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38 have been made available through the Fish and
Wildlife Service of the United States Department
of the Interior and are on file in the Department
of Oceanography at Texas Agricultural and Me-
chanical College where a file-report has been pre-
pared. The key in figure 38 shows the period of
years in which observations were made and sent
in from each station. The study of these shore
station data is continuing, and references to addi-
tional information of this kind are sought. It is
hoped that they may provide a clue to general
changes which are occurring offshore where ob-
servations are not so readily obtainable.

Studies of sea surface temperatures in the Gulf
of Mexico have been based on some 200,000 ob-
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servations taken on ships in this area over a period
of more than 50 years. The majority of these
observations were made with the instruments
carried as a vegular part of each ship’s equipment.
Due to the possibility of error in the individual*
thermometers and to errors in reading, the results
must be interpreted with care. However, with
such a large number of observations the non-
systematic errors tend to cancel each other, with
resulting averages being not far from the true
mean.

The Weather Bureau of the United States De-
partment of Commerce has computed average sea
surface temperatures in the Gulf of Mexico using
the above observations. Table 1 shows the aver-

TaBLE 1.—Monthly average sea surface and air temperatures in the Gulf of Mezxico (in degrees Fahrenheit)

[Figures in italics are averages of dry bulb thermometer readings observed as a rule on the ship’s bridge. Figures in roman are mean sea surface temperatures,
obtained mainly from bucket sampling]

Area 100-95W 30-25N | 95-90W 30-25N | 90-85W 30-25N | 85-80W 30-25N |100-95W 25-20N| 95-90W 25-20N | 90-85W 25-20N | 85-80W 25-20N
66.8 67.7 63.5 67.9 68.1 72,5 69.3 73.2 70.7 73.0 72.5 74.3 741 76.3 71.9 75.0
66.§ 68.3 63.7 67.3 68.8 2.1 69.2 72.7 70. 4 72.6 72.7 73.9 741 76.0 72.1 74.7
67.5 68.8 66.8 68.5 69.8 72.6 70.9 73.2 72.7 73.3 73.8 74.6 75.8 76.4 7.3 75.3
73.8 72.6 71,1 71.6 78.8 74.6 740 75.2 76. 4 75.4 76.2 76.1 mia 71.7 75.9 76.8
75.6 76.3 76.9 76.0 m8 T 775 77.9 78.6 78.5 78.8 78.6 79.4 79.5 78.7 7.0
80.8 80.5 80.3 80.6 80.8 8.0 80.6 80.8 80.8 81.1 81.0 81.2 81.2 81.6 81.3 81.5
83.1 82.6 82.5 83.1 82. 4 82.9 82.3 82.6 81.7 82.5 82.1 82.4 82.2 82.6 82.7 83.0
82.9 83.3 83.0 83.9 82.9 83.7 82.6 83.4 82.5 83.3 82,4 83.2 82.5 83.2 83.0 83.8
81.8 83.3 81.5 82.8 81.8 82.9 81.9 82.9 81.6 83.1 82.1 83.2 82.2 83.1 82.3 83.4
7.2 80.2 76. 4 79.4 77.8 80.3 78.5 80.7 79.1 81.3 80.2 8L.6 80.1 81.8 79.6 81.5
.2 76.3 70.4 74.7 72.8 76.7 740 77.5 75.1 71.9 76.5 78.5 76.9 79.5 76.8 78.8
69.8 70.7 65. 4 70.7 69.8 74.2 70.9 75.0 .7 74.5 78.8 75.9 75.2 71.7 73.3 76.5

NoTtE.—From Charts 115-126, Atlas of Climatic Charts of the Oceans, U. 8. Department of Commerce, Weather Bureau.

age sea surface and air temperatures for the 12
months of the year, the Gulf being divided into
eight 5° quadrangles. This information was taken
from charts 115 to 126 of the Weather Bureau’s
Atlas of Climatic Charts of the Oceans.

Probably the most recently prepared charts
showing average sea surface temperatures in the
Gulf are those of Fuglister (1947). Isotherms
reproduced from his work for the winter month
of February and the summer month of August
are shown in figures 39 and 40. The main feature
of the average winter pattern is a gradual drop
from approximately 75° F. in the south to 65° F.
in the north in all parts of the Gulf, the gradient
being larger in the east portion. In the summer-
time the average temperatures are very nearly
uniform at 84° F. throughout the region. Cruises
of the Alaska indicate that considerable deviation
from these average isotherms may occur at cer-
tain times.

The annual range of normal sea surface tem-
perature varies from 15° to 20° F. in the northern

portion of the Gulf, while in the central and
southern portions the range is about 10° F.
February is normally the coolest month of the
vear, though January is the coolest month for
that portion of the Gulf adjacent to Texas and
Mexico. Except for a few scattered areas,
August is normally the warmest month of the year.

