


























(i) there appeared to be differences in response in both scale and species
composition which could be related to the northern versus the southern station
which wasassociated with the antecedent magnitudeesifwater inflow, and

(i)  phytoplankton are frequently dmnited by several nutrients, typidglnitrate

and phosphate.

2.1 Role of Nutrients in Galveston Bay

Nutrients, in the appropriate quantitiexyntribue positively towater quality and ecosystem
function (Longley 1994; Nixon 1995)However, if present in excage amounts,nutrients

can lead to the development of harmful algal blooms and other deleterious impacts on
ecosystems health and services (Quaggl 200%,b,c; Quigg 2009, 20)0ncluding but not

limited to algal blooms anfish kills (Thronson and Quigg 2008; Mclnnes and Quigg(d201
Excessive nitrogen loading to rivers and estuaries is cited as the principal causal factor of the
riseands@gad of eutrophication worl dwide (Diaz
which appears each summer along the Louisiana coast has long been attributed to loading of
the Mississippi River upstream by the application of fertilizer to crops by farmers midhe

west(references in Diaz and Rosenberg 2008)

Guillen (1999) published a report indicating that primary productionl rmity-San Jacinto
Estuarywas phosphorus (P) limited while Ornoélfsdotir al (2004) reported that it was
nitrogen (Nas nitratg limited. Quigget al (2009a) and Quigg (2009) recently reported that
the response of phytoplankton communities to nutrient loading varies both with location and
season inTrinity-San Jacinto EstuaryThese authors found evidence of both N &hd
limitation, andor co-limitation by both N and P. Whil&rnoélfsdéttir et al (2004) also
examined nutrient limitation on spatial (transect from Trinity Rivetht® middle of the
Trinity-San Jacinto Estuaryand temporal (year long study) scadewl fond thatN was the
nutrient limiting growth of phytoplanktgrthese authors did not consider the San Jacinto
River basin, nor the entrance Tanity-San Jacinto Estuat the southern most point which

connects with the Gulf of Mexico (Bolivar Point)



Previous studies in Galvest@ay have found phytoplankton production to be dominated by:
cyanobacteria, green algamd diatoms (references in Orndlfsdéwir al, 2004). While
Ornolfsdottiret al. (2004), Quigget al (2009a) and Quigg (200%und that dhtoms were
the taxa that most often responded to the addition of N sourdhsir assaysQuigget al.
(2009a) and Quigg (2009) alstservedhat whenpopulations were cbmited by N and P,
cryptophytes, haptophytes, prymnesiophytes also respondeficsigtly. The resulting shift

in phytoplankton community composition towardegbtaxamay not be of concerns because
they are not typically associated wittsignificant harmful algal bloomsin the Bay.
Nonetheless, there are a number of noxious speslésh reside in Texas estuaries,
particularly species dflitzschiaand PseudonitzschigQuigg et al 20091, which have been
associated with shellfish poisoning from eating mussels and oysters contaminated with

domoic acid

Buyukates and Roelke (2005) found that plankton assemblages receiving nutrient loads in a
pulsed modelead to lessaccumulated phytoplankton biomass and supported greater
secondary productivity, while assemblages receiving a continuous inflow resulted in a
phytoplankton bloom and demise of the zooplankton commuritgnce, kifts in
phytoplankton compositiomay change the nutritional value of phytoplanktmmmmunities

to consumers, ranging from zooplanktavysters and fish atigher trophic levels This

impact is lessvell studiedbut available literature indicates that it may be a cause for concern.

2.2 Towards the development of a nutrient budget

Given the critical role that nutrients play in modulating the base of the food web (primary
producers)n all ecosystemananagement efforts directed towards modifying nutrient inputs
(typically reductions in both N and P associated with anthropogenic activities) will have
downstream ecological impacts which are not always clearly understood. For GaRagton
freshwater inflows and waste water treatment facilities are the two most significant point
sources for nitrogen inputs whilst entrainment with Gulf waters is the major(Bossk

2001). Various efforts over the last three to four decades have fdcosedeveloping a
nutrient budget for Galveston Bay (see Galveston Bay Estuary Program website for historical
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and current studies) to aid in the development of management kbmisever, given the
ongoing changes in processes (agriculture, air depositesgrvoir development, urban
development and runoff, and waste water volume and quality) which impact the Bay and
ongoing population growth, the need to develop new nutrient budgets which are responsive to
these changes remains. Further, as flows increasethe San Jacinto Rivémto Galveston

Bay as a result oincreasedeturned flows starting from the DallaSort Worth Metroplex,
relative to the Trinity River, circulation patterns maybe also altered. All these factors need to
be considered when dewging a nutrient budget. Further, lecchemical processes
talking part in the water column and in the sediment need to be considered. When previous
budget studies have been done (e.g., Brock 2001), the inability to mass balance nitrogen
budgets in the By has been associated with a poor understanding of nitrogen processes
occurring both in the water column and in the sedimeétesce, studies such as the current
study, will aid in the development of such budgets, and thereby, tools for managing

ecosysterm such as Galveston Bay.

2.3 Objectives

Hence, in this new study wetended tgerformintensive resource limitation assgy&LAS)
acrosssix locations in the TrinitySan Jacinto Estuary during a periodydicali hi gho f | ows
(March 2011)and thermagain during a period dfpicali | o w o (Jtly 201d)sspecifically
focusing on theeffect of increased nutrient loading impacting phytoplankton community
structureHowever, given the actual flows in 2011 were not very distinctive, the results do
not reflect a true response to high versus low flowather, the objective became a
comparison of thg@hytoplankton responses between seasons when the strong inflow signal
was suppresseiVe also investigatethe importance of two nitrogen sourdesitrate aml
ammoniumi on defining both the response and ttespondents This work will be
conducted concurrently with other funded programs examining freshwater inflows in
Galveston Bay, providing important insights specifically towamderstandinghe role of

nutriens in defining phytoplankton responsestive Trinity-San Jacinto Estuary.
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3. Methods

3.1 Freshwater I nflows from the Trinity River

Realtime flow data from a USGS monitoring station (Trinity River at Romay8GS
gauge 08066500 was usedo determine the freshwater inflowolumeinto the Trinity-San
Jacinto Estuaryrom January to Decemb@011. By summing the daily flows provided on
the USGS web site, we determined the total monthly and annualdfejfrom the Trinity
River respectivelyln order to report flowsnflows and water volumes in aefeet we used
the conversation factor 1.98347Qifgguang Ly TWDB hydrologist) that is, 1 cubic foot
per sec (cfs) for 24 hours £983471acrefeet We summed daily flows in acifeet to

deternine the total monthly and annual flow from the Trinity River respectively.

