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Understanding trophodynamics of estuarine and marine ecosystems is important in

developing food-web models prevalent in ecosystem-based approaches to fisheries

management, as well as assessing ecosystem condition and function. Few studies have

examined seasonal and spatial trophodynamics of nekton assemblages in shallow

subtropical waters on estuary-wide spatial extent. We used fisheries-independent

monitoring data to examine the spatial distribution and seasonal trophodynamics of

nekton assemblages in shallow waters (≤ 1.5m) of Charlotte Harbor, Florida, USA, as well

as the lower Peace and Myakka Rivers. Overall nekton densities were generally high in

spring (April - May), especially in the lower rivers, and declined through the summer (June

– October), and fall (November – December), with small increases in mean nekton

densities in winter (January – March). We found that species composition as well as trophic

structure of nekton assemblages changed along a broad spatial gradient from the lower

portions of the Peace and Myakka Rivers to lower Charlotte Harbor near the passes to the

Gulf of Mexico. Nekton assemblages dominated by planktonic-feeding species were

located in lower Peace and Myakka Rivers and extended into upper Charlotte Harbor in

apparent response to seasonal fluctuations in freshwater inflow. In contrast, most of the

nekton assemblages within Charlotte Harbor proper were dominated by nekton species

feeding within the benthos (those feeding on benthic infauna, epifauna, seagrass, and/or

detritus) throughout the year. The proportion of benthic feeders was positively correlated

with landscape metrics describing the area of continuous seagrass beds mapped from

aerial photography, and negatively correlated with distance to the nearest pass to the Gulf

of Mexico. These relationships were consistent throughout all four seasons of the year. The

proportion of benthic feeders varied seasonally, and was relatively high in the fall and

winter compared with the spring and summer. The predominance of benthic feeding

species during fall and winter when overall nekton densities were low, suggests that

benthic production is an important in supporting populations of forage fishes for higher
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trophic levels, such as piscivorous fishes and wading birds during this time of year. This is

an important time for overwintering wading birds, as well as several economically-

important fishery species who are recruiting into shallow water areas of Charlotte Harbor.

Planktonic production is often the focus of food-web models with benthic production

sometimes not included. We found both planktonic and benthic production to be important

in Charlotte Harbor. Therefore, both sources of production need to be included in food-web

models for Charlotte Harbor, as well as similar subtropical estuaries with relatively large

areas of seagrass beds.
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20 ABSTRACT

21

22 Understanding trophodynamics of estuarine and marine ecosystems is important in developing 

23 food-web models prevalent in ecosystem-based approaches to fisheries management, as well as

24 assessing ecosystem condition and function.  Few studies have examined seasonal and spatial 

25 trophodynamics of nekton assemblages in shallow subtropical waters on an estuary-wide spatial 

26 extent.  We used fisheries-independent monitoring data to examine the spatial distribution and 

27 seasonal trophodynamics of nekton assemblages in shallow waters (≤ 1.5m) of Charlotte 

28 Harbor,Florida, USA, as well as the lower Peace and Myakka Rivers.  Overall nekton densities 

29 were generally high in spring (April - May), especially in the lower rivers, and declined through 

30 the summer (June – October), and fall (November – December), with small increases in mean 

31 nekton densities in winter (January – March). We found that species composition as well as 

32 trophic structure of nekton assemblages changed along a broad spatial gradient from the lower 

33 portions of the Peace and Myakka Rivers to lower Charlotte Harbor near the passes to the Gulf 

34 of Mexico. Nekton assemblages dominated by planktonic-feeding species were located in lower 

35 Peace and Myakka Rivers and extended into upper Charlotte Harbor in apparent response to 

36 seasonal fluctuations in freshwater inflow.  In contrast, most of the nekton assemblages within 

37 Charlotte Harbor proper were dominated by nekton species feeding within the benthos (those 

38 feeding on benthic infauna, epifauna, seagrass, and/or detritus) throughout the year.  The 

39 proportion of benthic feeders was positively correlated with landscape metrics describing the 

40 area of continuous seagrass beds mapped from aerial photography, and negatively correlated 

41 with distance to the nearest pass to the Gulf of Mexico. These relationships were consistent 

42 throughout all four seasons of the year. The proportion of benthic feeders varied seasonally, and 

43 was relatively high in the fall and winter compared with the spring and summer. The 
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44 predominance of benthic feeding species during fall and winter when overall nekton densities 

45 were low, suggests that benthic production is an important in supporting populations of forage 

46 fishes for higher trophic levels, such as piscivorous fishes and wading birds during this time of 

47 year. This is an important time for overwintering wading birds, as well as several economically-

48 important fishery species who are recruiting into shallow water areas of Charlotte Harbor. 

49 Planktonic production is often the focus of food-web models with benthic production sometimes 

50 not included. We found both planktonic and benthic production to be important in Charlotte 

51 Harbor. Therefore, both sources of production need to be included in food-web models for 

52 Charlotte Harbor, as well as similar subtropical estuaries with relatively large areas of seagrass 

53 beds. 

54
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55

56 INTRODUCTION

57

58 Estuarine nekton assemblages, consisting of numerous species of small fish and invertebrates, 

59 function as a significant trophic link between primary production, derived from estuarine 

60 vegetation and phytoplankton, and higher trophic levels, such as piscivorous fishes and wading 

61 birds (Nelson et al. 2015).  Nekton community structure is often examined by taxonomic 

62 composition within somewhat unique assemblages within an estuary.  However, estuarine nekton 

63 assemblages often contain a unique suite of species, making taxonomic comparisons difficult 

64 among estuaries.  However, placing nekton species into functional guilds (e.g. feeding modes), 

65 allows the structure and function of nekton assemblages to be compared among estuaries with 

66 different species.  In addition, examination of trophic structure of nekton assemblages can be an 

67 indicator of the state and function of estuarine ecosystems over time (Elliott and Dewailly 1995, 

68 Deegan et al. 1997, Mathieson et al. 2000, Elliot et al. 2007).  

69

70 Understanding trophodynamic processes has also been recognized as important in managing 

71 species populations in marine and estuarine ecosystems (Curry et al. 2005).  Spatiotemporal 

72 descriptions of estuarine and marine species assemblages and their trophic structure are often 

73 needed to develop food web models (e.g. Atlantis, Fulton et al., 2011; Ecopath with Ecosim with 

74 EcoSpace, Walters et al., 2010) for use in ecosystem-based fishery management applications 

75 (Heymans et al. 2016).  Heymans et al. (2016) outline the importance of knowledge of trophic 

76 structure of the system being modeled, however real data on trophic functioning and relative 

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27103v1 | CC BY 4.0 Open Access | rec: 9 Aug 2018, publ: 9 Aug 2018



77 importance of benthic and planktonic pathways are rare across landscape spatial scales (10s to 

78 1000s of km).  

79

80 Charlotte Harbor is considered one of the least-developed estuaries in Florida (Estevez 1998), 

81 with shorelines along most of the harbor protected as Aquatic Preserves.  Numerous studies have 

82 examined the taxonomic composition of different portions of the Region, which includes the 

83 lower Peace and Myakka Rivers as well as shallow waters (≤1.5-m depth) of Charlotte Harbor.  

84 Our goal was to examine this area on a landscape-scale, relative to taxonomic and trophic 

85 functional guilds.  The objectives of the study were to:  (1) examine relationships between 

86 estuarine landscape structure, environmental variables, and nekton species composition during 

87 four seasons of the year, (2) use cluster analysis to identify and describe assemblage types and 

88 dominant species of each and map their seasonal spatial distribution, (3) using stratified, non-

89 parametric bootstrapping , identify and map assemblages with highest mean densities of 

90 dominant species, (4) classify dominant species and assemblages into trophic guilds using 

91 existing literature, and (5) describe spatial patterns in trophic structure within Charlotte Harbor 

92 and the lower portions of the Peace and Myakka Rivers.  

93

94

95 MATERIALS AND METHODS

96

97 STUDY AREA

98 Charlotte Harbor (Figure 1), located on Florida’s peninsular Gulf Coast, is one of the largest 

99 estuaries in the state, with an open-water area of approximately 700 km2.  The Peace, Myakka, 

100 and Caloosahatchee rivers are the primary freshwater drainages for the 11,400 km2 watershed 
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101 flowing into Charlotte Harbor.  Central Florida’s climate is subtropical with a dry winter season 

102 and a wet summer season.  Variability in freshwater inflow can be especially pronounced during 

103 the wet season (summer to fall).  Seagrass (principally shoal grass Halodule wrightii, turtle grass 

104 Thalassia testudinum, and manatee grass Syringodium filiforme) is common in shallow-water 

105 areas of Charlotte Harbor, with seagrass beds generally becoming more abundant with larger, 

106 more continuous patches in lower portions of the estuary. Shorelines in the estuary proper are 

107 dominated by mangroves (red mangrove Rhizophora mangle, black mangrove Avicennia 

108 germinans, white mangrove Laguncularia racemosa). Salt marsh shorelines (primarily black 

109 needlerush Juncus roemerianus) generally occur in brackish portions of the rivers flowing into 

110 the estuary.  Charlotte Harbor is connected to the Gulf of Mexico by a major inlet and several 

111 smaller passes through the barrier islands (Fig. 1).  Seawall and riprap shorelines have replaced 

112 natural shoreline vegetation adjacent to the municipalities of Punta Gorda and Port Charlotte.  

113 However, most of the shorelines along Charlotte Harbor are protected as Aquatic Preserves and 

114 therefore are in relatively natural state compared with similar estuaries nearby (e.g. Tampa Bay).  

115

116 ESTUARINE LANDSCAPE STRUCTURE

117 We examined estuarine habitat structure across the estuary by identifying and compiling the 

118 most current and relevant GIS layers describing mangroves, salt marshes, seagrass beds, and 

119 human-altered shorelines (seawall and riprap). We extracted mangrove and salt marsh habitat 

120 data from a digital land use and land cover data sets from the South and Southwest Florida Water 

121 Management Districts for Charlotte Harbor. These data were created by photointerpreting 1:12, 

122 000-scale United States Geological Survey color infrared (CIR) digital orthophoto quarter 

123 quadrangle (DOQQs) aerial images taken in 1999 and 2000. Photointerpretation was based on 
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124 Florida Department of Transportation’s Florida Land Use and Cover Classification System 

125 (FDOT 1999). We used maps of altered (seawall or riprap) shorelines derived from aerial 

126 photography as spatial indicators of coastal development using Florida’s Environmental 

127 Sensitivity Index database (Jensen et al. 1998).  In addition, GIS staff performed quality control 

128 checks on GIS data layers used in analysis and made modifications to correct gaps, 

129 inconsistencies, and irregularities present in the data when needed. 

