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Abstract

Seagrass habitats are a dominant component ofateasers along the eastern Gulf of
Mexico coast and are recognized as essential tgbitamany species. Although various
ecologically and economically important specieseaepon seagrass habitats at some life stages,
these habitats are vulnerable to anthropogeniaenfies. As coastal human populations continue
to grow, and nearshore habitats are affected, stateting the structure and function of
assemblages associated with nearshore habitatpdstant for management and mitigation
efforts. Therefore, we sampled estuarine and neeggpolyhaline seagrass beds monthly (May—
November) from 2008 through 2015 using a 6.1-nrdtgavl in seven estuaries in the eastern
Gulf of Mexico. Despite latitudinal variability, ssmblage structure of fishes and selected larger
invertebrates was predominantly driven by estuamypmology—semi-enclosed estuaries had
significantly higher catch-per-unit-effort (CPUH)estuarine obligates and incidental marine
taxa, whereas open estuaries had higher CPUE dff femage and cryptic species. Furthermore,
abundances of several important fishery specidésrdd markedly between semi-enclosed and
open systems. Our results highlight (1) the re¢atimportance of different scales of
environmental factors’ influence on communitieg, t(® need for understanding how seemingly
similar habitats in estuaries of differing morphgits can support different fishery species, and

(3) the importance of regional-scale monitoringadatd its value in tracking ecological changes.

Keywords: BIOENV, brackish water, environment managementaste fisheriesptter trawls,

submerged aquatic vegetation; Gulf of Mexico, Fari
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1. Introduction

Seagrass beds are often a dominant componentuafies and nearshore waters and are
essential habitats for many estuarine fishes avetiebrates. For some species, including
estuarine-dependent reef-associated fishes, sedtabgats provide valuable nursery areas (e.g.,
Beck et al. 2001; Jackson et al., 2001; Nagelkesgtexh., 2001; Heck et al. 2003; Verweij et al.,
2008; Bertelli and Unsworth, 2014; reviewed by Weitl, 2017) and food sources (reviewed by
Whitfield, 2017). These important nearshore habitaie also especially vulnerable to
anthropogenic influences such as eutrophicatian,(Buarte, 2002) and intense harvesting, both
of which may alter coastal food webs and affect mamity structure (Heck and Valentine,
2007). With much of the human population living néee coast, and that population continuing
to grow, estuarine and nearshore seagrass halitatsheir associated fauna, may be further
affected. Localized changes in abundance and lision could eventually translate to
population impacts if alternative suitable habitare unavailable or not located by the
associated fauna.

Estuarine and nearshore seagrass habitats aloridaf Gulf coast are extensive,
spanning a latitudinal climatic gradient from watemperate in the north (panhandle) to
subtropical in the central peninsula and tropioahie southern Florida Keys. Multiple estuaries
have been identified as some of the most produetiebiologically diverse systems of
Florida’s Gulf coast (Geselbracht et al., 2009)e3éhestuaries also have two distinct
morphologies, referred to as semi-enclosed and egeraries in this study. Semi-enclosed
estuaries are coastal bodies of water with fre@eations to the sea; most of the freshwater is
discharged at the head via river(s) and then almisyiresent between the body of the estuary

and the coastal ocean. Open estuaries, on thelwhdr generally lack land barriers, and
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freshwater mixes with marine waters along the dio@stFlorida’s Big Bend region is an
example of an open estuary system where the lgefe®astline functions as an estuary because
of extensive freshwater sheet flow entering thef Gaiéselbracht et al., 2015). These two
morphologies vary in sources and volumes of fresémiaflow and associated hydrodynamics,
as well as the spatial extent of connection withingawaters (i.e. an open coastline as opposed
to a mouth), so fish and invertebrate communitiay differ based on species’ salinity
preferences and tolerances and settlement cues.

Different types, amounts, and spatial arrangemafirdsbmerged aquatic vegetation can
also affect associated faunal communities (e.gfféSet al., 1989; Raposa and Oviatt, 2000;
Jackson et al., 2006; Jelbart et al., 2007; Stswalal., 2017; Scapin et al., 2018). There are
seven seagrass species found in Florida but nesalbries along the Gulf coast have all seven
species. The northern estuaries tend to be chawsttdoyHalodule wrightii, Thalassia
testudinum, andSyringodium filiforme, and more southern estuaries along the centratgdar
coast tend to be dominated Byal assia testudinum andHal odule wrightii. Additionally, the
seagrass habitat tends to be more fragmented setheenclosed estuaries as opposed to the
Big Bend region, which contains some of the largestiguous seagrass beds in the continental
United States (Carlson and Madley, 2006), and terithve mixtures of seagrass species. The
semi-enclosed estuaries can have more monotypitassabeds. Further details on these
estuaries (e.g., shoreline vegetation, riverinei@rfce) can be found in Switzer et al. (2012) and
references within.

Although all estuaries in this study were relatyehallow €5 m depth), they vary in
climatic regime, morphology and associated seagsamsd spatial arrangements, so seagrass-

associated faunas presumably differ among estuang®stuary morphology. To test this



94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

hypothesis, we used a fisheries-independent mamgtsurvey (otter trawl) to sample relatively
deeper water (>1.0 m depth), non-shoreline, poighd18) seagrass beds in semi-enclosed and
open estuaries in the eastern Gulf. Our objectivee to: 1) describe patterns in faunal
assemblages associated with polyhaline seagrassobddferent estuaries (and latitudes)
representing different morphologies, 2) identifyigaons in groups of environmental variables
that correlate with patterns of faunal assemblaged,3) evaluate the relative importance of

different environmental variable groups relatindrle seagrass-associated fauna.

2. Materialsand Methods
2.1. Trawl Sampling

The Florida Fish and Wildlife Conservation Comnusass Fish and Wildlife Research
Institute Fisheries-Independent Monitoring Progi&wC-FWRI) has conducted standardized
stratified-random sampling in estuarine systenthefeastern Gulf of Mexico monthly since the
late 1990s (e.g., McMichael,1991; 2009). The maomtpeffort includes a multi-gear approach
targeting a variety of habitats, but recent anaysdicated that the nearshore, deeper water
polyhaline seagrass habitats had been under-sarf@@desey et al., 2007; De Angelo et al.,
2014). Additional sampling was therefore initiated008 to better characterize nekton
assemblages associated with deeper water polytsdagrasses, also aspiring to obtain needed
data on estuarine-dependent reef-associated fislges Switzer et al., 2012; Flaherty et al.,
2014; Flaherty-Walia et al., 2015b).

Polyhaline seagrass beds were sampled via botaw Ity FWC-FWRI in seven
estuaries along Florida’s Gulf coast (Fig. 1, Tablécom 2008 through 2015. Apalachicola Bay

(AP), Charlotte Harbor (CH), and Tampa Bay (TB) &éeen routinely sampled since the late
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1990s; St. Andrew Bay (SA) and three estuariebenBig Bend (BB) region between Cedar Key
and Cape San Blas (St. Marks [BBA], Econfina [BB8iginhatchee [BBD]) were added in
2008 for this study and have become part of théirmoing survey.

