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The Everything® Aquarium Book

Dear Reader,

I cannot remember a time when I was not held spellbound by fish and other animals. Growing up in New York City, I had, at my door step, institutions that were nothing short of paradise to someone like myself. A long career at the Bronx Zoo and Staten Island Zoo, and countless hours at the American Museum of Natural History provided experiences that continue to enrich my life today.

In following the curious path that has defined my life, however, the foregoing pales in comparison to the support provided by my family. Despite trying financial circumstances at one point, they even encouraged me to follow my heart and abandon a career as an attorney. Burdened by a deep sense of responsibility, I could not have done so without their thoughtful advice. And thus I became one of the fortunate few—living what I love, courting adventure, and becoming, in the process, a better person.

My sincere desire is that the words penned here will assist the reader in discovering new worlds. More importantly, I hope to nurture within you a respectful and caring attitude toward nature. Remember that your concern for animals and their habitats may well influence others to take the process a step further.
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Top Ten Things You Will Learn in This Book

1. Reasons for keeping an aquarium

2. Feeding, breeding, and medical care of freshwater and marine animals

3. Natural history of many fish, invertebrates, aquatic insects, amphibians, and plants

4. How to obtain aquatic animals and plants

5. How to maintain a freshwater aquarium

6. How to maintain a brackish water aquarium

7. How to maintain a marine aquarium

8. Conservation issues concerning aquatic animals and ecosystems

9. How to participate in research and conservation oriented activities

10. How to learn more and take your interests further


Introduction

[image: ] This book is, on the surface, something of a how-to manual for those interested in keeping fresh and saltwater aquariums. It should also serve to open your eyes to the wonders of the aquatic creatures and habitats that are to be found all around us and to foster an understanding of why they are important and what can be done to preserve them.

An aquarium can offer insights into worlds far removed from your everyday existence. Through the glass of an aquarium, even children living in the world’s largest cities can become intimately acquainted with the lives of creatures that live thousands of miles from their homes. Although complex aquatic systems are discussed in this book, you will also learn about very basic aquariums designed to maintain common, hardy creatures. Something as simple as a glass jar housing a larval dragonfly can open up vast new horizons in your life.

This book reflects an ethical obligation to offer the best possible advice to those seeking to maintain aquatic creatures. Marine and freshwater fisheries the world over are collapsing, taking with them the livelihoods of many people. Species not directly fished are threatened by disruption of the food chain, and also because they are often collected, along with a species targeted by fishermen, as by-catch. Sea creatures that are important to practitioners of traditional medicine are also being harvested at unsustainable rates.

Pollution, industrial development, and the introduction of exotic species devastate both marine and freshwater communities, with coastal sea grass beds, mangrove swamps, coral reefs, and restuaries being particularly at risk. Freshwater habitats, because they are less able to self-clean than the open sea, are being compromised with frightening regularity. Many fishes and invertebrates are limited to very specific micro-habitats. Such species cannot easily relocate, and exterminated populations may not be readily recolonized. The information contained in this book will allow you to contribute to the survival of the threatened creatures of these ecosystems by providing them with proper care and breeding conditions.

On the opposite end of the spectrum, wide-ranging oceanic species are of particular concern because protection in one country does not guarantee safety in another. As you read about the complex reproductive strategies of these species, consider how long these behaviors have taken to evolve, how easily they can be disrupted, and how you can apply your newfound knowledge to help these animals. Each individual removed from its natural habitat is a significant event, and extinctions occur daily. It is possible that the cures for certain diseases are to be found in the body chemistries of aquatic animals—each species lost can therefore have devastating consequences for humanity.

Well-informed hobbyists can contribute significantly to what is known about aquatic animals. This is especially true concerning the less studied species, of which there are many. Scientists and researchers do not even know, to the nearest degree of magnitude, the number of species that exist. The information contained in this book will provide the basic groundwork for keeping a wide range of interesting animals, and will start you on your way to learning more. Especially important is sharing your knowledge with others. Publish your observations in the newsletters of local aquarium societies and cooperate with aquariums, museums, and other such institutions. In these times of decreased budgets for scientific institutions, the help of dedicated volunteers is vital. Conversations with professionals working in your area will often lead to a variety of interesting opportunities.

