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Abstract The relative importance of carbon sources

supporting aquatic food webs within and among

estuaries may be influenced by factors that affect

relative availability of autotrophic carbon sources, as

well as movement of individuals among marine,

estuarine and freshwater zones. We used stable

isotopes of carbon and nitrogen to examine (1) the

relative importance of carbon sources supporting

estuarine consumers among estuaries with different

hydrogeomorphic characteristics, (2) stable isotope

signatures of consumer ecological guilds defined by

dependence on estuarine habitats and residence time,

and (3) if patterns in stable isotope signatures of

ecological guilds repeat across estuaries with distinct

hydrogeomorphological features. At the assemblage

level, consumer carbon isotope signatures reflected

the consumption of locally abundant primary pro-

duction sources and differed across estuary types

(choked lagoon, coastal river). Consumer ecological

guilds differed in d13C within sites, and the same

trend repeated across sites but with differing magni-

tudes. This variation is attributed to movement and

residence patterns in addition to differences in the

relative abundances of autotrophic sources across

sites. Although within-estuary variation in consumer

resource use is to be expected, estuarine food webs

may be broadly classified according to landscape-

scale hydrogeomorphic factors that allow an initial

prediction of the relative importance of carbon

sources to secondary production. Predictions may

be refined at the species level using knowledge of

habitat use and residence time. Such predictions are

useful as a starting point for poorly studied regions

such as ours in southern Brazil, as well as for global-

scale analyses of patterns in estuarine food webs.

Keywords Brazil � Food web � Migration � Salt

marsh � South America � Subsidies

Introduction

Estuaries are spatially complex, formed by forces of

freshwater inflow meeting marine water across nar-

row to broad areas, and may vary greatly in

physicochemical conditions due to tidal flux and
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season. Patterns of dominance of primary producers

often change along estuarine gradients (Day et al.,

1989; Kennish, 1990; Isacch et al., 2006), such as in a

gradient of marsh grasses or mangroves occupying

relatively higher elevations or the inter-tidal zone and

seagrass and algae occurring in lower elevations.

Corresponding with such changes in dominance of

primary producers, prior food web studies have

shown that the relative importance of autotrophic

carbon sources supporting secondary production of

aquatic consumers often changes along gradients

within estuaries (Peterson et al., 1985; Deegan &

Garritt, 1997; Garcia et al., 2007; Kanaya et al.,

2007).

Estuarine food web studies have identified similar-

ities as well as differences in the relative importance

of autotrophic production to consumers (e.g., Hsieh

et al., 2002; Kang et al., 2003; Winemiller et al., 2007;

Rodriguez-Grana et al., 2008). Similar hydrogeomor-

phic factors that drive patterns of spatial variation

within estuaries should also result in variation among

estuaries with different characteristics. For example,

tidal creeks, lagoons and bays vary greatly in their

relative proportion of littoral to open water area, and

may also vary in the relative size of the estuarine zone

in general. Based on findings from inland freshwater

ecosystems where landscape-scale hydrogeomorphic

features have a strong influence on food web structure

and carbon flow (Hoeinghaus et al., 2007, 2008), we

expect differences in the relative importance of

carbon sources among estuaries to correspond to

hydrogeomorphic characteristics that affect patterns

of dominance of primary producers.

Patterns of carbon flow in estuarine food webs may

also be affected by the movement of individuals

among marine, estuarine, and freshwater zones. Local

estuarine food webs may receive subsidies of marine

and freshwater production via marine and freshwater

visitant species that serve as transport vectors (e.g.,

Deegan, 1993; Garman and Macko, 1998; MacAvoy

et al., 2000) or by direct flux in the environment (e.g.,

Connolly et al., 2005). Isotopic differences in source

signatures among freshwater, estuarine, and marine

systems may be retained to certain degrees in non-

resident individuals (dependent on length of time

since arriving, body size, feeding rate, e.g., Ruben-

stein & Hobson, 2004; Bardonnet & Riera, 2005;

Herzka, 2005) or assimilated by resident estuarine

species through trophic interactions. For example, in

previous research in this region of South America,

stable isotope signatures of carbon were useful to

identify movement of individuals from freshwater

into estuarine zones within a large coastal lagoon

(Garcia et al., 2007). In this manner, the functional

composition of the estuarine consumer assemblage,

specifically the relative composition of estuarine

resident and visitant species, may affect the relative

importance of carbon sources identified at the

assemblage level and also may be expected to vary

among functional groups.

In this study, we used stable isotopes of carbon and

nitrogen to examine food web structure of three

estuaries of subtropical Brazil. This study provides

new data on an understudied region, and further

investigates underlying drivers of structure in estuarine

food webs in general. We were interested in whether

the relative importance of carbon sources supporting

estuarine consumers differed among estuaries with

different hydrogeomorphic characteristics, and to what

extent functional roles had an effect on consumer

resource use and isotopic signature. Specifically, we

ask the following questions: (1) within estuaries, do

consumer ecological guilds defined by dependence on

estuarine habitats and their time of residence differ in

their carbon isotope signatures?, and (2) do patterns in

carbon isotope signatures of ecological guilds within

an estuary repeat in a similar manner across estuaries

situated in the same coastal plain but with distinct

hydrogeomorphological features?

