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Cal Echoes Lesson Plan
	2010



“A Week of Science at Sea Aboard the Research Vessel Melville.”

Day 5: The marine food chain: Who’s coming to dinner? 
Grade Level: 5- 8 
Authors: Benjamin P Neal, PhD Candidate, Scripps Institution of Oceanography, NSF GK-12 Fellow, and Jerry Ruiz, Dana Middle School, Point Loma, California. 
Lesson Summary: This lesson introduces students to the idea of trophic consumption levels in the oceans, and shows some examples of Southern California marine food chains. 
This is the fifth and last lesson in a series of five lessons with accompanying videos, collectively entitled “A Week at Sea Aboard the Research Vessel Melville.” The video for today is called “The Food Web” and can be found on YouTube at this link http://calechoes.wordpress.com/video/. This video is most appropriate, but not required, if watched before beginning the exercise, as it introduces the scientists involved in collecting the animal samples, (images of which are presented in the exercise described below), and to the meaning of the word trophic.” This video is 9:05 minutes in length. Following the video, solicit student questions, and then begin the exercise below. 

Additional supporting information from the original cruise in September 2010, such as the blog entries and student inquiries, can be found on the CalEchoes cruise website http://calechoes.ucsd.edu/.  For additional general information on the research and educational activities of the Scripps Institution of Oceanography, which sponsored this cruise, please see http://scripps.ucsd.edu/. Additional information about the habits of particular fish can also be found on the Fishbase website http://www.fishbase.org/ . 
Lesson Duration: One hour. 

Learning Objectives:

· Students will understand that the variety of organisms in the ocean are all involved in trophic interactions with particular other species, and that this consumptive relationship is called the food web. 
· Students will understand that primary production is a term that means plant life, which is converting sunlight into organic material, and that almost all life in the ocean has as a trophic base this primary production. 
· Students will understand that there is energy and mass loss when going form one trophic level up to another.

· Students will know that there are five common trophic levels, and will be able to make guesses about which level an animal is in, and will be able to guess about some of the food items an animal might eat form it’s trophic level. 
 Key vocabulary:
Trophic level, primary production, secondary production, food chains, autotrophs, heterotrophs. 
Content Standards:
California State Science Content Standards: 

4th Grade: Section 2 - Life Sciences

Section 2:  All organisms need energy and matter to live and grow. As a basis for understanding this concept:

a. Students know plants are the primary source of matter and energy entering most food chains.

b. Students know producers and consumers (herbivores, carnivores, omnivores, and decomposers) are related in food chains and food webs and may compete with each other for resources in an ecosystem.

c. Students know decomposers, including many fungi, insects, and microorganisms, recycle matter from dead plants and animals.

Section 3: Living organisms depend on one another and on their environment for survival. As a basis for understanding this concept:

a. Students know ecosystems can be characterized by their living and nonliving components.

b. Students know that in any particular environment, some kinds of plants and animals survive well, some survive less well, and some cannot survive at all.

c. Students know many plants depend on animals for pollination and seed dispersal, and animals depend on plants for food and shelter.

d. Students know that most microorganisms do not cause disease and that many are beneficial. 
National Science Education Standards
GRADE 5-8: CONTENT STANDARD C - LIFE SCIENCES 

   POPULATIONS AND ECOSYSTEMS

A population consists of all individuals of a species that occur together at a given place and time. All populations living together and the physical factors with which they interact compose an ecosystem.

Populations of organisms can be categorized by the function they serve in an ecosystem. Plants and some microorganisms are producers—they make their own food. All animals, including humans, are consumers, which obtain food by eating other organisms. 
Food webs identify the relationships among producers, consumers, and decomposers in an ecosystem.
For ecosystems, the major source of energy is sunlight. Energy entering ecosystems as sunlight is transferred by producers into chemical energy through photosynthesis. 
Ocean Literacy Principles
       Standard 5: The ocean supports a great diversity of life and ecosystems.

a Ocean life ranges in size from the smallest virus to the largest animal that has lived on Earth, the blue whale.

d Ocean biology provides many unique examples of life cycles, adaptations and important relationships among organisms (symbiosis, predator-prey dynamics and energy transfer) that do not occur on land.
Teacher Instructions:
Background: 
Trophic levels are descriptions of the positions that any organism on earth occupies in the food chain. A chain is the succession of organisms eating other organisms. There are five commonly accepted trophic levels, which are described in more detail below. 

