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Abstract 

Successful recruitment is critical to the maintenance and resilience of populations and may be at 

the core of the transition from scleractinian to octocoral dominated faunas on some Caribbean 

reefs. For sessile invertebrates, recruitment incorporates the composite effects of larval supply, 

settlement and survival. The relative success of these processes differs between species and 

successful recruitment may be achieved through different life history strategies.  Recruitment of 

six abundant and widespread Antillogorgia spp. was assessed at six sites on Little Bahama Bank 

from 2009–2012. Identification of recruits to species level, based on microsatellite analyses, 

revealed differences in recruitment and survival between species, sites and years.   The broadcast 

spawning species, A. americana and A. acerosa had low rates of early recruitment and post-

settlement survival.  Higher levels of recruitment success were achieved among brooding and 

surface brooding species following somewhat different patterns of early recruitment and 

survival.  The internal brooder Antillogorgia hystrix had the highest recruitment at five of the 

sites but low survival dramatically reduced its abundance and after a year it had similar densities 

as the surface brooding species, A. elisabethae and A. bipinnata.  The brooders have smaller 

colonies and will produce fewer larvae than the broadcast spawning species, but they release 

competent larvae which probably accounts for their higher recruitment rates. The Antillogorgia 

illustrate the diversity of successful reproductive strategies exhibited by octocorals.and 

differences in the life history strategies among these congeners are best characterized by their 

mode of larval development.   
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Introduction 

Marine communities are populated by species, which commonly have life histories 

involving a larval stage that disperses from its natal population.  In these systems maintenance of 

the community is not necessarily determined by whether individuals reproduce successfully, but 

rather by whether larvae successfully recruit to that site. Historically, recruitment was not 

considered an important component of community dynamics (Thorson 1946) but it has become 

clear that in some settings recruitment is critical to the dynamics of populations and community 

structure (Gaines and Roughgarden 1985; Connolly and Roughgarden 1999).  On coral reefs, 

where the density and diversity of organisms has historically been great, density dependent 

regulation has often modulated the effects of recruitment (Tanner 1999; Tanner et al. 2009; 

Bramanti and Edmunds 2016; Edmunds et al. 2018).  However, coral reef communities in 

general (Connell 1997; De'ath et al. 2012; Edmunds et al. 2014)and Caribbean coral reefs in 

particular (Connell 1997; Gardner et al. 2003; Côté et al. 2005; Gardner et al. 2005; Roff and 

Mumby 2012) have experienced precipitous declines through the direct, indirect and perhaps 

synergistic effects of hurricanes, overexploitation, disease and climate driven changes in water 

temperature.  These effects are expected to grow over the next century (Hughes et al. 2017), and 

predictions for the future of coral reefs are dire (Hoegh-Guldberg et al. 2017).  While 

amelioration of conditions is essential to the future success of reefs, the resilience of existing 

populations and the establishment and reestablishment of populations in suitable habitats will be 

dependent on recruitment.   

Over a half century of ecological research has explicitly contrasted species that rely on 

high levels of reproduction and dispersal for persistence versus those that have lower 

reproductive output coupled with higher individual survival (MacArthur and Wilson 1967, and 
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100s of references thereafter).  Many benthic marine invertebrates have bipartite life histories in 

which gametes and larvae disperse.  In these species, the contrast in life history strategies has 

often been between species with high vs low levels of recruitment, where recruitment is the 

number of individuals arriving in a population over an arbitrarily selected time interval.  Thus, 

recruitment incorporates the composite effect of the production of larvae, supply of larvae to a 

specific site, settlement and then survival between settlement and the time at which the 

population is censused.  Each of these processes can differ between species, locations and over 

time.  Some marine species have life histories that make it possible to conduct censuses within 

days of settlement (c.f., Minchinton and Scheibling 1991), and success at multiple stages of the 

life history can be assessed.  This is not the case when settlement is less predictable, occurs at 

low density and/or when the newly settled recruits are difficult to discover.  In those cases, 

census data incorporate an element of post-settlement survival.  Furthermore, the difficulty of 

identifying early life history stages of many benthic species has led to studies that are often 

limited to the level of families or genera.  Such analyses conceal potentially important 

differences in the settlement and survival of different species which may have important effects 

on the assembly and maintenance of communities.  In this study we used species specific 

estimates of recruitment at six-month time intervals over four years to identify differences in 

settlement and post-settlement survival. 

