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ABSTRACT
The objectives of the present study are to determine the cycle and budget of nitrogen in

larviculture ponds of the swimming crab Portunus rrituberculatus and to evaluate their
impact on water quality and survival rate. Field surveys were carried out at the Hiroshima
Prefecture Fish Farming Center from 1990 to 1993. Among nitrogenous compounds. con-
centrations of NH -N and particulate organic nitrogen (PON) showed peaks just before the
mass exchange ofpond water, when the main component of sedimentary material changed
from phytoplanktonic  organic matter to nonphytoplanktonic organic matter. As a result of
N budget analysis, it was made clear that the main factors enhancing N concentration in the
pond are the input of phytoplankton culture medium and feed in Phase I, while only feed
contributed in Phase II. High survival rate is supported both by low input and low concen-
tration of N, especially of NH -N, when high conversion rate of feed-N to crab larvae-N
was attained. Then, variation !n the individual nitrogenous compound per unit time per
pond (gNd-’ pond -‘) revealed that feed, sedimentation and water discharge are the main
factors affecting the variation of NH -N. Input of concomitant NH -N in “green water”
(culture of green algae) also signifka&ly contributed to the increasesf NH -N concentra-
tion in the pond. As practical measures for improving the culture system, reduction of phy-
toplankton load and feeding load to the level which causes NH -N concentration below 34
pg at 1-l are proposed. These measures will improve not only tffe survival rate and the cost
of crab seed production but also the water quality of pond water. Thus. the environmental
impact of effluent water will be significantly minimized.

INTRODUCTION
Larviculture of the swimming crab Portunus

trituberculutus has been extensively carried out in Japan
in order to improve the natural resources of the crab in the
coastal area. However, the survival rate during the
larviculture for seed production is unstable and sometimes
extremely low because of high mortality due to unknown
reasons but which are supposedly due to water quality
management. Among many parameters used to character-
ize the water quality, N is one of the most important indi-
cators of water quality because N is not only a major chemi-
cal component of the organism but also a major compo-
nent of the feed supplied and excrement of the crab lar-
vae. Although acute toxicity of ammonia and nitrite on
crustaceans has been studied, the chronic effect of nitrog-
enous compounds on larvae of the swimming crab is not
clear (Chen and Chin 1988, Chen et al. 1990). From the
viewpoint of seed production, quantitative evaluation of
water quality management through nitrogen budget analy-
sis is very important to improve the survival rate. Hence,
the objectives of the present study are to make clear the
cycle and budget of nitrogen through field observation in

larviculture ponds of the swimming crab and to evaluate
their impact on water quality and survival rate.

MATERIALS AND METHODS
Field surveys were carried out at the Hiroshima Pre-

fecture Fish Farming Center in Takehara, Japan, every year
from 1990 to 1993 on the substantial crab seed produc-
tion. During this time, crab larvae were metamorphosed
from the stage of zoea 1 followed by zoeae 2, 3, 4 and
megalopa into crab 1. According to the stage of crab lar-
vae, methods of the culture management changed (Table
1). During the stage of zoea 1 to early zoea 3, water ex-
change rate was very small but mass exchange of water
was carried out after the latter stage of zoea 3. When the
zoea attained stage 4, sediment accumulated on the con-
crete pond floor was removed in order to prevent the un-
favorable effect of sediment on the water quality.

