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ABSTRACT

Estuaries support a great density and diversity of life and are traditionally considered to
be important nursery areas for a variety of species, providing abundant and essential
food supply and refuge from predation for juveniles of several fish and invertebrate
species. However, to date no study has provided unequivocal evidence supporting this
paradigm. In fact, recent studies based on the analysis of stable isotopes have shown
that the importance of estuarine terrestrial wetland habitats such as mangroves and
salt marsh in supplying energy to animals in adjacent aquatic habitats is not as
significant as once thought. The objective of the present thesis is use stable isotopic
analysis to clarify the importance of terrestrial wetland productivity as a source of
energy for estuarine communities in the Australian Wet and Dry Tropics and to study
the processes of energy flow taking place in these systems. Overall, material of
terrestrial wetland origin was found to be incorporated into estuarine food webs in
Tropical Australia. However, this importance is dependent on several physical and
ecological factors including productivity of the different habitats, type and extension of

wetland vegetation and connectivity.

In a first study, stable isotope analysis of carbon and nitrogen were used to analyse
processes of energy flow and assess the extend to which carbon fixed by terrestrial
plants is incorporated into adjacent aquatic food webs in two intermittently connected
estuarine pools in the Ross River floodplain in North Queensland, Australia. The two
pools differed in surrounding vegetation as one was surrounded by mangroves and the
other by the salt couch Sporobolus virginicus. Since 8'°C values of C3 mangroves (low
5'3C) are very different from those of the C4 salt couch (high 5'°C), it was possible to
determine the importance of terrestrial wetland producers by comparing isotope values
of consumers between sites. The IsoSource model was also used to clarify the
importance of the different potential sources to consumers. An incorporation mangrove
and S. virginicus material was detected for several fish and invertebrate species at both

sites, indicating that carbon of terrestrial origin is incorporated in the estuarine food



web. A linear negative relationship between 5C and 5'°N was also detected for
primary producers, primary consumers and secondary consumers at the Sporobolus
pool. This relationship was similar for the different trophic levels and was found to be
useful to calculate trophic positions. A food web of ~3.5 trophic levels was found at

both pools.

In a more detailed study, 3"°C and &'"°N analysis was used to determine the extent to
which carbon of terrestrial origin is important for nutrition of juveniles of four penaeid
prawn species, and to detect and describe ontogenetic variations in diet. These
species were selected because penaeids are known to depend on estuarine wetland
habitats such as mangroves and salt marsh at their juvenile stage. Although an
incorporation of mangrove and salt marsh carbon was detected, it was not of a major
importance for any species, and autochthonous sources seemed more important.
Ontogenetic shifts in diet were detected for Penaeus (Fenneropenaeus) merguiensis,
Metapenaeus bennetae and Penaeus esculentus, and corresponded to an increase in

mean trophic level as well as to changes in the ultimate sources of energy.

In a broader scale study, the incorporation of terrestrial wetland productivity in
estuarine food webs was studied in four open estuarine systems in Tropical Australia.
These included a near-pristine system in the Wet Tropics (Deluge Inlet), two impacted
systems in the Wet Tropics (Victoria and Half Moon Creeks), and a near pristine
system in the Dry Tropics (Blacksoil Creek). Incorporation of mangrove derived carbon
was detected for Deluge Inlet and Victoria Creek and incorporation of carbon of
sugarcane origin was also detected for fish from Victoria Creek. The degree of
incorporation of mangrove carbon into estuarine food webs seemed to relate directly to
the type and extent of mangrove vegetation adjacent to the estuary. Trophic structure
differed between estuaries, but in all areas a constant trophic length with about four
trophic levels was detected. Stable isotope results also suggest a high level of
omnivory and diet overlap between fish species at Deluge Inlet, Half Moon Creek and
Blacksoil Creek, but not for the agriculture impacted system of Victoria Creek, which

