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Cal Echoes Lesson Plan
	2010



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

Day 4: Animal diversity: So many fish in the sea! 

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 diversity of life in the oceans, using images of samples taken during an oceanographic cruise, and gives an introduction to the taxonomic system used to classify those organisms.  

This is the fourth 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 “Animal diversity” 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 methods of collecting fish and other animals at sea, and some of the researchers involved in collecting samples on this cruise. Following the video, which is 11 minutes long, solicit student questions, and then show the Powerpoint, and then, if there is time, introduce the basic taxonomic exercise described 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/. More complete supporting information about the habits of specific fish species can also be found on the Fishbase website  http://www.fishbase.org/
Lesson Duration: One hour. 

Learning Objectives:

· Students will understand that there is tremendous diversity of life in the open ocean, and that organisms have evolved a number of specialized characteristics to deal with the low-light, high-pressure, low-temperature, food-poor regions of the deep oceans. 
· Students will understand that this diversity has been organized by scientists into taxonomic groups, and will understand at least one of the most basic divisions in that organizational system – invertebrate vs. vertebrate. 

 Key vocabulary: Evolution, biodiversity, ecosystem, invertebrates and vertebrates, taxonomy. 
Content Standards:

California State Science Content Standards: 

7th Grade: Focus on Life Sciences

Section 3 – Evolution
Biological evolution accounts for the diversity of species developed through gradual processes over many generations. As a basis for understanding this concept:
a. Students know both genetic variation and environmental factors are causes of evolution and diversity of organisms.

d. Students know how to construct a simple branching diagram to classify living groups of organisms by shared derived characteristics and how to expand the diagram to include fossil organisms.

e. Students know that extinction of a species occurs when the environment changes and the adaptive characteristics of a species are insufficient for its survival.
National Science Education Standards

GRADE 5-8: CONTENT STANDARD C - LIFE SCIENCES 

DIVERSITY AND ADAPTATIONS OF ORGANISMS

Species acquire many of their unique characteristics through biological adaptation, which involves the selection of naturally occurring variations in populations. Biological adaptations include changes in structures, behaviors, or physiology that enhance survival and reproductive success in a particular environment. 
Ocean Literacy Principles
Principle 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.

c.  Some major groups are found exclusively in the ocean. The diversity of major groups of organisms is much greater in the ocean than on land.

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.

f.  Ocean habitats are defined by environmental factors. Due to interactions of abiotic factors such as salinity, temperature, oxygen, pH, light, nutrients, pressure, substrate and circulation, ocean life is not evenly distributed temporally or spatially, i.e., it is “patchy”. Some regions of the ocean support more diverse and abundant life than anywhere on Earth, while much of the ocean is considered a desert.

g.  There are deep ocean ecosystems that are independent of energy from sunlight and photosynthetic organisms. Hydrothermal vents, submarine hot springs, methane cold seeps, and whale falls rely only on chemical energy and chemosynthetic organisms to support life.
Teacher Instructions:

Background: 

In the most simple definition, biodiversity is simply all 'Life on Earth'. It refers to the variety of life forms including plants, animals and microorganisms, as well as the genes that they contain, and also all the ecosystems that they form and live in. Biodiversity is thus composed of three main categories: (1) genetic diversity, (2) species diversity and (3) ecosystem diversity. We will focus on only the species diversity of one ecosystem in this lesson - the deep sea. However, it is intended that this example will show students how all ecosystems contain a remarkable, and still not fully understood, variety of life forms. 

Biodiversity can exist at different levels, for example diversity can be delineated within a population (a group of a single species within a specific defined area), or within a given species (individuals that can interbreed across their entire range), or within a specific community (defined as a collection of all the species that live together in a defined area). In this lesson we deal only with community diversity (different species living in the same area), but the concepts of population and species diversity (i.e. genetic diversity within a species) can be brought up in the classroom to explain how evolution has slowly driven the community diversity of species we observe in any ecosystem.  Although this genetic diversity is not always obvious, as it often cannot be seen in the outward forms of the organisms, it is extremely important, as it is a requisite for evolutionary adaptation of a species to a changing environment. 
Species diversity, as discussed here, is defined as the variation in the number and frequency of species in a biological assemblage or community. Species diversity is the most commonly used synonym for biodiversity, where species richness (number of species in a given habitat) is the main index used for its measurement. The working estimate of the total number of species on earth is 12.5 million, however, the total number that could exist ranges from 5-100 million. Some researchers have suggested that there may still be 10 million undescribed species in the deep sea alone!

