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Abstract: The Atlantic and Gulf Rapid Reef Assessment (AGRRA) Program, consisting of non-fixed, transect-
based visual surveys, provides “snapshot” characterizations of a number of structurally or functionally important 
benthic and fish indicators on tropical northwestern Atlantic (TNWA) coral reefs and Brazil. To ameliorate the 
confounding factors inherent in multiyear temporal variation, a region-wide collaborative program for conduct-
ing rapid reef assessments at regular (five-year) intervals in sites that are representative of each sub-region of the 
TNWA is proposed. Member institutions of the Association of Marine Laboratories of the Caribbean (AMLC) 
and individual colleagues are invited to join in developing the vision. Rev. Biol. Trop. 54 (Suppl. 3): 23-29. 
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Coral reefs in the wider Caribbean have 
recently experienced notable losses from dis-
eases, bleaching, overfishing, algal encroach-
ment and poor water quality. Conspicuous 
deterioration by the early 1990s near marine 
laboratories and other institutional members of 
the AMLC (Ginsburg and Glynn 1994) helped 
spur the development of intensive monitoring 
programs, particularly in Florida, the U.S. 
Virgin Islands and Colombia. Not known 
at the time was the extent to which these 
well-studied reefs were representative of the 
region as a whole, or how much local impacts 
were affecting the decline of reefs in densely 
populated areas like the Florida Keys. The 
AGRRA Program (http://www.agrra.org/) was 
developed to address these broad-scale con-
cerns with a standardized protocol that could 
be applied relatively inexpensively at large 
numbers of reef sites over wide geographic 
areas. A long-term goal of the program is to 
be able to provide standardized, quantitative 
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data suitable for evaluation of reef condition 
across the entire TNWA (after Ginsburg and 
Lang 2003).

Initially focused on the health of stony cor-
als, that can grow large enough to contribute to 
reef formation, and using approaches adapted 
from the pioneering studies of Dustan (1994) 
and Diaz et al. (1995), the AGRRA Protocols 
quickly evolved to include algal groups, cer-
tain fishes, particularly herbivores and large 
predators, and the echinoid Diadema antil-
larum. Thus its primary indicators are based 
on key contributors to the structure (stony cor-
als) and function (algae, fishes, Diadema) of 
Caribbean-area reef ecosystems (Kramer 2003) 
with piscivorous fishes also serving as a fisher-
ies-independent estimate of fishing intensity.

The AGRRA Program’s accomplishments 
to date include: (1) working relationships with 
reef scientists or managers in most western 
Atlantic countries having significant reefs; (2) 
capacity building during workshops and less 
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formal training sessions; (3) survey expeditions 
to many of the Caribbean area’s sub-regions 
(Fig. 1); (4) periodic revisions of the protocol 
as warranted by experience (Version 4 was 
released online in June, 2005); (5) descriptions, 
and a summary, of the early (to mid-2000) 
assessments (Lang 2003); (6) maintaining the 
only large-scale, directly comparable, biologi-
cal datasets for TNWA reefs; (7) unrestricted 
access (the 1997-2003 databases with 64 230 
stony corals, 22 693 algal quadrats, and 188 
418 fishes and diverse derived summary prod-
ucts were posted online in August, 2005). 
Meantime many national or regional groups 
(including government agencies, universities, 
non-governmental organizations and environ-
mental consultants) have adopted or adapted 
the AGRRA Protocols for use in other rapid-
assessment or non-fixed-monitoring programs.

As exemplified in Table 1, we have learned 
that parameters such as percent live coral cover, 
the ratio of crustose coralline algal: macroal-
gal abundance, and herbivorous or carnivorous 
fish biomass can vary across spatial scales that 
vary from the local to sub-regional. Similar to 
the findings of Williams and Polunin (2001), 
in the near-absence of Diadema, we find that 
herbivorous fish biomass is inversely correlated 
with macroalgal index (a proxy for macroalgal 

Ecosystem Initiative (McField and Kramer 
2005). As efforts mount to “build resilience” 
into the planning and management of coral 
reef resources, and to design integrated net-
works of marine protected areas (West and 
Salm 2003), the perceived value of its large 
datasets will increase.