3.2 Water Quality

Immediately prior to starting the resource limitation assagsxdixed stationgFig. 2; Table

1) in March (15 and 16 2013 andin July (11 and12 2012, water profileswere measured
with a calibratedHydrolak temperature, salinity, dissolved oxygen and pétevecordedat

1m intervals from the surface to the bottom of the water calualinity (throughout the
report) will bereported using the PracéicSalinity Scaleaccording to UNESCO (1981)he
Practical Salinity Scalelefines salinityas a pure ratio, and has no dimensions or units.
Further,it will not have any numerical symbol to indicate parts per thousand. Saliflity
thusbe reported as mumber with no symbol or indicator of proportion after it. In particular,
it is not correct to add the letters PSU, implying Practical Salinity Units, after the nuinber.
single water column profile was taken at each station prior to collecting waterater w
quality analysis (see below) and prior to starting the resource limitation assays (see below

also).
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Fig. 2 Map showing locatior
of six fixed sampling station
in the TrinitySan Jacinto
Estuary.

Table 1: Latitude antbngitude of fixed sampling stations in TrinBan Jacinto Estuary.

Station Latitude Longitude Site description
1 29°71.15 94°74.58 Upper Trinity River Basin
2 29°61.60 94°82.90 Lower Trinity River Basin
3 2951271 94°85.68 Middle Bay
4 29°40.36 94°86.81' Lower Bay
5 29°35.76 94°75.81' Bolivar Pass
6 29°61.08 94°92.86' San Jacinto River Basin

Additional water was collectelom surface waterto measure (i) [dorophyll a (chl a), (ii)
dissolved(nitrate, nitrite, ammoniajrea, silicateand phosphajeand total(nitrogen TN) and
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phosphorus TP)) nutrients, (iii) btal suspended solid€l'SS, (iv) pigmentsand (v) to

examine the@hytoplankton communitysingmicroscopy.

Water from each of these stations was filtered (GF/F; Whatman) fitei¢ under low
vacuum pressure (< 130 kPa). Filters were folded and froz@04E for later chi analysis.
Calibration and measurement techniques were performed according to Arar and Collins
(1997) with some modifications described in Quegal. (2007, 2009).

For nutrient (dissolved and total) analysigater samples from each station were filtered
(GF/F; Whatman) onto a filter under low vacuum ¥30 kPa) pressure. The filtrate was
stored in an acid cleaned HDPE rectangular bottle (125 mL; Nalgene) which was triple rinsed
with extra filtrate before keeping the final sample for analy®sal nutrients were measured

on unfiltered samplesSampledfor nutrient analysis were frozen immediately until analysis

by Geochemical and Environmental Research Group (GERG) at TAMU (College Station)
The ratio of inorganic nitrogen (DIN) to phosphate (P =-PPnutrients was calculated after
summing the nitrogn inputs (DIN = N@N + NOx-N + NHs-N).

For measurement of total suspended solids, filters weregmndusted (500°C for 5 hrs) and
preweighed. After filtration of a known volume of water, filters were dried in an oven at 60

°C for no less than 48 hracthen reweighed.

3.3 Pigment Analysis

The relative abundance of microalgal groups in mixed species assemblages can be assessed
using the diversity and phylogenetic association of specific photosynthetic accessory
pigments (chlorophylls and carotensjdMillie et al. 1993, Jeffreyet al. 1997). Mackeet

al. (1996) developed ma analysis algorithm (CHEMTAX) for calculating algal class
abundances based on biomarker photopigments. High performance liquid chromatography
(HPLC) was performed using standard protocillie et al. 1993 Jeffrey et al. 1997).
Essentially, Bquots (0.3 to 1.0 L) of water collected from thie fixed stations (Fig. 2) were

filtered under a gentle vacuum (<50 kPa) odt@ cm diameter filters (Watman GF/F),
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immediately frozen, and stored-80° C. Frozen filters were themt into strips and placed

into a freeze dryer for 224 hours. Then filters werden placed in100% acetone (3 mL),

and extracted at20° C for 12- 20 h Filtered extract§200 pL) were injected into a
ShimadzuHPLC equipped with a single monomeric (0.46 x 10 cm, 3 um) and two polymeric
(0.46 x 25 cm, 5 um) reverg#ase g columns in serig accordingo their properties\{(an
Heukelemet al. 1994; Jeffreyet al. 1997). Anonlinear binary gradient, adapted from Van
Heukelemet al. (1994), was used for pigment separatior®olvent A consists of 80%
methanol:20% ammonium acetate (0.5 M adjusted to pH 7.2) and solvent B is 80% methanol:
20% acetone. Absorption spectra andoamtograms (440 nm) were acquired using a
Shimadzu SPEM10av photodiode array detector. Pigment peaks were identified by
comparison of retention times and absorption spectra with pure crystalline standards,
including chlorophyllsa, b, p-carotene (Sigma l@&mical Company), fucoxanthin, and
zeaxanthin (HoffmatbaRoche and Company). Other pigments were identified by
comparison to extracts from phytoplankton cultures and quantified using the appropriate
extinction coefficients (Jeffregt al. 1997).

