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AEFW – Acropora Eating Flatworms 




 






Introduction to Acropora Eating Flatworms (AEFW):

An Acropora Eating Flat Worm (AEFW) is a flatworm that only effects Acropora, but does not affect all Acropora species. Some Acropora species are more prone to infection than others. Acropora species that have shorter polyps have a greater chance of having these parasites. Acropora nana is well liked by the AEFW.

This parasite is almost invisible; it may consume the Zooxanthellae making it the same color as the infected Acropora. It is similar in shape to the common red flatworm but is about twice the size. The photos below show how hard it is to tell an Acropora is infected.



Signs of infection:

The easiest way to recognize whether or not you have AEFW is to look for “bite marks” and eggs around the base. The “bite marks” maybe missing Zooxanthellae. Bite marks are shown in the photos below.

Scroll through images of aefw damage below. Identification is a key to prevention, and dipping in CoralRx is the ounce of prevention everyone should take.
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AEFW  Life Cycle:

Toxins in the eggs of the Acropora Eating Flatworm destroy the tissue near the eggs. The tissue is not eaten but chemically burned. In the pictures below eggs are shown between the polyps of an Acropora and the chemical burn. There is not a lot known about the life cycle of these flatworms. Eggs are the reddish brown dots with the white dead tissue around them.

Prevention:

A quarantine tank is the easiest way to prevent these flatworms from destroying your Acropora based reef tank. Ideally, Acropora corals should be left in quarantine for 3 months. During the quarantine time, you should view the coral on a daily basis and watch for any bite marks or eggs on the coral. Flatworms like to hide on the underside of Acropora. Eggs are normally found on the base of the coral. Whether or not quarantine is an option, a dip in CoralRx is highly suggested.

Treatment:

Treatment should be done in a quarantine tank. The first step is to move the affected corals to a quarantine tank; the quarantine tank should have good light and water flow. Setup your quarantine tank, then take your coral out of the main tank and dip it in Coral Rx. While the coral is in CoralRx take a turkey baster, and blast the coral with the dip. Making sure it is getting in between the branches and in all the cracks of the coral. Do this for approximately 5 – 10 minutes. After 5 – 10 minutes, remove coral and discard the coral dip. Do not reuse the coral dip as parasites may release toxins. Rinse coral with clean saltwater and return to a quarantine tank. Repeat every 4-7 days until no more flatworms are found. Leave the coral in your quarantine system for an additional 3 months before moving back to your aquarium. Additionally, adding wrasses to your quarantine tank will also aid in the treatment of Acropora Eating Flatworms.


 



Read More
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Zoanthid Eating Spiders 




 






Introduction to Zoanthid Eating Spiders:

Sea Spiders are not spiders in the traditional sense. They are not members of the arachnid family, but are, instead, marine arthropods known as pycnogonids. There are more than 1300 known species, and almost all of them are carnivores. Depending upon the species, they will feast on your corals, anemones, sponge, etc. Sea spiders are common predators on zoanthid corals. They may be hard to spot, some being as small as 0.04 inches in diameter. They will even crawl inside a closed polyp, making it very difficult to spot.

Zoanthid Eating Spiders are marine arthropods of class Pycnogonida also called Pantopoda or Pycnogonid. There are over 1300 known species of Pycnogonida and it seems more than one type feed on Zoanthids. There may be other types of Pycnogonida that feed on other types of corals. This parasite does not run ramped in the marine hobby because they reproduce sexually, not asexually.

Identifying Zoanthid Eating Spiders Look Like:

These sea spiders are typically eight legged, but may have other appendages that resemble legs. These appendages are used in caring for young and cleaning as well as courtship. The average size is about 5 mm across. The Zoanthid spider that we look for is very hard if not almost impossible to see as the spider crawls inside of the polyp as it closes.  However, there are times when the spider’s legs are exposed outside of the closed polyp, as shown in the picture below.

Treating Zoaanthid Eating Spiders:

Some commercial treatments claim to remove pycnogonids, but the hobbyists on the forums have not found this to be the case. The spiders tend to stay beneath the mucus layer of the zoas, and remain unaffected by treatments. The best method discovered so far is to physically remove the adults with some tweezers. Keep checking the coral for months afterwards to catch any that hatched over time.
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Feature Article: Evaluation of Chemical Eradication Methods of Acoels (Acoelomorpha) From Marine Aquaria

By Andrew H. Lynford M.S.

Currently, 99% of the live stock in the marine ornamental trade is harvested from coral reefs in the wild. Therefore, aquarists should take every precaution to protect their livestock and keep it thriving in captivity.

Marine flatworms in the phylum Acoelomorpha are nuisance organisms in the marine ornamental trade. I examined the efficacy of three chemical treatments used in the marine ornamental trade to eradicate acoelomorphans in the genera Convolutriloba, Waminoa, and Heterochaerus. Members of the Convolutriloba are particularly problematic in marine aquaria because when exposed to chemical treatments they release toxins into the water that kill corals and fishes. My research had four objectives:

	determine which chemical treatment (Salifert, Coral Rx, or Povidone) was the most effective on the three genera over a 24 hour exposure period,
	determine which coral dip (Povidone or Coral Rx) was the most effective in removing Convolutriloba from live rock substrates,
	determine if Flatworm Exit is toxic to non-target coral reef invertebrates, and
	document the distribution of marine flatworms in the marine ornamental trade across the United States.


Coral Rx (8ml/3.785L) was the most effective chemical treatment, and the mortality for Convolutriloba spp., C. macropyga, and Waminoa sp. was 100% after 24 hours; whereas the mortality for Heterochaerus australis was 80%. Flatworm Exit efficacy increased on convolutrilobids when the concentration was raised to 1.5 times the recommended dosage; the mortality was 90% for Convolutriloba spp. and 76% for C. macropyga. Povidone was the least effective chemical treatment for the both convolutrilobids and H. australis, but at 2ml/3.785L mortality for Waminoa sp was 100%. Coral dip testing showed that Coral Rx (8ml/3.785L) was more effective than Povidone (1ml/3.785L) in removing convolutrilobids. In coral dip tests, Coral Rx and Povidone removed significantly more C. macropyga specimens from live rock than the salt water control (92% and 86%, respectively), but these dips did not remove significantly more Convolutriloba spp. than the control. Flatworm Exit was not toxic to representatives of the phyla Arthropoda, Mollusca, and Cnidaria; mortality was 0% for all species tested. Acoelomorphs were recorded from 45 cities and 26 states in the United States. In total, 92% (n=44) of aquarists that responded to an online survey had problems with flatworms in their aquaria, and 38% of the aquarists that administered Flatworm Exit to their aquaria lost corals and other invertebrates presumably due to the toxin release from convolutrilobids. Aquarists with acoelomorphs in their aquaria should identify them before applying chemical eradicators, because susceptibility to the chemical treatments varied between genera. Quarantining corals and live rock with coral dips is the best way to deal with marine flatworms because it prevents their introduction, and circumvents the problems associated with convolutrilobid toxin release. Harvesting coral reef taxa to replace livestock lost through Convolutriloba toxin release is environmentally costly, and should be prevented by using coral dips.

Introduction

Marine flatworms in the phylum Acoelomorpha are pervasive pests in public marine aquaria, the marine ornamental aquaculture industry, and private hobbyist coral reef tanks. Currently, there are two genera of particular importance that thrive in the marine ornamental trade: Convolutriloba and Waminoa (Borneman, 2001; Delbeek and Sprung, 1994, 1997; Nilsen and Fossa, 2002; Shimek, 2004). Both of these genera proliferate rapidly in aquaria and pose specific problems for aquarists. For example, species of Convolutriloba are difficult to remove from coral reef tanks because when aquarists attempt to eradicate them utilizing chemical treatments, these flatworms release a toxin into the water column that reportedly kills both corals and fishes (Delbeek and Sprung, 1997). Species of Waminoa are problematic in aquaria because these facultative commensals collectively settle on both hard and soft coral tissues (Nilsen and Fossa, 2002). Although waminoids are not predators of corals, their settlement occurs in such large numbers that they compete with their coral hosts for both space and light (Delbeek and Sprung, 1994; 1997). When a population of waminoids is left untreated, large aggregations known as “blooms” occur that are so dense, they block sufficient light from reaching their coral host (Delbeek and Sprung, 1997) (Fig. 1).



Figure 1. Flatworm predators used as biological controls in the marine ornamental trade. A) The six line wrasse Pseudocheilinus hexataeniareportedly predates on acoelomorphs in marine aquaria (from Burgess et al., 1997). B) The nudibranch Chelidonura varians has been observed ingesting covolutrilobids and reduces acoel populations (from Delbeek and Sprung, 1997).

Currently, professional and amateur aquarists utilize either chemical treatments or introduce flatworm predators into aquaria to reduce acoelomorph populations (Delbeek and Sprung, 1997). Two predominant reasons for administering such measures are:

	aquarists believe that marine flatworms can potentially damage coral livestock, and
	marine flatworms are considered aesthetically unappealing (Delbeek and Sprung, 1997).


Currently, there are two classes of chemical treatments used to treat flatworms: tank additives and coral dips. The first class is administered directly to a coral reef tank to treat a bloom, and is referred to as a tank additive. This chemical treatment is added to an aquarium after a flatworm species has been introduced, and the population numbers within that system spike.

Figure 2. Acoelomorph “blooms” in marine aquaria. A) Convolutrilobaflatworms grouped together on glass a panel (from Shannon, 2007). B) Waminoa sp. settled on a Discosoma sp. coral; red arrow indicates Waminoa specimens (from Nilsen and Fossa, 2002).

The second class of chemical treatment is utilized in a preventative protocol used to eradicate flatworms before they are introduced into an aquarium. These chemical treatments are referred to as a coral dips. Coral dips, such as Coral Rx and Povidone® are utilized specifically to remove flatworms that have settled on coral colonies. Newly purchased corals from a retailer are exposed to coral dips to eliminate flatworms that have settled in the cracks of the rock framework of the coral. Aquarists mix the coral dip in containers of salt water and place the coral colony in the solution for 20 minutes; afterward the colony is shaken to remove any remaining worms. Throughout this exposure period, susceptible acoelomorphs fall off of the coral colony and are left behind in the bucket. This process is referred to as “quarantining” in the hobby, and can be repeated several times over two to three days before the coral is finally introduced into a display tank (Delbeek and Sprung, 2005). The quarantine process is useful because it attempts to stem the spread of flatworms before they can infiltrate a coral reef tank.



Figure 3. Chemical treatments used to eradicate flatworms in the marine ornamental trade. A) Blue Life Flatworm Control is manufactured by Blue Life USA in Los Angeles, California. B) Flatworm Exit made is manufactured by Salifert in Holland. C) Coral Rx is manufactured by The Coral Gardens a private aquaculture company in Hoover, Alabama (from Root, 2008). D) Povidone is an iodine based antiseptic manufactured by Triad Disposables in Hartland, Wisconsin. A and B are tank additives added directly to reef aquaria to treat flatworm blooms, and C and D are coral dips used for ridding corals of flatworms outside coral reef systems.

A distinction exists between the two classes of chemical treatments. Tank additives are applied directly to the water in coral reef aquaria. In contrast, coral dip products are only used briefly in sequestered buckets as a prophylactic measure. Furthermore, coral dips are concentrated products that are used specifically for corals and flatworms alone, and are never administered directly to a tank because their effects on non-target reef tank inhabitants (i.e., fishes and marine invertebrates) are unknown.

Flatworm predators used to reduce blooms in aquaria include the introduction of wrasses in the genus Halichoeres and nudibranchs in the genus Chelidonura. These predators reportedly feed on flatworms located on aquarium live rock, glass panels and corals (Delbeek and Sprung, 1997; Shimek, 2004) (Fig. 2). However, debate exists among aquarists over the effectiveness of these predators in curtailing acoelomorph numbers. For example, professional aquarists at The Pet Barn (Franklin Square, New York) and the Atlantis Marine World Aquarium (Riverhead, New York) recommended introducing the six-line wrasse (Pseudocheilinus hexataenia) and the nudibranch (Chelidonura varians) into aquaria to reduce acoelomorph numbers (Chabla, personal communication; Papparo, personal communication). However, one Convolutriloba researcher observed that this species of wrasse did not consume convolutrilobid species, but merely chewed on individuals before spitting them back out (Shannon, personal communication). As a result, any tissues that may have been torn and separated from a predated individual will likely regenerate into new flatworms (Pechenik, 2005).

The present investigation examines three chemical treatments used to eradicate flatworm infestations in the marine ornamental trade: Flatworm Exit, Coral Rx, and Povidone (Fig. 3). Although there is anecdotal evidence that these treatments are successful in either eradicating flatworms or preventing them from entering an aquarium, there are no published studies comparing the effectiveness of these chemical treatments across acoelomorph genera. Additionally, there is no quantitative data available to determine the effects of the chemical treatments on non-target invertebrates in coral reef aquaria.

