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Abstract.—Caddo Lake, along with its swamps and tributary bayous, sup-
ports a diversity of aquatic ecosystems and has been designated a wetland
of global significance by the Ramsar Convention. The life blood of Caddo
Lake is the network of tributary creeks and bayous that drain into the wet-
land complex of the lake’s upper reaches. The ecology of the main tributary,
Big Cypress Bayou, however, has been altered by flow regulation by Lake O’
the Pines dam. Additional threats from giant salvinia Salvinia molesta and
other invasive plants, water quality impacts, and land uses have added stress
to the ecosystem. Several conservation organizations, led by the Caddo Lake
Institute, have formed partnerships to address these threats to the watershed.
The Sustainable Rivers Program, a partnership of The Nature Conservancy
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and the U.S. Army Corps of Engineers (Corps), has managed dam opera-
tions to enhance the natural ecology of Big Cypress Bayou and Caddo Lake
downstream. The Corps has been releasing recommended flows to allow re-
searchers to gather more information to evaluate the success of restoration
efforts. Early monitoring results indicate a potential positive response of the
fish community to these flow releases. We present results of flow restoration
work and associated ecological monitoring. We also summarize floodplain
vegetation monitoring, paddlefish restoration and invasive species manage-
ment projects in Caddo Lake and the Cypress River basin.

Introduction

The Cypress River basin is situated on the
border of northeast Texas and northwest
Louisiana (Figure 1) and covers approxi-
mately 11,000 ha. Caddo Lake, the most
prominent natural and cultural feature of
the basin, is an impoundment of Twelve
Mile Bayou in the lower Red River basin.
Major tributary streams in the Cypress basin
are Big Cypress Bayou, Black Cypress Bayou,
Little Cypress Bayou, and James Bayou. Cad-
do Lake is one of few large naturally formed
lakes in Texas and is thought to have been
formed by the Great Raft, a logjam on the
Red River that was more than 160 km long at
its height in the 1800s (Bagur 2001). A major-
ity of the lake is a complex of shallow cypress
swamps and channels.

Caddo Lake is an ecological treasure
recognized by the Convention on Wetlands
(i.e., Ramsar Convention) as a wetland of in-
ternational importance, with particular sig-
nificance for migratory waterfowl, colonial
waterbirds, and other ecological elements
(Ramsar 1987). The lake and its wetlands
support a diverse array of species, including
more than 200 bird species, 47 mammals, 9o
reptiles and amphibians, and more than 8o
fishes. These include many species of con-
servation concern, including the Paddlefish
Polyodon spathula, Bluehead Shiner Pter-
onotropis hubbsi, and alligator snapping tur-
tle Macrochelys temminckii. The watershed
formerly supported a reproducing popula-
tion of Paddlefish that was able to connect
to downstream populations in the Red River,
but the population has been greatly reduced

or eliminated in the watershed due to dam
construction, flow alteration, and floodplain
habitat impacts (USFWS 2015).

The ecology of Caddo Lake and its wa-
tershed has been highly impacted by sev-
eral modifications, most notably reduced
river network connectivity and altered flow
regimes by a series of dams. Water levels in
Caddo Lake were raised and stabilized in 1914
with the addition of a concrete weir on Twelve
Mile Bayou, which was later replaced in 1971.
The weir functionally isolated the Cypress ba-
sin from the Red River. Construction of large
reservoirs in the watershed, particularly, in
1959, Lake O’ the Pines on Big Cypress Bayou
upstream from Caddo Lake, further frag-
mented the watershed and altered the hydro-
logic regime. Operation of Lake O’ the Pines
dam, including the cessation of high-flow
events greater than 3,000 f3/s (1 ft*/s = 0.3
m?/s), has had a profound effect on Big Cy-
press Bayou and Caddo Lake. The channel
of Big Cypress Bayou and the upper wetland
complex of Caddo Lake have been impacted
by dredging for boat navigation.

Invasive species are another significant
threat to Caddo Lake, with giant salvinia
Salvinia molesta, water hyacinth Eichhornia
crassipes, and hydrilla Hydrilla verticillata
being extensive throughout. Dense stands
of these plants choke many areas of the lake
during the growing season, with associated
impacts to recreation, esthetics, water qual-
ity, and wildlife habitat. Water quality has
also been impacted by land-use changes
and several pollution sources. Water-quality
impairments in the watershed include low
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Figure 1. Location of the Cypress River basin and Caddo Lake in northeast Texas and north-

west Louisiana.

dissolved oxygen, low pH, and elevated mer-
cury (TCEQ 2014), and high levels of nutri-
ents are also a concern. Despite the existence
of many of these impairments for long peri-
ods of time, only the dissolved oxygen im-
pairment in Lake O’ the Pines has been ad-
dressed through a total maximum daily load
process (TCEQ 2006). A watershed protec-
tion plan (TCEQ 2011) was begun to address
bacteria and dissolved oxygen in Caddo Lake
and its watershed but was never completed
or implemented. Riparian and floodplain
forests have also been highly impacted by
clearing for grazing and row crops.

