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Introduction

Invertebrates are perhaps, in terms of diversity, the most diverse group of organisms alive on the Earth today, yet we know very little about the care and feeding of most of them. This manual provides those details for a few species.  The students in the invertebrate zoology class, Fall 2003, were required to maintain an invertebrate for at least a period of two weeks. They were requested to keep a lab notebook and to record in that notebook, items as to food, activity, physical needs and other matters germane to the creature they were looking after. The manual pages are a synopsis of their work. Although there is a bit of duplication, species belonging to four different phyla are present on these pages. Habitats vary from terrestrial/aerial, terrestrial/soil to marine and freshwater environments. Hopefully the reader will be able to use this information in his/her attempt to rear common invertebrates.

Kyle Parent

A manual on Care and Maintenance for a Mini Reef Community
Prominent Species:


Soft coral/ sinularia sp.

Small Polyp Stoney coral/ Porites

Christmas tree Worms/ Sprirobranchus giganteus


Damsel fish/ Chrysiptera Sp.

The Natural Conditions:


In the wild, a species will require specific environmental conditions, and will only persist in areas that fulfill those requirements.  In the reef area there are two extremes of water conditions; still, warm, shallow, nutrient rich waters of the lagoons, with very intense sunlight, or the cool, deep, turbulent, pure waters of the fore-reef, where the sun’s light is not so severe.  Though some are quite demanding, most species are tolerant of a range between the two.  

How to Obtain:


Although illegal to collect in the tropical waters of the U.S. and Caribbean, many of the animals in the aquarium industry are collected in the wild, primarily from the Indo-pacific.  There are on the other hand ecologically friendly propagators of corals and inverts.  The tank compatibility of captively propagated corals is much better than those from the wild; the change in conditions is often too much for the animal and it cannot adjust. 

Physical Requirements: 

Aquaria -Tank of any size (the bigger the better)

-10 gallon example

Lighting (depends upon livestock choices)

-2(55watt power compacts)

 -actinic 03

 -10,000K

 -polished parabolic reflectors

Substrate

-20lbs. live sand or crushed coral (biological filter)

-live rock (biofiltration) and decoration (caves, ledges, accurate coral placement)

-distilled water if using small tank

-synthetic aquarium salt

-protein skimmer (removal of dissolved organics)

-power head (additional circulation)

-heater

-thermometer and necessary tests 

-10 hour light regime 

-areas of fast moving and slow moving water to simulate specific niche of livestock

Biological requirements:


When photosynthetic organisms like porites, are present there are bare minimum requirements for lighting.  50watts per square foot of surface area is about what you need to sustain corals with photosynthetic symbiants, but more lighting will only yield much better results. 


The sessile inhabitant of the tank will need space, they can’t be allowed to touch each other, and most of the time one coral will injure the other a mechanism of their competitive nature.  


The non-photosynthetic Soft Corals will have to be feed every now and again, although in an established aquarium there is usually plenty of food present in the water from the trophic hierarchy of unseen inhabitants.  


Christmas Tree Worms (inhabitants in tubes within porites) are opportunistic filter feeders and their nutritional needs are not a problem, especially since there is frequent feedings of fish in the tank.


All of the cycling of nitrogenous wastes in done by bacteria within the live sand and rock.  There is no need for any filters or chemical absorbing media, just current, light and protein skimming.  The bacterial colonies will stabilize according to how much waste they receive and the tank will maintain good conditions, it will be “matured”.  Maturing usually takes a month or so, with a few algal bloom happening periodically before the condition have stabilized.  Once the conditions are stable (no ammonia or nitrite) you can add sensitive organisms.  

Water Parameters: 

 Temp        

75-78 degrees

 Salinity

1.022 to 1.024

 PH


8.15 to 8.4


 Alkalinity

2.5 to 5.0 meq/L

Ammonia 

zero

Nitrite


zero

Nitrate


<5mg/L

Phosphate

<.05mg/L

Calcium  

400 to 450 mg/L

Dissolved oxygen
>6.90 mg/L

Carbon Dioxide
<2.0mg/L

*Trace chemicals are in salt mixes

Readings:

Any material on reef aquaria, or any biological literature on a specific species of choice to care for in the tank.

Scientific Name: Briareum violacea  Name: Green Star Polyps

The Natural Creature:

The Green Star Polyps are a common variety of soft coral. They live in a colony that slowly expands from its base.  Each polyp has within it symbiotic algae, Zooaxthalle, that provides most of the nourishment for the creature. They are found higher up in reef systems due to their high light and current requirements.

How to obtain specimens:

The specimen used in this study was purchased from Plymouth Pets, on Tenney Mountain Highway in Plymouth NH. It can be obtained from most pet supply stores that carry reef equipment and animals. Also It is very easy to find at any number of online reef shops, and also fragments may be traded or sold by other aquarists who keep reef tanks.

Physical Requirements:

A 10 gallon tank is the smallest recomened enclosure for the Green Star Polyps. Lighting and current seem to be factors important to this creature. For lighting there should be no less than 5 watts/gallon, including both antic and daylight light spectrums. Medium to high current should also be kept in the tank, with means 3-4 times the volume of the tank, turned over every hour. Salt water should be mixed and check with either a hygrometer or a refractometer and should have a specific gravity 1.023-1.025. Nitrates and Nitrates kept below 1 ppm, calcium and iodine can be dosed and has benefits to the coral.