Materials and methods

Regional description and study sites

Estuarine food webs were investigated at three

locations along the southern Brazilian coast

(Fig. 1). Hydrogeomorphologic characteristics differ

among the estuaries (Table 1), primarily being clas-

sified as ‘‘choked lagoons’’ (sensu Kjerfve, 1986;

Tramandaı́-Armazén lagoon complex and Patos

Lagoon, although Patos Lagoon is far larger than

the Tramandaı́-Armazén lagoon complex) and a

coastal river (Chuı́). The studied estuaries are located

in Rio Grande do Sul (RS), the southernmost state of

Brazil, across a 500 km stretch of coastline from the

northern-most site (Tramandaı́, 30�S, 50�W) to the

Brazil–Uruguay border (Chuı́, 33�S, 53�W; Fig. 1).
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This coastal zone is influenced by the convergence of

oligotrophic and nutrient-rich subtropical waters of

the Brazil and Malvinas currents, respectively, as

well as large amounts of continental freshwater

inflow into the coastal zone from the La Plata River

and Patos-Mirim lagoon complex. These unique

conditions make this area one of the most productive

in the southwestern Atlantic (Seeliger et al., 1996).

The Tramandaı́-Armazém lagoon complex (here-

after Tramandaı́) has an area of 30 km2. Its main

tributaries are a river draining highland areas and

several lakes, which together comprise a drainage

basin of 2,697 km2. The estuarine zone is restricted to

Armazém lagoon and the area near the connection

with the sea, which is 1.5 km long, 0.3 km wide, with

depths ranging from 1.5 m in the shallow waters and

5 m in the main channel (Fig. 1). Strong variations in

its environmental conditions over short time periods

and throughout the year usually occur due to sudden

changes in wind patterns. Salinity is influenced by

changes in tides and freshwater inflow (Schwarzbold

& Schäfer, 1984).

Patos Lagoon is the better studied of the three

estuarine systems (Seeliger et al., 1996; Seeliger,

2001). The lagoon is 250 km long and 60 km wide,

which gradually narrows into a channel (700 m wide)

connected with the sea (Fig. 1). The estuarine zone is

restricted to its southern region and comprises

Fig. 1 Map of South

America, with detail of the

Rio Grande do Sul, Brazil,

coastline depicting the

location and spatial

structure of Tramandaı́,

Patos Lagoon and Chuı́

estuaries. Shading in inset
maps for each site indicate

saltmarsh area
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approximately 10% of the entire lagoon (976 km2).

Apart from a deeper navigation channel, about 80%

of the estuarine zone is less than 2 m deep. Tidal

influence in the estuary is minimal (mean tidal

amplitude is 0.47 m). Wind and seasonal pulses of

freshwater inflow influence longitudinal and vertical

patterns of water circulation and salinity (Seeliger

et al., 1996), and have strong effects on the spatio-

temporal dynamics of the fish assemblages (Garcia

et al., 2004). The lagoon has a large drainage basin

(201,626 km2) formed by rivers characterized by a

mid-latitude flow regime: high discharge in late

winter and early spring and low to moderate

discharge through summer and autumn (Moller

et al., 2001). There is great habitat heterogeneity

within the estuary, particularly associated with C4

plants such as widgeon grass (Ruppia maritima),

which forms extensive meadows during spring and

summer (Costa et al., 1997), and saltmarsh plants

such as Spartina densiflora and Spartina alterniflora

that occur in higher and lower saltmarsh elevations,

respectively (Costa et al., 1997). These vegetated

habitats provide nursery grounds for several marine

fishes and shrimp species (Garcia et al., 1996; Garcia

& Vieira, 1997; Costa et al., 1997), which are

abundant in the lagoon and sustain an artisanal fishery

that provides livelihood for *3,500 fishermen (Vie-

ira & Castello, 1996; Reis & D’incao, 2000).

In contrast with the other two choked lagoon

estuaries, Chuı́ is formed by a 60 km river that

empties into the sea through a narrow channel just

60 m wide (Fig. 1). Depth ranges from 1.5 to 3 m, and

the small estuarine zone (only 0.3 km2) extends

*1 km up-river and with more prevalence of oligoh-

aline conditions in comparison with the other two

estuaries (Pereira et al., 1998). This site, therefore, has

less diversity of typical estuarine vegetated habitats

(seagrass meadows and saltmarshes) that are com-

monly found in the other estuaries, especially at Patos

Lagoon. Rather, the dominant vegetated habitats

along its margins are the C3 plants Scirpus olneyi

and Juncus acutus in the lower and higher elevations,

respectively (C. S. Costa, unpublished data).

Vegetation surveys, and field collection

and sample processing for isotopic analyses

Patterns of dominance were characterized for vege-

tation at each estuary from satellite images and field

surveys (Table 2). High resolution digital aerial

photographs (for Patos Lagoon) and QuickBird-2

satellite images (Tramandaı́ and Chuı́) were classified

by supervised pixel-based algorithm (maximum like-

lihood classification, MAXVER) and used to generate

land cover thematic maps of the marginal salt

marshes. In each estuary, image classifications, cover

Table 1 Hydrogeomorphic and vegetation characteristics of Tramandaı́, Patos Lagoon, and Chuı́ estuaries

Features Estuary

Tramandaı́ Patos Lagoon Chuı́

Drainage basin (km2) 2,698 201,626 276

Surface area (km2) 30 10,360 18

Area mixohaline zone (km2) 19.4a 971 0.3

Area mixohaline zone/surface area (%) 64.6 9.37 1.67

Saltmarsh longitudinal distribution (km)b 7.7 42.5 4.5

Saltmarsh spatial coverage (ha)c 92.4 6,837.5 7.5

Mean depth (m) 1.5 5.0 2.0

Maximum depth (m) 5.0 18.0 3.0

Salinity (mean) 3.6 9.6 3.3

Water transparency (cm) 34.4 39.6 25.0

a Based on the spatial distribution of saltmarsh
b Distance from the mouth of the estuary to the upstream limit in distribution of saltmarsh vegetation
c Based on analysis of satellite images (LANDSAT-7, CBERS-2, QuickBird-2) of the dominant vegetation at each site: S. olneyi and

