
II. ENVIRONMENTAL ELEMENTS

A. HUMAN OCCUPANCY

The Karankawa Indians were among the earliest inhabitants of the Christmas Bay area. The
Spanish explorer Cabeza de Vaca became shipwrecked near the San Luis Pass and a brief
resident of the area in 1528. Later a small town existed at San Luis. Mud Island and
Moody's Island were used by Confederate blockade runners during the Civil War and two
small forts were constructed. It is unlikely that these activities had significant impact on
Christmas Bay.

Follets Island was included in an original land grant from Mexico to Stephen F. Austin in
the 1820s. Currently the land is privately held in numerous small parcels, averaging 50 acres
in size, which typically extend from Gulf beachfront to bayshore. Few of these parcels have
been developed. Several subdivisions have been founded: San Luis Beach on Drum Bay, Key
Lago and Lazy Palms on Christmas Bay, and Treasure Island on Cold Pass and San Luis
Pass. Today Follets Island along Christmas Bay is notable for its low human population
density.

The extensive area of wetland marshes lying north and west of Christmas Bay restricted
agricultural use of the land except for limited grazing. In 1966, the Brazoria National
Wildlife Refuge (Figure 4) was established with the purchase of 10,407 acres to provide
quality habitat for wintering migratory waterfowl and other bird life. The recent addition of
the Slop Bowl wetlands to the south has increased the refuge to 12,199 acres. Planned
expansion to the north will add 30,000 acres. The refuge lies south of Bastrop Bayou and
west of Bastrop, Christmas, and Drum Bays.

Public access to the refuge is limited to a single weekend each month for non-consumptive
activities. Saltwater fishing is permitted in Nick's Lake and Salt Lake, accessible by boat
from the Gulf Intracoastal Waterway (GIWW), and in Lost Lake on Bastrop Bayou.
Waterfowl hunting is permitted on Rattlesnake Island, the disjunct portion of the refuge east
of the GIWW, accessible only by boat. Management activity includes cool-season cattle
grazing, controlled burning, and water-level manipulation.

The refuge has a positive influence on the Christmas Bay ecosystem. The critical wetlands
along the entire western shoreline of Drum Bay, Christmas Bay, and Bastrop Bay are now
protected from development (Fig. 4). Although this area is open to public hunting, it is
utilized only during the hunting season and requires boat transportation. Water birds, wading
birds, and shore birds, especially wintering and migrating flocks, benefit from refuge
management practices.
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Between 1900 and 1920 commercial and sport fishermen and duck hunters began to build
fishing shacks on state-owned submerged lands and islands. Unauthorized, these shacks were
illegal structures and their occupants were squatters on public land (Texas GLO, 1990). As
coastal populations grew, the number of these cabins also increased. The Texas Coastal
Public Lands Management Act of 1973 established specific guidelines by which previously
unauthorized existing cabins could be authorized. This legislation created a management
challenge becans" the General Land Office is required to protect natural resources on state
lands while simultaneously encouraging orderly development of these lands through uses the
public at large may enjoy as participants. Existing and prospective cabin owners have utilized
this use-and-participation aspect to lobby for continuance and expansion of the cabin
program.

Authorized cabins are a conspicuous feature of Christmas Bay and its environs. There are
18 cabins in Cox Lake and 3 farther downstream in Bastrop Bayou, 2 in Oyster Lake, 19
along Guyton Cut, 19 in Bastrop Bayou, 17 on Titlum-Tatlum Bayou between Mud and
Moodys Islands, 1 on Cold Pass, 19 in Christmas Bay near Cold Pass and Churchill Bayou,
and 4 on Arcadia Reef (see Figures 5, 6, & 7). Thus, a hundred human-occupied structures
are placed on waterways leading to Christmas Bay or within the bay itself.

Cabins potentially impact the bay in a number of ways. Cabin users may disturb nesting
colonial waterbirds, either directly when both share a small islet, or indirectly by an increase
in boat traffic adjacent to nesting islands. Brazoria National Wildlife Refuge personnel have
documented one instance where black skimmers had commenced nesting on an island with
cabin in Bastrop Bay but abandoned the site following arrival of the cabin users and their
family dog. Locally heavy boat traffic may damage seagrass beds. Historically, cabins have
been a source of accumulated trash and garbage on islands and in the water. Cabin permit
holders are now required to carry all cabin-related trash, construction debris, and garbage
back to port for proper disposal. When cabins are not properly maintained and repaired,
they may become aesthetically displeasing or create unsightly safety hazards.

Many cabins discharge human waste directly into the surrounding waters. The Texas
Department of Health automatically prohibits shellfishing within 50 yards of any cabin (K.
Wiles, Texas Dept. Health, pers. comm.). Oyster reefs are preferred sites for some cabins
because the hard reef offers a firm substrate for cabin supports. Thus, cabins remove
portions of oyster reefs from public harvest areas and may endanger recreational
shellfishermen who are unaware of the restriction and potential hazard.

Several areas with concentrations of cabins are completely closed to shellfish harvest,
including Cox Lake and Lost Lake on Bastrop Bayou and Cold Pass. These closures are due
to the influx of nonhuman fecal coliform bacteria from nearby marshes, not the cabins (K.
Wiles, pers. comm.).

In 1985, the Brazoria County Health Department initiated a program which requires a
permit for septic tanks. No new septic tanks will be permitted on Follet's Island. All new
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construction will require holding tanks. The number of septic tanks installed on the
periphery of Christmas Bay prior to 1985 is unknown, but undoubtably small. There are no
known problems at the Key Largo or Lazy Palms subdivisions (D. Mudd, Brazoria Co.
Health Dept., pers. comm.).

B. PHYSIC/u. HABITAT ALTERATIONS

1. Gulf Intracoastal Waterway

The first major human activity which influenced Christmas Bay was the creation of the Gulf
Intracoastal Waterway (GIWW). This project was originally authorized by Congress in June,
1927, to be 9 feet deep and 100 feet wide. A channel, labeled Mud Cut on some maps and
Guyton Cut on others, was dug from West Bay to Bastrop Bay, thence to Christmas Point
(see Fig. 2), Rattlesnake Point, across Drum Bay to Drum Point (see Fig. 3), and west to
Oyster Creek and Freeport. The remnants of the spoil berms are still conspicuous in Drum
Bay. This segment from Bastrop Bay to Freeport Harbor was constructed between July 1939
and March 1940. Before this segment of the waterway was even undertaken, a larger (12
feet deep and 125 feet wide), inland route (see Fig. 1) was authorized by Congress in March,
1939. Unlike the original waterway, which traversed the natural bays, the new version was
cut across the land for most of its length. This stretch of the GIWW was completed in
August, 1944.

These waterways have had a major impact on their adjacent areas. The original spoil berms
effectively divided Drum Bay into two bodies of water and remain exposed today, 50 years
later. Subsurface berm remnants extend from Rattlesnake Point into Christmas Bay (see Fig.
2 and 3) and would appear to influence the flow of water across Arcadia Reef. Construction
of the second, larger, intra-coastal waterway effectively terminated the overland flow of
fresh-water into Christmas and Drum Bays. Tributary flow, such as from Salt Bayou to Salt
Lake, Nick's Lake, and Drum Bay via Nick's Cut was greatly diminished (Fig. 3). The source
of freshwater for Drum Bay was essentially eliminated. The effect of the broad, deep
intracoastal channel perpendicular to Bastrop Bayou on salinity and bayou flow-through to
Bastrop Bay is unknown.

2. Subsidence

Centers of subsidence appear at Freeport to the southwest, Alvin to the north, and Texas
City to the northeast (White et al., 1985, HGCSD, 1990). Subsidence in the Christmas Bay
area appears to have been limited to 0.5 feet or less since 1906. The impact of subsidence
on Christmas Bay and its surrounding wetlands is unknown and undocumented.

3. Changes in Wetland Vegetation

The wetlands of this region have been mapped twice. The first map was prepared by Texas
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A&M University and based on black-and-white low-altitude photography from the 1950s
(primarily 1956-57) provided by the U.S. Agricultural Stabilization and Conservation Service.
This map was prepared for the U.S. Fish & Wildlife Service (FWS) Office of Biological
Services as part of the Texas Barrier Islands Ecological Characterization. All wetlands
surrounding Christmas Bay are from the estuarine ecological system and either the subtidal
or intertdal ecological subsystem (coded El or E2, respectively). Subtidal vegetation, the
seagrass beds, was very limited in areal extent and distribution. Intertidal wetlands were
extensive and of three types; emergent grasses (code EM), flats (FL), and a combination
emergent/flat (EM/FL) which were at least 65% vegetated. Beaches, bars, streambeds, and
bodies of open water were very small and local.

Emergent hydrophytes are defined as "erect, rooted, herbaceous angiosperms that may be
temporarily to permanently flooded at the base but do not tolerate prolonged inundation of
the entire plant" (Cowardin et al., 1979). Smooth cordgrass (Spartina alterniflora) is the
dominant emergent hydrophyte along the shores of Christmas Bay. On Rattlesnake Island,
marshhay cordgrass (S. patens) and seashore saltgrass (Distichlis spicata) are prominent in
the saltmarsh (Fleetwood, undated). A flat is defined as "a level landform composed of
unconsolidated sediments, usually sand or mud" (Cowardin et al., 1979). Flats may be
unvegetated or vegetated with pioneer or non-pioneer plants. None of the flats in the
Christmas Point map have subclass designations to indicate vegetative status. On Rattlesnake
Island, maritime saltwort (Batis maritima) and two glassworts (Salicornia spp.) are common
(Fleetwood, undated).

A second map was prepared by the FWS Office of Biological Services from high-altitude
color infrared photography dated November 1979. This map extended the classification
scheme to note that all emergent vegetation was persistent (present year round) and either
regularly (daily) or irregularly flooded (on exceptionally high tides or wind-driven high
water).

An objective of the present study is to compare these wetland maps to identify any apparent
trends in the wetland vegetation during the approximately 23-year interval between
photographs used for mapping. Individual tracts were measured on the 1:24,000 scale maps
with a polar planimeter. Minimum resolution (0.01 in 2 ) was 0.92 acres. Areas examined
were: Follets Island adjacent to Christmas Bay, Rattlesnake Island from Rattlesnake Point
to Christmas Point, and Mud and Moody's Islands. The results proved difficult to interpret
and wetland specialists at the National Wetlands Research Center (James Johnson, Carroll
Cordes) and local FWS Ecological Services unit (former project leader B.D. King) were
consulted.

Some of the difficulties may stem from climatological conditions preceding the photographic
missions. An extended, multi-year drought persisted through the mid-1950s. For example,
total precipitation at Angleton for 1956 was 29.73 inches, or 18.30 inches below normal.
Diminished precipitation lowered average sea level at Galveston (Pier 21) and interrupted
a steady sea level rise during this century (Pulich & White, 1989). This may have influenced
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the salinity of intertidal pools or evaporation from irregularly flooded zones, increasing
desiccation and soil salinity and affecting vegetation.

Conditions during 1979 were exaggerated in the opposite direction. Record rainfalls of 25.75
inches at Alvin and 14.36 inches at Angleton fell on July 26th. Widespread flooding was
experienced across the entire countryside. Total precipitation for July was 35.70 inches at
Alvin and 22.13 indies at Angleton. Additional rain fell in September, with 18.88 inches
falling at Angleton on September 18-20. October was near normal (2.77 inches vs. 3.51
inches average) and November was dry (0.89 inches vs. 4.25 inches average). The influence
of the exceptionally heavy precipitation on wetland vegetation during the midst of the
growing season is unknown. The maps may be indicating dry versus wet conditions.

Regularly and irregularly flooded wetlands were combined since the earlier map did not
distinguish these categories. The principal vegetation was categorized as emergent or
emergent/flat. Some tracts were unchanged. For example, the islands of emergent grasses
west of Churchill Bayou changed slightly in shape but not total area (222 vs. 221 acres)
despite construction of an adjacent dredged channel. Other tracts experienced substantial
change. Mud Island and Moody's Island went from 2% emergent and 98% emergent/flat in
1956 to 94% emergent and 6% emergent flat in 1979. A 3% loss in total acreage (1493 acres
vs 1445 acres) may be attributed to shoreline erosion along West Bay or measurement error
and is considered insignificant. At first glance, one is tempted to attribute this substantial
change in vegetation to plant succession and improvement of habitat, but other clues suggest
caution. These islands are wholly state-owned and undeveloped, except for the cabins along
Titlum-Tatlum Bayou, and any changes detected should represent natural variation in
vegetation.