130

131 We measured several types of habitat structure using these maps of estuarine habitats and altered 

132 shorelines. We measured the density of altered shorelines, availability of estuarine habitat types 

133 and habitat edges, and the location of habitats relative to the passes connecting the embayment to 

134 the Gulf of Mexico (Charlotte Harbor). We refer to these measures of spatial configuration and 

135 position (habitat structure) as landscape metrics. The extent of the spatial influence of a habitat 

136 type or an altered shoreline on the estuarine nekton community likely extends a distance away 

137 from the habitat or shoreline; however, the distance or area of influence is not known and likely 

138 changes seasonally and for different nekton species. Therefore, we quantified habitat structure 

139 over multiple distances away from sample locations (100-m, 200-m, 400-m, 800-m, 1600-m), 

140 and then used an ordination analysis to objectively identify the scales at which the measurements 

141 were the most relevant to nekton assemblage structure.

142

143 For each FIM sample location, we calculated the area (m2) of mangrove, salt marsh, 

144 discontinuous seagrass, continuous seagrass, and combined seagrass (discontinuous and 

145 continuous) within circular zones of increasing size (radii = 100m, 200m, 400m, 800m, 1600m). 

146 We calculated the amount of wetland-open water edges for the same site locations because 
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147 wetland-open water edges are more often inundated and potentially available for use by fishes. 

148 Length of salt marsh-open water edges and mangrove-open water edges were summed separately 

149 within the same sized circular zones used for area calculations, then divided by area (edge 

150 density = m/km2). In the same way, edge density of altered and natural shorelines was also 

151 calculated. To examine potential relationships between connectivity to the marine environment 

152 and nekton community composition, we also calculated the distance (meters) from each sample 

153 site to the nearest pass to the Gulf of Mexico using the cost-distance function provided in the 

154 ArcGIS software package (Environmental Systems Research Institute, Inc., Redlands, CA, USA) 

155 using the shoreline as a barrier. These calculations resulted in a series of continuous grid surfaces 

156 representing each metric across the estuary, and a subset of these grids were used in subsequent 

157 spatial modeling. Landscape metric values at each FIM sample location were added to field 

158 collected environment and habitat data for subsequent analyses.

159

160 NEKTON DATA COLLECTION 

161 Nekton data included in this analysis were collected monthly throughout the year by Florida’s 

162 Fisheries-Independent Monitoring Program (FIM, Florida Fish and Wildlife Conservation 

163 Commission/Florida Fish and Wildlife Research Institute) during a six-year time period (1998 - 

164 2003).  Nekton were collected using a 21.3-m bag seine (3.2-mm stretched mesh size) that 

165 targets smaller fishes (generally between 15 – 100mm standard length) and was constrained to 

166 deployment in waters of 1.5-m depth or less. Seine samples were collected monthly across the 

167 estuary using a stratified random sampling methodology. In this methodology, each estuary is 

168 divided into several large zones. Each of these zones are subdivided into 1 x 1 minute 

169 cartographic grids. Each of these grid cells is further partitioned into 100 microgrid cells, and a 
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170 number of microgrid cells randomly are chosen for sample collection each month. Samples are 

171 also stratified within each grid cell based on the presence and absence of seagrass and shoreline 

172 vegetation. A detailed description of sampling procedures is described in Whaley et al. (2007).  

173 All fish species and invertebrates of commercial importance (e.g. pink shrimp, Farfantepenaeus 

174 duorarum and blue crab, Callinectes sapidus) were identified to the lowest feasible taxonomic 

175 level (usually to species) in the field. However, Eucinostomus spp. and Gobiosoma spp. were 

176 identified to genus level when <40 mm standard length (SL) and <20 mm SL, respectively.  For 

177 each species collected, a representative sample is retained to verify field identifications in the 

178 laboratory.  Concurrent with each seine sample, numerous water quality parameters (salinity, 

179 dissolved oxygen, depth, and temperature) and habitat parameters (visual estimates of percent 

180 seagrass coverage, water depth) are recorded in the sampling area.  Locations of nekton sample 

181 sites were recorded in the field via a global positioning system, and we used these locations to 

182 import nekton and environmental data into a GIS database. 

183

184 Nekton data were divided into four seasonal time periods to examine taxonomic composition and 

185 trophodynamics of the nekton community.  Seasons were based on both general wet and dry 

186 climate patterns in central Florida (similar to those in Tsou and Matheson 2002), as well as 

187 previous analyses of temporal changes in nekton community composition (M Greenwood, 

188 Florida Fish and Wildlife, unpubl. data).  Spring was defined as samples from April and May 

189 (warm and variable rainfall, depending on year).  Summer represented collections from June – 

190 October (hot and rainy).  Fall represented November and December samples (warm and 

191 generally drier).   Winter season included samples from January – March (cool and generally dry 

192 climate). Many species were divided into size classes using length-frequency diagrams to 
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193 examine potential ontogenetic shifts in spatial distribution.  For example, if a species exhibited a 

194 bimodal distribution in a length-frequency diagram, that species was divided into two size 

195 classes to represent each mode.

196

197 COMMUNITY ORDINATION ANALYSIS

198 We used Redundancy Analysis, a community ordination technique, to examine relationships 

199 between nekton species composition, measurements of habitat structure at multiple scales, spatial 

200 location relative to the nearest connection to the Gulf or Atlantic Ocean, and local habitat 

201 conditions measured at the sample site. We used Redundancy Analysis (RDA, using

202 CANOCO™ version 4.5, ter Braak and Smilauer 2002) to examine estuary-wide relationships

203 between nekton species composition, habitat structure metrics measured at multiple scales (100-

204 m to 1600-m radii), and local habitat conditions measured at the sample site. RDA

205 simultaneously relates the distribution of fish species to a number of synthetic gradients, called

206 RDA axes, that are most related to changes in nekton assemblage structure (species composition) 

207 across the analysis area. Identified environmental and habitat variables most closely correlated to 

208 key gradients (RDA axes) are then used to interpret patterns in community structure and 

209 facilitate spatial modeling of the nekton community. RDA is based on linear relationships 

210 between species and environment/habitat variables, and ordination axes are restricted to be linear 

211 combinations of explanatory variables (ter Braak and Smilauer 2002). The initial RDA for each 

212 season included landscape metrics describing area and edge densities for habitats (salt marsh, 

213 mangrove, continuous, discontinuous, and all seagrass combined, altered and natural shorelines) 

214 at the five scales (100-m to 1600-m), as well as local-scale environmental parameters taken at 

215 sample sites.  To reduce the number of variables in the final RDA community model, we retained 
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216 those variables that were highly correlated (r ≥ 85%) with the four main RDA axes were retained 

217 in the final RDA analyses.  When no variables met this criterion for a significant axis, we 

218 retained the variable with the highest correlation with the axis. All landscape metrics were log-

219 transformed (Ln(x+1)) prior to analysis. For each of the species in the analysis, we estimated 

220 densities (number per 100m2 area swept by seine) for each sample location. The resulting species 

221 density database consisted of many infrequently occurring species. And the presence of many 

222 zeros in the species data resulting from infrequently occurring species can give excessively high 

223 weights to these species in RDA typically based on Euclidian distance (Legendre and Legendre 

224 1998). Very rare species were therefore removed from the analysis. In addition, we transformed 

225 the species density data using the chord transformation that does not give extra weight to rare 

226 species (see Legendre and Gallagher 2001).

227

228 MAPPING ASSEMBLAGE TYPES AND TROPHIC STRUCTURE

229 We performed a cluster analysis (UPGNC) using RDA Axis 1 sample scores to identify areas of 

230 similar species composition. To determine the most appropriate number of clusters to describe 

231 the nekton community in each season, we performed a species indicator analysis (Dufrene and 

232 Legendre 1997) across varying numbers of clusters (2 – 10). We selected the number of clusters 

233 that best described the highest number of individual species. For each season, samples were 

234 classified into assemblage types using RDA Axis 1 scores, and were mapped in a GIS using 

235 ESRI software to examine spatial patterns.  For each assemblage type, we calculated the mean 

236 density (number/100m2) of all species and size classes.  We then assigned those species 

237 comprising 1% or more of any assemblage type to trophic guilds using existing literature.  

238 Trophic guilds included: planktivores (P); benthivores (B) feeding on benthic infauna, epifauna, 
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239 seagrass, and/or detritus; herbivores (H) mainly feed directly on plant material; piscivores (F) 

240 primarily feed on fishes; or opportunistic (O) feeding on a diverse range of food.   We calculated 

241 the mean density (number/100m2), as well as the proportion of trophic guilds for each 

242 assemblage type and season to examine seasonal trophodynamics.

243

244 STATISTICAL ANALYSIS

245 We used stratified, non-parametric bootstrapping (i.e., resampling) to assess differences in mean 

246 density among assemblage types within each season. The bootstrapping simulations were 

247 conducted separately for each species and season in the following manner: for each replicated 

248 (i.e., re-sampled) data set, the mean density was calculated for each assemblage type, where each 

249 assemblage type represented a stratum, and the differences in mean density were calculated for 

250 all pairwise combinations of assemblage types. This process was repeated 10,000 times, after 

251 which the resulting distributions – each representing the difference between any two assemblage 

252 types - were summarized by calculating their means and 95% confidence limits. Significant 

253 differences in mean density between any two assemblage types zones were then identified by 

254 examining 95% confidence intervals, with confidence intervals that did not overlap zero deemed 

255 significantly different. Because of the very large number of pairwise comparisons, we focused 

256 our inference on the difference in mean fish density between the assemblage type(s) with the 

257 highest fish density and all other assemblage types. The total number of species varied 

258 seasonally, with 171, 162, 154, and 161 species represented during spring, summer, fall, and 

259 winter, respectively. Similarly, the number of assemblage types varied seasonally, ranging from 

260 seven in Summer and Fall to eight and nine in Winter and Spring, respectively.  Finally, we used 

261 Spearman’s rank correlation tests to identify potential relationships between and among 
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262 landscape metrics, overall nekton densities, as well as trophic guild composition in each of the 

263 four seasons.

264

265

266

267 RESULTS

268 BROAD-SCALE GRADIENT RELATED TO NEKTON COMMUNITY STRUCTURE

269 For all four seasonal analyses, the most influential gradient, RDA Axis 1, represented a 

270 landscape-scale spatial gradient across the estuary from the riverine areas to the passes near the 

271 Gulf of Mexico.  Depending upon season, RDA Axis 1 represented between 48 - 67% of the total 

272 variation in nekton assemblage composition explained in the analyses (Tables 1 - 4).  This 

273 gradient was highly correlated with distance to the nearest pass (m) throughout all four seasons 

274 (Distance, r = -0.91 to -0.94).  Axis 1 was also highly correlated with area and edge density of 

275 continuous seagrass habitat measured at the 400-m (r = 0.89 – 0.95) and 800-m search radii (r = 

276 0.88 – 0.96) in the spring, summer, and fall seasonal analyses.  In the summer and fall, salinity 

277 measurements were also highly correlated (summer: r = 0.85; fall r = 0.90) with Axis 1.  In 

278 winter, Axis 1 was most highly correlated with area and edge density of continuous seagrass 

279 habitat measured at the 800-m and 1600-m search radii.  Based on permutation tests, all four 

280 axes identified in the final RDA for all four seasonal RDA analyses were significantly related to 

281 nekton assemblage structure (p < 0.001).  However, RDA Axes 2 - 4 explained a small fraction 

282 (5 -15%) of the total variation in nekton assemblage composition in the seasonal analyses.  

