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Kum-Ming Kuo and Keryea Soong (2010) Post-settlement survival of reef-coral juveniles in southern Taiwan.  
Zoological Studies 49(6): 724-734.  Studies of spatiotemporal settlement patterns of reef corals suggest 
uneven distributions through space and time.  Whether the patterns reflect adaptations of early benthic stages 
or non-adaptive result from processes preceding settlement are not always clear.  They, however, may be 
distinguished by testing how well newly settled juveniles survive in different places and times of the critical initial 
post-settlement period.  Herein, we compared the survival of young coral that had settled in different seasons 
and in different habitats.  Artificial settling plates were deployed at 2 mo intervals in southern Taiwan, and the 
fate of each naturally settled coral spat was monitored at 2 mo intervals for at least 1 yr after settlement, in 
1998-2000.  Spats of Pocilloporidae and Porites spp. constituted the majority of coral recruits.  Pocilloporids 
exhibited significant seasonal variations in settlement densities, but poritids showed no such pattern.  The 
probability of pocilloporids surviving an additional 2 mo increased from ~60% at 2 mo old to virtually 100% at 
22 mo old.  In Porites, the 2 mo survival rates were > 90% in all age groups.  Survivorship of pocilloporids and 
poritids was higher for those that settled in the dry season (Nov., Jan., and Mar.) than those that settled in the 
wet season (May, July, and Sept.), but no corresponding higher settlement rates were found for either taxon 
in the dry season.  Recruits of both taxa showed greater survivorship when settled on younger than on older 
plates; however, only pocilloporids preferred young plates for settlement.  Spat densities and survivorship rates 
were both higher at the margins than in the center of plates for both taxa.  Thus, the settlement season was 
not related to higher post-recruitment survival, but spatial variation at settlement was, at least for these 2 taxa. 
http://zoolstud.sinica.edu.tw/Journals/49.6/724.pdf

Key words: Survivorship, Settlement, Reproduction, Recruitment.

*To whom correspondence and reprint requests should be addressed.  Tel: 886-7-5255109.  E-mail:keryea@mail.nsysu.edu.tw

In sessile marine invertebrates, many biotic 
and abiotic factors are related to settlement and 
survival of early benthic stages, which connect the 
planktonic larval supply to population dynamics and 
community structures of the benthos (Underwood 
and Fairweather 1989, Caley et al. 1996).  High 
mortality rates are usually characteristic of this 
crit ical period when these small organisms 
go through metamorphosis and switch from a 
planktonic to a benthic habitat (Gosselin and Qian 
1997, Hunt and Scheibling 1997).  Selection and 
therefore opportunities for adaptation are numerous 
at this critical stage (Hadfield 2000).

Sett lement in reef corals is related to 
environmental factors such as sedimentation, 

light, nutrients, depth, substrate orientation, water 
motion, and temperature (Wallace 1985, Harriott 
1992, Maida et al. 1994, Mundy and Babcock 1998, 
Gilmour 1999, Putnam et al. 2008).  Biological 
factors such as the presence of macroalgae, 
crustose coralline algae, and soft corals also 
influence the choice of a permanent site by coral 
planulae before metamorphosis (Morse and Morse 
1991, Maida et al. 1995, Harrington et al. 2004, 
Birrell et al. 2008).  Temporal and spatial patterns 
of coral settlement densities are often observed at 
different scales (Fitzhardinge 1985, Harriott 1985, 
Wallace 1985, Tanner 1996, Dunstan and Johnson 
1998, Hughes et al. 2000, Soong et al. 2003).  
Whether these newly settled spats have different 
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fates once permanently fixed to the substratum 
has been studied in different ways.

Post-settlement mortality rates of corals, 
like for other sessile invertebrates, may be high; 
in some cases, few or none survive the 1st yr 
(Rylassrsdam 1983, Sato 1985, Shlesinger and 
Loya 1991, Babcock and Mundy 1996, Wilson and 
Harrison 2005).  Many factors such as crustose 
coralline algae, macroalgae, sedimentation, and 
soft corals affect the survival of juvenile corals 
(Wittenberg and Hunte 1992, Maida et al. 2001, 
Box and Mumby 2007), and factors distinguishable 
by corals at settlement may increase their survival 
rates later (Maida et al. 1994, Harrington et al. 
2004).

Spatiotemporal patterns of coral settlement 
often vary (Wallace 1985, Gleason 1996, Tanner 
1996).  According to the “adaptive for benthic 
survival” hypothesis proposed here, peak seasons 
of settlement are ultimately determined by high 
survival rates in subsequent benthic stages.  
Similarly, habitats favored by coral spats may 
also provide a better environment in the benthic 
stage of corals.  Alternatively, selective forces 
on the seasonality of reproductive activities, 
mortality patterns in planktonic stages, and even 
local current patterns may determine differential 
settlement rates both spatially and temporally.  
The reproductive season does not cause variation 
in benthic stage mortalities in this alternative 
hypothesis.  Similar questions about this critical 
stage of the life history were raised before.  For 
example, Todd and Doyle (1981) suggested that 
the optimal time to spawn and settle might not 
match, and reproductive modes with different 
durations of planktonic stages are adaptive to 

connect the 2 important events.
In this study, survival of natural coral spats 

that settled on artificial substrates was monitored 
for 1 yr to assess the effects of settlement season, 
substrate age, and settlement position.  We 
attempted to determine if high rates at settlement, 
either temporal or spatial, corresponded to high 
survivability in the initial benthic stages.

