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Abstract
Fish communities in tidal tributaries have received considerable attention, but the relative value of nontidal
tributaries (having a tidal amplitude of < 5 cm) may represent an under-valued habitat. A multi-gear sampling
approach was used to collect fish and macroinvertebrates from one tidal and two nontidal tributaries to describe
and compare the respective nekton communities and habitat use patterns. Nekton communities in tidal and nontidal
tributaries were markedly different even though habitats were similar (e.g., temperature, DO, depths, shoreline
vegetation). While catch-per-unit-effort (CPUE) of estuarine-dependent species (e.g., red drum, spot, common
snook) was lower in nontidal tributaries, the overall nekton CPUE was twice that of the tidal tributary, and the
community was comprised mostly of freshwater marsh species (e.g., eastern mosquitofish, sailfin molly, bluefin
killifish). Based on the life histories of the fishes that differed between tributary types, the proximity of coastal
inlets and availability of effective larval transport mechanisms for estuarine-dependent species may be greater
determinants of community differences than factors related to tributary size or shoreline habitat type. These results
recognize smaller nontidal tributaries as undervalued nursery habitats and suggest the function as secondary
nursery habitats is a critical service to the overall estuarine community.
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Introduction

Tributaries that flow into estuaries are an important hab-
itat in the life history of many estuarine and estuarine-
dependent fish and invertebrate species (Chittenden
1971; Love et al. 2009). Estuarine-dependent species
may use low-salinity areas of tributaries as a refuge from
predation early in their life histories (Gibson 2003; Love
et al. 2006; Stewart and Scharf 2008), while mature in-
dividuals of some species migrate into upstream habitats

to spawn (Harris et al. 2007). Local hydrodynamic char-
acteristics, including tidal regimes, estuarine circulation
patterns, and tributary flow rates, can affect access to
freshwater tributaries by estuarine-dependent species,
particularly during early life history stages (Peterson
2003; Nicolas et al. 2010). Throughout the world, tribu-
taries are subject to increasing stress from encroaching
development, pollutant loading, habitat destruction, chan-
nel dredging, hydrologic alterations, and the introduction
of exotic species that may affect available habitats and
their suitability for local fauna (Kirby-Smith et al. 2001;
Freeman et al. 2003; Daniels et al. 2005).

Much of our understanding of community compo-
sition, life histories, and habitat-use patterns in estua-
rine tributaries comes from investigations in tidally
influenced systems in which larval dynamics and fish
movements are facilitated by strong tidal transport
mechanisms (Peterson and Ross 1991; Ayvazian
et al. 1992; Able et al. 2001; Schultz et al. 2003;
Paperno et al. 2006), but tributaries associated with
microtidal estuaries (such as Florida’s Indian River

Communicated by Mark S. Peterson

* Richard Paperno
richard.paperno@myfwc.com

1 Florida Fish and Wildlife Conservation Commission, Fish and
Wildlife Research Institute, Indian River Field Laboratory, 1220
Prospect Avenue, Suite 285, Melbourne, FL 32901, USA

2 Present address: School of Forest Resources and Conservation,
Fisheries and Aquatic Sciences Program, University of Florida, 7922
NW 71st Street, Gainesville, FL 32653, USA

Estuaries and Coasts (2018) 41:1821–1833
https://doi.org/10.1007/s12237-018-0389-4

http://crossmark.crossref.org/dialog/?doi=10.1007/s12237-018-0389-4&domain=pdf
mailto:richard.paperno@myfwc.com


Lagoon [IRL] and Texas’ Laguna Madre), particularly
those far from ocean passes, can be nontidal (nontidal
for this study is defined as having a tidal amplitude
of < 5 cm, Smith 1983). In systems with varying de-
grees of hydrodynamic and habitat characteristics,
studies of what factors are most important in structur-
ing fish communities have provided conflicting results
(Malavasi et al. 2004; Franco et al. 2006), and, as a
result, the role of nontidal tributaries as nurseries or
critical habitat for estuarine-dependent fish is not well
understood. For example, in nontidal areas of estuar-
ies far from passes or inlets, flushing times are great-
er than those areas close to the inlets (Smith 1993),
and the degree to which weaker transport systems af-
fect larval movement into the tributaries within the
nontidal area is unknown. Comparisons among tribu-
taries may clarify the importance of physical and bi-
otic traits influencing nekton community distribution
and abundance.