283 Therefore, we focused on changes in assemblage composition along RDA Axis 1 for each 

284 season.
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285

286 SEASONAL DYNAMICS OF TROPHIC STRUCTURE 

287 SPRING ASSEMBLAGES

288 In the spring (April and May), the species indicator analysis divided nekton in the study 

289 area into nine species assemblages (Figure 2).  Mean nekton densities across the assemblage 

290 types were relatively very high in the spring (257 – 3,638 individuals/100m2).  Highest overall 

291 nekton densities were found in the middle and lower portions of the Peace and Myakka Rivers 

292 (SP 2 and SP 3, Figure 2, Table 5).  The uppermost portion of the Peace River (SP1) and mid-

293 portions of the Peace and Myakka Rivers (SP2) had relatively low mean salinity (3 – 13 ppt, 

294 Table 6) compared with the other assemblage types.  Water depth, dissolved oxygen, and 

295 temperature were similar among all the assemblage types in the spring.  Wetland habitat in both 

296 SP1 and SP2 was dominated by salt marshes with some mangroves, and very little seagrass 

297 (Table 7).  Very little of the shorelines (2%) in SP1 had been converted to seawall or rip-rap, yet 

298 20% of shorelines were hardened (either rip-rap or seawalls) in SP2.  Downstream of SP2, the 

299 SP3 assemblage type was generally located in the transitional area between the rivers and the 

300 harbor.  SP3 differed from those upstream (SP1 and SP2) by having a moderate mean salinity, 

301 and mangrove habitat was more abundant than salt marsh.   The SP3 assemblage type was 

302 located in areas adjacent to the municipalities of Punta Gorda and Port Charlotte, and therefore 

303 had a relatively high percentage (37%) of human-altered shorelines. All three of these nekton 

304 assemblages within and downstream of the Peace and Myakka Rivers (SP1, SP2, SP3, Figure 2) 

305 were heavily dominated by plankton-feeding species (82% - 97%, Table 8), primarily bay 

306 anchovy, as well as unidentified species of the genera, Menidia and Brevoortia.  These three 

307 river-associated assemblage types had the highest densities of large-sized (35 – 100mm SL) bay 
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308 anchovies in the spring (Table 5).  SP2 and SP3 also contained the highest densities of mid-sized 

309 (25 – 35 mm SL) and small (< 25mm SL) bay anchovies (Table 5).  Although dominated by 

310 plankton-feeders, the SP1 assemblage contained 12% benthic-feeding species, primarily Eastern 

311 mosquito fish and hogchoker.  In contrast, SP2 and SP3 contained only 1% benthic-feeding 

312 species.  A few small areas found primarily in the Myakka River as well as in the upper estuary 

313 were classified as having the SP4 assemblage type (Figure 2).  These areas had fairly high mean 

314 salinity (27.8 ppt), very low proportion of hardened shorelines (5%), and relatively high amounts 

315 of mangrove and discontinuous seagrass habitat.  SP4 had almost equal proportions of plankton-

316 feeders (46%) and benthic feeders (47%).  Similar to the riverine assemblages (SP1 – SP3), the 

317 dominant plankton feeders in SP4 were bay anchovy, Menidia spp. and Brevoortia spp.  The 

318 most common benthic species were rainwater killifish and small silver perch (< 45mm SL).  

319 Assemblage types (SP5 – SP9) located in Charlotte Harbor proper had relatively high salinity (30 

320 – 34 ppt).  Mangrove habitat as well as discontinuous seagrass habitat was abundant in SP5, and 

321 decreased in a southward direction, with relatively little of these habitat types in SP9, in areas 

322 nearest the passes to the Gulf of Mexico (Table 7).  In contrast, continuous seagrass habitat was 

323 most abundant near the passes (SP9), and decreased in a northerly direction.  A small proportion 

324 of shorelines (1 – 9%) were hardened in and around these assemblage types (SP5 – SP9).  All 

325 assemblage types located within Charlotte Harbor proper were dominated by benthic feeders (66 

326 – 90%, Table 5).  The SP5 assemblage was scattered along the shore in the upper and middle 

327 estuary (Figure 2), and was dominated by relatively high densities of rainwater killifish, small (< 

328 35mm SL) and large-sized (36 – 100mm SL) pinfish, as well as small-sized Menidia spp. (< 

329 45mm SL).   The majority of the middle and lower portions of Charlotte Harbor (SP6 - SP9) 

330 were dominated by pinfish, as both size classes occurred in highest densities within these four 
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331 assemblage types (Table 5).  SP7 was interspersed with the other assemblage types in the lower 

332 half of Charlotte Harbor proper (Figure 2).  Pinfish, rainwater killifish, Menidia spp., pigfish, and 

333 silver perch were common in SP7 (Table 5).  SP8 almost exclusively occurred in the lower third 

334 of Charlotte Harbor near the passes to the Gulf of Mexico.  SP8 had high densities of pinfish, 

335 Menidia spp., rainwater killifish, and Eucinostomus spp. (< 40 mm SL).  The SP9 assemblage 

336 occurred sporadically in locations near the passes to the Gulf, and was also dominated by pinfish, 

337 and secondarily, by Eucinostomus spp. (< 40 mm SL)

338

339 SUMMER ASSEMBLAGES

340 The species indicator analysis divided nekton samples into seven assemblage types 

341 (Figure 3) in the summer (June – October).  Mean nekton densities (283 – 919 individuals/ 

342 100m2) were generally lower in the summer than in the spring.  Highest overall nekton densities 

343 were found generally in the middle and lower Peace River and Myakka Rivers in the summer 

344 (SU2 and SU3, Figure 3, Table 8).  Mean salinities were also lower except for the assemblages 

345 nearest the passes to the Gulf, reflecting the influx of freshwater during the rainy summer season.  

346 Water depth, dissolved oxygen, and temperature were similar among the seven assemblages 

347 (Table 6).   The upper portions of the Peace and Myakka Rivers (SU1 and SU2) had very low 

348 average salinities (1 ppt and 8 ppt, respectively), and wetland habitat was dominated by salt 

349 marshes, some mangroves, and very little seagrass (Table 7).   SU3 assemblages were located in 

350 the lower portions of the Peace River, as well as interspersed with SU1 and SU2 in the Myakka 

351 River.  Mean salinity for SU3 assemblages was moderate (14 ppt), but higher than those of SU1 

352 and SU2 (Table 6).  SU3 had double the mean area of mangrove and seagrass habitat, but half 

353 the mean area of salt marsh compared with habitat means for SU1 and SU2.  SU1 – SU3 had 
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354 much higher proportions (means = 27 – 39%) of human-altered shorelines compared with those 

355 downstream within Charlotte Harbor proper (means = 4 – 10%).   Similar to those in the spring, 

356 these three riverine assemblages (SU1 – SU3) continued to be largely dominated by plankton-

357 feeding bay anchovies, and to a lesser extent, Menidia spp (Table 9).  The SU1 assemblage was 

358 typically composed of 64% plankton feeders, and 27% benthic feeders.  Common benthic 

359 species in SU1 included rainwater killifish, Eastern mosquito fish, and Seminole killifish. The 

360 SU2 assemblage was centered in the middle portions of the Peace and Myakka Rivers, and 

361 typically contained 77% plankton feeders, and only 10% benthic feeders (Eucinostomus spp. and 

362 rainwater killifish).  Opportunistic feeders represented a relatively high percentage (7%) of the 

363 nekton in SU2 compared with the other assemblage types (1 – 3%).  Striped killifish, tidewater 

364 mojarra (40 – 69mm SL), and striped mullet (> 70mm SL) were the most common opportunistic 

365 feeders in SU2.  SU2 and SU3 assemblage types had the highest densities of overall nekton in 

366 the summer (Table 9).  SU3 was heavily dominated by plankton feeders (86%).  Only 8% were 

367 benthic feeders; the most common were Eucinostomus spp. (< 40 mm SL) and rainwater killifish.  

368 The SU4 assemblage was also interspersed with other assemblage types in the upper estuary 

369 (Figure 3) and had moderate mean salinity (18.9 ppt). The SU4 assemblage was also dominated 

370 by planktonic feeders (73%).  The three assemblage types (SU5, SU6, and SU7) commonly 

371 found in middle and lower Charlotte Harbor were all characterized by moderate to high salinity 

372 (26.9 – 33.6 ppt), and were dominated to varying degrees by benthic feeders (57 – 73%).  The 

373 most common species in the summer included silver jennies, Eucinostomus spp. (< 40mm SL), 

374 and rainwater killifish.  

375

376 FALL ASSEMBLAGES
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377 Mean densities of nekton (110 – 413 individuals/ 100m2) across seven assemblages in the fall 

378 (November - December) were generally much lower than those in the spring and summer 

379 (Appendix 4).  Highest overall nekton densities were found in assemblages (F1 – F4) located in 

380 the rivers as well as middle portions of the harbor (Figure 4, Table 10).  Mean salinities were 

381 generally higher reflecting the drier climate in the fall (Table 6).  Water depth, dissolved oxygen, 

382 and temperature were similar among the assemblage types.  Nekton assemblages in the riverine 

383 areas (F1 – F3) in the fall continued to be largely dominated by plankton-feeding bay anchovies.   

384 The F1 assemblage, located in the northernmost portions of the Peace River and Myakka Rivers 

385 had the lowest mean salinity (8 ppt) compared with the other assemblage types.  Salt marsh 

386 habitat was abundant in these areas, with moderate amounts of mangroves and very little 

387 seagrass (Table 7).  The proportion of human-altered shorelines was relatively high and 

388 represented 43% of all shorelines on average in these areas.  The nekton assemblage (F1) in this 

389 area was dominated by plankton-feeding species (56%) yet the proportion of benthic feeders was 

390 higher in this area in the fall (35%) compared with proportion of benthic feeders in the spring 

391 (12%) and summer (27%, Table 10).   The most common benthic feeders in the fall included 

392 Eucinostomus spp. (< 40 mm SL), Eastern mosquitofish, and hogchokers.  The F2 assemblage 

393 type, located in the middle portions of the Peace and Myakka Rivers, had moderate mean salinity 

394 (16 ppt) in the fall.  Mangrove and salt marsh habitats were moderately abundant in this area 

395 with little seagrass habitat (Table 7).  Thirty percent of the shorelines in this area were human-

396 altered.  The most common benthic species in F2 was Eucinostomus spp (< 40mm SL, Table 10).  

