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One of the key missions of the SAC is to advise the Bay Basin Committees on
the science of bay inflow needs. Two basic ideas have emerged.

e The inflow needs should be expressed as an inflow regime (including
seasonal patterns and attainment percentage goals) rather than a single
inflow requirement, and

e There will be a need for some form of adaptive management.

Both of these ideas are generally supported at least in theory but neither is
defined sufficiently to be implemented. One purpose of this document is to
suggest more specific aspects of both ideas to advance the process of
consensus building towards specific recommendations.

There are two fundamental concepts behind the specific ideas suggested. One is
that society desires a sound ecological environment and the other is recognition
that bay systems have been extensively modified.

Sound Ecological Environment—There is a widely accepted view that our goal
in managing the bays is and should be to maintain a sound ecological
environment. There can be many definitions of this idea, but in brief it means
providing the conditions necessary to support sustainable and productive bay
ecosystems. A common element of the sound ecological environment is that it is
defined in terms of the systems that we have studied and understand. The
studies that support that understanding have largely been conducted in relatively
recent history—the last 30-40 years. Most studies and assessments are more
recent.

Texas bays we know today are not natural systems—It is widely recognized
that beginning well over a hundred years ago, there have been a number of man-
made changes to the natural bays.

Some of the watersheds were heavily modified by agricultural activity,
Navigation channels were constructed and inlets stabilized,

The bays were physically modified by shell dredging and subsidence,
Commercial fisheries began to make a significant impact on the systems,
Inflows were regulated,

Waste discharges become large enough to have an impact.

All of these changes have had significant effects on the bays, and most of these
changes occurred prior to the studies that serve to define the sound ecological
environment we know today.



Watershed Changes--The change from natural vegetation to row crop agriculture
(and the more recent reversal of this trend in some areas) has altered the
amount of runoff and concentrations of major flow constituents. Watershed
changes started as cotton became important before the Civil War, and increased
substantially through the 19" century and into the mid 20" century. There
appears to have been a reversal of this trend in the later part of the 20™ century.
Data to quantify the effect of this change on the bays is lacking because it tends
to be merged with other watershed changes. But monitoring for runoff
concentrations indicates a substantial difference in runoff event mean
concentrations (EMC) between forested and agriculture lands. The following
examples illustrate the differences found in the runoff literature.

Parameter EMC Values (mg/L)

Forested Open Land Agriculture/Pasture
TKN 0.94 1.92
NO23-N 0.80 4.06
TP 0.11 0.37

Navigation Channels—The creation of stable navigation channels has increased
the tidal exchange with the Gulf in all the bays, and appears to have increased
average salinity in the eastern bays. Work on many of the navigation channels
began well over a century ago.

e Sabine-Neches: Jetties constructed in 1896 and Port Arthur Canal west of
Sabine Lake completed in 1899. By 1916 there was a 25 ft channel to
Beaumont.

e Galveston: Work on the Galveston Channel jetties that deepened and
stabilized the entrance began in 1880 and was complete in 1897. By
1908 the Houston Ship Channel was 18 ft deep and 150 ft wide.

e Brazos: Freeport jetties 1889-1896. Mouth relocated 1929. No bay
involved.

e Matagorda: Channel and jetties not constructed till early 1960s.

e Corpus Christi: 25 ft channel complete in 1926 and 30 ft by 1930.

e Brownsville: 32 ft channel complete in 1936.

The normal process for inlets is to be opened by strong river flows and to be
closed or made shallow by sand moving in the longshore system at lower levels
of river inflows. Building jetties to maintain channel conditions for navigation
allowed steady tidal exchange even in lower flow periods. The dredging of
navigation channels up the bays allowed salt from the Gulf to mix over more of
the bays than would have been the case under natural conditions. In addition to
making the bays better mixed and more salty than they were naturally, the
improved mixing with Gulf water tends to increase the rate at which nutrients and
sediments introduced at the upstream end of the estuaries are transferred to the



Gulf. This accelerated transfer tends to reduce the concentrations of materials
introduced from the watershed.