Above all, enjoy your hobby, continue to learn, and share your passion with others.


Chapter 1

Preliminary Considerations

In the rush of excitement that accompanies embarking on a new endeavor such as aquarium keeping, it is easy to lose sight of certain realities. Before you explore the specifics and the nuts and bolts of this fascinating hobby, you should pause to think about a few related topics. It is important that you consider, for example, the effect of this hobby on the environment, and also that you are aware of certain risks and obstacles that may, if ignored, seriously jeopardize the future success of keeping aquatic animals and plants.

Why Keep Aquatic Organisms?

In the past, it seemed that most people kept aquariums as the result of a long-seated and intense interest in fish and other animals. The difficulties inherent in keeping all but the hardiest of creatures discouraged those with but a passing curiosity.

Today, a wealth of information and technical advances have greatly simplified life for those desiring an aquarium of their own. More and more, people are drawn to the hobby because of the sheer beauty of the animals that can be brought into their homes. Most, if not all, such people soon develop a deeper interest in their charges, and a sincere concern for their well-being.

The Possibilities

However you might come to aquarium keeping, and whether you decide to focus on freshwater or marine animals, or both, you will gain an insight into a world that is largely beyond the reach of humans. Even with the most common of animals in the most basic of settings, you will be privy to the secret lives of a host of fascinating organisms. The thrill of your first breeding success or the observation of a previously unknown facet of animal behavior is one that will further encourage and excite you as you pursue your interest in marine creatures.
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More and more we are seeing the destructive effects of human activities on wild animals and the environmental systems that support them. Every bit of information that we can glean about a creature’s behavior will contribute, in a very real way, to its future survival in the wild.



The Learning Process

Many of the details of the lives of the world’s fish and aquatic invertebrates are virtually unknown. The aquarist who takes the time to properly maintain such creatures has an excellent chance of contributing to a greater understanding of their natural histories. Most aquatic animals (and other animals) will exhibit their full range of behaviors only under ideal captive conditions. It therefore behooves those with a deep interest in such things to learn as much as they can about their charges and to duplicate, as closely as is possible, their natural environments.

Some Less-Expected Rewards

Aquarium keeping readily stimulates deeper interests in a host of related subjects. You, and those with whom you share your passion, will want to learn more and more about the animals that you keep, how they live, what prospects they have for continued survival and what must be done to protect them. For young children, especially those largely isolated from nature, an aquarium can be a call to new worlds and new interests. Many elderly people find such a hobby quite stimulating mentally, and the sense of being responsible for the well-being of other creatures can become an important factor in their lives.

Environmental Ethics and the Law

Most people are aware of the need to maintain wild places in as pristine a state as possible. In many situations, however, protection is not enough. Understanding is required, as many wild places are becoming increasingly cut off from the systems that support them, so much so that human intervention is required if they are to remain viable. Unfortunately, a thorough understanding of an environment is largely impossible when people know so little of the creatures that exist within it. As many aquatic creatures go about their lives largely out of the sight and reach of humans, careful observations of well-housed captive specimens may offer the most practical alternative.

Pollution

Aquatic animals, especially those that live in small freshwater systems, are often affected by pollution more directly than are other animals. With rare exceptions (see "Walking Catfish," at page 76), such creatures cannot leave their environments when conditions deteriorate. Furthermore, animals that live in water are constantly surrounded by and in touch with whatever pollutants are introduced into their environment. They not only live in the water, but also draw it into their bodies as part of their respiratory processes.

Fish and aquatic invertebrates are, in effect, "canaries in the coal mine," in that many begin to suffer or disappear long before the destructive effects of human activities become obvious.

