Summary of Presentation:
Decline of Coral Populations in a Coral Reef:
Cayo Enrique, La Parguera, Puerto Rico

Vance P. Vicente

Southeast Fishery Science Center, Caribbean
C/O CFMC, suite 1108 Banco de Ponce Building
Hato Rey, Puerto Rico 00918

Converted to digital format by Aric Bickel (NOAA/RSMAS) in 2005. Copy available at the NOAA
Miami Regional Library. Minor editorial changes may have been made.



DRAFT
SUMVARY OF PRESENTATI ON

DECLI NE OF CORAL PCPULATIONS I N A CORAL REEF: CAYO ENRI QUE, LA
PARGUERA, PUERTO RI CO

78TH CFMC MEETI NG JUNE 1-3, ST. THQVAS, PUERTO Rl CO

Vance P. Vicente
Sout heast Fi shery Science Center, Caribbean.
COCMC Suite 1108 Banco de Ponce Buil di ng
Hat o Rey, Puerto Rico 00918

ABSTRACT

Underwat er photographs and in situ notes were taken within a 160n2
grid at Cayo Enrique Reef during 1984, 1986, 1988 and 1993 to
determne changes in coral populations. G the 293 coral colonies
found within the reef front grid, 50% (n=146) died during the nine
year interval while only 21% (n=61) survived. hly a few colonies
(5? increased in cover. Live coral surface decreased in 69
colonies while only 5 colonies showed significant growth. Mre than
50% nortality was found in 9 of the 14 species found. Mrtality was
hi ghest in Acropora palmata, Agaricia agaricites and in Eusmlia
fastigiata where all nonitored colonies died (100% nortality). As
expected, lower (but significant nortality rates were found in
Montastrea annularis and in Siderastrea siderea. Mrtality was
attributed to: danselfish (Stegastes planifrons) behavior (42%;
filanmentous algal overgrowh (34%; overgrowth of corals by green
(Hallineda opuntia) calcareous algal nat devel opnent (16%; and, to
overgrowt h "by sponges (7% . Cayo Enrique Reef, |ike many other
Caribbean reefs are nore vulnerable now to any additional external
sources of stress, whether natural or anthropogenic in origin. The
changes in benthic community structure observed at Cayo Enrique nay
very well influence the species conposition and relative
distribution of its fisheries resources.




I. Introduction: Hi story of Cayo Enri que.

Between 6,000 and 9,000 ybp, the southwestern shelf of Puerto R co
becane flooded by sea level rise. A slower eustatic sea |evel
rise, shallow water, high water transparency and proper substrate
conditions during this md-Holocene period allowed the devel opnent
of extensive coral reefs, seagrass beds and of other inner-
sublittoral systens within the shelf of La Parguera.

Like other coral reefs along the southern coast of the island, Cayo
Enrique reef is built on a light topographic high which my
represent drowned eolianitic structures (Kaye, 1959) deposited
parallel to shore during the Wnsconsian glacial period (see
Goenaga, 1988). The reef Is located 1.6 km from shore and extends
1.32 km along a northeast southwest axis (Figure 1). At present,
Cayo Enrique bounds the southern limt of the i1nner shelf (Mrelock
et al., 1977).

Cayo EBEnrique Reef, as well as nost reefs on the southwestern shelf
of the island have been able to devel Oﬁ and grow vertically in
harnmony w th m d-Hol ocene changes in the oceanic (relative sea
| evel) and atnospheric conditions of the time. Under present
condi ti ons however, reef devel opnent nmay take a different course.

During the last decades, non-anthropogenic disturbances have had a
significant inpact on the physical and biological structure of Cayo
Enrique reef. These disturbances include nmassive die-offs of sea
urchin herbivores, hurricanes, coral bleaching, changes in sea
surface tenperature, and conpetitive displacenent of corals by
algae and sponges (M cente, 1993). This study evaluates the status
of hermatypic coral populations in the reef front of Cayo Enrique,
Puerto Ri co.

1. Met hods.

A permanent grid (160 n2) was constructed on the reef front of Cayo
Enrique in 1983 to nonitor sponge and coral populations (for
details see Vicente, 1987). Each 1nR2 quadrat wthin the Acropora
pal nata zone, the mxed zone and the base of the reef were
phot ographed during 1984, 1986, 1988 and 1993. Changes in the
conditions of the coral heads (visible at a 1n?2 spatial scale) were
exam ned through photographic interpretation and with in situ
i nspections. The status of all the hermatypic corals were
eval uated. Four categories were used: those coral heads which
survi ved, those which died, and those which either decreased or
i ncreased in cover during the nine year period.



I1l. Results.

