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Introduction

National Coral Reef Monitoring Program

The National Coral Reef Monitoring Program (NCRMP) supports conservation of the nation’s coral reef ecosystems through
documenting and understanding the status and trends of climate, fish, benthic, and socioeconomic variables. Since its inception in
2001, NOAA's Coral Reef Conservation Program (CRCP) has supported monitoring in US coral reef areas, and in 2013 these monitoring
activities were consolidated within the framework of the NCRMP. The NCRMP is a cohesive NOAA-wide effort coordinating monitoring
activities for biological, physical, and human dimensions of coral reefs. Through its implementation, NOAA can clearly and concisely
communicate results of national-scale monitoring to national, state, and territorial policy makers, resource managers, and the public
on a periodic basis.

The NCRMP is limited to shallow water (0-30 m) coral reef ecosystems in the following ten CRCP priority geographic areas: US
Virgin Islands (USVI), Puerto Rico (PR), Florida (FL), Flower Garden Banks (FGB), American Samoa (AS), main Hawaiian Islands (MHI),
northwestern Hawaiian islands (NWHI) — MHI and NWHI combined in this report as Hawai‘i — Guam, Commonwealth of the Northern
Mariana Islands (CNMI), and the Pacific Remote Island Areas (PRIA, including Wake, Johnston and Palmyra Atolls, Kingman Reef, and
Howland, Baker and Jarvis Islands).

Report objectives and audience

The NCRMP is committed to making data and data products publically available in a timely and user-friendly format to a wide variety
of audiences. This data summary report presents quantitative data for human, biological and physical variables. Data are summarized
at the island and within-island scale (‘georegions’) for the priority areas of the Pacific and at the habitat scale (‘strata’) for the priority
areas of the Atlantic/Caribbean. Georegion (Pacific) and habitat strata (Atlantic/Caribbean) represent the highest spatial resolution that
summary data (often averages) can be reported at, given the stratified-random sampling design.

This US-wide data summary report is the first developed since the formal implementation of the NCRMP in 2013. The primary audience
for this data summary report and the publically available summary data is the scientific and management community. Greater than
95% of the data presented in this report was collected between 2015 and 2017. All summary-level data presented within the report

are available via the NOAA Coral Reef Information System (CoRIS), and raw data are available through the National Centers for
Environmental Information (NCEI). The methods used to collect the data presented within this report can be found within data reports
made available with this report on the NOAA CoRIS webpage.

This data summary report presents data in maps, graphs, charts, tables and other figures and clearly describes what the data are. The
focus here is on compelling presentation of the data and making the data publically available in accompanying user-friendly data
tables. The data are presented and described rather than interpreted. Ongoing and future research by the scientific and management
community — the target audience - can help explain the data presented, and the drivers of data patterns. This and other NCRMP
reporting products will evolve in future years to address feedback and meet needs. As examples, future reporting products will
examine trends in the status of coral reef and reef fish commmunities, and integrate social, ecological, chemical, and physical data.

Report structure

The data summary report consists of a report for each of the priority geographic areas. The report for each area has three sections:
Human Connections, Coral Reefs and Reef Fish, and Ocean Chemistry and Temperature.

Human Connections: This section presents data from social surveys and secondary sources on demographics, values, resource use, and
information sources; perceptions of resource condition, threats, and severity; and perceptions of reef management policies.

Coral Reefs and Reef Fish: This section presents data on benthic cover, adult and juvenile coral density, coral disease, coral mortality,
the biomass and size-class distribution of reef fish, and the presence or absence of corals listed as Threatened under the Endangered
Species Act (ESA-listed corals).

Ocean Chemistry and Temperature: This section presents data on aragonite saturation state, calcium carbonate accretion, pH,
sub-surface temperature, and remotely sensed observations of temperature anomalies and heat stress.

The area reports can be seen as modules within the larger data summary report. Readers can navigate to each part of the report using
the hyperlinks in the Table of Contents and can navigate from the area reports back to the Table of Contents.
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The NCRMP monitors coral reef ecosystems in these ten CRCP priority geographic areas: 1) US Virgin Islands (USVI), 2) Puerto Rico (PR), 3)
Florida (FL), 4) Flower Garden Banks (FGB), 5) American Samoa (AS), 6) main Hawaiian Islands (MHI), 7) northwestern Hawaiian islands
(NWHI), 8) Guam, 9) the Commonwealth of the Northern Mariana Islands (CNMI), and 10) the Pacific Remote Island Areas (PRIA,
including Wake, Johnston and Palmyra Atolls, Kingman Reef, and Howland, Baker and Jarvis Islands).



i,



Human Connections

Demographics, values, resource
use, and information sources

This Human Connections section presents findings from the United States Virgin
Islands (USVI) NCRMP socioeconomic data collection and includes data never
collected before in USVI. These are baseline data on social indicators from house-
hold surveys conducted in February to April, 2017, and from secondary sources.

Educational attainment

Race

16.3%

14.8 %

30.5%

Less than
9th grade

9th to 12th grade,
no diploma

High school graduate,

M Black GED, or alternative

Other ethnic origin or race (7.0 %)

White [ Asian (1.4 %)
[ Some college, or [ Bachelor’s [l Graduate or
associate’s degree degree professional degree

The population of USVI was predominantly composed of Black ethnicity (76 %).
Seventy percent of the population had at least completed high school, almost
40 % had completed at least some college or an associate’s degree, and ~19% a
bachelor's degree or graduate degree.

Resource use

Fishing '

Swimming Beach
o Za\

a recreation
J (N /)

R 79% WM 3%

PERCENT OF POPULATION PARTICIPATING IN EACH ACTIVITY

99

Information sources

Many residents considered
newspapers (48 %) and
Internet (46 %) to be a top
source for information on

the environment, including § 100% | W Trust
status of coral reefs and § M Don't trust
present and future threats. g 75% - :g;tshuer[e/
Greater than 60% of % eno

- } 50%
residents who claimed 9
newspapers, Internet, and TV T 25%
were top sources indicated '?7
these sources were § 0%

Newspaper Internet ™V

trustworthy.

TABLE OF CONTENTS 5

US Virgin Islands

Highlights

The great majority of residents agreed that
coral reefs provide protection from erosion
and natural disasters, attract tourists, and are
culturally important.

The dominant perception of the status of ocean
water quality, amount of trash, amount and health
of coral, and number of fish was that these were
good. The dominant perception for trend was
that the condition had worsened or remained the
same over the past ten years.

Of the potential threats to coral reefs, residents
were least familiar with damage from SCUBA
divers and snorkelers, and coral bleaching.

Residents were generally very supportive of
marine management policies.

Values and awareness

M Agree M Disagree M Neither/not sure

80% 80%

Coral reefs
are important
divers, and condition  to myisland’s
snorkelers  provide food culture

Protect USVI Only important Coral reefs
from erosion  to fishermen, in good

and natural
disasters

When asked about important services provided
by reef resources, most residents agreed that
coral reefs protect USVI from erosion and natural
disasters (79 %), that coral reefs provide food
(80%), and that coral reefs are important to my
island’s culture (92%). The majority of residents
(80%) disagreed with the statement that coral
reefs are only important to fishermen, divers,
and snorkelers.

2017 survey data (n=1188)




US Virgin Islands
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Trend

(PAST 10 YEARS)

Status

Perceptions of resource condition, threats, and severity
Threats

Hurricanes and Open

Polluti d Climat | . Damage from Coastal/ Over Coral
other natural "' |or}fan dumping/ r:ma e nvasive ships and oo arvestingof or:.
disasters runo littering change species boats development resources eaching

PERCENT OF THE POPULATION FAMILIAR WITH EACH THREAT
Threats not shown above: Damage from SCUBA divers and snorkelers (45%).

In general, residents were familiar with potential threats facing coral reefs in USVI, with at least half of residents stating they were
familiar or very familiar with each potential threat shown above, except coral bleaching (47 %) and damage from SCUBA divers
and snorkelers (45 %). Of the potential threats mentioned, residents were least familiar with threats caused by coral bleaching.
Residents exhibited highest levels of familiarity with threats from pollution and hurricanes.

Ocean Yvater Amount of N TEr G el e aane Amouqt of marine
quality coral debris or trash

DATA SHOWN ARE % OF RESPONDENTS

VIV

¥ Good ¥ Bad B Neither bad nor good Not sure

9

[ Better [ Worse [l No change Not sure \

Status and trend Severity of threats

More residents felt confident in their perception of the status of ocean
water quality and amount of marine debris or trash than for the amount and
health of coral or number of fish (>20 % not sure). For those confident in their
perception, roughly 35-75% of residents felt the current status was good None, 3% 15% Extreme
and roughly 5-40 % felt the current status was bad for all status variables. A 18 %
different pattern was evident in the perceptions of trend. For those confident .

in their perception of the trends in these variables, roughly 70-80% felt it had Minimal 10%
gotten worse or remained the same, and <30% felt any of these had gotten

pbetter. The dominant perception of the status of ocean water quality, amount @
of trash, amount and health of coral, and number of fish was that these were 27%
good, however the dominant perception for trend was that the status had
gotten worse or remained the same over the last ten years, rather than better.

Not sure

Large

Residents were generally concerned about threats
to coral reefs in USVI. Eighteen percent of residents
stated that they thought threats were extreme and
27 % thought threats were large. A small percentage
(13%) stated that threats were either minimal or
believe there are no threats.



US Virgin Islands

Perceptions of reef management policies
Management policies

100%
0,
90% — 86% 2
80% - M Support _g
70% - I Oppose 8
. c
60% - B Neither/not sure c
50% - B S e e R S
40% - %
30% £
20% X 18% Z
10% -
0% - - )
R . Charge asmall fee  >enforcement Amend building More restriced
Size limits for Impose a license . . .
. . to non-residents of wastewater regulations to construction
harvesting certain  for land-based . . .
. . X visiting locally and stormwater  consider SLR and practices to prevent
fish species recreational fishers . . . . .
managed MPA regulations climate impacts  sediment pollution

Residents were generally supportive of current marine management policies. There was extremely high
support for greater enforcement of wastewater regulations (90 %) and more restricted construction
practices (86 %). There was less but still strong support for size limits for harvesting certain fish species (79 %)
and amending building regulations to consider sea level rise (SLR) and climate impacts (73 %).