3.4 Phytoplankton Pulse - Amplitude Modulated Fluorometer
(PHYTO-PAM)

The pulseamplitudemodulation (PAM) measuring principle is based on selective
amplification of a fluorescence signal which is measured in the presence of intense, but very
short (sessokactinic lght.lIn the PHYT®AM, light pulses are generated by an
array of lightemitting diodes featuring 4 different wavelengths: blue (470 nm), green (520
nm), light red (645 nm) and dark red (665 nm). This feature is very useful for distimguishi
algae with different types gfhotosynthetic accessory pigments (Jakolal. 2005). Green

algae (Chlorophytes and Prasinophytes) can be distinguished from Diatoms plus
Dinoflagellates and Cyanophytahe advantage of the PHYTBAM techniquds that itcan

be done in minute¢compared with hrso-days for HPLC). ThePHYTO-PAM approach
promises to be particularly suited to monitoring prograsstis also verysensitive(to 0.1

ug chlorophyll L) (Nicklisch and Kéhler 2001 and allows for statistically robust
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experimental design given many samples can be examined within a short period dri time.
this study, the PHYT&@?AM was used to obtain a rapid assessment of the dominant
phytoplankton community in the RLAs. Previous studies have shown this is dseful
determining the majamicroalgal group$Quigget al.2009b,c).

3.5 Plankton collection andidentification

Phytoplankton werecollected by towing a 67um net in the water for no less than five
minutes. Thisvas used to concentrate plankton into axi0sample which was preserved in
anacid cleanedHDPE rectangular bottle (125 mL; Nalgene) using &altlehyde (final 5%).
Samples were examined microscopically for general species identification with the assistance
of Tomas (1997). Digital photograph&representatives of each species were recorded along

with the magnification, sizes and any other distinguishing detail.

3.6 Resource Limitation Assays (RLAS)

Resourcdimitation assays (RLA) were undertaken to identify which resource (nutrient(s)
andbr light) limited phytoplankton growth at six sampling sites in Trisfign Jacinto
Estuary (Fig. 2; Table 1sampling occurred from Marctb to 16 2011 and from Julyt1 to

12 2011.In the 30 day period preceding these sampling campaigns, a tda|2d0 cfs
(105,600acrefeef and54,540cfs (108,179acrefee) were discharged respectively. That is,
a similar amounts oFWI6 gpreceding the Marchnd Julysampling everst Bioassays ere
carried out essentially as described by Figtel. (1999)with modifications as described in
Quigget al.(2009¢ 2010. Specifically, in this particular study, sade (0- 0.5 m) water was
collectedfrom the six stationfor tentreatmentperformed in triplicat¢total 180 cubitainer3
and @ 1 i comtrbb (tatdl 6 cubitainer3. The initial phytoplanktorbiomasgas chla) and

community compositiofHPLC, PHYTO-PAM) weremeasuredh the initial control
The followingtreatmentsvere performed in March and July

(i) C control (no additios, no modification

(i) N plus ritrogen (N asnitrate,30 umol L™ NOy),
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(i) A plus nitrogen (N as ammoniy®0 pmol L™ NH,"),
(iv) P plus phosphorus (aphosphate? umol L™* PO,*),
(v) NP plus nitrate and phosphate,

(vi) NA  plus nitrate and ammonium,

(vii) Si plus silicate(30 pmol L™ SiO3)

(viii) ALL plus nitrate, ammonium, phosphate and silicate
(ix) G grazing (filter water thru a 128m mesh),

(X) Sh shade (block light penetration by 50%).

Fig. 3 Experimental set up each sample was incubated at ambient water temperatumsilence
and under 50% ambient sunlight in an outdoor facility at TAMWBGthe end of the experiment the
180 cubitainers are retrieved and processed in the laboratory.
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The nutrient concentrationabove are thefinal concentrationsof each nutrientin each
treatment the experiments were designed to provide excess nutrieatsthe grazing
treatment no nutrients wee added (as done for the control) Il water was prdiltered
with a 118 um filter before filling eachcubitainer Treatments were incuted at ambient
water temperatusz turbulence and undds0% ambiensunlight in an outdoor facilityFig.
3). Free floating corrals were designed to 80 cubitaines in each ofsix quadrants.
Cubitainerswere randomly loaded into @ke units within hours of sample collection.
Treatments were then left for a week before beingssubpledor changes in phytoplankton
biomass(as chla) and community compositio(HPLC, PHYTO-PAM). Cubitaines were
collected and processed as quickly as possible inlaberatory a low light (shaded)

environment.

The response potential of phytoplankton in each treatment was quantified according to the
phytoplankton response index (PRI) of Fisketral. (1999). The PRI was calculated by
determining the phytoplanktonawth response as the ratio of the maximum biomass relative

to the initial biomassGi ven t hat the Ainitiald biomass w
experiment and the fimaxi mumo biomass was that

week later), the RI reflects the change in biomass over the duration of the RLA.

3.7 Statistical analysis

SPSS statistical software was used to perform a Krugkallis Test to determine significant
differences between water quality parameters (temperature, salibiy, &nd pH), water

column nutrientsr{itrate, nitrite,nitrate + nitrite, ammoniugrurea, silicatephosphatgand
elemental ratiosmcross all stationbetween March and JulyA Mann Whitney U Test was

used to determine differeas in salinity between gian 1 andstation6 in March. Analysis

of variance (ANOVA) was used to determine significant differences in TN and TP
concentrationsicross all stationsetween March and JulyA Kruskall-Wallis Test was used

to determine significant differences between PRIs across all stations and treatments for each
month. A Mann Whitney U Test was use@ determine differences in PRgithin all
treatments andcross alktationsfor March aml July.
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4. Results

When values presented in the report are mean values we have included standard deviations.
However, in most cases including the USGS data, the water quality data collected with the

hydrolab and the plankton identificatiarork, replicate measurements are not available.