Mean values for the AGRRA indicators 
in each area also constitute current baselines 
against which future changes in local reef con-
dition and finfish resources can be compared. 
Nonetheless, regional-scale interpretations of 
these data are inevitably constrained by the 
confounding of temporal and spatial variation 
that has occurred throughout the nine years 
during which the assessments were conducted. 
For example, in areas originally surveyed in 
1998 or 1999, live stony coral cover sig-
nificantly declined on many reefs that were 
severely affected by the 1998 ENSO-related 
mortality event (Belize– Robbart et al. 2004; 
Mexico– Roy 2004; Bahamas– Lang, pers. 
obs.), even as conditions were improving in 
a few sites (Jamaica- Edmunds and Carpenter 
2001, Idjadi et al. 2006).

To overcome the inherent constraints of 
multiyear temporal variation, we envision a 
region-wide collaborative program in which 
reef assessments are conducted at regular 

Fig. 1 AGRRA assessment sites during 1997-2003.
Fig. 1. Sitios de sondeo AGRRA durante 1997-2003.

biomass) on fore reefs in many 
of the surveyed areas (Fig. 
2). We believe we are very 
close to establishing regional 
“chronic condition norms” for 
some ecologically relevant 
parameters, two of which are 
illustrated in Figure 3.

The AGRRA data have 
been used to examine reef fish 
assembly patterns (Semmens 
and Auster 2004), evaluate 
the status of Acropora spp. 
(Biological Review Team 
2005), and construct quantita-
tive interpretive frameworks 
for some of the ecologi-
cal indicators used in the 
Healthy Mesoamerican Reef 
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TABLE 1
Location and organism cover, percent and biomass data

CUADRO 1
Lugar, y cobertura, porcentaje y biomasa de organismos

Location Date Zone Depth
(m)

Mean ± Std. Dev.  (number of sites)

% Live Coral CCA:MA HerbBM* CarnBM*

Jamaica 08 2000 Crest 1.5 ±<0.5    5.0 ± 2.6    (10) 0.7    (10)   818 ± 386    (10) 1138 ± 650     (10)

“ “ Fore 9.5 ± 2.0   12.2 ± 4.6   (50) 0.3    (50) 1056 ± 378    (50) 1257 ± 461     (50)

Florida 05-07 2003 Crest 3.5 ± 0.5   18.0 ± 7.7   (10) 1.5    (10) 6143 ± 3404    (8)      13,039 ± 4932    (8)

“ “ Fore 7.0 ± 1.5     8.1 ± 4.2    (12) 0.3    (12) 2235 ± 1395  (10) 6437 ± 4726  (10)

SC Cuba 08 2001 Crest 1.0 ± 1.5   16.2 ± 7.9   (25) 0.9    (25) 7698 ± 4996  (25)      10,382 ± 6894  (25)

“ “ Fore 11.5 ± 2.5   15.6 ± 4.6   (29) 0.1    (29) 3625 ± 1650  (28)  8149 ± 5669  (23)

Panamá 06 2002 Crest 1.5 ± 0.5   34.5 ± 9.7   (21)      1.4    (21) 1858 ± 1016    (9) 2209 ±1193     (9)

“ “ Fore 7.5 ± 2.0   34.1 ± 9.7   (23) 0.3   (23) 1940 ± 1045  (23) 7427± 1674   (23)

Percent live stony coral cover (% Live Coral), ratio of crustose coralline algal: macroalgal abundance (CCA:MA) and 
AGRRA herbivorous (HerbBM) and carnivorous (CarnBM = invertivore + piscivore) fish biomass as gm/100m2 on 
reef crests (Crest) and fore reefs (Fore) in northern, western and southwestern Jamaica (Jamaica), the Florida Reef Tract 
(Florida), the Archipiélago Jardines de la Reina (SC Cuba), and the Kuna Yala (Panamá). Number of sites surveyed given 
in parentheses.

*The biomass of each of the AGRRA fish species was calculated using the length-weight relationships listed in Marks and 
Klomp (2003) and partitioned among herbivorous, invertivorous, and piscivorous categories using diet data in FishBase 
(see Marks and Lang 2006).

Porcentaje de cobertura de coral pétreo vivo (% coral vivo), proporción de algas coralinas crustosas: abundancia de mac-
roalgas (CCA:MA) y biomasa (gm/100m2) de peces AGRRA herbívoros (HerbBM) y carnívoros (CarnBM = invertivore + 
piscívoros) en crestas de arrecifes (crest) y arrecifes frontales (fore) en el norte, oeste y suroeste de Jamaica (Jamaica), el 
arrecife de la Florida (Florida), el Archipiélago Jardines de la Reina (SC Cuba) y el Kuna Yala (Panamá). Número de sitios 
estudiados en paréntesis.