Follets Island experienced a substantial increase in emergent vegetation from 650 acres in
1956 to 816 acres in 1979 while emergent /flats declined from 801 to 424 acres. Total
acreage declined 15%, from 1451 acres in 1956 to 1240 acres in 1979, following construction
of four canals and other development.

Rattlesnake Island is difficult to assess. Boundaries are missing between some vegetation
zones affecting large areas. Acreage cannot be reliably calculated. The original photographs
have been lost. Emergent/flats have changed to emergent tracts while other parcels have
changed from emergent to emergent/flat. There is no consistent pattern except a 9% loss,
from 1535 acres to 1398 acres, of total emergent vegetation.

The wetland experts consulted have indicated that the combination category emergent/flat
has been controversial and they recommended that emergent/flat tracts be tallied as
emergent vegetation. When this is done, trends are no longer apparent, except for the
changes in total vegetation mentioned above. Figure 8 is a simplified wetland map showing
emergent vegetation and upland areas. Small inclusions of flats and water bodies have been
omitted for clarity.
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The mid-1950s wetland map showed the location of estuarine subtidal aquatic beds (code
E1AB). Nine patches of seagrass, ranging from 1 to 206 acres, were found in Christmas and
Drum Bays. No seagrass has been recorded from Bastrop Bay. The largest patch covered
206 acres and extended for 3 miles along the bayshore of Follets Island (see Figure 9). A
29-acre patch occurred at the west end of Churchill Bayou, and 30 acres were found along
the southern curve of Rattlesnake Island. Five small patches, of 1 to 15 acres, were found
near Arcadia Reel and at the northern entrance to Drum Bay; one 7-acre patch was found
at the southern tip of Drum Bay (Fig. 9). The 1979 wetlands map did not indicate the
presence of submerged aquatic vegetation.

Submerged aquatic vegetation was formerly widespread along the shoreline of Galveston
Bay, but 90 percent of these beds have disappeared in recent years (Pulich & White, 1989),
as determined from 1987 color infrared photography and 1988-89 field surveys. Today 148
acres of widgeon grass (Ruppia maritima) persist along the eastern shore of Trinity Bay and
191 acres of seagrasses persist in Christmas and Drum Bays. Although 56 percent of the
remnant submerged aquatic vegetation in the Galveston Bay system is found in the
Christmas Bay complex, the losses in Christmas Bay have been steady, from 299 acres in
1956, to 240 acres in 1975, and finally 191 acres in 1987 (Pulich & White, 1989). The linear
correlation between these three estimates in time is striking (Figure 10; correlation
coefficient r = -0.997). If this rate of loss (3.5 acres per year) continues, seagrasses may
disappear from Christmas Bay by the year 2043.

There are five species of seagrasses which can be found along shorelines of the western Gulf
of Mexico (Britton & Morton, 1989). Although it occurs both to the east and west, manatee
grass (Syringodium filiforme) has not been reported from the Galveston Bay system; perhaps
it was the first species to be extirpated. Turtle grass (Thalassia testudinum) is the rarest
species in Christmas Bay, being restricted to several tiny patches (Pulich & White, 1989); it
is the most likely candidate for extinction in the bay. Clover grass (Halophila engelmannii)
is more common. The dominant species is shoalgrass (Halodule wrightii), but widgeon grass
is also common, particularly during the spring (Pulich & White, 1989).

Beds of submerged aquatic vegetation provide important nursery habitat for many juvenile
marine organisms. They are also the most productive of all vegetation types associated with
Galveston Bay, each year creating twice as much organic plant material, per square meter
of surface, as saltwater marsh (Sheridan et al., 1989). It is unfortunate that, as the most
valuable and productive habitat in Christmas Bay, seagrasses are the least abundant and
vanishing at a steady rate.

There is a connection between the area of estuarine vegetation surrounding an estuary and
inshore commercial yields of table (penaeid) shrimp (Turner, 1977). Galveston Bay, known
as a high shrimp producer, has approximately one acre of emergent salt marsh shoreline
vegetation for every four acres of open bay water (Table 1; Sheridan et al., 1989). Bastrop
aJ2fl EflHB, *&$$> ̂ aWL ̂ "it ̂ Jlt ̂  'naff*, fei •L'jsk 15 tomb t& -speii Yray, CYiiibtmab ̂  Ym*
nearly one acre of marsh for every 2 acres of open bay water (Table 1). Other estimates of
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FIGURE 10.
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Table 1. Ratio of Shoreline Emergent Vegetation to Open Water.

BAY

Galveston Bay

Bastrop Bay

Drum Bay

Christinas Bay

EMERGENT
VEGETATION
(acres)

91,000

1,003

460

2,698

OPEN
WATER
(acres)

352,000

2,580

1,157

5,660

EMER. VEG.

OPEN WATER

0.26

0.39

0.40

0.48
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wetland vegetation surrounding Galveston Bay have been lower, particularly of contributing
marsh or marsh affected by tidal action (Armstrong, 1987), indicating as little as one acre
of marsh for each 26 acres of open water. Acre for acre, Christmas Bay is potentially a high
shrimp producer, because of the high-value seagrass and salt marsh vegetation along its
shoreline.

4. Dredged Boat Channel

The Brazoria County Park Commission has dredged a boat channel at the Brazoria County
Boat Ramp adjacent to the Lazy Palms subdivision on Follets Island (See Figure 2,
CHANNEL). The channel extends from the existing canal 600 feet into Christmas Bay and
forks, continuing 3600 feet northwest into deeper water of Christmas Bay, and 3600 feet
north-northeast to Churchill Bayou, which connects to Cold Pass. The channel is 40 feet wide
and 4 feet deep. Interestingly, neither the permit application, the permit (#18476), nor the
amended permit mentioned the seagrass beds traversed by the channels.

5. Smooth Cordgrass Plantings

The Soil Conservation Service (Angleton office) has transplanted smooth cordgrass from a
site west of the GIWW to a 1000-foot shoreline plot along Rattlesnake Island on Christmas
Bay (see Figure 3, FENCE). A double-row snow-fence was erected to reduce wave action
and protect the plants until they become established. The Brazoria National Wildlife Refuge
shoreline at this point is a low, eroding, cliff-face which has experienced an average loss of
0.8 feet per year (Paine & Morton, 1986).

C. WATER QUALITY TRENDS

Estuarine waters, which by definition are diluted with freshwater inflow from the adjacent
land, will reflect the quality of that incoming water. The Bastrop Bayou watershed (59
square miles) receives treated sewage and industrial discharges and runoff from urban,
industrial, and agricultural areas. The quality of Bastrop Bayou water will be described and
compared to neighboring watersheds, Chocolate Bayou to the east and Oyster Creek to the
west. Then the quality of Christmas Bay water will be described and compared to Bastrop
Bay, which first receives Bastrop Bayou waters, and Drum Bay, which is the least affected
by Bastrop Bayou inflow.

Tides along this segment of the Gulf of Mexico shoreline are mixed diurnal and semi-diurnal
tides, alternating between a single, high amplitude tide and two, unequal, low amplitude tides
per day, at approximately weekly intervals through a lunar cycle (Britton & Morton, 1989).

All of the monitoring stations discussed herein are located within the tidal zone. Both
frequency and volume of tidal exchange are linked to the lunar cycle. The upstream limit of
tidal exchange has been influenced by subsidence and sea-level rise. Initially, a predecessor
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of the Texas Water Commission divided Bastrop Bayou into tidal (1105) and above tidal
(1106) segments, with the boundary 0.4 miles upstream from State Highway 523 (Ezell,
1977). The boundary was subsequently moved to a point 1.2 miles upstream of State
Highway 288 [now SH227] (Ezell, 1977). Later, the boundary was moved again to a point
3.5 miles upstream of SH288 [now SH227] (Ottmers, 1980). Later still, after determining
that, during low flow conditions, virtually the entire length of the bayou is tidal, the non-tidal
Segment 1106 designation was eliminated.

The first monitoring station (1105.0050) on Bastrop Bayou was established at the intersection
of the bayou and the Gulf Intracoastal Waterway. Data were obtained there from July 1969
to August 1973. The sampling locality was subsequently moved upstream to County Road
227 (Sta. 1105.0100) [not to be confused with State Highway 227] where data have been
gathered since September 1973. A third station (1105.0200) was established at State Highway
288 [now SK227] and data were collected from August 1973 to May 1979. Additional data
were gathered at Station 1105.0300 (South Front Road) from February 1976 to February
1982, a site of uncertain location. Comparative data are from Chocolate Bayou at FM2004
(Sta. 1107.0100) and Oyster Creek at FM523 (Sta. 1109.0100).

A monitoring station (2433.0100) was established in Bastrop Bay at the intersection of three
private channels (see Figure 2) where data have been collected since November 1973. Near-
bottom (0.8 total depth) conductivity samples at this site have ranged in depth from 3 to 6
feet (average 5 feet). Thus, this station may reflect channel conditions rather than the state
of open bay waters, which average 2 feet in depth.

In Christmas Bay, a sampling station (2434.0100) was established midway between
Rattlesnake Point and Christmas Point. Data collected from June 1971 to September 1977
indicate that near-bottom depths ranged from 3 to 5 feet. The sampling station was then
moved to Christmas Point (Sta. 2434.0200). Data collected there since December 1977
indicate near-bottom depths have ranged from 3 to 15 feet (average 9 ft). These data may
reflect conditions in Bastrop Bay and Cold Pass rather than open bay water within Christmas
Bay.

The Drum Bay monitoring station (2435.0100) is located at midbay but in the old GIWW
channel. Near-bottom samples there have ranged from 3 to 9 feet (average 5 ft). Since
Drum Bay averages only 1 ft in depth at mean low tide, the data collected here since
November 1973 may not be typical of open bay conditions. The locations of eight of these
sampling stations are shown in Figure 11.

Intensive surveys take multiple readings (typically 4 or 5 times a day) at multiple sites on a
given day. They provide a useful one-day longitudinal "snapshot" of a given stream reach for
that day. They are indicative of stream conditions only under similar circumstances ~nd
usually are conducted during periods of low flow to minimize the dilution effect of above-
normal stream flow; in this respect they represent "worst-case" conditions.

22



Figure 11.
Water Quality Sampling Stations
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Standard monitoring data, which may be monthly, quarterly, semi-annual, or annual, yield
a different perspective. They represent conditions at different times of the year from a single
geographic point; they do not reflect longitudinal conditions along a stream reach. They may
be taken at low, average, or high flow rates, so dilution may occur. They may report
conditions at midday, and totally miss instances of depressed oxygen, which typically are
minimum just before dawn They are more reflective of random conditions.

Data provided by the Texas Water Commission were analyzed without independent
evaluation of the TWC quality assurance and quality control program. Rare blatant errors
were noted and deleted from the analysis. Sample size is likely to be a more serious problem
than errors in the data set. Sample size of one or two per year (for trends) or per month
(for seasonal comparison), or entire years without data, were common. The data were
analyzed to determine the presence of trends. The annual average for a given parameter was
considered the dependent variable; the year the data were obtained was the independent
variable. Simple linear regressions were performed to answer two questions. Given that
values for a given parameter vary considerably, how much does introduction of a second
parameter (time, as the year of data collection) reduce this variability? This reduction was
estimated by the coefficient of determination, rf_. These coefficients were typically very low
with these data.

The next question asked if there was a linear relationship between the annual average for
a given parameter and the year the data were collected. Were averages increasing or
decreasing, getting better or worse? This was determined with the correlation coefficient, r
(the square root of the coefficient of determination). Correlation coefficients range from +1
to -1; a coefficient of 0 indicates there is no relationship between the average and the year
it was measured. A null hypothesis states there is no correlation and the coefficient is zero.
The alternative hypothesis, that there is a correlation, is accepted if the null hypothesis can
be rejected, that is, it is not equal to zero. There is always a chance that the null hypothesis
will be rejected when it is, in fact, true. Thus we want to determine the probability of
claiming that a relationship exists when it does not.