4.1 20117 Amongst theWarmest andDriest Years onRecord

2011 wasamongstthe warmest and driest years on record since records startedlinnl8

Texas fwww.nws.noaa.gov The City of Houston experienced the warmest year on record,

matching the previous recosetin 1962. The City of Galveston recorded its second warmest
year on record, with 2006 established as the warmest year since record keeping started. For
compari®n, the five warmest years on record for cites adjacent to the T8aityJacinto

Estuary are listed in Table 2 (data framww.nws.noaa.gov

Table 2. Five warmest yeafiésted in order of highest to lowesih recad for cites adjacent to
the Trinity-San Jacinto Estuary.

City of Houston  Houston Hdoby  City of Galveston
719°F 1962 72.£F 2011 72.6F 2006
71.9F 2011 72.3F 1998 72.5F 2011
71.7°F 1933 71.£F 2006 72.3F 2005
71.5F 1965 71.3F 2008 72.3F 1994
71.5F 1927 71.7°F 2009 72.3F 1999

O WDNPEF

In terms of rainfall2011wasone of thetop five driest years on record for the Galveston Bay
watershedwww.nws.noaa.gov The City of Houston received ~25 inches of rain in 2011

making this the third driest year on record (Table 3) while the City of Galveston received ~
23 inches of rain in 2011 (Table J)his is at about 30 to 50 percent of the expected normal
rainfall for the City of Houston, Houston Hobby and City of Galveston which typically
receive 49.77, 54.65 and 50.76 inches of rain respectweyw(nws.noaa.gov
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Table3. Rainfall (inches)recorded for ifive driest yearglisted in order of lowest to highesth record

for cites adjacent to the Trinit$an Jacinto Estuary.

City of Houston  Houston Hioby  City of Galveston
1 17.66 1917 25.41 2011 21.40 1948
2 22.93 1988 26.65 1988 21.43 1917
3 24.57 2011 28.32 1956 21.84 1956
4 27.09 1901 28.76 1954 22.29 1954
5 27.23 1951 31.11 1931 22.95 2011
4.2 Freshwater Inflow into Trinity -San Jacinto Estuary during 2011

Realttime freshwater inflow measured as daily dischgmew.waterdata.usgs.gpn cubic

feet per second (cfgp Trinity-San Jacinto Estuary from January 01 to December 31 20
was downloaded from the USGS mimming gaige located on the Trinity River at Romayor
(08066500) and for comparison, fromanuary 01 to December 31120 The corresponding
gage heighffeet) was also downloaded for these two time periods.

Consistent with theyear having little rainfall, there was little freshwater inflow into the
Trinity-San Jacinto Estuary from the Trinity Riv@tig. 4). The annual (total) discharge in
2011 was 656,466 cfs-1.3 million acrefeef), about 20% of the total discharge (2,973,82
cfs; ~5.9 million acrefeed) recorded in 2010 (Fig. 6). In addition, river levell f
significantly (Fig. 5) compared the previous year (Fig. 7)ypically, most of the freshwater
inflows into the TrinitySan Jacinto Estuary occur in tfal but sgnificantfreshwater inflow
events (>10,000 cubic feet per sem) freshets alsaccur during the spring. This was
observed in 2010 but n@011 (Figs. 6 and 4 respectively)n fact in 2011 there were no
freshets >10,000 cf&his is consistent with supgssed flows due to drougbonditions in
2011.

Based on previous ydgarflow events, we performed the RLAs in March and July. However,

given the unusual conditions 2011 we were not able to comparesponsestdé hi gh o and
il owo, as thefleves wersimilar prior to each sampling event (see section 3.6 above)

but instead compatighe seasonal signdiarch versusJuly wi t h t he i nfl ows
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DAILY Discharge, cubic feet per second

USGS 08066500 Trinity Rv at Romayor, TX

G088

18088
908
Jan Feb Har Apr Hay Jun Jul Aug S5ep oct How Dec Jan
2011 2811 2811 2811 2811 2811 2811 2811 2811 2811 20811 26811 2012

— Daily nean discharge === Period of approwed data
— Estinated daily nean discharge == Period of prowvisional data

Fig. 4 Daily discharge (cfs) from the Trinity River in 2011 (www.waterdata.usgs.gov)
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Fig. 5 Daily gage height (cfs) on the Trinity River in 2011 (www.waterdata.usgs.gov)
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Fig. 6 Daily discharge (cfs) from the Trinity River in 2010 and 2011 (www.waterdata.usgs.gov)
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Fig. 7 Daily gage height (cfs) on the Trinity River in 2010 and 2011 (wwigrdata.usgs.gov)
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4.3 Temporal and spatial changes irwater quality measured at the

six fixed stations

Water quality was measured at each station immediately prior to commencing the RLAs.
During both months, the water column was well mixed as can be seen in Tables 5 and 6
below. We found water temperatures wesignificantly lower (p < 0.001)in March than

July, on average 17.95°C +0.32°C and 30.51°C +0.43°C respeciivedge temperature
ranges are typical for this ecosystem (Datial.2007; Quigget al.2007; 2009c¢).

Salinitieson averagaveresignificantly different p = 0.002) betweeMarch 2.3 £3.7 and

July (25.9 +2.8. There was nonetheless a gradient ofeasing salinities in March from
station 1 to 5 (Table 5) which corresponds to stations located in the upper Trinity River Basin
(station 1) adjacent to the mouth of the Trinity River to station 5, located at Bolivar Pass and
the Gulf of Mexico (Fig. 2). 8inities increased from 15.1 to 27.2 (Table 5). The salinity in
the SanJacinto River Basin (station 6, 21.9) was significantly higper 0.034)than that in

the upper Trinity River Basin (station 1, 15.1) consisteith typically greater freshwater
inputs from the latter river relative to the fornf@able 5) Whilst there was also a gradient in
July, this was less s#e, with salinities varyg from 22 to 30 from stations 1 to 5 and the
salinities in both river basins being similar (-28) (Table 6).

Dissolved oxygen (DO) concentrations averagewnere significanty different (p < 0.0001)
betweenMarch (8.06+0.06) and July (5.68 £0.79)Table 5 and 6). Given that the %DO was
less than 10@or both months, it is unlikely that there were blooms present at any of the six

stations prior to commencing the RLAs.