Currently, Salifert Corporation, a subsidiary of Sekha Holding BV of the Netherlands, advertises that the tank additive product “Flatworm Exit” kills all flatworms and that this product is safe for all marine invertebrates and fish in coral reef aquaria. In contrast, Delbeek and Sprung (1997) stated that aquarists’ observed livestock death after administering this product into their tanks. One potential reason for both fish and coral death in closed systems was attributed to the toxins released from convolutrilobid species once they have been exposed to the chemical treatments (Delbeek and Sprung, 1997). For example, when specimens of C. retrogemma die they expel thick yellow bodily secretions into the surrounding water; the secretions have a distinct bromine-like odor (Shannon and Achatz, 2007). These toxins reportedly killed corals in the genus Acropora and reef fishes in the genus Premnas after aquarists administered the recommended dosage of Flatworm Exit (Chabla, personal communication). Currently, no biochemical analysis of this toxin has been completed (Shannon, personal communication).

Previous investigations have documented that aquatic flatworms can secrete chemical effluents and contain toxic organic compounds in the wild. For example, the freshwater flatworm Dugesia dorotocephala releases chemical cues to alarm conspecifics in response to a predator effluent (Wisenden and Millard, 2001). Similarly, Ritson-Williams et al. (2006) found that two previously unidentified marine polyclad species in the genus Planocerid contained tetrodotoxin (a neurotoxin). One species of Planocerid stored high concentrations of tetrodotoxin (TTX) in the pharynx for a hypothesized feeding function, while another species had high concentrations of TTX throughout the body tissues as a hypothesized defensive function against predators (Ritson-Williams et al., 2006). Toxins associated with feeding and defense behaviors are advantageous for turbellarians in the wild. However, convolutrilobid toxin release in marine aquaria is associated with the loss of coral reef tank livestock.

The purpose of this investigation was to evaluate the effectiveness of the chemical treatment products used in the marine ornamental trade to eradicate two acoelomorph species in the genus Covolutriloba. Additionally, Waminoa sp. and Heterochaerus australis Haswell 1905, were also exposed to the same chemical treatments to compare their efficacy across representative acoelomorph taxa found in marine aquaria. I divided the research into four objectives:

	determine which chemical treatments (Salifert, Povidone, and Coral Rx) were the most effective on the three flatworm genera over a 24 hour exposure period,
	determine which coral dip was the most effective in removing Convolutriloba from a live rock substrate,
	determine whether Flatworm Exit had short-term deleterious effects (i.e., induce mortality within 72 hours) on non-target reef tank invertebrates, and
	document the distribution of marine flatworms (Platyhelminthes and Acoelomorpha) in the marine ornamental trade across the United States.


Insights gained from this research can be applied toward responsible reef keeping, and are intended to reduce the mortality of coral reef tank livestock that is a result of convolutrilobid toxin release. A review of the biology of acoelomorphs and their impacts on marine ornamental aquaria is provided below.

The Marine Ornamental Trade: Background

The marine ornamental trade is a global industry that harvests coral reef wildlife from over 40 countries around the world (Wabnitz et al., 2003). In a study funded by the United Nations Environmental Programme World Conservation Monitoring Center (UNEP-WCMC), Wabnitz et al. (2003) reported that the hobbyist trade generates between US$ 200-330 million dollars annually. An estimated 1.5 to 2 million hobbyists maintain marine aquaria globally, with 600,000 tanks in the United States (Green, 2003). The main export countries of marine ornamentals species include: the Philippines, Indonesia, the Solomon Islands, Sri Lanka, Australia, Fiji, Maldives, and Palau (Wabnitz et al., 2003). Between 1997 and 2002, a majority of the coral reef biodiversity harvested for the marine ornamental trade was shipped to the United States, the United Kingdom, the Netherlands, Germany and France (Wabnitz et al., 2003). The trade itself is comprised of 99% wild livestock and 1% farmed livestock (Oliver, 2003).

In 2000, the UNEP-WCMC created the Global Marine Aquarium Database (GMAD), and compiled invoices and trade records from 58 companies (approximately one fifth of all wholesalers in business) and four government management authorities. In August of 2003, their dataset documented that 7.7 million animals were imported and 9.4 million animals were exported (comprising 2,393 species) from 1988 to 2003. The combined hard and soft coral harvest estimates were between 11 to 12 million pieces, or 390,000 pieces per annum (Wabnitz et al., 2003). Coral trade information is pertinent to this investigation because corals are one of the vectors for transporting acoelomorphs into aquaria throughout the trade (Shannon and Achatz, 2007).



Figure 4. A simplified schematic diagram of the distribution network of livestock in the marine ornamental trade (modified from Green, 2003). Black arrows indicate commonly practiced industry routes (Green, 2003), purple arrows indicate trans-shipping route (Oliver, 2003; Wabnitz et al., 2003), and the blue arrows indicate the coral aquaculture shipping route (Root, personal communication). The stars indicate that trans-shippers open and repackage transport boxes with fresh oxygenated salt water upon arrival in California before they are sent to retailers.

A second vector for acoelomorph introduction is “live rock,” which is also known as “coral rock” or “reef rock.” Live rock consists primarily of the calcium carbonate deposits left behind from scleractinian hard coral skeletons that build on top of one another over time. These same deposits serve as the framework for extant coral reefs (Nilseon and Fossa, 2002). Live rock is highly porous and houses many marine invertebrate taxa including: poriferans, cnidarians, molluscs, bryozoans, annelids, arthropods, echinoderms and a variety of calcareous algae species (Nilseon and Fossa, 2002; Wabnitz et al., 2003; Delbeek and Sprung, 2005). Live rock is intensely exported from Fiji, Tonga, Samoa, the Solomon Islands and the Marshall Islands (Nilseon and Fossa, 2002). In 2001, Fiji harvested and supplied 800 tons of live rock from coral reefs; 95% of which was imported to the United States (Wabnitz et al., 2003).

Live rock is essential to coral reef tanks because it provides an important source of bacteria (e.g., Nitrosomas europaea and Nitrospira spp.) (Sprung and Delbeek, 2005). These bacteria are particularly important because they complete the nitrogen cycle within the tank, and serve as a form of biological filtration (Sprung and Delbeek, 2005). In order to keep all of the aforementioned fauna alive throughout the shipping process, the rocks are kept moist (Wabnitz et al., 2003). Live rock can be purchased in one of two ways, either “cured” or “uncured.” If the rock is cured, it is then subjected to a hypersaline spray for several hours or soaked for several days (Wabnitz et al., 2003). This serves to eliminate some of the larger pest organisms including, unwanted crustaceans and cnidarians, and leaves the coralline algae intact (Delbeek and Sprung, 1994; 2005). Uncured live rock is not treated with any prophylactic chemicals nor subjected to a saline spray, in order to keep alive the maximum amount of beneficial bacteria. As a result, the most feasible point of entry for acoelomorphs into marine aquaria is through the introduction of un-quarantined corals and uncured live rock.

The Marine Ornamental Trade: Transporting wildlife

Coral reef wildlife goes through several points of human contact before arriving at a retailer (Fig. 4). The trade begins with “collectors” that harvest coral reef inhabitants directly (Green, 2003). Collectors can be indigenous peoples that are self-employed and live near the reefs, or they can be employees of an exporter company hired to dive on the coral reefs (Oliver, 2003). In Southeast Asia, collectors can be single divers, or work cooperatively on boats utilizing long tubes of compressed air connected to the vessel allowing them to stay submerged while harvesting livestock. Typically, once the divers reach the coral colonies, they utilize chisels, screwdrivers, hammers or crowbars to break coral away from the live rock substrate (Wabnitz et al., 2003).

Once specimens are collected, they are brought to exporters, who bag and prepare the livestock for overseas flights that can last up to a maximum of 72 hours (Wabnitz et al., 2003; Cole et al., 1999). Shipments from foreign countries into the United States can take several routes. For example, exporters can send shipments to importers on the west coast of the United States, who then repack specimens for transport to east coast to wholesalers (Root, personal communication). Wholesalers might also buy direct from exporters skipping the repackaging step (Wabnitz et al., 2003).

A third and less common method of importation is known as “trans-shipping,” and cuts out wholesalers completely by combining the orders of several retailers (Oliver, 2003). In this case, the livestock is under the trans-shippers’ care until the retailers pick up their orders. When the retailers receive their livestock, it is unpacked, acclimatized and finally sold to the hobbyist (Oliver, 2003).

Target acoelomorphs: Ecology

Ecological information about Convolutriloba in the wild is limited. The Acoela are exclusively marine, live under stones or among algae, and are commonly found on the bottom mud from littoral zones to deep waters (Hyman, 1951). The genus Convolutriloba contains four species: C. retrogemma Hendleberg and Åkesson 1988, C. hastiferaWinsor 1990, C. longifissura Bartolomaeus and Balzer 1997, and C. macropyga Shannon and Achatz 2007. Three of these species were discovered in aquaria (Shannon and Achatz, 2007). Specifically, C. retrogemma was discovered in an aquarium in Gothenberg Sweden, C. longifissura was found in a pet shop in Germany, and C. macropyga was discovered at the Cappuccino Aquarium in Marietta Georgia (Akesson and Hendelberg, 1988; Bartolomaues and Balzer, 1997; Shannon and Achatz, 2007). Only C. hastifera has ever been documented in the wild. Winsor (1990) reported that C. hastifera specimens were found on the bases of Goniastrea sp. and Platygyrasp. corals from Geoffrey Bay, in Queensland Australia.

Although few details exist about the natural habitat of Convolutriloba, acoel blooms occur in the wild on soft corals (i.e. coral reef lagoons in the Solomon Islands) (Delbeek and Sprung, 1997). In situ information about the natural history, population dynamics, species distribution, and predator prey interactions of the Convolutrilobaare still undescribed. As a result, the majority of information about this genus comes from scientific and hobbyist observations in aquaria.

In marine aquaria, Convolutriloba thrive when high nitrate and phosphate levels are coupled with a bright halide lighting system (Delbeek and Sprung, 1994). Halide lights provide a source of energy for Convolutriloba algal endosymbionts. The endosymbionts belong to the genus Tetraselmis, are obligate for host survival, and create photosynthetic products for the host (Hirose and Hirose, 2007; Shannon and Achatz, 2007). Additionally, the introduction of light into an aquarium elicits behavioral responses from this genus. For example, when the aquarium lights are on, convolutrilobids settle in a resting position known as “basking; ” which involves an expansion of lateral parts of the body with the anterior tip indented (Hendelberg and Akesson, 1988). This behavior has been documented in C. retrogemma and C. macropyga (Hendelberg and Akesson, 1988; Shannon and Achatz, 2007).

Shannon (2007) found that C. retrogemma exhibits two different basking positions according to their orientation toward a light source. The first position occurs when the entire body of an acoel is situated on top of a substrate, and is perpendicular to the light source. The second position occurs when an acoel is attached to the side panel of a tank, or parallel to the light source. In each case, the body becomes dorso-ventrally flattened to increase its overall surface area exposed to light. However, in the second position, the anterior end of the body bends away from the side panel to orient half of its body toward the light (Shannon, 2007). In response to a sudden introduction of light, convolutrilobids exhibit negative phototaxis or display a negatively phototactic response (NPR) and will move away from a light source. When subjected to a non-directional source of light, the flatworm exhibits positive photokinesis and will move forward and turn randomly until it finds a location with lower light intensity (Shannon, 2007).

Little information exists about what the target acoelomorphs consume in the wild. Hyman (1951) noted that members of the Acoela consume diatoms, algae, and swallowed whole protozoan and copepods. In captivity, C. retrogemma feeds on small invertebrates including copepods, Artemia naupli, small polychaetes and rotifers (Akesson and Hendelberg, 1989; Shannon and Achatz, 2007). C. macropyga populations became sexually active when fed micro-invertebrates in conjunction with a light source in a closed system (Shannon and Achatz, 2007). Starvation and light depravation experiments provided evidence that acoelomorphs need to holozoically feed to gain more nutrition than is supplied by their endosymbionts (Akesson and Hendelberg, 1989; Shannon and Achatz, 2007). In fact, without properly administered nutrition mono-specific cultures of asexual populations of convolutrilobids have been noted to crash (Shannon, 2007; Shannon, personal communication).

In contrast to Convolutriloba, flatworms of the genus Waminoa have been well documented in the wild. This genus is potentially comprised of four species: Waminoa sp.1, Waminoa sp.2, W. litus, and W. brickneri; however, only the latter two species have been described (Barneah et al., 2007; Winsor, 1990). Barneah et al. (2007), Ogunlana et al. (2005), and Winsor (1990) documented that W. litus and W. brickneri settle on scleractinians and soft corals in the wild. In coral reefs, waminoids are facultative commensals of corals. For example, W. litus was discovered on a Sarcophyton soft coral in Magnetic Island, Australia, and Waminoa sp.1 and Waminoa sp. 2 were found on unidentified corals in a marine aquarium at the Australian Institute of Marine Science (AIMS) (Barneah et al., 2007; Winsor, 1990). Ogunlana et al. (2005) discovered W. brickneri associated with the scleractinian coral Plesiastrea laxa at 8-10 m in depth near oil jetties, and on the soft coral Stereonephyta cundabiluensis on a coral reef in the Red Sea.