Seagrass-associated fishes and large invertelwatessampled monthly with a 6.1-m
otter trawl (38-mm mesh with a 3.2-mm mesh lineohf May through November during 2008—
2015. Sampling locations were selected from aig@trandom-sampling design based on 0.1-
nautical mile x 0.1-nautical mile (1 nautical m#eL.85 km) grid cells overlaid on polyhaline
seagrass habitats in each estuary. Potential sagrgites were limited to generally polyhaline
(>18) waters that contained at least 50% bottonexage of submerged aquatic vegetation
(SAV) and were between 1.0 and 7.6 m deep. Accglgithe number of trawls sampled in an
estuary varied (Table 1). When water clarity peteitvisual assessment of SAV composition
and coverage, assessment was done from the suwifad¥pp camera, or by a free-diving
swimmer. When water clarity prevented visual asress, tactile assessment was used at four
equidistant points along the transect, with pomtkin the transect assessed after trawling. The
otter trawl was towed 0.1 nautical mile at 1.2 (kes., a 5-min tow). When bycatch (e.qg., algae,
tunicates) quantity was exceptionally high and pregd safe retrieval of the trawl, tows were
reduced to three minutes. If bycatch quantity waist@o high, tows were reduced to two
minutes. Tows in depthsl.8 m were done in a straight line; tows in depths8 m were curved
to reduce any disturbance caused by the boat epgopeller wash. To account for differences
in tow times, effort was calculated by distanceased during each tow and standardized to 720
m?, which is the area sampled by a standard, 5-mirnofd0.1 nautical miles. Catch-per-unit-

effort (CPUE) is presented as the number of indiald per trawl.
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All fish and selected invertebrates (e@gllinectes spp.,Farfantepenaeus spp., and
Argopecten spp.) were identified in the field to the lowesspible taxonomic unit and counted.
A subset of individuals was retained for laboratocopfirmation of field identifications;
remaining individuals were returned to the wateitr&mely large samples of a single dominant
taxon were subsampled using a modified Motoda Ipéitex (Winner and McMichael, 1997)
after bycatch and less abundant animals were retn®@attom type, SAV descriptors (i.e.,
seagrass species, alga species, % cover), deptBlgpe, temperature (°C), salinity (practical
salinity scale), and dissolved oxygen (mg/L) wereorded for each trawl. Bottom values of
temperature, salinity, and dissolved oxygen weeglus this study because nekton were

collected via bottom trawl.

2.2. Data analysis
Variations in seagrass-associated communities amaby/zed as described below with the
PRIMER v7 multivariate statistics software packé@krke and Gorley, 2015). Null hypotheses

were rejected for P < 0.05.

2.2.1. Data pre-treatment

Catch-per-unit-effort for each sample was firspdision weighted (Clarke et al., 2006)
by dividing the CPUE for each taxon by its indexdidpersion (variance to mean ratio, for each
estuary x year x month combination) to differehyidiown-weight taxa with high variability,
such as schooling species. All samples were thearseroot-transformed to down-weight
consistently highly abundant taxa and up-weighs&iantly less abundant taxa (Clarke et al.,

2006). Shade plots were constructed and analyzeddtiiple data-transformation options
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(Clarke et al., 2014) and square-root transformeadiber dispersion weighting was deemed
appropriate in this case.

Environmental data consisted of categorical anchjiaéive data (Table 2). Categorical
variables were changed to binary codes, givenwewval 1 if a category was applicable and O if it
was not. For quantitative variables, skew was Vig@ssessed using draftsman (scatter) plots to
select an appropriate transformation and to caeulee correlation between the members of
each pair of variables. The environmental variablese then grouped by similarity of
information (i.e., SAV, bycatch, water quality, @gal information, tidal cycle, latitude, estuary
morphology) so we could assess which group of enwirental data was most closely related to
the patterns in seagrass-associated faunal comesinihese groups represented environmental
data relating to different spatial scales, randmg regional to estuary-wide to local. All
environmental data were then normalized, to plaod @ariable on the same dimensionless
scale, and weighted as in Valesini et al. (201@rtsure that all environmental variable groups

had equal opportunity to contribute to further gsas.

2.2.2. Multivariate analysis

Our main interest was the potential communityadtdhces among estuaries and estuary
morphology, but we included year in the followingotANOSIM models because we had eight
years of sampling data and temporal differencesma&g played a role. To analyze potential
community differences among estuaries and yedsyay crossed Analysis of Similarities
(ANOSIM) test was performed on the dispersion-wedhand square-root transformed CPUE
data. The analysis was then repeated for estuarghulmgy (semi-enclosed vs. open) and year.

Nonmetric multidimensional scaling (hMDS) ordinatiwas used to illustrate the spatial pattern
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of community differences. Following ANOSIM, Simiiar Percentage (SIMPER) analysis was
used to assess which species were driving theagities and differences among estuaries and
between estuary morphologies.

Before exploring relationship with environmentata, we needed to reduce the taxa to a
subset that was driving the overall spatial pattedroommunity differences to allow for more
efficient models when relating the faunal data itk environmental data. We used the
BVSTEP procedure in the BEST routine to reduceddika. We searched a subset of taxa using
the BVSTEP forward selection/backward eliminatitgoathm (the resemblance worksheet was
the resemblance matrix for the taxa data averagedtoary and year, and the data worksheet
was the pre-treated dataset averaged by estuanyeany repeated multiple times, starting with
different, randomly selected subsets of one t@gecies. The correlation method was Spearman
rank. This procedure minimizes the chances ofnfgito detect the most suitable subset (Clarke
and Warwick, 1998). The CPUEs of selected taxa wexe subjected to coherence plot analysis
to visualize how CPUE varied.

To explore which environmental group, or combiotf groups, had the highest
correlation with the spatial pattern of differene@song the species identified using the
BVSTEP procedure, we used the Biota and Environiching Routine (BIOENV). We
restricted this analysis to a maximum of four erplary environmental groups so that groups
explaining only a small percentage of any remaimagation were not included after the most
explanatory groups. All possible environmental grecombinations were individually examined
for correlation with spatial patterns of the taxédset. A separate Bray-Curtis similarity matrix
was created that included only those taxa identifithe BVSTEP procedure above and was

used as the reference data set. The treated emerdal data was used as the secondary matrix,
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and Euclidean distances were calculated to produesemblance matrix. We used Spearman’s
rank correlation coefficienpf to assess correlations between the matricesubsggquent
permutation tests as in Valesini et al. (2014e&i the statistical significance of the identified
environmental groups. Relationships between thenwamnity data and individual variables

within the selected environmental groups were desessed by performing separate principal
components analysis (PCA) for the selected envientat groups. The number of principal
components retained was the number of componentiedgo explain at least 75% of the

variation.

