III. Marine Ecosystems

In order to develop a better understanding for Alaska’s marine life in general, let’s step back a bit now and consider how the various marine organisms featured at the Alaska Sea Life Center relate to one another in their varied native habitats.  Such considerations focus on understanding the Alaska marine ecosystem.  An ecosystem consists of all living organisms inhabiting an area as well as the nonliving physical environment with which they interact; basically a community and its environment.
With just a little reflection upon this definition, we can realize that ecosystems have the potential to be very complex!  Such complexity is a characteristic of tropical rain forests, temperate forests, many lake systems, and numerous marine environments, to name but a few obvious examples.  Alaska’s marine ecosystems are no exception.  Indeed, there are numerous different forms of geological structures representing the nonliving (abiotic) aspects of the Alaska marine ecosystem.  Some other major abiotic factors include currents, storm surges, inorganic nutrients (e.g., phosphate), salinity, ice cover (especially important in Arctic and Antarctic realms), and temperature.  In addition there is also, of course, a fabulous diversity of living (biotic) components making up this ecosystem as well.  The interactions of these biotic and abiotic components are only beginning to be unraveled as we attempt to better understand the underlying themes of the complex interactions characteristic of Alaska’s marine ecosystems.

In coming to better understand ecosystems at a somewhat deeper level, let’s review some basic ideas.  First, ecosystems depend upon energy flow and transformations.  We can define energy as the capacity to do work (work itself is defined as force times distance).  Thus, we can appreciate that energy presents itself to us in various forms.  For example, consider the following states in which energy can exist:

· kinetic: energy of motion (for example, a squid swimming through the water has kinetic energy by virtue of its movement)

· potential energy: energy that exists because of its position relative to something else (a humpback whale about to eat a school of small shrimps [krill] could regard these shrimp-like animals as representing potential energy unto itself)

· chemical energy: potential energy resulting from electrical and magnetic attractive forces within a molecule (glucose [sugar] molecule in marine algae possess chemical potential energy)

· thermal/heat energy: energy resulting from the vibration of molecules; temperature is a measure of the amount of thermal energy something has (for example, the molecules contained inside a sea lion’s blood have a rather narrow range of thermal energy as food molecules are broken down in this, and other, mammals to maintain a certain temperature)

· electromagnetic energy: for our purposes, we can think of this as light energy (for example, electromagnetic radiation [light] strikes chlorophyll in an algae and that energy is utilized in forming a glucose molecule; this process is photosynthesis)

The above energy states do not cover all forms of energy (some others include electrochemical energy, sound energy, and nuclear energy) but rather reflect those energy types that will be most useful to us in better understanding the role of energy in an ecosystem.  The important point to be taken at this time is that energy in one form can be transformed into energy of another form.

Before we consider the role of energy in supporting an ecosystem, we need to consider the different food chain, or trophic, levels characteristic of ecosystems.  First, all life forms in any ecosystem ultimately depend upon primary production, the amount of light energy converted into chemical energy via photosynthesis per unit time.  Photosynthesis is itself the process whereby light energy is transformed into chemical energy.  Like most marine ecosystems, primary production in Alaskan waters is realized through the activities of phytoplankton, seaweeds and seagrasses.  The phytoplankton includes the photosynthesizing bacteria and unicellular algae, including the diatoms and dinoflagellates.  The seaweeds consist of the multicellular green, red, and brown algae.  In Alaska, the seagrasses consist of only eelgrass and surfgrass.  In considering these 3 major groups of photosynthetic organisms, it is important to realize that energy transformations, such as photosynthesis (light energy being made into chemical potential energy), are essential for the support of practically all ecosystems and, indeed, for life itself.  A second example would be the hydrogen sulfide-based energy production realized by certain bacteria living amongst deep sea hydrothermal vents.  Such bacteria are the primary producers for these unique deep sea ecosystems.  Animals depending upon this energy include specialized fishes and invertebrates, most notably giant tube worms.
In open ocean marine ecosystems, the bulk of these primary producers are only bacteria and single-celled algae. These phytoplanktonic organisms constitute the first trophic level.  Subsequently, these primary producing phytoplankton are ingested by small, drifting animals called zooplankton.  Such zooplankton that feed exclusively upon phytoplankton make up the primary consumers and represent another trophic level.  The transfer of chemical potential energy from primary producer to that of primary consumer is about 20% efficient, the remaining energy being converted into heat.  In turn secondary consumers, yet another trophic level, are carnivores that feed upon herbivores.  Here, the transfer of energy is only about 10 to 15% efficient.  These secondary consumers may then be themselves consumed by organisms representing higher trophic levels until, at last, what began as light energy being absorbed by phytoplankton has, by progression through various trophic levels, become chemical energy in a top predator (yes, in another trophic level), such as a sharks, killer whales, sea lions, and sea birds.

