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Abstract

Three experiments were designed to determine the appropriate size and density for optimum growth and survival
of rockworm polychaete Marphysa sanguinea in the integrated culture with olive flounder Paralichythys olivaceus in
the flow-through system under controlled laboratory condition over a 13-week period. The experimental design was
that 200, 400, 800, 400 and 400 worms were in T,, T, T,, T, and T for Experiment-1 (<0.5 g), 100, 200, 400, 200 and
200 worms were for Experiment-2 (<0.5-1.5 g) and 50, 100, 200, 100 and 100 worms were for Experiment-3 (1.5-2.5
9), respectively. The worm feed of T,, T, and T, was fish feces and uneaten feed, and that of T, was controlled-no
feed, and that of T, was commercial feed. The polychaete worms were kept in 15 boxes (L50 x W40 x H30 cm), and
bottoms of the boxes were filled with a 15~20 cm layer of substrate sediment of 50% gravel and 50% oyster shell.
Thirty fishes were placed in each cubic tank (L70 x W40 x H20 cm) with 55 L water. The weight gain of rockworms
(<0.59)inT,, T,and T, for Experiment-1 (<0.5 g) has shown 152.7%, 153.8%, and 140.3%, respectively. The weight
gain was higher than in the other two groups, as the weight gain of rockworms in T,, T, and T, for Experiment-2
(0.5-1.5 g) was 51%, 30%, and 46%, respectively, and that of rockworms for Experiment-3 (<1.5-2.5 g), that is, 75%,
73, and 62%, respectively. From this result, it can be concluded that in the flow through system a small size (< 0.5
g) group of rockworms can be one of the most suitable species at the density of 2000-4000 inds.m on fish feces
and uneaten feed, as they can grow better than 0.5-1.5 g and 1.5-2.5 g rockworms. On the other hand, integrated
results have indicated that in the flow through system around 8 g olive flounder fish was an excellent candidate to
be associated with 0.5-1.5 g worms, which can grow better than a small size (< 0.5 g) group of rockworms and than
1.5-2.5 g worms at the optimum density 1000-2000 inds.m? polychaetes.
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Introduction

Among the polychaete species, especially, the rockworm Marphysa
sanguinea (Montagu, 1813) is a commercially important species for
aquaculture. Rockworm, Marphysa sanguinea belonging to the Eunicidae
family is an important bait for fisheries and sport fishing in Korea [1]. M.
sanguinea is an euryhaline polychaete species, which commonly lives in
a rock block or between gravels mixed with tender deposit of upper and
low intertidal region in the whole coast of South Korea, and which is also
well distributed around the world [2], being used as bait in recreational
fishing [3,4]. It is one of the most widespread polychaete species with a
high economic value and increasing in demand day by day. It is used as
bait organisms in fish angling industry with wide markets from Asian to
European countries as well as U.S.A. [5]. Japan is the biggest importer in Asia,
having imported 1000 tons of worms a year since 1969 with 25 types of live
fishing bait worms including 19 species of polychaetes [6]. The polychaetes
are commercially important because of using as bait for recreational fishing
and as a food source for penaeid crustaceans and finfish in aquaculture by
Olive [7]. It is leading the development of small but economically viable
aquaculture facilities providing a supply of different species for different
purposes. The ecological role of polychaetes in marine benthic communities
is very important [8]. It is greater concern that the physical disturbance
and the return of heavy metals to the surface, rendering them biologically
available, are effects on the habitat, along with the release of ammonia and
phosphorus compounds from the sediments leading to eutrophication.
The polychaetes are known to be good indicators of species richness [9]
and to be bio-indicators of the marine environment [8]. Rockworms help
reduce nutrient loads of waste water in poly-aquaculture, when being
simultaneously cultivated in aquaculture farms [10,11]. The production
costs of polychaete worms in an intensive worm aquaculture system should
be efficient enough to make profits as described by Nesto et al. [12].

