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Community structure, species composition, and changes over time after disturbances are frequently studied using common
descriptors. We used rank abundance distribution plots (RADs), Rényi entropy plots, common theoretical community
models, ordination analysis of similarities (ANOSIM and Clusters), and abundance spectra analyses to study the effects of
a gradual natural population decline and an anthropogenic punctuated disturbance on the structure of octocoral communi-
ties in Panama, considered a hot spot area for octocoral diversity in the Tropical Eastern Pacific. Over a 17-month period, no
significant change was found in community structure after a natural yearly population decline of 25.2%. After a disturbance,
however, different recovery trajectories were observed in various coral communities. Possible physical and biological explana-
tions for the observed differences include initial local species diversity and abundance, species life history patterns, colony
morphology, and the geographical location of the community. Differences in community structure between study sites
were best described using a combination of community descriptors, RADs, and abundance spectra. Rényi plots were useful
in identifying changes in community structure, whereas the extent of the changes was best evaluated using ANOSIM and
cluster analysis.
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I N T R O D U C T I O N

Octocorals (Coelenterata: Anthozoa: Octocorallia) are sessile
colonial marine invertebrates that inhabit many diverse envir-
onments, including shallow and deep waters in tropical and
subtropical regions (Bayer, 1981). They are a dominant
part of their communities and provide living substrate to
a variety of invertebrates (Cantera et al., 1987). Octocorals
are generally unevenly distributed in the eastern Pacific
(Guzman et al., 2004) and are poor dispersers compared to
reef-building coral species (Concepcion et al., 2010). In add-
ition, they present a variety of growth forms, which increase
the three-dimensionality and heterogeneity of the substrata,
creating niche spaces for other taxa. Surprisingly, ecological
and biological studies in the eastern Pacific are few (Abeytia
et al., 2013; Gomez et al., 2014) and there is little understand-
ing of community composition and the distribution of diver-
sity and abundance in this region.

The distribution of abundance in octocoral communities is
a topic of ongoing debate in ecology (McGill et al., 2007).
Different patterns have been detected, including the presenta-
tion of a few abundant species and large numbers of rare

species as well as unimodal distributions with abundant inter-
mediate species (McGill et al., 2007). The distribution of
species abundance has been studied graphically using
species abundance distribution plots (SADs) (Preston, 1948),
rank abundance distribution plots (RADs) (Macarthur,
1957), and more common diversity indices that include a
spectrum of values with more or less weight given to species
evenness, which can be summarized using Rényi (1961) plots.

Species abundance distribution plots and RADs are useful
community composition descriptors (McGill et al., 2007) and
have been widely used because they require only basic infor-
mation about the community (i.e. number of species and
their abundance). However, there has been ongoing debate
over whether these patterns are simply the result of different
binning methods in Preston’s plots (see Gray et al., 2006) or
the effect of a small sampling scale (McGill, 2003).

Diversity indices are also widely used to describe a
sampled community. Common indices include species rich-
ness (S); Shannon diversity index (H′) (Shannon &
Weaver, 1949); Simpson concentration index (l) (Simpson,
1949); and the dominance index (p1) (Berger & Parker,
1970). All of these indices can be summarized on a Rényi
entropy plot (Rényi, 1961), which provides a spectrum of
species richness and evenness. In contrast to the diversity
indices, Rényi entropy is a function, rather than a single
index, which allows comparison of diversity between com-
munities (Loreau, 2010).

Corresponding author:
C.G. Gomez
Email: gomezc@si.edu

81

Journal of the Marine Biological Association of the United Kingdom, 2015, 95(1), 81–90. # Marine Biological Association of the United Kingdom, 2014
doi:10.1017/S0025315414000915

https://doi.org/10.1017/S0025315414000915 Published online by Cambridge University Press

