RIVERS IN THE OCEAN

Many a child has stood on the beach at the water’s edge and imagined stuffing a note into a bottle and tossing it into the water. It would drift for months, maybe years, finally coming ashore in a far-off land to be discovered by an exotic foreign child. Such daydreams illustrate a basic understanding of ocean currents- that water travels from one region to another, carrying objects with it.

In 1885, Prince Albert I of Monaco indulged just such a notion. A lifelong interest in the sea prompted the prince to sail to the Azores and throw some 150 bottles and barrels into the Atlantic. Each vessel contained a message asking the person who found it to write to him in Monaco. Replies to this and subsequent experiments allowed Prince Albert to make some accurate deductions about the most famous of ocean currents, the Gulf Stream.

From the major surface currents of the world to the eddies and currents off the Texas coast, the water of the earth are alive and moving. Currents play a role in decisions made by biologists, petroleum engineers and the U.S. Navy. Fishermen and boaters around the world have learned to use surface currents to their advantage. Here at home, an oceanographer in Port Aransas is studying how currents contribute to beach litter, and a professor at Texas A&M University is doing research on currents that should improve the U.S. Coast Guard’s rescue efforts.

Interest in the oceans and their currents began centuries ago, and early theories were diverse. Christopher Columbus believed that the waters followed the motions of the heavens about the earth. Others thought that the heat of the sun attracted the ocean and formed mountain of water that moved through the sea. Still others said the sun cause water in the ocean to evaporate, leaving a large hole into which the surrounding water rushed.

In truth, the major ocean currents of the world are driven by the wind, east to west near the equator and west to east near the poles. Currents have been described as rivers in the ocean. This description is accurate in some respects, but unlike rivers, currents have no beginning and no end. Were it not for the continents, currents would encircle the earth, going around and around endlessly. But the continents deflect the currents and here a third factor comes into play, the Coriolis force.

The Coriolis force is a consequence of the earth’s rotation, and Jonathan Weiner, in his book “Planet Earth,” explains its effect on ocean currents: “Spin a classroom globe and try to draw a line straight from the North Pole to the equator. Then stop the glove and look at the line. It is not straight; while the pinpoint moved downward, the globe swept sideways beneath it, and the line the pen traced on the sphere was bent. In much this way, the great, spinning Earth bend the path of everything that crosses its surface…”

So the wind sets the currents in motion, the continents deflect them and the Coriolis force twists them into what oceanographers call gyres. These gyres, which are giant, circular surface currents, rotate clockwise in the northern hemisphere and counterclockwise in the southern hemisphere. For example, in the North Atlantic and North Pacific, the main currents flow toward the north on the western side of the ocean, east across the ocean then south to join the westward-flowing current just north of the equator. The pattern is reversed in the southern hemisphere. Just beneath these surface currents is another layer of water flowing at a slight angle. 

Near the equator is a countercurrent that flows toward the east and separates the northern and southern gyres. A gyre in the Indian Ocean changes directions every six months due to reversals in the atmospheric circulation. The only place where currents are not twisted into gyres is around Antarctica. With no land to stop it, a current constantly circles the continent at the bottom of the earth. 

Currents are credited with having an effect on temperatures and climates. For example, the Gulf Stream that runs up the eastern coast of the United States is said to carry warm water from the equator northward across the Atlantic, keeping Great Britain’s temperatures fairly mild for a country so far north. Like wise, the currents carry cold water from the Arctic southward; the California Currents transports cold water from the northern Pacific, keeping the west coast of the United States relatively cool in the summer.

Just as currents carry bottles, they can transport plants and animals far from their places of origin. Padre Island, for example, is a repository for large numbers of tropical seeds and fruits. Known as sea-beans, these large seeds ride the currents to Padre from Africa, South America and the Caribbean.

The western portions of gyres in the North Atlantic and North Pacific, known as the western boundary currents, are stronger than currents on the eastern edges of the gyres. The Gulf Stream in the western North Atlantic and the Kuroshio Current that sweeps along the coast of Japan in the western Pacific are both western boundary currents, and they have similar characteristics.