Olive flounder, Paralichthys olivaceus, is one of the most economically
important fish species farmed in Eastern Asia including the Republic
of Korea, Japan and China. There is limited information available
concerning the growth of polychaete rockworm culture associated with
olive flounder in the flow through system. Therefore, the purpose of this
study was to determine the appropriate size and density for optimum
growth and survival of polychaete rockworm, Marphysa sanguinea in
the integrated culture with olive flounder, Paralichythys olivaceus in the
flow-through system under controlled laboratory condition.

Materials and Methods

Physical and chemical composition of experimental diet

Commercial pellet feed was used in the feeding trials supplied by
Suhyup Feed Company Limited, Uiryeong, Gyeongsangnamdo, South
Korea. Extruded pellets (EP) of the commercial diet were 2.4 to 2.6 mm,
containing 46.61% crude protein, 11.06% crude lipid, 13.94% crude ash,
and 8.60% moisture.
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Experimental design

Three experiments were designed as three different size groups of
polychaete rockworms Al (<0.5 g), A2 (0.5-1.5 g) and A3 (1.5-2.5 g)
with 5 treatments in each group and three replicates as follows:

* Experiment 1 (<0.5 g): T, 200 worms (1000 inds.m?), T, 400

worms (2000 inds.m?), T, 800 worms (4000 inds.m?), T, 400
worms (2000 inds. m?) and T, 400 worms (2000 inds . m).

* Experiment 2 (0.5-1.5 g): T, 100 worms (500 inds.m™), T, 200

worms (1000-inds.m?), T, 400 worms (2000 inds.m?), T, 200
worms (1000 inds. m™) and T, 200 worms (1000 inds. m?).

* Experiment 3 (1.5-2.5 g): T, 50 worms (250 inds.m™), T, 100
worms 500 inds.m?), T, 200 worms (1000 inds.m™), T, 100

worms (500 inds. m™) and T, 100 worms (500 inds. m?).

The experiments were conducted in three sets of flow through
system. The worm feed of T, T, and T, was fish feces and uneaten feed;
that of T, was controlled, that is, no feed; and that of T, was commercial
feed. Boxes were arranged in 3 rows on 2 floors with 5 boxes each floor,
of which only 3 boxes were with fish treatments in each row. All the fish
boxes were connected to worm boxes (Figure 1).

The experiments were carried on for 13 weeks by using Marphysa
sanguinea (Polychaete Unicidae) obtained from the Fisheries Science
and Technology Center of Pukyong National University, Goseong-gun,
South Korea and juvenile olive flounder (Paralichthys olivaceus) fishes
collected from a commercial marine fish hatchery named Sin Bi Co.,
Nam Hae, South Korea. Thirty fishes were placed in each cubic tank
(L70 x W40 x H20 cm) with 55 L water. The total number of fishes
was 90 and the average weight was 8.3 g. Triplicate tanks were used
for each treatment. To avoid the accumulation of catabolic production,
water was changed every week. Sea water was filtered by aquatron
unit and supplied to main water tank whose capacity was 2000 liters.
Water temperature was controlled by a temperature control unit
and was maintained at 20 + 1'C. Water supply to the fish tanks was
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Figure 1: Schematic diagram of flow through system for rockworm Marphysa
sanguine integrated culture with olive flounder, Paralichythys olivaceus.

maintained at the rate 1.5-1.8 L min for flow through system through
the experiment period, and water was well aerated in each box. Fishes
were fed commercial feed twice daily (09:00 and 17:00 h) on a ration
equivalent to 3% of their body weight. The fish weight in each tank was
determined every 2 weeks and the amount of diet was adjusted to the
weight accordingly. Fish tanks were cleaned up to minimize algae and
fungal growth while the fish were removed for weighing.

M. sanguinea polychaete worms were kept in the 15 cubic plastic
tanks (L50 x W40 x H30 cm) and bottom of the tanks were covered
with a 15~20 cm layer of substrate sediment of 50% gravel (150~500
pm) and 50% comminuted oyster shell, which was rinsed several times
with fresh water and dried in the sun. The initial and final weight
of fishes and worms were determined after 24 h of starvation. The
experimental rockworms were reared on flounder feces and uneaten
feed that entered directly and 2 hours after feeding were removed by
siphon from fish tanks. All the experimental tanks were under the
condition of continuous darkness, except at feeding and siphon times.
Water samples were taken from main water tank, outlet of fishes and
worms tanks to find out the concentration difference between the
sampling points. Water temperature, salinity, pH and dissolved oxygen
were always maintained carefully.