Usually, a risk of 1 in 20 is acceptable (a probability of 0.05, or 5% chance, expressed as
P<.05). The lower the risk, the better, and the more faith we can place in the trend being
real. Sometimes a greater risk, say 1 in 10, or 10% chance of claiming a trend that does not
exist, can still be informative (expressed as a weak trend, P<.10). Very weak trends, with a
high risk of 1 in 5, or 20% chance of claiming a trend that does not really exist (expressed
as P<.20) also have been noted in this report. Critical values for the correlation coefficient
were obtained from a statistical table. Significance is affected by sample size; that is, a given
correlation coefficient may be significant at a specific risk level with a large number of
samples but insignificant with a smaller number of samples. The significance level for most
trends was very poor, and all trends should be interpreted with caution. No inference of
cause and effect can be made for any comparisons.
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1. Intensive Surveys

Two intensive surveys have been conducted on Bastrop Bayou. The first survey (Ezell, 1977)
sampled the bayou in September, 1976, at three locations; at Farm-to-Market Road 2004,
at SH288 [now SH227], and a county road upstream (possibly FM1495, now SH288). The
uppermost station, near but upstream of the Community Utilities Company discharge,
experienced the lowest dissolved oxygen and highest concentrations of nutrients and
biochemical oxygen demand (BODS). The sewage treatment plant was discharging into the
bayou and tidal action was transporting the effluent upstream. The highest levels of copper,
chromium, lead, manganese, zinc, and DDE (a derivative of the pesticide DDT), were found
upstream and downstream of the treatment plant discharge, and PCB (polychlorobiphenyl)
was detected.

The second intensive survey (Ottmers, 1980) was conducted August 8 to 10, 1978. A single
location was involved, FM1495. Tidal action was documented for at least 2 miles upstream
of FM1495, and the bayou ran dry one mile farther. Tidal amplitude varied at least 5.8
inches and 4.8 inches over a range of 9.2 inches in 48 hours. Dissolved oxygen was found to
be critically low, 1.4 to 2.8 mg/L. Chlorophyll and its derivative, pheophytin, were very low
(0.011 and 0.010 mg/L, respectively) and primary productivity was judged to be minimal.
Again, the effluent from the sewage treatment plant was found to be stagnant and oscillating
back and forth with the tide.

Table 2 compares samples from these stations.

2. Monitoring Long-term Trends

Bastrop Bayou at County Road 227 has been monitored quarterly in February, May, August,
and November since 1974. Christmas Bay was monitored, at midbay or Christmas Point,
quarterly from 1971 to 1981, not at all during 1982 or 1983, and once or twice a year since
1984. For the purposes of this report, the data were assembled in a year-by-month matrix
to determine annual (all months in a given year) and monthly (all years for a given month)
means, standard deviations, and sample size. Thus sample sizes used to determine annual
means were small, typically 2 to 4, and standard deviations were large. Selected parameters
will be addressed individually below.

Salinity - The Texas Water Commission (TWC) monitoring program records conductivity at
their sampling stations, including both surface and bottom water (0.2 and 0.8 depth) where
appropriate. The Texas Parks & Wildlife Department's (TPWD) Coastal Fisheries Branch
records surface salinity when they sample the bays. These data sets complement one another
in that the TWC data yield multiple observations at the same locality over time, while
TPWD data provide data from numerous localities within a given bay. These data provide
insight into the effects or occurrence of heavy precipitation, droughts, vertical stratification,
and hypersalinity.
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Table 2 . Comparison of Bastrop Bayou

FM2004
1976

pH (units)

Salinity (ppt)

Total Dissolved Solids (mg/L)

Total Suspended Solids (mg/L)

Chloride (mg/L)

Sulfate (mg/L)

Ammonia Nitrogen (mg/L)

Nitrite Nitrogen (mg/L)

Nitrate Nitrogen (mg/L)

Ortho-Phosphorus (mg/L)

Total Phosphorus (mg/L)

Total Organic Carbon (mg/L)

Biochemical Oxygen Demand (mg/L)

Dissolved Oxygen (mg/L) 5

Chlorophyll-a (p.g/L)

Fecal Coliformes (/100ml)

8.2

4.2

4032

27

3040

305

<.01

<.02

<.02

.36

. 4B

19

3.9

.9-8.5

15

30

Localities

SH227
1976

8.3

1.7

1827

22

900

120

<.01

<.02

<.02

.24

.35

11

3.9

5.2-8.2

28

100

, 1976 & 1978

SH288
1976 1978

7.7

0.2

546

20

207

33

0.1

0.1

.31

1.1

1.2

14

4.5

2.6-4.9

21

80

7.5

0

-

22

71

19

.22

.06

.21

.57

.67

7

4

1.4-2.8

11

-
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Table 3 presents average, minimum and maximum salinity values along a gradient from the
coastal bays upstream. The Christmas Bay composite values combine TWC and TPWD data
for surface water (1 foot depth) only. The range is extraordinary, from freshwater (0.2 parts
per thousand, ppt) to hypersaline (39.0 ppt), with both extremes recorded at Christmas
Point. Bagnall (1976) sampled zooplankton from Cold Pass and Christmas Point toward
Rattlesnake Point and reported a salinity gradient on 14 out of 26 dates sampled. She found
that salinity declined from east to west, with a maximum gradient of 12 ppt. She reported
mean salinities of 25.1 ppt at Cold Pass and 22.3 ppt near Rattlesnake Point. Although TWC
sample sizes are limited and different years were sampled, the difference in average surface
salinity at Christmas Point (26.1 ppt) versus the center of the bay (23.9 ppt) may reflect this
salinity gradient across Christmas Bay.

Drum Bay, which lacks significant freshwater inflow other than direct precipitation, also
exhibits a wide range in surface salinity, from 1.6 to 35.7 ppt (Table 3). Bastrop Bay, which
receives all of the freshwater inflow, also is capable of hypersaline conditions, 38.3 ppt.
Brackish water (greater than 0.5 ppt) extends as far inland as SH227 but may not reach
SH288 (Table 3).

Vertical salinity stratification is very limited, indicating that bay waters are well mixed by
wind and wave action. The average salinity difference between top and bottom waters in
these very shallow bays is 1 ppt or less (Table 4), and the maximum differences do not
exceed 6 ppt. A saltwater wedge is frequently present on the bottom at CR227, where the
salinity differential averages 4 ppt and may reach 15 ppt.

It is clear that Christmas, Drum and Bastrop Bays can achieve salinities equal to Gulf waters
(32-34 ppt) and occasionally become mildly hypersaline (38-39 ppt).

The relationship between freshwater inflow and bay salinity is shown in Figure 12. Data
gathered by TPWD personnel indicated that wide salinity shifts occurred in Christmas Bay
during 1986. Precipitation events greater than 1 inch at Angleton were grouped into 10-day
periods; thus compressed, 19 days of significant (greater than 1 inch) rainfall were reduced
to 11 periods, while 25 10-day periods had no rainfall greater than 1 inch in a 24-hr period.
Salinity ranged from 23 to 31 ppt until May 1st. Three inches of rain lowered salinity to 17
ppt, and additional 6.6 inch and 1.6 inch rainfalls dropped salinity to 4 ppt. No precipitation
greater than 1 inch occurred during July or August and salinity rose to 37 ppt. Three inches
of rainfall in early September lowered salinity to 27 ppt by October 10th. The effect of
precipitation events of 7.2 inches and 5.7 inches in October, 9.5 inches in November, and 3.4
inches in December are unknown as no salinity measurement was obtained until January
10th, when 27 ppt was recorded.

Although 1986 was not a typical year, as total precipitation was 62.78 inches, or 10.50 inches
above normal, the data are instructive because 4 salinity measurements were 31 ppt or
higher, and 2 measurements were 4 ppt, thus reducing the possibility of observer error
regarding these extremes. This example demonstrates the rapidity of change from oligosaline
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Table 3. Surface Salinities (PPT)

Christinas Bay
Composite
Center of bay
Christmas Point

Drum Bay

Bastrop Bay

Bastrop Bayou
County Road 227
Farm-to-Market 2004
State Highway 227
State Highway 288

Mean Std Dev

25.5
23.9
26.1

24.1

24.7

8.0
3.5
1.6
0.2

6.37
6.74
8.31

7.57

7.07

6.88
0.25
0.04
0.05

Min

0.2
7.1
0.2

1.6

0.1

0
3.2
1.5
0.2

Max

26.6
3.9
1.6
0.3

Sample
Number

39.0 233
33.5 22
39.0 21

35.7 26

38.3 37

46
5
5
5

Table 4. Vertical Salinity Stratification (PPT)

Christmas Bay
Center
Christmas Point

Drum Bay

Bastrop Bay

Bastrop Bayou
County Road 227
Farm-to-Market 2004

Vertical Difference

Mean

1.0
1.4

0.6

1.0

4.0
0.2

Maximum

2.8
5.8

6.1

4.4

15.3
0.4

Extreme
Bottom Value

Minimum Maximum

6.9
6.0

2.2

0

3.4
3.3

34.2
40.8

35.7

38.2

30.3
3.9
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FIGURE 12
ANGLETON PRECIPITATION >1"

AND CHRISTMAS BAY SALINITY
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to hypersaline conditions, and the misleading nature of "average" salinity, 22.9 ppt, which
perhaps existed for only a few days.

Ammonia Nitrogen - Concentrations of this nutrient above 0.15 mg/L are considered to be
elevated (TWC, 1990). Annual average concentrations in Bastrop Bayou from 1973 to 1989
have ranged from 0.029 to 1.00 mg/L (Figure 13). The downward trend is significant at the
0.05 level. Seasonally, ammonia has exceeded the threshold only in the fall (Figure 14). High
values (1.0 to 1.8 mg/L) occurred in the mid-1970s and have subsided. Over the past decade,
only 14 percent of measurements have exceeded the threshold.

Annual average concentrations in Christmas Bay have exceeded the threshold only twice, in
1974 and 1975 (Figure 13). The average concentration at mid-bay (0.28 mg/L) from 1970-77
has declined an order of magnitude (to 0.03 mg/L) at Christmas Point from 1978-89. This
likely reflects a true decline rather than just a different sampling point. The values are so
low, from 0.094 mg/L down to the detection limit at 0.01 or 0.02 mg/L, that the very weak
downward trend is significant only at the 0.20 level. Seasonal patterns (Figure 14) have been
biased by high values in the early 1970s; all graph columns which rise above the threshold
have been so affected.

Overall, ammonia nitrogen is currently not of concern in Bastrop Bayou or Christmas Bay.

Nitrate Nitrogen - Concentrations of this nutrient above 0.4 mg/L are considered to be
elevated (TWC, 1990). Annual average concentrations in Bastrop Bayou have exceeded this
threshold only twice, in 1976 and 1982 (Figure 15); each resulted from a single high value.
The downward trend is not significant. Likewise, the seasonal trend (Figure 16) is dominated
by 3 values which exceeded the threshold; there does not appear to be any real seasonality
to nitrate concentrations at this locality.

Annual average concentrations in Christmas Bay have never exceeded the threshold (Figure
15), nor have any individual values. The downward trend is significant at the 0.05 level.
There is no distinct seasonal pattern to nitrate concentrations (Figure 16).

Nitrate nitrogen is currently not of concern in Bastrop Bayou or Christmas Bay.

Total Phosphorus - Concentrations of this nutrient above 0.4 mg/L are considered to be
elevated (TWC, 1990). Annual average concentrations in Bastrop Bayou have exceeded this
average on three occasions but not since 1979 (Figure 17). The declining trend is significant
at the 0.05 level. The same two values that elevated the averages for 1974 and 1979 (Fig.
17) also biased the February average (Figure 18), resulting in levels above the threshold and
distinct seasonality. Deletion of these data points removes any significant seasonality in the
occurrence of phosphorus.
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FIGURE 13
AMMONIUM NITROGEN

70

Bastrop Bayou Christmas Bay Threshold

Correl. Coeff. r:
BB—.559 (P<.05)
CB-.118 (N.S.)