The recruitment dynamics of reefal species is essential to our understanding of reef 

futures, and recruitment of species that appear to be maintaining populations in the midst of 

overall reef decline is particularly important.  In the Caribbean, a number of “alternative” 

communities have been observed to develop as scleractinians decline (Norstrom et al. 2009) and 

increased abundance of octocorals have been reported at many sites (Ruzicka et al. 2013; Lenz et 
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al. 2015; Tsounis and Edmunds 2017; Sanchez et al. 2019).  To the extent that a transition in 

community structure has occurred at those sites, there has not been a monotonic increase in 

octocoral abundances.  Octocorals at those sites have undergone declines in abundance but have 

recovered, leading to net increases in overall abundance (Florida Keys, (Ruzicka et al. 2013); St 

John, Virgin Islands, (Lenz et al. 2015; Tsounis and Edmunds 2017).  Increasing numbers of 

colonies requires recruitment, and thus, recovery of octocorals at those sites has been dependent 

on recruitment.  The observed resilience further emphasizes the importance of recruitment (also 

see Lasker et al. 2020).  

Studies of octocorals that have quantified recruitment at the level of species have most 

commonly focused on a single species (Muricea californica and M. fruitcosa (Grigg 1977), 

Leptogorgia virgulata, (Gotelli 1988), Plexaura kuna (Lasker 1990; Lasker et al. 1998) and 

Antillogorgia elisabethae (Lasker 2013) or single genus (Antillogorgia spp.(Yoshioka 1994). 

Broader surveys have distinguished among genera in the Florida Keys (Bartlett et al. 2018) 

among a mix of general and species in Puerto Rico (Yoshioka 1996), between species of 

Antillogorgia in The Bahamas (Lasker and Jamison 2006) and between species in Eastern Pacific 

reefs in Panama (Gomez et al. 2014). Both single species and community level analyses have 

documented high levels of variability over time as well as highly heterogeneous recruitment both 

between and within sites. 

Antillogorgia spp., the focal species of this study, are among the most widespread and 

abundant of the Caribbean reef octocorals.  They range from the coast of South America to 

Bermuda (Bayer 1961; Lasker and Coffroth 1983; Lasker 1990) and are common at virtually 

every site that has been characterized (Goldberg 1973; Kinzie 1973; Lasker and Coffroth 1983; 

Yoshioka and Yoshioka 1987; Jordan-Dahlgren 2002; Lenz et al. 2015).  In The Bahamas, 
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Antillogorgia spp. are abundant across a wide array of habitats; 8 of the 11 currently recognized 

species have been observed at sites ranging from San Salvador to the Great Bahama Bank 

(unpublished data).   During the period of 2009 to 2012 an extensive research program was 

conducted to characterize the populations, dynamics and genetic structure of Antillogorgia 

elisabethae in the northern Bahamas (Lasker 2013; Smilansky and Lasker 2014; Lasker and 

Porto-Hannes 2015).  In this report we consider recruitment and survival of the six most common 

Antillogorgia spp., supplementing data on recruitment of A. elisabethae, with data on the 

recruitment and survival of A. americana, A. acerosa, A. bipinnata, A. hystrix and A. rigida.  

Comparison of recruitment of these Antillogorgia spp. provides opportunity to evaluate 

differences in recruitment across life history strategies in a group of closely related species.  All 

six species are gonochoric.  A. americana broadcast spawns in spawning events, which in The 

Bahamas are believed to occur November and/or December (based on studies in the Florida Keys 

(Fitzsimmons-Sosa et al. 2004; Coelho and Lasker 2016)).  A. elisabethae, A. bipinnata and A. 

hystrix exhibit similar timing, spawning in November/December.  A. elisabethae and A. 

bipinnata surface brood (Gutiérrez-Rodríguez and Lasker 2004).   A. hystrix is a true brooder and 

releases planulae that are already infected with Symbiodiniaceae (formerly Symbiodinium spp. 

(LaJeunesse et al. 2018) symbionts (Coelho and Lasker 2014).  A. acerosa is believed to 

broadcast spawn (Yoshioka 1979).  The reproductive mode of A. rigida is unknown. 