Caddo Lake is also a vital economic, rec-
reational, and cultural resource for the re-
gion, and local interest in preserving the lake
is high (Dahmer1995). A broad array of stake-

holders, including state and federal agencies,
local nongovernment organizations, mu-
nicipalities, and industry, have mobilized to
engage in various conservation and manage-
ment activities to maintain the lake and its
waterways and vital wetlands. The goals of
this multifaceted conservation effort include

1. Reoperation of Lake O’ the Pines dam
releases to restore important aspects of
the natural flow regime;

2. Restoring fish assemblages, including

repatriation of Paddlefish;

Restoring floodplain and riparian forests;

4. Improving water quality in Caddo Lake
and its tributaries; and

5. Managing invasive species to maintain
recreational opportunities, water quality,
and habitat in Caddo Lake.

W
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This chapter summarizes this conserva-
tion program, with emphasis on environ-
mental flows management for restoration of
native fish communities and their floodplain
habitats, Paddlefish reintroduction efforts.
and control of exotic invasive species.

Caddo Flows Project

Lake O’ the Pines was built for the purposes
of flood control, recreation, and water sup-
ply. As part of its flood control purpose,
the U.S. Army Corps of Engineers (Corps)
manages reservoir levels and downstream
releases to limit catastrophic flooding in
downstream communities and Caddo Lake.
This has had typical implications for the

flow regime of Big Cypress Bayou, with re-
duced flow variability, less-frequent flood
events, and an overall generalization (Poff
et al. 2007; Fitzhugh and Vogel 20m) of the
hydrograph (Figure 2). There has also been
a reduction in the number of zero flow days
and an augmentation of low flows during
dry months, due to the need to deliver water
to downstream municipal and energy water
users.

Many aspects of the Cypress basin eco-
system and biological communities reflect
this flow alteration. While the fish commu-
nity is still healthy and diverse relative to
many lower Mississippi River basin streams
(Winemiller et al. 2005; Robertson et al.
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Figure 2. Hydrograph for the U.S. Geological Survey streamflow gauge #07346060 Big
Cypress Bayou at Jefferson, Texas showing pre- (1924-1959) and post-Lake O’ The Pines
(1979-2018) daily peak flows. Lake O’ the Pines was completed in 1959, and the streamflow

gauge was not in operation from 1959 to 1979.
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2016), it has been modified by flow altera-
tion. For example, postdam fish collections
show typical patterns resulting from a less
variable hydrograph, with a higher propor-
tion of generalist fishes and a decline in flu-
vial-specialist fishes (Table 1; J. J. Hoover and
colleagues, U.S. Army Corps of Engineers,
unpublished data). In addition, the loss of
Paddlefish from the basin is likely partially
attributable to flow regulation subsequent
to fragmentation of the watershed by dams.
The health of the iconic bald cypress Taxo-
dium distichum swamp forest has also been
impacted, with loss of as much as a third
of its original areal coverage (Keeland and
Young 1997; Changxiang et al. 2005).

The Caddo Flows Project is part of a na-
tional partnership between the Corps and
The Nature Conservancy (TNC), called the
Sustainable Rivers Program (SRP; Richter et
al. 2006; Warner et al. 2014). This program
has the goal of managing dams and other
water infrastructure in a manner that bal-
ances project purposes while enhancing
function of ecosystems. The Corps, TNC,
and other partners have engaged deeply at
a small number of sites to demonstrate en-
vironmental flow management strategies,
which are then exportable to other Corps
projects. The Cypress basin is one of eight
original sites for the program that has now
been expanded to 22 nationwide.

The Caddo Flows Project is a multifac-
eted partnership that includes a diverse ar-
ray of interests. Primary project partners are
the Caddo Lake Institute, the Corps, TNC,
and the Northeast Texas Municipal Water

District (NETMWD). The Caddo Lake In-
stitute, a local nongovernmental organiza-
tion whose mission is preservation of Cad-
do Lake, is the on-the-ground lead on the
project and coordinates funding and stake-
holder engagement. The Northwest Texas
Municipal Water District owns water rights
for most of the water in Lake O’ the Pines
and has been instrumental in providing a
path for use of federal funds for the project.
Project support is provided by state and fed-
eral agencies, local municipalities, industry
stakeholders, and others. Significant field
research and monitoring has been provided
by the U.S. Fish and Wildlife Service (US-
FWS), the Texas Parks and Wildlife Depart-
ment (TPWD), the U.S. Geological Survey
(USGS), and NETMWD.

Environmental flow management in the
Cypress basin has mostly followed an adap-
tive management process laid out by the
Corps and TNC for the SRP (Richter et al.
2006; Warner et al. 2014); the five steps are

1. Literature review synthesizing knowl-
edge of the ecology, hydrology, and
other factors in the watershed as they
affect flows management;

2. Stakeholder workshops to develop envi-
ronmental flow recommendations using
the literature review, other science, and
expert opinion;

3. Flow implementation;

4. Monitoring to evaluate ecosystem re-
sponse to flow implementation; and

5. Adaptive refinement of the implemen-
tation approach following lessons
learned via monitoring.

Table 1. Relative abundance of two fish spawning habitat guilds in Big Cypress Bayou during

three historical sampling periods.

Reproductive guild 1953-1954 1995 2006
Nonguarders

Open-substratum pelagophils 22.49 7.25 0.72
Guarders

Nest-spawner lithophils 7.38 42.58 56.15
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This process began in the Cypress basin
in 2004 with the orientation meetings and
initiation of the literature review (Winemill-
er et al. 2005) and was followed in 2005 with
the first flows workshop, which resulted in
initial flow recommendations.