In both marine and terrestrial realms, diversity of the smaller organisms is often much less established than the larger organisms. For example, in the ocean, there is usually a plethora of information on whales, dolphins, porpoises and fish while only recently are scientists understanding the extreme diversity present in microorganisms such as bacteria and phytoplankton (i.e. the plants of the sea). In this presentation we therefore focus only on images of smaller animals, but do not show images of single-celled (microscopic) organisms or the largest marine mamals. Be sure to emphasize in the classroom that both microbial and large animal life are also diverse, but are not the focus of this presentation. 
A key point to this lesson is that the ecosystem in which a community lives is the primary driver of evolutionary diversity. Our ecosystem, the deep sea, is characterized by low light, high pressure, relatively slow water movement, low but stable temperatures, a lack of food resources. These extreme conditions have driven remarkable adaptations, some of which are shown in the images in this presentation. The instruction notes (CalEchoes_AnimalDiversity_Notes) serve as a guide for discussion of the slides (note also that the notes will show up in the Powerpoint “Notes” section while displaying the presentation). 
Materials:
· VIDEO:  Download “Animal diversity” form this link this link http://calechoes.wordpress.com/video/
· LARGE MAP OF THE WEST COAST OF NORTH AMERICA (Optional): Ranges are given in the notes, and a map will be helpful for illustrating these ranges and discussing what factors limit ranges of animals. 
· PROJECTOR AND POWERPOINT: “CalEchoes_AnimalDiversity.” Also use this teachers guide for presenting the Powerpoint presentation (see slide-by-slide notes below). 
· COLOR PRINTOUTS OF POWERPOINT: One set for each group. 

Procedure: 
Activities and exercise: 
First introduce the term taxonomy to the classroom. Taxonomy is the science of plant and animal classification.  A first illustration of this that may seem familiar would be to divide up groceries into categories (i.e. juices, vegetables, frozen foods, etc) and then assign examples to each category. This can be used to introduce the Kingdom/Phylum/Class/ Order/Family/Genus/Species division used in the Linnaean Classification System (named after Carl Linnaeus, 1707-1778).  Distribute the printouts to the tables, and allow time for the students to look through them. This should take fifteen minutes. 
Next watch the video. This video is eleven minutes long, and discuses the collection methods used on the cruise, and the animals shown in the images were all taken with these methods. 

Next view the Powerpoint presentation. There are sixteen animals presented. This is a good time for student questions. Use the notes below to provide slide-by-slide direction for the presentation and discussion. 

Following the Powerpoint, have students do the following exercise: One of the principle divisions in the animal kingdom is between invertebrates and vertebrates. The slides in this presentation have been given different borders for these two categories, white for vertebrates and black for invertebrates. Have the students divide up their printouts by these two categories (without telling them about the color-coded borders!).  You can check the work visually and quickly by looking for the borders. Encourage discussion on the diversity of forms and the features of the individual species. 
Species notes by Slide follow (also in the Powerpoint “Notes” section, for presentation):

CREDITS: All pictures were taken on the 2010 CalEchoes oceanographic research cruise by Benjamin Neal or Dr. Greg Rouse (Scripps Inst. Of Oceanography). 
1. Introductory petri dish slide – showing organism diversity

Fish larvae and juveniles, and adult and juvenile invertebrates are shown from one deep water tow. This introductory mix is intended to give an idea of the diversity, and small size of these organisms. Many of the organisms featured in this slide show are present in this first petri dish, and came from the same deep water net tow. 

2. Slender barracudina (Lestidium ringens) 

Length to 20 cm (this specimen 15 cm). Lives from Canada to Mexico, Mesopelagic (200 to 1000 meters). 

This little adult fish, which lives in the dark regions of the ocean, has a remarkably large mouth for it’s body size. Prey is scarce in the deep ocean, and it needs to be able to consume whatever large prey it comes across, sometimes nearly as large as itself. It also shows the large eyes typical of creatures that live in this dark mesopelagic region, where they need these big eyes to make the most of what little light there is available. 

This is a vertebrate (note white border on picture). 

(two pictures - one full length and one of the mouth)
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3. Marine deepwater amphipod

Length to 10 cm, although generally less than 20 mm. Hundreds of species inhabit the California Bight, so this is not identified to species, but rather to functional group. The rostrum (or head) is to the right. Amphipod means “two-footed” in Greek, and the different sized appendages that led to this name can be readily seen in this specimen.  Amphpods all have 13 body segments. They feed on phytoplankton in the water column, and are in turn eaten by small fishes. In the case of the California Bight, they live mostly in the water column (planktonic) because of the low-oxygen water deep in the basin. 

