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A trophic model of fringing coral reefs in Nanwan Bay, southern Taiwan suggests overfishing
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des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

studies of trophic flows have been used to provide significant insights into the structure and 56 functioning of estuaries [START_REF] Baird | Comparative study on the trophic structure, cycling and 600 ecosystem properties of four tidal estuaries[END_REF] and tropical lagoons [START_REF] Lin | 684 Trophic structure and functioning in a eutrophic and poorly flushed lagoon in southwestern 685 Taiwan[END_REF]. 57 Some Ecopath models have been constructed for coral reefs, including the French Frigate 58 Shoals of Hawaii [START_REF] Polovina | Model of a coral reef ecosystems I. The ECOPATH model and its 739 application to French Frigate Shoals[END_REF]; Bolinao in the Philippines (Aliño et al., 1993); Puerto 59 Rico and the Virgin Islands in the Caribbean [START_REF] Opitz | Trophic interactions in Caribbean coral reefs[END_REF]; Moorea in French Polynesia 60 (Arias-González et al., 1997); the Mexican Caribbean (Arias-González, 1998); the far 61 northern Great Barrier Reef [START_REF] Gribble | GBR-prawn: modelling ecosystem impacts of changes in fisheries 656 management of the commercial prawn trawl fishery in the far northern Great Barrier Reef[END_REF]; Uvea of New Caledonia [START_REF] Bozec | Trophic model of lagoonal communities in a 604 large open atoll (Uvea, Loyalty islands, New Caledonia)[END_REF]; and 62 Floreana Island of the Galapagos (Okey, 2004). However, few comparisons between coral 63 The coral reefs of Nanwan Bay (Fig. 1) were once well known for their abundant and 69 diverse communities [START_REF] Dai | Reef environment and coral fauna of southern Taiwan[END_REF]. However, these reefs have also been threatened by human 70 disturbances. In the past two decades, blasting, poisoning, free-diving, and three-layer gill 71 nets were employed to catch fish. Other pressures come from coastline development, 72 sedimentation, tourism, and sewage discharges. Decreases in species numbers, colony 73 numbers, reef coverage, and species diversity of corals were observed at Tiaoshih from 1987 74 to 1997 [START_REF] Dai | Changes of coral communities in the Nan-641 wan Bay, Kenting National Park from 1987 to 1997[END_REF]. There were many branching Acropora patches at reefs of Tiaoshih 75 and the inlet of the Third Nuclear Power Plant which were replaced by an outbreak of sea 76 anemones Condylactis nanwannensis and Mesactinia genesis after 1996 [START_REF] Chen | Local phase shift from Acropora-dominant to Condylactis-613 dominant community in the Tiao-Shi Reef, Kenting National Park, southern Taiwan[END_REF]. 77

The coverage of sea anemones had increased to 46.2% at Tiaoshih by 2004 (Tkachenko et al., 78 2007). Some coral reefs in Nanwan Bay have undergone rapid increases in macroalgae. High 79 proportions (10%~55%) of the reef area were found to be occupied by macroalgae in 1992 [START_REF] Dai | Pattern of coral distribution and benthic space partitioning on the fringing 636 reefs of southern Taiwan[END_REF]. The green alga Codium edule was often reported to rapidly spread on the reefs 81 and forms dense meadows every year [START_REF] Chiang | Distribution of seaweeds of Hengchun Peninsula, Taiwan[END_REF][START_REF] Dai | Assessment of the present health of coral reefs in Taiwan[END_REF]. Other macroalgal 82 blooms were composed of opportunistic algae in the genera Enteromorpha, Ulva,Gracilaria,83 Laurencia, and Sargassum. The objectives of this study were to characterize the trophic 84 structure and functioning of the coral reefs of Nanwan Bay as a whole and to reveal possible 85 causes for the phase shifts by constructing a trophic model of Nanwan Bay and then 86 comparing it to those of other fringing reefs around the world. 87 88 2. Materials and Methods 89

Study area 90

Nanwan Bay, in the central part of Kenting National Park, is located at the southern tip of 91 Taiwan (Fig. 1; 21°57'N, 120°44'E). It is a semi-enclosed embayment bounded by two capes, 92 with well-developed fringing reefs distributed along the shoreline. In this area, 230 species of 93 scleractinian corals, 9 species of non-scleractinian reef-building corals, and 40 species of 94 alcyonacean corals have been recorded [START_REF] Dai | Reef environment and coral fauna of southern Taiwan[END_REF]. The study area of the Nanwan Bay model 95 consisted of fringing reefs which are shallower than 15 m in depth along the coast of the bay. 96

This area has a tropical climate, with distinct dry and wet seasons. The maximum average air 97 temperature of 31.7 °C occurs in July, and the minimum average of 17.8 °C occurs in January 98 (Central Weather Bureau, 1971[START_REF] Cheng | found that the catch per unit effort (CPUE, the mass of fish caught in 528 kilograms per fish per hour of fishing) and incomes per unit effort (IPUE, the equivalent 529 amount of fish caught in United States dollars by each fisherman over[END_REF]; http://www.cwb.gov.tw/V5/index.htm). In the wet 99 season from May to October, average monthly rainfall is 142~475 mm, when the 100 southwesterly monsoon winds and typhoons bring considerable quantities of rain. During the 101 dry season from November to April, when the northeasterly monsoon winds prevail, average 102 monthly rainfall normally does not exceed 45 mm. 103

Since no large river flows into the coastal waters, salinity in the water column remains 104 within a range of 32.6~34.7 [START_REF] Lin | Temporal changes in the abundance and growth of intertidal 679 Thalassia hemprichii seagrass beds in southern Taiwan[END_REF]. Chlorophyll a concentrations and the light extinction coefficient (k) in the water column also remain low, ranging 0.14~0.29 mg m -3 and 106 0.59~1.26 m -1 , respectively. Circulation along the coast is dominated by mixed diurnal and 107 semidiurnal tides, which are modulated by a pronounced spring-neap cycle [START_REF] Lee | Flood-ebb disparity of tidally induced recirculation 677 eddies in a semi-enclosed basin: Nan Wan Bay[END_REF]. 108

In the western half of Nanwan Bay, there is daily periodic upwelling as the tidal currents ebb 109 as a result of cyclonic eddy pumping, induced by the combined effects of tidal flow and 110 topography [START_REF] Lee | Flood-ebb disparity of tidally induced recirculation 677 eddies in a semi-enclosed basin: Nan Wan Bay[END_REF]. This tidally induced upwelling is strong during spring tides and 111 causes sudden daily temperature drops often exceeding 10 °C. There is a nuclear power plant 112 

