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Abstract

 Spionid polychaetes, Prionospio are one of the dominant polychaetes in the organically enriched sediment of  
Sriracha Bay, Chonburi, Eastern coastline of Thailand. This study aims at the bioremediation of organically enriched sediment 
under green mussel rafts by two spionid polychaetes, Prionospio (Prionospio) membranacea and Prionospio (Minuspio) 
pulchra. The biomass increment from the two spionids in the bioremediation process revealed that P. (P.) membranacea 
was significantly more efficient in converting the organic waste to biomass in term of body weight than P. (M.) pulchra. The 
efficiency of the two polychaetes in the reduction of total organic matter in the sediment was not significantly different. The 
potential in bioremediation of organic matter in sediment by the two spionids was better than other polychaetes used in the  
bioremediation of the organic waste from aquaculture system. This study showed that spionid polychaetes P. (P.)  
membranacea, had the potential for future study as bioremediator species of organically enriched sediment from aquaculture 
system.
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1. Introduction

 Mussel aquaculture in marine waters has dramaticly 
increased worldwide. The mussel culture required a 
fairly productive coastal environment with an adequate 
production of phytoplankton. This provides benefit 
of no artificial feed requirement (Grant et al., 1995; 
Christensen et al., 2003; da Costa et al., 2006; Carlsson 
et al., 2009). Mussel culture is known to have severe 
local environmental impact due to the increased in 
sedimentation of biodeposits (feces and pseudofeces) 
contributing to organic enrichment in the sediment  
inside the farming area. In some cultures, where currents 
are not strong enough to transport this material out of 
the area, the depth of the oxygenated layer of the  
sediment decreased and bottom oxygen may be  
depleted, leading to anoxia of the sediment and the 
overlying water. The aggregation of mussels regulated 
nutrient fluxes, sedimentation and primary production 
in the coastal ecosystems (Kaspar et al., 1985; Grant  
et al., 1995; Christensen et al., 2003; Carlsson et al., 
2009). Tantanasarit and Bable (2014) reported that the 
removal rate of carbon, nitrogen and phosphorus by 
green mussel (Perna viridis) were 3302, 380 and 124 
mg/year/ind., respectively. Nutrient released, calculated 

as carbon, nitrogen and phosphorus from mussel faeces 
were 621, 135, 13 mg/month/ind. This organic enrichment 
could cause dramatic changes in the benthic community 
structure, reducing the species to only few tolerant 
species, lowering both the diversity and community 
richness (Pearson and Resenberg, 1978). Changes in 
benthic communities under the mussel farms has been 
extensively documented (Kaspar et al., 1985; Grant  
et al., 1995; Stenton-Dozey et al., 1999; Christensen 
et al., 2003; da Costa et al., 2006). The macrofauna 
were found to dominate numerically by opportunistic 
species, mostly polychaetes. Opportunistic polychaetes, 
such as Capitella spp. in the Family Capitellidae and  
Prionospio spp. in the Family Spionidae, were usually 
small, short-lived, prolific and capable of exploiting the
organically enriched sediment (Pearson and Rosenberg, 
1978; Dauer, 1993; Diaz and Rosenberg, 1995; Borja 
et al., 2000) 
 Many polychaete species were used in the  
bioremediation process in the integrated aquaculture 
system and in the coastal area. These polychaete species 
have simple life histories. They are resistant to toxicity 
and have the ability to generate an economic return  
following remediation activities such as polychaetes 
in the Family Nereididae. Polychaete sand filters were  
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1. Introduction

In India, about 200 tons of mercury and its
compounds are introduced into the environment
annually as effluents from industries (Saffi, 1981).
Mercuric chloride has been used in agriculture as a
fungicide, in medicine as a topical antiseptic and
disinfectant, and in chemistry as an intermediate in
the production of other mercury compounds. The
contamination of aquatic ecosystems by heavy
metals and pesticides has gained increasing attention
in recent decades. Chronic exposure to and
accumulation of these chemicals in aquatic biota
can result in tissue burdens that produce adverse
effects not only in the directly exposed organisms,
but also in human beings.

Fish provides a suitable model for monitoring
aquatic genotoxicity and wastewater quality
because of its ability to metabolize xenobiotics and
accumulated pollutants. A micronucleus assay has
been used successfully in several species (De Flora,
et al., 1993, Al-Sabti and Metcalfe, 1995). The
micronucleus (MN) test has been developed
together with DNA-unwinding assays as
perspective methods for mass monitoring of
clastogenicity and genotoxicity in fish and mussels
(Dailianis et al., 2003).

The MN tests have been successfully used as
a measure of genotoxic stress in fish, under both

laboratory and field conditions. In 2006 Soumendra
et al., made an attempt to detect genetic biomarkers
in two fish species, Labeo bata and Oreochromis
mossambica, by MN and binucleate (BN)
erythrocytes in the gill and kidney erythrocytes
exposed to thermal power plant discharge at
Titagarh Thermal Power Plant, Kolkata, India.

The present study was conducted to determine
the acute genotoxicity of the heavy metal compound
HgCl2 in static systems. Mercuric chloride is toxic,
solvable in water hence it can penetrate the aquatic
animals. Mutagenic studies with native fish species
represent an important effort in determining the
potential effects of toxic agents. This study was
carried out to evaluate the use of the micronucleus
test (MN) for the estimation of aquatic pollution
using marine edible fish under lab conditions.

