Acropora spp. coral farming and restoration activities in
the face of increasing local human stress and climate
change: Lessons learned and recommendations
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Brief history of low-tech coral farming
and transplanting in PR




Advantages of low-tech coral farming
and reef restoration
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The Culebra Case Study: Community-based
alternatives for coral reef rehabilitation




Rehabilitation of bombarded coral reefs




Creation of nursery habitats




Low-tech coral farming and reef restoration in
PR successful in spite of outrageous construction
trends and poor land use
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Low-tech coral farming and reef restoration in PR
successful in spite of lack of adequate funding

Small communities, fishers,
and NGOs can not compete
with large organizations

1:1 match outrageous
for underserved communities




Low-tech coral farming and reef restoration in
PR successful in spite of major social challenges




But increasing sea surface temperatures

Anomalies
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Coral mortalities from major rainfall + runoff
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Nutrient pulses from meso-scale gyres




Following sea surface
warming and bleaching

Impacts on coral transplants
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In spite all that...




The Acropora palmata case study: Vega Baja




Raw sewage and beach renourishment
are killing corals!!!

Vega Baja

El Eco Pozas

Site
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community-based effort!

Rapid recovery of low-
High colony survival rates,
skeletal growth and
Sewage and sediments
have screwed up the

tech replanted coral
branching production.




Sewage impacts on Acropora palmata assemblages in
PR already documented in two papers

Marine Pollution Bulletin 58 ( 2009) 45-54

Contents lists available at ScienceDirect

Marine Pollution Bulletin

journal homepage: www.elsevier.com/locate/marpolbul

Detection of spatial fluctuations of non-point source fecal pollution in coral
reef surrounding waters in southwestern Puerto Rico using PCR-based assays
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ARTICLE INFO ABSTRACT

Keywords: Human fecal contamination of coral reels is a major cause of concern. Conventional methods used 1o
Bacteraides monitor microbial water quality cannot be used to discriminate between different fecal pollution sources.

(Jasu ridim coccaldes

Microbial source tracking
Non-peint source ceastal fecal pallution
PCR

Fecal u:llﬁjrm enterococci, and human-specific Bacteroides (HF183, HF134) general Bacteroides-Prevo-

uF nan-| polm source fecal contamination across the southwestern Puerto Rico shell. Inshore waters were
highly turbid, consistently receiving fecal pollution from variable sources, and showing the highest fre-

quency of positive molecular marker signals. Signals were also detected at offshore waters in compliance

with existing mic

of human fecal origin. The

ical quality i ic analysis showed that most isolates were

phic extent of point source fecal p weas large and impacted

extensive coral reef systems. This could have deleterious long-term impacts on public health, local fish-
eries and in tourism potential if not adequately addressed.

& 2008 Published by Elsevier Lid.

1. Introduction

Fecal contamination of coastal waters is a paramount concernin
tropical developing countries (Byamukama et al., 2005). Wastewa-
ter pollution can negatively affect both the marine environment
and human health (Fong and Lipp, 2005). In this context, it is
important to determine sources of fecal contamination in order
to prevent diseases and assure water quality (Scott et al, 2002),
since many of these areas are used for fishing and recreational pur-
poses. Non-point source fecal pollution is a major threat to coral
reefs, often resultingin an increased stress to benthic communities
(Pastorok and Bilyard, 1985), an increased frequency of coral mor-
tality (Frias-Lépez et al., 2002; Kaczmarsky et al, 2005), and in
long-term phase shifts in benthic community structure (Done,
1992). Chronic sewage pollution often prevents natural coral reef
recovery following natural disturbance (Jokiel et al., 1993). How-
ever, long-term fecal pollution impacts in coral reefs have been
poorly documented. This could often be the result of lack of fund-
ing trained personnel or laboratory facilities, or the inadequacy of
standard microbial indicators to detect potential im pacts.

The United States Environmental Protection Agency (USEPA)
recommended the use of Escherichia ooli, 2 member of the fecal
coliform group, as well as enterococci, as microbiological indica-

* Corresponding author. Tel: +787 764 0000x2009; fax: +787 764 2610,
E-mail address: coral giac@yahoacom (EA Herndndez-Delgad o).
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tors of fecal pollution for marine waters (USEPA, 2000). However,
it has been suggested that E coli may not be a relizble indicator
in tropical and subtropical environments, because of its ability to
replicate in polluted soils (Desmarais et al, 2002; Solo-Gabriele
etal, 2000), a5 well as in tropical freshwater and coastal environ-
ments (Hazen and Toxanzos, 1990; Hernindez-Delgado, 1991}
Members of Bacteroides spp. have been suggested as alternate fecal
pollution indicators (Allsop and Stickler, 1985; Fiksdal et al., 1985;
Dick et al., 2005) as it constitutes one of the most numerous mem-
bers of the human colonic flora (Finegold et al, 1983; Sghir et al.,
2000). Bacteroides spp. is Gram-negative, anaerobic bacilli or coc-
co-bacilli, each species is morphologically distinct, and most are
encapsulated, and are capable of outcompeting other members of
the gastrointestinal flora. They can also be opportunistic patho-
gens, causing a variety of infections throughout the body (Sheehan
and Harding, 1988). However, their use as indicator organisms
using standard plate culturing techniques has been very limited
due to their complicated growth requirements.

