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A Hydrographic Survey of the Galveston Bay System, Texas, 

1963-66 I 

By 

E. J. PULLEN, \V. L. TRENT, and G. B. ADAMS 

National Marine Fisheries Service Biological Laboratory 
Galveston, Texas 77550 

ABSTRACT 

Water temperature and salinity data, taken during 1963-66, and dissolved organic 
nitrogen, total phosphorns, and dissolved oxygen data taken during 1964-66 from 
Galveston Bay, Texas were analyzed by area and habitat (depth strata). 

Temperatures ranged from 0.4° C to 36.0° C during the study and averaged slightly 
higher in the peripheral than th e open-water or channe l habitat. Between years, water 
temperature averages varied as mu ch as 7°C between coldest months, and 3°C between 
warmest months. 

Salinities ranged from 0.1 to 36.6%0 and increased from the peripheral to the channel 
habitats. Gradients of increasing salinities occurred from east to west and north to south 
in the system. Salinities decreased from 1963 to 1966 with the smallest difference 
between years occurring in March and April and the greatest difference between years in 
May and June. Minimum salinities always occurred during periods of high stream 
discharge in the winter and spring and maximum salinities during periods of low stream 
discharge in the late summer and fall. 

Dissolved organic nitrogen concentrations ranged from 1 to 300 µg at / liter. 
Nitrogen concentrations decreased from the upper to the lower bays. Nitrogen values 
were similar seasonally and between years. High river flow was correlated with an increase 
of nitrogen in the lower bay areas. 

Total phosphorus concentrations ranged from 0.1 to 4 7 .5 µg at / liter. Phosphoru s 
concentrations diminished from upper to lowe r bays, and from west to east in the system. 
Seasonal concentrations of phosphorus were similar from 1964 through the spring of 
1966. In June 1966, co ncentrations increased, reaching an all years' maximum in the fall. 
River discharge was not correlated to phosphorus concentrations, although nitrogen and 
phosphorus values were positively correlated. 

Dissolved oxygen concen tratio ns ranged from 0.2 to 13.6 ml / liter. Lowest oxygen 
co ncentrations were in the channels and highest and similar concentrations were in the 
peripheral and open-water habitats. Oxygen values were inversely correlated with water 
temperatures. 

INTRODUCTION 

D egradatio n or destrn ction of estuarine 
habitats by municipal , industrial. agricu ltural, 
and recreational expansion is a major problem 

I Contrihut1on No . JI S, Nat1unal l\.LHIIH.· 1· 1,lh .. ·rt ~~ St'nil"c 
BiolO!!,H..: al Lah11ratoq .. l~aht',ton.) l·,a~ 77SSO. 
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in many estuari es and lagoons along the U.S. 
coast. Alterations caused by the construction 
of channe ls, dikes, and bulkheads; the dis
charge, of pollutants; and the reduction of 
freshwater fl ows change the hydrological char-



acteristics of estuaries. Evaluation of changes 
detrimental to estuarine biota is aided by infor
mation on the hydrological conditions existing 
before the alterations. 

The hydrology and biology of the Galveston 
Bay system are being studied or have been 
studied by various State, Federal, and private 
agencies. Studies contributing significant infor
mation on the hydrology of this system include 
those by Reid (1955, 1956, and 1957); Cham
bers and Sparks (1959); Arnold, Wheeler, and 
Baxter (1960); Zein-Eldin (1961); Chin (1961); 
Odum et al. (1963); Pullen (1969); Baldauf 
( 1970); and Copeland and Fruh (1970). 
Gloyna and Molina (1964), using data from 
State, Federal, and private agencies, compiled a 
report for the Texas Water Pollution Control 
Board on the water quality of the bay system. 
The observations analyzed and reported in the 
present paper and all hydrological data col
lected by personnel of the Estuarine Program, 
National Marine Fisheries Service, Galveston, 
Texas, from 1958 through 1967 were pub
lished by Pullen and Trent (1969). 

The objectives of our study were to: (1) 
summarize bottom temperature, salinity, dis
solved organic nitrogen, total phosphorus, and 
dissolved oxygen data in relation to three 
habitats and five bay areas, and (2) determine 
the temporal and spatial distributions and 
ranges of these parameters and some of the 
relations and mechanisms affecting their distri
butions. 

