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Nature and Nurture


The group of fish known as livebearers features some of the most attractive and fascinating species now gracing aquariums throughout the world. Their popularity today would have no doubt surprised and delighted those who are credited with discovering them in the wild and bringing them to the attention of zoologists.


IN THE BEGINNING


Tropical fishkeeping as a hobby did not really start in earnest until the early 20th century, and in the beginning it was a perilous pursuit. Tanks were designed with slate bases and heated by gas, relying on a naked flame for this purpose. This meant that accurate temperature control of the water was impossible, and dramatic and sometimes fatal fluctuations occurred. Livebearers as a group are, however, much better suited than many fish to adapting to this type of variable environment because it is not dissimilar to the conditions under which a number of species live in the wild. Livebearers often inhabit shallow stretches of water, which can be heated up rapidly by the sun, so they may be subjected to marked variations in water temperature. They are also quite adaptable in terms of their water chemistry needs.


It was as a result of their tolerance that livebearers soon became popular. Yet there was also another, more fundamental reason, why they became prominent during the early days of the aquarium hobby and have retained their preeminent position. At the outset, there were none of the special diets that are available to fish keepers today, and this meant that rearing the young of egg-laying fish could be especially problematic. In the case of the commonly kept livebearers, however, they needed relatively little care. While eggs could be afflicted by fungus, there was no risk of this problem with livebearers. And as they are relatively large at birth the fry themselves were quite easy to rear. They matured rapidly and would in turn breed repeatedly, without requiring the conditioning triggers that prove necessary in the case of egg-layers.


FAMOUS FIND




The Reverend John Guppy recorded the wild form of what has since become the best known of all livebearers, and now bears his name, on the Caribbean island of Trinidad just off the northern coast of South America around 1865. He subsequently brought live specimens back to Britain. Ironically, however, in this particular case these fish had previously been recorded two years earlier, by a Spaniard called De Filippi, whose discovery of them is now largely forgotten.
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Tropical fish keeping brings the beauty of the natural world into millions of homes worldwide. Throughout this book, insights into natural fish behavior are emphasized. Understanding how a fish lives in the wild leads to a better understanding of how it should be looked after in captivity. In this case, nurture follows nature.


DEVELOPMENT OF THE HOBBY


It was not until after the end of World War II in 1945 that tropical fishkeeping entered a new era. Florida became the main center for breeding such fish on a commercial scale, thanks partly to its climate and also its geographical position—close to Central and South America, where desirable fish, including livebearers, could be obtained. The market expanded as ex-combat pilots returned home and began to fly regular shipments from Florida’s growing number of tropical fish farms to other states in the U.S. and up to Canada.


Aquarium-keeping started to develop on an unprecedented scale as a result, and the popular livebearers—such as guppies, swordtails, mollies, and platies—were ideal to meet this demand. Breeders started to create more colorful fish, and this led to the establishment of shows; these still take place regularly in Florida, and allow breeders to display the newest variants. It is not just the color of the fish that has been modified–fin shapes and body types have been altered too. In a number of cases, the close relationships between the different species of livebearers has led to hybridization as well, which has accelerated the process of creating new forms of these fish, far brighter and more varied in appearance than their ancestors.


Today’s domesticated bloodlines of the most popular species are far removed from the wild forms, and yet livebearers as a group also offer considerable appeal to the specialist breeder who is interested in keeping and studying fish about which little is known. This applies particularly in the case of the halfbeaks, which belong to the family Hemirhamphidae. So whether you are just starting out with an aquarium or are a longstanding enthusiast, livebearers will be of interest, particularly as a number of species can also be included in a community aquarium alongside other fish.











	
CHAPTER 1




	
Where in the World?















Trying to classify fish on the basis of their breeding behavior actually creates inevitable inconsistencies. The use of the term “livebearer” has, in many ways, simply become a convenient shorthand description for a group of four families of aquarium fish. Essentially, therefore, the definition of “livebearer” relates more specifically to aquarium fish, rather than to the world of fish in general.