mailto:gomezc@si.edu
https://doi.org/10.1017/S0025315414000915


Species abundance distribution plots, RADs, and Rényi
plots use the same information to describe, in different ways,
how communities are constituted and changed, and whether
or not the original community composition pattern is restored
after a recovery process. These plots can be used to compare a
community to other communities and they can also be used to
compare community composition before and after disturbance
and recovery, including the impact that processes have on rare
and common species. SADs, RADs, and Rényi plots, however,
ignore species identity, so a possible species turnover process
or reorganization of abundances will not be reflected in the
three mechanisms proposed above (Mac Nally, 2007). The
rate of change at which a species shifts from rare to common
or vice-versa is highly variable (see Hanski, 1982; Hubbell,
2001; McGill et al., 2007). Consequently, Murray et al.
(1999) suggested that SADs should be used with the abundance
spectrum introduced by Mac Nally (2007). In the abundance
spectrum, the rank is species-specific and plotted against the
relative abundance of the species either after a disturbance or
compared to undisturbed reference communities. With this
method, each species maintains its position in the rank,
making it more clearly evident which species changed from
rare to common. This method is ideal for habitat-specific ana-
lysis but is not as well suited to habitat comparisons, for which
SADs and RADs are more useful.

The goals of this study were to: (i) describe the changes in
species composition and structure of an octocoral community
using RADs and Rényi entropy plots over time; (ii) determine
if a naturally declining community maintains its distribution
of species abundance and diversity profile; and (iii) determine
if these patterns can be recovered after a punctuated
anthropogenic disturbance. In addition, we used ordination
analysis of similarities (ANOSIM) to measure differences in
community composition and abundance spectra to illustrate
species turnover.

M A T E R I A L S A N D M E T H O D S

Study site
The study took place at Coiba National Park (CNP) located in
the Gulf of Chiriquı́, Pacific Panama. The CNP is the largest
marine protected area in Panama and it was declared a
UNESCO World Heritage site in 2005. CNP is located
within the Eastern Tropical Pacific (ETP) biogeographical
region, which ranges from the Sea of Cortez to the northern
part of Peru (Robertson & Cramer, 2009). This biogeograph-
ical region hosts high levels of octocoral diversity, abundance,
and endemism, with 11 genera in four families (Bayer, 1953;
Guzman et al., 2008).

The Gulf of Chiriquı́ presents special environmental
characteristics that make it a biodiversity hot spot within
the ETP with over 52 octocoral species in four genera
(Guzman & Breedy, 2008a). The water column is highly strati-
fied, with a shallow and strong thermocline (Fiedler & Talley,
2006). Coral reefs and coral communities in the area are
affected by the El Niño Southern Oscillation every 2–
7 years (Enfield, 2001). Between 1982 and 1983 this area suf-
fered a major warming event in which water temperature rose
above 298C, killing 75% of hermatypic corals (Glynn, 1990).
An event of such magnitude had not occurred for at least
200 years (Glynn, 1990). The Gulf of Chiriquı́ is not

exposed to the strong seasonal upwelling events that occur
in the rest of Pacific Panama, but occasional shoaling of the
thermocline increases nutrients in the upper layer and pro-
motes phytoplankton growth near the surface (D’Croz &
O’Dea, 2007).

The CNP encompasses �2024.63 km2 of marine ecosystems,
including 9 main islands, about 30 islets, and approximately
1700 ha of coral reefs and more diverse coral communities
(Guzman et al., 2004). The CNP is recognized as a diversity
hotspot in the ETP, with over 35 reported octocoral species
including some endemic species (Guzman et al., 2004;
Guzman & Breedy, 2008a; Breedy & Guzman, 2013).
Octocoral communities in the CNP are not evenly distributed
along the coast and sustain most of the observed diversity in
high energy environments such as vertical rocky walls and
underwater pinnacles or seamounts exposed to strong currents
and swell (Guzman et al., 2004). More than 84% of the islands
are covered by primary forest, which gives immediate protection
to marine ecosystems (Guzman et al., 2004). However, marine
communities in the north-eastern area of Coiba Island suffer
from sedimentation due to drainage from at least eight main
rivers in the basin (Cardiel et al., 1997). In the CNP, octocorals
share the basaltic rocky substrata with other sessile organisms
such as scleractinian corals, sponges, macroalgae, tunicates
and coralline algae (Gomez et al., 2014).