We found a significant difference € 0.0001) in water column pH between March and July,

on average 7.96 +0.02 and 8.07 +0.05 respegtiatthough this change was small.
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Table5 Water quality parameters measured at the fixed stations immediately prior to performing the
RLAs in March 2011.

Conductivity
Depth Temperature Salinity (SpC) LDO LDO% pH
Station m °C PSU mScm'  mg/L %

1 0 17.69 15.14 24.94 8.30 95.3 7.93
1 17.7 15.14 24.94 8.22 94.4 7.97

2 17.69 15.14 24.95 8.14 93.4 7.98

2 0 17.6 19.91 31.96 8.25 97.3 7.94
1 17.6 19.91 31.97 8.15 96.2 7.96

2 176  19.91 31.96 8.13 95.9 7.97

2.5 17.59  19.90 31.95 8.06 95.1 7.97

3 0 18.09 23.34 36.85 7.93 96.3 7.89
1 18.09  23.35 36.84 7.87 95.7 7.90

2 18.08  23.35 36.86 7.84 95.4 7.90

3 18.08  23.37 36.91 7.81 95.1 7.90

4 0 18.62  23.21 36.70 8.53 104.8 8.06
1 18.63  23.21 36.69 8.81 104.6 8.06

2 18.63 23.21 36.67 8.49 104.2 8.06

5 0 18.04 27.19 42.26 7.94 98.8 8.05
1 18.04  27.19 42.30 7.90 98.3 8.05

2 1797  27.27 42.38 7.87 97.8 8.05

3 17.96 27.28 42.42 7.84 97.5 8.05

4 1796  27.29 42.40 7.82 97.2 8.05

6 0 17.76 21.91 34.84 8.04 95.6 7.79
1 17.75 21.91 34.83 7.75 93.0 7.80

2 17.69  21.93 34.85 7.63 91.3 7.81
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Table6 Water quality parameters measured at the fixed stations immediatelyt@merforming the
RLAs in July 2011.

Conductivity
Depth Temperature Salinity (SpC) LDO LDO% pH
Station m °C PSU mScm®  mg/L %
1 0 3049 22.10 35.10 6.04 90.9 8.02
1 3049 22.10 35.12 5.98 89.9 8.02
2 30.49 22.10 35.12 5.87 88.3 8.02
2 0 30.75  24.37 38.33 6.52 99.9 8.21
1 30.53 24.37 38.31 6.53 99.2 8.21
2 304  24.36 38.30 6.38 95.3 8.18
3 30.36 24.34 38.28 5.80 86.4 8.16
3 0 30.43 25.78 40.29 5.44 82.6 8.08
1 30.38 25.77 40.29 5.32 81.5 8.07
2 30.36  25.77 40.29 5.23 80.1 8.06
3 30.36  25.76 40.28 5.18 79.5 8.07
4 0 31.44 27.01 42.03 5.57 87.4 8.13
1 31.06 27.00 42.00 5.33 83.3 8.11
2 31.07 27.00 42.00 5.34 83.4 8.11
5 0 29.86  30.90 47.36 4.50 70.3 7.95
1 29.87 30.91 47.38 4.48 70.1 7.95
2 29.91 31.14 47.61 4.45 69.9 7.96
3 29.93 31.33 47.97 4.54 71.4 7.98
6 0 3143 24.34 38.28 7.09 109.9 8.08
1 30.54 24.46 38.46 7.10 107.9 8.07
2 30.51 25.37 39.73 6.28 95.7 8.07
3 30.51 25.48 39.87 5.99 90.9 8.04
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4.4 Temporal and spatial changes irChl a concentration measured

at the six fixed stations

Chlorophyll (ch|] ug/L) a is often used as a proxy for phytoplankton biomass and so it is
likely to vary on both temporal and spatial scales acros3ringy-San Jacinto Estuaryn
general phytoplankton biomass was lower in March than in July throughout the bay (Table 7).
While in March there was about half as much aldt Station §4.66 ug/L) as irStation 1

(8.73 ug/L), in July, there were similar amounts of ahdt both these stationgTable 7).
Stations 1 and 6 are those most likely to impacted by the Trinity and SartoJRover

inflows respectively.

Station March July
1 8.73 16.83
2 16.40 13.85
3 3.79 15.54
4 5.25 11.74 Table7 Chl a (ug/L) measuredno replicates)at the
fixed stations immediately prior to performing tt
< 11.69 8.39 RLAs in March and July 2011.
6 4.66 14.14
4.5 Temporal and spatial changes inTSS measured at the six fixed
stations

Total sediment loading in the Trink$an Jacinto Estuary was estimated from measurements
of TSS concentrations (Table, 8pat is, the TSS valuegere used as indicators of sediment
concentrations in the water colunirhese are only proxiad loadingas TSS values are also
influenced by other processes whiolude but are not limited to wind inducetxing and
resuspension eventBhe TSS values in Table 8 are typical of low flow periods inTitaity-

San Jacinto Estualfgee Quigg 2010)Given theunusual flow conditions in 2011,ithis not

unexpected.
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Station March July
1 31 53
2 57 46
3 19 33
4 23 32| Table8 TSS(mg/L) measured(no replicates)at the
5 14 15| fixed stations immediately prior to performing tt
6 45 49| RLAs in March and July 2011.
4.6 Temporal and spatial distributions of nutrient concentrations

at the six fixed stations

The Trinity and San Jacinto Rivers are important sources of nutriefitinity-San Jacinto
Estuary with freshwater inflows and returned flows being the two maparrces.On the
other hand, He Gulf of Mexico isgenerallya poor nutrient source to theBay. These
contentions are supported by the data collected1d @lables 9 and 10)

