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Sampling Design/Methods

• 42 reef stations surveyed in 2-year monitoring cycles
• Location of reef stations provide for a depth, distance from shore, and geographically stratified sampling 

design 
• Sessile-benthic characterizations based on 5 (replicate) 10m long permanent transects per reef station. 

Placement of transects in sections of optimal stony coral cover (non-random approach) 
• Transects surveyed by continuous intercept technique using chains of 1.4cm link length. Mean: 964 data 

points per transect, 4,821 data points per reef station 
• Quantitative fish/invertebrate characterizations based on 5 (replicate)10 x 3m belt-transects, include 

determinations of density (Ind/30m2) and species richness (Spp/30m2) centered on benthic transects 
reference lines

• Belt-transects expanded to 20 x 3m for quantitative characterizations and size distributions of large 
commercially important fishes, large reef herbivores (Acanthuridae, Scaridae) and large invertebrates 
(lobsters, queen conch, Diadema); 300m2/reef station

• High-resolution digital photographic photo-albums per reef station
• Comparative (ANOVA/Permanova) and multi-variate (PRIMER) statistical approaches for data analyses



PRCRMP Reef Survey Stations: 2018 and 2019



Oceanographic background

3 events of extreme wave action associated with the pass of Cat 4 Hurricanes 
Irma and Maria (September 2017) and winter storm Riley (March 2018)

• Mechanical impact to reef biota associated with sand abrasion, scouring, breakage, 
and displacement of reef biota, including corals

• Advective and turbulent conditions displace pelagic (fish, plankton) communities 
unable to swim away of impacted zones

• Nutrient enrichment associated with massive river loadings, sediment resuspension, 
and upwelling

• Increased water turbidity associated with total suspended sediments, localized 
salinity dilution and temperature reductions in amplified river plumes

Survey ended before the onset of the 2019 winter coral bleaching event 
(November 2019)



Hurricane Irma and Maria: September 2017



Winter Storm Riley: March 2018



PRCRMP 2018 and 2019: Sessile-benthic Community Structure
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Mean Percent Substrate Cover : 2018-2019 Monitoring 
Others
Dendrogyra sp.
Stephanocoenia spp
Meandrina spp.
Millepora spp.
Madracis spp
Colpophyllia spp.
Diploria spp.
Siderastraea spp.
Montastraea spp
Porites spp.
Agaricia spp
Orbicella spp
Acropora spp.

Stony Coral Species 

Orbicella spp.: 38.0% of total coral cover
Acropora spp.: 16.7% of total coral cover

Overall Mean : 22.56%
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Disease prevalence (%) on stony coral species from reef stations PRCRMP 2018 and 2019 surveys

Siderastrea siderea Orbicella faveolata/franksi Orbicella annularis Porites astreoides Stephanocoenia intercepta

Montastraea cavernosa Pseudodiploria strigosa Agaricia lamarki Agaricia agaricites Meandrina meandrites

