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Currents – Lecture Script 
 

In the center of the Pacific Ocean, there is a zone known as the Giant Garbage Patch. In that location, the percentage of 
floating plastic garbage, mostly found in bits the size of the end of a pencil, far outweighs the microscopic plankton that 
normally dominate this zone and provide the base of the world’s largest food web. Islands in this patch of ocean, many 
rarely ever visited by humans, are covered with debris that has accumulated from countries throughout the Pacific. Why 
is this patch here? Are there others? What causes it? And what can be done about it? These are questions that we can 
begin to answer only after we understand ocean currents – how they form, and how they function. We’ll return to these 
questions at the end of the lecture. 
 
Currents in the ocean consist of two major types: thermohaline currents and surface currents. They differ primarily in 
their cause, and hence location. Let’s use this bathtub cross-section of the ocean to distinguish the two. This image shows 
the equator in the center, the south pole to the right, and the north pole to the left. In this picture, we’ve generalized 
things greatly, and you can see three basic ocean layers: the surface layer, the deep layer, and the boundary between the 
two called the pycnoline. We discussed the pycnocline in an earlier lecture; it is the boundary between two water layers 
of different density. When you descend across the pycnocline, you should be traveling from less dense water atop into 
denser water below.  
 
Surface currents are primarily caused by winds blowing across the surface of the oceans. They, therefore, happen in the 
surface layer. Thermohaline currents are caused by density differences – density differences usually caused by 
differences in the salinity or temperature of the water, hence the name thermohaline. In this picture, the thermohaline 
currents would be found in the deep layer and would be migrating vertically and horizontally. The vertical motion is due 
to density. The horizontal motion is due to pressure differences, in an attempt to spread out the pressure into a uniform 
layer when water sinks or rises. For example, you can see in this image that cold water at the polar ocean surface is denser 
than the water around it. It may have its own surface currents at the top, but these don’t easily mix with other surface 
currents and thus the isolation of these surface areas allow for very cold water to develop. When that water sinks, it 
spreads out laterally across the bottoms of all the world’s oceans and becomes the deep water layer. At the poles, the 
surface water and deep water are well mixed and not separated. Thus no pycnocline. We call those water isothermal and 
isopycnal, because the surface and deep water have the same density and temperature. If they also have the same salinity, 
we’d call them isohaline. Do they? Depends on the seasons. In the polar winters, ice formation increases, leaving the 
surface water more saline. In the polar summers, ice melting increases, leaving the surface waters fresher. So salinity 
might change slightly as you descend from the surface to depth at the poles.  
 
What about at the equator and tropics? You can see from this image that in these zones, the pycnocline is well developed. 
Surface waters are heated up by the direct sunlight prevalent in these areas and become quite warm and their density 
decreases as a result. Note: even though the subtropical highs have higher-than-average surface salinity due to high 
evaporation rates (as discussed in previous lectures), they are still less dense than the deep water, because they are so 
warm. So in these zones, as you descend from surface waters into deep denser water from the poles, density increases, 
temperature decreases, and salinity decreases either a little or a lot, depending whether you’re descending at the equator 
(only a little saltier than polar water) or the subtropics (a lot saltier than polar water). Therefore, these zones are NOT 
isopyncal, isothermal, or isohaline. 
 
What about at the midlatitudes/temperate zones? In these zones, the pyncocline comes and goes with the seasons. 
During the summers, the surface waters are heated up enough to separate from the deep water and stop mixing. Then 
they behave much like equatorial and tropical waters. In the winter, however, the pycnoclines disappear as the surface 
waters cool. Then the surface and deep waters mix, and they behave more like polar waters. 
 
