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EXECUTIVE SUMMARY

The appearance ofa dense phytoplankton bloom of a brown tide algae in lower Laguna Madre

during late 1990 greatly reduced water clarity and recreational sports fishing. Abiological monitoring

program was undertaken over a one year period, September 1994 to August 1995, to assess the

distribution ofnutrients and phytoplankton water quality parameters in lower Laguna Madre. Samples

were collected at 21 locations during monthly surveys of hydrographic, nutrient and plant pigment

parameters. The ambient growth rates of the phytoplankton and brown tide organisms were

measured at 10 locations distributed throughout lower Laguna Madre with reference to areas of

dominant circulation near the Gulf of Mexico passes, discharge of the Arroyo Colorado, and

advective losses to the Land Cut. The relative abundance and distribution of the brown tide organism

during the study period were assessed with regard to inflows and discharges within the lower Laguna

Madre. A special effort was continued in the Harlingen Ship Channel with respect to freshwater

inflows and shrimp mariculture facilities.

Quality assurance ofthe program was maintained with the use ofUSEPA-approved methods

and detailed standard calibration procedures. In situ Conductivity-Temperature-Depth

instrumentation was calibrated by the manufacturer. Plankton pigment concentrations and rates of

inorganic carbon utilization were determined with well known published methodologies.

The spatial distributions ofmeasured parameters changed during the seasonal cycle, especially

in relation to weather events. In particular, salinity concentrations were nearly always higher as the

distance from the Arroyo Colorado or Gulf of Mexico passes increased but ambient nutrient

concentrations were normally low throughout Laguna Madre proper. Elevated concentrations of

nutrients and plant pigments were observed in the low salinity waters of Arroyo Colorado.

The temporal distributions ofparameters during the study period in lower Laguna Madre and

Arroyo Colorado were determined using monthly mean values. Temperature displayed the expected
annual cycle but there was no change seasonal change in salinity values. Concentrations of dissolved

inorganic nitrogen (DlN=nitrate+nitrite+-ammonium) were highest during the winter and early spring
months and coincided with chlorophyll biomass after a one month lag. The highest primary

productivity rates were observed in February during elevated DIN concentrations. Dissolved N: P

ratios reflected an indirect seasonal relationship with primary productivity providing a strong

indication of nitrogen limitation in the saline portions ofthe ecosystem.

The highest DIN concentrations were observed in low salinity areas ofthe Arroyo Colorado

and corresponded to high ratios of DIN.P indicating a potential phosphorus limitation to

phytoplankton growth. All samples with salinities greater than 35 psu contained small amounts of

nutrients and had DIN:P ratios indicative of nitrogen limitation. High chlorophyll concentrations

were observed at a wide range of salinities with brown tide dominating in samples with salinities >2O

psu and blue-green algae in salinities <2O psu. Phaeopigments displayed a distribution pattern similar

to chlorophyll and indicate that the pigments accumulate in the water column and are probably

degraded by sediment processes. Primary production rates were relatively large at all salinities but

maximal values occurred at salinity values <3O psu.
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The largest plant biomass, as estimated by chlorophyll concentrations occurred in low nutrient

waters which is direct evidence ofnitrogen limitation of phytoplankton growth. The highest rates of

primary productivity occurred at intermediate nutrient concentrations but overall nutrient

concentration alone did not determine the growth rates. This probably results from additional

constraints of limited incident radiation and a lag in growth response. Primary production rates >5

gC/m2/day are considered high and signify near-optimum growth conditions. The rate of primary

production was observed to increase slowly with increasing phytoplankton biomass which would

occur in areas of active growth that still contained significant amounts of nutrients such as frontal

zones and lower reaches of river plumes.

