Linking Oceans and Interior Watersheds – The Role of Marine Derived Nutrients: Ken Ashley

Ken Ashley is a limnologist with the BC Ministry of Environment specializing in the consequences of nutrient loss and low productivity on ecosystem biodiversity and fish production. Ken prepared a presentation that puts the “anadromous nutrient pump” into perspective, discusses how salmon are keystone species in our Region’s ecosystems, and that explains some of the reasons responsible for declining oceanic productivity.
The role of marine derived nutrients (MDN) in Pacific Northwest ecosystems

The nutrients essential to sustain healthy and productive aquatic and terrestrial ecosystems are nitrogen (N), and phosphorus (P). Granite rock, such as underlies much of the Pacific Northwest, does not contain many of these important nutrients. A cursory study of the region’s geography and climate would suggest that the rainy Pacific Northwest could not possibly be home to biological productive ecosystems; i.e., the small geological inputs of macronutrients N and P would be limiting factors. However, geology and climate do not take into account the keystone species that plays an integral role in ecosystem productivity, bringing MDN to inland watersheds and back again out to sea: this keystone species is salmon.

A keystone species is an organism in an ecosystem that many other species depend upon for continued survival and support. Just as removing the keystone from an arch causes the arch to fail, if you pull the keystone species out of an ecosystem, the whole ecosystem collapses or unravels to a fragment of what it used to be. Salmon are the keystone species in the Pacific Northwest’s ecosystems because their carcasses supply energy and nutrients which are cycled throughout the ecosystem again and again. The effect of MDN is stronger in BC, Washington and Oregon than anywhere else in the world.
Nutrients and Nutrient Limitations

Although other macro- and micronutrients can be limiting to productivity in some circumstances, the primary limiting macronutrients are P and N.

Measuring total P in a system is usually done by adding the particulate (soluble reactive – SRP) and total dissolved (TDP) concentrations of P in a system. P is usually a limiting factor to productivity in streams and lakes when the concentration of SRP is less than 1 µg/L, and the TDP is < 2-3 µg/L.

Total dissolved inorganic nitrogen (DIN) is usually used as an adequate proxy for total N. DIN is the sum of nitrite (NO2), nitrate (NO3), and ammonia (NH3). In streams, N is limiting to productivity when DIN concentration is below 20 µg/L. In lakes and reservoirs, N is limiting at concentrations less than 30 µg/L. 
1ug/L is the same as 1 part per billion (ppb).  1 ppb is the same as 1 second every 32 years
These concentrations are very low, but ecosystems are very efficient at taking advantage of tiny amounts of these nutrients, recycling N and P again and again.

Stable Isotopes

An atom consists of protons and neutrons. The number of protons determines the element and is equivalent too its atomic number. As seen in a periodic table, an atom with atomic number 6(or that has 6 protons) is carbon (C), one with 7 protons is N, and with 15 is P. The number of neutrons in an atom may vary, resulting in different isotopes of the same atom with different atomic weights and physical characteristics. Most elements have both radioactive isotopes (which decay according to a half-life) and stable isotopes (which remain the same over time). Stable isotopes may be used as tracer elements because they show no tendency to undergo radioactive breakdown over time.
Tracking food webs with stable isotopes
The stable isotope N (N with 7 protons and 8 neutrons) is so stable that it has not changed since it originated from decay in stars 5 billion years ago. This isotope is often used as a tracer in agricultural and medical research. C is the stable carbon isotope used as a tracer; it makes up about 1% of all naturally-occurring carbon on earth. P, however, has no stable isotopes that can be used for tracing in the food web. Isotopic ratios are measured in the laboratory by a mass spectrometer especially calibrated to work for low-weight atoms. Universities first began to obtain these stable isotope machines in the mid-1980s, and when theses machines became more affordable in the 1990s, more stable isotope studies were done. 
The study and recognition of the salmon-nutrient link was just coming into the world of science in the 1960s when the University of British Columbia had the world’s best ecology school. The use of stable isotopes were used to confirm that salmon concentrate N, and P in their bodies (a salmon is 0.3%P and 3%N), and these nutrients can be traced through the food web kilometers into forests from the stream. Tom Riemchen at the University of Victoria has tracked marine-derived N and C in plants and animals and has correlated tree ring thicknesses with annual salmon escapements. Jeff Cederholm at the Washington department of natural resources has been fastidiously examining the Coho carcass’ role in the ecology of headwater streams. The cycling of MDN from the sea to freshwater watersheds by salmon was termed the “anadromous nutrient pump” by Stockner and Maclsaac in 1996. Ironically, the first nations have always had this knowledge, and did not require mass spectrometers to confirm it.
Nutrient loading
The nutrient loading effect of salmon carcass additions to a river lasts about a year. If artificially seeded the addition of carcasses should be timed to coincide with the timing of former natural nutrient loading. Artificial nutrient addition through carcasses or nutrient pellets (as at the Keogh River) may be enough to let the watershed recover to higher nutrient levels. Of course, if a dam is present on the river, artificial nutrient loading will need to continue until the dam is removed or fish passage is restored.
Evidences of nutrients loss 
In the past, over 50 million salmon have returned in a single year to the Fraser and Columbia rivers including the so called giant Chinook “June bulldogs”. In 1905, so many salmon were caught that canneries could not process all the fish and salmon were dumped in the lower Fraser. At that time, it was cheaper in Britain to buy imported canned salmon than it was to buy locally-grown beef ! 