Modeling approach 119

The trophic model of coral reefs in Nanwan Bay was constructed using the Ecopath with 120 Ecosim (EwE) software system of [START_REF] Christensen | Ecopath with Ecosim: a user's guide[END_REF] to quantify organic matter flows 121 within the food web. The Ecopath model is a mass-balance model. For each compartment (i), 122 a mass-balance budget can be expressed as: 123

P i -B i •M2 i -P i •(1 -EE i ) -EX i -AC i = 0; Eq. 1 124
where P i is the production of i, B i is the biomass of i, M2 i is the predation mortality of i, EE i is 125 the ecotrophic efficiency of i (i.e., the part of the production that is passed up the trophic level, 126 used for biomass accumulation or export), 1 -EE i is "other mortality", EX i is the portion of i 127 exported to other systems through sedimentation or fishery activities, and AC i is the 128 accumulation of i during the study period. equation ( 1) can be re-expressed as: 131

B i •(P i /B i )•EE i -Σ j B j •(Q j /B j ) •DC ji -EX i -AC i = 0;
Eq. 2 132 where P i /B i is the production: biomass ratio of i, Q j /B j is the consumption: biomass ratio of 133 predator j, and DC ji is the fraction of prey i in the average diet of predator j. It was assumed 134 that the diet composition remained stable and no biomass accumulated during the study 135 period from 2001 to 2003. 136 Consumption of a predator group (j) is then connected to its production, which can be re-137 expressed as: 138

Σ j B j × (Q j /B j ) = P j + R j + UN j ;
Eq. 3 139 where P j is the production of j, R j is the respiration of j, and UN j is the unused consumption of 140 j. 141 Some of the parameters used to construct the model do not have to be entered since 142

Ecopath links the production of each compartment with the consumption of all of the other 143 compartments, and uses the linkages to estimate missing parameters. DC and EX must always 144 be entered, while entry of one of any of the other four parameters (B, P/B, Q/B, and EE) is 145 optional. For further details and algorithms of the Ecopath model see [START_REF] Christensen | Ecopath with Ecosim: a user's guide[END_REF]. 146

Model compartments and sampling 147

Most of the data for the Nanwan Bay model were assembled from an integrative study, 148 the Long-Term Ecological Research in Kenting (Kenting-LTER) from 2001 to 2003 (Table 1). 149

Major species of similar sizes, habitats, and diets in the coral reefs of Nanwan Bay were 150 functionally grouped within the same compartment, resulting in an 18-compartment model. 151

Phytoplankton biomass in terms of chlorophyll a concentration was determined 152 spectrophotometrically by immediately filtering triplicate water samples through Whatman 153 GF/F filters in the field and then extracting the filters in 90% acetone for 24 h at 4 °C in the dark (sensu Strickland and Parson, 1972). The survey was conducted on the RV Ocean 155

Researcher I. The cruise collected water samples at various depths at 11 stations which were 156 evenly distributed in the bay [START_REF] Chen | 621 Phytoplankton and bacterioplankton biomass, production and turnover in a semi-enclosed 622 embayment with spring tide induced upwelling[END_REF]. Primary production of phytoplankton was 157 determined by an in situ 14 C assimilation method. 158 Macrophyte biomass, including macroalgae and the dominant seagrass, Thalassia 159 hemprichii, was determined in the intertidal and subtidal zones at five study sites on the reef 160 flats of Nanwan Bay. At each site, two to three replicate parallel transects separated by 161 100~150 m and perpendicular to the shoreline were surveyed. The transect lengths extended 162 to the outer limits of the reefs where macroalgae and T. hemprichii disappeared. All 163 macroalgae and T. hemprichii in a 50 × 50-cm quadrat at 20-m intervals along each transect 164 were collected for identification and biomass determination in terms of wet weight (WW). 165

The primary production of macroalgae was determined by changes in dissolved oxygen 166 concentrations in microcosm incubations of dominant species which were collected from each 167 site. The leaf growth rate of T. hemprichii was studied in three random plots (10 × 10 cm each) 168 at each site using a leaf marking method described by [START_REF] Lin | Temporal changes in the abundance and growth of intertidal 679 Thalassia hemprichii seagrass beds in southern Taiwan[END_REF]. Using these 169 increments, production was expressed as leaf production per unit area of ground and unit time 170 (g m -2 day -1 ). 171 Zooplankton samples were collected by towing two NorPac nets (45 cm in diameter with 172 100-and 330-μm mesh sizes, respectively) just below the sea surface. In the laboratory, 173 samples were identified, and the density (individuals m -3 ) was calculated. The dry biomass of 174 zooplankton was estimated by the length-weight relationship of dominant species using the 175 empirical equation of [START_REF] Chang | The development and energy content of a brackish-water 610 copepod, Apocyclops royi (Lindberg), reared in the laboratory[END_REF]: 176 ln(DW) = 1.292 × ln(TL) -3.504; Eq. 4 177

where DW is the dry weight and TL is the total length (about 200 µm in this study). The dry of zooplankton were derived from values in the South China Sea model (Pauly and 180 Christensen, 1993). 181

Cnidarian coverage was assessed with underwater photographs by scuba diving along 182 three 30-m isobathic transects at depths from 5 to 15 m at four fixed stations in Nanwan Bay. 183

Photographs of a 20 × 20-m quadrat were continuously taken along each transect. Species and 184 growth forms were identified, and their coverage was estimated by random point counts using 185 ImagePro Plus software. Cnidarians were classified into three major groups of hard corals, 186 soft corals, and sea anemones. Three growth forms of hard corals (massive/encrusting, plate, 187 and branching) were sampled in a 5 × 5-cm area to determine the biomass in g WW m -2 by 188 measuring the coverage area and then extracting the tissues. Three dominant genera of soft 189 corals (Sinularia, Sacrophyton, and Lobophytum) in a 5 × 5-cm area were also sampled to 190 determine the biomass in g WW m -2 by measuring the coverage area. Three dominant species 191 of sea anemones (Megalactis sp., Entacmaea quadricolor, and Mesactinia ganesis) were also 192 collected to determine the biomass in g WW m -2 of each polyp. Total biomasses of hard and 193 soft corals and sea anemones in Nanwan Bay were determined by the weighted average of 194 coverage of the growth forms or dominant species. 195 In general, corals and sea anemones are both primary producers and consumers. In the 196 Ecopath model, one can specify a degree of heterotrophy for such facultative consumers 197 [START_REF] Christensen | Ecopath with Ecosim: a user's guide[END_REF]. [START_REF] Sorokin | Aspects of the biomass, feeding and metabolism of common corals of the 750 Great Barrier Reef, Australia[END_REF] suggested that 70% of the energy requirement of 198 corals is provided by zooxanthellae, 20% from feeding on zooplankton, and 10% from 199 feeding on detritus. However, both hard and soft corals have higher energy requirements 200 provided by zooxanthellae than do sea anemones (authors' observations). For the present 201 model, it was assumed that 80% of the energy of hard and soft corals was from zooxanthellae 202 and 20% from zooplankton and detritus. For sea anemones, 60% of the energy was provided 203 by zooxanthellae and 40% by zooplankton and detritus. 204