From the above we can see that possibly much less than 1% of the chemical potential energy generated through primary production will actually become chemical energy in a top predator.  From this we can further appreciate, then, why the waters surrounding Alaska are not teaming with millions of humpback whales, orcas, stellar sea lions, and beluga whales.  Indeed, despite the tremendous amounts of primary production that occur in Alaskan waters, this is still not nearly enough to sustain top predator population sizes of anything near that magnitude.

Another way to think of energy transfer in an ecosystem is to consider how much dry weight, or biomass, of an organism is transferred into the dry weight of another creature that consumes that organism. The amount of biomass represented by one trophic level also represents the amount of chemical energy in that trophic level, therefore we can think of these terms as being equivalent.  Thus, when going from a lower to a higher trophic level, biomass transfer efficiency is 10 to 20%, the same as that already noted for chemical energy undergoing such trophic transformations.  Of course, the biomass of primary producers must far exceed that of top predators and, for that matter, that of any higher trophic level.

Now let’s consider a simplified example of how chemical energy/biomass may be transferred from primary producers to higher trophic levels such that, ultimately, flight is made possible in a top predator from an Alaskan marine habitat (a habitat is the area in which an organism survives and reproduces; an ecosystem may itself be made up of a great number of habitats).  In this example we consider a puffin, a common seabird of Alaska, as the top predator.  We begin with light energy being converted into chemical energy by photosynthesizing algae and bacteria, the primary producers.  In turn, small drifting animals (zooplankton), such as copepods, consume these organisms and thereby convert approximately 20% of the chemical energy of primary production into chemical energy of  primary consumption.  Herring feed upon the copepods and thus function as secondary consumers.  Chemical energy from the copepods is converted into that of the herring with about 10 to 15% efficiency.   The puffin then eats the herring and converts, at about 10% efficiency, the chemical energy in this crustacean into that of itself.  As the puffin takes off from the water, some of the chemical energy becomes transformed into energy of motion, or kinetic energy, which supports the animal’s flight physiology.  We thus see that energy transformations are a standard feature of a food chain.

In addition, migratory animals, such as certain bird and whale species, can transfer nutrients from one ecosystem to another.  For example, the migratory gray whale, which appears to feed only during its yearly northward migration from warmer Pacific waters to those of the Arctic, transfers energy from a more southerly marine ecosystem to a more northerly one.
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Fig. III.1.  Food Chain Supporting Puffin Flight

(arrows indicate energy/biomass transfer from lower to higher trophic levels)
It is notable that, as in the puffin example in Fig. III.1, the same efficiency of chemical energy/biomass transformation from one trophic level to the next higher holds true for the Alaska marine ecosystem in general.  We can get a better visualization of these transformations by considering the food chain pyramid shown in Fig. III.2.  In this diagram the area contained within each trophic level of the pyramid represents the level of relative energy/biomass available.  Note also that the relative area of the trophic level immediately above another represents the energy/biomass transferred to that higher level from the lower level or levels.
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Fig. III.2.  Pelagic Marine Ecosystem Trophic Pyramid
Primary producers comprise the greatest total area while top predators comprise the least. In nearshore benthic areas, primary producers also include seaweeds and seagrasses.

On the point of energy/biomass transfer, we should observe that it is quite beyond the scope and intentions of this book to begin an examination of the complexities represented by the living and nonliving interactions among components comprising the Alaskan marine ecosystems (indeed, an introduction to such an undertaking might require 10,000 pages and would properly conclude with some statement to the effect that we are only beginning to understand these ecosystems!)

Still, by becoming familiar with some of the regions common among many marine ecosystems, we can nevertheless begin to develop a feel for marine ecosystems in general.  From there, we can be better equipped to understand how the various organisms maintained at the Alaska Sea Life Center ecologically fit into their environments.  With that in mind, let’s take a look at the broad geological and biological aspects of these environments that make up practically all large, marine ecosystems.