The IRL is a barrier-island estuary along the east
coast of Florida, situated between the Carolinian and
Caribbean zoogeographic provinces, and contains one
of the most diverse ichthyofaunas in North America
(Gilmore 1995, 2001; Engle and Summers 1999). That
diversity makes the IRL a unique location in which to
investigate nekton communities in estuarine and adja-
cent tributary habitats. In addition, the northern por-
tion of the IRL system has limited exchange with the
open ocean through inlets, which drastically reduce
tidal influence there (Smith 1993). These unique mor-
phological characteristics in the northern IRL provide
an opportunity to compare communities from tribu-
taries that feed into tidal and nontidal environments.
A substantial body of research exists on the estuarine
fish communities in the lagoon (Gilmore et al. 1981,
1983a, b; Snelson 1983; Tremain and Adams 1995;
Kupschus and Tremain 2001). To a lesser extent, the
fish communities within larger tidal-freshwater tribu-
taries have also been described (Springer 1960;
Gunter and Hall 1963; Christensen 1965; Paperno
and Brodie 2004; Paperno et al. 2006), but no quan-
titative information is available about the communities
in the tributaries of the nontidal portion of the north-
ern IRL, and the relative importance of these habitats
to estuarine-dependent species is unknown. Therefore,
the objective of this 2-year study was to compare the
seasonal composition of the nekton community in
tidal and nontidal tributaries of the IRL. We hypoth-
esized that the tidal tributaries, which experience
greater variability in the degree of seawater influence,
would support more species and display more season-
al variability in community structure than would the
nontidal tributaries.

Material and Methods

Study Area

The IRL is a shallow estuary extending 253 km be-
tween Jupiter Inlet and Ponce Inlet on the east coast
of Florida (Fig. 1). Most of the freshwater enters the
lagoon via three navigable tidal rivers (the St.
Sebastian, St. Lucie, and Loxahatchee rivers) in the
southern half of the lagoon and numerous non-
navigable tidal and nontidal tributaries (Smith 1987).
This study focused on three tributaries situated in the
central portion of the lagoon, which included one tidal
system (St. Sebastian River [SSR]) and two nontidal
systems (Turkey Creek [TC] and Crane Creek [CC].
The SSR was selected because it is the northernmost
tidal tributary in the IRL and closest in proximity to
the nontidal portion of the lagoon. The TC and CC
tributaries were selected because they are the closest
navigable nontidal tributaries to the SSR.

The SSR has a total drainage area of approximately
40,000 ha (Bergman and Donnangelo 1998), is located
directly opposite Sebastian Inlet (27° 51′ N, 80° 26′
W), and provides more than 10% of the freshwater to
the lagoon (Smith 1993). The SSR is composed of a
northern and southern prong that provide natural drain-
age and two man-made canals (the C 54 and Fellsmere
canals) that receive and convey excess floodwater from
adjacent agricultural land and the St. Johns River
marshes (Steward and Van Arman 1987). Water control
structures regulate inflow from both canals into the
north prong (Steward and Van Arman 1987; Bergman
and Donnangelo 1998), and a distinct salt wedge is
present in both prongs year-round.

The majority of the SSR shoreline is covered by
vegetation that we classified as either overhanging or
emergent. The adjacent upland is characterized as a
hydric pine (Pinus sp.) flatwood while the overhanging
shoreline vegetation in this area is largely composed of
mangroves (Rhizophora mangle, Avicennia germinans,
Laguncularia racemosa), oaks (Quercus spp.), wax
myrtle (Morella (= Myrica) cerifera), leather fern
(Acros t i chum danae i fo l ium ) , p r imrose wi l low
(Ludwigia octovalvis), and the nonnative Brazilian
Pepper (Schinus terebinthifolius) (USFWS 1999).
Typical emergent vegetation types include cattails
(Typha spp.), swamp lily (Crinum americanum), panic
grasses (Panicum spp.), common reed (Phragmites
au s t r a l i s ) , a n d m i l d sma r twe ed (Pe r s i c a r i a
hydropiperoides). The unvegetated portions of the
SSR shoreline have been denuded through specific
clearing practices (e.g., removal of Brazilian pepper)
or the construction of docks and seawalls.
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The nontidal TC and CC tributaries are located approxi-
mately 22 and 27 km north of Sebastian Inlet, respectively,
along the western shore of the IRL (Fig. 1). Each creek re-
ceives freshwater from surrounding municipal watersheds but
provides less net freshwater input (< 5% and ~ 1%, respective-
ly) to the IRL than does the SSR (Smith 1993). The shorelines
of these tributaries are characterized by hardened seawalls or
various types of native vegetation (marsh, oak and pine forest
and bald cypress [Taxodium distichum]) and nonnative
Brazilian Pepper similar to that on the tidal SSR, although
the presence of mangrove communities in these nontidal trib-
utaries is less prominent (Suphunvorranop and Clapp 1984).