FIGURE 14
SEASONALITY OF

AMMONIA NITROGEN
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Correl. Coeff. r:
BB - -.118 (N.S.)
CB - -.52 (P<.05)

FIGURE 16
SEASONALITY OF

NITRATE NITROGEN
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Annual average concentrations of total phosphorus in Christmas Bay have exceeded the
threshold only once (Fig. 17). The downward trend is not significant. There is no seasonal
trend in the values (Fig. 18).

Total phosphorus concentrations are currently not a management concern in either Bastrop
Bayou or Christmas Bay.

Ortho-Phosphorus - Concentrations of this nutrient above 0.2 mg/L are considered to be
elevated (TWC, 1990). Annual average concentrations in Bastrop Bayou have not exceeded
the threshold since 1973 and 1974 (Figure 19). The very weak downward trend is significant
only at the 0.20 level. Deletion of one 1974 datum removes the impression of Seasonality
(February) depicted in Figure 20.

No annual averages, and only two individual values, for Christmas Bay have exceeded the
threshold (Fig. 19). The downward trend is not significant. There is no seasonal trend in the
values (Fig. 20).

Ortho-phosphorus concentrations are currently not a management concern in either Bastrop
Bayou or Christmas Bay.

Chlorophyll-a - Abundant nutrients can lead to the growth of algae and phytoplankton,
which is reflected in the concentration of chlorophyll present in the water samples. Individual
chlorophyll values greater than 50 /ng/L, or averages greater than 20 Mg/L, are indicative of
conditions which may produce wide daily oscillations in dissolved oxygen concentrations,
from supersaturation (very high) in the afternoon to hypoxia (very low) in the early morning
hours (TWC, 1990).

No chlorophyll data are available from Bastrop Bayou for 1980 to 1984, or for Christmas
Bay from 1975, 1980 to 1984, or 1986. Only one sample has exceeded 50 jig/L (Bastrop
Bayou, 5/77); no annual average has exceeded 20 /xg/L in Bastrop Bayou since 1979, or ever
in Christmas Bay (Figure 21). There is a significant downward trend (P<.05) in Bastrop
Bayou, and a weak downward trend (P<.10) in Christmas Bay (Fig. 21). Seasonal trends are
prominent in Bastrop Bayou (Figure 22), with adequate sample sizes (7 or 8 for each
month). Seasonal trends are less distinct in Christmas Bay (Fig. 22), with small sample sizes
of 1 to 4 for each month. Data for the two stations were not collected on the same day (or
same month) so upstream-downstream comparisons are not possible. The average value for
Bastrop Bayou (17 Mg/L) was higher than the average value for the center of Christmas Bay
(11.4 /xg/L) or Christmas Point (7.4 Mg/L). Bastrop Bayou at CR227 may reflect freshwater
algae washing downstream (see Table 2) more than estuarine phytoplankton.

The chlorophyll data indicate that eutrophication is currently not a problem in Christmas
Bay.
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FIGURE 17
TOTAL PHOSPHORUS
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BASTROP BAYOU CHRISTMAS BAY Threshold

Correl. Coeff. r:
BB • -.483 (P<-05)
CB • .464 (P<.2)
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FIGURE 19
ORTHO-PHOSPHORUS
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BASTROP BAYOU
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CHRISTMAS BAY Threshold

Correl. Coeff. r-.
BB • -.35 (P<.2)
CB • -.202 (N.S.)
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FIGURE 21
CHLOROPHYLL-a
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Dissolved Oxygen - The TWC water quality criterion for dissolved oxygen is 4.0 mg/L
(minimum) for all water bodies addressed in this report. Values which exceed 12.0 mg/L
indicate potential eutrophication and algal blooms, which release large amounts of oxygen
from photosynthesis during daylight hours, but lead to the consumption of oxygen by
decomposer organisms, which can depress dissolved oxygen to very low levels during the
hours of darkness.

Low dissolved oxygen concentrations in upstream portions of Bastrop Bayou were noted by
the intensive surveys (see Table 2). Downstream at CR288, 59 measurements taken since
1973 indicate that dissolved oxygen has always exceeded 4.0 mg/L at this monitoring station.
Annual averages have ranged from 5.6 to 9.5 mg/L (Figure 23). Only two measurements
have exceeded 12.0 mg/L.

The same is true for Christmas Bay, where the lowest values recorded have been 5.1 mg/L
near the surface and 4.9 mg/L 10 feet below near the bottom at Christmas Point. There is
very little vertical stratification of dissolved oxygen in Christmas Bay. Annual averages have
ranged from 6.7 to 8.2 mg/L at bay center and 7.3 to 7.9 mg/L at Christmas Point (Fig. 23).
Individual measurements have never exceeded 10.0 mg/L. No data were obtained in 1982
or 1983 and only one datum per year since 1984.

No significant trends are discernible in Bastrop Bayou or Christmas Bay. Averages are
typically higher in February than during the remainder of the year (Figure 24). Dissolved
oxygen is currently not a management concern for Christmas Bay.

Fecal Coliforms - The designated water uses for Bastrop Bayou and Christmas Bay are
contact recreation and high quality aquatic habitat, with shellfish waters an additional use
for Christmas Bay (TWC, 1990). The fecal coliform criterion for both bodies of water is
200/lOOml. A significant violation occurs when the logarithmic average exceeds twice the
criterion (i.e., 400/lOOml), based on a minimum of four samples. If the logarithmic average
of fecal coliform bacteria is greater than 200/lOOml and/or 10% of measurements exceed
400/lOOml, the station is designated as not swimmable. Bastrop Bayou is 25 miles in length
and 18 miles of the bayou upstream of CR227 are designated as not swimmable due to
pathogens from domestic point sources (TWC, 1988, 1990).

It has been noted in recent Water Quality Inventories that Bastrop Bayou at CR277 is where
"fecal coliform bacteria frequently [56-89%] exceed 200/lOOml" (TWC, 1988). Conditions
have improved because two years later it was noted that "fecal coliform bacteria periodically
[26-44%] exceed 200/lOOml" (TWC, 1990), comparing data from 1983-87 to data from 1985-
89.

Bastrop Bayou at CR227 has been sampled 3 or 4 times per year, every year except 1986,
since 1973. The fecal coliform criterion has been exceeded from one to four times every year
except 1988. But the annual average value has exceeded the criterion in only five years
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FIGURE 23.
DISSOLVED OXYGEN
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BB: r - - .150 (P>.20)
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(Figure 25). Coliform contamination appears to be episodic, as high values are interspersed
with values near or below the detection limit (10/100ml). There appears to be a distinct
seasonal pattern based on monthly averages (Figure 26) but the pattern has not been
consistent every year.

The effect of a single high value can also be seen in Figure 25. Only one sample was
collected in 1986. It was the highest value ever recorded, 9,700/lOOml, although not
unreasonably so, since samples of 6,000, 3,300, and 3,200/lOOml had been obtained in earlier
years. Since there were no other samples collected that year, there was no "dilution" effect
on the annual average. If that single value is considered to be the annual average, it
represents the highest annual average ever recorded, and the only year with a single sample.
With 1986 included, the null hypothesis that the regression trend is zero cannot be rejected
(r=-.127, N=17, P>.50). If the 1986 value is judged to be an outlier, and omitted from the
analysis, the regression trend is downward and significant (r=-.503, N=16, P<.05). Either
way, the monitoring station fails the swimmable test.

Fecal coliforms have not been a problem in Christmas Bay. Thirteen values from the bay
center in 1973-77 averaged 8/100ml, with a maximum of 10/100ml. Values from Christmas
Point were slightly higher in 1977-78, averaging 16/100ml. No data were collected from 1979
to 1985. Four samples since then have failed to reveal fecal coliforms.

Bacteria do have an effect on the Christmas Bay area, however. Nonhuman fecal coliforms
enter the waterways from adjacent marshes. The Texas Department of Health has closed
certain areas (Cold Pass, the lower reach of Bastrop Bayou) to shellfish harvesting for this
reason (K. Wiles, Tx. Dept. Health, pers. comm.).

Sulfate - Since Bastrop Bayou is not a domestic water supply, there is no water quality
criterion for sulfate. Individual values in Bastrop Bayou have ranged from 6,000 mg/L to
below the detection limit, averaging 690 mg/L; annual averages have ranged from 135 to
1,530 mg/L. There is no discernible trend. In Christmas Bay individual values have ranged
from 149 to 3,325 mg/L at midbay, averaging 1,935 mg/L; and 120 to 20,090 mg/L at
Christmas Point, averaging 2,731 mg/L. One exceptional value, 20,090 mg/L for June 1989,
the only value for that year, was sufficient to produce a weak, upward trend (r=.429, N=16,
P<.10); removal of that datum eliminates any trend (r=-.155, N=15, P>.50). No seasonal
pattern was discernible.

Chloride - Since Bastrop Bayou is not a domestic water supply, there is no water quality
criterion for chloride. Individual values in Bastrop Bayou have ranged from 29 to 15,900
mg/L, averaging 4,289 mg/L; annual averages have ranged from 927 to 9,150 mg/L, an order
of magnitude. Chloride is a natural component of seawater. In Christmas Bay, individual
values ranged from 3,950 to 19,488 mg/L at midbay, averaging 14,487 mg/L; and 850 to
22,700 mg/L at Christmas Point, averaging 13,806 mg/L. Annual averages ranged from 5,990
to 17,583 mg/L at midbay, and 8,600 to 20,1000 mg/L at Christmas Point. There was no
significant trend nor seasonal pattern.
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FIGURE 25
FECAL COLIFORM BACTERIA
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Total Dissolved Solids (TDS) - This parameter was not measured directly at these stations
but TDS can be estimated by multiplying specific conductance x 0.5 (TWC, 1990). Since
Bastrop Bayou is not a domestic water supply, there is no water quality criterion for TDS.
Individual values in Bastrop Bayou averaged 975 mg/L, ranging from 3 to 3,125 mg/L.
Christmas Bay averaged 17,991 mg/L at midbay, ranging from 6,250 to 26,000 mg/L; at
Christmas Point, TDS averaged 20,249 mg/L, ranging from 500 to 30,400 mg/L.

3. Eutrophication

The Texas Water Commission assesses the water quality of Texas waters every two years.
These assessments are based on the most recent four years of monitoring data. As part of
this inventory, TWC examines the status of nutrients which could lead to eutrophication, or
nutrient enrichment, of the water body. Under favorable conditions, nutrients can lead to
excessive growth of algae which, as they die and decompose, may result in the depletion of
oxygen along the bottom of the waterway. The potential for oxygen depletion is indicated
by high concentrations of chlorophyll (from the bodies of the algae) and oxygen (produced
by living algae), particularly wide daily oscillations in dissolved oxygen, from very high values
during the daylight hours to very low values during darkness.

The initial screening guidelines for eutrophication (TWC, 1990) applied to all waters, address
the nutrients:

Ammonia + Nitrate Nitrogen greater than 1.0 mg/L
Total Phosphorus greater than 0.2 mg/L
Dissolved Phosphorus greater than 0.1 mg/L

Additional, more stringent, thresholds are applied to estuarine waters:

Ammonia Nitrogen greater than 0.15 mg/L
Nitrate Nitrogen greater than 0.4 mg/L
Total Phosphorus greater than 0.4 mg/L
Ortho-Phosphorus greater than 0.2 mg/L

Evidence of the potential for hypoxia (low dissolved oxygen) associated with algal blooms
is:

Maximum Dissolved Oxygen greater than 12 mg/L
Maximum Chlorophyll-a greater than 50 /ig/L
Mean Chlorophyll-a greater than 20 ug/L

Only 14% of individual values , and 29% of annual averages (both as recently as 1989) for
ammonia nitrogen in Bastrop Bayou have surpassed 0.15 mg/L; only 21% of individual
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values and 11% of annual averages (neither since 1975) for Christmas Bay have exceeded
the threshold.

Only 7% of individual values, and 12% of annual averages (neither since 1982) for nitrate
nitrogen in Bastrop Bayou have exceeded 0.4 mg/L; neither individual values nor annual
averages for Christmas Bay have ever exceeded the threshold.