From the viewpoint of water quality management, we
divided the culture period into Phase I (before sediment
removal ) and Phase II (after sediment removal) in the
present study. During Phase I, phytoplankton culture was
supplied as empirical measures to maintain water quality.
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Table 1. Water management of crab (Portunus  bituberculatus) larvae rearing pond and  feed supplied in tbe
present study

Phase
Larval stage

Water volume
(m3 pond-‘)

Water exchange
(m3 d-l pond-‘)

Feed
B. plicatilis

(108 ind. pond-‘)

A. salina nauplii
(108 ind. pond-‘)

Minced shrimp
@g pond-‘)

Formula feed
(gm pond-‘)

Zoeal

40-65

O-10

4-10

100

I
Zoea2
65-85

o-51

6-20

0.2-  1 .o

Zoea3 Zoea4
85 85

30-100 70-500

7-35 8-55

0.2-2.5 0.4-4.5

100-400 100-600

II
Megalopa  crab1

85 85

70-500 70-500

0.5-6.0

0.25-4.5

200-800

Depending upon the phytoplankton culture, the pond wa-
ter was classilied as G: green water (green algae), B: brown
water (diatom) and Bffi: mixture of green and brown
waters. Nitrogen source of the cultured phytoplankton was
ammonium sulfate [(NH&SO,] and potassium nitrate
(KNO,)  for green water and brown water, respectively.
Feed also changed according to larval stage (Table 1).
During the stage of zoea 1 to zoea 4, rotifer, brineshrimp
larvae and artificial feed were supplied, while, during the
stage from megalopa to crab 1, brineshrimp larvae, minced
mysis and artificial feed were supplied. Initial number of
larvae (zoea 1) introduced into the ponds ranged from
1,230,OOO  to 2,36O,OOO/pond,  while final yield of seed
production ranged from 43,000 to 622,000 (crab 1 larvae)/
pond depending on survival rate.

Analyses of ammonium nitrogen (NH,-N). nitrite-N
(NO,-N)  and nitrate-N (NO,-N)  were made according to
the manual of the Oceanographical Society of Japan (1990).
Particulate organic nitrogen  (PON) was measured by a
CHN analyzer (Yanaco MT-3, Yanagimoto Co.). Deter-
mination of chlorophyll a (Chl a) in pond water was made
by the method of Strickland and Parsons (1972). PON and
Chl a of sediment were similarly analyzed as those in pond
water. Nitrogen content of feed, phytoplankton culture and
crab larvae were also determined by the CHN analyzer in
order to calculate the N budget.

RESULTS AND DISCUSSION

VARIATION  OF NITROGEN COMPOUNDS IN
POND WATER DURING LARVICULTURE

Among nitrogenous compounds, NH,-N  showed a peak
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just before the mass exchange of pond water, especially il
the green water pond (Fig. 1). NH,-N concentration wa:
generall y high in the green water pond, ranging from 2. :
to 237 pg at 1-l. compared with the brown water pond in
which the values ranged from 0.1 to 30 pg at l- 1. Not onl!
NH,-N but also NO,-N showed higher concentration il
the green waterpond compared with the brow n water pond
and their concentrations ranged from 0.0 to 9.0 pg at 1-l
Variation of NO,-N concentration, however, was  affecta
by fertilization, showing th emaximum of 46 ~18  at 1-l. ‘I%(
24-h median lethal concentrations of NH,-N, NO,-N ant
NO,-N for each larval stage of the swimming crab are re
ported to be 4,800-7,600,  14,000-26,500  and 160,000
280,000 pg at 1-l. respectively, and are lower for molt@
larvae from zoea 1 to zoea 2 (Mawatari and I-Iirayami
1975). From these observations,  it is suggested that acut
toxicity of observed N compounds is not significant.

!
1

e

In order to estimate the contribution of phytoplanktoni
N in the PON, PON:Chl a ratio was examined. PON:Ch
a ratios were below 70 both in suspended matter and il
sediment in Phase I, while in Phase II these ratios wen
significantly higher than Phase I (Fig. 2). Assuming  that
PON:Chl  (I ratio of phytoplankton is less than 16 (Parson
et al. 1984). it is suggested that the main component of
suspended matter and sediment was phytoplanktonic ox
ganic matter in Phase I, while in Phase II it changed to
nonphytoplanktonic organic matter.
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ESTIMATION OF NITROGEN BUDGET DURING
LARVICULTURE

eIn order to determine the N budget in Phase I and Phas
II, each component of N input into the pond, such as ini
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Fig. 1. Variation in ammonium-N concenrration  in three differ-
ent kins ofpond waterfrom I990  to 1993.