A total of 293 coral colonies were identified wthin the grid. The
species include one hydrocoral (MIllepora alcicornis) and 13
scl eracti ni an, her mat ypi c coral's: two poritids (Porites
astreoides, P. porites); five faviids (Mntastrea annularis, M
cavernosa, D ploria Tabyrinthiforms, D "clivosa, and Colpophyllia

natans); two acroporids (Acropora palnmata and A~ cervicornis); one
siderastreid (Siderastrea siderea); one neandrinrd (Dendroqyra
cylindricus); ~one agaricid (Agaricia agaricites); and one

caryophylTTd (Eusmlia fastigi ata)

The nunber of colonies were found to increase with depth and varied
from about 10-20 corals/IO® within the Acropora palmta zone to
about 30 corals/10nm2 at the base of The reef. A significant
correlation was found between depth and nunber of coral colonies
where 56% of the variability in the nunber of colonies can be
attributed to sone depth-related factor (Figure 1).

0 the 293 coral colonies, 50% (n=146) died during the nine year
interval while only 21% (n=61) survived. Only a few colonies (5)
increased in cover while. Live coral surface decreased in 69
colonies while only 5 colonies showed significant growh. A
si)gnificant decrease in survivorship was found with depth (Fi gure
3).

Mortality by species is presented in Figure 4. Mre than 50%
nortality was found in 9 of the 14 species studied. Mrtality was
highest in Acropora palnmata, Agaricia agaricites and in Eusmlia
fastigiata where all nonitored colonies died (100% nortality). As
expected, lower nortality rates were found in Mntastrea annularis
and in Siderastrea siderea.

The time photographic series analysis helped to elucidate the
mechani sns of coral nortality. Mrtality was attributed to:
dansel fish (Stegastes planifrons) behavior (42%; filanentous al gal
overgrowth (34%; overgrowth of corals by green (Hallinmeda opuntia)
cal careous algal nmat devel opnent (16051; and, 'tTo overgrowth by
sponges (7% .

| V. D scussi on.

A wdespread nortality of hernmatypic coral popul ations has occurred
during the last decade at Cayo Enrique. Qualitative assessnents of
other coral reefs wthin the Puerto R can shelf also indicate a
significant decline in coral cover and diversity.

Mbst of the coral nortalities observed at Cayo Enrique are rel ated

to increases in biomasss and cover of al gae.



Figure 1. Relationship between nunber of coral colonies wth depth
on the reef front of Cayo Enrique reef. The nunber of colonies
were found to increase wth depth and varied from about 10-20
corals/10nm2 wthin the Acropora palnmata zone to about 30
corals/|On2 at the base of The Teef. A significant correlation was
found between depth and nunber of coral colonies where 56% of the
variability in the nunber of colonies can be attributed to sone

dept h-rel ated factor.

Figure 2. Survival and nortality of coral colonies within the reef
front grid of Cayo Enrique. G the 293 coral colonies, 50% (n=146)
died during the nine year interval while only 21%_(n:61l_ sur vi ved.
Only a few colonies (5) increased in cover while. Live coral
surface decreased in 69 colonies while only 5 colonies showed
signi ficant grow h.
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Figure 3. Relationship between dePth and percent survivorship of
coral colonies wthin the ree front of Cayo Enrique. A

significant decrease INn survivorship was found with depth.

Figure 4. DMrtality by species (1984-1993). Mre than 50%
nortality was found in 9 of the 14 species studied. Mrtality was
hi ghest in Acropora palmata, Agaricia agaricites and in Eusmlia
fastigiata wihere alf nonitored  colonies™ died (100% nortal itTy). AS
expected, lower nortality rates were found in Mntastrea annularis

and in Siderastrea siderea.
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Both, thin red alga algal mats (e.g. Coelothrix irregularis,
Gllidium pusillun) as well as thick mats of green cal careous al gae
of the order Caulerpales (Hallineda opuntia) are largely
responsible for the population decline of hernmatypic coral
popul ati ons.

The peculiarity of this case study is that the high nortality of
cor al popul ati ons cannot be attributed to direct human
(anthropogenic) inpact nor to density independent (e.g. stochastic)
processes. For exanple, the reef studied (Cayo Enrique) is |ocated
about 1.5 Km from shore, receives very little sedinent runoff and
rainfall (upland vegetation of La Parguera is oprimarily
xerophytic), there are no significant agricultural practices
(therefore the area does not receive loads of nutrients or
pesticides), there appears to be no water quality problens in the
reef, and the reef has not been severely inpacted by hurricanes
since 1979 (Hurricane David).

Oh the other hand, interspecific, clonal, invertebrate interactions
E\/i cente, 1987, 1990), nassive die-offs of sea urchin popul ations
Vicente and Goenaga, 1984), algal overgrowh (Vicente, 1993),
coral bleaching (CGoenaga et al., 1989) and even slight natural
fluctuations in sea surface tenperature (Vicente 1989) have all
been inplied in the decline of corals (species diversity, live

coral cover, and population densities) and in the decline of other
i ntegral conponents of the reef. Therefore, coactive patterns
(sensu Hutchinson) can significantly influence the distribution of
coral populations. These changes in community structure can have
a sferious inpact on the fisheries resources associated with this
reef .