Octocoral communities in four sites previously studied and
described by Gomez et al. (2014) were used in the present
study; they all had the similar depth (20 m) and water tem-
perature (25.3–28.98C) but different octocoral colony
density and distance from shore and the deep water
drop-off. All four communities were exposed to different
levels of wave action, currents, and swell: (1) Frijoles islet
(7838′59.6′′N 81843′09.4′′W), located in the northern
leeward side of Coiba Island, is protected from strong currents
and swell, 17 km away from the mainland and �30 km away
from the 400 m deep water drop-off. It is located in a
medium-high diversity area encompassing a species richness
of 50–75% of the richness in the entire protected area
(Guzman et al., 2004) and an average octocoral density of
11.2 colonies/m2 (Gomez et al., 2014); (2) Roca Hacha
(7825′55.0′′N 81851′29.0′′W) is a basaltic rocky outcrop
located on the western seaward side of Coiba Island. It is
exposed to swell and occasional sedimentation events due to
the presence of rivers and natural mudslides. The outcrop is
more than 50 km from the mainland and �5 km away from
a 400 m deep drop-off. It is located in a medium-high diver-
sity area (Guzman et al., 2004) and has an average octocoral
density of 77.6 colonies/m2 (Gomez et al., 2014); (3)
Catedrales (7813′33.7′′N 81849′45.4′′W) is a pinnacle that
lies 10 m below the sea surface in the southern region of the
park and is exposed to strong currents. It is located more
than 50 km away from the mainland and �3 km away from
a 400 m deep drop-off. It is located in a high diversity area
containing more than 75% of species found in the protected
area (Guzman et al., 2004) and has an average octocoral
density of 44.3 colonies/m2 (Gomez et al., 2014); and (4)
Jicarita (7812′12.5′′N 81848′02.3′′W), an island located in the
southernmost seaward region of the park, more than 50 km
away from the mainland and �3 km away from the 400 m
deep drop-off. It has a vertical wall that drops down to deep
water; it is exposed to strong swell and breaking waves and
not exposed to river runoffs. This island is located in a high
diversity area (Guzman et al., 2004), has an average octocoral
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density of 30.3 colonies/m2 (Gomez et al., 2014), and has the
highest coral diversity in Pacific Panama (Guzman & Breedy,
2008b).

Experimental design
To describe the octocoral community composition and deter-
mine if this composition changed after a natural population
decline, nine 1 m2 fix plots (reference plots) were installed at
20 m depth at each of the four sites using SCUBA equipment.
Plots were fixed by installing stainless steel square bars with
underwater cement. Each colony present in the study plots
was identified to the species level and a unique ID number
was assigned. Colonies present in reference plots were previ-
ously identified by direct observation, photographic close-ups,
and detailed morphological examination of sclerites in the
laboratory (Gomez et al., 2014) following major taxonomic
reviews (Breedy & Guzman, 2002, 2007, 2009, 2011; Breedy
et al., 2009). Study plots were monitored every 4 months for
a 17 month-period (1: 20 June 2009, 2: 20 October 2009, 3:
28 March 2010, 4: 21 July 2010 and 5: 30 November 2010).
For logistical reasons, surveys three and four were 5 months
apart. Plots were photo-monitored using a Nikon D-80
camera with a wide-angle lens inside an Ikelite underwater
case and two external digital strobe flashes. The camera was
attached to a custom-made stainless steel tripod in order to
maintain a fixed object-to-lens distance (0.80 m) from the
quadrat. In surveying each plot, an aluminium quadrant was
divided into eight equal sections (0.42 × 0.30 m; equivalent
to 1 m2 plot) to improve resolution in digital photography,
resulting in a total of eight pictures per fixed plot. The
quality of the pictures was improved by using Nikon NX2
software. Species abundance data were obtained from the
photographs for further analysis.

To evaluate the effect of a punctuated disturbance on the
distribution of species abundance and determine whether
the original distribution was recovered after a 17 month
recovery period, three 1 m2 plots at each site (disturbed
plots), which were adjacent to the monitoring plots (or refer-
ence plots) described above, were completely cleaned with a
wire brush of all sessile organisms, including octocorals,
hard corals, sponges, and macroalgae, at the beginning of
the study. This disturbance mimicked the effect of trawling,
hurricanes, or significant mortality due to a drastic change
in the physical properties of the water. Disturbed plots were
monitored every 4 months using the protocol described
above. The abundance and diversity of colonies recruiting in
the empty space were quantified during each sampling
period. Small recruits were quantified at first sight and identi-
fied when possible. Identification to the species level was then
confirmed during the following surveys by visual observation,
photographic close-ups and sclerite examination (sensu
Gomez et al., 2014).