Americans and Europeans have studied the Gulf Stream for centuries. “The Gulf Stream has been described as an intense, narrow ribbon of water,” said Jennifer Clark, an oceanographer with the National Oceanic and Atmospheric Administration’s Oceans Product Center in Camp Springs, Maryland. “It is very deep, and moves at a speed of two to four knots.” Clark added that

Currents on the eastern edges of oceans, such as the California current, are broad and slow. The powerful Gulf Stream carries 5,000 times as much water as the Mississippi River, and 25 times as much as all the world’s rivers combined.


Long before Prince Albert conducted his experiment with the bottles, explorers were taking note of the phenomenon known today as the Gulf Stream. One of the first mentions was in the log of Ponce de Leon’s 1513 expedition. The party met a current they were unable to stem, even though they had good winds. Although they appeared to be moving though the water they were actually drifting backward, since the stream was stronger than the wind. In 1590, John White, governor of the Roanoke Colony, wrote about a voyage from the Florida Keys to Virginia. Although he didn’t mention the Gulf Stream by name, it undoubtedly is the phenomenon to which he referred: “We lost sight of the coast and stood to sea for to gain the help of the currents, which runneth much swifter farre off than in the sight of the coast…”


Two centuries ago, Benjamin Franklin conducted a study of the Gulf Stream to explain why mail boats sailing from Falmouth, England to New York took two weeks longer to sail the Atlantic than ships sailing from London to Providence, Rhode Island. Franklin’s cousin, Timothy Folger, determined that the mail boats were sailing against the Gulf Stream, and could loose up to 70 miles per day. Franklin and Folger published a chart of the Gulf Stream in 1786.


Despite its name, the Gulf Stream does not begin in the Gulf of Mexico but off the eastern coast of Florida. But as recently as the late 19th century the “Encyclopedia Britannica” the stream the stream “passes westwards along the northern coast of South America until it is deflected northwards by the coast line of Central America, and is driven between the peninsula of Yucatan and the western extremity of Cuba into the Gulf of Mexico…”A map published with the article showed the Gulf Stream hugging the coastline of Mexico, Texas and Louisiana.


Even though the Gulf of Mexico can’t claim the Gulf Stream, it is not without a current of its own, the Loop Current. “The Loop Currents enters the Gulf of Mexico between Yucatan and Cuba,” said Jenifer Clark. “It travels in a clockwise direction and exits between Florida and Cuba, then joins that Gulf Stream in the Atlantic.” 

Steven Baig, with NOAA in Miami, called the Loop Current “the source of the Gulf Stream,” and Clark said the waters of the Lop Current, like those of the Gulf Stream, are warmer than the surrounding ocean. “It might be 64 to 66 degrees near shore in the Gulf,” she said, “but 77 to 79 in the Loop Current during the winter.” She added that this temperature difference is harder to detect from June through October when the Gulf waters are uniformly warm. Clark said the Loop Current can have an effect on the weather when a hurricane enters the Gulf. “A storm system can take off and develop really fast over the warm water, “ she said.

Baig said the Loop Current rarely gets west of New Orleans. He explained that eddies, also called rings, spin out from the Loop Current and head toward the Texas coast, so this is the way in which the Loop Current influences Texas’ coastal waters.

Scientists have only recently begun to understand movement of Gulf waters off the Texas coast. A century ago, much of the jetty work in Texas was unsuccessful because engineers had a poor understanding of current activity. An 1898 article published by the American Society of Civil Engineers concluded: “In the past there has been far too little attention paid to the motion of the Gulf waters. Were they better understood, there can be no doubt that vast sums of public and private capital might have been expended more judiciously than they have been, resulting in more real and lasting good to the people of the coast country.”

Oceanographer Tony Amos of the University of Texas Marine Science Institute in Port Aransas is glad to see studies underway on the western Gulf of Mexico. “It has been difficult to describe what happens in near shore Gulf waters,” said Amos, “ Compared to the Gulf Stream, there has not been much research done here. The Texas coast has been considered a less dynamic area, but I don’t believe that’s so. It’s important that we’re now looking at our own coastal waters.”

Amos explained that the Loop Current spins off large warm eddies, 500 meters or so that drift slowly to the west. These eddies are created when a section of the current closes upon itself and separates from the main current. It then becomes a current spinning in a circle.

