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Abstract

Observations in the wild and in Aquaria reveal that many stony corals reproduce asexually. In fact, rapid multiplication through asexual means may be a preferred reproduction strategy for certain species when given ideal growing conditions. Unlike sexual reproduction, asexual reproduction may occur at any time, and often multiple times during the year. 

We review known methods of asexual reproduction, and propose new directions for the commercial culture of stony corals.

Résumé


Les osbservations effectuées dans le milieu naturel et en aquarium relèvent que beaucoup de coraux durs peuvent se reproduirent de manière asexuée. En effet, ce type de multiplication rapide pourrait être la stratégie de reproduction préférée de certaines espèces, lorsque les conditions de croissance sont idéales. A la différence de la reproduction sexuée, la reproduction asexuée peut avoir lieu à n’importe quel moment et plusieurs fois par an.


Des méthodes comme la multiplication asexuée sont examinées ici et de nouvelles directions pour la culture commerciale des coraux durs sont proposées.

The world has an increasing need for live stony corals. The demand comes from the pet industry, the public aquarium industry, various biotechnology industries, and mitigation specialists trying to repair damaged wild reefs.  Aquaculture of stony corals could help meet this demand. Like many other aquacultured animals, corals reproduce sexually, potentially providing countless billions of larvae. But for many stony corals, sexual reproduction occurs naturally only a few times a year, and in some species, only once in several years. Our understanding of what factors control sexual reproduction in corals is still very incomplete.

However, many species, including some of the most popular in the aquarium trade, show a remarkable ability to reproduce asexually; that is, without the interaction of sperm and egg. Our preliminary observations indicate that further study of asexual reproduction offers more, and better, opportunities for the commercial culture of hard corals.

Richmond (1997) urges a distinction between coral colony growth and new colony formation when studying asexual reproduction in corals. Most coral colonies grow by asexual budding of new polyps. If the polyp undergoes fission, splitting at the mouth into two polyps, it is called intratentacular budding. If it produces a new polyp between two or more old polyps, it is called extratentacular budding.  If the new polyp, or polyps, remain attached to the old, Richmond (1997) considered it growth. If the new polyps detach from the old, it was considered reproduction. If the new polyps detach and survive, it is considered coral recruitment.

Several distinct types of asexual reproduction have been described (Table 1). The most well-known is fragmentation (Highsmith 1982, Sammarco 1986, Fossa and Nilsen 1998). It is most common in many types of acropora corals, especially those that grow finger-like projections. In the wild, unusual surges or wave action break off pieces of the parent coral. Under the right conditions the fragments will settle nearby and begin growing into new colonies, while the parent heals completely. In aquaria, fragments have been similarly broken off by aquariasts, then cemented to a new substrate with epoxy, eventually growing into new coral. The Monaco Aquarium is one of the world leaders in this technique. Perhaps less well known is that many larger polyp corals that grow in a finger-like pattern, including some Goniopora, Alveopora, Hydnophora, Euphyllia, Caulastrea and others can be reproduced in the aquarium by fragmentation.

1)  FRAGMENTATION

2)  BROODED PLANULA LARVAE

3)  POLYP BAIL-OUT

4)  POLYP EXPULSION

5)  ANTHOCAULI

6)  POLYP BALL

  Table 1. Types of Coral Asexual Reproduction

A second reproductive strategy is brooded planula larvae. It is best known in Pocillopora damicornis, but also appears to occur in Tubastrea coccinea and Tubastrea diaphana (Stoddart 1986). Originally this was thought to be a type of sexual reproduction. But further studies showed that in these species, brooded larvae were all genetically identical, and not the result of fertilization. It has been suggested that, at least in Pocillopora, unfertilized eggs undergo parthenogenesis to become competent planula larvae (Stoddart 1983).

A third strategy is described as «polyp bail-out» (Sammarco 1982). This pattern is almost invariably due to environmental stress or predation. It is characterized by the coral polyp, including brooded planula larvae, separating from the calyx and drifting a short distance away. The parent colony usually does not heal or re-grow. Survival among the «bailed out» polyps is reportedly less than 5% (Sammarco 1982). We have seen a similar «bail-out» in Goniopora after prolonged shipping stress. Sammarco (1982) does distinguish between polyp bail-out in response to stress and the polyp separation from the coral skeleton sometimes seen in Catalaphyllia and other large- polyp corals.

A recently described approach is seen in Favia favus and Oculina patagonica (Kramarsky-Winter et al. 1997). Here the colony produces distinct polyps, with their calices, on slightly raised stems. The new polyp is either pushed out or swept away when fully developed, hence the term «polyp expulsion». Unlike polyp bail-out, the parent colony remains perfectly healthy and heals completely within 2 weeks. Unlike the surrounding polyps, the expelled polyp is without gonadal tissue at the time of expulsion, suggesting that it is uniquely created by the colony for local recruitment. Although no recruitment data was presented, Kramarsky-Winter et al. (1997) argued that the expelled polyp with its attached calix had a better chance for survival in the shallow, physically disturbed warm water areas in which this reproductive mode was observed. Identical corals in deeper water, with less sediment or at cooler times of the year did not display coral polyp expulsion.

