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Ecosystems entail all the varied species of organisms, and their interactions between each other and the environment.  Some of these systems are simple, and could potentially be found in many areas around the globe.  Conversely, there are extremely complex systems of specialized species that are found nowhere else on earth.  However, neither of these scenarios has existed in stasis since the genesis of life on earth.  The immense multitude of organisms has had to come from previous ancestors through an evolutionary process known as adaptive radiation.


Adaptive radiation is defined as the “developmental diversification of a group of organisms from an original ancestral form or group into several different forms that adapt to different environments.” (“Adaptive Radiation”)  One example of adaptive radiation is the great emergence of mammals after the extinction of the dinosaurs.  However, probably the most successful example of this process would be by a group of fish known as cichlids.  


Cichlids, which form the family Cichlidae, are one branch of the order Perciformes.  Members of this order are characterized by their dorsal fin, one part of which is composed of hard spines while the other part is made of soft rays.  Cichlids are naturally found in the Great Lakes of east Africa, Central and South America, and a few parts of Asia, including Israel, Iran, and India.  Nearly every species of cichlid is involved in highly developed brood care, protecting and raising their eggs and fry.  This extensive brood care, which is unusual among fish, directly leads to high levels of territoriality and a heightened sense of natural aggression.  (Schliewen 110-1)


A look at their broad distribution, with major groups of constituents inhabiting three continents and a few species encroaching on another, lends evidence to the cichlids’ success.  However, this alone is not proof enough to show their adaptive radiation.  To best understand their success, we must look at this family’s African representatives living in Lakes Malawi, Tanganyika, and Victoria.  


These three lakes were created by volcanic activity in the Great Rift Valley during the late Pliocene epoch.  These three lakes are among the ten largest freshwater lakes in the world, with Victoria being the largest and Malawi being the smallest of the three in question.  The water of these lakes is neutral to alkaline in pH, which is an unusual quality for lake systems.  (Axelrod 16)


These three lakes are isolated from each other, with no tributary streams for water transfer.  Thus, evolution has been allowed to proceed in its own direction undisturbed in all three lakes.  This isolation has resulted in explosive radiation, which created not only a large amount of species but species that are endemic to each lake.  (Axelrod 20)  Endemism means that a particular classification of organism is found in one particular, and usually limited, geographic region and nowhere else on earth.


Cichlids are not the only fish in these lakes; however, they are the overwhelming majority of species.  Lake Tanganyika has 158 cichlid species and 67 non-cichlids, giving a proportion of 70% cichlids.  Lake Victoria has 175 resident cichlids species and only 38 non-cichlid species, yielding an 82% species composition in favor of cichlids.  But, the ultimate speciation is found in the smallest of the three lakes, Lake Malawi.  Here, there have been 225 identified species of cichlids and only about 40 non-cichlid species, resulting in 85% cichlids species composition.  (Axelrod 20, 28)  However, not all species have been discovered in these lakes yet, and Lake Malawi may contain up to 500 cichlids species; this would mean that this lake has the greatest fish species diversity anywhere in the world.  (Schliewen 116)  And what is more astounding is that there are less than 10 species combined which are not endemic to one lake; this is nearly 100% endemism for each lake.  (Zaret 725)


Numbers like these are good indicators of success, yet aren’t enough to conclusively show how varied these fish are and how much they have adapted to their environments.  While there is almost no species overlap among the three lakes, there is a great deal of convergent evolution of traits represented.  In the sandy-bottom regions, some cichlids have adapted to live in abandoned snail shells, possibly due to a scarcity of shelter.  Others are laterally compressed to avoid detection. (Axelrod 40-1)  Some species have very fleshy lips, possibly to aid in the detection of food.  Some species exhibit a high degree of polymorphism, which is the presence of varied skin patterns and colors; the master of this trait is Pseudotropheus zebra of Lake Malawi.