MATERIALS AND METHODS
 
The study site, Hobihu, is located on fringing 

reefs at Nanwan Bay, southern Taiwan (21°55'N, 
120°45'E, Fig. 1).  Both soft and hard corals 
are abundant there (Dai 1991); recent surveys 
recorded 258 species of hard coral and 52 species 
of soft corals in the area (C.-F. Dai, pers. comm.).  
In 3 of 4 yr, coral settlement rates were highest 
in Hobihu among 8 sites in the area (Soong et al. 
2003).

Five to 8 racks of vertical plates (Fig. 2) were 
fixed on the bottom, at about 4-5 m in depth, every 
2 mo from Sept. 1998 to July 1999 for a total of 6 
deployments.  Each rack held 11 parallel, surface 
roughened, square PVC plates (15 × 15 × 0.3 cm), 
separated by 1 cm spacers.  Racks were 10 m 
from each other, and about 25-35 cm above the 
reef substratum.  In total, 37 racks (407 plates) 
were monitored for 1-2 yr.

The position, size, and condition (alive or 
dead) of each coral spat were recorded in situ 
every 2 mo.  To assist in relocating individual coral 
spats in subsequent surveys, a transparent acetate 

Fig. 2.  Settlement racks used in the coral-recruitment study 
in southern Taiwan.  Racks were set into the sediment (darker 
area). 
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sheet with grid lines was used to mark the position 
of each juvenile.  X and Y coordinates on the plate 
were recorded for each spat, and coordinates of 
new recruits were added each time the spat was 
checked.  Data for each rack were recorded at 
least 6 times (over 12 mo) and up to 12 times (over 
24 mo) during the investigation.  For each coral 
spat, the month of settlement, position on the plate 
(in terms of the zones described below), size and 
condition at each time point, and month of mortality 
if it occurred, were recorded.  Identification of the 
recruits to genus level became more certain as 
they grew larger.

Settlement was defined as the 1st appea-
rance between the previous and current exami-
nation.  Because the exact date of settlement was 
unknown, we assumed that each new recruit was 2 
mo old when first recorded.  A spat was considered 
dead when (1) only the bare skeleton remained, 
(2) it was totally covered by other encrusting 
organisms or algae, or (3) the entire individual had 
disappeared from the plate.  Plate age was defined 
as the number of months the plates had been 
submerged in the sea upon examination.  For 
example, a plate was 2 mo old at its 1st check.

To compare survivorship among juveniles 
which had settled on plates of different ages, 
plates were grouped into 2 age categories (young 
and old) to ensure adequate sample sizes within 
each group.  Because the 2 coral taxa had different 
frequency distributions on plates of different 
ages, we used different criteria to achieve similar 
numbers of recruits of each taxon for young and 
old plates.  For the Pocilloporidae, corals settled 
on plates that were < 6 mo old were combined in 
the “young” category; conversely, those on plates 
≥ 6 mo old were combined in the “old” category.  
For Porites, 12 mo was used to separate plates 
into “young” and “old”.

To study settlement preferences, we divided 
the available plates into 2 groups, relatively young 
and relatively old plates, based on the time the 
plates had been immersed in seawater at each 
survey.  Half of the plates in the water were 
designated relatively young and the other half 
relatively old; however, in July 1999, 40% were 
designated as relatively young plates and the 
others as relatively old because there were only 
5 age groups.  Plates examined before Mar. 1999 
were not used for this analysis because there 
was an insufficient range of plate ages.  In our 
study, the settlement preference was based on the 
position of recruits upon 1st appearance; therefore, 
any mortality between the actual settlement and 

the 1st check could not be determined.
To investigate if the settlement season 

affected mortality rates, recruits that had settled 
in different months were grouped in either the dry 
(Nov. to Mar.) or wet season (May to Sept.) due 
to small sample sizes.  This categorization was 
based on 30 yr of climate records in the study area 
derived from a weather station located 5 km north 
of the sampling site (Central Weather Bureau, 
Taiwan).  Monthly precipitation averages in the 
area are known to exceed 100 mm in the wet 
season (May-Oct.).  The wet season is also the hot 
season when monthly average air temperatures 
exceed 25°C (Fig. 3).

To compare coral spat preferences towards 
settlement in certain positions, plates were divided 
into 3 zones: center (9 × 9 cm = 81.0 cm2, in 
the center of the plate), margin (66.2 cm2, within 
2.5 cm of the edge), and middle (77.8 cm2) in 
between the center and margins.  To assess 
survivorship, spats in the center and middle 
positions were pooled into non-marginal areas 
to compare to those settled in marginal positions 
on the plates.  The few corals that settled on the 
2 outer plate surfaces of the racks were ignored.  
Only those on the 20 surfaces facing the other 
plates were included in our analyses.

