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Effects of Rearing Substrates in Early Rearing Stage
of the Polychaete Marphysa sanguinea

Sung Kyun Kim

Interdisciplinary Program of Biomedical Engineering, Graduate School,

Pukyong National University, Busan, 608-737, Korea

Abstract

Marphysa sanguinea is the most known polychaete species with high economic value
however the low productivity by high mortality occurred in the early stage of larvae to
juvenile. Thus, this study was conducted to find out the optimal substrates that affect to
growth and survival rate of M. sanguinea larvae and juveniles.

It was observed that the smaller grain size (< @ 0.063 mm) and high organic contents
(5 ~ 10%) induced settlement and reduced settlement time of larvae. Moreover the growth
and survival rate of larvae were recorded high levels at @ 0.004 mm| ~ 0.016 mm and
organic contents 5%, 7.5% as advantageous substrates for settlement. The survival rate of
juveniles was recorded more than 90%-at less than @ 0.016 mm substrate on 15 days for
different grain sizes of substrates experiment. However survival rate of all the experimental
sections sharply reduced, all juveniles died on 60 days.-For mud quantity of substrates
experiment, there was no significant difference in growth and survival rate among
treatments. And for identifying the suitable substrate height, groups with substrate more
than 3 cm obtained the survival rate and average weight higher than others.

In conclusion, these results indicated that substrate compositions are above more than 3
cm sand with less than @ 0.016 mm in size and organic contents 5% ~ 7.5% mud (1

mm) in height will enhance the productivity of M. sanguinea at the early stages.
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Fig. 1. Trochophore larvae of M. sanguinea
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Fig. 2. Separation of sandy loam by grain size.

Fig. 3. Sandy loam on different grain size in well plate. A: @ less than 0.004 mm,
B: @ 0.004 ~ 0.016 mm, C: @ 0.016 ~ 0.063 mm, D: @ 0.063 ~ 0.25 mm, E: O
025 ~ 0.5 mm, F: @ 0.5 ~ 2 mm.
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Fig. 4. Sandy loam on different grain size for

settlement in bottle.
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Inflow

Inflow

Water level

OQutflow A B
Fig. 8. Rearing thank for M. sanguinea. A: Plan, B: sectional view.
Table 1. Information for water. quality analysis
Analytical item Range(mg/L) Method
NHs-N
3 0.01 ~ 1.0 Indophenol method
(Nitrogen Ammonia)
NO>-N
2 0.003 ~ 0.5 Diazotization method
(Nitrite Nitrogen)
NOs-N
Os 0.003 ~ 0.5 Cadmium reduction method
(Nitric Nitrogen)
T-N ; i
_ 0.003 ~ 0.5 Cadmium reduction method
(Nitrogen, Total-for sea water)
COD
- Potassium permanganate method

(Chemical Oxygen Demand)

_‘|4_
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Fig. 9. Settlement selection (%) of M. sanguinea larvae by different
grain sizes of substrates. A: Less than ¢ 0.004 mm, B: @ 0.004
~ 0.016 mm, C: @ 0.016 ~ 0.063 mm, D: @ 0.063 ~ 0.25 mm,
E: @ 025 ~ 0.5 mm, F: © 0.5 ~ 2 mm, Control: No substrate.

a0

A lessthan @ 0.004 mm
B3

E: ©.0.004 ~ 0016 mm
80

C: @ 0.016 ~ 0.065 mm

3 F D 00063 2025 mm

E: 3025035 mm
F-803 ~2mm

Settlement time (hr)
;-.:_-.l

a0
35 F
A B c D E F Control
Trial

Fig. 10. Settlement time (hr) of M. sanguinea larvae by different grain sizes of
substrates. A: Less than @ 0.004 mm, B: @ 0.004 ~ 0.016 mm, C: @ 0.016 ~
0.063 mm, D: @ 0.063 ~ 025 mm, E: @ 025 ~ 0.5 mm, F: @ 0.5 ~ 2 mm,

Control: No substrate.
- ‘|7 -
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Mo. settled

42 48 54 60 66 T2 T8
Time (hr)

Fig. 11. According to time settled number of M. sanguinea larvae by different grain
sizes of substrates. A: Less than @ 0.004 mm, B: @ 0.004 ~ 0.016 mm, C: @ 0.016

~ 0.063 mm, D: @ 0.063 ~ 025 mm, E: @ 025 ~ 0.5 mm, F: @ 0.5 ~ 2 mm,
Control: No substrate.

