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Chapterr 5 

BasicBasic & Applied Ecology (2001) 2:219-222 

FROMM ISOLATED RAMETS TO CORAL COLONIES: 

THEE SIGNIFICANCE OF COLONY PATTERN FORMATION IN 

REEFF RESTORATION PRACTICES 

Epsteinn N, Bak R. P. M, Rinkevich B 

Abstract t 

Fragmentationn in scleractinian corals has been recognized as an 
importantt facet in the life history portrait of many species. Fragments 
(ramets)) isolated from existing genets may establish new colonies; a 
phenomenonn that is widely used in a variety of management measures, 
includingg restoration of denuded coral reef areas. An analysis of 
regeneratingg branches of the Indo-Pacific coral Stylophora pistillata 
revealss that the architectural complexity of isolated branches may 
havee a significant impact on the initiation of the regeneration process 
towardss the typical structure and complexity of an intact colony. It is 
suggestedd that the 3-D structure complexity of isolated ramets should 
bebe taken into consideration when applying reef restoration practices. 

Keyy Words: Architectural complexity, pattern formation, coral 
ramets,, reef restoration, Stylophora pistillata. 

Introduction n 

Fissionn (Hughes & Jackson 1980), budding and physical as well as 
biologicall  forces that cause breakage of scleractinian corals (Highsmith 
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1982)) are common agents for the formation of ramets in-situ. Both damaged 
natall  colonies and coral fragments as small as a single branch or a nubbin 
(Rinkevichh & Shafir 2000), initiate after breakage a series of developmental 
processess aiming to regain the species-specific 3-D colony structure. Loya 
(1976)) who examined regeneration in broken colonies of the Indo-Pacific 
branchingg coral Stylophora pistillata has suggested that an injured colony 
wil ll  allocate resources from its healthy parts to the damaged branches in 
orderr to restore its former shape. An isolated ramet, however, reconstitutes a 
wholee colony configuration from even a minute, non-branching portion. 
Thiss mode of regeneration, known as epimorphosis is characterized by 
growthh of new, correctly patterned branches and leads to the re-formation of 
wholee colonies via an asexual propagation pathway. 

Thee measure of coral transplantation is probably the most common 
managementt practice used to facilitate natural recovery of damaged reef 
sitess (Edwards & Clark 1998). The rational that ramets will grow and 
replacee lost colonies inspires the use of coral fragments as the best material 
forr transplantation (Harriot & Fisk 1988, Rinkevich 1995). An improved 
approachh to reef restoration is the measure of 'gardening' (Rinkevich 1995). 
Thee gardening concept does not leave the ramet's regeneration to the 
leniencyy of local reef conditions and adds, as an intermediate phase, coral 
mariculturee in underwater nurseries before the transplantation of the new 
coloniess into denuded reef sites. Like other transplantation practices, the 
gardeningg concept focuses on the criteria of ramet survivorship and growth 
ratess as measures for success. The idea that ramet's structural complexity 
mayy significantly influence its growth and regenerative ability received littl e 
attentionn and, when discussed, its importance was attributed to ecological 
ratherr than to developmental concepts. One example is Highsmith (1982) 
whoo briefly remarked that a 3-D ramet shape could prevent branch burial 
underr sediment. Here, we explore the idea that an architectural complexity 
thresholdd of the isolated ramet is required for faster regeneration to a full 
colonyy structure. We suggest that a developmental biology concept of 
coloniall  pattern formation should be considered as an additional criterion (to 
thee well discussed criteria of survivorship and growth) in the applied 
disciplinee of coral transplantation for reef restoration. This is particularly 
relevantt to branching forms. 

AA branching coral colony may be considered as an integrated three-
dimensionall  structural entity, where physiological parameters such as 
reproductionn and growth patterns are synchronized between different parts 
(Rinkevichh in press). Following this tenet, regeneration of isolated ramets 
shouldd reflect not only superficial linear branch elongation, but also 
coordinated,, 3-D pattern formation processes that include a unique mode of 
apicall  ramification, lateral growth and spatial organization of the newly 

58 8 



formedd axes according to a precise architectural model (Dauget 1991, 
Kaandorpp 1999). 