STUDY AREA AND METHODS 

The Galveston Bay system, located on the 
upper Texas coast, has a water area of about 
1,360 km2 (Figure 1 ). Water is exchanged with 
the Gulf of Mexico through three tidal passes. 
About 85% of this exchange is through Bolivar 
Roads Tidal Pass, about 14% through San Luis 
Pass, and about 1 % through Rollover Pass (U.S. 
Corps of Engineers, personal communication). 
Two major navigation channels-the Houston 
Ship Channel, connecting Houston to the Gulf 
of Mexico, and the Gulf Intracoastal Waterway, 
running southwesterly through the marsh areas 
of the lower bays-pass through the system. 
The tidal range is 0.5 m in the lower portion of 
the system and 0.3 m in the upper (U.S. 
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Figure 1. The Galveston Bay system and associated 
watersheds. 

Department of Commerce, Coast and Geodetic 
Survey, 1969). Winds, as reported by U.S. 
Weather Bureau data for Galveston, Texas, are 
predominantly southeasterly in the summer 
and northerly in the winter. Thirty-seven years 
(1931-67) of data collected by the U.S. 
Weather Bureau in Galveston show the mean 
annual rainfall to be 113 cm and the mean air 
temperature 20.8° C. 

Most freshwater inflow to the bay system is 
from the Trinity and San Jacinto watersheds 
(Figure 1). Stream discharge data for the Trin
ity and San Jacinto watersheds were obtained 
from the U.S. Geological Survey. Annual 
stream flows averaged about 7 billion m3 for 
the Trinity and about 2 billion m3 for the San 
Jacinto watersheds. The drainage area of the 
Trinity watershed is 46,540 km2 and that of 
the San Jacinto watershed is 10,298 km2. 
Average annual precipitatipn over the water
sheds generally varies from 89 cm at Dallas to 
114 cm at Houston (U.S. Bureau of Reclama
tion, 1964). 

The bay system was divided into the fol
lowing geographic areas for this study: Lower 
Galveston, mid-Galveston, Upper Galveston, 
East, and Trinity Bays (Figures 1 and 2). West 
Bay was not included in this study. 

The bay areas were further divided into 
peripheral, open-water, and channel habitats 
(Figure 2). Station numbers and locations 
indicated in Figure 2 are those reported by 
Pullen and Trent (1969). The peripheral habi
tat was in water depths less than 1.2 m; the 
open-water habitat was in depths of 1.2 to 3.0 
m; and the channel habitat was in depths 
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Figure 2. Study areas of the Galveston Bay system 
showing bay areas, habitats, and locations of sampling 
stations. 

greater than 3 m. Habitat depths (mean low 
water) were determined from the U.S. Coast 
and Geodetic Survey Nautical Chart No. 1282. 

Sampling frequency and the number of 
sampling stations in each habitat and bay area 
varied from year to year, and frequency also 
varied within each year except 1963 (Table 1 ). 
During a collection period, samples were taken 
at all stations within a 2- or 3-<lay interval 
except when adverse weather interrupted 
sampling. All sampling was in daylight hours. 

Water samples or in situ measurements were 
taken from the lower 0.3 m of the water 

column to determine temperature, salinity, dis
solved organic nitrogen, total phosphorus and 
dissolved oxygen. The techniques for meas
uring each parameter are described by Pullen 
and Trent (1969). 

ANALYSIS AND PRESENTATION OF DATA 

Data for each parameter were independently 
related to habitat and bay area within each 
year and are presented in statistical and/or 
graphical form. Paired-comparison t-tests or 
two-way analyses of variance were used for all 
comparisons between habitats or bay areas. 
Bay areas or habitats served as treatments and 
dates of sampling as blocks. Mean values of a 
given variable determined by combining data 
from all stations within a particular habitat and 
bay area for each collection were used as 
observations for the statistical comparisons. 

WATER TEMPERATURE 

Water temperatures during this 4-year survey 
ranged from 0.4° C to 36.0° C. The smallest 
annual range was 23.4° C (9.0° C to 32.4° C) 
in 1965 and the largest was 33.6° C (0.4° C to 
34.0° C) in 1963. 

Comparison Between Habitats 

Comparisons of temperatures by habitat 
within bay areas are shown in Table 2. Average 

Table 1.-Sampling frequency, type of information obtained, and the number of samples 
taken by habitat and year in the Galveston Bay system, 1963-66. 

Number '.:>amplln~ frt>qut:'n'-) Tyµc ,.J "tunn.;t101 obtained 
Year Habitat Semi• Organic Tvtal 0,s,.oh~d 

W1c:dd\ n1onthl) Mor,thly Tcmperaturt' ~.d111JI) ,utrui,:.,n husphoru... o.,yJ.:e ----

Cli. ,11el 

9t,-I Periph,·ral .!7 

0p .. ., wat.,.r ll 

C...h,1n1iel 

X 

Optn water t, 

Channel 

Opr,r• Wdlt'T 7 

Chann,·l 

X 

X 

X 

X 

X 

X 

- - - - - - - - N,unberol ObSl!'T<JllOll>• • • • • • • -

62-1 H'I 

519 

191 

505 137 50 

308 308 48 '43 57 

1 ll 47 43 b7 

4bl 4.!4 418 39 

HJ .!88 l9l '35 

149 97 107 7S 

397 ,0 1 l16 l93 l86 

H7 lH 143 

157 159 
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Table 2.-Comparisons of annual mean bottom water 
temperatures between habitats within each bay area 
in the Galveston Bay system, 1963-66. 