J. kraussii at Tramandaı́; S. alterniflora, S. densiflora and J. kraussii at Patos Lagoon; S. olneyi and J. acutus at Chuı́
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maps and salt marsh area were estimated using GIS

SPRING software (Camara et al., 1996). During the

extensive ground verification, ocular estimates of

percent cover by species were recorded in 57, 585,

and 65 quadrads (0.25 m2) along transects perpen-

dicular to the estuarine margins of Tramandaı́, Patos

Lagoon, and Chuı́ estuaries, respectively. The per-

centage cover occupied by each species was used to

calculate mean cover value that was assigned to an

abundance class, based on an octave scale (logarith-

mic to the base 2; Gauch, 1984), as follows: rare

0.1 B x% \ 4.0; sparce 4.0 B x% \ 16.0; abundant

x% C 16.0.

Fishes, macroinvertebrates and primary producers

were sampled at several points in each estuary during

a 1 week period of November 2004 (late austral

spring). Late spring is an important season for these

ecosystems because of high primary production and

the presence of diverse guilds of consumers (see

below). Fishes were collected using multiple gears

(beach seines, cast nets and gillnets) to collect

representative samples of the fish diversity at each

site. Benthic macroinvertebrates and infauna were

collected using cores, and some larger invertebrate

species (e.g., Callinectes sapidus) were also collected

using seines. Dominant floating and emergent mac-

rophytes were collected by hand. Our d13C data for

plants (including some previously published by

Garcia et al., 2007) was complemented with infor-

mation reported by Abreu et al. (2006) for Patos

Lagoon (Table 2).

All samples were placed on ice for transport to the

laboratory where they were stored frozen, and later

processed following standard procedures for isotopic

analyses (Garcia et al., 2007, Hoeinghaus & Davis,

2007). Briefly, samples consisted of several leaves for

plant species, *5 g of pure muscle tissue from

individual fish and large invertebrates. In the case of

smallest size-classes (\50 mm total length for fishes,

\100 mm carapace width for crabs) and taxa

(shrimp, bivalves, and polychaetes), a composite

sample of individuals of approximately the same size

was taken by combining pure muscle tissue from

5–15 individuals from the same site. Because isotopic

signatures of crustacean exoskeletons reflect assim-

ilated calcium carbonate derived from the environ-

ment, only pure muscle samples were used for stable

isotope analysis. Pure muscle tissue was dissected

from crabs and shrimp using a sterile scalpel. For

bivalves, the adductor was removed and processed in

the same manner. Polychaetes were processed whole.

Thawed samples were carefully inspected to remove

non-muscle matter (e.g., bone or scales in fish tissue),

rinsed with distilled water, placed in sterile Petri

dishes, and dried in an oven at 60�C to constant

weight (minimum of 48 h). Dried samples were

Table 2 Patterns of dominance (spatial coverage) and carbon stable isotope values for the representative vegetation at each site

Tramandaı́ Patos Lagoon Chuı́ Mean d13C

Marsh vegetation

Cyperus spp (C3) Sparse Rare Rare -28.0

Juncus spp. (C3) Sparse Abundant Abundant -27.0

Panicum elephantipes (C4) Sparse – –

Paspalum vaginatum (C4) Sparse Rare Sparse -12.5

Salicornia gaudichaudiana (C3) Rare Rare Sparse -29.7

Scirpus californicus (C3) Sparse Rare Rare -26.1

Scirpus maritimus (C3) Rare Sparse – -27.0

Scirpus olneyi (C3) Abundant Sparse Abundant -28.5

Spartina alterniflora (C4) – Abundant – -11.4

Spartina densiflora (C4) Rare Abundant Sparse -12.2

Submerged aquatic vegetation

Ruppia maritima (C4) Abundant Abundant – -11.8

Enteromorpha sp. (C4) Abundant Sparse – -12.9

Marsh vegetation abundance based estimates of species cover in percents: rare 0.1 B x% \ 4.0; sparse 4.0 B x% \ 16.0; abundant

x% C 16.0. Submerged aquatic vegetation abundance is from Costa et al. (1997) and Rosa-Filho et al. (2004). Mean d13C values

from this study, Garcia et al. (2007), and Abreu et al. (2006)
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ground to a fine powder with a mortar and pestle and

stored in clean glass vials.

Sub-samples were weighed to the nearest 0.01 mg,

and pressed into Ultra-Pure tin capsules (Costech

Analytical, Valencia, California), and sent to the

Analytical Chemistry Laboratory of the Institute of

Ecology, University of Georgia, for analysis of

carbon and nitrogen isotope ratios. Results are

expressed in delta notation (parts per thousand

deviation from a standard material): d13C or

d15N = [(Rsample/Rstandard) - 1] * 1000, where R =
13C/12C or 15N/14N. The standard material for carbon

is Pee Dee Belemnite (PDB) limestone, and the

nitrogen standard is atmospheric nitrogen. Standard

deviations of d13C and d15N replicate analyses

(n = 18, each) were 0.14 and 0.13%, respectively.