Why does the separation of surface and deep waters matter so much? It’s a major barrier to mixing in the world’s oceans, 
including mixing and resupply of nutrients necessary for biological productivity – for autotrophs to be able to supply 
their own physiological needs. When photosynthesizing autotrophs living at the ocean’s surface (otherwise known as 
phytoplankton) die, their remains rain down to the bottom of the seafloor, where they decompose. The nutrients in their 
bodies are released into the water. Where pycnoclines exist, these nutrients are trapped at depth, and surface organisms 
are left without them. Populations will eventually use up all available nutrients, and biological productivity will 
disappear until nutrients can be added back to the area through increased river runoff or through the disappearance of 
the pycnocline. We’ll talk more about how that can happen later in this lecture. 
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Let’s return, for now, to the concept of a pycnocline. First, let’s make sure we know how to read these graphs. Water 
depth is increasing as we move down the Y axis. The dashed lines represent the boundaries between two water masses, 
identified by the fact that characteristics like temperature salinity and density are pretty uniform within the water layers, 
but then change greatly across the boundary. So in this image there are three water masses sitting atop each other, each 
less dense than the one below. That means two boundaries or two pycnoclines. Now let’s look more closely to see what 
causes those density differences. Between the top layer and the mdidle layer, we can see that salinity moves to the right in 
this graph or increases. The same is true between the middle and the lower water layer. Because salinity changes at the 
boundary, these pycnoclines are also called haloclines. When we look at temperature, we see it’s decreasing between the 
top and the middle layer and there’s no change between the middle and bottom layer. Because temperature changes at 
the first boundary, that pycnocline and halocline is also a thermocline. However, the middle and bottom layers are 
isothermal, so there’s no thermocline between them. Now let’s describe three different water layers that would be 
characterized by a graph like this one. Do the water masses described here create the right boundaries? 
 
When we study thermoclines for the world’s oceans, the general trend is shown here. The warmest waters are found at 
the surface of the temperate and tropical and equatorial oceans. The coldest water is found at the polar surface and ALL 
deep water. Not surprising when you remember that all deep water originates at the poles. That means that near the 
equator and tropics, temperature goes from warm at the surface to very cold when you cross the sharp thermocline at 
about 1 km depth and enter the deep layer. The poles, on the other hand, are equally cold at the surface and depth, and 
thus have no thermocline. 
 
This image shows what is happening in the midlatitudes or temperate zone as Summer arrives. Notice that in March, 
Winter, the surface water and deep water have the same temperature – cold! Limited sun over the winter has prevented 
warming of the surface waters. However, by May, there’s been more sun and hence more warming of the surface waters 
and the beginning of the formation of a warmer surface layer separated by a weak thermocline from the deeper layer 
beneath. By the time August arrives, this thermocline has gotten much stronger, as the surface layer has warmed up 
considerably. Meanwhile, the deep water is still the same cold 4 C. What happens after August? This image shows how 
the disappearance of the sun leads to the disappearance of the thermocline, until we reach cold surface waters again. 
When would biological productivity be highest in regions that experience these seasonal thermoclines? For 
photosynthetic algae to thrive, they need sunlight, but that’s present mostly in Summer. But Summer is also when there’s 
a well-developed thermocline, and that means that nutrients are trapped at depth and are unavailable to the algae for 
growth. Thus the seasons for rapid growth or algal blooms in the midlatitudes are in Spring and Fall, when there’s 
enough sunlight reaching the surface, but not too much to create a pycnocline and trap nutrients at depth. 
 
This graph shows general trends for haloclines in the world’s oceans, specifically comparing what happens at low 
latitudes versus high latitudes. First, notice that at the high latitudes, it appears fresher at the surface and saltier at depth. 
Why? What happens at the poles during their summer? Ice melts. That mixes with the surface water and makes it fresher. 
During the winter at the poles, the opposite happens: ice forms, and when it does, it makes the seawater around it colder 
and saltier. That water becomes so dense it sinks and feeds the deep waters of the world oceans.  Now let’s go back to the 
equator and tropics, which we first discussed back in seawater chemistry. The salinlity at the surface of the subtropics is 
the highest salinity in the world’s oceans. Remember why? Evaporation! Net result? Water actually gets fresher when we 
descend to depth at the subtropics. 
 
 
Let’s look closer at the thermohaline currents that occur in the deep layer of the world ocean. This picture shows the 
cross-section through the three deepest oceans and presents a generalization of their major thermohaline current systems. 
Pay careful attention to the fact that we just switched the north and south pole directions from the previous bathtub 
pictures. Now the South Pole is on the left, the north pole on the right. Each of these cross sections shows a surface layer 
atop a number of different deep water currents. The darkest blue layers are intermediate waters, labeled for their source. 
AAIW means Antarctic Intermediate Water. It originates in the oceans north of Antarctica at about 55 degrees South 
latitude, and as you can see, this water descends down below the surface waters of the Atlantic, Pacific, and Indian 
Oceans. It is the least dense of all the deep water currents, which is why it sits atop. 
 