Dissolved nitrite plus nitrate concentratioraried 10fold in March between QL5 and1.55

uM while dissolved phosphate concentrations ranged figimand 57 uM (Table 9)
Ammonium concentrations were variable across all stations, ranging from 0.6 to 1.61 in
March (Table 9) By comparisonhitrite plus nitrate concentratiorsd ammonium varied
over a broader range, but within the same order of magnitude in July (TabRhd8phate
concentrations wersignificantly lower (10 times) p = 0.004)in most cases in July (Table
10). The opposite pattern was observed with siljceteich wassignificantly higher (10
times) @ = 0.004)in July compared to March (Tables 9 and 148.a result, DIN:P ratios
were not significantly differenfp > 0.05 between months, with the exception of the ratios
measured at station 6dbles 9 and.0). Similar such mtrientconcentrations and distribution
patterns were reported by Pinckney (2006) and Qeiggl. (2007; 2009) for TrinitySan
Jacinto Estuarylt was not possible to tesor significantly differencefANOVA or non
parametric)in the nutrient data from station 6 in March and July as we only collected on
water sample for each montt this station Nonetheless, it is obviously significantly

different.
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Table 9 Nutrient parameters measured at the fixed stations immediately priofdomiag the RLAs

in March 2011 Nitrate (NQ), HPO, (phosphate), silicate (HSK), ammonium (Ngi), nitrite (NO,),

urea, total particulate nitrogen (TN) and total particulate phosphate (TP) were measured. The
following were calculated: Nitrate plustrite (NOs + NO,), dissolved inorganic nitrogen (DIN) and
DIN:P.

NO; +
NO; HPO, HSiO; NH,” NO, Urea NO, DIN DIN:P TotalN Total P TN:TP
Station um uM uM uM uM uM uM uM uM uM

079 31.333 034 083 111 031 0.154 0.04 05 054 0.6506 44.79
05157333 04 06 646 114 0138 044 054 0.98 16333 41.78
1.02 19333 469 132 1055 566 0.653 0.64 534 598 45303 56.29
122 22667 005 055 261 026 0107 011 016 027 0.4909 33.69
0.98 14 005 066 407 107 0224 063 027 0.9 13636 27.0§
0.56 44667 156 161 1308 671 1557 079 1716 17.95 11.149 70.2

o O B W DN

Table 10 Nutrient parameters measured at the fixed stations immediately prior to performing the
RLAs in March 2011. Nitrate (N, HPO, (phosphate), silicate (HSi), ammonium (NH), nitrite

(NGy), urea, total particulate nitrogen (TN) and total particulate phosphate (TP) were measured. The
following were calculated: Nitrate plus nitrite (NG- NO,), dissolved inorganic nitrogen (DIN) and
DIN:P.

NO; +
NO; HPO, HSiO; NH,” NO, Urea NO, DIN DIN:P TotalN Total P TN:TP
Station um uM uM uM uM uM uM uM uM uM

005 3.02 7595 022 007 031 012 043 014 66.03 3.80 17.38
006 144 2577 041 010 019 016 035 024 56.03 414 1353
061 189 298 105 383 032 444 476 252 5383 207 26.00
0.06 0.75 4267 241 004 002 010 012 015 3778 128 29.57
09 071 3033 060 169 023 266 289 406 2750 045 61.1%
007 166 2257 062 008 009 014 023 014 6334 271 23.3]

o OB W N PP

The Trinity Riveris frequently a greater source of dissolved nutrients to Ty Jacinto
Estuary than the San Jacinto RivEising the nutrient concentrations frddtation1 and 6
respectively(Fig. 2), we can get an image of the nutrient inputs by these two rivergto th
Bay. In 2011, we found that the San Jacinto River supplied higher concentrations of nitrite
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plus nitrate, urea, ammonium, silicate and phosphate than the Trinity River in March (Table
9). In July, the two rivers supplied similar concentrations of aifpius nitrate but not the
other nutrients (Table 10). The Trinity River supplied higher concentrations of phosphate,
silicate and urea but not ammonium in July (Table AOKruskall Wallis test did not reveal

any significant difference between nutriemincentrations at station 1 and 6 for March or

July.

In general, a DIN: P ratio in the range of 7:1 to 12:1 by mass is associated with plant growth
being limited by neither phosphorus nor nitrogen. If the DIN:P ratio is greater than 12:1,
phosphorus tend® be limiting, and if the DIN:P ratio is less than 7:1, nitrogen tends to be
limiting (Wetzel 2001 Howarth and Marino 2006 During March and July DIN:P ratios
werelessthan 7.1at all stations except one (station 6 in Maricialicating the potentialoir N
limitation of phytoplankton growth. This is typically observed at these stations in the

summer in thdrinity-San Jacinto Estuabut less so in the sprin@(igget al.2007; 2009.

While dissolved nutrient concentrations are those most bioavailable to phytoplankton, total
particulate nutrient concentrations are nonetheless an important component vaditéine
quality characteristics of any systemd maybe available to some fractiaf the community

TN and TP concentratiomaeasured at the six fixed stations are summeiiz& ables 9 and

10. Consisent with our understanding thdifferent processes regulate ttiéferent nutrient
fractions, patterns observed for total particulatients were not identical to those observed

for dissolved nutrients.

The total particulate nitrogen (TN) concentrations wesignificantly lower (p < 0.0001)in

March (Table 9 relative to July (TablelQ. This pattern was also observed fatal
particulate phosphorus (TP) concentratiaitiough not significantp(> 0.05)(Tables 9 and

10). TN:TP ratios suggest a strong potential fdmitation of phytoplankton predominantly

in the spring(ratios >27 in March)but less so in the summer (ratmsl3). Patterns for TN

and TP were not the same as observed previously. Whilst the low numbers are sometimes
observed in the springQigg et al. 2007; 2009, such high numbers are not generally
observed in the summer. The high valoesy not be associaté with riverine inputs (Fig. 4)
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but may reflect wind driven resuspension events whialgmix nutrients from the sediments
back into the water column ake Trinity-San Jacinto Estuaris rather shallow. This
hypothesiss supported by the findings for T§8able 8) and male driving the higher crd
concentrations in July relative to March as seen in Table 7.