AN ANCIENT TRADITION


In total, 14 families of fish reproduce by bearing live young. This is actually a characteristic more closely linked with primitive fish, such as the ancient coelacanth (Latimeria chalumnae). This particular marine species was believed to have been extinct for nearly 60 million years, when a living example was discovered off the southeastern coast of Africa in 1938. It is striking that over 50 percent of all cartilaginous fish, a grouping that includes sharks and rays, reproduce by means of live young, whereas less than 3 percent of the more recently evolved bony fish retain this method of reproduction.
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The coelacanth (Latimeria chalumnae) is a living fossil, which gives birth to live young.


The reason why most members of the livebearer category give birth to live young may be linked back to their origins. While it is, unfortunately, difficult to piece together a clear picture of how they evolved, there is little disagreement that the group as a whole developed from marine ancestors. This is reflected not just by the fact that some of these fish are found in brackish and saltwater environments today, but rather by assessing the group as a whole. Overwhelmingly—albeit with certain exceptions such as the halfbeaks (Hemirhamphidae)—even those that live in freshwater prefer relatively hard, alkaline surroundings, more akin to seawater, than soft, acidic waters.


Further evidence to support the view that the ancestors of today’s livebearing families originally inhabited the sea can be derived from the fact that nearly a third of all Poeciliinae species can successfully be acclimatized to live in the marine environment, although barely 3 percent of them are normally found in this habitat. A slightly higher percentage occupy brackish water, where they live naturally under less saline conditions than their marine relatives.


Contemporary livebearers have two areas of natural distribution. The greatest number of species is to be found in the Americas, ranging from the U.S. and Central America into southern parts of South America. The halfbeaks, forming the family Hemirhamphidae, occur in Southeast Asia and represent an older, separate lineage.


PATTERNS OF DISTRIBUTION


The major influence that shaped the distribution of the livebearer group today occurred as a result of the changes that took place in the vicinity of modern day Central America. The original link between the North and South American continents was broken about 30 million years ago. Evidence of this first land bridge is manifested today by various Caribbean islands, notably Cuba and Hispaniola. Some of the livebearers found here today, including Cuban endemics such as Girardinus spp. (which occur nowhere else), may represent some of the oldest surviving livebearer lineages in the region.


Being relatively small fish, it is perhaps not surprising that the ancestors of today’s livebearers in the area colonized the shallow but tidal mangrove swamps, doubtless hiding away in the roots of the vegetation here. Living so close to the shore, some of these fish would then have started to move inland, from estuaries up streams and rivers, where they ultimately encountered freshwater. There is DNA evidence from Trinidad that guppy populations on the island did not originate from a single period of colonization but that several waves of invasion took place, separated by periods of anything from 100,000 to 600,000 years.
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Rivers like the Orinoco in northern South America allowed the original marine livebearers to move into freshwater habitats. The Orinoco is just one of the homes of the widespread guppy (Poecilia reticulata).


The ancestral livebearers also extended down the coast of northern South America, encountering similar conditions and establishing themselves in this region too. Indeed, not all members of the group have changed their lifestyle significantly, as in the case of the Anablepidae family. While Anableps microlepis still lives in the sea here, ranging from the Orinoco to the Amazon rivers, the related species A. anableps has crossed into the adjacent brackish area, with its distribution now extending into freshwater too.
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The four-eyed fish (Anableps anableps) occurs in brackish areas of water.


More dramatic land changes then probably carried the adaptable livebearers farther inland. This helps to explain why members of today’s Goodeidae family, for example, are found in the highlands of Mexico, as the link between the North and South American continents subsequently reformed, around 3 million years ago.


Some of today’s most popular livebearers have more recent origins. It is thought that the ancestors of modern day platies and swordtails first developed around a million years ago. The process of speciation, by which populations develop distinctive characteristics and become sufficiently diverse to become recognized as individual species, would then have speeded up as the fish became confined in relatively shallow, small bodies of water. Physical boundaries such as waterfalls also served to isolate the species (and continue to do so), while the drying up of stretches of water may also have played its part during recent geological time in creating the diversity of forms that now exist, as well as contributing to the extinction of an unknown number of others.


BREEDING POTENTIAL


The key to the spread of livebearers and development of some of the isolated populations seen today is their reproductive biology. It is not so much the obvious fact that females produce live young that is significant, but rather that they remain fertile potentially for the rest of their lives after a single mating. Consider a situation when just one fertile female fish is swept away during a period of heavy rain and carried, thanks to her small size, into a new stream. Here, once conditions become more settled, she gives birth, establishing a new population in the new environment.