Overall, the nitrogen nutrient concentrations observed in lower Laguna Madre were sufficient

to sustain relatively rapid phytoplankton growth with no obvious relationship to light availability and

water clarity. Accumulation of phytoplankton biomass occurred in areas with the highest rates of

primary productivity such as in the open waters of lower Laguna Madre. There is scant evidence of

direct nutrient enrichment from the Arroyo Colorado contributing to the brown tide bloom in lower

Laguna Madre. An indirect influence may be provided by regenerated ammonium nitrogen after

freshwater phytoplankton are exported from the riverine system. Further analysis of data from prior

sampling periods is needed to assess the annual variability due to changes of nutrient influx and

seasonal weather events.
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INTRODUCTION

The two main environmental factors required for plant growth are sufficient quantities of

nutrient elements and sunlight. The quantitative analysis of biogenic nutrient content dissolved in

water can be used to assess the amount of plant growth that can occur in the absence of

remineralization processes. Nitrogen has been found to be the principal element in estuarine waters

that often becomes depleted and reduces phytoplankton growth. Several forms of inorganic nitrogen

nutrients exist (nitrate, nitrite and ammonium) and they may be used to deduce nutrient sources and

pathways that are occurring in the study area. Phosphorus and silicon are additional nutrient elements

that can also influence the amount ofplant growth and/or species composition ofthe plankton.

The appearance ofa brown tide algal bloom in the spring of 1990 occurred midway through

a multidisciplinary study of the biological productivity in the Laguna Madre. The normally clear

water over the seagrass beds became dark brown and fishermen could no longer successfully fish with

lures. At the first opportunity in 1991, a grant request was submitted to the Applied Technology

Program ofthe Higher Education Coordinating Board entitled "The Biological Effects of the Brown

Tide Bloom in Laguna Madre". The program was funded and a large amount of new information was

subsequently obtained about this previously unidentified algae which still has no official scientific

name.

An integral part of the past studies has been the monthly surveys to assess the movementof

the brown tide and its growth rate. During the winter of 1990-1991, "norther" storm fronts pushed
the brown tide south from

upper Laguna Madre into lower Laguna Madre and Redfish Bay. The

brown tide has remained in the lower Laguna Madre since that time although its distribution and

growth have varied over time. The highest concentrations of the brown tide along the Texas coast

have been observed south ofthe Land Cut in upper Redfish Bay.

Water currents and circulation patterns have a large influence on the distribution and growth

ofphytoplankton, especially the brown tide organism. Lower Laguna Madre has two passes to the

Gulf of Mexico and some freshwater inflow from the Arroyo Colorado (Harlingen Ship Channel).
There is also an opening on the northern end of lower Laguna Madre (Redfish Bay) which connects

to upper Laguna Madre through the Land Cut. The water circulation from the two passes contribute

to the water movements and influence the accumulation ofthe brown tide and other phytoplankton

organisms. A substantial portion of the water in the Arroyo Colorado is transferred from the Rio

Grande and used for agricultural, industrial and municipal purposes. The return flows and storm

runoff from urban and agricultural areas produce highly nutrient enriched waters that flow into the

Laguna Madre from the Arroyo Colorado. A portion of the Rio Grande water that flows into the

GulfofMexico may also return as flow through Brazos Santiago and enter lower Laguna Madre near

Port Isabel.

The data collected over the past three years in the lower portions of the Arroyo Colorado

indicate that the highly enriched waters produce large quantities of phytoplankton which become

mixed with the more saline waters of Laguna Madre. Considerable vertical variation in salinity,

phytoplankton composition and biomass have been observed in the relatively deep ship channel in the

lower Arroyo Colorado. It is very typical for a blue-green algae bloom to occur in the 1-2 m thick
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surface layer while the bottom layer contains phytoplankton typical of open Laguna Madre.

The relatively low salinity surface plume of the Arroyo Colorado has been consistently

observed flowing northward along the west shoreline ofRedfish Bay and reaching nearly to the south

end ofthe Land Cut. The nutrients and particulate material originating in the Arroyo Colorado/Rio

Grande watersheds are therefore thought to be important components of the estuarine processes in

the entire lower Laguna Madre complex.

This work described in this report investigated further details of the water quality on the

phytoplankton dynamics in the lower Laguna Madre in an effort to develop an improved

understanding ofthe distribution and growth of the phytoplankton organisms, especially brown tide,

in relation to hydrographic parameters and water movements.

OBJECTIVES

The objectives ofthe study were:

1. to monitor the distribution of nutrients and phytoplankton water quality parameters in lower

Laguna Madre at 21 sampling locations with monthly surveys of hydrographic and plant

pigments.

2. to assess the monthly growth rate of the phytoplankton and brown tide organisms in relation

to dissolved nutrients and biomass at 10 of the sampling sites.

3. to examine the inflow sites of marine and freshwater to determine their influence on the

location and intensity of the enhanced nutrient concentrations and phytoplankton growth.