Marine Protected Areas (MPAS)

[ Agree [ Disagree [ Neither/not sure

100% |
0,
90% | B88% o
80% -
70% -
60% -
50% - - e o I e e oo
o
40% 33% 33% 33% 34%
30% -
20% -
10% - 9% 9%
0% - .
. There should There has been Fishermen’s Locally managed I would support
MPAs protect coral MPAs increase befewerlocally  economic benefitto  Velihoodshave  \ipag helpincrease  2diding new locally
reefs number of fish managed MPASIN S| from MPAs beennegatively  tourism inthe USyl  Managed MPAs
the USVI impacted in USVI

Respondents mostly agreed that MPAs provide benefits. Eighty percent or more of residents agreed or strongly agreed that MPAs protect
coral reefs and would support adding new MPAs if evidence shows current ones are effective. Most also agree that MPAs increase number

of fish (79 %), help increase tourism (67 %), and provide economic benefit (58 %). There was less certainty regarding whether or not fishermen’s
livelihoods had been negatively impacted by MPAs, with 33 % disagreeing with this statement, 33% agreeing, and 34 % not sure. Most disagree
with the statement that there should be fewer MPAs in USVI (67 %).

Coral reef, St Thomas, USVI







US Virgin Islands

Coral Reefs and Reef Fish

Coral reefs — St Thomas and St John (2017)
Habitat strata

The coral reefs of St Thomas and St John were classified into five zones, as described below, plus an unknown hardbottom
category. Within each zone, habitat strata were defined separately for deep areas (greater than 12m depth) and shallow areas
(less than or equal to 12m depth).

Savana Island
\ i

<4

- ___'_.'ﬁ"’b 5 kilometers
| — |

3 miles

A te Reef Habitat Strata (Usvi)
gg rega e ree Deep Shallow
Linear coral formations that are oriented parallel to shore or the shelf edge. (>12m) (<12m)

These features follow the contours of the shore/shelf edge.

Coral formations that are isolated from other coral reef formations by sand,
seagrass, or other habitats. Scattered Coral and Rock

This includes individual patch reefs and/or aggregrated patch reefs.

o o [ | Aggregate Reef
This includes fore reef, fringing reef, shelf edge reef, and spur and groove reef.
[ | [ | Patch Reef
Patch Reef ] Bedrock
[ | [ | Colonized Pavement
[ |
[ |

Hard (unknown)

Bedrock

Exposed bedrock contiguous with the shoreline that has coverage of
macroalgae, hard coral, gorgonians, and/or other sessile invertebrates.

Colonized Pavement

Flat, low relief, solid carbonate rock with coverage of macroalgae, hard coral,
gorgonians, contiguously or with sand channels.

Scattered Coral and Rock

Primarily sand or seagrass bottom with scattered rocks or small, isolated coral
heads that are too small to be individual patch reefs.

Hard (unknown)

Habitat that has not yet been classified in detail, but is likely to be hardbottom
based on spatial modeling of acoustic bathymetry survey data.

TABLE OF CONTENTS 9
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Coral Reefs and Reef Fish

Coral reefs — St Thomas and St John (2017)
Benthic cover

Regional

» Coral cover ranged from 0.1% in the Scattered
Coral and Rock Deep to 17.5% in the Patch
Reef Deep.

Coral cover was highest in the Patch Reef Deep.

Macroalgae cover was highest in the Aggregate

» Macroalgae cover ranged from 4.0% in Reef Deep

the Hard (unknown) Shallow to 31.3% in the /
Aggregate Reef Deep.
» The region-wide average coral cover was 5.4 %

and macroalgae cover was 23.4 %.

Coral disease prevalence was lowest (0) in the
Hard (unknown) Shallow, Pavement Shallow, and
Scattered Coral and Rock Deep and highest
(7.4% of colonies) in the Bedrock Deep.

Coral Reefs and Reef Fish

Mac?garg:j;;iﬁé% Seven species listed as Threatened under

S the Endangered Species Act were observed
on reefs in St Thomas and St John in 2017. Six
Threatened species were observed in the
Aggregate Reef Shallow, Bedrock Shallow, and
Hard (unknown) Deep.

Aggregate Reef Bedrock Hard (unknown)
Deep Shallow Deep Shallow Deep Shallow
Coral 10.1+6.4 % Coral 8.8+7.4% Coral 12.0+4.2% Coral 6.4£6.6% Coral 6.7£9.0% Coral 0.3£0.6
Macroalgae 31.3+17.6% Macroalgae 24.3+15.6 % Macroalgae 27.0+14.1% Macroalgae 12.6+9.9 % Macroalgae 23.5+19.2% Macroalgae 4.0+3.6
Patch Reef Pavement Reef Scattered Coral and Rock
Deep Shallow Deep Shallow Deep Shallow
Coral 17.5+13.2% Coral 6.1+6.1% Coral 24+41% Coral 2.0+39% Coral 01+£0.4% Coral 2.0+£19%
Macroalgae 309+179 % Macroalgae 199+15.4 % Macroalgae 28.1+21.4 % Macroalgae 13.8+13.4 % Macroalgae 8.9+10.0 % Macroalgae 10.3+3.5%
Benthic cover M Hard coral B Soft corals
M Crustose coralline algae Sponges
B Macroalgae B Ramicrusta spp.
Turf algae Other

'IO TABLE OF CONTENTS




US Virgin Islands

Coral Reefs and Reef Fish
Coral reefs — St Thomas and St John (2017)

Benthic commmunities

» Diadema (sea urchin) density ranged from absent in four strata to 0.42/m?
in the Bedrock Shallow.

» Coral density (unweighted) ranged from 0.44/m? in the Scattered Coral and
Rock Deep to 10.1/m? in the Bedrock Deep.

» Species richness (unweighted) was highest (13.5) in the Bedrock Deep and
lowest (2.6) in the Scattered Coral and Rock Deep.

» Coral diversity was highest in the Aggregate Reef Deep and lowest in the
Pavement Shallow.

» Disease prevalence ranged from 0 in the Hard (unknown) Shallow, the
Pavement Shallow, and the Scattered Coral and Rock Deep, to 7.4 % of
colonies in the Bedrock Deep.

» Recent mortality (unweighted) was less than 1.5% in all habitat strata.

» Old mortality (unweighted) was highest (18.3%) in the Pavement Shallow
and lowest (5.0 %) in the Hard (unknown) Shallow.

Benthic data collected in 2017 for the habitat strata in St Thomas and St John. Transects (n) describes how sampling effort varied among the strata.

. Diadema Coral Soeetes Coral Disease Recent old
Habitat strata ) density density ri?hness diversity prevalence mortality mortality
(m?) (m™) (Simpsons) | (% colonies) (%) (%)
Aggregate Reef Deep 35 0.00+0.00 5731291 11.79+3.09 8.84 2.0 0.43+£0.71 15.39+7.87
Aggregate Reef Shallow 37 010+£0.36 5.49+3.55 9.03+£2.85 6.06 15 0.24+0.38 12.40+£9.08
Bedrock Deep 2 0.00+0.00 10.10+4.10 13.50+0.71 5.55 7.4 093+0.77 14.34+1.22
Bedrock Shallow 21 0.42+0.81 4.88+2.78 9.38+3.07 5.49 0.6 013£0.30 13.07+£797
Hard (unknown)
Deep 65 0.00+0.01 3.88+3.33 7.85+399 7.35 19 0.60+1.53 10.40+8.57
Hard (unknown)
3 0.00+£0.00 097+0.55 5.67£2.08 6.64 0.0 1.48+2.57 499+7.69
Shallow
Patch Reef Deep 17 0.01+£0.03 6.69+314 1.65+2.87 8.54 2.2 0.33+0.43 17.44+9.49
Patch Reef Shallow 15 0.04+£0.09 6.02+6.46 9.13+4.26 6.35 29 0.23+0.37 16.71+£16.41
Pavement Deep 21 0.00+£0.00 1.57+1.64 576+2.53 599 1.6 0.55+1.76 1410+12.37
Pavement Shallow 5 0.03+0.07 1.86+193 4.60£195 390 0.0 0.89+1.42 18.34+16.08
;Zaet;ered SelEILelReE s 8 000+001  044+032 263106 4.45 0.0 0194033  1230+23.82
SEEEIER] GO Enel [Ree s 6 0.06=011 160+080 5504251 438 1 0214045 1068712

Shallow




. US Virgin Islands
Coral Reefs and Reef Fish

Coral reefs — St Thomas and St John (2017)
Endangered coral species

» Seven species listed as Threatened under the Endangered Species Act (ESA) were observed on reefs in St Thomas and St John
in 2017.

» Acropora palmata was only observed in the Aggregate Reef Shallow and the Bedrock Shallow. Acropora cervicornis was
observed in all six strata, as was Orbicella annularis, faveolata, and franksi.

» Six of the seven ESA-listed coral species were observed in the Aggregate Reef Shallow, Bedrock Shallow, and Hard (unknown) Deep.
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Acropora Acropora Dendrogyra Mycetophyllia Orbicella Orbicella Orbicella
palmata cervicornis cylindrus ferox annularis faveolata franksi

Presence of coral species listed as Threatened under the Endangered Species Act (ESA).

No. ESA
Habitat Strata coral
species

Acropora Acropora | Dendrogyra | Mycetophyllia | Orbicella Orbicella Orbicella
palmata cervicornis annularis faveolata franksi

Aggregate Reef Deep 5 @) @) o ) o
Aggregate Reef Shallow 6 () () o @) o
Bedrock Deep 3 @) O O O ()
Bedrock Shallow 6 o o o O o
Hard (unknown) Deep 6 @) o o ([ o
Hard (unknown) Shallow 1 O O O O O O [ ]
Patch Reef Deep 5 @) o o @) o o o
Patch Reef Shallow 4 O O (] O (] ( ] o
Pavement Deep 4 0 ([ @) 0 ([ ([ o
Paverment Shallow 3 @) @) @) @) o o o
Scattered Coral and Rock Deep 1 O O O @) @) @) o
Scattered Coral and Rock Shallow 5 O ( ] ( ] O ( ( ] o

Dendrogyta cylif




US Virgin Islands

Coral Reefs and Reef Fish
Coral reefs — St Croix (2017)
Habitat strata

The coral reefs of St Croix were classified into five zones, as described below, plus an unknown hardbottom category.
Within each zone, habitat strata were defined separately for deep areas (greater than 12m depth) and shallow areas
(less than or equal to 12m depth).

Buck Island

N

5 kilometers

3 miles

Habitat Strata (Usvi)

Deep Shallow
(>12m)  (<12m)

Aggregate Reef

[ | Patch Reef

Bedrock

Colonized Pavement

Aggregate Reef

Linear coral formations that are oriented parallel to shore or the shelf edge.
These features follow the contours of the shore/shelf edge.

Scattered Coral and Rock

Hard (unknown)

This includes fore reef, fringing reef, shelf edge reef, and spur and groove reef.

Patch Reef

Coral formations that are isolated from other coral reef formations by sand,
seagrass, or other habitats.

This includes individual patch reefs and/or aggregrated patch reefs.

Bedrock

Exposed bedrock contiguous with the shoreline that has coverage of
macroalgae, hard coral, gorgonians, and/or other sessile invertebrates.