The Effects of Extinctions

It is imperative that people learn as much as they can about the animals for which they are responsible. You should be sure that any animals you purchase have been captive bred. In addition to the ethical concerns involved with damaging an animal population, it is also worth noting that humans have much to learn from our fellow creatures. Nearly all of our medicines have come from natural sources, and no one can be sure where the next important disease cure will be found. The body chemistries of any number of fish, plants, or invertebrates may hold important keys to the future health of our own species. Each extinction closes the door to such possibilities.
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Sellers of animals, especially those who ship out of their home base, may not be concerned about the laws in place at the animal’s final destination. On a practical level, the eventual purchaser will be held legally accountable for the ownership of protected creatures, even if they were purchased in good faith from a licensed dealer or store.



Legal Restrictions to Animal Ownership

Increasingly, international and local authorities are moving to protect aquatic animals by regulating or prohibiting their capture and sale. Unfortunately, the enforcement of such laws is spotty at best, especially because authorities are often overburdened and occupied with many other concerns.

It is up to each aquarist to be scrupulous in avoiding the purchase of protected fish and aquatic invertebrates while understanding that unscrupulous collectors and dealers are often able to circumvent governmental regulations. An offer of sale at a pet store or, especially, via mail or the Internet, is absolutely no guarantee that ownership of the animal is legal.

Time and Money

The first time aquarist might be in for a rude awakening upon learning the true cost of maintaining an aquarium in the home. Most would probably agree that the cost is well worth the rewards, but before diving headlong into this new project, be aware that the equipment and the animals themselves can be quite expensive. This expense increases, obviously, as one keeps larger and more complicated aquariums. This is especially true concerning marine aquariums. Hidden costs include electricity, medications, and the overall effect of the hobby on your ability to pursue other activities.

A Hobby or a Career?

Very few people are fortunate enough to find a career that allows them to indulge their passion or hobby. When it comes to aquarium keeping, however, you can certainly pursue a career that allows you to enjoy your hobby full-time. Most people are satisfied with indulging their interests in aquariums as a hobby, but those with a deep passion may find little satisfaction in unrelated careers.

Education

Today, education overrides the importance of experience in the hiring policies of most public aquariums. You would do well, therefore, to research and carefully consider your educational possibilities before attempting to build a career working with aquatic animals. Talk with as many professionals as you can, and bear in mind that most started out just as you did, merely with an interest in keeping animals and exploring their worlds.

Volunteering

Find out what sort of research is being done in your area, and offer to help. Most field researchers are poorly funded, and many welcome competent and sincere volunteers. Volunteering is also possible at major aquariums, and organizations such as Earthwatch offer the opportunity to assist in research projects in far-flung corners of the world. Also, contact local governmental agencies to find out what is being done in your specific area of interest.

Contributions You Can Make

Volunteering, as mentioned earlier, will allow you to indulge your passion while contributing to a better understanding of wild animals and wild places. It is very important that you bear in mind that the most basic facts about many aquatic animals are largely unknown. Because of this, just by witnessing your own aquatic pets, you can observe behavior that has possibly never been seen or written about.

Learning by Observing

Interesting and important facts are routinely uncovered by amateurs observing their pets or exploring natural areas accessible to them. The potential for discovering new facts (and even new species) is greatly increased for those with an interest in invertebrates as opposed to vertebrates. We are unaware, even to the nearest degree of magnitude, of their numbers and even more ignorant of how they live their lives. Record everything and anything that you observe as you pursue your hobby. You may wish to employ the help of interested friends and relatives in your observations. People, especially children, are often fascinated by observing live animals and may gladly spend long periods of time watching your aquarium. Such people can serve as your eyes when you are not available and will no doubt surprise you with what they discover.
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Many governmental bodies sponsor surveys of natural places or species of particular concern, and often these are done largely on a volunteer basis. Even if these activities do not lead to a career, you will no doubt thoroughly enjoy yourself and be rewarded with the knowledge that you have contributed to important work.