Data collection and statistical analysis

The normality and homogeneity of variance of data were confirmed
by Kolmogorov-Smirnov test. Statistical significance differences of
parameters were measured and computed using one-way ANOVA
by SPSS 15 software for windows- SPSS Inc., Chicago, IL, USA [13].
Significant differences among treatments (p<0.05) were evaluated
by the Duncan’s Multiple Range Test [14]. Proximate composition
analyses of experimental diets were performed by the standard
methods of Association of Official Analytical Chemists-AOAC [15].
For determining moisture content, a number of samples of diets were
dried to maintain constant weights at 105°C for 24 h. Ash content was
determined using a muffle furnace (550°C for 4 h). Crude lipid content
was determined by the soxhlet extraction using Soxtec system 1046
(Foss, Hoganas, Sweden) and crude protein content by Kjeldahl method
(N9 6.25) after acid digestion. Survival rate, growth performance and
feed conversion ration were assessed by the following formulae:

® SR-Survival rate (%): (Number of survivors at the end) x 100/
Initial number of worms stocked.

* WG-Weight gain (%): (Final weight - initial weight) x 100/Initial
weight.

® SGR-Specific growth rate (%/day): (Log of final weight - Log of
initial weight) x 100/days.

® FCR-Feed Conversion Ration: Food weight/(Final weight -
Initial weight).

Results

Growth of rock worm in flow through system

The weight gain, specific growth rate and survival rate in different
groups of rock worms are shown in Table 1 and Figure 2. Weight gain
of group 1 (<0.5g) T, T,, T,, T, and T, was 152.7%, 153.8%, 140.3%,
-18.4% and 321.7%, respectively. There was no significant difference in
weight gain observed among T, T, and T,. But these treatments were
significantly lower in weight gain than commercial feeding treatment
T, with 321.7% weight gain, and higher than the control group, T,
(-18.4%) with no feeding treatment. The specific growth rates of group
1(<0.5 g) were T, 0.96%, T, 0.99%, T, 0.94%, T, ~0.22%, and T, 1.55%.
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Figure 2: Weight gain of different sized polychaete worm group 1(<0.5 g): (T,
1000 inds. m?; T, 2000 inds.m™, T, 4000 inds. m?, T, 2000 inds.m? and T, 2000
inds.m2; worm group 2 (0.5 to 1.5 g): (T,- 500 inds.m?; T, 1000 inds.m?, T, 2000
inds.m?, T, 1000 inds.m? and T, 1000 inds.m? and worm Group 3 (1.5 to 2.5
g): T, 250 inds.m, T, 500 inds.m?, T, 1000 inds.m?, T, 500 inds.m? and T, 500
inds.m? in the flow through system. (T,, T, and T, feed was feces of fish and
uneaten feed; T, was controlled-no feed and T, was commercial feed).

Treatments T , T, and T, were fed on fish feces and uneaten feed of fish.
There was no significant difference in survival rate between T, (73.5%)
and T, (69.5%). The survival rates of T, T, and T, in group 1 (<0.5
g) were 73.5%, 59.5% and 69.5%, respectively. Although, there was a
significant difference in survival between T, (73.5%) and T, (59.5%)
shown in Table 1 and Figure 3.

Group 2 (0.5-1.5 g) showed that there was no significant difference
in weight gain between T, (51.7%) with T, (46.6%), but a significant
difference observed between T, with T, (30.3%) fed fish feces and uneaten
feed. The lowest WG was observed in control feeding T . with -19.1%, and
the highest observed in commercial treatment T, with 236% (Table 1 and
Figure 2). Specific growth rates of T, T,, T,, T, and T, in group 2 were
0.45%, 0.35%, 0.41%, -0.22% and 1.30%, respectively. The survival rate of
T, (95%) in group 2 was higher than that of T, (85%) and that of T, (66%)
on fish feces and uneaten feed. No significant difference was found in
survival between T, with T, (89%). Results in this group showed that there
was no significant difference in survival rate between treatment T, 2000
inds. m™ with control treatment T, 68.5%, but there was a highly significant
difference between T, and T, treatment shown in Table 1 and Figure 3.