3. Results
3.1. Faunal assemblages of nearshore polyhaline seagrass beds

The full data set comprised 3,445 trawl tows, \mlgollected 52,420 individuals
representing 212 taxa (Appendix 1). The 2-way @d9sNOSIM for estuary and year indicated
a much greater difference in communities (5x higherlue) among estuaries (R = 0.55, p =
0.001) than among years (R = 0.11, p = 0.001) @agy. Estuaries with the most similar
communities were the Big Bend estuaries (3:RR< 0.30; p < 0.003) and CH and TB (R =
0.18; p = 0.001). Greatest differences in assereBlagre between the Big Bend estuaries and
CH (0.84<R<0.91). The second ANOSIM, focusing on estuary rmolpgy and year, revealed
significant differences between semi-enclosed gah@stuaries (R = 0.57, p = 0.001) and
relatively little variation among years (R = 0.p17 0.001). All semi-enclosed estuaries had
faunal assemblages that were different than thbseempen estuaries in the Big Bend. Among
semi-enclosed estuaries, faunal assemblages Vatiedinally with separation in the nMDS

plot between SA and AP in the panhandle and TBGHdn the peninsula. Because the two
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ANOSIM analyses supported differences among esgsiand their morphologies but little
differentiation among years, we focused our intetigtion of results on regional differences
among estuaries and morphologies. Data, howereeprasented by estuary and year so that
temporal variability can be visualized.

SIMPER analysis identified many species contritgito differences among estuaries,
but the majority were present in multiple estuaaed changed in abundance, not presence or
absence. (A list of all species and their CPUEgaesented in the Appendix.) More than 30
taxa contributed to 70% of the dissimilarities betw estuary pairs. Dissimilarities between
estuary morphologies were dependent on 28 taxd dfiiiese taxa had CPUEs in semi-
enclosed systems at least twice those in openrgstystems (e.gQrthopristis chrysoptera,
Lagodon rhomboides, Paralichthys albigutta, Lutjanus synagris, Callinectes sapidus, Lutjanus
griseus; Fig. 3). Nine taxa had greater CPUES in open systlaan in semi-enclosed systems
(e.g.,Centropristis striata, Monacanthus ciliatus, Calamus arctifrons, Diplodus holbrookii,
Argopecten spp.; Fig. 3).

The BVSTEP analysis identified 11 taxa that yidldesimilar picture to the entire data
set p = 0.951), with nine distinguished groups (Fig..Zlf)e nMDS resulting from these 11 taxa
was comparable to the nMDS with all 212 taxa (Eag). with the exception that TB and CH
assemblages were no longer distinct. Coherencep#dysis resulted in four groups, differing in
the way in which CPUESs varied among estuaries aadsy(Fig. 4)Archosargus
probatocephalus andEucinostomus gula had relatively low CPUE in the panhandle and Big
Bend regions (AP, BBA, BBB, BBD and SA), and highariable CPUE in the peninsular
estuaries (CH and TB; Fig. 4@rgopecten spp.,C. arctifrons, Centropristis striata, andD.

holbrookii had greatest CPUEs in the Big Bend estuariesamcCPUES in others (Fig. 4b).

-11-



254  Chilomycterus schoepfii, O. chrysoptera, P. albigutta, andS. hispidus were present in all

255  estuaries (lowest CPUE in BBB) and had high intewah variation in CPUE (Fig. 4c). Lastly,
256  Syngnathuslouisianae had greatest CPUE in AP and lower, less variaBIgES in all the other
257  estuaries (Fig. 4d).

258

259  3.2. Environmental correlations with faunal assemblages

260 Four environmental groups (estuary morphology spta), water quality, and SAV),

261 including estuary-wide and local scale variablesl & spatial pattern of differences that was best
262  correlated with that among the taxe=0.74; modified global BEST p = 0.001). Estuary

263  morphology had the highest correlation with theatanbsety = 0.72), followed by the physical
264  environmental groupp(= 0.58), water qualityp(= 0.49), and SAV{ = 0.31). Latitude was not
265 identified as a significant environmental grougatielg to assemblage variations.

266 The PCA for the estuary morphology group resuiteal single principal component

267  explaining 100% of the variation since there waly one variable. The PCAs for the remaining
268  environmental groups each retained three prin@palponents, explaining cumulative

269  variations of 88.2% for the physical group, 87.6%the water quality group, and 78.6% for the
270  SAV group. Mean values of quantitative environmewéaiables are presented in Table 3. A
271 descriptive summary of the PCA analyses of enviremiad variables of the open Big Bend

272 estuaries compared to all semi-enclosed estuasesell as the semi-enclosed estuaries of the
273 panhandle compared to the peninsula, can be foumdble 4. Detailed descriptions are below.
274 The first two physical PCs represented a combinaifdhe presence of mud on the

275  bottom and depth, with higher PC1 scores indicatiogl and deeper water and higher PC2

276  scores indicating mud but shallower water. All ojBén Bend estuaries were deeper with more
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mud (greater PC1 scores) than semi-enclosed estuadditionally, CH and TB (peninsular
estuaries) were deeper with more mud than SA an(pARhandle estuaries). Scores from PC2
also characterized variability in mud and watertdepvithin the Big Bend estuaries. The third
PC was influenced almost equally by greater slop@e bottom structure, and less sand bottom.
This third PC appeared to be most useful in disistgng between TB and CH samples; TB
samples had greater values.

The first water quality PC was characterized preidantly by lower bottom salinity
(<30). Measured bottom salinities were lowest irBB8d BBA and greater in SA and AP. The
remaining estuaries (TB and CH) typically had bttalinities >30. The second PC was
characterized mainly by a decreased Secchi deptithtdepth was less in semi-enclosed
estuaries. Lastly, estuaries with greater loadorgthe third PC had lower bottom dissolved
oxygen readings (BBB, BBD, TB to lesser extent) fawder instances of complete water clarity
(i.e., Secchi disc visible on the bottom) (BBD, BEHEBA).

The SAV environmental group consisted of the peaxgm of bottom vegetation cover as
well as the different species of seagrass or algsept at each sample site. The first PC was
heavily influenced by greater occurrences of migeagrass species and separated the open Big
Bend estuaries from the others. The second PC wasstrongly influenced by decreases in
overall % cover and@halassia testudinum but an increase iHalodule wrightii. This PC related
most closely with the assemblages in AP with apipnaiely 70% cover, the lowes$t
testudinum occurrences, and the greatdstvrightii occurrences. St. Andrew Bay also had
elevated scores on this PC because it was thergstith the second greatest occurrencélof
wrightii. The third PC helped further differentiate betw&&nand AP; mor&yringodium

filiforme andCaulerpa spp., and less. testudinum were present in AP.

-13 -
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4. Discussion
4.1. Faunal communities of nearshore polyhaline seagrass beds

Nearshore polyhaline seagrass beds along Flor@ialfscoast support diverse nekton
communities that vary among estuary and estuarphabogy. We were able to detect
ecological shifts among estuaries because of gfugaus and comparable regional sampling
design among all seven estuaries—a sampling dratidv&s been considered a limitation for
other studies examining large-scale influencesamnmounity assemblages (e.g., Edgar et al.,
1999; Nicolas et al., 2010) but that, as we shavescthave value. The most striking difference in
seagrass-associated community composition was betsemi-enclosed and open estuaries. To
our knowledge, this is the first empirical evidemoeEumenting regional differences in faunal
assemblages in association with these estuary mlagiks in the United States, although
researchers have documented fish assemblage ddfss@mong estuary types in other systems.
For example, Valesini et al. (2014) reported défezes in juvenile fish assemblages among
different estuary bar types along Australia’s wasst. In South Africa, Vorwerk et al. (2001,
2003; juvenile) and Strydom et al. (2003; larvad aarly juveniles) documented fish
assemblage differences between permanently anctanig open estuaries.