Hab1tats compared Degrees 
Bay Year and mean temperature• o{ T eet value 

Peripheral Open water Channd freedom F 

- ...... - .. • C ....... .. - - - -

East 1%) 22. 7 

1964 20.9 

1%5 23.3 

1%6 23. I 

Tr1mty 1%3 ZZ.. l 

1964 20.6 

1%5 zz. 7 

1966 22. 0 

Upper 
Galvuton 1%3 23. Z 

196 4 Zl. I 

1%5 ZZ.5 

1%6 23.6 

Mid-
Galveston 1%3 22. J 

1964 2 1 .4 

1%5 23.9 

1%6 23.8 

Lawer 
Galvoton 1%3 21.6 

1%4 20. 4 

1%5 22.5 

1%6 Z3.-I 

• S1gr11hcanc" l evel= S%. 

** S1gn1(1cance level = 1%. 

- No data. 

22. 3 

20. 7 

.!2.9 

23. 2 

21. 8 

19. 9 

ZZ. l 

ll. l 

23. 0 

20. 8 

22. 4 

23.7 

22. 0 

19. 9 

2.2.9 

22. 8 

21.8 

20. Z 

22.) 

l3. 3 

22. 3 2, 4b 3. 95* 

20. 7 2, 26 o. 52 

22.9 2,54 4.23* 

23.1 2,52 0.32 

zz 
13 

JI 

26 

23. l 2, 42 0.34 

20.0 2, 26 2.50 

22. 1 2,38 2.37 

23.6 2, 50 0.27 

22. I 2,46 0. 13 

19.9 z, 26 7.33** 

22.8 z. 58 16.65** 

.!2. 8 2, 48 10. 26 .. 

22. 0 2, 46 I. 04 

l 9. 8 2, 26 0. 56 

22.5 2,60 0.50 

23.4 2,52 0.J0 

I. S9 

1.96 

temperatures were usually highest in the per
ipheral habitat and similar in open-water and 
channel habitats. The differences in average 
temperatures between habitats were, however, 
usually less than 1 ° C. Although the differences 
were small, they were statistically significant in 
6 of 20 comparisons. The differences were 
highly significant in mid-Galveston Bay in 3 of 
the 4 years; the temperatures in the peripheral 
habitat were distinctly higher than in the other 
two habitats. 

We had expected larger t emperature differ
ences between the shallower open-water habi
tat and the deeper ship-channel habitat than 
were observed. The lack of large differences 
could not be attributed to the method used to 
combine our data because similar results were 
apparent throughout each year when the tem
peratures were plotted by date. It is likely that 
large ocean-going vessels passing through the 
channel caused substantial mixing of the sur
face and bottom water, thus causing water 
temp eratures in the channel to remain similar 
to those of the adjacent open water. 

4 

Comparison Between Years 

Differences in temperature between years in 
the whole system were compared by combining 
habitat area data and plotting the average and 
range by date and year (Figure 3). Average 
temperature varied as much as 7° C between 
years in the winter months, and only about 3° 
C in the summer months. Year-to-year varia
tions occurred in the seasonal cycles of water 
temperature. For example , if an arbitrary value 
of 20° C is selected, temperatures averaged 
above 20° C for about 7 .5 months in 1963 and 
only about 5.5 months in 1966. 

',· 
'':~'-"' .. -::\ 

' ' 

80 

70 

1

90 

' 60 

50 ::-

Figure 3. Average water temperature by date and year 
and the monthly mean, standard deviation, and range 
of temperatures in the Galveston Bay system for all 
years combined, 1963-66. 

Four-Year Average 

All temperature observations taken during 
the 4-year period were averaged by month to 
show the average seasonal trend (Figure 3). 
Bottom water temperatures were lowest in 
January with a mean of 11 ° C and a range of 
18° C . Average monthly temperatures 
increased from January to July with the most 
rapid increase• from March to May. Mean tem
perature in July was 30° C with a monthly 
temperature range of only 7° C. Values 
decreased rapidly from September to October, 
were about the same in October and 
November, and then decreased sharply again 



from November to December. Temperatures 
fluctuated over a greater range in the fall and 
winter than in the spring and summer, prob
ably because cold fronts frequently move over 
the system during fall and winter. 