Biological Requirements:

Green Star Polyps do not require any additional feeding, due to the symbiotic algae, housed in its body. Althought the supplement of a vitamin matrix such as Kents SeaChem, and also dosing of an invert food matrix, like Kents Invert Smoragasboard, do seem to help the coral thrive. Green Star Polyps can be kept with other corals, as long as they are not aggressive, because aggressive coral will tend to sting and also kill, the relatively docile Green Stars. Care must be taken also to keep filamentous algae from over growing the creature, because the algae will block the light needed for nourishment.

Pertinent Literature:

Gross, George, Coral Database and Forums, “Green Star Polyps”, 7/25/2003


www.nano-reef.com/corals/?corals=20 

www.ReefCentral.com
Basic Worm Farm

Alison Cole
Creatures: lumbricus, night crawler; eisenia foetus, earthworm

The Natural Creature:


Lumbricus and eisenia are terrestrial oligochaetes of the worm phylum Annelida. They live inside the substrate, burrowing and tunneling for locomotion. Most people associate earthworms and night crawlers with fishhooks and toddler’s play. In fact they are essential inhabitants of the soil ecosystem. These terrestrial creatures are largely responsible for aeration. By Burrowing and crawling though the substrate, worms leave copious networks for air to flow through. Their presence in composting is beneficial for both partakers. 

How to obtain specimens:


Earthworms and night crawlers are quite easy to find and collect. They are harmless creatures. These worms tend to live within the first few meters of topsoil. It is guaranteed that they will be found where soil is moist. On days of heavy rain it seems worms fall from the sky. In fact, once the soil is saturated, they crawl to the surface so that they do not suffocate. Surface waters can wash them to certain regions like pavement or sidewalks where they lay helpless, until the rain stops.


Worms can be collected by hand or with tweezers. The collector must be delicate because worms are soft-bodied creatures with no protective epithelium. They should be placed in moist (not soaked) soil soon after collection.

Physical Requirements:


Worm farms are most successful when they are monitored for comfortable conditions. Any large plastic box, aquarium, etc. can be used. Hundreds of worms would not likely fit in a milk jug. Choose an appropriate amount of organisms for the size of the farm. The tank should be filled with moist peat moss, yard litter (leaves, twigs) and garden clippings. Garden soil is too uniform.


The farm must be kept moist, but not saturated. Fresh air must be available to the worms at all times. Churning the soil once in a great while is acceptable, also. The best temperatures are room temperatures. Direct sunlight will dry the surface of the soil. Put the farm where some light is available, though. 

Biological Requirements: 


Worms cannot digest everything. The general rule of thumb with worm diet is, “if you won’t eat it, neither will they.” Substances such as metals, foils, plastics, oils, solvents, insecticides, soaps, and other household chemicals are harmful the pH and composition of the soil. Acidic and heavily spiced foods are also detrimental. The farmer must be weary of what chemicals are placed in the soil. The pH should lie at or a trace below neutral. 

Resources for Worm Harvesting:


The list below contains many websites that cater to the interests of composters, worm farmers, and the curious.

The Worm Digest



www.wormdigest.org/
Earthworm Farming FAQ / Worm Composting





http://www.oldgrowth.org/compost/wormfaq.html

http://www.mastercomposter.com/worm/wormcomp.html

www.wormfarm.com/
Earthworm Naturalism / Taxonomy


http://www.nysite.com/nature/fauna/earthworm.htm

http://www.nrm.se/ev/research/oligo.html.en

http://www.personal.psu.edu/users/j/a/jaf328/oligochaetes.htm
Scientific Name: Lumbricus  terrestris          Common Name: Earthworm (night crawler)

The Natural Creature:

Earthworms are in the phylum Annelida, class Clitellata, subclass Oligochaeta, and order Lumbricidea.  In total there are about 1,800 species of earthworms living around the world.  The common length is a few inches, however, some species can reach up to three feet in length.  The night crawlers I looked at averaged at a few inches.  Earthworms are segmented.  The night crawler has about 150 segments.  Close to the anterior end of the body is the clitella.  This is the attachment place for copulation and also where the cocoon is produced to hold the young while they mature.  Earthworms have well-developed nervous, circulatory, excretory, muscular, digestive, and reproductive systems.  

Earthworms are a benefit to the soil environment they live in for a few reasons.  One being that by burrowing channels in the soil they help to aerate the soil and allow oxygen to travel to lower depths in the substrate.  They also feed on any decaying organic matter they can find.  When they produce waste, it is high in nutrients that are beneficial to the soil.  

How to obtain specimens:

To obtain this species I went to Bob’s Shurfine Market on Main Street in Ashland, NH.  I bought one container of night crawlers for $1.60.  If one were to look for these worms, they could find them at night crawling around on the ground.  

Physical Requirements:

I am keeping them in a plastic container which I purchased at the pet store on Tenney Mt. Highway.  To keep them alive and happy, the soil needs to be a little moist, but not wet to the point where it is soggy.  The ideal temperature for earthworms to thrive and grow is 60-80°F.  If they are exposed to direct sunshine, they can begin to dry out.  They can live in environments that are very low in oxygen and very high in carbon dioxide.  However, oxygen is crucial to their survival.  The pH of the soil should be about neutral (7), but they can grow within the pH range of 4.2 to 8.

Biological Requirements:

For food, earthworms eat the soil in which they live and ingest the decaying organic material.  Keeping more than one worm in a container is completely fine.  They live together very well.  

Although earthworms are hermaphroditic, they need another individual to mate and produce offspring.  During mating, a mutual exchange of sperm occurs between the two worms.  The cocoon is produced and about three weeks later, the eggs hatch an average of four baby worms.  The range of offspring they are capable of producing is between two and twenty.  