Special-Interest Groups

Above all, be generous in sharing what you have seen and learned with others. Become involved with special-interest organizations, and publish your findings whenever possible. The fact that an observation first appears as a note in an informal publication may lessen its impact but not its importance. The local newsletters of aquarium organizations are often the starting points for professional researchers interested in particular animals or environments. Don’t be trapped into believing that you must be a professional to contribute. As you will discover by reading about nearly any animal, very little can replace direct observation as a means of discovering new information.

Precautions

Although aquarium keeping is, by and large, a pleasant and harmless endeavor, there are a few precautions that you should keep in mind when pursuing your hobby. A few basic safeguards put in place early on will save you a good deal of time, trouble, and expense.

Electricity

Do not ignore basic electrical safety in your rush to provide your pets with ideal captive conditions. Especially where large systems are concerned, an electrician should be consulted to make sure that the equipment you plan to use can be supported by your home’s electrical circuitry. Electrical appliances should be operated and installed only as directed by the manufacturer’s instructions. (Resist the temptation to experiment with installing electrical appliances yourself!) Likewise, make sure that any extension cords that are added to your system can support the appliance to which they are connected. Some aquarium lights give off a surprising amount of heat, so you must be certain that they are kept away from anything flammable. Lights mounted over aquariums must be securely fastened so that they do not fall into the water, creating an electrical hazard. Be certain, also, that the fixtures in which your lamps are installed can support the wattage of the lamp.
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People who maintain aquariums often enjoy keeping other pets as well. If you have any free-ranging pets such as dogs and cats, be sure that they can’t knock over lamps or motors. Each year, house fires are started this way.



Floods

Even small aquariums are surprisingly heavy when filled with water and gravel. Be sure to calculate the weight of your aquarium and make sure that the floor below it will support that weight. Also, make sure that the stand or furniture upon which your aquarium will sit can manage the weight of a full aquarium. Floods, especially those caused by large aquariums, can be devastating in terms of property damage to you or your neighbors.

Venomous Animals

The world’s fresh and marine waters are well stocked with venomous creatures. As will be mentioned in the various species accounts, the barbs and spines of many species of fish are connected to poison glands, some of which can inject fatal doses of venom. Venomous invertebrates abound as well, and even the highly toxic blue-ringed octopus is offered for sale from time to time.

Avoid keeping venomous animals, even though they may be offered for sale and may appeal to your sense of adventure. Be aware also that not all of the venomous creatures that exist have been identified—some may be unintentionally or unethically offered for sale. Therefore, err on the side of caution in purchasing or handling animals with which you are unfamiliar. Two well-known herpetologists lost their lives after being bitten by snakes formerly believed to be harmless; do not repeat those tragic blunders with your own pets. There are literally millions of bizarre and interesting aquatic creatures that can be kept safely. Think not only of yourself, but of the potential for accidents involving unknowing or reckless individuals as well.

Illness and Disease

Aquatic animals and the water in which they live may harbor microorganisms that are harmful when ingested by people or upon entering a skin wound. Therefore, never clean aquariums or related utensils in sinks that you use to prepare food. Always wash your hands thoroughly after working with your aquarium, and be particularly careful with children. In addition to washing their hands, you must be alert that they do not put anything into their mouths that has had contact with your aquarium or its inhabitants.


Chapter 2

Water and Water Quality

A thorough understanding of the physical characteristics of water and of how water quality affects aquatic life is essential if one is to be a successful aquarist. This is a little difficult for beginners to accept, excited as they often are about the prospect of keeping an array of interesting creatures in their aquariums. It is a common, and almost always fatal, mistake to spend time learning about the habits and dietary needs of aquatic creatures while ignoring the less glamorous aspects of the hobby.

Natural Water

Water, especially seawater, is a highly complex liquid. Although sodium chloride (table salt) is the most abundant compound in natural seawater, trace elements, organic and inorganic compounds, and other chemicals are all present in varying quantities. Seawater and freshwater have calcium carbonate, magnesium sulfate, and elements such as magnesium and zinc. Organic compounds and microorganisms such as plankton give water from different areas unique characteristics.
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Are there certain aquatic creatures that must be kept in natural seawater or freshwater?

