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Losses in coral cover have been widely reported for the Caribbean. In contrast, much less is known about the
health state of the Brazilian reef fauna, which was declared as a priority for Atlantic biodiversity conservation
due to its high degree of endemism. In the present study, we assessed the general health state of Phyllogorgia
dilatata assemblages at the subtropical reefs of Arraial do Cabo (southeastern Brazil), where observations suggest

that the abundance of this endemic gorgonian species has declined. We found that about 49% of the sampled col-

onies were dead, and 73% of the living colonies were affected by tissue loss. Tissue loss initially manifested as

gi{gg;?;s multifocal holes in the planar colonial coenenchyme and peripheral tissue retraction leaving denuded skeletal
Disease axes. In combination with other recent studies, our results raise the awareness for an increasingly threatened
Subtropical Southwestern Atlantic reef coral fauna.

Rocky reef © 2016 Elsevier Ltd. All rights reserved.
Brazil

1. Introduction terrestrial run-off, as well as invasion by alien species, equally affect

About 75% of the world's coral cover is threatened (Burke et al.,
2011). Declines in coral abundance have been attributed to various fac-
tors, including climate change, overexploitation, increased water tur-
bidity and nutrient input (Hughes et al., 2003; Reopanichkul et al.,
2009). Overfishing, for instance, greatly changed faunal compositions
and as a consequence, increased the abundance of algae on coral reefs
(Dulvy et al., 2004; Jackson et al., 2001). Synergistic effects between
lowered predation pressure on macroalgae and increased production
due to higher nutrient loads, cause macroalgae to release excessive dis-
solved organic carbon (DOC), which indirectly affects corals (Smith
et al.,, 2006). Indeed, DOC has been repeatedly linked to increased
coral mortality by inducing uncontrolled bacterial growth and trigger-
ing diseases in corals (Kline et al., 2006; Kuntz et al., 2005). Massive dis-
ease outbreaks can lead to rapid reductions in live coral cover, resulting
in further persisting changes of the community structure and ecosystem
function, as has been frequently documented in the Caribbean region
(Garzoén-Ferreira and Zea, 1992; Gladfelter, 1982; Precht et al., 2010;
Schutte et al,, 2010).

In the Atlantic, other major coral reef communities can be found
along the Brazilian coast. Although much less diverse, these reefs harbor
high percentages of endemic corals (50%, 9 species) and fish (15%, 65
species) and must consequently be considered as a priority for Atlantic
biodiversity conservation (Moura, 2000). Many known threats to corals
elsewhere, such as increasing sea surface temperature, overfishing,
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Brazilian reefs (Bender et al., 2014; Ledo and Kikuchi, 2005; Ledo et al.,
2010; Sampaio et al,, 2012). Even though, in comparison with Caribbean
reefs, major southwestern Atlantic coral species evolved to tolerate
some stress, such as high sedimentation rates (Castro et al., 2012;
Loiola et al., 2013), a clear deterioration of reef health has been noted
during recent assessments (Francini-Filho et al., 2008; Rogers et al.,
2014). still, very little is known about how severely individual species
have suffered from extant impacts.

The present study aimed at providing a baseline of abundance and
general health of the octocoral Phyllogorgia dilatata in a subtropical
rocky reef of the southwestern Brazilian coast. This species is endemic
to Brazil and occurs frequently along the Brazilian coast from Parcel
Manoel Luiz (north) to Arraial do Cabo (south-east), including nearby
oceanic islands (Castro et al., 2010). Aggregations of P. dilatata can
often constitute the main biotic structures providing habitat heteroge-
neity, particularly in subtropical reefs, where branching corals were
highly impacted by the aquarium trade and SCUBA diving (Gasparini
et al,, 2005; Rogers et al., 2014). At our study site, we found the popula-
tion in a depleted state of health in which the most pervasive factor af-
fecting P. dilatata colonial health was tissue loss. For the latter, we
further provide morphological descriptions.