SALINITY 

Salinities in the Galveston Bay system 
ranged from 36.6 9-'oo in the Houston Ship Chan
nel in Lower Galveston Bay during 1963 to 
0.l 'Yoo in Trinity Bay in 1965 and 1966. The 
lowest and highest salinities observed over the 
entire area for each year were 0.4 and 36.6 o/oo in 
1963,0.3 and 33.3%0 in 1964,0.1 and 36.0%0 in 
1965, and 0.1 and 34.3 9'00 in 1966. 

Comparison Between Habitats 

In most bay areas and during most years, 
mean salinity was slightly higher in the open 
water than in the peripheral habitat and consid
erably higher in the channel than in the other 
two habitats (Table 3, Figure 4). These differ-

Table 3.-Comparisons of annual mean bottom salini
ties between habitats within each bay area in the 
Galveston Bay system, 1963-66. 

f.a:,;t 

T1'1mly 1%3 

1%b 

l'P" r 
G,,h·1·11tu11 'lt,J 

M1d-

1%"i 

%6 

G:.IH·"'tu1• Cjt,} 

Luw~·r 
Ccth~ston 9ttJ 

1%5 

1%6 
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Figure 4 . Mean bottom salinity by date and habitat 
within each bay area of the Galveston Bay system, 
1963-66. 

ences in salinity between habitats were highly 
significant except for East Bay in 1965. The 
greatest difference between habitats was in the 
three western bay areas, which are under the 
direct influence of the Houston Ship Channel. 

Comparison Between Bay Areas 

Salinities were significantly different be
tween bay areas within each habitat during 
each year (Table 4). Salinities were lowest in 
Trinity Bay and highest in Lower Galveston 
Bay. A progressive increase in salinity from the 
upper bays to the Gulf was evident in all 
habitats each year, with the exception of East 

Table 4 .- Comparisons of annual mean bottom salini
ties between bay areas within each habitat in the 
Galveston Bay system, 1963-66 
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Bay. Salinities in the peripheral and open-water 
habitats of East Bay were similar to those in 
mid-Galveston and Upper Galveston Bays, 
whereas salinities in the Intracoastal Waterway 
(channel habitat) were lower than those in the 
Houston Ship Channel. This anomalous situa
tion in East Bay is probably related to drainage 
of a large marsh adjacent to the I ntracoastal 
Waterway and to reduced saltwater intrusion in 
the waterway as compared with the Ship Chan
nel. 

Comparison Between Years 

For between-year comparisons, salinity data 
for all bay areas were combined by habitat and 
by year and plotted by date for the bay system 
(Figure 5). The data indicated a general 
decrease in salinity in all habitats from 1963 to 
1966. The smallest difference in salinity be-

~ ~-"' ---- 1966 --~ 

1196l- 196~ l 

Figure 5 . Mean values of bottom salinity by date, 
habitat and year in the Galveston Bay system, 
1963-66. 

tween years (about 4 %o) was in March and 
April, and the greatest difference between 
years (about 20%0) was in May and June. 
Differences of 10'¾:o or greater between years 
were observed from May to September in the 
peripheral and open-water habitats. The chan
nel habitat, which generally had the least sa
linity variation between years, had differences 
of lO'Yoo or greater from May through June. 

Seasonal trends varied between years in all 
habitats, although minimum salinities always 
occurred during the winter and spring and 
maximum salinities always occurred during the 
late summer and fall. 

Relation to River Discharge 

The relation between river flow and max
imum, minimum, and mean salinity in the bay 
system is shown in Figure 6. The Trinity and 
San Jacinto watersheds discharged between 2.5 

G 
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Figure 6 . Maximum, minimum, and mean salinity 
compared with stream flow in the Galveston Bay 
system, Texas, 1963-66. 

billion m3 of water in 1963 and 10.1 billion 
m3 in 1966. Of the yearly totals, the Trinity 
watershed contributed 7 5% or more of the 
total discharge each year. Salinities were 
inversely correlated with stream discharge (r = 
-0.60, d.f. = 96 for the Trinity and r = -0.37, 
d.f. = 96 for the San Jacinto watersheds) with 
the upper bay areas responding quickly to 
changes in stream flow ( Figures 4 and 6 ). 

The maximum water discharge during the 4 
years occurred in 1966, initiating a marked 
reduction in salinities in the peripheral and 
open-water habitat of all bay areas ( Figures 4 
and 5 ). Salinities in the channel habitat are 
primarily controlled by tidal waters from the 
Gulf and, thus, were less affected by freshwater 
inflow than those in the other habitats. 