1. Continental Shelf: nearshore waters consisting of a gently sloping ocean bottom that extends from either 1) the shoreline to the shelf break or, 2) in the case where there is no noticeable slope, the area between the shoreline and the point at which the water is approximately 100 – 200 meters deep

2.  Open Ocean: all areas of the ocean that are not part of the continental shelf; the boundary is where the continental shelf drops off sharply
3.  Continental Slope: a steep slope separating the continental shelf from the open ocean[image: image2.jpg]Continental Shelf
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Fig. III.3  Simplified Profile View of

the Continental Shelf, Open Ocean, and Continental Slope

Within these three regions may be found the following subdivisions:

Intertidal Zone/Wetland (continental shelf area)

· this is an ecosystem that is an intermediate between a purely terrestrial and purely aquatic environment

· these areas are flooded at high tide and then left dry at low tide

· a tidepool is an example of an intertidal zone occurring in a rock or sandy depression at low tide

· specific intertidal zone environments:

· salt marshes

· mudflats

· sandy beaches

· rocky beaches
· primary producers can include benthic micro-organisms, phytoplankton, seaweeds and seagrasses.
· on rocky beaches the fauna may be highly diverse as it can contain nonmotile organisms such as sponges, sea anemones, tube-dwelling worms, barnacles, mussels and other bivalves, and tunicates, as well as motile organisms such as polychaete worms, limpets, snails, nudibranchs, brittle stars, sea stars, sea cucumbers, amphipods, crabs, shrimps, and small fishes
Estuary (continental shelf area)

· area where fresh and salt waters merge together

· in Alaska, for example, the area where the Kenai River enters the Cook Inlet is an estuary

· saltiness of water in an estuary varies from wholly freshwater to wholly saltwater
· primary producers include phytoplankton, benthic diatoms, seagrasses, and some seaweeds, particularly green sea lettuce that is often so abundant that it is referred to as a green tide.  
· crustaceans, many types of worms, clams, and snails as well as fish often inhabit estuarine areas; these organisms must be physiologically adapted to handling the highly variable changes in salt concentration levels

Pelagic Zone (occurs over continental shelf, continental slope, and open ocean areas)

· the ocean water itself.

· Organisms, some of high mobility inhabit this zone; such organisms include squid, fishes, whales, and other marine mammals.

· phytoplankton (phyto means plant) is present here and consists primarily of unicellular algae and to a lesser extent cyanobacteria (i.e., blue-green algae); they are the ocean’s primary photosynthesizers (i.e., organisms that use light energy to produce their own energy); phytoplankton drift (plankton means drifter) in the pelagic zone.

· zooplankton are typically very small animals (including many juvenile forms of such organisms as jellies, crustaceans, mollusks, sea stars, and fishes, but also adult species of ctenophores, jellyfishes, polychaetes, copepods, amphipods, euphausiids, and swimming octopus) that reside among the phytoplankton; feeding upon the phytoplankton and one another, these members of the zooplankton are in turn fed upon by larger animals, such as herring, sardines, and plankton-feeding whales
Benthic Zone (occurs over continental shelf and continental slope)

· the sea floor environment.

· the organisms residing here will vary depending upon the amount of light reaching this zone.
· in areas with enough light, primary producers such as seaweeds and benthic algae may occur
· other organisms may include, fungi, sponges, sea anemones, polychaete worms, bivalves, snails, sea stars, brittle stars, sea urchins, sea cucumbers, crabs and lobsters, some species of shrimp, octopus, and fishes.
· note that not all organisms here are sessile (i.e., permanently affixed to the bottom/substrate).

Abyss (open ocean area)

· the very deep ocean.

· as this environment is virtually devoid of light, the organisms residing here may include bacteria and fungi as well as a variety of animals, including cnidarians, shrimps, bivalves,, squids, octopus, shrimps, and fishes, some having light-producing cells.

· in the deep sea hydrothermal vents (which are of great interest to both marine scientists and the public) sulfide-rich emissions promote the formation of important organic compounds from carbon monoxide (CO) and hydrogen sulfide (H2S); prokaryotic organisms that utilize these compounds can function as primary producers in the abyss; this is especially noteworthy since no light energy derived from the sun is required for this form of primary production.
Fjord
· a narrow inlet of the sea that is of glacial origin; occurs between cliffs and steep slopes, and is at least partially filled with marine water during tides

· warmer, freshwater lies on top of cooler, denser salt water in a fjord

· the mixing of the two layers depends on the amount of freshwater (primarily from rivers) and salt water (from tidal activities) entering the fjord.