2. Materials and methods

2.1. Sample Collection

The fish species selected for the present study
was collected from Pudhumadam coast of Gulf of
Mannar, Southeast Coast of India. Therapon
jarbua belongs to the order Perciformes of the
family Theraponidae. The fish species, Therapon
jarbua (6-6.3 cm in length and 4-4.25 g in weight)
was selected for the detection of genotoxic effect
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usually integrated in to the prawn and fish farming 
systems to simultaneously remediate wastewater 
and produce harvestable polychaete biomass without 
supplemental feeding (Palmer, 2010; 2011; Brown 
et al., 2011; Van Bruggen, 2012). Not only does this 
polychaetes are used as bait for sport and professional 
fishing but they are also considered as a food source 
in aquaculture. Polychaete worms have been identified 
as a source of essential fatty acids and have an 
important role in the development of the gonads 
(Fidalgo e Costa et al., 2000; 2003). Capitellid 
polychaete, Capitella spp., small deposit feeders, have 
been successfully used as the bioremediator of organic 
waste from fish farms in Southern Japan (Tsutsumi  
et al., 1990; 2002; 2005; Chareonpanich et al., 1994). 
The techniques of introducing the artificially mass  
culture of Capitella sp.I on the organically enriched  
sediment below a net pen in the fish farm were  
developed from these periods. Kinoshita et al. (2008) 
has applied the same method of bioremediation of  
organically enriched sediment deposited below fish 
farms in enclosed bay in Japan. They were able to 
demonstrate that this method of applying mass-culture 
technique of deposit-feeding polychaete Capitella 
sp.I was promising to enhance the decomposition rate 
of organic matter markedly in organically enriched  
sediment below fish farms.
 The coastal area of Sriracha Bay, Chonburi  
Province, eastern coast of the Gulf of Thailand, is one
of the important areas for green mussel (Perna viridis) 
rafts culture. Organic enriched sediment in this bay 
resulted from mussel rafts culture and the domestic 
effluents from the municipal town of Sriracha. Spionid 
polychaetes, Prionospio are one of the dominant  
polychaetes in the organically enriched areas of 
Sriracha Bay (To-orn and Intarachart, 2010). These 
spionids are similar to the capitellids which were  
abundantly found in high organic polluted areas with 
low dissolved oxygen and high sediment sulfide  
content. They can tolerate these extreme conditions 
which enables them to rapidly colonize the areas with
high levels of organic matters, due to their adaptation 
in feeding and diverse patterns of reproduction and 
development (Fauchald and Jumars, 1979; Blake and 
Arnofsky, 1999; Borja et al., 2000). Two dominant 
spionids, Prionospio (Prionospio) membranacea  
Imajima, 1990 and Prionospio (Minuspio) pulchra  
Imajima, 1990, were found in the area. The former  
species was found 13-655 ind./m2 while the latter  
species was found less in the density of 0-68 ind./m2.
 As the bioremediation of organically enriched  
sediment from fish farms by the deposit feeder  
polychaete, Capitella have been proven successfully. 
This present study aims to assess the possibility of 
using two interface deposit feeding polychaetes,  

P. (P.) membranacea and P. (M.) pulchra to remediate  
organically enriched sediment from green mussel 
rafts. The results can be used as the guideline in the  
application of spionid polychaetes in the bioremediation 
of organic enriched sediment from aquaculture system.

2. Materials and Methods

2.1 Collection of polychaetes and sediments

 The spionid polychaetes were collected from  
October to November 2013 from Sriracha Bay,  
Chonburi Province (13°11′N, 100°55′E), on the east 
coast of the Gulf of Thailand (Fig. 1). Adult specimens 
of two spionid species were collected from an area of 
high organic content (4.66-6.08% TOC) near Sriracha 
Town Municipality under the influence of domestic 
waste effluents.
 Samples were taken by Ekman grab and washed 
through a 0.25 mm mesh sieve. Specimens were  
transported afterward to the laboratory for sorting and 
identify. The sediment for the experiment was collected 
from under the floating mussel rafts in the bay using 
Ekman grab. Each sediment sample was sieved through 
a 1.0 mm mesh and freeze in the laboratory at least for 
24 h to kill living organisms. The seawater from the 
mussel rafts was filtered through a 1.0 micrometer filter 
bag for the experimental use.

2.2 Preparation of experimental animals and sediments

 In the laboratory, spionid specimens were sorted 
under a stereomicroscope. The spionid polychaetes,  
P. (P.) membranacea and P. (M.) pulchra were  
identified following the procedures of Imajima (1990a; 
1990b). The distinct characteristics of spionids, P. (P.)  
membranacea and P. (M.) pulchra are shown in Fig. 2. 
P. (P.) membranacea has four pairs of branchiae on 
chaetigers 2-5: pairs 1 and 4 are pinnate with digitiform 
pinnules; and pairs 2 and 3 are apinnate. P. (M.) pulchra 
has 9 pairs of apinnate cylindrical branchiae located 
from chaetiger 2.
 Both spionids were acclimated in aquaria, which 
added the treated sediment and filtered seawater. The 
aquaria was  mildly aerated. The acclimated  polychaetes 
were individually measured for the body size to  
estimated the body weight at the beginning of the  
experiment. The body length and the width of the 
5th chaetiger (including the parapodia) of immature  
specimen were also measured under a stereomicroscope
with an ocular micrometer and expressed as body size. 
The numbers of chaetigers in each worm were counted. 
Worms were weights to determine the wet weight. Total 
organic matter in the sediment was determined by the 
loss on ignition (Nelson and Sommers, 1982) prior to 
the experiment.
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2.3 Studies on bioremediation of organically enriched 
sediment by spionid polychaetes
 