Estuary morphology, regardless of latitude, wasnttost influential variable structuring
faunal assemblages of Florida’s Gulf coast polyteatieagrass beds. The degree of openness of
an estuary and hence, the connectivity betweeaghery and coastal waters, can affect the
ability of marine organisms to be transported ognatie into the estuary (e.g., Kirby-Smith et al.,
2001; Peterson, 2003). This is supported by Vorveed. (2001, 2003), Strydom et al. (2003)

and Valesini et al. (2014), who reported differengefish assemblages among estuary types that
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varied in their degree of connection to the ocean, generally documented greater fish diversity
and more estuarine opportunists in more open éstualthough the semi-enclosed and open
estuaries examined here both maintained permaoneanections with the sea, one might expect a
similar gradient in assemblages. Therefore, coralyleipen estuarine systems like the Big Bend
estuaries may be expected to have greater divensitysupport more estuarine opportunists
compared to semi-enclosed estuaries because ofrsggigreater accessibility to estuarine
waters. Interestingly, we found the opposite: treatest number of taxa observed (90 vs. 81
taxa) and the greatest average taxon richnesss(/&/y were greater in semi-enclosed estuaries
than in open estuaries. This may be because opgsrieg systems can experience fewer
extremes in water quality conditions, as suggeljedoeksema et al. (2006) and Potter et al.
(2010), and thereby could support a more constamnaunity composition. Estuaries of

different morphological types may also have difféneearshore habitats, water clarity, wave
action, ambient noise, etc., which may interaghfioience fish recruitment and settlement.
Zoogeography may also play a role, but this waglet#cted in our analyses because all open
estuaries were in the Big Bend, spanning a smialligadinal range than the semi-enclosed
estuaries along the panhandle and peninsula.

Overall, semi-enclosed estuaries in this study westgnguished by higher CPUEs of
estuarine obligates (e.gallinectes sapidus, F. duorarum, Cynoscion nebulosus), which ranged
from invertebrates to forage fish to commerciallyecreationally important species. In addition
to estuarine obligates, some reef-associated fighgsLutjanus synagris, L. griseus) with
estuarine dependency as juveniles (e.g., Beck,&G01; McMahon et al., 2011) had greater
CPUEs in semi-enclosed estuaries. Open estuarigbeather hand, had fewer estuarine

obligates, incidental marine species and comméyaalrecreationally important species.
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Instead, these estuaries had more cryptic or Soralyje fish, an observation similar to that by
Salita et al. (2003), which probably depend on sessgas refugia from predation (e.g., Beck et
al., 2001; Shoji et al., 2017). Indeed, the openaeges sampled in this study comprise some of
Florida’s largest continuous seagrass beds (CadadrMadley, 2006), providing a complex
habitat for refugia from predation. The vast exgaoiscontinuous seagrass beds may allow
some fishes, especially larger ones, to dispermmgklves throughout the bed, resulting in lower
CPUEs than fragmented beds, where fishes wouldrtend to aggregate in seagrass patches.
The lack of fragmentation, while benefitting spescseeking refuge from predation, may also
inadvertently result in lower species diversityrawl samples because of reduced habitat
diversity. Habitat heterogeneity has been repaxedcrease the number of niches and species
richness (e.g., Ferreira et al., 2001; Tews eR@D4; Willis et al., 2005), which is further
supported by our findings of greater taxon richnesseagrass beds of semi-enclosed estuaries
with more fragmented landscapes. We do acknowld#dgémitations of trawl sampling,
especially regarding our lack of catches of largasre mobile animals that can escape the gear,
have greater presence at night (e.g., Shoji e2@17), or occupy deeper waters (e.g., Blaber et
al., 1992); however, we feel this does not alteraaumparison of communities in these estuaries
as the gear and methods were standardized amoesj@dlries.

Although many of the commercially or recreationathportant taxa had greater CPUEs
in semi-enclosed estuaries, a few had greater CRU&®en estuaries, includir@@entropristis
striata andArgopecten spp.Centropristis striata is typically found in the lower reaches of
Florida’s west coast estuaries (Hood et al., 198dd, most juveniles (<19 cm total length) settle
in coastal areas, moving later into estuaries if8&eet al., 1999). This use pattern corresponds to

greater abundance of juveniles in open estuariagrass beds. The other dominant taxa in open
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386

387
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390

391

estuaries walrgopecten spp., bay scallops. Typically confined to shallater seagrass,
greater CPUEs oArgopecten spp. in the Big Bend estuaries was expected beqaysdation
declines among already disjunct populations aldngda’s coast have left relatively high-
density local populations restricted to areas nanith west of the Suwannee River (Arnold et al.,

1997), corresponding to the Big Bend area.

4.2. Environmental correlations with community assemblages

The successful reduction of the taxon data sel tiada ultimately allowed for a more
rigorous test of how the measured environmentahlbes correlated with the pattern of
variation in community assemblages. Although ass$egebstructure could be attributed
primarily to differences in general estuary mormggyl, water quality was also an important
contributing factor. Salinity was the main explamgtfactor in the water quality group, and the
proximity of seagrass beds to freshwater inputicfluence their use by fish (Flaherty-Walia et
al., 2015a). The Big Bend estuaries are fartt@nfireshwater influence because they are
farther offshore, but salinities were lower in Big Bend estuaries than the semi-enclosed
estuaries, indicating a relatively constant inflcef freshwater or a well-mixed system. This
could be expected because the Big Bend has ragmeficant sheet flow of groundwater
(Geselbracht et al., 2015) and multiple rivers witbund- and spring-water influence (e.qg.,
Suwannee River). The semi-enclosed estuaries ipghkandle and peninsular regions of
Florida, in contrast, do not have enough freshwiiter to exceed the tidal influence—marine
influence generally exceeds that of freshwateh@sé estuaries (Harte Research Institute for
Gulf of Mexico Studies, 2016), which could help &ip the greater CPUESs of fully marine

species in semi-enclosed estuaries. In additiGalioity differences, water clarity was greater in
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the Big Bend region. This may be related to treesflow derived from spring-fed rivers
(Geselbracht et al., 2015) that typically do nahsport sediment-laden waters into estuaries.
The physical factors correlating to community assieages appeared to be more variable,
with separation among estuaries based on smadirdiftes. These factors probably indirectly
affect the seagrass-associated fauna by dictdtengrivironmental factors affecting SAV. The
presence of different types, amounts, and spatiahgements of aquatic vegetation (seagrass
and algae) can affect associated faunal commuieigs Steffe et al., 1989; Raposa and Oviatt,
2000; Jackson et al., 2006; Jelbart et al., 2008 found different faunal communities
associated with the more diverse, continuous, @gtieh-cover seagrass beds in the Big Bend
estuaries than in the panhandle and peninsulaargssuAs discussed above, more cryptic
species and small fish were collected from theagrses beds. In the panhandle, the presence of
T. testudinum and the overall percent cover of SAV tended téolaeer, resulting in different
seagrass-associated nekton communities from SARBrthian from the Big Bend or peninsula
estuaries. Ultimately, our results consistentlyglioat seagrass-associated communities in open
estuaries with continuous, mixed-species seages (mnore small forage fishes and cryptic
species) differ from those in semi-enclosed estsaxiith less percent cover and more monotypic

