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 Abstract— Three trials have been conducted  for 14 weeks 
to test the water quality improvement and growth 
performance in the rockworm settlement tanks receiving 
wastes from olive flounder rearing tanks, in the integrated 
culture systems with semi-recirculation. No significant 
differences observed in growth performance among fishes 
in each experimental group. the highest removal efficiency 
in TN (35%) belonged   to T1, TP with 45% to T3, TSS 
with 78% to T2, COD with 17% to T3, and NH3 with 31% 
. These results suggested that the rockworm M. sanguinea 
with 4000 inds/m2 with less than 0.5 g was an excellent 
potential candidate for integrated aquaculture and 
nutrient recycling including the removal of organic wastes 
in land-based systems.  

 
Keywords— Polychaete worm, Semi-recirculating system, Water 
quality improvement, Fish culture 

I. INTRODUCTION 
quaculture is an economically important industry growing 
rapidly all over the world in recent years. In year 2012, 
capture fisheries and aquaculture provided about 154 

million tons of fish among which 44.3 million tons (28.8%) 
was from inland aquaculture. 
There have been growing concerns about the steadily 
increasing portion of aquaculture. This is partly due to a large 
amount of particular organic wastes generated in the form of 
waste food (uneaten feed) and fecal matter. Eutrophication in 
the coastal embayment and estuaries resulting from inorganic 
nutrients such as nitrogen and phosphorus is another 
environmental issue, which is expected to be intensified with 
the coastal development[14]. 
Therefore, increasing productivity and lessening 
environmental impacts at the same time is considered to be one 
 

 

of the most important issues for the sustainable development 
of aquaculture [6]. Many researchers around the world are 
involved in developing new technologies to reduce its 
environmental footprint [3], which have been mainly focused 
on water quality improvement and the optimal use of outlet 
water by organisms in aquaculture. 
A number of researchers believed that Annelid worms of the 
class Polychaeta played an important role in nutrient cycling 
and in maintaining and sustaining the benthic environment [7]. 
Several studies have been conducted to reduce the organic and 
inorganic substances, using the feeding habits of polychaete in 
laboratory and culture field, and below fish net pens [2],[6]. 
These included the ability of the polychaete Perinereis nuntia 
vallata in reducing nitrogen in organic solids from a closed 
recirculating aquaculture system for olive flounder [6], the 
utilization of filter feeder, sabellid polychaete Sabella 
spallanzanii as bioremediator [4], the sediment cleanup using 
the polychaetes Capitella sp. and Perinereis nuntia brevicirris 
[8], and the simultaneous remediation of wastewater and 
harvestable production of polychaete Perinereis helleri and P. 
nuntia biomass without supplemental feeding [15]. 
Mechanisms that could reduce the accumulation of waste 
products and redirect waste nutrients towards more profitable 
sinks were incorporated to develop integrated wastewater 
treatment systems. Therefore, the resulting integrated 
aquaculture was one of the biologically and technically 
feasible methods to reduce the environmental impacts of by-
products from fish culture. 
In this study, water quality improvement by M. sanguine and 
its growth performance in an integrated culture were focused 
on in order to reduce water pollution and to optimize the flow-
through and the semi-recirculating system by considering the 
role of density. 
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II. MATERIALS AND METHODS 

 
The present study was carried on for 14 weeks and 3 
replicates on each group by using of polychaete Marphysa 
sanguinea (Montagu) and juvenile olive flounder 
Paralichthys olivaceus in the Fisheries Science and 
Technology Center, Pukyong National University, South 
Korea. 
The fish were randomly allocated in 9 PVC boxes (L 70 cm 
× W 40 cm × H 20 cm) and 30 fish were placed in each box. 
Worm were kept in the 15 PVC boxes ( L 50 cm × W 40 cm 
×H 30 cm), and bottom of the boxes were covered by a 
15~20 cm-high layer of substrate sediment with 50% gravel 
(150~500 μm) and 50% comminuted oyster shell, which 
were rinsed several times with fresh water and then was 
sundried. 
The boxes were arranged in 3 rows and on 2 floors with 5 
boxes on each floor, of which only 3 boxes were of fish 
treatments in each row. All the fish boxes were related with 
worm boxes as follows (Fig.1). Initial weight of worms was 
0.2 g. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1. Schematic diagram of Culture system 

 
Experiment Treatments: T1 = 200 worms (1000 inds/m2), 

T2 = 400 worms (2000 inds/m2), T3 = 800 worms 
(4000 inds/m2), T4 = 400 worms (2000 inds/m2) 
without feed (Control) and T5 = 400 worms (2000 
inds/m2) with commercial feed. 