 The 12 cultured boxes (20x25x15 cm) were filled 
with treated sediment at the level of 3 cm from the  
bottom and they were filled with the filtered seawater 
at the level of 10 cm above the surface sediment. The  
filtered seawater in each box was gently aerated. Spionids,  
P. (P.) membranacea and P. (M.) pulchra were 
then added to the cultured boxes in three different  
treatments: (1) control (without spionid polychaetes), 
(2) 10 individuals of spionids (normal density based on 
the average density of the spionid, P. (P.) membranacea 
from high organic content area and the mussel 
rafts area in Sriracha Bay, 200 ind./m2 observed by  
To-orn and Intarachart (2010) and (3) 20 individuals of  
spionids (twice the normal density, 400 ind./m2). For each  
treatment, four cultured boxes were used as replicates. 
The experiments were carried out for 30 days.
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2.4 Assessment of potential spionid polychaetes in 
bioremediation

 At the end of experiment (30 days from the start), 
the sediment from each cultured boxes were taken by 
using a plastic hand core with an area of 0.55 cm2. The 
sediment was sliced at every 1 cm depth from surface 
into three layers (0-1, 1-2 and 2-3 cm in depth) for the 
analysis of total organic content by Ignition loss (Nelson 
and Sommers, 1982). After that, the remaining sediment 
in each cultured boxes were washed through a 0.25 
mm mesh sieve for the biomass study of the spionid  
polychaetes. The body length and the body size (width 
of the 5th chaetiger, excluding parapodia), and the  
number of chaetigers of the spionds were measured 
and counted by using an ocular micrometer. The wet 
weights of the spionids were measured.

Figure 1. Study area, Sriracha Bay, Chonburi Province, the eastern coastline of Thailand  
-sampling for spionid polychaetes 

Samples were taken by Ekman grab and washed through a 0.25 mm mesh sieve. Specimens were 
transported afterward to the laboratory for sorting and identify. The sediment for the experiment was 
collected from under the floating mussel rafts in the bay using Ekman grab. Each sediment sample was 
sieved through a 1.0 mm mesh and freeze in the laboratory at least for 24 h to kill living organisms. The 
seawater from the mussel rafts was filtered through a 1.0 micrometer filter bag for the experimental use. 
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polychaetes, P. (P.) membranacea and P. (M.) pulchra were identified following the procedures of 
Imajima (1990a; 1990b). The distinct characteristics of spionids, P. (P.) membranacea and P. (M.) 
pulchra are shown in Fig. 2. P. (P.) membranacea has four pairs of branchiae on chaetigers 2-5: pairs 1 
and 4 are pinnate with digitiform pinnules; and pairs 2 and 3 are apinnate. P. (M.) pulchra has 9 pairs of 
apinnate cylindrical branchiae located from chaetiger 2.  
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 Products in term of the increased of polychaetes 
biomass and the ability to reduce the organic matter in 
the enriched sediment from mussel raft culture were 
assessed as the bioremediation efficiency of the spionid 
polychaetes. The increase of the polychaetes biomass 
in percentage were calculated from the differences of 
body length, body size, number of chaetiger and body 
wet weight between the initial phase and the final phase 
of the experiments. The bioremediation efficiency 
of spionid polychaetes were enumerated from the  
percentage of total organic matter reduction from the 
initial phase when compared to the final phase of the 
experiments.

2.5 Statistical analysis

 One-way analysis of variance (ANOVA) at the 95% 
confidence level (p<0.05) was applied to determine 
significant differences of spionid polychaetes biomass 
and total organic matter in sediment between treatments. 
The biomass increment and the total organic matter 
reduction rate in sediment between the initial and  
final phases of the experiment, and among three layers  
between two spiond species were compared using a 
t-test (Zar, 1999).

3. Results and Discussion

3.1 Increment in biomass in spionid polychaetes

 The average body length, body size and number of 
chaetigers of P. (P.) membranacea between the initial 
and final phases of the experiment were significantly 
different (p<0.05). The average body length, body size 
and number of chaetigers of this spionid after 30 days 

of the experiment were higher than those in the initial 
phase about 1.76, 1.27 and 1.34 times in experimental 
treatment of 10 individuals. The body weight showed 
the same pattern of increase at the end of the  
experimental with final body weight was 2.34 times 
comparing to the initial phase. In the high density  
treatment of 20 individuals, the lower rate of increased 
biomass was observed (p<0.05). The average body 
length, body size and the number of chaetigers in the 
spionid after 30 days of experiment were 1.60, 1.17 and 
1.28 times the initial phase, while the final body weight 
of the polychaetes in the high density treatment was 
only 1.76 times the initial weight (Table 1). 
 The biomass increment in P. (M.) pulchra in the 
bioremediation experiments also showed the similar 
trends as in P. (P.) membranacea. The growth in term 
of average body weight, average body size and the 
number of chaetigers in the normal density treatment 
of 10 individuals after 30 days were 1.79, 1.31 and 1.32 
times the initial values. The final body weight was 1.85 
times the initial weight. Low growth also observed in 
the high density treatment of 20 individuals (p<0.05). 
The spionid growth was significantly different (p<0.05) 
between the treatments. The average body weight,  
average body size and the number of chaetigers after 
the 30 days in the high density of 20 individuals were 
1.57, 1.18 and 1.25 times the initial values. The final 
body weight was 1.17 times the initial weight. 
 The rate of biomass increment in term of average 
body length, average body size and the number of 
chaetigers in the two spionids were not significantly 
different. However the increment growth rate in term of 
increased body weight in both treatments of 10 and 20 
individuals of P. (P.) membranacea were significantly 
higher (p<0.05) than P. (M.) pulchra as in Fig. 3.