Salinity Isopleths 

Annual isohalines for the bay system, and an 
isohaline constmcted from the 4 years of data, 
are shown in Figure 7. Average sa linities of 
10<10.J or greater were recorded near the Trinity 
River in 1963-64, whereas the 10%.J isohaline 
shifted westward toward Upper Galveston Bay 
in 1965 with increased freshwater inflow. In 
1966, salinities averaged below 10':bo in Trinity 
Bay. Lower Galveston Bay, which is adjacent 
to the Gulf, averaged 25%0 or greater in 
1963-64, hut not in 1965-66. In general, the 
system changed from a high-salinity regime 
brought on by a drought period in 1963-64 to 
a low-salinity regime in 1965-66 as a result of 
high rainfall and river discharge. 

The areal distribution of average salinities 
for the 4-year period showed that salinities in
creased from east to west and north to south in 
the system. The configuration of the isohalines 



Figure 7. Annual isohalines and the average isohaline 
based on 4 years of data, 1963-66. 

in the western portion of the system em
phasized the importance of Bolivar Roads Tidal 
Pass and the Houston Ship Channel as an ex
change mechanism for bay and Gulf waters. 
Rollover Pass had little influence on the sys
tem, except in East Bay in the immediate 
vicinity of the pass. 

DISSOLVED ORGANIC NITROGEN 

Concentrations of dissolved organic nitrogen 
in the Galveston Bay system varied from 1 µg 
at/liter to 300 µg at/liter. Both extremes were 
recorded in Upper Galveston Bay. The range in 
values in the bay system for each year that 
nitrogen was sampled were 10 to 251 µg 
at/liter in 1964, 1 to 300 µg at/liter in 1965, 
and 6 to 200 µg at/liter in 1966. 
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Comparison Between Habitats 

Concentrations of nitrogen differed signif
icantly between habitats in Lower Galveston, 
Upper Galveston, and East Bays in 1965 and in 
Lower Galveston Bay in 1966 (Table 5, Figure 
8). The greatest concentration of nitrogen was 
in the channel habitat in Upper Galveston and 
East Bays in 1965, whereas the peripheral 
habitat of Lower Galveston Bay had the 
greatest concentration of nitrogen in 1965 and 
1966. 

Table 5.-Comparisons of annual mean concentrations 
of dissolved organic nitrogen between habitats within 
each bay area in the Galveston Bay system, 1964-66. 

Habitats compared and mean Degrees 
Bay nitrogen values of Test value 

Year Peripheral Open Channel freedom ~ I 

East 1964 47 

1965 37 

196b 58 

Trimty 1%4 62 

1965 37 

1966 4b 

Upper 
Galveston 1964 ., 

1965 73 

1966 87 

Mid-
Galveston 1964 78 

1965 60 

1966 68 

Lower 
Galveston 1964 45 

1%5 42 

1966 47 

** S1gniftcancc level = 1%, 

~::;~6-4 
or 

~ '~r 
► 200~ i 10:~ 

iI 
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31 65 

58 

53 
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80 
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Figure 8. Mean concentrations of dissolved organic 
nitrogen by date and habitat within each bay area of 
the Galveston Bay system, 1964-66. 



Comparison Between Bay Areas 

Differences in nitrogen concentration be
tween bay areas in each habitat were highly 
significant (Table 6). Concentrations of nitro
gen were highest in all habitats of Upper and 
mid-Galveston Bays except in 1965 when the 
concentrations in the channel habitat of East 
Bay exceeded that in mid-Galveston Bay. 

Table 6.-Comparisons of annual mean concentrations 
of dissolved organic nitrogen between bay areas 
within each habitat in the Galveston Bay system, 
1964-66. 

Bay areas compared and mean nitrogen values Degrees 
HabHat Year Ea,t Trinity Upper Mid- Lower o! F 

Gal veston Galveston Calve,ton freedom value 

Pe r ipheral 1%4 47 62 89 78 " 4, 36 6. 74"'* 

1965 l7 38 84 62 41 4, 104 2.Z. 0-1** 

1%6 S9 44 90 66 47 4, 100 15.57n 

Opie-n water 1%4 46 53 64 ,. l, 27 l I. 5-l** 

l9b5 32 39 " JO ), 27 18 )lU 

1%6 >7 42 94 7l 40 -1. 80 II 90*• 

Cha.nncl t%4 46 106 63 40 l, U 15.97 .. 