This birds-eye view of the surface waters around Antarctica show the origination points of the Antarctic Intermediate 
Water. Notice the red asteriskes in this image. They represent zones of convergence, where two surface currents are 
pushing water toward each other. We’ll discuss these surface currents further, later in this lecture. For now, recognize that 
these convergence zones allow surface water to pile up. That pushes some of the water down (otherwise known as 
downwelling), where it can descend below the pycnocline and slide equatorward at depth. This image shows the 
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movement of that water layer. Although the water here is cold, it is not as cold as the water underneath it. It is also a bit 
fresher due to the high precipitation rates at this latitude where low pressure systems dominate. It is denser than the 
surface water, but less dense than the water underneath. 
 
The deepest water, the densest, in the Atlantic and all the world’s oceans is the Antarctic Bottom Current. It is densest 
because it is the coldest. Its salinity and proximity to ice allow it to cool below the freezing point of freshwater and 
average -1 to 1 degree Celsius.  So far we see that two of the major thermohaline currents descend from the waters around 
Antarctica. These then feed the deep waters of the world’s oceans. When we return to this birds-eye view of the waters 
around Antarctica, we can see why. The largest volume surface current in the world’s oceans is the West Wind Drift (or 
Antarctic Circumpolar Current). It is caused by the westerly winds that move from the west toward the east across the 30 
degrees South to 60 degrees South latitudes. These winds are not impeded by land obstacles, so they are able to get quite 
strong and move a large amount of water. This continual circular current isolates Antarctica from surrounding weather 
and current systems and allows it to get colder than almost anywhere else on the planet. That coldest water then feeds the 
deepest thermohaline currents in the world. 
 
What about the Arctic Ocean? This birds-eye view of the topography of the seafloor reminds us that the Arctic Ocean is 
mostly shallow continental shelf. Arctic waters are also isolated, and they contribute to deep thermohaline currents 
mostly through the narrow passageway between Greenland and Svalbard in the North Atlantic. These waters sink in the 
North Atlantic, creating an underwater waterfall that then moves along the bottom of the Atlantic Ocean until it meets the 
Antarctic Bottom Water, which it then rides over. 
 
Here again is another bathtub cross-section, where the north pole is now on the left. Notice the North Atlantic Deep 
Water formed near the opening to the Arctic. Notice how it moves southward toward Antarctica between the Antarctic 
Intermediate Water and the Antarctic Bottom Water until it reaches the southernmost portion of the ocean, at which point 
it rises up to the surface. Why? Surface waters are being pulled away due to diverging currents, or water on the surface 
moving away from other currents. That creates an area of water depletion that allows deep water to well up otherwise 
known as upwelling. That deep water will mix at the surface and then can become part of the two currents shown that 
descend. Through this process, you can imagine material like dissolved ions, nutrients, and pollution cycling back and 
forth across the Antarctic Ocean at various depths. Where it rises up in Antarctica, the West Wind Drift can carry it 
around the continent, mixing it into all the deep ocean currents of all the world’s oceans. The time it takes to complete 
mixing across the world’s oceans, through surface and thermohaline currents is 1,000 years.  
 
This picture shows how water from the Mediterranean Sea, south of Europe and north of Africa, contributes its own 
intermediate water or thermohaline current to the Atlantic Ocean. The high evaporation rates in the area, combined with 
a shallow sill at the opening of the Sea, allow the water within the Mediterranean Sea to get quite warm and salty. While 
its warmth might suggest a low density, its salinity is so high that it actually makes it denser than most of the other 
thermohaline currents. When it exits its basin, it sinks down to about 1,000 meters depth and spreads out across the 
Atlantic Ocean.  You can see it sitting in the Atlantic Ocean bathtub at about 40 degrees North as a small lens of water. 
Imagine being a whale or submarine traveling through this area – you’d go from cold North Atlantic Deep Water, derived 
from the Arctic, and about  3 degrees Celsius, to 10 to 12 degree Celsius saltier water. 
 
The same thing happens in the Red Sea, where evaporation rates are even higher. This sea feeds an intermediate current 
found in the Indian Ocean, called the Red Sea Intermediate Water. This water can be as warm as 23 degrees Celsius and 
much more salty. This image again shows that lens of super warm super salty water sitting within the coldest water of the 
world’s oceans. 
 