Methods 

The research was conducted at six sites along the southern edge of the Little Bahama 

Bank in The Bahamas.  The research sites (ESM Table 1, ESM Figure 1) were initially chosen to 

study the dynamics of A. elisabethae populations (Lasker 2013; Lasker and Porto-Hannes 2015).  
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Those sites were selected because they had previously been subject to harvests of A. elisabethae.  

In the context of this study their selection can be characterized as arbitrary, but all six sites had 

diverse octocoral communities with many colonies of other Antillogorgia spp.  The octocoral 

communities at the sites are similar to gorgoniid dominated communities that have been reported 

from forereefs throughout the Caribbean (Goldberg 1973; Kinzie 1973; Lasker and Coffroth 

1983; Yoshioka and Yoshioka 1989; Sánchez et al. 1997; Etnoyer et al. 2010). 

The sites have been described in Lasker (2013) and are depicted in ESM Fig. 1.  At each 

site, a center point was arbitrarily selected and then four 20m transects were established using 

random headings and random distances (1-40m) from the center point to define the starting point 

of the transect.  The transects were then laid out on random headings from that start point. The 

start and end of the transects were permanently marked with steel rods.  Five points were 

randomly selected on each transect and at each point a 3.5 x 1 m band was marked which was 

subdivided in to 6 sampling areas, three 1x1 m quadrats that were used for annual censuses of all 

colonies and three 0.25 x 1 m quadrats that were used for censuses of recruits.  Quadrats were 

marked with masonry nails. The layout of the quadrats is depicted in Fig. 1. 

Census and Sampling Protocols. Recruits were censused (counts of all recruits present 

within each quadrat during the visit) and collections made from specific quadrats based on 

age/size of the recruits.  The censuses and collections were made biannually between January 

2009 and June 2012.  Winter censuses and collections were made in January (2009, 2011 and 

2012) or February (2010) (henceforth all are referred to as January censuses and collections) 

with a summer census and collection in June of each year.    Collections of recruits in the three 

different quadrats were designed to characterize numbers of recruits in each year’s cohort that 

were present 1-2 months, 6-7 and 13-14 months after spawning. During every January sample, 
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all single polyp, 1-2 month old recruits from the November/December spawning events present 

in quadrat #12 were collected (Fig. 1). The presence of recruits in the #12 plots in June 

collections indicates that not all of the one polyp recruits had been collected in the previous 

January collection.  Thus, in order to fully characterize the earliest estimate of recruitment, 

recruits present in the #12 quadrat in June were also collected and January recruitment was 

calculated as the number of recruits found in the #12 plots in January plus the number found in 

the #12 plots found in June.  This is an underestimate of the number of recruits present at 1-2 

months as some of the recruits that escaped detection in Jan/Feb would have died before June.  In 

the following January sample, the surviving 13-14 month old recruits, which could be 

distinguished by their 3-5 cm height, were collected from quadrat #13.  The fates of individual 

recruits cannot be followed in this sampling scheme, but the censuses track the number of 

recruits still present, i.e., surviving, in each year’s cohort.  Numbers of adults (colonies ≥ 20 cm 

height) were counted in quadrats 1, 2 and 3 (Fig. 1) in 2012.  

Species Identification. Recruits that were collected were measured after each dive and 

preserved in 95% ethanol.  Upon return to the University at Buffalo recruits were identified to 

species on the basis of amplification of two microsatellite loci (Pel-19 and Pel-32) that had 

previously been shown to distinguish the species of Antillogorgia present at these sites in The 

Bahamas (Jamison and Lasker 2008).  All procedures followed those in Jamison and Lasker 

(2008) and Lasker and Porto-Hannes (2015).  More recruits were obtained in each collection 

than could be analyzed prior to the next collection and the species level identification was 

limited to subsets of the collected recruits.  A total of 4,990 recruits were collected across the 

three years and six sites and of those 2,456 were analyzed and identified to species using the two 

microsatellite markers.  The number of recruits collected varied between sites, and many more 
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one-month and six- month old recruits were collected than 13-month old recruits.  In order to 

maximize the accuracy of the relative abundance estimates greater proportions of samples were 

analyzed from collections with fewer recruits (ESM Table 2).  The proportions of the different 

species at the different sites and ages were used to calculate species specific recruitment rates.  