397 Benthic feeders comprised 58% of the species in the F2 assemblage.  F3 assemblage was located 

398 primarily in the transitional area between the rivers and the upper estuary (Figure 4).  This area 

399 had moderate mean salinity (21 ppt), and moderate amounts of mangrove, salt marsh, and 
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400 seagrass habitat (mainly discontinuous seagrass); 18% of shorelines were human-altered (Table 

401 7).   The F3 assemblage was heavily dominated by plankton feeders in the fall (90%, Table 10).  

402 Similar to the spring and summer, benthic feeders dominated (59 – 86%) the assemblages 

403 located in the middle and lower portions of Charlotte Harbor (F4 - F7, Figure 4).  These areas 

404 were also characterized as having moderate to high mean salinities (21 – 32 ppt), moderate to 

405 high mangrove habitat area, and abundant seagrass beds (Table 7).  Seagrass habitat was 

406 approximately equal between discontinuous and continuous beds in F4 – F6.  In contrast, F7 had 

407 over twice as much continuous seagrass habitat as discontinuous seagrass habitat. Shorelines in 

408 and around assemblages F4 – F7 were in a relatively natural state with only 2 - 11% classified as 

409 human-altered.  The F4 assemblage was interspersed along shorelines throughout the middle 

410 portions of Charlotte Harbor (Figure 4). Bay anchovy had the highest mean densities in F4 

411 (Table 10).  However, benthic feeders, mainly Eucinostomus spp, (<40 mm SL), rainwater 

412 killifish, clown goby, were also abundant and caused benthic feeding mode to be dominant in 

413 this assemblage.  The most abundant taxon in F5 – F7 assemblages was the smaller size class of 

414 Eucinostomus spp. (<40 mm SL).  E. gula, and E. harengula, both benthic feeders, also occurred 

415 in F4 – F7 assemblages.  In addition to Eucinostomus spp., clown gobies and rainwater killifish, 

416 both benthic feeders, were also abundant nekton in F4.  After Eucinostomus spp. (<40mm SL), 

417 the F5 assemblage also included a relatively high density of E. harengula ( > 40mm SL), an 

418 opportunistic feeder, as well as pink shrimp (both size classes), a benthic feeder.  F6 was 

419 interspersed with other assemblage types along the eastern shoreline, as well as throughout the 

420 lower third of Charlotte Harbor (Figure 4).  In addition to Eucinostomus spp., goldspotted 

421 killifish and rainwater killifish (both benthic feeders), as well as fantail mullet (unknown feeding 

422 type) were among the most common species in F6.  F7, located exclusively in the lower harbor 
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423 near the passes, had twice as much continuous seagrass as discontinuous seagrass (Table 7).   

424 Eucinostomus spp. was also the most abundant taxon in F7, followed by pink shrimp, silver 

425 jennies ( > 40mm SL), and rainwater killifish (Table 10).  These species were benthic feeders, 

426 resulting in a heavy dominance (86%) of benthic feeders in F7.

427

428 WINTER ASSEMBLAGES

429 In the winter (January - March), mean nekton densities (165 – 523 individuals/ 100m2) were 

430 somewhat higher across the eight assemblage types than those in the fall.  Assemblage types W1, 

431 W2, and W3 covering the lower portions of the Peace and Myakka Rivers (Figure 5) had the 

432 lowest mean salinity but means of water depth, dissolved oxygen and temperature were similar 

433 to those of the other assemblages (Table 1). Estuarine landscape structure in these riverine areas 

434 (W1-W3) had relatively high amounts of salt marsh habitat with relatively high proportions (19-

435 41%) of human-altered shorelines (seawall or rip-rap), moderate levels of mangrove habitat, and 

436 very low amounts of seagrass habitat around sample sites (Table 7). Unlike the other seasons of 

437 the year, where the riverine assemblages were generally separated along a north-south spatial 

438 gradient, the riverine assemblages (W1 – W3) were interspersed throughout the rivers (Figure 5).  

439 Nekton densities in W1 were among the highest found in the winter (Table 11).  The W1 

440 assemblage was dominated by plankton feeders (65%, mainly medium and large bay anchovy).  

441 Spot ( < 30mm SL) and striped mullet ( < 30mm SL), opportunistic feeders, were also common.   

442 Spot (< 30mm SL) was the most common species found in W2, followed by bay anchovies 

443 (medium and small), striped mullet, Eucinostomus spp. and Brevoortia spp.  W2 was unique in 

444 that it had approximately equal proportions of planktonic feeders (41%) and opportunistic 

445 feeders (37%).  W3 assemblage type was relatively uncommon along riverine shorelines, and 
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446 was dominated by plankton feeders (69%, mainly bay anchovies (mainly medium and small 

447 sizes) and Menidia spp., as well as benthic-feeders, pinfish (< 35mm SL), and unidentified 

448 Eucinostomus spp.   In the winter, assemblages (W4 – W8) the middle and lower portions of 

449 Charlotte Harbor continued to be dominated, to varying degrees, by benthic feeders (46 – 86%).  

450 These areas were also characterized as having moderate to high mean salinities (24 – 32 ppt), 

451 natural shorelines (0 – 7% human-altered), moderate to high mangrove habitat area, and 

452 abundant seagrass beds (Tables 6 and 7).  W4 assemblage type was interspersed with other types 

453 along shorelines in the middle portion of Charlotte Harbor (Figure 5).  Similar to some of the 

454 riverine assemblages, the W4 assemblage was dominated by Spot (< 30 mm SL), Menidia spp, 

455 and Eucinostomus spp. (Table 11).  Small pinfish, goldspotted killifish, rainwater killifish were 

456 also common in this assemblage type.  Remaining assemblage types (W5 – W8) were dominated 

457 by small pinfish (< 35mm SL).  Similar to W4, the W5 assemblage type was located interspersed 

458 with other assemblages in the middle portion of Charlotte Harbor.  Small pinfish were most 

459 common in W5, followed by Menidia spp., rainwater killifish, Eucinostomus spp., and Spot (< 

460 30mm SL).  Nekton densities were among the highest in the middle and lower estuary (W6 – 

461 W8) in the winter season (Figure 5).  W6 was located primarily in the lower half of Charlotte 

462 Harbor, and was heavily dominated by benthic feeders (80%) as small pinfish and rainwater 

463 killifish had the highest mean densities in this assemblage (Table 11).  Eucinostomus spp. (< 

464 40mm SL), bay anchovies (medium and large sized), as well as larger pinfish were also 

465 commonly found in W6.  W7 and W8 assemblages were mainly located in the lower third of 

466 Charlotte Harbor.  These two assemblages were heavily dominated by benthic feeders (85 – 

467 86%), as both large (36 – 100mm SL) and small (< 35mm SL) sizes of pinfish were the most 

468 common.  W7 also commonly contained spot (< 30mm SL), medium-sized bay anchovies, 
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469 Eucinostomus spp., and rainwater killifish.  In addition to pinfish, Menidia spp., large bay 

470 anchovies, rainwater killifish, and striped anchovies were the most common species in W8.

471

472 RELATIONSHIPS BETWEEN ESTUARINE HABITAT AND TROPHIC STRUCTURE

473 The percentage of benthic feeders was positively correlated with area of continuous 

474 seagrass, and negatively correlated with distance to nearest pass to the Gulf of Mexico 

475 throughout all seasons of the year (Figure 6).  In the spring and summer, density of benthic 

476 feeders was also positively correlated with area of seagrass (continuous and discontinuous 

477 combined), and all habitats combined (mangrove, salt marsh, seagrass).  Densities of benthivores 

478 were seasonally low during fall and winter, and were not correlated with any seagrass variables 

479 during these seasons.  Landscape metrics describing salt marshes and mangroves were rarely 

480 correlated with variables describing nekton trophic structure. However, the area of all habitats 

481 combined (mangroves, marshes, and seagrass beds within a 400-m radius) was positively related 

482 to the proportion of benthic feeders during the spring, summer, and winter.  The density of 

483 benthic feeders was also related to this metric during spring and summer.  In the spring and 

484 winter, densities of plankton feeders were positively correlated with the percentage of altered 

485 shorelines, with the highest values occurring within the lower Peace River adjacent to the 

486 municipalities of Port Charlotte and Punta Gorda.

487

488

489 DISCUSSION

490
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491 NEKTON COMMUNITY AND TROPHIC STRUCTURE ALONG THE RIVERINE-

492 ESTUARINE GRADIENT 

493

494 Throughout all seasons of the year, there was a strong shift in fish assemblage structure, 

495 in terms of species composition and trophic guild, along a broad-scale spatial gradient (RDA 

496 Axis 1) from the rivers to near the passes connecting the harbor to the Gulf of Mexico.  Similar 

497 taxonomic changes in nekton species composition along this gradient have been documented in 

498 in Charlotte Harbor (Greenwood et al. 2006, Whaley et al. 2007), and in the lower portions of the 

499 Peace and Myakka Rivers (Idelberger and Greenwood 2005).  We found that the dominant 

500 trophic guild of these nekton assemblages also changed along the same broad-scale gradient. 

501 Planktivores dominated the nekton assemblages in the lower Peace and Myakka Rivers, as well 

502 as the upper portion of Charlotte Harbor throughout most of the year.  In contrast, benthivorous 

503 nekton species (those feeding on benthic infauna, epifauna, seagrass, and/or detritus) dominated 

504 most nekton assemblages located in the middle and lower portions of Charlotte Harbor.  Few 

505 studies have examined nekton community structure in terms of trophic guilds at an estuary-wide 

506 spatial scale (see Elliott et al. 2007 for review).  However, high concentrations of plankton 

507 feeders have been found in the upper estuary and lower rivers (Peebles 2002 and Olin et al. 

508 2013).  These studies also found that densities of plankton feeding species, such as bay anchovy, 

509 were closely related to changes in freshwater inflow.  In contrast, we were unable to find any 

510 previous studies documenting the dominance of benthic feeders in the middle and lower portions 

511 of Charlotte Harbor. 