Only 11% of individual values (none since 1984), and 18% of annual averages (none since
1979) for total phosphorus in Bastrop Bayou have exceeded 0.4 mg/L; only 3 individual
values and 1 annual average (neither since 1974) for Christmas Bay have surpassed the
threshold.

Only 2 individual values (none since 1984) and 2 annual averages (none since 1974) for
ortho-phosphorus in Bastrop Bayou have exceeded 0.2 mg/L; only 2 individual values in 1974
and no annual averages for Christmas Bay have surpassed the threshold.

Only 2 individual values (1980 & 1981) and no annual averages for dissolved oxygen in
Bastrop Bayou have exceeded 12 mg/L; no individual values or annual averages for
Christmas Bay have ever surpassed the threshold.

Only one individual value (1977) for chlorophyll-a in Bastrop Bayou has exceeded 50
but 3 annual averages (1977-79) have exceeded 20 Mg/L; no individual value has ever
exceeded 50 Mg/L, nor has any annual average ever exceeded the 20 Mg/L threshold in
Christmas Bay.

It can be safely concluded that eutrophication is currently not a management problem in
lower Bastrop Bayou or Christmas Bay.

4. Toxicants

There are no data for heavy metals, polychlorobiphenyls (PCBs), polycyclic aromatic
hydrocarbons (PAHs), pesticides, or oil & grease in water or sediments for Bastrop Bayou.

The Texas Water Commission (TWC) has sampled sediments for heavy metals from three
localities, and pesticides from two localities, in Christmas Bay. The central bay (Station
2434.0100) was sampled in 1974, 1975 (twice), 1976 and 1977; Christmas Point (Station
2434.0200) was sampled in 1978, 1979, 1980 and 1982; and the western bay (Station
2434.0300) was sampled in 1983. A single sample was obtained at each locality and date. In
addition, the Bureau of Economic Geology (BEG) analyzed heavy metals in four sediment
samples from Christmas Bay collected July 18-21, 1976 (White et al., 1985).

Heavy metals in sediment samples are known to vary significantly between samples for the
same location and time but no estimate of within-locality variance is available. The data were
pooled to calculate arithmetic means and standard deviations for this report (Table 5); TWC
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Table 5. Toxicants

mg/kg Mud (Dry Wt)

Arsenic

Barium (TWC)
(BEG)

Cadmium

Chromium (TWC)
(BEG)

Copper (TWC)
(BEG)

Lead ( TWC )
(BWG)

Manganese (TWC)
(BEG)

Mercury

Nickel (TWC)
( BEG )

Selenium

Zinc (TWC)
(BEG)

M.g/kg Mud (Dry Wt)
PCBs
Diazinon
Aldrin
Chlordane
ODD
DDE
DDT
Dieldrin
Endrin
Heptachlor
Heptachlor Epoxide
Lindane
Malathion
Methoxychlor
Parathion
Toxaphene

in Sediment from Christmas Bay

No. of
Samples

6

5
4

10

7
4

10
4

10
4

10
4

9

5
4

1

10
4

1 <
1
3
1
3
3
3
3
3
3
3
3
1
3
1
3

Mean Std. Dev. Minimum

3.9 1.61 2.24

54.5 6.10 49.4
322.8 129.46 137

0.96 0.705 < 1.0

20.6 11.19 11.0
45.0 30.27 < 4.0

9.8 9.05 < 2.2
7.4 6.02 < 4.0

23.4 19.49 1.4
< 40.0

398.8 64.66 296.4
283.3 134.1 157

0.147 0.265 < 0.1

21.7 3.31 17.5
23.0 16.91 < 10.0

< 0.2

52.48 27.607 33.9
80.65 28.96 57.8

20
7.1

BDL*
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL

Maximum

6

64.5
438

2.2

44
72.8

34
16

70
< 40.0

505.6
465

0.85

26.7
40.2

110.0
122

* - Below Detection Limit
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Table 6. Metals in Christmas Bay and Texas Estuary Sediments.

mg /kg mud
(dry wt)

Arsenic

Barium

Cadmium

Chromium

Copper

Lead

Manganese

Mercury

Nickel

Zinc

Christmas
Bay
Mean

3.94

54.48

1.42

20.64

9.91

23.41

398.75

.17

21.76

52.48

State
Mean

5.59

237.14

1.40

22.17

19.18

31.69

731.50

.23

12.04

347.70

State
Median Comment

3.70

160.00 15th percentile = 61.00

0.50

16.00

12.20

16.00

540.00

.07

11.00 85th percentile = 19.00

59.00

All less-than-detection-limit values entered as the detection limit.
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It can be safely concluded that contamination with heavy metals, PCBs, and pesticides
currently will not be a management problem for Christmas Bay. There is no information
regarding oil & grease or polyaromatic hydrocarbons but no evidence to suggest that these
chemicals may be present in concentrations that would cause concern.

5. Local Comparison

To foster further evaluation of stream quality data, the average watershed values for Bastrop
Bayou (Segment 1105) are compared to similar compilations for Oyster Creek (Segment
1109) to the west and Chocolate Bayou (Segment 1107) to the east (Table 7). The same
comparison is provided for Christmas Bay, Bastrop Bay and Drum Bay (Table 7).

The state Water Quality Inventory (TWC, 1990) identifies both known and potential water
quality problems for all stream and bay segments. The known problem for Bastrop Bayou
is fecal coliform bacteria periodically [26-44% of samples] exceeding the 200/lOOml criterion,
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and BEG data were calculated separately. There were no great extremes between minima
and maxima for any chemical so arithmetic averages, rather than logarithmic
transformations, were used. Less-than-detection-limit values were treated as one-half the
detection limit. In the absence of sediment quality criteria for metals, these data are difficult
to evaluate. However, they can be compared to the existing data base for Texas estuaries
(TWC, 1989). Only one sediment sample has been analyzed for PCBs, which were below the
detection limit. Three samples have been analyzed for a number of pesticides; only diazinon
has been found (Table 5).

The values are reported as milligrams of substance per kilogram of dry mud, equivalent to
parts per million. These metals are ubiquitous; they do not reach zero concentrations
although they may occur below our capability to detect them, particularly in older samples.
The capability to detect low concentrations has greatly increased in recent years. There are
three common ways to treat the less-than-detection-limit data: (1) omit these values, which
biases the average value upward; (2) consider the detection limit as the value, which lessens
the upward bias; or (3) multiply the detection limit x 0.5, or the average between the limit
and zero. The latter method was used to prepare Table 5.

The Texas Water Commission has compiled data for Texas waterways using methods 1 and
2 above (TWC, 1989). TWC data for cadmium, copper, and mercury from Christmas Bay
were recalculated to be comparable with method 2. Table 6 compares these values with the
mean, the median (50th percentile), and selected percentiles for Texas estuaries (TWC,
1989). The substantial difference between the state mean and state median indicates that
the data are not normally distributed, most likely influenced by a small number of very high
concentrations. Most metals in Christmas Bay are equal to or less than state averages.
Barium is in the lower 15 percent of samples. Only nickel is substantially higher than the
state average, being in the upper 15 percent of state values. Diazinon was found in a single
sample at a concentration of 7.1 Mg/kg; the state average for estuaries is 7.02 Mg/kg.



Table 7 . Local Comparison of

Temperature ( ° C )
Transparency (inches)
Conductivity (ixmho)
Dissolved Oxygen (mg/L)
pH
Ammonia Nitrogen (mg/L)
Nitrite Nitrogen (mg/L)
Nitrate Nitrogen (mg/L)
Total Phosphorus as P (mg/L)
Ortho-Phosphorus (mg/L -P)
Total Organic Carbon (mg/L)
Chloride (mg/L)
Sulfate (mg/L)
Fecal Coliforms (#/100ml)
Chlorophyll-a (|ig/L)
Pheophytin-a (ng/L)

Temperature (°C)
Transparency ( inches )
Conductivity ((irnho)
Dissolved Oxygen (mg/L)
pH
Ammonia Nitrogen (mg/L)
Nitrite Nitrogen (mg/L)
Nitrate Nitrogen (mg/L)
Total Phosphorus as P (mg/L)
Ortho-Phosphorus (mg/L -P)
Total Organic Carbon (mg/L)
Chloride (mg/L)
Sulfate (mg/L)
Fecal Coliforms (#/100ml)
Chlorophyll-a (|ig/L)
Pheophytin-a (p.g/L)

Average Values

Oyster
Creek
Tidal

23
15

13654
7.4
7.8
.176
.04
.246
.422
.309

10
4094
595
196
12.5
2.3

Drum
Bay

24.9
15

36922
7.4
8.2
.25
.02
.04
.176
.073

7
13189
1776
11
2
5

Bastrop
Bayou
Tidal

17
17581

7.2
7.7
.279
.03
.149
.348
.228

15
3954
520
250
23.6
2.5

Christmas
Bay

28.7
21

38210
7.4
8.2
.16
.02
.03
.149
.061

8
14109
2305
10
8
1

Chocolate
Bayou
Tidal

23
14

18876
7.7
8.0
.216
.046

13
.261
.120

13
5226
689
69
32
10

Bastrop
Bay

23.6
24

38632
7.5
8.1
.19
.02
.03
.131
.059

9
12884
1866
10
8
2
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thus rendering a portion of the stream unswimmable. In Chocolate Bayou, fecal coliform
bacteria are occasionally [11-25% of samples] elevated. In Oyster Creek, there are no
problems with fecal coliform bacteria, but dissolved oxygen is occasionally less than the 4.0
mg/L criterion.

Among potential water quality problems, orthophosphorus in Bastrop Bayou is occasionally
elevated above the 0.2 mg/L threshold, and chlorophyll-a is rarely [1-10% of samples]
elevated. In Chocolate Bayou, total phosphorus is occasionally elevated above the 0.4 mg/L
threshold, orthophosphorus is elevated half the time, and chlorophyll-a is rarely elevated. In
Oyster Creek, supersaturated dissolved oxygen occurs rarely, orthophosphorus levels are
persistently [100%] elevated, and total phosphorus is frequently [56-89% of samples] high.
Inorganic nitrogen is occasionally high. Fecal coliform bacteria are rarely elevated.

Bastrop Bayou, Chocolate Bayou, and Oyster Creek are all designated for contact recreation
and high quality aquatic habitat water use. Chocolate Bayou and Oyster Creek are classified
as effluent limited, indicating that conventional wastewater treatment is adequate to protect
existing conditions. Bastrop Bayou is classified as water quality limited, indicating that
significant violations have occurred and advanced wastewater treatment is required.

Currently, there are no known water quality problems, and no indications of potential
problems, in Christmas Bay, Bastrop Bay or Drum Bay. Designated water uses for all three
segments are contact recreation, high quality aquatic habitat, and shellfish waters, and all are
classified as effluent limited segments.

D. FRESHWATER INFLOWS

The volume of freshwater which is transported by a coastal stream to its bay is determined
by five factors: (1) the size of its watershed; (2) the amount of precipitation which falls
within its watershed; (3) the soil type or surface cover across the watershed, which
determines the amount of this rainwater which drains into the stream, as opposed to being
absorbed by the soil and/or evaporated or transpired by plants directly back to the
atmosphere; (4) the amount of water from outside of the watershed which is imported and
discharged as wastewater effluent or irrigation drainage; and (5) the amount of water
removed from the stream, for irrigation or other purposes, which is not returned to the
stream. Each of these factors will be addressed in turn.

The Texas Department of Water Resources (1984) estimated that average annual runoff
during the 1947-70 period was 802 acre-feet per square mile within the northern and central
parts of the San Jacinto - Brazos Coastal Basin above the tidal-affected regions of the basin.
The upper watershed of Bastrop Bayou extends into the central part of this basin.

The Texas Water Development Board has recently estimated average annual runoff from
three sub-watersheds of Chocolate Bayou bordering the Bastrop Bayou watershed to the
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east; annual runoff was 1273, 1348, and 1373 acre-feet per square mile, yielding an area-
weighted average of 1294 acre-feet per square mile for the 200 square mile area.

1. Watershed

This report has used a watershed map prepared by the University of Texas Bureau of
Economic Geology (BEG) for the Christmas Bayou Coastal Preserve (Figure 27). Watershed
area has been determined from the BEG map with a compensating polar planimeter, and
estimated to be 58.74 square miles or approximately 37,600 acres.