Data analysis

Subsequent analyses are based on carbon and nitrogen

isotopic ratios of 140 consumer samples (Tramandaı́:

n = 36; Patos: n = 71; Chuı́: n = 33). Individuals of

some large-bodied fish species were separated into

size classes to reduce potential bias due to ontogenetic

diet shifts. Bi-plots of d15N and d13C values of fishes

and macroinvertebrates were used to visualize patterns

of isotopic variation across sites. The relative impor-

tance of various sources of organic carbon assimilated

by consumers is indexed by relative positions of

consumers on the x-axis (d13C values), whereas

trophic position is indicated by relative position on

the y-axis (d15N) (Peterson & Fry, 1987). Analysis of

variance (ANOVA) was used to compare d13C and

d15N of fish and invertebrate consumer assemblages

among sites. Within each site, ANOVA was used to

compare consumer d13C among four ecological guilds

identified by Garcia et al. (2003): (1) estuarine

residents—species typically occurring and breeding

within the estuary; (2) estuarine dependents—marine

or freshwater spawning species found in large num-

bers within the estuary during certain periods of their

life cycle; (3) marine vagrants—species typically

inhabiting marine habitats and rarely occurring within

the estuary; and (4) freshwater vagrants—species

typically inhabiting freshwater habitats and rarely

occurring within the estuary. When a significant main

effect was observed, pairwise comparisons of site or

guild means were performed using Tukey’s post-hoc

procedure. For post-hoc analyses of guild means at

Chuı́ and Tramandaı́, the marine vagrant guild was

excluded because it was represented by only a single

species at both sites.

Results

Between 46 and 76% of the mean plant cover of the

salt marshes was accounted for by five or fewer

species, and dominant plants were not the same

among estuaries (Table 2). The South American

cordgrass S. densiflora was the most abundant species

in the mesohaline Patos Lagoon estuary, whereas

S. olneyi occurred in dense stands in low marshes of

the oligohaline estuaries of Chuı́ and Tramandaı́. Salt

marsh areas of Tramandaı́ and Patos Lagoon were 10

and 100 times larger than Chuı́, respectively. The

choked lagoons also showed extensive beds of

widgeon grass Ruppia maritima and macroalgae

Enteromorpha spp. (especially Tramandaı́), more

diversified salt marsh flora and site specific C4 plants

such as S. alterniflora (low marshes of Patos Lagoon)

and Panicum elephantipes (marsh-land border of

Tramandaı́) (Table 2).

A total of 31 fish species and 8 invertebrate species

was collected across the three sites (Table 3). A

similar number of fish and invertebrate species were

collected at Patos Lagoon (19 fish species and 5

invertebrate species) and Chuı́ (20 fish species and 3

invertebrate species), whereas fewer species were

collected at Tramandaı́ (7 fish species, 5 invertebrate

species; Table 3). Species representing all four eco-

logical guilds were collected at Patos and Chuı́

(Table 3), although freshwater vagrant species dom-

inated Chuı́ (17 species) and estuarine resident and

estuarine-dependent species dominated Patos Lagoon

(12 and 9 species, respectively). Aside from the

marine vagrant Pomatomus saltatrix (bluefish), only

estuarine resident and estuarine dependent species

were found at Tramandaı́ (Table 3). Across all sites,

the marine vagrant guild was represented by either a

single species (Tramandaı́, Chuı́) or two species

(Patos Lagoon). The estuarine resident Odonthestes

argentinensis (silverside) and estuarine-dependent

species C. sapidus (blue crab), Micropogonias furni-

eri (whitemouth croaker), and Mugil liza (mullet)

were collected at all three sites (Table 3).

At the assemblage level, nitrogen isotopic signa-

tures of consumers ranged from *6–16% (Fig. 2),
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Table 3 Fishes and invertebrates collected at each site, with ecological guild, size range, and mean (±1 SD) carbon and nitrogen

