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Coral overgrowth by an encrusting red alga (Ramicrusta sp.):
a threat to Caribbean reefs?
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Abstract An encrusting red alga (Ramicrusta sp., Peys-

sonneliaceae) present in Lac Bay, Bonaire, overgrows and

kills corals and other sessile organisms. Living coral tissue

comprises 7.2 % of the benthic composition of the shallow

reef, while Ramicrusta sp. covers 18.7 % of the substra-

tum. Of 1374 coral colonies surveyed, 45.8 % were par-

tially overgrown by Ramicrusta sp., with P. porites,

P. astreoides and M. complanata being the most suscep-

tible to overgrowth. Mean Ramicrusta sp. maximum

overgrowth rates ± SD were 0.08 ± 0.05 mm d-1, 0.07 ±

0.03 mm d-1 and 0.06 ± 0.02 mm d-1 for M. complanata,

P. porites and P. astreoides, respectively. None of the 71

coral recruits surveyed were growing on Ramicrusta sp.

Ramicrusta sp. is an immediate threat to corals, reduces the

area of suitable substratum for coral settlement and may

have the ability to influence coral species composition.
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Introduction

In light of the recent decline in coral reefs worldwide, the

resistance of coral reefs to disturbances and the underlying

processes of reef resilience have become important areas of

research. Phase shifts from coral-dominated to coral-

depleted or algal-dominated reefs have occurred on many

reefs, particularly in the Caribbean as a result of anthro-

pogenic-induced stressors and natural disturbances (Lewis

1986; Done 1992; Hughes 1994; Hughes et al. 1999;

Szmant 2002; McManus and Polsenberg 2004; Burkepile

and Hay 2006; Heck and Valentine 2007). As reefs

undergo shifts from coral to algae alternate states, knowl-

edge of algal-coral competitive interactions is necessary to

understand current reef dynamics and predict future trends.

A variety of mechanisms are employed by sessile reef

organisms in their ongoing competition for space (Lang

1973; Jackson and Buss 1975; Wellington 1980; Bak et al.

1981, 1982; Logan 1984; Chornesky 1989; Hughes 1989;

Connell et al. 2004; Nugues et al. 2004; Eckrich et al. 2011).

Several species of red encrusting macroalgae in the family

Peyssonneliaceae overgrow corals (James et al. 1988; An-

tonius and Ballesteros 1998; Verlaque et al. 2000; Bruckner

et al. 2008; Pueschel and Saunders 2009; Ballantine and Ruiz

2011), and one species in particular, Ramicrusta sp. (Eckrich

et al. 2011), overgrows many species of corals and other

benthic organisms in Lac Bay, Bonaire. This particular alga

is in the genus Ramicrusta, a genus first reported from the

Caribbean in 2009 (Pueschel and Saunders 2009). Despite

the competitive abilities of Ramicrusta sp. and several other

Peyssonnelid algae, little is known about the taxonomy,

range distributions and abundances of algae in this family.

Also poorly understood are the biologic or environmental

factors governing competitive outcomes among these

encrusting algae and their reef neighbors.
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An important indicator of reef resilience is coral recruit-

ment (Bak and Engel 1979; Hughes and Tanner 2000;

Grimsditch and Salm 2006; Kuffner et al. 2006; Obura and

Grimsditch 2009). Although algae from the Ramicrusta

genus have a similar growth form and superficially resemble

crustose coralline algae, a group that includes many species

conducive to coral settlement (Morse et al. 1988; Heyward

and Negri 1999; Harrington et al. 2004; Arnold et al. 2010),

there is no evidence for successful coral settlement on

encrusting algae from this genus.

Because of the recent awareness and abundance of this

alga and the apparent threat it poses, we investigated the

competitive interactions of Ramicrusta sp. in Lac Bay by

focusing on the following four factors: the percent benthic

cover of the back reef of Lac Bay, the density of coral

recruits and the substrates they occur on, the proportion of

coral colonies of different species being overgrown by

Ramicrusta sp. and the rate of coral overgrowth by Rami-

crusta sp. for three common coral species.

Methods

Coral reefs cover approximately 4 % of Lac Bay, Bonaire

(12�504800N, 68�1304700W) and separate the central bay area

from the ocean, with sand and seagrass beds comprising the

remainder. Ramicrusta sp. is abundant on the back reef and

is overgrowing corals and other benthic organisms (Eckrich

et al. 2011). It forms a thin, crustose layer of variable color

(mustard to burgundy) which spreads up from the substrate

and grows over living tissues of other organisms.