Table 2. Settlement' selection (%) and settlement time (hr) of M. sanguinea larvae by
different grain sizes of*substrates

Substrates
A B C D E F Control

Settlement

Y 20+2.6 20147 2351 11+2.0 1119 10x1.4 5+25
selection’ (%)

Settlement
o 54 56 60 70 72 72 76
time® (hr)

"A: Less than @ 0.004 mm, B: @ 0.004 ~ 0.016 mm, C: & 0.016 ~ 0.063 mm, D: O
0.063 ~ 0.25 mm, E: @ 0.25 ~ 0.5 mm, F: @ 0.5 ~ 2 mm, Control: No substrate.
'Settlement selection (%): (number of individual on substrate / total settled larvae) x 100.

*Settlement time (hr): It means when there is no floating larvae.

_‘|8_

Collection @ pknu



3.1.2 A5714 = B2 AT ¢ A&

Aol AFF7IE Aol wE AAS Fig. 120 YEWAT. A2
chaetiger =& YEMITE B 718X 4.7 ME 7HF =gka, A 7120 A
4.6 N=Z o=z =9t UyHA F3HC, D, E, F, controDoll A= 4.5 7l
olgt= Wl A W& F2E HTH

TAL] A7 Yo mE AEES Fig. 139 YeER T FAe] AL
714 e AEES B 7|-oA 95.3%= 7P wskon tE V|HdETY
ok xko] & HATh A, C, E 7143 control®] AEEo] 84.7% ~ 90.7%
A= ols FHY #oT Aol= giTE D 7[EI F 7Ae AEES 4
82%, 80.7%% WA Y& F£215 BT

dAnjg oz AE3 A=W Vde MAd JEE Fig. 149 Yt @
0.016 mm #"|%Fe] 7]
URARE @ 0.016 mm ©]e] 7]d=(C, D, E, FlolA= A4S @2 &

T U3

lly

of o

—

i

A, B 1A NE A ABe BF @ 5

_‘|9_

Collection @ pknu



[= =]

]

oo
22
£hii

o

P
5
2

o

o

)

o

)

o
oo

oo
R

i

o

I
et
&

S

i3

o

Lad
T
o

o

o

Ty
i

T
o
e

o

o
e

Mo, chactirers
N I S
: i C ;

b
s
EEEE]

o

e
el

oo

0,20 P 2
SR

e
o

=
2
e

e
Do

o

o

o

oo

=
&
)
&
¥

o
&5
S

E F Cottrol

Fig. 12. Chaetigers' number -of M. sanguinea larvae by different grain sizes of
substrates for 7 days. A: Less than @ 0.004 mm, B: @ 0.004 ~ 0.016 mm, C: @
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difference between treatments (P< 0.05).
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Fig. 13. Survival rate (%) of M. sanguinea larvae by different grain sizes of
substrates for 7 days. A: Less than @ 0.004 mm, B: @ 0.004 ~'0.016 mm, C: O
0.016 ~ 0.063 mm, D: @ 0.063 ~ 0.25 mm, E: @ 0.25 ~ 0.5 mm, F: @ 0.5 ~ 2
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Table 3. Chaetigers number and survival rate (%) of M. sanguinea larvae by different

grain sizes of substrates for 7 days

Treatment No. chaetiger Survival rate' (%)
A 4.63+0.06® 90.67+1.53%
B 4.70+0.00° 95.33+1.15°
C 4.43+0.06™ 87.33+4.04%
D 4.37+0.15¢ 82.00+2.65°
E 4.53+0.06"° 85.33+3.79%
F 4.47+0.06™ 80.67+2.08°
Control 4.33+0.12¢ 84.67+4.04%°

"A: Less than @ 0.004 mm, B: @ 0.004 ~ 0.016 mm, C: &.0.016 ~ 0.063 mm, D: O
0.063 ~ 0.25 mm, E: @ 0.25 ~ 0.5 mm, F: @ 0.5 ~ 2 mm, Control: No substrate.
"Different subscripts indicate significant difference between treatment.

'Survival rate (%): (final individuals / initial individuals) x 100.
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Fig. 14. The formation of inhabitation tube. A-B: Formation of stable inhabitation tube,
C-F: without inhabitation tube. A: Less than @ 0.004 mm, B: @ 0.004 ~ 0.016 mm, C:
@ 0.016 ~ 0.063 mm, D: @ 0.063 ~ 0.25 mm, E: @ 025 ~ 0.5 mm, F: @ 0.5 ~ 2 mm.
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Fig. 15. Settlement selection (%) of M. sanguinea larvae by

organic contents of substrates.
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Fig. 16. Settlement time (hr) of M. sanguinea larvae by organic contents

substrates.
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Fig. 17. According to time settled number of M. sanguinea larvae by organic

contents of substrates.