Acropora palmata Acropora cervicornis Diploria labyrinthyformis

Mean Disease Prevalence: 5.3%

Siderastrea siderea: 39.8%
Orbicella faveolata/franksi: 22.3%

Total number of coral colonies: 2,322





0

10

20

30

40

50

60

70

80

90

BO
TE
20

CA
BE
05

BO
TE
15

ES
PE
10

RO
DR
05

ML
AN
05

DA
KI2
0

DIA
B0
5

LP
EN
05

TR
ES
10

CA
NJ
20

TR
ES
20

BO
YA
20

SE
CO
30

BE
RI2
0

DE
RR
20

PA
LT
10

RA
TO
05

ME
XT
10

ML
AN
10

ML
AN
20

CA
NO
30

CO
RA
10

NE
GR
05

PA
LN
20

TO
UR
30

CR
OS
10

WE
ST
10

ML
UN
05

CA
RI1
0

TO
UR
20

ME
XT
20

TR
ES
05

TO
UR
10

NE
GR
10

GA
LL
A0
5

RE
SU
10

CIB
U0
5

GU
AN
20

AU
RO
05

ML
UN
10

DO
MI0
5

M
ea

n 
%

 S
ub

st
ra

te
 C

ov
er

Reef Stations

Mean substrate cover by benthic algae : PRCRMP 2018 and 2019 surveys

Turf algae Peyssonnelid spp Fleshy Algae Lobophora sp. CCA Halimeda spp Other

Overall mean cover by benthic algae: 55.23%

54.8

15.6

13.6

11.5

2.4 1.3 0.1



Mean  Cover (%)
All Reef Stations

Benthic Categories 2018-2019 Surveys
Turf Algae 31.40

Peyssonnelid Algae 9.54
Orbicella spp 8.32
Fleshy Algae 5.91

Lobophora spp. 4.84
Acropora spp. 4.12

Sponges 3.87
Sand/rubble 3.47
Porites spp. 2.90

Cyanobacteria 2.58
Agaricia spp 1.86

Crustose coralline Algae (CCA) 1.71
Siderastraea spp. 1.30
Montastraea spp 1.14

Diploria/Pseudodiploria spp. 1.05
Mean Density 

Erect Soft Corals 10.97

















Ramicrusta sp



PRCRMP 2018 and 2019 - Sessile-benthic Communities: Monitoring Trends
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Reef Stations

Stony Coral Percent Substrate Cover PRCRMP 2018 & 2019 : % change of from previous surveys (2016– 2017)

Statistically significant ANOVA p < 0.05

Overall mean change: - 9.40%
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Erect Soft Coral Density PRCRMP 2018/2019 : % change from previous survey (2016 – 2017)

Statistically significant ANOVA p < 0.05

Mean overall change : 14.94%
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PRCRMP 2018 and 2019: Fish Community Structure



0

200

400

600

800

1000

1200

CROS10

DAKI20

PALN
20

WEST10

BOTE
15

BOTE
20

NEGR10

TR
ES20

DIAB05

DERR20

CANO30

TO
UR30

BOYA20

AURO05

TO
UR10

TO
UR20

MEXT2
0

NEGR05

TR
ES10

CARI10

GALL
A05

MLA
N05

MLU
N05

CANJ2
0

TR
ES05

BERI20

LP
EN05

CORA10

GUAN20

ESPE10

SECO30

MEXT1
0

PALT
10

CIBU05

MLU
N10

RATO05

RODR05

CABE05

DOMI05

MLA
N20

MLA
N10

RESU10

M
ea

n 
D

en
si

ty
 (I

nd
/3

0m
2)

Reef Stations

Mean Density of Fishes Surveyed in 10m x 3m belt-transects. PRCRMP 2018 and 2019 Surveys

Others
C. parrae
Chaetodon spp.
Acanthurus spp.
G. loreto
Stegastes spp
T. bifasciatum
Sparisoma spp.
Scarus spp.
Chromis spp
Coryphopterus spp.

Fish Taxa
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Mean Density of Fishes Surveyed in 10m x 3m belt-transects. PRCRMP 2018 and 2019 Surveys
Others

C. parrae

Chaetodon spp.

Acanthurus spp.

G. loreto

Stegastes spp

T. bifasciatum

Sparisoma spp.

Scarus spp.

Chromis spp





Distribution of main fish/invertebrate taxa into trophic groups

Spongivores &
Herbivores Zooplanktivores Small Carnivores M/L Carnivores Corallivores Scavengers

Parrotfishes C. personatus Wrasses Lutjanus spp. Angelfishes Spiny lobster
Doctorfishes Chromis spp. Sea Basses Ocyurus chrysurus Butterflyfishes
Farmer Damselfishes Clepticus parrae Gobies Epinephelus spp.
Diadema antillarum Decapterus spp. Grunts Mycteroperca spp.

Gramma loreto Puffers Gymnothorax funebris
Squirrelfishes Large Jacks
Drums and Croakers
Trumpetfish
small moray eels
Hawkfish
Small jacks
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Percent change of mean fish density between 2018-2019 and previous surveys (2016-2017)

Overall Net % Change Mean Density: -0.70

ANOVA, p < 0.05 ANOVA, p < 0.05
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PRCRMP 2018-2019
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Percent change of fish species richness between the 2018-19 and previous surveys (2016-17)

Net % change of fish spp. richness: 1.1%

ANOVA, p < 0.05
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Variation of Mid/Large Demersal Carnivorous Fish Abundance Between the 2018-20 and 
Previous Surveys (2016-17)

2016-17

2018-19

Overall % Change: 0.49%
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Questions???