Colonized Pavement

Flat, low relief, solid carbonate rock with coverage of macroalgae, hard coral,
gorgonians, contiguously or with sand channels.

Scattered Coral and Rock

Primarily sand or seagrass bottom with scattered rocks or small, isolated coral
heads that are too small to be individual patch reefs.

Hard (unknown)

Habitat that has not yet been classified in detail, but is likely to be hardbottom
based on spatial modeling of acoustic bathymetry survey data.
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Coral Reefs and Reef Fish
Coral reefs — St Croix (2017)
Benthic cover

Regional

» Coral cover ranged from 0% in the Bedrock
Shallow to 15.3% in the Patch Reef Deep.

» Macroalgae cover ranged from 8.6% in the
Scattered Coral and Rock Shallow to 30.8% in
the Aggregate Reef Shallow.

» The region-wide average coral cover was
49% and macroalgae cover was 19.8 %.

’7

Coral 49+4.2%
Macroalgae 19.8+19.4 %

Coral Reefs and Reef Fish

Aggregate Reef Patch Reef

Deep Shallow

--__\lllll') ;:::::;
/

Coral 9.4+6.5%
Macroalgae 30.8+18.0 %

Deep

Coral 15.3+9.7%
Macroalgae 18.7+179 %

Coral 19+8.0%
Macroalgae 26.0+21.3%

Pavement
Shallow

/.

Coral 49+5.0%
Macroalgae 21.0+18.2%

Deep
\.
—

Coral 4.4+3.6%
Macroalgae 18.8+19.5%

Deep

e —

Coral 1.0+0.8%
Macroalgae 14.5+25.7%

Benthic cover

14

BB

Coral 92+7.4%
Macroalgae 20.8+20.1%

Scattered Coral and Rock

Coral 3.4+£7.6%
Macroalgae 8.6+8.5%

M Hard coral
M Crustose coralline algae
[ Macroalgae

Turf algae

US Virgin Islands

Coral cover was highest in the Patch Reef Deep

Macroalgae cover was highest in the
Aggregate Reef Shallow

Coral disease prevalence was highest (3.5% of
colonies) in the Pavement Shallow.

Seven species listed as Threatened under
the Endangered Species Act were observed
on reefs in St Croix in 2017. Seven Threatened
species were observed in the Patch Reef
Deep and six species were observed in the
Aggregate Reef, Deep and Shallow.

Bedrock

Shallow Shallow

Coral 0.0£NA%
Macroalgae 20.0+NA%
Hard (unknown)

Shallow Deep

0 ed

Coral 109+79 %
Macroalgae 26.1+30.3%

M Soft corals
Sponges

B Ramicrusta spp.
Other
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US Virgin Islands

Coral Reefs and Reef Fish

Coral reefs — St Croix (2017)
Benthic commmunities

» Diadema (sea urchin) density (0.05/m?) was highest in the Aggregate
Reef Shallow.

» Coral density (unweighted) ranged from 0.9/m? in the Bedrock Shallow to
75/m? in the Patch Reef Deep.

» Species richness (unweighted) was highest (12.7) in the Patch Reef Deep and
lowest (5.3) in the Scattered Coral and Rock Shallow.

» Coral diversity was highest in the Scattered Coral and Rock Shallow and
lowest in the Bedrock Shallow.

» Disease prevalence ranged from absent in the Bedrock Shallow and the
Scattered Coral and Rock Shallow to 3.5% of colonies in the Pavement Shallow.

» Recent mortality (unweighted) was less than 0.25% in all habitat strata.

» Old mortality (unweighted) was highest (16.7%) in the Patch Reef Shallow
and lowest (5.6 %) in a single transect in the Bedrock Shallow.

Benthic data collected in 2017 for the habitat strata in St Croix. Transects (n) describes how sampling effort varied among the strata.

. . Diadema Corgl Species .Cora.I Disease Receqt Old .

Habitat strata o) den§|ty den§|ty I e c}wersﬂy prevalenpe mortality mortality
()] (m3) (Simpsons) | (% colonies) (%) (%)

ggegfgate Reef 41 000£001 7244462  12.37£340 891 16 0224040 1036524
Aggregate Reef Shallow n 0.05+0.17 5.61+297 10.64+4.43 7.37 1.6 0.20+£0.26 12.86+6.55
Bedrock Shallow 1 0.00 090 6.00 5.40 0.0 0.00 5.56
Hard (unknown)
Deep 8 0.00+0.00 5.81+£3.06 11.00+3.21 9.30 24 0.22£0.31 13.04£7.30
Patch Reef Deep 17 0.00+0.00 7.49+3.76 12.71£3.39 9.57 24 0.23+0.36 12.81£8.04
Patch Reef Shallow 14 0.00£0.01 5.68+4.90 8.64+2.79 6.59 1.0 0.17+0.23 16.66+13.61
Pavement Deep 43 0.00+£0.00 3.374£2.26 9.00£295 740 2.6 0.22+0.54 10.49+£6.86
Pavement Shallow 29 0.01+£0.03 3.70+£2.62 714+£2.85 5.55 35 0.19+£0.36 12.59+7.77
SDfeaetéered Coraland Rock 4 000£000  148£137 675£310 8.0l 17 005+008  1345£1341
Scattered Coral and Rock 4 000000 1334206  525+532 1014 00 0004000  728+350

Shallow




. US Virgin Islands
Coral Reefs and Reef Fish

Coral reefs — St Croix (2017)
Endangered coral species

» Seven species listed as Threatened under the Endangered Species Act (ESA) were observed on reefs in St Croix in 2017.

»  Mycetophyllia ferox was observed in only two of the six strata. Orbicella annularis, faveolata, and franksi were observed in five of
the six strata.

» All seven of the ESA-listed corals present in St Croix during the 2017 surveys were observed in the Patch Reef Deep; six of the
seven were observed in the Aggregate Reef Deep and Shallow.

=
-
L
Y
()}
(0]
x
§e)
cC
@©
i
Q
(0]
o
@©
—
o
O

Acropora Acropora Dendrogyra Mycetophyllia Orbicella Orbicella Orbicella
palmata cervicornis cylindrus ferox annularis faveolata franksi

Presence of coral species listed as Threatened under the Endangered Species Act (ESA).

Habitat Strata NgérEaSIA Acropora Acrqpora! Dendrogyra Mycetophyllia Orbicellfa Orbicella Orbicel{a
SmeeEs palmata cervicornis cylindrus annularis faveolata franksi
Aggregate Reef Deep 6 @) o o o (] o [
Aggregate Reef Shallow 6 ([ ] o o O o o o
Bedrock Shallow 0 @) @) @) O (@) @) @)
gzredp(unknown) 3 o o o o ® ® Y
Hard (unknown) Shallow 5 O () (] O [ ] ( ] o
Patch Reef Deep 7 ([ ] ([ ] () o o o o
Patch Reef Shallow 5 0 @) ([ [ ([ o o
Pavement Deep 5 (] ( ] O O ( J o [
Pavement Shallow 2 O O O O O o o
Scattered Coral and Rock Deep 3 @) @) @) @) o o o

P Acropora palmata

o




. US Virgin Islands
Coral Reefs and Reef Fish

Coral Reef Fish — USVI (2017)
Relative abundance and length of reef fishes

Results are presented for 11 species surveyed in USVI in 2017. The diverse suite of
species selected represent eight families of varying trophic levels (herbivores
and piscivores) and fishing pressures (targeted and non-targeted), and
together provide a perspective on the overall status of coral reef fishes. Relative
abundance (density) and length-based indices (size-class distribution) are
presented here to allow for comparison among sub-regions.

Stoplight Parrotfish (Sparisoma viride)

USVI—St Thomas and St John Family: Scaridae

Targeted: No

Mean density (/177m?) was 1.87+0.04 (n = 236 surveys).
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USVI— St Croix

Mean density (/1777m?) was 1.50+0.06 (n = 181 surveys).
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Coral Reefs and Reef Fish

Family: Acanthuridae

Blue Tang (Acanthurus coeruleus) Targeted: No
USVI—St Thomas and St John

Mean density (/177m?) was 4.01+0.32 (n = 236 surveys).
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USVI— St Croix

Mean density (/177m?) was 4.88+0.32 (n = 181 surveys).
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Coral Reefs and Reef Fish

Family: Chaetodontidae

Foureye Butterflyfish (Chaetodon capistratus) REECCeRL
USVI—St Thomas and St John

Mean density (/177m?) was 1.86+0.03 (n = 236 surveys).
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Relative frequency (%)

Size-class distribution of Chaetodon
capistratus in st Thomas and St John.
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Size class (cm)

USVI— St Croix

Mean density (/177m?) was 092+0.02 (n = 181 surveys).
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Coral Reefs and Reef Fish

Family: Haemulidae

French Grunt (Haemulon flavolineatum) Targeted: No

USVI—St Thomas and St John

Mean density (/177m?) was 1.96+0.18 (n = 236 surveys).
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Size-class distribution of Haemulon
flavolineatum in st Thomas and St John.
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Mean density (/177m?) was 1.85+0.25 (n = 181 surveys).
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Coral Reefs and Reef Fish

Family: Balistidae

Queen Triggerfish (Balistes vetula) Targeted: Yes
USVI—St Thomas and St John

Mean density (/177m?) was 0.29+0.00 (n = 236 surveys).
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USVI— St Croix

Mean density (/177m?) was 0.72+0.01 (n = 181 surveys).
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Coral Reefs and Reef Fish

Family: Serranidae

Coney (Cephalophalis fulva) Targeted: Yes
USVI—St Thomas and St John

Mean density (/177m?) was 1.31+0.03 (N = 236 surveys).
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USVI— St Croix

Mean density (/177m?) was 4.29+0.12 (n = 181 surveys).
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Coral Reefs and Reef Fish
Red Hind (Epinephelus guttatus) Targeted: Yes
USVI—St Thomas and St John

Mean density (/177m?) was 0.60+0.01 (n = 236 surveys).

Family: Serranidae

801
- « o o o S (I
=
> 60
0
c
o}
o
qq:) 404
()
2
© 20
[}
o Size-class distribution of
oA Epinephelus guttatusin st Thomas and St John.
< w0 (@) [te) (@) (@) n >
~N N o < <

Size class (cm)

USVI— St Croix

Mean density (/177m?) was 0.28+0.00 (n = 181 surveys).
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Coral Reefs and Reef Fish

Family: Lutjanidae

Mutton Snapper (Lutianus analis) Targeted: Yes
USVI—St Thomas and St John

Mean density (/177m?) was 0.23+0.00 (n = 236 surveys).
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USVI— St Croix

Mean density (/177m?) was 0.07+0.00 (n =181 surveys).
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Coral Reefs and Reef Fish

Family: Lutjanidae

Schoolmaster (Lutjanus apodus) Targeted: Yes
USVI—St Thomas and St John

Mean density (/177m?) was 0.24+0.00 (n = 236 surveys).
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USVI— St Croix

Mean density (/177m?) was 0.27+0.04 (n =181 surveys).
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Coral Reefs and Reef Fish
Gray Snapper (Lutjanus griseus) Targeted: Yes
USVI—St Thomas and St John

Mean density (/177m?) was 0.13+0.00 (n = 236 surveys).