· in glacier-capped fjords, nutrients from glacial melt are abundant and support a large biomass of phytoplankton.

· Organisms include phytoplankton, some species of algae, may include jellyfishes, ctenophores, polychaete worms, snails, clams, mussels, sea stars, brittle stars, crustaceans, fishes (e.g., halibut and salmon), marine mammals, and sea birds
· Alaska’s coastline contains a great many fjords and these are thus significant Alaskan marine ecosystems

Upwelling Zone
· areas where nutrient-rich, cold, deep ocean water rises from the ocean bottom to the surface.

· phytoplankton and seaweeds grow rapidly in high nutrient conditions; this in turn helps to greatly increase the growth and reproduction of pelagic and benthic animals.

· upwelling pelagic zones contain about four times the productivity of other pelagic zones.

It is important to note that chemical energy/biomass as well as limiting nutrients (see below) can be cycled between the various marine environments listed above.  Such nutrient flow is necessary in sustaining a marine ecosystem.  For example, chemical energy generated through primary production in the pelagic zone may be cycled through organisms that frequent both this and the benthic zone.  An example of this is the halibut, Hippoglossus stenolipis.   Although this fish is generally a bottom dweller (benthic) and feeder, it can temporarily frequent the pelagic zone and capture prey items there.  In addition, the pink shrimp, Pandalus borealis, typically undergoes vertical migration, feeding mainly on the bottom during the day and moving upward to feed in the water column during night.  Thus, pelagic biomass may be converted to mostly benthic biomass and vice versa through such shrimp and halibut feeding.  There are perhaps countless other examples, all helping to ensure that energy is transferred from one ocean zone/environment to another.

Limiting Factors Affecting Primary Production in Marine Ecosystems

Primary production in marine ecosystems is limited by light and nutrients.  It is therefore notable that even in “clear” waters only 5 to 10% of the incident radiation will penetrate to a depth of around 20 meters.  Thus, photosynthesis, and therefore primary production, is limited to this depth, referred to as the photic zone.

Curiously, although equatorial regions of the world receive the greatest light intensity, these areas are not realms of great primary production.  By comparison, the North Atlantic, Southern Ocean off of New Zealand, and the Gulf of Alaska are areas of rather high primary production.  Why is this so?

The relatively low primary productivity of tropical marine environments is attributable more to a lower abundance of the nutrients nitrogen and phosphorous than it is to light.  Both of these nutrients are at generally low concentrations in the world’s photic zones.  However, deep water environments contain relatively higher levels of phosphorous and nitrogen.  Thus, in upwelling areas where deep, nutrient-rich ocean water is brought to the surface, higher levels of primary production occur.

Curiously, the Gulf of Alaska is generally a downwelling area, in which nearshore waters are forced downward and replaced by nutrient-poor offshore waters.  Why then should these waters be so rich in primary production?  There is as yet no satisfactory answer to this very puzzling phenomenon and researchers are currently studying the Gulf of Alaska in an attempt to better understand this aspect of the marine ecosystem.  We can conclude at this time that there are still many unsolved mysteries regarding the complex underpinnings of Alaska’s marine environments.

General Geographical/Geological Characteristics of two Alaskan Marine Ecosystems
Different Alaskan marine ecosystems have been defined based upon various criteria.  For example, some investigators have recognized arctic and subarctic ecosystems, the division between these occurring at the geographical margin separating these realms.  We can get an idea of just how large Alaskan marine ecosystems may be by considering the range and some geological characteristics of two such commonly recognized environments, the Bering Sea – Aleutians Ecosystem and the Gulf of Alaska Ecosystem.