512  

513 SEASONAL TROPHODYNAMICS
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514 Seasonal trophodynamics of the nekton community in Charlotte Harbor can largely be 

515 explained by focusing on a few dominant species whose spatial and temporal patterns in density 

516 fluctuate depending on species-specific life history traits (e.g. time and location of spawning; 

517 Magurran and Henderson 2003, Sheaves et al. 2010).  The most common planktivorous species, 

518 were bay anchovies and Menidia spp.  These species dominated nekton assemblages in middle 

519 and lower Peace and Myakka Rivers during most of the year.  Idelberger and Greenwood (2005) 

520 also found these same areas to be dominated by bay anchovy and Menidia spp., particularly in 

521 the wet summer season.  Peebles (2002) found that bay anchovy populations were associated 

522 with the mixing zone between low-salinity riverine water and higher-salinity estuarine water in 

523 the lower portions of the Manatee River and adjacent areas within Tampa Bay.  This mixing 

524 zone, also referred to as the river plume frontal zone, typically contains large aggregations of 

525 zooplankton prey.  Peebles (2002) also found that bay anchovy typically spawn in areas spatially 

526 coinciding with high plankton concentrations, presumably to provide developing larvae with an 

527 abundant food source.  We found mean densities of small-sized bay anchovies in the spring were 

528 over a magnitude higher in the lower Peace and Myakka Rivers (SP2 and SP3) than those in any 

529 other area.  As freshwater inflow increased in the summer rainy season, the river-plume frontal 

530 zone typically extends southward (McPherson et al. 1990).  We found the distribution of these 

531 planktivore-dominated assemblages expanded into the estuary during the wet season, apparently 

532 a reflection of downstream movement of the river plume frontal zone.  As freshwater inflow was 

533 reduced in the fall, we saw the spatial extent of these planktivore-dominated assemblages 

534 contract back into the rivers and upper estuary.  The dry climate typically continued into the 

535 winter season, and we found plankton-dominated assemblages were further reduced to only 

536 portions of the rivers in the winter.  Stevens et al. (2013) compared multi-year periods of wet and 
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537 dry conditions, and also found bay anchovies to move farther up the Peace River during low 

538 freshwater inflow. Therefore, the spatial distribution of planktivore-dominated assemblages 

539 changes seasonally in apparent response to fluctuations in freshwater inflow.  These 

540 planktivorous species serve as abundant prey in the spring and summer for many species of 

541 piscivorous fishes and wading birds.

542 We found benthic-feeding species dominated nekton assemblages in middle and lower 

543 Charlotte Harbor throughout the year.  Although highest nekton densities occurred in rivers and 

544 upper estuary in spring, summer and fall, highest mean densities in the winter occurred in the 

545 lower estuary, where benthic feeding species, particularly pinfish, dominated nekton 

546 assemblages.  In winter, spot, an opportunistic feeder, was the dominant species in some riverine 

547 areas (W2).  Tsuo and Matheson (2004) also found spot and pinfish to be indicative of the nekton 

548 community during the cool seasons of the year in the Suwannee River Estuary, located 275 km 

549 north of Charlotte Harbor.  Based on their high densities, pinfish and spot are prominent sources 

550 of prey for larger fishes and wading birds during the winter when overall nekton densities are 

551 seasonally low.  

552

553 SEAGRASS HABITAT STRUCTURE AND NEKTON COMMUNITY

554 Landscape metrics describing continuous seagrass habitat and distance to the nearest pass 

555 to the Gulf of Mexico were closely related to taxonomic composition throughout all four seasons 

556 of the year.  Our previous study (Whaley et al. 2007) documented relationships among distance 

557 to the nearest pass, area of continuous seagrass beds, and taxonomic composition of nekton 

558 communities in the fall season in Charlotte Harbor.  We found here that spatial relationships 

559 among species composition, landscape metrics of seagrass area, and distance to the Gulf were 
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560 consistent throughout all seasons of the year.  We also found that the spatial distribution of 

561 benthic-dominated assemblages was positively related to the area of continuous seagrass habitat 

562 as well as negatively related to distance to the nearest pass.  The high correlations we found 

563 between density of benthivores and area of seagrass habitat (measured over a 400-m radius) in 

564 spring, summer, and winter suggest that relatively large expanses of seagrass habitat in Charlotte 

565 Harbor are at least partially responsible for supporting the relatively high density of benthic-

566 feeders in these areas.  However, area of continuous seagrass habitat and distance to the nearest 

567 pass were highly spatially correlated, and therefore their individual influences on dominant 

568 benthivorous species, such as pinfish, are difficult to tease apart.  Pinfish are closely associated 

569 with seagrass habitat as a food source as well as protection from predators (Stoner 1980).  In 

570 addition, Chacin et al. (2016) recently found mean density of pinfish was negatively correlated 

571 with distance to the nearest pass in Tampa Bay, 90 km north of Charlotte Harbor.  Distance to 

572 the Gulf of Mexico is important to those species, such as pinfish, who move to offshore habitats 

573 for part of their life cycle (Chacin et al. 2016 and references therein).  The distribution of other 

574 species along the main estuarine gradient may be more related to larval supply from Gulf waters, 

575 distribution of other species (prey, predators, or competitors), or water quality parameters (e.g. 

576 turbidity, salinity) that also vary along this main gradient.  Despite multiple and complex 

577 underlying mechanisms, landscape metrics describing area of continuous seagrass and distance 

578 to nearest pass have potential as spatial surrogates to represent nekton community characteristics 

579 (e.g. dominant trophic guild).  Similar analyses are needed across other estuarine landscapes to 

580 determine universality of spatial correlation between mapped seagrass and percentage and 

581 density of benthivorous nekton species.  Using these two metrics (seagrass area and distance 
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582 measures) would be helpful in similar subtropical estuaries where estuary-wide nekton data 

583 collection efforts do not exist, but seagrass beds have been mapped.  

584

585 WETLAND LANDSCAPE STRUCTURE AND NEKTON COMMUNITY

586 Many estuarine nekton species use not only seagrass beds, but also salt marshes and 

587 mangroves as foraging habitats or refugia from predation (Beck et al. 2001 and references 

588 therein).  However, landscape metrics describing mangroves and salt marshes in this study were 

589 rarely correlated with taxonomic and trophic structure of the nekton community.  The positive 

590 relationship that we found between area of all habitats combined (seagrass, mangrove, and salt 

591 marsh area within a 400-m radius) and prominence of benthic feeders (proportion and density) 

592 does support the idea that all habitat types contribute to overall nekton production in Charlotte 

593 Harbor.  However, the influence of the wetlands was likely underestimated in this study because 

594 seines could not sample nekton communities directly within wetland habitats.  Assemblages 

595 within salt marsh and mangrove habitats are typically dominated by benthic-feeding species 

596 (Kneib 2002).  Therefore, benthic feeding nekton are likely more prominent that described here 

597 in areas with large amounts of wetland habitat.  In contrast, proportion and density of planktonic 

598 feeders were unrelated to most of the landscape metrics.  The positive correlations we found 

599 between altered shorelines and densities of planktivores are likely a product of spatial 

600 coincidence as the highest densities of altered shorelines are located near the river plume frontal 

601 zones that typically contain high densities of planktonic prey (McPherson et al. 1990, Peebles 

602 2002).   

603

604 CONCLUSIONS
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605 Understanding both the structure and functioning of estuarine and marine ecosystems is 

606 emerging as an important component in many management and conservation efforts (Weeks 

607 2017 and references therein). Examining spatiotemporal distribution of dominant trophic guilds 

608 has been proposed as one way to gauge the trophic structure and function of nekton 

609 communities, as well as an indicator of overall ecosystem condition and processes (Elliot et al. 

610 2007, Deegan et al. 1997).   In addition, knowledge of trophodynamics based on real data is 

611 needed to develop realistic spatially-explicit food web models (e.g. EcoPath with EcoSim, 

612 Heymans, et al. 2016).  We found that seasonal changes in freshwater inflow were related to the 

613 spatial distribution of plankton-dominated nekton assemblages.  Other studies have also 

614 identified the link between freshwater inflow in Charlotte Harbor (Peebles 2002, Olin et al. 2013, 

615 Olin et al. 2014).  This research provides more evidence for the apparent strong link between 

616 freshwater inflow and and primary and secondary production found in other studies of Charlotte 

617 Harbor and adjacent rivers (Peebles 2002, Olin et al. 2013, 2014).  Therefore, we agree with Olin 

618 et al. (2014) that food web models should be used more extensively to explore the effects of 

619 altered flow regimes on nekton community structure and function.  The high densities of 

620 plankton feeding species, such as bay anchovy, suggest their importance as forage for higher 

621 trophic levels, especially in the spring and summer seasons in the rivers and upper estuary.  We 

622 also found that area of seagrass habitat was closely related to the spatial distribution of benthic-

623 feeder dominated nekton assemblages.  These benthic feeders appear to be an important source 

624 of food, especially during the fall and winter seasons, when overall nekton densities are 

625 seasonally low.  We were unable to find any previous research documenting the dominance of 

626 benthic feeding nekton species in the middle and lower portions of Charlotte Harbor.  Both 

627 planktonic and benthic sources of production contribute to the overall structure of nekton 
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628 communities, as well as their function as forage for many piscivorous fishes and wading birds in 

629 Charlotte Harbor.  Therefore, both planktonic and benthic sources of production need to be 

630 incorporated in food web models for Charlotte Harbor, as well as similar estuaries with relatively 

631 large expanses of seagrass habitat.

632
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Figure 1

Map of study area in Charlotte Harbor, Florida, USA,showing the sampling zones used in this analysis.

The Peace, Myakka, and Caloosahatchee Rivers are major sources of freshwater to the

estuary.
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Figure 2

Distribution of nine nekton assemblages in the spring(April - May) across Charlotte

Harbor.

Triangles indicate those assemblages dominated by plankton feeders. Circles indicate

assemblages dominated by benthic feeders. Cross indicates assemblage with approximately

equal proportions of plankton feeders and benthic feeders.
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Figure 3

Distribution of seven nekton assemblages in the summer(June - October) across Charlotte Harbor.

Triangles indicate those assemblages dominated by plankton feeders. Circles indicate

assemblages dominated by benthic feeders.
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Figure 4

Distribution of seven nekton assemblages in the fall (November - December) across

Charlotte Harbor.

Triangles indicate those assemblages dominated by plankton feeders. Circles indicate

assemblages dominated by benthic feeders.
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Figure 5

Distribution of eight nekton assemblages in the winter (January - March) across

Charlotte Harbor.

Triangles indicate those assemblages dominated by plankton feeders. Circles indicate

assemblages dominated by benthic feeders. Cross indicates assemblage with approximately

equal proportions of plankton feeders and opportunistic feeders.
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Figure 6(on next page)

Spearman correlations between landscape metrics and trophic composition in (a)

spring, (b) summer,(c) fall, and (d) winter seasons.

Blue indicates positive correlation, red indicates negative correlation. Shade and size of circle

are relative to strength of correlation. Blank cells indicate a non-significant correlation (p >

0.05). The following variables represented area of habitat (m 2 ) within a 400-m radius of

sample sites : Man = mangrove habitat, DSG = discontinuous seagrass, CSG = continuous

seagrass, Subm = all seagrass habitat combined, SM = salt marsh, Emer = mangrove and

salt marsh habitat combined, All = all emergent and submergent habitats combined.

Additional variables included: Dist = distance (m) to the nearest pass to the Gulf of Mexico,

AS = edge density of altered shorelines within 400-m radius (m km -2 ), Sal = salinity (ppt).

The following variables described nekton and trophic guild: Nekton = total nekton density

(individuals per 100m2), Per_P = percent planktivores, Per_O = percent opportunistic

feeders, Per_B = percent benthivores, Dens_P = density of plantivores (number/100 m 2 ),

Dens_B = density of benthivores (number/100 m 2 ), Dens_O = density of opportunistic

feeders (number/100 m 2 ).
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Table 1(on next page)

Table 1. Final redundancy analysis (RDA) for nekton abundance in the spring.