These flow recommendations (Figure 3)
follow a building block approach (Tharme
and King 1998; Richter et al. 2006), where
a flow regime is designed from the ground
up to include variability and seasonality in
low flows and then adds in episodic high-
flow events characteristic of the natural
hydrology. Each building block is based on
knowledge of ecology, geomorphology, wa-
ter quality, or other functions of each flow
component, including low flows to main-
tain instream habitats and water quality,

high-flow pulses for Paddlefish spawning
cues, and bank-full events to maintain geo-
morphology and habitats. Each flow com-
ponent also represents a hypothesis of how
the ecosystem would be expected to respond
to flow management and can be monitored
and evaluated in the adaptive management
process.

For the Caddo Flows Project, several
tools were used to develop flow recom-
mendations, including desktop hydrologic
analysis, instream hydraulic habitat mod-
eling, water quality standards, and flood-
plain inundation modeling. The Indicators
of Hydrologic Alteration (IHA; TNC 2007)
software was used to define environmental
flow components using the predam hydro-
logic record for the USGS streamflow gauge
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*Riparian seed dispersal

*Seed dispersal
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Figure 3. Environmental flow recommendations for the Big Cypress Bayou. Shown are flow
magnitudes for monthly low flows and flow magnitude, duration, and frequency for high-flow
pulses and floods. Also noted in each box are the ecological or other functions associated
with each flow component. Low flows are defined for dry, average, and wet years using 25th,
50th, and 75th percentiles of daily flows by month, respectively.



CYPRESS BASIN FLOWS AND WATERSHED RESTORATION 7

07346000 Big Cypress Bayou near Jefferson,
Texas. All flow components were initially
defined using default IHA settings. The flow
regime includes low flows defined for three
hydrologic conditions (dry, average, and
wet), high-flow pulses, and floods. Ecologi-
cal and other functions were then defined
for each flow component, and flow numbers
were modified from the IHA results to bet-
ter match these functions. For example, low
flows for some months were changed to opti-
mize instream habitat for fishes based on re-
sults of previous site-specific instream flow
studies using physical-habitat simulation
models (Cloud 1984; Killgore and Hathorn
1987; Killgore and Baker 1996). Resulting
flow magnitudes from IHA were increased to
40 or 9o ft3/s for some late summer and fall
months in all three hydrologic conditions
to maximize habitats for fluvial-specialist
fishes such as Spotted Sucker Minytrema
melanops, Blackside Darter Percina macula-
ta, and Blacktail Shiner Cyprinella venusta.
Low flows during dry conditions were also
increased during August and September to
state-defined critical low flows associated
with water quality standards (TCEQ 2010).
High-flow pulses from December to
June were based upon predam hydrology,
but magnitude, duration, and frequency
were modified following expert input to en-
sure sufficient time for fishes to move into or
out of secondary channels and oxbow lakes
and to allow sufficient time for sediment
transport. The 2,500 ft3/s high-flow pulse
recommendation was defined as a bank-full
flow event and set at the predam 2-year flood
magnitude. A flood flow of 3,000-10,000
ft3/s is also prescribed to provide additional
ecological benefits, including riparian seed
dispersal, maintenance of aquatic habi-
tats in the floodplain, and maintenance of
riparian vegetation diversity. Even less fre-
quently (10-year return intervals), a flood of
20,000 ft3/s would be needed to drive chan-
nel migration across the floodplain, which
is an important mechanism for creating and

maintaining habitat for aquatic, riparian,
and terrestrial organisms. Flood flows are
included in the flow regime for complete-
ness, even though flow releases greater than
3,000 ft3/s are not currently possible due to
physical limitations of the Lake O’ the Pines
release gates.

Flow recommendations were also devel-
oped for two other tributaries, Black Cypress
Bayou and Little Cypress Bayou. While these
tributaries are not regulated, flow recom-
mendations are instead being used to inform
flow protection strategies such as including
environmental flow standards in state wa-
ter planning and permitting and legislative
designations as ecologically unique stream
segments.

Ecological Monitoring

Ecosystem indicators and a monitoring
framework are essential to any environmen-
tal flows or other adaptive management or
conservation process (Ladson and Argent
2002; Rood et al. 2005; King et al. 2010). The
Caddo Flows Project must evaluate successin
implementation of flow recommendations,
as well as short- and long-term responses
of the river channel and the ecosystem. We
have adapted a monitoring framework that
has been derived from the work at SRP sites
and other flow restoration projects (Higgins
et al. 2om1). The framework sets forth three
monitoring phases: implementation, short-
term responses, and long-term responses.
The implementation phase is an evaluation
of the success of implementing the flow rec-
ommendations. For example, how often are
monthly base flow recommendations met by
releases from Lake O’ the Pines? Short-term
monitoring is an evaluation of how well the
system is responding to the flow releases.
For example, do base flows result in the ex-
pected hydraulic habitats and do habitat
types (e.g., riffles and runs) seem to be oc-
cupied by the expected fishes? Long-term
monitoring is an evaluation of long-term
trends in target ecological elements that are
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key to gauging project success. For example,
after 5 years of successful implementation,
has fish community structure approached
that of the predam period?

