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Introduction: Is a Marine Aquarium Right for You?


Like many before you, you find yourself enchanted by the beauty of the seas and the glorious colors of the fish and other creatures of the coral reef. Having your own marine aquarium will allow you to enjoy that beauty at home. Before taking the plunge, however, ask yourself: Is a marine aquarium right for me? Do I have the experience and the commitment it will take to make it a success?


Experience. I strongly recommend that you spend some time getting your feet wet with freshwater aquaria—learning the basics of water quality, how to select and maintain filters and other equipment, and how to select fish and mix them to create compatible communities. Once you have that “wet thumb,” success with a marine aquarium will be more likely.
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The bright colors of marine fish make it easy to understand their appeal. Don't head to the fish store too soon—be sure you first understand the requirements of maintaining your aquarium before making that first purchase.


Commitment. You should be a detail-oriented person who doesn’t mind maintenance chores and monitoring. If you’re willing to devote a minimal amount of time every day, you may be ready for a marine aquarium. There will also be a financial commitment; there’s no denying that it’s more expensive than a freshwater aquarium. However, marine aquarium–keeping is still cheaper than a lot of other hobbies. You’ll almost certainly spend less than a car collector or electronics nut!


I took the plunge into the marine hobby some years ago, and I hope that my experience will help you create a successful and attractive marine aquarium on your first try. First, we’ll lay the groundwork with some of the science that makes a marine aquarium work. Then, we’ll look at the nuts and bolts of the operation—the aquarium and the equipment that keeps it running smoothly. Finally, we’ll consider a cross section of fish you’re likely to see at your local fish store. I won’t be shy about using both their common and scientific (Latin) names, and neither should you. At the end of our journey, you’ll have the most important tools—knowledge and commitment—to make your dream aquarium into a reality.


A WORD ON CONSERVATION




In our ecologically conscious world, marine aquariums pose some controversy. Be an informed consumer. Let your local fish store know that you want them to buy only from collectors who use responsible methods (such as nets, not drugs), to buy aquacultured species when available, and to stock only creatures that can be kept alive in captivity. Additionally, you can support the efforts of groups—such as the Marine Aquarium Council (www.aquariumcouncil.org)—that seek to educate the hobbyist, the local fish store, and the public about responsible collecting and keeping of reef fish and other organisms.














	
CHAPTER 1




	
Seawater and Water Quality















Though many people use the terms saltwater and seawater interchangeably, the distinction between the two is important. Seawater is a complex combination of chemicals with interesting and unusual characteristics. Before you start setting up your tank, it’s very important to understand what makes up a balanced aquarium, and the most important element is the water itself. What makes seawater special? Why is it important to simulate it as closely as possible in marine aquariums?


The major component of seawater is good old H2O. The various elements and compounds that make seawater different from freshwater are dissolved solids, liquids, and gases. The most important of these are salts, and the most abundant salt in seawater is sodium chloride (NaCl), chemically identical to the salt in the shaker on your dinner table. When dissolved in water, salts break into their component atoms. This process is called dissociation. When salts dissociate, their component atoms carry tiny positive and negative electrical charges and are called ions. Scientists measure the amount of salt in seawater by measuring the amounts of the ions sodium (Na+) and chlorine (Cl–), along with smaller amounts of other ions.


In fact, although natural seawater contains more than 70 elements, only 7 ions make up nearly 100 percent (by weight) of all the dissolved solids in a volume of seawater: chlorine (Cl–, ˜55.2 percent), sodium (Na+, ˜30.7 percent), sulfate (SO42–, ˜7.7 percent) magnesium (Mg2+, ˜3.7 percent), calcium (Ca2+, ˜1.2 percent), potassium (K+, ˜1.1 percent), and bicarbonate (HCO3–, ˜0.4 percent). If you add up the numbers in this list, you’ll see that they equal exactly 100 percent; however, there is a little bit of rounding error involved. Somewhere in the last 1 percent is everything else, referred to as trace elements.


If you used tests that were sensitive enough, you would find a large number of metals in seawater—even copper, gold, and silver. There are also small amounts of dissolved gases, including all those normally found in the atmosphere, such as nitrogen, oxygen, and carbon dioxide. Some of these trace elements and gases are very important to living creatures. For example, if your aquarium had no dissolved oxygen, or too much carbon dioxide, your fish would suffocate. However, some of the trace elements, especially the metals, are toxic when present in quantities greater than the levels found in natural seawater.