tial introduction of larvae, feed supply, phytoplankton sup
ply and seawater inflow as well as each component of N
output, such as crab larvae, sediment and outflow of sea-
water, were estimated (Table 2). In Table 2, percent com-
position of input and output N is also presented. As a re-
sult of these N budget analyses, it was made clear that the
main factors contributing to the high level of N in the pond
were the input of phytoplankton culture medium and feed
in Phase I, and only feed in Phase II.

Transformation or transportation rate of nitrogenous
compound per unit time per pond (gNd-’ pond-‘) on the
individual pathway of N cycle in the larviculture was esti-
mated. These results revealed that sedimentation, phy-
toplankton  supply and water discharge were the main fac-
tors affecting the variation of N in the green water pond,
while feeding, sedimentation and water discharge were the
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Fig. 2. Average PON:Chl  a ratio in waters and  sediments of three
dilferent  kinds of ponds. (A) phase I, and (B) phase II. Two pona$
green water and brown water where the sediments were nor  re-
moved during the rearing period in 1992, were also included.

main controlling factors of N in the brown water pond
(Fig. 3).

CLASSIFICATION OF NITROGEN LEVEL
As factors indicated the N level of the larviculture sys-

tem, NH,-N concentration in the pond water in Phase I
and Phase II of larviculture were classified into low (L),
medium (M)  and high Q-I) levels. In this classifkation,  L
indicates the values lower than l/3 of the maximum val-
ues, M indicates the values between l/3 and 2/3 of the
maximum, and H indicates the values higher than 2/3 of
the maximum. For NH,-N concentration, the borders of L
and M and M and H were 17 and 34 pg at 1-l for Phases I
and VII and 14 pg at 1-l for Phase If.

Since NH,-N was contained in the culture media of
phytoplankton especially in the media used for green wa-
ter, carryover of media MI,-N to the pond was calculated.
As a result, a small proportion of NH4-N was estimated to
originate from culture media used in the green water pond.

RELATIONSFIIP BETWEEN NITROGEN LEVEL,
SURVIVAL RATE AND LARVAL PRODUCTION

Since survival rate is closely related to final seed pro-
duction (Fig. 4), for practical use we can evaluate the final
performance of larviculture by the level of survival rate.
The survival rate (SR) was classified into four ranks, from
rank A to rank D, based on the survival rate observed in
the present study: rank A of SR Z30%, rank I3 of 20% I
SR<30%,rankCoflO%iSR<20%andrankDofSR
< 10%.

Relationships between Nff,-N level and rank of larval
production indicated by survival rate are presented in Table
3. Rank A of larval production was established  only when
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Larvae+R
Green

1990
1991

Brown
1990
I991
1993

99 (4)
108 (8)

25 (1)
25 (2)

64 (17)

60 (5)
81 (IO)

‘Larvae and residues in water.

outpat  &$q

imenf w. OufflQW

492 (39)
650 (67)

1460  (loo)
967 (tO0)

175 (33)
73 (17)

169 (IS)

324 (62)
371 (79)
831 (78)

524 (mo)
469 (NO)

1060(100)

364 (25) 471 (32) 626 (43) 1450 (100)
1060 (77) li9(9) 191(14) I370 (100)

60 (41
81 (6)

209 (14)
216 (18)

1190  (82)
1070 (78)

Feed Phytipiankton W. Mow Total

1560 (65) 481 (20) 270(11) 2410 (100)
952 (69) 0 (0) 322 (23) 1380 (100)

Crab Sediment w. outflow Total

19 (1)
7 (1)

1420 (59)
841 (61)

968 (40)
534 (39)

2410 (100)
1380 (100)