Whenn evaluating aspects for coral reef restoration (Rinkevich 2000, 
unpubl.)) we have found that the original architectural complexity of isolated 
rametss may influence their ability to swiftly commence these specific 3-D 
growthh patterns. An example is illustrated in Figure 1 (a-d) where 4 
fragmentss taken from a single Stylophora pistillata colony (labeled by 
alizarinn Red S), were cultured in-situ side by side on concrete plates at 6 m' 
depthh (Rinkevich 2000). These ramets, a small fragment of 2 cm long (Fig. 
la),, a branch fragment of 4 cm long (Fig. lb), a fragment of a bifurcated tip 
(aboutt 3.5 cm long, Fig. lc) and a ramet of about 5 cm long with two major 
branchess (Fig. Id) were cultured for 8 months after isolation. Subsequently, 
thee branches were brought to the lab, their tissue was removed and skeletal 
growthh patterns above and below the alizarin mark were examined. It is 
evidentt that the type of fragment influenced growth rate as well as 
architecturall  complexity. While in simple, linear coral fragments (Fig. la, b) 
onlyy apical growth was recorded, within the same time course, fragments 
likee the ramet in Figure lc displayed additional morphometric growth 
patterns,, such as side branching (seen at its left fork) and a fission that 
formedd a new double tip at its right fork. In a more complex morphology, 
(Fig.. Id), many new side-growing knobs appeared below the area of apical 
growth,, along the main ramet axis. These protrusions wil l develop into side-
growingg branches, indicating an advanced 3-D pattern formation process 
(Fig.. Id; arrows beneath the alizarin line). In comparison to fragments 'a', 
'b'' and also 'c', ramet 'd' (Fig. 1) wil l most likely be able to regain the 
typicall  spherical colony shape (Loya 1976) in the shortest period of time. 
Fragmentt 'd' probably possessed the minimal complexity required to initiate 
nott only apical extension but also 3-D growth patterns. Growth rate alone is, 
therefore,, not the sole parameter for consideration when the regeneration of 
isolatedd branch fragments is analyzed. 

Duringg the above experiment, we followed the regeneration of 
additionall  37 branches (20 single tip and 17 ramified ramets). Of the single 
tipp group, 17 branches (85%) displayed only a linear, apical extension while 
33 cases developed, each, an additional new tip through fission. Conversely, 
fromfrom the ramified ramets group, only 2 (11.8%) displayed just linear 
extensionn while 15 ramets (88.2%) developed new tips and branches on at 
leastt one of the forks, in addition to lateral protrusions on the main axis (P < 
0.0001;; Fisher exact tests). The fragments shown in Figure 1 represent, 
thereforee the typical growth of many similar size fragments and illustrate 
earlyy stages at a multi-dimensional regenerative process which leads to the 
typicall  structure of S. pistillata colony (Rinkevich in press). 
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Fig.. 1 (a-d). Four fragments (a-d) with different architectural complexities 
takenn from a single S. pistillata genet (from Rinkevich 2000). Black lines 
referr to alizarin marks. Photographs were taken at the end of the experiment. 
Alizarinn marks reveal sizes at the beginning of the experiment. Scale on 
rightt in cm. 

Three-dimensionall  growth patterns in regenerating S. pistillata 
rametss are probably 'canalized' (Waddington 1942) in accordance 
withh the species' 'developmental rules' that denote the recreation of 
itss iterated branching system and the typical colony shape. This 
architecturall  design may be the expression of the coral structural 
blueprintt (such as homeobox genes) that encodes for specific 
biochemicall  processes (Gellon & McGinnis 1998), or can be the 
outcomee of secreted waterborne bioactive chemical signals (isomones) 
thatt regulate and control branch growth rates and positions within the 
internall  volume of the colony (Rinkevich & Loya 1985). For the 
appliedd technique of coral mariculture, isolation of ramified branches 
mayy therefore significantly accelerate regeneration and shorten 
mariculturee duration. Therefore, the constraint of minimal structural 
complexity,, imposed on ramets as a critical factor for fast 3-D 
regeneration,, should be considered along with the growth rates and the 
survivorshipp criteria in reef restoration activities. 
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