The P/B value of hard corals was taken from the value for corals in the Caribbean coral 205 reef model [START_REF] Opitz | Trophic interactions in Caribbean coral reefs[END_REF]. However, the Q/B value of hard corals of the Caribbean model was 206 too high. Here, we estimated the Q/B value by assuming that 20% of the total production of 207 hard corals was derived from feeding on zooplankton and detritus, and the P/Q value of hard 208 corals was 0.20. The P/B value of soft corals was taken from the value for the living bottom 209 structure (LBS, including sponges, gorgonians, soft corals, sea pens, sea squirts, and sea 210 anemones) from a Hong Kong coral reef model (Pitcher et al., 2002). The Q/B value of soft 211 corals was taken from the value for the LBS in a Java Sea model [START_REF] Buchary | Evaluating the effects of the 1980 trawl ban in the Java Sea, Indonesia: 607 an ecosystem-based approach[END_REF]. The P/B 212 and Q/B values of sea anemones were taken from values of sea anemones in a Floreana Island 213 model (Okey, 2004). 214

Mollusca and crustracea in the intertidal and subtidal zones were the dominant benthic 215 macrofauna in Nanwan Bay. Two permanent 5 × 10-m quadrats were selected bimonthly at 216 four stations on the reef flats of the bay. All samples were collected and carried to the 217 laboratory for identification and biomass determination in terms of g WW m -2 . However, the 218 biomass of other small benthic invertebrates was difficult to reliably quantify. Therefore, 219 benthic macrofauna were classified into four functional groups according to the 20-220 compartment model of [START_REF] Opitz | Trophic interactions in Caribbean coral reefs[END_REF], including benthic herbivorous invertebrates, sessile 221 detritivorous invertebrates, semi-sessile detritivorous invertebrates, and benthic omnivorous 222 invertebrates. Here, these biomass values were treated as unknowns and calculated by 223

Ecopath. The EE value of the benthic macrofauna was assumed to be 0.95, i.e., natural 224 predation consumed a large proportion of benthic macrofauna production (Ricker, 1969;225 Polovina, 1984). No study was conducted to determine the P/B and Q/B values of benthic 226 macrofauna in Nanwan Bay, so values were taken from those for Puerto Rican and the Virgin 227

Islands coral reefs [START_REF] Opitz | Trophic interactions in Caribbean coral reefs[END_REF]. scuba diving (English et al., 1997). A visual census is one of the most common quantitative 230 and qualitative methods used in coral reef surveys and was developed by the Great Barrier 231 Reef Marine Park Authority (1979). It is a rapid, non-destructive, and inexpensive method. 232 Two permanent 7 × 7-m quadrats were assessed at each station. Fish species, individual 233 number, and total length estimations were recorded. In total, 309 fish species were identified 234 by the underwater visual census. Seven fish functional groups were classified according to the 235 diet and feeding habitat [START_REF] Mitsuhiko | Food habits of teleostean reef fishes in Okinawa 706 Island, southern Japan[END_REF]; The Fish Database of Taiwan, 236 http://fishdb.sinica.edu.tw/), including herbivorous fish (40 species), polyp-feeding fish (15 237 species), omnivorous fish (57 species), zooplanktivorous fish (41 species), sessile benthic-238 feeding fish (11 species), mobile benthic-feeding fish (131 species), and piscivorous fish (14 239 species). Fish biomass in terms of WW was calculated by the assumptions and empirical 240 equation of [START_REF] Opitz | Trophic interactions in Caribbean coral reefs[END_REF] as: 241

W mean = W ∞ × 0.3 × 0.86;
Eq. 5 242

where W mean is the mean individual weight and W ∞ is the asymptotic weight, which can be 243 found for each species in Fishbase (Froese and Pauly, 2006). 244

The P/B value for each fish species was estimated using the empirical equations of Pauly 245 (1980) as: 246 Z = M+F = P/B and Eq. 6 247 M = K 0.65 × L ∞ -0.279 × T c 0.463 ; Eq. 7 248

where Z is total mortality, M is natural mortality, F is fishing mortality, K is the curvature 249 parameter of the von Bertalanffy growth function (VBGF), L ∞ is the asymptotic length, and 250 T c is the mean water temperature (°C). K and L ∞ can be found in Fishbase (Froese and Pauly, 251 2006).

The Q/B value of each fish species was estimated using the empirical equation of 253 Palomares andPauly (1989, 1998): 254 log(Q/B) = 5.847 + 0.280 log(Z) -0.152 log(W ∞ ) -1.360 T' + 0.062 A + 0.510 h + 0.390 d; 255

Eq. 8 256

where W ∞ is the asymptotic weight, T' is the water temperature (expressed as 1000/(T + 257 273.15)), A is the aspect ratio of the caudal fin, h is a dummy variable expressing food type (1 258 for herbivores and 0 for detritivores and carnivores), and d is a dummy variable also 259 expressing food type (1 for detritivores and 0 for herbivores and carnivores). In Nanwan Bay, 260 a mean water temperature (T) of 28.5 °C was used in these calculations. Biomass, P/B, and 261 Q/B values of each fish functional group in Nanwan Bay were determined by the weighted 262 average of the relative abundance of each species. 263 Detritus comprises the organic material in the water column and on sediments. Water 264 from the coral reefs was filtered through acid-cleaned, dried, and pre-weighed Nucleopore 265 membrane filters to determine the detrital mass in the water column [START_REF] Shiah | Biological and hydrographical 744 responses to trophical cyclones (typhoons) in the continental shelf of the Taiwan Strait[END_REF]. 266

Phytoplankton biomass was subtracted from the detrital mass by calculating the sum of 267 chlorophyll a and pheophytin in the water column assuming a carbon: pigment ratio of 35: 1 268 [START_REF] Sobczak | Bioavailability of organic 747 matter in a highly distributed estuary: The role of detrital and algal resources[END_REF]. Sediments were collected using a 3.75-cm-diameter tube core by scuba 269 diving, and samples were dried in an oven at 60 °C. The dried sediments were then ground to 270 a powder for analyses of organic materials. The detrital mass of sediments was limited to the 271 top 5 cm of sediments, which is the detritus pool generally available for uptake by epifauna 272 and fish. Bacterial biomass was included in the compartment of organic detritus as 273 recommended by [START_REF] Christensen | Ecopath with Ecosim: a user's guide[END_REF], because bacterial flows may overshadow other 274 flows in the system. 275