Physical Changes: The physical nature of the bays has been changed by
activities such as sea level rise, subsidence and oyster shell dredging. Figure 1
shows the rate of relative sea level rise in Texas bays as recorded by NOAA
(2001). The plots shown are linear models fitted to tide gauge data along the
coast to yield an average rate of relative sea level rise. Part of the increases can
be attributed to human activities such as subsidence from water pumping and oil
and gas extraction, and part is simply global sea level rise combined with
compaction of more recent gulf coastal sedimentary deposits. Whatever the
exact mix of causes, the changes have not been inconsequential. For example,
Ward (1993) found that the volume of Galveston Bay had increased by 30%
between 1900 and 1990. We can expect this kind of change to continue and
possibly to increase.

Fishing pressure: This may not have caused any species extinctions, but fishing
pressure clearly affects populations and shifts in the balance between estuarine
species. Regulating this fishing pressure is a major role of TPWD.

Reservoir Development: Inflow regulation allows for more consumptive water
uses, greatly reduces the frequency and magnitude of flood flows and introduces
lower flows during dry periods where none may have existed naturally. Overall,
reducing the extremes of inflows has allowed greater stability. An argument can
be made that a reduction in extreme conditions might allow an overall higher
level of biological production in our bays, but there are no data to allow a
comparative quantitative evaluation of this point.

Inflow regulation also greatly reduces the supplies of sediment and nutrients to
the bays. Heitmuller (2008) has noted the importance of sediment supplies in
maintaining sound ecological conditions. Mathewson and Minter (1976) analyzed
the effect of flow regulation on the sediment supply of the Brazos River and
found that between 1920, the start of reservoir construction in the Brazos basin,
and their study in 1975, the transport of sand to the coast had been reduced by
roughly 76%. The ability of water supply and flood control reservoirs to retain
particulate matter and to reduce the magnitude and frequency of flood flows that
are the major carriers of particulate matter downstream of control structures is
both significant and reasonably well understood. A similar process occurs with
nitrogen and phosphorus that would normally be carried by river flows to the
bays. A high fraction of particulate forms of N and P are trapped and settled in
reservoirs, and dissolved forms are provided sufficient residence time for
biological uptake and retention in aquatic life and ultimately sediments.

Jensen et al. (2003), included as an attachment, provides a quantification of the
effect in the Trinity River and Galveston Bay system. The key findings of the
paper are that relative to the mid 20™ century, there has been a net reduction in



the load of N to bay despite substantial population increases. The reduction in N
inputs was strongly tracked by a reduction in bay chlorophyll a, a measure of
primary productivity, and possibly tracked by a reduction in important species. To
our knowledge there has not been a similar quantification for other bay systems.

Waste Discharge: Wastewater from a growing population can be a significant
source of nutrients to Texas bays. Whether this can compensate for the reduced
nutrient input from other processes will likely be different for each bay. It is noted
that continued increases in the level of wastewater treatment will tend to reduce
this source of nutrients. Another source of nitrogen is NOXx in air emissions that
can enter as inorganic nitrogen in rain. This should be considered in bay N
budgets.

As noted at the beginning of this section dealing with anthropogenic changes,
Texas bays have been substantially altered. These alterations have affected the
volume, salinity levels and supplies of nutrients and sediment. Each bay system
is unique with its own balance and needs. A key point is that healthy bays don’t
just require inflows. What is carried in the inflows is very important as is the
transport and mixing of this material. All of these aspects need to be considered
when we address bay needs. Another key point is that the changes discussed
can be expected to continue in the future, at different rates in each bay system.

Inflow Regime

As noted in the introduction, there is a measure of agreement that a definition of
inflow needs for bays should be in the form of a flow regime, including seasonal
distribution and target attainment frequencies, rather than simply specifying a
single total annual flow amount. Some have suggested that this flow regime
should reflect natural conditions while others recognize that natural conditions
are not practical or even desirable in a state with over 20 million residents and
with bays that have been greatly modified from natural in the ways described
above. We need to protect bay inflows, but the inflows we need to protect are
those that currently support the sound ecological environment that we know
today.