Abundances of the six species among the recruits were calculated in two ways.  At the three 

Cross Harbour sites, where 100s of recruits were sampled, year specific values were calculated 

using the relative frequencies of the analyzed samples for each year.  Due to the relatively small 

number of recruits from some of the sites, collections were pooled over years.  Thus, differences 

in proportions of species recruiting in the different years cannot be discerned for all of the sites.  

Statistical analyses were all conducted using SPSS v. 25.  As a wide variety of tests were 

employed with the different data sets they are noted in the presentation of the results for each 

type of data. 

RESULTS 

Recruitment.  Numbers of recruits censused at the different sites and at different quadrats 

within the sites differed dramatically, with some quadrats never yielding a recruit while hundreds 

might be censused in an adjacent quadrat.  The number of recruits censused in the individual 

0.25m2 quadrats in a single census ranged from 0 to 274.  Quadrats with large amounts of sand or 

surfaces with sediment and turf algae had few recruits, but there were no obvious associations 

between recruitment and crustose coralline algae nor the presence or absence of specific 

scleractinian or octocoral species.  When data from January censuses (i.e., counts of new recruits 

in quadrats 11, 12 and 13) from all sites are pooled, the frequency distribution (ESM Figure 2A) 
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has dramatically more cases of empty quadrats than would be expected from a Poisson 

distribution (Kolmogorov-Smirnov Test, p<0.001).  At the level of the individual sites the 

frequency distribution from Cross Harbour Ridge (ESM Figure 2B) fits an exponential 

distribution (Kolmogorov-Smirnov Test of fit to normal, binomial and Poisson distributions, 

each p<0.001; test of fit to exponential distribution, p=0.134).  Frequency distributions from 

Cross Harbour Slope and Cross Harbour Patch had multimodal distributions (data not shown).  

The numbers of recruits at the other three sites were low, and the frequency distributions 

contained a preponderance of zero values (data not shown).   

January recruitment rates for Antillogorgia spp., i.e., all species combined, are depicted in 

Figure 2.  There were significant differences in numbers of recruits between Sites, Quadrats, and 

Years by Sites (Generalized Linear Model [GLM]- Site, Year*Site, Quadrats, all p<0.001; Year, 

p=0.029; SPSS v 25).  Estimated marginal means for Sites and Years are included in ESM Table 

3.  As is evident in Figure 2 the three Cross Harbour sites, and Cross Harbour Ridge in 

particular, had greater recruitment than the other sites.  Recruitment at the sites with the highest 

value (Cross Harbour Ridge, 2009) and lowest (Gorda Patch, 2011) differed by almost 2 orders 

of magnitude.  Recruitment was lowest in 2010 at five of the six sites.  Comparison of estimated 

marginal means (ESM Table 3) indicate that recruitment in 2010 and 2011 was lower than 2009 

and 2012, but as the significant Site by Year interaction suggests, those difference were not 

uniform across all six sites, with overall recruitment in 2010 being lower than 2012 only at three 

of the sites. 

The proportions of the six different species in the collections differed between sites and 

as a function of recruit age (ESM Table 2).  The general trend was A. elisabethae, and to a lesser 

extent A. bipinnata, increased in relative abundance between one and seven months and A. 
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hystrix declined in relative abundance as the recruits aged.  However, that pattern varied between 

sites.  A. hystrix was proportionately most abundant among the one month recruits at the three 

Cross Harbour sites, rare at Sandy Point and was not present in the samples from the other three 

sites.  The large number of recruits in collections from the Cross Harbour sites made it possible 

to compare recruitment among years as well as sites.  The calculated species specific recruitment 

rates from the January censuses differed between Species, Sites and Years (GLM with gamma 

distribution, all p <0.001, ESM Table 4).  All interactions were significant.  The overall pattern 

reflected in the estimated marginal means were that ordered recruitment rates were A. hystrix >> 

A. elisabethae > A. bipinnata > A. americana > A. acerosa > A. rigida (ESM Table 4).  Among 

years, overall recruitment rates were greatest in 2009 > 2012 > 2011 > 2010.  However, as all of 

the interaction terms were significant those patterns did not apply uniformly across Sites, Years 

and Species.   

