 
and is fed by additional tributaries nearby Çivril and 
Honaz. The Çine Creek itself is approximately 119 
km in length (Sütgibi 2008, Kazanci et al. 2011).

Environmental parameters
Environmental factors, such as water temperature, 
dissolved oxygen, total particulate matter (TPM) 
and chlorophyll-a, were measured monthly. A mer-
cury thermometer was used for the measurement of 
the water temperature (-10 to 50 ± 0.5 °C). The level 
of dissolved oxygen was analysed using the Winkler 
method. Chlorophyll-a and TPM were determined 
spectrophotometrically following Strickland & 
Parsons (1972). For the analysis of chlorophyll-a, 
once water has been filtered through GF/C filters, 90% 
was extracted with acetone. To determine the volume 
of TPM, particulate inorganic matter (PIM) and par-
ticulate organic matter (POM), firstly GF/C filters 

were burned in furnace for 4 h and then pre-weighed; 
afterwards water samples were filtered, dried at 60 °C 
for 24 h and then weighed again. Finally, each filter 
was placed in a furnace at 450 °C for 6 h and weighed 
again. All measurements were carried out in triplicate.

Culture design
Freshwater mussels (Unio crassus Philipsson, 1788) 
were collected by hand from the river shore. The 
depth of the water was around 70 cm, with an in-
crease of depth in rainy seasons, especially in winter. 
Mussels were measured using a digital calliper (IP 
66-Mitutoyo Absolute) and were classified into three 
groups according to their lengths. Shell length was 
measured along the anterior-posterior axis, while 
width was measured along the dorso-ventral axis. At 
the beginning of the study shell length in Group I, II 
and III was on average 40±2, 50±2 and 57±2 mm, 
respectively. The net culture method was chosen for 
monitoring growth of U. crassus. Each group was 
stored in hard plastic nets (with mesh size 25 mm) to 
protect f+rom predator attacks and all groups were 
put in the same area at density of 130 individuals per 
m2. Plastic nets were tied around stakes that were al-
ready nailed into the water and the nets were placed 
on the bottom in triplicate. Each month, all nets 
were cleaned by removing the attached organisms 
to ensure water exchange. This experiment was con-
ducted for 15 months, between September 2012 and 
November 2013, and in order to determine growth 
performance and survival rate freshwater mussel 
were monitored monthly during this period.

Data analyses
The instantaneous rate of growth (K), was calculated 
using the following equation (Malouf & Bricelj 
1989):

 K=lnW2-lnW1/t2-t1,    
K=lnL2-lnL1/t2-t1,

where W1, W2 were the total wet weight at the 
beginning and end of experiment time (in months); 
L1, L2 were the shell length, shell width and shell 
height at the beginning and end of experiment time 
(in months), respectively. The duration of the experi-
ment (months) was expressed by t, (t2 - t1).

Survival (%) was estimated as (Nt/N0) *100, 
where Nt was the number of live mussels removed 
from the culture site after “t” and N0 was the number 
of clams at the beginning of the experiment. 

Differences in means of mussels’ biometrical 
measurements among size groups were determined 
using one-way ANOVA, followed by a post-hoc mul-
tiple comparison test. Survival data were arcsin-trans-
formed prior to statistical analysis. Non-parametric χ2 
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(Chi square) tests were applied on survival rate data. 
Significance levels for all analysis were set at p < 0.05.

Results
Environmental parameters
Changes in water temperature and dissolved oxy-
gen levels of the Çine Creek during this study are 
presented in Fig. 2. between September 2012 and 
November 2013, water temperature at Çine creek 
changed between 9.8 and 24 °C. The highest and the 
lowest water temperatures were recorded in August 
and December, respectively. Additionally, the peak 
and the lowest levels of dissolved oxygen were 10.4 
and 6 mg L-1 in February and August, respectively. 
Besides, variations in Chlorophyll-a and TPM were 
shown in Fig. 3. During the sampling period, the 
levels of Chlorophyll-a reached a peak in October 
2012 (64.31µg L-1), May 2013 (70.48 µg L-1) and 
October 2013 (66.2 µg L-1) for a total of 3 times. On 
the contrary to these, the lowest levels were recorded 
during the winter and summer months. The lowest 
level of Chlorophyll-a (1.54 µg L-1) was detected 
in November. Also, the highest levels of TPM and 
POM were 137.49 and 126.16 mg L-1, respectively 
in February. PIM levels reached a peak in April de-

termined as 20.3 mg L-1. Additionally, the lowest 
values for TPM, POM and PIM were determined in 
August as 7.0, 5.0 and 2.0 mg L-1, respectively. 