Data analyses

rank abundance distribution plots

The relative abundance of each species at each site during each
sampling period was calculated and ranked from 1 to n, with 1
being the most common species. The relative abundance was
plotted on a logarithmic scale against the species rank in abun-
dance, creating a RAD. The same procedure was performed

for the colonies recruiting in the clean plots. The RAD
curves, from both the monitored and cleaned plots, were
plotted on the same graph.

re’ nyi diversity entropy

Rényi plots were generated using the function .Rényi(x) in
the Vegan 1.17-6 package (Oksanen et al., 2011) of R64 soft-
ware (R Development Core Team, 2010). This function calcu-
lates Rényi diversity of order a following equation (1). The
following diversity indices can be found in a Rényi diversity
profile: H0 ¼ log(S), H1 ¼ H′, H2 –log(Sp2i), and
H1 ¼ 2log(max pi). Equation (1) is written as:

Ha = 1
1 − a

log
∑S

i=1

pa
i (1)

where pi is the proportion of species i and S is the number of
species.

best-fit model

By using the function .radfit in the Vegan Package (Oksanen
et al., 2011) in the R Software (R Development Core Team,
2010), count data for each site were compared with the
most common rank abundance models using the maximum
likelihood estimation. The following models were compared:
broken-stick (null hypothesis), pre-emption, log-normal,
Zipf, and Zipf–Mandelbrot. This function compared the
models by alternately using Akaike’s or Schwartz’s Bayesian
information criteria.

similarity analysis

Similarities in species abundance were analysed to test for a
significant change in community assemblage after a popula-
tion decline and a punctuated disturbance. These permuta-
tion/randomization tests operated on a Bray–Curtis
coefficient resemblance matrix and were performed using
PRIMER v.6 Software (Clarke & Gorley, 2006). Cluster ana-
lysis and the ANOSIM test (Clarke, 1993) were performed
with standardized data and the maximum possible permuta-
tions. This test does not assume a balanced replication so
cleaned plots (N ¼ 3) could be compared with uncleaned ref-
erence plots (N ¼ 9).

R E S U L T S

The initial total abundance at all sites was 1394 colonies repre-
senting 15 species (Table 1). Overall octocoral populations at
the four study sites differed in diversity and abundance, and
all showed a natural population decline of 25.2% during the
17 month study period. Roca Hacha had the highest species
richness and abundance, with 14 species across 655 colonies;
the yearly population decline at this site was 17%, while the
site at Frijoles had the lowest species richness and abundance,
with only five species across 56 colonies; it exhibited a large
yearly population decline of 30%. The other two sites were
intermediate in species and abundance, Jicarita with 268 col-
onies, 12 species and 24% yearly decline, and Catedrales with
350 colonies, 12 species, and 14% decline (Table 2).

Rank abundance distribution plots were compared by
visual inspection. When comparing plots under a natural
population decline (solid lines in Figure 1), a clear difference
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between sampling periods was not evident. However, the RAD
pattern did change for the recovery process after a punctuated
disturbance (dotted lines in Figure 1). This change occurred
differently in different sites. At Catedrales, disturbed plots
increased in similarity with monitored reference plots from
sampling period 2 to sampling period 5. By the end of the
study, disturbed plots had recovered the RAD pattern of mon-
itored reference plots, but with three species missing. In con-
trast, at Roca Hacha and Jicarita, RAD patterns did not change
significantly between sampling periods 3, 4 and 5 and the
community assemblage included more dominant species
than in reference monitored plots. At Frijoles, no recovery
occurred in the disturbed plots (Figure 1).

Visual inspection of the Rényi diversity profiles revealed
differences in diversity between sites. Roca Hacha,
Catedrales, and Jicarita demonstrated higher species richness
and lower dominance compared to Frijoles, where species
richness was lower and dominance was higher (Figure 2).
Although an important population decline occurred at all
sites, there was no notable change in the diversity profiles
(i.e. overlapping black lines in Figure 2). The diversity profiles
for recovering disturbed plots changed differently from site to
site (Figure 2). Recovery at Roca Hacha occurred by increasing
species richness and evenness simultaneously, while never
reaching the diversity profiles of monitored reference plots.
In contrast, the recovery at Catedrales moved from low rich-
ness and high evenness at sampling period 2 to high richness
and low evenness at sampling period 5; thus the similarity of
its diversity profile to that of the monitored reference plots
increased over time. At Jicarita, species richness showed a
relatively small increase whereas species evenness decreased
over time. The data from Frijoles suggest that a small recovery
took place after sampling period 4, as it showed a species even-
ness and lower species richness similar to data from the mon-
itored reference plots.