Invertebrate (note black border on picture). 

4. Hatchetfish (Argyropelecus ssp.)

Length to 5 cm; this specimen 2.1 cm
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Hatchetfish are specialist deep sea fishes, with camouflaging light-producing organs in rows along their bellies, which can be readily seen in this photograph. These organs shine a pale blue light that matches daylight filtering down from above, and hides them from predators below. Hatchetfish can regulate the intensity and color of light from these organs to match the light filtering down. Each species of hatchetfish has its own particular pattern of lights. This use of bioluminescent light is called "counterillumination," a common adaptation in midwater fishes and cephalopods (squids), and makes hatchetfish almost invisible from below. They eat a variety of other fishes and larger invertebrates. 

5. Pacific red octopus (Octopus rubescens)

This is the most common octopus in our waters,  living from the shores out to the deep water. They are quite small, generally growing to a mantle length of 8-10 cm, with a maximum arm length of 30-40 cm. Adult weight is generally 100-150 grams, however occasionally animals up to 400 grams in weight have been observed. 

Like all octopuses, O. rubescens can change its color and texture, making its appearance highly variable. Color can vary from a deep brick red, to brown, to white, or mottled mixtures of the three. They can change their appearance depending on the substrate they are sitting on, or their mood, or what they are signaling.  They are mostly red because they live deep in the ocean, where there is very little red light (red is the first light filtered out in water), so that they cannot be seen so easily. If there is no red light, and an animal is red, then it will simply appear black. 

They are visual predators, and this juvenile octopus was likelyhunting small crustaceans in the water column when he was caught. 

6. Filetail catshark (Parmaturus xaniurus)

This small shark lives along the west coast of North America from Washington state to the tip of the Baja California Peninsula. Filetail catsharks get their name from the toothlike projections on its skin, making it feel like sandpaper. They are small, usually only 30–100 cm when mature. When a light shines on the catshark's eyes, they glow like a cat's, which indicates that they have very light-sensitive eyes, adapted for the low light environments deep in the ocean and designed to facilitate hunting in the dark. 

Like many sharks, they grow in egg cases that are left on the bottom of the ocean, but catsharks have notably long development times, taking up to two years to emerge from their egg case. Like all sharks they are long-lived. This makes all sharks vulnerable to fishing pressure, although this species is not the target of fishing. 

Note that these are vertebrates (with a white border in this picture), but differ from the other fishes shown in this presentation in that they are cartilaginous fishes (like all other sharks and rays) and not bony fishes. 

7.  Caridean shrimp (Order Decapoda) and Isopod parasite. 

This specimen is not identified to genus or species due to the taxonomic complexity for this group in the Southern California Bight, but is representative of this group. This photo in primarily interesting due to the presence of the parasitic isopod on the dorsal aspect of the shrimp.  This parasite is living off the body fluids of the shrimp. 

Shrimp are decapods, or “ten-legs.” As a group, decapods are omnivorous, which means they eat both plant and animal materials. Also in this group are lobsters and crabs. The shrimps we caught on this trip are filter feeders, swimming in the water column, and not always on the bottom like other decapods. They use their bristly antennae, maxillipeds, or legs to strain out bits of food floating in the water. 

Note that there are two separate animals present in this slide, both invertebrates, so this will intentionally alter the vertebrate/invertebrate count which is today’s exercise.  Also not the large hepatic organ (liver) which is readily visible in the animal. 

8.  Deep water isopod and larval squid (Cephalopod – Order Teuthida)

Both ~1 mm in length. 

These two tiny animals were shown together because they were both about the same size, smaller than a grain of rice.  They both live in the open water, at depths as deep as 2,000 meters. 

The first is a deep water isopod, or “same-foot” crustaceans, which have appendages of nearly the same length. It is a very large taxonomic group, with over 10,000 species, over 4,500 of which are marine. Thousands others are terrestrial, with the group of wood lice being the largest group. Many are parasitic, such as the isopod shown earlier living on a caridean shrimp. 

The squid is a cephalopod, a Latin name which means “head-foot.” Also included in this taxonomic group are cuttlefishes, nautilus, and octopi. They are all able to move themselves through the water by means of a water jet. They are all also able to squirt a defensive pigmented ink when alarmed. Most cephalopods also possess chromatophores, or organs containing colored pigments in their skin, which they can use to change their appearance to match their backgrounds.  There are all kinds of squid in the world, ranging in size from very small ("baby squid," Sepiola rondeletii are 1 to 2 inches long when mature) to extremely large (giant squid, Architeuthis dux, measuring up to 60 feet, living in the deep open ocean, and fed upon by toothed whales such as the Sperm whale). This specimen is in the life stage known as paralarvae, or juvenile. 