Sampling Methods

From July 2007 to June 2009, we used three sampling
gears to collect nekton in the tributaries. Fish and

macroinvertebrates from all three tributaries were col-
lected with a stratified-random sampling design by
using center-bag seine and electrofishing methods.
We conducted monthly sampling for smaller individ-
uals along shorelines where the water was < 1.8 m
deep by using a 21.3-m center-bag seine (3.1 mm
mesh) in the tidal SSR (N = 14 hauls) and two non-
tidal TC (N = 4 hauls) and CC (N = 4 hauls) tribu-
taries. Large, mobile species were sampled along
shorelines where the water was < 2.5-m deep by using
a 61-m seine (25.4 mm mesh) in the SSR (N = 3
hauls) and TC (N = 2 hauls) tributaries (the habitat
in the CC tributary was not suitable for this seine).
Both seines were deployed from the stern of a boat,
and were set in a semi-circle along the shoreline by
operating the boat parallel to shore into the prevailing
current.

Fig. 1 Map of the Indian River
Lagoon and detail of the studied
region (exploded inset—surveyed
creek in bold)
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Electrofishing was conducted along the shorelines in
tidal and non-tidal systems to complement the net col-
lections by including samples collected from a larger
variety of freshwater habitats. Each quarter during a 2-
day period, a maximum of two random 100-m tran-
sects were sampled in waters with salinities typically
less than 5 in each tributary. The available sampling
area within both tributary types was likely reduced
during the dry season. All electrofishing was conduct-
ed with a double-boom electrofishing boat equipped
with a 7.5 Generator Powered Pulsator (GPP) Smith-
Root electrofisher (170, 340, 500 or 1000 V; 6–38 A
and 60 pulses/s DC). Amperage was set at the mini-
mum necessary to incapacitate fish and macroinverte-
brates under the ambient water conditions. At each
sampling site, the boundaries of the 100-m transect
were determined by GPS and marked with buoys.
Next, the booms were slowly and repeatedly eased up
to the shoreline along the transect length, and current
was applied at each approach for at least 15 s and until
no new incapacitated individuals were observed in the
electric field. The temporarily incapacitated specimens
were removed from the water with a dip net (3.1-mm
mesh) and transferred into a live well until sampling
was completed at each site.

At each sampling site, recorded water quality data
consisted of water temperature (°C), salinity, pH, dis-
solved oxygen (ppm), and water clarity (Secchi depth
in m). Detailed habitat characteristics (water depth,
shoreline vegetation, substrate composition) and pre-
vailing environmental conditions (weather, wind
speed, cloud cover, rainfall) were also recorded at
each site. For sites in water deeper than 0.4 m, sur-
face and bottom water quality measurements were
taken and presented as means of the two measure-
ments. From each sample, all individuals were count-
ed, identified to the lowest practical taxonomic level,
measured to nearest mm (standard length for fish,
carapace width for crabs, post-orbital head length for
shrimp), and released except any fish or invertebrate
not identified to species, which was returned to the
laboratory for further identification. Nekton abun-
dance was reported as catch-per-unit effort (CPUE),
which was defined as animals haul−1 (seines) or ani-
mals transect−1 (electrofishing).

Statistical Analysis

Because our sampling design lacked true replication
among tributary types (Hurlbert 1984), we used a
nonparametric analysis approach with the understand-
ing that while permutational methods can provide rea-
sonable estimates of p values (Anderson et al. 2008),

the ability to ascribe causal differences to specific
factors may be limited. In this study, each gear type
characterized a different segment of the nekton com-
munity within the tributaries and was, therefore, ana-
lyzed separately. To examine physical and community
differences between tidal and nontidal tributaries, we
conducted multivariate analyses on sample data,
pooled across month within each season. While
pooling data in this manner can reduce the resolution
of within-season differences, this study focused on the
large-scale seasonal changes in communities related to
dry (December–May) and wet (June–November) pe-
riods defined in Arnold et al. (1998). Mean water
quality data were plotted by gear type to examine
seasonal changes in the physical environment of the
tributaries. The physical parameters, which are mea-
sured on difference scales, were transformed (square-
root) and normalized by taking the value of each
measurement, subtracting the mean, and then dividing
the result by the standard deviation. All community
multivariate analyses and ordinations were conducted
using nonparametric analytical methods and PRIMER-
E with PERMANOVA+ software (Anderson et al.
2008; Clarke et al. 2014; Clarke and Gorley 2015).
Differences in nekton assemblage structure between
the tidal and nontidal tributaries were first tested
using a two-way, permutational analysis of variance
(PERMANOVA) that included tributary type and sea-
son (along with all possible interactions). The analysis
was applied to the Bray-Curtis similarity matrix (Bray
and Curtis 1957) that used square-root-transformed
CPUE data to reduce the influence of overly abundant
species. In addition, all species (n = 35) encountered
during just one sampling event were removed from
the data set because, while rare species may be useful
in examining local disturbances, they usually have
little influence on community matrices and complicate
statistical computations and interpretations (Lyons
1996). Where significant differences were detected in
model effects (p < 0.05), pairwise post hoc com-
parisons were conducted between tributaries within
seasons and between seasons within tributaries.
Differences in assemblage structure, based upon the
similarity matrix, were explored visually by construct-
ing nonmetric multidimensional scaling plots using
year, season, and tributary type as pooling factors.
Taxonomic groups contributing to any observed dif-
ferences in assemblage structure were identified using
the similarity percentage analysis (SIMPER, cutoff at
90% contribution) routine. In addition, preliminary
analyses with analysis of similarity (ANOSIM) within
each tributary indicated that there were no significant
physical (R = − 0.13, p > 0.05) or community (R =
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0.042, p > 0.05) differences between years; therefore,
year was not treated as a factor in subsequent
analyses.