4. to assess the relative abundance of the brown tide organism by collecting samples at four

stations for microscopic examination and enumeration.

5. to combine field data collected within this project with other ongoing data collection projects

in the study area to produce an overall assessment of the impacts of inflows and discharges

upon the density and distribution ofthe brown tide phytoplankton in the lower Laguna Madre.

Approach to Objectives

1. Monthly field trips were be taken in a single day to collect hydrographic profiles, biogenic
nutrient and chlorophyll samples, at 21 sites. Nutrient samples were brought back to the

laboratory on ice and in the dark for chemical analysis the following day.

2. Primary productivity samples were collected at 10 locations and incubated in water baths
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while in the field. The samples were filtered upon return to the laboratory and sample

activities were determined by liquid scintillation counting.

3. Sampling locations within the lower Laguna Madre were placed along the axis at critical

scalar distances to monitor spatial variability. Sample sites were located at significant points

of water influx from both marine and freshwater sources.

4. The final data were combined with previous data to assess trends and to determine areas of

enhanced growth and/or variability.
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PROCEDURES AND METHODS

Survey and biological stations in lower Laguna Madre were sampled during one or two day

periods each month in order to achieve as much synopticity as possible. Hydrographic samples were

collected at 21 locations (See Figure 1) for profiles of Conductivity-Temperature-Depth-Oxygen

using a state-of-the-art Sea Bird model 19 SeaCat profiler. The precision of salinity (0.01 psu),

temperature (0.0 1 °C), depth (4 cm) and dissolved oxygen (0.1 mg/1) allows for detailed distribution

of properties maps to be constructed to infer water circulation patterns. Station depth and Secchi

depth for light penetration were also collected along with a GPS position at each site. Water samples

were collected near-surface and near-bottom with a special Van Dom sampling bottle and analyzed

for nutrient content (orthophosphate, dissolved silicon, nitrate, nitrite, and ammonium) and plant

pigments (chlorophyll and phaeopigments). The primary production rates were measured at 10 of

the sites (See stations 45, 48, 49, 50, 54, 59, 60, 60A, 63 and 66 on Figure 1) using C-14 uptake of

the phytoplankton as an estimate of growth rate.

During each monthly collection, whole water samples were collected from surface waters at

stations 45, 54, 60 and 66. From each ofthese four stations, two 250 ml samples of surface water

were be collected. One of these samples was preserved with a glutaraldehyde solution (i.e. final

glutaraldehyde concentration of 1%). The second bottle was fixed with a Lugol's iodine solution.

These samples were kept in the dark and on ice until returned to the laboratory inPort Aransas. In

an attempt to assess the importance of "brown tide" in the sample areas, a microscopic examination

ofthe fixed samples was be made. Aliquots ofthe samples were examined using a haemacytometer.

At each station, the "brown tide" cells were enumerated and the per cent contribution of brown tide

to total phytoplankton was made.

A special effort was continued in the Harlingen Ship Channel with respect to the influence of

the freshwater inflows and shrimp mariculture facilities on water quality and vertical changes of

plankton populations. Over the past three years,
stations 59 and 60 were strongly influenced by

freshwater inflow and the biological rates as well as plankton biomass were quite dynamic.
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Figure 1. Sampling locations in lower Laguna Madre. Productivity
stations are denoted with an X.
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QUALITY ASSURANCE

The main objective of this project is to better understand the path and quantity of

anthropogenic nutrients entering the lower Laguna Madre through the Arroyo Colorado. This

subproject will also compare the results with natural inputs from the Gulf of Mexico and upper

Laguna Madre and assess the overall nutrient effects on the distribution and growth of the brown tide

algae. This will be accomplished through measurements of:

1. profiles ofconductivity, temperature, depth and oxygen using a model 19 Sea Bird CTD at

21 stations.

2. water samples collected for the determination of biogenic nutrients and plant pigments at 21

stations.

3. measurementsof water depth, Secchi depth and GPS positions at the 21 sampling sites.

4. measurement of phytoplankton growth using C-14 uptake at 9 biological sampling sites.