Barneah et al. (2007) found that W. brickneri settled on 14 species of corals in reef patches in Eilat at depths between 2-50 m. This species displayed an uneven distribution pattern on seven different coral species and the greatest densities were found in order on: Turbinaria sp., Echinophyllia sp., Plesiastrea laxa, Favia favus, Favites pentagona, Acropora hemprichi, and Stylophora pistillata (Barneah et al., 2007). Once waminoids settle on a coral they are referred to as “epizoics,” and have been observed covering the surfaces and expanded polyps of the coral S. pistillata during the day (Barneah et al., 2007). Hobbyist literature documented waminoid specimens on Discosoma and Sarcophyton soft corals in coral reef aquaria (Delbeek and Sprung, 1997; Shimek, 2004).

Winsor (1990) and Achatz and Hooge (2006) documented the known habitats for H. australis in Australia and Africa respectively. In Australia, this convolutid was collected from shallow intertidal rock pools, and sediments in the subtidal zone from a saltwater creek (Winsor, 1990). In Tanzania, this species was collected from pools of water on sand flats high in the intertidal zone, and specimens were reported to occur in the thousands in the sediments (Achatz and Hooge, 2006). Additionally, this species was documented thirty years previously in Mombassa, Kenya, 135 km north of the Tanzania collection site (Achatz and Hooge, 2006). Unfortunately, no details about this species’ life history or ecological role were provided, but Achatz and Hooge (2006) believe that this acoel may be widely distributed throughout the Indian Ocean.

Morphology of Acoela

The order Acoela van Graff 1882, is made up of morphologically diverse, small (~0.5-10mm long), soft bodied acoelomate flatworms that are dorso-ventrally flattened and bilaterally symmetrical (Hooge et al., 2002; Hyman, 1951). Acoels have a solid body form that lacks a coelomic cavity (Tyler, 2004), a gut cavity, and intestines (Hyman, 1951). Because of their small size and flat body shape, they do not require respiratory organs or specialized circulatory systems. As a result, gas exchange occurs via simple diffusion across the body surface (Pechenik, 2005). Furthermore, the Acoela lack an excretory system including an anus or protonephridia; metabolic wastes likely diffuse out of the body (Hyman, 1951; Pechenik, 2005).

The Acoela body shape is vermiform and composed of an epidermal and mesodermal layer (Hyman, 1951; Pechenik, 2005). Both ventral and dorsal body surfaces are covered in locomotory cilia (Hyman, 1951; Tyler, 2004). This external layer contains adhesive organs, chemoreceptors and tangoreceptors which interpret chemical and physical stimuli respectively, and rhabdoid glands that secrete rhabdites (Hyman, 1951; Pechenik, 2005; Shannon and Achatz, 2007). Beneath this layer is a sub-epidermal musculature that consists of circular, longitudinal, and diagonal muscle fibers (Hyman, 1951; Shannon and Achatz, 2007). The Acoela nervous system is composed of a layer in the base of the epidermis outside of the subepidermal musculature. The brain, or cerebral ganglion, can be slightly or deeply bi-lobed and consists of a nervous layer over the statocyst (Hyman, 1951).



Figure 5. Dorsal view of adult target acoelomorphs. A) All four species in Convolutriloba (modified from Shannon, 2007, fig 1.2). B) Specimen of Waminoasp. collected from the Atlantis Marine World Aquarium, Riverhead, New York. C) Specimen of H. australis collected from Elmont, New York. Black arrow indicates anterior region of acoelomorphs, white arrow indicates caudal lobes, and red arrow indicates eye spots.

The mesoderm is composed of a loose connective tissue matrix called the mesenchyme or parenchyma. Smooth muscle fibers within this layer are important constituents of the pharynx, copulatory apparatus and adhesive structures (Hyman, 1951). Parenchymal tissue performs several vital functions including food assimilation, nutrient transport, and waste product disposal (Hyman, 1951). This tissue also holds the organs in place, creates vacuoles to digest food items, and was recently found to contain a small amount of zoochlorellae endosymbionts in C. longifissura (Hirose and Hirose, 2007; Tyler, 2007).

Feeding occurs through a ventrally located mouth, with or without a pharynx present, (Hooge et al., 2002) that directly opens into the mesenchyme. Within the mesenchyme, phagocytic cells can perform intracellular digestion individually, or they can fuse together to form a digestive syncytium that is distinct from the peripheral mesenchyme (Hyman, 1951). Hyman (1951) noted that acoels ingest diatoms, algae, protozoans and copepods whole. In aquaria, C. macropyga and C. retrogemma feed on Artemia by forming a “capturing funnel” (Hendelberg and Akesson, 1988; Shannon and Achatz, 2007). This occurs when a convolutrilobid lifts its anterior edge off of the substrate and curls its lateral edges and two ventral flaps downward. As the Artemia move into the funnel, the acoel traps its prey by pressing its body back down against the substrate, and then moves forward to bring the prey to the mouth (Shannon and Achatz, 2007).

Morphology of target species

Several important distinctions exist between the target acoelomorphs in the genera Convolutriloba, Waminoa, and Heterochaerus. These include body size, coloration, body morphology, and modes of locomotion. For example, locomotion in convolutrilobids occurs via ciliary action. In addition to this mode of locomotion, Waminoa sp. and H. australis can swim by creating pedal waves with their body musculature. This creates flapping along the lateral edges of the body that is utilized during swimming (Achatz and Hooge, 2006). Another distinction between the target genera includes the obligate endosymbiont taxa they posses. For instance, Convolutriloba harbor zoochlorellae from the genus Tetraselmis (Akesson and Hendelberg, 1989; Shannon and Achatz, 2007; Hirose and Hirose, 2007). In contrast, Waminoa sp. and H. australis harbor dinoflagellate zooxanthellae within their tissues (Ogunlana et al., 2005; Achatz and Hooge, 2006; Barneah et al., 2007). Additionally, only Convolutriloba secrete toxins into aquaria that negatively affect coral reef tank livestock and con-specifics. Waminoa sp. and H. australis have not been documented to produce such toxins.

All four Convolutriloba can produce tissue toxins that originate from the cells within the rhabdoid glands (Shannon and Achatz, 2007). These ventrally located glands are located just beneath the epidermal layer and are unique to marine turbellarians. They produce thick mucous secretions that were previously hypothesized to protect against desiccation and predation (Hyman, 1951; Pechenik, 2005). In aquaria, convolutrilobids will auto-lyse in response to physical or environmental stressor events including physical contact or temperature fluctuation (Shannon and Achatz, 2007). Once the rhabdoids glands rupture, a subsequent chain reaction causes all the tissues to lyse, including the zoochlorelle endosymbionts (Shannon and Achatz, 2007). Furthermore, if a group of convolutrilobids are kept in a small volume of water, and one individual releases its toxin, the others specimens will also auto-lyse in response (Shannon and Achatz, 2007).

The C. retrogemma body shape assumes a tube-like form, with a rounded anterior tip, and the lateral lobes are folded down and inward (Hendelberg and Akesson, 1988). Individuals vary in size depending upon the age and sexual stage of the animal. Asexually reproducing animals range from 2.5-3mm (excluding buds), and larger sexually mature flatworms can reach up to 5-6mm in length and 4-5mm in width. The mainly green coloration of C. retrogemma is due to its algal endosymbionts, red rhabdoid glands, red pigmentation, and characteristic three caudal lobes that can be observed without a microscope. Hendelberg and Akesson (1988) described this species as “mainly green,” however; Shannon (2007) showed that C. retrogemma can also have more reddish coloration throughout the body (Fig. 5).

Convolutrilobids have two colorless areas at their anterior end, known as eyefields, which detect light fluctuations. The dorsal bi-lobed brain is formed by a pair of ganglia, and there are no medially situated statocysts (Hendelberg and Akesson, 1988; Sikes and Bely, 2008). The nervous system of Convolutriloba is mainly made up of six longitudinal nerve cords. Two of these cords run ventro-laterally, and the other four are dorsally and medially located; the first two cords extend most of the body length, while the other four cords extend half of the body length (Sikes and Bely, 2008). Red rhabdoid glands can be found throughout the body but are concentrated in the median caudal lobe, and the muscle layer is 2-3 cells in thickness (Shannon and Achatz, 2007). The endosymbionts in Convolutriloba lie close to the muscle layer and are surrounded by the peripheral parenchyma (Hendelberg and Akesson, 1988).

The body of C. macropyga is flattened with a shield shape that is rounded anteriorly and indented at the anterior tip. Mature specimens are conspicuously larger than the adults of others species in the genus and can reach 8mm long and 6mm in width when basking (Shannon and Achatz, 2007). When motile, adults can reach up to 10mm in length. Their body coloration is a light green except for a large red pigmentation spot near the posterior end of the animal. In addition to its three characteristic caudal lobes, adults can have 2, 3, or up to 9 separate median lobes that become buds and asexually divide as new individuals (Shannon and Achatz, 2007).

The body shape of Waminoa is highly flattened except for an indentation in the posterior margin that lies close to the reproductive organs. The body coloration is bronze due to the presence of its endoymbionts, with white speckles and scattered white pigment spots. Waminoa body length ranges from 3-4 mm in diameter and 1 mm in thickness. Its epidermis is heavily ciliated, transparent, and densely packed with rhabdoid glands that are found only on the dorsal body wall and lateral sides of the animal (Ogunlana et al., 2005; Barneah et al., 2007; Winsor, 1990). The mouth is ventrally located at the posterior third of the body. W. litus adult specimens collected in the field from Geoffrey Bay Australia lacked eyes, statocysts, and statoliths (Winsor, 1990).

In contrast to Convolutriloba, W. litus and W. brickneri both harbor two distinct dinoflagellate endosymbionts within their parenchyma (Ogunlana et al., 2005; Barneah et al., 2007). The smaller endosymbiont (4-8m) was a member of the genus Synbiodinium, and the larger endosymbiont (11-16m) was in the genus Amphidinum. Two lines of evidence indicate that waminoids do not to predate on corals. First, their digestive syncytium contained no nematocysts from coral tissues. Second, the dinoflagellate endosymbionts harbored inside Waminoa tissues belonged to a clade of zooxanthellae that was distinct from their coral hosts (Ogunlana et al., 2005; Barneah et al., 2007; Barneah et al., 2007).

The body shape of H. australis is spatulate with two elongate latero-caudel lobes. Its coloration is brownish-yellow and adults can reach 4mm in length and 1.5mm in width (Achatz and Hooge, 2006). The epidermal cilia are approximately 8m long, and cover the entire body surface, except near the male and female gonopores. The ventrally located mouth is approximately at half the body length of the animal and numerous zooxanthellae 10-25m wide are found throughout the parenchyma. Instead of eye fields, H. australis has two dark brown ocelli that lie lateral to the statocyst, located approximately 300m behind the anterior tip of the animal (Achatz and Hooge, 2006).

Reproduction

The Acoela are simultaneous hermaphrodites that can reproduce via sexual or asexual reproduction (Hyman, 1951; Pechenik, 2005). The paired gonads are primitively numerous and are scattered throughout the parenchyma (Hyman, 1951; Winsor, 1990). Both male and female gonopores are distinct from one another, and are located on the ventral surface of the acoel body (Hyman, 1951). The female reproductive system consists of a vagina that leads to the female gonopore, which is nearly always located anterior to the male gonopore (Ogunlana et al., 2005; Shannon and Achatz, 2007). Additionally, seminal receptacles for sperm storage may be present in different species (Hyman, 1951). The male reproductive system typically contains a number of testes connected to single symmetrical sperm ducts located on each side of the body. These ducts connect to the copulatory complex which holds the seminal vesicle and penis (Hyman, 1951). Additionally, the Acoela have characteristic spermatozoa with two incorporated axonemes (Hooge et al. 2002).

Sexual reproduction can occur in two ways. The first method involves hypodermic insemination. This occurs when an acoel pierces a conspecific with a hard needle-shaped structure or hollow penis stylet (Bruggeman, 1986; Hyman, 1951), and injects sperm into the partner’s parenchyma (Pechenik, 2005). Such behavior is termed “penis fencing,” and occurs in acoel flatworms in the wild (Hyman, 1951; Newman and Cannon, 2003). The second method involves copulation, and occurs via insertion of the penis into the female gonopore. During copulation, acoelomorph partners often mutually inseminate and fertilize each other (Hyman, 1951; Tyler, 2004). Copulation is generally preceded by a brief “courtship” display that involves physical contact of the head or body (Hyman, 1951). In the wild, acoels deposit their eggs on variety of substrates by discharging them via the mouth or through a rupture in the epidermis (Ogunlana et al., 2005). Acoel eggs have their own yolk supply, and the target acoelomorph juveniles exhibit direct development (Hyman, 1951; Pechenik, 2005; Barneah et al., 2007).

The three main categories of asexual reproduction that acoels undergo are architomy, paratomy, and budding (Akesson et al., 2001). Architomy occurs when the offspring separate from a parent before organ differentiation (Akesson et al., 2001). Paratomy is a type of transverse fission that occurs after organ differentiation. Budding is the process where local tissues reorganize and form a new individual (or bud), which later separates from the parent (Akesson et al., 2001).