In group 3 (1.5-2.5 g),weight gain decreased with an increase in
worm density from 250 to 1000 inds.m?. However, no significant
difference in WG was observed among treatments fed fish feces and
uneaten feed, whereas the highest belonged to T, with 75.2% and the
lowest to T, (73.04%) (Table 1 and Figure 2). But a high significant
difference was observed between T, commercial treatment 123.1% with
other treatments fed fish feces and uneaten feed. The specific growth
rate of group 3 of T, T, T,, T, and T, was 0.60%, 0.59%, 0.52%, -0.33%
and 0.86% respectively. The survival rates of T, and T,are the same as
94%. The lowest survival among treatments fed fish feces and uneaten
feed was observed in T, (85%). However, all of this treatment had a
significant difference in survival from the control (T, 77%).

Growth of olive flounder fish in flow through system

Weight gain (WG), specific growth rate (SGR) and survival rate
(SR) of different groups and different sizes of olive flounder, P. olivaceus
are shown in Table 2. In group 2, fish (with 0.5-1.5 g worm) weight
gain of T, T, and T, were 734.8%, 713.8% and 706.7%, respectively,
and no significant difference was found in weight gain among of all fish
treatments (p>0.05). But the average weight gain of fish (with 0.5-1.5 g
size worm) of group 2 was comparatively higher than that of group 1
(with <0.5 g size worm) and that of group 3 (with 1.5- 2.5 g worm). The
specific growth rate of fish in T, T, and T, of group 1 (with <0.5g size
worm) was 2.31%, 2.28% and 2.37%, respectively, which were higher
than that of group 2 (with 0.5-1.5 g size worm) and that of group 3
fish. At the end of experiment, the highest survival rate (SR) 100% was
observed in T, and T, treatment, and SR was 93% in T, The highest
survival rate was found in fish of group 2 (T, 100%, T, 96% and T,
100%), which was comparatively higher than the survival rate of T, and
T, group of fish.

Discussion

In this study, the weight gain of rockworms in T, T, and T, of group
1 (<0.5 g) are comparatively higher than that of group 2 (0.5-1.5 g) and
that of group 3 (<1.5-2.5 g). The specific growth rates of rockworms in
T, T,and T, of group 1 (<0.5 g) are higher than that of group 2 (0.5-
1.5 g) and that of group 3 (<1.5-2.5 g). Control feeding T, treatments
of all groups have shown a negative weight gain due to lack of food.
From the growth performance results, it was found that in the flow
through system around 0.5 g rockworm could grow better than 0.5-
1.5 g and 1.5-2.5 g rockworms, and that the appropriate density might
be 2000-4000 inds.m™ feed fish-feces and uneaten feed. On the other
hand, in all the T, treatment supplied with commercial feed, WG and
SGR were found to be higher than other treatments. The component of
worm diet may give a good explanation as a high protein commercial
diet determined a higher growth rate than low protein feed [12]. The
specific growth rates was found in Honda et al. [16], being between 0.45
and 1.66% day™ in P. nuntia vallata fed on flounder feces, and 3.23%
day! in worms fed on the diet formulated for polychaetes over a 15-day
period. Specific growth rates over 71 days were close to 3% day ' when
the polychaete worm, Nereis virens, fed on waste from a recirculating
system with juvenile Atlantic halibut Hippoglossus hippiglossus [17].
It was also found that when Nereis virens of 0.37g initial weight was
fed on a commercial worm diet and fish feces and uneaten feed, they
reached the final mean weight of 2.42 to 2.33 g in 71 days. In most of
our experiment, especially in group 1 and group 3 (Table 1), polychaete
organisms kept at the highest density has showed the lower value of
specific growth rates and weight gain, suggesting a negative influence of
increasing intra-specific competition, as also observed in some nereid
polychaetes by Zajac et al. [12,18].