2. Precipitation

The nearest National Weather Service precipitation station is positioned in Angleton, at the
western perimeter of the watershed. The nearest precipitation stations beyond the watershed
are Freeport, Alvin and Galveston. The long-term (1951-1980) average precipitation for
these four stations (Angleton 52.28 inches, Alvin 47.99 inches, Galveston 40.24 inches,
Freeport 51.01 inches) were used to construct precipitation isopleths across the Bastrop
Bayou watershed. The isopleths are oriented north-south and decline from Angleton to
Galveston. Within the watershed, the isopleths range from 53 inches in the west to 47 inches
in the east, for an average of 50 inches of annual precipitation.

Angleton was selected as the most reliable indicator of precipitation for the watershed.
Daily, monthly, and annual precipitation at Angleton for the years 1979 to 1988 have been
analyzed in this report. The average annual precipitation during this period was 58.73 inches,
varying from a low of 43.63 inches in 1980 to a record high of 86.25 inches in 1979; the
record low occurred in 1956 when only 29.73 inches of precipitation occurred.

Only one (April 1983) of the 120 months analyzed experienced zero precipitation for a given
month; the next lowest value was 0.20 inches in November of 1988. Twelve of the 120
months (10%) had total rainfall less than 1.00 inch. Eight months (6.7%) experienced more
than 12 inches of rain, including three months with more than 21 inches. Precipitation
episodes can stall in the area and release prodigious quantities of rainfall. For example,
Angleton recorded 14.36 inches of rain on July 26, 1979 (nearby Alvin received 25.75 inches
on that date). At Angleton, 18.61 inches fell during the 3-day episode, followed by an
additional 18.88 inches on September 18 to 20. Average monthly precipitation for the 10
year period ranged from a low of 2.64 inches in April to a high of 8.90 inches in September
(see Figure 28).

3. Runoff

Stormwater runoff will vary with soil type, vegetative ground cover, recent precipitation and
human land use. The Bureau of Economic Geology (1989) has mapped land use within the
watershed. The land use categories were agriculture, range-pasture, saline and brackish
marsh, residential-urban area, wildlife refuge, state park, public beach, dredging spoil
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Figure 27.

BASTROP BAYOU WATERSHED
BASE MAP: BUREAU OF ECONOMIC GEOLOGY

Broiorio Notional \
Wildlife Rtfugt
boundary

49



disposal, barren land, oil and gas fields, and artificial reservoirs. These categories mix
vegetative cover with land ownership and are not appropriate for runoff determinations. This
report judges 60% of the watershed to be agricultural, and 38% range-pasture or similar
grassland vegetation, with all of the latter restricted to the southern portion of the
watershed. Cracking clayey soils or loam over clay are typical for the watershed.

Daily precipitation data for Angleton were obtained from the NOAA climatological data
monthly summaries for Texas for the years 1979 to 1988. Runoff curve numbers calculated
for different ground covers and hydrologic soil types were consulted and runoff curve 88 was
selected as most appropriate. Only precipitation events greater than 1 inch have measurable
runoff. The fraction of precipitation which runs off varies from 26% with 1 inch of rain to
87.5% with 12 inches of rain. Daily precipitation greater than 1 inch was multiplied by the
appropriate value from the runoff curve to estimate actual runoff per day. Daily runoff was
summed to monthly estimates and both precipitation and runoff were tabulated as a year
x month matrix.

Calculated average annual runoff during this 10-year period was 19.85 inches, ranging from
10.51 to 41.47 inches. Average monthly runoff ranged over an order of magnitude, from 0.36
inches in August to 3.70 inches in September (see Figure 29). The relationship between
monthly precipitation and runoff is shown in Figure 29. Averaged over the 10-year period,
monthly runoff ranged from 9.7% to 51.3% of average monthly precipitation (see Fig. 28).

Average annual runoff from Bastrop Bayou into Bastrop Bay, and thence to Christmas Bay,
is approximately 63,000 acre-feet per year, equivalent to 1073 acre-feet per square mile.

4. Point Source Discharges

The volume of treated wastewater effluent (as million gallons per day, MGD) discharged
into Bastrop Bayou and its tributaries, for the years 1980 to 1989, is presented in Table 8.
Over the past decade the total volume has increased 250 percent and the number of
discharge points has tripled, from two to six. The amount of wastewater effluent discharged
is, however, relatively low.

In 1980, the largest discharger was the Brazoria County WCID No. 8, which was taken over
by the City of Angleton in 1986. Today, three municipal wastewater treatment plants (two
in Angleton and one in Danbury), two small plants at mobile home parks, and the Brazoria
County Detention Facility plant discharge into Bastrop Bayou.

5. Water Withdrawals

There are no reservoirs on Bastrop Bayou and no agricultural or municipal interests which
withdraw water.
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FIGURE 28
MONTHLY PRECIPITATION AND RUNOFF

BASTROP BAYOU WATERSHED, 1979-1988

Runoff Curve Number 88

FIGURE 29
RELATIONSHIP BETWEEN MONTHLY

PRECIPITATION AND RUNOFF
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Table 8. Point Source Discharges into Bastrop Bayou Watershed

WASTEWATER (Million Gallons per Day)

City of Brazoria
Angleton Community City of Orbit Angle County
001 002 Utilities Danbury Systems Acres Detent. TOTAL

1980
1981
1982
1983
1984
1985
1986
1987
1988
1989

.137

.132

.139

.220

.168

.168

.140

.142

.124 .101

.108 .124

.053

.043

.042

.043

.056

.054

.031

.120

.148

.160

.178

.160

.181

.208

.155

.190

.0007

.0013

.006

.014

.010

.003

.009

.011

.012

.016

.013

.021

.051

.027

.020

.025

.190

.295

.329

.423

.412

.394

.421

.407

.423

.471
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6. Water Importation

Much of the northern half of the watershed is criss-crossed with irrigation canals transporting
water from the Brazos River to agricultural consumers. Water flooded onto rice fields can
infiltrate into the soil, evaporate directly to the atmosphere, or be transpired by the rice
plants. Some of this water is released as agricultural drainage. The relationship between the
volume of water released onto the fields, and the volume of water released into the
watershed drainage system at some later date is very complex and considered beyond the
scope of this report.

In summary, an average of 5.625 MGD [63,000 acre-feet/year] of surface runoff and 0.471
MOD of wastewater discharge reach Bastrop and Christmas Bays annually. Point source
discharge is 7.7% of the known volume; the quantity of agricultural "point-source" discharge
(from irrigated fields) is unknown.

E. INFRASTRUCTURE

There are four pending government actions which may affect a management plan for
Christmas Bay: enlargement of the Brazoria National Wildlife Refuge; development of
Christmas Bay State Park; and the maintenance and potential enlargement of the Gulf
Intracoastal Waterway.

1. Enlargement of the Brazoria National Wildlife Refuge

The U.S. Fish & Wildlife Service has proposed to acquire 30,000 acres of privately-owned
coastal prairie and marshland north and east of the existing 12,199 acre refuge (Figure 30).
This addition will serve to establish the Brazoria NWR as a major waterfowl refuge on the
critical Gulf coast wintering grounds for North American waterfowl. It will also provide an
opportunity to reintroduce the endangered Attwater's prairie chicken to a portion of its
original natural habitat (U.S. Dept. Interior, 1990).

Expansion of the wildlife refuge will have important consequences for the Christmas Bay
Coastal Preserve. It will provide permanent protection for more of the Bastrop Bayou
watershed south of SH 2004, including Alligator Lake and Oyster Lake. It will also provide
public ownership of the entire shoreline of Bastrop Bay; the existing wildlife refuge on the
western shore from Christmas Point to Bastrop Bayou, the new refuge lands on the northern
shore from Bastrop Bayou to Guyton's Cut, and the state-owned Mud Island to the east.
When the expansion is accomplished, the only activity on Bastrop Bay associated with
"private property" will be that involving the cabins on state-owned islands or subtidal lands.
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2. Development of the Christmas Bay State Park

The Texas Parks and Wildlife Department currently has land holdings of approximately 100
acres on Follets Island in the vicinity of Arcadia Reef. Development of this acreage and
permissable activities under its management plan may affect protection of the living
resources, public access to the bay, and the volume of boater and wade-fisherman traffic.

3. Maintenance and Expansion of the Gulf Intracoastal Waterway

Two aspects of the Gulf Intracoastal Waterway potentially may affect Christmas Bay in the
future. Periodic maintenance dredging of the existing waterway will produce additional
dredge spoil for disposal. Most of the disposal sites lie on the landward (western) side of the
GIWW (Figure 31). There are three disposal sites which lie adjacent to Christmas or Drum
Bays: one site on Rattlesnake Island at the western end of Christmas Bay; one site at the
base of Rattlesnake Point which fronts on both Christmas Bay and Drum Bay; and one at
the western end of Drum Bay (Fig. 31). Runoff from spoil disposal conceivably may drain
into Christmas and Drum Bays.

The New Orleans District of the Corps of Engineers has been authorized by the U.S.
Congress to investigate the need to modify the depth and width of the GIWW. Enlargement
of the GIWW from its present 12 ft depth and 125 ft width to a 16 ft depth and 150 ft width
has been authorized for the reach from the Sabine River to Galveston; this enlargement has
not been initiated. The Galveston District of the Corps has determined that the State of
Texas, as the local sponsor, has no interest in enlarging the GIWW at this time. All current
activity regarding channel enlargement is restricted to Louisiana.
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F. HYDROLOGICAL AND METEOROLOGICAL INFLUENCES

1. Effects of Sea Level Rise

Maps of the Christmas Bay area depict topography at 5-foot contour intervals. Follets Island
has no surface which reaches 10 feet above sea level. The 5-foot contour varies in width
from 150 feet to 700 feet, and disappears completely at several points along the island. An
increase in sea level of 5 feet will essentially submerge Follets Island; erosion of the
remaining narrow beach strand would eliminate the barrier island completely and move the
coast line inland a number of miles.

The only points on Rattlesnake Island which reach reach 10 feet above sea level have been
artificially created by the deposition of dredge spoil. These unprotected spoil banks may be
subjected to rapid erosion from wave-action following a rise in sea level. Virtually all of the
intertidal marsh would be lost; emergent vegetation of the subtidal marsh would be unable
to protrude above the water surface.

2. Effects of Tropical Cyclones

The probability that the center of a tropical cyclone, either a tropical storm (winds of 39-73
miles per hour, mph) or hurricane (winds 74 mph or more), will make landfall on this
segment of the Texas coast in any given year is 1 in 8 (Bomar, 1983). The impact of
hurricanes varies with their forward speed, wind speed, and wind angle to the shoreline.
Each storm is unique. Onshore winds force water onto the coast and raise the water level,
creating the storm surge. Normal astronomical tides add to this effect, producing the storm
tide (surge + tide), while waves create additional height.

Hurricane Carla, the largest hurricane in Texas' history, came ashore more than 90 miles
down the coast at Port Lavaca on September 11, 1961, with winds of 150 mph. This
hurricane produced a storm surge of 11 to 12 feet at Follets Island and totally inundated the
coast as far as 15 miles inland, reaching the outskirts of Angleton (BEG, 1971). Hurricane
Beulah, the third-largest hurricane in Texas weather history, came ashore at Brownsville on
September 20, 1967. The storm surge raised Christmas Bay water 4 feet, inundated most of
Follets Island, and the coast as far as 6 and 7 miles inland.

Washover fans, caused by breaching of the island during the storm surge, are common on
Follets Island (Shew et al., 1981). Initially unvegetated, these fans are slowly stabilized by
plant growth. Washover channels are known near the eastern tip of Follets Island, crossing
to Cold Pass; at the western end of Christmas Bay, east of Arcadia Reef, including the
TPWD landholdings; and at Drum Bay. Unvegetated as recently as 1972, these channels are
now partially covered with plants.
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G. LIVING RESOURCES

The first published biological study from Christmas Bay appears to have been a survey of
the microscopic unicellular foraminifers along a vegetational transect, from turtle grass to
gulf cordgrass to marshhay cordgrass to salicornia, on Follets Island described by Phleger
(1965). As many as four distinct assemblages of foraminifers could be discerned. These
organisms have not been studied since.