Convolutriloba exhibit several different modes of budding or fission that are unique to this genus. For example, Hendelberg and Akesson (1988) observed that the cells of C. retrogemma migrate to forms buds at the posterior end of the parent’s body. These buds can form on both sides of the median lobe either singly, or one on each lateral lobe. The main axis of the progeny is reversed 180° relative to that of the mother, so that the heads are facing opposite directions. In the first stage of budding they appear as dark green protrusions as the zoochlorellae migrate toward the developing bud (Shannon and Achatz, 2007). However, after a few days they attain a length approximately one fourth the size of the mother individual (Hendelberg and Akesson, 1988). At this point, the daughter buds develop eye fields and actively move in the opposite direction from the mother via ciliary action.

When the buds are large enough, they attach to a substrate while the mother moves away, and the tissues between the parent and bud tears (Hendelberg and Akesson, 1988). Torn progeny heal and become individuals that are much smaller than the mother. In some cases, tearing occasionally commences before the differentiation of the eye fields, mouth, and organs. However, prematurely shed buds continue to develop into fully grown individuals (Hendelberg and Akesson, 1988).

C. macropyga displays a more prolific mode of budding. In addition to its three caudal lobes, C. macropygadevelops up to 9 medial lobes that can each become sites for bud development. Shannon and Achtaz (2007) provide documentation that this species commonly has more than two developing buds distributed between its caudal, lateral, and medial lobes. Furthermore, C. macropyga can support 4-5 individual buds at different stages of development simultaneously (Shannon and Achatz, 2007).

C. longifissura and C. hastifera display two modes of asexual reproduction that are distinct from the other convolutrilobid species. Instead of buds forming on the caudal lobes, C. hastifera asexually reproduces via transverse fission (Akesson et al., 2001). When an individual prepares to undergo fission, its posterior end flattens and adheres to a substrate (Sikes and Bely, 2008). Constrictions form on each side of the acoel’s body that create a future plane of fission, and a full body tear occurs approximately three- quarters of the way down the body length (Akesson et al., 2001; Sikes and Bely, 2008). This creates a larger anterior fragment and a smaller posterior fragment, and each develops into a separate individual.

C. longifissura fission goes one step farther. This acoelomorph asexually reproduces by two sequential orthogonal fissions (Sikes and Bely, 2008). The first transverse fission occurs at the same site as C. hastifera, creating two unequally sized anterior and posterior fragments. However, the posterior fragment then undergoes a longitudinal fission that begins anteriorly and progresses posteriorly, until the fragment is halved and becomes two new individuals (Sikes and Bely, 2008). As a result, C. longifissura creates two new daughters from the parent compared to C. hastifera’s one (Akesson et al., 2001; Sikes and Bely, 2008).

Systematics

Molecular research conducted by Ruiz-Trillo et al. (1999) and Baguna and Riutort (2004) moved the Acoela out of the phylum Platyhelminthes and placed in the newly erected phylum Acoelomorpha. These researchers analyzed the 18S ribosomal DNA and mitochondrial genomes of acoels to provide evidence that the Acoela, along with the sister group Nemertodermatida, are the most basal of the Bilaterians. Recently, a great deal of controversy existed about the placement of the Acoela. For example, Hooge et al. (2002) examined the nuclear 18s rDNA sequences from 16 different acoels in addition to sperm, muscle, and reproductive organ morphology. Hooge et al. (2002) stated that the same data from Ruiz-trillo (1999) study can be used to argue against the monophyly of the Aceolomorpha. Almost a decade after the designation of Acoelomorpha as a phylum, it is clear that the debate over the placement of the Acoela will continue for years to come.

In addition to molecular data, researchers use morphological features to identify species including epidermal ciliary rootlets, an acoel-type statocyst bearing a single statolith, the digestive parenchyma and spermatozoa (Hooge et al., 2002). However, these characters cannot be used alone. For example, although statocysts are common in the Acoela (Tyler 2004), Shannon and Achatz (2007) found that statocysts were only present in C. macropyga juveniles, and were absent from adults. Therefore, additional features including the pharynges, copulatory organs, gonads, brain, sperm structure, and body wall musculature are examined. Once all of these traits are combined with molecular data researchers begin to determine the phylogenic relationships between the 340 acoel species in 20 families (Barneah a et al., 2007; Hooge et al., 2002).

Materials and Methods

Chemical treatments

This investigation attempted to quantify the efficacy of three chemical flatworm controls: Flatworm Exit, Coral Rx, and Povidone. Flatworm Exit is produced by Salifert Corp., a marine aquarium supply company that distributes products to retail hobbyist stores both online and in pet shops around the United States. Neither the box packaging nor the website provided information about the chemical constituents used to make Flatworm Exit. The recommended dosage provided in the Flatworm Exit packaging is 0.2ml/18.925L (4 drops/5 gallons), but the website currently recommends 0.05ml/3.785L (1 drop/gallon). The retail cost for Flatworm Exit is approximately $33.

A second tank additive, Flatworm Control, was created by Blue Life USA and was previously available for purchase online. Blue Life USA is an aquarium supply company based in Los Angeles, California that sells aquarium maintenance chemicals, filtration, salt mixes, lighting products, and live rock. I intended to investigate the efficacy of Flatworm Control on convolutrilobids, but when online complaints arose about the effectiveness of the product, the manufactures responded to online customer reviews and suggested increasing the recommended dosage. As a result, I e-mailed Blue Life USA for a verification of the correct dosage. However, no response was sent and within 1-2 weeks the Flatworm Control product line was removed from the major website. After a second e-mail to the manufacturer, I received communication from a representative that stated that the product was recalled because the correct concentration had not yet been established. Subsequently, this product is no longer for sale online at major vendors including Marine Depot, and the customer reviews previously posted about Flatworm Control have been removed.

Coral Rx is a coral dip manufactured and sold by Philip Root, the co-founder of The Coral Gardens, which is a private coral aquaculture facility that sells propagated corals to consumers on-line from Hoover, Alabama. Coral Rx is advertised to rid live corals of both acoelomorph and polyclad flatworms. No information about the chemical constituents is provided from the products packaging or online and when contacted the manufacture preferred to keep the nature of the constituents proprietary. Over a period of eight months, the recommended dosage for Coral Rx changed several times. For example, initially the label on the product bottle directed 0.2-0.4ml/3.785L. However, preliminary investigations with this concentration proved to be too dilute and ineffective on the target acoelomorphs. As a result, I contacted The Coral Gardens manufacturer over the phone and was told that the labels were incorrectly printed. At that point the manufacturer recommended increasing the dosage to 8ml/3.785L. The online recommended dosage for this product was 1-2ml/3.785L (20 May 2008), and a separate bottle gave the recommended dosage of 4-8ml/3.785L. In May of 2008, 1oz containers were sold online for $32 U.S. retail before shipping and handling costs.

Povidone is an iodine-based topical antiseptic manufactured by Triad Disposables in Hartland, Wisconsin. This product is re-labeled as Leader® brand 10% Povidone-Iodine solution, and is sold retail in drug stores and pharmacies throughout the United States. Povidone and Lugol’s Iodine are used by private coral aquaculture businesses including The Coral Gardens and The Sound School (New Haven, Connecticut) as coral dips. Aquaculturists in both businesses utilize the trace amounts of iodine in these products as an anti-helminthic dip for live coral (Santiago, personal communication). However, the recommended dosages varied between the two businesses from 0.05ml/3.785L (one drop/gallon) (Santiago, personal communication), to 0.5-1ml/3.785L (10-20 drops/gallon) (The Coral Gardens), and up to 2ml/3.785L (40 drops/gallon) from online resources (AquaCave Inc., 2008).

Tank conditions

Flatworms were harvested from three tanks between January 2008 and September 2008. The first tank was a 151.4L (40 gallons) reef tank at the Atlantis Marine World Aquarium (AMW) in Riverhead, New York, the second was a private 283.9L (75 gallons) reef tank devoted to flatworm culture in Elmont, New York. The third tank was a 90.8L (24 gallons) Aqua-pod at Hofstra University in Hempstead, New York. The AMW tank was kept at 25°C, at 33 ppt on a 11h:13h light-dark cycle supplied by a 96 watt dual power compact light system. The Elmont tank was kept between 23-26.6 °C, at 31-33ppt on a 12h:12h light-dark cycle, and was supplied by a 250 watt 10,000 K metal halide light system, and dual 121.9cm (48 inches) 40 watt actinic lights. The Aqua-pod was kept at 25°C at 30 ppt on a 12h:12h light-dark cycle supplied by a 64 watt compact fluorescent light system. The AMW tank was filled with backwashed ocean water from the Long Island Sound, and the other two tanks were filled with artificial salt water, made from Instant Ocean® salt mix and reverse osmosis filtered tap water.

Specimen collection and handling

Specimens were siphoned off of aquaria glass panels, live rock, Caribbean gorgonian corals (Waminoa sp. from AMW tank) and plastic aquaculture substrates, using 6mm diameter flexible plastic air-hose tubing. This ensured that the least amount of direct physical contact was sustained to the animals to prevent tissue tearing (Newman and Cannon, 2003). Once siphoned into plastic specimen containers the flatworms were collected with 1-2ml disposable plastic pipettes and individually placed in test chambers. The testing chambers for the Convolutrilobawere 1.5ml Eppendorf tubes, and Waminoa sp. and H. australis specimens were tested either in groups of ten in plastic cups, or individually in 1.5ml Eppendorf tubes. Controls were conducted in the same type of testing chambers. The collection cups, pipettes, and Eppendorf tubes were discarded after each trial to avoid the contamination of lysed residues between experimental subjects (Shannon and Achatz, 2007). Shannon and Achatz (2007) found that plastics held higher residual concentrations of the toxin than glassware. Similarly, Newman and Cannon (2003) recommended separating flatworm specimens collected from the field because their mucus could be toxic to one another.



Figure 6. Test chamber used to expose acoelomorphs to chemical treatments. A) Bath chamber utilizes 22.71L (6 gallons) of water, a 50 Watt submersible heater, and 2 air-stones to circulate water and distribute heat evenly. B) 1.5ml Eppendorf tube loaded with Convolutriloba spp. indicated by black arrowhead. Pink arrow indicates plastic cup test chambers, yellow arrows indicate Eppendorf tubes, and green arrows indicate air-stones.

Acoelomorph identification

Target acoelomorphs were photographed with an Olympus DP 11 digital camera connected to an Olympus microscope. Convolutriloba identification was verified by Dr. Shannon from the University of Georgia, Waminoasp. identification was verified by Dr. Orit Barneah from Tel Aviv University, Israel, and H. australis identification was verified by Dr. Johannes Achatz and Dr. Seth Tyler at the University of Maine. Three of the four species within the Convolutriloba could not be identified based on their external morphology. In fact, the only way to differentiate between C. retrogemma, C. longifissura, and C. hastifera without molecular and histological techniques is to culture the acoels separately in closed systems, and observe their modes of asexual reproduction (Dr. Shannon, personal communication). However, at AMW I observed several Convolutriloba specimens exhibiting the “butterfly stage” of asexual reproduction found in C. longifissura (Bartolomeus and Balzer, 1997; Akesson and Hendelberg, 2001). In addition, the white speckled dorsal pigmentation that is characteristic of C. hastifera was also observed from specimens from the same tank (Winsor, 1990). Further, the backward budding that is characteristic of C. retrogemma was also observed at AMW. Thus, three out of the four Convolutrilobaspecies were likely mixed together during experimentation. As a result, C. retrogemma, C. longifissura, and C. hastifera will be collectively referred to as Convolutriloba spp. In contrast, C. macropyga was easily indentified based on its body shape, larger body size, increased number of caudel lobes, and the conspicuous large red pigmentation spot featured prominently on its dorso-posterior surface. Throughout experimentation, this species was identified and tested separately from the other three species.

Experimental protocol

Flatworm specimens were separated to the generic or species level before exposure to the chemical treatments. For example, convolutrilobid species (C. macropya, and Convolutriloba spp.) were tested individually in 1.5 ml Eppendorf tubes. Waminoa sp. and H. australis were originally tested in groups of ten because they did not appear to exude any toxic products. No test animals were used twice in experimentation.

All experimental subjects were kept in a water bath between 24-27°C, and were tested in their own tank water to keep the specific gravity and water parameters consistent. Shannon and Achatz (2007) and Shannon (2007) provided informative husbandry techniques to keep these acoelomorphs alive in cultures over prolonged periods. Following their protocol, a submersible aquarium heater was placed in the bath and set to 27°C. The testing chamber itself was a thick plastic storage bin (dimensions: 68.6 x 43.2 x 26.7cm) that contained 22.7-26.5L water, and included a retrofitted holding tray that accomodated 20 test cups at a time or 150 Eppendorf tubes (Fig. 6). Additionally, the bath was aerated with two air-stones to circulate the water and prevent uneven heating pockets from forming around the heater.



Figure 7. Mortality of target acoelomorphs Convolutriloba macropyga (Cm), Convolutriloba spp. (Cs), Waminoa sp. (Wa) and Heterochaerus australis (He) exposed to chemical treatments over 24 hours. A) Flatworms exposed to 0.2ml/18.9L of Flatworm Exit. B) Flatworms exposed to 0.3ml/18.9L of Flatworm Exit. C) Flatworms exposed to 1ml/3.785L of Povidone. D) Flatworms exposed to 2ml/3.785L of Povidone. E) Flatworms exposed to 8ml/3.785L of Coral Rx. Error bars show standard deviation.