Pertinent Literature:

http://edis.ifas.ufl.edu/IN047
http://www.biosci.ohiou.edu/introbioslab/bios173/images/lab6/lumbricus.htm
http://www.esu.edu/~milewski/intro_biol_two/lab_12_annel_arthro/Annelida.html
Scientific Name: Lumbricus terrestris           Common Name: Nightcrawler

The Natural Creature:

Lumbricus terrestris is the largest and most common earthworm in North America. This organism is not native to North America. European settlers brought them over the ocean, stored away with their favorite plants they were bringing to the new country. 

How to obtain specimens:

My specimens were obtained after dark. Best success of capturing this organism is to hunt them with a flashlight after a rain storm. They come to the surface of their holes in the soil and seem to bath in the moisture. One of the best places to find them is in a grassed yard. The only difficulty in finding them using this method is that the collector has to be quite, and determine which end of the worm is in the soil. When grabbed, the worm will try to pull itself back into its hole. All the collector has to do is keep gentle tension in the opposite direction of the worm’s hole, and they should come out easily. 

Physical Requirements:

This worm requires cool temperatures (40-65 F) and a moist dark environment. For temporary storage damp newspaper cut into strips, worm bedding, peat moss, or soil work good. Any container that will hold this from a large coffee cup to a bucket work well. I used a large coffee can and perforated the lid with small holes. I stored the coffee can in my fridge and was successful in keeping mine alive. 

Biological Requirements:

Many individuals can be kept together successfully. Earthworms can be fed with chicken mash which is high in protein which will make the worms larger and fatter. Changing soil would be advised for extended keeping time.

Pertinent Literature:

Discovery Channel School. Nov 15, 2003.     http://school.discovery.com/schooladventures/soil/fg_worm.html
Earthworm and nightcrawler care and feeding by new york worms. Nov. 15, 2003. http://www.nyworms.com/ecare.htm
Scientific Name: [Deroceras]           Common Name: [Brown Garden Slug]

The Natural Creature:

Slugs are terrestrial gastropods in the subclass pulmonata.  They have lost the characteristic gastropod shell and ctenidia.  In place of ctenidia the mantle cavity forms a lung, with a small circular hole called a pneumostome that opens to the outside.  Slugs move over a layer of mucus by waves of contraction that pass from the back of the animal to the front.  The contractile waves happen when the muscles of the foot contract against the fluid in the tissues of the foot, which functions as the hydrostatic skeleton.  Slugs are hermaphroditic.  The veliger larva stage happens inside the egg, which hatches to produce small slugs.  Slugs have 2 pairs of sensory celaphic tentacles, the longer ones on the dorsal side have eyes that sense light and dark and the shorter ones towards the ventral side function as chemoreceptors.  

How to obtain specimens:

Slugs are generally more active at night or on cloudy days after a rain so these are the best times to find them.  I collected slugs in my garden.  Look for plants whose leaves have holes in them and there will most likely be a slug on the underside of one of the leaves.  Slugs need moist environments so don’t look where the soil is dry.  It is important to be gentle when picking them up, as their soft outer mantle is easily damaged.

Physical Requirements:

Slugs can be kept in a simple plastic container; I used a cheap Tupperware, with a layer of soil on the bottom.  I also cut a few small holes in the bottom of the container for water to drain and put the container on a plate to catch the water.  The soil should be changed or a little new soil added about once a week.  Slugs can squeeze through very small holes and I found that covering the container with an old window screen worked best.  Make sure the screen is touching all the way around the top of the container so there are no cracks; I placed a small weight on top of the screen to prevent cracks.  The only habitat object a slug needs is vegetation large enough to protect it from light.  The container should be kept out of direct sunlight.  The warmer the temperature of the room the slugs are in, the more water they will need, but as long as temperatures aren’t too hot or too cold they will be fine.

Biological Requirements:

Slugs need water once a day, if not more.  I used a sponge to drip enough water in the container and on the slug to get everything moist, but not so much that there are puddles of water.  The soil in the container should always be moist.  Slugs can be kept together or separate.  Slugs preferred green leaf lettuce and carrots but they eat a wide variety of vegetation.  The three key elements slugs need are a moist environment, no direct light and a variety of fresh vegetation.    

Pertinent Literature:

www.inra.fr/Internet/produits/HYPPZ/RAVAGEUR/6derret.htm

http://velvetdragon.com/cyberslugs/realslugs.html

Scientific Name: Tenebrio Molitor           Common Name: Mealwroms

The Natural Creature:

The Mealworms are in the phylum Arthropoda, subphylum Hexapoda, class Insecta, order Coleoptera.  Mealworms go through four different stages in there life cycle; an egg stage, a larval stage, a pupa stage, and an adult stage.  When they are in the larval stage their common name is the mealworm, when they are in the adult stage their common name is the darkling beetle.  The stage that I chose to observe was the larval stage. In this stage the mealworm is wormlike with a hardened outer coating to help protect it when burrowing.  They are about ½in to 1in long and are yellowish-brown in color.  The anterior end is more rounded, while the posterior end is some what pointed, and they have six legs, like all insects, and two antennas.    

[image: image1.png]


Three of the four stages of the life cycle; the A. larva stage, B. pupa stage, C. adult stage.
How to obtain specimens:

I obtained my specimen not form their natural environment but form the Plymouth Pet and Aquarium, in Plymouth NH.  However if I were to go out and look for them in their natural environment I would look in a dark, damp place, most likely under a rock or downed tree with enough organic material (decaying leaves, sticks, and grass) to feed them through their larval stage. 