This chart allows us to compare the temperatures, salinities, and densities of all these thermohaline currents. The y-axis 
shows temperature in degrees Celsius increasing as we move upwards. The x-axis shows salinity in parts per thousand 
getting higher as we go to the right. The blue curved lines represent the densities of water with a given temperature and 
salinity. Those curved lines show a greater density as you move down and right. The least dense water in this plot is the 
North Atlantic Central Surface Water, with salinities greater than the average for seawater (35 ppt), but temperatures 
warmer than most of those shown on this plot. The warm temperature is what makes it least dense, and hence surface 
water. Antarctic Intermediate Water is the next lowest in density. It is much colder than the surface water, but also 
fresher. The densest water in this picture is the Antarctic Bottom Water, followed closely by North Atlantic Deep Water. 
The Antarctic Bottom Water is slightly fresher than the North Atlantic Deep Water, but also much colder as discussed 
earlier. Mediterranean Intermediate Water sits in the middle density position – both warmer and saltier than any of the 
other thermohaline currents shown in this image. But where is the Red Sea Intermediate Water? It is SO warm and SO 
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salty that it doesn’t even show up on this graph. In fact, what we have to do to see it is shrink the graph. Then we can 
show where the Red Sea Intermediate Water would appear. 
 
Let’s move on to surface currents and their primary causes and effects. Winds can whip up the surface layer, but they 
won’t affect the deep waters in areas where the two layers stay separated by a pycnocline such as at the equator, tropics, 
subtropics, and temperate or mid latitudes. This image shows the Ekman Spiral, which is what happens when wind 
blows on the surface of the oceans. Most of the wind blows right over and barely touches the seawater. But the wind that 
does touch the water transfers about 1/100th of its energy. That energy forms waves and currents. In waves, the water 
oscillates in an orbit as energy passes through it, each molecule or floating object returning to its original position after 
each oscillation. We’ll talk more about waves in the next chapter. Currents, on the other hand, are moving water, a small 
amount of forward velocity that IS transferred to the water due to the drag of the wind on the water. This water is pushed 
forward – not in exactly the direction the wind is blowing, but 45 degrees to the right in the northern hemisphere and to 
the left in the southern. Why not straight ahead? The coriolis effect! Notice here that the surface water drags on the water 
beneath it and makes that water also move – even slower – but generally in the same direction, except  45 degrees to the 
right of the water above it. This dragging on the water happens as we continue deeper and deeper into the surface waters 
until we reach about 100 meters depth. During that time, you can imagine each 10 meters of water drags on the 10 meters 
of water underneath it, and we get a spiraling motion of currents – each progressively slower and progressively more 
rotated. That means that plankton on the surface will be carried by currents moving much more strongly and in 
potentially a completely opposite direction to the currents it would find if it sank deeper. When we sum up all these 
currents, we get a net transport of the water and its components in a direction 90 degrees to the right of the wind direction 
in the northern hemisphere. This transport is called Ekman transport. 
 
This image shows this process and how it affects surface floating objects, such as ships and icebergs. The surface objects 
move at a 45 degree angle to the wind. But the entire 100-m-packet of water moves, net, 90 degrees. 
 
Let’s take that concept of the Ekman Spiral and combine it with known major wind belts discussed last week. This image 
shows the Atlantic Ocean with the westerlies and trade winds overlain. Ekman transport would cause water blown by 
these winds to move 90 degrees to the right in the northern hemisphere and left in the southern. That would cause water 
to pile up in domes in the center of the North Atlantic and South Atlantic Oceans. This image shows the dome from the 
top and the sides, with the two major wind systems overlain. The coriolis effect is pushing the water inward to the center 
of the dome. Gravity is trying to pull it back out and flatten it. The rotation of the Earth is causing it to be off center, much 
like what happens when you’re in a car that’s turning around a corner. Finally, the continents act as barriers to continual 
motion in a line and trap this motion in a basin. Net result: the water in the northern hemisphere, within the belts of the 
Westerlies and Trade Winds, moves in a clockwise circle around a center. We call this circle a gyre. In the southern 
hemisphere, it moves the opposite way, counterclockwise, creating two gyres for the Atlantic Ocean and the Pacific Ocean 
– and one gyre for the Indian as shown in this image. 
 
Sea surface heights in centimeters show the high centers of these gyre domes in red and pink.  
 
There are special names for the different currents found within a gyre. We call the one that runs poleward along the 
western boundary of the ocean a western boundary current. The ones that run equatorward along the eastern boundary 
are called eastern boundary currents. The ones that run west along the equator are called equatorial currents. 
 
Let’s look more closely at the eastern and western boundary currents and their major differences. This dome image from 
earlier shows that the width through which these currents move is much tighter on the west than on the east. That means 
the water is shoved through the western edge of the dome with more force – moving faster and extending deeper – much 
like what happens when you put your thumb over the end of a hose: the water comes out much faster and stronger. The 
eastern boundary currents are more diffuse and close down and spread out.  
 