Since then, commercial landings of salmon have declined on the Fraser and Columbia, and we have created impoundments impassable to salmon on some of our major rivers. Urbanization and deleterious forest-harvesting practices have resulted in habitat loss at ever-increasing rates. Hydroelectric developments to meet our increasing demand for power have contributed to a weakening of the anadromous nutrient pump.
We now have 5-7% of the historical pre-European marine-derived nutrients reaching pacific northwest freshwater ecosystems. Although agricultural fertilizers and effluent may be contributing P and N to freshwater systems, all these nutrients end up downstream, and none upstream or in the forests.

Effect of the nutrient loss on ecosystems  
Aquatic effects

Decreased salmon returns reduce aquatic productivity due to lowered N and P concentrations. In streams, this results in even lower salmon populations. In lakes and reservoirs, this result in collapse of kokanee stocks and of predator and scavenger populations (e.g., Sturgeon). This negative feedback loop has been occurring over many decades.
Terrestrial effects

Decreased quantities of nitrogen and phosphorus returning to land via salmon carcasses results in decreased productivity of forest ecosystems. This result in fewer predators and scavengers (eagles grizzly bears, mink), and less healthy inland watershed ecosystems.
Ocean survival of salmonids 
Oceanic productivity declines when ocean temperatures increase. Warm sea surface water prevents nutrients from welling up from below; the lack of turn-over in the ocean blocks the fueling of productivity. There are three known events driving oceanic temperature changes: El nino, The Pacific Decadal Oscillation, and the climate change.
El Nino/Southern Oscillation (ENSO)

The El nino/Southern Oscillation is the name given to a warming of the ocean surface off the western coast of South America that occurs every 4 or 12 years when upwelling of cold, Nutrient-rich water does not occur. It causes die-offs of plankton and fish and affects pacific jet stream winds, altering storm tracks and creating unusual weather patterns in various parts of the world.
Pacific Decadal Oscillation (PDO)
The pacific Decadal Oscillation is a pattern of sea surface temperature changes in the Pacific Ocean that occurs on decadal (20 to 30 year) time scales. The positive (warm) phase of the PDO is characterized by cooler than average sea surface temperatures and air pressure near the Aleutian Islands and warmer than average sea surface temperatures near California coast. The PDO and ENSO can interact so that one may be reinforced or weakened by the other, i.e, a positive (warm) PDO reinforces the magnitude of an El nino event. The PDO last “flipped” in 1990 from a warm regime to a cool one (resulting in a warmer sea surface temperature off BC coast).

Green house effect and the hydrocarbon age 
Carbon Dioxide (CO2) and methane (CH4) are two of the “greenhouse gases” known to cause atmospheric warming. CO2 levels have been correlated with atmospheric temperatures. Using CO2 levels measured from gas bubbles in Antarctic ice cores, atmospheric temperatures have been extrapolated back 420,000 years. Over geological time, the maximum natural CO2 levels were at 270 parts per million (ppm). In 1760 (the start of the industrial revolution) CO2 levels dramatically increased with increased use of hydrocarbon fuels. Carbon Dioxide levels are now at 370 ppm, and predictions indicate that in 20-50 years, levels could rise to between 800-and 1000 ppm. The issue of “PEAK Oil” (the point at which the earth’s endowment of oil has been 50 percent depleted and the rate of oil production begins to go down while cost begins to go up) will have unknown effects on global atmospheric CO2 levels. Warmer atmospheric temperatures result in warmer sea surface temperatures 
Ocean productivity and salmon
Scientists used to think salmon went right offshore when leaving estuaries as smolts or juveniles, but it is now known that all juveniles swim first up the continental shelf to the Aleutians, then go offshore. Oceans now are the warmest they have been since the 1950s, and there is comparatively little food for salmon; they starve to death en route to their food due to the lack of upwelling along the continental shelf.

There is evidence that salmon populations have responded to climatic variations over the past 2200 years, prior to the effect of humans on atmospheric (and therefore sea surface) temperatures. Despite very reduced numbers of returning salmon at various points in the distant past, populations have survived and even thrived. Humans have control indirectly over only one of the three causes of increased sea surface temperatures: climate change. Though our actions, we can reduce the production of greenhouse gases which are heating up our planet.
Conclusion
The pacific northwest and the north pacific rim are unique in the world, and they require the “anadromous nutrient pump” to maintain their terrestrial and freshwater productivity. Salmon are the keystone species that link the marine environment to inland watersheds and inland watersheds back to marine environments. In part due to natural cycles, and in large part due to increasing human population pressures, the fresh and saltwater habitats that salmon require to live are no longer supporting this important species upon which many other plant and animal species depend. The only real solutions humans can undertake are to stop over-fishing salmon stocks, stop or reverse habitat degradation, and stop warming up the planet.