Physical Requirements:

Mealworm are easy to keep, all one needs is a plastic container with a lid that seal tightly, but one that is able to have little holes poked in the top for air circulation, some oat meal for them to nest in, and a place to keep them cool (40 to 50 degrees F), and moist (to keep moist use a slice potato). 

Biological Requirements:

Food requirements are quit simple they eat decaying leaves, sticks, grasses and occasionally new plant growth, they also eat dead insects, feces and stored grains.  They are also very easy to store and breed; they can be stored in the same container with out worry of them eating each other, and then when one wants them to breed all one has to do is place them in a larger container in a warm moist area, and they will do the rest.

Pertinent Literature:

http://www.nabluebirdsociety.org/mealworm.htm
http://insected.arizona.edu/mealinfo.htm
Scientific Name: Gryllus



Common Name: Field Cricket

The Natural Creature:


The Gryllus, known as the common field cricket, is located around the world and considered to be the most diverse species of crickets.  In fact, they even differentiate between seasons! Normally Gryllus inhabits meadows, trees, forests, and even houses. They are primarily know to be herbivores, eating vegetation only, however due their cannibalistic behavior towards their own kind Gryllus are considered to be omnivores.


As opposed to the common house cricket, Acheta domesticus, Gryllus are all black in color and larger in size.  However, size differences between the sexes are common between both species; by this I mean that females are usually larger than males.  However males are the only ones capable of making the unique chirping sound heard so often on mid-summer evenings.

It is this chirping song, which is considered to be quite soothing, that makes them revered as good pets.  However, they are mostly desired in the Chinese and Japanese cultures, since they considered to be good luck.


  The chirping sound is produced, “when the cricket rubs a hardened area on the upper side of its wing against a thickened vein near the base of the forewing.”(Wellesley)  It is even said that if one adds the number 40 to the amount of times a cricket chirps within 15 seconds one can obtain a close approximation to the temperature outside. 
How to Obtain Specimens:


The first Gryllus collected was obtained inside apartment B of 35 High St in Bristol, NH.   This Gryllus in particular was rescued from the two house cats who had cornered it inside the bathroom. The Gryllus appeared physically unharmed.  The second Gryllus was collected two days later and in Bristol on the lawn of 32 High St. Finally the third Gryllus was collected about two weeks later underneath a log outside of 35 High St, Bristol, NH.

No precautions need to be taken when collecting Gryllus, however be prepared for very, witty escape tactics.  Gryllus will constantly evade one’s container by springing away from it.  I would recommend using a “scoping” technique, whereby one holds the lid at an angle in front of the Gryllus and scrapes it against the surface the Gryllus is located on while moving the lid towards the container.  

Physical Requirements:


Gryllus must be kept in a warm, damp environment.  For my terrarium I used a dinner size Glad ware™ container and punched holes into the lid.  I placed a piece of paper towel on the bottom of the terrarium to absorb the excess moisture and the water the Gryllus spilled onto the floor of the terrarium.  Water was in a 2 inch circular dish in the corner and for food there were four to five Purina cat chow pieces on the floor.  Rocks with a piece of lettuce draped over the top aided as a sunning spot for the Gryllus.  For warmth I alternated between using a cloth to keep in the heat the lamp had previously provided or I changed the angle and distance of my nightstand lamp from the terrarium. Temperature ranged from the 50˚F to 90˚F depending upon the technique used for warming the terrarium.

Biological Requirements:


Mainly for this experiment I fed the Gryllus Purina cat chow, however for a treat Gryllus also enjoy a piece of apple rolled in oats, a potato, or lettuce.  Be warned though, if a Gryllus is not kept well feed it will eat one of its own.


In fact, it is not suggested, due to their aggressive nature, to place two male crickets in the same terrarium.  The more dominating cricket will consume the other cricket within days.  However, a male and female cricket, as well, as two female crickets can co-habitat quite nicely.

Pertinent Literature:

www.buzz.ifas.ufl.edu/
www.ex.ac.uk/bugclub/cricket.html
www.members.attcanada.ca/~ecade/cricket_n_classroom.html
www.uky.edu/Agriculture/Entomology/entfacts/misc/ef007.htm
www.wellesley.edu/Activities/homepage/web/Species/acricket.html
Scientific Name: [Coccinella Septempunctata]           

Common Name: [Ladybug, Ladybird, “The beetle of Our Lady”, Ladybird Beetle, Lady Beetle, Flower Lady (in China), Water Delivery-Man’s Daughter (in Iraq)]

The Natural Creature:

Ladybugs are oval-shaped, winged beetles belonging to the Phylum Arthropoda, and the Order Coleoptera.  Their coloring is usually either red with black spots or black with red spots.  There are approximately 5,000 different ladybug species (including convergent and nine-spotted) and it is the number of spots which identifies the species.  Ladybugs can be found in a number of habitats around the world:  gardens, forests, fields, grasslands, and occasionally inside the house.  In addition to being beneficial for gardens, ladybugs are thought to be a sign of good luck to farmers.  There is even some mythology that Ladybugs have supernatural powers.  Supernatural or not, people enjoy having ladybugs in their gardens because they eat aphids, mealybugs, and mites which are detrimental to gardens.  