Several methods have been proposed to estimate an appropriate flow regime.
The Bay & Estuary methods developed by the TWDB and TPWD are one
important method that includes a monthly distribution of flows. The IHA
(Indicators of Hydrologic Alteration) method, applied to current conditions, could
be another method to produce a flow regime. The detailed studies that have
been performed for the Colorado River and Eastern Matagorda Bay are a third
method. A fourth might be a statistical characterization of historical flows over a
representative period. Whatever method is ultimately employed, a flow regime is
needed that is representative of the current sound ecological environment.



In this context it is worth repeating a point that while well understood by many, is
sometimes overlooked. Texas bays and estuaries exhibit a wide range of inflow
regimes. The Laguna Madre system, which receives a tiny fraction of the inflows
going to bays on the upper coast, is healthy and productive. While the amount of
inflow may not be directly related to overall health and productivity for individual
bays, inflow regimes for different bays are critical to support the currently existing
ecosystems.

Adaptive Bay Management

The bays have been substantially modified over the last 150 years. These
modifications can be considered to be management actions that affect important
dimensions of the bays: inflows, size, water exchange with the Gulf, inputs of
particulate matter and nutrients, and harvest by sport and commercial fisheries.
These management actions have been taken within their own regulatory sphere,
and while there is usually a review process for each action, it can’t be said that
there has been real coordination of these actions to achieve more effective bay
management. In short, for a long period of time we’ve been moving many of the
bay management levers with little attempt at coordination or a shared set of
expectations or goals.

The term Adaptive Management has been used to describe how new
modifications might be addressed, but as yet there has been little in the way of
specifics on what it means or how adaptive management might be implemented.
One of the SAC charges in SB3 (11.02362(p)) is to assist with the development
of adaptive management work plans.

One way that the term adaptive management has been discussed is as a check
or test on a new water resource permit. In shorthand, a permit would require a
given set of flows be achieved with a certain frequency, and the adaptive
management test could be that a specified biological result would be achieved. If
the biological result were not achieved, there would be specified contingencies
and the expectation that the flows and associated water right permit would be
revisited. This form of adaptive management would have teeth.

While this may or may not ultimately prove to be the adaptive management path
selected, a form that has teeth appears to have the potential to generate
problems both in formulating and grading the necessary biological test. Every
year will bring a new set of inflows, local weather, antecedent conditions—things
that individually and interactively can play big roles in the biological community. If
field studies for n years bring a set of results and our predictive models say we
should have had more of this habitat and higher numbers of that fish, there might
be a finding of failure for the test with potential large consequences. Given the
uncertainty on how much confidence can be placed in predictive models and the
recognition that it is unlikely the detailed patterns found in historical studies would
be repeated during a test period, it appears that developing consensus on



biological tests could be a challenge, and there is also the potential for conflict in
grading such a test.

Of course there are other possible meanings of the term adaptive management.
One might be that there would be monitoring after a new project was permitted
and implemented, and if a consensus developed at some future time that some
adaptation was needed, it would be done. Such a formulation would have no
teeth and be essentially equal to the current approach to management. There
would be no particular conflict in implementation, but it would be of limited
significance.

An alternative to the test and modify approach (with or without teeth) is to start
the process of actively managing the ecological health of each bay/basin system
using all the tools and levers that are available. There are several ways that this
could be done administratively. Implementing adaptive bay management will
require input and coordination from many involved agencies and groups. Two
possibilities are noted as examples but others undoubtedly exist.

One approach would be to form a new Bay Management Agency, created largely
by transferring relevant parts of existing agencies. While there is some logic to
this approach, it would probably see opposition from several quarters.

Another approach is for the Bay Management Oversight (BMO) function to be
delegated to each of the Bay/Basin Stakeholder Committees to facilitate and
support the bay management process. The Stakeholder Committees could
provide input on the best use of any dedicated environmental flows that might be
available, coordinate with the regional water planning process, and provide input
in the regulation of N and P levels in wastewater discharges. BMO activities
could include coordination and support from the TPWD, TCEQ, TGLO, and
TWDB, as well as the Coastal Coordination Council and with some bays, an
Estuary Program office. The Bay/Basin Stakeholder Committee BMO mission
could be to track the status and condition of their respective bays, and work to
monitor, analyze and develop coordinated management recommendations to be
implemented through existing regulatory processes. One product could be
developing specific recommendations for the amount of future change in inflows
and other important controls over bay conditions such as harvest pressure and
nutrient supply.