Delicate creatures from very isolated habitats (such as caves) where the water has unique chemical characteristics generally do best in water taken from their natural environment. Natural water is useful for raising tiny fry or filter-feeding invertebrates, because it contains the tiny organisms upon which these animals feed.



Although major public aquariums located near the seashore often use natural seawater for their exhibits, this is generally a difficult prospect for the home aquarist. The planktonic organisms found in both freshwater and seawater generally perish in captivity, and their deaths cause harmful chemical changes and an increase in ammonia levels. It is also possible to introduce pathogens, parasites, and disease to your aquarium through the use of natural water. Pollution is, unfortunately, also an overriding concern.

If you do choose to use natural water, collect it from as pristine an area as possible. Generally, seawater collected offshore or from ocean beaches will be safer than that from enclosed areas such as bays and lagoons. The same concept applies to freshwater. Be sure to store the water in containers that have not contained harmful chemicals, which may remain in plastic even after a thorough washing (spring water bottles are a good choice). The safest method of readying the water for the aquarium is to leave it, unfiltered, in a dark area for a week or so, so that the resident microorganisms can die off. Chemical tests should then be performed to determine ammonia levels and pH, and these should be adjusted as necessary. The water should be filtered for at least twenty-four hours before use.

Artificial Seawater and Commercial Freshwater

Fortunately for aquarists, synthetic sea salt mixes are now readily available and provide a very stable and healthy medium in which to raise marine fish and invertebrates. Most come complete with trace elements, which should be replaced periodically per the manufacturer’s suggestion.
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If you have tap water of poor quality and a large number of aquariums, you might consider the use of a reverse osmosis filter. Salts, minerals, and metals are removed from the water through the use of a fine membrane. These units are, however, quite expensive.



The tap water used to mix the seawater for marine aquariums and for freshwater aquariums must be tested for nitrate and phosphate levels. High levels of either can cause rapid algae blooms. Tap water also contains chemicals such as chloramine and chlorine, which are added to help make the water safe for drinking, but are toxic to many aquatic creatures. Fortunately, commercial preparations that instantly remove both chemicals are readily available. Copper is also toxic to many creatures, particularly invertebrates (copper is often used in medications designed to kill various invertebrate parasites of fish). Water that travels through copper pipes, today usually found only in older buildings, is generally unsuitable for use in aquariums. One alternative if you have tap water of poor quality is to use commercially available spring water. This is generally only an option when you keep a small aquarium. Do not use distilled water, as it is completely free of chemicals and, through the process of osmosis, will cause essential salts and trace elements to leach from the bodies of your pets.

Salinity

The salinity of water is actually an expression of its density, or specific gravity. It is not just a measure of salt, but a reading that expresses the ratio of all of the dissolved salts in the water. Pure water has a specific gravity of 1.000, and the specific gravity of other water is compared to this standard.

Specific gravity is measured with an instrument called a hydrometer. One type of hydrometer is a floating glass tube that rides higher or lower in the water depending upon the specific gravity. The measurement of the specific gravity is read at the water line. Newer types of hydrometers in the form of plastic cases with internal scales are easier to use than are the floating models.
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The specific gravity of water varies with temperature. The original, floating model hydrometers are standardized at a particular temperature, and this needs to be taken into account when using them. A conversion table will be supplied with your hydrometer so that you can make the proper calculation.



Most marine fish survive well at specific gravities of 1.020 to 1.023. Lower specific gravities are gentler on the fish’s systems, in terms of maintaining their optimal osmotic body pressure (osmoregulation), but invertebrates generally do not fare well in water with a specific gravity of less than 1.022.

Be sure to research the particular species of fish or invertebrate that you intend to keep in terms of its natural habitat. Animals from estuaries and similar environments may be adapted to specific gravities that are lower than are experienced by purely marine species, due to the influence of freshwater rivers. Such species may also require a fluctuation in the specific gravity if they are to thrive and, especially, if they are to reproduce.