5. the sampling sites (See Figure 1) and sampling procedures are distributed throughout the

lower Laguna Madre and represent all possible segments of the area. The water sampling
stations were especially chosen to delineate the presence of Arroyo Colorado water along the

west side of Red Fish Bay above Port Mansfield. The station spacing between orthoginal

transacts across Laguna Madre was chosen to match the spatial variation of nutrient and

phytoplankton distributions water sampling stations were located adjacent to both the

C 8190047 and the WQDCP 104 instrumented locations in Laguna Madre and the Harlingen

Ship Channel. Carbon uptake sampling sites were locations of highest nutrient inputs and

areas of plankton accumulation. All field sampling was supervised by the principal

investigator and/or Dr. Dean Stockwell. The chemical analyses for nutrients and pigments

were be performed inthe laboratory at the Marine Science Institute under the supervision of

Dr. Whitledge.

Data comparability was ensured by the use of only USEPA-approved analytical methods

(Whitledge et al, 1981). In addition, all procedures used have previously met quality

assurance/quality control criteria of the NOAA Status and Trends Program and the U.S. Fish and

Wildlife Wetlands Research Center.

Acceptance limits for precision and accuracy along with appropriate detection limits are

presented in Table 1.
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Table 1

Acceptance limits for Precision, Accuracy and Detection

Limits for Parameters Analyzed in Water

Parameter Precision Accuracy Detection Limits

Salinity 0.01 psu 0.02 psu 0.2 - 70 psu

Temperature 0.01°C 0.05°C -5 - 50°C

Depth 2 cm 4 cm 0- 110m

Dissolved Oxygen 0.05 mg/1 0.1 mg/1 0.1 -15 mg/1

Orthophosphate 0.0016 mg/1 0.003 mg/1 0.003 - 2 mg/1

Dissolved Silicon 0.0028 mg/1 0.005 mg/1 0.005 - 5 mg/1

Nitrate plus Nitrite 0.0007 mg/1 0.0015 mg/1 0.0015-3 mg/1

Nitrite 0.0001 mg/1 0.0002 mg/1 0.001 - 3 mg/1

Ammonium 0.0007 mg/1 0.0015 mg/1 0.0015 - 3 mg/1

Nitrate 0.001 mg/1 0.002 mg/1 0.002 - 3 mg/1

Chlorophyll a 0.0001 mg/1 0.0002 mg/1 0.0002 - 1 mg/1

Phaeopigments 0.001 mg/1 0.0002 mg/1 0.0002 - 1 mg/1

Total Suspended
Solids

1 mg/1 0.0002 mg/1 0.0002 - 1 mg/1

Bottom Depth 5 cm 10 cm 0.01 -30 m

Secchi Depth 5 cm 10 cm 0.01 - 10 m

Sample Location 25 m 25 m —

Time 15 sec 30 sec —
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Field and Laboratory Methodology

Field work was accomplished approximately monthly over a period of one year starting in

September 1994 and ending in August 1995. Data collection for nearly a year was needed to

establish the annual cycle of the brown tide distribution and its growth patterns.

Methods employed in the field were standard collecting techniques that have been used for

the past 8 years. The CTD profiles were collected after the instrument were equilibrated for two

minutes, according to the manufacturers recommendation. Nutrient and pigment samples were

collected with a special Van Dom bottle near the surface and bottom. The water samples were

immediately placed on ice in the dark. The samples were transported directly back to the laboratory

for analysis according to USEPA procedures.

The method used in assessing primary production in the water samples with C-14 labeled

bicarbonate were described by Stockwell (1989) and followed the procedure detailed by O'Reilly and

Thomas (1983).

Sample custody was maintained to assure proper documentation and history of each sample

after its collection. The sample bottles for nutrients and pigments were pre-numbered and filled in

numerical sequence. A field log was maintained to record the date, time, latitude, longitude, bottom

depth, Secchi depth, surface salinity, bottom salinity, nutrient sample bottle number, chlorophyll

sample bottle number and any additional sample information. The water samples remained with the

field party and were returned to the laboratory along with the detailed sample log at the end of the

trip. In most cases, the technical staff collecting the field samples also performed the chemical

analyses for the nutrient and pigment samples upon return to the laboratory. The original field logs

are maintained in separate files for each sampling trip.