Squid (although not necessarily this particular species) are the largest commercial fishery catch in California, worth about $250 million dollars a year. The most common local variety, known as the California market squid, or Loligo opalescens, , rarely exceeding 9 inches in length when harvested. They are not to be confused with the 6-foot-long Humboldt squid, Dosidicus gigas, mentioned extensively in today’s video, which have become common as well in Southern California waters. 

9. Hula skirt siponophore (Physophora hydrostatica)

Length to 20 cm (this specimen 7.8 cm)

The siphonophore is a colonial animal, which is really a collection of separate animals each specialized to perform a function as a part of the group. It is able to regulate its density by changing the amount of gas in its float, which allows it to go up and down in the water column. The float, shaped like a series of bells on top of each other, constitute a significant fraction of the total colony length. 

Siphonophores are cnidarians, or animals with stinging cells, related to corals. The banana-shaped, orange or violet colored tentacles have visible cells at their ends, which can cause cause painful stings, and are used to stun and secure their prey.

10. Turbot juvenile (Pluoroneichthys coenosus) 

Length to 30 cm (this specimen 5.5 cm), lives from Canada to Mexico, As adults live in shallow water (to 40 meters).

This juvenile fish was caught towing a net on the bottom, but not in the area of low-oxygen water. This fish lives on the bottom in shallow, more oxygenated waters. This juvenile has just metamorphosed, and now shows the eye migration typical of the adults of this species. They are born with the eyes apart on opposite sides of the head (like most other fish) but then at the end of the larval stage one eye migrates to the other side of the head.  The fish then settle out on the benthos (bottom of the ocean) when they live. California halibut are similar flatfish that may be familiar to many students. 

11.  Heteropod, or Sea elephant (Class Gastropoda, species Pterotrachea coronata)

6.5 cm in length 

The heteropods are a group of pelagic (open ocean) snails that are found in the mid-water column in moderate to low abundances, primarily in tropical to subtropical latitudes., including the waters off the California coast. Among the gastropods (“head-foots”), they have four striking adaptations to the open ocean environment. First, the bodies and shells are largely transparent; only the buccal (around the cheeks or face) mass, eyes and viscera are opaque. Second, the foot, which in terrestrial snails is the foot-like structure used for crawling, is laterally-compressed to form a ventral swimming fin. Because of the weight of the dorsal visceral mass, heteropods swim "upside-down", with the fin directed upward. Third, they possess image-forming eyes 9visible on the left of the image), with a large, spherical lens. And, fourth, these marine snails have evolutionarily lost their shells, except for the small remnant visible at the right-hand end of the animal. 

They feed on phytoplankton and zooplankton in the water, and make daily vertical migrations to access this food source. 

12. Mantis shrimp (Stomatopoda ssp)

Specimen length 2.1 cm

This group of animals looks like a cross between insects and lobsters. They all have a second pair of thoracic legs, clearly visible in this photograph, which have been modified into enlarged limbs similar to those of a preying mantis. These are incredibly powerful appendages, capable of moving with the speed of a bullet. They are reported to be the world’s fastest striking underwater animals, and for this reason are also known as “weapon shrimp”. They are all highly specialized and skilled carnivores, and have two sets of antennae that allow them to chemically sense the direction of hidden prey and a unique set of highly developed eyes. They often have a rather small body shell (carapace) and utilize their first pair of claws to grip food and the third and fifth pair of legs to shed it. They use their sixth and eighth pairs of legs for walking. They use five pairs of legs for swimming and to generate their enormous attack speeds. Globally there are 42 species of Mantis Shrimps known. 

The individual in this image is a deep, open water species, and shows the nearly clear body of many deep ocean invertebrates. 
13. Myctophid (lantern fish) and copepod parasite

Myctophids are among the most widely distributed, populous, and diverse of all fish, with an estimated global biomass of 550 - 660 million metric tons, more than the world catch of fish in any year. Some scientists believe they may be one of the most populous groups of vertebrates on earth, and worldwide have more than 250 species, providing the food for many other species of fish in many environments. They are particularly notable because they perform mass diurnal (meaning every day) migrations from the deep ocean (called the mesopelagial, around1000-2000m in depth), where they spend the daylight hours, to the nutrient rich surface waters (called the epipelagial, from 0-200m depth) each night. This is one of the largest mass movements of animals in the world, and it takes place every day. Their regular dark, deep-water habitat is revealed by the presence of light organs on the ventral (bottom) surface, similar to the hatchetfish in Slide 4 of this presentation. This myctophid was taken in a midwater trawl at night, when it was closer to the surface. 