Fungiid coral show an interesting asexual reproduction through anthocauli. Fungiids damaged by environmental stress, predation, or partial burial under sediment produce new buds, termed anthocauli, at the site of remaining tissue fragments (Krupp et al. 1993). The anthocaulus is virtually a miniature version of the adult coral, attached to the parent skeleton by a thin calcified stalk (Delbeek and Sprung 1994). Interestingly some researchers report that if the tissue fragments include any part of the original mouth, the coral tries to regenerate around it (Kramarsky-Winter and Loya 1996). If the tissue fragment is not connected to any part of the original mouth, it apparently regresses into a planula-like «polyp ball» which then turns into one or more anthocauli.

In fact, the term «polyp ball» is often used to identify the last known mode of asexual reproduction in stony corals, and perhaps the most widespread (Sammarco 1986, Veron 1986, Delbeek and Sprung 1994, Fossa and Nilsen 1998). The original «polyp ball» description involved Goniopora stokesi (Rosen and Taylor 1969). This coral is normally spherical, with large polyps extending out several centimeters. Rosen and Taylor (1969) reported finding as many as 40 miniature coral polyp colonies, with varying numbers of adult-size polyps on each, attached to the parent colony by connective tissue alone. The young corals, like their parent in this species, are spherical, hence the term “polyp ball”.

In our lab we have observed Blastomussa merleti, Blastomussa wellsi, Favia, and Hydenophora all showing a ballooning of tissue in the extratentacular space between 2 or more adjacent polyps. This ballooning is more pronounced in the daytime, and less so at night.  Over several weeks the balloon becomes larger and progressively more pinched at the point of attachment (Photo 1). Small granules form within the ball.  At some point the size of the balloon «sail» or the weight of the granular «anchor» causes the ball to separate from the parent coral. After rolling or drifting to a stop the granules sink to the bottom of the ball. The granules soon become cemented together to form a distinct bottom. The rest of the coral polyp orients itself and differentiates from there, forming a new mouth and tentacular ring. Soon it begins the process of adding more and more polyps.

[image: image1.png]



Photo 1: Close-up view of a polyp ball containing granules in the moon coral Favia
Based on our observations, some Goniopora and Alveopora probably follow a similar pattern. However, the new coral may stay attached to the parent coral for longer periods, and to a more developed state for reasons unknown to us.

We have observed a similar polyp ball in Plerogyra sinuosa, or Bubble coral. Instead of granules within the polyp ball, this coral creates a flat plate (Photo 2). Delbeek and Sprung (1994) reported similar developments in Catalaphyllia, Trachyphyllia and Euphyllia, referring to the plate as an unattached septae. Whether it is indeed the primary septum of the new coral, or simply a better sail/anchor for the polyp ball is not yet clear to us.
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Photo 2: Poly ball formation containing septal plates in the bubble coral Plerogyra
This is all very interesting. But how does it help us culture corals? We believe it is important to try and understand when and why corals pursue asexual reproduction, as well as how. Some argue that sexual reproduction is preferred under good conditions, with asexual reproduction more important at the fringes of the ecological range limits, or in unstable or physically disturbed environments (Richmond and Hunter 1990, Delbeek and Sprung 1994). Others argue that asexual reproduction dominates in stable environments, to take advantage of good conditions, with sexual reproduction becoming important to disperse larvae out of affected areas only when environmental change occurs (Fossa and Nilsen 1998).

Our observations in aquaria suggest that successful asexual reproduction requires ideal growth conditions, with intermittent physical or environmental challenges. We are here today in Monaco to talk with other aquariasts to try and understand what are «ideal growth conditions» and what forms the intermittent challenges may take. In some cases this may mean heavy storm surge in areas where corals grow in response to moderate surge. It could be freshwater or other environmental challenges as we see in Fungia (Krupp et al. 1993, Sammarco 1982). We have observed in our tanks that blue light from actinic fluorescent bulbs is important to polyp ball formation.  This has also been reported by others (Fossa and Nilsen 1998). In Goniopora we have so far only noticed polyp ball formation in late spring; in Alveopora, late spring and early fall, even in aquaria not in contact with natural sunlight. We do not yet know if asexual reproduction that we have observed is affected by our use of natural seawater from the Miami coastline, our gluconated calcium supplements, the nutrient loads from fish populations in our aquaria, our avoidance of Americanized live sand filters, or other factors.

As aquaculturists we believe that understanding asexual reproduction holds the key to new and better ways of coral culture. We are amazed that these small animals have the ability to recruit clones of themselves from small fragments of their tissue, like many plants do. It may be true that only a tissue «sandwich» of ectoderm, endoderm and mesoglea, preferably from a point relatively distant from the parent polyp mouth may be necessary to produce such clones (Kramarsky-Winter and Loya 1996). We also realize that this is easier said than done. But the commercial coral culturist (or the environmental preservationist) no longer has to envision a huge tank the size of a football field, maintained at stable, ideal conditions, hoping for the few nights a year eggs and sperm can be available to catch. Instead, we may need only a few millimeters of tissue in a test tube, housed in an office building anywhere in the world. We believe the coral farm of the future could appear less like a cattle ranch and more like an orchid greenhouse
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