In order to calculate species specific rates for all sites a second analysis was conducted in 

which the extrapolated species-specific abundances were calculated pooling data across years, 

which was necessary due to the low numbers of recruits collected from the non-Cross Harbour 

sites.  Abundances for all species at all sites are shown in Figure 3.  Statistical modeling of these 

data (GLM) did not include a Year x Species nor the 3-way interactions as proportions of the 

different species were based on identifications that were pooled over years.  All main effects and 

interactions were significant (ESM Table 5). Estimated marginal means indicate that recruitment 

rates of the species were A. hystrix>A. elisabethae>A. bipinnata>A. americana = A. acerosa > 

A. rigida.  As suggested by the interaction terms A. hystrix had the highest recruitment rates at 

the three Cross Harbour sites, and A. elisabethae disproportionately greater recruitment at Cross 
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Harbour Ridge and Cross Harbour Slope.  The greater high recruitment rates at the Cross 

Harbour sites were primarily a function of the recruitment of A. hystrix and A. elisabethae.   

The relationship between recruitment at each site in each of the four years and adult 

abundances, which were assessed in 2012 is presented in Fig. 4A.  Correlations with adult 

abundance were slightly greater when abundance was calculated as the sum of colony heights 

(Fig. 4B), a measure that incorporates colony size into the estimate of adult abundance.  

Significant correlations between adult abundance (summed colony heights) and recruitment were 

observed for A. acerosa, A. bipinnata, A. elisabethae, and A. hystrix. (r= 0.991, 0.994, 0.997, 

0.992, all p<0.001).  There were no significant correlations between adult and recruit abundance 

for A. americana (r=0.662, p=0.45), nor A. rigida (r= -0.244, p=0.64). 

Mortality.  The number of recruits surviving to 6-7 months was calculated as the number 

of recruits found in the #11 quadrats in the June samples, and the number surviving to 13-14 

months was calculated as the number of larger (i.e. 1-5 cm) colonies collected in the #13 

quadrats in January.  The frequency distribution of numbers of recruits in quadrats was 

extraordinarily variable, and adjacent quadrats did not start with the same number of recruits. 

Numbers of recruits observed in a quadrat 1-2 months after settlement were sometimes lower 

than the number of recruits in the adjacent quadrat 6-7 months later.  Thus, quadrat and transect 

specific estimates of survivorship are not reported.  Instead, average values for each site and year 

were calculated (ESM Table 6).  In two cases, Gorda Patch in 2011 and Cross Harbour Patch in 

2009, the average number of recruits in quadrats censused 13 months after spawning exceeded 

the number in the quadrats that were sampled at 7 months.  Both cases were at sites and years in 

which fewer than 10 recruits were found, making survival calculations very sensitive to random 

variation in the numbers of recruits found.  The plot of numbers of recruits from each site over 
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13 months (Figure 5A, ESM Table 6) again illustrates the differences in recruitment at the sites.  

The slopes of the lines suggest differences in mortality between sites and relatively little 

difference in mortality between the two time periods.  However, as evident in Figure 2, the 

relative abundances of the species among the recruits differed between sites and analyses that 

differentiated among the species identified a more complex result.  

Substantial numbers of recruits of A. bipinnata, A. elisabethae and A. hystrix were found 

at the three Cross Harbour sites and statistical analysis of mortality rates for those species and 

sites (Figure 5B, ESM Table 7) identified significant differences between Species (p=0.004), Site 

(p<0.001) and Age (p=0.019), as well as significant interactions between Species x Age 

(p=0.004), Site x Age (p<0.001) and Species x Site x Age (p=0.028).  Post-hoc Scheffe tests and 

comparisons of estimated marginal means for the interactions indicated that mortality was 

greater in the first 7 months post-settlement, that A. hystrix had higher mortality than either A. 

elisabethae or A. bipinnata, that mortality was greater at the Cross Harbour Patch site than the 

other two Cross Harbour sites and that 1-7 month mortality of A. hystrix did not differ between 

sites, and that 7-13 month mortality of  A. hystrix was greater at the Cross Harbour Patch site. 