Checking pH

The measurement of water’s acidity or alkalinity is called pH. A reading of 7 is termed neutral, with 1 being the most acidic and 14 being the most alkaline readings on the scale. The pH of most seawater hovers around 8, with 8.3 being considered safe for most marine species. In the open ocean, pH is relatively stable, but in aquariums it can change radically, to the detriment of your pets. This holds especially true for coral reef species, because they are adapted to an extremely pH stable environment. Water tends to become acidic due to the respiration of animals (they release carbon dioxide, which becomes carbonic acid). Certain substrates help to mitigate these changes, and these are particularly important in marine aquariums, where an acidic pH is to be avoided. Limestone, dolomite, and coral are very useful in buffering pH changes and in keeping the water on the alkaline side. Effective bacterial filtration is also important in maintaining a stable pH.

Freshwater fish generally do well at a pH near neutral, but many species do best at higher or lower ranges. Freshwater is much less stable than seawater, in terms of pH, and thus it is important to research each freshwater species carefully. Do not to attempt to keep animals from acidic waters with those requiring alkaline conditions.
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Ammonia is more toxic to animals at a higher, or alkaline, pH than it is at lower, more acidic levels. Since marine aquarium water is generally maintained at alkaline levels, one must be particularly careful to maintain safe ammonia levels.



The pH of aquarium water will change over time. An accumulation of waste products, uneaten food, and/or dead and decaying plants and animals will lower the pH, while the addition of certain rocks or substrates, such as coral, will cause the water to become more alkaline. Regular monitoring of pH is therefore essential. A number of test kits are available, most of which utilize a color-coded chart that is compared to a water sample that has been treated with a reagent. There are commercial preparations available that will lower or raise the pH of your aquarium, or help to set it at a specific level. While these can be useful in certain situations, it should be noted that the most important factor is to monitor the reason behind the pH changes in your aquarium. Merely correcting the pH without removing the underlying cause of the change will mask the problem and, in the end, will do more harm than good. Also, be sure to make all pH changes very gradually. An animal being maintained in an improper pH may die if suddenly switched to the correct pH without adequate time to adjust.

Fish and other animals that are stressed due to an inappropriate pH level may react by swimming rapidly about, or, in the case of amphibians, by attempting to leave the water. They will also be active at times when they normally would be resting. Eventually, they will become listless and die. Be sure to monitor your animals carefully and learn their normal behaviors so that you can detect such changes.

Oxygen

As a general rule, marine animals are adapted to waters with high levels of dissolved oxygen. Ocean environments are usually well oxygenated by the movement of water and waves and by the large surface area of water that is exposed to the air. Exceptions exist, as in the case of isolated bays and lagoons that do not experience a great deal of water circulation. Freshwater habitats vary more widely in terms of dissolved oxygen levels. Some freshwater fish, such as the lungfish, obtain most of their oxygen from the atmosphere, not from the water.

Aeration occurs when oxygen from the air enters the water at its surface. That fact may, in some cases, influence the shape of aquarium that you want to buy. A long, low aquarium will allow for a greater exchange of oxygen than will a high, narrow aquarium, despite the fact that both may hold the same amount of water. Of course, mechanical aeration can be used to overcome the limitations of tank shape.

The exchange of oxygen is facilitated by water movement. In the aquarium, this movement is created by the flow of water exiting from the filter or by the bubbles that arise from air circulated by a motorized pump through porous aerating devices known as "air stones." The oxygen that is contained in the bubbles created by air stones or other forms of mechanical filtration is lost to the air and does not add to the dissolved oxygen content of the water. By disturbing the water surface, these bubbles and other forms of water movement create turbulence, which allows atmospheric oxygen to dissolve into the water.