can be a reflection of the great level of anthropogenic impact in this area.
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In a final study, the seasonality in importance of autochthonous and allochthonous
carbon for aquatic communities in six intermittently connected estuarine areas of the
Australian Dry Tropics was investigated. Results varied between sites, depending of
site-specific ecological conditions. The hydrology regime was a major factor controlling
the sources of energy in these areas, controlling the amount of terrestrial material
available to aquatic animals throughout the year and allowing the presence of an
energetic connectivity between the terrestrial and aquatic environments. An important
seasonal variation in the main sources of energy was detected in two systems, where a
greater incorporation of carbon of terrestrial origin was present after the wet season.
Hence, aquatic food webs may rely alternatively on autochthonous and allochthonous
sources of energy, depending on the season. Trophic organization, including level of
omnivory, diet overlap and trophic length, was also found to differ between systems
and seasons due to differences in species composition, resource availability,
connectivity, and type and level of environmental disturbances. While trophic length
seems to be similar between open estuarine areas, with food webs having ~4 trophic
levels, in intermittently connected areas trophic length was more variable between

systems, with between 3.2 and 4 trophic levels.
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and 3"N values, displaying coherent groups (bold lines) identified by SIMPROF
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analysis at p = 0.01. Species are indicated in the x axis, and y axis corresponds to
Euclidian dissimilarities between groups (%0). .. c..ueeeeeiiciiiieeiieee e 105

4.6. Mean isotopic values (x SE) of fish from Deluge Inlet. a) o - herbivores; o -
detritivores; @ - carnivores (macrobenthic carnivores and minor piscivores). b) o -
omnivores; o - planktivores; ® - major piscivores. ¢) Indication of distribution of the
different trophic groups in the 8'*C-5"°N plane. Note the differences in the y axis.

4.7. Corrected 8'"°C and 5"N values of phytodetritivorous fish (o) and original 5'*C
and 3"°N values of potential contributors (e) for Deluge Inlet. Distributions of
feasible contributions of the different producers to phytodetritivores are also
indicated, based on the IsoSource model (run on 5'°C values) (M = median; range
= 1°.99™ percentile). MPB = microphytobenthos. ...........ccooeveeovecoeeeeeeeeeeee . 108

4.8. Corrected 5'°C and 5'°N of fish consumers (black symbols, bold) and original
values of potential food sources (grey symbols) for Deluge Inlet. a) Small
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groups of species mentioned in text are indicated. Note the differences in the y
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4.9. Mean 3"C and 8N of decapods (white symbols) and fish (grey symbols)
from a) Victoria, b) Half Moon and c) Blacksoil Creeks. Arrows indicate 5'°C
ranges of the different producer categories (see text). 3'°N levels for each trophic
level are indicated on the right of each graph. Fish: O - herbivores; © - detritivores;
vV — omnivores; A - planktivores; O - carnivores (macrobenthic carnivores and
minor piscivores); ¢ - major piscivores. Species mentioned in text are also
indicated: Ac = A. chacunda; Ae = A. endrachtensis; As = A. sclerolepis; Ls = L.
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4.10. Mean (+ SE) carbon and nitrogen stable isotopic composition of consumers
from Victoria Creek. a) Herbivorous (©), detritivorous (©) and planktivorous (e) fish
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species. b) Decapods (o), carnivorous fish (©) (macrobenthic carnivores and
minor piscivores) and major piscivores (®). s/l - smaller and larger size class....116

4.11. Mean (£ SE) carbon and nitrogen isotope composition of consumers from
Half Moon Creek. a) Decapods (©) and detritivorous (©) and planktivorous (@) fish.
b) Carnivorous fish. ¢) Major piscivores. Note the differences in the y axis......... 117

4.12. Mean (x SE) carbon and nitrogen isotope composition of fish found in
Blacksoil Creek. a) Herbivorous (o), detritivorous (©) and omnivorous (®) species.
b) Planktivorous (0), carnivorous (©) and major piscivorous (@) fish species. Note
the differences in the y axis. ... 118