Growth
It was found that there was a constant increase of length, 
width, height, and weight during the study (Fig. 4). In 
the beginning, the average of total shell length in Group 
I was 41.52±1.99 mm whilst it reached 51.7±1.78 
mm at the end of study. In Group II, it increased from 
50.1±1.81 to 57.95±3.09 mm. The average of this 
parameter in Group III rose up from 56.35±1.91 to 
62.85±2.3 mm at the end of study (p<0.05). 

According to obtained results for weight de-
velopment, Group I was found to increase from 
9.91±1.6 g to 18.92±2.2 g. Similarly, average weights 
in Group II and III increased throughout the study. 
Group II increased from 16.34±2.04 g to 23.81 ± 2.0 
g and Group III from 22.69±2.6 g to 29.33±1.3. 

At the beginning of the study, the shell width 
and shell height in Group I were 23.78±1.3 and 
15.78±1.2 mm, at the end of the study, these values 
were recorded as 29.88±1.3 and 19.59±0.8 mm, re-
spectively. Additionally, the shell width and shell 
height in Group II were 28.49±1.6 and 18.81±0.8 
mm and at the end of the study these values reached 

Fig. 1. Location of the study area in the Çine Creek, Aydın, Turkey.
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to 33.21±2.0 and 20.48±1.6 mm, respectively. These 
parameters were 31.56±1.2 and 21.10 ± 1.3 mm for 
Group III at the beginning, they were determined as 
35.52±2.0 and 23.03±1.2 mm at the end of the study. 

In the beginning of spring and summer, there 
was a constant increase in growth however de-
clines in growth rates were in the autumn and win-
ter months (Fig. 5). The maximum growth rates (K) 
for shell length were measured as 0.055 for Group 
I in April, 0.049 for Group II in May and 0.029 for 
Group III in May, respectively.

With respect to the maximum growth rate (K) 
for total weight development, it was determined as 

0.136 in April, 0.088 in April and 0.075 in May for 
Group I, II and III, respectively. For Group I, II and 
III, the maximum growth rates for shell width were 
0.050, 0.040 and 0.046, respectively, in May. Growth 
rates (K) for shell height were fluctuating depending 
on months and also the maximum values were 0.047 
for Group I in April, 0.041 for Group II in November 
and 0.033 for Group III in may (Fig. 5). 

At the end of the study, increase in total length 
development for Group I was 10.21 mm (p<0.05), 
whereas this parameter was 7.85 and 6.50 mm for 
Group II and Group III, respectively. In terms of 
weight increase, these values were found 9.01, 7.36 

Fig. 4. Variations of biometrical measurements of the three size groups of Unio crassus in the Çine Creek, Aydın, Tur-
key, over a period of 15 months (September 2012 - November 2013).

Fig. 2. Variation of water temperature and oxygen levels 
at the study sites in the Çine Creek, Aydın, Turkey over a 
period of 15 months (September 2012 - November 2013).

Fig. 3. Chlorophyll-a, TPM, POM and PIM levels in the 
Çine Creek, Aydın, Turkey over a period of 15 months 
(September 2012 - November 2013).
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and 6.64 g for Group I, II and III, respectively (Table 
1). According to obtained results from beginning to the 
end of the study for 15 months, the maximum growth 
rate (K) among groups was determined to be weight 
development in Group I (4.305) (p<0.05) (Table 1).

Survival rate
At the end of the study, survival rate was calculated 
as 97, 96 and 96% for Group I, II and III, respec-
tively. No significant differences were found among 
groups (p>0.05).

Discussion
Due to destruction of habitat by building dams, 
changes in river flows, pollution, agricultural ac-
tivities, recreation efforts at shore, increase of accu-
mulation of thin sediment and climate change, the 
amount of U. crassus has been decreasing day-by-
day in their natural environments (Bogan 1993). 
Currently, this species is protected in many countries 
(Lamand & Beisel 2014; Lopes-Lima et al. 2014b). 
Therefore and it is important to describe the deterio-
rating conditions in the distributed areas. 

The levels of nutrients in rivers, lakes and 
creeks along with water temperature and oxygen 
levels are essential parameters for growth and repro-

duction of freshwater mussel species. In the region 
of Malopolska in Poland, it has been reported that 
the oxygen levels in environments where U. cras-
sus is distributed varied between 10.0 and 11.3 mg 
L-1 (Hus et al. 2006). In our study, the oxygen levels 
in the Çine Creek fluctuated between 6.0 and 10.4 
mg L-1. Also, they were lowest in August due to the 
higher temperature of the water in August. Therefore, 
this relatively lower oxygen levels as compared to 
the Malopolska Area could be triggered from differ-
ences in water temperatures. 