The bath protocol was used to control temperature fluctuations and osmoregulatory stress as factors that could contribute to overall mortality rates during exposure to the chemical treatments. Each specimen was tested in cycled tank water because it was the appropriate temperature, buffered with the correct water chemistry, and because cycled water prevents ammonia levels from spiking. All of the tubes’ lids were cut off and exposed to open air, and no water changes or circulation was provided to the specimens inside the testing chambers over the 24 hour period. This protocol allowed me to observe the chemicals effects on flatworms alone, and bypassed the problems associated with specific gravity change and temperature fluctuation that would have occurred using newly created artificial salt water.

Efficacy of chemical treatments on acoelomorphs

Fifty convolutrilobids in five groups of ten were exposed to the chemical treatments (Flatworm Exit, Povidone, and Coral Rx) for 24 hours. The acoels were individually exposed in 1.5ml of liquid in Eppendorf tubes, and left in the bath chamber for the entire experiment. This was accomplished by pippeting the worms directly into the tubes, removing as much water as possible, and then introducing the mixed chemical treatment into the tube.

Waminoa sp. and H. australis speciemens were tested in cups in five groups of ten in 60ml solutions of the chemical treatments. Observational data for both the cups and Eppendorf tubes was recorded every minute for the first twenty minutes for every trial. Additional recordings were made after the first hour, again after 2-3 hours and after 24 hours. After 24 hours each specimen was inspected to determine mortality. Specimen survival was determined by observing either locomotion or a change in body shape. These responses were elicited by:

	using a flashlight to trigger a negatively photo-tactic response (NPR) (Newman and Cannon, 2003; Shannon, 2007),
	shaking or tapping the tube against a hard surface, or
	pippeting a brief strong directional current on the specimens to induce movement (Shannon and Achatz, 2007).


If an acoel was attached to the side of an Eppendorf tube and unresponsive to the previous methods, the chemical treatment was drained from the tube and droplets of salt water were released over the subject’s body. The trickle of water droplets induced quick bodily contractions and expansions if the animal was still alive. Another method to determine mortality involved physically prodding the acoel (Newman and Cannon, 2003). However, this technique was rarely used since this tore the animals’ tissues and was not as reliable as the aforementioned techniques (Newman and Cannon, 2003).

For each four species, the mortality to six chemical treatments (three chemical treatments at two concentrations) and the controls were compared using a chi-square test of independence (SPSS statistical package, SPSS Inc. Chicago; critical value: X2.05, 6 =12.592). If the chi-square test of independence was significant, then the mortality to each chemical treatment was compared to the control using a post hoc chi-square test of independence (critical value: X2.05, 6 =12.592).

Efficacy of coral dips in removal of Convolutriloba

Before the dip experiment began, preliminary investigations were conducted with 50 C. macropyga specimens to determine if their rates of attachment varied according to substrate. Five groups of ten acoels each were left to settle for twenty minutes on plastic from coral aquaculture trays, live rock, live rock placed in a sand bed, live rock with a directional source of light and glass slides. Live rock proved to hold the greatest numbers of specimens. Therefore this substrate was used throughout subsequent experimental trials. Although the target genera have been recorded basking on the glass panels of marine aquariums (Hendelberg and Akesson, 1988; Shannon, 2007) the experimental trials were not conducted with a glass substrate for several reasons. The foremost being, that the settled acoels fell off the glass substrate (microscope slides) when transferred from aquaria to the water surface of the dip cups. As a result, many of the flatworms fell off the slides before the coral dip experiments could begin.

Live rock was used for the following three reasons. First, it was found to have the best attachment rate. Second, it was easier to apply the worms to the rock surface and account for a known number of flatworms (n =10). Third, live rock and coral are the substrates that convolutrilobids (C. hastifera) cling to in the wild and in coral reef tanks (Winsor, 1990). The live rock fragments used in experimentation were several centimeters in length and broken off of large pieces of cured Fijian live rock. These fragments were sculpted with bone shears (metal clippers) into flat rectangular shaped rocks, which provided a large surface area to apply the flatworms. Five acoels were placed on each side of the fragment, with a total of ten flatworms per rock.

The coral dip experiment was conducted with C. macropyga and Convolutriloba spp. specimens. Once ten acoels were placed on a live rock fragment, the rocks were gently lowered with metal tongs into 60 ml of the experimental dip solution. As soon as the rock touched the bottom of the cup, a stopwatch was used to record time, and a flashlight was used to determine if the specimens were still alive. Observational recordings were taken after one, five, 15, and 20 minutes. After twenty minutes, the total number of worms that fell off of the live rock was recorded. Controls for both species (n=50) utilized the same procedure with saltwater, but no coral dips were added to the cups. Ten trials of ten acoels for both species (n=200) were conducted with Povidone (1ml/3.785L) and Coral Rx (8ml/3.785L).

A total of 500 worms were tested, that consisted of 100 control and 400 experimental subjects. For each species, the drop off rates for Coral Rx, Povidone, and the controls were compared using a chi-square test of independence (critical value: X2.05, 2 =5.991). A post hoc chi-square test of independence was conducted for each species, to compare individual chemical treatment drop off rates to the control (critical value: X2.05, 2 =5.991).

Exposure of non-target species to Flatworm Exit

The mud snail Nassarius obsoletus and the long-wrist hermit crab Pagurus longicarpus were collected during low tide in July 2008 at the Nike Marsh in Long Beach, New York. Aiptasia pallida anemones were purchased from the Carolina Biological Supply Company in August 2008. The average shield length of the hermit crabs was 2.95 ± 0.45mm (n=50). The average shell and aperture length of mud snails was 15.17 ± 0.98mm and 9.3 ± 0.62 mm (n=50) respectively, and the average pedal disc length of the anemones was 9.85 ± 2.73mm (n=50).

Before experimentation began, all of the subjects were acclimated to cycled Instant Ocean® artificial saltwater at 31ppt, at 19°C for 24 hours. Non-target species were exposed to Flatworm Exit over three days during experimentation. The test subjects were exposed to 100% concentration (0.2ml/18.925L) throughout day one, and 75% concentration throughout day two and three. The reduction of Flatworm Exit concentration throughout this protocol simulates the conditions that occur in aquaria. For example, after applying Flatworm Exit to an aquarium, the manufacturer recommends having enough new saltwater to conduct a 25% water change (Salifert.com, 2009). Water changes will dilute the overall concentration of Flatworm Exit in a closed system. As a result, the experimental concentrations are likely higher than that of actual aquaria concentrations, because newly mixed known concentrations are applied every 24 hours, no filtration is provided, and no organic carbon is utilized as filtration media.

Five groups of ten specimens (n=50) for each species were exposed to the chemical treatment. The hermit crabs and snails were placed in 100ml of solution in plastic cups on a 12h:12h light-dark cycle. Water changes with the appropriate concentration of Flatworm Exit occurred every 24 hours for Aiptasia anemones to avoid pedal disc tearing, and the hermit crabs and snails were transferred into new cups. Survival was determined by tapping the cups or shinning a flash light on the subjects to induce movement. Additionally, controls for each species (n=10) were conducted to determine if the collection and handling methods were responsible for stress related mortalities.

Survey and distribution map of marine flatworms

In order to understand how acoelomorphs affect the hobbyist trade, an online survey was posted on Survey Monkey.com from May to November 2008. This survey collected information from hobbyists around the United States that have encountered marine flatworms in their reef tanks. The survey documented the cities that hobbyists lived, whether flatworms had bloomed in their aquaria, which hobbyists used Flatworm Exit to eradicate their flatworms, and what livestock they lost from convolutrilobid toxin release (Appendix 1). The survey was not exclusive to acoelomorphans, and incorporated hobbyist data regardless of the group of marine flatworm they encountered.

Results

Efficacy of chemical treatments on acoelomorphs

Analysis of the data across chemical treatments for all four species showed that mortality was dependant upon the treatment. In addition, mortality from four of the six dosages was significantly different than control mortality for all four species. The most effective chemical treatments were Coral Rx (8ml/3.785L), Flatworm Exit (0.3ml/18.93L), Povidone (2ml/3.785L), and Flatworm Exit (0.2ml/18.93L). However, the overall effectiveness of these chemical treatments varied between genera.

When individual species were compared to the six chemical treatments and the control, the chi-square test of independence values for the target acoelomorphs were: Convolutriloba spp. (X2=267.1, df=6, P<0.0005), C. macropyga (X2=240.6, df=6, P<0.0005) Waminoa sp. (X2=307.2, df=6, P<0.0005), and H. australis (X2=191.6, df=6, P<0.0005). Flatworm Exit was administered in two dosages, at (0.2ml/18.93L) and (0.3ml/18.93L). The lower dosage produced 96% mortality for Convolutriloba spp., 22% mortality for C. macropyga, and 0% mortality for both Waminoa sp. and H. australis (Fig.7A). The higher dosage produced 90% mortality for Convolutriloba spp., 76% mortality for C. macropyga, 10% mortality for Waminoa sp. and 0% mortality for H. australis (Fig. 7B). The recommended dosage of Flatworm Exit was significantly different in its effectiveness when compared to the control for Convolutriloba spp. (X2=92.3, P<0.05) and C. macropyga (X2=12.4, P<0.05), but not significantly different from the control for C. macropyga and H. australis. Similarly, the higher concentration of Flatworm Exit was also significantly different in effectiveness than the control for Convolutriloba spp. (X2=81.8, P<0.05) and C. macropyga (X2=61.3, P<0.05), but not significantly different for C. macropyga and H. australis.

At the recommended dosage Flatworm Exit produced visible effects on the target genera. For example, one specimen of Convolutriloba spp. began secreting a yellow discharge three minutes after exposure to Flatworm Exit. That number increased to 10% (n=5) of the specimens within 20 minutes (Table 1). The thick yellow discharge was a viscous fluid that had a pungent odor and remained within several millimeters of the specimens in the Eppendorf tubes. Approximately 30 minutes after exposure, the convolutrilobids also released organic matrices in the tubes that were visible with a flashlight. These long diaphanous matrices were distinct from the yellow discharge, varied in length and thickness, and extended up to several times the body length of the convolutrilobids that secreted them. The matrices were generally spread out in the liquid inside the Eppendorf tubes, and often inhibited specimens from moving freely inside the tube. Some specimens became tangled in their own matrices which hindered or completely inhibited their movement.

Approximately two hours after exposure to Flatworm Exit, lysed Convolutriloba spp. specimens began disintegrating into a thick yellow collection of tissue fragments. At that point, any introduction of a slight current from a pipette broke the tissues apart. After 24 hours, 70% (n=35) of the Convolutriloba spp. specimens exhibited yellow discharge and 88% (n=44) exhibited matrices within the Eppendorf tubes (Table 1). In contrast, the Convolutriloba spp. controls (n=50) did not secrete the discharge or matrices; instead they exhibited movement, had normal coloration, and displayed a NPR.

		Control	Flatworm
Exit (0.2ml)	Flatworm
Exit (0.3ml)	Coral
Rx (0.2ml)	Coral
Rx (8ml)	Providone
(1ml)	Providone
(2ml)
	H. australis	0	0	0	0	0	0	0
	Convolutrioba spp.	0	75% (35)	60% (30)	–	66% (33)	4% (2)	26% (13)
	C. macropyga	0	6% (3)	0	0	14% (7)	0	6% (3)
	Waminoa sp.	0	0	0	0	0	0	0


		Control	Flatworm
Exit (0.2ml)	Flatworm
Exit (0.3ml)	Coral
Rx (0.2ml)	Coral
Rx (8ml)	Providone
(1ml)	Providone
(2ml)
	H. australis	0	0	0	0	0	0	5% (1)
	Convolutrioba spp.	0	88% (44)	30% (15)	–	46% (23)	68% (34)	18% (9)
	C. macropyga	0	28% (14)	40% (20)	8% (4)	50% (25)	14% (7)	92% (46)
	Waminoa sp.	0	0	0	0	15% (3)	0	5% (1)


The reaction of Waminoa sp. to the recommended dosage of Flatworm Exit was more immediate, but caused no death of flatworms. Within two minutes of exposure, the waminoids flapped their lateral edges rapidly and moved constantly around the cup, swimming sporadically. Ten minutes after exposure, flapping and irregular movements were displayed along with body contractions. Twenty minutes after exposure, activity slowed down and at 30 minutes their bodies began losing coloration. After 24 hours of exposure, specimens of Waminoa sp. lost the rusty coloration in the center of the body, and their lateral margins became a darker shade of brown. By the end of experimentation specimens of Waminoa sp. displayed a slower NPR that took several seconds for individuals to respond, their bodies were nearly translucent, and no matrix or yellow plume was found in their test chambers. Further, when the contents of the test cup were swirled the specimens could not maintain attachment. In contrast, the controls of Waminoa sp. (n=50) displayed a normal NPR, kept their coloration, and remained adhered to the cup surface when the test cup contents were swirled. One specimen from the control group died.

