Cnidarian Phylum Study Guide

Meaning of the word “cnidarian”: stinging cells.  They used to be called coelomates.  

Organisms belonging to this phylum:

	Coral, Jellyfish, Sea Pen, Sea Fan, and Sea Anemone


Identifying characteristics:

	They all have stinging cells called cnidocytes containing harpoon-like nematocysts to capture prey.  They have radial symmetry.  They only have one opening for both the mouth and anus.  


Structural skeleton:

	Cnidarians are made up of 95% water and only 5% solid body.  Their body and tentacles are supported by water pressure (hydrostatic skeleton).  Cnidarains only have 2 cell layers so they are considered diploblastic.  The gastroderm lines the internal, gastrovascular cavity and epidermis is the outside layer of cells.  Mesoglea, a jelly-like material, is located within their two cell layers (diploblastic).  There are two body forms for cnidarians: polyps that have their mouth and tentacles facing upwards and the medusa form that has their mouth and tentacles hanging down.  The side opposite of the mouth (oral surface) is called the aboral surface.  Some cnidarians live in colonies.  The Portuguese Man of War is a colony of polyps that share a gas float called a pneumatophore or sail.  The float is used to float the polyps, but can be deflated in case of an emergency.  The polyps living in this colony serve different functions such as reproduction polyps and digestion polyps.  Coral also live in an interconnected colony with organisms performing different roles.  Hard coral contains a microscopic, plant-like dinoflagellate called a zooxanthellae that absorbs calcium from the water to produce the calcium carbonate reef of the coral community to hide within and produce energy from photosynthesis.  Since the organism lives inside the coral and the relationship is beneficial to both organisms it is called a symbiotic relationship.   Soft coral lack this relationship and hard skeleton.  The skeleton of the hard or stony coral stacks up upon previously existing coral to produce a reef that grows very slowly.  Reefs close to shore are called fringing reefs.  As the land sinks or erodes away it forms a barrier reef, which is further from the shore.  An atoll is a reef that continues to grow upward desite the fact that the volcano has sunk below sea level leaving behind a ring of reef.  Coral sediments (calcium carbonate and silicon collect to form islands called cays or keys).  

	Sea anemone and coral are in the polyp form.  Sea anemones are attached to a hard substrate by their pedal (basal) disk on their aboral end.  Their oral disk, containing their mouth and tentacles faces upwards.  The tentacles contain cnidocyte stinging cells.  Muscles open and close the mouth.  Food passed into the mouth goes past the pharynx (throat) before it reaches the stomach-like structure called the gastrovascular cavity.   The gastrovascular cavity is partitioned by numerous membranes called mesenteries that also contain cnidocytes, cilia, digestive enzymes, and gonads.  Acontia are fibers at the base of the gastrovascular cavity contain cnidocytes as well.  The siphonoglyph, a ciliated slit near the pharynx helps to circulate water into the gastrovascular cavity.  Stomata are openings near the oral disk that refill that empty and refill the hydrostatic skeleton.    
	Jellyfish are in the medusa form.  Their aboral surface fases up and is called a bell.  Their tentacles containing cnidocytes face downwards to catch prey.  Some jellyfish’ oral disk is covered in mucus and cilia to trap food particles.  Tentacles and cilia help transport the food towards the mouth.  The oral disk has a radial and ring canals leading towards the mouth.  Once in the mouth it is passed to the four central, gastricvascular pouches.  The gonads are also located within these pouches.  


Locomotion:

	Jellyfish can float in the current and move by muscle contractions in their bell (pulsate).  Coral and sea anemone are sessile (little to no movement).  Coral polyps are able to retract within the skeleton if there is too much light or danger.  Their skeletons are fused and grow upon previously existing coral skeletons.  Sea Anemones attach themselves to a hard surface substrate with suction created by their basal (pedal) disk.  They can slide along their basal disk, summersault, inflating and floating, or thrash and flex to move through the water.  They can also move if they are attached to other animals such as crabs or hop on a bubble of air.


Obtaining food:

	Hard coral are hermatypic meaning that they are both heterotrophic (obtain energy from eating another organism) and autotrophic (able to produce energy from nonliving substances).  They use the zooxanthellae living inside them to receive energy from the sun.  However, both coral and sea anemones can capture small animals with their tentacles armed with cnidocytes.  The cnidocyte expels a tiny poisin filled harpoon called a nematocyst.  The nematocyst is triggered by both a chemical and mechanical stimulation of the trigger hair (cnidocil) on their capsule cell called a cnidocyte.  Once the cnidocil has been triggered, the lid of the capsule (operculum) opens and the osmotic pressure inside the capsule reverse causing the coiled nematocyst and its poison barbs to invert (similar to the sleeves of a coat when you take your arm out.).  There are 30 different kinds of nematocysts.  Some are used to penetrate the prey, others stick (glutinant) to the prey to hold it, and others lasso (volvent) the prey.  Once the food is captured, the muscle of the oral disk contract and the food is shoved through the oral (mouth) opening.  
	The moon jelly captures its food by “falling” in the water and trapping small animals with its sticky mucus covered underside (oral disk).  Cilia move the food along the ring canal that outlines the bell and down the eight radial canals towards the gastric pouches (stomachs).  Marginal tentacles around the edge of the bell and oral tentacles hanging from the central mouth help to shove the food into the mouth (oral opening) and into the pouches.