There are few published data on the diet of invertebrates and fish in Nanwan Bay. 276 Stomach contents of some fish and zooplankton in Nanwan Bay have been reported and were used to construct the trophic model [START_REF] Chen | Feeding ecology and mouthpart morphology of three copepods, Temora 616 turbinata, Farranula gibbula and Cosmocalanus darwinii[END_REF]. The diet items of other compartments were 278 determined from Fishbase (Froese and Pauly, 2006) and for similar functional groups in the 279 literature from other coral reefs (Optiz, 1996;Arias-Gonzalez et al., 1997;[START_REF] Bozec | Trophic model of lagoonal communities in a 604 large open atoll (Uvea, Loyalty islands, New Caledonia)[END_REF]. 280

The diet compositions were estimated based on the relative abundance of each prey item in 281 the coral reefs of Nanwan Bay (Table 2). 282

The unused consumption of herbivorous fish, benthic invertebrates, and zooplankton was 283 higher than that of other animals [START_REF] Bozec | Trophic model of lagoonal communities in a 604 large open atoll (Uvea, Loyalty islands, New Caledonia)[END_REF]. Therefore, unused consumption was 284 assumed to be 0.40 for herbivorous fish, benthic herbivorous invertebrates, and zooplankton, 285 0.30 for semi-sessile and sessile detritivorous invertebrates, and 0.25 for benthic omnivorous 286

invertebrates. 287

Factors used for conversion between chlorophyll a, carbon, displacement volume, dry 288 weight, and wet weight are summarized by [START_REF] Opitz | Trophic interactions in Caribbean coral reefs[END_REF]. Biomass data were recorded as g 289 WW m -2 , and flow data were recorded as g WW m -2 yr -1 . 290

Model balancing and verification 291

Because Ecopath uses linkages of production of one compartment with consumption of 292 other compartments to calculate one missing parameter for each group, the most-questionable 293 parameter of each compartment can be treated as an unknown and calculated by Ecopath. In 294 this study, the biomass of each compartment and primary productivity were generally the 295 most-reliable data. The EE was treated as an unknown and calculated by Ecopath with the 296 exception of those of benthic macrofauna. Some P/B, Q/B, and DC values of small 297 invertebrates were assembled from the relevant literature (Table 1) and were considered to be 298 less reliable in the model. Therefore, they were gradually modified during the balancing 299 exercise. Most of the changes were small and remained within 20% of the input value. 300

The first step in verifying the realism of the Nanwan Bay model was to check whether the 301 EE was < 1.0 for all living compartments, since it was assumed that any living compartment gross food conversion efficiency, i.e., the ratio between production and consumption) was in 304 the range of 0.1~0.3, as the production of most groups is about 10%~30% of the consumption 305 with the exception of corals and sea anemones with symbiotic algae, for which production 306 might exceed consumption [START_REF] Christensen | Ecopath with Ecosim: a user's guide[END_REF]. In addition, the P/Q ratio cannot be 307 higher than the net efficiency (the ratio between production and assimilated food). The final 308 step was to compare output values to relevant data from the literature on other coral reefs. 309

The pedigree routine [START_REF] Funtowicz | Uncertainty and Quality in Science for Policy[END_REF] was used to determine an overall 310 index of model 'quality', based on the origin and quality of each input datum of the model. 311

The pedigree index varies from 1.0 for a high-quality model whose inputs are based on locally, 312 well-sampled high-precision data to 0.0 for inputs that were estimated or taken from other 313 models in the literature. 314

The sensitivity routine (Majkowski, 1982) was used to check the effect each input 315 parameter had on all of the "estimated" parameters for each compartment in the Nanwan Bay 316 model by varying all basic input parameters in steps from -50% to +50%. The output is given 317 as: 318 (Estimated parameter -original parameter)/original parameter.

Eq. 9 319

The mixed trophic impact (MTI), developed by [START_REF] Ulanowicz | Mixed trophic impacts in ecosystems[END_REF], was used 320 to assess the effects that changes in the biomass of a compartment would have on the biomass 321 of other compartments in Nanwan Bay. The MTI can be regarded as a form of sensitivity 322 analysis for the input parameters of the model. The MTI for living groups is calculated by 323 constructing an n × n matrix, where the i,j th element representing the interaction between the 324 impacting group i and the impacted group j is 325 MTI i,j = DC i,j -FC j,i , Eq. 10 where DC i,j is the diet composition term expressing how much j contributes to the diet of i, 327 and FC j,i is a host composition term giving the proportion of the predation on j that is due to i 328 as a predator. 329

Fishing indicator 330

Fishing activities in the coral reefs of Nanwan Bay primarily include free-diving for fish, 331 line fishing, and gill netting. The estimated catch of fish and invertebrates was derived from 332 monthly surveys of local fishermen. Fish species and WW were recorded. Because there are 333 few seabirds observed in Nanwan Bay, the exports of fish and invertebrates by birds were 334 assumed to be very small compared to those by fisheries and therefore were not included in 335 the model. The fishing impact was assessed by the mean trophic level of the catch, the 336 exploitation rate, fishing mortality, and the percentage of primary production required to 337 sustain the fishery (PPR%). 338

Comparison with other coral reefs 339

A network analysis developed by [START_REF] Ulanowicz | Growth and Development: Ecosystem Phenomenology[END_REF] was used to characterize the 340 interconnected flows of organic matter in the food web [START_REF] Field | The need to analyze ecological networks[END_REF]. It is a tool for 341 comparative analyses of ecosystems [START_REF] Christian | 630 Role of network analysis in comparative ecosystem ecology of estuaries[END_REF] that may be helpful in 342 characterizing the trophic structure and functioning of the fringing reefs of Nanwan Bay. 343 Indices of network flows and ecosystem attributes from the seven Ecopath models of other 344 fringing reefs (Fig. 2), including the Bolinao (Aliño et al., 1993), Puerto Rico and the Virgin 345 Islands (PRVI, [START_REF] Opitz | Trophic interactions in Caribbean coral reefs[END_REF], Tiahura (Arias-González et al., 1997), three Mexican Caribbean 346 sites [START_REF] Arias-González | Trophic models for 597 investigation of fishing effect on coral reef ecosystems[END_REF], and Floreana Island (Okey, 2004), were selected for 347 comparison with the Nanwan Bay model. The eight models were separated into two 348 categories based on fishery catch: low-catch reefs < 5 g wet weight m -2 yr -1 (PRVI, Tiahura, 349 Boca Paila, Tampalam, and Floreana Island) and high-catch reefs > 5 g wet weight m -2 yr -1 model structure is useful for intersystem comparisons when species groups are given an 352 equivalent status. Fish biomass of other reefs was thus aggregated into eight functional groups 353 as was the Nanwan Bay model. 354