In our results, the survival rates in T, T, and T of group 1 (<0.5 g)
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Figure 3: Specific growth rate and survival rate of different sized polychaete worm group 1(<0.5 g): (T, -1000 inds.m?; T, 2000 inds.m?, T, 4000 inds.m?, T, 2000
inds.m2, T, 1000 inds.m2 and T, 1000 inds.m; and worm Group 3 (1.5 to 2.5 g): T, 250 inds.m, T, 500 inds.m?, T, 1000 inds.m?, T, 500 inds.m? and T, 500 inds.m
in flow through system. (T,, T, and T, feed was feces of fish and uneaten feed; T, was controlled-no feed and T, was commercial feed).

were lower than that of group 2 (0.5-1.5 g) and that of group 3 (<1.5-2.5
g) rockworm. Among all the treatments, weight gain and survival rate
demonstrated that WG was high whereas the survival rate was low. The
density had negative effects on survival rates (Table 1). Growth rates
also declined when individuals were reared at the highest density, as the
negative influences were also observed in some nereid polychaetes [18].
This was probably due to the density as growth was significantly lower
at the higher density [12]. In the present study, the weight gain of worms
in T, T, and T, of group 1 (<0.5 g) were relatively higher than that of
group 2 (0.5-1.5 g) and that of group 3 (1.5- 2.5 g), but the survival rate
of the group 1 (<0.5) was relatively lower than that of group 2 and of
group 3 (Table 1). The negative density effects on the growth of juvenile
M. sanguinea were similarly found in other polychaete species [19].

Adverse effects on growth related to high rearing density were reported
in other species of polychaetes such as Neanthes arenaceodentata [20]. It
was proved that polychaete M. sanguinea possessed the ability to grow
better in a low density, but biomass production was not related because
survival rate could be one of the main factors. In the present study,
survival rate was negatively influenced by high rearing density, as also
reported for N. arenaceodentata [20], D. aciculata [12,19].

In the olive flounder fish study, the weight gain of fish in T, T, and
T, of group 2 (with 0.5-1.5 g size worm) was higher than that of group 1
(with <0.5 g size worm) and that of group 3 (with 1.5-2.5 g size worm).
The specific growth rate of fish in T, T, and T, of group 1 (with <0.5 g
size worm) was higher than that of group 2 (with 0.5-1.5 g size worm)
and that of group 3. The survival rate of fish in T, T, and T, of group
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Worm Treatment Initial wt' Final wt?
size (indv.m?) (9) (9)
T, 1000 0.44 +0.05° 1.06 +0.13°
Grp 1 T, 2000 0.34 +0.05° 0.84 +0.13
<05¢ T, 4000 0.34 £0.05° 0.81£0.11°
T, 2000 * 0.34 £0.05° 0.28 £ 0.05°
T, 20007 0.35 £ 0.05° 1.49 + 0.23¢
T, 500 1.08 £0.13° 1.64 £ 0.12°
Grp 2 T, 1000 1.13£0.13° 1.57 £ 0.12°
05159 T, 2000 1.08 +0.12 1.58 + 0.09°
T, 1000~ 1.06 + 0.21° 0.86 £ 0.12°
T, 1000¥ 1.09 £ 0.21° 3.65+ 0.37°
T, 250 2.16£0.19° 3.78 £0.21°
T, 500 2.16£0.2° 3.74£0.19°
1.(5;2539 T, 1000 2.14£0.2° 34803
T, 500% 2.14£0.23° 1.61+0.13
T, 500" 2.13£0.24° 4.76 £ 0.26°
"IW: Initial Weight.

2FW: Final Weight.

SWG (Weight Gain %): [(final weight. - initial weight.)/initial weight.] x100.

“SGR (Specific Growth Rate %): [(log final weight - log initial weight.)/day] x100.

5SR (Survival Rate %): (final individuals / initial individuals) x100.

*T, : Control treatment-no feed.
Y T, : Commercial feed treatment.