Survivorship comparisons were made using 
non-parametric statistics.  Each variable, i.e., 
season of settlement (season), position on the 
plate (position), and plate age when the spat 
settled (plate age), was analyzed with the other 2 
variables serving as stratifications.  For example, 
when we analyzed the effect of plate age, the 
original dataset was divided into 4 subsets by the 

Fig. 3.  Average monthly total rainfall (solid line) and average 
air temperatures (clashed line) in 1970-2000 recorded 5 km 
north of the study area at Hengchun, southern Taiwan. 
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other 2 variables, i.e., position (marginal and non-
marginal) and season (dry and wet).  Age ranks of 
recruits on old and young plates were then scored 
within respective subsets of data.  Then ranks from 
all subsets were pooled to estimate the p value 
of the statistical test.  A log-rank test was used to 
compare survivorships under different variables.  
Of the possible combinations, we used only 
the one with the largest sample size to present 
survivorship results in the figures.  For example, 
only results on the margin of plates in the wet 
season of Pocilloporidae were used to compare 
survival of spats settled on young vs. old plates.  
For Porites, spats on the margins of all plates were 
used to compare the effects of plate age because 
there was no significant seasonal pattern.  All 
statistics were calculated with Statview 5 (SAS 
Institute).

RESULTS

Settlement
 
In total, 546 spats of hard corals and a low 

number of soft corals belonging to 12 families were 
recorded in the study.  Spat densities averaged 
14.8 per rack (equivalent to 32.5 spats/m2) over the 
duration of the investigation.  Genera belonging 
to the Pocilloporidae (Pocillopora, Seriatopora, 
and Stylopora) constituted 51%; members of the 
Poritidae (Porites spp. and a few Alveopora sp.) 
31%, Astrocoeniidae (Stylocoeniella guentheri) 
6%, Xeniidae (Anthelia flava, a soft coral) 5%, 
Acroporidae (Acropora spp., 2%), and others 
(< 5%) constituted the rest of the families.  The 
starting sizes of these spats were about 3 mm in 
maximal diameter.  Most (93%) were hermatypic 
corals, and many could not be identified to species.  
Because most taxa contributed relatively few 
recruits, detailed quantitative comparisons were 
limited to the Pocilloporidae and Porites spp.

Overall, most of the Pocilloporidae settled 
on young (< 6 mo old) plates, although such 
plates were available only in the 1st year of the 
experiment.  Most Porites settled on plates 10-14 
mo old.  In the Pocilloporidae, relatively younger 
plates had significantly higher recruit densities 
than relatively older plates (p = 0.01, Wilcoxon 
signed-ranks tests), whereas no pattern comparing           
< 12 - with ≥ 12 mo old plates was found for Porites 
(p = 0.91, Wilcoxon signed-ranks tests, Fig. 4).  
Most spats were < 1 cm during the investigation.

Because of the above pattern, assessment 

of seasonal patterns of settlement was based on 
different sets of racks in these 2 taxa.  For the 
Pocilloporidae, comparisons were made among 
2 mo old racks; the highest density of settlement 
was found in May 1999, and all other months 
had < 20% of the maximum (Fig. 5).  Differences 
in settlement among months were significant 
(p = 0.01, Kruskall-Wallis test).  For Porites, 
comparisons included new spats on all racks 
available, and no obvious seasonal pattern was 
found, e.g., between Sept. 1999 and Sept. 2000 
(Fig. 5, p = 0.42, Kruskall-Wallis test).  More coral 
spats were found at the margin than in the center 
of plates (p < 0.01, Friedman tests).  This spatial 
pattern is consistent when data were analyzed 
within individual months (Fig. 6).
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Fig. 6.  Juvenile-coral densities (± standard error) on different 
parts of the settlement plates by month in southern Taiwan.
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Survivorship

Survival rates by 2-mo periods increased 
with age of pocilloporid spats (R2 = 0.70, p < 0.01, 
linear regression, Fig. 7).  This analysis showed 
that most juvenile pocilloporids survived when 
they reached ~22 mo of age.  Recruits of Porites 
had higher overall survival rates (92%-97%), 
and no significant correlation was found with age 
(Fig. 7).  Survivorship significantly differed among 
taxa (p < 0.01, log-rank tests).  Pocilloporids and 
Anthelia had the lowest survival rates throughout 
the survey.  For example, only ~10% of these 2 
taxa survived for 20 mo after settlement, whereas 
~70% of poritids and Stylocoeniella survived for 
the same period.  Acropora had intermediate 
survivorship (Fig. 8).
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In addition to differences among coral taxa, 
spatial and temporal factors also contributed to 
survivorship (Table 1).  Plate age and settlement 
season both significantly affected juvenile survival 
of the Pocilloporidae (Table 2).  Recruits on young 
plates (< 6 mo) survived better than those on old 
ones (≥ 6 mo, Fig. 9).  Settling in the dry season 
also positively affected their survival (Fig. 10).  The 
possible effect of position on the plates on survival, 
however, was not significant (Fig. 11, Table 2).