4.13. General model for the Deluge Inlet food web showing the main trophic
pathways based on stable isotope results from this study. Squares correspond to
the ultimate carbon sources, and ellipses to consumers. Shapes delimitate isotope
values of all or most species within the trophic group. Arrows indicate main trophic
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arrows indicate links of intermediate importance, as suggested by stable isotope
analysis. The five main trophic chains are indicated: (1) mangrove-
microphytobenthos based; (2) plankton based; (3) and (4) seagrass-
microphytobenthos based; and (5) seagrass based. See details in text. Primary
producers: Mangr = mangroves; MPB = microphytobenthos. Consumers: Invert.
detritivores = invertebrate detritivores; Detr + Herb = detritivores and herbivores. *
- plankton not sampled in the present study. ..........ccccoiiiii 124

5.1. Map showing the geographic location of the study areas. ........................... 139

5.2. Mean rainfall (mm) recorded for Townsville (averages from 1940 to 2004) and
Rockhampton (averages from 1949 to 2004) (Bureau of Meteorology 2007), to
illustrate the differences in rainfall pattern between North and Central Queensland
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5.3. Box plots showing the median (line within boxes), interquartile ranges
(indicated by boxes), 10™ and 90™ percentiles (whiskers) and outliers (°) of 5'°C
values of fish from the different pools collected in the pre-wet (white boxes) and
post-wet (grey boxes) seasons. Graphs based on the average 8'°C of fish species.
Arrows indicate range in 5'C of the different classes of producers (see text). BP =
benthic producers; C3 = C; plants; C4 = C, plants; PP = planktonic producers.
Numbers above boxes indicate sample size (number of species)....................... 149

5.4. Six-leaf classification and regression tree explaining fish '°C based on
location and sampling season. Model calculated based on the average &'°C.
Histograms of distribution of 3'*C are also presented, and mean &'°C and sample
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size (in brackets) for each group are indicated. 12M = Twelve Mile; CL and PL =
Curralea and Paradise Lakes; Gon = Gonong; Mund = Munduran; Sw = Saltwater.

5.5. Multivariate CART explaining the changes in fish 3'°C between the pre-wet
and post-wet seasons for the different sites. Model calculated based on
differences in 3'°C between the post-wet and the pre-wet season for all fish
species that occurred at both seasons at each site. Histograms of distribution of
the values of shifts in 5'°C are also presented, and mean shift in 5"°C and sample
size (in brackets) for each group are indicated. 12M = Twelve Mile; CL and PL =
Curralea and Paradise Lakes; Gon = Gonong; Mund = Munduran; Sw = Saltwater.

5.6. Change in mean 8°C and &'°N between the pre- (white symbols) and post-
wet (black symbols) seasons for animal species collected during both seasons in
a) Munduran, b) Gonong, c) Twelve Mile, d) Curralea Lake, e) Paradise Lake and
f) Saltwater. Cn = C. nilotica; Corix = corixids; Coroph = Corophium sp.; Eh = E.
hawaiensis; Lc = L. calcarifer; Ls = L. subviridis; Mc = M. cephalus; Ne = N. erebi,
Sm = S. multifasciata; Tat = Tatea sp.; Z = zygoptera larvae. ...........ccccccceeeeennns 153

5.7. 5"°C and &'°N values (mean % SE) of organisms collected from Saltwater pool.
a) 5C and 8'N values of epilithic algae, invertebrates (circles) and herbivorous
(upward triangles), detritivorous (downwards triangles), macrobenthic carnivorous
(squares) and piscivorous (diamonds) fish collected in the pre-wet (white symbols)
and post-wet (grey symbols) season. Arrows indicate the range in 8'°C of the
different classes of producers (see text). C3 and C4 = plant species of C; and C,
metabolism. The "*C depleted Lates calcarifer (Lc), a species mentioned in text, is
also indicated. b), c), d) - Diagrams showing 5°C and &'°N (mean #* SE) of
potential food sources (bold; black symbols) and of consumers before and after
correction for fractionation for one trophic level. Arrows indicate the direction of
fractionation. b) Natant crustaceans (P. atrinubes and M. bennetae) with epilithic
algae and peracarids; c) S. lineatus and L. subviridis with epilithic algae; d) G.
filamentosus and A. australis (data pooled between seasons) with peracarids and
the natant crustaceans P. atrinubes and M. bennetae. Epil alg = epilithic algae;
Perac = peracarid crustaceans (Corophium sp. and Leptocheliid tanaids). ........ 157