The total system throughput (TST) represents the size of an ecosystem in terms of flows 355 [START_REF] Ulanowicz | Growth and Development: Ecosystem Phenomenology[END_REF]. It is the sum of consumption, exports, respiratory flows, and flows into 356 detritus and is indexed in terms of how much matter the system processes. The total biomass: 357 TST ratio (B: TST) represents the amount of biomass necessary to maintain one unit of flow. 358

It is expected to increase along with ecosystem maturity (Odum, 1969). The net primary 359 production: respiration ratio (P: R) and the net primary production: total biomass ratio (P: B) 360 were used to describe how mature Nanwan Bay is. The cycling of matter is considered to be 361 an important process in the functioning of natural ecosystems, as it can facilitate homeostatic 362 control over the magnitude of the flows (Odum, 1969). The Finn cycling index (FCI) of the 363 cycle analysis [START_REF] Kay | A detailed guide to network analysis[END_REF], the relative importance of cycling to the TST, was used to 364 measure how retentive Nanwan Bay is. The Lindeman trophic analysis (Kay et al., 1989) 365 summarizes complicated food webs in terms of a single linear food chain. The trophic transfer 366 efficiency from one aggregate trophic level to the next can be calculated as the fraction of the 367 input of organic matter to a given level that is transferred to the next higher level. The 368 detritivory: herbivory ratio (D: H) is a measure of the relative importance of detritivory flows 369 in a coral reef. A nonparametric Mann-Whitney U-test was then used to test differences in 370 network indices and ecosystem attributes between reefs with low and high fishery catches 371 using the SAS system (vers. 9.1.3). 372 373

Results

Model balancing and sensitivity analysis 375

The EE values of soft corals, zooplankton, and polyp-feeding, zooplankivorous, sessile, 376 and mobile benthic-feeding fish all exceeded 1. The diets of their predator groups were then 377 adjusted to reduce predation pressure on the six groups. However, the zooplankton biomass 378 appeared insufficient for predation, so we assumed an external import of zooplankton from 379 offshore into the coral reefs during flood tides (Table 2). Imported food accounted for only 380 2% of the total consumption by cnidarians, sessile detritivorous and semi-sessile detritivorous 381 invertebrates, and zooplanktivorous fish. The P/Q values of herbivorous, zooplankivorous, 382 mobile benthic-feeding, and piscivorous fish were too low (< 0.1), so the values were 383 increased by 10%~20% to balance the model. However, because the P/Q value of herbivorous 384 fish was still too low, we increased the P/B ratio by 50% and decreased the Q/B ratio by 50% 385 to balance the model, so that the P/Q ratio was in the range of 0.1~0.3. After modifying the 386 P/B and Q/B ratios of these groups, the diet matrix was also iteratively adjusted (< 20%) in 387 order to maintain the EE of each group to < 1.0 during the balancing exercise. 388

Sensitivity analysis was performed on the input parameters of the Nanwan Bay model. 389

An increase of 30% in the biomass or P/B of a group would result in a decrease of about 23% 390 in its own estimated EE value, and an increase of about 14% in the EE values of its prey 391 groups. A 30% increase in Q/B would result in about a 14% increase in the estimated EE 392 values of its prey groups. Mobile benthic-feeding fish, piscivorous fish, and benthic 393 omnivorous invertebrates were the most influential groups in the model because the 30% 394 increase in Q/B often resulted in > 20% increases in the estimated EE values of their prey 395 groups. 396

Biomasses and trophic flows 397

The total living biomass of the Nanwan Bay model was 2030 g WW m -2 yr -1 (Table 3). 0.2%, respectively. Benthic invertebrates were dominated by sessile detritivores, and 401 cnidarians were dominated by hard corals. Fish were co-dominated by herbivorous, 402 zooplanktivorous, and mobile benthic-feeding fish (Fig. 4). Production of macrophytes and 403 phytoplankton contributed 86% and 6% to total production, respectively. Fish contributed 404 only 0.4% to total production. Benthic invertebrates contributed 78% to total consumption 405 and 76% to total respiration. Fish consumed only 9% of the available energy. Nevertheless, a 406 large proportion of the macrophyte production was not used, and subsequently flowed into the 407 detrital pool (Table 1). 408

Trophic structure 409

Trophic levels estimated by Ecopath from the weighted average of prey trophic levels 410 varied from 1.00 for primary producers and detritus to 3.45 for piscivorous fish (Table 1). Net 411 efficiencies of corals exceeded 1.0 because they are facultative consumers, capturing a part 412 and photosynthesizing the other part of their food. The estimated EE of detritus was 0.20, 413 indicating that more energy was entering the detrital pool than was leaving. 414

The Lindeman trophic analysis aggregated compartmental throughputs of the 18 415 compartments in a simple food chain with five integrated trophic levels (Fig. 5). The trophic 416 transfer efficiency was 13.9% at trophic level II. The efficiency decreased at higher levels and 417 was only 2% for trophic level V. The geometric mean of the trophic transfer efficiencies for 418 the food chain from levels II to IV was 7.8%. The D: H ratio was 1.4, which indicates that 419 more energy was derived from detritus than from primary producers (Table 4). The cycle 420 analysis showed that all cycled flows accounted for only 3.5% of the TST (FCI). The net 421 primary production: respiration ratio (P: R) was 4.4, indicating that the fringing reefs of 422

Nanwan Bay are autotrophic.

The MTI analysis (Fig. 6) showed that a hypothetical increase in the macrophyte biomass 425 would have a great positive effect on biomass values of fish and other benthic invertebrates, 426 but would have negative effects on the biomass values of corals, which indicates that 427 macrophytes are food sources for fish and other benthic invertebrates and that they 428 competitively interact with corals. An increase in detritus would also have positive effects on 429 many compartments, but negative effects on macrophytes and zooplankton. This is because 430 detritus often accompanies macrophytes and zooplankton in the diets of many consumers. An 431 increase in detritus would therefore stimulate these consumers to feed more on macrophytes 432 and zooplankton. However, the large biomasses of macrophytes and detritus appeared to be 433 little affected by changes in other compartments. An increase in the biomass of piscivorous 434 fish and benthic omnivorous invertebrates would have negative effects on many other fish and 435 benthic invertebrates, indicating that they were the most influential groups in the coral reefs. 436

While gill netting and line fishing would have a moderate negative impact on piscivorous fish, 437 free-diving for fish would have a negative impact on sessile benthic-feeding fish. 438

Fishing indicators 439

The total catch of Nanwan Bay was 7.3 g WW m -2 yr -1 , and the mean trophic level of the 440 catch was 2.4 (Table 4). The exploitation rates of sessile benthic-feeding, omnivorous, and 441 herbivorous fish (0.30, 0.14, and 0.10, respectively) were higher than those of other 442 consumers, but did not exceed 0.50 which indicates overexploitation. The fishing mortalities 443 were also higher in omnivorous, sessile benthic-feeding, and herbivorous fish (0.25, 0.24, and 444 0.15, respectively) than those of other consumers. The fishery catch accounted only for 1.2% 445 of the primary production in the system (PPR%).