Eigenvalues indicate relative influence of the 4 main RDA axes. Inter-set correlation of individual habitat and

environmental variables with canonical axes are presented. LE_SG6_8 = edge density (m km–2) of

continuous seagrass (800-m radius); LA_SG6_8 = area of continuous seagrass (m2, 800-m radius),

LE_SG6_4 = edge density (m km–2) of continuous seagrass (400-m radius); LA_SG6_4 = area of continuous

seagrass (m2, 400-m radius),  LESI_N16 = edge density (m km–2) of natural shorelines (1600-m radius),

LESI_H1 = edge density (m km–2) of hardened shorelines (100-m radius).
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1

       

 Parameter Axis 1 Axis 2 Axis 3 Axis 4  

       

  

  Eigenvalues                       0.10 0.02 0.01 0.01  

  Species-environment correlations 0.76 0.60 0.42 0.38  

  Cumulative percentage variance  

     of species data                10.4 12.3 13.2 14  

     of species-environment relation 65.3 77.6 83 88  

  

Habitat and environmental variables:  inter-set correlations with axis  

  LESG6_8 0.96 -0.11 0.02 0.13  

  LASG6_8 0.95 -0.13 0.04 0.14  

  LESG6_4 0.95 -0.05 -0.09 0.03  

  LASG6_4 0.94 -0.07 -0.08 0.03  

  LESI_N16 0.07 -0.76 -0.24 0.15  

  LESI_H1 -0.37 0.43 0.41 -0.41  

  Distance (m) to nearest pass -0.92 -0.12 -0.26 -0.02  

       

2

3

4
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Table 2(on next page)

Final redundancy analysis (RDA) for nekton abundance in the summer.

Eigenvalues indicate relative influence of the 4 main RDA axes. Inter-set correlation of individual habitat and

environmental variables with canonical axes are presented. LA_SG6_4 and LE_SG6_4 = area (m2) and edge

density (m km–2) of continuous seagrass (400 m radius), LA_SG6_8 and LE_SG6_8 = area (m2) and edge

density (m km–2) of continuous seagrass (800 m radius), LA_SG6_2 and LE_SG6_2 = area (m2) and edge

density (m km–2) of continuous seagrass (200-m radius), LAMG_1 = area of mangroves (m2,100-m radius,  

LESI_N16 = edge density (m km–2) of natural shorelines (1600-m radius).
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1

       

 Parameter Axis 1 Axis 2 Axis 3 Axis 4  

       

  

  Eigenvalues                       0.08 0.02 0.01 0.01  

  Species-environment correlations 0.76 0.49 0.38 0.39  

  Cumulative percentage variance  

     of species data                8.3 10.1 11 11.7  

     of species-environment relation 66.7 81.6 88.6 94.1  

  

Habitat and environmental variables:  inter-set correlations with axis  

  Salinity (ppt) 0.90 0.06 -0.08 0.38  

  LESG6_4 0.90 0.06 -0.06 -0.30  

  LASG6_4 0.89 0.08 -0.03 -0.30  

  LESG6_8 0.89 0.15 -0.09 -0.29  

  LASG6_2 0.88 0.04 0.10 -0.33  

  LASG6_8 0.88 0.17 -0.09 -0.29  

  LESG6_2 0.88 0.02 0.06 -0.33  

  LAMG_1  0.21 0.65 -0.57 -0.10  

  LESI_N16 0.16 0.68 0.36 -0.40  

  Distance (m) to the nearest pass -0.91 0.06 0.25 0.22  

       

2
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Table 3(on next page)

Final redundancy analysis (RDA) for nekton abundance in the fall.

Eigenvalues indicate relative influence of the 4 main RDA axes. Inter-set correlation of individual habitat and

environmental variables with canonical axes are presented. LESI_A1 = edge density (m km–2) of all

shoreline types (100-m radius), LAMG_1= area of mangroves (m2, 100 m radius), LA_SG6_2 and LE_SG6_2

= area (m2) and edge density (m km–2) of continuous seagrass (200-m radius), LA_SG6_8 and LE_SG6_8 =

area (m2) and edge density (m km–2) of continuous seagrass (800-m radius), LA_SG6_4 and LE_SG6_4 =

area (m2) and edge density (m km–2) of continuous seagrass (400-m radius).
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1

       

 Parameter Axis 1 Axis 2 Axis 3 Axis 4  

       

  

  Eigenvalues                       0.08 0.02 0.02 0.01  

  Species-environment correlations 0.82 0.59 0.51 0.50  

  Cumulative percentage variance  

     of species data                8.2 10.6 12.2 13.4  

     of species-environment relation 48.6 63 72.5 79.8  

  

Habitat and environmental variables:  inter-set correlations with axis  

  Distance (m) to the nearest pass 0.94 0.01 0.13 0.16  

  LESI_A1 0.42 -0.64 -0.42 -0.21  

  LEMG_1  -0.17 -0.49 -0.57 0.09  

  Salinity (ppt) -0.85 0.15 -0.03 0.02  

  LASG6_2 -0.90 -0.16 -0.08 0.01  

  LESG6_2 -0.91 -0.15 -0.08 0.00  

  LASG6_8 -0.92 -0.15 -0.02 0.15  

  LASG6_4 -0.93 -0.16 0.00 0.13  

  LESG6_8 -0.93 -0.15 -0.02 0.14  

  LESG6_4 -0.94 -0.17 0.00 0.14  

       

2

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27103v1 | CC BY 4.0 Open Access | rec: 9 Aug 2018, publ: 9 Aug 2018



Table 4(on next page)

Final redundancy analysis (RDA) for nekton abundance in the winter.

Eigenvalues indicate relative influence of the 4 main RDA axes. Inter-set correlation of individual habitat and

environmental variables with canonical axes are presented. LA_SG6_8 and LE_SG6_8 = area (m2) and edge

density (m km–2) of continuous seagrass (800-m radius), LA_SG6_16 and LE_SG6_16 = area (m2) and edge

density (m km–2) of continuous seagrass (1600-m radius). LESI_A16 = edge density (m km–2) of all

shoreline types (1600-m radius).
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1

       

 Parameter Axis 1 Axis 2 Axis 3 Axis 4  

       

  

  Eigenvalues                       0.07 0.02 0.01 0.01  

  Species-environment correlations 0.77 0.58 0.53 0.44  

  Cumulative percentage variance  

     of species data                6.9 8.6 9.8 10.8  

     of species-environment relation 53.1 65.9 75.1 83.4  

  

Habitat and environmental variables:  inter-set correlations with axis  

  LASG6_8 0.9483 0.0545 -0.0975 -0.2161  

  LESG6_8 0.9489 0.0481 -0.0916 -0.216  

  LESG6_16 0.9192 0.0628 -0.1297 -0.1607  

  LASG6_16 0.8883 0.0577 -0.1475 -0.1603  

  LESI_A16 0.0462 0.8273 -0.0525 -0.0203  

  Distance (m) to the nearest pass -0.9127 0.2236 0.1666 0.0486  

  Water depth (m) 0.1089 0.3013 0.6512 0.46  

  Water temperature (°C) 0.1209 0.1627 -0.3354 0.7624  

       

2
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Table 5(on next page)

(A) Percentage of feeding modes in spring for each assemblage type. (B) dominant species for each

assemblage, highest densities found using non-parametric bootstrapping are indicated in bold.
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1 A.

            

 Trophic guild SP1 SP2 SP3 SP4 SP5 SP6 SP7 SP8 SP9  

 Plankton feeders 82% 98% 97% 46% 25% 16% 16% 11% 8%  

 Benthic feeders 12% 1% 1% 47% 66% 79% 80% 85% 90%  

 Opportunistic 5% 0% 1% 3% 5% 1% 1% 1% 0%  

            

2

3 B.

              

 Assemblage Type  

 

Scientific name

Size 

class 

(mm 

SL)

Trophic 

Guild
SP1 SP2 SP3 SP4 SP5 SP6 SP7 SP8 SP9

 

 n 26 68 145 22 44 45 104 48 14  

 Total Nekton 914 3638 1816 267 260 257 489 320 499  

 Anchoa hepsetus (Linnaeus, 1758) < 35 P 0 2 22 9 0 0 0 3 0  

 Anchoa mitchilli (Valenciennes, 1848) < 25 P 302 2628 677 22 8 0 6 0 14  

 Anchoa mitchilli (Valenciennes, 1848)  25 - 35 P 11 563 241 0 6 0 1 0 0  

 Anchoa mitchilli (Valenciennes, 1848) > 35 P 350 284 790 22 0 21 11 2 4  

 Bairdiella chrysoura (Lacepède, 1803) > 45 B 1 4 2 9 13 8 11 9 3  

 Brevoortia spp. P 1 14 4 14 0 0 0 0 0  

 Eucinostomus spp. < 40 P 15 2 1 11 4 1 6 18 118  

 Gambusia holbrooki Girard, 1859 > 25 O 23 0 0 0 0 0 0 0 0  

 Lucania parva (Baird & Girard, 1855) > 20 B 18 7 0 72 55 19 60 29 15  

 Lagodon rhomboides (Linnaeus, 1766) < 35 B 0 1 1 5 46 51 76 89 130  

 Lagodon rhomboides (Linnaeus, 1766)

 36 - 

100 B 5 4 2 9 30 87 79 91 152  

 Membras martinica (Valenciennes, 1835) P 0 2 0 0 0 8 0 0 0  

 Menidia spp. < 45 P 47 32 20 21 32 9 37 14 15  

 Menidia spp. > 45 P 32 21 6 7 4 3 12 4 6  

 

Orthopristis chrysoptera (Linnaeus, 

1766) < 35 B 0 0 0 1 2 14 4 4 9  

 

Orthopristis chrysoptera (Linnaeus, 

1766)

 36 - 

100 B 0 0 0 1 3 11 6 15 8  

 

Trinectes maculatus (Bloch & J. G. 

