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LIVING IN WATER  (pp.12-16)

Water conditions, chemistry and temperature vary hugely around the world and fish have evolved to occupy every kind of habitat.

There are thousands of species of fish living in the marine, brackish and fresh waters of the world, in both, tropical and temperate conditions. Each requires a given set of parameters to live and reproduce successfully.

What is meant by the term ‘tropical’? 

In the purest sense, it applies to the portion of the globe that lies between the tropics of Cancer and Capricorn, but things are never that simple. Nature is oblivious to any lines drawn on a map, preferring plants and animals to colonize areas suited to their own requirements for a fruitful life - and temperature may be only one aspect of their needs. Thus, in the tropical freshwater hobby, we have fish available from the tropical and subtropical regions.

Latitude is not the only thing that influences water temperature; altitude also plays a part. Fish found in a high mountain stream in, say, Peru, will be living at much lower temperatures than fish at a similar latitude in the mid to lower Amazon Basin. Even within streams, lakes and pools, there can be a diurnal (day-night) fluctuation in water temperature, or thermoclines (layers of water with a steep temperature gradient) that cause no ill-effects to the inhabitants.

Being ectothermic (incorrectly described as ‘cold-blooded’), fish rely on the warmth of their surroundings to maintain their body temperature and to function at optimum levels.

The chemistry of water also varies from place to place. In Africa, the most obvious examples within the hobby are the Rift Lake cichlids that live in hard, alkaline waters, and the small West African dwarf cichlids, which prefer soft, acidic conditions.


Fish found in fast-flowing streams or rapids require high oxygen levels to survive. Usually, these waters are also cool. Fish from swampy regions are at the other end of the range; their water is much warmer and has a lower oxygen content.

How fish adapt to water conditions

Water is much denser than air. Fish have come to terms with this, and their body shape, fin shapes and positions, and mouth types can be a valuable clue to their natural home. Hillstreams may be slow flowing in the dry seasons, but during the rains they become raging torrents that carry silt and rocks down to the main rivers. Fishes living in these conditions often have flattened bodies, and mouths or finnage that have been developed into some form of sucker to help anchor them firmly to a rock or log and prevent them being washed away in the torrent. Some catfish, loaches and balitorids are typical of fish found in such areas.


By contrast, the slow-moving waters of the lower reaches and backwaters of rivers are home to fish with laterally compressed bodies, such as discus that would be swept away with the swirling water in fast-flowing streams.


Even seasonal pools can harbour fish, and the annual killifishes have exploited this niche. Males have developed extended, flamboyant finnage and the fish have become very popular in the hobby. 


Caves and sink holes also provide homes for fish. The best known of these in the hobby is Astyanax fasciatus mexicanus, the blind cave fish, but there are more than 40 other species of cave fish, all of which have evolved to cope with this demanding lifestyle.     ….

FIRST IMPRESSIONS (pp.18-41)
It is hard to imagine the effort required to move in water, a medium that is 800 times denser than air. All aquatic organisms encounter this problem, and they have adapted to operate efficiently and with the minimum of effort.

Most constantly swimming fish have a uniform, more-or-less torpedo-shaped body that is described as fusiform. It reduces to a minimum the effect of drag on the fish – the consequence of water passing over the body, fins and any other external feature. The drag will always be there, but can be greatly reduced by variations in body form and finnage.

Variations in body shape 

In many surface-dwelling fish, the body is flattened along the dorsal (top) surface. The mouth is invariably placed dorsally. These fish can easily feed from foods at, or even slightly above, the water surface … There are a great number of examples; many killifish, the hatchetfish (Gasteropelecus) that leaps from the water to capture low-flying insects, the archerfish (Toxotes), with its splendidly accurate spitting aim that dislodges bugs and insects from overhanging tree branches, and the powerful arowana, which can leap 1m (39inches) or more into the air to capture much larger prey. The main concern of surface-dwelling fish it to ensure concealment from terrestrial predators. Long, flowing or high dorsal fins would stick above the water surface and advertise their presence, so these are greatly reduced in height.


Elongate, eel-like body shapes are ideally suited to fish that live among plant and submerged tree roots on the substrate. In these fish, the finnage is somewhat reduced in size, with little of the flamboyance seen in other fish. Tropical examples include the African reedfish (Erpetoichthys calabaricus) and some gobies (such as Gobioides broussoneti).

Body coverings

As well as skin, many, but by no means all, fish are covered in scales or bony plates. As we shall see, there is a distinct difference between these coverings. In fish that are just covered in skin, this is usually thick and tough.

Scales

The most common form of covering is scales. These may cover the entire body and head or be limited in extent. The number of scales on a fish can vary greatly in both size and quantity. (The number and arrangement of the scales is referred to as squamation, and can be used as a basis for identification.) There are three main types of scale, each found on different fish. Ganoid scales are roughly trapezoidal in shape, with a small extension in one corner. The outer layer of these scales is covered in a thick layer of ganoine, a hard enamel-like material. This type of scale is particularly thick and found on more ancient fish, such as bichirs and African reedfish. 


