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Chapter 14 

Coral settlement revisited: A 100-fold decrease on a 
Caribbean reef over the last 20 years 

Vermeij M.J.A. and R.P.M. Bak 
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ABSTRACT Caribbean coral reefs, constituting 14% of the total estimated 
global reef area (Smith 1978) are degraded to the point where their intrinsic 
value and utility are greatly reduced ((Hughes 1996, Connell 1997, 
McClanahan and Muthiga 1998). This degradation has been attributed to 
several interacting factors: nearshore antropogenic activities resulting in 
increased sedimentation and habitat destruction, (Wilkinson 1993, 
Wilkinson 1999) global climate change and coral bleaching, (Smith and 
Buddemeier 1992, Wilkinson 1999) diseases of key-stone organisms of the 
reef ecosystem (Acropora, (Gladfelter 1982) Diadema antilliarum) (Lessios 
et al. 1984) algal overgrowth and phase shifts. (Connell 1997, Rawlins et al. 
1998) Long term data on changes in degrading coral reefs are limited to 
coral cover and derived variables. For the first time, we present long-term 
data on coral recruitment rates, a crucial process in coral population 
maintenance. Revisiting the same Caribbean reef site and depths, using 
identical methods and material, we found that after 20 years coral settlement 
has decreased 160 to more than 10000 percent depending on species. The 
understanding of the observed decrease in recruitment is of crucial 
importance to manage coral reef ecosystems effectively and understand the 
ecological response of coral populations in stressed environments. 

INTRODUCTION 

Worldwide, the decline of coral reef functioning is often illustrated by 
quantifying the decrease in coral cover (Hughes 1994, Bak and Nieuwland 
1995, Shulman and Robertson 1996, Connell 1997)and the presence of 
diseases. (Done 1995, Hodgson 1999) The uncertain future of the coral reef 
ecosystem drives interest in the processes underlying reef degradation and is 
the main focus of coral reef research today. 
Studies dealing with the dynamics of coral populations are still amazingly 
few (but see:, (Hughes and Tanner 2000) but of crucial importance in 
understanding reef degradation and implementing effective management 
strategies of degraded areas. Hughes (Hughes and Tanner 2000)showed that 
not coral cover, but fecundity correlated with the number of recruiting 
individuals in Indo-Pacific coral populations. Coral cover is therefore not a 
necessarily useful proxy for population processes, i.e. it does not reflect 
changes in population dynamic processes that affect the population's 
survival through time. Studies based on coral cover can therefore 
underestimate the true decline in a coral population. Because of practical 
limitations such as the quantification of planulae in the water column and 
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survival during early life-history stages, important bottlenecks in population 
survival remain unstudied. 
To quantify changes a historical perspective is needed. Only then, the 
changes over time in coral reef processes can be quantified. For coral 
settlement there is a unique data set, where coral settlement was quantified 
per surface area over the reef slope in 1979-1981 (Van Moorsel 1988, 1989). 
We repeated this study, using identical methods at the same location over a 
similar time interval, to determine whether coral recruitment rates changed 
over the last 20 years. 

MATERIAL AND METHODS 

In 1979 and 1999, settlement racks (for technical details see: Van Moorsel 
1989) were placed at 15 and at 30m at the reef study site Buoy Two at the 
Curaçao South coast (12°05'N, 69°00'W), Netherlands Antilles. We used 
closed grates and total surface of the artificial substrate, consisting of 
polystyrene grids and formica panels, was 11.56m (1979-1981) and 
23.12m2 (1999-2001). We surveyed the racks for two years and recorded all 
scleractinian settlers. In 1999-2001 the probability of detecting small 
juvenile colonies was enhanced by additional surveys at night with a Night 
Sea Blue Light (NightSea LLC). This facilitates the discovery of juvenile 
colonies because many of them show green fluorescence. The size and 
position of each settler was determined. Subsequent surveys allowed the 
quantification of the colony growth process and facilitated classification to 
species of colonies to small for determination at first discovery. Settlers 
were measured to the closest mm2 with calipers. Each settler was subdivided 
into simple geometric shapes; surfaces were measured separately and 
summed. A final comparison between the 1979-1981 and 1999-2001 
settlement was made after two years, in 1981 and 2001. 

RESULTS 

A large and over-all decrease in settlement rate was found for all coral 
species (Wilcoxon Z= -3.519; n= 13; p= 0.000, Tab. 1), including both 
hermatypic (n= 10) and ahermatypic species (n= 3). Settlement was 
consistently higher on the underside of the settlement racks (1981: 15m: 
51%; 30m: 84%; 2001: 15m: 96%; 30m: 97% of all individuals present). 
The smallest settlers observed consisted of 1 polyp and measured 3 mm". 
The overall decrease in settlement rate is larger for hermatypic species than 
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Table 1. Coral recruitment in 1981 and 2001 at Buoy 2, Curaçao. 