isotope values

Species Guild n Size class (mm) d15N ±1 SD d13C ±1 SD

Tramandaı́

Lycengraulis grossidens ED 3 90–96 12.5 -19.0

Micropogonias furnieri ED 2 87–98 13.2 0.11 -15.3 0.43

Micropogonias furnieri ED 3 127–128 13.5 0.12 -14.7 1.08

Mugil liza ED 8 27–34 7.6 -20.0

Mugil liza ED 3 99–101 9.1 1.21 -13.5 2.26

Mugil liza ED 3 214–240 9.3 0.53 -15.4 3.18

Genidens barbus ED 3 319–357 14.9 0.24 -14.9 0.63

Atherinella brasiliensis ER 6* 83–129 13.0 0.33 -16.7 0.87

Odonthestes argentinensis ER 5 36–50 12.3 -16.3

Odonthestes argentinensis ER 3 153–155 13.8 0.46 -15.3 0.93

Odonthestes argentinensis ER 3 229–255 12.8 0.09 -16.2 0.37

Pomatomus saltatrix MV 3 146–176 14.8 1.80 -16.3 0.37

Callinectes sapidus ED 5 53–84 13.1 -16.1

Farfantepenaeus paulensis ED 9.9 0.21 -11.4 0.53

Heteromastus similis ER 8.6 -18.0

Laeonereis acuta ER 9.8 -14.3

Nephtys fluviatilis ER 10.8 -14.8

Patos Lagoon

Brevoortia pectinata ED 25 35–40 9.5 -17.2

Lycengraulis grossidens ED 1 85 11.0 -17.8

Micropogonias furnieri ED 30* 48–100 12.1 0.76 -15.0 0.85

Micropogonias furnieri ED 9 120–179 11.3 1.87 -14.7 1.25

Micropogonias furnieri ED 3 211–223 13.6 3.46 -17.7 2.05

Mugil liza ED 21* 23–50 8.4 0.36 -16.1 2.90

Mugil liza ED 3 395–415 9.2 1.11 -15.2 1.20

Genidens barbus ED 4 88–100 15.5 -15.3

Genidens barbus ED 10* 102–153 10.9 0.51 -18.3 0.75

Paralichthys orbignyanus ED 2 98–106 11.6 -12.4

Catathyridium garmani ER 3 125–137 11.0 0.60 -14.8 1.36

Atherinella brasiliensis ER 2 94–96 12.3 -14.6

Genidens genidens ER 5 87–101 12.0 -16.5

Ctenogobius shufeldti ER 9 50–70 9.6 -13.3

Odonthestes argentinensis ER 35* 36–100 10.1 0.45 -17.2 0.85

Jenynsia multidentata ER* 8 33–54 8.1 -18.6

Astyanax eigenmanniorum FV 11 35–47 7.7 -23.9

Astyanax sp. FV 6 56–67 10.6 -18.7

Hoplias aff. malabaricus FV 3 270–281 10.8 0.35 -22.0 0.21

Platanichthys platana FV 8 50–93 11.1 -19.2

Geophagus brasiliensis FV* 3 104–113 8.8 0.64 -17.8 3.84

Geophagus brasiliensis FV* 3 140–162 11.1 1.13 -16.3 2.03

Citharichthys spilopterus MV 1 10.6 -15.2
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and did not differ among sites (F2,71 = 2.68,

P = 0.08). This range of variation in consumer

nitrogen isotope ratios corresponds to approximately

three to four trophic levels considering a trophic

fractionation of between ?2.5% (Vanderklift &

Ponsard, 2003) and ?3.4% (Post, 2002). Consumer

d13C values differed significantly among sites

(F2,71 = 52.38, P \ 0.001), and post-hoc analyses

Table 3 continued

Species Guild n Size class (mm) d15N ±1 SD d13C ±1 SD

Symphurus jenynsi MV 4* 51–104 12.7 0.85 -14.9 1.80

Callinectes sapidus ED 16* 36–145 8.3 1.13 -15.9 0.64

Farfantepenaeus paulensis ED 7 70–105 9.0 -12.5

Erodona mactroides ER 6 4–7 5.7 -16.9

Laeonereis acuta ER 2 7.8 1.16 -14.7 1.45

Nephtys fluviatilis ER 1 10.1 -14.5

Chuı́

Micropogonias furnieri ED 4 82–93 14.4 -16.3

Mugil liza ED 21* 35–75 9.4 1.04 -16.6 0.27

Mugil liza ED 4* 205–254 9.7 0.38 -17.8 2.87

Paralichthys orbignyanus ED 1 146 12.0 -17.8

Ctenogobius shufeldti ER 2 98–108 9.4 -24.4

Odonthestes argentinensis ER 4 54–60 11.7 -25.5

Odonthestes argentinensis ER 1 125 11.9 -25.1

Jenynsia multidentata ER* 15 21–56 10.7 -22.3

Astyanax jacuhiensis FV 5 64–76 8.5 -24.7

Astyanax fasciatus FV 3 55–75 8.9 -29.2

Astyanax fasciatus FV 2 137–156 11.3 -28.3

Charax stenopterus FV 3 72–85 10.4 -27.7

Crenicichla lepidota FV 2 115–188 10.1 0.87 -28.0 1.41

Crenicichla punctata FV 1 113 11.3 -26.7

Cyphocharax voga FV 1 74 8.2 -24.0

Hoplias aff. malabaricus FV 1 355 11.3 -25.7

Oligosarcus robustus FV 1 72 10.8 -23.9

Oligosarcus robustus FV 1 153 10.8 -25.4

Pimelodella australis FV 3 79–87 10.6 -27.5

Platanichthys platana FV 1 84 12.5 -20.7

Pseudocorynopoma doriae FV 4 69–81 10.8 -25.6

Rineloricaria longicauda FV 2 138–142 10.8 -26.5

Geophagus brasiliensis FV* 3 84–104 9.2 -25.8

Geophagus brasiliensis FV* 1 218 7.2 -29.2

Paralonchurus brasiliensis MV 2 99–124 13.6 -18.6

Callinectes sapidus ED 10* 40–100 11.5 0.33 -19.0 0.29

Cyrtograpsus angulatus ER 3 22–24 12.0 -18.4

Palaemonetes argentinus FV* 4 52–59 10.4 -25.1

ED estuarine dependent, ER estuarine resident, ER* freshwater species, but abundant in the estuary year-round, MV marine vagrant,

FV freshwater vagrant, FV* freshwater species that is salinity tolerant, being frequently found in the estuary (second order freshwater

fish). Blank lines within sites separate fish from invertebrate species. Species or size-classes with multiple individuals sampled but no

standard deviations are composite samples (see ‘‘Materials and methods’’ section); sample sizes with an asterisk include one or more

composite samples
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distinguished the comparatively 13C depleted fresh-

water vagrant-dominated assemblage at Chuı́ from

the more 13C-enriched estuarine resident- and estu-

arine dependent-dominated assemblages at Patos

Lagoon and Tramandaı́ (Fig. 2; Table 3). At both

Patos Lagoon and Tramandaı́, consumer d13C values

were mostly between -12 and -20%, whereas

consumer d13C values at Chuı́ ranged from *-16

to -30% (Fig. 2; Table 3).