How to obtain specimens:

I came home on a warm day in October to find that my house had literally thousands of ladybugs on it.  They had even managed to get inside the house.  I obtained my specimens by simply picking them off the wall and placing them into a plastic Tupperware container that had holes punched in the top.  Ladybugs are fairly common during the summer months.  They can typically be found outdoors as well as inside.  They can be found during the winter, although they are less common.  During the winter months, one may try looking for ladybugs at the base of a tree, along a fence, under a rock, under a fallen tree or even in your garage.  

Physical Requirements:

Ladybugs are relatively hardy creatures.  The vessel that my specimens were kept in was a Tupperware container with holes punched in the top for ventilation.  I kept the container on a window sill, so that it had the most natural light regime possible.  The temperature was maintained at about 65 degrees Fahrenheit.  Ladybugs might also do well in a geranium that has some plants, soil, and a humid temperature.   

Biological Requirements:

Ladybugs are typically known for being predators of aphids, however they also eat a number of other insects including mealy bugs, spider mites, and the eggs of some insects.  Some have also been known to feed on plant and pollen mildews.  Many individuals may be raised together as that is how they are in nature.  Up to several hundred may travel to overwintering sites together and will gather once they reach their destination.  

There is a possibility of rearing offspring, however, the length of the life cycle is going to be dependent on a number of variables:  temperature, humidity, and food supply.  In addition, in order for the eggs to obtain food once they hatch, they need to be deposited in aphid colonies.  It takes only 3 to 5 days for the eggs to hatch and then the larvae feed on the aphids (or other insects) for two to three weeks before pupating.  It takes seven to ten days for adults to emerge.

Pertinent Literature: 
http://www.enchantedlearning.com/subjects/insects/Ladybug.shtml
http://www.centralpets.com/pages/critterpages/insects/beetles/BTL5664.shtml
Scientific Name: Artemia                Common Name: Brine Shrimp

The Natural Creature: 

Brine Shrimp, found in salt lakes and brine ponds are interesting creatures, with many fascinating biological attributes.  The Brine Shrimp has the ability to reproduce in two different ways.  Under suitable environmental conditions, fertilized eggs can hatch directly into free swimming Nauplii.  When the salinity level becomes too high, the eggs are surrounded by a thick shell and remain inactive until the salinity drops to a suitable level for hydration, then hatch into swimming Nauplii.  When full, in approximately two weeks, Brine shrimp can grow to 8-10mm long and love for several months, reproducing at a rate of 300 Nauplii every 4 days.  

How to obtain specimens:
To obtain specimens, visit the Plymouth Pet Supply story located on Tenny Mountain Highway, Plymouth NH.  When inside the store, look towards the fish feeding isle and you will find a product called “Brine Shrimp Hatchery Kit”.  This kit is put out by the San Francisco Bay Brand Co. and includes “Sally’s Hatch Mix”, which contains Sodium Chloride, Magnesium Sulfate, and San Francisco Bay Brand Brine Shrimp Eggs. The package also contains a mount for a 2 liter bottle to use as an aquarium. You are then to purchase a small air pump Such as the Million Air MA-80. (For more information write to San Francisco Bay Brand, 8239 Enterprise Dr, Newark CA 94560)  All of this should not cost you over twenty dollars.  

When you have the necessary items home, you are to read the directions on Brine Shrimp hatching, which are as follows:  Place a 2 liter bottle on the mount, remove the lid, and fill with about 1 liter of water.  Connect the air pump to the bottom of the mounted aquarium, and add “Sally’s Hatch Mix”.  Place a light near the bottom of the bottle.  Within 24-36 hours you should have hatching Brine Shrimp.

Physical Requirements:

You will use the aquarium you have constructed using the 2 liter bottle for the remainder of the Shrimp’s lives.  The water, which is to be de-chlorinated, should be kept at 80-90 degrees Fahrenheit, and at a pH of less than 8 at all times.  The air pump that you are using will regulate the amount of dissolved oxygen in the water, so the Shrimp will have oxygenated water at all times.  By doing all of these things, you will have healthy Brine Shrimp 25-36 hours after adding the hatch mix.  

Biological Requirements:


Brine Shrimp are filter feeders, usually feeding on algae and bacteria.  By adding a pinch of yeast daily to your aquarium, you will ensure proper food for you Brine Shrimp.  Other food can be flour, soybean powder, fish meal, egg yolk or homogenized lover.  

The growing of Brine Shrimp can be done together with others of the same species.  Many may grow and live together at all times.  Studies have shown that at one time, Lake Alberta in Oregon was home to approximately 14.5 million pounds of Brine Shrimp.  

Pertinent Literature:

Sorgeloos, P. 1980. Life history of the brine shrimp Artemia. pp. xix-xxiii. In G. Persoone, P. Sorgeloos, O. Roels, and E. Jaspers (eds). The brine shrimp Artemia. Vol 3. Proceedings of the International Symposium on the brine shrimp Artemia salina. Universa Press, Wettere, Belgium.

http://www.projectlinks.org/shrimp/
http://www.ee.pdx.edu/~davidr/discus/articles/artemia.html by: KS@Lilly.com 
Date: 13 Jun 95

Scientific Name: Cancer irroratus and Carcinus maenas  

Common Name: Rock Crab (Cancer) and Green Crab (Carcinus) 

The Natural Creature:

The Rock Crab is one of the most common crabs seen on the coast of Maine and New Hampshire. It is red orange in color and is black at the tips of its claws. Its range is from Labrador to South Carolina. It can be found on rocky and sandy shores and in water up to 780 meters deep. The green crab is an introduced species that is thought to have invaded the eastern U.S. from the south. This crab is normally found in Northern Europe but has invaded many areas throughout the world. In the U.S. Atlantic waters, the green crab is known as an aggressive competitor with the rock crab. Both crabs are scavengers and will eat nearly anything that the ocean has to offer.