Therefore, when obtaining seawater for marine aquariums, it is very important to consider the source. Unfortunately, it’s not as simple as going down to the beach, walking out into the surf, and collecting your own natural seawater. In North America it’s becoming increasingly tough to find clean coastal seawater. Inshore estuaries are often polluted with heavy metals, petroleum chemicals from boat traffic, and suspended sediment. Artificial sea salt mixes available at your local fish store offer a safer alternative, providing your aquarium with the major, minor, and trace elements found in natural seawater.
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Find artificial sea salt mixes such as this sample at your local fish store.


SALINITY AND SPECIFIC GRAVITY


In the vast majority of the world’s oceans, the salinity, defined as the total dissolved solids, hovers around 35 parts per thousand (ppt). To look at what this means, the math is easier if we go metric. A liter (a little more than a U.S. quart) is composed of 1,000 milliliters (mL); 1 mL of pure distilled water weighs 1 gram (g); so, 1,000 mL = 1,000 g. If we have 1,000 g of seawater, we know that part of this weight is the salt, not the water. If we know that the salinity of that seawater is 35 ppt, what this is really telling us is that we have 965 g (or 965 parts) of water and 35 g (or 35 parts) of “salt.” Because the dissolved solids make seawater heavier than distilled water, 1,000 g of seawater will actually have a volume slightly less than that of a liter of distilled water, although the weight will be the same: 1,000 g.


Related to salinity is specific gravity, a measure of how heavy a water sample is compared with pure water. Most tropical, open-ocean water has a specific gravity of approximately 1.025 to 1.026. Because pure water is assigned the reference value of 1.000, a specific gravity of 1.026 is really telling us that that water sample is 1.026 times denser (heavier) than pure water. (See Tank Monitoring in Chapter 3 for further discussion of salinity and specific gravity.)


ALKALINITY AND PH


The simplest definition of pH is the measurement of how acidic or basic a solution is by determining the level of hydrogen ions. The pH scale ranges from 1.0 to 14.0; a reading of 1.0 is very acidic, a reading of 14.0 is very basic (alkaline), and a reading of 7.0 is neutral—that is, with roughly equal amounts of acidic and alkaline chemicals. Natural seawater is moderately alkaline, ranging between 7.8 and 8.4—usually closer to the upper end of this range.


Just as salts dissociate into charged ions, water itself dissociates a little bit. In a sample of water, some of the H2O molecules will dissociate into hydrogen (H+) and hydroxyl (OH–) ions. Hydrogen ions are acidic; they drive the pH down. Hydroxyl ions are alkaline; they drive the pH up. In pure water these dissociations are balanced, so a sample of distilled water should read just about neutral (7.0) on the pH scale. However, salts and other dissolved chemicals in water tend to disrupt the balance. Dissolved chemicals may, for example, add an excess of hydrogen ions to the water and lower the pH, or they may chemically bind to either the hydrogen or hydroxyl ions and essentially remove the ions from the equation.


Whether water is acidic or alkaline, it tends to resist attempts to change it. This effect is called buffering. As mentioned above, sea-water is alkaline; however, the biological processes that occur in an aquarium mostly tend to produce acids. If we don’t deal with this tendency, the pH of a marine aquarium will decrease over time until it becomes life-threateningly acidic for our fish. For example, when fish breathe, they exhale carbon dioxide (CO2), just like you and me. If the water contains too much CO2, the CO2 will combine with water to form carbonic acid and will lower the pH. Additionally, some of the waste products produced by animals are acids. Bacterial decomposition can produce acids, and even the beneficial bacteria in filters produce acids. In the ocean, the acids produced by living organisms are either miniscule or removed by large-scale chemical processes, which don’t occur in the aquarium.
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NITROGEN CYCLE


The nitrogen cycle is so called because all of the chemical compounds involved are nitrogenous, meaning that they contain nitrogen (N). You will need to understand how this cycle works and how to monitor it to keep your tank running smoothly and your animals alive.