Livebearing therefore represents a very major survival advantage for a species in this situation, compared with reproduction through egg-laying, where both male and female fish must be together on each occasion that mating occurs. There is clear evidence from field studies with endangered poeciliids showing that they can colonize new habitats quite successfully as a consequence of their method of reproduction.


FROM THE SEA TO FRESHWATER


While the movement from saltwater to freshwater may not appear to be as dramatic a shift as living at temperatures ranging from near freezing up to 81° Fahrenheit (27° Celsius) or so, it does in fact mark a very significant physiological change—salt has a drastic effect on the body.


A fish that lives in the sea faces the problem of preventing too much water from passing out of its body and too much salt entering. This is a result of the process of osmosis, whereby salts pass from a high concentration to a lower one and water passes from a more dilute to a stronger solution. In addition, marine fish must drink seawater as freshwater is unavailable, and so also accumulate salt in that way. The fish’s body responds in various ways to overcome this threat. The gills, for example, actively excrete salt. The kidneys also act to conserve freshwater by producing very little urine. Freshwater is extracted from seawater and drawn into the body from the gut, with the salt passing through unabsorbed, again helping to counter the potentially fatal effects of dehydration in a marine environment.
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Waterfalls present physical barriers to the spread of small fish like livebearers farther upstream from the mouths of estuaries. This is part of the southern habitat of the swordtail (Xiphophorus helleri) in Honduras.


When a fish is living in freshwater, however, the situation is in effect reversed, with the need to remove water from the body and also conserve salts being paramount. The tissues in this case contain a stronger solution than that in which the fish is swimming, and hence osmosis seeks to draw water into the body rather than out of it. Salts this time are more concentrated inside the fish than they are in the water, and tend to pass out. Fish found in freshwater surroundings therefore produce large quantities of very dilute urine, and their kidneys are adapted to save salts within the body. The gills also actively absorb salts from the water flowing over them.


LIFESTYLES OF LIVEBEARERS


It is a feature of many livebearers that they have relatively restricted areas of distribution in the wild. They may sometimes occupy small, shallow pools—rather like their killifish relatives—where aquatic invertebrates such as mosquito larvae are numerous, although some members of the group can equally be encountered in fast-flowing rivers. The adaptable nature of these fish is further reflected by the changes that often occur in their environment through the year. For example, they can face very large differences in the water temperature on a daily basis—as much as 68°F (20°C)—quite apart from longer term seasonal variations. This is because livebearers often live in small bodies of water, which heat up and cool down rapidly. Since they tend to occupy the upper reaches of the water, they are exposed to the widest variations in temperature.
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Guppies (Poecilia reticulata) are the most widely kept livebearers today, breeding readily in aquariums. This is a wild variety; for ornate varieties.


The habitat that livebearers thrive in of course defines their distribution. It is no coincidence that the vast majority of species are small fish. Their size allows them to move into shallow waters, taking advantage of invertebrate foods there, and also means they can live in large groups. As an example, concentrations of huge numbers of mosquito fish (Gambusia affinis and G. holbrooki) have been documented on various occasions. It has even been reported that introduced populations in ponds in Italy became so numerous on occasions that cattle were unable to drink there.


UNUSUAL HABITAT




Members of the livebearers’ group are found in many different environments, and not just in brackish conditions or freshwater. Certain species, such as Poecilia sulphuraria, have even adapted to living in water where the sulfur content is high, as reflected in this case by its scientific name. This species’ natural habitat is very limited, being confined to the Arroyo del Azufre, located in the Mexican state of Tabasco. The sulfur in the water here is too strong to support any aquatic vegetation, aside from a particular type of algae that the fish appear to rely on as their main food source. The fish, like the algae, have a distinctly silvery coloration. These unusual environmental conditions have meant that this is one species that has not proved easy to maintain in aquarium surroundings.