The body weight showed the same pattern of increase at the end of the experimental with final body 
weight was 2.34 times comparing to the initial phase. In the high density treatment of 20 individuals, the 
lower rate of increased biomass was observed (p<0.05). The average body length, body size and the 
number of chaetigers in the spionid after 30 days of experiment were 1.60, 1.17 and 1.28 times the initial 
phase, while the final body weight of the polychaetes in the high density treatment was only 1.76 times 
the initial weight (Table 1). 

Table 1. Increment in biomass of spionid polychaetes, P. (P.) membranacea and P. (M.) pulchra in the 
bioremediation of enriched sediment under the mussel rafts from Sriracha Bay, Chonburi Province, eastern coast of 
Thailand

10 individuals 20 individuals 
 Total increased 

biomass 
(30 days) 

Increment growth 
rate per day 

Total increased 
biomass 
(30 days) 

Increment growth 
rate per day 

 P. (P.) membranacea     
   Body length (mm) 5.920±1.072 0.020±0.035 4.676±1.057 0.156±0.035 
   Body size (mm) 0.094±0.021 0.003±0.001 0.061±0.030 0.002±0.001 
   Number of chaetiger (chaetiger) 17.500±1.000 0.583±0.033 14.750±2.217 0.492±0.073 
   Body wet weight (g) 0.00110±0.00025 0.00004±0.00001 0.00070±0.00032 0.00002±0.00001 
 P. (M.) pulchra     
   Body length (mm) 5.820±0.805 0.194±0.294 4.155±0.294 0.139±0.009 
   Body size (mm) 0.093±0.009 0.003±0.009 0.053±0.009 0.002±0.001 
   Number of chaetiger (chaetiger) 17.250±0.957 0.575±2.629 12.750±2.630 0.425±0.087 
   Body weight (g) 0.00070±0.00013 0.00003±0.00005 0.00010±0.00005 0.000004±0.00001 

The biomass increment in P. (M.) pulchra in the bioremediation experiments also showed the 
similar trends as in P. (P.) membranacea. The growth in term of average body weight, average body size 
and the number of chaetigers in the normal density treatment of 10 individuals after 30 days were 1.79, 
1.31 and 1.32 times the initial values. The final body weight was 1.85 times the initial weight. Low 
growth also observed in the high density treatment of 20 individuals (p<0.05). The spionid growth was 
significantly different (p<0.05) between the treatments. The average body weight, average body size and 
the number of chaetigers after the 30 days in the high density of 20 individuals were 1.57, 1.18 and 1.25 
times the initial values. The final body weight was 1.17 times the initial weight.  

The rate of biomass increment in term of average body length, average body size and the number 
of chaetigers in the two spionids were not significantly different. However the increment growth rate in 
term of increased body weight in both treatments of 10 and 20 individuals of P. (P.) membranacea were 
significantly higher (p<0.05) than P. (M.) pulchra as in Fig. 3. 

Figure 3. Increment growth rate (g wet weight per a day) of spionid polychaetes, P. (P.) membranacea and P. (M.)
pulchra in the bioremediation of enriched sediment under the mussel rafts from Sriracha Bay, Chonburi Province, 
eastern coast of Thailand.
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 The biomass increment in the two spionid  
polychaetes, P. (P.) membranacea and P. (M.) pulchra
in the bioremediation process revealed that P. (P.)  
membranacea was more efficient in converting the 
organic waste from the enriched sediment to biomass 
than P. (M.) pulchra (Fig. 3). It was noted that in the 
normal density treatment, P. (P.) membranacea was 
observed with oocytes. As stated, P. (P.) membranacea, 
the dominant spionid polychaetes, widely distributed 
in Sriracha Bay in particular near the Sriracha  
Municipality and mussel raft culture. P. (M.) pulchra 
can also be found in the same area but in low density.
 Spionid polychaetes help stabilizing and reworking 
the surface layers of soft mud and sand bottom through 
their feeding and burrowing activities (Blake, 1996). 
These biological activities enhance the bioremediation 
process in the enriched sediment. Increased biomass in 
spionids indicated that organic matter in the sediment 
was consumed as food. Fauchald and Jumars (1979) 
reported that spionids were generally considered as 
the surface deposit feeders. Dauer et al. (1981) further  
proposed that spionid polychaetes were interface-
feeders species that utilized particles from the sediment 
surface. Spionid polychaetes have a pair of grooved, 
ciliated palps that arise from the peristomium. These 
structures are used to suspension and resuspended the 
sediment during the feeding. Palps that came in direct 
contact with the sediment surface picked up particles in 
the food groove and transported them by ciliary action to
the everted pharynx. When particles were resuspended 
by a current, the polychaetes changed their palp  
orientation modes and increased their feeding upon 
suspended particles. Yokoyama (1988) demonstrated 
the feeding behavior of Paraprionospio sp. (form A) in 
the laboratory. The worms extended their tentacles and 
two pairs of branchiae onto the surface of the sediment, 
while laying in their tubes. Worms fed on the surface 