Page 5 of 6

Wt(‘(;za)lm (02 Zz;) Survival rate® (%)
152.7 + 11.8° 0.96 +0.11° 73548
153.8 + 12.9° 0.99 + 0.05° 59.5 + 5°
1403+ 4.5 0.94 +0.02° 69.5+9°
18.4£0.9° 0.22£0.01° 512470
3217 £4.1° 155+0.02 82246
517419 0.45 £ 0.014° 95.1+6°
302+ 17 0.35+0.017° 855+ 4°
466+ 1.8° 0.41+0.013° 66.1+ 8°
19.1£2.8° 0.2 £0.34° 685+ 5°
236 + 6 1.30 + 0.020¢ 893+5
7524 1.4° 0.60 + 0.007¢ 942+ 5°
73.04 £ 1.3° 0.59 + 0.008° 94557
626+ 1.1° 0.52 +0.007° 853+ 00
15.1+0.9° -0.33 +0.270° 771450
123.1+2.2° 0.86 + 0.011¢ 975+ 4°

Table 1: Growth and survival of rockworm M sanguinea in different groups in the flow through system fed on flounder fish-feces, uneaten fish feed and commercial feed

m)ga'm (Snf,ﬁ;y) Survival rate® (%)
668.7 + 18.5 2.2240.03 93

673.4 + 28.1 2.22 £ 0.04 93

680.8 £ 17.2 2.23+0.02 08

734.8+28.3 2.31£0.04 100

713.8 £ 8.60 2.28£0.01 %

706.7 £ 13.1 2.37£0.02 100

705.7 £ 9.50 2.27 £ 0.01 100

678.9 + 12.1 2.23 £0.02 )

712.6 £ 4.4 2.28 £ 0.01 100

at 13-week.
Fish Treatment Initial wt' Final wt?
size (indv.m?) (9) (9)
T,1000 8.39 +1.12 64.45+ 0.78
fg’;g T,2000 8.33+1.02 64.37 £ 1.13
T,4000 8.32 £ 1.06 64.93 + 0.59
T,500 8.40 +1.12 7011+ 11.8
8;"_12_5 g T,1000 8.48 £ 1.04 66.06 + 8.98
T, 2000 8.42£ 1.04 70.95 + 8.58
T,250 8.38 £ 1.03 67.51+0.78
Grp315259 T,500 8.42 +1.02 65.44 + 8.21
T,1000 8.43 +1.08 68.52 + 8.65
"IW: Initial Weight.

2FW: Final Weight.

SWG (Weight Gain) (%): [(final weight - initial weight)/initial weight] x100.

“SGR (Specific Growth Rate) (%): [(log final weight - log initial weight)/day] x100.
5SR (Survival Rate) (%): (final individuals / initial individuals) x100.

Table 2: Growth and survival rate of the olive flounder (Paralichthys olivaceus) in the flow through system at 13-week.

2 (with 0.5-1.5 g size worm) was comparatively higher than that of
group 1 (with <0.5 g size worm) and that of group 3 (with 1.5-2.5 g size
worm). From this result of growth performance and survival rate, it was
found that in the flow through system, around 8 g size olive flounder
fish of group 2 (with 0.5-1.5 g size worm) could grow better than those
of group 1 (with <0.5 g size worm) and those of group 3 (with 1.5-2.5g
size worm) at the optimum density of polychaete rockworm 1000-2000
inds.m?.

Conclusion

In this study, rockworms in T, T, and T, of group 1(<0.5 g) showed
a higher weight gain than those of group 2 (0.5-1.5 g) and those of
group 3 (<1.5-2.5 g). The specific growth rate of rockworms in T , T,
and T, of group 1 (<0.5 g) was higher than that of group2 (0.5-1.5 g) and
group3 (<1.5-2.5 g). The results showed that the weight gain and specific
growth rate of rockworms were high whereas the survival rate was low,

indicating that it might be due to increasing intra-specific competition
and also that the density had negative effects on survival rates. From
this result, it was be concluded that in the flow through system, around
0.5 g size rockworms could be one of the most suitable species as they
grew better than 0.5-1.5 g and 1.5-2.5 g rockworms at the density of
2000-4000 inds.m? feed fish-feces and uneaten feed. On the other hand,
integrated results showed that in the flow through system, around 8 g
size olive flounder fish was an excellent candidate associated with 0.5-
1.5 g size worm and they could grow better than those fish associated
with small size rockworms(<0.5 g) and those fish associated with 1.5-
2.5 g worms at the optimum density 1000-2000 inds.m™ polychaete.