The Corps and NETMWD have imple-
mented flow recommendations since 2012,
subject to water availability in drought pe-
riods and the need to maintain the flood
control purpose of the reservoir during wet
periods. Low-flow recommendations have
been met for 60 of 72 months, with the only
gap being in severe drought months of 2012
to 2013, when reservoir levels dropped be-
low trigger levels for drought management
(Table 2). High-flow pulses of the 1,500 ft3/s
magnitudes have been implemented in all
years where they were prescribed but at low-
er frequencies than recommended (Table 2),

and none occurred in 2013. The 2,500 ft3/s
high-flow pulses did not occur during the
drought impacted years of 2012 and 2013
but have occurred each year since. Flows of
2,500 and 3,000 ft3/s (the lower end of the
prescribed flood flow) are not currently part
of the release agreement but do occur in wet
periods such as in 2016, when reservoir stor-
age was evacuated for flood control.

Short- and long-term monitoring have
also been initiated in the Cypress basin and
track a suite of selected indicators tied to
the focal ecological elements and processes
in Big Cypress Bayou and Caddo Lake (Table
3). The framework is tied to the ecological,
geomorphological, and water quality goals
for each flow component and are also in-
formed by the framework used by the Texas

Table 2. Summary of implementation of Big Cypress Bayou flow recommendations from
2012 to 2017. Flows are for the U.S. Geological Survey streamflow gage #07346060 Big Cy-
press Bayou at Jefferson, Texas. Prescription indicates the target flows, with low flow indi-

cating target magnitudes under three hydrologic conditions (“Dry,

” «

‘Avg” [for average condi-

tions], or “Wet” years). Implementation columns indicate (1) the number of pulses, if any,
implemented each year; and (2) whether low flow targets were met (“No” if not met) and
what hydrologic condition flow was released, if implemented. # indicates that for much of
2016 Lake O’ the Pines was in flood stage and flow releases were above high-flow pulse levels.

Environmental Years

flow component Prescription 2012 2013 2014 2015 2016 2017

Floods 20,000 ft3/s Not implemented
3,000-10,000 ft3/s 0 0 0 0 1 o

High-flow pulses 2,500 ft3/s 0 0 o) 1 # 1
1,500 ft3/s 1 0 2 4 # 1

Low flows Jan Dry No Avg Avg Wet Dry
Feb Dry No Avg Avg Wet Avg
Mar Dry No Avg Avg Avg Dry
Apr Dry No Avg Wet Wet Dry
May Dry No Avg Wet Wet Avg
Jun Dry No Avg Wet Wet Avg
Jul Dry No Avg  Wet Wet Avg
Aug Dry No Avg Wet Wet Avg
Sep Dry No Avg Wet Wet Wet
Oct Dry No Avg Avg Avg Wet
Nov No Dry Avg Avg Avg Wet
Dec No Dry Avg Wet Avg Wet
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Instream Flow Program (TIFP 2008). An
explicit aspect of the framework is also to
make hypotheses regarding expected eco-
logical responses to each flow component
using predictive models or other tools, then
to design a monitoring process to evaluate
the predicted responses. Below, we highlight
two key elements of this framework and
summarize monitoring efforts and results to
date.

Fish community monitoring

Native fish communities of Caddo Lake and
its tributary streams are a key focus of the
flow restoration effort. While Big Cypress
Bayou is considered a near-reference stream
for the lower Mississippi Valley (K. J. Killgo-
re, U.S. Army Corps of Engineers, personal
communication), enhancement of instream
habitats to enhance community structure
and function is an explicit goal of the current
flow recommendations, especially the low-
flow components (Figure 3). The fish com-
munity of the Cypress basin is diverse, with
9o species having been collected through
time, and includes both coastal plain and
Mississippi embayment species (Winemiller
etal. 2005). Species dependent on floodplain
habitats for reproduction (e.g., Paddlefish)
and migratory species (e.g., American Eel
Anguilla rostrata) are present, primarily in
the larger streams and rivers, while many
smaller streams support largely black water
swamp and stream fishes.

To develop fish community restora-
tion targets and monitoring indicators, we
compiled available historical fish collec-
tion data and evaluated predam community
structure and changes over time. While all
available collections have been summarized,
the most extensive fish collections in the
Cypress basin occurred in four phases: (1)
sampling by the Texas Game and Fish Com-
mission in the 1950s before construction of
Lake O’ The Pines, (2) instream flow studies
in the 1980s and 1990s during the postdam
period (Cloud 1984; Killgore and Hathorn

1987; USACE 1994), and (3) preimplemen-
tation monitoring of this study in the late
2000s (also postdam; Braun and Moring
2013). Data are available from these periods
for the flow-regulated Big Cypress Bayou,
as well as the unregulated Little and Black
Cypress bayous. Sampling methods, levels
of effort, specific study sites, and climatic
and hydrologic conditions vary across col-
lections from the different periods; however,
the data are useful for description of predam
fish community composition and evaluation
of trends in community change postdam.