Comparisons with other coral reefs 447

Macrophytes were the most dominant groups in reefs with high fishery catches, but might 448 not be in reefs with low fishery catches (Fig. 3). The total living biomass in Nanwan Bay was 449 ranked as moderate compared to other fringing reefs (Table 3). Nanwan Bay had a greater 450 biomass and a higher fraction of corals than did other reefs. However, the total fish biomass 451 was lower than those of other fringing reefs with the exception of the Bolinao and Mahahual 452 reefs with high fishery catches. Total fish biomass values in reefs with high fishery catches 453 were significantly lower than those in reefs with low fishery catches (Mann-Whitney U-test, P 454 < 0.04). The fraction of fish in Nanwan Bay was also low compared to those of other fringing 455 reefs (Fig. 3). The fraction of herbivorous fish in the fish community of Nanwan Bay was 456 lower than those of other reefs with the exception of the Bolinao reef (Fig. 4). However, the 457 fraction of zooplanktivorous fish was higher than those of other reefs with the exception of 458 Floreana Island. 459

Total catches in reefs with high fishery catches were significantly greater than those in 460 reefs with low fishery catches (Table 4, Mann-Whitney U-test, P < 0.04). Consequently, sums 461 of all consumption and respiratory flows and TST in the reefs with high fishery catches were 462 marginally lower than those in reefs with low fishery catches (Mann-Whitney U-test, 0.05 < P 463 < 0.10). However, P: R ratios were marginally higher in reefs with high fishery catches than 464 in reefs with low fishery catches (Mann-Whitney U-test, P = 0.10). The mean trophic level of 465 the catch in Nanwan Bay was lower than those of most other fringing reefs, although it was 466 not significantly lower in reefs with high fishery catches due to the small replicate number. 467

The FCI and geometric mean of the trophic transfer efficiency from trophic levels II to IV in 468 Nanwan Bay were extremely low compared to those of other fringing reefs. 469 470

Discussion

The pedigree index of the Nanwan Bay model was 0.586, indicating a generally good 472 quality of the input data for the model, given that > 50% of inputs came from local, well-473 sampled high-precision data (Table 1). However, some input biomasses of small benthic 474 invertebrates and cryptic coral reef organisms are difficult to directly measure in the field. 475

They were estimated by Ecopath using the input values of P/B, Q/B, and EE. The P/B and 476 Q/B values were derived from other coral reef models, and the EE value was assumed to be 477 0.95. Moreover, there are no published data on the diets of small benthic invertebrates in 478 Nanwan Bay. The diet compositions were only roughly estimated and were derived from 479 relevant literature sources and other coral reef models (Table 2). Sensitivity analysis revealed 480 that a 30% reduction in the P/B or EE value of benthic invertebrates would increase their 481 estimated biomass by 56%, and a 30% increase in the P/B or EE value would decrease their 482 estimated biomass by 20%. Therefore, the estimated biomass of small benthic invertebrates 483 may have been overestimated by the lower P/B and EE values, or have been underestimated 484 by the higher P/B and EE values. Despite this, the calculated biomasses of small benthic 485 invertebrates in Nanwan Bay by Ecopath were comparable to values reported from other 486 fringing reefs (Table 3). If the uncertainty caused by the input values of P/B and EE are 487 considered, the calculated biomasses of small benthic invertebrates in Nanwan Bay were still 488 within the range reported for other fringing reefs. The mixed trophic impacts also revealed 489 that changes in biomass of small benthic invertebrates would, in most cases, have minor 490 impacts on other compartments in Nanwan Bay (Fig. 6). The results of this model should be 491 viewed as an approximation of the interactions occurring within the fringing reefs of Nanwan 492

Bay. Nevertheless, we feel that the major pathways of the system are accurately depicted in 493 the model and that an integrated picture of the fringing reef ecosystem was obtained 494 compared to other fringing reef models. Further work is required to solve methodological problems of quantifying small benthic invertebrates and cryptic organisms and their diet 496 compositions in coral reefs. 497

In this study, the fish survey was conducted mainly during the daytime, which may have 498 underestimated some fish species which are active during the night time. Nevertheless, most 499 fish in Nanwan Bay can be found during the daytime (Jan et al., 2001). This suggests that the 500 underestimation of fish species and abundances caused by the visual census may have been 501

small. Another problem may have been that there were no actual size measurements in the 502 visual survey. Fish length was only roughly estimated. Therefore, the average biomass was 503 primarily derived from Fishbase (Froese and Pauly, 2006). Although this method may have 504 overestimated biomass values, the fish biomass in the Nanwan Bay model was still lower than 505 those of other fringing reefs. 506

Comparisons with other coral reefs potentially suggest that coral reefs of Nanwan Bay are 507 overfished. It was estimated that more than 72 tons of fish per year are caught for local 508 seafood restaurants in the reefs for millions of tourists [START_REF] Meng | Long-term ecological studies in Kenting National 702 Park neighboring marine areas, on monitoring the impact factors from anthropogenic 703 activities to the marine ecosystem and a preliminary database of its marine ecosystem[END_REF]. Notably, the total 509 catch in Nanwan Bay was comparable to those of reefs with high fishery catches (Table 4). 510

The fish caught by free-diving and gill netting in the reefs are mostly herbivorous, benthic-511 feeding, and zooplanktivorous fish, such as parrotfish, surgeonfish, grunts, siganids, snapper, 512 and butterfish [START_REF] Cheng | Feature of the fishing ground near the third nuclear power 619 plant in Taiwan[END_REF][START_REF] Meng | Long-term ecological studies in Kenting National 702 Park neighboring marine areas, on monitoring the impact factors from anthropogenic 703 activities to the marine ecosystem and a preliminary database of its marine ecosystem[END_REF]. The fish caught by line fishing are 513 mostly piscivorous and benthic-feeding fish, such as scombrids, jack, and snapper (Meng et 514 al., 2004). Consequently, the exploitation rates and fishing mortalities of sessile benthic-515 feeding, omnivorous, and herbivorous fish were higher than other compartments in the reefs. 516