Community structure at each site during each sampling
period was compared using five different theoretical models:
broken-stick (null hypothesis), pre-emption, log-normal, Zipf,
and Zipf–Mandelbrot (Table 3). In the baseline community at
sampling time 1, community structure at Catedrales, Jicarita,
and Roca Hacha best fit the pre-emption model (Akaike’s infor-
mation criteria (AICs) ¼ 64.9, 58.0, 84.4, respectively) and com-
munity structure at Frijoles best fit the Zipf model (AIC¼ 24.5).
The best-fit model did not change after the population decline at
Catedrales, Roca Hacha, and Frijoles, but it did change for
Jicarita, where it shifted from the pre-emption to the log-normal
model (AICs¼ 58.0 and 54.3, respectively). The best-fit model
changed to the null model after the disturbance at Catedrales,
representing the broken-stick theory (AIC ¼ 31.51). At
Jicarita, the Zipf model had the lowest AIC value (AIC ¼
23.84); however, the AIC value for the pre-emption model
(24.47) was only slightly higher, and this was the one that best
fit the baseline community. At Roca Hacha, the best-fit model
did not change over the 17 month recovery process, implying
that the community was similarly structured after disturbance.
This analysis was not performed for disturbed plots at Frijoles
due to the low population size (eight colonies).

The extent of the similarity in community structure
between a reference baseline community and a community
after population decline and recovery was analysed using
the Bray–Curtis similarity matrix, tested with an ANOSIM,
and plotted as a cluster figure. No significant dissimilarity in
community structure was found between the baseline commu-
nity and the community after the 17 month population
decline at any of the study sites (Table 4). Jicarita had the
lowest similarity after the population decline, at less than
80% (Figure 3). The least similarity was found in comparisons
between disturbed and undisturbed plots. Community com-
position was only significantly different, however, at Jicarita
(Table 5; Figure 4). The RAD plot for Frijoles suggested no
recovery, with a substantial difference in community compos-
ition between disturbed and reference plots; however, the
ANOSIM for this site showed the opposite pattern, with a
non-significant difference between disturbed and reference
plots (Table 5; Figure 4).

Abundance spectra were plotted to determine if species
turnover occurred during the population decline or the recov-
ery of disturbed plots. These spectra showed a similar species-
specific composition after the population decline and, to a
lesser extent, after the disturbance at Catedrales, Roca
Hacha, and Frijoles. Leptogorgia alba was the most common
species found at these three sites. This species did not lose
its hierarchical rank after the population decline or after dis-
turbance at Catedrales or Frijoles, and it became the second
ranked species at Roca Hacha, where Pacifigorgia rubicunda
became the first. At Catedrales, intermediate species
changed in rank after disturbance and there was a significant
increase of one rare species (Leptogorgia rigida). After the
population decline in Jicarita, the more abundant species, P.
rubicunda, further increased in abundance while the inter-
mediate species, C. riisei became absent. Jicarita experienced
species reorganization after disturbance. There, the most
common species originally was P. rubicunda, which became
rare after the disturbance. Leptogorgia cofrini, which was ori-
ginally third in rank, became the first and dominant species
after the disturbance (Figure 5). This reorganization of
species abundance at Jicarita was identified but not described
by the ANOSIM and cluster analysis.

Table 2. Baseline octocoral species richness and abundance and their
population decline in 9 m2 at 20 m depth during a 17 month study

period at each study site in Coiba National Park, Panama.

Site No. species Initial abundance Population decline (%)

Roca Hacha 14 678 17
Catedrales 12 350 14
Jicarita 12 268 24
Frijoles 5 98 30

Table 1. List of species in study plots.