In regard to diurnal variation of surface tem-
perature in the Gulf, a study by Stommel and
Woodcock (1951) presents some data and dis-
cusses various methods of computation. It makes
recommendations for future investigation of this
problem,

According to Storey (Gunter 1947), there were
nine freezes along the west coast of Florida be-
tween 1886 and 1936 which killed fishes in large
numbers. Intense cold spells, sufficiently severe
to kill large numbers of fishes, occurred along the
Texas coast on an average of one every 14 years
between 1856 and 1940, with less damaging spells
coming at shorter intervals. Similar data for
other parts of the Gulf coast are not available.
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Slocum (1934-36) has made a comparative
study of sea surface temperatures for various
regions of the Gulf in different years. This study
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is based on temperature observations taken from
1912 to 1933. The year-to-year changes are
summarized in table 2 for the regions shown by

TABLE 2.—Some variations of mean annual sea surface temperatures for 1912-33 1 in various regions of the Gulf (° F.)

[After Slocum]
. (1) (2) (32 (4) (5) (6)
Variation 25-26° N 27-20° N. 26-28° N. 21-25° N 23-24° N. 21-22° N, 85-87° W.
84-86° W 90-93° W. 86-89° W, 90-84° W 82-84° W. 22-23° N., B4-87° W.
77.0 78.7 79.7 80.9 81.1
1.1 1.5 0.9 1.2 1.0 0.8
75.5 77.8 78.5 79.9 80.3
1. 1.6 1.2 0.9 2.1 1.0
73.9 76.6 77.6 7.8 79.3
2. 3.1 2.1 2.1 3.1 1.8
I

1 The number of observations varies from year to year, Few observations were made in 1917-19. In other years, the number ranged from 100 to over a

thousand in each region. Locations are shown in figure 41.

encircled numbers in figure 41. The mean tem-
perature for each year has been computed. It is
of interest to note that in one case the minimum
mean yearly temperature for a given region for
this period of years differed from the overall mean
temperature for the region by 2.1° F. Moreover,
the maximum and minimum mean yearly tem-
peratures differ by 3.1° F. in two localities. For
one of these extreme examples, in the region
27-29° N., 90-93° W., the lowest mean yearly
temperature recorded was for the year 1915 which
showed a mean temperature of 73.9° F. In 1922
and 1927, the highest mean temperatures were
recorded here, being 77.0° F. For the other
example, the low was 77.8° F., the high 80.9° F.
Slocum’s study also included consideration of the
means for the different months of the year.

SEA TEMPERATURE VARIATIONS WITH
DEPTH

The sea temperatures obtained by the Mabel
Taylor below the surface have been_published by
Parr (1935). Although the depths of these obser-
vations are not known accurately, they do give
considerable information about vertical tempera-
ture distribution. An average temperature-salinity
correlation in the Gulf of Mexico proper as worked
out by Parr for the months February-April is
given as table 3.

In the early 1940’s the United States Navy
developed the bathythermograph for making
observations of sea temperature continuously from
the surface to depths as great as 900 feet. To
date, some 10,000 observations or bathythermo-
grams have been made in the Gulf. Copies of

259534 0—54——10

these are now filed at the Woods Hole Oceano-
graphic Institution where they are processed and
in the Department of Oceanography at Texas
Agricultural and Mechanical College. Their dis-
tribution by 1° quadrangles is shown in figure 42.

TaBLE 3.—An avercge temperature-salinity correlation for

the Gulf of Mexico proper
[After Parr]

Average tem- Average Weighted aver-
perature salinity age depth
°C. °l e m
24,74 36.19 5
23.06 36. 06 15
21.03 36. 14 58
19. 25 36. 28 94
17.09 36.22 125
14,85 35.95 192
13.00 35. 68 237
10. 89 35,35 321
9.60 35.16 380
8.57 35.04 432
7.42 34,93 562
6.39 34.88 647

Two bathythermograms, one for summer and
the other for winter, were chosen from each of
four parts of the Gulf within the 1,000-fathom line.
These locations are indicated by encircled crosses
in figure 41. The bathythermograms were chosen
as being typical after considering range of tempera-
ture variation, general shape of temperature-depth
curve, depth of thermocline, and other features.
Unfortunately, due to the paucity of observations
it was not possible at any one of the four positions
to obtain “typical” summer and winter bathy-
thermograms from the same year. However, by
plotting a typical summer and a typical winter
bathythermogram for each position on the same
coordinates it was possible to show in a general
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Ficure 43.—Typical summer and winter bathythermograms from different areas in the Gulf of Mexico.
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way the seasonal differences. These curves are
presented in figure 43 which gives the date and
position of each observation. Typical curves
properly selected are believed more representative
- of conditions than average ones, since certain
characteristic features of temperature structure
may be lost in the process of averaging. A report
“by Adams and Sorgnit (1951) gives similar infor-
mation for each 1° quadrangle of the Gulf where
data were available. It also shows the contours
of the bottom of the mixed or isothermal layer in
summer and winter insofar as can be determined.

SALINITY

Parr (1935) presents a chart of the distribution
of average salinities in the upper 50 meters of the
Gulf of Mexico. It shows the values to be typ-
ically 36.00 parts per thousand over the entire
central region. Water from the Mississippi River
reaches to depths of 50 meters and extends beyond
Mabel Taylor station 1106 (fig. 36), a distance of
150 miles, keeping salinities below 36.00 parts per
thousand. Near stations 1201 and 1202 the river
extends its influence on salinity only about 85
miles seaward.