When considering how to aerate your aquarium, bear in mind that many aquatic animals are adapted to quiet waters. These species will likely be stressed by strong water currents, because they are unable to feed or swim properly under these circumstances. On the other hand, fish from areas of strong water movement, such as coral reef species, generally require strong aeration and are quite comfortable with fast-moving water. Such species will generally have high oxygen requirements and will perish without proper aeration. Most filters on the market today allow you to control the rate of water outflow into the aquarium, thus enabling you to tailor water turbulence to the nature of the animal that is being kept. For those species that require less water movement, air stones operated by small pumps may be used to provide oxygenation without disturbing the animals.
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A power outage that shuts off aerating devices can wipe out your collection. Be sure to have a sufficient number of battery-operated aerators equipped with air stones for use in emergencies. Previously only available in bait stores (used to keep bait fish alive on fishing trips), battery-operated aerators are increasingly being sold in aquarium stores as well.



The ability of water to hold dissolved oxygen is affected by the temperature of the water. Cool water is able to hold more oxygen than warm water. For this reason, be sure to research carefully the habitats from which your pets originate, as those from temperate waters will generally have higher oxygen requirements than will those from tropical waters. Again, there are exceptions to this rule, as in the case of warm-water fish that nonetheless live in areas of moving water that are rich in dissolved oxygen.

You should also keep in mind that the beneficial bacteria in your aquarium and in the filter materials are aerobic, meaning that they require oxygen to survive. The flow of oxygenated water through these materials must be of sufficient strength to support the beneficial bacteria. It is also important that all areas of the filter bed are kept clean, so that water can easily flow through. The buildup of organic material and other detritus will block water flow, creating stagnant pockets where harmful anaerobic bacteria can take hold.

Temperature

As with all water parameters, it is important that you understand your pet’s natural environment when considering water temperature. Most marine species have evolved in environments of fairly stable water temperatures. Tropical fish, especially, may experience little in the way of temperature fluctuation in their natural habitats and are not adequately equipped to deal with such in captivity. Even species that live in temperate climates and are therefore subjected to seasonal temperature variations do not fare well when exposed to rapid or frequent changes in captivity. Many temperate species move offshore during times of very cold or hot weather and thus are able to moderate the effect of the seasons.
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Recent research has shown that certain large, active oceanic fish, such as tuna and some sharks, and the leatherback turtle, are able to generate internal body heat. The process is different from that utilized by endothermic, or warm-blooded, animals like birds and mammals, but it does allow these species to enter cold waters where they might not otherwise survive.



Fish and invertebrates are ectothermic, or cold-blooded, and as such are unable to internally regulate their body temperatures. They, like amphibians and reptiles, must instead rely upon behavioral changes to modify the effects of temperature upon their bodies. Free-living animals can move away from areas of unsuitable temperature or burrow into the substrate to escape unfavorable conditions. In captivity, aquatic animals are very limited in their ability to behaviorally regulate their temperature, and so it falls to the pet keeper to be sure that optimum conditions are maintained.

Many fish and other aquatic animals are stimulated to breed by seasonal temperature changes. In captivity, such changes can be mimicked through the use of an aquarium heater’s thermostat. The best way of doing this is to study the seasonal variations in temperature in the animal’s natural habitat, and to duplicate these changes in the aquarium. Be aware, though, that sudden temperature changes will lead to shock in many species, and also to an infestation by opportunistic parasites that are able to take advantage of the fish’s temporarily weakened immune systems.

Unfortunately, aquarium thermometers do not give an indication of impending failure. For temperature sensitive species, thermometer failure during cold weather can lead to illness or death. For this reason, you should always install a second thermometer in your aquarium. This thermometer should be set to the lowest acceptable temperature for the species that you are keeping. In this way, it will come on automatically if the main heater fails.

Keep in mind when monitoring temperature that the metabolism of most aquatic animals increases as the water temperature rises. This, coupled with the fact that warm water holds less oxygen than does cool water, necessitates care on the aquarist’s part during periods of hot weather. It may be necessary to increase aeration during these times.

The Nitrogen Cycle

The nitrogen cycle is a critical factor in the establishment of a crystal clear, well-balanced aquarium. This phenomenon is, however, little understood by aquarists. Poor functioning of the nitrogen cycle upon establishing a new aquarium is undoubtedly the most common reason for later failures and losses of animals.