Bay anchovies (Anchoa mitchilli) were excluded
from all multivariate analyses because of concerns
that their high abundance during the entire study pe-
riod might reduce our ability to resolve differences in
community structure. Species complexes that hybrid-
ize in the IRL region (e.g., weakfish-sand seatrout
[Cynoscion complex], Tringali et al. 2004; silversides
[Menidia sp.], Chernoff et al. 1981; menhaden
[Brevoortia sp.], Dahlberg 1970; and cichlids [e.g.,
Oreochromis, Sarotherodon, and Tilapia], Gestring,
FWC-Non-Native Fish and Wildlife Program, personal
communication) or were not distinguishable macro-
scopically at small juvenile sizes (e.g., mojarras
[Eucinostomus sp.], gobies [Gobiosoma sp.], and
centrarchids [Lepomis sp.]), were classified and treat-
ed as single species for all analyses and discussion.
Species richness values were calculated for each gear
type by standardizing differences in sampling effort
using the rarefaction methods of Colwell et al.
(2012). Rarefaction values were calculated using the
software EstimateS (Colwell 2013), which estimates
the expected number of species (ES) as a function
of the number of accumulated samples.

The data from all three sampling methods were
pooled to compare size frequencies (Kolmogorov-
Smirnoff test (KS), α = 0.05) of selected species be-
tween the two tributary types. Common snook
(Centropomus undecimalis), red drum (Sciaenops
ocellatus), and spot (Leiostomus xanthurus) were se-
lected to represent species that spawn in the ocean or
near ocean inlets and use the low-salinity tributaries as
nursery areas. Bluegil l (Lepomis macrochirus) ,
largemouth bass (Micropterus salmoides), and brook
silverside (Labidesthes sicculus) were selected to rep-
resent freshwater species in the lower reaches of the
tributaries.

Results

Each tributary type displayed seasonal variation in
salinity, temperature, and dissolved oxygen. The sum-
mer and fall (wet season) were characterized by
warmer temperatures and lower dissolved oxygen,
whereas the winter and spring (dry season) were char-
acterized by cooler temperatures with higher dissolved
oxygen levels (Fig. 2). Seasonal physical conditions
varied between tributary type, particularly for mean
salinity. The difference in salinities between nontidal
and tidal tributaries during the dry season (difference

in seasonal means = 6.1) were more pronounced than
during the wet season (difference in seasonal means =
4.6). Multivariate analyses of the physical data indi-
cated significant differences between tributary type at
the 21.3-m seine (PERMANOVA, p < 0.02) and 61-m
seine sites (PERMANOVA, p < 0.03), but not at the
electrofishing sites (PERMANOVA, p = 0.829).

During the study, more than 470,000 animals
(representing 131 fish species and 8 macroinvertebrate
species) were collected in the three tributaries
(Appendix Table 1). The nontidal tributaries had higher
CPUE than did the tidal tributary regardless of sam-
pling gear (21.3-m seines: 1554.1 versus 394.0 animals
haul−1; 61-m seines: 62.6 versus 33.3 animals haul−1:
electrofishing: 42.2 versus 26.5 animals transect−1).
This relationship was also consistent between nontidal
and tidal tributaries during each season. In contrast, no
apparent patterns were observed in comparisons of spe-
cies richness between tributary types, sampling gear, or
seasons (Fig. 3).