Even though the consumer assemblages of Patos

Lagoon and Tramandaı́ were enriched in 13C compared

to Chuı́, d13C values of the freshwater vagrant guild

were consistently more depleted than the other guilds

within sites when present (Fig. 2; Table 3). At Patos,

consumer d13C values differed significantly among

guilds (F3,25 = 6.35, P = 0.002), and post-hoc analy-

ses distinguished the relatively 13C-depleted freshwater

vagrant guild from all three other guilds. Significant

differences in consumer d13C values were also observed

among guilds at Chuı́ (F3,24 = 22.50, P \ 0.001), with

the freshwater vagrant, estuarine dependent and estua-

rine resident guilds all significantly different in post-hoc

analyses. Freshwater vagrants were the most depleted in
13C, estuarine residents had intermediate values, and

estuarine-dependent species were relatively enriched in
13C (Fig. 2). No difference in d13C values was observed

among guilds at Tramandaı́ (F2,14 = 0.08, P = 0.925),

where species in the freshwater vagrant guild were not

present.

The four species collected at all three sites exhibited

different patterns in their d13C values. Carbon isotopic

signatures of the estuarine-dependent species C. sapi-

dus, M. furnieri, and M. liza differed little among sites,

although at Tramandaı́ the smallest size class of mullet

M. liza was depleted more than 4% compared to the

two larger size classes sampled, and C. sapidus at Chuı́

were slightly depleted in 13C compared to the other

sites (Table 3). The silverside O. argentinensis, an

estuarine-resident species, had similar d13C values at

Tramandaı́ and Patos (approximately -16 and -17%,

Fig. 2 Carbon and nitrogen isotope bi-plots of fish and

macroinvertebrate consumers in Tramandaı́, Patos Lagoon

and Chuı́ estuaries. Bars represent ranges of d13C for C3

macrophytes, C4 macrophytes and submerged aquatic vegeta-

tion (SAV). The arrow represents the range of d13C for algae

along a freshwater to marine salinity gradient (Fry, 2002).

Filled symbols are fishes and open symbols are invertebrates.

Ecological guilds and species codes: estuarine dependents

(filled diamonds): 1, Brevoortia pectinata; 2, Callinectes
sapidus; 3, Farfantepenaeus paulensis; 4, Lycengraulis grossi-
dens; 5, Micropogonias furnieri; 6, Mugil liza; 7, Genidens
barbus; 8, Paralichthys orbignyanus; estuarine residents (filled
circle): 9, Catathyridium garmani; 10, Atherinella brasiliensis;

11, Cyrtograpsus angulatus; 12, Erodona mactroides; 13,

Genidens genidens; 14, Ctenogobius shufeldti; 15, Heteroma-
stus similis; 16, Jenynsia multidentata; 17, Laeonereis acuta;

18, Nephtys fluviatilis; 19, Odonthestes argentinensis; fresh-

water vagrants (filled triangles): 20, Astyanax bimaculatus; 21,

Astyanax eigenmanniorum; 22, Astyanax fasciatus; 23, Astya-
nax sp.; 24, Charax stenopterus; 25, Crenicichla lepidota; 26,

Crenicichla punctata; 27, Cyphocarax voga; 28, Geophagus
brasiliensis; 29, Hoplias aff. malabaricus; 30, Oligosarcus
robustus; 31, Palaemonetes argentinensis; 32, Pimelodella
australis; 33, Platanychthys platana; 34, Pseudocorynopoma
doriae; 35, Rineloricaria longicauda; marine vagrants (filled
squares): 36, Citharichthys spilopterus; 37, Gobionellus
oceanicus; 38, Paralonchurus brasiliensis; 39, Pomatomus
saltatrix; 40, Symphurus jenynsi

c
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respectively), but both size classes collected at Chuı́

were *8% more depleted (-25%, Table 3).

Discussion

Estuary hydrogeomorphology and community-

level variation in isotope signatures

The three subtropical estuaries examined in this study

were broadly classified based on landscape-scale

hydrogeomorphological characteristics as choked

lagoons (Patos Lagoon, Tramandaı́) and a coastal

river (Chuı́). The primary characteristics that distin-

guish these classifications are the total area of the

mixohaline zone, size of the mixohaline zone relative

to adjacent freshwater zones, cross-sectional eleva-

tion profile, and the relative proportion of open water

habitat. These hydrogeomorphological differences

affected the composition and relative abundances of

primary producers (Isacch et al., 2006). For example,

typical saltmarsh vegetation such as Spartina spp.

occupied much greater areas in both choked lagoon

estuaries compared with Chuı́ (Fig. 1; Table 2)

because these lagoons have a greater proportion of

lower elevation littoral and larger mixohaline zones.

Widgeon grass (R. maritima) also can form extensive

meadows in the open water zones of choked lagoons

during spring and summer, and macroalgae (Enter-

omorpha spp.) are common or abundant. In contrast,

littoral vegetation at Chuı́ was dominated by S. olneyi

and J. acutus, and the total area covered was lower

because of steeper littoral elevation profiles.

These differences in primary producer composi-

tion and relative abundance are well represented by

stable isotope ratios of carbon, because Spartina spp.,

R. maritima and Enteromorpha spp. are C4 plants

(d13C between -13% and -10%), whereas Juncus

spp. and S. olneyi are C3 plants (d13C between -29%
and -26%; Table 2). Phytoplankton also typically

vary in d13C along salinity gradients because of

differences in carbon isotope signatures of dissolved

inorganic carbon (DIC), becoming more depleted as

the relative contribution of DIC of freshwater origin

increases (Peterson et al., 1994; Canuel et al., 1995;

Bouillon et al., 2000; Fry, 2002; Kaldy et al., 2005).