In simplified terms, the nitrogen cycle is the conversion of nitrogen to several organic compounds that are then utilized by various organisms as food. Nitrogen enters aquatic systems via dead animals and plants, uneaten food, and the excretory products of animals. The most toxic nitrogenous compound that is added to aquariums in this matter is ammonia. Ammonia exists in aquatic environments in two forms: ionized ammonia and unionized ammonia. The un-ionized compound is extremely toxic to aquatic organisms, and its proportion of the total ammonia increases as temperature rises and as the water becomes more alkaline.

The Role of Bacteria

Two basic types of bacteria control the functioning of the nitrogen cycle. Both of these bacteria species are aerobic, which means that they require oxygen to survive and reproduce. The bacteria develop and thrive on substrates that are exposed to oxygenated water, most especially in the various materials used in aquarium filters, and on the walls of the filters themselves.

The process by which these bacteria convert ammonia to less-harmful compounds basically occurs in two parts. Nitrosomas spp. convert ammonia to compounds known as nitrites. Nitrites, while still dangerous to aquatic life, are less toxic than is ammonia. In the second stage of the process, bacteria of the genus Nitrobacter use the nitrites as food, thus converting them to nitrates. Nitrates are the end product of the nitrogen cycle and are the least toxic of the compounds involved.

Nitrogenous bacteria exist in huge populations in nature and in healthy aquariums. Until such populations are established, the levels of all nitrogen-based compounds in the aquarium will be toxic to most fish and invertebrates.


[image: ]

Water clarity is not a suitable indicator of the functioning of the nitrogen cycle. Ammonia, the most toxic of the nitrogenous compounds, is colorless and odorless and does not cloud the water. The only safe way of monitoring the cycle is frequent testing of the water to determine the levels of ammonia, nitrates, and nitrites.



The period of time from the setting up of the aquarium until the establishment of healthy populations of aerobic, nitrogenous bacteria is often referred to as the conditioning period. As a general rule, one can expect this period to last from one month to six weeks. However the actual timetable varies greatly depending upon the unique characteristics of each aquarium and of the inhabitants therein.

Altering the Nitrogen Cycle

You can shorten the amount of time it takes to condition your aquarium by adding live aerobic bacteria that are now available at pet stores. The freeze-dried and liquid forms seem to work equally well. Alternatively, you can introduce used filter material from a well-conditioned tank into the filter of your new aquarium. Be sure to use material from healthy tanks only, as parasites or their eggs may be present in the filter beds of infected tanks. Natural materials such as rocks or sand often contain beneficial bacteria and offer another option. In the past, it was standard practice to use hardy fish, such as domino damselfish in marine aquariums or guppies in freshwater aquariums, to help hasten the conditioning period. The waste products produced by these fish provide the ammonia necessary to start and maintain the process. Today, however, you can purchase additives that provide food for the bacteria. This is both more effective and infinitely kinder than attempting to use fish to jump-start the process, as most fish subjected to this process did not survive.


[image: ]

When cleaning your filters and changing the filter material, always retain a bit of the old material to add to the clean filtering material. In this way, you will introduce aerobic bacteria into the new filter. These will reproduce rapidly and greatly increase the effectiveness of the filtration.



While commercially available bacteria can be helpful, they do not eliminate the need for a proper conditioning period. The water quality must still be monitored carefully, and new animals should be introduced to the aquarium carefully and in small numbers.

Measuring the Levels of Nitrogenous Compounds

Chemical test kits are essential during (and after) the conditioning period. Ammonia should be tested daily until you notice a rapid decrease. This decrease signals the presence of Nitrosomas bacteria. Nitrate levels will then follow the same pattern once the Nitrobacter bacteria become established. Be sure to regularly check the pH level during the conditioning period, as the water may become acidic at this time. The conditioning period may be considered at an end when the nitrate levels drop substantially. At this point you may begin to introduce fish and invertebrates into their new home. It is still safest to add animals in small quantities, so as not to overwhelm the nitrifying potential of the bacteria present. Observe the new animals and make further additions carefully.
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