Table 4. Settlement selection (%) and settlement time (hr) of M. sanguinea larvae by

organic contents of substrates

Substrates
10% 7.5% 5% 2.5% 0% Control

Settlement
27491 22+3.0 19+3.4 10+1.4 12+0.9 10+0.5

selection' (%)

Settlement
o 46 48 50 46 60 76
time” (hr)

'Settlement selection (%): (number of individual on substrate / total settled larvae) x 100.

*Settlement time (hr): It means when there is no floating larvae.
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Fig. 18. Chaetigers number of M. sanguinea larvae by organic contents of substrates
for 12 days. Different letters on the bars indicate significant difference between

treatments (P< 0.05).
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Fig. 19. Survival rate (%) of M. sanguinea larvae by organic contents of substrates for
12 days. Different letters on the bars indicate significant difference between

treatments (P< 0.05).
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Table 5. Chaetigers number and survival rate (%) of M. sanguinea larvae by organic

contents of substrates for 12 days

Substrates
10% 7.5% 5% 2.5% 0% Control
NO. a ab b c c d
, 5.3+0.1 5.2+0.0 5.2+0.1 5.0+01 5.0+0.1 4.7+01
chaetiger
Survival

o' (%) 50.7+5.9° 70.3+3.3% 72.0+2.8% 63.7+1.9% 65.3+2.1% 59.0+2.4°
rate (o)

"Different subscripts indicate significant difference between treatment.

'Survival rate (%): (final individuals / initial individuals) x 100.
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Fig. 20. Chaetigers  number of M. sanguinea juvenile by different grain sizes of
substrates for 45 /days. A: Less than @ 0.004 mm, B: @ 0.004 ~.0.016 mm, C: O
0.016 ~ 0.063 mm, D: @ 0.063 ~ 0.25 mm, E: © 0.25 ~ 05 mm, F: @ 0.5 ~ 2
mm, Control: No substrate. Different letters on the bars indicate significant

difference between treatments (P< 0.05).
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Fig. 21. Survival rate (%) of M. sanguinea juvenile by different grain sizes of
substrates for 60 /days. A: Less than @ 0.004 mm, B: @ 0.004 ~.0.016 mm, C: @
0.016 ~ 0.063 mm, D: @ 0.063 ~ 0.25 mm, E: @ 0.25 ~ 0.5 mm, F: @ 0.5 ~ 2
mm, Control: No substrate. Different letters on the bars indicate significant

difference between treatments (P< 0.05).

Table 6. Survival rate. (%) of M. sanguinea juvenile by different grain sizes of substrates
for 45 days

ubstrates Survival rate’ (%)

A B C D E F Control
Days
15 93.2+3.3%7 91.7453% 47.9+6.3° 47.7+6.7° 27.2+2.3° 35.6+2.2° 20.0+4.6°
30 16.822.3® 19.0+4.1° 12.4+1.1° 13.3+2.7° 6.4+2.8° 52+2.0° 6.7+2.0°
45 1.0£0.4°  1.720.4° 1.2+0.4* 1.2+04° 1.2+04° 1.5+0.7° -

"A: Less than @ 0.004 mm, B: @ 0.004 ~ 0.016 mm, C: @& 0.016 ~ 0.063 mm, D: O
0.063 ~ 0.25 mm, E: @ 0.25 ~ 0.5 mm, F: @ 0.5 ~ 2 mm, Control: No substrate.
"Different subscripts indicate significant difference between treatment.

'Survival rate (%): (final individuals / initial individuals) x 100.
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Fig. 22. Trend of water temperature (C), dissolved oxygen (mg/L), salinity (psu),

pH fluctuations on influent.
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Table 7. Trend of water quality condition (NH3-N, NO»-N, NOs-N, T-N, COD) by

different grain sizes of substrates.