beds (more estuarine obligate and facultative sggci

4.3. Management and conservation implications

Variability of estuarine nekton assemblages isi@le as an indicator of environmental
quality (Whitfield and Elliott, 2002). Therefordne patterns discerned during this study have
important implications for managers of these resesiand coastal development. Urbanization,

and associated sediment and nutrient loading istabavaters, has been linked to declines in
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seagrass coverage (Short and Wyllie-Echeverrigg)L 99 Florida, the seagrass beds in the Big
Bend estuaries have been less strongly affectegtanization and development (Mattson et al.,
2007), but as Florida’s population continues toease (Carr and Zwick, 2016), the Big Bend
area could become threatened by increased antrenjpogressures that could alter the
assemblages. This study also highlights that seadpeds in open and semi-enclosed estuaries
function differently in terms of the fauna they popt. Successful management strategies for
conservation of these vital habitats and associghdry species will require understanding that,
although seagrass beds in estuaries of differenpmatogies may appear similar, they support

different fishery species.
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Appendix. Average CPUE (individuals/trawl) of all speciesarded from 2008-2015 during polyhaline
seagrass bed trawling in seven estuaries alongl&lsiGulf coast. AP=Apalachicola Bay, SA=St.
Andrew Bay, BBA=St. Marks, BBB=Econfina, BBD=Steatbhhee, TB=Tampa Bay, CH=Charlotte
Harbor. AP and SA are estuaries located in théaadlie region of Florida; BBA, BBB, and BBD are in
the Big Bend region of Florida; TB and CH are ie geninsula region of Florida. Specimens that could
not be identified to species are found listed dhgtiaally by their genus or family.