2. Materials and methods
2.1. General health assessment
This study was conducted on the subtropical rocky reefs of Arraial do

Cabo (22°58'35"S, 42°00'W), southeastern Brazilian coast. Colonies of
P. dilatata were examined via SCUBA at three sites of high abundance
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(Anequim, Prainha and Porcos; for a map of the study area see Appendix
1) to determine the general state of health of its populations. P. dilatata
colonies at Anequim are found at about 11 m depth, while at Prainha
and Porcos they are situated at approximately 6 m depth. We made
two surveys per site, recording different measures of coral health. The
first, conducted in April 2013, categorized every colony according to
previously defined potential proximate causes for partial colony mortal-
ity (Table 1); the total sample size was 650 colonies (223 at Anequim,
77 at Porcos and 350 at Prainha). The second survey, in August 2013, in-
cluded 280 colonies (114 at Anequim, 48 at Porcos and 118 at Prainha)
and assigned tissue loss categories to each living colony affected by tis-
sue loss: area loss <5%, 5-25%, 25-50%, 50-75% and 75-99%. During the
second survey we also scored the presence of juvenile colonies
(height < 10 cm). Per site, each survey consisted of four parallel
interrupted belt transects (each 42 m long) laid out parallel to the
coast in 2 m intervals. Sampling plots covered an area of 2 m? and
were deployed every 6 m. Transects for the second survey were laid
out independently from the first survey, at a different location within
each study site.

To measure tissue retraction rates in situ, 10 colonies of P. dilatata
with naturally occurring tissue loss syndrome were identified at
Anequim between 12 and 13 July 2014. The colonies were within simi-
lar depth ranges (8-11 m), had lost at least 5% of host coral tissue and
bore no other visual anomalies apart from tissue loss. On each colony,
two reference cable binder rings were attached to two denuded skeletal
axes at the beginning of the experiment, in 1 cm distance to living tissue.
At monthly intervals tissue loss rates were recorded to the nearest mm
using calipers. The cable binder rings were marked, to ensure that tissue
loss was measured at the same point. Systematic descriptions of lesions
found on colonies with tissue loss were characterized in accordance
with Work and Aeby (2006).

2.2. Statistical analysis

Interrupted belt transect data were analyzed for differences between
sites using generalized linear models. For comparisons of density differ-
ences in living colonies, a quasi-Poisson regression was fitted to account
for over dispersion, using the number of colonies per plot as response
and site as explanatory variable. Differences in general health state be-
tween sites were assessed by fitting a logistic regression to the com-
bined data of all colonies that were observed to have some form of
lesion. Differences in the different health categories were modeled
with logistic regressions. Quasi-binomial link functions were employed
where over dispersion was present. The effect of site was tested via
analysis of deviance using a X>-test. If site was significant, the analyses

Table 1
Brief description of the categories of colony health that were assigned to Phyllogorgia
dilatata colonies during the survey in April.

Category Description

Healthy colony Colony with no visible signs of stress and no colonized

holdfast (Fig. 4a)

Tissue loss Colony with denuded skeletal axes colonized by algae,
macroalgae, hydrozoans, sponges and bryozoans (Fig. 4b)
Dead colony Remains of the skeletal structure still attached to the

substrate (Fig. 4c)

Holes may result as local adaptation to stronger water
currents and not necessarily indicate disease

Colonies with attached Bivalvia do not seem to suffer
from tissue loss

Colonized by Millepora Millepora alcicornis is known to actively kill gorgonians

Holes in colonial
tissue
Colonized by Bivalvia

alcicornis and colonize their skeletal structures (Wahle, 1980)
Entanglement with Colonies entangled with monofilament fishing line
fishing line

Detached colony
Purpled tissue

Living colony that is not attached to the substrate
Purpling without showing signs of other damages

were followed by post-hoc Tukey's HSD tests to discern significant dif-
ferences between.

Tissue retraction rate data were tested for tissue loss over time using
a mixed-effects model to account for temporal pseudo-replication. Per
colony, the log-transformed mean distances of tissue to the reference
were fitted as response and time as the explanatory variable (fixed ef-
fect). All statistical analyses were performed using R: Statistical Com-
puting Software version 3.0.2 (R Core Team, 2014).