P la te  age  s i gn i f i can t l y  a f f ec ted  t he 
survivorship of Porites (Table 2); recruits on 

young plates (< 12 mo) survived better than those 
on old plates (≥ 12 mo, Fig. 9).  Settlement in 
the dry season (Nov.-Mar.) seemed to improve 
survivorship (Fig. 10), but the difference was not 
significant (p = 0.07, log-rank test).  The effect of 
position on the plates on survivorship of Porites 
was significant (Table 2); spats that settled at the 
margin of plates survived longer (Fig. 11).

DISCUSSION

Ideally, coral spat survivorship studies should 
utilize totally natural habitats (Edmunds 2004, 
Norström et al. 2007); however, this is often not 
feasible due to the small size of coral larvae and 
the often cryptic sites of settlement on the reef 

Table 1.  Summary of statistically significant 
factors affecting recruitment and survival of the 
initial benthic stages of the 2 coral taxa

Characteristic Pocilloporidae Porites

Source of recruitment variation
   Season (Fig. 5) Yes No
   Position on the plate (Fig. 6) Yes Yes
   Plate age (Fig. 4) Yes No
Source of survival variation (Table 2)
   Season of settlement (Fig. 10) Yes No 
   Position on the plate (Fig. 11) No Yes
   Plate age (Fig. 9) Yes Yes

Yes, a significant difference was found; No, no significant 
difference was found (p > 0.05, tests dependent on the 
characteristic).

Table 2.  Survivorship comparisons of recruits of the 
Pocilloporidae and Porites.  Within each variable, 
the other 2 variables were used for stratification 
(see text for details).  For each test, traits with better 
survivorship were placed above those with poorer 
ones

Variable Traits p in log-rank test

Pocilloporidae (n = 277)
   Settlement season Dry (Nov., Jan., Mar.)

Wet (May, July, Sept.)
0.04

   Position on plate MarginNon-margin 0.07
   Plate age Young (< 6 mo)

Old (≥ 6 mo)
< 0.01

Porites (n = 168)
   Settlement season Dry (Nov., Jan., Mar.)

Wet (May, July, Sept.)
0.07

   Position on plate MarginNon-margin 0.03
   Plate age Young (< 12 mo)

Old (≥ 12 mo)
< 0.01

Fig. 9.  Survivorship of Porites and Pocilloporidae juveniles 
settling on plates immersed in seawater for different periods.  
To achieve similar sample sizes, 12 mo was used to separate 
young (<) from old (≥) plates in Porites (n = 82), whereas 6 
mo was used as a criterion for the Pocilloporidae (n = 116).  
Only recruits on the margin of plates in the warm season for 
Pocilloporidae and in all seasons for Porites are shown (see 
Table 1 for justification).
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(Vermeij and Sandin 2008).  Therefore, most 
studies examined settlement on artificial substrates 
(Harriott and Fisk 1987).  Seasonal or spatial 
patterns of survivorship in nature are assumed to 
be revealed from that on artificial substrates.  But, 
if encroaching neighbors are the principal source of 
mortality of coral spats, then mortality rates should 
differ between artificial and natural substrata, 
since the latter is often inhabited by established 
organisms.

In fact, our results do suggest the importance 
of neighbors since survivorship was significantly 
higher for spats settled on younger than on 
older plates (Table 2, Fig. 9).  Unfortunately, 

we did not record the neighboring organisms of 
individual coral spats due to the complex nature 
of the former.  Given the potential effect of other 
established organisms, our deductions here 
are based on the assumption that there was no 
interactions among factors explored, e.g., season 
and age of the plates on mortality patterns.

The strong temporal pattern of pocilloporid 
settlement on new plates (Fig. 5) was unexpected 
because planulation of several common genera 
in the Pocilloporidae occurs throughout the year 
in Taiwan (Fan and Dai 1996 2002 2003).  If 
such a temporal pattern is adaptive for benthic 
juvenile survival, we would expect 2 phenomena.  
First, high survivorship for those settled in May is 
predicted; and second, high reproductive output 
around May than in other seasons should be the 
case.  The 1st prediction was not supported by 
our survivorship analysis.  Survival was higher 

Fig. 10.  Survivorship of Porites and Pocilloporidae juveniles 
settling on plates in different seasons in southern Taiwan.  Only 
those on the margins of young plates are shown.
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for those that settled in the dry season (Table 2, 
Fig. 10), but May is actually in the beginning of 
the wet season in southern Taiwan.  Those that 
settled in May were not expected to gain any 
temporal advantages in survival rates.  For the 
2nd prediction, year-round planulation in 3 genera 
of the Pocilloporidae (Fan and Dai 1996 2002 
2003) suggests that any seasonal difference in 
investment would be of limited magnitude.