Acknowledgments

The authors wish to thank for the financial support from the Korea Institute of
Marine Science & Technology promotion (Project number 20140418). We would
like to express our appreciation to all the researchers and staff of the Fisheries
Science and Technology Center (FSTC), Pukyong National University, who
collaborated in different ways while we were conducting our research.

J Aquac Res Development, an open access journal
ISSN: 2155-9546

Volume 9 - Issue 12 + 1000558



Citation: Parandavar H, Mizanur R, Phoo WW, Kim CH (2018) Effects of Growth on Polychaete Rockworm, Marphysa sanguinea Integrated Culture with Olive Flounder,
Paralichythys olivaceus in Flow Through System. J Aquac Res Development 9: 558. doi: 10.4172/2155-9546.1000558

Page 6 of 6

References

1.

Hossein P, Kim KH, Kim CH (2015) Effects of rearing density on growth of the
polychaete rockworm Marphysa sanguinea. Fisher and Aquat Sci 18: 57-63.

Hutchings P, Glasby CJ, Wijnhoven S (2012) Note on additional diagnostic
characters for Marphysa sanguinea (Montagu, 1813) (Annelida: Eunicida:
Eunicidae): A recently introduced species in the Netherlands. Aquat Invas 7:
277-282.

Glasby CJ, Hutchings PA (2010) A new species of Marphysa Quatrefages,
1865 (Polychaeta: Eunicida: Eunicidae) from northern Australia and a review
of similar taxa from the Indo-west Pacific, including the genus Nauphanta
Kinberg. Zootaxa 2352: 29-45.

Cole VJ, Chick RC, Hutchings PA (2018) A review of global fisheries for
polychaete worms as a resource for recreational fishers: Diversity, sustainability
and research needs. Rev Fish Biol Fisher 28: 543-565.

Cohen AN (2012) Aquatic invasive species vector risk assessments: Live
saltwater bait and the introduction of non-active species into California. Center
for Research on Aquatic Bioinvasions, California, USA p: 58.

Saito H, Kawai K, Umio T, Imabayashi H (2014) Fishing bait worm supplies in
Japan in relation to their physiological traits. Memoir Museum Vict 71: 279-287.

Olive PJW (1994) Polychaeta as a world resource: A review of patterns
of exploitation as sea angling baits and the potential for aquaculture-based
production. In Dauvin JC et al., (Ed.), Actes de la 4éme conférenceinternationale
des Polychétes, France pp: 603-610.

Giangrande A, Licciano M, Musco L (2005) Polychaetes as environmental
indicators revisited. Rev Mar Pollut Bullet 50: 1153-1162.

Olsgart F, Somerfield PJ (2000) Surrogates in benthic investigations. Which
taxonomic units?. J Aquat Eco Str Recov 7: 25-42.

10.

14,
15.

20.

Palmer PJ (2010) Polychaete-assisted sand filters. Aquacult 306: 369-377.

. Parandavar H (2013) Water quality improvement by rockworm Marphysa

sanguinea and its growth performance in the integrated culture with olive
flounder. Ph.D. Dissertation, Pukyong National University, Busan, Korea.

.Nesto N, Simonini R, Prevedelli D, DaRos L (2012) Effects of diet and density

on growth, survival and gametogenesis of Hediste diversicolor (O.F. Miller,
1776) (Nereididae, Polychaeta). J Aquacult 363: 1-9.

. SPSS (2006) Statistical package for the social sciences. SPSS 15 Command

Syntax Reference, software for windows; SPSS Inc., Chicago, lllinois, USA.
Duncan DB (1955) Multiple range and multiple F tests. Biometrics 11: 1-42.

