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Carbon Budget during the Molt Cycle of Macrobrachium
nipponense (De Haan) larvae
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Larvae of the freshwater shrimp, Macrobrachium nipponense were reared in the laboratory at constant
condition (25C, 7% ), and their feeding rate, oxygen consumption rate, and growth rate were measured
in regular intervals of time during larval development Regression equations describing rates of feeding,
growth and respiration as functions of time during individual larval molt cycles were inserted in a
simulation model in order to analyse time-dependent patterns of variation as well as in bioenergetic
efficiencies.

Absolute values for feeding, growth, respiration and assimilation showed clear changes during the molt
cycle. The absolute and specific values of respiration (R: R/C) showed small variation during the
individual molt cycles. Significance of respiration in relation to growth (G) increased within the carbon
budget, respiration rate (R/C) outbalanced growth rate (G/C) in late premolt. When the portion of
metabolizable carbon is respired (R/G), metabolic coefficient was < 1 (i.e. R<G) in postmolt phase.
The cumulative carbon budgets showed in subsequent larval instars consipicuously increasing figures in
terms of their parameters. F, G and R increased to a particularly high level from the hatching to the
postiarval instar, and hence, net growth efficiency (K.) decreased concurrently.

In cumulative carbon budget, total feeding was 491.54pg C/ind., assimilation was 85.3%, respiration
was 47.7%, and growth was 37.6% from hatching to postlarval stage.
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Fitted parameters (y., a, b) and correlation coefficients (r) for regression equation describing

change during larval molt cycles; feeding rate (F), growth (dry welght W; carbon: C; nitro-
gen: N; hydrogen: H), and respiration (R) of Macrobrachium nipponese larvae

y F W C N H R
Yo
Zoea-1 a 25ug 11.23ug 2.7 g 1.85ug 248ug
b
Yo 0.3482 26.1383 151773 5.3441 1.2961 0.1440
Zoea-2 a 0.0732 0.5838 0.3253 0.0572 0.6946 0.0146
b 0.2387
0.9412 0.7204 0.8809 0.7903 09719 0.8467
Yo -141.9850 46.3258 10.8808 2.7230 37731 0.1031
Zoea-3 a 64.6950 0.1352 0.5547 0.5392 0.1699 0.1151
b - -7.21
0.9892 0.9356 0.9903 0.9957 0.8122 0.9867
Yo -402.1687 8.2689 5.6011 32118 1.6736 0.2679
Zoea4 a 119.94901 1.2057 0.8092 0.5172 0.7376 0.0431
b -8.5725
r 0.9384 0.9942 0.7769 0.8961 0.9034 0.9278
Yo -809.76 53.4475 18.7764 3.9312 4.3934 0.3881
Zoea-5 a 124.7450 0.3063 0.4342 0.4787 0.2608 0.0433
b -4.5683 )
r 0.7208 0.9565 - ° 0.7205 0.9287 0.9856 0.9669
Yo -831.76 7.9609 176194 1.2946 1.0027 0.5128
Zoea-6 a 124.7450 1.1035 0.5082 0.9585 0.9040 0.0191
b -4.5683
r 0.7208 0.9798 0.9036 0.9651 0.9514 0.9055
Yo -1461.1055 34113 254733 2.9971 2.5731 0.6013
Zoea-7 a 167.9182 14227 0.3686 0.6321 0.5967 0.0224
b -4.7442
r 0.8233 0.9919 0.7771 0.9812 0.9541 0.9283
Yo -1428.6112 15710 7.4204 2.7846 26438 0.7173
Zoea-8 a 129.6220 1.6899 0.8912 0.7252 0.5972 1.0268
b -2.8923
r .7939 0.9933 0.9740 0.9793 0.9351 0.882
Yo -1720.8145 1.0496 12.3647 4.7221 7.0027 0.9159
Zoea-9 a 127.3888 1.1816 0.8053 0.5747 0.4259 0.0221
b -2.3205
r 0.9548 0.9961 0.7326 0.9662 0.9506 0.7806
Yo -2249.1188 0.0986 28.1195 5.1908 7.9250 1.1035
Postlarva a 1409.9570 2.5400 0.5957 0.6236 0.3972 0.0114
b -2.1773
r 0.9080 0.9932 0.8901 0.9274 0.9271 0.9184
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Table 2. Percentages of carbon (C) lost with
shed exuviae in Macrobrachium nippo-

nense
Zoea 1~3 Zoea 4~6 Zoea 7~9 Postlarva
C(%) 90% 140%  172%  216%
Table 3. Intermolt period caculated by the equa-
tions of Table 1
Stage Intermolt Stage Intermolt
period period
Zoea-1 1 day Zoea-6 4 day
Zoea-2 2 -day Zoea-7 4 day
Zoea-3 2 day Zoea-8 5 day
Zoea-4 3 day Zoea-9 5 day
Zoea-5 3 day Postlarva 6 day
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G=Grt+Ge
A=G+R+U

Ki=G/F
>=G/A

A: Assimilation Ki: Gross growth efficiency

F: Feeding(=Ingestion) Ki: Net growth efficiency

G: growth R: Respiration

Gr: Tissue growth Ge: Exuvia growth

U: Excretion of ammonia nitrogen
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Carbon budgets of Macrobrachium nipponense. Instantaneous individual rates of feeding (F),

assimilation (A), respiration (R) and growth (G) in relation to time (d) of development (unit:

ug C/ ind./day).
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Fig. 2. Carbon budgets of Macrobrachium nipponense. Instantaneous relative (c-specific) rates of fee-
ding (F/C), respiration (R/C) and growth (G/C), in relation to time (d) of larval development.
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Fig. 3. Carbon budgets of Macrobrachium nipponense. Metabolic coefficient (R/G) in relation to time

(day) of larval development (unit of R, G:
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Table 4. Carbon budget partitioning (ug C/ind.; %) during the larval development of Macrobrachium

nipponense (De Haan)

(unit: larva, pg)

Molt stage Ingestion Assimilation Respiration gror[v‘vitsﬁu(e(}r ) Exuvia (Gg) Loss K, K.
1 0.84 ©0)
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* The values in parenthesis are percentage for parameters.
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