Scientific Name AP SA BBA BBB BBD B CH
Acanthostracion quadricornis  0.626 0.468 1.007 0.285 0.377 2.114 0.779
Acanthostracion spp. 0.000 0.000 0.000 0.003 0.000 0.000 0.000
Acanthurus chirurgus 0.000 0.003 0.000 0.000 0.000 0.000 0.000
Achirus lineatus 0.027 0.224 0.109 0.037 0.075 0.053 0.092
Albula vulpes 0.003 0.000 0.000 0.000 0.000 0.000 0.000
Alosa alabamae 0.003 0.000 0.000 0.000 0.000 0.000 0.000
Alosa chrysochloris 0.002 0.000 0.000 0.000 0.000 0.000 0.000
Aluter us schoepfii 0.100 0.248 0.343 0.224 0.247 0.111 0.079
Anarchopterus criniger 0.037 0.031 0.266 0.863 0.308 0.072 0.183
Anchoa cubana 2.754 0.072 0.017 0.000 0.000 1.646 0.000
Anchoa hepsetus 5.245 0.175 0.799 0.079 0.041 0.085 0.321
Anchoa lyolepis 0.117 0.180 0.039 0.001 0.000 0.002 0.000
Anchoa mitchilli 18.564 1.151 6.403 2.031 1558 10.611 6.011
Anchoa spp. 0.000 0.046 0.000 0.000 0.000 0.000 0.000
Ancylopsetta quadrocellata 0.042 0.000 0.041 0.009 0.023 0.006 0.015
Anguilliformes spp. 0.000 0.004 0.000 0.000 0.000 .000 0.000
Apogonidae spp. 0.004 0.000 0.000 0.000 0.000 0.00®m.000
Archosargus probatocephalus  0.166 0.128 0.002 0.010 0.015 1.145 1.035
Argopecten spp. 0.323 0.390 4.036 2.242 4.635 0.341 0.339
Ariopsisfdis 0.275 0.036 0.023 0.029 0.114 0.112 0.252
Astrapogon alutus 0.004 0.000 0.000 0.000 0.002 0.000 0.000
Astroscopus y-graecum 0.002 0.006 0.000 0.002 0.002 0.002 0.000
Bagre marinus 0.000 0.000 0.000 0.000 0.002 0.002 0.000
Bairdiella chrysoura 18.540 10.316 10.514 5.428 6.380 22.600 13.922
Blenniidae spp. 0.004 0.000 0.000 0.000 0.000 0.000 0.000
Bothus robinsi 0.000 0.009 0.000 0.000 0.000 0.000 0.000
Brevoortia spp. 0.000 0.000 0.000 0.000 0.016 0.000 0.000
Calamus arctifrons 0.175 0.005 3.063 2.060 2.444 0.270 0.023
Calamus penna 0.000 0.000 0.000 0.000 0.000 0.010 0.017
Calamus proridens 0.000 0.003 0.000 0.000 0.000 0.000 0.000
Calamus spp. 0.004 0.003 0.000 0.000 0.000 0.011 0.028
Callinectes ornatus 0.008 0.003 0.002 0.000 0.000 0.012 0.118
Callinectes sapidus 1.965 5.211 0.927 0.179 0.174 1.806 1.325
Callinectes similis 0.019 0.020 0.009 0.015 0.002 0.000 0.000
Caranx hippos 0.000 0.009 0.000 0.000 0.000 0.000 0.002
Centropomus undecimalis 0.000 0.000 0.000 0.000 0.000 0.000 0.002
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Centropristis philadel phica 0.029 0.052 0.013 0.000 0.000 0.000 0.000
Centropristis spp. 0.000 0.003 0.000 0.000 0.000 0.000 0.000
Centropristis striata 4.582 0.668 12.158 6.018 8.501 1.685 0.460
Chaetodipterus faber 0.050 0.050 0.109 0.067 0.031 0.057 0.069
Chasmodes saburrae 0.123 0.443 0.298 0.040 0.063 0.334 0.162
Chilomycter us schoepfii 1.650 3.420 2.422 0.936 1.272 4.488 4.382
Chloroscombrus chrysurus 0.095 0.025 0.084 0.138 0.070 0.009 0.026
Citharichthys macrops 0.058 0.066 0.041 0.016 0.080 0.057 0.026
Citharichthys spilopterus 0.018 0.011 0.002 0.000 0.000 0.000 0.000
Clupeidae spp. 0.000 0.000 0.002 0.000 0.000 0.000 0.000
Cosmocampus albirostris 0.002 0.012 0.000 0.002 0.000 0.000 0.000
Cosmocampus spp. 0.000 0.004 0.000 0.000 0.000 0.000 0.000
Cryptotomus roseus 0.000 0.013 0.000 0.000 0.000 0.000 0.000
Ctenogobius boleosoma 0.162 0.557 0.004 0.000 0.000 0.000 0.000
Cynoscion arenarius 0.133 0.003 0.022 0.009 0.036 0.005 0.004
Cynoscion nebul osus 2.413 1.364 0.817 0.443 0.516 1.372 1.172
Dasyatis americana 0.013 0.010 0.004 0.010 0.004 0.009 0.011
Dasyatis sabina 0.226 0.097 0.104 0.027 0.030 0.159 0.039
Dasyatis say 0.073 0.040 0.007 0.000 0.012 0.028 0.017
Decapterus punctatus 0.002 0.000 0.000 0.000 0.000 0.000 0.000
Diodon holocanthus 0.000 0.000 0.000 0.000 0.000 0.000 0.004
Diodon spp. 0.000 0.003 0.000 0.000 0.000 0.000 0.000
Diplectrum bivittatum 0.000 0.004 0.000 0.024 0.004 0.000 0.000
Diplectrum formosum 0.190 0.116 0.261 0.162 0.125 0.038 0.047
Diplectrumspp. 0.002 0.000 0.000 0.000 0.000 0.000 0.000
Diplodus hol brookii 0.258 0.057 8.074 7.779 12,199  2.340 0.202
Diplogrammus pauciradiatus 0.000 0.003 0.000 0.000 0.000 0.000 0.000
Dorosoma petenense 0.000 0.003 0.004 0.000 0.000 0.000 0.000
Echeneis neucratoides 0.004 0.006 0.002 0.004 0.002 0.002 0.000
Elacatinus macrodon 0.000 0.000 0.004 0.012 0.002 0.000 0.000
Elops saurus 0.002 0.000 0.000 0.000 0.002 0.004 0.000
Epinephelus morio 0.002 0.025 0.000 0.000 0.008 0.024 0.070
Etropus crossotus 0.384 0.035 0.075 0.076 0.181 0.022 0.032
Etropus cyclosguamus 0.017 0.015 0.011 0.005 0.007 0.000 0.000
Etropus spp. 0.000 0.007 0.000 0.000 0.000 0.000 0.000
Eucinostomus argenteus 0.272 0.281 0.058 0.000 0.005 0.002 0.000
Eucinostomus gula 0.885 0.638 0.909 0.344 0.879 7.255 7.713
Eucinostomus harengulus 0.185 0.174 0.070 0.063 0.033 0.077 0.115
Eucinostomus spp. 6.298 13.419 1.287 0.891 0.999 35.730 18.949
Farfantepenaeus aztecus 0.086 0.000 0.000 0.000 0.000 0.000 0.000
Farfantepenaeus duorarum 0.860 1.039 1.758 1.005 0.601 1.946 1.367
Farfantepenaeus spp. 3.639 3.088 0.516 0.706 0.369 0.000 0.000
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Fistularia spp. 0.000 0.006 0.000 0.000 0.000 0.000 0.000
Floridichthys carpio 0.000 0.000 0.000 0.000 0.000 0.006 0.000
Fundulus similis 0.002 0.000 0.000 0.000 0.000 0.000 0.000
Ginglymostoma cirratum 0.000 0.000 0.000 0.000 0.000 0.000 0.009
Gobiesox strumosus 0.000 0.000 0.000 0.004 0.009 0.000 0.000
Gobiidae spp. 0.000 0.003 0.000 0.000 0.000 0.000 0.000
Gobiosoma bosc 0.005 0.012 0.002 0.009 0.003 0.000 0.000
Gobiosoma longipala 0.002 0.003 0.000 0.008 0.005 0.004 0.004
Gobiosoma robustum 0.118 0.208 0.090 0.047 0.021 0.256 0.427
Gobiosoma spp. 0.025 0.099 0.057 0.076 0.025 0.183 0.597
Gymnachirus melas 0.000 0.000 0.000 0.000 0.000 0.002 0.000
Gymnothorax saxicola 0.000 0.000 0.005 0.005 0.009 0.000 0.002
Gymnachirus spp. 0.000 0.000 0.000 0.000 0.000 0.000 0.002
Gymnura micrura 0.011 0.003 0.005 0.002 0.002 0.017 0.010
Haemulidae spp. 0.000 0.000 0.002 0.000 0.000 0.000 0.000
Haemulon aurolineatum 0.002 0.000 0.028 0.063 0.035 0.004 0.000
Haemulon plumierii 0.086 0.219 0.802 2.571 1.317 1.514 1.236
Haemulon spp. 0.000 0.000 0.002 0.000 0.000 0.000 0.000
Halichoeres bivittatus 0.256 0.482 0.077 0.133 0.326 0.009 0.019
Harengula jaguana 0.313 0.411 0.115 0.039 0.871 0.760 0.262
Hemicaranx amblyrhynchus 0.027 0.000 0.000 0.000 0.002 0.000 0.000
Hippocampus erectus 0.034 0.262 0.054 0.015 0.043 0.094 0.060
Hippocampus zosterae 0.012 0.033 0.026 0.004 0.004 0.028 0.058
Holocentridae spp. 0.000 0.000 0.003 0.000 0.000 0.000 0.000
Hypleurochilus caudovittatus 0.000 0.000 0.020 0.021 0.018 0.009 0.025
Hypleurochilus spp. 0.000 0.000 0.002 0.000 0.000 0.000 0.000
Hypsoblennius hentz 0.183 0.016 0.069 0.002 0.010 0.101 0.047
Lachnolaimus maximus 0.011 0.000 0.163 0.582 0.197 0.022 0.006
Lactophrystrigonus 0.008 0.011 0.000 0.000 0.000 0.009 0.004
Lagodon rhomboides 99.729 289.993 104.162 51.503 61.853 321.676 202.36
Larimus fasciatus 0.002 0.004 0.000 0.000 0.000 0.000 0.000
Leiostomus xanthurus 0.758 1.182 0.547 0.045 0.126 0.252 0.073
Lepi sosteus osseus 0.002 0.000 0.006 0.000 0.000 0.002 0.002
Limulus polyphemus 0.002 0.000 0.000 0.000 0.002 0.009 0.006
Litopenaeus setiferus 0.035 0.000 0.000 0.000 0.000 0.000 0.000
Lucania parva 0.146 1.185 0.362 0.007 0.311 0.156 0.245
Lutjanus analis 0.000 0.000 0.000 0.000 0.000 0.002 0.006
Lutjanus griseus 0.268 0.567 0.050 0.020 0.060 1.774 3.217
Lutjanus synagris 2.715 0.756 0.772 0.663 0.794 1.865 2.855
Menidia spp. 0.000 0.006 0.000 0.000 0.000 0.000 0.006
Menippe spp. 0.252 0.026 0.506 0.178 0.312 0.293 1.526
Menticirrhus americanus 0.194 0.003 0.022 0.011 0.048 0.011 0.002