Average density of recruits (n m 2) 

^ ^ ^ ~ ~ ~ 15m 

Hermatypic species 
1981 2001 %-change 

30m 
1981 2001 %-change 

Agaricia humilis 
Agaricia agaricites 
Pontes pontes 
Pontes astreoides 
Acropora spec. 
Colpophyllia natans 
Madracis pharensis 
Other hermatypes 

Ahermatypic species 

Tubastrea coccinea 
Astrangia solitaria 
Rhizosmilia maculata 

6.07 0.09 7012 0.78 0.04 1803 
0.52 0.00 >10000 0.78 0.04 1803 
0.26 0.00 >10000 
1.13 0.04 2605 0.43 0.00 >10000 
2.08 0.00 >10000 
0.26 0.00 >10000 
3.73 2.34 160 5.46 0.91 601 
0.09* 0.04** 200 0.35*** 0.00 >10000 

2.34 
5.81 
0.52 

0.09 
0.17 
0.22 

2705 
3356 
240 

0.78 
5.11 
1.82 

0.04 1803 
0.13 3940 
0.43 421 

*) Manicina areolata 
**) Eusmilia fastigiata 
***) Meandrina meandrites or Eusmilia fastigiata 

Figure 1. Settlement rack detail with one colony of Madracis pharensis. 

for ahermatypic species (Tab. 1). Only 4.4% of the individuals (1999-
2001 ; all species pooled n=l 06) that settled on the racks died within the 2 
year period indicating that juvenile mortality is low. 
Madracis pharensis was the most abundant hermatypic settler (Fig. 1) and 
M. pharensis population dynamics was monitored at discrete intervals 
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during the study period (May 2000, Aug2000, Apr 2001; see Fig. 2 for the 
size frequency distribution of the M. pharensis population in April 2001). 
Although it is generally assumed that mortality is the dominant factor that 
affects juvenile corals (<5cm2), we observed all aspects of clonal strategies, 
i.e. bidirectional growth, partial mortality, fragmentation and fusion in our 

16 
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10 

CD 6 

0.02 0.04 0.08 0.16 0.32 0.64 1.28 2.56 5.12 10.2 20.5 41 81.9 

Size c lasses (cm2) 

Figure 2. Size frequency distribution M. pharensis at 15m in April 2001 (n- 74). The 
colonies that resulted from fragmentation are indicated in gray. 

M. pharensis population (Fig. 3). The proportion between transitions is 
similar through the year except for the influx of juveniles, which was higher 
in Aug2000-Apr2001, the reproductive period of the adult population. 
(Vermeij et al. submitted) Partial mortality was observed in colonies larger 
than 270mm2 and after 2 year 12.7% of the M. pharensis colonies on the 
racks resulted from partial fragmentation. 

DISUSSION 

We found that the recovery potential of the coral community at Curaçao has 
severely decreased during the last 20 years. The two-year deployment of the 
settlement racks reduces the effect of fluctuations in recruitment rates due 
environmental or reproductive cycles. Yearly temporal variation in 
settlement rates is small on Curaçao (factor 3.69 ± 4.82 (SD); Van Moorsel 

Chapter 14 Decrease in settlement 227 



1989) and corresponds to values found for Indo-pacific brooders (factor 3-
Hughes et al. 1999, Van Moorsel 1989). These yearly fluctuations are small 
when compared to the observed decrease over the last 20 years (factor 88.32 
±218.13 (SD); this study). Patterns in gamete release in response to annual 
(e.g. temperature) or lunar cycles are mainly responsible for interannual 
fluctuations in settlement rates (Van Moorsel 1989 Van Veghel 1994 
McGuire 1998, deGraaf et al. 1999) 

May2000-August2000 
(outside reproductive period) 

August2000-April2001 
( reproductive period) 

mortality 

Explanation transition graph 

Figure 3. Transitions within M. pharensis populations at the settlement racks during and 
outside the reproductive period within two years after exposure to settlement in 
September 1999. Colonies are distributed over logarithmic size classes. 

To explain the observed decrease in settlement rates two possible 
explanations emerge: increased spatial competition with algae and reduced 
fecundity in the adult population. The main difference between the 1979-
1981 and the 1999-2001 series in the composition of biota settling on the 
racks, was the low abundance of coralline red algae in 1999-2001 
Macroalgae (mainly Dictyota and Lobophora species) and algal turfs were 
dominant on the settlement racks, trapping sediment. Coralline algae release 
substances that are important in directing the settlement behavior of coral 
planulae. (Morse et al. 1988, Morse 1994, Morse and Morse 1996, Heyward 
and Negri 1999) The absence of these algae in the 1999-2001 series can be a 
major factor determining the enormous decrease for many coral species in 
successful recruitment. More than 99% of the settlers in the 1999-2001 
series were found on the underside of the settlement racks where crustose 
coralline algae were relatively abundant. 

Reduced fecundity in the adult population results in decreased recruitment 
(Hughes and Tanner 2000) The ongoing decline of Caribbean reefs (Hughes 
1994, Bak and Nieuwland 1995) negatively affects colony fecundity due 
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partial colony mortality, (Van Veghel and Bak 1994) pollution (Yap and 
Gomez 1985, Bak et al. 1987, Guzman and Holst 1993, Rawlins et al. 
1998)or increased competition with macroalgae. (Hughes 1994, Tanner 
1995, McCook et al. 1996, Antonius and Ballesteros 1998, McCook 1999) 
Reductions in the size of open populations due to natural events or human 
impacts would be readily reversible if a virtually inexhaustible supply of 
recruits exists. Our data show that the influx of settling individuals has been 
greatly reduced over the last two decades. This highlights the influx of 
settlers as a crucial factor in the in the population dynamics of corals. 
We suggest that both life-history elements (i.e. reduced fecundity) as well as 
the decrease in suitable substrate (coralline algae) have led to the observed 
decrease in successful scleractinian recruitment. Identifying key processes in 
the population dynamics of corals, instead of percentage cover, is essential 
for managing marine reserves and for understanding changes in the ecology 
of coral species. 
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