Samples of Ramicrusta sp. were sent to three indepen-

dent laboratories specializing in Peyssonneliaceae taxon-

omy. Morphological analysis placed this alga in the genus

Ramicrusta (D. Ballantine pers. comm.). The genus was

confirmed with molecular techniques including rbcL

sequence data and COI-5P genetic barcoding and genetic

sequencing of this alga did not match either of the

described Ramicrusta species, R. nanhaiensis or R. textilis

(S. Fredericq pers. comm.; G.W. Saunders pers. comm.).

Fifty random sites were surveyed in the back reef area of

Lac Bay (\3 m deep) from January to August 2010.

Benthic cover was determined along a 10-m transect line

using the line intercept method. Categories included live

stony coral (by species), gorgonian (by growth form), non-

encrusting macroalgae (by genus), Ramicrusta sp., turf

algae, sand, bare hard substrate and ‘other’. To determine

density of coral recruits and the substrates they were

growing on, 25 9 25 cm quadrats were surveyed at meter

intervals along each 10-m transect line. Within each of the

quadrats, visible corals\5 cm in diameter and the substrate

they were growing on were recorded. Frequency of Ram-

icrusta sp. overgrowth of living corals was determined by

surveying an area 2.5 m on either side of each 10-m tran-

sect line. Coral colonies greater than 10 cm diameter were

identified, and presence of overgrowth of any part of the

colony by Ramicrusta sp. was recorded. Ramicrusta sp.

overgrowth was defined as the presence of a thin crustose

layer of Ramicrusta sp. growing over living coral tissue.

A minimum of 8 colonies of three coral species sus-

ceptible to Ramicrusta sp. overgrowth (Millepora com-

planata, Porites astreoides and P. porites) were marked,

and zip ties or nails were used for measurement reference.

Of these colonies, monthly photos were taken from

November 2009 to January 2011 using a Sony HD SR7

6.1 MP camcorder in an Ocean Images housing. For each

photo, a 25 9 25 cm quadrat was placed vertically or

horizontally over the coral to standardize the camera

angle and a ruler was placed alongside the coral/Rami-

crusta boundary. Colonies were photographed for a

minimum sampling period of 147 days and a maximum

sampling period of 447 days. Sampling periods were not

equal for all marked colonies due to complete Ramicrusta

sp. overgrowth of individual corals, overturned corals and

lost rebar stakes. Ramicrusta sp. maximum overgrowth

rates were determined using CPCe 3.6 software and were

based on the distance of maximum Ramicrusta sp.

growth. The Kruskal–Wallace rank sum test was used to

determine whether Ramicrusta sp. maximum overgrowth

rates were different for the three coral species. Using the

same coral colonies and methods described above, linear

coral growth rates were measured for M. complanata and

P. porites for a period of 325 days. Growth rates for

P. astreoides were not measured due to the spherical

colony form of this species.

Results and discussion

Benthic cover at 15 of the 50 locations was without live coral

and was more than 50 % sand. Data from these 15 locations

were excluded in the analysis of benthic cover and coral

recruits. The dominant benthic substrates of the back reef of

Lac Bay were turf algae (growing on bare hard substrates)

and sand. Mean percent cover ± SD was 26.6 ± 27.4 for

turf algae and 26.4 ± 24.8 for sand (Table 1). Ramicrusta

sp. (mean percent cover ± SD of 18.7 ± 20.9) was more

than twice as abundant as stony corals (6.9 ± 11.6 %). The

remainder of the area surveyed was comprised of bare hard

substrate with no apparent turf algae (mean percent cov-

er ± SD of 13.4 ± 34.5), non-encrusting macroalgae

(7.4 ± 8.8 %), gorgonians (0.3 ± 1.1 %), and zoanthids,

seagrass and sponges (0.7 ± 1.5 %). The mean den-

sity ± SD of coral recruits was 3.2 ± 4.2 m-2 (n = 71). All

of the recruits were found on bare hard substrate, and none

were found on Ramicrusta sp.
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Ramicrusta sp. was overgrowing 12 species of stony

corals, a hydrocoral, sea rods and sea fans (Table 2). P.

astreoides was the most abundant coral species (n = 730)

followed by M. complanata (n = 139) and Montastraea

annularis (n = 130). Of 1,374 coral colonies surveyed,

45.8 % were being overgrown by Ramicrusta sp. Coral

species that had more than 50 % of their colonies over-

grown by Ramicrusta sp. included P. porites (73.0 %), P.

astreoides (51.2 %) and M. complanata (51.1 %). One out

of 41 Acropora cervicornis colonies was being overgrown

and no Acropora palmata (n = 33), Diploria labyrinthi-

formis (n = 1) or Siderastrea radians (n = 4) colonies

were being overgrown by Ramicrusta sp.