Calibration of the Seaßird model 19 Conductivity-Temperature-Depth profiler has been

checked for calibration and certified by the manufacturer approximately every 12 months. This

follows the standard procedure recommended by the manufacturer and utilized by most recognized

marine field programs. Data retrieved from the CTD profiler from each Station were downloaded

into separate files and averaged into bins ofo.lm depth increments. All data manipulations followed

established protocols ofthe manufacturer using commercial software. All CTD data files are archived

as raw data as well as edited files with engineering units.

All nutrient samples were analyzed with a Technicon AutoAnalyzer II segmented flow

analyzer. Nutrient data were recorded as analog traces with the sample peaks and baselines read and

entered on log sheets. The raw data were entered into a spreadsheet and corrections were calculated

for baseline drift, refractive index correction and salt effects as described by Whitledge et al, 1981.

All raw data files were retained on both log sheets and electronic spreadsheets. Calibration ofthe

automated nutrient channels occurred with each set ofsamples. A series of 5 concentrations for each

analyte was analyzed prior to analysis of field samples in order to ascertain proper operation and

chemicals factors. A detailed protocol ofstandards and their preparation are described by Whitledge

et al (1981) and have been maintained for marine and estuarine samples since 1975 through the

present. Analytical test methods for each analyte, presented in Table 2, were derived from the



Manual of Methods for Chemical Analysis of Water and Wastes by the USEPA. All nutrient

standards were prepared in the laboratory with either ultra-pure grade deionized distilled water or as

standard additions to low nutrient seawater.

The chlorophyll and pigment samples were analyzed with a model 10-005RU Turner Designs

Fluorometer which was specially configured for pigment analyses. Calibration of the in vitro

chlorophyll analysis was made with pure chlorophyll obtained commercially and standardized with

a scanning spectrophotometer.

Primary production measurements with C-14 were analyzed with a Beckman model LSSBOI

scintillation counter which employs self-calibration with known sources and calculates counting

efficiency. Chlorophyll and primary productivity data were entered into spreadsheets and calculated

into engineering units. These files were merged with hydrographic and nutrient files to produce

combined station data files.

Table 2

Analytical Methods
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Parameter USEPANo. Reference

Orthophosphate 365.3

Dissolved silicon 370.1

Nitrate-Nitrite 353.2

Nitrite 353.1

Ammonium 350.1

Total Suspended Solids 160.2

Chlorophyll a Holm-Hansen et al., 1965

Phaeopigments Holm-Hansen et al., 1965

Primary Production O’Reilly and Thomas, 1983



Table 3

Data Reporting Units

Data precision and accuracy are determined at several steps in the analysis process. Daily

standard curves are performed using 5 concentrations ofeach analyte to determine proper instrument

operating performance. All data were recorded on analog strip chart recorder paper for archival

within the field trip report file. Raw data peaks were read manually and recorded on entry log sheets

which are also maintained in the field trip report file. After entry into the spread sheet data base and

final concentrations were calculated, outliers were found by phase-plane plotting of the data versus

salinity and chlorophyll concentrations. Data values falling outside the area ofboth boundaries were

checked on the analog strip charts for reading errors.

Full sample and standard analyses were checked for overall random and systematic errors

according to the procedures of Meglan (1984).

18

Parameter Units

Latitude/Longitude Degree, Minutes

Time Local

Water Depth Meters (nearest .1)

Secchi Depth Meters (nearest .1)

Temperature Degrees Celsius

Salinity Practical Salinity Units

Dissolved Oxygen mg/1

Orthophosphate umole/1

Dissolved silicon umole/1

Nitrate-Nitrite umole/l

Nitrite umole/1

Ammonium umole/1

Chlorophyll a ug/1

Phaeopigments ug/1

Total Suspended Solids mg/1



Corrective action was taken when specified levels of precision and accuracy were not met.

AR nutrient samples were placed in cold storage after analysis and were available for re-analysis. Any

samples with extraordinarily high concentrations were rerun immediately.
Possible instances which would have required corrective actions are:

1. equipment failure

2. departure from precision and accuracy limits

3. sample contamination from improper collection and handling

4. sample concentrations were larger than normal operating range

Most corrective actions were taken in the field or laboratory when the problem was first

noticed. The principal investigator was responsible for maintaining oversight ofthe sample collection

and analysis process in order to take prompt and proper corrective actions that would not hamper the

data quality.