1965 72 142 " 27 3, 4.Z 80. 14*"' 

•• S1gn1fican~t: level = l"lo. - No dau 

Areal distributions of nitrogen concentration 
in the bay system are shown in Figure 9. An 
isopleth was not drawn for 1966 because nitro
gen was sampled at only 16 stations. The 
greatest concentration of nitrogen was in the 
Houston Ship Channel, and concentrations 
decreased from Upper Galveston to Lower 
Galveston Bay. The second major source of 
nitrogen was the Intracoastal Waterway where 
concentrations decreased from the eastern to 
the western part of East Bay. The isopleths also 
indicate the relative contribution of nitrogen 

ORGANIC NITROGEN 
(µ.G AT. /L . ) 

1964 1965 

Figure 9. Isopleths (annual average) for dissolved 
organic nitrogen in the Galveston Bay system, 
1964-65. 
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from the creeks and bayous. The influence of 
Gulf waters low in nitrogen was apparent in 
Lower Galveston and East Bays. 

Comparison Between Years 

In general, nitrogen values were similar be
t ween years within each habitat of the 
Galveston Bay system (Figure 10). Greatest 
variations between years in the peripheral and 
open-water habitats were in the spring and fall, 
whereas the variations between years in the 
channel were erratic. 

7 

Figure 10. Mean values of dissolved organic nitrogen 
by date, habitat , and year in the Galveston Bay 
system. 1964-66. 

Relation to River Discharge 

Nitrogen levels in the lower bays were more 
closely correlated with river discharge from the 
Trinity and San Jacinto watersheds than those 
in the upper bays (Table 7). This may be 
related to a rapid transport of upper bay water 
high in nitrogen content into the lower bays 
during the periods of high river flow. 

Table 7 .-Correlation coefficients (r) between average 
weekly stream flow and concentrations of dissolved 
organic nitrogen, 1964-66. 

Bay area 
N1cro€:"" v"rsus Tumty discharge Nitrogen vers,,i.s San Jacrnto ducharge 
Peripheral Open water Channel Peripheral Open water Channl!'l 

East 0 37*• 

67 

d I 68 
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C.al\'ll'Shrn -0 29• 
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0. 26• 

b5 

-0 07 

6S 

-0. 11 
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TOTAL PHOSPHORUS 

Total phosphorus concentrations in the 
Galveston Bay system during 1966 varied from 
0.1 µg at/liter in East Bay to 4 7 .5 µg at/liter in 
Upper Galveston Bay. The lowest and highest 
values respectively were 0.7 and 13.7 µg at/liter 
in 1964, and 0.3 and 17.1 µg at/liter in 1965. 

Comparison Between Habitats 

Difference in phosphoms concentrations be
tween habitats in all bay areas except East and 
mid-Galveston Bays were not significant (Table 
8, Figure 11). In East Bay, there was a greater 

Table 8.- Comparisons of annual mean concentrations 
of total phosphorus between habitats within each bay 
area in the Galveston Bay system, 1964-66. 
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Figure 11. Mean concentrations of total phosphorus 
by date and habitat within each bay area of the 
Galveston Bay system, 1964-66. 
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concentration of phosphorus in the open water 
than in the other habitats in 1964 and 1965, 
whereas, in 1966, phosphorus concentrations 
were greater in the peripheral than in the 
open-water habitat (samples were not taken in 
the channel). Mid-Galveston Bay had a greater 
concentration of phosphorus in the open-water 
than in the peripheral habitat in 1966. 

Comparison Between Bay Areas 

Each year concentrations of phosphorus 
varied significantly between bay areas within 
each habitat (Table 9). Greatest concentrations 
were in Upper and mid-Galveston Bays and 
lowest concentrations were in East Bay. In 
1964 and 1965 concentrations of phosphorus 
decreased from north to south and from west 
to east in the bay system (Figure 12). 

Table 9.-Comparisons of annual mean concentrations 
of total phosphorus between bay areas within each 
habitat in the Galveston Bay system, 1964-66. 

------------------ ---· 
£ ,y ar..- comp.1,rc:• 111c-,1.I1 pt ,:.pl.jtu:!> ·alu., n .. grt" 
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Figure 12. Isopleths (annual average )for total phos
phorus in the Galveston Bay system, 1964-65. 



Comparison Between Years 

Mean concentrations of phosphorus between 
years were similar in 1964, 1965, and during 
the first half of 1966 (Figure 13). Beginning in 
June 1966, phosphorus concentrations 
increased markedly from a level of about 5 µg 
at/liter in the habitats sampled and reached an 
all years' maximum of about 20 µg at/liter 
during the fall. Values remained above average 
(about 5µg at/liter) the remainder of the year. 
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Figure 13. Mean values of total phosphorus by date, 
habitat , and year in the Galveston Bay system, 
1964-66. 