Carijoa riisei Duchassaing & Michelotti, 1860
Heterogorgia verrucosa Verrill, 1868
Leptogorgia alba Duchassaing & Michelotti, 1864
Leptogorgia cofrini Breedy & Guzman, 2005
Leptogorgia taboguilla Hickson, 1928
Leptogorgia pumila Verrill, 1868
Leptogorgia rigida Verrill, 1864
Muricea austera Verrill, 1868
Pacifigorgia cairnsi Breedy & Guzman, 2003
Pacifigorgia rubicunda Breedy & Guzman, 2003
Pacifigorgia irene Bayer, 1951
Psamogorgia arbuscula Verrill, 1866
Pacifigorgia eximia Verrill, 1868
Pacifigorgia firma Breedy & Guzman, 2003
Pacifigorgia stenobrochis Valenciennes, 1846
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D I S C U S S I O N

The baseline data from Catedrales, Jicarita, and Roca Hacha
best fit the niche pre-emption model. This model describes
low species evenness, as usually seen in communities that
are highly dominated by few species, in resource poor envir-
onments, after an environmental disturbance, or in recently
colonized environments (Giller, 1987; Fattorini, 2005). The
RAD graphs and the Rényi plots showed a non-significant
change in community composition at three of the sites,
Roca Hacha, Catedrales, and Frijoles, after the population
decline, and this result was confirmed by the ANOSIM and
cluster analysis. There was no species turnover, as can be
seen in the abundance spectrum. At Jicarita, the best-fit
model switched from the pre-emption to the log-normal
model, nonetheless, the log-normal model is related to the
pre-emption model but with a greater number of rare
species (Fattorini, 2005). This change was also indicated by
the low similarity in the cluster analysis between sampling
periods 1 and 5 relative to the other sites.

Analysing the effect of the disturbance on species diversity,
abundance, and community composition was more complex.
Disturbed plots did not regain the total number of species
present in monitored reference plots. As predicted by Mac
Nally (2007), rare species were lost in a greater proportion
than common species, which also decreased in abundance.
The octocoral community at Frijoles had the lowest initial

population size and the highest population decline, which
could be a factor that affected the recovery in cleaned plots
shown by the RAD graphs. When the community structure
of Frijoles was analysed with the ANOSIM, however, there
was not a significant difference between disturbed and undis-
turbed plots, and this was reflected in the cluster graph. As in
the other study sites, treated plots at Frijoles still had some
species missing after the 17 month recovery process. The
absence of these species had a larger effect on community
recovery at Frijoles. One possible explanation is that initially
there was low species richness and abundance and strong
dominance by L. alba in both disturbed and undisturbed
plots. In this case, the RAD was more sensitive to rare
species than the ANOSIM permutation test, which gives
more weight to the presence and hierarchy of the dominant
species. This effect became clear in the abundance spectrum;
the same dominant species was equally present in disturbed
and undisturbed plots. In the case of Frijoles, the Rényi plot
was a good community descriptor because it predicted the
change in species richness and the non-significant change in
species evenness after disturbance.

The RAD pattern of recovering plots at Jicarita did not
change between sampling periods 3 and 5. This pattern did
not resemble the pattern from reference plots, indicating
that the community was assembling differently, with less
species richness and less evenness, as reflected in the Rényi

Fig. 1. Rank abundance distributions plots for each study site during five sampling periods. Black solid lines represent monitoring plots with a natural population
decline (N ¼ 9). Grey dotted lines represent plots in a recovery process after a punctuated disturbance (N ¼ 3). Numbers indicate the sampling period, 2 ¼
recovery after 4 months of disturbance, 3 ¼ 9 months, 4 ¼ 13 months and 5 ¼ 17 months.
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entropy plot. The difference in community structure after dis-
turbance was confirmed by the ANOSIM. The reason for this
significant difference was evident in the abundance spectrum,
which showed that Jicarita recovered with a different species
composition: a non-dominant species (L. cofrini) became
dominant after the disturbance and a previously common
species (P. rubicunda) became rare. Jicarita was the site with
the lowest similarity between the initial community and the
community after the population decline (Figure 3), and it
was the only site for which the best-fit model changed when
comparing the effect of both population decline and disturb-
ance. The fact that the similarity was lower after the popula-
tion decline could indicate that the community structure at
Jicarita is more vulnerable to disturbance than that of the
communities found at the other study sites. The RADs and

Rényi plots showed that there was a change in the community
structure at Jicarita, and the ANOSIM confirmed the extent of
this change.