Scientific Name AP SA BBA BBB BBD B CH
Menticirrhus saxatilis 0.032 0.000 0.007 0.005 0.020 0.002 0.000
Mercenaria mercenaria 0.002 0.000 0.000 0.000 0.000 0.000 0.000
Microgobius gulosus 0.032 0.701 0.093 0.006 0.000 0.111 0.109
Microgobius spp. 0.000 0.003 0.000 0.000 0.000 0.000 0.000
Microgobius thalassinus 0.005 0.003 0.000 0.000 0.004 0.000 0.000
Micropogonias undulatus 0.071 0.018 0.021 0.000 0.000 0.000 0.000
Monacanthus ciliatus 0.684 0.076 6.382 4.068 4.001 0.572 0.296
Mugil cephalus 0.000 0.003 0.000 0.002 0.000 0.000 0.002
Mugil curema 0.000 0.000 0.000 0.002 0.000 0.000 0.000
Mullus auratus 0.000 0.000 0.002 0.017 0.009 0.005 0.004
Mycteroperca microlepis 0.301 0.184 0.042 0.025 0.145 0.393 0.567
Mycteroperca spp. 0.002 0.000 0.000 0.000 0.000 0.000 0.000
Myrophis punctatus 0.005 0.007 0.000 0.002 0.000 0.002 0.002
Nicholsina usta 0.067 1.345 0.040 0.084 0.235 2.156 2.041
Ocyurus chrysurus 0.000 0.007 0.000 0.000 0.000 0.000 0.028
Ogcocephal us corniger 0.000 0.000 0.002 0.000 0.000 0.000 0.000
Ogcocephalus cubifrons 0.022 0.000 0.039 0.013 0.013 0.017 0.021
Ogcocephalus parvus 0.000 0.000 0.000 0.003 0.000 0.000 0.000
Oligoplites saurus 0.000 0.000 0.002 0.000 0.002 0.000 0.000
Ophidion holbrookii 0.000 0.000 0.083 0.058 0.028 0.004 0.000
Opisthonema oglinum 0.000 0.191 0.011 0.019 0.002 0.031 0.019
Opistognathus robinsi 0.000 0.014 0.000 0.000 0.000 0.000 0.000
Opsanus beta 1.280 2.018 2.370 1.936 2.445 0.791 0.825
Orthopristis chrysoptera 80.976 98.652 25.423 8.997 24792 53.978 30.115
Ostraciidae spp. 0.000 0.000 0.000 0.000 0.000 0.023 0.000
Parablennius marmoreus 0.028 0.009 0.000 0.009 0.013 0.000 0.000
Paraclinus fasciatus 0.000 0.000 0.279 1.570 0.266 0.000 0.000
Paraclinus marmoratus 0.002 0.000 0.000 0.097 0.002 0.241 0.409
Paraclinus spp. 0.000 0.000 0.002 0.000 0.000 0.000 0.000
Paralichthys albigutta 1.998 2.802 1.182 0.483 0.759 2.181 1.275
Paralichthys lethostigma 0.014 0.003 0.006 0.004 0.000 0.000 0.000
Penaeidae spp. 0.000 0.003 0.000 0.000 0.000 0.000 0.000
Peprilus burti 0.007 0.000 0.000 0.002 0.000 0.000 0.000
Pogonias cromis 0.000 0.000 0.000 0.000 0.000 0.002 0.000
Portunidae spp. 0.000 0.006 0.000 0.000 0.000 0.00@.000
Portunus spp. 0.270 0.322 0.135 0.200 0.207 0.281 0.415
Prionotus longispinosus 0.000 0.003 0.000 0.000 0.000 0.000 0.000
Prionotus martis 0.000 0.000 0.000 0.005 0.003 0.000 0.000
Prionotus rubio 0.000 0.000 0.000 0.000 0.000 0.000 0.002
Prionotus scitulus 0.234 0.132 0.226 0.135 0.211 0.181 0.142
Prionotustribulus 0.050 0.053 0.022 0.030 0.067 0.005 0.006
Pseudupeneus maculatus 0.000 0.000 0.000 0.000 0.000 0.002 0.000
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Rachycentron canadum 0.004 0.000 0.000 0.000 0.000 0.000 0.000
Raja eglanteria 0.004 0.000 0.000 0.002 0.000 0.000 0.000
Raja texana 0.000 0.000 0.000 0.000 0.003 0.005 0.000
Rhinobatos | entiginosus 0.000 0.000 0.000 0.000 0.002 0.000 0.000
Rhizoprionodon terraenovae 0.000 0.000 0.002 0.000 0.000 0.000 0.000
Rimapenaeus constrictus 0.095 0.048 0.011 0.000 0.006 0.000 0.002
Sardinella aurita 0.002 0.000 0.010 0.005 0.028 0.000 0.000
Scarus spp. 0.000 0.007 0.000 0.000 0.000 0.000 0.000
Sciaenops ocellatus 0.011 0.010 0.000 0.002 0.002 0.006 0.071
Scomberomor us maculatus 0.000 0.000 0.000 0.000 0.002 0.000 0.000
Scorpaena brasiliensis 0.096 0.139 0.034 0.016 0.053 0.176 0.455
Scorpaena plumieri 0.000 0.003 0.000 0.000 0.000 0.000 0.000
Selene vomer 0.009 0.000 0.014 0.009 0.013 0.004 0.002
Serraniculus pumilio 0.080 0.009 0.007 0.002 0.019 0.000 0.006
Serranus subligarius 0.095 0.021 0.016 0.010 0.017 0.050 0.221
Scyonia brevirostris 0.000 0.015 0.000 0.000 0.000 0.000 0.000
Scyonia laevigata 0.002 0.006 0.000 0.000 0.004 0.006 0.000
Scyonia parri 0.000 0.000 0.000 0.000 0.000 0.000 0.006
Scyonia spp. 0.000 0.003 0.000 0.000 0.000 0.000 0.002
Scyoniatypica 0.000 0.004 0.000 0.003 0.000 0.002 0.000
Sparidae spp. 0.000 0.015 0.002 0.000 0.000 0.000 0.000
Sparisoma chrysopterum 0.000 0.015 0.000 0.000 0.000 0.000 0.000
Sparisoma radians 0.000 0.051 0.000 0.000 0.000 0.000 0.000
Sparisoma spp. 0.000 0.003 0.000 0.000 0.000 0.000 0.000
Sohoeroides nephelus 0.742 0.555 1.226 0.387 0.481 0.804 0.819
Sohoeroides spengleri 0.002 0.008 0.005 0.019 0.018 0.073 0.041
Sohoeroides spp. 0.048 0.000 0.003 0.000 0.000 0.000 0.000
Shyraena barracuda 0.004 0.000 0.000 0.000 0.000 0.009 0.000
Sohyraena borealis 0.067 0.663 0.063 0.079 0.160 0.060 0.030
Fohyraena guachancho 0.000 0.000 0.002 0.000 0.000 0.000 0.011
Sohyraena spp. 0.000 0.000 0.000 0.000 0.000 0.000 0.006
Segastes variabilis 0.000 0.006 0.000 0.000 0.000 0.000 0.000
Sephanolepis hispidus 9.359 8.276 9.393 2.402 6.166 7.998 4.698
Srongylura spp. 0.002 0.000 0.000 0.000 0.000 0.000 0.000
Syacium papillosum 0.000 0.000 0.000 0.000 0.000 0.000 0.002
Symphurus plagiusa 0.084 0.031 0.082 0.067 0.082 0.014 0.017
Syngnathidae spp. 0.000 0.003 0.000 0.000 0.000 0.000 0.000
Syngnathus floridae 3.709 6.903 10.874 5.181 6.345 3.871 2.726
Syngnathus louisianae 1.294 0.166 0.169 0.145 0.086 0.247 0.195
Syngnathus scovelli 2.880 2.247 1.372 0.370 0.159 2.887 3.048
Syngnathus spp. 0.000 0.000 0.000 0.005 0.000 0.002 0.000
Syngnathus springeri 0.000 0.000 0.000 0.000 0.005 0.000 0.002
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Synodus foetens 1.236 0.756 0.732 0.266 0.378 0.801 0.446
Trachinotus carolinus 0.000 0.000 0.000 0.003 0.000 0.000 0.000
Trinectes maculatus 0.203 0.009 0.117 0.004 0.011 0.024 0.043
Urophycisfloridana 0.000 0.000 0.002 0.004 0.000 0.000 0.000
Xiphopenaeus kroyeri 0.002 0.000 0.000 0.000 0.000 0.000 0.000
Xyrichtys novacula 0.000 0.009 0.000 0.002 0.000 0.000 0.000
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Table 1. Number of trawls sampled in polyhalinagsass beds in each estuary along Florida’'s Galtcty year
(2008-2015).