Fig. 2. Biomass in gm/100 m2 AGRRA herbivorous fishes 
(for details see Marks and Lang 2005) versus macroalgal 
index (macroalgal abundance x macroalgal height) at ∑398 
fore-reef sites in 23 survey areas (each with at minimum 
of 4 sites having at least 4 benthos transects/site and fish 
surveys covering at least 400 m2) of the wider Caribbean 
surveyed during 1997-2003. Mean depth in m = 10, st. 
dev. = 2.
Fig. 2. Biomasa en gm/100 m2 de peces herbívoros 
AGRRA (para detalles ver Marks y Lang 2006) versus 
índice de macroalgas (abundancia de macroalgas x altura 
de macroalgas) en ∑398 sitios de arrecifes frontales en 
23 áreas estudiadas (c/u con un máximo de 4 sitios con al 
menos 4 transectos bénticos/sitio y sondeos de peces en al 
menos 400 m2) del Caribe, analizadas durante 1997-2003. 
Profundidad promedio 10 ± 2 m.
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intervals. Given the rapid pace at which reef 
ecosystems are currently changing (Precht and 
Aronson 2006), a sampling interval of five-
years, at least for the short-term, was proposed 
at the AMLC’s 32nd scientific meeting in June 
2005. The urgency of the need for periodic 
reassessments of Caribbean-area reefs was sub-
sequently underscored when unusually warm 

seawater temperatures caused extremely high 
levels of bleaching and bleaching-related mor-
tality on many reefs in the eastern and northern 
TNWA. Disease outbreaks, first noticed as 
stony corals were recovering their coloration in 
some sites, are still on-going as of May 2006 
(B.V.I.– S. Gore pers. comm.; Martinique– J.P. 
Maréchal and C. Cowan, pers. comm.; Puerto 
Rico– E. Weil pers. comm.).

It is beyond our scope at present to provide 
a detailed implementation plan, but we can 
offer some indications of what will be needed 
in terms of protocols, candidate sampling sites, 
and logistics.

Elements of a Plan for Regional Visits 
to assess the Condition of Representative 
Reef Communities: From our experience with 
the AGRRA Program, we believe that the 
assessments must include key elements of the 
reef ecosystem–stony corals, fishes and algae. 
We know that protocols can be designed to 
allow a team of about five, trained research-
ers to complete a survey of one site in a single 
dive. Selecting the candidate survey sites is 
not simple, given the extent of the region, the 
variability of reef types, their spatial distribu-
tion, relationships to the ocean current systems, 
and exposure to seas and swells. Information 
in the AGRRA Database, our understanding of 
the extent of anthropogenic impacts and fish-
ing pressures (e.g., Burke and Maidens 2004), 
any existing legal protections, and other local 
knowledge about habitats and community con-
dition must also be considered. 

Earlier efforts in developing a sampling 
design (Kramer 2003) were focused on the 
tactics of site-specific activities (e.g., the num-
ber of transects, corals or algal quadrats/site), 
rather than dealing strategically with overall 
survey designs to reduce variance in population 
and community parameters. Now that statistical 
methods (Ault et al. 2002) based on classical 
sampling techniques (Cochran 1977) are avail-
able for coral reefs, we have received funds 
for an analysis of the existing AGRRA coral 
dataset at various spatial scales to determine 
appropriate sample unit sizes, sampling strata 