There are undoubtedly other ways to implement the concept of adaptive bay
management. Developing the details of implementation must wait on building a
consensus on the key elements of adaptive bay management.

Summary

Part of our job in the SAC is to provide recommendations on the science of inflow
needs and on adaptive management implementation. Most of the scientific



information we have on the bays was developed after the bulk of the man-made
changes have been made. The bays we have today are widely perceived to be
valuable and productive areas worthy of protection. One might infer that the
science we have supports the flow regime we have today.

From the above discussion on adaptive bay management it would appear that a
test and adapt approach limited only to inflows would involve some serious
concerns and difficulties. In contrast, an active bay management approach that
adapts to future developments, using all available levers in a coordinated effort,
would seem to offer many advantages. Assuming we can obtain consensus in
the SAC that coordination or active bay management is preferred over the
current situation of uncoordinated actions, recommending this approach to
adaptive bay management would seem in line with our mandate. The details of
how this might be achieved or implemented are probably beyond our mandate,
but providing input on the general direction seems entirely appropriate.
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Figure 1. Trends in Relative Sea Level at Texas Tide Gauge Locations

Meters

Sabine Pass, TX 5.66 +/- 1.07 mmiyr

| Whnthly mean sea level with the Source: NOAA
average seasonal cycle removed

045+ 1 Linear trend
— Upper 95% confidence interval
— Lower 85% confidence interval

o e e

0.157

0.00-

Galveston Pier 21, TX 6.39 +/-0.28 mmiyr

|____ Wonthly mean sea level with the Squrce: HOAA
awerage seasonal cycle removed
015+ Lmegrdrand: "7 0 e s o s e s S s e s e = = i
g — Upper 95% confidence interval
— Lower 85% confidence interval . -
Uil s me e e s e S e T e e e e -§- JE e ¥
I il 1l.l 0 [
e e 3 l"-!’é“:i A=t - - h-----
4 ,‘ i
%_0.30_ __________ S wa ET ! 'ﬂ B el i = R
E =
0.457] TR W i o e e e e T e e T e T R e T e e R e T e
0.607 S -ttt o
T T e N T T s it e ot i ol
B
&, G, 8, G 8, G, 8, g, 8. 8 Gy G
U0 s % % % % R B Y G % D b

Meters

Freeport, TX 4.35 +/-1.12 mmiyr

0.60

| Nbnthly mean sea level with the E Source: NOAA
average seasonal cycle removed H
o o —ffeartend: Tl e e e s e s e s
045 —— Upper 95% confidence interval H
— Lower 85 % confidence interval E
L e
T i Sl “H1- 11
DR e e e e o e e 0 -ithlk - =
D T o o T e T e e P T e e e T T P e T P et o B S
S i e = R e e
AR St —/——’I{?/{{:’: ==, =i —E ——————————————————
[ :
_/ Apparent Datum Shift
-0.60 T T T T

I I
To 7 7@ 7

QbQ%'bqﬁﬁ%ﬁ%@%@%%%;%%%ik‘%j%‘&‘& %9%9%9% % %




Rockport, TX 5.16 +I-0.67 mmliyr

0.45

| Wonthly mean sea level with the
average seasonal cycle removed

Linear trend

—— Upper 95% confidence interval
— Lower 05% confidence interval

0.30

0.15

0.007

Meters

0.157

-0.307

-0.457

Source: HOAA

Port Isabel, TX 3.64 +I- 0.44 mmiyr

0457

0.304

0.154

| Wonthly mean sea level with the
average seasonal cycle removed

Linear trend
— Upper 25% confidence interval
— Lower 85% confidence interval

Source: HOAA

Source: NOAA: Tidesandcurrents.noaa.gov.