Trophic level 1 represents the primary producers, or the autotrophs (from the Greek – auto/self, troph/food), which are the organisms that use photosynthesis to convert the energy of the sun into biomass. On land these are the trees, grass, and other plants. The most important primary producers in the ocean are the phytoplankton, which are microscopic single-celled organisms that live in nearly all the surface waters of the ocean. They are like very small plants, but unlike grass on land they are unattached to the bottom, and drift freely in the water. Seaweeds, which are generally fixed to the bottom or other objects, also contribute to primary production, but it is the phytoplankton that contribute the most in terms of chemically fixed carbon. This carbon is what all the other animals in the ocean are made from, although it often passes through a number of trophic levels before reaching some of the animals we are most familiar with, such as sharks and swordfish. 
Trophic level 2 represents the animals that directly eat primary producers. This is a large group, and can include a number and variety of animals, such as very small copepods in the ocean, and elephants on land. This level can also include stages of a species that might be at a different trophic level when mature, but is a Trophic level 2 consumer at early or developmental stages of growth. These animals are also called herbivores, or primary consumers. 

Trophic level 3 includes animals that eat the primary consumers described above, and are thus called secondary consumers. These animals are carnivores, or secondary consumers. This class includes very small fish in the ocean, such as mackerel or herring, that directly consume zooplankton, which eat even smaller phytoplankton, but this level can also include large animals such as tigers, that eat herbivores like gazelles and other grassland grazers. 
Trophic level 4 organisms are carnivores that eat other carnivores, and are thus referred to as tertiary (or third level) consumers. These animals are rare on land, but fairly common in the ocean. A good example is most tuna fish, which consume small schooling fish like the mackerel or herring mentioned above. 

Trophic level 5 are animals that have no known predators, and are at the top of the food chain. They can eat the tertiary consumers, and are thus called quaternary consumers. Note that the system is not perfect, and there can be large animals without predators which are not direct consumers of Trophic Level 4 organisms, or do not consume them exclusively. Some of these particular cases are detailed in the Discussion section below. 
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One of the most important concepts of the food chain is that its size generally reduces at each level. This is due to the simple conservation of matter, and the loss that occurs at each level as energy is transferred to the next level. The rule of thumb for this is that each transfer looses 90% of the energy of the level before, a term called ecological efficiency. A graph of this is shown just above.  
This explains why sharks, wolves, and other predators are much more rare than rabbits, herring, and other primary consumers. It also explains why there is much more biomass of primary producers than of anything else, even in the ocean. Many primary school students are not familiar with this concept, as the plankton are not obvious to the the eye. 

We will be assigining a trophic level to each of the animals presented today and yesterday, and then placing some of them in food chains representing some of the possible flows of energy in the Southern California Bight. Note that it is not really possible to give an exact trophic level assignment for all the indivuals in a species, as we can for specific physical traits (like number of legs), as habits and populations very, and animals can eat different things in the course of their lifetimes. Therefore in our exercise trohic levels are estimated to the nearest half level. Figuring out the exact decimal trophic level designations for groups of animals is itlself the subject of many scientific papers and debate, and this complexity is shown in the diagram below of trophic interactions for the Humbolt squid (one of the animals featured today in the slideshow), taken from the US National Oceanographic and Atmospheric Administration’s 2007 report on this species (Field, et al). Note that they take the extemely varied diet into consideration, and assign a trophic level of 4.4. There are many trophic interactions that have been rcorded for this one species, which is what makes exact trophic-level designation science very difficult. 
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Materials:
· ANIMAL IMAGES/PRINT OUTS:  The images used for today’s exercise are the same as yesterday, “Day 4: Sampling the water column,” plus some additional slides from today. The images should all be printed out for each group of students, as they will be writing estimated trophic levels right on the images. 
· LARGE DESK OR SURFACE: For arranging food chains of the printouts above. 

Procedure: 
As with the exercise from yesterday, lay out one set of images from the Powerpoint presentation on each work surface, along with printouts of the organisms from todays Powerpoint as well. 
Next show the video for today, entitled “The Food Chain.” This video reviews the five step food chain, and shows the sampling techniques, and gives images of some of the animals presented today. 