How to obtain specimens:

The crabs were collected at Fort Foster in Maine and were caught off of a pier. The crabs inhabited the sandy and rocky ocean floor. The two species of crabs were caught using a specially designed trap. The trap was purchased from Suds N Soda (431-6320, 365 Portsmouth Ave, Greenland, NH 03840) for five dollars. The trap works by pulling on the attached rope, which closes wire-mesh doors to trap the crabs in. No special license is necessary for operating the trap. Raw chicken legs were used as bait. The trap was pulled out of the water at different times and the specimens were collected. When collecting the crabs, one must be careful to avoid the animal’s claws.

Physical Requirements:

The physical requirements for this research included a trap with bait for collecting crabs and a bucket filled with seawater for storing the animals until the data could be recorded. A scale for recording mass and a caliper for measuring size were also used. Recommended equipment also includes thick gloves for handling the crabs. All crabs were released once the data retrieved.

Biological Requirements:

The crabs can be stored together but one must keep a close eye on them. They tend to fight one another when they are in the same bucket together. Using more than one bucket for storing the animals could alleviate this problem. 

Pertinent Literature:

The following two websites show what the two species of crab look like.

http://www.marinelife-explorer.com/specieswebpages/rockcrab.html
http://www.marinelife-explorer.com/specieswebpages/greencrab.html
Information on using the trap and catching the crabs can be found on the packaging of the trap.
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Scientific Name: Coenobita Clypeatus         

Common Name: Purple Pincher, Land Hermit Crab, Tree Crab, and Caribbean Crab.

The Natural Creature:

Purple Pinchers range from Florida, south to Venezuela, and east to Bahamas and possibly Brazil.  Though true crabs, hermit crabs are terrestrial and live in drier areas near the beach.  Hermit crabs do not grow a solid outer shell, and so they have to search for a larger shell after each time they molt.  Wild crabs are known to use beer cans, broken bottles, and other various objects in place of their shell.  The terrestrial hermit crabs and a few true land crabs of the family Gecarcinidae are the only decapod crustaceans (shrimp, lobsters, crabs, etc.) that have successfully migrated from the ocean directly onto dry land.  In the wild Coenobita in the Bahamas are more active in the daytime than at night due to the lower temperatures at night. As an adaptation for getting or obtaining oxygen from the air rather than from the water, the gills of Coenobita are reduced in number and stiffened, and the inner walls of the gill chamber are vascular to promote the exchange of gases. Also, ventilation of the gill chamber is enhanced by the reduced sidewalls of the carapace of the crab. Moistening of the gills is done by well-developed glands in the bronchial region.  Land hermit crabs are omnivorous. They feed on all kinds of vegetable matter, especially decaying flesh. Fruits such as cactus fruits and the supposedly poisonous "apples" of the Manchineal Tree are devoured eagerly and fresh droppings of horses and cows are used as a source of both food and water. Hermit crabs are a type of arthropod, which is one of the largest groups of animals, containing insects, spiders and lobsters. They have jointed limbs and a hard outer covering, called an exoskeleton. Crustaceans can be differentiated from other arthropods by two sets of antennae instead of one. There are currently about 6000 species of crabs and 800 species of hermit crabs. A true crab has a short abdomen with a large hard shell. Hermit crabs are not true crabs. They have a long abdomen and do not have a hard covering, requiring them to use a leftover snail shell for protection.  In the wild, hermit crabs spend their days under tree roots, leaves, burrow, branches and rocks. Found all over the world, there are only two species found commonly in the pet trade: the purple claw crab (Coenobita clypeatus) and the Ecuadorian crab (Coenobita compressus). The purple claw crab is found in south Florida, the Caribbean and West Indies. The Ecuadorian crab is found along the west coast from Baja, California to Chile. 


How to obtain specimens:

I bought two hermit crabs (purple pinchers) from a pet store called Petco.  The employee helped me with everything like food, aquarium, water, sand for the bottom of aquarium, and basic care.  She also gave me the option of buying a book on the hermits.  She told me that in a couple weeks come back to buy a couple shells for the hermit crabs to move into if they wanted.  Hermit crabs move out of their shells when they get too big for them so it is a good idea after you purchase your hermit crabs to go back and get a couple shells that are larger.  

Physical Requirements:

You can keep your hermit crab in a small aquarium, where there is enough ways for air to get in and out.  Temperature can be no lower than 70 degrees Farenheight no higher than 78 degrees farenheight. The humidity should be 70%.  Low temp can kill the hermit and overheating can cause the hermit to die slowly.  Signs of overheating are a musty smell and a discharge of a brown liquid. Hermits should be kept in a place where the light changes example day/night because their activity is much greater at nighttime.  Hermit crabs like to play and climb, so if you can get logs or a water bowl for them to play in is great too.  

Biological Requirements:

The hermit crabs do get depressed and are not as active when they are alone so if you are going to buy a hermit crab get two so they can keep each other company. The Purple Pinchers eat little pellets called Hermit Crab Cakes, and you can buy them at your local pet store for a couple bucks.  You can also feed then fruit such as apples, grapes, bananas, etc. They also like to eat lettuce and celery.  They obtain water from a shell with a little sponge that can also be purchased in your local pet store.  If hermit crabs are kept in a suitable environment and with lots of room to move around in, the might breed.  But there are some hermit crabs that will not breed and the answer to this is not yet known.   