The first studies of the fishes of Christmas, Bastrop, and Drum Bays were produced by the
Texas Parks & Wildlife Department. In 1967, TPWD biologists noted the existence of
nursery habitat for spotted seatrout and red drum along the southern shore of the bay
(McEachron et al., 1977). Recognizing the importance of this relatively undisturbed habitat,
state and federal biologists soon began describing the rooted aquatic vegetation, mollusks,
and crustaceans found here. An intensive study was conducted from October 1971 to
October 1973; the 29,291 fishes of 81 species collected remains the best description of
seasonal and relative abundance of fishes in the bay system (McEachron et al., 1977).
Oysters, shrimp and other invertebrates were also discussed.

The zooplankton of Christmas Bay were studied by Bagnall (1976) from September 1973 to
December 1974. She distinguished a permanent zooplankton assemblage of three species -
a ctenophore (Mnemiopsis mccradyi) and two copepods (Acartia tonsa and Oithoina
colcarva) -that persisted throughout the year despite major changes in the physical and biotic
environment. Another assemblage of a dozen coastal species entered the bay via Cold Pass
during summer and early fall and were important predators of the bay residents.

As part of this same study, Fotheringham & Bagnall (1976) reported on the seasonal
variation in the occurrence of the planktonic larvae of four hermit crabs sampled in
Christmas Bay from November 1973 to April 1975.

Penn (1979) studied the decapod crustacean communities of Texas seagrass beds. He
sampled three stations in Christmas Bay between February 1975 and May 1976. He found
that the decapods inhabiting turtlegrass (narrow-leaved) were distinct from those inhabiting
shoalgrass (very-narrow-leaved). More surprisingly, the shoalgrass communities were
distinguishable as northern and southern components which differed in the abundance of
individuals, number of species, diversity, dominant species, and characteristic species. The
shoalgrass beds in Christmas Bay demonstrated seasonal changes in the dominant species
over time.

The University of Texas Bureau of Economic Geology sampled sediments in the area,
including 11 stations in Christmas Bay and 10 in Bastrop Bay, during July 1976 (White et al.,
1985). The organisms collected in the samples were reported as pooled data, with Jones,
Chocolate, Bastrop and Christmas Bays included in the West Bay locality. Information on
mollusks, polychaetes, crustaceans, and other phyla are provided.
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Between February 1976 and November 1981, 2,040 spotted seatrout were caught with hook
and line at the Bastrop Marina on Bastrop Bayou, tagged, and released; 176 were
recaptured (Baker et al., 1986). Analysis of the recapture patterns revealed that the fish left
the bayou during the winter months but returned in the spring, to leave again during the
summer and return in the fall. A number of the tagged fish were recaptured in West Bay.
Others were recaptured along the gulf shoreline from Freeport to the Bolivar Penisula. Most
of the tagged fish were recovered from Bastrop Bayou, Bastrop Bay, Cold Pass or the San
Luis Pass to the Gulf. None were recovered from adjacent tributaries although seatrout were
common in these streams. The authors suggest that tributaries may be inhabited by distinct
subpopulations.

The Texas subspecies of the hard clam, or Texas quahog, (Mercenaria mercenaria texana)
was studied at five localities in Christmas Bay and compared to other clams further south
on the Texas coast (Craig & Bright, 1986). Christmas Bay was found to harbor a sparse
population with few clams under five years old. The clams exhibited poor recruitment and
slow first year growth.

From samples taken from July 1984 to June 1985, the abundance of juvenile blue crabs in
adjacent nursery habitats was found to be highest in seagrass, intermediate in salt marsh, and
lowest on bare sand in Christmas Bay, and intermediate in salt marsh and low on bare mud
in West Bay, where seagrasses were absent (Thomas et al., 1990). Small crabs fed on
shoalgrass epiphytes, amphipods, and mollusks. Salt marsh provided intermediate protection
from predators to juvenile crabs but shoalgrass provided the greatest degree of protection
(Thomas, 1989). Seasonal changes in shoalgrass leaf biomass were reported by Thomas et
al. (1990).

Thomas (1989) determined the abundance and crab utilization of epifaunal and infaunal
foods from seagrass, salt marsh, and bare sand habitats in Christmas Bay. She listed the
relative abundance of polychaete, amphipod, tanaid, isopod, and mollusk species, and others
- crabs, cumaceans, mysids, nemerteans, and oligochaetes -were enumerated by group.

Six Galveston Bay localities, including Christmas Bay, were sampled in 1987 to determine
the utilization of marsh and associated habitats along a salinity gradient (Zimmerman et al.,
1990). The relative abundances of 24 species of fishes and 17 species of decapod crustaceans
were reported; 18 species of annelids, crustaceans, and mollusks were also noted as
components of the epifauna and infauna. Density values were also provided for fish, decapod
crustaceans, epifauna, and infauna.

1. Faunal Comparisons

A comparison of species collected in Christmas, Drum and Bastrop Bays with the known
fauna for all of Galveston Bay indicates the richness of the Christmas Bay fauna. Detailed
comparisons, which would involve not only examination of species overlap but resolution of
taxonomic duplication and discrepancies, are beyond the scope of this report.
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A list of the 81 species of fishes collected during the 1971-73 TPWD intensive survey
(McEachron et al., 1977), plus 15 additional species collected by the TPWD Coastal
Fisheries Branch monitoring program since 1976 (data base provided by TPWD for this
report), is included as Appendix Table A.l. The total ichthyofauna of the Galveston Bay
ecosystem has been reported as 162 species, including 19 freshwater species rarely found in
the bay (Parker, 1965). Thus 59 percent (96 of 162 species) of the known Galveston Bay
species have been captured in Christmas Bay. Sheridan and others (1989) report that a two
year synoptic trawl survey in Galveston Bay collected 96 species: six species (Atlantic
croaker, bay anchovy, star drum, spot, sand seatrout, and hardhead catfish) accounted for
91 percent of the total number of fish collected; these six species plus striped mullet
accounted for 74 percent of the biomass (wet weight) of the fish collected in Galveston Bay.

The 68 species of crustaceans reported from Christmas Bay (McEachron et al., 1977;
Thomas, 1989; Bagnall, 1976) are listed in Appendix Table A.2. White and others (1985)
reported 77 species from Galveston Bay overall, and 41 species from the West Bay complex,
including Christmas and Bastrop Bays. There is a 23 percent overlap (18 of 77 species) with
Galveston Bay and 29 percent overlap (12 of 41 species) with West Bay. Sheridan and others
reported 31 species of macrocrustaceans collected in trawl surveys of Galveston Bay; 28 of
the species (90%) have been reported from Christmas Bay. Thus Christmas Bay appears to
have a very rich crustacean fauna.

The 140 species of mollusks reported from Christmas Bay (McEachron et al., 1977; Thomas,
1989) are listed in Appendix Table A.3. Synonomy has been reduced (Andrews, 1981;
synonyms listed in brackets) but several taxonomic uncertainties remain. White and others
(1985) listed 195 species from the Galveston Bay complex, with 45 percent overlap (88 of
195 species) for Christmas Bay; there is a 70 percent overlap (66 of 94 species) with the
BEG list for West Bay. The molluscan fauna of Christmas Bay seems especially rich.

Only 41 species of polychaetes (Appendix Table A.4) have been recorded from Christmas
Bay (Thomas, 1989; McEachron et al., 1977), while 124 species have been reported from the
Galveston Bay ecosystem and 61 species from the West Bay complex, including Christmas
and Bastrop Bays (White et al., 1985). Species overlap amounts to 16 percent (20 of 124)
for Galveston Bay and 33 percent (20 of 61) for West Bay. Other plants and animals known
from Christmas Bay are listed in Appendix Table A.5.

2. Fish and Shellfish Population Trends

The TPWD Coastal Fisheries Branch has conducted a monitoring program in Galveston Bay
since 1976. Monthly sampling stations are selected randomly across the bay. Christmas and
Bastrop Bays are included in the sampling scheme. The program was designed to monitor
commercial and recreational finfishes and shellfishes of the bay system. It works very well,
as designed, for the entire bay. It is seldom appropriate for assessing the status of individual
bay components, such as Christmas Bay. Samples vary by date, type of gear used, and
specific sample site. In general, an inadequate number of samples have been collected using
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the same gear, at the same sampling sites, in the same months from year to year, to reliably
predict the future status of these living resources in Christmas Bay.

3. Bird Population Trends

There are 139 species of birds associated with the wetlands and bay habitats of Galveston
Bay (Sheridan et al., 1989). The major groups are waterfowl, shorebirds, and colonial nesting
waterbirds. Little quantitative information is available specifically regarding the birds
associated with Christmas Bay.

Hall and others (1959) published a list of the birds of Galveston Island, with comments on
their relative abundance. The U.S. Fish & Wildlife Service (1987) has published a checklist
of 273 species found on the Brazoria and San Bernard National Wildlife Refuges, noting
their seasonal occurrence and relative abundance. The number of species actually associated
with Christmas Bay habitats is a much smaller subset than either of these lists. The annual
Audubon Christmas Bird Counts for Freeport include a portion of Drum Bay and the
wildlife refuge in their 15-mile diameter count area but Christmas Bay lies outside of the
boundary. These counts frequently record 200 species or more in late December.

The Texas Gulf coast waterfowl surveys count waterfowl on the wildlife refuge several times
each winter but do not include waterfowl on Christmas Bay itself. These data reflect
waterfowl utilization of the major wetland habitats on the refuge, rather than usage of open
bay habitat. The exploitation of the seagrass beds by such species as red-headed ducks is
unquantified.

Galveston Bay has been identified as a regionally significant reserve site by the Western
Hemisphere Shorebird Reserve Network (Sheridan et al., 1989). Large populations of
overwintering or migrating shorebirds feed on the intertidal flats of Bolivar Peninsula and
the east and west ends of Galveston Island. Shorebird utilization of the Christmas Bay
shoreline is unquantified.

The only quantitative data regarding the birds of Christmas Bay are the nesting records of
the Texas Colonial Waterbird Society (1982) for 1973 to 1980, and the TPWD Texas
Waterbird Colonies Survey, from 1981 to date. There are seven such colonies of interest.
The colonies may be used by both ground-nesters (gulls, terns, and skimmers) and above-
ground-nesters (herons, egrets, and spoonbills) which require bushes or trees for nest sites.
Above-ground-nesters typically degrade their nesting habitat by stripping off small branches
for nest material. Rotation of nesting sites from year to year is normal. The bushes benefit
from the considerable volume of fertilizing nutrients imported by feeding adults and
deposited as excrement by nestlings. The bushes suffer from branch removal and breakage
by clambering juveniles before attainment of flight.

West Bay Bird Island (#600-560) is the largest colony in the area, in both area (121 acres)
and birds, hosting from one to 2,863 pairs of breeding birds of eleven species, with as many
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as six species in a given year. The much smaller (4.9 acres) San Luis Island #1 colony (600-
561) lies at the eastern end of Follets Island, adjacent to a developed area. This colony
peaked at 740 breeding pairs and five species in 1977, then lay unused until 1986. Another
small colony (7.4 acres) on Follets Island (600-562) has been used by up to 240 pairs of least
terns and black skimmers since 1977.

A large, 124-acre colony (600-563) in Drum Bay has harbored up to 1,200 birds of as many
as 9 species, both ground- and above-ground-nesters, nearly every year since 1979. A tiny
1/4 acre site on Arcadia Reef (600-565) has hosted 250 to 400 terns and egrets since 1984.
An equally tiny site in Bastrop Bay (600-564) has been occupied by 500 to 1000 pairs of
terns since 1982. On the far western end of Galveston Island, the 5-acre San Luis Pass
colony (600-580) has been used by as many as 500 pairs of birds intermittently since 1973.
The locations of these colonies are shown in Figure 32.

Since some birds may be shifting from one colony site to another each year due to reduction
of nesting vegetation, the birds of all seven colonies will be analyzed together as a Christmas
Bay "population" to examine trends.