The total fish biomass in Nanwan Bay was also significantly lower than those in reefs with 517 low fishery catches. Only small-sized (< 25 cm) and low-economically valued fish such as 518 gobbiids and damselfish are frequently observed on the fringing reefs (Shao and Jan, 2002). rate of sewage effluents flowing into the bay underwent quick tidal mixing due to the daily 546 cyclonic circulation, and there was little evidence that it ever reached coral reefs in the 547 subtidal zone. This implies that anthropogenic N loading might not, in itself, be sufficient to 548 have stimulated the transition from coral dominance to macroalgal or sea anemone dominance 549 in Nanwan Bay. Other factors such as a lower herbivore density may also be a concern. 550 [START_REF] Bellwood | Confronting the coral reef crisis[END_REF] identified three functional groups, including bioeroders, scrapers, and 551 grazers, which are critical for resisting phase shifts from coral dominance to degraded systems 552 in the face of disturbance. A mesocosm experiment simulating sewage input in Nanwan Bay 553 coral reefs under a lower herbivorous condition also found that macroalgae and sea anemones 554 had strong negative impacts on Acropora coral [START_REF] Liu | Rates of overgrowth by 690 macroalgae and attack by sea anemones are greater for live coral than dead coral under 691 conditions of nutrient enrichment[END_REF]. 555

The relatively low fish biomass, especially herbivorous fish, in Nanwan Bay was found to 556 affect not only the trophic structure (Fig. 3) but also the organic matter flows of the food web. 557

The sums of all consumption and respiratory flows in Nanwan Bay were low, but the P: R 558 ratio was high compared to those of other reefs (Table 4). Consequently, a large proportion of 559 the macrophyte production was not used, and subsequently flowed into the detrital pool 560 (Table 1). The estimated EE of detritus (0.20) further indicated that more energy was entering 561 the detrital pool than was leaving. This may be the reason why the D:H ratio (1.4) of Nanwan 562 Bay was > 1.0, suggesting that the food web is more dependent on detritivory than on primary 563 production. The high flow to detritus from macrophytes produced the extremely low cycling 564 of organic matter (FCI) of Nanwan Bay compared to those of other fringing reefs. The FCI in 565 Nanwan Bay was also low compared to those of Takapoto Atoll Lagoon (18, Niquil et al. 566 1999), Great Barrier Reef (26, Johnson et al., 1995) and other coastal systems around the 567 world (7~44, [START_REF] Lin | Trophic functioning and nutrient flux in a 682 highly productive tropical lagoon[END_REF]. The MTI analysis also showed that the large biomasses of result, the low fraction of flows utilized by the fish community has resulted in an extremely 570 low trophic efficiency (7.8%) in Nanwan Bay. 571 572

Conclusions 573

The Nanwan Bay model was similar to the Bolinao and Mahahual reefs with high fishery 574 catches, showing low flows of total consumption, respiration, and TST, extremely low cycling 575 matter and trophic transfer efficiency, but a high P:R ratio. The low fish biomass in the 576 Nanwan Bay model suggests that reduced levels of herbivory, which would make the effects 577 of low-level enrichment more severe, might be more important. Our findings suggest that the 578 Kenting National Park Authority should prohibit fishing in the coral reefs of Nanwan Bay or 579 create more marine protection areas to help restore the fish community. 580 B, biomass (g wet weight (WW) m -2 ); P/B, production/biomass ratio (yr -1 ); Q/B, consumption/biomass ratio (yr -1 ); EE, ecotrophic efficiency; GE, gross efficiency; TL, trophic level; NE, net efficiency; Resp, respiration; mort, mortality; Predat, predator; ben, benthic; inv, invertebrates; det, detritivorous; Catch, Resp, and (2004).
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  reefs are possible due to problems of data availability and quality, aggregation methods, 64 compartmental numbers, and other limitations. Despite this, Arias-González et al. (1997) 65 compared the fringing and barrier reefs in Moorea, French Polynesia, and Arias-González 66 (1998) and Arias-González et al. (2004) compared different habitats between protected and 67 unprotected reefs in the Mexican Caribbean. 68

(

  the Third Nuclear Power Plant) on the coast of Nanwan Bay, on which construction began in 113 1979 and operation started in 1984 before the establishment of Kenting National Park. Four 114 coral reefs were selected as representative coral reefs in Nanwan Bay for collecting data: 115 Leidashih, a soft coral-dominated reef; the inlet of the Nuclear Power Plant and Tiaoshih, 116 which are sea anemone-dominated reefs; and Siangjiaowan, which is a hard coral-dominated 117 reef. 118

Fig. 1 .Fig. 2 .Fig. 3 .Fig. 4 .Fig. 5 .Fig. 6 .

 123456 Fig. 1. Nanwan Bay of Kenting National Park, southern Taiwan. The boundaries of the park 762

  Flow to detritus are in g WW m -2 yr -1 . a Estimated by Ecopath; b Opitz (1996); c Pitcher et al. (2002); d Buchary (1999); e Okey (2004); f Pauly and Christensen (1993); g determined by empirical equations compiled in Fishbase (Froese and Pauly 2006).

  Aliño et al. (1993); b Arias-González et al. (2004); c Opitz (1996); d Arias-González et al. (1997); e Okey (2004).