19
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RESULTS AND DISCUSSION

The series ofhydrographic stations were sampled approximately monthly at 21 locations (Fig.

1) distributed from upper Redfish Bay to the mouth of the Brownsville Ship Channel (Brazos

Santiago). Water samples had been collected infrequently at 18 of the locations during the prior 6

years and 3 new locations (stations 60A, 66 and 67) were added for this study. Rates of primary

production in the water column were determined with C- 14 uptake experiments at 10 of the

locations. Specific details of the measurements collected are given in the methods section.

Spatial Distributions

The distribution of temperature and salinity was observed to change during the seasonal cycle

and in relation to weather events. The temperature distribution along the station transect generally

displayed small horizontal gradients (Fig. 2). The water from the Gulf of Mexico could usually be

identified within a few miles ofthe Mansfield and Brazos Santiago Passes (i.e Sta 54-58 and Sta 63-

67) by temperature and/or salinity values. Salinity concentrations nearly always were higher as

distance from the Arroyo Colorado or GOM Passes increased. The highest salinities were always

observed at the northern end of Redfish Bay (Sta 45) or near the shallow flats on the eastern side of

Redfish Bay (Sta 50).

The spatial distributions ofnutrients as indicated by dissolved inorganic nitrogen (DIN) which

is composed of the sum of nitrate, nitrite and ammonium concentrations were normally low

(2umole/l) within the Laguna Madre proper (Fig. 3). However, areas near freshwater inflow

exhibited large increases in DIN which was primarily due to nitrate but sometimes included large

amount of ammonium. Chlorophyll pigment concentrations in the range of 10-50 ug/liter north of

the Arroyo Colorado reflect the relatively large biomass of phytoplankton during the brown tide

bloom. Chlorophyll concentrations in central portion of lower Laguna Madre prior to the brown tide

bloom were normally about 1-2 ug/1.

Temporal Distributions

The general conditions within the lower Laguna Madre and the lower portions of the Arroyo

Colorado are best shown by the mean value of each measurement determined for each monthly

sampling. The mean values in all ofthe figures contained approximately 40 measurements at the 21

sampling sites.

The monthly mean temperature values ranged from about 14 to 31 °C with the minimum in

January and the maximum in August (Fig.4). This seasonal cycle was not nearly as large as some past

cold winters when values drop below 10°C and occasionally go as low as - 1.5 °C for short periods

oftime.

The monthly mean salinity values were nearly unchanged during the entire year after an initial
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Figure 2.
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Figure 3.
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Figure 4.
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drop after September (Fig. 4). This is a good indication that there were no long term changes of the

quantity offreshwater inflow or evaporation rates during the sampling period. The small variations

of freshwater inflow from storm events did not produce noticeable temporal changes in the

ecosystem.

The monthly mean total suspended material values ranged from 40 to 160 mg/liter with the

highest amounts measured during the winter months when northern storm events resuspended bottom

sediments and brown tide concentrations were advected southward from upper Laguna Madre (Fig.

5). The monthly mean Secchi depths had an inverse relationship with suspended materials and showed

the reduced penetration of incident radiation into the water column. The increased quantities of

suspended sediment during the winter months markedly reduced the quantity of ambient radiation

available for photosynthetic processes.

The monthly mean concentrations of nitrate, nitrite and ammonium displayed seasonal

variations probably related to external inputs and in situ biological and chemical processes (Fig. 6).

The sum ofthese three nitrogen species represent the available dissolved inorganic nitrogen (DIN).

Maximum concentrations of ammonium during the warm months in the late fall are most likely to

reflect high rates of ammonification (decomposition of organic nitrogen) in the water column and

sediments. The low levels of variable nitrite concentrations are likely to represent an intermediate

step in nitrification which ultimately oxidizes ammonium to nitrate. This possibility is indicated by
the appearance ofa nitrate maximum in December and January after the ammonium peak in October

and November.

The mean monthly concentrations ofDIN increase during the fall months, decrease slightly

during the winter and rapidly decrease in April during the spring phytoplankton bloom (Fig. 7). The

combination ofrelatively high concentrations ofDIN and increasing quantities of incident radiation

allow larger phytoplankton growth rates and increased quantities of phytoplankton biomass as

indicated by chlorophyll concentrations. Although no specific evidence exists, the decline of

chlorophyll biomass in July and August may be related to intolerance to high water temperatures.