Following this present the Powerpoint for today, also called “The food chain” and solicit student input and give some verbal details on each organism, just as you did yesterday. Notes for this input for each slide are detailed below. These are mostly not just stock images of familiar organisms, and are not images taken by the authors on the CalEchoes cruise, but are representative of common life forms that live in the Southern California Bight, and are important trophic-level adjuncts for today’s exercise. Note that trophic level 1 organisms are outlined in green. This exercise should take only ten minutes or less. Slide notes follow: 
Slide 1. Assorted phytoplankton

There can be as many as 100,000 cells per milliliter of these very small photosynthetic plants in the water column. They can bloom in local waters, causing the phenomenon known as red tide. These cells are the base of the food chain, supporting zooplankton, water-filtering bivalves like clams, and filter-feeding fish like sardines and anchovy. There is much, much more biomass of phytoplankton than anything else in the ocean. They are Trophic level 1 – primary producers. 

Slide 2. Giant kelp (Macrocystis porphyra)

This is the giant kelp that can be seen in many locations off the California coast. It is a massive seaweed, growing to heights of 70 meters (over 200 feet). Their fronds and stems provide a hiding structure for a great variety of fish, and they also add primary production biomass to the ecosystem, which is consumed directly by many species, like abalone, and also supports the detrital animal community that lives off the dead fronds. 

Slide 3. Blue whale (Balaenoptera musculus)

This is the largest animal the earth has ever seen, and it is a regular visitor to the southern California Bight. It is a filter feeder, and when feeding they consume between two and four tons per day of small organisms such as small fish, krill, shrimp, copepods or other zooplankton.  These whales can reach lengths of over 110 feet in length, and can weigh over 200 tons, making them nearly twice as heavy as the largest dinosaur. The blue whale is also notably fast, capable of speeds of up to 30 miles per hour.  Blue whales are Trophic level 3. 
Slide 4. Giant squid (Dosidicus gigas)

These squid are mentioned in the videos as having grown in abundance in the Southern California Bight in recent years. They live deep in the ocean, from 200 to 1000 meters in depth. They are invertebrates, but are aggressive carnivorous hunters when feeding, consuming mainly small fishes like the Myctophid presented in yesterday’s lesson. They also eat other cephalopods, and even other Humbolt squid. In early, small life stages, they live primarily on copepods, and thus demonstrate a changing trophic level over their life spans (called ontogenetic change). They are usually placed in Trophic level 3. 
Slide 4. Sperm whale (Physeter macrocephalus)

This is a toothed whale (Odontocete), reaching about 50 feet in length. They feed deep in the ocean, consuming mostly giant squid related to the Humbolt squid in Slide 4. They were a major target of commercial whaling, but are now protected internationally. They are presented here because they are a good example of a whale that is distinctly different in feeding habits and trophic level than the blue whale shown in slide 3. They are trophic level 4 or 5, as they consume primarily large squid and fish. Note that this is very high on the trophic scale for whales, as no whales are exclusive trophic level 5 feeders.  This is a good example to illustrate the concept that assessing the trophic level of an organism is not an exact measure, as individuals vary their diets, and animals eat varied organisms at different times of the year. 
Slide 5. California sea lion (Zalophus californianus)

The California sea lion is found only on the west coast of North America. Populations of sea lions in California are growing at about 5% each year, and they can be seen in large numbers in San Diego harbor, as well as other harbors along the coast. The male sea lions can grow to be eight feet long, and they feed on a variety of fish, squid, and sometimes benthic organisms like clams. They are thus Trophic level 4, or slightly less depending on the particulars of individual’s diets. 

Slide 6. Great white shark (Carcharodon carcharias)
The great white, which regularly inhabits the Southern California Bight, is one of the few true Trophic level 5 predators.  In this area they eat primarily marine mammals, like seals and sea lions. Very large individuals are sometimes seen in the coastal Southern California Bight in the summers, believed to be pregnant females awaiting the birth of their pups. They have a large range, inhabiting almost all coastal waters with temperatures above 50 degrees Fahrenheit. The only two animals known to have preyed upon the great white shark in modern times are the Killer whale, or orca, and humans. 
Slide 7. Xantus’s Murrelet (Synthliboramphus hypoleucus)
This small seabird is an important consumer of larval fishes like the ones we saw in the slideshow yesterday’s lesson (thus is Trophic level 3). They are common in the California Bight, and range from Washington to the southern end of the Baja Penninsula. This species is a member of the auk family, and is the smallest and southernmost member of that group. The largest member of that group, the Great Auk, was hunted to extinction by humans in 1853. This little auk is also endangered, listed as a “Vulnerable population” by the IUCN (International Union for the Conservation of Nature). It is threatened by feral cats and rats living on the offshore islands, by oil spills around Santa Barbara and Los Angeles harbor, and by disturbance by humans ship traffic and hikers on the islands.