Cycloid scales are the most commonly encountered and so-called due to their roughly circular form. This type of scale is found on characins, cyprinids and many cichlids and is the one that best shows the seasonal growth cycles.


The third type of scale is ctenoid (the ‘c’ is silent). These scales have a comblike fringe at the trailing edge. Examples include the aptly named Ctenopoma (African bushfish).


Cycloid and ctenoid scales are fairly flexible, and because they overlap, only about 25% of the scale is visible externally, in much the same way as tiles on a roof. As the fish grows, so do the scales. In good seasons, when food is plentiful, the fish and the scales grow at a greater rate. This seasonal growth can be seen as growth rings on the scales, although some magnification will be needed to see this on small fish.

Bony plates

Bony plates, as found on some catfish such as Corydoras, are very different from scales. When the fish first hatch they lack any plates, but in the early stages of development, the skin folds along the body and gradually hardens into bony plates. These plates can be quite thick, so much so that the lateral line pits cannot penetrate the plates. Instead, the lateral line pits are located just where successive plates overlap, so that their function is not impeded.

The purpose of scales and plates

Moving in water, which is hundreds of times denser than air, is extremely difficult. Overlapping scales help the underlying muscle segments to produce the sinuations [sinuation: a winding or bending in and out] of the body that give the fish a swimming action. There is also a strong possibility that scales [λέπια] help to reduce drag [drag: haul, pull].


Scales, in particular, are somewhat fragile, and while in most species they can regenerate, they do not necessarily protect the fish in certain adverse conditions. Take, for example, bottom-dwelling fish that are subjected to buffeting [χτυπώ/ knock around] currents that can dash them against debris or the substrate. Often, in these fish the area of the body normally covered by scales is either greatly reduced or there are no scales at all, and the naked skin is greatly thickened to afford protection. This is seen in many catfish, including bagrids and pimelodids. The naked skin is often more thickly covered in mucus to give added protection against disease caused by damage. The mucus also acts as a lubricant between the fish and the surrounding water. In the cyprinid Gyrinocheilus, the so-called Chinese algae-eater that lives in fast-flowing hillstreams, the upper part of the body is covered in scales, but there are none on the underside, the part of the body most vulnerable to damage from the environment.


Of course, those fish with an ample covering of bony plates are even better protected, not just from harsh environments, but also to a limited extent, from predation. However, all this extra protection comes at a cost. The ability to flex the body – essential in long, continuous swimming – is reduced, and the additional weight of the bony plates also slows down the fish.

Coloration

Within the skin are pigmentation cells that give fish a variety of colours. Without these cells the fish would be flesh-coloured, just like unpigmented cave fish. There are two main types of cell that produce colour. The chromatophores contain pigments of different hues. When varying pigments in adjacent cells mix, like an artist mixing paints, more colour variations are created. The intensity of colour can also be controlled by concentrating or diluting the pigments.


The other form of pigment cells are iridocytes, which, as the name suggests, impart a degree of iridescence, or sparkle, to the colour. The prime constituent is waste material of the blood system.


Many fry have little pigmentation; their bodies are often virtually transparent – an ideal form of concealment in the first few days of life. Some other fry are similar in colour to their surroundings, only developing the vibrancy of the adults as they grow and are better able to defend themselves.

Body shape and colour in action

Fish use colour in a variety of ways. Many fish, particularly midwater and upper-layer swimmers, have a basic countershaded form to the body, whereby the dorsal surface is a dull grey-brown and the underside is silvery-white. This is common to most fish, even in those that appear quite colourful from the side. If you look at your fish from above, you will notice two things. The fish is not only much harder to spot, but also more difficult to identify, because all the other fish have a similar dorsal colour. This also makes it harder for predators above the water surface to find their prey, as the dull coloration helps the fish to merge with the substrate. Bear in mind that natural predation of freshwater fish is primarily from terrestrial and particularly aerial vertebrates. Conversely, the silvery-white underside, when viewed from below, merges well with the brightly lit water surface.


It is not surprising, therefore, that most bottom-dwelling fish are fairly dark in colour, particularly as in many cases the body is moderately compressed. Seen from above, the dark colour merges well with the surroundings and is the reason why many catfish (which are principally bottom-dwellers anyway) lack the resplendent hues of other fish.

Confusing spots and stripes

Most vivid coloration is limited to the lateral surfaces of a fish and has a wide range of different functions. 


Shoaling fish often display a recognizable colour pattern or spot at the base of the caudal fin, or more commonly, stripes or a large elongate mark on one or both lobes of the caudal fin. These help the fish to identify rapid changes in direction of the shoal, acting like tail lights of a car at night as it travels the congested highways.


Single, large, colourful iridescent spots with a dark border (called ocelli), again placed near the hind end of the fish, are used to confuse a predator into believing that it is seeing the eye of its prey. The luckless predator is then most perplexed when the prey swims in the opposite direction to that of the false eye end, and the potential prey lives to see another day.