Many livebearers inhabit stretches of water where there is little aquatic vegetation present. Such fish will avoid congregating in schools in the upper reaches of the water under these conditions, preferring instead to use whatever natural cover is available to conceal their presence. This means that in the center of the stream they will often stay close to the bottom, hiding among stones and other debris here. They will also seek the protection of overhanging vegetation at the banks. In contrast, however, livebearers that do occur in well-vegetated streams and similar environments are more evenly distributed through their habitat. This behavior has clear implications when setting up an aquarium for these fish. Not only is an attractively planted tank more aesthetically pleasing, but it should also ensure that the fish settle well in these surroundings, rather than lurking in an area where cover is available.
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Mosquito fish (Gambusia affinis) can multiply at an amazing rate under suitable conditions.


An interesting observation in waters where livebearers have been caught is that within a population there can be a considerable variation in size between individuals, unrelated to their gender. This may well bring survival advantages for the population, since while the smaller fish may be more able to hide away, so their larger companions may be less vulnerable to the pressures of predation. Size is also significant in reproductive terms, since the bigger female livebearers will have correspondingly greater numbers of offspring and can boost the population accordingly. They therefore represent a reserve of genetic power.


Young livebearers face a particular risk of predation, often from their own species as well as others. Consequently, they tend to be encountered in the densest vegetation, often close to the water’s edge, where they can slip away undetected. Older fish, on the other hand, are less at risk and so tend to be found throughout the habitat.


As they occur in restricted areas of water, certain livebearers are now regarded as being especially vulnerable to the threats arising from human activity. These can range from water extraction, which affects water levels, to the runoff of fertilizers and pesticides, as well as general industrial pollution, all of which can impact on the aquatic vegetation. But here again, the adaptable biology of livebearers does offer some hope for their survival in the face of adverse environmental conditions—guppies (Poecilia reticulata) have even been recorded living in sewage drains.


PREDATION AND ADAPTATION


As they are relatively close to the bottom of the food chain, populations of livebearers also face pressures of predation as part of the battle for survival. Their relatively small size means that they are vulnerable to a host of possible predators, ranging from turtles and amphibians to birds and even other fish, including Cichlasoma spp. of cichlids. While aquarium keepers marvel at the diversity of forms that have been created in livebearers such as guppies (Poecilia reticulata), the underlying biological basis for this beauty is simply survival. So-called “plasticity” in guppy populations helps them to resist the assaults of predators such as cichlids, enabling them to adapt to a particular threat in their environment. This phenomenon has been demonstrated through a fascinating series of experiments conducted on wild guppies from different areas of Trinidad.


On this Caribbean island, there are two significant piscine predators of guppies. In stretches of water where the predatory giant rivulus (Rivulus harti) predominates, this egg-laying toothcarp—which averages about 4in (10cm) in length—feeds mainly on small young guppies. The guppy populations in such areas tend to be skewed in favor of females, which grow to a significantly larger size than their male counterparts, and there are relatively few young in the population. The guppies occur at quite high densities, since the females themselves are unaffected by predation.


Elsewhere, however, the much larger pike cichlid (Crenicichla alta) tends not to hunt young guppies, preferring instead to prey on adult fish. The makeup of guppy populations in stretches of water where pike cichlids abound is therefore quite different. Young fish are common, but the population density is low, with the fish being spread out so that they are harder to hunt. There is also no significant difference between the numbers of male and female guppies.
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The giant rivulus (Rivulus harti) is a predatory species, capable of feeding on young guppies but not adults which are too large to fall prey to it.
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Pike cichlids (Crenicichla alta) will hunt adult guppies, and have had an intriguing effect on the behavior of these fish in the wild.


Further investigations have been carried out to reveal how changes could occur, by altering the impact of the selection pressure imposed by predation. This entailed taking guppies that had originally evolved where pike cichlids were the dominant predator, and placing them in an isolated stretch of water where rivulus were present, but where previously there had been no guppies. The guppies were left here for several years, after which time a number of their descendants were then caught. It emerged that not only had the population of introduced guppies become larger in terms of physical size, but also that the females were producing bigger but fewer offspring in each brood.


Other studies carried out showed that even when kept under identical laboratory conditions, guppies originating from populations that had suffered from rivulus predation still had bigger off-spring than those derived from waters populated by pike cichlids. Interestingly, both groups of guppies produced more offspring when they were housed under low stocking densities. They did this not by increasing brood size, but rather by shortening the interval between broods. This has a clear potential significance for aquarium breeding: if the aim is to build up the numbers of a particular line, then the females ought to be kept in spacious surroundings as this should result in them breeding faster.


