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Texas Estuaries



Source: Modified from Davies, 1973; Bird 2000; Anderson 200

Most Texas Estuaries Brazos Riverine Estuary
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Oceans Land

Positive Salt-wedge Estuary
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Dynamics of flow, salinity and dissolved oxygen on organisms
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Nybakken and Bertness 2004

Dynamic: freshwater inflow creates a mosaic of habitat for both freshwater and
marine organisms



TX SB3 Environmental Flow Process 2007



Freshwater instream and estuarine inflow standards
and flow tiers for Brazos River



Influence of freshwater inflow on Nekton

 Response of nekton to salinity fluctuation
influenced by frequency, rate, magnitude,
and duration freshwater inflow1.

 Freshwater inflow salinity, sediment,
dissolved oxygen biotic community

 Our ability to detect change based on
monitoring design and effort

 Past efforts to detect effects on nekton in
other estuaries have had mixed results.

1. Tolan 2013; McFarlane et al. 2015.



Historical Data – Brazos River

 Routine fisheries monitoring lacking

 Johnson (1977) - 2 year study 1975-76; lower
40.2 km at 5 sites. Monthly sampling for
temperature, salinity and oxygen profiles and
nekton surveys using trawls. Very limited spatial
information provided.

 Miller (2014) – monthly replicate trawl and seine
survey 2012, 4 in lower 42 rkm. Vertical profiles
of temperature, salinity and oxygen including
replicate trawls.



Study Objectives

1. Evaluate environmental flow
recommendations in the tidal portion of
the Brazos River using historical AND
recent data.

2. Characterize the flow regime, and select
water quality variables

3. Quantify response of nekton community
(species composition, distribution and
density of juvenile and adult nekton), and



Methodology



Current Study – Nov 2014 – May 2015

• 5 primary sites: (1, 10, 22, 31, 42 rkm) +
additional 4 secondary sites (5, 15, 25, 36 rkm)

• Main channel 10 ft trawling – (3 rep) - @ 5
primary sites + shoreline Renfro Beam trawls (3
reps) – @ 5 primary sites

• Water quality profiles (temp, pH, sal, DO,
turbidity) at all 9 sites

• Automated surface monitoring sondes @ rkm
10, 22, 36 - SCT & dissolved oxygen

• Study limited to periods < 10,000 cfs due to safety



Study Area

Rosharon Gage



Methods
 Compared data from current study (Oct 2014 -

May 2015) to Miller (2014) – 2012 (monthly - 12
months)

• Information on date of collection not provided for
Johnson 1977. Limited ability of using that data
set.

 Evaluated surface and bottom water
temperature, salinity, and dissolved oxygen vs.
season and flow

 Nekton community composition and estuarine
species proportion (Miller and current study
only)



Data Analysis

• PRIMER - cluster analysis, NMDS,
ANOSIM.

• Linear models fitted to select variables vs.
flow

• ANOVA – water quality variable, flow tier,
rkm



Results

Hydrology and Water Quality
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Data from Current 2014-15 Study and Miller (2014) (2012 data)



ANOVA and multiple comparison test results.

Dep. Var p-value Interaction Variables p-value Contrasts

Salinity 0.002 S 2sps-site <0.001 (B1-B10)(B15-B42)

4ps-site 0.002 (B1-B26)(B15-B31)(B26-B42)

Avg-site 0.016 (B1-B10)(B15-B42)

Dry-site 0.002 (B1-B22)(B15,B22, B31)(B22-B36)(B26-B42)

Dissolved oxygen 0.732 NS Tier <0.001 All tiers different

Salinity: significant interactions between flow tiers and river
kilometer

Dissolved oxygen: no significant interaction between flow tiers and
river kilometer. All flow tiers different.



Results

Hydrology, Salinity vs. Nekton
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2014-2015 Study : Nekton Community nMDS Ordination

NMDS plot for nekton abundance (log+1 transformed with Bray-Curtis resemblance) data from 2014-15,
all sampling methods combined. Points are labeled by Flow Tier Category (2=dry base flow, 3=average
wet flow, 5=four per season, and 7=two per season events). Relationships by Flow Tier) and Site
location (are shown with general trend lines.



2014-15 & 2012 (Miller 2014) : nMDS Ordination

NMDS plot for nekton abundance (log+1 transformed with Bray-Curtis resemblance) from
2012 and 2014-15 using combined otter trawl and beam trawl data. Relationships by Flow Tier
(from top right to bottom left) and Site location (from bottom right to top left) are shown with
general trend lines. Points are labeled by Flow Tier Category (1=Subsistence flow 2=dry base
flow, 3=average wet flow, 5=four per season, 7=two per season events, and 8=one per season..
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Week but significant relationship between estuarine species and flow tiers and discharges
* As new data compiled and sample size increases this will be repeated for each river
kilometer sampled = more statistical power



Conclusions
 Salinity and dissolved oxygen responded rapidly to changes

in freshwater inflow.

 Critical to evaluate vertical stratification – influences
bottom fish communities

 Prob. of hypoxia lower when flow was high and salt wedge
was reduced or pushed further downstream

 Nekton species composition sensitive to salinity but some
species exhibit strong seasonal response, i.e. overall
proportion of each species may be less sensitive = broad
tolerance to salinity changes?

 Latitudinal gradients related to salinity and dissolved
oxygen likely interacting with strong seasonal pulses of
juvenile fish .



Pending Analyses

 Examining additional data from Johnson 1977

 Stable isotope analysis – contribution of
upstream nutrients to estuarine juvenile fauna

 Response of larval fish and zooplankton
communities to flow regime

 Evaluation of patterns in main channel vs.
shoreline distribution of juvenile nekton

 Evaluation of shoreline adult nekton
communities – electroshocking data



Future Proposed Work

 Further investigation of other flow tiers

 Use of mark/recapture and lfda, otolith aging to
evaluate growth of immigrating YOY fish in
response to flow regime

 Telemetry of larger fauna (gar, bull shark)?
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Questions?
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