Slide 8. Whale shark (Rhincodon typus)

The whale shark is the largest of the sharks, and the largest of the fishes. It can be up to 40 times larger than the great white shark, as long as fifty feet in length. It is notably different on the trophic scale, as it is a filter feeder, much like the blue whale (the largest animal in the sea). It may seem counterintuitive hat the largest animals in the ocean feed on the smallest possible prey, but the Food chain exercise at the end of the lesson will illustrate how much more efficient this can be, as their food is everywhere and they do not have to spend as much energy in pursuit, like the great white. 

Their mouths have evolved to be broad and deep, with small teeth that do not function in feeding. They have raking structures on their gills, that capture the small food items as the water is forced out the gill openings. Whale sharks have a beautiful polka dotted pattern on their backs, and they swim slowly near the surface of the ocean. They also present no risk, unlike other large sharks, and are thus a favorite for divers to swim with. 

Following the video and the Powerpoint, direct students to place an estimated trophic level on each of the printouts from both days. There should be a total of 22 images for each station (from both yesterday and today). Remember that there are five trophic levels, outlined above. It may be instructive to put the five trophic level definitions on the board or on an overhead projection. It will also be useful for students to have Internet or book guides to California sea life at hand, to address questions about diet. This exercise will take around fifteen minutes for all 22 slides. Following this exercise compare students results to the list below. 
Organized by species (same order as slide show):

Assorted phytoplankton 
	Species or group
	Scientific name
	Diet items
	Trophic level

	Assorted phytoplankton 
	----
	Only sunlight! 
	1

	Giant kelp
	Macrocystis porphyra
	
	1

	Blue whale
	Balaenoptera musculus
	Krill, small fishes, copepods
	3.5

	Giant squid
	Dosidicus gigas
	Small and medium fish, shrimp
	4.5

	Sperm whale
	Physeter macrocephalus
	Large squid, large fish
	4.5

	California sea lion
	Zalophus californianus
	Large/medium fish, small squid
	4.5

	Great white shark
	Carcharodon carcharias
	Whatever it wants! When fully mature they consume mostly seals and sea lions 
	5.0

	Whale shark
	Rhincodon typus
	Plankton and small fish and squid (filter feeder)
	3

	Xantus’s Murrelet
	Synthliboramphus hypoleucus
	Small larval fishes
	3

	Slender barracudina
	Lestidium ringens
	Small crustaceans and small fish
	3

	Marine deepwater amphipod
	(Not identified to species)
	Phytoplankton
	2

	Hatchetfish 
	Argyropelecus ssp.
	Small fish 
	3

	Pacific red octopus (Pacific red octopus 
	Octopus rubescens
	Benthic (bottom-dwelling) crustaceans and small fish
	3

	Filetail catshark 
	Parmaturus xaniurus
	Crustaceans, fish, small squid
	3

	Caridean shrimp 
	Order Decapoda
	Phytoplankton and zooplankton
	2.5

	Isopod parasite
	(Not identified to species)
	Parasitic – not able to assign trophic level – lives off the shrimp. 
	See note at left

	Deep water isopod 
	(Not identified to species)
	Phytoplankton
	1

	Larval squid 
	Cephalopod – Order Teuthida
	Phytoplankton and zooplankton (at this life stage)
	2.5 (This goes up at later life stages)

	Hula skirt siponophore
	Physophora hydrostatica
	Plankton and small fish
	3 

	Turbot juvenile
	Pluoroneichthys coenosus
	Plankton and zooplankton
	2.5 (This goes up at later life stages)

	Heteropod, or Sea elephant 
	Pterotrachea coronata
	Plankton and zooplankton
	2.5 (As adult)

	Mantis shrimp 
	Stomatopoda ssp
	Small crustaceans 
	3

	Highseas myctophid (lantern fish) 
	Triphoturus nigrescens
	Phytoplankton
	2

	Copepod parasite
	(Not identified to species)
	Parasitic – not able to assign trophic level – lives off the shrimp.
	See note at left.