This map of the major surface currents in the world’s oceans shows the different boundary currents for all the oceans. 
Let’s look more closely at those that run along the coasts of the United States. The eastern boundary current of the North 
Pacific gyre runs right along California and is called the California Current. It is moving away from the poles, where it 
has gotten quite cold, and slowly passes along our coastline towards the equator. Because it is so shallow it can extend up 
onto the continental shelf. The east coast of the United States has a western boundary current off its shore – the Gulf 

Stream. It is warm water that has picked up heat at the equator and moves poleward, distributing that heat, quickly and 
narrowly. It cannot extend up onto the continental shelf because of its depth, so it can sit as far as 300 miles offshore of the 
Eastern seaboard of the US. It is used by ships to speed up the journey to Europe, and the warm waters keep the objects 
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stored in the hold quite warm as well. The Gulf Stream is the fastest moving current in the world’s oceans. Its travels 
anywhere from 3 to 10 km/hr and carries 100 million cubic meters of water per second. No other world current is faster. 
 
A few other important surface currents to discuss include equatorial counter currents and polar currents. Equatorial 
counter currents run along the equator eastward between the two equatorial currents of the world’s main gyres. These 
currents are usually small trickles (unless we’re experiencing an El Nino, as discussed last week). They form because of 
the build up of water on the western edge of the equatorial oceans. Both equatorial currents – from the northern and 
southern gyres, carry water westward. A large pile of water forms there, and while most moves poleward along the 
coasts via western boundary currents, some slides backwards along the equator – through both a surface current and a 
slightly deeper undercurrent. Every gyre’s equatorial currents have an equatorial counter current, usually much smaller, 
running between them as this image shows. 
 
Finally, the polar currents. We’ve already discussed the West Wind Drift that moves around Antarctica, pushed by the 
Westerly winds. This current is the largest in volume in all the world’s oceans carrying 130 million cubic meters per 
second. That’s 130 times the amount of water flowing through all the world’s rivers combined!!! The northern Atlantic 
Ocean also has some important currents that mix the surface waters of the North Atlantic with those of the Arctic. Let’s 
put these all together and draw a simplified generalized map of world’s surface currents. First thing we do is draw the 5 
main gyres in the correct direction. Then we add in the equatorial counter currents. And finally, the polar currents – those 
in the North Atlantic, and those around Antarctica. 
 
Let’s return to the concept of mixing – which happens for ocean water over 1000 years. How does this mixing happen? It’s 
a combination of surface currents and thermohaline currents. But how do we mix between the two? In the poles, there’s 
no pycnocline, so there’s plenty of mixing, but what about elsewhere? As mentioned earlier, we can break through the 
pycnocline if we allow surface water to pile up in an area. That will cause downwelling – surface water pushed down and 
mixed with deeper water. Or we can pull surface water away. That will cause upwelling – deep water rises up and brings 
its cold temperatures and high nutrient contents to the surface. But what causes water to pile up in an area or be pulled 
away? Turns out there are a number of methods. The one we’ve already discussed is surface current convergence and 
divergence. Where surface currents converge, water will pile up, and downwelling will occur. This happens around 55 
degrees South and generates the Antarctic Intermediate Water. It also happens in the western equatorial oceans and 
contributes to the equatorial counter currents and undercurrents. The opposite – surface currents diverging – happens 
where the North Atlantic Deep Water rises around Antartica – just south of the zones of convergence. And as you can see 
on this map, along the equator, you have the equatorial currents with 90-degree-right transport in the northern 
hemisphere, combined with 90-degree-left transport in the southern hemisphere, creating a zone where water diverges 
and deep water rises to the surface. When the countercurrents are strong, as during El Nino years, this area of divergence 
and upwelling diminishes.  
 
Coastal upwelling or downwelling is  also an important phenomenon – one that is a key aspect of California coastal 
dynamics including our weather systems. This picture shows a coastline in the southern hemisphere. When winds are 
moving from the south, the leftward coriolis deflection causes water to be pulled away from shoreline. Deep water wells 
up to take its place. The reverse happens when the wind changes direction. When the wind comes from the north, the 
leftward coriolis deflection pushes water up onto the beach and causes downwelling. 
 