Pertinent Literature:

Http://www.seashellshop.com/hermitcrabs.html
Http://www4.tpg.com.au/users/vanessap/hermit.html
Http://www.hermit-crabs.com/
Http://www.petco.com/assets/articles/caresheets/pdf/tihermitcrab052203.pdf
Http://www.curator.org/
Scientific Name: Coenobita clypeatus    Common Name: 'Carribean Land Hermit Crab' or "Purple Pincer land hermit crab

The Natural Creature:
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The life cycle of the land hermit crab is unique. It starts by the release of eggs into an ocean tide pool, where the zoea go through a series of molts and development stages. A baby hermit crab zoea will be a part of plankton until it grows and starts to resemble hermit crab form. Once they have developed to maturity, hermit crabs leave their watery home, making the long journey to land to find a shell for the protection of the soft abdomen. Once ashore, land hermit crabs go through a metamorphosis, developing modified gills that act as lungs to enable them to breathe air. In the wild some land hermit crabs can spend a long time away from a water source, some only returning to the sea when they are heavy with eggs which they will flick into the intertidal pools to start the cycle over again. Hermit crabs are able to regenerate - or regrow - any lost or broken limbs during the molting process. Hermit Crabs molt because their hard exoskeleton does not grow with their body, and so they must shed it and infuse the new tissues with moisture, then harden these tissues to develop into an exoskeleton with the aid of 'chitin'. Hermit crabs should preferably be purchased in two's as they can get depressed if kept alone.  
How to obtain specimens:

I purchased my Hermit Crab at the Plymouth Pet and Aquarium store on Tenney Mountain Highway, it cost $8. They had all the supplies needed to keep my hermit crab healthy and happy. 

Physical Requirements:

Firstly we must start with a suitably sized tank depending on the size of your family of crabs.

2             
12 x 8 x 8 
3 - 6       
14 x 8 x 8 
6 - 12     
18 x 10 x 10 
12 - 20   
24 x 12 x 15 
20 - 24   
36 x 12 x 15 
The hermit crab tank should have a substrate of sand, the best type of which is the calcium rich ones This special kind of sand is ideal as a substrate as it holds moisture, can be landscaped, is easy for the crabs to dig in to and can be washed for re use. The most important difference between this and other sand is the quantity of calcium it contains, this is readily available source to the crab as it requires a calcium rich diet. Hermits are climbing crabs so have some sort of structure on which they can climb to stay active.

Biological Requirements:

Coenobita clypeatus are omnivorous and will accept a variety of foods which include dried shrimps, vegetables, and pieces of wood (not conifers) subsidized with treats such as peanut butter. Commercially prepared foods can also be purchased which contain all the vitamins and minerals your hermit crab will require. We like this one from Zoo Med. Hermit crabs eat very little and each serving need only be a few grams. If feeding fresh fruits and vegetables then each day the tank should be cleared of any uneaten food to prevent it from rotting. Fruit and vegetables taken include Bananas, oranges, apple, peach, carrots, peas and tomato. Other foods include dog food, this can be either the dried food or tinned and pieces of rotten wood. Crabs which need to isolate themselves in order to molt and will crawl under anything in the tank which can offer protection. If disturbed during the molt they will be killed during this vulnerable time.  If possible isolate any hermit crab which is molting in a separate cage. Breeding and rearing of offspring is not possible as hermit crabs return to the ocean to reproduce. 

Pertinent Literature:

http://www.petlibrary.com/hermits.htm
http://www4.tpg.com.au/users/vanessap/hermit/biology/
Scientific Name: Homarus americanus]          Common Name: American lobster

The Natural Creature:

Lobsters are offshore marine benthic crustaceans.  They range from the Labrador coast to the cost line of North Carolina in waters as deep as 360 m.  Adult lobsters generally weigh between 0.45 kg and 2.5 kg and can live for as long as 50 years.

How to obtain specimens:

Live adult lobsters are easy to obtain from supermarkets and grocery stores.  I bought mine at Hannaford’s in Plymouth for about $5.00 a pound.  The grocery stores in this area obtain their lobsters mostly from the Maine coast.  It is illegal to attempt to catch wild lobsters without a state permit.

Physical Requirements:

Lobsters must be kept in refrigerated and aerated tanks.  They survive best at temperatures between 12 and 20 oC with 15-17 oC being the optimal temperature range at which to set one’s tanks (note:  lobsters can survive in temperatures ranging from 0 to 25 oC). The size of the tank must be at least large enough to hold the lobster; at various times, I used tanks ranging in size from about 2 gallons to 50 gallons.  Salinity should be about 32 parts per thousand and pH should be around 6-7.  Lobsters are particularly sensitive to nitrogenous wastes, especially ammonia (given off from fecal matter or decaying lobsters).  Nitrate levels should be less than 50 mg/L but lobsters can survive at levels at least as high as 120 mg/L.  Lobsters can survive in conditions of constant light such as at the supermarket, though they move more in a natural photoperiod such as 12 hours light / 12 hours dark, or 14 hours light / 10 hours dark.

Biological Requirements:

Juvenile lobsters prefer a diet of live brine shrimp while adults like small chopped mussels, squid, or shrimp.  There are currently no good commercial (synthetic) feeds for lobsters.  Adult lobsters are cannibalistic, but may be kept in the same tank if their chelae (claws) are banded.  Adult female lobsters will generally mate solely with the dominant males.  Mating occurs usually within 48 hours of the female shedding her exoskeleton.  Larval lobsters are hardy, easy to culture communally, and only require between 9 and 18 days to develop.  Postlarvae and early juveniles are most effectively raised individually.