of the sediment throughout the day using a pair of  
ciliated tentacles. As a result of feeding, a circular area  
appeared on the surface of the sediment around the 
opening of the tube. The radius of the feeding scar 
was approximately equal to the length of the tentacle, 
which was approximately 30-40% of the body length. 
As demonstrated from our result, the biomass increment 
in the normal density treatment was higher than the 
high density treatment. The density of the spionid 
polychaetes affected the food supply and the feeding 
efficiency. This was true in several deposit feeding 
polychaetes. Miller and Jumars (1986) reported that 
spionid polychaete Pseudopolydora kempi japonica 
Imajima & Hartman, 1964 in laboratory experiment 
had the mean value of 1.4 cm for feeding radius  
(a circular feeding area of 6.2 cm). At population 
density of more than 0.16 cm2, the worm feeding area 
would overlap with the neighboring feeding areas.  
Zajac (1986) found that the differences in intra-specific 
density and food supply in laboratory experiments of 
the spionid polychaete Polydora ligni Webster, 1879 
affected the growth and reproduction. In large eunicid 
polychaete, ragworm Marphysa sanguinea, Parandavar 
and Kim (2014) also found that the density of M.  
sanguinea had impact on the growth. The highest final
weight was at the density of 1,000 ind./m2 and the  
lowest weight at the density of 4,000 ind./m2. Van 
Bruggen (2012) found that the biomass (g dry weight) 
of Capitella sp. that fed on sea bass waste at the density 
of 100 ind./m2 had significantly higher biomass than 
those found at the density of 1,000 and 10,000 ind./m2.

3.2 Reduction of organic matter in sediment

 Comparison on the initial total organic matter in 
the sediment and the final total organic matter at the 
end of the bioremediation experiment showed that the 

The body weight showed the same pattern of increase at the end of the experimental with final body 
weight was 2.34 times comparing to the initial phase. In the high density treatment of 20 individuals, the 
lower rate of increased biomass was observed (p<0.05). The average body length, body size and the 
number of chaetigers in the spionid after 30 days of experiment were 1.60, 1.17 and 1.28 times the initial 
phase, while the final body weight of the polychaetes in the high density treatment was only 1.76 times 
the initial weight (Table 1). 

Table 1. Increment in biomass of spionid polychaetes, P. (P.) membranacea and P. (M.) pulchra in the 
bioremediation of enriched sediment under the mussel rafts from Sriracha Bay, Chonburi Province, eastern coast of 
Thailand

10 individuals 20 individuals 
 Total increased 

biomass 
(30 days) 

Increment growth 
rate per day 

Total increased 
biomass 
(30 days) 

Increment growth 
rate per day 

 P. (P.) membranacea     
   Body length (mm) 5.920±1.072 0.020±0.035 4.676±1.057 0.156±0.035 
   Body size (mm) 0.094±0.021 0.003±0.001 0.061±0.030 0.002±0.001 
   Number of chaetiger (chaetiger) 17.500±1.000 0.583±0.033 14.750±2.217 0.492±0.073 
   Body wet weight (g) 0.00110±0.00025 0.00004±0.00001 0.00070±0.00032 0.00002±0.00001 
 P. (M.) pulchra     
   Body length (mm) 5.820±0.805 0.194±0.294 4.155±0.294 0.139±0.009 
   Body size (mm) 0.093±0.009 0.003±0.009 0.053±0.009 0.002±0.001 
   Number of chaetiger (chaetiger) 17.250±0.957 0.575±2.629 12.750±2.630 0.425±0.087 
   Body weight (g) 0.00070±0.00013 0.00003±0.00005 0.00010±0.00005 0.000004±0.00001 

The biomass increment in P. (M.) pulchra in the bioremediation experiments also showed the 
similar trends as in P. (P.) membranacea. The growth in term of average body weight, average body size 
and the number of chaetigers in the normal density treatment of 10 individuals after 30 days were 1.79, 
1.31 and 1.32 times the initial values. The final body weight was 1.85 times the initial weight. Low 
growth also observed in the high density treatment of 20 individuals (p<0.05). The spionid growth was 
significantly different (p<0.05) between the treatments. The average body weight, average body size and 
the number of chaetigers after the 30 days in the high density of 20 individuals were 1.57, 1.18 and 1.25 
times the initial values. The final body weight was 1.17 times the initial weight.  

The rate of biomass increment in term of average body length, average body size and the number 
of chaetigers in the two spionids were not significantly different. However the increment growth rate in 
term of increased body weight in both treatments of 10 and 20 individuals of P. (P.) membranacea were 
significantly higher (p<0.05) than P. (M.) pulchra as in Fig. 3. 

Figure 3. Increment growth rate (g wet weight per a day) of spionid polychaetes, P. (P.) membranacea and P. (M.)
pulchra in the bioremediation of enriched sediment under the mussel rafts from Sriracha Bay, Chonburi Province, 
eastern coast of Thailand.
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two spionid polychaetes had biological activities that 
would reduce the level of organic matter in the sediment  
(Fig. 4). The total organic matter in the sediment in each 
treatment at the start of the experiment were in the range 
of 7.19±0.70%. No significant changes occurred in the 
no worm treatment. In  P. (P.) membranacea experiment, 
the levels of decreased in total organic matter from the 
enriched sediment in the three layers of sediment were 
similar (p>0.05). However the decrease of organic  
matter after 30 days for the treatment of the high density
treatment was highest with the reduction rate of 52.48% 
from the initial total organic matter. The organic  
reduction rate in the normal density treatment was 
38.16% after 30 days.
 The reduction of organic matter in the sediment 
form the bioremediation experiment of P. (M.) pulchra 
also showed the similar trend. No significant differences 
in the levels of the decreased in total organic matter in 
the sediment in term of sediment layers. After 30 days, 
the organic matter reduction rate in the high density 
treatment was 49.30%, while in the normal density 
treatment was 37.60%. The ability of the two spionid 
polychaetes to decrease the level of organic matter in 
the enriched sediment under the green mussel rafts  
were similar (p>0.05).