We use fish family composition to sum-
marize fish community composition and use
fish reproductive guilds (Balon 1975, 1981; Si-
mon 1999) as our focal monitoring elements
because they more accurately represent the
species most likely to be negatively impact-
ed or favored by changes in habitats due to
flow regulation. The fish community of all
three primary tributaries of the Cypress ba-
sin includes members of 19 families and is
dominated by cyprinids, centrarchids, poe-
ciliids, fundulids, and percids. While these
have been the prominent families across all
collections, the proportion of community in
each family has changed over time (Figure
4). Before the dam, the fish community was
dominated by fluvial specialist cyprinids of
primarily the nonguarder open substratum
pelagophil and phytolithophil reproductive
guilds (Balon 1975, 1981; Simon 1999; Table
1; Figure 5). Collections from the 1990s and
2000s show an increasing abundance of
generalist centrarchids in the guarder nest
spawner lithophil and polyphil guilds (Table
1; Figure 5). These trends are consistent with
expected results of reductions in flow vari-
ability and increased low flows that maintain
more-prevalent stable pool habitats for sun-
fishes and less-prevalent riffles and vegetated
runs preferred by Cypress basin minnows.
Though not to the same degree, this pattern
of community structure alteration was also
seen in the free-flowing Little and Black Cy-
press bayous (Braun and Moring 2013).
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Figure 4. Relative abundance of the nine most abundant fish families in three Cypress River
basin tributaries from the 1950s through 2014. Shown are the average relative abundances
from all collections by decade and relative abundance from the 2014 postflow implementation

monitoring collections.

The goal of fish monitoring following
flow implementation is to evaluate any
return to predam composition in Big Cy-
press Bayou and to observe any basinwide
trends in fish community in other tributar-
ies. Collections were made by the TPWD
in 2014 (Robertson et al. 2016) as the ini-
tiation of periodic long-term monitoring
of fish community response in Big Cypress

Bayou. This sampling was also initiated
in Little and Black Cypress bayous, which
serve as controls for evaluation of flow
restoration response in the Big Cypress
fish community. Because there have been
declines in some components of the fish
community in nonregulated tributaries, it
seems likely that other natural factors such
as drought and human impacts from land
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Figure 5. Relative abundance of two fish spawning habitat guilds, nonguarder phytolithophils
and guarder lithophils (Balon 1975), in three Cypress River basin tributaries from the 1950s
until 2014. Shown are the average relative abundances from all collections by decade from
the 1950s until the early 2010s and relative abundance from the 2014 postimplementation
monitoring collections.
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uses and pollution have also likely affected
fish communities.

Fish community monitoring in 2014 in-
cluded two sites on Big Cypress Bayou and
one site each on Little and Black Cypress
bayous. These data show some indications
of an incremental movement back toward
predam community structure in Big Cypress
Bayou, but similar changes were also seen in
Little and Black Cypress bayous (Figures 4
and 5). Cyprinids were the most abundant
predam, particularly in Big Cypress Bayou;
centrarchids have increased in all three
tributaries since the 1950s, with the highest
abundances in the 2000s and 2010s (Figure
4). Community composition in the 2014 col-
lections saw significant changes, with pro-
portions of cyprinids and centrarchids more
similar to predam conditions in all three
tributaries (Figure 4). Relative abundance
of the nonguarder phytolithophils increased
from 2010 levels in all three tributaries, most
markedly in Little and Big Cypress bayous,
and guarder lithophils decreased notably in
all three tributaries (Figure 5).

The observation of similar changes in
community composition in all three tribu-
taries suggests causation by more than just
flow regime releases and may include re-
sponse to differing hydrologic conditions
(e.g., drought recovery) or some aspect of
land use and water quality. This may also
indicate Big Cypress Bayou functioning as
a source for Little and Black Cypress bay-
ous, as much of these streams dried during
the 2010 to 2011 drought and recolonization
from Big Cypress may have had a significant
influence on post drought fish community.
Additional and more regular monitoring to
be initiated in fall 2018 will further elucidate
current fish community structure in the Cy-
press basin and any flow-mediated biotic re-
sponse in Big Cypress Bayou.

Floodplain vegetation monitoring

The extensive swamps and bottomland
hardwood floodplain forests are some of the

most unique characteristics of the Cypress
basin and are another focus of the flow res-
toration work. Healthy floodplain habitats
are also vital to the life history of large river
fishes, including those of the lower Mis-
sissippi River basin and Gulf Coastal Plain
(Turner et al. 1994; Bayley 1995; Killgore and
Baker 1996; Ward et al. 1999; Winemiller et
al. 2000; Winemiller 2005).