Therefore, the relative area of mixohaline versus

surrounding freshwater zones may affect the carbon

isotope signature of algae being utilized by

consumers, following the same trend of more

enriched values in the choked lagoons.

Carbon isotope signatures of consumers across all

three estuaries appear to reflect the consumption of

local sources of primary production. As described

above, the dominant primary producers at Chuı́ are

considerably 13C-depleted compared with those from

the two choked lagoon estuaries (i.e., C3 sources and

depleted algae at Chuı́, and C4 sources and enriched

algae in the choked lagoons). This comparatively
13C-depleted resource base was reflected in tissues of

consumers at the assemblage level (i.e., regardless of

ecological guild). Carbon isotope ratios of consumers

at Chuı́ were significantly depleted (d13C range of -

30 to -16%) compared with the consumer assem-

blages of Patos Lagoon and Tramandaı́ (d13C range

of -20 to -12%). Winemiller et al. (in press)

observed a shift from C3-dependent food webs along

the fluvial gradient to the C4-based food web of the

seagrass/mangrove zone for a coastal river in Belize.

A similar trend was observed by Garcia et al. (2007)

along a gradient within Patos Lagoon, where con-

sumers in estuarine zones appear to assimilate greater

amounts of carbon from C4 production sources (e.g.,

Spartina spp., widgeon grass) and enriched benthic

algae compared with upper freshwater reaches of the

lagoon that are dominated by C3 production sources

(e.g., Scirpus californicus, floating aquatic macro-

phytes such as Eichhornia spp.) and algae with

depleted d13C. Comparable spatial variation in the

relative importance of carbon sources to consumers

within estuaries has been repeatedly observed among

diverse temperate, subtropical and tropical estuaries

(e.g., Peterson et al., 1985; Deegan & Garritt, 1997;

Chanton & Lewis, 2002; Hsieh et al., 2002; Richoux

& Froneman, 2007, but see also Rodriguez-Grana

et al., 2008).

Consumer isotope signatures among ecological

guilds

Even though differences in isotope signatures of

locally dominant primary production sources may

account for the broad differences observed in d13C of

consumers at the assemblage level, we also observed

significant differences in d13C among ecological

guilds within Patos Lagoon and Chuı́ estuaries. These

within-site differences among ecological guilds may

be attributed to movement and residence patterns in
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addition to relative abundances of different auto-

trophic resources (e.g., Herzka, 2005). For example,

freshwater vagrant species collected in Patos Lagoon

estuary were significantly depleted in 13C compared

with the other ecological guilds present. However,

these individuals were enriched in 13C compared with

freshwater vagrant species collected in freshwater

zones of this same lagoon where they naturally occur

(Garcia et al., 2007) as well as freshwater vagrant

species collected at Chuı́. This suggests that the

freshwater vagrant species collected in Patos Lagoon

estuary colonized the area from upper freshwater

reaches of the lagoon, but were present in the estuary

long enough to have assimilated local 13C-enriched

carbon sources, resulting in an intermediate carbon

isotope signature.

In addition to freshwater vagrant species being

more 13C depleted than other ecological guilds at

Chuı́ (having an almost completely ‘‘freshwater’’

signature), estuarine-dependent and estuarine-resi-

dent species also differed in their carbon isotope

signatures. Estuarine-dependent species had the most

enriched signatures and were only very slightly 13C

depleted compared with the same ecological guild at

Patos and Tramandaı́ lagoons. These species (C. sa-

pidus, M. furnieri, M. liza, Paralichthys orbignyanus)

appeared to have retained an isotopic signature

characteristic of choked lagoons, perhaps due to

recent colonization of Chuı́ following movement

from other nearby estuaries, such as Patos Lagoon,

for reproduction in the adjacent marine environment.

It is unlikely that the enriched signatures observed for

these species are due to selectively feeding on less

abundant C4 production sources because their diets

can be characterized as omnivorous or detritivorous.

Unlike the estuarine-dependent species that move

offshore for spawning, estuarine resident species

complete their entire life cycle in the estuary and had

carbon isotope signatures only slightly less depleted

than freshwater vagrant species collected at Chuı́, but

significantly depleted compared with estuarine

dependent species. In choked lagoons, estuarine

resident, and estuarine-dependent species did not

differ in their isotopic signatures. At Chuı́, estuarine

resident species, therefore, appear to be assimilating

local autotrophic sources, which happened to have

depleted carbon isotope signatures. Evidence from

tropical estuaries of eastern Australia indicates that

the area (patch size) of saltmarsh vegetation affects

the relative importance of that source to consumers

within those patches (Guest & Connolly, 2006).

Therefore, the limited patch size of C4 saltmarsh

vegetation at Chuı́ (due to a comparatively small

mixohaline zone and steep littoral) could preclude the

importance of this source even for species that occur

most frequently in association with littoral vegetation

zones where C4 saltmarsh plants may be present. The

slight difference in freshwater vagrant and estuarine

resident species at Chuı́ may be due to frequent

movement of freshwater vagrant species between

purely freshwater reaches and the estuarine zone.

Hydrogeomorphology and the relative importance

of carbon sources supporting secondary

production

Estuaries are dynamic mixing zones where potential

autotrophic sources supporting secondary production

could derive from in situ, freshwater or marine origin.