The researchers recorded greater sociability and fewer aggressive interactions in guppy populations from areas where pike cichlids were the dominant predators, and higher reproductive activity. This indicates that such populations were under greater pressure as the result of their predation, compared with those that had evolved in the company of rivulus and were relatively safe once they had grown to a large size.
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Ornamental fancy guppies (Poecilia reticulata), such as this triangletail variant, are more colorful and also less powerful when swimming, compared with their wild relatives. They would therefore be much more vulnerable to predators in such surroundings.


Another line of investigation focused on the coloration of male guppies, and revealed that levels of predation could also influence this aspect of their appearance. Perhaps not surprisingly, the most colorful males were to be found in areas where predation was carried out mainly by rivulus. In contrast, conspicuous coloration was far less apparent in male guppies inhabiting areas where pike cichlids occurred. This conclusion was reinforced by similar research carried out on guppy populations in Venezuela.


Camouflage can also be influenced by predation. Zoologists found that where the gravel substrate was quite coarse, a larger pattern of spots developed over successive generations of guppies, compared with those fish inhabiting areas where the covering on the streambed was much finer. The appearance of the guppies was altering, allowing them to blend in more effectively against their background. This change occurs only in the presence of predators, however, confirming that the appearance of the natural guppy population in the wild is directly shaped by the effects of predation. This was further emphasized when guppies from populations that were heavily predated were moved to nearby waters where they were relatively free from such pressure. Following the move to such an environment, the male fish soon became more colorful.


It has been shown that recognition of their predators is not necessarily an acquired instinct. Certainly in the case of guppies, there is clear evidence to show that this behavior has a genetic basis. This has been proven in laboratory tests involving captive-bred guppies from various wild populations. Those that had naturally suffered heavy predation were more cautious in approaching predators, and were especially careful not to stray too close to the area of the mouth, compared with fish that had not been subjected to such pressure.


PARASITES AND PAIRING


Not all threats to the guppy’s survival are the result of predation, however. The microscopic parasite Gyrodactylus is spread easily by contact between individuals, and one of the symptoms of this infection is that it causes male guppies to lose color, so they become paler. It has been observed that when selecting a mate, female guppies will select those males that display the brightest coloration. Since Gyrodactylus infections are relatively common in the wild and often prove to be fatal, such behavior could have significant implications for the survival of the entire population. By avoiding potentially infectious males, females are safeguarding not just their own health but also that of their offspring. The fact that they make a positive choice in this respect has been demonstrated by laboratory experiments using male fish cured of this ailment, which were still paler in color than previously healthy individuals—these fish were ignored by the females. This in turn probably also helps to explain why male guppies will become more brightly colored under normal conditions where predation is quite light.


FOREIGN INTRODUCTIONS OF LIVEBEARERS


Further evidence for the adaptability of this remarkable group of fish can be found in the way at least 19 different species of livebearer are now established in foreign locations, often far away from their natural habitats and in places where they can also face heavy predation. Many of these populations have been established for over half a century, dating back to the time when it became fashionable to introduce them in order to exert a biological control over mosquito populations.


The western and eastern mosquitofish (Gambusia affinis and G. holbrooki respectively), which used to be considered as a single species, are now established on every continent apart from Antarctica as a consequence of such policies. These fish were even dropped directly by US military planes into remote freshwater localities on various Pacific islands during World War II. Unfortunately, their value in controlling mosquitoes has proved limited, and they may prey on young fish of native species in preference, with consequent harmful impacts on those populations. Guppies (Poecilia reticulata) were also tried for the purpose of mosquito control, but proved to be a failure in this regard.
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Livebearers such as the eastern mosquito fish (Gambusia holbrooki) have been used with variable success as a means of biological control, well outside their natural range.


Many other livebearers are now thriving across various continents in tropical regions in particular, thanks to being deliberately released. Such fish can represent a serious threat, not just to unrelated fish but also to native populations of livebearers if they are liberated into the same areas. The fact that livebearers can be restricted to small localities means that they are potentially vulnerable in the face of competition.


ENDANGERED SPECIES
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