The mean monthly concentrations ofDIN in relation to rates of primary productivity show

that carbon uptake rates only increase above 2 gC/m2/day in February when very good nutrient and

light conditions for growth exist (Fig. 8). Mean summer rate of primary production were observed

to be about 4 gC/m2/day and are about twice the value of winter rates.

The mean monthly values ofN-.P ratios (DIN/orthophosphate) and primary productivity show

that N:P ratios are much larger during time periods of low primary productivity rates (Fig. 9). Since

the N:P ratios reflect free (dissolved) concentrations that are minimal during time of high production,

this indicates that nitrogen is much more limiting than phosphorus. Even during time ofrelatively low

productivity, the N:P ratio is about 50% of typical marine values.

A comparison ofmean monthly chlorophyll concentrations and rates of primary productivity
show that the relatively long 5 month period of high chlorophyll concentrations are supported by 2

maxima in productivity rates (Fig. 10). The retention of plant biomass with small advective rates and

grazing losses is ofprimary importance in maintaining the brown tide bloom in lower Laguna Madre.
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Figure 5.
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Figure 6.
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Figure 7.
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Figure 8.
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Figure 10
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Distribution of Nutrients and Phytoplankton in Relation to Salinity

The distribution of salinity is greatly influenced by physical processes such as water circulation

and advection, freshwater inflow, and evaporative losses. As a result, salinity is a good indicator of

physical changes occurring in a study area and often greatly influences ambient chemical and

biological processes. The distribution of salinity through space and time in lower Laguna Madre

focus attention to relatively specific areas of advective input from the GOM at Mansfield and Brazos

Santiago Passes and freshwater inflow primarily from the Arroyo Colorado.

The nitrogen nutrients provide vital substrate to phytoplankton to grow new protein and are

most likely to constrain phytoplankton growth rates. The DIN (nitrate+nitrite+ammonium) mean

concentration for 395 samples was 13.31 umole/liter but 25 samples contained concentrations >5O

umole/liter (Fig. 11). Approximately 25% ofthose samples were observed in water with salinity >3O

psu and 50% were in waterwith salinity <2O psu. Almost all samples with salinity >37 psu contained

<lO umole DIN/liter. These distributions indicate the significant influence of nutrient loading of the

lower Laguna Madre by freshwater inflow and the relatively minor nutrient flux from GOM sources

at the passes.

The ratio ofDIN to orthophosphate in water samples is an indication of the relative rates of

uptake and regeneration of inorganic nitrogen and phosphorus. Past studies have shown that the

characteristic rates ofinorganic nitrogen and phosphorus uptake and regeneration change dramatically

from freshwater to marine environments even though the approximate Pedfield ratios of particulate

matter in fresh and saltwater systems is 16; 1 (by atoms). Values with N:P < 16 tend to be nitrogen

limited and >l6 tend to be phosphorus limited. The mean N:P value for 395 samples was 6.2 (Fig.

12) with 90% of the values at salinities >3O psu having N:P values of <B. Only samples with salinity
<25 psu had N:P ratios >2O reflecting a possible shortage of available phosphorus in those areas.

The availability ofambient incident radiation is a primary factor in rates ofprimary production

of phytoplankton populations. The depth of water mixing often will carry phytoplankton cells out

ofthe upper water layers where sufficient radiation is present to provide the energy necessary to drive

photosynthetic processes. Turbidity in the water from sediment or biological organisms reduces the

light penetration in water and in turn decreases primary production rates. The Secchi disk reading

has been found to represent the depth where about 17% of surface radiation penetrates the water

column. The mean Secchi depth for 210 measurements was 70 cm and the range was 20 to 190 cm

(Fig. 13). Many of the small Secchi depth readings were in the freshwater region of< 20 psu and

probably resulted from sediment and phytoplankton while another large fraction were in salinities >3O

psu where the brown tide reduced light levels. This is substantiated by total suspended matter (TSM)

measurements on 188 samples which had a mean value of 94 mg/liter with a range of 8 to 336

mg/liter (Fig. 14). TSM values were >lOO at salinities <l5 psu and >3O psu. The turbidity from

fluvial sediments and bottom resuspension were most likely the respective causal factors.