One explanation seems plausible and does 
not rule out that the recruitment season is adaptive 
for post-settlement stages.  Seasonal patterns 
of mortality rates found here may be local, i.e., 
applicable only to southern Taiwan.  High mortality 
of coral spats settled in the wet season may have 
been due to the associated high sedimentation 
rates that have occurred in fringing reefs of Taiwan 
in recent years (Dai 1992).  Similar mortality 
patterns may be less likely near small islands or 
on reefs far from coasts where sedimentation is 
less likely to cause spat mortality.  The season 
of reproduction, on the other hand, might not be 
responsive to local environmental factors at such 
small scales.  If a significant portion of settlement 
was not contributed by “self-seeding” of local 
reproductive colonies, but from distant dispersal 
(Graham et al. 2008), it is even less likely that the 
corals can adapt to the local environment.

The high rate of pocilloporid settlement in 
May also suggests that success rates of coral 
planktonic larvae may be highly variable and 
depend on many factors (Harrison and Wallace 
1990).  For example, local currents may have 
the potential to retain larvae in certain seasons 
but to transport them outside at other times 
(Roughgarden et al. 1991).  Whether this is the 
case at our study sites remains to be investigated.  
On the other hand, it is possible that mortality in 
the early benthic period is so high and variable 
(Gosselin and Qian 1997, Hunt and Scheibling 
1997) that when we first checked the plates 
at 2 mo, the recorded pattern already differed 
from that of initial settlement.  This argument, of 
course, invokes an interaction between season 
and mortality at the earliest stages.  The seasonal 
pattern of coral settlement is often variable both 
between years and between sites (Wallace 
1985, Adjeroud et al. 2007, Mangubhai et al. 
2007).  If this is the case in southern Taiwan, then 
the temporal pattern of pocillioporid settlement 
observed in this investigation may differ in other 
years.  In other words, the high temporal variation 
in settlement rates found here might not occur in 
other years.

The extended settlement season of poritids 
(Fig. 5) was also unexpected, since poritids known 
in Taiwan are annual broadcast spawners that 
presumably spawn once a year (Richmond and 
Hunter 1990, Dai et al. 1992).  It also suggests 
that either they have a long and flexible planktonic 
stage, or their spats that settled in different 
seasons originated from remote reefs.  Thus, the 
“late settlers” might have travelled from distant 
reefs before settling on southern Taiwanese reefs 
(Babcock 1989, Lugo-Fernandez et al. 2001).  
None of the above scenarios would predict a 
seasonal pattern of benthic-stage survivorship.

Coral settlement in many other regions is 
reported to be seasonal, mostly occurring in spring 
and summer after mass spawning events (Wallace 
1985, Glassom et al. 2004, Adjeroud et al. 2007).  
Settlement seasons in those cases were a result of 
the season of reproduction.  The risk of staying in 
the water column may outweigh the risk of settling 
at a less-appropriate time.  As such, the time of 
settlement and post-settlement mortality are just 
side effects of pre-settlement adaptations (e.g., 
larval development and fertilization rates) that 
determine the reproductive seasons.

Unl ike  poc i l lopor ids ,  por i t ids  d id  not 
demonstrate any preference towards relatively 
young plates (Fig. 4).  This, in itself, suggests 
that poritid larvae may preferentially settle on 
old plates, because old plates should have 
less primary space available than young plates 
(Birkeland 1977, Gunkel 1997).  About 87% of 
poritid spats were found either on or near coralline 
algae in this study (unpubl. data).  Their larvae 
may require biological cues before settlement and 
metamorphosis like those reported for some other 
corals (Morse and Morse 1991, Baird and Hughes 
1997).  The contrast in substrate preference of 
these 2 taxa partly explains why pocilloporid 
spats predominated in many coral recruitment 
studies that employed artificial substrates for 
relatively short immersion durations (Wallace 
1985, Harriott 1992, Harriott and Banks 1995, 
Dunstan and Johnson 1998).  Settlement rates 
of corals requiring biological cues may thus be 
underestimated when using young plates.

Higher survival rates of both taxa on young 
plates than on old ones were l ikely due to 
biological factors.  Biotic factors on young plates 
should be less complicated than on old ones, since 
young communities should be simpler and their 
constituents less well-established.  Competitive 
pressure is generally thought to be higher in 
long-established communities (Connell 1978) 
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where space preemption and overgrowth by 
others may be extensive (Vermeij 2006).  Other 
corals, sponges, and macroalgae are all known to 
adversely affect the survival of juvenile corals (Koh 
and Sweatman 2000, Maida et al. 2001, McCook 
et al. 2001).  These modular organisms; however, 
need time to reach large sizes and achieve 
competitive superiority.  The sensitivity of juvenile 
corals was remarkable in this study because the 
plate ages were all relatively young, i.e., < 6 mo vs. 
≥ 6 mo for Pocilloporidae and < 12 mo vs. ≥ 12 mo 
for Porites.  The clean plates we used simulated 
a substrate recently disturbed and had extensive 
primary space.  Settled juvenile corals may enjoy 
high survival rates when plates are young.  But 
very soon, e.g., 6 mo for Pocilloporidae, they may 
begin to encounter challenges that can kill new 
coral spat.  Spats that settled earlier may have 
passed a critical stage, e.g., a threshold size, 
and thus only newcomers suffered high mortality 
rates when settling on old plates.  For most reef 
substrates in nature, the benthic communities 
are likely more complicated and variable than 
6-mo-old communities on plastic plates, thus the 
challenges must be even greater.  The choice 
of substrate at settlement must, therefore, be 
critical in nature.  In considering differences in 
survivorship, the settlement preference for young 
plates by pocilloporids is thus reasonable, whereas 
the lack of a preference in poritids requires further 
explanation.