Although the ANOSIM did not show a significant differ-
ence between disturbed and monitored reference plots at
Roca Hacha and Catedrales, meaning that the original com-
munity structure was recovered in the disturbed plots, the
RAD, Rényi, and cluster plots reveal some interesting
trends. Simple visual inspection of the RAD and Rényi plots
shows that Catedrales had a better recovery process than
Roca Hacha. However, the opposite trend was shown in the
cluster analysis and by the best-fit model. Cluster analysis
showed a higher similarity between disturbed and undisturbed
plots at Roca Hacha (.80%) than at Catedrales (60%). In the
same way, Roca Hacha fit the pre-emption model before and
after the disturbance, as opposed to Catedrales, in which
recovered disturbed plots fit the null hypothesis of the broken-
stick model and the base line mature community best fit the
pre-emption model. The results from Catedrales were not
consistent with Fattorini’s (2005) proposal that communities
in early stages (of recovering after disturbance) best fit the
niche pre-emption model, eventually shifting to the broken-
stick model as they change (the mature base line community
here).

The dominant species at Catedrales and Frijoles was L.
alba, which is a fast-growing branched species with relatively
high mortality and recruitment rates (Gomez et al., 2014).
This species was able to maintain its hierarchical rank even
after the punctuated disturbance, which was also the case
for the hard coral Montastrea annularis Ellis & Solander,
1786, in a coral reef community following hurricane Hugo
in the Virgin Islands (Rogers, 1992). This was not the case,
however, at Roca Hacha, where L. alba was dominant
during the baseline survey, equally dominant with P. rubi-
cunda after the population decline, and second in rank after
the disturbance.

Physical, biological and ecological factors could explain the
different recovery processes across the studied communities.
Frijoles is located on the north-eastern part of Coiba Island.
Due to its geographical location, it is less exposed to currents
than the other three sites, which are located in the south-
western seaward side of the marine protected area; these
sites are farther away from mainland, closer to the 400 m
deep drop-off, exposed to strong currents and swell, and
potentially affected by local micro-upwelling (D’Croz &
O’Dea, 2007). Currents, swell, and local upwelling could
bring viable larvae to a suitable and stable substratum.
Therefore, Frijoles may be less exposed to viable larvae.
Moreover, the overall natural population decline and the
lack of diversity recovery in disturbed plots could be due to
environmental factors. The study period overlapped with El
Niño and La Niña southern oscillation events (Gomez et al.,
2014). These temperature anomalies could have caused an
overall decrease in recruitment in octocorals, as reported for
hard coral species in the area (Glynn, 2000).

The temporal scale of the study may explain the lack of
diversity recovery. The study duration may not have been
long enough to quantify the recovery of slow-growing
species with infrequent reproductive cycles, such as species
in the genera Pacifigorgia and Muricea (Gomez et al., 2014).
In contrast, the weedy species L. alba, which is a fast grower
with a relatively high recruitment rate (Gomez et al., 2014),
was able to cope with the population decline and was not as

Fig. 2. Rényi diversity profiles for each study site during five sampling periods.
Black solid lines, mostly overlapping, represent plots with a natural population
decline (N ¼ 9). Grey dotted lines represent plots in a recovery process after a
punctuated disturbance (N ¼ 3). Letters represent diversity indices: (A) Ln S,
species richness; (B) H, Shannon–Weaver; (C) 2ln l, Simpson concentration.
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Table 3. Best-fit model and Akaike’s information criterion (AIC) value for each site and sampling period during a natural population decline (reference
monitored plots) and after a 17 month recovery process from a disturbance (disturbed plots). n, abundance; S, species richness.

Site Base line Decline N 5 9 m2 After disturbance N 5 3 m2

4 months 9 months 13 months 17 months

Cat Pree Pree Pree Pree Pree Null
AIC 64.895 58.452 60.7042 61.858 55.5826 31.5158

n 333 199 291 285 247 47
S 12 12 12 12 11 9
Jic Pree Pree Pree Log-normal Log-normal Zipf
AIC 58.0438 56.1624 59.5042 54.046 54.329 23.84

Pree
24.47

n 260 242 217 202 180 85
S 12 12 12 11 12 5
Fri Zipf Pree Zipf Zipf Zipf –
AIC 24.4675 23.386 27.2561 25.8655 20.54132 –

Zipf
24.209

n 96 76 74 67 55 8
S 5 5 7 6 5 2
Roca Pree Pree Pree Pree Pree Pree
AIC 84.434 90.617 82.212 82.604 87.572 27.877

n 655 578 561 559 471 75
S 14 14 14 14 13 7

Pree, pre-emption; Cat, Catedrales; Jic, Jicarita; Fri, Frijoles; Roca, Roca Hacha.