To ny opinion, the single nost inportant indirect human inpact on
this reef nmay very well be overfishing. For exanple, although the
natural Diadema antillarum die-off may very well explain the
increase 1n algal abundance within the reef (after 1984) the
increased fishing pressure on herbivorous fish populations (e.g.
par r ot fish2 and the renoval of large predators (e.g. groupers and
snappers) fromthe reef could also contribute to an 1 ncrease in
filanentous and in articulated coralline red and green calcareous
algae. Parrot fish (fam Scaridae) graze on algal mats while large
predators (groupers and snappers) prey, at least in part on
dansel fi shes.




V. Conclusions and interpretations.

1. The benthic community structure of Cayo
Enrique reef has undergone dramatic changes
due to coactive factors.

2. There has been a significant decline in
hermat ypi ¢ coral popul ations, coral species
diversity and in live coral cover.

3. A consi derable increase in algal biomass
and cover has been noticeable since 1984.

4, The increase in algal biomass is probably
related to an increase in the fishing
pressure on herbivorous fish popul ati ons.

5. The increase in algal cover may al so be the
result of the massive die-off of Diadema
antillarum

6. The increased population of damsel fi sh

within the reef front have caused significant
nmortality of hermatypic corals.

7. The present high population density of
damsel fish (Steqastes planifrons) may be due
to heavy fishing pressure of l|arge predators
(groupers and snappers).

8. Under present conditions, Cayo Enrique, as
well as many other reefs within the Caribbean
(see Ginsburg et al ., 1993) are nor e

vul nerable to changes in the environment.

VI. General comments on Cari bbean coral reefs.
(from Vicente, 1993).

1. The Tropical Surface Water of the Caribbean Sea
is not necessarily the ideal water mass for
coral reef development (Vicente, 1992). This
wat er mass receives i mense amounts  of
nutrients (which enhance primary production)
since it receives over 20% of the fresh water.
di scharged annually by the world's rivers. For
exanpl e, the dispersal of the Amazon's
di scharge alone, affects surface salinity,
phyt opl ankt on concentration and phytopl ankton
species conposition throughout the western
tropi cal Atl antic (Muul er-Karger et al .,
1988). These factors do not favor maxi mum reef
devel opment since coral reefs grow best in
ol i gotrophic wat er s wi th | ow primary
productivities.



2. Coral reefs within the Wst Indian Region
are also frequently (and intensely) weakened
by hurricanes since a large portion of the
Caribbean reef tract lies wthin the hurricane
belt. At tinmes however, density independent
events (such as storns and hurricanes) may
enhance |ocal reef diversity when they disturb
the system at an internediate |evel (Connell,

1978).
3. Cari bbean reefs are also nore I_Prone
bi oerosion than reefs elsewhere (H ghsmt h

1980) and bi ol ogical diversity is |ower t han
in the IndoPacific (there are about 80% nore
genera and species of corals in the Pacific
than in the Caribbean).

4. The nmassive denmise of D. antillarum which
spread throughout the Caribbean from January
1983-84 and the major coral bleaching event of
1987 have decreased coral cover wthin many
Cari bbean reefs. Fur t her nor e, Car i bbean
corals are frequently subjected to various
forns of diseases (e.g. Black band and white
band disease) and stresses as reviewed by
Peters (1984). Based on the above, we may
state that the ecological integrity of reefs,
particularly those within the Caribbean, is at
present threatened.

MI1. dimte change and Cari bbean coral reefs: personal opinion.

There has been w despread national and international concern over
the state of coral reefs worldw de because of the increasing
awareness of the intrinsic functional values of coral reefs (e.g.
shoreline protection, fisheries production, ecotourisn). One of
the concern is whether nodern reefs will be able to cope wth
predicted clinate change (e.g. an eustatic sea level rise of 6miyr
over the next century). Buddeneier and Smth (1988) and Smth and
Buddenei er (1992) state that this climatic scenario is well wthin
the range of reef accretion rates (a rate of 10mmyr is the
consensus value for maxi num sustained reef vertical accretion
rates). This cannot hold true for nmany Caribbean coral reefs
characterized by Tow coral cover (like Cayo Enrique reef). The
fate of a given coral reef in situations where bioerosion rates are
greater than accretion rates for extended periods of tine is the

loss of its ecological integrity, and therefore, of its functional
val ues.
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Managenent neasures oriented towards conservation, restoration, and
enhancenment of Caribbean coral reefs glf i npl enented pronptly) nay
result in the preservation of their functional values and in the
mai ntenance of their ecological integrity. Qherwse, the
resistance of coral reefs to natural or enhanced clinatic changes,
or to any additional external sources of stress (whether natural or
ant hropogenic) wll continue to decline. Manwhile, Caribbean
reefs are vulnerable and should be considered as an endangered

ecosystem
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