On average, porit ids had much higher 
survival rates than pocilloporids in our investigation 
(Figs. 7, 8), so any selective pressure at this stage 
must be less stringent than that on pocilloporids.  
It is possible that biological cues used by poritids 
contribute to their overall high survival rates, 
enabling them to tolerate harsher environments 
on old plates.  The propensity to discriminate at 
the time of settlement may differ among species 
(Mundy and Babcock 1998).  Less-selective 
species may have a higher probability of finding 
a space to settle, but may suffer higher post-
settlement mortality.  Whereas species with 
particular preferences may have difficulty finding 
a suitable settlement site, but once settled, the 
chosen habitats may provide suitable environments 
for rapid initial growth and thus improve survival 
rates.

A preference for marginal areas of the plates 
(Fig. 6) coupled with greater survivorship of coral 
juveniles in these zones (Fig. 11) suggests that 
this bias of settling larvae may be adaptive.  Maida 
et al. (1994) reported a similar phenomenon at 

one of their 2 studied islands.  Planulae of corals 
have the ability to choose substrata for settlement 
and metamorphosis (Lewis 1974, Chia and Bickell 
1978, Morse and Morse 1991, Baird et al. 2003).  
This ability may be very specific and directly 
contributes to juvenile survivorship (Harrington et 
al. 2004).  Marginal zones in our setup may have 
been the only habitat on the plates with adequate 
light for photosynthesis by zooxanthellate corals 
(Maida et al. 1994, Babcock and Mundy 1996).

In conclusion, the temporal variance in coral 
settlement found here probably resulted from pre-
settlement processes unrelated to survivability 
of the settled spat.  Spatial variations in coral 
settlement, on the other hand, are likely to be 
preferences that contribute to post-settlement 
survival.

Acknowledgments: We thank I.Z. Tsai and C.S. 
Chung for helping with field work and C.F. Dai for 
helping with coral identification.  This work was 
supported by grants to K.S. from the National 
Science Council and to the Kuroshio Group of 
Asia-Pacific Ocean Research Center of National 
Sun Yat-sen Univ. by the Ministry of Education, 
Taiwan.

REFERENCES

Adjeroud M, L Penin, A Carroll.  2007.  Spatio-temporal 
heterogeneity in coral recruitment around Moorea, French 
Polynesia: implications for population maintenance.  J. 
Exp. Mar. Biol. Ecol. 341: 204-218.

Babcock RC.  1989.  Fine-scale spatial and temporal patterns 
in coral recruitment.  Proc. 6th Int. Coral Reef Symp. 2: 
635-639.

Babcock RC, C Mundy.  1996.  Coral recruitment: conse-
quences of settlement choice for early growth and 
survivorship in two scleractinians.  J. Exp. Mar. Biol. Ecol. 
206: 179-201.

Baird AH, RC Babcock, CP Mundy.  2003.  Habitat selection 
by larvae influences the depth distribution of six common 
coral species.  Mar. Ecol.Prog. Ser. 252: 289-293.

Baird AH, TP Hughes.  1997.  Spatial variation in coral 
recruitment around Lizard Island.  Proc. 8th Int. Coral 
Reef Symp. 2: 1207-1210.

Birkeland C.  1977.  The importance of rate of biomass 
accumulation in early successional stages of benthic 
communities to the survival of coral recruits.  Proc. 3rd Int 
Coral Reef Symp. 1: 15-21.

Birrell CL, LJ McCook, BL Willis, L Harrington.  2008.  Chemical 
effects of macroalgae on larval settlement of the 
broadcast spawning coral Acropora millepora.  Mar. Ecol. 
Prog. Ser. 362: 129-137.

Box SJ, PJ Mumby.  2007.  Effect of macroalgal competition on 
growth and survival of juvenile Caribbean corals.  Mar. 
Ecol. Prog. Series 342: 139-149.

Zoological Studies 49(6): 724-734 (2010)732



Caley MJ, MH Carr, MA Hixon, TP Hughes, GP Jones, BA 
Menge.  1996.  Recruitment and the local dynamics of 
open marine populations.  Annu. Rev. Ecol. Syst. 27: 
477-500.

Chia FS, LR Bickell.  1978.  Mechanisms of larval attachment 
and the induction of settlement and metamorphosis 
in coelenterates: a review.  In FS Chia, ME Rice, eds.  
Settlement and metamorphosis of marine invertebrate 
larvae.  New York: Elsevier, pp. 1-12.

Connell JH.  1978.  Diversity in tropical rain forests and coral 
reefs.  Science 199: 1302-1310.

Dai CF.  1991.  Reef environment and coral fauna of southern 
Taiwan.  Atoll Res. Bull. 354: 1-28.