4.7 Plankton community composition

We examined thehytoplankton communities at the fixed stations immediately prior to
starting the RLAs. Givenwe used light microscopy, Cyanophyta and other small
phytoplankton ould notbe identified. We were however able to identify a large number of

diatoms and several dinoflagellates at three key stations throughout the Bay.

Station 1 was typically dominateby only a few generdlhalassiosiraspp.in March and
Cylindrothecaspp, Naviculaspp.andPleurosigmaspp.in July (Table 11) The presence of
Naviculaspp.in July is consistent with notions above of wind induced mixing events being
important. This isabenthic species such that its presence in surface waters only occurs under

conditions of intense mixingJuigget al.2009b).

Station 3 comprised of many more genera, but only a few of these were classified as abundant
or common includindPleurosigmaspp. andrhalassiosiraspp.in MarchandSkeletonema

spp. andrhalasionemapp. in July (Table 11). Station 5 which is located at the mouth of the
Bay, nearest to the Gulf of Mexico had the greatest diversity of diatoms (Table 11) and is also
the station eawhich identifiable dinoflagellates were present. At this station in March,
Coscinodiscuspp.,Ditylum spp.,Eucampiaspp.,Pleurosigmaspp. andRhisosleniapp.

were all either common or abundant (Table 11). In July, many of these genera were still
present but onlyRhisosleniaspp. was still considered common. Insteadinardiaspp.,
Leptocylindrusspp.,Pseudenitzschiaspp.,Thalasionemapp. andlrhalassiosiraspp. were

the common and abundant genera (Table 11). Of tRsseidenitzschiaspp. is tyjcally

benthic but can be pelagic, suggesting again that wind induced mixing was important in July
2011 in the TrinitySan Jacinto Estuary.

30



Table 11 Phytoplankton community composition atreth fixed stations immediately prior to
performing the RLAs in Mah and July 2011.

March July
Genus 1 3 5 1 3 5
Diatoms Coscinodiscus R C R R
Cylindrotheca R A
Ditylum A
Eucampia A
Guinardia C
Leptocylindrus C
Navicula A R
Nitzschia R
Odontella R R
Oxyphysis R
Pleurosigma R A C A R
Pseudo-nitzschia C
Rhisosolenia A C
Skeletonema A C
Thalassionema A A
Thalassiosira A C R C
Dinoflagellates Ceratium R R
Prorocentrum R R
Unknown Unknown R
Legend:
R =rare where: R <10%
C = common C O 10%
A = abundant A >50%

Of all the species observeBseudenitzschiaspp., andProrocentrumspp. are known to
cause harmful algal blooms which have in some situations led to fish kills and/or closures of
the oyster hatcheries ifrinity-San Jacinto Estuarpuring the study period however, these

two genera did not have such an impact in the Bay.
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Rather, &te in 2011(starting in October and continuing into 201Rkely a result of the
prolonged drought and hence increased safisee Fig. 12Karenia brevisblooms were
detectedn Galveston Bay by staff at the Texas Department of Parks and Wildlife and the
Texas Department of State Health Servioks a result, gster leasewere closed given
sufficiently high numbers oKarenia breviswere found atSmith Poinf Galveston Yacht
Basin, West Bay and inside San Luis Pa#hilst no fish kills were associated with this
dinoflagellate in Galveston Bay, the thousands of dead fish along the Texas coast during the
same period werhought to have died as a result of this toxin produced by this harmful algal
species. In addition,rbvetoxin presents a risk of Neurotoxic Shellfish Poisoning in people
who consume filtefeeding shellfish such as oysters, clams, whelks and muBseldetails

on theKarenia brevisbloom along coastal Texas in 2011, refer to:
(http://www.tpwd.state.tx.us/landwater/water/environconcerns/hab/redtide/dtdii¥. p

Karenia blooms are likely to occur in the Bay again if insufficient flows occur either due to
drought as was the case in 2011 or due to reduced flows as a result of increased uses
upstream. This would be most detrimental to the million dollar oystierstry in Galveston.
However, if the blooms increased in intensity and duration, it would have a negative impact
on the bays fishery and tourist industry. These latter consequences have been observed in

Florida and other places.

4.8 Resource Limitation Assays

Based on findings in previous studies (Quiggal. 2007, 2009 Quigg 2010, resource
limitations assaygRLAS) were undertaken to identify which resource (nutrient(s) and/or
light) limited phytoplankton growth aepresentativestationsin Trinity-San Jacinto Estuary

(Fig. 2 shows the location dfix stations latitude and longitude are given in Table The
phytoplankton response index (PRI) normalizes the data collected and provides a mechanism
to compare findings between treatmentsl detween assaygVe calculated the mean and
standard deviation for each of the triplicate treatmdfds.a significant response, theean

PRI should be at least 140% greater than that measured in the control (seetFasHi&99

for detailed ration&). Essentially this accounts for experimental errors and slight differences

between experimental set ups.
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Fig. 8 Phytoplankton response index (PRI) calculated for RLAs performed in March 2011.
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Fig. 9 Phytoplankton response index (PRI) calculated for RLAs performed in July 2011.
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In Figures 8 and 9 above, the PRI varied from 0 to 3500 in March 2011 and from 0 to 1600 in
July 2011 indicating a stronger response to nutrient additions by phytoplankidardh
compared to July. PRIs in the control treatments were less than Wiitét the PRI ranges

are different, theelative magnitudes of the responses between months are similar to previous
findings (e.g., Quigg 2010). The highest PRI of 3373 (x52) masisured in the ALL
treatment in March (Fig. 8) while in July, the highest PRI of 1210 (+85) was measured in the
NP treatment (Fig. 9). These responses are significantly different from each other (p > 0.05)
and were ~24 and ~8 times greater than thatdrcémtrol treatments respectively.