Numerous studies have demonstrated
that infrequent high flows provide impor-
tant ecological benefits to maintenance of
healthy riparian and wetland forests (Junk
et al. 1989; Thoms et al. 2004; Opperman et
al. 2010). We evaluated the linkages between
flow events and hardwood forests and wet-
lands based on inundated area relative to
flow rates and species composition, as well
as the seasonal timing and duration of these
flow events. This evaluation included four
riparian and floodplain forest-flow guilds
(see Figure 6), defined by tree species com-
position, relative elevation context, and hy-
droperiod (Huffman and Forsythe 1981; D.
D. Diamond, Missouri Resource Assessment
Partnership, personal communication).
These guilds are (1) lower swamps—domi-
nated by bald cypress, occurring at relatively
low surface elevations, and flooding nearly
annually; (2) upper swamps—dominated
by overcup oak Quercus lyrata and requir-
ing flooding every 1 or 2 years, (3) season-
ally flooded forests—mixed hardwoods
dominated by willow oak Q. phellos, and (4)
temporarily flooded forests—annual flood
probability of 11-50%, mixed hardwoods and
pines, and dominated by water oak Q. nigra
(Figure 6). We used satellite imagery, col-
lected over a full range of flow magnitudes,
to produce inundation maps and regression
analyses for the three major tributaries (Big
Cypress, Little Cypress, and Black Cypress
bayous) to Caddo Lake and for Caddo Lake
itself. We then estimated flow magnitudes
necessary to inundate 75% of the habitat
area of each guild in Big Cypress Bayou and
used reported data on frequencies and du-
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Figure 6. Riparian forest-flow guilds in the Cypress River basin, with notes on landscape
context, dominant tree species, hydrologic regime, and typical frequency and duration of
inundation. Definition of forest guilds are modified from Huffman and Forsythe (1981) and

Diamond, personal communication.

ration of inundation (Trungale and Hayes
20m1). This analysis indicates that the pre-
scribed high-flow pulses of 1,500 and 2,000
ft3/s would provide the flows needed to meet
the natural inundation frequencies for lower
swamps and occasional inundation of up-
per swamps and lower elevations within
seasonally flooded forests but not the more
elevated floodplain, including temporarily
flooded forests.

Long-term monitoring of riparian and
floodplain forest response to flow imple-
mentation is focused on vegetation commu-
nity composition, survival of tree species,
and establishment of seedlings (Table 3). In
2013, we established three permanent study
sites on Big Cypress Bayou where vegeta-
tion plots are being periodically monitored
(Hayes 2016). In 2017, three additional study

sites were installed on Little Cypress Bayou
as replicate controls for the three sites estab-
lished in 2013 on Big Cypress Bayou. Com-
parative analyses of forest-health outcomes
between the regulated and unregulated wa-
tersheds will enhance adaptive management
of ongoing Big Cypress Bayou environmen-
tal flows.

At these study sites, we are also moni-
toring floodplain inundation patterns and
soil moisture in order to validate hypotheses
of flow magnitudes and duration needed to
maintain floodplain habitats and essential
ecosystem functions and refine flow releas-
es via adaptive management. Five years of
monitoring at these sites has included a pe-
riod of extreme drought conditions, which
resulted in the most severe restriction upon
high-flow releases since Lake O’ The Pines
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became operational. From 2012 to 2014, no
high-flow pulses occurred (Table 2). De-
spite this, vegetation plots and soil-moisture
monitoring indicate that the lower and up-
per swamps remain relatively sustainable,
even in drought. However, high tree mortal-
ity rates and low soil moisture indicate that
the higher elevation seasonally and tempo-
rarily flooded forest guilds appear unsus-
tainable under extended low-flow periods
without any high and flood flows. This pro-
vides strong evidence of the importance of
the prescribed flow releases for maintaining
floodplain forest health.

Long-term resilience of riparian and
floodplain forests within the Cypress basin
is expected, as higher flow events are sched-
uled to coincide with riparian tree phenol-
ogy. For example, annual tree recruitment
is mostly determined by spring high flows,
which exert a disproportionate influence on
seedling establishment and the early stag-
es of succession (Dewey et al. 2006). High
flows may also be scheduled to match the
timing of seed dispersal and germination of
declining tree species identified during for-
est inventories.

Paddlefish Reintroduction and
Habitat Restoration

The USFWS’s Texas Fish and Wildlife Con-
servation Office (TXFWCO) identified the
Cypress basin as a priority conservation
area. Areas of focus in the Cypress basin in-
clude Paddlefish restoration, restoration of
aquatic, riparian and floodplain habitats,
improvement of water quality and restora-
tion of stream network connectivity.

An intensive Paddlefish restoration
initiative was begun by the TXFWCO and
TPWD in 2014 (Diaz et al. 2015). In March
2014, 47 Paddlefish from Tishomingo Na-
tional Fish Hatchery (TNFH) implanted
with 1-year radio tags were released at two
locations in Big Cypress Bayou. The primary
purpose of the reintroduction was to de-
termine the effect, if any, of environmental

flow implementation on paddlefish move-
ment in and fidelity to Big Cypress Bayou. In
fall of 2014, 2,000 young-of-the-year Paddle-
fish from TNFH were stocked into the Big
Cypress Bayou at Caddo Lake State Park. In
April 2016, 21 additional juvenile Paddlefish
were radio-tagged and, along with 600 oth-
ers, were released into Big Cypress Bayou
at the Caddo Lake National Wildlife Ref-
uge. To date, radio-tagged Paddlefish have
shown a fidelity to Big Cypress Bayou and
Caddo Lake. None of the 68 tagged fish were
positively documented to have gone over
the spillway at the Caddo Lake dam and out
of the Cypress watershed. Paddlefish have
shown an overall trend of upstream move-
ment during the study period, with the larg-
est number congregating below the Lake O’
the Pines spillway (Diaz et al. 2015). High-
flow pulses that could serve as Paddlefish
spawning cues have occurred in 2016 and
2017 (Table 2), but these fishes are not yet
of reproductive age so spawning has not yet
been documented.