Table 4. Analysis of similarity results comparing community composition between the baseline survey (June 2009) and after a 17 month population
decline (November 2010). None of the results were significant.

Base line vs 17 month population decline Catedrales Frijoles Jicarita Roca Hacha

Sample statistics (Global R) 20.003 20.046 20.023 20.088
Significance level of sample statistics (%) 42.90 79.10 58.70 91.20
Number of permutations 999 999 999 999
Number of permuted statistics greater than or equal to Global R 428 428 586 911

Fig. 3. Similarity cluster analysis comparing community structure during the baseline in June 2009 (filled triangles) and after 17 months of population decline in
November 2010 (empty triangles). C, Catedrales; J, Jicarita; F, Frijoles; R, Roca Hacha.
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severely affected by the disturbance as other species. Species
within a genus can have different morphologies with more
or less resistance to disturbance; this could be the case for P.
rubicunda, which seemed to be physically more resistant to
disturbance than P. irene, and for L. alba and L. cofrini,
which were more common and occurred in patches compared
to L. rigida. A factor that may have affected community recov-
ery at Frijoles was the presence of the coral predator
Acanthaster planci Linnaeus, 1758. This sea star was frequent-
ly seen among the study plots in Frijoles and never seen in the
rest of the study sites. Acanthaster planci is known to prey on
hard corals (Glynn, 1974), but it can also predate on octocor-
als and other taxa when hard corals are not abundant (Moran,
1990), which is the case in the study area. In this case it can be
considered a predator of octocoral recruits and adult colonies.

The change in species composition that was observed in
Jicarita may be the reason why this particular vertical wall is
one of the most important hotspots in the region (Guzman
& Breedy, 2008b). This wall, the southernmost point in the
Panamanian Pacific shelf, faces the open ocean and drops
down to .400 m where deep octocoral communities and
mesophotic reefs are found (Breedy & Guzman, 2013). The
wall is subject to strong currents from different directions
and vertical surges during the tidal cycles. These conditions
create a suitable heterogeneous habitat for larval settlement
or detached colonies from deeper communities, which estab-
lish in shallower available substrata. Another factor is that

Jicarita’s wall is far from the influence of any river or mud-
slides, which increase sedimentation; therefore, a different
environmental species sorting can take place here than at
the other study sites.

The effect of scale needs to be considered when analysing
the effect of the population decline and disturbance on com-
munity structure. This study was conducted at a relatively
small spatial scale. Octocorals occur in a patchy distribution,
making it difficult to study larger plots without affecting the
entire local community. This is the primary justification for
using nine undisturbed monitored plots to study the effect
of a natural population decline and only three plots to study
the effect of disturbance. Although the duration of the study
was relatively short, it was long enough to see the immediate
effect of disturbances and the beginning of the recovery
process, which, interestingly, differed among sites. The effect
of temporal scale can be species-specific (Hill & Hamer,
2004), so it will be interesting to observe the behaviour of
the species present in the study site over a longer time in
order to determine whether there are clear indicator species
of disturbance.

Finally, we believe that the combination of methods used in
this study were appropriate to quantify changes in octocoral
community structure, and that this methodology can be
easily extrapolated to other taxonomic groups. RADs, abun-
dance spectra, and Rényi plots were useful for determining
the changes, whereas their extent was best evaluated using

Table 5. Analysis of similarity results comparing community composition between reference and disturbed plots. An asterisk indicates a significant
difference. ∗, significance level is P , 0.05.

Reference vs disturbed plots Catedrales Frijoles Jicarita∗ Roca Hacha

Sample statistics (Global R) 0.324 0.358 0.903 0.172
Significance level of sample statistics (%) 10.90 10.5 0.50 19.50
Number of permutations 220 220 220 220
Number of permuted statistics ≥ Global R 24 23 1 43

Fig. 4. Similarity cluster analysis comparing reference plots (filled circles) with disturbed plots (empty circles) after a 17 month recovery period. C, Catedrales;
J, Jicarita; F, Frijoles; R, Roca Hacha.
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ANOSIM and cluster analysis. The lack of community recov-
ery can be related to a low initial population size, the lack of
current exposure, and the presence of the coral predator
Acanthaster planci. On the other hand a change in community
structure can be linked to exposure to the open-ocean and
extreme currents, which brings available larvae to an empty
substratum.
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