Pertinent Literature:

"Lobster." Encyclopædia Britannica. 2003.  Encyclopædia Britannica Online. 25 Nov, 2003  <http://search.eb.com/eb/article?eu=49836>.

Factor, Jan R.  Biology of the Lobster.  Academic Press.  United Kingdom.  1995.

Scientific Name: Malacostraca, Astacidea          Common Name: Freshwater Crayfish

The Natural Creature:

Crayfish are one of the largest groups of mobile freshwater invertebrates. There are over 500 species found in three families Astacidae and Cambaridae, found in the Northern hemisphere and the Parastacidae that live in the waters of the Southern Hemisphere. In fact freshwater crayfish are found in every continent except Africa. Crayfish are important as a commercial resource to humans for their food value and are considered a delicacy in many parts of the world. Anatomists and physiologists have studied them for years and more recently have become the subject of study by molecular biologists because many species are now threatened by disease, competition from introduced non-native species and by human activities. The phylogeny of crayfish species has long been debated. One theory about their relationship to their ancestral family, lobsters is that there was an independent migration into freshwater by the astacoids and the parastacoids.  Due to this ongoing debate about origin, the phylogeny of the parasticidae has not been resolved.

How to obtain specimens:


There are several ways to catch freshwater crayfish. You can, as I did, simply stand in a river, preferably a muddy or silted shallow area (1 to 2 ft deep), lift rocks that are flat by the shoreline, slowly slide your hand over them and try your luck at grabbing them behind their walking legs so they can’t pinch. Another method is cupping your hands on either side and trying to scoop them up but crayfish are fast, they swim backwards and they can administer a stinging pinch with their claws, sometimes it’s better to have help. It is best to lift the rocks so the underside is away from you so they don’t jet off between your legs. If the crayfish gets away, don’t chase it but watch where it goes. Usually they just swim a short distance and hide under the next rock. 


Another method of capture is trapping or netting.  There are a variety of traps that work like a fyke net, usually used to catch eels. Crayfish walk into the net and usually cannot find their way out. A prawn trap is another way to catch them and it works on a similar principal except they are left in the water for a period of time. It is not as much fun to net or trap crayfish, however people who are trying to catch enough for a meal might consider these methods. Trapping is indiscriminate and can disrupt any creature that happens to swim or crawl in. The nets can harm crayfish if they become tangled, an adversity best avoided if you are catching them for observation purposes. There are many sources of information on the Internet about capturing crayfish. A good site that I found: http://www.geocites.com/matthamilton17/catching.html.

 
Crayfish can be purchased at pet stores like Petco. They sell varieties of exotic colored crayfish. They were a little pricey starting at around $25.00; the ones we caught were free. We visited the store in Concord and looked at blue, pink and even pure white ones. Petco has books and all types of aquariums, filters, substrate choices and plants. The staff is knowledgeable and helpful. We were cautioned to consider carefully before buying crayfish. The salesperson said people think it is ok to release them if they no longer want them as pets. This causes disruption in the natural population and can introduce parasites and harmful diseases.

Physical Requirements:


To keep crayfish as pets, the best container is an aquarium. A ten-gallon size is the recommended minimum for a crayfish over 2 inches. If they are smaller, you can have more than one in the tank. Add at least 2 inches of gravel. You can use a filter if you are expecting to keep them long. This will save you having to change the water every few days like I did. The crayfish will be happiest in a colder tank, approximately 65 – 68 degrees is most desirable. Do not put the aquarium in front of a sunny window. The sun can warm the water, which increases the metabolism and can kill the crayfish. Also, they live under rocks so they do not like too much bright light. Use something in the tank for the crayfish to hide under. You can use rocks or decorative plastic logs like they were selling at Petco. They also have buildings, simulated caves, and lots of other choices that offer function and a decorative touch to the tank. Plastic plants are a good choice to simulate their natural environment and because crayfish will most likely eat any real plants you try to keep. You can have fish in the tank as well but they must be able to stay out of reach because crayfish will eat them too. The PH of the water should be slightly alkaline. River water PH is between 6.5 and 8.0. There are test kits that can measure the PH and drops you can add to raise or lower it. A thermometer in the tank is a must as the metabolism of these creatures is influenced by temperature.

Biological Requirements:


Crayfish are omnivores and not too picky about what they eat. The pet store recommended fish food flakes. On the Internet, I read that people feed their crayfish hamburger, chicken, and pieces of potatoes, carrots and eggshells for calcium. After a molt you should not remove the shed exoskeleton, they will eat that too for calcium replacement. You can put more than one crayfish in a tank as well as plants and fish. The crayfish will eat the fish if they are too slow, they will eat many types of plants and even each other if they get too hungry so it is important to keep them well fed. We used earthworms, fish flakes and turtle food. One draw back with using the worms was that they clouded up the water and I learned that overfeeding can allow debris to sit on the bottom of the tank and increases the chance for a bacteria or fungal outbreak. Some of our crayfish had tiny white worms on them, probably a member of the Brabchiobdellids, which are commensal with crayfish and almost impossible to avoid if you are catching live crayfish from streams.

Pertinent Literature:

McDonald, Sam. 1996. Freshwater Resources. Crayfish Species: 1-10.

http://www.geocities.com/matthamilton17/catching.html
Brusca, Richard and Gary. 2003.Invertebrates: 514-583.

http://www.mackers.com/crayfish/
http://www.crayfishworld.com/contents.htm
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