Multivariate analyses of the 21.3-m seine data indi-
cated community differences (PERMANOVA, p < 0.01)
between the tidal and nontidal tributaries (Fig. 4a,
Appendix Table 2). Differences in community compo-
sition were observed between the main effects (tribu-
tary type, p < 0.001; season, p < 0.01), while the inter-
action term (tributary type*season) was not significant
(p = 0.22; Appendix Table 2). Pairwise comparisons of
all tributary and season combinations were significantly
different (p < 0.05). Thirty-three species contributed to
the observed differences in community structure be-
tween the tributary types (SIMPER, 53.6% dissimilari-
ty). The nontidal community was best characterized by
freshwater species such as juvenile sunfishes (Lepomis
sp.), bluefin killifish (Lucania goodei), and brook sil-
verside along with marsh species such as eastern
mosquitofish (Gambusia holbrooki) and sailfin molly
(Poecilia latipinna). The tidal community was charac-
terized by seasonal estuarine recruits such as white
mul le t (Mugi l curema ) , s t r iped mul le t (Mugi l
cephalus), Atlantic croaker (Micropogonias undulatus),
pinfish (Lagodon rhomboides) and invert ivores
consist ing primarily of mojarras (Eucinostomus
harengulus and juvenile Eucinostomus spp.).

Multivariate analyses of the 61-m seine data also
i n d i c a t e d t h e n e k t o n c ommun i t i e s d i f f e r e d
(PERMANOVA, p < 0.01) between the tidal and non-
t ida l t r ibutar ies (Fig . 4b, Appendix Table 3) .
Differences in community composition were observed
between the main effects (tributary type, p < 0.01; sea-
son, p < 0.01), while the interaction term (tributary
type*season) was not significant (p = 0.15; Appendix
Table 3). Pairwise comparisons of all tributary and
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Fig. 2 Summary of monthly
mean physical data collected from
tidal and nontidal tributaries by
gear type. Monthly data are
pooled over both sampling years

Fig. 3 Comparison of catch-per-
unit-effort (CPUE) and species
richness between sampling
methodologies set in nontidal and
tidal tributaries each season. Error
bars represent standard deviations
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season combinations were significantly different
(p < 0.05). Thirty-one species contributed to the ob-
served differences in community structure between
the tributary types (SIMPER, 53.3%). Many of the
species did not differ markedly in CPUE between
the tributary types. The nontidal community was dif-
ferentiated by the CPUE of hogchoker (Trinectes
maculatus), Irish pompano (Diapterus auratus), and

striped mojarra (Eugerres plumieri), while the tidal
community was differentiated by the CPUE of
mojarras, white mullet, and blue crabs (Callinectes
sapidus) (Appendix Table 1).

Multivariate analyses of the electrofishing data indicated
that the nekton communities differed between the main effect
of tributary type (PERMANOVA, p < 0.05), while season
(p = 0.13) and the interaction term (tributary type*season)
was not significant (p = 0.26; Fig. 4c, Appendix Table 4).
Pairwise comparisons of the nekton community differed only
between seasons in the tidal tributary (p < 0.05), while all
other pairwise comparisons did not reveal significant differ-
ences (p > 0.05; Appendix Table 4). In the freshwater reaches
where electrofishing methods are most effective, 20 species
were identified as contributing to observed differences in
community structure between the tributary types (SIMPER,
50.6%). The CPUE of many of these species differed mark-
edly between tributary types. These differences were attribut-
ed to the CPUE of freshwater fishes (e.g., centrarchids) and
two cichlids (Tilapia mariae and Cichlasoma urophthalmus)
in the nontidal tributaries and a greater CPUE of estuarine
species such as gray snapper (Lutjanus griseus) and common
snook in the tidal tributary (Appendix Table 1).

Size distributions of the six species selected for comparison
differed between the tributary types. The length-frequency
distributions of estuarine-dependent species (common snook,
red drum, spot) that spawn in the ocean or near ocean inlets
differed significantly between tidal and nontidal tributaries
(KS test, all D > 0.274, p < 0.05). In general, individuals of
these species were smaller and more abundant in the tidal
tributary than in the nontidal tributaries (Fig. 5). We did not
detect significant differences between tributary types in the
size distribution of two selected freshwater species
(largemouth bass, brook silverside), but bluegill length-
frequency distributions differed between the tributary types
(KS test; D = 0.237, p < 0.05), which was attributable to sub-
stantial differences in the abundances of the smallest size
classes between tidal and nontidal tributaries.

Discussion

The driving forces that shape communities within trib-
utaries can be dynamic and influenced by local condi-
tions or short-term, large-scale disturbances (Paperno
and Brodie 2004; Paperno et al. 2006). Nekton com-
munities within this study appeared to differ between
the tidal and nontidal tributaries despite relatively
small differences in the measured physical conditions
between the tributary types. While mean salinity levels
were significantly lower in nontidal tributaries during
wet seasons, the influence of salinity on community
composition may be muted as they were within