In the next phase of the reintroduction
project, previously released Paddlefish will
be recaptured and tagged with long-lasting
(7-10 years) acoustic telemetry tags so the
fish can be tracked into adulthood. Acoustic
telemetry receivers will be placed at known
gravel shoals (including those constructed
by the Corps to serve as Paddlefish spawn-
ing grounds) to detect any Paddlefish us-
ing these areas during the presumed spring
spawning season. The receivers will also
be placed strategically throughout Big Cy-
press Bayou and at Caddo Lake dam to track
movement throughout the system.

In addition to the acoustic-tagged fish,
the TXFWCO, TPWD, and Louisiana De-
partment of Wildlife and Fisheries (LDWF)
have developed a 10-year Paddlefish stock-
ing plan for the Big Cypress Bayou that will
be implemented in 2018 (Table 4). The long-
term goal of this project is to re-establish
a self-sustaining Paddlefish population in
Big Cypress Bayou, downstream of Lake O’
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Table 4. Stocking plan for Paddlefish in Cy-
press River basin, Texas. Shown are planned
numbers of individuals to be stocked annu-
ally until 2027. Data source: U.S. Fish and
Wildlife Service.

Year Number
2018 14,000
2019 14,000
2020 14,000
2021 11,000
2022 11,000
2023 11,000
2024 11,000
2025 11,000
2026 11,000
2027 11,000

the Pines and into Caddo Lake. The short-
term goal of the project is to test the envi-
ronmental impacts of implementing the
experimental environmental flow regime.
The TNFH will be producing all Paddlefish
for the plan, following the Mississippi Inter-
state Cooperative Resource Association Pad-
dlefish stocking protocols (MICRA 2012).
Wild broodstock will be collected from the
Red River, the most proximal source to Big
Cypress Bayou. After hatchery production,
broodstock will be tagged with coded-wire
tags and returned to the Red River where
they were captured.

Through the Partners for Fish and
Wildlife Program, the USFWS is funding
riparian restoration projects that improve
connectivity, remove nonnative species,
improve water quality, provide manage-
ment assistance to private landowners, and
conduct controlled burns. The TXFWCO
and others are currently identifying barri-
ers that prevent or limit fish passage within
Cypress basin watersheds. The Partners for
Fish and Wildlife Program worked with
a private landowner to replace four water
crossings with a bridge to help restore ac-
cess to 1.4 km of Prairie Creek, a Big Cy-
press Bayou tributary.

Through funding from the National Fish
Passage Program, the TXFWCO is currently
funding an oxbow reconnection project on
Big Cypress Bayou near Jefferson, Texas. The
oxbow will serve as nursery habitat for na-
tive species as it will connect with Big Cy-
press Bayou during high-flow pulses, thus
allowing entrainment and shelter for juve-
nile fish and other aquatic species in highly
productive habitat. The reconnection will
restore functioning floodplain wetlands
that have been lost due to historical chan-
nelization for navigation and improve water
quality. To measure the success of the recon-
nection project, this oxbow will be stocked
with larval or young-of-the-year Paddlefish.
The TXFWCO will monitor the fish commu-
nity in the oxbow periodically to track the
growth and survival of the Paddlefish and
other aquatic species. If stocked Paddlefish
do well in this nursery habitat, additional
reconnection projects will be attempted.

Invasive Species Management

Caddo Lake has extensive coverage of nu-
merous nonnative invasive aquatic vegeta-
tion species that threaten to block access to
many areas of the lake if not managed ag-
gressively. The most problematic species are
giant salvinia, water hyacinth, and hydrilla.
The TPWD, the LDWF, and local partners,
including the Cypress Valley Navigation
District and Caddo Biocontrol Alliance,
have engaged in vegetation control efforts,
with the goal of maintaining recreational
opportunities (e.g., fishing, paddling, and
touring), especially keeping boat lanes open
and improving water quality and wildlife
and fisheries habitat.

Giant salvinia was first detected on the
Louisiana side of the Caddo Lake in 2006
(Bister and Brice 2010). By the time the in-
festation was detected, it had expanded to
at least 121 ha in the James Bayou arm of the
lake (Figure 1). Herbicide treatments were
applied immediately in an attempt to reduce
the level of giant salvinia in this area. De-



18 SMITH ET AL.

spite attempts by the TPWD and LDWEF, as
well as efforts from local stakeholder groups,
giant salvinia migrated to the Texas side of
the lake during the winter of 2006-2007 and
continued to expand in the spring of 2007. A
separate infestation was discovered at a pri-
vate boat ramp on the upper end of the lake
on the Texas side in 2007.

Surveys of invasive aquatic vegetation
are conducted annually by the TPWD on the
Texas side of the lake during late August-
early September, at the peak of the growing
season, to monitor the coverage of the most
problematic species and to assess ongoing
management efforts (Table 5). A 2007 veg-
etation survey (Bister and Brice 2010) of the
Texas side of the lake estimated 40 ha of giant
salvinia. Giant salvinia continued to expand
its coverage to more areas of the lake, and by
2009, coverage had increased to 1,306 ha on
the Texas side (Bister and Brice 2010). Extend-
ed flood conditions and freezing conditions
during winter can reduce the coverage of gi-
ant salvinia (Owens et al. 2004). Severe win-
ters in 2009-2010, 2013-2014, and 2017-2018
have resulted in as much as a 95% reduction
in aerial coverage relative to previous summer
conditions. However, die-offs were not com-
plete, and subsequent mild winters allowed
giant salvinia coverage to expand in each of
the subsequent years, even with an increase
in herbicide application each year.