Comparisons of mortality and survivorship among all six species must be interpreted 

cautiously as density estimates for A. acerosa, A. americana and A. rigida are based on small 

numbers of individuals. Survivorship to the two ages and across species are presented in ESM 

Table 8.  The species fall into two groups.  A. bipinnata and A. elisabethae had relatively high 

survival during the first seven months (51 and 33%, respectively) and reduced mortality and thus 

high survivorship after 13 months (48 and 39%).  (The estimate of survivorship of A. elisabethae 

was greater after 13 months than seven months, which illustrates the variability inherent with the 

census approach to estimating survival.)  In contrast, A. acerosa, A. americana and A. hystrix, all 
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had low survival during the first 7 months and 13 month survivorship was <10%.  A. rigida, for 

which the fewest number of recruits were found, was intermediate to the two groups.  Five of the 

six species exhibited higher mortality during the first seven months after recruitment than in the 

subsequent six months.  

There was no evidence of density dependent survival of the recruits as either a function 

of the number of adult colonies (r=-0.34, p=0.11) nor with the number of recruits initially found 

at the site (p= 0.15, p=0.49).  Survival of A. elisabethae and A. hystrix at the Cross Harbour sites 

when plotted against the number of same species recruits (ESM Figure 3) has an appearance of 

density dependence, but neither species exhibits such a correlation (A. elisabethae, r= -0.44, p= 

0.18; A hystrix, r= 0.20, p= 0.55; ESM Figure 3B), nor was there a correlation when total 

Antillogorgia spp. survival and density were compared (r=0.14, p=0.24; ESM Figure 3A).  

 

DISCUSSION 

Characterizations of the life histories of marine species typically focus on reproductive 

modes, such as broadcast spawning versus brooding and number of oocytes or larvae generated 

(c.f., Thorson 1950; Vance 1973; Strathmann 1977; Hadfield and Strathmann 1996; Hart 2002; 

Kahng et al. 2011). Reef anthozoans tend to broadcast large numbers of eggs that disperse well 

but have low probabilities of survival and settlement or  brood eggs and produce fewer larvae 

which do not disperse great distances (Szmant 1986).  The species level analyses coupled with 

censuses that differentiated between settlement/early recruitment and post-settlement mortality 

reported here also suggest a set of life history strategies that are best distinguished on the basis of 

developmental mode with a suite of associated characteristics that affect adult survival.   
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Reproductive Effort.  While there are differences in numbers of gametes produced by 

individual polyps the factor that most affects reproductive output is the number of polyps in the 

colony, i.e., size of the colony.  Although colonial taxa such as octocorals are often portrayed as 

having indeterminate growth (Sebens 1987), species have different maximum sizes (Bayer 1961) 

and Goffredo and Lasker (2005) found growth of A. elisabethae  follows a von Bertalannfy 

growth curve.  Thus, the colonies of species that grow to large size will generate substantially 

larger numbers of eggs and presumably larvae than species with smaller colonies as has been 

characterized for Eunicea flexuosa (Beiring and Lasker 2000).  As colonies approach full size 

there may be an increase in individual polyp fecundity (Beiring and Lasker 2000), suggesting a 

change in resource allocation, but the effects of colony size, i.e., numbers of polyps, dominate 

variance in whole colony fecundity.  Thus, colony size and reproductive effort are linked traits.   

Settlement and post settlement survival.  Increasing dispersal will inevitably carry larvae 

to inhospitable habitats.  Thus, the number of larvae that successfully settle should be inversely 

related to the time spent in the water column.  Assuming they are immediately competent, a 

greater proportion of brooded larvae will settle than for broadcast spawning species where larvae 

spend several days in the water column as they develop and then remain competent up to several 

weeks (c.f., Coelho and Lasker 2016).  In addition, larvae that do not immediately settle use 

greater proportions of their energy stores which should affect their survival once they do settle 

and metamorphose.   

The recruitment patterns observed among the Antillogorgia spp., follow the generalized 

model described above.  Antillogorgia bipinnata and A. elisabethae, which surface brood had 

among the higher recruitment rates observed in the study and for both species recruitment was 

correlated with abundances of adult colonies.  The data for A. elisabethae support similar 
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patterns observed at these same sites in 2004-2007 (Lasker 2013) and genetic data suggest the 

dispersal kernel for A. elisabethae is less than 1 km (Lasker and Porto-Hannes 2015). Similarly, 

A. hystrix, which broods its larvae releasing competent, negatively buoyant larvae that contain 

Symbiodiniaceae symbionts (Coelho and Lasker 2014), also had high recruitment when 

recruitment was assessed 1-2 months after spawning.  In contrast A. americana broadcast spawns 

and had recruitment rates that were dramatically lower than the brooder and surface brooders, 

and recruitment was not correlated with adult abundance.  This is consistent with the larval 

behavior of A. americana (Coelho and Lasker 2016) and with a biophysical model of dispersion 

of  A. americana that shows limited self-seeding of  A. americana populations in The Bahamas 

(Coelho 2018). Recruitment of A. acerosa, which broadcast spawns were also low, but were 

correlated with adult abundance.  This latter result points to the inherent difficulty in 

differentiating whether adult-recruit correlations are reflective of recruitment driving adult 

abundance or adult abundance driving recruitment. 