Coast Type Number of trawls per year

(Latitude) 2008 2009 2010 2011 2012 2013 2014 2015 Total
Apalachicola Bay (AP) PanhandleSemi-enclosed 55 55 55 56 56 56 56 56 445

St. Andrew Bay (SA) Panhandlesemi-enclosed 42 41 42 42 39 42 41 42 331

Estuary

St. Marks (BBA) Big Bend Open 63 70 70 70 70 70 7070 553
Econfina (BBB) Big Bend Open 68 69 70 70 70 70 70 0 7 557
Steinhatchee (BBD) Big Bend Open 63 70 70 70 70 7070 70 553
Tampa Bay (TB) Peninsula Semi-enclosed 70 70 68 669 70 70 69 553

Charlotte Harbor (CH)  Peninsula Semi-enclosed 61 566 56 56 56 56 56 453
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Table 2. Environmental variables recorded for geahl, 2008—2015, along Florida's Gulf coast, alavith their
associated group, data type and transformation.

Environmental variable Group Data type Transfororati
CA (Caulerpa spp.) SAV categorical none

GM (seagrasses, mixed) SAV categorical none

GU (seagrasses, unidentified)  SAV categorical none

HA (Halodule wrightii) SAV categorical none

HE (Hal ophila engelmannii) SAV categorical none

HI (Halophila spp.) SAV categorical none

HM (Halimeda spp.) SAV categorical none

SG &argassum spp.) SAV categorical none

SY (Syringodium filiforme) SAV categorical none

TH (Thalassia testudinum) SAV categorical none
Bottom Veg Cover (%) SAV gquantitative square root
Bycatch Quantity Bycatch guantitative square root
Secchi depth (m) Water Quality gquantitative squaot
Secchi on bottom Water Quality categorical none
Temperature (°C) Water Quality guantitative squard
Salinity Water Quality guantitative square root
Dissolved oxygen Water Quality quantitative squai
bSan (sand bottom) Physical categorical none
bMud (mud bottom) Physical categorical none

bStr (structure/rock bottom) Physical categorical one

Slope Physical guantitative square root
Depth (m) Physical guantitative square root
LS (low slack) Tide categorical none

LR (low rising) Tide categorical none

MR (mid rising) Tide categorical none

HR (high rising) Tide categorical none

HS (high slack) Tide categorical none

HF (high falling) Tide categorical none

MF (mid falling) Tide categorical none

LF (low falling) Tide categorical none
Panhandle Latitude categorical none

Big Bend Latitude categorical none
Peninsula Latitude categorical none
Semi-enclosed Estuary Morphology  categorical none
Open Estuary Morphology  categorical none
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Table 3. Mean values (standard deviation in paesgs$) of quantitative environmental parameteredch sampled
estuary along Florida’s Gulf coast, 2008—-2015. Apalachicola Bay, SA=St. Andrew Bay, BBA=St. Marks,
BBB=Econfina, BBD=Steinhatchee, TB=Tampa Bay, CHafltte Harbor.

Environmental parameter

Secchi - Bycatch
BottomVeg Temperature Salinity D.O. Depth .
Estuary Cover (%) depth (°C) (psu)  (mglL) Slope (m) quantity
(m) L)
AP 71.42 1.41 26.53 29.45 7.12 0.27 1.49 33.46
(19.67) (0.44) (4.03) (4.30) (1.55) (0.31) (0.43) (45.69)
SA 82.93 1.55 26.61 29.25 6.98 0.42 151 35.88
(16.75) (0.47) (4.15) (5.46) (1.39) (0.47) (0.45) (32.86)
BBA 89.39 1.99 26.34 28.27 6.91 0.22 2.15 58.43
(16.96) (0.72) (4.05) (3.82) (1.79) (0.32) (0.79) (68.26)
BBB 95.70 2.07 25.71 27.98 6.80 0.15 2.34 77.68
(11.27) (0.77) (5.02) (3.97) (1.43) (0.19) (0.69) (56.05)
BBD 90.22 1.81 26.74 30.49 6.56 0.23 2.12 47.22
(16.71) (0.72) (4.24) (2.95) (1.82) (0.26) (0.78) (46.79)
TB 79.15 1.52 27.74 31.63 6.80 0.45 1.66 38.27
(17.12) (0.45) (3.42) (3.13) (1.58) (0.58) (0.54) (47.67)
CH 90.26 1.42 28.20 32.88 7.14 0.23 1.50 58.23

(15.06)  (0.34) (3.30) (3.98) (1.91) (0.26) (0.38) (67.88)
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Table 4. Descriptive results from the principal gaments analysis for the variables within environtak
groups that correlated with the patterns of commywromposition for polyhaline seagrass beds aldogda’s
Gulf coast. Theg symbol indicates a lower value, theymbol indicates a higher value, and ¢hesymbol indicates a
relatively even value for the comparison. The detumn is the overall comparison between open g@etiand semi-
enclosed estuaries. The right column is a deseeigtbmparison among semi-enclosed estuaries ipahieandle (north)
and the peninsula (central) of Florida.

Open estuaries Semi-enclosed estuaries
Big Bend compared to all semi-enclosed Panharatigpared to peninsula
| salinity | salinity
| dissolved oxygen <> dissolved oxygen
1 mud } mud
1 depth | depth
1 mixed SAV | Thalassia testudinum

1 SAV % cover | SAV % cover
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Fig. 4. Coherence plots of mean CPUE (individuals/trawl) + SE for the 11 taxa identified by the BEST analysis that
provide a similar resemblance structure as that of the entire 221-taxon data set. The 11 species were grouped by
SIMPROF into four groups (a—d), depending on how CPUE varied spatially and temporally. Note GBrtHemwfstis
chrysoptera is on the right y-axis in (c) because of the disparity in scale.



Highlights:
» Eastern Gulf of Mexico estuary morphology affects faunal community composition
» Physiochemical parameters and submerged aquatic vegetation play secondary role
» Fishery species’ abundances differ between semi-enclosed and open estuaries

» Regional scale monitoring data is valuable for assessing inter-estuary patterns
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