1580 (SO) 86 (4) 272 (14) 1960 (100)
652 (42) 16 (1) 863 (56) 1560 (100)
244 (66) 0 (0) 60 (16) 367 (100)

56 (3)
71 (5)
17 (5)

906 (46)
237 (15)
74 (20)

998 (51)
1250 (80)
277 (75)

1960 (100)
1560(100)
367 (100)

844 (66) 28 (21 345 (27) 1280 (100)
405 (49) 29 (4) 306 (37) 821 (100)

60 (5)
3 (cl)

262 (21)
158 (19)

954 (75)
660 (SO)

1280 (100)
821 (100)
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Fig. 3. Schematic presentation of the example of estimated N
flow (gNP pond’), (A) in the green wnterpond  (1990),  and(B)
in the brown water pond (1991).

NH,-N level was low in Phases I and II. Rank B of larval
production was always associated with lower medium
NH4-N level, while rank C or D was sometimes associ-
ated with high NH,-N level. From these results, it is con-
cluded that high larval production or high survival rate is
supported by low NH,-N  concentration. Since no acute
toxicity by observed NH4-N concentration is suggested,
the present result means that NH4-N concentration may
be an indicator of water quality representative of the indi-
vidual larviculture management. For more detail, we can
indicate the recommended NH,-N  concentration by the
method designating the NH4-N concentration which en-
abled the production of ranks A and B. By the same method,
we can realize the favorable N input and output levels in
Phases I and II. From the result of Phase I. it can be esti-
mated that the case of maximum input is three times higher
than recommended input and also excess feeding was sug-
gested from the percent composition of input N (Table 2)
in some cases (Fig. 5a). On the other hand, in the case of

Production (IO4 ind. m-3)
Fig. 4. Relationship between production and survival of swim-
ming crab larvae in different kindr  of ponds from 1990 to 1993.

Table 3. Relationship between N&N level and
production of swimming crab larvae.
Number shows the case observed.

N&N Level Rank  of Production

Phase I
H
M
L

Phase II
H
M
L

A B C D

1 2
1

1 1

1
2

1 2 1

Phase II, although no excess feeding was observed, low
survival rate was observed in some cases (Fig. Sb).

ORIGIN OF SEDIMENT NITROGEN
The origin of sediment N was estimated by the content

of Chl u under the assumption that phytoplankton N:Ch.l a
ratio was constant at 16 (Fig. 6). From these ratios, the
main component of sediment N in the green water pond in
Phase I was suggested to be sedimented green algae. On
the other hand, nonphytoplanktonic N was suggested to
be the main component of sediment after the mass ex-
change of water during which no phytoplankton culture
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Conversion rate was calculated as percentage of larvae-N in-
creased to feed-N supplied during the whole rearing period.

was supplied. The sediment in Phase II is supposed to be
feces, unconsumed feed and dead bodies of organisms.

RELATION BETWEEN CONVERSION RATE OR
SURVIVAL RATE AND WATER QUALITY

We calculated the conversion rate of feeding N sup-
plied to crab larvae-N harvested (Fig. 7). From these re-
sults, it can be concluded that the high survival rate which
generally means high production is associated with the high
conversion rate. When the conversion rate was low, nitro-
gen that was not converted to crab N might have deterio-
rated the water quality, while the high conversion rate might
have contributed not only to the improvement of water
quality but also to the cost performance of seed produc-
tion.

CONCLUSION
High NH4-N concentration in the culture pond gener-

ally indicated low survival rate of crab larvae. Less than
34 pg-at  1-l of NH,-N  concentration is recommended for
improving larviculture. In order to reduce NH4-N concen-
tration, reduction of N input, especially reduction of phy-
toplankton load and feeding load is recommended. As to
the N source of the phytoplankton culture media, NO3-N
is preferable compared to NH,-N. These measures will
improve not only the survival rate and the cost of crab
seed production but also the environmental impact of ef-
fluent water.
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