An integrated approach is used to man-
age giant salvinia, which includes biological

(giant salvinia weevils Cyrtobagous salviniae)
and chemical herbicide (e.g., glyphosate,
diquat, penoxsulam, or flumioxazin) treat-
ments. Weevils are released by the TPWD
and Caddo Biocontrol Alliance as a long-
term solution for giant salvinia manage-
ment. Herbicide treatments are used to
maintain boater access throughout Caddo
Lake, clear shorelines for boat dock use, and
reduce large mats of giant salvinia. Nearly
300,000 weevils were released in both 2016
and 2017, and herbicide treatment totaled
1,800 ha in 2016 and 3,700 ha in 2017. With
these two methods combined, there have
been small-scale control successes, and le-
veraging these successes to a larger area is
a current management goal. For example,
Pine Island Pond, a small Caddo Lake em-
bayment, had been virtually inaccessible for
several years because of giant salvinia. How-
ever, weevil releases reduced giant salvinia
coverage to the point that a small herbicide
treatment was able to clear most of the re-
maining plants (Bister 2018).

Water hyacinth was discovered in Caddo
Lake in the 1940s, and until recently, some
active form of control has been required to
keep the population in check. Water hya-
cinth coverage was estimated at 1,500 ha in
2007, 550 ha in 2008, and 705 ha in 2009.
However, the increase in giant salvinia
caused water hyacinth coverage to decrease
dramatically over the past several years. Cov-
erage of water hyacinth has ranged from 4 to

Table 5. Invasive aquatic vegetation coverage (ha) in the Texas side of Caddo Lake (5,144
ha total) from 2012 to 2017. Surveys were conducted during late August and early September
each year. Data source: Texas Parks and Wildlife Department (Wright and Bister 2014; Bister

2018).
Year Giant salvinia Water hyacinth Hydrilla
2012 554 157 1,378
2013 2,428 4 514
2014 973 8 746
2015 1,149 21 013
2016 2,000 66 953
2017 2,150 1 729
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157 ha since 2012 (Table 5; Wright and Bis-
ter 2014; Bister 2018). Despite the recent de-
cline in coverage, water hyacinth needs to be
monitored for a possible increase. Hydrilla
was first reported on Caddo Lake in 1993. In
1996, hydrilla had expanded to 235 haand by
1997 was estimated to cover more than 2,025
ha (Bister 2018). At that time, the infesta-
tion was concentrated in the deeper portion
of the lake. From available records (Bister
2018), hydrilla declined by 2000 and was
reduced to nonproblematic levels by 2001.
Records do not reflect any chemical treat-
ments targeting hydrilla on Caddo Lake dur-
ing this period (1993-2001). Surveys in 2004
documented isolated hydrilla populations
on Caddo Lake in shallow, more remote ar-
eas less frequented by resource users. The
2005 survey indicated that hydrilla covered
1,015 ha. From 2009 to 2012, hydrilla coverage
hovered around 1,620 ha; however, coverage
dropped to 514 ha in 2013 due to shading by
giant salvinia (Bister 2018). Hydrilla cover-
age has remained relatively stable (range
729-953 ha) since 2014 (Table 5).

Conservation Challenges and
Next Steps

Significant progress has been made in the
Cypress basin in understanding and pre-
scribing instream flow needs, in reaching
consensus among stakeholders to reoperate
releases from Lake O’ the Pines, and in ini-
tiating monitoring of ecosystem responses
to flow implementation. Nevertheless, an
active adaptive management process contin-
ues to address information gaps and modify
flow management efforts. Ongoing research
and monitoring priorities to quantify eco-
system responses include (1) long-term
monitoring of fish community responses
to flows to detect expected movement back
to predam community composition; (2)
monitoring of survival, movement, and any
spawning and recruitment success of Pad-
dlefish; (3) geomorphology and sediment
budget research; (4) refinement of instream

fish habitat models to improve understand-
ing of fish community responses to flow;
and (5) evaluating potential for flow releases
to increase drought resiliency of floodplain
forest ecosystems.

A focus of future flow-management ef-
forts in the Cypress basin is to strengthen
the operational ability to implement flow
recommendations at Lake O’ the Pines. Ap-
proaches to this will include formalizing the
ecosystem flow releases in the Lake O’ the
Pines operation plan and evaluation of strat-
egies to increase the certainty of flow releas-
es through reservoir reallocation and estab-
lishment of storage water rights. The project
will also explore options to protect flow in
other Cypress basin tributaries through wa-
ter rights and other policy strategies. Project
partners also continue to evaluate strategies
to address the threat of invasive plants, in-
cluding the potential modification of the
Caddo Lake dam to allow lake level modi-
fication to manage invasive plants, enhance
water quality, and aid in flood management.
This project will also continue to provide
lessons learned to a network of other Corps-
operated dams through the SRP network.
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