It has a copepod parasite, similar to the parasite seen on the shrimp in Slide 7, seen extending on the bottom of the fish. Copepods are a large and very important group of invertebrates, comprising some 13,000 described species, about half of which are parasitic. They live in almost all the waters of the world, and have been described as being the largest group of animals in the world by weight. Copepods are typically 1 to 2 mm long, with a typically teardrop shaped body and large antennae. Although like other crustaceans they have an armored exoskeleton, they are so small that in most species this thin armor, and the entire body, is almost totally transparent. The largest copepods, found in the polar regions, can reach 1 cm. Because of their small size, most copepods have no need of any heart or circulatory system, and most also lack gills, being able to absorb oxygen directly into their bodies. The pelagic copepods can be extraordinarily abundant, dominating the zooplankton community in some cases. They form a vital link in the food web between the primary-producing phytoplankton and the plankton-feeding fish like the myctophid in the previous slide. Almost all fish found in temperate waters rely at some point in their life cycle on copepods and similar zooplankton as a food source. In addition, some larger organisms feed directly on copepods or krill, a similar crustacean. For example, Bowhead whales (Balaena mysticetus) time their migration to the polar regions to coincide with the bloom in abundance of a Calanus species copepod. These giant whales use their baleen plates to filter the copepods directly from the water column in enormous numbers. In the same way, Northern right whales (Eubalaena glacialis) make a similar spring migration in the Atlantic to feed on dense patches of Calanus finmarchicus copepods that occur there every spring.

Note that this slide thus has one invertebrate and one vertebrate (note the double border). Point this out to students when doing the daily exercise counting vertebrates and invertebrates.

14. Copepod

See above for a description of this very important group. 

15. Spiny lobster (Panularus interruptus)phyllosome larvae

This is an organism that may be familiar to many California students, but not in this form. This is the popular spiny lobster, which is taken in the fall by both recreational and commercial fisherman, accounting in total for nearly 750,000 pounds from Californian waters. 

The life stage shown here is called the phyllosome stage, meaning “leaf-form” (phyllo – plant, and soma – body). It is nearly flat at this stage, and drifts in the water column. The carapace, or head, is to the left, and the tail is to the right. This is a good image to count the legs (five per side, ten total), identifying this organism as a member of the decapod group (“ten – leg”). Individuals will spend 6-12 months in this form, drifting as plankton, before choosing and settling on the bottom near shore, and taking up residence in hidden crevices of the bottom. 

16. Viper fish (Order Stomiiformes)

The viperfishes also luminescent organs along the sides and ventral (bottom) surfaces, like the fish in Slides 4 and 13. Those lights serve not only as camouflage, as described above, but also can function to attract other fishes on which they feed. The name viperfish comes from the long fangs that protrude from their jaws, used to firmly grip struggling prey. Despite their ferocious appearance, all of the species in this group are small, the largest being the Pacific viperfish (C. macouni), which attains a maximum length of 30 cm (not more than 1 foot).

Note the luminescent organ near the eye in the lower photo, the large deep-water eyes, and the long sharp teeth visible through the tissue of the lower jaw. 

17. Introductory petri dish slide – repeated

Several of these organisms should now be familiar. This last slide is intended to give an idea of comparative size (all very small), and to emphasize the diversity that can come from a single deepwater net tow. After this slide introduce the vertebrate/invertebrate sorting exercise. 
The primary take-home message for this lesson is that there exists a tremendous diversity of life forms, even in the deep sea, and that this diversity of life forms has evolved in response to the environmental conditions present in the ecosystem, which in the deep sea includes very little light, little availability of food, and tremendous pressures. A further important message is that we do not yet know all there is to know about any ecosystem, and that scientists are making new discoveries all the time. 

==============================================================================

Suggested discussion points: 

What are the features of the animals that might have evolved specifically to survive in the deep sea? 

Possible answer: Notice that many are red and many are transparent.  These are because there is little light in the deep sea, and almost no red light. 

Which of the animals presented are related? Why do you think this? 

Possible answer: The Mantis shrimp, the lobster larvae, the copepod, the isopod, and the amphipod are all Crustacea. They all have exoskeletons. 

What features would you use to tell one animal from another? Can you think of similar examples from the terrestrial world?

Possible answer:  The exoskeleton mentioned above is a characteristic of insects, one of the largest terrestrial groups, some of which occupy a similar functional niche in the terrestrial world. 
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