Dai CF, K Soong, TY Fan.  1992.  Sexual reproduction of corals 
in northern and southern Taiwan.  Proc. 7th Coral Reef 
Symp. Guam 1: 448-455.

Dunstan PK, CR Johnson.  1998.  Spatio-temporal variation 
in coral recruitment at different scales on Heron Reef, 
southern Great Barrier Reef.  Coral Reefs 17: 71-81.

Edmunds PJ.  2004.  Juvenile coral population dynamics track 
rising seawater temperature on a Caribbean reef.  Mar. 
Ecol. Prog. Ser. 269: 111-119.

Fan TY, CF Dai.  1996.  Reproductive ecology of the 
pocilloporid corals in Taiwan.  I.  Seriatopora hystrix.  Acta 
Oceanogr. Taiwan. 35: 311-321.

Fan TY, CF Dai.  2002.  Sexual reproduction of the reef coral 
Stylophora pistillata in southern Taiwan.  Acta Oceanogr. 
Taiwan. 40: 109-120.

Fan TY, CF Dai.  2003.  Sexual reproduction of the reef 
coral Pocillopora damicornis in southern Taiwan.  Acta 
Oceanogr. Taiwan. 41: 1-12.

Fitzhardinge RC.  1985.  Spatial and temporal variability in coral 
recruitment in Kaneohe Bay (Oahu, Hawaii).  Proc. 5th 
Int. Coral Reef Symp. 4: 373-378.

Gilmour J.  1999.  Experimental investigation into the effects 
of suspended sediment on fertilisation, larval survival 
and settlement in a scleractinian coral.  Mar. Biol. 135: 
451-462.

Glassom D, D Zakai, NE Chadwick-Furman.  2004.  Coral 
recruitment: a spatio-temporal analysis along the coastline 
of Eilat, northern Red Sea.  Mar. Biol. 144: 641-651.

Gleason MG.  1996.  Coral recruitment in Moorea, French 
Polynesia: the importance of patch type and temporal 
variation.  J. Exp. Mar. Biol. Ecol. 207: 79-101.

Gosselin LA, PY Qian.  1997.  Juvenile mortality in benthic 
marine invertebrates.  Bull. Mar. Sci. 146: 265-282.

Graham EM, AH Baird, SR Connolly.  2008.  Survival dynamics 
of scleractinian coral larvae and implications for dispersal.  
Coral Reefs 27: 529-539.

Gunkel F.  1997.  Effects of different substrate surface 
roughness on sessile invertebrate recruitment off Lee 
Stocking Island, Ecuma Cays, Bahamas – preliminary 
results.  Proc. 8th Int. Coral Reef Symp. 2: 1185-1190.

Hadfield MG.  2000.  Why and how marine-invertebrate larvae 
metamorphose so fast.  Semin. Cell Develop. Biol. 11: 
437-443.

Harrington L, K Fabricius, G De’ath, A Negri.  2004.  Recog-
nition and selection of settlement substrata determine 
post-sett lement survival  in corals.   Ecology 85: 
3428-3437.

Harriott VJ.  1985.  Recruitment patterns of scleractinian corals 
at Lizard Island, Great Barrier Reef.  Proc. 5th Int. Coral 
Reef Symp. 4: 367-372.

Harriott VJ.  1992.  Recruitment patterns of scleractinian corals 

in an isolated sub-tropical reef system.  Coral Reefs 11: 
215-219.

Harriott VJ, SA Banks.  1995.  Recruitment of scleractinian 
corals in the Solitary Island Marine Reserve, a high 
latitude coral dominated communities in eastern Australia.  
Mar. Ecol. Prog. Ser. 123: 155-161.

Harriott VJ, DA Fisk.  1987.  A comparison of settlement plate 
types for experiments on the recruitment of scleractinian 
corals.  Mar. Ecol. Prog. Ser. 37: 201-208.

Harrison PL, CC Wallace.  1990.  Reproduction, dispersal and 
recruitment of scleractinian corals.  In Z Dubinsky. ed.  
Coral reefs.  New York: Elsevier, pp. 133-207.

Hughes TP, AH Baird, EA Dinsdale, NA Moltschaniwskyj, 
MS Pratchett, JE Tanner, BL Willis.  2000.  Supply-side 
ecology works both ways: the link between benthic adults, 
fecundity, and larval recruits.  Ecology 81: 2241-2249.

Hunt HL, RE Scheibling.  1997.  Role of early post-settlement 
mortality in recruitment of benthic marine invertebrates.  
Mar. Ecol. Prog. Ser. 155: 269-301.

Koh EGL, H Sweatman.  2000.  Chemical warfare among 
scleractinians: bioactive natural products from Tubastraea 
faulkneri Wells kill larvae of potential competitors.  J. Exp. 
Mar. Biol. Ecol. 251: 141-160.

Lewis JB.  1974.  The settlement behaviour of planulae larvae 
of hermatypic coral Favia fragum (Esper).  J. Exp. Mar. 
Biol. Ecol. 15: 165-172.

Lugo-Fernandez A, KJP Deslarzes, JM Price, GS Boland, 
MV Morin.  2001.  Inferring probable dispersal of Flower 
Garden Banks coral larvae (Gulf of Mexico) using 
observed and simulated drifter trajectories.  Cont. Shelf 
Res. 21: 47-67.