Fig. 4 Multidimensional scaling plot of community composition of
nekton collected by a 21.3-m seine, b 61-m seine, and c
electroshocking between tributary types and seasons. Gray circles =
tidal wet; black circles = nontidal wet; gray squares = tidal dry; black
squares = nontidal dry
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tolerance ranges for many euryoecious estuarine spe-
cies (Gunter and Hall 1963; Crocker et al. 1981;
Gilmore Jr et al. 1983a, b). Regardless, nontidal tribu-
taries supported a greater abundance of typical fresh-
water and marsh fishes (centrarchids, cichlids,
poeciliids, and atherinids) than was found in the tidal
tributary in this study. In contrast, the species compo-
sition within the tidal tributary contained many
euryoecious estuarine species including seasonal
juvenile recruits of several sciaenids, gerreids,
centropomids, and lutjanids. The tidal tributary in this
study is near Sebastian Inlet and contained salinity in
the bottom waters associated with the presence of a
salt wedge. This difference likely enables estuarine
and coastal-spawning species to take greater advantage
of the tidal habitat (Paperno and Brodie 2004). This is

also supported by an analysis of adult fishes in the
IRL by Kupschus and Tremain (2001) that indicated
the distance to coastal egress/ingress points was a ma-
jor factor structuring communities of larger mobile fish
within the estuary. Studies in other estuaries have also
indicated that the distance a habitat is from the mouth
of an estuary is a key determinant of community com-
position (Lucas et al. 1998; Wagner and Austin 1999;
Franco et al. 2006). The results presented suggest that
similar effects may be involved in structuring commu-
nities in adjacent tributaries.

Tidal and nontidal tributaries within estuarine sys-
tems may function very differently regarding the
ability to provide critical nursery habitat for sectors
of the associated estuarine fish community (Guindon
and Miller 1995; Ross 2003). Proximity (to inlets)

Fig. 5 Length-frequency of
selected species by tributary.
Marine species include common
snook, Centropomus
undecimalis, red drum, Sciaenops
ocellatus, and spot, Leiostomus
xanthurus. Freshwater species
include bluegill, Lepomis
macrochirus, largemouth bass,
Micropterus salmoides, and
brook silverside, Labidesthes
sicculus. SL = standard length
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alone may not be the sole determinant of whether a
habitat will be effectively used by the estuarine com-
munity (Martino and Able 2003). Connectivity to
other habitats (e.g., seagrass beds, mangrove forests)
and hydrodynamic processes have also been shown
to have a pronounced effect on structuring estuarine
communities (Jelbart et al. 2007; Kang and King
2013). Similar to portions of estuaries around the
world (Etherington and Eggleston 2003; Jenkins
et al. 2010; Pereira et al. 2015), much of the north-
ern portion of the IRL is nontidal (0–5 cm tidal am-
plitude) with wind stress effects being the primary
source of water movement (Pi t t s 1989; Smith
1993). Therefore, the extent of saltwater intrusion
into the nontidal tributaries in the northern IRL be-
comes more a function of episodic discharge rates
and wind-driven water movement than tidal forcing
(Liu et al. 1997). The relative stability of the phys-
ical conditions in nontidal tributaries may lead to
reduced seasonal signals that could further limit the
opportunities for estuarine recruitment. The com-
bined influence of these differences in physical char-
acteristics, ocean proximity, and inconsistent tidal
transport should be reflected in differences in abun-
dance and length-frequency of newly recruited indi-
viduals of coastal spawning species. In the present
study, juveniles of red drum, common snook, and
spot were found to recruit to the nontidal tributaries
later in the year, with lower CPUE, and at larger
sizes than to the tidal tributary.

Seagrass, mangrove marsh, and tidal tributary habitats
near inlets serve as primary nurseries for many
estuarine-dependent coastal species (Brown-Peterson
et al. 1993; Taylor et al. 1998; Faunce and Paperno
1999). Nontidal tributaries that are distant from these
habitats, and therefore more difficult for larvae to reach
due to the lack of tidal forcing, may function as sec-
ondary nursery grounds during years when prevailing
wind conditions are particularly favorable for recruit-
ment. A secondary function of the nontidal tributaries
may be to mitigate impacts due to density-dependent
mortality of young-of-the-year during an exceptional re-
cruitment year, loss of primary estuarine habitats, or
periods of high predator abundance. None of these im-
pacts were recorded in the northern IRL estuary during
the period of this study so the corresponding role of
nontidal tributaries during such conditions could not be
confirmed. Long-term monitoring efforts within these
nontidal tributaries are necessary to identify conditions
under which their importance as secondary nursery areas
may be demonstrated.