 Biological  activities of  deposit   feeding  polychaetes 
such as feeding and reworking can apparently  
promote the decomposition of organic matter in the  
sediment (Dauer et al., 1981; Yokoyama, 1988; Tsutsumi  
et al., 1990; Chareonpanich et al., 1994). These spionid 
polychaetes excreted fecal pellets which were placed 
outside of their tubes in a neat pile. The bottom currents 
further eroded and transported fecal pellets that  
accumulated within the worm’s foraging area (Dauer 
et al., 1981). Kinoshita et al. (2008) concluded from 
the application of artificially mass-cultured colonies 
of a deposit feeding polychaete, Capitella sp. as  
bioremediator of organically enriched sediment  
deposited below fish farms that the dense culture of 
Capitella sp. increased the decomposition of organic 
matter. The reworking activities of the sediment by 
dense patches of Capitella including feeding on the 
subsurface sediment and excreting fecal pellets on the 
sediment surface as well as burrowing in the sediment, 
and spouting the subsurface sediment onto the sediment 
surface had promoted sediment oxidation and provided 
an oxygenrich environment suitable for aerobic bacteria 
in the deeper subsurface sediment.

Figure 4. Reduction of total organic matter (%) of three layer of sediment in bioremediation of organically enriched 
sediment under green mussel rafts by spionid polychaetes, P. (P.) membranacea and P. (M.) pulchra.  

The reduction of organic matter in the sediment form the bioremediation experiment of P. (M.)
pulchra also showed the similar trend. No significant differences in the levels of the decreased in total 
organic matter in the sediment in term of sediment layers. After 30 days, the organic matter reduction rate 
in the high density treatment was 49.30%, while in the normal density treatment was 37.60%. The ability 
of the two spionid polychaetes to decrease the level of organic matter in the enriched sediment under the 
green mussel rafts were similar (p>0.05). 

Biological activities of deposit feeding polychaetes such as feeding and reworking can apparently 
promote the decomposition of organic matter in the sediment (Dauer et al., 1981; Yokoyama, 1988; 
Tsutsumi et al., 1990; Chareonpanich et al., 1994). These spionid polychaetes excreted fecal pellets 
which were placed outside of their tubes in a neat pile. The bottom currents further eroded and 
transported fecal pellets that accumulated within the worm’s foraging area (Dauer et al., 1981). Kinoshita 
et al. (2008) concluded from the application of artificially mass-cultured colonies of a deposit feeding 
polychaete, Capitella sp. as bioremediator of organically enriched sediment deposited below fish farms 
that the dense culture of Capitella sp. increased the decomposition of organic matter. The reworking 
activities of the sediment by dense patches of Capitella including feeding on the subsurface sediment and 
excreting fecal pellets on the sediment surface as well as burrowing in the sediment, and spouting the 
subsurface sediment onto the sediment surface had promoted sediment oxidation and provided an oxygen-
rich environment suitable for aerobic bacteria in the deeper subsurface sediment. 

This present study showed the potential of two interface deposit feeding polychaetes, P. (P.) 
membranacea and P. (M.) pulchra to remediate the organically enriched sediment from green mussel 
rafts. The potential in bioremediation of organic matter in sediment of these two spionid polychaetes were 
high when compared to Capitella sp. commonly used in the bioremediation of enriched sediment under 
fish farms in Southern Japan. Chareonpanich et al. (1994) concluded the efficiency of Capitella sp. as 
bioremediator that 0.5 g DW (or 33,139 individuals) of Capitella had the ability to decompose organic 
matter with 1 g of TOC in 1 m2 of sediment. Tsutsumi et al. (2002) conducted the experiments in the 
outdoor pools filled with organic enriched sediment to measure the bioremediation efficiency from the 
artificially cultured colonies of Capitella. They found that within 16 weeks of experiment period, the 
outdoor pools with artificially cultured Capitella showed the apparent decreased levels of TOC relatively 
to those of control. During the last nine weeks (from week 7 to week 16) of experimental period, the 
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 This present study showed the potential of two  
interface  deposit  feeding  polychaetes, P. (P.) membranacea 
and  P. (M.) pulchra to remediate the organically enriched 
sediment from green mussel rafts. The potential in 
bioremediation of organic matter in sediment of these 
two spionid polychaetes were high when compared to 
Capitella sp. commonly used in the bioremediation of 
enriched sediment under fish farms in Southern Japan. 
Chareonpanich et al. (1994) concluded the efficiency of 
Capitella sp. as bioremediator that 0.5 g DW (or 33,139 
individuals) of Capitella had the ability to decompose 
organic matter with 1 g of TOC in 1 m2 of sediment. 
Tsutsumi et al. (2002) conducted the experiments in the
outdoor pools filled with organic enriched sediment 
to measure the bioremediation efficiency from the  
artificially cultured colonies of Capitella. They found 
that within 16 weeks of experiment period, the outdoor 
pools with artificially cultured Capitella showed the 
apparent decreased levels of TOC relatively to those 
of control. During the last nine weeks (from week 7 to 
week 16) of experimental period, the artificially cultured 
Capitella patches in the experimental pools were able 
to reduce the TOC ranged from 16.29-30.6%.
 We prefer P. (P.)  membranacea  for the  
bioremediation of organically enriched sediment under
green mussel raft in Sriracha Bay, Chonburi Province. 
This species were more abundant in the coastal area 
of Sriracha Bay, while P. (M.) pulchra was rare.  
Although the two spionids showed the similar potential 
in the reduction of organic matter in the sediment,  
P. (P.) membranacea was more efficient in converting 
the organic waste from the enriched sediment to  
biomass than P. (M.) pulchra. It can be predicted that 
for further application of this result by the introduction 
of mass culture of spionid polychaetes in the enriched 
sediment under the green mussel rafts, the P. (P.)  
membranacea population would increase in density 
and biomass rapidly. This would inturn increase the  
decomposition rate of organic matters in the sediment. 
As shown from the result, the high density of P. (P.) 
membranacea, twice the normal density, would  
increase the reduction of organic matter in the sediment 
1.38 times compared to normal density. The methods 
on the future application of mass-cultured of spionid 
polychaetes to treat the organically enriched sediment 
under the green mussel rafts and in the coastal area 
should be investigated.