The experiment place maintained a dark condition except at 
feeding and siphon time. Also, to avoid the accumulation of 
catabolic production, water was changed every week. In this 
system, sea water was pumped from the Jaran Bay in front 

of the Center which filtered by aquatron unit and supplied to 
water tank (2000 liters). Water temperature was controlled 
by a thermo control unit, which was maintained at 20 ± 1oC. 
Water supply to the fish boxes was maintained at the rate of 
2.2~2.5 L/min throughout the experiment period, and water 
was well aerated in each box. Fish were fed on a commercial 
diet (Tundli Feed Industrial CO., LTD., South Korea) twice 
daily (0900 and 1700 h), on a ration equivalent to 3% of 
their body weight. 
The fish weight in each box was determined every two 
weeks, and the amounts of diet supplied to the fish were 
adjusted accordingly. Fish were starved 24 hrs before each 
weighting to avoid inclusion of ingested feed in the weight 
measurement as well as to reduce stress. 
Initial and final wet weights of worms were determined after 
24 hrs of starvation to empty the gut and after 2 min. of 
drainage on absorbent paper. The experimental worms were 
reared on flounder feces and uneaten fish feed entered 
directly or by siphoning from fish box except control 
treatment (T4) and commercial treatment (T5). Commercial 
treatment worms were fed on 3% of body weight every other 
day. 
According to Honda and Kikuchi study in 2002, in order to 
collect flounder feces and uneaten fish feed, fishes were fed 
after 48 hrs starvation and feces & uneaten fish feed were 
collected for 24 hrs at 8hrs intervals by using a siphon. 
Collected feces and uneaten fish feed were stored at 5ºC for 
24 hrs to drain, then dry weight of feces and uneaten fish 
feed was measured after being at 105ºC for 3 hrs.  
Growth performance was determined, and survival was 
calculated as follows:  
(1) WG = [100 × (FBW−IBW)/IBW, 
(2) SGR = [(Ln FW - Ln IW)/day] × 100,  
(3) FCR = QFT/ WI, and 
(4) SR = [100× (FNF / INF].  

 
Temperature, DO, pH and salinity were measured every 
other day by the Hydrolab Surveyor 4a device. The 
normality and homogeneity of variance of data was 
confirmed by Kolmogorov-Smirnov test. Statistical 
significance differences among measured parameters were 
computed using one-way ANOVA by SPSS 15 software for 
windows (SPSS Inc., Chicago, IL, USA). Significant 
differences among treatments (p<0.05) were evaluated by 
the Duncan’s Multiple Range Test. 
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III. RESULTS 
As shown in Table 1, there was no significant difference at 
the initial and final mean weight of fishes among of 3 
treatments (T1, T2 and T3) (p>0.05). The average live body 
weight of fishes in the end of experiment (98 days) was at 
least seven times more than initial weight.  
 

Table 1: Growth performance and survival rate of the olive 
flounder Paralichthys  olivaceus 

 
 

In this experiment , minimum of WG of fishes observed in 
T2 and maximum belonged to T1. However there was no 
significant difference in weight gain among all of fish 
treatments (p>0.05). Also there was no significant difference 
in SGR among treatments (T1, T2 and T3) in this 
experiment which were 2.04, 2.01 and 2.04, respectively.   
 
 
 
 
 
 
1 WG = Weight gain, FBW= final body weight, IBW= initial body weight 
2 SGR= Specific growth rate, Ln FW = log final weight, Ln IW= log initial weight  
3 FCR= Feed conversion rate, QFT= Quantity of feed take, WI= weight increased 
4 SR= Survival rate, FNF= final number of fish, INF= initial number of fish 

 
 
 
 
Table 2: Growth performance and survival rate of the 
Marphysa  sanguinea (Polychaete ,Eunicidae) fed on flounder 
feces, uneaten fish feed and commercial feed 
 
 IW 

(g) 

 

FW 
(g) 

WG 
(%) 

SGR 
(%/day) 

SR 
(%) 

T1  

T2  

T3  

T4  

T5  

0.22± 0.07 0.84 ± 0.07c 276.2 ± 4.9d 1.34 ± 0.021d 74 ± 4c 

0.24 ± 0.06 0.80 ± 0.1c 229.7 ± 23.8c 1.20 ± 0.066c 70.5 ± 4c 

0.22 ± 0.04 0.67 ± 0.1b 198.7 ± 14.2b 1.10 ± 0.044b 42 ± 6b 

0.22 ± 0.04 0.15 ± 0.04a - 31.7 ± 6.5a -0.39± 0.066a 28.5 ± 5a 

0.23 ± 0.05 0.93 ± 0.18d 304.6 ± 13.4d 1.40 ± 0.027e 78.5 ± 8d 

 
According Table 2, the results indicated that the final weight 
of T1 (1000 inds/m2), T2 (2000 inds/m2) and T3 (4000 
inds/m2) were significantly higher than control treatment and 
lower than commercial treatment. Worms in T1 had a 
significantly higher final weight (FW), weight gain (WG) and 
specific growth rate (SGR) than in T2 and T3. However, in 
T2, there were high significant differences in a similar pattern 
to T3 (p<0.05), but T2 and T3 were significantly lower than 
commercial treatment (T5: FW. 0.93g, WG. 304.6% and SGR. 