Seven species of colonial ground-nesters are known from the area. Laughing Gulls (Larus
atricilla) have been the most persistent, common ground-nesting species breeding near
Christmas Bay, having appeared every year since 1973 except four (1974,1979, 1981, 1983).
Their numbers have fluctuated widely, from 20 pairs in 1975 to 1,220 in 1988 (Figure 33A),
averaging 388 pairs per year. They are essentially limited to Bird Island: 200 nested once at
San Luis Island; 20, 20, and 100 have nested thrice at Drum Bay since 1986; and 10 nested
at Arcadia Reef in 1989. The trend toward increasing numbers is highly significant
(P=0.005).

Black Skimmers (Rynchops niger) have been equally persistent, having nested every year
since 1973 save two (1977, 1979). They nested at San Luis Pass and San Luis Island (sites
on opposite sides of the San Luis Pass) in 1973 and 1974. Numbers declined and San Luis
Pass was the sole site until 1982, when the population increased and they established a
second colony in Bastrop Bay. Pioneers have tested all seven sites, one to three per year,
ever since. The principal colony has been Bastrop Bay. The San Luis Pass site was
abandoned from 1983 to 1988 but reoccupied in 1989. The number of breeding pairs has
fluctuated widely, from 3 to 750, averaging 297 pairs per year (Figure 33B). The upward
trend is not significant.

Forster's Terns (Sterna forsteri) were slow to appear as breeders in the area, with four pairs
at San Luis Pass in 1976 and 70 in 1977. Following a two year hiatus, 140 pairs bred at
Drum Bay in 1980 but none returned to the area the following year. Nearly 500 pairs
established colonies on Bird Island and Bastrop and Drum Bays in 1982 and have returned
these sites, and Arcadia Reef, ever since, reaching an unprecedented 2360 pairs in 1989
(Figure 33C). The trend line is significant (P<.005).
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FIGURE 33A.
BREEDING PAIRS OF LAUGHING GULLS

NEAR CHRISTMAS BAY

FIGURE 33B.
BREEDING PAIRS OF BLACK SKIMMERS
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FIGURE 33C.
BREEDING PAIRS OF FORSTER'S TERNS
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FIGURE 33D.
BREEDING PAIRS OF LEAST TERNS
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In contrast, Least Terns (Sterna antillarum) have persistently appeared in small numbers
since 1973, being absent only in 1974 (Figure 33D). They have never nested on Bird Island
or Arcadia Reef but have used as many as four of the other sites in a given year, always with
fewer than 100 total pairs, averaging 43 pairs a year. In 1977, 230 pairs of Sandwich Terns
(Sterna sandvicensis) and 230 pairs of Royal Terns (Sterna maxima) nested at San Luis
Island. Eight pairs of Royal Terns nested at Drum Bay in 1982. Gull-billed Terns (Sterna
nilotica) have appeared at Drum Bay twice, two pairs in 1988 and 3 pairs in 1989. These
three species must be considered as sporadic nesters in the area.

Ten species of above-ground colonial waders have bred in the area. Great Blue Herons
(Ardea herodias) have appeared in small numbers every year since 1976, except 1984,
averaging 20 pairs (Figure 34A). They have nested only on Bird Island (all but two years)
and Drum Bay (intermittently since 1979). The downward trend is not significant.

Great Egrets (Casmerodius albus) nested in small but steadily increasing numbers from 1975
to 1978 on Bird Island, switched to Drum Bay in 1979, peaked at 95 pairs in 1982, and
disappeared in 1983 (Figure 34B). Five pairs nested in 1986 but none followed until a record
number, 138 pairs, appeared in 1989. The increasing trend line is significant (P<.05).

Tricolored Herons (Egretta tricolor) have been the most abundant wader, appearing every
year since 1973, except 1983, in numbers varying from 1 pair (1982) to 845 pairs (1978),
averaging 276 pairs per year (Figure 34C). Bird Island is the favorite site, used all years but
two, while pioneers have sporadically nested at San Luis Island, Drum Bay and Arcadia
Reef.

Snowy Egrets (Egretta thula) have nested in moderate numbers on Bird Island from 1976
to 1978, on Drum Bay from 1979 to 1982, again in 1986 and 1989, and once on Arcadia
Reef in 1988. They have averaged 86 pairs per year but the upward trend shown in Figure
34D is not significant.

Reddish Egrets (Egretta rufescens) have appeared sporadically in very low numbers: a pair
at San Luis Pass in 1975; a pair at Arcadia Reef in 1988; 4 pairs at Drum Bay in 1989; and
one to eight pairs on Bird Island intermittently from 1976 to 1989. Nesters were totally
absent from the area from 1978 to 1983.

Roseate Spoonbills (Ajaia ajaja) have nested on Drum Bay on five occasions, peaking at 120
pairs in 1982. Thirty pairs of White Ibis (Eudocimus albus) nested on Bird Island in 1976.
Three pairs of White-faced Ibis (Plegadis chihi) nested on Bird Island in 1985. Four pairs
of Black-crowned Night-herons (Nyticorax nycticorax) nested on Drum Bay in 1979.

In 1983, a single pair of Great Blue Herons were the only colonial nesters on Bird Island,
and the only waders nesting in the entire Christmas Bay area. Forster's Terns, Least Terns
and Black Skimmers nested at Drum and Bastrop Bays that year.
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FIGURE 34A.
BREEDiNu PAIRS OF GREAT BLUE HERONS
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FIGURE 34B.
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FIGURE 34C.
BREEDING PAIRS OF TRICOLORED HERONS

NEAR CHRISTMAS BAY

FIGURE 34D.
BREEDING PAIRS OF SNOWY EGRETS

NEAR CHRISTMAS BAY
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There are no waterbird colonies on the Brazoria National Wildlife Refuge, although
numerous species forage there in abundance. Refuge managers attribute this to the absence
of vegetated islands on the refuge (R. Bisbee, pers. comm.). Predators, such as raccoons, are
known to decimate waterbird colonies elsewhere in the southeastern states in the absence
of "alligator-protected" island nesting sites.

The erratic annual variation in the number of active nesting sites, and the number of nesting
pairs of colonial waterbirds, is typical of colonial waterbirds elsewhere in Galveston Bay
(Sheridan et al., 1989) and the Gulf coast. Although Cattle Egrets (Bubulcus ibis) are the
dominant wader bay-wide (Sheridan et al., 1989) and, indeed, in Texas (Martin, 1989), they
have not appeared in the colonies surrounding Christmas Bay. This may reflect a scarcity of
pastures and grazing range for cattle on the coast.

Woodlots along the upper Texas coast provide a valuable stopover habitat for trans-Gulf and
circum-Gulf migrating birds, especially songbirds (Mueller, 1987). Woodlots are defined as
wooded areas at least 0.5 hectares (1.2 acres) in size with trees over 6 meters (20 feet) tall.
There are no woodlots on Follets Island or elsewhere around Christmas Bay. Small mounds,
or mottes, covered with brush (trees or shrubs less than 20 feet tall) are also used by
migrants. Several brush-mottes have been noted on Follets Island (Mueller, 1987). The value
of these brush-mottes to migrating birds, their usage during migration, and their physical
characteristics (size, structural vegetative diversity, tree height, and isolation) have not been
determined.

4. Endangered and Threatened Species

The TPWD Endangered/Threatened Species Data File for Brazoria County lists 14
endangered species and 24 threatened species (Appendix B). The Brazoria NWR bird list
and amphibians and reptiles list have been used to document the status of these species on
Christmas Bay for this report (Appendix B).

Fourteen of the species are whales and dolphins unlikely to appear in this very shallow
estuary. The jaguarundi has not been reported here. There is no suitable habitat for the red-
cockaded woodpecker.

The endangered Atlantic Ridley sea turtle (Lepidochelys kempi) inhabits shallow coastal and
estuarine waters, eating invertebrates primarily, mostly crabs, but also shrimp, snails, and,
occasionally, marine plants (USDI, 1980). The endangered leatherback sea turtle
(Dermochelys coriacea) has been known to occasionally enter shallow estuaries (USDI,
1980). It is omnivorous and consumes a broad variety of prey, but primarily feeds on
jellyfish. The endangered hawksbill turtle (Eretmochelys imbricata) is known to frequent
shallow coastal areas and narrow creeks and passes (USDI, 1980). It is omnivorous, feeding
on a broad array of invertebrates. All three of these species can be expected to occasionally
occur in Brazoria and Galveston Counties but there are no confirmed sightings from
Christmas Bay.

67



The threatened green sea turtle (Chelonia mydas) is known to inhabit shallow bays with an
abundance of marine grass and algae; adults are largely herbivorous. In October, 1989,
National Marine Fisheries Service researchers captured a green turtle in a shrimp trawl in
Christmas Bay (D. Moore, NMFS, pers. comm.). On August 20, 1990, an unidentified sea
turtle was observed to surface twice in a seagrass bed in Christmas Bay. These are the only
confirmed sightings of sea turtles in the coastal preserve.

Neither the endangered western smooth green snake (Opheodrys vernalis blanchardi) nor
the threatened Texas scarlet snake (Cemophora coccinea lineri) have been verified on the
refuge and both are listed as unlikely to occur. Likewise, the threatened timber rattlesnake
(Crotalus horridus), Texas horned lizard (Phrynosoma cornutum), and alligator snapping
turtle (Macroclemys temmincki) have not been reported.

The threatened rose-throated becard (Pachyramphus aglaiae) has not been reported from
the upper Texas coast (Dauphin et al, 1989). The endangered Attwater's greater prairie
chicken (Tympanuchus cupido attwateri) no longer occurs on this part of the coast. The
sooty tern (Sterna fuscata) has been observed on the upper coast but not on the refuge.

The endangered brown pelican (Pelecanus occidentalis) occurs at Christmas Bay (pers.
observ.). Although listed as a rare winter visitor on the refuge list, this species has
experienced a recent comeback and moderate numbers of the birds were observed on
Galveston Bay during the summer of 1990.

The endangered bald eagle (Haliaeetus leucocephalus) is listed as rare during the spring and
summer and uncommon during the fall and winter. The abundance of fish in shallow water
and overwintering ducks and geese on the refuge should prove attractive to eagles.

The endangered whooping crane (Grus americana) is not listed in the TPWD E/T Species
data file as occurring in Brazoria County but it is considered to be a rare visitor to the
wildlife refuge during the fall (USFWS, nd). Stragglers have also be seen in other counties
in the region and Christmas Bay is likely to be an acceptable habitat for this species.

Least terns are listed as common in spring and summer, uncommon during the fall, and
absent during the winter. The species nests in the area (see G.3 above, Fig. 33D). The
occurrence of the endangered subspecies, Sterna antillarum athalassos, has not been
documented. It may appear during the winter but would not be expected to breed on the
coast.

The threatened reddish egret (Egretta rufescens) is listed as uncommon throughout the year
on the refuge. It does occur on Christmas Bay (pers. observ.). It sporadically nests in the
area in small numbers (see G.3 above). The threatened white-faced ibis (Plegadis chihi) is
listed as common on the refuge during spring and fall but uncommon during the summer
and winter. It has nested locally only once (see G.3 above). The threatened wood stork
(Mycteria americana) is listed as common during the summer and uncommon during the fall
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on the refuge. Wood storks on the upper coast typically have dispersed from breeding
colonies in Mexico after the breeding season.

The threatened arctic peregrine falcon (Falco peregrinus tundrius) is listed as uncommon
on the refuge during fall, winter, and spring. These birds follow the shorebird migration,
particularly along the beaches of the Texas coast. They are certain to occur in small numbers
on Christmas Bay due to its close proximity to the beach.

The threatened piping plover (Charadrius melodus) is listed as uncommon during fall,
winter, and spring on the refuge. A small but persistent population of these birds overwinters
on Galveston Bay.

The threatened white-tailed hawk (Buteo albicaudatus) is listed as rare at all seasons on the
refuge but known to nest locally. The threatened American swallow-tailed kite (Elanoides
forficatus) is listed as rare on the refuge during spring and summer.

In summary, the Christmas Bay ecosystem is directly inhabited by eight species listed as
endangered or threatened by the TPWD - brown pelican, bald eagle, whooping crane,
reddish egret, white-faced ibis, peregrine falcon, piping plover and green sea turtle. Three
additional species inhabit the adjacent Brazoria National Wildlife Refuge - wood stork,
white-tailed hawk, and swallow-tailed kite.
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