Hermit Crab
[image: Photo of four hermit crabs.]Hermit crabs are decapod crustaceans of the superfamily Paguroidea. (McLaughlin, et al. 2010) Most of the 1100 species possess an asymmetrical abdomen which is concealed in an empty gastropod shell carried around by the hermit crab.Figure 1Hermit Crab


Description
Outside its shell, the soft, curved abdomen of hermit crabs, such as Pagurus bernhardus, is vulnerable.
Most species have long, spirally curved abdomens, which are soft, unlike the hard, calcified abdomens seen in related crustaceans. The vulnerable abdomen is protected from predators by a salvaged empty seashell carried by the hermit crab, into which its whole body can retract (Ingle 1997). Most frequently, hermit crabs use the shells of sea snails (although the shells of bivalves and scaphopods and even hollow pieces of wood and stone are used by some species) (Williams and McDermott 2004). The tip of the hermit crab's abdomen is adapted to clasp strongly onto the columella of the snail shell (Chapple 2002).

As the hermit crab grows in size, it must find a larger shell and abandon the previous one. This habit of living in a second-hand shell gives rise to the popular name "hermit crab", by analogy to a hermit who lives alone. Several hermit crab species, both terrestrial and marine, use vacancy chains to find new shells; when a new, bigger shell becomes available, hermit crabs gather around it and form a kind of queue from largest to smallest. When the largest crab moves into the new shell, the second-biggest crab moves into the newly vacated shell, thereby making its previous shell available to the third crab, and so on. (Rotjan, Chabot and Lewis 2010) Hermit crabs often "gang up" on a hermit crab with what they perceive to be a better shell, where they will actually pry its home (shell) away from it and then compete for it, and one will ultimately take it over. (Sanders 2012)
Most species are aquatic and live in varying depths of salt water, from shallow reefs and shorelines to deep sea bottoms. Tropical areas host some terrestrial species, though even those have aquatic larvae and therefore need access to water for reproduction. Most hermit crabs are nocturnal.
A few species do not use a "mobile home" and inhabit immobile structures left by polychaete worms, vermetid gastropods, corals, and sponges. (Williams and McDermott 2004)
Biology
A hermit crab retracted into a shell of Acanthina punctulata and using its claws to block the entrance
As hermit crabs grow, they require larger shells. Since suitable intact gastropod shells are sometimes a limited resource, vigorous competition often occurs among hermit crabs for shells. The availability of empty shells at any given place depends on the relative abundance of gastropods and hermit crabs, matched for size. An equally important issue is the population of organisms that prey upon gastropods and leave the shells intact. (Tricarico and Gheradi 2006)Hermit crabs kept together may fight or kill a competitor to gain access to the shell they favour. However, if the crabs vary significantly in size, the occurrence of fights over empty shells will decrease or remain nonexistent. (Williams and McDermott 2004)
Hermit crabs with too-small shells cannot grow as fast as those with well-fitting shells, and are more likely to be eaten if they cannot retract completely into the shell. (Angel 2000)] However, during times of molting, hermit crabs in captivity may temporarily move into a smaller shell, presumably so that less sand comes through the shell opening when they bury themselves. The inverse has also been observed: a hermit crab getting ready to molt may move into a shell that is much too large, especially if the hermit crab is not in a habitat where it can bury itself in sand.
For some larger marine species, supporting one or more sea anemones on the shell can scare away predators. The sea anemone benefits, because it is in position to consume fragments of the hermit crab's meals. Other very close symbiotic relationships are known from encrusting bryozoans and hermit crabs forming bryoliths.
Development And Reproduction
Hermit crab species range in size and shape, from species with a carapace only a few millimetres long to Coenobita brevimanus, which can live 30–70 years and can approach the size of a coconut. The shell-less hermit crab Birgus latro (coconut crab) is the world's largest terrestrial invertebrate.
The young develop in stages, with the first two (the nauplius and protozoea) occurring inside the egg. Most hermit crab larvae hatch at the third stage, the zoea. In this larval stage, the crab has several long spines, a long, narrow abdomen, and large fringed antennae. Several zoeal moults are followed by the final larval stage, the megalopa.
Classification
Hermit crabs are more closely related to squat lobsters and porcelain crabs than they are to true crabs (Brachyura). However, the relationship of king crabs to the rest of Paguroidea is a highly contentious topic. Many studies based on physical characteristics, genetic information, and combined data support the longstanding hypothesis that the king crabs in the family Lithodidae are derived hermit crabs and should be classified as a family within Paguroidea. (MacDonald, Pike and Williamson 1957)  Other researchers have challenged this, asserting that the Lithodidae (king crabs) should be placed with the Hapalogastridae in a separate superfamily Lithodoidea. (McLaughlin and Lemaitre 1997) Six families are formally recognized in the superfamily Paguroidea, (McLaughlin, et al. 2010) containing around 1100 species in total in 120 genera.