3. Results

Our study revealed that about 48% of the surveyed P. dilatata colo-
nies at Arraial do Cabo were dead, and that 80% of the remaining colo-
nies suffered from some form of injury. Mean colony density at Porcos
was 0.85 colonies m~2, which was about three times lower than at
Anequim (Fig. 1a, 2.7 colonies m~2, t = —3.405, p < 0.01) and four
times lower than at Prainha (Fig. 1a, 3.38 colonies m~2, t = 1.374,
p <0.001). Juvenile colonies were only encountered twice. The percent-
ages of dead colonies were similar between Porcos (50%) and Prainha
(52%), while Anequim (41%) only differed significantly from Prainha
(Fig. 1b,z = 2.9, p< 0.01). Tissue loss accounted for 75% of the diseased
colonies (Fig. 2) and affected all sites similarly (X?> = 4.038,df = 2,p =
0.269). Colonies affected singly by tissue purpling were rare at Anequim
(3%), about four times more frequent at Porcos (11%, z = 2.14, p<0.03)
and absent from Prainha. Roughly 4% of the assessed colonies only pre-
sented holes in their colonial tissue and the incidence was similar
among sites (X2 = 3.036, df = 2, p = 0.219). However, it is important
to state, that the real prevalence of tissue purpling as well as holes in co-
lonial tissue were considerably higher than these results suggest, be-
cause both categories mostly co-occurred with tissue loss. Hence,
according to our sampling protocol, colonies affected by tissue purpling
and partial mortality were only scored once in the category ‘tissue loss’.
Entanglement with monofilament fishing was lowest at Anequim (6%),
twice as high at Porcos (13%, t = 1.566, p = 0.123) and highest at
Prainha (37%) differing from Anequim (t = 4.218, p < 0.01) and from
Porcos (z = 2.304, p = 0.05).

Colonization by Bivalvia was rarely found (3%) and equally scarce at
all sites (X? = 2.602, df = 2, p = 0.272). Similarly limited was the prev-
alence of detached colonies (2%), which was evenly distributed among
sites (X? = 3.387,df = 2, p = 0.183).

In situ measurements of colonial tissue retraction over time indicat-
ed ongoing tissue loss (Figs. 3 and 5d-g, t = 8.6, df = 11, p < 0.001).
After 161 days, tissue loss on colonial axes ranged between 2 and
35 mm with a mean of 10.9 mm (SD + 13.7), resulting in a tissue loss
rate of about 0.07 mm d ™. Scoring of tissue loss classes revealed that
roughly half of the colonies at each site presented tissue losses of at
least 5% of their colonial area (Fig. 4). Affected colonies exhibited
small to large numbers of areas with tissue loss (Fig. 5b and d-f).
These areas were sometimes focal, but more commonly multifocal to
coalescing, and observed centrally and at colony peripheries (Fig. 5b).
Central holes were circular when small, and oblong with increasing
size, predominantly situated between skeletal axes. Peripheral areas of
tissue loss presented serpiginous margins of tissue and denuded skele-
tal axes. Except purpling, tissue bordering the affected areas did not
have any particular coloration.

4. Discussion

Our survey showed that about half of the sampled P. dilatata colonies
of Arraial do Cabo were dead, while colonial tissue loss accounted for
the most widespread impact, affecting 75% of the living colonies. This
pattern persisted across all study sites, suggesting a recent regional de-
cline in abundance. Long-term population dynamic data are lacking, but
if high mortality rates naturally occurred in this species, we would ex-
pect to find higher densities of juvenile colonies than the two specimens
detected in this study. In Espirito Santo (southeastern Brazil) Krohling
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Fig. 1. Density and proportion of dead Phyllogorgia dilatata colonies at each site. (a) colonies m 2, mean = SE, Nanequim = 131, Nporcos = 41, Nprainha = 162. (b) mean + SE, Napequim = 92,

Nporcos = 36, Nprainha = 188.

et al. (2010) also found extremely low frequencies of small colonies.
Further, tropical and temperate gorgonian taxa appear to have a narrow
range of growth rates averaging 3 cm colony ™! year~! (Coma et al.,
1998). Thus, one can infer that P. dilatata possesses a similar life history
to other gorgonian species, which are long-lived and suffer little adult
colony mortality (Roark et al., 2006; Yoshioka and Yoshioka, 1991).
For instance, in healthy Paramuricea clavata populations, less than 2%
of the colonies were dead, and fewer than 10% were affected by partial
mortality (Coma et al., 2006). Diseased gorgonian populations reflected
our findings, such as Eunicella singularis (59% partially dead and 46%
dead, Coma et al., 2006) and Gorgonia ventalina (50% partially dead,
Nagelkerken et al., 1997). We therefore conclude that the abundance
of P. dilatata at Arraial do Cabo has clearly declined.