Fish, like all living organisms, excrete waste products. The primary waste excreted by fish (and by most invertebrates, too) is the nitrogenous compound ammonia (NH3), usually in the form of the more stable ammonium ion (NH4+). Ammonium is very toxic to almost all fish and invertebrates, so we need some method of dealing with it. Fortunately, there are beneficial nitrifying bacteria that grow in your filter, on the grains of sand or gravel on the bottom of your tank, and on just about every other surface in your aquarium. The nitrifying bacteria are aerobic, which means they need oxygen to function—in the same way you need oxygen when you do aerobic exercise. When they have plenty of oxygen, the nitrifying bacteria convert the ammonium into nitrite (NO2). Nitrite is still toxic, but far less toxic than ammonium. The nitrifying bacteria then take the nitrite and convert it into nitrate (NO3). Nitrate is far less toxic than either of its predecessors. In fact, most fish are not bothered by it unless the level is very high (though, soft-bodied invertebrates can still be pretty sensitive to it).


A basic understanding of the chemistry of seawater will help you better understand the importance of properly mixing and measuring your marine aquarium water. (See Tank Monitoring in Chapter 3 for more information.)
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CHAPTER 2




	
Setting Up a Marine Aquarium















Since we now understand a little bit more about the unique properties of seawater, we can start to take a look at the basic setup of a marine aquarium, beginning with the various equipment and tools. What type of aquarium should you choose? Where should you put it? How do you make sure it is safely supported? What are your options for bottom coverings and decorations? What accessory devices will you need? Finally, how do you select appropriate fish for the tank you’ve selected?


AQUARIUM TYPES


Although there are other types of aquariums, there are really only two that are practical for the home hobbyist: glass and acrylic. Most glass aquariums are rectangular, with four flat sides and a bottom held together with silicone cement. They are less expensive than acrylic, but they are also much heavier and more breakable. Acrylic aquariums are relatively lightweight, stronger, optically clearer, more flexible, and more shatter-resistant than glass. Because acrylic is a plastic, it can be molded into a variety of shapes. However, acrylic has some definite disadvantages: it scratches easily, may yellow with age, and is much more expensive than glass. Visit your local fish store for a look at both types of aquarium—preferably assembled and running—so that you can make an informed decision. Most aquarists choose glass, usually for its lower price. Whether you choose acrylic or glass, buy the largest aquarium you can afford; in a larger volume of water, common beginners’ errors such as overfeeding are less likely to lead to lethal poisoning. At the very least, you should have more time to correct the error by making a partial water change.


In recent years, aquarium manufacturers have embraced the idea that an aquarium can be more than a glass box that holds water and fish. When the tank, cover, lighting fixtures, and stand are designed with the same trim and finishing, they can make a stunningly attractive piece of furniture that is a tasteful accent to any room. There is nothing wrong with the standard rectangular aquarium from a visual standpoint; but if you want to be creative, there are more tank shape options than ever before, including pentagons (which work well in a corner), octagons, bowfronts, and others. If you’re trying to create a design theme for a room, you can be confident there is an aquarium that is perfect for your personal style.


STOCKING CALCULATION


One of the most difficult questions to answer definitively is that of how many fish can be placed in a marine aquarium. You should consider this fundamental question, as it will help you determine the ideal aquarium size and shape for your purposes. Many of you have probably heard the old freshwater aquarist’s rule of thumb: “an inch of fish per gallon of water.” Unfortunately, territoriality often complicates this equation. In both freshwater and marine tanks, I have seen 2-inch (5-cm) fish that were aggressive enough to claim an entire 20- or 30-gallon (76- or 114-L) tank as their own.


The reduced capacity of seawater to hold dissolved oxygen leads some to believe that a good baseline would be to cut the freshwater rule in half and aim for about one-half inch of fish per gallon of water. However, you should also consider the size of individual fish. According to this guideline, a 30-gallon (114-L) tank could hold about seven or eight 2-inch (5-cm) fish or one 15-inch (38-cm) fish. However, both will exceed the biological filtration and oxygen-carrying capacities of a 30-gallon tank (especially the 15-inch fish, which probably weighs as much as twenty 2-inch fish). Additionally, with the exception of some schooling species, many reef fish are too territorial to be packed this tightly together.
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A flame hawkfish and a hippo tang square off in a territorial dispute. As seen here, stiff body posture and flared fins are typical signs of aggression. Your tankmates' compatibility is one factor that will influence your tank size choice. If you keep aggressive species, you'll need to provide ample swimming space to avoid constant fighting.