Family: Lutjanidae
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USVI— St Croix

Mean density (/177m?) was 0.01+0.00 (n = 181 surveys).
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Coral Reefs and Reef Fish
Yellowtail Snapper (Ocyurus chrysurus)

USVI—St Thomas and St John

Mean density (/177m?) was 1.23+0.03 (n = 236 surveys).
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USVI— St Croix

Mean density (/177m?) was 0.43+0.07 (n = 181 surveys).
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Loggerhead sea turtle
swimming above the coral
reef, St John, US Virgin Islands




US Virgin Islands

Ocean Chemistry and Temperature
Chemistry (2013-2017) — USVI

This section represents the first US Virgin Islands (USVI) NCRMP data report on
Ocean Chemistry and Temperature. The data and results presented were collected
by staff working with the NOAA Atlantic Oceanographic and Meteorological

Laboratory and the NOAA Coral Reef Watch program.

Diurnal pH — USVI
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(9-11 Sep 2013) (30 Jun-2 Jul 2014)

Processes driving local pH vary throughout the day.
Photosynthesis drives up the pH during the day
(meaning CO, concentrations, shown here, decrease)
as organisms calcify. Lower pH (slightly higher CO,
concentrations) returns at night as photosynthesis stops
and respiration continues to release CO, into the water
column. In addition to diurnal variability in seawater
CO,, there is also considerable seasonal variability.

pH is higher after the cool season months (so CO, is
lower) and pH is lower (so CO, is higher) after the warm
season months.

Highlights

» Aragonite saturation state was higher than the Atlantic/Caribbean
average for US coral reefs in St. Thomas and St. Croix and below
average for St John.

In St John and St. Thomas sub-surface temperature recorders
showed that the shallow waters were typically much warmer and
have greater diurnal variability than the water at 25 m.

Heat stress accumulation triggered Alert Level 1 for the region in
2015 and bleaching was observed that year.

Aragonite saturation state
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Mean (+ std. error of mean) aragonite saturation Q.4 Values of US jurisdictions during
summer months from 2013-2015. Data from SE FL and Florida Keys represent annual
averages. Blue line is mean for Atlantic sites, excluding outlier sites of inshore Florida Keys
and inlet sites of SE Florida Region.

Q. Values around St. Croix and St. Thomas during the summer were, on
average, slightly higher than the average for US coral reef jurisdictions in
the Atlantic. Values in St. Croix and St. Thomas were very similar to nearby
sites in Puerto Rico, due west. This likely creates a favorable environment
for coral calcification. St John exhibited the second lowest @, values of
all US jurisdictions when samples were taken in the summer of 2013. It is
unclear what caused this deviation. Future sampling will determine if this
is a persistent feature of St John, as well as help elucidate any potential
causative factors. If these values are chronically lower than the rest of the
USVI and Puerto Rico, this may mean St John could be more at risk to the

impacts of ocean acidification.




Chemistry & Temperature

. US Virgin Islands
Ocean Chemistry and Temperature

Subsurface temperature

Subsurface temperature time series

Subsurface temperature recorders (STRs) are deployed across depth gradients (1, 5,15, and 25m) at all US jurisdictions with an
overall impetus to understand temperature variability at depth. The reason for this interest is, in part, because of the Deep Reef
Refugia Hypothesis (DRRH), which states that deeper coral reefs may be more resilient to elevated temperatures and coral
bleaching because of cooler waters and lower light levels at depth.

Temperature (°C)

4 —— VIERS dock (Im) ~—— Tektite Reef (25m)
S 0 08 2 VU c o5 5 >»CcC 5 AW 2T Y E A5 5 > 35 0 0B 2LV Cc 055 > C 5
S 23028 383¢=<23°>280288¢e=c<23>2802488¢=4g23>
2014 2015 2016 2017

Sea temperatures off St John at Tm (turquoise line, VIERS dock) and 25m (blue line, Tektite Reef) from July 2014 thru July 2017.

In St John, the shallow sites had much greater diurnal variability, and were warmer than the deeper sites. There was no evidence of
upwelling or thermocline shoaling with depth. Rather, deeper waters were slightly cooler (-0.5-2°C), but far less variable than the
shallow sites. Thus, the potential for refugia from warmer waters with depths may be limited at the sites in the USVI where loggers
were deployed.
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Sea temperatures off the west end of St. Croix at Tm (turquoise line) and 25m (blue line) from Sept 2013 thru Sept 2016.

In St. Croix, much like Puerto Rico and St John, the shallow sites had much greater diurnal variability, and were slightly warmer
than the deeper sites. There was no evidence of upwelling or thermocline shoaling with depth. Rather, deeper waters were slightly
cooler (-0.5 °C), but far less variable than the shallow sites. Thus, the potential for refugia from warmer waters with depths may be
limited at the sites in the USVI where loggers were deployed. There were occasional drops in temperature at the deep site, but it is
unlikely this would be sufficient to ameliorate bleaching.




. US Virgin Islands
Ocean Chemistry and Temperature

Heat stress and coral bleaching

The NOAA Coral Reef Watch (CRW) program uses satellite
data to provide current reef environmental conditions to

quickly identify areas at risk for coral bleaching. Satellite DHW (20]5) Alert Level (20]5) Thermal

temperature analyzed shows that heat stress severe enough 65°W 64°W 65°W 64°W History
to cause coral bleaching occurred in the US Virgin Islands T ; BRITISH VIRGIN USV|
(USVI) in 1998, 2005, 2006, 2010, and 2015. | o e -0 . B ISLANDS 1985
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Annual maximum Degree Heating Weeks (DHWSs) in 2015 (left 1999

panel) were as high as six in parts of the USVI when at least 2000
three DHWs accumulated at all islands in the region.

19°N

18°N

DHW (Annual maximum)

2001
2002
2003
2004
2005
US Virgin Islands 2006

35 25
—— Bleaching Threshold SST - MaxMonthlyr\-AeanSST + Monthly Mean Climatology - 4,78, DHWs 5km SST Range 2007
2008

2009
2010
2011
2012
— : : : : :\ : \: ; - : : : : :I :I \EIIIIEHIé - : EIII E I:I : I 2013
JFMAMJJASONDUJIFMAMUJJASONDUIFMAMUJJASOND 2014

Heat stress accumulation triggered Alert Level 1 for the region
in 2015 (right panel) and bleaching was observed that year.
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Human Connections

Demographics, values, resource
use, and information sources

This Human Connections section presents findings from the Puerto Rico NCRMP
socioeconomic data collection and includes data never collected before in
Puerto Rico. These are baseline data on social indicators from household surveys
conducted in December 2014 to February 2015, and from secondary sources.

Educational attainment
6.1%

20.1%

10.2%

75.8%
257%

Less than
9th grade

9th to 12th grade,

White [l Black no diploma

GED, or alternative

Other ethnic origin or race [ Some college, or M Bachelor's [l Graduate or

associate’s degree degree professional degree

The population of Puerto Rico was predominantly composed of White ethnicity (76 %).
Almost seventy percent of the population had at least completed high school, ~44 %
had completed at least some college or an associate’s degree, and ~23% a bachelor’s
degree or graduate degree.

Resource use

Beach Swimming Fishing '
(g N
)

recreation . ~
—ty B2 AP
52% [V B

83%

PERCENT OF POPULATION PARTICIPATING IN EACH ACTIVITY

9

Information sources

Many residents considered
TV (67 %), newspapers (58 %),
and Internet (55%) to be a
top source for information

on the environment, g 100% | M Trust

including status of coral 2 I Don't trust
o 75% Neither/

reefs and present and future 9 not sure

threats. Greater than 75 % of © 509% -

residents who claimed TV, B

newspapers and Internetare g 2%

top sources indicated these g 0%

sources were trustworthy. o v Internet

Newspaper
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Highlights

The great majority of residents agreed that coral
reefs provide protection from erosion and natural
disasters, attract tourists, and are culturally important.

The dominant perception of the status of ocean
water quality, amount and health of coral, and
number of fish was that these were neither good or
bad. The dominant perception for trend was that
the condition had worsened or remained the same
over the past ten years.

Of the potential threats to coral reefs, residents were
least familiar with coral diseases and bleaching.

Residents were generally very supportive of marine
management policies — roughly 90% agree that
MPAs protect coral reefs and increase the number
of fish, and would support adding new MPAs if
there was evidence current ones are effective.

Values and awareness
M Agree M Disagree M Neither/not sure

91%
86%

Protect PR  Only important
from erosion to fishermen,

Healthy Important to
reefs attract  Puerto Rican

divers, and N
i tourists culture

snorkelers

and natural
disasters

When asked about important services provided
by reef resources, most residents agreed that
coral reefs protect Puerto Rico from erosion and
natural disasters (86 %), that healthy reefs attract
tourists (91%), and that coral reefs are important
to my island’s culture (75 %). The majority of
residents (79 %) disagreed with the statement
that coral reefs are only important to fishermen,
divers, and snorkelers.

2014-15 survey data (n=2,494)
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PERCEPTIONS OF

Trend

(PAST 10 YEARS)

Status

Perceptions of resource condition, threats, and severity
Threats

Hurricanes and Coastal/ Damage from

Pollution other natural urban Climate ships and Recre.at.lonal Invas!ve Fishing fand Cora.l
change boats activity species gathering bleaching

disasters development

49 %

PERCENT OF THE POPULATION FAMILIAR WITH EACH THREAT
Threats not shown above: Coral diseases (30 %).

78 % 68% 65% 62% 51% 44 %

In general, residents were familiar with potential threats facing coral reefs in Puerto Rico. However, less than half of residents stated
they were familiar with invasive species (49 %), fishing and gathering (44 %), coral bleaching (32 %), and coral diseases (30 %). Residents
exhibited highest levels of familiarity with threats from pollution and hurricanes.

Ocean water Amount of . Diversity of Amount of sea grass
. Number of fish
quality coral fish and mangroves

DATA SHOWN ARE % OF RESPONDENTS

11

¥ Good ¥ Bad B Neither bad nor good Not sure

[ Better [l Worse [l No change Not sure

Status and trend Severity of threats

Respondents felt confident in their perception of the status of ocean water Not sure, 3% :
quality, amount of coral, number and diversity of fish and amount of seagrass . None, 0.2% 2
and mangroves (<20 % not sure). For those confident in their perception, Minimal, 3% =
roughly 50-70 % felt the status was either good or neither good or bad and
roughly 30-50% felt the status was bad. A different pattern was shown in the
perceptions of trend. For those confident in their perception of the trends 23%
in these variables, roughly 85-90 % felt it had gotten worse or remained the
same, and roughly <15% felt any of these had gotten better. The dominant
perception of the status of ocean water quality, amount and health of coral,
and number of fish was that the status was good or neutral. However, the
dominant perception for trend was that the status had gotten worse or
remained the same over the last ten years, rather than better.