Table 1

 1 Compartments, input parameters and calculated outputs for the Nanwan Bay model

		Input parameters					Calculated outputs			
	Group name	B	P/B	Q/B Catch EE	GE	TL	NE	Omnivory index	Resp	Fishing mort	Predat mort	Other mort	Flow to detritus
	1. Phytoplankton	1.08 1185.88	-	0.40	-	1.00	-	0.00	-	0.00 478.07 707.80 760.9
	2. Macrophytes	944.48	19.70	-	0.11	-	1.00	-	0.00	-	0.00	2.23 17.47 16498.9
	3. Hard corals	273.30	1.09 b 1.09	0.31 1.00 1.10 1.25	0.27	226.4 0.00	0.34 0.75 264.3
	4. Soft corals	69.50	0.25 c 0.50 d	0.75 0.50 1.22 0.63	0.08	29.9 0.00	0.19 0.06	11.3
	5. Sea anemones	52.87	2.00 e 4.00 e	0.17 0.50 1.44 0.63	0.11	152.3 0.00	0.34 1.66 130.1
	6. Ben herbivorous inv	68.03 a	1.53 b 14.01 b 0.03	0.95 0.11 2.11 0.18	0.10	467.8 0.00	1.45 0.08 386.5
	7. Sessile det inv	333.02 a	1.51 b 7.18 b	0.95 0.21 2.00 0.30	0.01	1170.9 0.00	1.44 0.08 742.5
	8. Zooplankton	2.62	32.00 f 192.00 f	0.91 0.17 2.00 0.28	0.001	217.9 0.00	29.25 2.75 208.4
	9. Herbivorous fish	21.04	1.49 g 12.76 g 3.20	0.63 0.12 2.03 0.20	0.03	129.8 0.15	0.79 0.55 119.0
	10. Semisessile det inv	138.45 a	1.62 b 7.20 b 0.03	0.95 0.23 2.01 0.32	0.01	473.5 0.00	1.54 0.08 310.3
	11. Polyp-feeding fish	0.41	3.40 g 18.32 g	0.84 0.19 2.16 0.23	0.02	4.6 0.00	2.86 0.54	1.7
	12. Ben omnivorous inv	65.14 a	3.79 b 33.68 b 0.43	0.95 0.11 2.35 0.15	0.25	1398.5 0.01	3.59 0.19 560.8
	13. Omnivorous fish	4.05	1.78 g 13.05 g 1.01	0.76 0.14 2.58 0.17	0.26	35.1 0.25	1.11 0.42	12.3
	14. Zooplanktivorous fish	22.82	0.89 g 8.60 g 1.11	0.76 0.10 2.34 0.13	0.35	136.7 0.05	0.63 0.21	44.1
	15. Sessile ben-feeding fish	2.34	0.80 g 7.37 g 0.56	0.74 0.11 2.93 0.14	0.25	11.9 0.24	0.35 0.21	3.9
	16. Mobile ben-feeding fish 21.25	0.98 g 9.45 g 0.56	0.72 0.10 3.10 0.13	0.17	139.9 0.03	0.68 0.27	46.0
	17. Piscivorous fish	9.98	0.51 g 4.84 g 0.35	0.09 0.11 3.45 0.13	0.17	33.5 0.04	0.01 0.47	14.3
	18. Detritus	118.07	-	-	0.20	-	1.00	-	0.15	-	-	-	-	-

Table 2

 2 Diet composition of the Nanwan Bay model

	Prey/predator	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17
	1 Phytoplankton		0.100 0.050		0.020 0.899									
	2 Macrophytes		0.010 0.758			0.875 0.310		0.361 0.372 0.100 0.137 0.035	
	3 Hard corals		0.001 0.010			0.002 0.001 0.670 0.030 0.001		0.001 0.055	
	4 Soft corals		0.001 0.002			0.001 0.001 0.160 0.002 0.001		0.001 0.020	
	5 Sea anemones				0.005					0.140 0.002 0.146				
	6 Ben herbivorous inv		0.002 0.005			0.001			0.031 0.245		0.214 0.030 0.056
	7 Sessile det inv		0.002 0.080			0.001			0.160 0.120		0.304 0.190	
	8 Zooplankton	0.080 0.090 0.080		0.002 0.001		0.007		0.002 0.007 0.080			
	9 Herbivorous fish											0.005 0.001 0.028 0.012 0.273
	10 Semisessile det inv		0.001 0.006			0.010			0.084 0.040		0.090 0.082	
	11 Polyp-feeding fish														0.001 0.020
	12 Ben omnivorous inv		0.021 0.008			0.010			0.045 0.040 0.020 0.120 0.548 0.050
	13 Omnivorous fish											0.005			0.003 0.075
	14 Zooplanktivorous fish											0.006 0.001 0.010 0.002 0.274
	15 Sessile ben-feeding fish													0.020		0.010
	16 Mobile ben-feeding fish													0.025 0.012 0.240
	17 Piscivorous fish															0.002
	18 Detritus	0.333 0.800 0.812 0.126 0.880 0.100 0.100 0.678 0.030 0.283 0.012 0.112 0.050 0.010	
	Importation	0.587 0.010 0.020		0.098			0.003				0.686			
	ben, benthic; inv, invertebrates; det, detritivorous.													

Table 3

 3 Comparisons of living biomass (g wet weight m -2 yr -1 ) of Nanwan Bay with other fringing coral reefs. ** p < 0.05, * 0.05 < p < 0.10.

			High fishery catch				Low fishery catch		
	Community	Nanwan Bay Bolinao a Mahahual b	PRVI c	Tiahura d	Boca Paila b Tampalam b Floreana Island e
	Fish**	81.9	6.8	43.2	104.4	144.5	149.2	108.5	778.8
	Phytoplankton	1.1	0.3	7.9	40.0	0.2	35.4	28.0	12.0
	Macrophytes	945	1,624	229	1,300	4,015	666	700	650
	Zooplankton	2.6	2.9	6.0	32.0	1.5	38.4	19.7	6.8
	Corals	396			121	15			170
	Other invertebrates	605	261	45	1,449	358	125	155	985
	Other consumers*		0.7	1.1	2.0	19.2	4.3	4.2	17.5
	Total living biomass	2,030	1,896	332	3,048	4,554	1,019	1,015	2,620
	a								

Table 4

 4 Comparisons of ecosystem attributes of Nanwan Bay with other fringing coral reefs. ** p < 0.05, * p < 0.10. Biomasses are in g wet weight (WW) m -2 and flows are in g WW m -2 yr -1 .

	High fishery catch	Low fishery catch

a Aliño et al. (1993); b Arias-González et al. (2004); c Opitz (1996); d Arias-González et al. (1997); e Okey

A predator group (j) is connected to its prey groups by its consumption (Q j /B j ). Thus,

weight was translated to wet weight by 1 g DW = 4.5 g WW[START_REF] Opitz | Trophic interactions in Caribbean coral reefs[END_REF]. The P/B and Q/B

cannot be consumed in excess of its production. The second step was to check if the GE (the

(Nanwan Bay, Bolinao, and Mahahual).[START_REF] Moloney | 708 Comparing the Benguela and Humboldt marine upwelling ecosystems with indicators 709 derived from inter-calibrated models[END_REF] indicated that a common

Macrophytes were the most dominant group and comprised 47% of the total biomass (Fig.3).

Benthic invertebrates, cnidarians, fish, and plankton comprised the other 30%, 19%, 4%, and

3.4. Mixed trophic impacts (MTIs)

the most-serious threats due to, for example, sewage in Hawaii[START_REF] Grigg | Coral reefs in an urban embayment in Hawaii: a complex case history 659 controlled by natural and anthropogenic stress[END_REF]. However, using

macrophytes and detritus were little affected by changes in other compartments (Fig.6). As a
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