Water analytical item

Treatment NH3-N NO2-N NOs-N T-N CcCOoD
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
A 0.011 ~ 0.033|0.002 ~ 0.009 | 0.042 ~ 0.066 |0.307 ~ 0.332| 2.5 ~ 3.2
B 0.011 ~ 0.032|0.002 ~ 0.008|0.041 ~ 0.066|0.302 ~ 0.347| 2.6 ~ 3.0
C 0.010 ~ 0.035|0.001 ~ 0.008 | 0.023 ~ 0.065|0.307 ~ 0.367| 2.3 ~ 3.2
D 0.012 ~ 0.033|0.001 ~ 0.009|0.032 ~ 0.073|0.256 ~ 0.344| 2.4 ~ 3.1
E 0.006 ~ 0.033/0.002 ~ 0.008|0.041 ~ 0.066|0.308 ~ 0.389| 2.7 ~ 3.0
F 0.011 ~ 0.033]0.001 ~ 0.009|0.038 ~ 0.065|0.307 ~ 0.343| 2.6 ~ 3.2
Control |0.012 ~ 0.033|0.001 ~ 0.009|0.041 ~ 0.073|0.321 ~ 0.389| 2.4 ~ 3.0
Influent
t 0.011 ~ 0.014|0.001 ~ 0.003|0.022 ~ 0.041|0.278 ~ 0.307| 2.4 ~ 2.8
water

"A: Less than @ 0.004 mm, B: @ 0.004 ~ 0.016 mm, C: @ 0.0166 ~ 0.063 mm, D: O

0.063 ~ 0.25 mm, E: @ 0.25 ~ 0.5 mm, F: @ 0.5 ~ 2 mm, Control: No substrate.

*NH3—N: Nitrogen Ammonia;. NO»-N: Nitrite Nitrogen, NOsz-N:-Nitric Nitrogen, T-N: Total

Nitrogen, COD: Chemical Oxygen Demand
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Fig. 23. Chaetigers number of M. sanguinea juvenile by mud quantity of substrates
for 90 days. Different letters on the bars indicate significant difference between
treatments (P< 0.05).
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Fig. 24. Survival rate (%) of M. sanguinea juvenile by mud quantity of substrates
for 90 days. Different letters on the bars indicate significant difference between
treatments (P< 0.05).
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Table 8. Survival rate (%) of M. sanguinea juvenile by mud quantity of substrates for 90

days

Survival rate' (%)

mud 1 mm mud 3 mm mud 5 mm Control
86.5+7.0° 86.8+4.5° 87.6+5.1° 20.0+4.6°
30 49.2+5.7° 44.6+5.2° 47.4+4.9° 6.7+2.0°
45 26.9+3.0° 25.4+2.3° 27.6x2.7° -
60 16.3+3.0° 17.0+1.8° 18.4+1.5° -
75 11.9+1.3° 12.0+7.5° 12.0+3.7° -
90 0.9+0.1° 1.0£0.1% 1.120.1° -

"Different subscripts indicate -significant difference between treatment.

'Survival rate (%): (final individuals / initial individuals) x 100.
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Fig. 25. Average weight and total weight of M. sanguinea juvenile by mud quantity
of substrates for 90 days. Different letters on the bars indicate significant difference
between treatments (P< 0.05).

_37_

Collection @ pknu



Table 9. Average weight and total weight of M. sanguinea juvenile by mud quantity of
substrates for 90 days

Days
Treatment
60 75 90
Avg, mud 1 mm 1.2+0.3° 2.3+1.3° 6.6+0.7°
weight' mud 3 mm 1.4+0.2° 3.2+1.5° 7.6+2.9°
(mg)  mud 5 mm 1.3+0.1% 4.0+0.7° 8.3+2.0°
Tota] ~mud 1 mm 1.940.04 1.940.13 0.4+0.02
weight mud 3 mm 2.2+0.03 2.2+0.11 0.6%£0.23
®  mud 5 mm 2.0+0.09 3.3+0.07 0.740.16

"Different subscripts indicate significant difference between treatment.

1Avg. weight (mg): total wight (mg) / individuals
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Table 10. Trend of water quality condition (NH3-N, NO,-N, NO;-N, T-N, COD) by mud

quantity of substrates

Treatment

Water analytical item

NH3-N NO.-N NOs-N T-N COD
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
mud 1 mm |0.011 ~ 0.032|0.001 ~ 0.009|0.041 ~ 0.066|0.307 ~ 0.347| 2.7 ~ 3.2
mud 3 mm |0.011 ~ 0.028{0.002 ~ 0.005|0.022 ~ 0.066|0.302 ~ 0.367| 2.6 ~ 3.1
mud 5 mm |0.010 ~ 0.033|0.001 ~ 0.008|0.035 ~ 0.065|0.308 ~ 0.402| 2.3 ~ 3.2
Control  |0.012 ~ 0.033|0.001 ~ 0.009|0.041 ~ 0.073/0.321 ~ 0.389| 2.5~ 3.0
Influent
t 0.011 ~ 0.014/0.001 ~ 0.003|0.022 ~ 0.041|0.278 ~ 0.307| 2.4 ~ 2.8
walter