Extreme

Residents were generally concerned about threats
to coral reefs in Puerto Rico. Twenty-three percent
of residents stated that they thought threats were
extreme and 46 % thought threats were large. A
small percentage (3%) stated that threats were
either minimal or believe there are no threats.
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Perceptions of reef management policies
Management policies

128? 04% 96% o1 96%
.
80% -
70%
60% -
R N e Ht A HH
40% -
30%-
20% -
10% 3%

I Support
I Oppose

Human Connections

B Neither/not sure

10% 10% .
3% 2% 2% 5% 4% 2% 2%

Co'n"mmu‘nlty. Stricter control of Limited Per person limits for I'ncreased
participation in surveillance and law

pollution sources recreational use certain fish species
management enforcement

Residents were generally supportive of current marine management policies. There was extremely high
support for increased surveillance and law enforcement (96 %), stricter control of pollution sources (96 %),
per person limits for certain fish species (91%), community participation in management (94 %), and limited
recreational use (80 %).

Marine Protected Areas (MPAS)

100%
90% -
80% -
70% -
60% -
CIOZEE 2 SRR 0 BRGS0 0 SEESEEEEEEEESSTSSTEE  EOEEEEUEEE
40%
30%
20% -
10% -

0% -

[ Agree [ Disagree [ Neither/not sure

90% 92%

8% 87%

There should be There has been Fishermen’s MPAs help I would support

MPAs protect coral MPASs increase fewer MPAS in economic benefitto  livelihoods have
reefs MUITAIEE @i i Puerto Rico PR from MPAs been negatively
impacted

increase tourism adding new MPAs in
in Puerto Rico Puerto Rico

Respondents mostly agreed that MPAs provide benefits. Eighty percent or more of residents agreed or strongly agreed that MPAs protect
coral reefs (89 %), increase number of fish (90 %), and 92 % would support adding MPAs in Puerto Rico if evidence shows current ones are
effective. Most also strongly agree that MPAs increase tourism to Puerto Rico (71%) and provide economic benefit (55%). There was less
certainty regarding whether fishermen’s livelihoods had been negatively impacted by MPAs, with 34 % disagreeing with this statement, and
33% agreeing, and 32% not sure. Most disagree with the statement that there should be fewer MPAs in Puerto Rico (87 %).

Beach sign that describes restricted activities.
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Puerto Rico

Coral Reefs and Reef Fish
Coral reefs — Puerto Rico (2016)
Habitat strata

The coral reefs of Puerto Rico were classified into five zones, as described below, plus an unknown hardbottom category.
Within each zone, habitat strata were defined separately for deep areas (greater than 12m depth) and shallow areas (less than
or equal to 12m depth).

Isla de Mona

San Juan

Isla
Desecheo ™
A

24 kilometers

15 miles

Aggregate Reef Habitat Strata (Puerto Rico)
Deep Shallow

Linear coral formations that are oriented parallel to shore or the shelf edge.
(>12m) (<12m)

These features follow the contours of the shore/shelf edge.
Aggregate Reef
[ | Patch Reef

Bedrock

This includes fore reef, fringing reef, shelf edge reef, and spur and groove reef.

Patch Reef

Coral formations that are isolated from other coral reef formations by sand,
seagrass, or other habitats.

Colonized Pavement

L o Scattered Coral and Rock
This includes individual patch reefs and/or aggregrated patch reefs.

Hard (unknown)

Bedrock

Exposed bedrock contiguous with the shoreline that has coverage of
macroalgae, hard coral, gorgonians, and/or other sessile invertebrates.

Colonized Pavement

Flat, low relief, solid carbonate rock with coverage of macroalgae, hard coral,
gorgonians, contiguously or with sand channels.

Scattered Coral and Rock

Primarily sand or seagrass bottom with scattered rocks or small, isolated coral
heads that are too small to be individual patch reefs.

Hard (unknown)

Habitat that has not yet been classified in detail, but is likely to be hardbottom
based on spatial modeling of acoustic bathymetry survey data.
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Coral Reefs and Reef Fish

Coral Reefs and Reef Fish
Coral reefs — Puerto Rico (2016)
Benthic cover

Regional

» Coral cover ranged from 0.3% in the Scattered
Coral and Rock Deep to 131% in the Aggregate
Reef Deep.

» Macroalgae cover ranged from 7.8 % in the
Scattered Coral and Rock Shallow to 52% in
the Bedrock Deep.

» The region-wide average coral cover was
59% and macroalgae cover was 23.7%.

Coral 59+4.6%

Macroalgae 23.7+17.2%

Bedrock

Aggregate Reef

Deep Shallow

FENY

Coral 5.0+0.0%
Macroalgae 52.0+0.0 %

Coral 13.1£71%
Macroalgae 269+15.7%

Coral 93+72%
Macroalgae 21.8+16.4%

Coral 71+5.1%
Macroalgae 17.7+16.2 %

Coral cover was highest (13.1%) in the
Aggregate Reef Deep

Macroalgae cover (52 %) was highest in the
Bedrock Deep

Coral disease prevalence was lowest (0) in the
Bedrock Deep, Hard (unknown) Shallow, and
Scattered Coral and Rock Deep, and highest
(70% of colonies) in the Pavement Shallow.

Seven species listed as Threatened under

the Endangered Species Act were observed

on reefs in Puerto Rico in 2016. At least five
Threatened species were observed in the Patch
Reef Deep, Bedrock Shallow, Aggregate Reef
Shallow and Aggregate Reef Deep.

Hard (unknown)

Shallow Deep Shallow

Coral 7.3+8.7%
Macroalgae 14.7+16.3 %

Coral 4.0+2.8%
Macroalgae 25.5+36.1%

Patch Reef Pavement Reef Scattered Coral and Rock
Deep Shallow Deep Shallow Deep Shallow

Coral 47+3.8%
Macroalgae 19.4+16.6 %

Coral 111£7.8%
Macroalgae 13.4+11.7%

Coral 8.0+6.2%
Macroalgae 18.9+16.5%

Benthic cover

38

Coral 4.2+3.5%
Macroalgae 15.3+12.3%

Coral 0.3+1.0%
Macroalgae 20.3+22.7%

Coral 2.2+2.6%
Macroalgae 7.8+7.2%

B sSoft corals
Sponges

M Hard coral

M Crustose coralline algae

B Ramicrusta spp.
Other

[ Macroalgae
Turf algae
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Coral Reefs and Reef Fish

Coral reefs — Puerto Rico (2016)
Benthic commmunities

» Diadema (sea urchin) density was highest (0.12/m?) in the Hard (unknown)
Shallow and lowest (0) in the Bedrock Deep and Scattered Coral and Rock
Deep.

» Coral density (unweighted) ranged from 0.35/m? in the Scattered Coral and
Rock Deep to 4.8/m? in the Bedrock Deep.

» Species richness (unweighted) was highest (10.0) in the Bedrock Deep and
lowest (2.3) in the Scattered Coral and Rock Deep.

» Coral diversity was highest in the Patch Reef Deep and lowest in the
Scattered Coral and Rock Deep.

» Disease prevalence ranged from absent in three habitat strata to 7.0 % of
colonies in the Pavement Shallow.

» Recent mortality (mean weighted) was less than 0.65% in all habitat strata.

» Old mortality (unweighted) was highest (21.0 %) in the Patch Reef Shallow
and lowest (2.3%) in the Scattered Coral and Rock Deep.

Benthic data collected in 2016 for the habitat strata in Puerto Rico. Transects (n) describes how sampling effort varied among the strata.

. . Diadema Corgl Species .Cora.I Disease Recer?t old .
Habitat strata o) den§|ty den§|ty I e <;hver5|ty prevalenpe mortality mortality
(m?) (m™) (Simpsons) | (% colonies) (%) (%)
Aggregate Reef Deep 32 000+001 4624238  9.88+325 970 40 038+063  897+6.63
Aggregate Reef Shallow 17 003+007  3.81+2.68 7764378 5.60 53 0644102 9324690
Bedrock Deep 1 0.00 4.80 10.00 436 00 0.00 510
Bedrock Shallow 7 0094014  426+287 971559 7.25 34 0094017  13.49+7.60
gzredp(unknown) 3 007012  343%266 967351 10.46 45 028+0.49 174541599
gﬁ;ﬁé:\/ﬂk”w”) 2 012016 325£092 850071 4.87 0.0 000+000  18.88+512
Patch Reef Deep 20 001+0.04  405+272  945+373 159 35 034+0.87 1423714
Patch Reef Shallow n 0.09+0.2] 1994176 5732.80 633 4] 043110 209741715
Pavement Deep 33 0.00£0.01 247+2.2] 6944311 770 30 0424129  1094+853
Pavement Shallow 21 0.01+0.03 191103 6.05+191 558 70 029+067  16.46£13.22
gza;;ered Coral and Rock 4 000+000 035019 225189 3.63 00 000+000  225+2.63
SeioliCelElENsl et 6 001+001  070+0.84  2.83+194 5.84 49 000£000 153641718

Shallow
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Coral Reefs and Reef Fish
Coral reefs — Puerto Rico (2016)
Endangered coral species

» Seven species listed as Threatened under the Endangered Species Act (ESA) were observed on reefs in Puerto Rico in 2016.

» ESA corals were observed in all strata excepting Scattered Coral and Rock Deep. Acropora palmata and Dendrogyra cylindrus were
observed in only two of the six strata. Orbicella faveolata and Orbicella franksi were observed in nearly all of the habitat strata.

» At least five ESA-listed coral species were observed in the Patch Reef Deep, Bedrock Shallow, Aggregate Reef Shallow, and
Aggregate Reef Deep.
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Acropora Acropora Dendrogyra Mycetophyllia Orbicella Orbicella Orbicella
palmata cervicornis cylindrus ferox annularis faveolata franksi

Presence of coral species listed as Threatened under the Endangered Species Act (ESA).

