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Energy signature technology and its application on energy flux in mangrove

ecosystems a review and outlook
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Abstract A central view of tropical estuarine ecology is that export of organic matter from mangroves represents a major
energy pathway and support much of the secondary production of estuaries and nearshore waters. Nevertheless recent
results especially those obtained using energy signature technology contradict this paradigm. Overall most studies found
a limited role of mangrove detritus in estuarine food webs. Usually only animals collected inside mangrove swamps or in
mangrove — lined waterways have depleted carbon isotopic signatures characteristic of mangrove detritus. These findings are
explicable by the difficulty in assimilation of mangrove carbon and the dilution effect of the tides. These factors however

cannot explain the heavy use of mangroves in estuarine habitats when other primary production sources are scarce. Algae and

other primary production sources e. g. seagrass have much higher productivity than mangrove in estuaries and nearshore
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waters and are easy to obtain and digest. So these alternative carbon sources and the complicated food web structure mask
the nutrition role of mangroves. If this hypothesis is true then it could offer an explanation for the observation that mangrove
litter is heavily used by consumers when other primary production sources are scarce a phenomenon that cannot be
explained by the difficulty in assimilation or tidal dilution. Energy signature technology addresses the relative contribution of
mangroves to the consumers carbon sources not the biomass in numbers. Energy signature technology addresses the relative
proportion of the assimilated carbon from mangrove to all the consumer carbon not the biomass in numbers. The traditional
view is that mangrove primary production supports large consumer biomass but not the relative proportion. With that in mind
energy signature technology is not inconsistent with the traditional view but is complementary. We hypothesize that all of
mangrove litter production is used by aquatic consumers. The mode of the use is however not in terms of dominance in the
consumer s tissue but small contributions to many individuals. One blemish of past isotopic studies is that none has directly
tested the applicability of the approach to food web links between consumer and mangrove. Another blemish is that what
isotopic data indicated was the proportion of the assimilated carbon from mangrove to all the consumer carbon not its
importance. For example algae could get into food webs directly through consumption by all kinds of fishes but mangrove
litter must be consumed by crabs first and then perhaps by fish. So in fish tissue there will be much less carbon from
mangrove than from algae if the initial primary production in terms of carbon mass of mangrove and algae is equal. Because
the carbon mass of mangrove is much reduced after crab digestion and absorption. Digestion and absorption will affect the
importance of different carbon sources too but this issue has been ignored in past studies. The study of energy flux in
mangrove ecosystems only focused on particulate organic matter but has ignored dissolved organic carbon DOC  which is
the dominant form of carbon exported from mangroves. N and P export is also important. It is apparent that mangrove litter is
not the main source of primary production fuelling the food chains in estuaries and nearshore waters. Isotope signature

technology is not yet a perfect tool for studying these trophic linkages but the imperfection is in the details.

Key Words stable isotope "C  energy export mangrove consumer primary production

4 ~10 35
’ 5840kg/hm’ 5330 N

3~9 10

11 12

13 ~16 11

C 17 18

19 ~22

C 14C 13C 12C N ISN 14N 14C 13C ISN



27

1208
23 1Be
C N
15N 2 5N 3%
ISN 11 12
1.2
1 2 3 4 2
“ 8”
X = R..-R. /R, x1000
Rsam 13Csam/l2csam Rsld
13(:“(1/12(15ld 25
1.3
26
26 27 28
3 - 3 ’
s, = Z £ 8°C + A,
=
15 n7r ’ 15 ’
6 "N, = 2 f',-j é Nj+AN
iz
flfj = 1
=1
3 BCi SN C N §%'C, 8°N, ¢ N A'C
A'N cC N I n
1.4 -
1979 C C B
d #2300 Twilley C
Mancera  Twilley
Be 31
2.1
1968  Odum
: Odum
3 1 3233 2
3~8 3
34 Odum 31
3



3 1209
1112
2.2
2.2.1
7
1 2
3 4
35
1
Hi SRS
Other ecosystem nearby
|
T IR A9 AT 8 2 PIRRA LT
Phytopl ankton, microphytobenthos Organic carbon in sediments
LRI LIRS MR
Litters of mangrove + Detritus of mangrove * Primary consumers
| T I
Ve 2k e
Secondary consumers
1
Fig. 1  Energy output flux of mangrove ecosystem in tradition thread show the scale of energy output flux
Odum
% Melville ~ Connolly Moreton
3 0 % 13 C 37
*g kakinada
*4 " Bouillon Wildlife
Sanctuary MPB 22 3°C  ¥"N
41
Melville ~ Connolly
3 bC
42
DOC POC ® Lee
36 1
Thimdee Khung Krabaen
C
41 ~60
C C
C
C C



1210

27

1

36

Table 1 A summary of the results of energy signature technology studies investigating the mangrove — offshore tropic connection ¢

Nekton species

Isotope tracers

3

Signature of nekton %

d
Signature of
mangroves %o

- d
Difference %o
consumer-mangrove

3%C -14.9~17.9 $"3C 6.6 ~13.6
Penaeus spp.
Be 3BC -24.5~-28.8
Metapenaeus spp.
3%C -13.1~-18.6 $"3C 5.9~15.4
Parapeneopsis spp.
BN B¢ 3BC -15.3~-17.8 3BC -26.7~-29.8 3%C 8.9~14.5
Penaeus spp.
s SN 11.1~12.1 "N 2.2~6.3 5N 4.8~9.9
Parapeneopsis spp. S -10.1~ -12.4 S -1.4~-5.1 S -5.0~-13.8
BN B 3BC -15.5~-19.6 d3BC -26.9~-30.0 d3%C 7.3~14.5
Penaeus spp.
3N 8.4~11.3 3°N 6.3 ~8.0 3N -0.4~5.0
Metapenaeus spp.
BN Bg 3BC -14~ -17 d3BC -27.0~ -28.8 d3BC 10~15
Penaeus spp.
3N 5.210.0 3N 1.3 ~3.7 3N -1.5~8.7
Metapenaeus spp.
BN Bg 3BC -18.2~-20.2 3BC -24.4~ -28.1 dBC 4.2~9.9
Parapeneopsis spp.
3®N 10.0 ~12.6 3N 4.0~12.6 3N 40 ~8.6
Metapenaeus spp.
BN Bg 3BC -17.0~ -25.1 3BC -28.7~ -26.7 3BC 1.6 ~11.7
Penaeus spp.
3PN 8.4~11.3 3°N 4.4 ~6.3 3PN 2.1~6.9
Metapenaeus spp.
BN B 8%C -17~-23 8%C -25.5~-26.8 5BC 2.5~9.8
Decapod larve 3PN 6.2~7.7 8N 4.4 3N 1.8~3.3
3BC -15.6~ -19.9 3%C 5.9%3.0~
Mean value 13.1+£2.3
2.2.2
61
34
Rodell c/N 7
62
Chong C 84%
C 16% ~24% *°  Rodelli
C 65% 7
C
30% ~50% " C/N
C/N C/N
C/N o 30%
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