"NH;-N: Nitrogen Ammonia, NO>-N: Nitrite Nitrogen, NOs3-N: Nitric. Nitrogen, T-N: Total

Nitrogen, COD: Chemical Oxygen Demand
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Fig. 26. Chaetigers  number of M. sanguinea juvenile by substrate height for 90

days. Different letters on  the bars indicate 'significant difference between treatments

(P< 0.05).
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Fig. 27. Survival rate (%) of M. sanguinea juvenile by substrate height for 90 days.
Different letters on the bars indicate significant difference between treatments (P<
0.05).
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Table 11. Survival rate (%) of M. sanguinea juvenile by substrate height for 90 days

Survival rate’ (%)

sand 1 cm sand 3 cm sand 5 cm
+ mud 1 mm + mud 1 mm + mud 1 mm mud 1 mm
93.9+3.1° 91.4+2.1° 90.0+2.8° 86.5+7.0°
30 52.9+3.8° 49.2+6.6° 48.4+7.7° 49.2+57a
45 31.9+4.6° 34.3+6.6° 30.1+3.7° 26.9+3.0°
60 23.0+0.7° 24.7+1.1° 23.2+1.5° 16.3+3.0°
75 14.140.7% 16.3+1.3° 16.1+1.5° 11.941.3°
90 1.740.2° 1.7+0.0° 1.940.1° 0.9+0.1°

"Different subscripts indicate significant difference between treatment.

'Survival rate (%): (final individuals / initial individuals) % 100.
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Fig. 28. Average weight and total weight of M. sanguinea juvenile by substrate
height for 90 days. Different letters on the bars indicate significant difference
between treatments (P< 0.05).
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Table 12. Average weight and total weight of M. sanguinea juvenile by substrate height

for 90 days
Days
Treatment
60 75 a0
sand 1 cm a a b
1.320.2 2.4+0.4 8.1+0.1
+ mud 1 mm
sand 3 cm a a b
Avg. 1.3+0.1 3.4+1.4 8.1+0.1
weight’ + mud 1T mm
y sand 5 cm 1.2+0.2° 3.1£1.1°2 9.1+0.1°2
(mg) + mud 1 mm B B B
mud 1 mm 1.2+0.3% 2.3+1.3° 6.6+0.7°
sand 1 cm
2.1+0.02 2.4+0.03 1.0+0.07
+ mud 1.mm
sand ‘3 cm
Total 2.0+£0.02 3.910.19 1.0+0.01
weidht + mud 1 mm
g sand 5 cm
(9) 1.940.03 3.6£0.04 1.2+0.02
+ mud 1 mm
mud 1 mm 1.9+0.04 1.9+0.13 0.4+0.02

"Different subscripts indicate significant difference between treatment.

lAvg. weight (mg): total wight (mg) / individuals
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Table 13. Trend of water quality condition (NH3-N, NO,-N, NOs-N, T-N, COD) by

substrate height

Water analytical item

Treatment NHs-N NO2-N NOs-N T-N CoD
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
sand 1 cm
0.011 ~ 0.032|0.002 ~ 0.009|0.041 ~ 0.066|0.307 ~ 0.347| 27 ~ 3.2
+ mud 1 mm
sand 3 cm
0.011 ~ 0.035|0.002 ~ 0.008 | 0.023 ~ 0.066|0.302 ~ 0.367| 26~ 3.2
+ mud 1 mm
sand 5 cm
0.010 ~ 0.033|0.001 ~ 0.0080.032 ~ 0.065|0.256 ~ 0.332| 27 ~ 33
+ mud 1 mm
mud 1 mm |0.011 ~ 0.032|0.001 ~ 0.009|0.041 ~ 0.066|0.307 ~ 0.347| 27 ~32
Influent water |0.011 ~ 0.014 | 0.001 ~ 0.003 | 0.022 ~ 0.0410.278 ~ 0.307| 24 ~ 28

"NH;-N: Nitrogen Ammonia, NO»-N: Nitrite Nitrogen, NOs3-N: Nitric. Nitrogen, T-N: Total

Nitrogen, COD: Chemical Oxygen Demand
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