The immediate effects of Flatworm Exit on H. australis were less severe. This species moved around the test cups for twenty minutes after the initial exposure. After 38 minutes their bodies began to contract, and 6 hours after exposure the contraction was more prevalent. At 18 hours the H. australis specimens contracted to a quarter of their normal size. H. australis specimens did not secrete a yellow discharge or matrix when exposed to either concentrations of Flatworm Exit (Table 1). The controls for this species (n=50) displayed both positive and negative reactions to the NPR test. After 24 hours the H. australis control specimens were actively moving, and their bodies were normal size.

Povidone was administered in two concentrations, 1ml/3.785L and 2ml/3.785L. The lower dosage of Povidone was not significantly different in its effectiveness when compared to the control for all four species. The lower concentration produced 8% mortality for Convolutriloba spp., 0% mortality for C. macropyga, 0% mortality for Waminoa sp., and 2% mortality for H. australis (Fig. 7C). The higher dosage of Povidone was significantly different in effectiveness when compared to the control for two species, and the post hoc chi-square test of independence values were: Convolutriloba spp. (X2=17.6, P<0.05) and Waminoa sp. (X2=96.1, P<0.05). There was no significant difference in effectiveness for either concentration of Povidone when compared to the control for C. macropyga or H. austrailis. The higher concentration was more effective than the lower concentration for three out of the four species, and mortality increased to 30% for Convolutriloba spp., 12% for C. macropyga, and 100% for Waminoa sp.; but was 0% for H. australis specimens (Fig. 7D).

The higher concentration of Povidone elicited responses from the target acoelomorphs faster than the lower concentration. For example, at 1ml/3.785L, 14% (n=7) of the C. macropyga specimens secreted matrices after 24 hours of exposure. However, at 2ml/3.785L matrix secretion occurred three minutes after exposure; which increased to 92% (n=46) of the specimens after 24 hours (Table 1). In addition, specimens of C. macropygadisplayed no yellow discharge when exposed to the lower concentration, but the higher concentration elicited yellow discharges from three specimens. Movement and NPR were displayed sporadically throughout the high and low concentrations trials, and were thus not useful as reliable qualitative indicators of chemical treatment efficacy.

Convolutriloba spp. subjects also displayed yellow discharges when exposed to Povidone. At 1ml/3.785L, 4% (n=2) of the specimens secreted a yellow discharge, which increased to 26% (n=13) at 2ml/3.785L (Table 1). In contrast to C. macropyga, the number of matrices secreted by the specimens of Convolutriloba spp. decreased from 68% (n=34) to 18% (n=9). After 24 hours, NPR occurred at the lower concentration, but not at the higher concentration.

Coral Rx was administered at two concentrations 0.2ml/3.785L and 8ml/3.785L. The lower dosage was not significantly different in effectiveness when compared to the control for all four species, and produced 0% mortality for all four species. The higher dosage was significantly different in effectiveness when compared to the control and the post hoc chi-square test of independence values were: Convolutriloba spp. (X2=100, P<0.05), C. macropyga (X2=100, P<0.05) Waminoa sp. (X2=100, P<0.05), and H. australis (X2=51.9, P<0.05). The higher concentration produced 100% mortality for Convolutriloba spp., C. macropyga, and Waminoa sp., and produced 80% mortality for H. australis (Fig. 7E).

Convolutriloba spp. specimens gave off a yellow discharge within the first minute of initial exposure to the higher dosage. After five minutes of exposure, matrices were visible in the Eppendorf tubes. After 24 hours of exposure to 8ml/3.785L, 66% (n=33) of the Conolutriloba spp. specimens of exhibited yellow discharge and 46% (n=23) secreted matrices in the tubes. Furthermore, after 24 hours 14% (n=7) of the C. macropyga specimens exhibited yellow discharge and 50% (n=25) exhibited matrices. Specimens of Waminoa sp. displayed erratic body contractions within the first minute of exposure to the higher dosage of Coral Rx. The contractions slowed after seven minutes, as did the NPR. After 4 hours the body tissues from these specimens began to degrade, and specimens displayed no movement or NPR. 24 hours after exposure, their body tissues were fully degraded, and three specimens secreted matrices.

Specimens of H. australis displayed continuous movement for the first nine minutes when exposed to the higher dosage of Coral Rx. This activity slowed after ten minutes and the NPR became increasingly slower. After four hours the specimens were observed moving. At 24 hours, the tissues were degraded and three of the four specimens that survived could not swim or display any forward locomotion. Survival after 24 hours was determined by observing body contractions.

Efficacy of coral dips in removal of Convolutriloba

Convolutrilobid drop off rates were dependent upon the species and the chemical treatment. Across treatments the Chi-square test of independence values for Convolutriloba spp. and C. macropyga were (X2=6.6, P<0.05) and (X2= 70.5, P<0.05), respectively (Fig 8). The effectiveness of Povidone and Coral Rx as coral dips on Convolutriloba spp. was not significantly different when compared to control values.



Figure 8. Percentage of Convolutriloba specimens that fell off live rock substrates when exposed to coral dips (control, Povidone, and Coral Rx). A) Specimens of Convolutriloba spp. B) Specimens of C. macropyga. Values above bars are actual numbers, n=50 for control groups and n=100 for experimental groups. Error bars show standard deviation.

In contrast, the effectiveness of these coral dips on C. macropyga was significantly different when compared to control values. The post hoc Chi-square test of independence values for Povidone and Coral Rx were (X2=9.2, P<0.05) and (X2=69.1, P<0.05) respectively. When exposed to Povidone 71% (n=71) of the Convolutriloba spp. and 52% (n=52) of the C. macropyga fell off of the live rock substrate. When exposed to Coral Rx 86% (n=86) of the Convolutriloba spp. and 92% (n=92) of the C. macropyga fell off of the live rock substrate. The controls produced 78% (n=39) drop off for Convolutriloba spp. and 26% (n=13) for C. macropyga (Fig. 8). As a result, Coral Rx and Povidone were significantly more effective in removing C. macropyga from live rock substrates than the control. In contrast, these coral dips were not significantly more effective in removing Convolutriloba spp. from live rock than the control.

Each coral dip elicited a different response from the Convolutriloba subjects. For example, specimens of C. macropyga exposed to Coral Rx exuded a yellow discharge 15 to 20 minutes after exposure. Convolutriloba spp. exuded yellow discharges 5 minutes after exposure. Povidone did not elicit a yellow discharge from either group. A majority of the flatworms that attempted to move off of the substrate did not travel more than a few centimeters from the live rock.

A clear matrix was exuded from the flatworm subjects and attached them directly to the rock substrate. Most of the specimens that did travel several centimeters from the rock were pulled to the water surface as the rock was removed from the dip cup. At the water surface, the matrices broke and groups of 2 to 10 individuals connected by the viscous matrix sank collectively to the bottom. This phenomenon occurred more frequently with Coral Rx than Povidone.

Exposure of non-target species to Flatworm Exit

P. longicarpus, N. obsoletus, and A. pallida specimens were exposed to the recommended dosage of Flatworm Exit over three days. The mortality was 0% (n=50) for all three species. Specimens responded quickly to a sudden light introduction and tapping of the test cups. The hermit crabs and snails responded to these stimuli by retracting their eyes or withdrawing into their shells, respectively. Anemones reacted to the stimuli by contracting most of their body length. No discernable behavioral differences were observed between the experimental and control groups. In addition, all of the controls survived the acclimation and the experimental protocols.

Survey and distribution map of marine flatworms

In total, 48 individuals responded to the online survey. Responses were comprised from 26 states and 45 cities within the United States (Appendix 2; Fig. 9A). Respondents were concentrated in the Northeast, the Midwest, the South and California on the West Coast. Ninety-two% (n=44) of the respondents had problems with flatworms in their marine aquaria. Of these aquarists, 59% (n=26) used Flatworm Exit to eradicate the flatworms in their tanks (Fig. 9B), and 69% (n=18) needed to dose the tank a second time. After treatment with Flatworm Exit, 38% (n=10) of aquarists that used this chemical treatment reported losing livestock including: corals in the genera Acropora, Stylophora, and Calaustrea, a Sebae anemone Heteractis crispa, and bristle worms from aquaria sand-beds (Appendix 2; Fig. 9C). One aquarist lost the entire tank, and another lost fishes, corals, and invertebrates totaling $1,100 retail. Seventy-six percent (n=26) of the aquarists that answered why they treated their flatworms, stated that flatworms are “visually unappealing.”



Figure 9. Distribution maps from the flatworm survey. A) Distribution of marine aquaria that were reported to have flatworm infestations (n=44). B) Distribution of aquarists that used Flatworm Exit to eradicate flatworms in their marine aquaria (n=26). C) Distribution of aquarists that lost live stock after using Flatworm Exit (n=10).

In addition, respondents described several other methods they used to remove flatworms from their aquaria. For example, three professional staff aquarists from private and public aquariums used the drug Levamisole to treat their flatworms (Appendix 2). Levamisole has been marketed as an antihelminithic drug since 1965, and is used to rid cattle, sheep, goats, swine and poultry of internal parasites. This drug can be obtained by prescription from a veterinarian and is effective against lungworms and gastrointestinal nematodes (El-Kholy and Kemppainen, 2005; Delbeek and Sprung, 2005). Levamisole is also used to suppress tumor growth in animals and to treat colorectal cancer in humans (Laurie et al., 1989). Delbeek and Sprung (2005) stated that professional aquarists have administered this drug directly to coral reef aquaria to eradicate marine flatworms. However, the three aquarists that used this drug reportedly lost scooter dragonets Synchiropus ocellatus in the first tank, a blue-masked angelfish Euxiphipops xanthometopon in the second, and 2 sailfin tangs of the genus Zebrasoma in the third (Appendix 2). Survey respondents also reported using flatworm predators that consisted of scooter dragonets and mandarin fishes. Alternatively, two aquarists manually removed flatworms from their aquaria with a siphon.

After 9 months of culturing Convolutriloba species in coral reef aquaria, I observed that living convoltrilobid flatworms imposed no deleterious effects on scleractinians in the genera Caulastrea, Acropora, Pocillopora, or Plerogyra. Further, I did not witness convolutrilobids to settle on or touch scleractinian coral tissues directly. However, the convolutrilobids did settle on dead coral skeletons. In contrast, the soft purple coral Pachyclavularia violacea did become covered with convolutrilobids. Specimens of C. macropyga settled on top of P. violacea in large numbers, and appeared to inhibit full polyp extension.

Discussion

After exposing the target acoelomorphs to the chemical treatments, a wide range of mortality was observed between genera. In most cases, the efficacy of the chemical treatments increased when greater than the recommended dosage was administered to the test subjects (Table 2). Furthermore, the three target genera exhibited different susceptibilities to the chemical treatments. For example, Flatworm Exit was more effective on Convolutriloba spp. and C. macropyga than it was on Waminoa sp., whereas Flatworm Exit was completely ineffective on specimens of H. australis. Coral Rx (8ml/3.785L) eradicated all of the target genera except for four specimens of H. australis. Povidone, (2ml/3.785L), eradicated 0% of the specimens of H. australis and 100% of the Waminoa sp. specimens. As a result, the varied rates of mortality show that the chemical treatments affected the target genera differently.

		Control	Flatworm
Exit (0.2ml)	Flatworm
Exit (0.3ml)	Coral
Rx (0.2ml)	Coral
Rx (8ml)	Providone
(1ml)	Providone
(2ml)
	H. australis	0% (0)	0% (0)	0% (0)*	0% (0)	80% (16)*	2% (1)	0% (0)*
	Convolutrioba spp.	0% (0)	96% (48)	90% (45)	0% (0)	100% (50)	8% (4)	30% (15)
	C. macropyga	0% (0)	22% (11)	76% (38)	0% (0)	100% (50)	0% (0)	12% (6)
	Waminoa sp.	2% (1)	0% (0)	10% (2)*	0% (0)	100% (20)*	0% (0)	100% (20)*


In addition, mortality rates varied between the species of Convolutriloba. For example, specimens of C. macropyga were more resistant than the Convolutriloba spp. to the high and low concentrations of Flatworm Exit and Povidone. Although Flatworm Exit is advertised to eradicate all flatworms, this chemical treatment did not perform evenly across the target genera. The manufacturer of this product likely did not account for varied levels of susceptibility between genera. This explains the high rates of survivorship for Waminoa sp. and H. australiswhen exposed to Flatworm Exit.

Applying Flatworm Exit to marine aquaria is only useful if Convolutriloba are present. This chemical treatment performed well in eradicating this genus at 1.5 times the recommended dosage. However, without the Convolutriloba toxin present, the chemical treatment by itself did not eradicate Waminoa sp. or H. australis. When convolutrilobids are present, there are three plausible reasons that explain the observed mortality across different acoelomorph genera in marine aquaria. These reasons include:

	toxin release by Convolutriloba acts synergistically with the chemical treatment to induce mortality,
	toxin released by Convolutriloba alone induces mortality, and
	secreted toxins may degrade the water conditions inside an aquarium, which indirectly induce the mortality of other flatworm genera.


Consequently, Flatworm Exit was not effective by itself in eradicating infestations by multiple genera. Therefore, aquarists should identify the flatworms in their aquaria before applying this chemical treatment, and if Convolutriloba are not present the treatment should not be used.