1.40%/day, respectively) and higher than control treatment 
(T4: FW. 0.15 g, WG. -31.7% and SGR. -0.39%/day, 
respectively). The result showed that survival rate decreased 
with the increase in density as those were for T1, T2 and T3 
treatments 74, 70.5, and 42%, respectively. 
The trend variations of water quality parameters (TN, TSS, 
NH3, COD, and TP) in fish and worm tanks during the 
experiment period are presented in Tables 3 and 4. Results 
showed that, in the fish boxes, there was no significant 
difference in those parameters among treatments. However, in 

worm boxes, significant differences in TN, NH3 and TP 
observed among treatments. 
 
Table 3. Water quality analysis of olive flounder treatments in 
the semi-recirculating system 
 

 TN 
(mg/L) 

TSS 
(mg/L) 

NH3 
(mg/L) 

COD 
(mg/L) 

TP 
(mg/L) 

T1 4.19 ± 0.34a 29.3 ± 5.7a 0.23 ± 0.07a 3.12 ± 0.22a 0.52 ± 0.08a 

T2 4.08 ± 0.29a 36.6 ± 6.9a 0.34 ± 0.11a 3.06 ± 0.17a 0.58 ± 0.08a 

T3 4.24 ± 0.30a 31.4 ± 5.8a 0.29 ± 0.10a 3.32 ± 0.25b 0.49 ± 0.06a 

 
Table 4. Water quality analysis of M. sanguinea treatments in 
the semi-recirculating system 
 

 TN 
(mg/L) 

TSS 
(mg/L) 

NH3 
(mg/L) 

COD 
(mg/L) 

TP 
(mg/L) 

T1 2.71 ± 0.29b 8.17 ± 1.16a 0.18 ± 0.05a       2.80 ± 0.19a 0.35 ± 0.06b 

T2 2.12 ± 0.24a 7.91 ± 1.06a 0.24 ± 0.06b      2.68 ± 0.2a  0.36 ± 0.06b 

T3 2.77 ± 0.20b 9.89 ± 0.70b 0.20 ± 0.06a        2.76 ± 0.23a 0.27 ± 0.04a 

 

IV. DISCUSSION 

 
It is known that some species of polychaetes can use the feces 
of other animals as a food source [1].Three trials (T1, T2 and 
T3) demonstrated that Marphysa sanguinea could feed 
successfully on waste from a marine fish recirculating system. 
In this experiment, treatment T2 (2000 inds/m2) had a  0.8 g 
final weight which was lower than T1 (0.84 g) and higher than 
T3 (0.67 g). However, pure production in T2 (648 g/m2) was 
better than T1 and T3 fed on fish feces and uneaten feed, 
which were 401.6 g/m2and 245.6 g/m2, respectively. This was 
probably due to the density as growth was significantly lower 

 IW 

(g) 

FW 

(g) 

WG 

(%) 

FCR SGR 

(%/day) 

SR 

(%) 

T1  

T2  

T3  

5.18 ± 0.17 39.3 ± 0.37 660 ± 21.4 1.64 ± 0.08 2.04 ±0.02      95 ± 2 

5.49 ± 0.12 40.13 ± 1.27    630.5 ± 18.2 1.66 ± 0.06 2.01 ±0.02       93 ± 3 

5.57 ± 0.14 41.47 ± 0.7 655.4 ± 31.9 1.68 ± 0.07 2.04 ±0.04        96 ± 4 
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at the higher density [12],[20]. Furthermore, the density has 
negative effects on survival rates. However, the final mean 
weight of worm which fed on a commercial diet (T5) was 
higher than all other treatments. A possible explanation may be 
related to the component of worm diet as a high-protein 
commercial diet determines higher growth rate than the low-
protein feed [13]. 
Brown (2011) found that when Nereis virens with 0.37 g initial 
weight was fed on a commercial worm diet and fish feces & 
uneaten feed, they reached the final mean weight of 2.42 and 
2.33 g in 71 days, respectively. Their protein was 61.9 and 
59.6 %, respectively. Although the growth of worms fed on 
fish feces and uneaten feed was 1.04 to 2.1 times less than 
those fed on commercial diets, worms were able to grow 
successfully on flounder feces. These results are in line with 
finding of Honda and Kikuchi (2002) that reported polychaete 
Perinereis nuntia vallata was able to feed on the feces of the 
olive flounder, P. olivaceus, even though the amount of 
worms’ growth on commercial diets was 2 to 3 times of those 
fed the fish feces pellet directly. 
On water quality, ammonia is well-known as major by-product 
of protein deamination in aquaculture feeds and is released 
primarily through fish gills. It also can be released from 
decaying feed and feces [17] and might be very toxic to 
aquatic organisms [19]. In flounder, approximately 80% of the 
nitrogenous waste produce in ammonia [10], which is toxic to 
fish and considered as a limiting factor for the growth and 
survival of fish [16]. 