AOAC (1995) Association of official analytical chemists. 16" edn. Association
of Official Analytical Chemists; Arlington, Chapter 4, Arlington, Virginia, USA.

.Honda H, Kikuchi K (2002) Nitrogen budget of polychaete Perinereis nuntia

vallata fed on the feces of Japanese flounder. Fisher Sci 68: 1304-1308.

.Brown N, Eddy S, Plaud S (2011) Utilization of waste from a marine recirculating

fish culture system as a feed source for the polychaete worm, Nereis virens.
Aquacult J 322: 177-183.

. Zajac RN (1986) The effects of intra-specific density and food supply on growth

and reproduction in an infaunal polychaete, Polydora ligni Webster. J Mar Res
44: 339-359.

. Safarik M, Redden AM, Schreider MJ (2006) Density-dependent growth of the

polychaete Diopatra aciculata. Scientia Marina 70S3: 337-341.

Dillon TM, Moore DW, Gibson AB (1993) Development of a chronic sublethal
bioassay for evaluating contaminated sediment with the marine polychaete
worm Nereis (Neanthes) arenaceodentata. Environ Toxicol Chem 12: 589-605.

J Aquac Res Development, an open access journal
ISSN: 2155-9546

Volume 9 - Issue 12 + 1000558


https://doi.org/10.5657/fas.2015.0057
https://doi.org/10.5657/fas.2015.0057
https://doi.org/10.3391/ai.2012.7.2.014
https://doi.org/10.3391/ai.2012.7.2.014
https://doi.org/10.3391/ai.2012.7.2.014
https://doi.org/10.3391/ai.2012.7.2.014
https://doi.org/10.11646/zootaxa.2352.1.2
https://doi.org/10.11646/zootaxa.2352.1.2
https://doi.org/10.11646/zootaxa.2352.1.2
https://doi.org/10.11646/zootaxa.2352.1.2
https://doi.org/10.1007/s11160-018-9523-4
https://doi.org/10.1007/s11160-018-9523-4
https://doi.org/10.1007/s11160-018-9523-4
http://www.opc.ca.gov/webmaster/ftp/project_pages/AIS/AIS_LiveSeafood.pdf
http://www.opc.ca.gov/webmaster/ftp/project_pages/AIS/AIS_LiveSeafood.pdf
http://www.opc.ca.gov/webmaster/ftp/project_pages/AIS/AIS_LiveSeafood.pdf
https://doi.org/10.24199/j.mmv.2014.71.21
https://doi.org/10.24199/j.mmv.2014.71.21
https://doi.org/10.1016/j.marpolbul.2005.08.003
https://doi.org/10.1016/j.marpolbul.2005.08.003
https://doi.org/10.1016/j.aquaculture.2010.06.011
https://doi.org/10.1016/j.aquaculture.2012.07.025
https://doi.org/10.1016/j.aquaculture.2012.07.025
https://doi.org/10.1016/j.aquaculture.2012.07.025
https://books.google.com/?id=gKFXAAAAMAAJ
https://en.wikipedia.org/wiki/Biometrics_(journal)
https://doi.org/10.1046/j.1444-2906.2002.00568.x
https://doi.org/10.1046/j.1444-2906.2002.00568.x
https://doi.org/10.1016/j.aquaculture.2011.09.017
https://doi.org/10.1016/j.aquaculture.2011.09.017
https://doi.org/10.1016/j.aquaculture.2011.09.017
https://doi.org/10.1357/002224086788405310
https://doi.org/10.1357/002224086788405310
https://doi.org/10.1357/002224086788405310
https://doi.org/10.3989/scimar.2006.70s3337
https://doi.org/10.3989/scimar.2006.70s3337
https://doi.org/10.1897/1552-8618(1993)12%5b589:doacsb%5d2.0.co;2
https://doi.org/10.1897/1552-8618(1993)12%5b589:doacsb%5d2.0.co;2
https://doi.org/10.1897/1552-8618(1993)12%5b589:doacsb%5d2.0.co;2

	Corresponding Author
	Abstract
	Keywords
	Figure 1
	Figure 3
	Table 2