The California Current and other eastern boundary currents can also cause upwelling when the coastline bends inland. 
Water is pulled south in this picture, away from the backside of the bend, creating a zone where deep water can well up 
and take its place. Everywhere there’s a bend along the California Coastline, we get increased upwelling on the backside 
because of this phenomenon. Finally, when we have currents moving across the bottom and colliding with underwater 
seamounts, the seamounts will shove this water upward, and create a zone of upwelling on the surface nearby. These are 
especially interesting upwelling zones, because they attract lots of marine life to the area, but there doesn’t have to be any 
nearby land. An oasis in the center of the ocean.  
 
Since upwelling is such an important feature of the California coastal waters, it bears a review of the main weather and 
biological effects that accompany it. The upwelled water is both cold and rich in nutrients. The nutrients mean it can 
support a high abundance of marine autotrophs. Biological productivity increases greatly in zones of upwelling, and that 
supports large fisheries and bird populations. The cold water cools the air, thus reducing its water capacity and increasing 
its relative humidity, usually causing fog banks to develop or rain. Early Polynesian travelers navigated by currents and 
zones of upwelling, which they identified by the high bird and fish life and by changes in relative humidity – they 
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combined these clues with those provided by waves and night-time stars to find chains of islands in the middle of the 
vast Pacific Ocean. 
 
This image shows parallel lines of white foam atop a shallow lagoon behind Rodeo Beach in the Marin Headlands. Why is 
it here? What causes these? This cartoon image shows exactly what’s going on. When strong winds blow across this body 
of water in the same direction for a long time, they whip the water up, much like an egg beater. The top 10 meters of the 
water are pushed away from each other along lines of divergence, creating local limited upwelling. These zones collide 
with each other creating zones of convergence, and local limited downwelling. Floating material, such as sea foam and 
garbage, will collect along the zones of convergence, and hence you get these white parallel lines. We call these circulation 
cells Langmuir cells. 
 
Between thermohaline currents, surface currents, upwelling, and downwelling, the world’s ocean water mixes on average 
every 1,000 years. That means that pollutants will mix over that same time frame. And whatever is dumped in any one 
part of the world ocean will be delivered, ultimately to the shores of all the others. International cooperation on pollution 
standards and regulation of ocean dumping is essential if we all want to share a healthy ocean. How would dumping of 
chemicals off of California’s coast reach the rest of the world? First they’d get caught up in the California Current and 
mixed through the North Pacific through the North Pacific gyre. Some would get caught up in the western equatorial 
Pacific dome or pile and some might end up migrating southward to the southern gyre, where they’d get mixed up with 
the nearby West Wind Drift and carried all around Antarctica, where they’d get incorporated into bottom currents and 
intermediate currents that would migrate northward through the three major ocean until they get caught up in upwelling 
zones and carried into the surface gyres. After 1,000 years they would have been thoroughly mixed. 
 
Let’s look at some real-life examples. Some pollutants float – others sink. The floating ones are useful for showing surface 
current mixing. Common floating objects include oil and plastics and, yes, rubber duckies and tennis shoes. Container 
ships that cross the ocean sometimes lose containers, and the materials within them act as ocean drifters clocking current 
speeds and directions. This map shows the location of Nike shoe spill off of the Aleutian islands and the path they took as 
they drifted with the currents and eventually washed up on the shores of Northern Vancouver Island in British Columbia.  
 
Before this video, many of you had probably already heard of the various garbage patches in the world’s oceans, where 
floating pollutants, primarily plastics, collect in still waters. These patches are located in areas of convergence, like shown 
in the Langmuir cells or as shown happens in the centers of gyres. An area of special interest and increased research is the 
Northern Pacific Garbage Patch which sits a few hundred miles off the west coast of North America. This image shows 
two large zones of convergence in the center of the North Pacific Gyre. Ships that have traveled through these waters can 
see floating debris on the surface and plankton nets towed just underneath bring back large amounts of very tiny plastic 
fragments – in fact there is more disseminated bits of floating plastic than there is plankton. These plankton ingest the 
plastic, as do fish, marine mammals, and birds. It is now highly unlikely that you can catch any fish from the ocean and 
technically allow it to be called organic, since they all now carry small bits of ingested plastic in their bodies. This image 
shows the plastic bottle caps found in the body of a dead albatross on Kure Atoll – a remote island in the North Pacific. 
Here is a closeup of what that pristine, uninhabited ocean island looks like today. Although not many footprints have 
been left here by humans, we’ve shared our garbage – our fishing debris, our plastic containers, and our bic lighters, and 
definitely left our mark. To understand better how to be proper stewards to the world’s oceans and keep it healthy for 
ourselves and future generations, we must understand ocean currents and mixing and the long-term impact of our 
actions.  