A more realistic guideline is roughly one 2- to 3-inch (5- to 8-cm) fish per 5 to 10 gallons (19 to 38 L) of water, one 6-inch (15-cm) fish per 20 to 30 gallons (76 to 114 L), and so forth. Thus, a 30-gallon tank will hold three average-sized small fish; maybe four at the most. Except for some unusually aggressive species (such as many damselfishes and some dottybacks), your fish will have enough space to coexist without a great deal of conflict if you follow this equation.


SITING YOUR TANK


Where you want to put your aquarium will help determine such variables as your aquarium’s size and shape. Select an aquarium to fit your space, not the reverse.


There are several important considerations when selecting the right place in your home for an aquarium. The most important consideration is weight; freshwater weighs approximately 8.3 pounds per gallon (3.8 kg per 3.8L), and seawater slightly more. There is also the weight of the tank itself, the stand or cabinet on which it sits, and the substrate and decorations inside. Therefore, you will want to place your aquarium where there is a stable floor to support it. Very large aquariums are inappropriate for upper floors of buildings. If you have any doubts whatsoever, consult a builder or structural engineer to guide you. In addition to a safe, stable floor on which to place the tank and its stand, examine other characteristics of the space. Avoid placing your aquarium in a sunny or brightly lit room; the excess light will make algae problems inevitable and will make viewing the inside of the tank difficult due to glare. You should also consider access to electrical outlets and allow adequate clearance for filters and lighting.


STANDS AND SUPPORT


An aquarium needs a sturdy stand. Adapting an existing piece of furniture, such as a coffee table, for use as an aquarium stand may work for small tanks but is not recommended. Most furniture, as sturdy as it may look, is not constructed to support the weight of a filled aquarium. A 30-gallon (114-L) aquarium, which would be considered small as marine aquariums go, could exceed 350 pounds (159 kg) when full of water, gravel, and decorations. A 125-gallon (473-L) aquarium could easily top half a ton! In addition, seawater will damage the finish of furniture that wasn’t designed to take such abuse. So, it’s definitely safer to buy a stand designed specifically for your tank.


SUBSTRATES


Your goals in selecting a substrate should be to have something that looks good, is not harmful to your aquarium animals, is chemically beneficial in terms of pH buffering, and is compatible with your filter (primarily a consideration if you use an undergravel system). An ideal substrate should also have a grain size that is large enough to keep it from compacting and “going anaerobic.” A substrate with a grain size of less than 1 or 2 millimeters (mm) can develop spots where the oxygen is depleted and anaerobic bacteria grow. Although these bacteria are valuable and necessary to decompose and recycle dead organic material, they release hydrogen sulfide, a toxic gas that smells like rotten eggs. In a healthy, natural environment, this is not a problem—but in the aquarium, even a little bit of this gas can wipe out a tank of fish. Instead, you need to encourage the growth of aerobic nitrifying bacteria. These bacteria thrive in the presence of oxygen, and a substrate bed should have a massive colony of them, coating the grains of gravel. Each grain should be large enough (generally 3 to 5 mm) to permit water to flow freely and carry a rich supply of oxygen to the nitrifying bacteria.
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Situate your aquarium on a sturdy stand such as this one.


Let’s see if we can balance all of the chemical, environmental, and aesthetic qualities to select the right substrate for our needs. The commonly available marine substrate choices include: silica sand, dolomite, crushed coral, oyster shell, aragonite, and live sand. There are other substrates available, but for your first aquarium I would strongly recommend sticking with one of these choices, preferably aragonite or the more expensive live sand. Some experts are experimenting with other substrates, including even mud! The idea is usually to try reducing nitrates by deliberately encouraging controlled cultures of anaerobic bacteria, which convert nitrates to nitrogen gas that bubbles out of the water. However, these systems are tricky, prone to failure, and not recommended for your first time setting up a marine tank. Who knows? Twenty years from now we may all have mud-based substrates and filtration; but for now, stick to proven materials and methods. They’re not perfect, but they will increase your chances of success.