Some egglaying African cichlids use spots to induce fertilisation in the spawning ritual. The spots, usually between two and five and the same size and colour as the eggs to be laid, are placed on the anal fin, immediately behind the vent.


Colour and pattern are also used to ‘break up’ the shape of the fish through what can only be described as visual confusion. This occurs a great deal in marine reef fish, but is also seen in some freshwater species. The intention is to create false bands of shadow using dark bands that do not follow the general shape or outline of the fish.


Vertical dark bars are often found on fish that spend much of their time amongst dense vegetation, while the lighter parts between the bars merge with the stems of the plants.

Angelfish (Pterophyllum), discus (Symphysodon) and some barbs are examples of this form of coloration.


Netlike, reticulated patterning is often seen on fish that live in shallow, fast-flowing waters, where dappled sunlight penetrates the surface. Examples here are some of the hillstream danios and the royal plec (Panaque nigrolineatus).

Warning colours

Coloration can also be used as an advertisement, as a warning or to attract a mate. Venomous fish are often garishly coloured, as are some spiny fish. A predator will only attempt to capture these fish once; after that initial experience, it will quickly recognize them by their colour and avoid them in future confrontations.

Sexual coloration

In many fish, coloration intensifies at the outset of spawning to attract a member of the opposite sex. This is generally (but not always) more likely to happen in males, the winners being the ones with the most flamboyant display. The variation between the normal coloration and the mating spectacle can be quite marked, but it is vital for attracting the healthiest mate. However, it can be a risky business as it may also attract the unwanted attentions of passing predators. Often, the fins are also called into action to enhance the display and are intensely coloured during this activity.

Day and night colour changes

One little-known fact is that many freshwater fish change colour and/or pattern during the night. A prime example of this is the pencilfish (Nannostomus and Nannobrycon spp.).  The reasons are not fully established, but it could be an energy efficiency measure. (This is comparable to a screen saver on a computer monitor). After all, energy derived from food is required in the generation of colour. Virtually all cave-dwelling fish that live in perpetual darkness have lost all pigmentation, probably for the same reasons. Some cave fish (and there are over 40 true cave-dwelling species) are fairly ‘new’ (in evolutionary terms) to this existence or live near the mouth of the cave. These fish often display only weak pigmentation. If they are then placed into an artificially lit environment, some regeneration of the pigment cells may occur.

Masters of disguise

Often, colour and body shape combine effectively to help a fish disguise itself. A good freshwater example of this is the South American leaf-fish, Monocirrhus polycanthus. Its body is greatly compressed (flattened laterally) and shaped like a leaf, even down to the leaf stem – a short appendage on the lower jaw. In addition, its colour resembles that of a mottled brown dead leaf. Drifting in the water currents, it goes unnoticed by the hapless fish on which it preys.


A similar situation exists in many of the banjo catfish, found principally in the tropical forest creeks of northern South America, although here it works to protect the fish from predation. They, too, look like dead leaves and live among true fallen leaves. Even when they are picked up and released in an aquarium, they simply drift back onto the substrate, rather than make a mad dash for cover. Another example is Farlowella, the twig catfish, which is both shaped and coloured like a piece of dead twig in the water. It goes largely unmolested as it feeds on algae. In fact, many sedentary catfish have evolved bizarre body forms that do an enormously good job of concealment.


Fish that live near the surface, such as hatchetfish (Gasteropelecus), are often silvery coloured, so as not to draw attention to themselves. They are also fairly flat along the back, so that only the dorsal fin penetrates the water surface. The mouth is also adjacent to the surface, so that it can easily engulf any insect that falls onto the water. Other surface-dwellers, such as the freshwater butterflyfish (Pantodon), sport a brown-marbled pattern, emulating tree debris floating on the water. 

Brightly coloured fish
Of course, there are exceptions to the widespread use of colour and pattern as concealment or camouflage. Even though they are mainly surface-dwellers, many of the killifish have intense hues. However, they often live in small, temporary bodies of water, with a greatly reduced, if not absent, population of predatory fish. (But birds, the prime vertebrate predators of fish, are ever-present). Because of the temporary seasonal existence of the water, which often limits killifish lifespan to much less than a year, the fish must quickly breed and lay their eggs. It is the brilliant hues used by the males that attract a suitable female with which to breed.

The scientific way of describing fins

In scientific literature, you may see the fin ray count presented in a mixture of Roman and Arabic numerals. Roman numerals signify simple rays, Arabic ones are used for branched rays. Letters describe the individual fins, so D=dorsal, A=anal, P=pectoral, V=ventral and C=caudal. Let us take the following example (for a Severum cichlid): 

D XVI-XVIII/ 13-14;  A VII-VIII/ 12-13.

From this we can deduce that the dorsal (D) fin ray count is 16 to 18 simple rays, followed by 13 to 14 branched rays.  The figures following the ‘A’ refer to the fin ray count and type of the anal fin.


If no Roman numbers are given in the ‘specification’, it means that only branched rays are present.
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