The relative importance of diverse production sources

to estuarine consumers may be influenced by multiple

factors, including hydrogeomorphologic features that

affect the relative size of the estuarine zone, patterns

of freshwater inflow, type of connection with the

marine ecosystem, and slope/extent of the littoral

zone relative to open water. As discussed above,

studies conducted across fluvial/salinity gradients

within estuaries have found patterns similar to our

findings comparing across three estuaries that dif-

fered in hydrogeomorphology. But can hydrogeo-

morphic factors identified at the landscape scale be

useful for making generalizations or predictions

regarding the relative importance of autotrophic

carbon sources supporting secondary production of

estuarine consumers?

Detecting patterns of resource utilization using

stable isotopes requires isotopic differentiation of

autotrophic sources (e.g., C3 and C4 vegetation,

relationship between salinity and algal d13C). This

appears highly feasible for most estuarine ecosystems,

especially when including analyses of sulfur isotopes

(e.g., Connolly et al., 2004). Although consumers in

estuarine food webs typically rely on multiple resource

pathways and functional groups may differ in their

resource use (e.g., Alfaro et al., 2006), predictions may

be made regarding dominant energy sources support-

ing consumers at the level of the entire assemblage. For

example, carbon derived from C4 marsh grasses, such
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as Spartina spp. may be expected to be a major

contributor to secondary production in those estuaries

having expansive littoral zones and high densities of

saltmarsh vegetation relative to open water area (e.g.,

Richoux & Froneman, 2007; Winemiller et al., 2007).

In contrast, secondary production in estuaries charac-

terized by expansive open water zones relative to

littoral area may depend on large contributions from

various algal sources and submerged aquatic vegeta-

tion (e.g., Kang et al., 2003; Riera & Hubas, 2003;

Garcia et al., 2007). Similar to our data from Chuı́,

secondary production in coastal river estuaries with

high freshwater inflow may rely on C3 productions

sources, including 13C-depleted algae (e.g., Chanton &

Lewis, 2002).

Several studies have found that estuarine consumers

often rely most heavily on locally abundant autotrophic

sources produced in situ (e.g., Wainright et al., 2000, and

the above cited references). Therefore, hydrogeomor-

phic factors that determine the relative abundance of

such sources may also correlate with resource use by

consumers. Although within-estuary variation is to be

expected, estuaries may be broadly classified according

to landscape-scale hydrogeomorphic factors (e.g.,

choked lagoon and coastal river as in this study) that

allow an initial prediction of the relative importance of

carbon sources to secondary production. Similar to our

analyses of ecological guilds, predictions may be refined

at the species level using ecological knowledge such as

habitat use, ecomorphology and residence time. Such

predictions are useful as a starting point for poorly

studied regions such as ours, as well as for global-scale

analyses of patterns in estuarine food webs. Future

studies should directly measure aspects of hydrologic

variation and geomorphology across a range of estuaries

to test our generalizations and identify specific relation-

ships and causal mechanisms. Continuing research

should address interacting effects of latitude, seasonal-

ity/climatic factors, tidal amplitude, biogeography,

functional composition of the consumer assemblage,

and degree of movement of organisms among freshwa-

ter, estuarine, and marine environments.
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Schwarzbold, A. & A. Schäfer, 1984. Gênese e morfologia das

lagoas costeiras do Rio Grande do Sul, Brasil. Amazoni-

ana 9: 87–104.

Seeliger, U., 2001. The Patos Lagoon Estuary, Brazil. In

Seeliger, U. & B. Kjerfve (eds), Coastal Marine Ecosys-

tems of Latin America. Springer Verlag, Berlin: 167–182.

Seeliger, U., C. Odebrecht & J. P. Castello, 1996. Subtropical

Convergence Environments: The Coast and Sea in the

Southwestern Atlantic. Springer Verlag, Berlin.

Vanderklift, M. A. & S. Ponsard, 2003. Sources of variation in

consumer-diet d15N enrichment: a meta-analysis. Oeco-

logia 136: 169–182.

Vieira, J. P. & J. P. Castello, 1996. Fish fauna. In Seeliger, U.,

C. Odebrecht & J. P. Castello (eds), Subtropical Conver-

gence Environments: The Coast and Sea in the South-

western Atlantic. Springer Verlag, Berlin: 56–61.

Wainright, S. C., M. P. Weinstein, K. W. Able & C. A. Currin,

2000. Relative importance of benthic microalgae, phyto-

plankton and the detritus of smooth cordgrass Spartina
alterniflora and the common reed Phragmites australis to

brackish-marsh food webs. Marine Ecology Progress

Series 200: 77–91.

Winemiller, K. O., S. Akin & S. C. Zeug, 2007. Production

sources and food web structure of a temperate tidal

estuary: integration of dietary and stable isotope data.

Marine Ecology Progress Series 343: 63–76.

Winemiller, K. O., D. J. Hoeinghaus, A. A. Pease, P. E. Ess-

elman, R. L. Honeycutt, D. Gbanaador, E. Carrera & J.

Payne, in press. Stable isotope analysis reveals food web

structure and watershed impacts along the fluvial gradient

of a Mesoamerican coastal river. River Research and

Applications.

92 Hydrobiologia (2011) 673:79–92

123


	Estuary hydrogeomorphology affects carbon sources supporting aquatic consumers within and among ecological guilds
	Abstract
	Introduction
	Materials and methods
	Regional description and study sites
	Vegetation surveys, and field collection and sample processing for isotopic analyses
	Data analysis

	Results
	Discussion
	Estuary hydrogeomorphology and community-level variation in isotope signatures
	Consumer isotope signatures among ecological guilds
	Hydrogeomorphology and the relative importance of carbon sources supporting secondary production

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