Schneider, 1801) < 30 B 38 3 0 0 0 0 0 0 0  

              

4
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Table 6(on next page)

Seasonal summary of means (and standard deviations) of local-scale environmental

parameters collected atsample locations in each of spatial zones across the study area

of Charlotte Harbor.
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Assemblage 

Type
n

Depth 

(meters)        

Salinity 

(ppt)

Dissolved 

Oxygen 

(mg/L)

Temperature 

(°C)

 

 Spring  

 SP1 26 0.8  (0.3) 3.1  (3.4) 6.4  (0.6) 23.6  (6.8)  

 SP2 68 0.7  (0.2) 13.3  (7.7) 7.2  (1.2) 25.3  (5.2)  

 SP3 145 0.7  (0.2) 20.4  (8.6) 7.1  (1.2) 26.2  (4.2)  

 SP4 22 0.6  (0.2) 27.8  (8.1) 7.6  (2.0) 27.7  (2.5)  

 SP5 44 0.6  (0.2) 29.5  (7.1) 6.2  (1.9) 26.8  (2.5)  

 SP6 45 0.7  (0.1) 30.2  (6.4) 7.2  (1.6) 26.5  (3.2)  

 SP7 104 0.6  (0.1) 31.7  (5.8) 7.1  (1.7) 26.5  (2.6)  

 SP8 48 0.6  (0.1) 32.4  (4.9) 7.7  (1.9) 25.7  (3.3)  

 SP9 14 0.7  (0.1) 33.6  (4.1) 8.0  (1.3) 26.4  (3.6)  

 Summer  

 SU1 260 0.7  (0.2) 1.49  (1.9) 5.4  (1.4) 29.1  (2.0)  

 SU2 110 0.6  (0.2) 7.54  (2.3) 5.8  (1.8) 28.9  (2.6)  

 SU3 257 0.6  (0.2) 13.8  (7.5) 6.6  (2.3) 26.3  (4.6)  

 SU4 132 0.7  (0.2) 18.9  (8.7) 6.1  (2.6) 29.4  (2.1)  

 SU5 233 0.7  (0.2) 20.3  (5.5) 6.3  (2.3) 29.5  (2.1)  

 SU6 184 0.7  (0.2) 26.9  (4.2) 6.5  (2.4) 29.8  (2.1)  

 SU7 147 0.7  (0.2) 33.6  (2.8) 7.4  (2.7) 30.2  (1.9)  

 Fall  

 F1 77 0.5  (0.2) 7.86  (5.9) 7.9  (1.5) 21.2  (3.4)  

 F2 73 0.4  (0.2) 16.0  (5.1) 8.2  (1.9) 22.1  (3.4)  

 F3 42 0.5  (0.2) 21.3  (5.2) 7.5  (2.1) 22.8  (2.7)  

 F4 31 0.5  (0.1) 21.4  (6.2) 8.5  (2.0) 21.3  (2.7)  

 F5 44 0.5  (0.1) 27.2  (4.1) 8.1  (1.6) 20.7  (3.7)  

 F6 83 0.5  (0.2) 28.9  (3.6) 8.6  (1.4) 21.0  (3.4)  

 F7 59 0.6  (0.2) 31.6  (3.8) 8.8  (1.7) 21.1  (2.8)  

 Winter  

 W1 112 0.5  (0.1) 11.5  (10.) 8.0  (1.5) 18.6  (3.2)  

 W2 144 0.6  (0.2) 14.3  (9.0) 8.0  (1.1) 21.4  (3.3)  

 W3 47 0.6  (0.2) 17.4  (8.7) 7.5  (1.0) 21.8  (3.5)  

 W4 35 0.5  (0.2) 24.0  (7.2) 7.9  (1.6) 18.5  (3.5)  

 W5 66 0.5  (0.1) 25.3  (7.1) 8.5  (1.7) 19.0  (3.5)  

 W6 65 0.5  (0.1) 28.9  (6.0) 8.1  (1.3) 20.2  (3.6)  

 W7 94 0.6  (0.1) 28.9  (6.2) 8.0  (1.6) 20.9  (3.2)  

 W8 75 0.6  (0.1) 32.4  (4.6) 8.1  (1.6) 22.3  (2.8)  
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Table 7(on next page)

Summary of landscape metrics describing estuarine habitat structure around sample

points in each zone per season using the 400-m search radius.

(A) habitat area metrics, (B) distance measures and habitat edge densities
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1 A.

           

 Area metrics (m2):  

 
Assemblage 

Type
Mangrove

Discontinuous 

Seagrass

Continuous 

Seagrass

All 

Submergent

Salt 

Marsh

Emergent 

habitat

All 

habitats 

combined

 

  

 Spring  

  SP1 60,519 3,450 0 3,450 55,177 115,696 119,146  

  SP2 55,610 3,146 0 3,146 62,471 118,081 121,227  

  SP3 68,399 25,901 319 26,220 18,117 86,516 112,736  

 SP4 118,673 125,635 9,885 135,519 22,058 140,731 276,250  

 SP5 154,385 118,752 86,496 205,248 3,133 157,519 362,767  

 SP6 118,575 161,825 101,578 263,403 6,137 124,712 388,115  

 SP7 102,101 115,360 124,600 239,960 1,432 103,534 343,494  

 SP8 96,556 74,106 170,713 244,819 981 97,537 342,356  

 SP9 45,783 41,706 272,956 314,661 0 45,783 360,444  

 Summer  

 SU1 39,579 5,036 403 5,439 41,561 81,140 86,579  

 SU2 48,437 15,217 135 15,352 33,837 82,274 97,626  

 SU3 67,718 41,581 14,673 56,254 20,693 88,412 144,665  

 SU4 149,166 124,771 35,692 160,463 7,488 156,654 317,117  

 SU5 126,897 139,382 97,073 236,455 3,211 130,108 366,563  

 SU6 103,502 105,871 140,269 246,140 2,525 106,027 352,167  

 SU7 78,851 66,032 191,558 257,590 510 79,361 336,951  

 Fall  

 F1 38,368 4,913 0 4,913 27,714 66,082 70,996  

 F2 52,337 13,279 501 13,780 8,570 60,907 74,687  

 F3 94,130 69,432 5,151 74,583 6,272 100,402 174,985  

 F4 138,524 105,100 133,232 238,332 168 138,692 377,024  

 F5 120,716 136,073 103,443 239,516 0 120,716 360,231  

 F6 84,451 113,085 101,091 214,175 101 84,552 298,727  

 F7 58,013 78,507 182,743 261,250 1,419 59,431 320,681  

 Winter  

 W1 43,321 6,922 0 6,922 30,414 73,734 80,656  

 W2 45,768 15,641 245 15,885 19,252 65,020 80,906  

 W3 76,351 60,143 5,592 65,735 17,051 93,402 159,137  

 W4 99,110 189,073 37,073 226,147 5,733 104,843 330,990  

 W5 108,976 157,346 76,578 233,923 4,183 113,159 347,082  

 W6 103,474 126,593 88,858 215,451 120 103,594 319,045  

 W7 93,547 85,940 148,024 233,964 2,291 95,838 329,802  

 W8 78,156 61,779 210,097 271,876 540 78,696 350,571  

           

2
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8 B. 

9

           

 Edge metrics (m/km2):  

 

Distance 

(m) to 

nearest 

pass 

Mangrove
Discontinuous 

Seagrass

Continuous 

Seagrass

All 

Seagrass 

Combined

Salt 

Marsh

% 

Human-

altered 

shorelines  

 Spring  

 SP1 51,539 1,452 606 0 606 1,342 2%  

 SP2 41,664 2,129 402 0 402 1,449 20%  

 SP3 36,849 2,139 1,276 32 1,262 271 37%  

 SP4 31,965 3,818 4,695 982 4,691 378 5%  

 SP5 19,425 4,423 4,774 3,279 5,107 0 1%  

 SP6 19,452 3,297 6,239 4,370 5,240 5 3%  

 SP7 13,714 3,219 6,902 6,571 6,244 15 7%  

 SP8 7,038 3,173 6,513 8,888 8,071 0 2%  

 SP9 3,839 1,704 5,492 9,699 9,294 0 9%  

 Summer  

 SU1 39,439 1,318 484 24 494 1,015 27%  

 SU2 37,905 1,477 754 14 769 660 39%  

 SU3 36,275 2,136 2,138 750 2,064 343 29%  

 SU4 30,349 5,265 4,954 1,817 4,459 46 10%  

 SU5 19,114 4,060 6,251 5,111 5,956 37 4%  

 SU6 12,116 3,335 7,140 7,345 7,592 20 5%  

 SU7 7,964 2,505 6,332 9,261 8,631 0 6%  

 Fall  

 F1 41,092 1,258 615 0 615 635 43%  

 F2 27,790 1,763 1,012 34 1,045 82 30%  

 F3 33,965 2,451 2,177 285 2,166 0 18%  

 F4 20,476 3,795 2,889 3,540 4,306 0 11%  

 F5 22,965 4,771 7,235 5,037 7,733 0 2%  

 F6 13,395 2,775 6,604 6,513 6,542 0 2%  

 F7 6,586 2,078 6,744 9,148 7,945 33 5%  

 Winter  

 W1 39,784 1,384 594 0 594 860 35%  

 W2 38,422 1,779 979 20 991 461 41%  

 W3 36,916 2,243 1,997 531 2,084 279 19%  

 W4 27,780 3,937 7,331 3,309 5,056 113 0%  

 W5 16,701 4,303 7,419 5,215 6,727 128 2%  

 W6 13,811 3,622 6,890 5,327 6,293 7 7%  

 W7 11,992 3,279 6,574 7,331 7,786 9 7%  

 W8 8,583 2,561 4,919 8,580 8,064 31 2%  
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Table 8(on next page)

Classification of species trophic guild based on dominant feeding mode found in literature (those species

comprising 1% or more of an assemblage type).
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1

      

  Species

Size   

(mm 

SL) Reference  

      

 Benthivores   

  

Eucinostomus harengulus, tidewater 

mojarra > 70 Ley et al. 1994  

  

Eucinostomus harengulus, tidewater 

mojarra 40 - 69 Ley et al. 1994  

  Bairdiella chrysoura, silver perch  Adams 1976  

  Bairdiella chrysoura, silver perch  Adams 1976  

  Bairdiella chrysoura, silver perch  Adams 1976  

  Eucinostomus gula, silver jenny > 70 Motta et al. 1995  

  Eucinostomus gula, silver jenny 40 - 69 Motta et al. 1995  

  Eucinostomus harengulus, tidewater mojarra Ley, Montague, and Mclvor 1994  

  Eucinostomus harengulus, tidewater mojarra Ley, Montague, and Mclvor 1994  

  Farfantepenaeus duorarum, pink shrimp < 10 Schwamborn et al. 2000  

  Farfantepenaeus duorarum, pink shrimp > 10 Schwamborn et al. 2000  

  Floridichthys carpio, goldspotted killifish < 25 Motta et al. 1995  

  Floridichthys carpio, goldspotted killifish > 25 Motta et al. 1995  

  Gambusia holbrooki, Eastern mosquito fish > 25  Garcias-Berthou 1999  

  Lagodon rhomboides, pinfish < 35 Luczkovich and Stellwag 1993  

  Lagodon rhomboides, pinfish > 100 Luczkovich and Stellwag 1993  

  Lagodon rhomboides, pinfish 36 - 100 Luczkovich and Stellwag 1993  

  Lucania parva, Rainwater killifish < 20 Luczkovich and Stellwag 1993  

  Lucania parva, Rainwater killifish > 20 Harrington and Harrington 1961  

  Microgobius gulosus, clown goby < 30 Odum and Heald 1972  

  Microgobius gulosus, clown goby > 30 Odum and Heald 1972  

  Mugil cephalus, striped mullet > 70 De Silva and Wijeyarante 1977  

  Mugil gyrans, striped mullet 31 - 70 De Silva and Wijeyarante 1977  

  Orthopristis chrysoptera, pigfish < 35

Vega-Cendejas, Hernandez and 

Arreguin-Sanchez, 1995  

  Orthopristis chrysoptera, pigfish  36 - 100

Vega-Cendejas, Hernandez and 

Arreguin-Sanchez, 1995  

  Sciaenops ocellatus, red drum  Peters and McMicheal 1987  

  Trinectes maculatus, hogchoker > 60 Carr and Adams 1973  

  Trinectes maculatus, hogchoker < 30 Carr and Adams 1973  

     