	Copepod

	Calanus ssp
	Phytoplankton
	2

	Spiny lobster (phyllosome larvae)
	Panularus interruptus
	Phytoplankton
	2 (This goes up at later life stages, but the lobster remains an omnivore)

	Deepwater viper fish 
	Order Stomiiformes
	Other small fish
	3


Food chains:
The next step is to assemble food chains, using the trophic information we have estimated and recorded on the images themselves) above. There is no absolutely correct answer in many cases, as many organisms have a varied diet. However, representative, well-formed hypothesis can be formed. Try starting with one slide, and have the students build a food chain from there, and then present it to the class. Some potentially interesting examples are presented below, but feel free to start with any slide and research the trophic connections to other species. The internet and guidebooks will be helpful in this exercise, along with the lecture notes presented here. 
Food chain example 1.

Show Slide 7 from today (the last slide viewed), of the Xantus’s Murrelet. Ask what it might eat . . . and  point out the similarity in body shape to the penguins. Indeed this Northern hemisphere bird is very similar in behavior to the Antarctic penguins, but they are unrelated. They both dive for small fish for their diets. This similarity is a good chance to introduce the concept of parallel evolution, where two species in different areas develop similar body shapes and habits, due to the similar evolutionary forces exerted upon them. 

This bird eats larval fishes, such as Slide 10 from yesterday, which themselves are Trophic level 2, as direct consumers of phytoplankton (Slide 1 from today). This is a good tight food chain with only three members (Murrlets and other seabirds generally have few predators at sea), but is a good chance to point out that rats and cats on the islands (introduced species, and Trophic levels 4 and 5) are now direct predators on these little seabirds, altering the ecosystem. Disturbances such s this can have destabilizing influences on ecosystems, and can lead to declines or extinction in some species even without human hunting or pollution. 
Food chain example 2. 

Go back two slides in the Powerpoint from the Xantus’s Murrlet to everyone’s favorite, the great white shark. The primary prey of the great white shark is one slide back again – the sea lion (along with seals). These marine mammals eat mainly large and small fish (making them Trophic level 4.5 on average), which eat small fish, which eat zooplankton, which eat phytoplankton (giving us six steps in this example). 

This multistep food chain leading to the great white shark is a good example to illustrate concepts of trophic efficiency and transfer. Lets say that we see a large 1000 kilogram (approximately 2200 pound) great white shark. Ask students how much food it would have taken to create that animal. Using the classic trophic transfer efficiency figure of 10%, this would mean that 10,000 kilos of marine mammals would have been consumed, 100,000 kilos of large fish, 1,000,000 kilos of small fish, 10,000,000 kilos of zooplankton, and 100,000,000 kilos (one hundred million kilos is equal to approximately 220 million pounds, or 100,000 tons) of phytoplankton. This example really illustrates the concentration of the food chain, and the amazingly large production of the phytoplankton in the ocean waters. 
To calculate further, given an estimated production of phytoplankton at 1 gram per square meter per day, a mass of 100 million kilos of phytoplankton (enough to make a great white shark) would require all the daily production 100,000 square kilometers of ocean surface, or about the area of the California coast out to 100 miles from shore. That is a lot of production required, but the ocean is a massive surface, and is making phytoplankton whenever the sun is shining. The Pacific Ocean alone is 169 million square kilometers, larger than all the land area of the earth combined, and while production varies greatly across this surface (with 1 gram per square meter per day of phytoplankton production seen only in high nutrient, coastal areas), there is still remarkable volume of primary production supporting the ocean ecosystems.

Food chain example 3.
Return now to Slide 3 from today, the blue whale. This whale is also a frequent resident in the California Bight, just like the great white shark. They eat a variety of organisms, but always small and always filtered out of the water. This can include phytoplankton, small shrimp called euphasiids (Trophic level 2) to small market squid and schools of juvenile mackerel (Trophic level 3). This variety gives them an overall Trophic consumption level of 3. It is interesting to note that this is the largest animal ever seen on the surface of the planet, and it has a Trophic consumption level well below that of the Great white shark. A further example of this is the whale shark, which was shown in Slide 8 from today.
Students could use this variety of diet strategies to think about and discuss their own trophic levels, with most of us being about 4. True vegetarians will be at Trophic Level 3, and Eskimos and Inuit Indians who consume only animal products (whales, seals, and sharks) will be around 5. In general, humans are extremely broad omnivores, but this personal exercise can serve as an interesting calculation, and can be used to bring up the environmental issues of humans catching and eating top level fishes like tunas sharks. 
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