Silica Sand


The same sort of sand you would use in a child’s sandbox, silica sand is available at your local fish store. Although it is cheap and makes an attractive-looking substrate, it creates some difficult problems in a marine aquarium. First, it has little or no carbonate content, which means that it does nothing to buffer the pH of your water. Aquariums with a silica sand substrate will usually have problems with declining pH over the long haul. Second, silica sand is very abrasive. A handful of sand may feel soft, but if you looked at it under a microscope, you would see that the quartz grains actually have many sharp edges. Fish that do a lot of picking for food along the bottom or that dig or hide in the substrate will often develop bruises and abrasions, especially around the mouth. The sand will also scratch glass (if grains of sand are caught in an algae-scraping pad during your regular tank maintenance) and gouge acrylic tanks. Third, the sand is called “silica” because it contains a large amount of the element silicon (Si), which is used by some single-celled algae—diatoms—to construct their skeletons. With such a rich supply of the raw material needed for their growth, diatoms can “bloom” in a tank with a silica sand substrate, leading to unsightly and difficultto-control brown or gold films on the glass and decorations. Although some tangs (surgeonfish) and snails will eat diatom films and give you some degree of biological control over these pests, most other marine animals won’t touch them.


Calcareous Substrates


Calcareous substrates are composed primarily or entirely of calcium carbonate, which buffers pH to help maintain the necessary 8.0 to 8.4 range. However, just because a substrate contains this buffering compound does not mean that it actually buffers well in the aquarium. Confused? Don’t be. It all has to do with crystals. Calcium carbonate (CaCO3) is made up of tiny crystals, and different carbonate minerals have crystals of different shapes. The shapes of the crystals affect how well or how poorly their carbonate will dissolve in water—what buffering capacity is all about. Regardless of shape, some calcareous substrates are better than others, even though they may have the same chemical formula, CaCO3.


Dolomite. Essentially crushed limestone, this is the substrate most often used in the early days of marine aquariums. It is still an acceptable substrate for fish-only aquariums, but it does have some drawbacks. First, it is fairly coarse-grained; this makes it a pretty good substrate for covering an undergravel filter, but it is too heavy and sharp for many sand-burrowing organisms. Many wrasses, for example, will scratch themselves, especially on the eyes, while attempting to burrow. Dolomite is also, well, kind of ugly—usually a medium gray color that doesn’t look very natural in the aquarium. It is also a royal pain to clean before using; because it is a mined and processed mineral, it is very dusty and has to be rinsed. I’m telling you from experience that the first bucket of rinse water will look like milk! It takes many rinses before the water runs off clear and the dolomite is ready to place in the aquarium. Finally, although limestone is primarily calcium carbonate, dolomite has only a moderate pH-buffering capacity, and sometimes the pH has to drop below 8.0 to “activate” the dolomite.


Crushed coral. Crushed coral, like dolomite, is a fairly coarse gravel, although it is usually a bit less sharp-edged. Crushed coral is a calcite that has a crystal shape that makes it a relatively weak buffer. Both dolomite and crushed coral will probably require you to add supplemental buffering liquids or powders to maintain a stable, high pH. Crushed coral is whitish to light gray in color, usually paler than dolomite. Like dolomite, crushed coral is a mined mineral that requires a lot of rinsing before it can be used. The verdict? I like crushed coral a little better than dolomite, but not nearly as much as aragonite (see below).
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Aragonite (top) and crushed coral (bottom) are two good options for aquarium substrate. Aragonite has a heftier price tag, but its chemical benefits such as a crystal structure that maintains a more stable pH make it worth your dollar.


Oyster shell. Oyster shell is a very inexpensive substrate that some aquarists have used with success, but it is another substrate I consider problematic. Unlike dolomite and crushed coral, oyster shell is usually not sold at your local fish store but is stocked by livestock feed suppliers as “shell grit.” It is actually a supplement to chicken feed! Oyster shell is more attractive than dolomite or crushed coral because it has all the variegated colors of the shells that are crushed to make it: white, gray, black, blue, tan, and red. Unfortunately, the flat grains pack down over time and can trap uneaten food and other solid wastes, potentially creating a sanitation problem. It should not be used with undergravel filters because the flow rate through the gravel would be sluggish. Additionally, oyster shell is too smooth to provide a good surface for aerobic bacterial growth and doesn’t buffer pH particularly well. Like the other substrates so far, it’s also tedious to rinse before use.
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