Chlorophyll concentrations are routinely used as an index of phytoplankton biomass. The

mean chlorophyll concentration for 353 samples was 27.7 ug/liter with a range of 0.14 to 97.9 ug/liter

(Fig. 15). The low concentration represents GOM waters in Brownsville Ship Channel and the high

concentrations were due to the brown tide bloom (with the exception of one sample at 10 psu in the
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Figure 13.
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Arroyo Colorado). The mean chlorophyll concentration for 83 samples at productivity stations was

31.3 ug/liter with a range from 1. 4 to 97.9 ug/liter (Fig. 16).

Phaeopigment measurements provide an estimate of old and partially degraded chlorophyll

in particles which have been biologically or chemically altered. The passage of a particle through the

gut ofan organism partial remineralization by sediment microbes, or photochemical decomposition

are processes that can produce phaeopigments. The mean phaeopigment concentration for 353

samples was 8.5 ug/liter with a range of 0.2 to 39.1 ug/liter (Fig. 17). The relative distribution of

phaeopigments with respect to salinity was similar to chlorophyll so the dominant processes were

mostly likely related to sedimentary decomposition.

Primary productivity measurements provide an estimate of the rate of growth of

phytoplankton organisms and can be related to the availability of sunlight, nutrients and other

necessary growth factors. The mean rate of primary productivity integrated over the depth of the

water column for 84 samples was 3.2 gC/m2/day with a range of 0.11 to 17.3 gC/m2/day (Fig. 18).
The highest rates ofproduction (>5 gC/m2/day) were observed in both low and high salinity regions

however the three largest values were measured at salinity <27 psu. These large primary production
values were probably for blue-green phytoplankton species in the Arroyo Colorado. The brown tide

primary production rates can be as large as 9 gC/m2/day but normal conditions with low

concentrations ofDIN will not support such large rates.

Relationship of Nutrients and Light to Phytoplankton Biomass and Primary Productivity

The nutrients and plant biomass tend to be inversely related because the nutrient uptake is

nominally a transformation from the dissolved to particulate phase. This is confirmed to some extent

by the largest chlorophyll concentrations (>6O ug/liter) being observed in waters with very low DIN

concentrations (Fig. 19). Lower chlorophyll concentrations have quite variable DIN values and

probably result from relatively recent discharges of nitrogen which prevents adequate time for

phytoplankton growth to occur. Chlorophyll and DIN concentrations measured at primary

productivity stations conform to this inverse relationship but there were a number oflow DIN and

low Chlorophyll concentrations evident from the GOM waters (Fig. 20). The highest DIN:P ratios

(>3O) were observed at chlorophyll concentrations between 10 and 45 ug/liter (Fig. 21). DIN:P

ratios <lO were observed at low chlorophyll values(~2 ug/liter) and those above 60 ug/liter. The low

N:P and high chlorophyll values are only related to the relatively low salinity water from the Arroyo

Colorado.

Phaeopigment and chlorophyll concentrations are approximately linearly related at about 4:1

ratio (Fig. 22). This implies that total pigments are relatively conservative in the areas sampled and

about 25% of the material has undergone some decomposition with time.

The rates of primary production were measured at 10 stations throughout the lower Laguna

Madre ecosystem that had a wide range of nutrient concentrations (Fig. 23). The depth integrated

rates of primary production were not dominated by nutrient concentrations because additional factors

such as light availability and growth lag time may be dominant. Typical rates of primary production
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Figure 19.
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Figure 20.
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in other South Texas bays and estuaries are 1 to 1.5 gC/m2/day so most of the rates measured in this

study can be considered elevated. Primary production rates >5 gC/m2/day are considered high and

signify near-optimum growth conditions. Secchi depth measurements indicate that the lowest rates

of primary production are occurring in waters with the greatest light penetration (Fig. 24) which

typically contain the smallest concentration of nutrients.

The rates of depth integrated primary production increase slowly with increasing

phytoplankton biomass as indicated by chlorophyll concentrations (Fig. 25). The highest rates of

primary production occurred at chlorophyll concentrations between 35 and 65 ug/liter. Evidently,
these intermediate chlorophyll concentrations occur in locations that still have nutrient concentrations

to support large rates ofprimary production. This would normally be observed at frontal zones and

large gradients of salinity such as the lower reaches of a river.
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Figure 23.
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Figure 24.
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