Relation to River Discharge 

River discharge from the Trinity or San 
Jacinto watersheds was not closely correlated 
with phosphorus levels in any of the habitats or 
bay areas (Table 10), although phosphorus 
concentrations in the system reached the 
greatest levels following the period of greatest 
stream flow in 1966 (Figures 6 and 11). 

Table 10.- Correlation coefficients (r) between average 
weekly stream flow and concentrations of total phos
phorus, 1964-66. 

Phosphorus \lcrsus Trinity d1scha.rgc Phosphoru1 versus S•n J.t.crnto duch.;nge 
Peripheral Open W<llcr Ch.illnncl Pcnphcrill Open w.t.lcr Channel 

£.i11sl -0. 13 

d f 

Trinity - 0 4 1•• 

d f 68 

Upper 
G.iiih,cston .O. ZS• 

M1d-

G.i11lvcston -0 16 

Lower 
Gahcston -0 07 

d. l. 6b 

-0 26 

56 

21 

- 0 04 

66 

0 06 

63 

-0. 18 

0 15 

32 

0 20 

29 

0. l8 
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-0 . 10 

55 

57 

s; 

-0 JO 

55 

0. 01 

55 

-0. 18 

60 

-0 . 24 
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-0 SJ• 

16 

0 II 

55 

0 lb 

52 

- No d.ilta,. 

0 19 

29 

0. OJ 

27 

0. 01 

26 

0 09 

JO 
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Relation to Nitrogen 

Phosphorus and nitrogen values were pos
itively correlated each year (r = 0.43, d.f. = 328 
in 1964; r = 0.39, d.f. = 757 in 1965; and r = 
0.36, d. f. = 382 in 1966 ). 

DISSOLVED OXYGEN 

Dissolved oxygen levels in the system varied 
from a minimum of 0.2 ml/liter in East Bay to 
a maximum of 13.6 ml/liter in Upper 
Galveston Bay. Annual low and high values, 
respectively, were 2.4 and 13.6 ml/liter in 
1964, 0.9 and 13.4 ml/liter in 1965, and 0.2 
and 10.8 ml/liter in 1966. 

Comparison Between Habitats 

Within each bay area and year, dissolved 
oxygen concentrations were usually lowest in 
the channel and highest in the peripheral and 
open-water habitats (Table 11, Figure 14). The 
greatest variations in oxygen concentrations 
between habitats occurred in Upper Galveston, 
mid-Galveston, and East Bays. 

Table 11.- Comparisons of annual mean concentrations 
of dissolved oxygen (ml/liter) between habitats 
within bay area in the Galveston Bay system, 
1964-66. 

Habitats c:omp.il red and me.iln Degrees 

Bay Year oxygen v•l1Je s of Test \al1Je 
Peripheral Op,n Channel freedom ~ .: 

- - - - - - ml/1,te! 

E.ilsl 1%-1 5 8 5 7 5. 0 l, t8 9 H•• 

1965 6 0 6 O 4 6 l, 4Z 37 31** 

1966 5 9 6 2 l8 l 79~,c, 

Tr1n1ty 1%4 5 5 5 7 I 16 

1965 6 J 6 f ,. 0. 85 

1966 6 0 6. I " 0. 29 

Upper 
Galveston 1964 7 0 • J J QJ,o 

1965 6 5 15 3.9111'* 

1960 5 0 • 9 25 0 42 

Mid-
Gal\"eston 1964 7 J 5 6 '7 2, 18 15 ai•• 

1965 6 • '7 ' 9 
2, 32 0 86U 

1960 6.' 5 7 24 2 JO 

Lower 
Galve,ton 196-1 ' 9 

5 5 
5 ' '· 18 J 13 

1965 5 0 5 8 5 6 l, l4 0. 05 

1960 6 2 6 2 26 o. l 4 

• Signihc.t.nce level = 5"'1. 

•• Signiflc:anc.e level = 1%. 

- No d.t.l.il 
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Figure 14 . Mean concentrations of dissolved oxygen 
by date and habitat within each bay area of the 
Galveston Bay system, 1964-66. 

Comparison Between Bay Areas 

Comparisons of dissolved oxygen values be
tween bay areas are shown in Table 12. In the 
peripheral habitat, oxygen values were gen
erally higher in mid-Galveston Bay than in the 
other bays. In the channel, however, oxygen 
values were lowest in Upper Galveston Bay and 
increased toward Lower Galveston Bay. Dis
solved oxygen concentrations, as shown by 
mean values, were relatively stable throughout 
the open-water habitat in 1964-65 but were 
depressed in Upper Galveston Bay in 1966. 

Table 12.-Comparisons of annual mean concentrations 
of dissolved oxygen (ml/liter) between bay areas 
within each habitat in the Galveston Bay system, 
1964-66. 