4. Conclusions

 The spionid polychaete P. (P.) membranacea and 
P. (M.) pulchra can be used as bioremediators for the 
treatment of organically enriched sediment under the 
green mussel rafts in Sriracha Bay, Chonburi Province. 

The two spionids were efficiently converted the organic 
waste into biomass and reduced the organic matter in the 
sediment. The spionid polychaetes P. (P.) membranacea 
is the potential species for the treatment of organic waste 
in sediment from aquaculture system.

Acknowledgement

 The research was supported by a scholarship from the 
National Science and Technology Development Agency 
(NSTD), Ministry of Science and Technology (MOST),  
Thailand, and CU. Graduate School Thesis Grant from 
Graduate School Chulalongkorn University.

References

Blake JA. Family spionidae grube, 1850. In: Taxonomic  
 atlas of the benthic fauna of the Santa Maria Basin and  
 the Western Santa Barbara Channel, The Annelida, Part  
 3. Polychaeta: Orbiniidae to Cossuridae, Volume 6  
 (Eds: Blake JA, Hilbig B, Scott PH). Santa Barbara  
 Museum of Natural History, Santa Barbara 1996; 81- 
 223.
Blake JA, Arnofsky PL. Reproduction and larval development 
 of the spioniform Polychaeta with application to  
 systematics and phylogeny. Hydrobiologia1999; 402:  
 57-106.
Borja A, Franco J, Pérez V. A marine biotic index to establish  
 the ecological quality of soft-bottom benthos within 
 European estuarine and coastal environments. Marine  
 Pollution Bulletin 2000; 40(12): 1100-14.
Brown N, Eddy S, Plaud S. Utilization of waste from a marine  
 recirculating fish culture system as a feed source for 
 the polychaete worm, Nereis virens. Aquaculture 2011;  
 322-323: 177-83.
Carlsson MS, Holmer M, Petersen JK. Seasonal and spatial  
 variations of benthic impacts of mussel longline 
 farming in a eutrophic Danish fjord, Limfjorden.  
 Journal of Shellfish Research 2009; 28(4): 791-801.
Chareonpanich C, Tsutsumi H, Montani S. Efficiency of the  
 decomposition of organic matter, loaded on the  
 sediment, as a result of the biological activity of  
 Capitella sp. I. Marine Pollution Bulletin 1994; 28(5):
 314-18
Christensen PB, Glud RN, Dalsgaard T, Gillespie P. Impacts  
 of longline mussel farming on oxygen and nitrogen 
 dynamics and biological communities of coastal  
 sediments. Aquaculture 2003; 218(1-4): 567-88.
da Costa KG, Nalesso RC. Effects of mussel farming on  
 macrobenthic community structure in Southeastern  
 Brazil. Aquaculture 2006; 258(1-4): 655-63.
Dauer DM. Biological criteria, environmental health and  
 estuarine macrobenthic community structure. Marine 
 Pollution Bulletin 1993; 26(5): 249-57.
Dauer DM, Maybury CA, Ewing RM. Feeding behavior and  
 general ecology of several spionid polychaetes from 
 the Chesapeake Bay. Journal of Experimental Marine  
 Biology and Ecology 1981; 54(1): 21-38.