The natural history of disease in gorgonians in other regions shares
similarities, but also some differences to what we observed in Arraial
do Cabo. Reported massive die-offs manifested themselves through tis-
sue loss and have been attributed to a fungus (Aspergillus sydowii) in the
Caribbean and a bacterium (Vibrio coralliilyticus) in the Mediterranean
(Bally and Garrabou, 2007; Smith et al., 1996). Vibrio bacteria have
been identified as the causative agents of diseases in numerous coral
species and were found on P. dilatata (Alves et al., 2009; Ben-Haim
and Rosenberg, 2002; Cervino et al., 2004). However, Alves et al.
(2009) detected no differences in Vibrio microbiota between apparently
healthy and diseased P. dilatata colonies, a possible pathogen remaining
elusive. Also, the rate of colonial tissue loss recorded in our study
(0.07 mm d™ ') appears very low in comparison with rates found for
other widely reported bacterial diseases, such as white plague type |
(0.18 mm d~', Francini-Filho et al., 2008) or black band disease
(0.6 mm d~ !, Voss and Richardson, 2006). At Arraial do Cabo, Coelho-
Souza et al. (2013) showed that bacterial production was highly vari-
able in the embayments and strongly influenced by occasional sewage
discharges. They further noticed that high water circulation reduced
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Fig. 2. Percent of living Phyllogorgia dilatata colonies affected by different syndromes at
each site (mean 4 SE). TL = tissue loss; CB = colonized by Bivalvia; L = entanglement
with monofilament fishing line; D = detached colonies; H = holes in colony area; P =
purpled tissue.

punctual discharge impacts but dispersed pollutants to adjacent areas.
Our results could therefore reflect a stationary phase in tissue loss pro-
gression as environmental factors, such as water temperature and nutri-
ent enrichment, which are tightly linked to disease severity in corals,
may have been absent during our assessment (Bruno et al., 2003,
2007; Kuta and Richardson, 2002). Alternatively, the low tissue loss
rates could indicate that the severity peak has passed and the remaining
colonies are more tolerant of the syndrome.

In contrast to the Mediterranean, P. dilatata colonies with purpled
colonial tissue reflect Caribbean gorgonians infected with A. sydowii,
which typically displayed purpling around infected areas (Smith et al.,
1998). Based on visual comparison, Francini-Filho et al. (2008) sug-
gested that aspergillosis could equally account for the decline of
P. dilatata in Brazil. However, research has shown, that tissue purpling
in sea fans, i.e., melanization, represents an unspecific immune reaction
to several different stressors, such as fungi, abrasion or contact with
macroalgae (Alker et al., 2004; Reed et al., 2010). It is therefore difficult,
without molecular methods, to suggest a causative agent responsible for
the observed tissue loss in P. dilatata at Arraial do Cabo.

The high incidence of tissue loss encountered at Arraial do Cabo to-
gether with reports from Abrolhos (Northeastern Brazil, Francini-Filho
et al., 2008) and Fernando de Noronha (tropical oceanic island, pers.
comm. Zaira Matheus), suggest that this syndrome might constitute
one of the main threats to P. dilatata populations along a large geograph-
ic scale. Although devastated areas may recover faster with larval supply
from unaffected reefs, self-seeding appears to be more effective for the
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Fig. 3. Tissue loss on axes of Phyllogorgia dilatata colonies over a period of 161 days
(mean =+ SD, n = 10).