Digesting Food:

	The muscles of the oral disk open and the tentacles shove the food down the narrow pharynx (throat) and into the gastrovascular cavity (stomach).  The gastrovascular cavity has several partitions of membranes called mesenteries and fibers armed with cnidocytes within called acontia to entangle and paralyze the live food. Then the mesenteries release enzymes from their gland cells that start digesting the live prey (extracellularly or outside of the cells).  The gastrovascular cavity contains so many mesentery membranes in order to increase the surface area of the cnidocytes and enzyme releasing cells.  Then, the food is absorbed into the cells lining the gastrovascular cavity (gastroderm) to complete digestion intracellularly.


Defense Mechanisms:

	The stinging cells called cnidocytes armed with poisonous harpoons called nematocyst.  


Circulation

	Cnidarians are diploblastic (only two cell layers) so they do not require blood.  Instead, cilia lining the gastrovascular cavity and siphonoglyph help to circulate fresh water to each cell to be used for the diffusion of waste.   Therefore, water takes the place of blood.  so they can use water instead of blood.   Mesoglea located between the 2 cell layers (gastroderm and epiderm) contains amoeboid-like cells that help digest and transport nutrients.





Excretion of Waste:

	Larger, solid waste is regurgitated out of the mouth since there is no anus.  The amoeboid-like cells in the mesoglea help remove waste.


Respiration of gases (Breathing)

	Gas exchange is accomplished through diffusion with the surrounding water.  This is why it is important for the cilia to continuously circulate freshwater.  


Nervous System and Senses

	Cnidarians have a nerve network that covers their entire body.  They have radial symmetry and can move in any one direction quickly.  It is theorized that the he nerve net feels the same stimulus all over their body at once equally.  Some jellyfish have eyes and eight sensory centers along their marginal edge.  These sensory structures are called rhopalium.  The rhopalium contains lappets that sense smell (olfactory), statocysts to sense balance (fluid filled chambers with receptor hairs), and a light receptor called an ocellus.   


Reproduction

	Polyp cnidarians can reproduce asexually (requiring the genetic material of only one adult) by splitting or breaking off small pieces and regenerating.  Some anemone and most coral can reproduce asexually by budding a new offspring off of their body.  Sexual reproduction occurs by spawning sex cells (gametes) into the water where they will be fertilized (joined) outside the body (externally).  The fertilized cell (zygote) formed from the fusion of sperm and egg will grow into a ciliated ball called a planula resembling the larvae of sponge.  Once the planula larva attaches to the ground it grows into a polyp.  In jellyfish life cycles, the polyp may undergo budding to produce tiny medusa called ephyra, which will mature into jellyfish. 


Side notes:

	· Anemone form symbiotic relationships with the clownfish, shrimp, hermit crabs, and pom pom crabs.  They protect the organism, while they get a ride, meal, or cleaning service (shrimp).  These organisms aren’t stung because their mucus/slime coat chemicals mix with that of the anemone so it does not set off the chemical sensors on the cnidocytes.  

· Stings can be neutralized with urine or vinegar.  

· Coral live between the Tropics of Cancer and Capricorn in order to obtain enough sunlight (more intensity and longer day lengths) and warm water temperatures. Clear, shallow water is required to produce enough photosynthetic energy for both the microscopic zooxanthellae and coral to survive.  Coral also require a hard surface to attach to.  

· Higher water temperatures and increased carbon dioxide levels causes the acidicty of the water to increase killing the coral and their zooxanthellae causing a bleached reef appearance.  Over 95% of the Florida Keys reefs are bleached/dead.  

· Coral reefs help to block waves.  Waves will determine what types of coral will grow.  Soft coral are fragile so they live in deeper water.  They lack the zooxanthellae that produce a skeleton and perform photosynthesis, but there is very little light at this depth.   

· Phylum: Ctenophora.  Comb Jellies are not true Jellyfish because they have ciliated combs inplace of cnidocytes on their tentacles and have an anus.

· Box Jellies are an inch big and have toxins that can trigger a heart attack and kill their victims.  
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Medusa Image courtesy of Richard Fox at Lander University (2001).
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Reef formation courtesy of NOAA.  �Image of cnidocyte courtesy of Biodidac (1994).  
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Sea Anemone diagram courtesy of krupp.wcc.hawaii.edu.
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Moon Jelly diagram courtesy of krupp.wcc.hawaii.edu
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Jellyfish ife cycle courtesy of Bruce Mahalski.  
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