MR SiEE Ngc')rEaSlA Acropora Acr{)por&g Dendrogyra | Mycetophyllia Orbicellfa Orbicella Orbicel{a
species palmata cervicornis annularis faveolata franksi

Aggregate Reef Deep 6 @) o () ) o

Aggregate Reef Shallow 5 () @) @) o () o

Bedrock Deep 1 @) @) @) @) (@) () @)
Bedrock Shallow 5 @ o o O () o o
Hard (unknown) Deep 2 @) O O (@) @) [ ) o
Hard (unknown) Shallow 2 O ( ] O O O ( ] O
Patch Reef Deep 5 @) o @) o o o o
Patch Reef Shallow 4 O ( O O [ ( ] o
Pavement Deep 4 O (] O O [ ] o [
Pavement Shallow 4 @) ([ ] @) @) ([ ([ [
Scattered Coral and Rock Deep 0 @) @) @) @) (@) @) @)
Scattered Coral and Rock Shallow 3 O O O O [} ( ] o

Acropora palmata
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Coral Reefs and Reef Fish

Coral Reef Fish — Puerto Rico (2016)
Relative abundance and length of reef fishes

Results are presented for 11 species surveyed in Puerto Rico in 2016. The diverse
suite of species selected represent eight families of varying trophic levels
(herbivores and piscivores) and fishing pressures (targeted and non-targeted),
and together provide a perspective on the overall status of coral reef fishes.
Relative abundance (density) and length-based indices (size-class distribution)
are presented here to allow for comparison among sub-regions.

Blue Tang (Acanthurus coeruleus)

Puerto RiCO Mean density (/177m?2) was 3.78+0.13 (n = 240 surveys). Family: Acanthuridae

Targeted: No
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(>)~ 60+ Size-class distribution of
S Acanthurus coeruleusin puerto Rico.
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Puerto RiCO Mean density (/177m?) was 2.00+0.03 (n = 240 surveys). Family: Chaetodontidae
Targeted: No
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Coral Reefs and Reef Fish

Family: Haemulidae

French Grunt (Haemulon flavolineatum) Targeted: No

Puerto RiCO Mean density (/177m?) was 0.80+0.02 (n = 240 surveys).
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(>)~ 604 Size-class distribution of
S Haemulon flavolineatum in Puerto Rico.
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Stoplight Parrotfish (Sparisoma viride)

Puerto RICO Mean density (/177m?) was 1.69+0.03 (n = 240 surveys). Family: Scaridae
80- Targeted: No
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(>)~ 60 Size-class distribution of
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Coney (Cephalophalis fulva)

Puerto RICO Mean density (/177m?) was 2.44+0.07 (n = 240 surveys). Family: Serranidae
80- Targeted: Yes
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X
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8 404 Size-class distribution of
° Cephalopholis fulva in puerto Rico.
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Coral Reefs and Reef Fish

Family: Serranidae

Red Hind (Epinephelus guttatus) Targeted: Yes

Puerto RiCO Mean density (/177m2) was 0.54+0.00 (n = 240 surveys).
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(>)~ 604 Size-class distribution of
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Mutton Snapper (Lutianus analis)

Puerto RICO Mean density (/177m?) was 0.09+0.00 (n = 240 surveys). Family: Lutjanidae
80- Targeted: Yes
- - o o o & (I
E 60 Size-class distribution of
S Lutjanus analis in Puerto Rico.
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Schoolmaster (Lutjanus apodus)
Puerto RiCO Mean density (/177m?) was 0.40+0.01 (n = 240 surveys). Family: Lutjanidae
50- Targeted: Yes
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Coral Reefs and Reef Fish

Family: Lutjanidae

Gray Snapper (Lutjanus griseus) Targeted: Yes

Puerto RiCO Mean density (/177m?) was 0.32+0.05 (n = 240 surveys).
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Yellowtail Snapper (Ocyurus chrysurus)

Puerto RICO  Mean density (/77m? was 2.08+0.08 (n = 240 surveys). Family: Lutjanidae
50- Targeted: Yes
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Queen Triggerfish (Balistes vetula)

Puerto Rico Mean density (/177m?) was 0.49+0.01 (n = 240 surveys). Family: Balistidae
80- Targeted: Yes
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Ocean Chemistry and Temperature
Chemistry (2015-2017) — Puerto Rico

This section represents the first Puerto Rico NCRMP data report on Ocean
Chemistry and Temperature. The data and results presented were collected
by staff working with the NOAA Atlantic Oceanographic and Meteorological

Laboratory and the NOAA Coral Reef Watch program. H |g h | |g htS

. . Aragonite saturation state in Puerto Rico was
Diurnal pH — La Parguera Diurnal CO, slightly higher than the average for US coral

reef areas in the Atlantic/Caribbean.

8.08+ 470 Coral Reef Watch Bleaching Alert Levels
were not triggered in Puerto Rico between
8.00 2015 and 2017.
4604
8.001 J
450 Aragonite saturation state
L I - 419 — Atlantic/Caribbean Average (390)
3 440 ©
3 8001 o 5
© & C 40
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3 8.00- £ 430 0 I
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Q O 420 ) 38 -
8.00 8
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l 410 O 37
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8.00 ] g ’—}‘
400+ 36 2 X o 8 4 o c
. = B (2]
799 #E & 9 £3 § 2% »9 28%
s 3 O Sg & oY OF oo
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798 390+ @
T T T T T T T \ T T T T T T T \ Mean (+ std. error of mean) aragonite saturation ,,, values
o o o o o o o o o o of US jurisdictions during summer months from 2013-2015.
g 2 o S g g 2 1S e 3 Data from Southeast Florida and Florida Keys represent
— O © — @ = annual averages. Blue line is mean for Atlantic sites,
excluding outlier sites of inshore Florida Keys and inlet sites
. March 2015 . June 2015 of Southeast Florida Region.
Processes driving local pH vary throughout the day. Photosynthesis drives up the pH Q.o Values around Puerto Rico during the
during the day (meaning CO, concentrations, shown here, decrease) as organisms summer are, on average, slightly higher than
calcify. Lower pH (slightly higher CO, concentrations) returns at night as photosynthesis the average for US coral reef jurisdictions in the
stops and respiration continues to release CO, into the water column. In addition to Atlantic. Values in Puerto Rico were very similar to
diurnal variability in seawater CO,, there is also considerable seasonal variability. pH is nearby sites in St. Croix and St. Thomas, due east.
higher after the cool season months (so CO, is lower) and pH is lower (so CO, is higher) This likely creates a favorable environment for

after the warm season months. coral calcification.




Chemistry & Temperature

Ocean Chemistry and Temperature

Puerto Rico

Subsurface temperature

Subsurface temperature time series

Temperature (°C)

339
32+
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2015 2016 2017

Sea temperatures off Culebra, Puerto Rico at 1m (turquoise line) and 25m (blue line) from April 2015 thru August 2017.

In Puerto Rico, the shallow sites had much greater
diurnal variability, and were warmer than the

deeper sites. There was no evidence of upwelling

or thermocline shoaling with depth. Rather, deeper
waters were slightly cooler (~0.5°C), but far less variable
than the shallow sites. Thus, the potential for refugia
fromm warmer waters with depths may be limited at the
sites in Puerto Rico where loggers were deployed.
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Ocean Chemistry and Temperature
Heat stress and coral bleaching

The NOAA Coral Reef Watch (CRW) program uses satellite
data to provide current reef environmental conditions to
quickly identify areas at risk for coral bleaching. Satellite DHW (20] 5) Alert Level (20] 5) Thermal
temperature analyzed shows that heat stress severe enough 68°W 67°W 66°W 65°W  68°W 67°W 66°W 65°W History

to cause coral bleaching occurred in Puerto Rico in 2005, S T
2006, and 2010.

PR

1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

o I I T
01 23 4567 891 1 1213141516 17 18 19 20 1995

Bleaching Alert Level 1996

No Stress Watch Warning [l Alert L1 [l Alert L2 1997

1998

Annual maximum Degree Heating Weeks (DHWSs) never 1999

reached four Puerto Rico in 2015 (left panel), 2016, or 2017, 2000
except for some isolated locations.

19°N

18°N

17°N

DHW (Annual maximum)

2001
Heat stress accumulation triggered a Warning in 2015 (right 2002
panel) and only the typical seasonal minor bleaching
occurred that year. 2003

Bleached coral in Puerto Rico 2004

2005
35 —— Bleaching Threshold SST — — Max Monthly Mean SST + M;ltjh\ey;teoani\liiZO\ogy — — 4,8, DHWs 5km SST Range 2 2006
X ) 2007
2008
2009
2010
2011
2012
— T —————————1 : I : 4 2013
JEFMAMI IJASONDUIFMAMIIAS NDJFMAMIJIIASOND 2014
2015 2016 2017
No Stress Bleaching Watch Bleaching Warning M Alert L1 M Alert L2 igiz

Degree Heating Week (DHW) accumulation from 2015-2017 in Puerto Rico. Alert Level 1 (lower dashed red line) is triggered 2017
when at least four DHWs have accumulated; a level of heat stress associated with minor and moderate bleaching.

Alert Level 2 (upper dashed red line) is triggered when at least eight DHWSs have accumulated, which can cause severe 2018
bleaching. Alert Levels 1 and 2 were not triggered between 2015 and 2017. I 8 DHWSs
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Human Connections

Demographics, values, resource
use, and information sources

This Human Connections section presents findings from the Florida NCRMP
socioeconomic data collection and includes data never collected before in Florida.
These are baseline data on social indicators from household surveys conducted in
January to July of 2014, and from secondary sources.

Educational attainment
8.1%
8.4%

[©)
71.0% 27.4%

Less than
9th grade

9th to 12th grade,
no diploma

I Bachelor’'s [l Graduate or
degree professional degree

High school graduate,

White |l Black [ Asian (2.2%) GED, or alternative

Other ethnic origin or race (6.4 %) Some college, or

associate’s degree

The population of South Florida was predominantly composed of White (71%) and Black
ethnicity (20%). Over 80 % of the population had at least completed high school, 56% had
completed at least some college or an associate’s degree, and almost 30 % a bachelor’s
degree or graduate degree.

Resource use

Beach Swimming Fishing '
(g N
)

recreation ‘ ~
—ty B2 A
58% 61% W %

PERCENT OF POPULATION PARTICIPATING IN EACH ACTIVITY

&

Information sources

The majority (>50 %) of
residents considered
newspapers and TV to be a
top source for information

on the environment, 100% W Trust
including status of coral W Don't trust
75% - Neither/

reefs and present and
future threats. Greater
than 60 % of residents
who claimed newspapers,
TV and Internet are top
sources indicated these
sources were trustworthy.

not sure
50% -

25% -

Considered a top source

Internet

Newspaper TV
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South Florida

Highlights

The great majority of residents agreed that coral
reefs provide protection from erosion and natural
disasters, attract tourists, and are culturally important.

The dominant perception of the status of ocean
water quality and beach quality, mangroves, and
the amount of coral and number of fish was that the
current status was good; however the dominant
perception for trend was that the status had
gotten worse over the last ten years.

Of the potential threats to coral reefs, residents
were |least familiar with coral bleaching and beach
nourishment.