· Coenobitidae Dana, 1851 – two genera: terrestrial hermit crabs and the coconut crab
· Diogenidae Ortmann, 1892 – 20 genera of "left-handed hermit crabs"
· Paguridae Latreille, 1802 – 76 genera
· Parapaguridae Smith, 1882 – 10 genera
· Parapylochelidae Fraaije et al., 2012 – two genera
· Pylochelidae Bate, 1888 – 9 genera of "symmetrical hermit crabs"
· Pylojacquesidae McLaughlin & Lemaitre, 2001 – two genera
Fossil Record
Fossil gastropod shells once occupied by hermit crabs. The scleractinian coral Septastrea marylandica encrusted the shells and then extended them as the hermit crabs grew; Pinecrest Sand, Pliocene of Florida.
Mauritanian bryoliths are impressive examples of a mutualistic symbiosis between a hermit crab and encrusting bryozoans. Providing a cirumrotatory growth the bryozoan colony (Acanthodesia commensale) offers the crab (Pseudopagurus granulimanus) a helicospiral-tubular extension of its living chamber that initially was situated within a gastropod shell; Banc d'Arguin, Mauritania
The fossil record of in situ hermit crabs using gastropod shells stretches back to the Late Cretaceous. Before that time, at least some hermit crabs used ammonites' shells instead, as shown by a specimen of Palaeopagurus vandenengeli from the Speeton Clay, Yorkshire, UK from the Lower Cretaceous.
As Pets
Several marine species of hermit crabs are common in the marine aquarium trade. Of the approximately 15 terrestrial species in the world, the following are commonly kept as pets: Caribbean hermit crab (Coenobita clypeatus), Australian land hermit crab (Coenobita variabilis), and the Ecuadorian hermit crab (Coenobita compressus). Other species, such as Coenobita brevimanus, Coenobita rugosus, Coenobita perlatus or Coenobita cavipes, are less common but growing in availability and popularity as pets.
These omnivorous or herbivorous species can be useful in the household aquarium as scavengers, because they eat algae and debris.
Hermit crabs are often seen as a "throwaway pet" that would live only a few months, but species such as Coenobita clypeatus have a 23-year lifespan if properly treated, and some have lived longer than 32 years.
In general, and despite their moniker, hermit crabs are social animals that do best in groups. In the wild they can be found in colonies of a hundred or more. Therefore, many sellers encourage the purchase of more than one crab. Hermit crab terrarium environments require a controlled environment with a temperature around 75–85 °F (24–29 °C) and a humidity around 70-80%. Hermit crabs need salt and fresh water. Hermit crabs are scavengers, thus the food given to hermit crabs is various. Fruits, vegetables, and cooked meat can be given to hermit crabs, provided they do not contain artificial preservatives. Substrate needed is sand mixed with coconut mulch or crushed coral substrate that is deep enough to allow them to completely bury themselves while moulting. During molting, hermit crabs should not be dug up. Those that are dug up regularly will create a molt inhibiting hormone called xanthurenic acid. The exoskeleton that is left behind is eaten by the newly molted hermit crab. The exoskeleton contains much needed nutrients, including calcium. 

Formicarium
[image: http://upload.wikimedia.org/wikipedia/commons/thumb/e/eb/Formicarium_with_ytongNest.jpg/300px-Formicarium_with_ytongNest.jpg]A formicarium or ant farm is a vivarium which is designed primarily for the study of ant colonies and how ants behave. Those who study ant behavior are known as myrmecologists.Figure 2Formicarium or Ant Farm


History
The formicarium was invented by Charles Janet, a French entomologist and polymath, who had the idea of reducing the three-dimensions of an ants' nest to the virtual two dimensions between two panes of glass. (Janet 1893) His design was exhibited in the Exposition Universelle (1900) in Paris. His invention was recognized by his promotion to Chevalier (Knight) of the Legion of Honour, but he did not obtain a patent or attempt to market it. The first commercially-sold formicarium was introduced around 1929 by Frank Eugene Austin (1873-1964), an inventor and professor at the Thayer School of Engineering at Dartmouth College. (Anonymous 1936) He received a patent for it on June 16, 1931, (Austin 1931) as well as further patents for its continued development. (Austin, Senic Insect Cage 1937) Austin included painted or wooden scenes of palaces, farms, other settings above the ground level, for a whimsical look. In 1956, Milton Levine, founder of Uncle Milton Industries, created his own version of an ant farm, reportedly independently from Frank Austin; Levine got the idea during a Fourth of July picnic he was attending. (Hevesi 2011)

Levine coined (and registered) the term ant farm, or rather Ant Farm®, for his product. Austin may not have used this term; in his patents, the formicarium is referred to as an "educational apparatus" and "scenic insect cage", and in the 1936 magazine article about Austin's device, it is repetitively being called an ant palace.

Materials
A formicarium is usually a transparent box made of glass or plastic. Ant farms are usually made thin enough so the tunnels and cavities made by the ants can be seen and their behavior can be studied. They can be filled with soil, loam, sand, vermiculite, other mineral fragments, or sawdust. Newer formicariums may be filled with semi-transparent gel (pictured above), which provides nutrition, moisture and a medium for the ants to nest but does not supply a source of protein which is essential for the queen and larvae.