 Planktivores   

  Anchoa hepsetus, striped anchovy < 35 DeLancey 1989  

  Anchoa hepsetus, striped anchovy  DeLancey 1989  

  Anchoa mitchilli, bay anchovy < 25 Houde and Lovdal 1985  

  Anchoa mitchilli, bay anchovy < 35 Houde and Lovdal 1985  

  Anchoa mitchilli, bay anchovy 25 - 35 Houde and Lovdal 1985  

  Brevoortia spp.  Dean 1991  

  Eucinostomus spp.  Kerschner et al. 1985  

  Harengula jaguana, scaled sardine  FWRI 1990  
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  Membras martinica, Rough silverside  Allen et al. 1995  

  Menidia spp.  Adams 1976  

     

 Opportunistic feeders   

  Fundulus majalis, Striped killifish < 40 Baker-Dittus 1978  

  Fundulus majalis, Striped killifish > 40 Baker-Dittus 1979  

  Gambusia holbrooki, Eastern mosquito fish < 25 Pyke 2005  

  Leiostomus xanthurus, Spot < 30 Hales and Van Den Avyle 1989  

  Leiostomus xanthurus, Spot > 60 Hales and Van Den Avyle 1989  

  Leiostomus xanthurus, Spot 31 - 60 Hales and Van Den Avyle 1989  

  Mugil cephalus, Striped mullet < 30 De Silva and Wijeyarante 1977  

  Mugil gyrans, whirligig mullet 31 - 69 De Silva and Wijeyarante 1977  

  Mugil gyrans, whirligig mullet  De Silva and Wijeyarante 1977  

  Mugil gyrans, fantail mullet  De Silva and Wijeyarante 1977  

  Sciaenops ocellatus, red drum < 50 Peters and McMicheal 1987  
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Table 9(on next page)

(a) Percentage of trophic guild in summer for each assemblage type.

(b) dominant species for each assemblage, highest densities found using non-parametric bootstrapping are

indicated in bold.
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1 A.

          

 Trophic guild SU1 SU2 SU3 SU4 SU5 SU6 SU7  

 

Plankton 

feeders 64% 77% 86% 73% 38% 37% 21%  

 Opportunistic 2% 7% 2% 2% 2% 3% 1%  

 Benthic feeders 27% 10% 8% 21% 57% 57% 73%  

 Piscivores 2% 7% 2% 2% 2% 3% 1%  

          

2

3 B.

            

   Assemblage Type  

 
Scientific name

Size class 

(mm SL)

Trophic 

Guild
SU1 SU2 SU3 SU4 SU5 SU6 SU7  

 n 259 110 167 132 233 184 147  

 

Total 

Nekton 283 577 919 379 337 371 311  

 Anchoa hepsetus (Linnaeus, 1758) > 35 P 0 1 3 0 15 0 1  

 Anchoa mitchilli (Valenciennes, 1848) < 25 P 111 328 214 153 42 32 14  

 Anchoa mitchilli (Valenciennes, 1848)  25 - 35 P 21 362 76 66 10 7 3  

 Anchoa mitchilli (Valenciennes, 1848) > 35 P 11 76 48 39 20 44 8  

 

Eucinostomus gula (Quoy and Gaimard, 

1824)  40 - 69 B 1 6 3 7 13 15 13  

 Eucinostomus spp. < 40 P 16 18 19 34 51 68 71  

 Fundulus majalis (Walbaum, 1792) < 40 O 1 5 21 0 0 0 0  

 Gambusia holbrooki Girard, 1860 < 25 O 12 0 2 0 0 0 0  

 Harengula jaguana Poey, 1865 P 0 0 0 0 3 9 16  

 Lucania parva (Baird & Girard, 1855) < 20 B 11 2 4 3 29 20 16  

 Lucania parva (Baird & Girard, 1855) > 20 B 8 7 5 6 47 51 46  

 Lagodon rhomboides (Linnaeus, 1766)  36 - 100 B 1 2 1 6 10 22 45  

 Menidia spp. < 45 P 24 42 18 6 9 7 1  

 Menidia spp. > 45 P 12 16 24 7 11 30 13  

            

4

5
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Table 10(on next page)

(a) Percentage of trophic guild in fall for each assemblage type.

(b) dominant species for each assemblage, highest densities found using non-parametric bootstrapping are

indicated in bold.
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1 A.

          

 Trophic guild F1 F2 F3 F4 F5 F6 F7  

 Plankton feeders 56% 66% 90% 33% 13% 8% 4%  

 Benthic feeders 35% 25% 7% 59% 63% 73% 86%  

 Opportunistic 5% 6% 1% 4% 20% 14% 5%  

 Piscivores 1% 0% 0% 0% 1% 1% 1%  

          

2

3 B.

            

 Assemblage Type  

 Scientific name
Size class 

(mm SL)

Trophic 

Guild
F1 F2 F3 F4 F5 F6 F7  

 n 77 73 42 31 44 83 59  

 

Total 

Nekton
348 345 413 221 139 110 128

 

 Anchoa mitchilli (Valenciennes, 1848) < 25 P 84 122 234 35 14 0 0  

 Anchoa mitchilli (Valenciennes, 1848)  25 - 35 P 19 6 27 2 2 0 0  

 Anchoa mitchilli (Valenciennes, 1848) > 35 P 55 84 104 24 0 0 0  

 

Eucinostomus gula (Quoy and Gaimard, 

1824)  40 - 69 B
0 9 1 8 8 8 11  

 

Eucinostomus harengulus Goode & Bean, 

1880  40 - 69 B
6 8 2 4 20 1 1  

 Eucinostomus spp. < 40 P 33 53 16 50 47 34 65  

 Floridichthys carpio (Günther, 1866) < 25 B 0 0 0 0 1 12 4  

 Floridichthys carpio (Günther, 1866) > 25 B 0 0 0 5 0 3 1  

 

Farfantepenaeus duorarum (Burkenroad, 

1939) < 10 B
7 6 3 3 8 3 7  

 

Farfantepenaeus duorarum (Burkenroad, 

1939) > 10 B
5 4 2 4 7 3 6  

 Gambusia holbrooki Girard, 1860 < 25 O 28 1 0 0 0 0 0  

 Gambusia holbrooki Girard, 1859 > 25 O 9 1 0 0 0 0 0  

 Lucania parva (Baird & Girard, 1855) < 20 B 1 0 0 9 0 1 0  

 Lucania parva (Baird & Girard, 1855) > 20 B 2 0 0 17 4 8 8  

 Mugil gyrans B 0 1 0 0 0 8 1  

 Menidia spp. < 45 P 24 8 4 10 1 3 0  

 Menidia spp. > 45 P
12 6 4 2 0 4 2  

 Microgobius gulosus (Girard, 1858) < 30 B 1 2 3 15 3 1 0  

 Microgobius gulosus (Girard, 1858) > 30 B
1 1 1 10 2 1 0  
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 Sciaenops ocellatus (Linnaeus, 1766) < 50 O
6 12 3 3 1 1 0  

 

Trinectes maculatus (Bloch & Schneider, 

1801) < 30 B
21 1 0 0 0 0 0  

            

4

5

6

7

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27103v1 | CC BY 4.0 Open Access | rec: 9 Aug 2018, publ: 9 Aug 2018



Table 11(on next page)

(a) Percentage of trophic guild in winter for each assemblage type.

(b) dominant species for each assemblage, highest densities found using non-parametric bootstrapping are

indicated in bold.
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1 A.

           

 Trophic guild W1 W2 W3 W4 W5 W6 W7 W8  

 Plankton feeders 65% 41% 69% 26% 22% 13% 7% 10%  

 Benthic feeders 14% 19% 21% 46% 64% 80% 85% 86%  

 Opportunistic 18% 37% 8% 26% 10% 6% 6% 3%  

 Herbivores 0% 1% 0% 0% 0% 0% 0% 0%  

           

2

3 B.

            

 Assemblage Type  

 Scientific name
Size class 

(mm SL)

Trophic 

Guild
F1 F2 F3 F4 F5 F6 F7  

 n 77 73 42 31 44 83 59  

 

Total 

Nekton
348 345 413 221 139 110 128

 

 Anchoa mitchilli (Valenciennes, 1848) < 25 P 84 122 234 35 14 0 0  

 Anchoa mitchilli (Valenciennes, 1848)  25 - 35 P 19 6 27 2 2 0 0  

 Anchoa mitchilli (Valenciennes, 1848) > 35 P 55 84 104 24 0 0 0  

 

Eucinostomus gula (Quoy and Gaimard, 

1824)  40 - 69 B
0 9 1 8 8 8 11  

 

Eucinostomus harengulus Goode & Bean, 

1880  40 - 69 B
6 8 2 4 20 1 1  

 Eucinostomus spp. < 40 P 33 53 16 50 47 34 65  

 Floridichthys carpio (Günther, 1866) < 25 B 0 0 0 0 1 12 4  

 Floridichthys carpio (Günther, 1866) > 25 B 0 0 0 5 0 3 1  

 

Farfantepenaeus duorarum (Burkenroad, 

1939) < 10 B
7 6 3 3 8 3 7  

 

Farfantepenaeus duorarum (Burkenroad, 

1939) > 10 B
5 4 2 4 7 3 6  

 Gambusia holbrooki Girard, 1860 < 25 O 28 1 0 0 0 0 0  

 Gambusia holbrooki Girard, 1859 > 25 O 9 1 0 0 0 0 0  

 Lucania parva (Baird & Girard, 1855) < 20 B 1 0 0 9 0 1 0  

 Lucania parva (Baird & Girard, 1855) > 20 B 2 0 0 17 4 8 8  

 Mugil gyrans B 0 1 0 0 0 8 1  

 Menidia spp. < 45 P 24 8 4 10 1 3 0  

 Menidia spp. > 45 P
12 6 4 2 0 4 2  

 Microgobius gulosus (Girard, 1858) < 30 B 1 2 3 15 3 1 0  

 Microgobius gulosus (Girard, 1858) > 30 B
1 1 1 10 2 1 0  
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 Sciaenops ocellatus (Linnaeus, 1766) < 50 O
6 12 3 3 1 1 0  

 

Trinectes maculatus (Bloch & Schneider, 

1801) < 30 B
21 1 0 0 0 0 0  

            

4

5

6
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