Bering Sea – Aleutians Ecosystem

· 2.3 million square kilometers of area
· northern portion is arctic, southern portion is subarctic
· a semi-enclosed high latitude sea

· 44% continental shelf

· one of the most biologically productive areas of the world

· in winter and spring, pack ice covers eastern and northern portions

· 13% continental slope

· 43% deepwater basin/open ocean

· basic flow of water is from the North pacific on through the major passes between Aleutian islands (see diagram below) and into Bering Sea;  water then continues eastward along Aleutian chain, then northward along the break located at the eastern limit of Bristol Bay; water may then flow north to exit above the Bering Sea or flow westward to the eastern Russia coast, whereupon some of this water may flow back towards the Aleutian Islands and rejoin the water flowing northward through passes there; this forms a sustained gyre of water flowing around the perimeter of the Bering Sea

Gulf of Alaska Ecosystem
· 160,000 square miles of continental shelf

· at northeast end is Prince William Sound, site of the 1989 Exxon Valdez oil spill

· main flow is circular and is referred to as the Alaska Gyre; results from eastward-flowing Subarctic Current System, located 50o N latitude, and the Alaska Current System flowing along the northern Gulf of Alaska

· seasonal variations in eddies of nearshore areas are the result of Gulf of Alaska winds

Generalized View of Primary and Secondary Production In the Subarctic and Arctic Alaskan Marine Ecosystems of the Southeastern and Northeastern Bering Sea

· primary production in the water column occurs in late winter and early spring as light penetrates the pack ice of northern waters and causes algae in the lower regions of the ice to grow

· greatest level of primary production occurs in late spring when pack ice over continental shelf starts to break up into ice floes, thus opening areas of the shelf to full sunlight; this results in very intense phytoplankton blooms, with 65% of primary production occurring between April and May

· phytoplankton blooms also occur over upwelling areas

· primary production is utilized by zooplankton (especially copepods and krill), which constitute secondary production

· copepods and krill are consumed by virtually all other predators (e.g., fishes and plankton-feeding whales) in the area; these crustaceans are a critical component of the Alaskan marine ecosystem food chain; these predators make up the higher trophic (feeding)  levels beyond primary and secondary production
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Fig. III.4.  Krill, Euphausia superba
In summary, marine waters of Alaska are host to numerous water column and/or bottom dwelling species, all of which interact with one another to form a complex ecosystem.  It should be noted that this ecosystem depends upon ocean currents, including those formed by upwellings (although a notable exception to this has been observed in the predominantly downwelling areas of the Gulf of Alaska), to bring in nutrients required by primary producers.  In turn, zooplankton feed upon these to establish primary consumption, which serves to sustain the higher trophic levels represented by larger invertebrates, fishes, marine birds, and marine mammals.  A deeper exploration of this subject is beyond the scope of this manual.  Nonetheless, the reader may obtain further insight into this by reading the taxonomic descriptions (including, for example, those for phyla and species) provided in later chapters.  In addition, many published works, as well as internet sources, provide detailed information on the ecological role of the various species featured at the Alaska SeaLife Center.

Marine Ecosystem Summary

· a marine ecosystem is defined as the interactions among living and nonliving components of a defined sea or ocean environment.

· a food chain in an ecosystem is made up of various trophic levels, each of which represents a route of energy flow within that ecosystem.

· chemical energy/biomass is transferred from one trophic level to the next higher one with an efficiency ranging from 10 to 20%.

· primary production (a trophic level) results from cyanobacteria, unicellular algae, seaweeds and seagrasses utilizing light energy to generate chemical energy which will sustain life.

· this process is called photosynthesis.

· primary consumers (a trophic level) eat primary producers and thereby convert about 20% of the primary producer’s chemical energy/biomass into their own chemical energy/biomass.

· secondary consumers (a trophic level) feed upon primary consumers; the efficiency of chemical energy/biomass transfer is approximately 10 to 15 %.

· a top predator (a trophic level) is the final recipient of energy flow in an ecosystem; efficiency of chemical energy/biomass transfer is about 10%.

· marine ecosystem primary production is limited by availability of light and nutrients (especially nitrogen and phosphorous).

· a certain amount of energy/nutrients is/are cycled from one marine ecosystem to another.

· to receive limiting nutrients, such as nitrogen and phosphorous, from deep water environments, the Alaska marine ecosystem depends upon both upwelling areas and mixing (mixing can occur as a result of storms and early season overturn, which results when water temperatures drop; seasonal overturn is the most important mechanism for bringing deep water nutrients to surface waters).

· various Alaskan marine ecosystems have been geographically/geologically defined.
· all Alaskan marine ecosystems are complex and the interactions among the various components, both living and nonliving, are only beginning to be understood.