The results suggest that while instantaneous phys-
ical conditions within tidal and nontidal tributaries in
the northern IRL might not differ greatly from each
other (particularly in the low-salinity reaches), nek-
ton communities that use the tributaries may differ
substantially. Proximity of the tributary to ocean
habitats may be the greatest determinant of habitat
value to species that differentiate between seasons.
The tidal SSR, closest to Sebastian Inlet, included
species that were encountered only in this tributary
( e .g . bone f i sh , Albu la vu lpe s , weak f i sh - s and
sea t rout , sca led sard ine , Harengula jaguana ) .
During the dry season, several estuarine species ex-
tended farther upstream (Paperno and Brodie 2004)
indicating that utilization of available habitats was
affected by ambient physical conditions (e.g., salini-
ty, current), biological influences (e.g., recruitment
timing, habitat availability), or a combination of
each. Increasing demands for freshwater and poten-
tial withdrawals from tidal and nontidal tributaries
can alter the timing and magnitude of local physical
conditions, which can affect habitat availability to
the nekton communi ty. Ident i fy ing previous ly
undervalued nursery habitats is becoming increasing-
ly important in the conservation of estuarine habitats
(Sheaves et al. 2015). Many large-scale field studies,
including the present study, suffer from a lack of
replication (pseudoreplication), which can be logisti-
cally difficult to achieve (Hurlbert 1984; Millar and
Anderson 2004). Therefore, our interpretation of the
results provides a compelling and informative narra-
tive, but may not be definitive, and future work
comparing other tidal and nontidal tributaries are
needed to validate these findings. Still, our results
are valuable for promoting effective management
and conservation of smaller tidal and nontidal tribu-
taries, as well as adjacent riparian areas that serve as
key habitats for economically and ecologically im-
portant fishes and invertebrates.
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Appendix

Table 1 Summary of species collected during northern Indian River
Lagoon tributary sampling, July 2007–June 2009. Effort, or the total
number of hauls, is labeled N and represents the pooled effort

regardless of sampling method. Taxa are arranged alphabetically. Exotic
taxa are denoted with *; Macroinvertebrates are denoted with **

Taxon Nontidal Tidal Total Taxon Nontidal Tidal Total
N = 188 N = 463 N = 651 N = 188 N = 463 N = 651