The largest differentiation among cichlids would have to be in their feeding habits, which can be seen in the morphology of their jaw and teeth.  Cichlids have been advantageous of the varying food sources present, and have diversified into many kinds of herbivores, carnivores, and omnivores. (Axelrod 48)  Perhaps one reason for the great speciation of cichlids is that they display a high degree of food partitioning.  Isotopic testing in Lake Malawi has revealed that closely related herbivorous species, such as Pseudotropheus zebra and P. tropheops, will not feed indiscriminately but have different feeding strategies.  This extreme partitioning is a good example of how the competitive exclusion principle works.  (Bootsma 1287-8)


Herbivorous cichlids can feed on free-floating algae and diatoms, large plants, or scrape encrusted algae from rocks (called “aufwuchs feeders”). (Axelrod 48)  Omnivorous cichlids are indiscriminant feeders, eating anything that could fit in their mouths.  Zooplanktivores are open-water schooling fish (called “Utakas” in Malawi) whose mouths extend into sucking tubes to capture the drifting invertebrates.  There are carnivorous cichlids that have compressed heads to reach into rock crevasses to capture their invertebrate pretty, while others gulp and spit out mouthfuls of sand to sift out their prey. (52-3) Some snail feeders have modified teeth to crush snail shells. (56) Then there are cichlids that eat other cichlids.  Some are fast, streamlined predators that directly attack; others use camouflage, like Haplochromis livingstonii of Malawi, which resembles a rotting fish. (64) Then there are the highly specialized scale-eaters, which feed only on another living fish’s scales. (69)


Cichlids vary immensely in breeding and brood care habits, as well.  The two main breeding strategies are mouth brooding and substrate brooding.  Substrate brooders lay eggs openly on the surface or in hidden cavities.  The eggs are then fanned to increase oxygen supply.  There is lengthy parental care of eggs and fry.  Mouth brooders collect the eggs, and sometimes fry, in the parent’s mouth for protection.  Parental care is shorter than in substrate brooders, but usually protect their young up until the point in which the fry can swim away. (Schliewen 110)  Lake Malawi contains only mouth brooders, but this strategy is not limited to this lake.


There are also many family types and strategies.  The following pair bonds have been seen in the wild: monogamy, polygyny, polyandry (rarely), and agamy (no bond).  Within these bonds, the offspring are attended to in different ways.  One or both of the parents can be responsible for the rearing of the young.  Sometimes the male will defend the territory while his mate or mates protect the offspring.  Sometimes its even an extended family affair.  (Schliewen 111)


This success and variation isn’t limited to the African cichlids but extends to both the Central and South American cichlids, which are as different from each other as those of the African lakes.  Central American cichlids are strictly substrate brooders, just like the cichlids of Lake Malawi are only mouth brooders.  One study was done in Lake Jiloa, Nicaragua, to understand breeding site competition among cichlids.  In this lake, there were nine cichlids species and six non-cichlids species, only one of which competed with the cichlids for breed space.  Not quite as drastic as in Africa, this lake still shows the cichlids’ dominance in its habitat.  (McKaye 291)


In Lake Jiloa, it was discovered that one fish, Cichlasoma citrinellum, regulated the activities of the rest of the inhabitants.  This large cichlid is the most aggressive fish in the lake, and out competes all other fish for breeding space when conditions are good in the wet season.  In fact, the only other two species that are able to breed at this time, Cichlasoma nigrofasciatum and Neetroplus nematopus, are the smallest two.  The reason these can breed concurrently with C. citrinellum is that their large difference in size does not require them to have direct competition.  Instead, these three species concentrate on intraspecific competition for space.  (294)


The other cichlids and the non-cichlids eleotrid are able to breed in the dry season when C. citrinellum is limited by food. (300) Of these fish, the eleotrid is the least competitive.  (298)


We have seen that cichlids are successful wherever they live.  One possible reason for their vast diversification may be due to the stability of their environments.  These fish all live in the tropics, which experience little seasonality.  Furthermore, most cichlids live in lakes as opposed to rivers, which have more seasonality than lakes do.  Stable environments generally have higher species diversity than unstable environments do.  Thus, the majority of cichlids’ habitat is very stable, allowing for vast diversity. (Zaret 722)  Given the vast diversity of cichlids across the world, especially for such a specific taxonomic grouping, it is hard to argue that they are not the ultimate masters of adaptive radiation.
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