The mean rate ± SD of live tissue overgrowth by Rami-

crusta sp. was 0.08 ± 0.05 mm d-1 for M. complanata

(n = 9), 0.06 ± 0.02 mm d-1 for P. astreoides (n = 10)

and 0.07 ± 0.03 mm d-1 for P. porites (n = 8, Fig. 1).

There was no difference in the rates of live tissue overgrowth

by Ramicrusta sp. for the 3 coral species (Kruskal–Wallis

Chi squared = 0.178, df = 2, p value = 0.9149). The mean

linear growth rates ± SD of M. complanata (n = 4) and

P. porites (n = 5) being monitored were inferior to the

Ramicrusta sp. overgrowth rates for each species:

0.04 ± 0.02 mm d-1 and 0.05 ± 0.02 mm d-1, respec-

tively. During the sampling period, 1 of each of the 3 species

of corals being monitored was completely overgrown. By

July 2012 (18 months later), 1 additional M. complanata, 4

more P. porites and 2 more P. astreoides colonies had been

completely overgrown by Ramicrusta sp.

In conclusion, Ramicrusta sp. is locally abundant, offers

unsuitable substratum for settlement of coral larvae, and

some species of scleractinians (P. astreoides, P. porites and

M. complanata) are more susceptible than others (D. cliv-

osa, A. cervicornis, A. palmata) to Ramicrusta sp. over-

growth. Ramicrusta sp. has the rare ability to overgrow a

wide variety of benthic organisms (Eckrich et al. 2011),

and this overgrowth is rapid and complete for the species

monitored in this study. It decreases the resilience of the

Table 1 Mean percent benthic cover ± SD by substrate category

using line intercept method (10 m) in 2010 in Lac Bay Bonaire

(n = 35)

Substrate type Mean percent cover ±SD

Turf algae 26.6 27.4

Sand 26.4 24.8

Ramicrusta sp. 18.7 20.9

Bare hard substrate 13.4 34.5

Macroalgae (non-encrusting) 7.4 8.8

Stony corals 6.9 11.6

Gorgonians 0.3 1.1

Other 0.7 1.5

Bare hard substrate includes pavement, rubble and dead coral colonies

Table 2 Percent coral colonies being overgrown by Ramicrusta sp.

in 2010 in 10 9 5 m belt transects in Lac Bay Bonaire (n = 50)

Total

colonies

surveyed

No. colonies being

overgrown by

Ramicrusta sp.

Percent of

colonies

being

overgrown

Porites porites 37 27 73.0

Porites
astreoides

730 374 51.2

Millepora
complanata

139 71 51.1

Montastraea
annularis

130 61 46.9

Sea rods 46 21 45.7

Diploria strigosa 118 50 42.4

Sea fans 22 7 31.8

Porites branneri 28 8 28.6

Siderastrea
sidereal

29 6 20.7

Agaricia sp. 5 1 20.0

Diploria clivosa 11 2 18.2

Acropora
cervicornis

41 1 2.4

Acropora
palmata

33 0 0.0

Diploria
labyrinthiformis

1 0 0.0

Siderastrea
radians

4 0 0.0

Total 1,374 629 45.8

Overgrowth was defined as Ramicrusta sp. overgrowing living coral

tissue on any part of the colony

0.00

0.03

0.06

0.09

0.12
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Fig. 1 Mean rate of Ramicrusta overgrowth ± SD in 2010 for three

of the most common species of corals in Lac Bay, Millepora
complanata (n = 9), Porites astreoides (n = 10) and Porites porites
(n = 8)
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reef and has the potential to alter coral species composi-

tion. This may lead to a coral-algae phase shift. The coral-

algal dynamics of the back reef of Lac Bay may be a result

of recent anthropogenic or natural disturbances (Slijkerman

et al. 2011). Monitoring and further study are needed.
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