In general, the PRI values measured at station 1 (Upper Trinity River Basin) and station 6
(San Jacinto River Basin) were similar in magnitude in March (Fig. 8) and in July (Fig. 9).
These two stations are closest to thver mouths and hence phytoplankton in these areas
would be acclimated to frequent nutrient inputs from the riverine sources. Increases in
phytoplankton biomass (> PRI) will however be offset by decreased light availability due to
the introduction of si6 and particulates by these rivers. Phytoplankton were clearly light
limited in March but not as obviously in July, thattise PRI doubled relative to the control

i n the fAshadeo pt=10.6238)tbutiess g0 injulp(p M&OA3® (Figs( 8 and 9

respectively).

In March, phytoplankton responded strongly to additions of nitrogen as nitrate and as
ammonium; this was not the case in July (Figs. 8 and 9). March PRIs at stations 1 and 6 were
400 (x£20) and 280 (£78) in the\Has nitrate) and 484 (+155) and 662 (x59) in the +A (as
ammonium) respectively (Fig. 8). Corresponding values in July for stations 1 and 6 were
about half these values (Fig. 9). Interestingly, at station 5 which is located at the mouth of the
Trinity-SanJacinto Estuary, PRIs in the +N and +A treatments were 174 (x43) and 31 (x12)
in March and 209 (x47) and 247 (x99) in July respectively (Fig. 8 and 9). Given the PRI
values in the +NP treatment was double in the +N or +P treatments (but not the +A
treatmats) in March, this suggests that along with N limitation, there is also significant N

and P cdimitation.
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Given the strong response to silicate additimnMarch, and thesignificant response to the

ALL treatments(p = 0.05)(PRI > 1000 at stations 5 and 6) we propose thahiaddition to

the colimitation of N and P, there is concurrent limitation by Si (Fig. 8). This suggests a
community dominated by diatoms in these RLAs as this group has an absolute requirement
for Si (more below). The increase the +NA treatments in March (PRI = 28B0) was
driven by the addition of nitrate and not
when nitrate alone was addedMarch (PRI = 283400 in +N compared with PRI = 48562

in +A; Fig. 8). At these twatations in July 201Xhe PRIs were significantly greatéyan the
control in the +NRp =0.004)and the +ALL(p = 0.006)treatments only (Fig. 9) suggesting
either a different phytoplankton community was present (more below) and/or that different
factors (light, nutrients, other) were important in driving phytoplankton community dynamics
in July relative to March.

Station 5 is located closest to the Gulf of Mexico (see Figs. 2, 8 and®.response to
nutrient additions at this station was similarnragnitude (i.e., PRI) to that observed at
stations 1 and 6 when examining the +NP and the +ALL treatments in March. At stations 1, 6
and 5 for the +NP and +ALL treatments respectively, the PRI was 763, 664 and 381and 1046,
1843 and 997 respectively (Fig). However, in July, we found that thBRI was always
significantly larger(p = 0.05)at station 5 relative to stations 1 and 6 for the +NP and +ALL
treatments (Fig. 9). The PRI was 1210 at station 5 in the +NP treatment relative to 174 and
402 for statbns 1 and 6 respectively. In the +ALL treatment, the PRI was 574 at station 5
relative to 184 and 234 at stations 1 and 6 respectively. Hence, phytoplankton were also
strongly nutrient limited at this station, with +N and +Rliaatation being arguably nsi

important.

By performing the RLAs down a salinity gradient from the river mouths to the opening with
the Gulf of Mexico, we were anticipating measuring a gradient of phytoplankton responses in
terms of the PRI index. However, this wast the case (Fgy 8 and 9). Givethe unusual

conditions in 2011this may not have been the ideal year to test this hypothesis. Hence, it

would be worthrepeatingt hi s experi ment i n a more NAtypioc

however provide insights into phytoplanktospenses during drought conditions.
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49 Pigment analysis

Not complete at the time this report was prepaRatults will be provided to TWDB as soon

as they are available.

410 PHYTO-PAM

We used thePHYTO-PAM in the current study to examine which of the major groups
typically found in the TrinitySan Jacinto Estuary dominated at the end of the RLA
treatments. Not only did we find differences between treatments but also between months and
stations.The PHYTOPAM uses different fluorescence wavelengths to distinguish between
Green algae (Chlorophytes and Prasinophytd3jatoms plus Dinoflagellates and
CyanophytaAs with findings from previous studies (Quiggal 2007, 2009; Quigg 2009),

the PHYTGPAM did not etect green algae during 2Din Trinity-San Jacinto Estuaryhis

is because theoncentrations of these groups are below the detection limits of this instrument

rather than due to the absence of green algae from this ecosystem.

In March, we found that Cyanophyta were present only in the RLAs performed in the
northern part of th&rinity-San Jacinto Estuaryhat is, at stations 1, 2 and 6 (Fig. 10). When
present, Cyanophyta never made up more than 15% of the population. é&tsstaand?,
increases in the Cyanophyta were observed in the+&,(grazing) and +Sh (shade)
treatments but never in the +ALL treatments (Fig. 10). In gendd@foms plus
Dinoflagellates made up >95% of the community in treatments conducted at sBadosmsd

5.

During July, the Cyanophyta responded more strongly in all treatments and at all stations, but
again more strongly in theorthern part of th@&rinity-San Jacinto Estuaryhat is, at stations

1, 2 and 6 (Fig. 11but also at station,3vhich is in the middle of the Bay (see Figs. 2 and

11). While atstation 1, Cyanophyta and Diatoms plus Dinoflagellates made up 50:50 of the
final community in the +ALL treatment, significant shifts were only seen in the +NA

treatment astation 6in July (Fig 11)
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Fig. 10 Ratio of Diatoms plus Dinoflagellates (brown) to Cyanophyta (blue) at the end of the RLAs
performed in March 2011 as determined using a PHPPFM.
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Fig. 11 Ratio of Diatoms plus Dinoflagellates (brown) to Cyanophyta (blue) antti®f the RLAS
performed in July 2011 as determined using a PHYPM.
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