Maida M, JC Coll, PW Sammarco.  1994.  Shedding new light 
on scleractinian coral recruitment.  J. Exp. Mar. Biol. Ecol. 
180: 189-202.

Maida M, PW Sammarco, JC Coll.  1995.  Preliminary evidence 
for directional allelopathic effects of the soft coral Sinularia 
flexibilis (Alcyonacea, Octocorallia) on scleractinian coral 
recruitment.  Bull. Mar. Sci. 56: 303-311.

Maida M, PW Sammarco, JC Coll.  2001.  Effects of soft corals 
on scleractinian coral recruitment.  II: Allelopathy, spat 
survivorship and reef community structure.  Mar. Ecol. 
Pubbl. Stn. Zool. Napoli. 22: 397-414.

Mangubhai S, PL Harrison, DO Obura.  2007.  Patterns of coral 
larval settlement of lagoon reefs in the Monbasa Marine 
National Park and Reserve, Kenya.  Mar. Ecol. Prog. Ser. 
348: 149-159.

McCook LJ, J Jompa, G Diazpulido.  2001.  Competition 
between corals and algae on coral-reefs - a review of 
evidence and mechanisms.  Coral Reefs 19: 400-417.

Morse DE, ANC Morse.  1991.  Enzymatic characterization 
of the morphogen recognized by Agaricia humilis 
(scleractinian coral) larvae.  Biol. Bull. 181: 104-122.

Mundy CN, RC Babcock.  1998.  Role of light intensity and 
spectral quality in coral settlement: implications for depth-
dependent settlement?  J. Exp. Mar. Biol. Ecol. 223: 
235-255.

Norström AV, J Lokrantz, M Nystrom, HT Yap.  2007.  Influence 
of dead coral substrate morphology on patterns of juvenile 
coral distribution.  Mar. Biol. 150: 1145-1152.

Putnam HM, PJ Edmunds, TY Fan.  2008.  Effect of temperature 
on the settlement choice and photophysiology of larvae 
from the reef coral Stylophora pistillata.  Biol. Bull. 215: 
135-142.

Richmond RH, CL Hunter.  1990.  Reproduction and recruitment 

Kuo and Soong – Post-settlement Survival of Juvenile Corals 733



of corals – comparisons among the Caribbean, the 
tropical Pacific and the Red Sea.  Mar. Ecol. Prog. Ser. 
60: 185-203.

Roughgarden J, JT Pennington, D Soner, S Alexander, K Miller.  
1991.  Collisions of upwelling fronts with the intertidal zone 
- the cause of recruitment pulses in barnacle populations 
of central California.  Acta Oceanol. Int. J. Ecol. 12: 35-51.

Rylassrsdam KW.  1983.  Life histories and abundance patterns 
of colonial corals on Jamaican reefs.  Mar. Ecol. Prog. 
Ser. 13: 249-260.

Sato M.  1985.  Mortality and growth of juvenile coral 
Pocillopora damicornis (Linnaeus).  Coral Reefs 4: 27-33.

Shlesinger Y, Y Loya.  1991.  Larval development and 
survivorship in the corals Favia favus and Platygyra 
lamellina.  Hydrobiologia 216/217: 101-108.

Soong K, MH Chen, CL Chen, C-F Dai, T-Y Fan, JJ Li, HM Fan.  
2003.  Spatial and temporal variation of coral recruitment 
in Taiwan.  Coral Reefs 22: 224-228.

Tanner JE.  1996.  Seasonality and lunar periodicity in the 
reproduction of pocilloporid corals.  Coral Reefs 15: 
59-66.

Todd CD, RW Doyle.  1981.  Reproductive strategies of marine 

benthic invertebrates: a settlement-timing hypothesis.  
Mar. Ecol. Prog. Ser. 4: 75-83.

Underwood AJ, PG Fairweather.  1989.  Supply-side ecology 
and benthic marine assemblages.  Trends Ecol. Evol. 4: 
16-20.

Vermeij MJA.  2006.  Early life-history dynamics of Caribbean 
coral species on artificial substratum: the importance of 
competition, growth and variation in life-history strategy.  
Coral Reefs 25: 59-71.

Vermeij MJA, SA Sandin.  2008.  Density-dependent settlement 
and mortality structure the earliest life phases of a coral 
population.  Ecology 89: 1994-2004.

Wallace CC.  1985.  Seasonal peaks and annual fluctuations 
in recruitment of juvenile scleractinian corals.  Mar. Ecol. 
Prog. Ser. 21: 289-298.

Wilson J, P Harrison.  2005.  Post-settlement mortality and 
growth of newly settled reef corals in a subtropical 
environment.  Coral Reefs 24: 418-421.

Wittenberg M, W Hunte.  1992.  Effects of eutrophication and 
sedimentation on juvenile corals.  I.  Abundance, mortality 
and community structure.  Mar. Biol. 112: 131-138.

Zoological Studies 49(6): 724-734 (2010)734