5.8. Mean 5C and 5N (+ SE) of producers (black symbols), crabs (white
symbols) and fish (grey symbols) collected in Curralea Lake in the pre- and post-
wet season. Fish: O - herbivores; @ - detritivores; v— omnivores; A - planktivores;
o - macrobenthic carnivores; ¢ - piscivores. 8'°N values for each trophic level are
indicated to the right of each figure. Species mentioned in text are also indicated:
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Cc = C. chanos; Ci = C. ignobilis; Eh = E. hawaiensis; Nc = N. come; Sa = S.
argus; Sm = S. multifasciata; Tj = T. jarbua. ............cccccccceeveeevieiieeeeeeeeeeeeeeeeeeeeenne, 161

5.9. Mean &'°C and 5N (+ SE) of producers (black symbols), invertebrates (white
symbols) and fish (grey symbols) collected in Paradise Lake in the pre- and post-
wet seasons. Fish: O - herbivores; ® - detritivores; A - planktivores; O -
macrobenthic carnivores; <- piscivores. 8'°N values for each trophic level are
indicated to the right of each figure. Species mentioned in the text are also
indicated: Eh = E. hawaiensis; Ls = L. subviridis; Om = O. mossambicus; Sm = S.
multifasciata. (*) plankton not analysed at this site; 3'°C and &'°N values taken
from CUrralea LaKe. ........coooiieeeeeee e e 162

5.10. Mean 8°C and 8N (+ SE) of producers (black symbols), shrimps and
prawns (white symbols) and fish (grey symbols) collected in Munduran pool in the
pre- and post-wet season. Fish: O - herbivores; ® - detritivores; A - planktivores;
O - macrobenthic carnivores; < - piscivores. 8'°N values for each trophic level are
indicated to the right of each figure. In the pre-wet season, L. subviridis (Ls) and S.
sihama (Ss) individuals are represented separately because a large difference in
5'3C between individuals was present. Other species mentioned in the text are
also indicated: Cc = C. chanos; Lc = L. calcarifer; La = L. argentimaculatus; Ls = L.
subviridis; Mc = M. cephalus. MPB = microphytobenthos. .......c...ccccooovivviviinnnnnnn. 164

5.11. Mean 3"C and &'"°N (+ SE) of producers (black symbols), decapods (white
symbols) and fish (grey symbols) collected in Gonong in the pre- and post-wet
season. Fish: O - herbivores; ©® - detritivores; A - planktivores; O - macrobenthic
carnivores. 8'°N values for each trophic level are indicated to the right of each
figure. Animal species mentioned in text are indicated: Amb = Ambassis sp.; Cc =
C. chanos; Ge = G. erythrourus; La = Lutjanus argentimaculatus. Ml =
Metopograpsus latifrons, Pm = P. merguiensis; Pw = Paracleistostoma wardi, Uc =
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Cs; plants: Aca = Acacia sp.; Aco = A. corniculatum; Am = A. marina; Ce = C.
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Fig. 5.12. Mean 8"C and 5"N (+ SE) of producers (black symbols), invertebrates (white

symbols) and fish (grey symbols) collected in Twelve Mile pool in the pre- and
post-wet seasons. Invertebrates: O - insects; A - gastropods; v - Corophium sp.
O - decapod crustaceans. Fish: O - herbivores; ® - detritivores; A - planktivores;
o - macrobenthic carnivores; ¢ - piscivores. 8'°N values for each trophic level are
indicated to the right of each figure. Species mentioned in text are also indicated:
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At = A. telkara; Eh = E. hawaiensis; Lc = L. calcarifer, Mc = M. cephalus; Rn = R.
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Fig. 6.1. Simplified conceptual model on the physical and ecological factors regulating

the importance of terrestrial wetland producers for estuarine food webs in Tropical
AUSETALIA. L.eeeec e 189

Fig. 6.2. Summary model on the factors influencing food web structure in estuarine
areas. Arrows indicate the directions of the influence.................cccvviiiiiiiiieenn. 194
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