The one exception to the expected patterns was the post-settlement survivorship of A. 

hystrix recruits.  Over the four years of this study we observed dramatically more recruits of A. 

hystrix than any other Antillogorgia spp., but after a year A. hystrix were no more abundant than 

recruits of A. bipinnata and A. elisabethae.  Survivorship of A. hystrix recruits was only 0.09 

after 6-7 months compared to 0.48 and 0.33 for A. bipinnata and A. elisabethae, respectively.  

The difference in survival is striking.  While size is not a clear indicator of provisioning the egg 

with nutrients, there is not an obvious difference in provisioning as A. elisabethae and A. hystrix 

have similar size eggs (Gutiérrez-Rodríguez and Lasker 2004; Coelho and Lasker 2014).  

Furthermore, A. hystrix larvae already have Symbiodiniaceae symbionts, which would seemingly 

enhance survival (but see  Hartmann et al. 2019).  It is likely that secondary compounds present 
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in both A. elisabethae and A. bipinnata eggs deter predators as the developing larvae cover the 

surface of colonies after spawning and are not actively consumed by fishes such as Chaetodon 

spp. or wrasses.  Chemical defense of larvae has been demonstrated for another surface brooding 

octocoral, Briareum asbestinum (Harvell 1989; Harvell et al. 1996). In contrast, feeding on the 

broadcast spawning octocoral Plexaura kuna by Chaetodon capistratus increases immediately 

before spawning, when the polyps are filled with eggs (Lasker 1985), suggesting they are poorly 

defended.  Thus, differences in the presence or absence of secondary compounds with 

antipredator or antibiotic properties may contribute to the differences in recruit survival, but this 

remains to be tested for Antillogorgia spp.  There may be a tradeoff in chemical and structural 

defenses in Caribbean octocorals (Pawlik et al. 1987), but the manner in which predator defense 

partitions in a life history context is unclear.  

Density dependent survival of scleractinian recruits has been observed in an experimental 

setting (Doropoulos et al. 2017), but there was no evidence of such an effect at our sites in The 

Bahamas.  However, the recruit densities reported here were based on counts over a 0.25 m2 

area, which masks the within quadrat variability that was often observed when collecting the 

recruits.  Density at the millimeter and centimeter scale over which recruits probably interact 

may have affected survival of Antillogorgia recruits. 

Mortality in colonial species in general and octocorals in particular is characterized as 

size dependent (Lasker 1990; Yoshioka 1994), with the greatest mortality occurring among the 

smallest colonies.  That pattern was evident in this study as mortality from months 7 to 13 was 

lower than the preceding six months.  The mortality reported here varied between species but all 

of the mortality rates are within the wide range of mortality rates reported in the literature.  

Lasker et al. (1998) reported 100% mortality after 3 months for Plexaura kuna planulae that had 
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been settled on artificial substrates and then returned to the reef and Evans et al. (2013) in a 

similar experiment report over 90% mortality of newly settled Briareum asbestinum recruits after 

only 2 weeks.  Yoshioka (1996) suggested that mortality immediately after settlement 

approaches 80% at the Puerto Rico sites that he monitored, but in an earlier study reported 

mortality of  < 6 cm height Antillogorgia colonies that ranged from 15-47% (Yoshioka 1994).  

The lower mortality among Antillogorgia reported by Yoshioka may relate to the larger sizes of 

colonies in his < 6 cm class compared to the single polyp recruits that were collected in this 

study, or to species differences, as A. americana dominated at his study sites.   

Studies of recruitment inevitably incorporate early post-settlement mortality that occurs 

between settlement and the time at which recruitment in assessed.  Thus, measures of recruitment 

and post-settlement/post-recruitment mortality are sensitive to timing of the observations.  