Our experiment result showed that, the T3 with 31.2% 
reduction of NH3 from the system in outflow of worm box had 
the optimal efficiency in comparison to inflow (Table 5),  
These results might be due to an increase in the number and 
activity of nitrifying bacteria, as it has been confirmed by Liu 
et al. (2005), who reported nitrifying bacteria were highly 
sensitive to toxic compound and inhibited ammonia-oxidizing 
process. 

According to our finding in this experiment, the T2 
(2000 inds/m2) with 48.1% reduction had the highest removal 
efficiency of TN from the system. TN reduction probably same 
as previous reason was due to nitrifying bacteria growth and 
converting more toxic nitrogenous compounds to less toxic 
ones and also having waste with worms. Honda and Kikuchi 
(2002) have mentioned in their study of evaluating the ability 
of polychaete Perinereis nuntia vallata to reduce nitrogen in 
organic solids from a closed recirculating aquaculture system 
for Japanese flounder P. olivaceus that this speices could 
assimilate about 62.8% of the the nitrogen in feed ingested 
(flounder feces and uneaten feed) and excreted about 21% as 
fecal pellet-N. 

TSS which is considered as a solid suspended material is 
included fish feces and uneaten feed which considered as the 
main constituents of this parameter. Results at the present 
study showed that, level of TSS in the outflows of worm boxes 
among treatments were consistently and significantly lower 
than inflow level. The lowest amount of TSS   in  outflow of 
T2 observed with 7.91 mg/L (2000 inds/m2) which was above 
a fourth times lower than of TSS  in inflow (36.6 mg/L).  
Removal efficiency of this parameter was 78% (Table 5). 
Palmer (2010) has mentioned in his investigation that sand bed 
with Perinereis nuntia and P. helleri could reduce about 75% 
of TSS in outflows; however, the sand bed without worms 
could reduce about 60%. The concentration of COD fluctuated 
almost uniformly throughout the culturing period among fish 
and worm treatments. In fish boxes, the mean level of 6 times 
sampling ranged between 3.06 to 3.32 mg/L as compared to 
worm boxes with 2.69 to 2.80 mg/L. The optimal efficiency in 
removing of COD occurred in T3 with 4000 inds/m2 density. 

Phosphorus tends to be accumulated in the fish farm 
sediment due to the high phosphorus content of fish feed and 
little loss of phosphorus from the sediment, leading to 
considerably high phosphorus loading [5]. 
TP concentration fluctuated throughout the culturing period in 
fish treatments ranged between 0.49 to 0.58 mg/L  as 
compared to worm boxes 0.27 to 0.36 mg/L. The optimal 
efficiency in removing TP belonged to T3.  

According to Stephanie (2009), the concentration of 
PO4-P above 0.45 mg/L was very high for aquatic animals. In 
this case, a higher concentration and abrupt increments and 
reductions which occurred in worm treatments might have 
contributed to the low growth rate of rockworms. In this 
experiment, concentration of components fluctuated in all 
treatments. This suggested that these parameters might not 
have an influence on the growth performance of rockworms 
but just was effective in the reduction of wastewater. 

 
Table 5. Removal efficiency of wastewater among treatments 
(fishes and worms that were associated together) in 
 semi-recirculating system 

 
Weight Density 

(inds/m2) 
TN 
(%) 

TSS 
(%) 

NH3 
(%) 

COD 
(%) 

TP 
(%) 

< 0.5 g 

1000 35.3 72.1 20.5 10.3 33.3 

2000 48.1 78.4 29.7 12.4 38.5 

4000 34.6 68.5 31.2 16.9 45.2 
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This study demonstrated that juvenile M. sanguinea in 
the semi-recirculating system could grow readily by feeding on 
fish feces and uneaten feed of flounders as a food source, 
which was highly efficient, even though they did not grow and 
survive as well as those fed on commercial feed. Therefore, 
this species is expected to be one of the candidates for 
integrated culture and waste water recycling in the semi-
recirculating system.  
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