Recently, a series of novel culture-independent microbial
source tracking (MST) methods have been developed to determine
the source of fecal contamination (Field et al., 2003; Simpson et al.,
2004: Shanks et al., 2006 ). One of these methods consists in detect-
ing host-specific molecular markers using the 165 rRNA gene of
Bacteroides (Bernhard and Field, 2000ab). These molecular markers
can amplify DMA sequences from this potential microbial fecal
indicator and identify its source {whether it is human or animal )
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Impacts of non-point source sewage pollution in Elkhorn
coral, Acropora palmata (Lamarck), assemblages of the
southwestern Puerto Rico shelf
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Abstract. Non-point source sewage pollution represents a major threat to coral reefs. Impacts are typically
associated with chronic eutrophication, water turbidity, and microbes potentially pathogenic to corals. Sewage
pollution can produce variable system- and species-specific responses, as well as cascading direct and indirect
effects, that could result in major long-term phase shifts in coral reef benthic community strocture. This study
was aimed at characterizing the ecolog:tcal condll:mn of eight shallow- water {<5 m] Elkhorn coral (éc}ovom

Puertn Rico shelf. Ncm—pomt source pnllutmu was a key stressor structuring local coral reef communities. Long-
term phase shifts have favored dominance by macroalgae and non reef-building taxa at inshore locations under
chronic pollution. Non reef-building taxa correlated with fecal pollution indicators. Acropora palmata and
crustose coralline algae (CCA) are dominant at offshore remote reefs. Coral reef degradation is already beyond
the point of recovery at most inshore habitats. Coral reef communities within local Marine Protected Areas were
also undergoing significant degradation as a result of variable impacts, including non-point source sewage
pollution. There 15 a paramount need to implement adequate management measuses to prevent further water

quality degradation across the region.
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Introduction

Marine non-point source sewage pollution is a major
cause of concern in coral reef communities. Negative
sewage impacts have been mostly associated to
eutrophication and turbidity (Pastorok and Bilyard
1983: Cloern 2001). Kaczmarsky et al. (2003) also
documented a high prevalence of Black Band Disease
and White Plague-Type II in coral colonies exposed to
sewage. Coral sorvival rates (McKenna et al, 2001),
as well as reef-building activity (12., skeletal extension
rates), are highly susceptible to sewage impacts,
although effects seem to be species-specific (Tomascik
and Sander 1983; Spencer-Davies 1990). Sewage
impacts often result in a combination of system- and
species-specific responses, as well as cascading direct
and indirect effects that could result in major long-
term phase shifts in benthic community structure,
favoring dominance by fleshy macroalgae and non
reef-building taxa. Such phase shifts could be
irreversible in long-term scales (Knowlton 1002:

Hughes 1094). Sewage-associated eutrophication
impacts can also result in an accelerated reef decline
often due to a combination of synergistic impacts,
mostly from sedimentation and turbidity (Meesters et
al. 1998; Szmant 2002), as well as to recurrent pulses
of increased biological oxygen demand and declining
dissolved oxygen concentration that can create a
hypoxic condition in coastal waters (Desa et al. 2003).
Sewage impacts can produce a major decline in the
socio-economic value of coral reefs and associated
communities due to the loss of ecological services
(i.e., coastal protection, sinkhole of greenhouse gases,
food-protein  production, sowrce of  bio-active
compounds), and reef aesthetics (ie., SCUBA,
snorkeling, educational excursions). Declining reefs
may also represent a permanent phase shaft to fisher
community livelihoods and a loss of cultural heritage.
Sewage has been previously implicated in coral reef
degradation in Puerto Rico (Goenaga and Boulon
1992 Hernandez-Delzado 2000, 2005). In spite of
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Final thoughts




Final thoughts




Vs
)
il @
o]0
>
®
i -
i
(qV)
C
Ll




Thanks...

corai_giac@yahoo.com )
http://ccri.uprm.edu/
http://crest-catec.hpcf.upr.edu/
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