Fig. 3. All stony corals of ≥ 10 cm maximum diameter in 
wider Caribbean fore-reef areas (each with at least 4 sites 
having at least 4 transects/site) surveyed during 1997-2003 
ranked by: A = disease prevalence (as % of colonies, ∑452 
sites in 29 survey areas); and B = recent partial-colony 
mortality (as % of outward-facing colony surfaces, ∑435 
sites in 28 survey areas). Mean depth in m = 10 (s.d. = 
2). “Acute” = surveyed during disease epizootics (A and 
B), and/or mass bleaching events (B only); “chronic” = 
surveyed during non-acute conditions.
Fig 3. Todos los corales pétreos con diámetro máximo ≥ 
10 cm en áreas de arrecifes frontales del Caribe (c/u con 4 
sitios, con al menos 4 transectos/sitio), estudiados durante 
1997-2003 clasificados por: A = prevalencia de la enferme-
dad (% de las colonias, ∑452 sitios in 29 áreas analizadas) 
y B = mortalidad parcial reciente de las colonias (% de la 
superficie outward-facing de las colonias, ∑435 sitios in 
28 áreas). Profundidad promedio 10 ± 2 m. “Aguda” = 
analizada durante la epidemia de la enfermedad (A y B) y/o 
eventos de blanqueamiento masivos (sólo B); “crónica” = 
analizada durante condiciones no-agudas.
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boundaries, and survey domain areas. Analyses 
focused on size classes (approximate life his-
tory stages) of several species in each of five, 
common scleractinian genera (Montastraea, 
Diploria, Siderastrea, Agaricia, and Porites) 
would allow us to identify data outliers or errors, 
completeness over the expected temporal and 
spatial domains, gaps, and estimation proper-
ties (e.g., precision) of primary indicators and 
derived variables (J. Ault, pers. comm.). New 
regional classifications, such as the geomorpho-
logical maps being produced by the Millennium 
Coral Reef Mapping Project (http://imars.usf.
edu/corals/index.html) and any available habi-
tat maps (e.g., Kendall et al. 2001), would be 
used to generate GIS products in which sam-
pling domains would be stratified according to 
principal environmental variables (bathymetry, 
geomorphology, oceanography, etc.). 

Results of these analyses may well war-
rant modifications to the current versions of 
the AGGRA benthos sampling protocols. After 
identification of a preferred sampling design, 
sampling units would be optimally allocated 
within strata among locales according to a 
weighted relationship between stratum area 
and variance. Specific sampling sites within 
a stratum for the first regional survey would 
be randomly selected from the complete list 
of potential sample units. Use of a discrete 
uniform probability distribution that assigns 
equal selection probability to each unit would 
ensure that the collected data are fully repre-
sentative of the entire TNWA reefal area. The 
design would be re-run for every five-year 
assessment, ideally each time with a refined 
sampling allocation allowing improved sen-
sitivity (lower coefficient of variation) for 
detecting change at the scales of interest (P.A. 
Kramer, pers. comm.).

At least two ways of executing the assess-
ments need to be considered: (1) sub-regional 
teams of assessors thoroughly trained in the pro-
tocols could be responsible for making the sur-
veys in each sub-region; (2) one or more vessels, 
fully equipped for diving, could be chartered 

for a series of cruises involving core teams of 
trained assessors and locally trained participants 
in each sub-region. (Live-aboard dive boats that 
can support scientific research are available: we 
know one that was used most effectively for fish 
and benthos assessments covering the entire, 
350-km long, Florida Reef Tract.)

Geographic separation of our insular and 
continental nations creates expensive challeng-
es in coordinating international programs. The 
AMLC is an organization with a record of fos-
tering regional collaboration, and collectively 
its members represent the entire region. Hence, 
our gratitude that the AMLC Executive Board 
agreed to be the first international organization 
to endorse a resolution supporting “the imme-
diate establishment of a long term program 
for assessing representative reefs, their related 
biological communities, and relevant physical 
environmental parameters periodically into the 
future.” Many details are yet to be decided, and 
member institutions and individual members of 
the AMLC network, as well as other colleagues, 
are invited to join with us to help develop this 
new phase of regional rapid assessment in the 
wider Caribbean. 
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RESUMEN

El Programa de Evaluación Rápida del Atlántico y el 
Golfo (AGRRA, por sus siglas en inglés) consiste en son-
deos visuales no-fijos, basados en transectos, que permiten 
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caracterizaciones puntuales de un número de peces y 
organismos bénticos que sean estructural o funcionalmente 
importantes como indicadores en arrecifes del Atlántico 
tropical noroeste (ATNO) y de Brasil. Para disminuir los 
factores de confusión inherentes a variaciones temporales 
multianuales, se propone un programa de colaboración a 
nivel regional, que sirva para conducir evaluaciones rápi-
das de los arrecifes en intervalos regulares (cinco años), 
en los sitios que sean representativos de cada sub-región 
del ATNO. Se invita a las instituciones miembro de la 
Asociación de Laboratorios Marinos y del Caribe (ALMC), 
así cómo a colegas individuales para participar en el desa-
rrollo de esta visión.

Palabras clave: arrecifes de coral, evaluación rápida, 
AGRRA, AMLC, monitoreo a largo plazo, monitoreo, 
integridad de los arrecifes de coral.
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