Studies that census recruitment shortly after reproduction and settlement will report higher 

recruitment and, when it is monitored, higher post-recruitment mortality.  Studies that report data 

summed across multiple species will be biased by the recruitment of those species that had 

spawned and settled closest to the census dates.  For instance, Yoshioka (1994) reports 

recruitment rates of Antillogorgia spp. along the southern shore of Puerto Rico which are lower 

than the Bahamas data reported here.  However, his data come from “spring” monitoring, which 

would have incorporated more post-settlement mortality than the January data from The 

Bahamas. In this study, recruitment in 2010 was lower than the other years (ESM Table 2), but 

those data were collected in February which would have incorporated 2-3 additional weeks of 

mortality than the other censuses.  Alternatively, the difference may reflect supply and it is 

noteworthy that sea surface temperature preceding that year’s spawning was anomalously high 

(ESM Figure 4).  
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In this study four species dominated the recruitment data, and the data were collected 

within two months of their known spawning.  Had the data been collected just ahead of 

spawning, the “recruitment failure” of A. hystrix, not its post-settlement mortality, would have 

been a primary discussion point.  To the extent that the reproductive cycles are known, 

Caribbean octocorals appear to have two spawning patterns, with many plexaurid species 

spawning in summer and gorgoniids spawning in late Fall/early Winter (Kahng et al. 2011).  

However, there is variation in those patterns between species and localities (c.f., Yoshioka 1979; 

Kapela and Lasker 1999; Fitzsimmons-Sosa et al. 2004; Bastidas et al. 2005; Coelho and Lasker 

2016), and mixing data from species with different reproductive cycles will confound estimates 

of recruitment and survival.   

Recruitment has been an essential component of the resilience of octocorals on Caribbean 

reefs (c.f., Lasker et al. 2020). The Antillogorgia illustrate the diversity of successful 

reproductive strategies exhibited by octocorals.  However, it is unclear how those reproductive 

traits interact with adult colony survival.  Octocorals have been more resistant to environmental 

stressors such as temperature that have had such dramatic effects on scleractinians.  However, 

octocorals are not immune to those stresses (Lasker et al. 1984; Lasker 2005; Prada et al. 2010), 

and conditions on Caribbean reefs are likely to become more stressful.  A more complete 

understanding of the species level reproductive biology and its relationship with adult 

survivorship will be necessary to predicting the future of these octocoral communities.   
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FIGURE LEGENDS  

Figure 1.   

Diagram showing the layout of the three 0.25 x 1 m quadrats sampled to assess recruitment.  

Recruits were collected from quadrats labelled 11, 12 and 13 at three different ages post-

spawning events.  Numbers of recruits in 1 x 1 m quadrats labelled 1, 2 and 3 were monitored 

and those data have been reported in Lasker (2013). Adult censuses were from quadrats 1, 2 and 

3.  Photos correspond to 1 (C), 6 (B) and 13 (A) month old recruits.  Scale for the 13 month 

recruits  is approximately 3x that of the 6 month recruit.  Photo credits: C, T. Higgs; A-B, H.R. 

Lasker. 

Figure 2.  Antillogorgia spp. recruitment rates to 0.25 m2 quadrats at six sites on the Little 

Bahamas Bank.  See text for methodology of calculating recruitment rate.  Logarithmic scale 

used in order to visualize recruitment at the sites with averaged recruitment <1 recruits per 

quadrat.  Values are means of approximately 20 quadrats.  Error bars are standard errors.   

Figure 3.  Recruitment of six Antillogorgia spp. to sites on the Little Bahama Bank.  Recruitment 

was assessed 1-2 months following spawning and species abundance of the recruits based on 

censuses of 20 0.25 m2 quadrats at each site and molecular identification of approximately half 

of the recruits. 

Figure 4.  Relationship between Antillogorgia spp. recruitment and adult colony abundance at six 

sites on the Little Bahama Bank. A, adult abundance as numbers of colonies; B, adult abundance 

as the sum of the colony heights. Significant results are noted in bold p<0.01. 
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Figure 5.  A, Survival of Antillogorgia spp. at six sites on the Little Bahama Bank.  B,  Estimated 

marginal mean mortality of 3 Antillogorgia spp. at three sites in Cross Harbour, Abaco, The 

Bahamas.  Values are means with 95% confidence intervals. 
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