Target acoelomorph genera can be identified using external morphological features. For example, species in the Convolutriloba have at least three caudal lobes at their posterior end. H. australis has only two symmetrical lateral caudal lobes at its posterior end. The caudal lobes found on Waminoa sp. are indistinct, but its oval body shape, pronounced paired anterior eyespots, and rusty brown coloration make this genus easy to identify. Also, species of Waminoa are found as ecto-commensals of corals of the genera Discosoma and Sarcophyton in coral reef aquaria (Delbeek and Sprung, 1997; Nilsen and Fossa, 2002; Shimek, 2004).

Another reason for not applying Flatworm Exit to marine aquaria is that the chemical composition of this product is unknown. Salifert did not disclose the constituents of this product on the packaging or on the Salifert website. Exposure to Flatworm Exit could be potentially hazardous to the health of both the tank inhabitants and the aquarist. In addition, Salifert has supplied no emergency protocol in case of accidental ingestion or skin exposure. Similarly, it is unknown if the chemical constituents of this product are detrimental to the environment.

Coral Rx (8ml/3.785L) elicited both yellow discharges and matrices from each Convolutriloba species within one to seven minutes. Once a convolutrilobid produces a yellow discharge, it typically auto-lyses completely. As a result, any Convolutriloba exposed to the higher concentration of Coral Rx for 20 minutes will not likely survive, even if placed into an aquarium. In contrast, specimens of Waminoa sp. and H. australis displayed body contractions and movement after 20 minutes of exposure. Further, specimens of H. australis continued to move after four hours of exposure. Therefore, Waminoa sp. individuals still attached to a coral dipped in Coral Rx for 20 minutes may survive in an aquarium. However, further research is needed to determine how long they would survive. Alternatively, it is likely that H. australis individuals will survive in an aquarium after 20 minutes of exposure.

Coral Rx performed well as a coral dip, and it would be advantageous for coral aquaculturists, wholesalers, retailers, aquariums, and hobbyists to use this product when quarantining newly purchased corals. Furthermore, Coral Rx should be utilized when corals are transferred from one aquarium to another to prevent accidental acoelomorph introduction. Coral Rx was developed specifically for corals by a private coral aquaculturist, and the manufacturer claims that the product readily biodegrades and is innocuous to aquarists. However, further research is needed to determine if these statements are accurate.

Povidone was useful as a coral dip in treating C. macropyga, but was ineffective on C. retrogemma. Although Povidone was utilized in a twenty minute protocol, three of the four target species tolerated higher than the recommended dosage for 24 hours. As a result, 70-100% of the target flatworms (i.e., Convolutriloba spp., C. macropyga, and H. australis) that were exposed to Povidone (2ml/3.785L) over 24 hours survived this protocol. Similarly, 92-100% of the target flatworms (i.e., Convolutriloba spp., C. macropyga, Waminoa sp., and H. australis) that were dipped in Povidone (1ml/3.785L) survived. Consequentially, acoelomorphs that do not fall off of a Povidone dipped coral will not be eradicated, and will be introduced into an aquarium. Aquarists that use Povidone should shake the coral colonies vigorously after 20 minutes, because any flatworms introduced into an aquarium can survive. Overall, this product should not be used as a coral dip because it was less effective than a salt water dip on Convolutriloba spp. specimens. Iodine residue left on corals from this product should be innocuous to aquarium inhabitants because aquarists add this element to aquaria to promote soft coral growth (Delbeek and Sprung, 1994). However, too much iodine is toxic to aquarium livestock (Delbeek and Sprung, 2005).

Future investigations should expose different genera of acoelomorphs to the chemical treatments to determine if mortality and drop off rates vary among taxa. Additionally, mono-specific cultures of the Convolutriloba, as established by Shannon 2007, would provide insight about the efficacy of chemical treatments on individual species. For example, further experimentation could determine if other convolutrilobid species (i.e., C. retrogemma, C. longifissura, and C. hastifera) are resistant to the recommended dosage of Flatworm Exit. Chemical analysis of Flatworm Exit and Coral Rx could elucidate which compounds are responsible for inducing physiological reactions including yellow discharge and matrix secretion. Further, analyzing and identifying the biological toxin produced by this genus could lead to more effective protocols for removing it faster from marine aquaria.

Additional analysis of the acoelomorph matrices could prove useful in determining their function. Matrices secreted by the Convolutriloba were only observed during experimental trials, and did not occur in controls. In the wild, mucus secretion in acoelomorphans and polyclads facilitates movement, is used for prey capture, prevents desiccation, and may provide a chemical defense against predation (Newman and Cannon, 2003; Pechenik, 2005; Wisenden and Millard, 2001). Members of the freshwater flatworm genus Dugesia use chemical cues to locate food (Wisenden and Millard, 2001).

During experimentation the matrices impeded the movement of convolutrilobids. These secretions may be a conspecific alarm cue, a protective adaptation against predation, or a response to the rapid fluctuation of pH or osmotic pressure caused by the chemical treatments (Hickman, 1967; Wisenden and Millard, 2001). Microscopic analysis of the matrix is necessary to determine its origin. For example if the matrices contain rhabdites, then the secretions likely originated from the rhabdoid glands. According to Hickman (1967), gelatinous sheaths of rhabdite secretions form around a marine flatworm’s body when exposed to irritants. However, further research is necessary to better understand the potential functions of the matrix secretions observed in the present study.

The non-target representative invertebrate species exposed to Flatworm Exit are commercially important in the marine ornamental trade. Hermit crabs and snails from Fiji and the Solomon Islands are utilized in coral reef aquaria to clean corals, live rock, glass panels, and sand beds of algal growth and decaying debris. Typically, these invertebrates are sold together as biological “clean up crews” (Delbeek and Sprung, 2005). Hermit crabs and snails, in particular, keep corals healthy by removing algal growth. Therefore, chemical treatments designed to eradicate marine flatworms should not affect the non-target organisms because these invertebrates maintain overall tank health. Representative species from the Arthropoda, Mollusca, and Cnidaria provided strong evidence that Flatworm Exit has no short-term or visible harmful effects on these experimental taxa. This is the first quantitative data showing that this chemical does not cause mortality of these animals.

Future investigations should expose other important marine aquarium taxa (i.e., annelids, echinoderms, and fishes) to Flatworm Exit, to determine if this chemical treatment is safe for all taxa commonly found within coral reef tanks. Additionally, further research should examine the long term sub-lethal affects that Flatworm Exit may have on the reproductive success of vertebrate and invertebrate livestock. Currently, no information exists about how these chemical treatments affect the physiology of the non-target livestock.

Recent hobbyist literature provides information about the trends that occur in the marine ornamental trade (Delbeek and Sprung, 1994; 1997; 2005; Borneman, 2001; Nilson and Fossa, 2002; Shimek, 2004). The survey on nuisance flatworms confirmed some of the hobbyist literature claims. Data from the online survey showed that acoelomorph infestation occured in the marine ornamental trade throughout the United States. Currently, marine flatworms have infiltrated multiple levels of the trade including: wholesalers, retailers, private coral aquaculturists, public aquariums, and hobbyists. As a result, flatworms are spread from one tank to another, allowing multiple species to settle on individual coral colonies. This makes the quarantine process more difficult for aquarists because different acoelomorph genera have varied susceptibilities to coral dips. Therefore, aquarists dealing with flatworms should utilize the following three protocols:

	dip live rock and new coral colonies in Coral Rx before placing them in aquaria,
	siphon out flatworms manually, and
	if a tank additive must be used, take out all of the live stock before applying the chemical treatment.


After applying a tank additive aquarists should conduct a large water change before returning the livestock, to dilute the concentration of convolutrilobid toxin.

In conclusion, I do not recommend administering Flatworm Exit to coral reef aquaria for several reasons. First, this chemical treatment is only effective against Convolutriloba. Second, 38% of the aquarists that used Flatworm Exit reportedly lost livestock after administering this product. Third harvesting coral reef species to replace livestock lost from Convolutriloba toxin release is environmentally costly. Alternatively, responsible reef keepers should prevent acoelomorph infestation by diligently quarantining new corals and live rock before introducing them into aquaria.

Although the two coral dips under investigation varied in their efficacy, aquarists would benefit from using one of the two products to remove any C. macropyga that settle on newly purchased corals. Furthermore, aquarists should at least dip new corals in salt water and shake them vigorously because this will remove 26-78% of the convolutrilobids from live rock. Additionally, introducing natural predators or siphoning flatworms out of an aquarium are advantageous alternatives, because these methods don’t induce toxin release from Convolutriloba. Currently, 99% of the live stock in the marine ornamental trade is harvested from coral reefs in the wild. Therefore, aquarists should take every precaution to protect their livestock and keep it thriving in captivity.
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Appendix 1. Survey template used to collect data for distribution map. (Surveymonkey.com 2008)
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	Respondent #	Flatworms	Levamisole	Flatworm Exit	Lost livestock	Animals lost	State	City
	1	1	1	0	1	Brittlestars, misc invertebrates	NE	Omaha
	2	1	0	0	0		VA	Virginia Beach
	3	1	0	1	0		AL	Pell City
	4	1	0	0	0		AZ	Phoenix
	5	1	0	0	0		TN	Cordova
	6	1	1	0	1	Blue masked angelfish	CA	La Jolla
	7	1	0	1	0		PA	Clifton Heights
	8	1	0	1	0		SD	Tea
	9	1	0	1	0		CO	Longmont
	10	0	0	0	0		HI	Kailua
	11	1	0	0	0		WI	Appleton
	12	1	0	1	1	Acropora cervicornis	FL	Sarasota
	13	1	0	0	0		WA	Seattle
	14	1	0	1	0		MN	St. Paul
	15	1	1	0	1	2 sailfin tangs, brittle star	CO	Denver
	16	1	0	0	0		TX	Dallas
	17	1	0	1	0		SC	Columbia
	18	1	0	0	0		GA	Atlanta
	19	1	0	1	0		TX	Dallas
	20	1	0	0	0		MI	Brighton
	21	0	0	0	0		CA	Roseville
	22	1	0	1	1	Misc. invertebrates	MI	Flint
	23	1	0	1	0		CA	Rancho Cordova
	24	1	0	1	1		TX	Mercedes
	25	0	0	0	0		OR	Portland
	26	1	0	0	0		PA	Leechburg
	27	1	0	0	0		RI	Warren
	28	1	0	1	1	Bristle worms	CA	San Diego
	29	1	0	1	1	Caulastrea	CA	Chula Vista
	30	1	0	1	0		CA	San Diego
	31	1	0	1	1		NY	Franklin Square
	32	1	0	1	1	Coral, fish, invertebrates	VA	Richmond
	33	0	0	0	0		Canada	Toronto
	34	1	0	0	0		TX	Colleyville
	35	1	0	1	0		CA	Chico
	36	1	0	1	1	Sebae anemone, Calaustrea	AZ	Tucson
	37	1	0	1	1	Acropora, Stylophora	MS	St. Louis
	38	1	0	1	0		IL	Barrington
	39	1	0	1	1	Entire tank	TN	Knoxville
	40	1	0	1	0		IL	Barrington
	41	1	0	1	0		CA	Clovis
	42	1	0	0	0		TX	Dallas
	43	1	0	0	0		IN	Crown Point
	44	1	0	0	0		NY	Brooklyn
	45	1	0	0	0		CA	Paso Robles
	46	1	0	1	0		AL	Daphne
	47	1	0	1	0		WI	Hales Corners
	48	1	0	1	0		NJ	Clifton
	TOTALS	44	3	26	13			
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Introduction to Montipora Eating Nudibranchs:

Montipora Eating Nudibranchs are a type of aeolid nudibranchs which are known to feed on coral. It is important to keep these parasites out of our aquaria.

Montipora Eating Nudibranchs feed on the tissue of corals from the Montipora and Anacropora genus. These nudibranchs can destroy large amounts of coral in a very short time.

They can inflict damage quickly because they multiply at an astounding rate, and they store the nematocysts (stingers) of its ingested prey. Montipora Eating Nudibranchs are hard to get under control because of the rate of which the multiply.

What Montipora Eating Nudibranchs look like:

The white and frilly nudibranchs are small and grow to about 8 millimeters (1/3 of an inch) in length.

Typically Montipora Eating Nudibranchs are on the back side of a plating Montipora, notice how hard it is to distinguish between the Montipora Eating Nudibranch and the feather dusters.

Montipora Eating Nudibranchs like to hide in hard to find places, they particularly like the underside of plating Montipora and the base of Montipora sponges.

Life Cycle:

Montipora Eating Nudibranchs are thought to be asexual, not needing another nudibranch to reproduce. They lay about 100 eggs at a time, the eggs hatch in 36 to 96 hours. Once the eggs have hatched, they become full adults in less than a week. This makes them difficult to eliminate however, it makes them easier to spot in a quarantine tank.

Prevention:

A quarantine tank is the easiest way to prevent these ugly little reef critters from destroying your Montipora based reef tank. Ideally, Montipora corals should be left in quarantine for 3 months.

During the quarantine time, you should view the coral on a daily basis and watch for any white spots on the coral. Remember that Montipora Eating Nudibranchs like the underside of Montipora.

Whether or not quarantine is an option, a dip in CoralRx is highly suggested.