It is well known that 90% of benthic biomass in 
rivers mainly consists of freshwater mussels and that 
each mussel has the ability to filter 40 L of water per 
day (Tankersley & Dimock 1993). In summer, unio-
nid mussels can filter on average 50 % of the seston 
from the river they inhabit (Pusch et al. 2001). In this 
study, the chlorophyll-a reached a peak in the Çine 
Creek in October and May with the highest value of 
70.48 µg L-1. Versteegh (2009) reported 39 µg L-1 in 
the Lek River (in May) and 56 µg L-1 in the Meuse 
River (in November). Although the chlorophyll-a 
levels were relatively higher in the Çine Creek as 
compared to the above two rivers, it was detected 
that algal bloom occurred in spring and autumn in 
all regions. For this reason, the maximum growth of 
U. crassus in the Çine Creek was observed in spring. 

Fig. 5. Growth rate of total weight (A), shell length (B), shell width (C) and shell height (D) of the three size groups 
of Unio crassus in the Çine Creek, Aydın, Turkey, over a period of 15 months (September 2012 - November 2013).
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Chlorophyll-a levels were lowest in the Çine Creek 
in winter and summer. Similarly, the minimum levels 
of TPM were measured in summer; it reached peak 
levels in winter. Although relatively higher TPM lev-
els were recorded in winter, we recorded the lowest 
growth rate during this period of the study. Therefore, 
even if there are available nutrients, growth of bi-
valves could be dramatically decreased due to un-
suitable water temperatures. It is well reported that 
food availability (phytoplankton abundance and ses-
ton amount) and water temperatures are crucial fac-
tors that affect the growth of bivalves (Versteegh 
2009, Carey et al. 2013). Also, several studies have 

found that growth in unionid species could stop be-
low 12-13°C of the water temperature (Dettman et 
al. 1999, Goewert et al. 2007). In our study, water 
temperatures between December and March changed 
from 9.8 to 12.5 °C, thus growth rates of mussels 
were recorded at the lowest levels for all groups. 
Concurrently with the increase of water temperatures 
up to 17.5°C in April, growth of mussels started to in-
crease at constant rates and relatively higher growth 
rates were recorded in April and May. Similar find-
ings have been previously reported by Versteegh 
(2009), with growth of mussels starting when the wa-
ter temperature reached 13.5 °C.

Table 1. Biometrical measurements for the three size groups of Unio crassus in the Çine Creek, Aydın, Turkey, over a 
period of 15 months (September 2012 – November 2013)

Groups Biometrical meas-
urements

Initial 
size Final size At the end of the 

study increase 
Monthly 
increase

The end of study 
Growth Rate (K)

Group I

Length (mm) 41.52 51.73 10.21 0.02-2.49 1.465
Width (mm) 23.78 29.88 6.10 0.05-1.38 1.521
Height (mm) 15.78 19.59 3.81 0.05-0.81 1.442
Weight (g) 9.91 18.92 9.01 0.02-1.66 4.305

Group II

Length (mm) 50.10 57.95 7.85 0.04-1.64 0.970
Width (mm) 28.49 33.24 4.75 0.02-1.27 1.028
Height (mm) 18.75 21.24 2.49 0.01-0.82 0.830
Weight (g) 16.34 23.70 7.36 0.05-1.70 2.476

Group III

Length (mm) 56.35 62.85 6.50 0.006-2.95 0.728
Width (mm) 31.56 35.57 3.96 0.05-1.58 0.797
Height (mm) 21.17 23.23 2.06 0.008-0.74 0.620
Weight (g) 22.69 29.33 6.64 0.02-1.96 1.711

Table 2. Monthly or annually increase in length and weight of different species of freshwater mussels based on litera-
ture data and the present study.

Species Length (mm) Width (mm) Time Location Reference

Anodonta anatina 0-1.26 0-0.83 Monthly Meuse and Lek Rivers, The 
Netherlands

Versteegh 
(2009)

Unio pictorum 0-0.70 0-0.27 Monthly Meuse and Lek Rivers, The 
Netherlands

Versteegh 
(2009)

U. tumidus 0-0.64 0-0.34 Monthly Meuse and Lek Rivers, The 
Netherlands

Versteegh 
(2009)

Alasmidonta viridis - 0.7-1.6 Annually Fleming Creek, USA Dettman et al. 
(1999)

Lampsilis ovata ventricosa - 0.7-1.6 Annually Huron River, USA Dettman et al. 
(1999)

Lampsilis radiata  
siliquoidea - 0.7-1.6 Annually Huron River. USA Dettman et al. 

(1999)
U. pictorum 1.29 0.5 Annually Karasu Stream /Turkey Yalçin (2006)
U. crassus 2.5 Annually Orke/ Germany Nagel et al. 