From the Yucatdn Channel a subsurface in-
trusion of water having salinity over 36.50 parts
per thousand extends north and bends westward
to the central part of the Gulf. From February
to April this tongue underwent a marked shift
westward in position of some 120 miles according
to the Mabel Taylor data.

-Above 50 meters waters of salinity greater than
36.25 parts per thousand are found over both the
wide Campeche and Florida Banks indicating
possible upwelling of the subsurface intrusion.

Average variation of salinity with depth is
shown in table 3.

TEMPERATURE-SALINITY
RELATIONSHIPS

An average temperature-salinity relationship for
the Gulf proper was shown in table 3. A single
station typical of what Parr defined as the Gulf
Complex is Mabel Taylor station 705 (fig. 36).
Another which he calls typical of the Caribbean
Complex, divided from the Gulf Complex by a
line extending from the northeast corner of Yuca-
tdn Bank to the southwest corner of the Florida
Bank, is station 701 (fig. 36). Data for these sta-

tions are listed in table 4. 'The primary difference
between these two distributions is that at temper-
atures above 18° C, the Gulf Complex station has
markedly lower salinities, being below 36.32 parts
per thousand, while the Caribbean station has
values as high as 36.73 parts per thousand.

The TS curves in the Yucatin Channel do not
seem to vary significantly from year to year, but
those in the Straits of Florida are not so stable,
particularly at temperatures above 20° C.
Cruises in different years in the Straits have
shown wide variations in the extent of Gulf
water found in the upper 200 meters.

TaBLE 4.—Typical temperature and salinity data

[After Parr]
Gulf Com‘plex Station 705, Feb. Caribbean Complex Station 701,
18, 27°42' N., 86°00" W. Feb. 16, 23°28' N., B5°37" W.
. Tempera- Tempera-
Depth Salinity ture Depth Salinity ture
m. /o, °C. m, °/o0 °C.
0 35. 52 23.75 0 36.18 25,34
30 36, 15 23.15 100 36. 32 25.28
100 36.32 18. 59 200 36,73 21.88
150 36. 21 16. 58 300 36. 44 18.21
200 35,96 14. 94 400 35.94 14. 96
300 35. 52 12.30 600 35,08 9.12
500 35.08 7.88 800 34.86 6.86
700 34,87 5.01 1,000 |ooooo_. 5.15
900 34.02 4,94
1, 200 34.95 4.21
1, 500 34,97 4,21
2,000 34,07 4.16
2, 500 34.07 4.22
3,000 34,97 4.24

Parr (1935) believes that since—

The presence of Gulf waters in the Straits of Florida
is . . . identified with the location in which a counter-
current running in the opposite direction of the Caribbean-
Florida Current flow is usually indicated on the hydro-
graphic charts. . it seems reasonable to draw the
tentative conclusion ‘‘the water masses of the Gulf of
Mexico proper should be considered part of the coastal
water system of the North and Central American Atlantic
seaboard and not as part of the oceanic-circulation system
of the Caribbean and Florida Currents.”

Considerable further evidence is required to
fully support this tentative conclusion.

Below 800-1,200 meters depth observations of
the Mabel Taylor showed hydrographic conditions
in the Gulf so extremely uniform that it was not
considered advisable to attempt to prepare verti-
cal profiles for the deep layers. More accurate
depth determinations on subsequent investigations
may bring out significant variations at these
depths.
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OCEAN WIND WAVES AND SWELL

A basic and easily obtainable reference for
climatic data on waves in the Gulf is the Atlas of
Sea and Swell Charts of the United States Navy
Hydrographic Office (1943-50), Miscellaneous
Publication No. 10,712, A through D. Certain
uses of these data are discussed by Fleming and
Bates (1951).

Information concerning wave heights in some
regions on certain specific days may be obtained
by referring to wind data available through the
United States Weather Bureau and applying a
method of calculation described in United States
Navy Hydrographic Office Publication No. 604,
Techniques for Forecasting Wind Waves and
Swell.

The problem of wave action on structures is
discussed by Munk (1947). Considerable addi-
tional research will be required before knowledge
of wave forces in the Gulf is complete. Such work
has been underway at the University of California
(La Jolla and Berkeley) and is being initiated at
Texas Agricultural and Mechanical College.

SHALLOW WATER OCEANOGRAPHY

Much of the marine interest on the Gulf coast
tends to center on the shallow waters. There are
many bays, lagoons, and inlets of great importance
to fishing, navigation, recreation, oil recovery,
and other activities. Each of these presents its
own peculiar problems, and extensive investiga-
tions have been carried on in many of them.
A recent publication indicating the nature of this
work is that of Collier and Hedgpeth (1950). A
good bibliography is included indicating the
variety of studies which are important in determin-
ing the physical characteristics of such regions.

Many analyses of shallow water areas have been
conducted for private sponsors, and the results
are not yet available. However, they are gradually
being released for publication.
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