Treatment:

Treatment should be done in a quarantine tank.

	Move the affected corals to a quarantine tank; the quarantine tank should have good light and water flow.
	Setup your quarantine tank, then take your coral out of the main tank and dip it in Coral Rx.
	While the coral is in CoralRx take a turkey baster, and blast the coral with the dip. Making sure it is getting in between the plates and in all the cracks of the coral. Do this for approximately 5 – 10 minutes.
	Remove coral and discard the coral dip. Do not reuse the coral dip as parasites may release toxins.
	Rinse coral with clean saltwater and return to a quarantine tank.
	Repeat every 4-8 days till no more nudibranchs are found.


Leave the coral in your quarantine system for an additional 3 months before moving back to your aquarium. Additionally, adding wrasses to your quarantine tank will also aid in the treatment of Montipora Eating Nudibranchs.
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Introduction to Bristleworms:

Bristleworms is loosely used to describe all Polychaete class marine worms. It is the Pherecardia, Hermodice, and other related species that most aquarists need to be concerned about.

These species are also known as Fireworms because they have toxic bristles on their bodies that can inflict a sting. Fireworms are carnivores that can devastate a reef aquarium. They are not selective about what they eat and may also eat small fish.

It is advised to wear gloves when dealing with Fireworms to avoid coming into contact with their stinging bristles.

Not all bristleworms are bad.

Some help maintains healthy sand beds.

It can be very hard to tell the difference between “good” bristleworms from “bad” fireworms.  If in doubt, throw it out.

What Bristleworms looks like: 

Similar to an earthworm with bristles.
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Signs of infestation:

Viewing bristleworms in your aquarium.

Life Cycle of Bristleworms:

Polychaetes reproduce sexually. Once the eggs reach maturity, the female will release them into the water by rupturing her body, which quickly results in her death.

 

Prevention:

A quarantine tank is the easiest way to prevent these ugly little reef critters from destroying your reef tank. Ideally, corals and live rock should be left in quarantine for 3 months. During the quarantine time, you should view the coral and live rock on a daily basis at night and watch for bristle worms.

Bristleworms like to stay hidden in the sand and rocks.

They typically come out when the lights are off.

Whether or not quarantine is an option, a dip in CoralRx is highly suggested.

Treatment:

Treatment should be done in a quarantine tank.

	The first step is to move the affected corals to a quarantine tank; the quarantine tank should have good light and water flow.
	Next, take your coral out of the main tank and dip it in Coral Rx.
	While the coral is in CoralRx take a turkey baster, and blast the coral with the dip. Making sure it is getting in between the polyps and the underside of the coral. Do this for approximately 5 – 10 minutes.
	After 5 – 10 minutes, remove coral and discard the coral dip.  Do not reuse the coral dip as parasites may release toxins.
	Rinse coral with clean saltwater and return to a quarantine tank.
	Repeat every 4-8 days till no more bristleworms are found. Leave the coral in your quarantine system for an additional 3 months before moving back to your aquarium. An arrow crab and wrasses are a natural predator that maybe helpful in eradicating these pest.
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Introduction to Zoanthid Eating Nudibranchs:

Zoanthid Eating Nudibranchs also are known as Zoa Eating Nudibranchs or Zoo Eating Nudibranchs are a type of aeolid nudibranchs which are known to feed on coral.

It is important to keep these parasites out of our aquaria. Zoanthid Eating Nudibranchs seem to eat Zoanthid polyps while they appear to have little or no effect on Protopalythoa or Palythoa species.

It is easy for an aquarist to confuse Zoanthid species with Palythoa and Protopalythoa species. If you are unsure of what you have, use a book such as Julian Sprung’s book, Invertebrates: A Quick Reference Guide.

Even if you think that you know what type of polyp you are dealing with, you might want to check this book just to be certain.

What Zoanthid Eating Nudibranchs look like:

Zoanthid Eating Nudibranchs are brown and frilly and grow to about 1/2 inch in length.

[image: alt]
Life Cycle:

Eggs are laid in a circular pattern as shown below.

These nudibranchs are thought to be asexual, not needing another nudibranch to reproduce.
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Prevention: 

A quarantine tank is the easiest way to prevent these ugly little reef critters from destroying your Zoanthid based reef tank. Ideally, Zoanthid corals should be left in quarantine for 3 months.

During the quarantine time, you should view the coral on a daily basis and watch for Nudibranchs or eggs. Remember that Zoa Eating Nudibranchs like to stay hidden in the polyp mat.

Whether or not quarantine is an option, a dip in CoralRx is highly suggested.

Treatment: 

Treatment should be done in a quarantine tank.

	The first step is to move the affected corals to a quarantine tank; the quarantine tank should have good light and water flow.
	Next, take your coral out of the main tank and dip it in Coral Rx. While the coral is in CoralRx take a turkey baster, and blast the coral with the dip. Making sure it is getting in between the polyps and the underside of the coral. Do this for approximately 5 – 10 minutes. 
	After 5 – 10 minutes, remove coral and discard the coral dip.  Do not reuse the coral dip as parasites may release toxins.
	Rinse coral with clean saltwater and return to the quarantine tank. Repeat every 4-8 days till no more nudibranchs are found. Leave the coral in your quarantine system for an additional 3 months before moving back to your aquarium. Additionally, adding wrasses to your quarantine tank will also aid in the treatment of Zoanthid-Eating Nudibranchs.
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Introduction to Rapid Tissue Necrosis (RTN) and Slow Tissue Necrosis (STN): 

Tissue Necrosis and Slow Tissue Necrosis are used to describing an event of tissue coming off the coral or the coral turning white, which is known as bleaching. The speed at which this happens determines whether it is called rapid or slow tissue necrosis.

Rapid tissue necrosis happens when the coral is almost completely white within 24 hours.

Slow tissue necrosis can take days, weeks or even months.

There has been much discussed on what causes this problem.

It is thought to be caused by different strains of Vibrio bacteria.

What does a Vibrio Infection look like: 

You cannot see this bacterial infection with your eyes.

However, you can see the signs of the infection.


Signs of infection: 

Rapid or slow loss of coral tissue revealing the bone of the coral. Typicaly seen is SPS corals.

Life Cycle:

These infections are thought to be spread through the water column. Water column being defined as a conceptual column of water from surface to bottom sediments.

Little else is know about the spread of the infection.

Prevention:

A quarantine tank is the easiest way to prevent Vibrio infections from destroying your reef tank. Ideally corals should be left in quarantine for 3 months.

During the quarantine time you should view the coral on a daily basis and watch for any anomalies.

Whether or not quarantine is an option, a dip in CoralRx is highly suggested.

Treatment:

Treatment should be done in a quarantine tank.

	First step is to move the effected corals to a quarantine tank; the quarantine tank should have good light and water flow. Setup your quarantine tank, then take your coral out of the main tank and dip it in Coral Rx. Making sure it is getting in between the branches and in all the cracks of the coral. Do this for approximately 5 – 10 minutes.
	After 5 – 10 minutes, remove coral and discard the coral dip.  Do not reuse coral dip as Coral Rx may have also removed parasites that have been known to release toxins.
	Rinse coral with clean saltwater and return to quarantine tank.


Repeat every 4-7 days until tissue recession has stopped.

Leave the coral in your quarantine system for an additional 3 months before moving back to your aquarium.
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Introduction to Red Flatworms:

Red Flatworms go by several different names; Convolutriloba retrogemma, red planaria, rust flatworms, and some refer to them as just flatworms. These terms are loosely used to describe flatworms that proliferate rapidly in aquariums with elevated nutrient levels, and low water flow.

These pests can increase to a point where they will actually cover corals, and block the light from reaching the corals’ zooxanthellae, slowly starving the coral to death. Flatworms may actually feed on the zooxanthellae from coral tissue.

What Red Flatworms looks like: 

Convolutriloba retrogemma are known in the hobby as red planaria although they are tan, brown or rust colored.

Convolutriloba retrogemma have a red dot about three-quarters of the way down the body of the flatworm. The presence of three lobes at the tail end of this animal is the unique identifier of Convolutriloba retrogemma.

Typical size is about 1 mm to 3 mm in length.
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Signs of infestation: 

Red Flatworms can be seen on the surface of corals and in low flow areas of the reef aquarium.

Life Cycle of Flatworms:

Flatworms asexually reproduce, meaning that just one flatworm is needed for reproduction. This allows them to reproduce quickly; creating a problem in the aquarium.

Prevention:

A quarantine tank is the only way to prevent these flatworms from becoming an unsightly attraction in your reef tank. Ideally, all corals should be left in quarantine for 3 months.

During the quarantine time, you should view the coral on a daily basis and watch for any flatworms in the tank. Theses flatworms congregate on the surfaces of corals. Whether or not quarantine is an option, a dip in CoralRx is highly suggested.

Treatment:

These flatworms are very difficult to eliminate should an outbreak occur. The toxic nature of the flatworm makes most in-tank treatment risky at best. Prevention is the only way to make sure your tank is free of this flatworm.

If you have an outbreak:

	Remove as many flatworms as possible using a siphon, then dip each coral in CoralRx.
	After 5 – 10 minutes, remove the coral and discard the coral dip. Do not reuse the coral dip as red flatworms will release a strong toxin which is known to be detrimental to marine life.
	Rinse coral with clean saltwater and return to the aquarium.
	Repeat until flatworms are at a reasonable level. Adding multiple six line wrasses will be of some help in keeping red flatworms under control.


Be sure to dip corals in CoralRx before trading them with other hobbyists.
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Introduction to Filamentous Hair Algae (Bryopsis):

Bryopsis is a nuisance alga that can overgrow corals and live rock. It is generally dark green and filamentous. It is an indicator of high levels of nitrates and phosphates. Often, the nitrates and phosphates are not detectable because they are being used by the Bryopsis.

Filamentous Hair Algae is not palatable to most reef herbivores, but some sea urchin and sea hares will eat these algae.

 

What Bryopsis looks like:

Bryopsis is a type of dark green alga. There are many types of Bryopsis, taking on many different forms.

For identification of your alga, reference a book such as Algae: A Problem Solver Guide by Julian Sprung.
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Signs of infection:

Green stringy alga located on rocks and coral bases.

 

Life Cycle:

This alga can spread through asexual reproduction and sexual reproduction. Asexual reproduction is accomplished by fragmentation. This is one way it can spread fast and out of control in the aquarium.

Fragmentation happens by pulling the alga out of the aquarium. It is not recommended pulling alga off the rocks in the aquarium without a siphon to pull out little fragments.

 

Prevention:

These alga breakouts are caused by low magnesium, low alkalinity, low ph, high levels of dissolved organic compounds, high levels of nitrates or phosphates and/or temperature swings.

Monitoring these parameters is important in maintaining a healthy aquarium.

 

Treatment:

	For isolated outbreaks, dip coral and/or rock(s) in CoralRx for 5 – 10 minutes.
	After 5 – 10 minutes, remove the coral and discard the coral dip. Do not reuse coral dip as Coral Rx may have also removed parasites that have been known to release toxins.
	Rinse coral and rock with clean saltwater and return to the aquarium.
	Next, you must correct your water chemistry.
	Repeat coral dip in 3 to 5 days and recheck your water chemistry daily.


For whole tank outbreaks, correct water chemistry, reduce photoperiod to 6 hours per day and clean skimmer on a daily basis. Cleaning a skimmer on a daily basis can improve skimming efficiency by up to 50%.
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Introduction to Sundial Snails: 
Heliacus variegatus is commonly known in the aquarium hobby as a Sundial snail or box snail. These nocturnal snails are known Zoanthid predators.
 
What a Sundial snail looks like:
These snails are typically white and black, occasionally having an orange tint and a little protrusion on the back side, often referred to as a rattlesnakes tail.
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Signs of infestation: 
Viewing sundial snails in your aquarium.  Additionally, one by one, your zoanthids will begin to slowly disappear.
 
Life Cycle of Sundial snails:
Little is known about sundial snails’ reproductive cycle other than they reproduce sexually making large infections rare.
 
Prevention: 
A quarantine tank is the easiest way to prevent these ugly little reef critters from destroying your Zoanthid based reef tank. Ideally, Zoanthid corals should be left in quarantine for 3 months.
During the quarantine time, you should view the coral on a daily basis and watch for Sundial snails. Remember that Sundial snails like to stay hidden in the polyp mat and typical come out when the lights are off.
Whether or not quarantine is an option, a dip in CoralRx is highly suggested.
 
Treatment:
Treatment should be done in a quarantine tank.
	The first step is to move the affected corals to a quarantine tank; the quarantine tank should have good light and water flow.
	Next, take your coral out of the main tank and dip it in Coral Rx.
	While the coral is in CoralRx take a turkey baster, and blast the coral with the dip. Making sure it is getting in between the polyps and the underside of the coral. Do this for approximately 5 – 10 minutes.
	After 5 – 10 minutes, remove coral and discard the coral dip.  Do not reuse the coral dip as parasites may release toxins.
	Rinse coral with clean saltwater and return to a quarantine tank.
	Repeat every 4-8 days till no more snails are found. Leave the coral in your quarantine system for an additional 3 months before moving back to your aquarium.
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