Other types of formicariums are those made with plaster, autoclaved aerated concrete (AAC), or simply with no medium. Plaster nests can be made by placing modeling clay on a glass panel in the form of tunnels and chambers. The plaster is poured onto the mold and when it has dried the clay is removed and the remaining structure can be used for housing ants. The ants in this type of formicarium are very easily seen. Mediumless formicariums can be in any container, with the ants staying in moist test tubes or other small containers. This also allows for better visibility, but can be less interesting because no digging takes place.

Whether ants dig or not, e.g., tree ants, a formicarium can be designed so that it is free-standing, and not enclosed or lidded like a vivarium. A free-standing design does not require high walls and a lid, but rather relies on barriers to secure the ants within their habitat; barriers include those listed below, and may include a moat of vegetable oil.

Often, containing ants inside a formicarium can be a challenge. Several substances are used to repel the ants, including vegetable oil, petroleum jelly, or PTFE ("Teflon"). They are applied to the side of the formicarium to prevent escape. These substances are generally too slippery or sticky for the ants to walk on. Despite this, some species of ants can build bridges of debris or dirt on the substance to escape, while others demonstrate that some individuals can walk on the substance without impedance. A formicarium owner may well make use of two or more security measures.
Another way of preventing the ants from escaping is to place the entire formicarium in a shallow container of water, creating a moat.

For the first three days, a formicarium owner has to let the ants get used to their new environment. This can be done by putting a black towel over the formicarium. However, some formicarium owners shake their formicarium every few days so the tunnels cave in. This practice allows owners to reset the formicarium and observe their ants dig tunnels all over again. This practice, however, is done at the owner's (and his/her ants) risk, as it may compromise the safety of the ants.

Popular Culture
The fact that the term "ant farm" is covered by a trademark received notoriety when Scott Adams, the creator of the Dilbert comic strip, used the phrase in one of his comic strips. Upon using the term "ant farm", Adams subsequently received threatening letters from Uncle Milton industries' attorneys, demanding a retraction for the unauthorized use of the phrase "ant farm" in his comic strip.

In reaction to the legal threat, Adams satirized the incident in a later comic strip. In that strip, Dilbert asked for a substitute for the trademarked phrase "ant farm", looking for another word for "a habitat for worthless and disgusting little creatures." To which the character Dogbert replied "Law school." (Adams 1995)

"Ant Farm" is a song by the band Eels appearing on their album Electro-Shock Blues.

A Disney Channel TV Series is called A.N.T. Farm.

Sea-Monkeys
[image: Sea-Monkeys in an aquarium]Sea-Monkeys is a brand name for brine shrimp—a group of crustaceans that undergo cryptobiosis—sold in hatching kits as novelty aquarium pets. Invented in 1957 by Harold von Braunhut, the product was heavily marketed, especially in comic books, and remains a presence in popular culture.[bookmark: _GoBack]Figure 3: Sea Monkeys


History
Ant farms had been popularised in 1956 by Milton Levine (Berenbaum 2000) Harold von Braunhut invented a brine-shrimp-based product the next year, 1957. (Berenbaum 2000)

Initially called "Instant Life", von Braunhut changed the name to "Sea-Monkeys" in 1962. The new name was based on the supposed resemblance of the animals' tails to those of monkeys, and their salt-water habitat. (Walsh 2005)

Sea-Monkeys were intensely marketed in comic books (Walsh 2005) using illustrations by the comic-book illustrator Joe Orlando. These showed humanoid animals that bear no resemblance to the crustaceans. (Scott 2010) Many purchasers were disappointed by the dissimilarity, and by the short lifespan of the animals. (Walsh 2005) Von Braunhut is quoted as stating: "I think I bought something like 3.2 million pages of comic book advertising a year. It worked beautifully." (Walsh 2005)

Use
A colony is started by adding the contents of a packet labelled "Water Purifier" to a tank of water. This packet contains salt and some brine shrimp eggs. (Scott 2010) After 24 hours, this is augmented with the contents of a packet labelled "Instant Life Eggs", containing more eggs, yeast, borax, soda, salt, some food and sometimes a dye. (Scott 2010) The Sea-monkeys that hatched from the original eggs seem to appear instantly. (Scott 2010) "Growth Food" containing yeast and spirulina is then added every few days. (Scott 2010)

Biology
The animals sold as Sea-Monkeys are an artificial breed known as Artemia NYOS (New York Ocean Science), formed by hybridising different species of Artemia. (Walsh 2005) They undergo cryptobiosis or anhydrobiosis, a condition of apparent lifelessness which allows them to survive the desiccation of the temporary pools in which they live. (Berenbaum 2000)

Astronaut John Glenn took Sea-Monkeys into space on October 29, 1998 aboard Space Shuttle Discovery during mission STS-95. After nine days in space, they were returned to Earth, and hatched eight weeks later apparently unaffected by their travels. (Scott 2010)
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