Bay are.a!! ccrnparcd and me.an OIC)'Retl value, Deare-ea 
H•b1t.i.t Yeci.r East Tnnny Upper Mid - Lower of F 

G.i.lveston G;;ilvcston C.Uve.ston freedom value 

- - - - • • • - - ml/lUcr - • - - ••••• 
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1%5 • I ,.. 5 8 
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1%5' 5 9 

1%6 • 0 
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Seasonal trends in the concentrations of 
oxygen were similar between years (Figure 15). 
Oxygen values were maximum during the 
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Figure 15. Mean values of dissolved oxygen by date, 
habitat , and year in the Galveston Bay system, 
1964-66. 

winter, decreased through the spring and 
attained an annual low in the summer. Oxygen 
levels then increased during the fall and 
attained an annual maximum again during the 
following winter. This trend was inversely 
correlated to temperatures as indicated by 
r-values of -0.44, d.f. = 343 in 1964; -0.23, d.f. 
= 686 in 1965; and -0.52, d.f. = 409 in 1966. 
The channel habitat had greatest variations in 
oxygen concentration between years. 

DISCUSSION 

Several major alterations that are expected 
to affect the hydrography of the Galveston Bay 
system are contemplated or under construc
tion. An electric generating plant is being con
structed on Cedar Bayou, which empties into 
Upper Galveston Bay, by the Houston Lighting 
and Power Company (Figure 1). A ma.ximum 
of about 63.7 m3/sec of water will be taken 
into the intake canal located 14.5 km up Cedar 
Bayou, warmed about 5° C, and discharged 
into Trinity Bay through an excavated channel. 
This amount of water flow is about 24% of the 
average annual flow from the Trinity and San 
Jacinto watersheds combined. The water being 
drawn from Upper Galveston Bay through the 
mouth of Cedar Bayou will flow predom
inantly upstream. Passage of large volumes of 
water through the generating plant is expected 
to increase temperature, salinity, dissolved 
organic nitrogen, and total phosphorus in s9me 
areas of Trinity Bay. 

The proposed Texas Basin Project is one of 
many plans to develop water resources of 
Texas (Diener, 1964; Chapman, 1966). Reser
voirs would supply water to a trans-Texas canal 
which would intercept tributary discharge to 



all coastal marshes. Anticipated water demands 
not related directly to the project, combined 
with project diversions, would reduce by one
half the average annual freshwater flow of 31.7 
x 109 m3 now reaching Texas estuaries. Fresh
water flow into the Galveston Bay system 
would be reduced by about one-third. Even 
more dramatically, Moore (1968) stated "It has 
been roughly computed that annual freshwater 
needs from the developed rivers for bays and 
estuaries will amount to 2.45 million acre-feet 
(3 x 109 m3) annually, while the annual Gulf 
water needs through new tidal inlets will 
amount to 33.4 million acre-feet ( 40.7 x 109 
m3)." This plan, if implemented, will cause 
salinities in the Galveston Bay system to 
increase. If freshwater inflows are reduced 
without an increased flow of Gulf water into 
the bay system, we anticipate nitrogen and 
phosphorus concentrations to increase. If flow 
of Gulf water into the bay system increases, we 
anticipate nitrogen and phosphorus levels to 
decrease. 

Hurricane protection levees are being built 
around the Galveston Bay system and tidal 
exchange structures for the tidal passes are 
being designed and planned by the U.S. Corps 
of Engineers. These structures are expected to 
reduce tidal exchange, thus affecting the 
normal circulation patterns in the system. 
Salinities would probably be reduced under the 
present stream flow conditions, whereas nitro
gen and phosphorus levels would probably 
increase owing to a reduction of water 
exchange to the system. We would expect the 
large amount of nutrients that would accu
mulate to cause dissolved oxygen depletion of 
the water at times. 

The quantity of industrial and domestic 
effluents entering the Galveston Bay system is 
about 1.8 million 1113 per day (R.A. Diener, 
NMFS, unpublished data). Since human pop
ulations are increasing rapidly in areas adjacent 
to the Galveston Bay system, we expect the 
domestic and industrial pollution load entering 
the system to increase in a similar manner for a 
long period of time. Nitrogen and phosphorus 
levels are already high in some parts of the bay 
system and are expected to reach much higher 
levels in the near future. 

Various modifications to the bay system can 
have opposing effects on particular hydro-
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graphic variables, as indicated in the examples 
previously discussed. Some modifications could 
be planned which allow the maintenance of 
hydrological conditions similar to the natural 
state. Until more is known about the biology 
of estuarine animals, modifications of estuaries 
without maintaining present hydrological 
conditions involves a great risk of destroying 
many valuable estuarine resources. 
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