Residents were generally very supportive of
marine management policies - roughtly 90 %
supported protected areas and would support
stricter controls on pollution and development.

Values and awareness

M Agree M Disagree M Neither/not sure

86%

Protect from Only important

erosion to fishermen, Healthy Important to
. ’ reefs attract South Florida's
and natural divers, and .
; tourists culture
disasters snorkelers

When asked about important services provided
by reef resources, most residents agreed that
coral reefs protect South Florida from erosion and
natural disasters (80 %), that healthy reefs attract
tourists (86 %), and that coral reefs are important
to South Florida’s culture (86 %). The majority of
residents (84 %) disagreed with the statement that
coral reefs are only important to fishermen, divers,
and snorkelers.

2014 survey data (n=1210)
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Status

Perceptions of resource condition, threats, and severity
Threats

Hurricanes and Coastal/ Climat Damage from | . Too much Snorkeli Beach
Pollution other natural urban r:ma € ships and nvasive fishing and ngrdfe ing 'ez:]c .
disasters change species gathering anddiving  nourishmen

development boats

i

-

75%

75% 73%

85%

68%

PERCENT OF THE POPULATION FAMILIAR WITH EACH THREAT
Threats not shown above: Coral bleaching (44 %).

60 %

56 % 56 %

In general, residents were familiar with potential threats facing coral reefs in South Florida, with at least half of residents stating they
were familiar or very familiar with each potential threat shown above. Of the potential threats mentioned, residents were least familiar
with threats caused by coral bleaching (44 %), snorkeling and diving (56 %), and beach nourishment (56 %). Residents exhibited highest
levels of familiarity with threats from pollution and hurricanes.

Amount of
coral

DATA SHOWN ARE % OF RESPONDENTS

Ocean water

. Number of fish
quality

Beach quality Mangroves

¥ Good ¥ Bad B Neither bad nor good Not sure
w0
[as
<
[4N)
>_
o
=
)
g
[ Better [l Worse [l No change Not sure i W

[Pl ST 2o

Status and trend

More residents felt confident in their perception of the status of ocean water
quality and beach quality (<15% not sure) than for the amount of coral, number
of fish, and mangroves (>20 % not sure). For those confident in their perception,
roughly 25-60% of residents felt the current status was good and roughly 20-
60% felt the current status was bad for all status variables. A different pattern was
shown in the perceptions of trend. For those confident in their perception of the
trends in these variables, roughly 90-95% felt it had gotten worse or remained
the same, and roughly 5-10% felt any of these had gotten better. Overall, there
was no dominant perception of the status of ocean water and beach quality,
amount of coral, number of fish, and mangroves - residents were split on
whether status was good or bad. The dominant perception for trend was that
the status had gotten worse or remained the same over the last ten years.

50

Severity of threats
Not sure, 8%
None, 1%
Minimal, 8 %

Extreme

26%

Residents were generally concerned about threats
to coral reefs in South Florida. Twenty-six percent
of residents stated that they thought threats were
extreme and 31% thought threats were large. A small
percentage (9 %) stated that threats were either
minimal or believe there are no threats.
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Perceptions of reef management policies
Management policies

100%
90% | 86%
80% -
70% -
60% -
50% |- [ ocooeeoeeeee R [ R
40% -
30%
20% -
10%

0% -

90%

82%

[ Support
I Oppose
B Neither/not sure

(7]
[
o
)
O
Q
c
[
O
)
[
©
£
3
I

Law enforcement Community Stricter control of

Seasonal openings/ Restrictions on

of existing rules/ participation in closures of fisheries pollution sources to ) development

regulations management preserve water quality

100%

Restrictions on

. . Designated marine Limited . tructi i Per person limits for
Marine zoning protected area recreational use Restricted access No-take zones  construction practices certain fish species
to prevent sediment R
pollution (size and amount)

Residents were generally supportive of current marine management policies. There was extremely high support for stricter controls of
pollution sources (90 %), designated marine protected areas (88 %), enforcing extisting rules/regulations (86 %), per person limits for certain
fish species (84 %), restrictions on construction practices to prevent sediment pollution (83 %), and restricting coastal development (82 %).
There was less but still strong support for seasonal openings and closures of fisheries (74 %) and no-take zones (71%).
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. South Florida
Coral Reefs and Reef Fish

Coral reefs — Southeast Florida Region (2016)

\}: ! Benthic habitat strata for the Southeast Florida Region.

Habitat strata

|
1
13 Name Nearshore Ridge Linear Reef Linear Reef Linear Reef Deep Ridge
{
|
i
y

Rugosity High Low High Low High Low High Low High Low

Shallow Inner Middle Outer Deep Complex
N{ Stratum code  NEARO  NEARI INNRO INNRI1 MIDRO MIDRI OFFRO OFFRI DPRCO  DPRCI

Protected x x x x x x x x x

Unprotected v v v v v v v v v

Habitat Strata
(SE Florida Region)
Rugosity:

High Low

Boca Raton

Nearshore Ridge
Shallow

|

B Linear Reef Inner A
B Linear Reef Middle

I Linear Reef Outer

Deep
Fort B Deep Rldgg
Lauderdale Complex

B Ridge Deep

(not included)




Coral Reefs and Reef Fish

Coral Reefs and Reef Fish
Coral reefs—Southeast Florida Region (2016)

Benthic cover

» Coral cover was <3%, except in the Nearshore
Ridge Shallow, High Rugosity (7%) and in the
Linear Reef Outer Deep, Low Rugosity (3.5%).
Coral cover was lowest in the Deep Ridge
Complex, Low Rugosity (0.2 %).

» Macroalgae cover ranged from 13.5% in the
Linear Reef Outer Deep, Low Rugosity to 42.5%
in the Deep Ridge Complex, Low Rugosity.

» The region-wide average coral cover was
1.5% and macroalgae cover was 27.2%.

Nearshore Ridge Shallow
High Rugosity Low Rugosity
Unprotected Unprotected

[

Coral 70+4.2%
Macroalgae 17.0+2.8 %

Coral 2.0+4.6%
Macroalgae 15.3+16.0%

Linear Reef Middle,
Low Rugosity
Unprotected

High Rugosity
Unprotected

2h b >

Coral 21+£2.2%
Macroalgae 21.8+249%

Coral 19+2.0%
Macroalgae 21.5+20.3%

Regional

'

Coral 1.5+2.5%
Macroalgae 27.2+19.5%

Linear Reef Inner

High Rugosity
Unprotected

AYCYL

Coral 22+2.5%
Macroalgae 30.8+79 %

Linear Reef Outer Deep

Low Rugosity
Unprotected

Coral 3.5£51%
Macroalgae 13.5+18.3%

Benthic cover

54

South Florida

Coral cover was highest in the Nearshore Ridge
Shallow, High Rugosity.

Macroalgae cover was highest in the Linear Reef
Outer Deep, Low Rugosity.

Coral disease prevalence was lowest (1.3%
of colonies) in the Linear Reef Middle, High
Rugosity and highest (21.6% of colonies) in the

Linear Reef Inner, Low Rugosity.

Three species listed as Threatened under the
Endangered Species Act were observed on
reefs in Southast Florida in 2016. The greatest
number of different Threatened species
were observed in the Linear Reef Middle, Low
Rugosity and High Rugosity (2 species).

Linear Reef Middle,
High Rugosity
Unprotected

Low Rugosity
Unprotected

Coral 24+4.0%
Macroalgae 24.7+13.8 %

Coral 0.8£0.8%
Macroalgae 17.4+11.3%

Deep Ridge Complex
High Rugosity Low Rugosity
Unprotected Unprotected

&N

Coral 1.7£2.7%
Macroalgae 30.2+15.0 %

Coral 0.2+0.4%
Macroalgae 42.5+24.1%

B sSoft corals
Sponges

M Hard coral

M Crustose coralline algae

B Ramicrusta spp.
Other

[ Macroalgae
Turf algae

TABLE OF CONTENTS
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Coral Reefs and Reef Fish
Coral reefs—Southeast Florida Region (2016)

Benthic commmunities

» Diadema (sea urchin) density was highest (0.01/m?) in the Nearshore Ridge
Shallow, Low Rugosity.

» Coral density (unweighted) ranged from 0.4/m? in the Deep Ridge Complex,
Low Rugosity to 1.6/m? in the Nearshore Ridge Shallow, High Rugosity.

» Species richness (unweighted) was highest (4.9) in the Linear Reef Middle,
Low Rugosity and lowest (1.9) in the Deep Ridge Complex, Low Rugosity.

» Coral diversity was highest in the Nearshore Ridge Shallow, Low Rugosity
and lowest in the Deep Ridge Complex, Low Rugosity.

» Disease prevalence was highest (21.6% of colonies) in the Linear Reef Inner, Low
Rugosity and lowest (1.3% of colonies) in the Linear Reef Middle, High Rugosity.

» Recent mortality (unweighted) ranged from 0.5% in the Deep Ridge
Complex, Low Rugosity to 6.2% in the Deep Ridge Complex, High Rugosity.

» Old mortality (unweighted) was highest (19.0 %) in the Linear Reef Inner, Low
Rugosity and lowest (2.8 %) in the Linear Reef Inner, High Rugosity.

Benthic data collected in 2016 for the habitat strata in the SE Florida region. Transects (n) describes how sampling effort varied among the strata.
Habitat strata . Diadema Coral Soeals Coral BINCEN
) density density P diversity | prevalence | mortality mortality

Nearshore Ridge

richness

No 2 0004000 155163  400+14] 405 161 0674094  713+10.08
Shallow, High Rugosity
Nearshore Ridge

. No 19 001£004  061+062  228+0.89 676 16.2 258+487  9.64+1456
Shallow, Low Rugosity
e RESHIRImEE e No 5 000+000  118+058  4.60+0.89 443 73 261553  277+330
Rugosity
CINEET RESFINAE, e No 7 0004000 060+033  2.86+157 413 26 394+491  19.03+23.88
Rugosity
Hineer el No 7 0004000 050+042  320+179 416 13 400+548  1821+2470
High Rugosity
eI REShTelel No 9 000+0.00 1204060 488146 504 18.2 3524519  6.47+779
Low Rugosity
CIREET RSSO No 27 000+0.00 098+055  426+1.89 657 15.6 299+418  436+604
Deep, High Rugosity
Hineer Ree OUiEr No 5 0004000  0.60+054 325320 316 9.8 1644228 3544708
Deep, Low Rugosity
DEER Rielge Comiales No 8 000+000 1054145  317+214 577 128 6154610 131241142
High Rugosity
DIESRNEg Cemlel=s, No 19 0004001  044+028 194+ 248 8] 0504127 46041141

Low Rugosity
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Coral Reefs and Reef Fish

Coral reefs —Southeast Florida Region (2016)
Endangered coral species

» Of the seven species listed as Threatened under the Endangered Species Act (ESA) that were surveyed in the
Florida Reef Tract, three were observed on reefs in the Southeast Florida Region in 2016. Acropora palmata, Dendrogyra cylindrus,
Mycetophyllia ferox, and Orbicella annularis were not observed in SE Florida during the 2016 surveys.