(2015)

U. crassus 0.3 Annually Seenbach/ Germany Nagel et al. 
(2015)

U. crassus 0.7 Annually Holchenbach/ Germany Nagel et al. 
(2015)

U. crassus 0.02-2.49 0.05-1.38 Monthly Çine Stream/ Turkey Present study
U. crassus 0.04-1.64 0.02-1.27 Monthly Çine Stream/ Turkey Present study
U. crassus 0.006-2.95 0.05-1.58 Monthly Çine Stream/ Turkey Present study
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According to our results, the maximum monthly 
increment in total length and width of mussels were 
found for Group I (2.49 mm and 1.33 mm, respec-
tively). Versteegh (2009) has found increments in 
total length and width of Anodonta anatina to be 1.26 
and 0.83 mm, respectively. Besides, it is reported that 
U. crassus grows about 2.6 mm per year in the Orke 
River, Germany (Nagel et al. 2015). Monthly and/
or yearly results from different species of freshwater 
mussels are compared in Table 2.

It is commonly known that unionid mussels usu-
ally grow fast until their maturation but then rates 
constantly decrease (McMahon 2002). According to 
Helema et al. (2016), the accelerated growth phase is 
typical for the first ten years of the life of the mussels 
but it gradually slows and/or nearly stops for individ-
uals at the age of 20 and older. In this study, the maxi-
mum growth rate was recorded for Group I including 
relatively smaller mussels (p<0.05). At the end of the 
study (15 months), the increase in shell length and 
weight of Group I was 10.21 mm and 9.01 g, respec-
tively, while these parameters were lowest in Group 
III (6.5 mm and 6.64 g, respectively). According to 
Versteegh’s (2009) results for Unio pictorum and 
Unio tumidus, growth was very fast, around 30 mm 
per year, during the first 2-3 years. However, growth 
rates of these species were significantly decreased 
down to 1.0 mm per year throughout the following 
years. Th findings of this study are similar to the 
ones of McMahon (2002) and clearly demonstrate 
that growth rate eventually decreased concurrently 
with the increase of age and size. Furthermore, KISS 
(1994) reported that U. crassus, U. pictorum and U. 
tumidus had a gain of 3.5, 12.0 and 2.0-3.0 g year-1, 
respectively in the Tisza River, Hungary. In the Çine 
Creek, the maximum weight gain for U. crassus was 
9.6 g 15 months-1 and compared to the above values, 
it was relatively lower than that of U. pictorum but 
relatively higher than the ones for U. crassus and U. 
tumidus in the Tisza River.

The survival rate of freshwater mussels de-
pends strongly on water temperature, nutrients, spe-
cies, mussel size/age and predation. According to the 
results of Yalçin (2006) for U. pictorum, relatively 
higher survival rate was recorded in the beginning 
of the study however this rate was dramatically de-
creased to 21.07% in November together with a dras-
tical reduction of water temperature. On the other 
hand, Versteegh (2009) reported a 100% survival 
rate on the U. pictorum and U. tumidus at the end of 
the study, while this rate was 25% for A. anatina. In 
the present study, at the end of the study the survival 
rates of U.crassus were 97% for Group I and 96% 
for Group II and Group III. These results were simi-

lar to the ones of Versteegh (2009), while Yalçin 
(2006) reported relatively lower survival rates.

It is well known that survival rates of adult fresh-
water mussels are generally higher than the survival 
rates of young/juvenile individuals (McMahon 2002), 
but differences in the size of mussels in our study did 
not affect survival rates (p>0.05). Furthermore, it is 
possible that heavy mortalities could occur in smaller 
juveniles due to water currents, predation, pollution or 
lack of adaptation to habitats.

In conclusion, this is the first study conducted on 
the freshwater mussel U. crassus in the Çine Creek. 
We found that smaller individuals had faster growth 
than bigger mussels. However, high survival rates 
were obtained for all groups. Besides, it was clearly 
demonstrated that water conditions in this region were 
suitable for both growth and survival of the mussels. 
As U. crassus is currently protected in most countries, 
some efforts are needed for such controlled growing 
in wild areas and releasing juveniles in nature where 
suitable conditions for growth and survival, such as 
in the Çine Creek, are found. Therefore, our results 
could be implemented in future conservation plans for 
this species. Additionally, in order to develop habitats 
for U. crassus to enhance its growth and distribution, 
water quality should be improved, input of pesticides 
and other pollutants to the rivers and accumulation of 
sediments at the bottom of rivers should be limited. 
These efforts have crucial importance in sustaining 
populations of U. crassus in nature. Moreover, further 
studies should be focused on determining the game-
togenic cycle, especially the spawning time, larval 
abundance and recruitment in the Çine Creek.
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