“These eddies are identifiable by the water temperatures on the surface,” he said, “and they may bring tropical organisms with them.” Amos speculated that eddies might sometimes be responsible for whale strandings; the whales’ food items could get caught up in them, causing the whales to follow the eddies to the shore and end up stranded. Biologists and oceanographers hope to do further research on this theory.

Another factor affecting the Texas coast is longshore currents. Longshore currents, said Amos, flow parallel to the coastline; they are driven by the wind and are created by waves striking the shoreline at an angle. Longshore currents transport sand from one area of the coast to another and are responsible for beach erosion. “Longshore drift moves south among the upper Texas coast and north along the lower coast,” said Amos, “converging at Padre Island. To an observer it would look like the current was changing direction.” It is believed that the shelly beaches of Padre Island are the result of longshore currents. Amos explained that the converging currents cancel each other out at their juncture, so each current drops whatever it was carrying.

Often what the currents are carrying is trash, and this is of special concern to Amos. In his Port Aransas office is a remarkable collection of exotic and common trash items he has picked up off the beach. “The general westward drift of the eddies brings the trash in,” he said, “and the local currents carry it right up onto the beach.” A project close to Amos’ heart is his study of currents and their relationship to floating trash that washes up on the beached, posing a threat to birds and other wildlife.

Amos conducted field observations in the summer and fall of 1979 following the Ixtoc oil spill in Mexico. Currents carried oil and tarballs up the coast of Mexico to Texas during the height of the summer season. A seasonal current change in the fall revered the flow of oil back into Mexican waters.

Also present on the Texas coast is the Mississippi River plume, said Amos, “Waters from the mouth of the Mississippi flows along the shore,“ he said. “ This is cold, fresh water, so it tends to stay on the surface. We find trees and Louisiana garbage that was brought by the Mississippi River Plume.”

At Texas A&M University, Dr. Andrew Vastano and an enthusiastic group of graduate students are doing research on currents that will be of importance to Coast Guard rescue efforts, as will to fishery managers. Vastano launches ARGOS satellite reporting drifters, which are cylinders of approximately three feet, into the water from a boat or an airplane. The drifter’s transmitter sends a signal 450 miles up to a NOAA 10 or 11 satellites, which records the location and statue of the drifter. Much like the bottles thrown overboard by Prince Albert a century ago, the drifters ride the currents through the water. But this time, the satellite is watching every twist and turn the object makes.

Images the satellites collect are relayed to Virginia, rebroadcast to another satellite, received at the University of Miami and transmitted to a laboratory at Texas A&M. There they are corrected for atmospheric distortion and present what Vastano calls “meso-images” of the Gulf-or intermediate features. One image shows water running up from Mexico across a feature as the Brownsville front. Water can be seen draining off the continental shelf to form the Texas plume.

By taking two photos 24 hours apart and “flipping” them, Vastano can project where the water moved during that period. “The projections are well within 10% accurate,” he said. Using these flow patterns, scientists will develop what the professor calls a “predictive numerical model” of ocean circulation that will allow the Coast Guard to pinpoint the location of accident victims. “If a ship sinks, or if a worker falls off a drilling rig, the Coast Guard will know exactly where to look,” said Vastano.

Vastano conducted drifter studies in the northwestern corner of the Gulf of Mexico in March and April of this year. A previous study had focused on the California coast, and further studies will be done on the mid-Atlantic coast and in the Washington-Oregon area.

In addition to the benefits to the Coast Guard, Vastano said the studies are of interest to A&M’s Sea Grant College Program because of the currents’ impact on brown shrimp movements. Adult shrimp release eggs in the Gulf and those eggs drift shoreward, aided by the currents, as they develop into larvae. In February and March they enter passes and eventually reach the shallow bays and marshes. When they reach the juvenile stage they migrate back through the passes into the Gulf.

“The model that is being developed can be used to describe the movement of surface organisms for biologists,” said Vastano. “For example, they are interested in seeing if the flow pattern affects the high or low recruitment of brown shrimp. Everything is hooked together.”

It is indeed, not only in the Gulf of Mexico but throughout the world. The surface of the earth is almost three quarters water, and the oceans are moving constantly, circulating across the globe much as blood circulates throughout the human body. And just as blood is important to every part of the body, a healthy ocean benefits every creature that inhabits earth.

Article taken from Texas Parks & Wildlife, September 1989.