Achiridae 0 1 1 Ctenogobius shufeldti 1 40 41

Achirus lineatus 30 65 95 Ctenopharyngodon idella* 1 0 1

Agonostomus monticola 0 12 12 Cynoscion nebulosus 1 4 5

Albula vulpes 0 7 7 Cynoscion complex 0 27 27

Ameiurus catus 1 3 4 Dasyatis sabina 0 28 28

Ameiurus nebulosus 0 2 2 Diapterus auratus 4314 19,257 23,571

Amia calva 5 4 9 Dormitator maculatus 45 85 130

Anchoa hepsetus 35 381 416 Dorosoma cepedianum 39 125 164

Anchoa mitchilli 64,305 287,530 351,835 Dorosoma petenense 0 1221 1221

Anguilla rostrata 10 25 35 Eleotris amblyopsis 2 8 10

Archosargus probatocephalus 139 456 595 Elops saurus 47 72 119

Archosargus rhomboidalis 0 1 1 Enneacanthus gloriosus 10 0 10

Archosargus sp. 0 2 2 Epinephelus itajara 0 1 1

Ariopsis felis 151 61 212 Erimyzon sucetta 0 19 19

Awaous banana 0 1 1 Erotelis smaragdus 0 1 1

Bagre marinus 4 0 4 Etheostoma fusiforme 9 10 19

Bairdiella chrysoura 4 14 18 Eucinostomus gula 1 144 145

Bathygobius soporator 0 32 32 Eucinostomus harengulus 381 5426 5807

Brevoortia sp. 1362 11,952 13,314 Eucinostomus lefroyi 0 5 5

Callinectes bocourti** 0 9 9 Eucinostomus sp. 1021 29,446 30,467

Callinectes ornatus** 0 5 5 Eugerres plumieri 727 3038 3765

Callinectes sapidus** 80 1044 1124 Evorthodus lyricus 1 243 244

Callinectes similis** 0 43 43 Farfantepenaeus aztecus** 11 9 20

Callinectes sp.** 0 2 2 Farfantepenaeus duorarum** 6 47 53

Caranx hippos 14 65 79 Farfantepenaeus sp.** 35 2749 2784

Caranx latus 1 6 7 Floridichthys carpio 0 1 1

Centropomus ensiferus 0 1 1 Fundulus chrysotus 9 0 9

Centropomus parallelus 23 198 221 Fundulus grandis 0 8 8

Centropomus pectinatus 1 19 20 Fundulus seminolis 104 66 170

Centropomus sp. 1 26 27 Gambusia holbrooki 4330 2988 7318

Centropomus undecimalis 525 2259 2784 Gerreidae 0 3 3

Chaetodipterus faber 3 0 3 Gerres cinereus 4 56 60

Chasmodes saburrae 0 1 1 Gobiesox strumosus 1 0 1

Cichlasoma cyanoguttatum* 0 1 1 Gobioides broussonetii 0 4 4

Cichlasoma urophthalmus* 15 5 20 Gobiomorus dormitor 11 48 59

Citharichthys spilopterus 1 125 126 Gobionellus oceanicus 33 159 192

Clarias batrachus* 0 1 1 Gobiosoma bosc 162 98 260

Clupeidae 0 2 2 Gobiosoma robustum 22 12 34

Ctenogobius boleosoma 1 13 14 Gobiosoma sp. 125 182 307

Ctenogobius pseudofasciatus 0 28 28 Harengula jaguana 0 190 190

Hemichromis letourneuxi* 0 12 12 Notemigonus crysoleucas 3 3

Heterandria formosa 87 12 99 Notropis maculatus 6 143 149

Jordanella floridae 6 2 8 Notropis petersoni 6 10 16
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Table 1 (continued)

Taxon Nontidal Tidal Total Taxon Nontidal Tidal Total
N = 188 N = 463 N = 651 N = 188 N = 463 N = 651

Labidesthes sicculus 562 956 1518 Notropis sp. 3 0 3

Lagodon rhomboides 21 1394 1415 Oligoplites saurus 13 22 35

Leiostomus xanthurus 27 1732 1759 Opisthonema oglinum 35 80 115

Lepisosteus osseus 8 6 14 Oreochromis aureus* 13 0 13

Lepisosteus platyrhincus 31 47 78 Oreochromis/Sarotherodon sp.* 68 58 126

Lepomis auritus 39 0 39 Orthopristis chrysoptera 1 8 9

Lepomis gulosus 31 5 36 Paralichthys albigutta 0 1 1

Lepomis macrochirus 662 872 1534 Paralichthys lethostigma 0 5 5

Lepomis marginatus 6 0 6 Poecilia latipinna 282 166 448

Lepomis microlophus 101 54 155 Pogonias cromis 0 18 18

Lepomis punctatus 81 9 90 Pomatomus saltatrix 0 2 2

Lepomis sp. 196 327 523 Pomoxis nigromaculatus 0 36 36

Litopenaeus setiferus** 53 275 328 Prionotus scitulus 0 1 1

Lophogobius cyprinoides 218 448 666 Prionotus tribulus 0 2 2

Lucania goodei 171 33 204 Pterygoplichthys sp.* 14 10 24

Lucania parva 341 128 469 Sarotherodon melanotheron* 22 3 25

Lupinoblennius nicholsi 2 14 16 Sciaenops ocellatus 8 964 972

Lutjanus cyanopterus 0 1 1 Scomberomorus maculatus 0 1 1

Lutjanus griseus 32 220 252 Selene vomer 0 7 7

Lutjanus jocu 0 23 23 Sphoeroides nephelus 0 9 9

Macrobrachium sp.** 2 0 2 Sphoeroides spengleri 0 1 1

Megalops atlanticus 3 7 10 Sphoeroides testudineus 0 50 50

Membras martinica 0 1 1 Sphyraena barracuda 1 17 18

Menidia sp. 279 1811 2090 Strongylura marina 7 13 20

Microgobius gulosus 261 464 725 Strongylura notata 20 97 117

Microgobius thalassinus 1 23 24 Strongylura sp. 0 22 22

Microphis brachyurus 13 23 36 Strongylura timucu 0 16 16

Micropogonias undulatus 10 3758 3768 Syngnathus louisianae 0 3 3

Micropterus salmoides 34 38 72 Syngnathus scovelli 21 11 32

Mugil cephalus 490 1804 2294 Synodus foetens 0 10 10

Mugil curema 59 487 546 Tilapia mariae* 140 61 201

Mugil sp. 0 2 2 Trachinotus falcatus 0 8 8

Mugil trichodon 0 1 1 Trinectes maculatus 377 244 621

Myrophis punctatus 0 1 1 Totals 83,028 387,314 470,342

Table 2 Results of permutational analysis of variance and post hoc
pairwise comparisons of community composition between tributary
type (tidal; nontidal) and season (wet; dry) as determined through the
21.3-m seine efforts

Source Df Pseudo-F p value

Tributary type 1 8.35 < 0.001

Season 1 3.38 < 0.01

Tributary type*Season 1 1.28 0.22

Tidal*Wet Nontidal*Dry

Tidal*Dry < 0.05 < 0.05

Nontidal*Wet < 0.01 < 0.05

Table 3 Results of permutational analysis of variance and post hoc
pairwise comparisons of community composition between tributary
type (tidal; nontidal) and season (wet; dry) as determined through the
61-m seine efforts

Source Df Pseudo-F p value

Tributary type 1 3.56 < 0.01

Season 1 3.08 < 0.01

Tributary type*Season 1 1.42 0.15

Tidal*Wet Nontidal*Dry

Tidal*Dry < 0.01 < 0.05

Nontidal*Wet < 0.05 < 0.05
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