Please cite this article as: Erni Cassola, G., et al,, Decline in abundance and health state of an Atlantic subtropical gorgonian population, Marine
Pollution Bulletin (2016), http://dx.doi.org/10.1016/j.marpolbul.2016.01.022



http://dx.doi.org/10.1016/j.marpolbul.2016.01.022

4
1.00 —
(%2} -
@ 0.75
c Extent of
L] area loss (%)
8 <5
Y
g 0.50 - 5-25
5 B 25 - 50
T 50-75
o
Q. 75-99
o
0. 0.25
0.00

T T T
Anequim Porcos Prainha

Fig. 4. Percent of colonies with different extent of tissue loss by site, stacked by increasing
extent of tissue loss (mean — SE). Nanequim = 114, Nporcos = 48, Nprainna = 118.

maintenance of reef communities (Ayre and Hughes, 2000; Nishikawa
etal,, 2003; West and Salm, 2003). As a comprehensive study on the im-
pacts of aspergillosis on G. ventalina demography revealed, the restora-
tion of lost tissue in established colonies was crucial for population
recovery, as only colonies above a certain size threshold were sexually
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active (Bruno et al., 2011). Future studies should therefore focus on elu-
cidating possible causal mechanisms that drive the observed tissue loss
disease in P. dilatata in order to explore mitigation measures that ensure
the survival of large established colonies.

Gorgonians are frequently found entangled with monofilament fish-
ing line, which could impair survival rates of established colonies
(Bavestrello et al., 1997; Chiappone et al., 2005). Entanglement of
Pocillopora meandrina colonies with fishing line was also associated
with higher rates of partially and completely dead colonies
(Yoshikawa and Asoh, 2004). Although we found high percentages of
entangled P. dilatata colonies (37% Prainha and 13% Porcos), no correla-
tion with a generally lowered health state at those sites was obvious,
when compared to Anequim (6%). Experimental entanglement of
healthy P. dilatata colonies with monofilament fishing line during
seven months also failed to induce significant abrasion lesions and tis-
sue necrosis (the authors, unpublished data). Our results further indi-
cate that colony detachment was not more frequent at sites with
higher hook and line fishing intensity (using incidence of colony entan-
glement as proxy).

As indicated for tropical reefs of the Brazilian coast (Francini-Filho
et al., 2008) and in combination with a study from the subtropical
reefs of Arraial do Cabo (Rogers et al., 2014), our survey demonstrates
that impacts from diseases have now as well increased in the south-
western Atlantic reef communities and have become capable of shaping
future reef community compositions. For instance, changes of the ben-
thic fauna may have repercussions for reef fish species, as habitat het-
erogeneity is commonly associated with fish biodiversity (Ferreira
et al., 2001; Gratwicke and Speight, 2005). Brazilian reefs are devoid
of branching scleractinian corals, such as Acropora spp., which are of
critical importance to Caribbean and Indo-Pacific reefs (Bellwood
et al,, 2004). In turn Brazilian reefs depend on two species of branching
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Fig. 5. Phyllogorgia dilatata at different health states. (a) Healthy: note intact laminae. (b) Diseased: note holes and colonized skeletal axes (arrow). (c) Dead: note colonized skeleton. (d-f)
Tissue purpling and formation of holes on different colonies. Arrowheads indicate exposed, uncolonized skeletal axes. (g-j) Disease progression within 30 weeks on the same colony; note

monofilament fishing line.
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fire corals, which fulfill similar ecological roles, providing shelter for a
diverse range of small-bodied and juvenile fish (Coni et al., 2013). How-
ever, SCUBA diving and the aquarium trade industry have heavily dam-
aged Millepora alcicornis colonies and reduced their abundance at
Arraial do Cabo, leaving P. dilatata as an important species still providing
habitat heterogeneity (Gasparini et al., 2005; Rogers et al., 2014). P.
dilatata may therefore be important for the maintenance of fish species
that are generalists in terms of microhabitat use (Coni et al.,, 2013).
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Appendix 1

Mabp of the Arraial do Cabo region (Rio de Janeiro, Brazil) indicating
sampled sites. Sampling depth is given in parentheses after the site
name: 1—Prainha (6 m), 2—Porcos (6 m), 3—Anequim (11 m). (Courte-
sy by Cesar Cordeiro).
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