24

Diaz RJ, Rosenberg R. Marine benthic hypoxia: a review of  
 its ecological effects and the behavioural responses of
 benthic macrofauna. Oceanography and Marine Biology: 
 An Annual Review 1995; 33: 245-303.
Fauchald K, Jumars PA. The diet of worms: a study of  
 polychaete feeding guilds. Oceanography and Marine 
 Biology: An Annual Review 1979; 17: 193-284.
Fidalgo e Costa P, Narciso L, Cancela da Fonseca L. Growth,  
 survival and fatty acid profile of Nereis diversicolor 
 (O.F. Müller, 1776) fed on six different diets. Bulletin  
 of Marine Science 2000; 67(1): 337-43.
Fidalgo e Costa P, Passos AM, Cancela da Fonseca L.  
 Polychaetes and their potential use in aquaculture. World
 Aquaculture 2003; 34(3): 41-43.
Grant J, Hatcher A, Scott DB, Pocklington P, Schafer CT,  
 Winters GV. A multidisciplinary approach to evaluating
 impacts of shellfish aquaculture on benthic communities.  
 Estuaries 1995; 18(1): 124-44.
Imajima M. Spionidae (Annelida, Polychaeta) from Japan III.  
 The Genus Prionospio (Minuspio). Bulletin of the 
 National Science Museum, Tokyo Series A 1990a; 16(2):  
 61-78.
Imajima M. Spionidae (Annelida, Polychaeta) from Japan IV.  
 The Genus Prionospio (Prionospio). Bulletin of the 
 National Science Museum, Tokyo Series A 1990b; 16(3):  
 105-40.
Kaspar HF, Gillespie PA, Boyer IC, MacKenzie AL. Effect  
 of mussel aquaculture on the nitrogen cycle and benthic
 communities in Kenepuru Sound, Marlborough Sounds,  
 New Zealand. Marine Biology 1985; 85(2): 127-36.
Kinoshita K, Tamaki S, Yoshioka M, Srithonguthai S,  
 Kunihiro T, Hama D, Ohwada K, Tsutsumi H.  
 Bioremediation of organically enriched sediment  
 deposited below fish farms with artificially mass- 
 cultured colonies of a deposit-feeding polychaete  
 Capitella sp. I. Fisheries Science 2008; 74(1): 77-87.
Miller DC, Jumars PA. Pellet accumulation, sediment  
 supply, and crowding as determinants of surface  
 depositfeeding rate in Pseudopolydora kempi japonica  
 Imajima & Hartman (Polychaeta: Spionidae). Journal  
 of Experimental Marine Biology and Ecology 1986;  
 99(1): 1-17.
Nelson DW, Sommers LE. Total carbon, organic carbon and  
 organic matter. In: Methods of soil analysis Part 2 (Ed:
 Page AL). Agronomy Monographs 9. ASA and SSSA,  
 Madison. WI. 1982; 539-79.
Palmer PJ. Polychaete-assisted sand filters. Aquaculture  
 2010; 306(1-4): 369-77.
Palmer PJ. Commercial application of polychaete sand filters  
 for wastewater remediation and broodstock feeds. 
 Technical Report. Department of Employment,  
 Economic Development and Innovation. 2011; 1-34.
Parandavar H, Kim CH. Outlet water quality improvement  
 in fish culture by Rockworm Marphysa sanguinea in  
 the semi-recirculating system. Journal of Middle East  
 Applied Science and Technology 2014; 7: 329-33.
Pearson TH, Rosenberg R. Macrobenthic succession in  
 relation to organic enrichment and pollution of the  
 marine environment. Oceanography and Marine  
 Biology: An Annual Review 1978; 16: 229-31.

N. To-orn et al. / EnvironmentAsia 10(1) (2017) 17-24

Stenton-Dozey JME, Jackson LF, Busby AJ. Impact of mussel  
 culture on macrobenthic community structure in 
 Saldanha Bay, South Africa. Marine Pollution Bulletin  
 1999; 39(1-12): 357-66.
Tantanasarit C, Babel S. Simulation of “Net” nutrients  
 removal by green mussel (Perna viridis) in estuarine  
 and coastal areas. World Academy of Science,  
 Engineering and Technology International Journal of  
 Biological, Biomolecular, Agricultural, Food and  
 Biotechnological Engineering 2014; 8(1): 1-4.
To-orn N, Intarachart A. Polychaetes as indicators of fish cage  
 culture organic enrichment: case study at Sriracha Bay,  
 Chon Buri. In: Proceeding the Annual Conference on  
 Fisheries, Bangkok, Thailand. 2010; 354-64.
Tsutsumi H, Fukunaga S, Fujita N, Sumida M. Relationship  
 between growth of Capitella sp. and organic enrichment 
 of the sediment. Marine Ecology Progress Series 1990;  
 63:157-62.
Tsutsumi H, Kinoshita K, Srithongouthai S, Sato A, Nagata  
 S, Inoue A, Yoshioka M, Ohwada K, Hama D. 
 Treatment of the organically enriched sediment below the  
 fish farm with the biological activities of artificially  
 mass-cultured colonies of a small deposit feeding  
 polychaete, Capitella sp. I. Benthos Research 2005;  
 60(1): 25-38.
Tsutsumi H, Montani S, Kobe H. Bioremediation of organic  
 matter loaded on the sediment in outdoor pools with a
 polychaete, Capitella sp. 1. Fisheries Science 2002; 68:  
 613-16.
Van Bruggen V. Bioremediation of particulate sea bass waste  
 by the  polychaetes Capitella sp. and  Nereis  diversicolor  
 in a Recirculating Aquaculture System. HZ University  
 of Applied Sciences. 2012.
Yokoyama H. Effects of temperature on the feeding activity  
 and growth rate of the spionid polychaete Paraprionospio  
 sp. (form A). Journal of Experimental Marine Biology  
 and Ecology 1988; 123(1): 41-60.
Zajac RN. The effects of intra-specific density and food  
 supply on growth and reproduction in an infaunal 
 polychaete, Polydora ligni Webster. Journal of Marine  
 Research 1986; 44(2): 339-59.
Zar JH. Biostatistical analysis. 4th ed. Prentice Hall, Upper  
 Saddle River, New Jersey. 1999.

Received   15 June 2016
Accepted   1 September 2016

Correspondence to 
Associate Professor Nittharatana Paphavasit
Department of Marine Science, Faculty of Science,
Chulalongkorn University,
Bangkok, 10330,
Thailand
E-mail: jumpleng@hotmail.com