» Acropora cervicornis was observed in only one of the five habitat strata. Orbicella faveolata and Orbicella franksi were each
observed in two of the habitat strata. The greatest number of different Threatened species were observed in the Linear Reef
Middle, Low Rugosity and High Rugosity (two species).
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Acropora Acropora Dendrogyra Mycetophyllia Orbicella Orbicella Orbicella
palmata cervicornis cylindrus ferox annularis faveolata franksi

Presence of coral species listed as Threatened under the Endangered Species Act (ESA).

No. ESA
Habitat Strata Protected coral
species

Acropora Acropora | Dendrogyra | Mycetophyllia | Orbicella Orbicella Orbicella
palmata cervicornis cylindrus annularis faveolata franksi

Nearshore Ridge

Shallow, High Rugosity No ! e © e e © © ®
Nearshore Ridge

Shallow, Low Rugosity No ! e ® e e e © ©
Llnear‘Reef Inner, High No 0 o o o o o o o
Rugosity

Llnear‘Reef Inner, Low No 1 o o o o o Y o
Rugosity

Linear Reef Middle,

High Rugosity No 2 e © e s © ® o
Linear Reef Middle,

Low Rugosity No 2 e © s s © o ®
Linear Reef Outer

Deep, High Rugosity No ! E s e e 9 © o
Linear Reef Outerv No 0 o o o o o o o
Deep, Low Rugosity

Deep Ridge Complex, No 0 o o o o o o o
High Rugosity

Deep Ridge Complex, No 0 o o o o o o o

Low Rugosity

Orbicella franksi
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Coral reefs — Florida Keys Region (2016)
Habitat strata

Benthic habitat strata for the Florida Keys Region.

Habitat strata

NEE For.ereef Deep Foreree}c Medium ForgreefShaIIow High Relief Inshore Patch Mid Channel Offshore Patch
Linear Reef Depth Linear Reef Linear Reef Reef Reef Patch Reef Reef
Stratum code FDLR FMLR FSLR HRRF INPR MCPR OFPR
Protected x v v v v v v
Unprotected v v v v v v v

Habitat Strata (Florida Keys Region)

B Forereef Deep Linear Reef

[l Forereef Med Depth Linear Reef
Forereef Shallow Linear Reef

B High Relief Reef

B Inshore Patch Reef
Mid Channel Patch Reef ;
Offshore Patch Reef .

] Protected Areas 2=

N

32 kilometers

20 miles
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. South Florida
Coral Reefs and Reef Fish

Coral reefs — Florida Keys Region (2016)
Benthic cover

Regional

» Coral cover ranged from 0.5% in the protected
Offshore Patch Reef to 19% in the unprotected
Inshore Patch Reef and unprotected Mid
Channel Patch Reef.

» Macroalgae cover ranged from 6.7% in the
unprotected Offshore Patch Reefto 43.6% in
the protected Forereef Medium Depth Linear

Reef.

Coral cover was highest in the unprotected
Inshore Patch Reef.

Macroalgae cover was highest in the protected
Forereef Medium Depth Linear Reef

Coral disease prevalence was lowest (0) in the
Forereef Deep Linear Reef and in the protected
Inshore Patch Reef and highest (6.8 % of colonies)

» The region-wide average coral cover was 9.7% in the unprotected Offshore Patch Reef.

and macroalgae cover was 22.5%. Coral 9.7+8.0% . o
Macroalgae 22.5+12.6 % Five species listed as Threatened under the

Endangered Species Act were observed on
reefs in the Florida Keys in 2016. The greatest
number of different Threatened species were
observed in the protected Forereef Medium
Depth Linear Reef (5 species).

Coral Reefs and Reef Fish

Forereef Medium Depth Linear Reef Forereef Shallow Linear Reef High Relief Reef
Protected Unprotected Protected Unprotected Protected Unprotected
Coral 6.4+4.1% Coral 49+4.1% ) Coral 19+2.5% Coral 2.0+£19% ) Coral 12.5+10.8 % Coral 9.2+5.6%
Macroalgae 43.6+10.0% Macroalgae 30.5+13.7% Macroalgae 12.6+8.1% Macroalgae 22.6+14.0% Macroalgae 23.4+12.0% Macroalgae 24.4+8.3%
Inshore Patch Reef Mid Channel Patch Reef Offshore Patch Reef
Protected Unprotected Protected Unprotected Protected Unprotected
Coral 20+NA% Coral 19.0+£23.6% ) Coral 11.4+5.8% Coral 18.9+14.9 % ) Coral 0.5+0.7% Coral 15.04£12.5%
Macroalgae 33.0+NA% Macroalgae 12.0+10.5% Macroalgae 15.2+11.6 % Macroalgae 11.0+13.2% Macroalgae 27.0+32.5% Macroalgae 6.7+49%

Forereef Deep Linear Reef

Unprotected
Benthic cover M Hard coral B Soft corals
B Crustose coralline algae Sponges
B Macroalgae B Ramicrusta spp.

Turf algae Other

Coral 6.0+4.4%
Macroalgae 26.0+12.7%
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Coral Reefs and Reef Fish

Coral reefs — Florida Keys Region (2016)

Benthic commmunities

» Diadema (sea urchin) density ranged from absent in nine of thirteen habitat
strata to 0.07/m? in the protected Mid Channel Patch Reef.

» Coral density (unweighted) was highest (10.4/m?) in the unprotected Offshore
Patch Reef and lowest (1.3/m?) in the protected Forereef Shallow Linear Reef.

» Species richness (unweighted) was highest (9.4) in the unprotected High
Relief Reef and lowest (3.0) in the protected Inshore Patch Reef.

» Coral diversity was highest in the protected High Relief Reef and lowest in the
protected Inshore Patch Reef.

» Disease prevalence was lowest (0) in the Forereef Deep Linear Reef and
in the protected Inshore Patch Reef and highest (6.8 % of colonies) in the
unprotected Offshore Patch Reef.

» Recent mortality (unweighted) was less than 2% in all habitat strata.

» Old mortality (unweighted) ranged from 9.5% in the protected Forereef
Shallow Linear Reef to 42% in the unprotected Inshore Patch Reef.

Benthic data collected in 2016 for the habitat strata in the Florida Keys. Transects (n) describes how sampling effort varied among the strata.
Habitat strata TS Diadema Coral Soeals Coral Disease Recent old
") density density P diversity prevalence mortality mortality

Forereef Deep

richness

) No 5 0.00+0.00 3.47+2.58 7.80+2.17 5.31 0.0 0.00+0.00 20.35+3.54
Linear Reef
) No 22 0.00+0.01 3.39+1.69 8.36+211 495 15 096+213 12.82+10.08
Forereef Medium
Depth Linear Reef
Yes 13 0.00+0.00 4.30+1.68 9.38+2.33 512 5.0 1.37£1.29 1315+6.84
No 10 0.00+0.00 1.62+1.07 5.40+2.67 5V/5) 2.8 1904293 10.70+10.00
Forereef Shallow
Linear Reef
Yes 7 0.01£0.02 1.27+118 3.86+2.27 394 1.3 0.32+0.39 9.51+10.09
No 5 0.00+0.00 4.84+2.82 9.40+2.70 6.61 1.7 0.71£1.03 12.86+7.59
High Relief Reef
Yes 6 0.00+0.00 4.42+2.57 8.00+3.41 7.07 42 1.04+1.17 2113+10.94
No 3 0.00+0.00 217+1.72 4.67+2.52 4.86 15 0.06+0.10 42.05+10.97
Inshore Patch
Reef
Yes 1 0.00 2.00 3.00 123 0.0 0.00 36.60
) No 1 0.01+0.01 6.06+4.8] 7.82+3.82 4.36 22 1.04+198 16.29+8.21
Mid Channel
Patch Reef
Yes 5 0.07+0.10 5.30+1.80 8.40+195 5.46 0.8 0.24+0.31 2895+8.06
No 3 0.00+0.00 10.43+7.65 9.00+2.65 2.28 6.8 0.02+£0.03 10.55+4.22

Offshore Patch
Reef

Yes 2 0.00+0.00 3.00£0.71 7.50£0.71 525 1.7 115+1.62 29.74+19.81
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. South Florida
Coral Reefs and Reef Fish

Coral reefs — Florida Keys Region (2016)
Endangered coral species

» Of the seven species listed as Threatened under the Endangered Species Act (ESA) that were surveyed in the Florida Reef Tract,
five were observed on reefs in the Florida Keys Region in 2016.

» Acropora palmata and Dendrogyra cylindrus were not observed in the Florida Keys during the 2016 surveys. Acropora
cervicornis was observed in only two of the seven habitat strata. Orbicella faveolata was observed in all of the habitat strata.

» The most different Threatened species were observed in the protected Forereef Medium Depth Linear Reef (five species).

Acropora Acropora Dendrogyra Mycetophyllia Orbicella Orbicella Orbicella
palmata cervicornis cylindrus ferox annularis faveolata franksi

Presence of coral species listed as Threatened under the Endangered Species Act (ESA).

No. ESA . . . .
Habitat Strata - o Acropora Acr(?porq Den(;lrogyra Mycetophyllia Orb/cellfa Orbicella Orblcel{a
Smmdes palmata cervicornis cylindrus annularis faveolata franksi

Forereef Deep
Linear Reef A 2 S S ° ® ° ® °
Forereef Medium No 3 © L d © © © ® L
Depth Li Reef

epth Linear Ree Ves 5 o PY o PY PS PS PY
Forereef Shallow No ] © © © © © ® ©
Linear Reef Yes 0 o o o o o o o

No 2 O O O O O [ ] ()
High Relief Reef
Yes 2 O ( ] O O O o O

Inshore Patch Al 2 © © © © ® ® ©
Reef Yes 2 o o o o °® °® o
Mid Channel No 4 © © © o ® ® o
Patch Reef

ateh ree Yes 4 o o o ° ° ° °
Offshore Patch No 2 O o @) o @) o 0
Reef

e Yes 1 o o o o o ) o

Orbicella faveolata
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Coral Reefs and Reef Fish
Coral reefs —Dry Tortugas Region (2016)
Habitat strata =

Benthic habitat strata for the Dry Tortugas Region.

Habitat strata

Contiguous Contiguous Cor;c‘leget;ous Isolated Isolated P:t(cjlrff«:lef Spur and Spur and

Name Reef, High Reef, Low 7 Patch Reef, Patch Reef, . g Groove Reef, Groove Reef,
) . Medium ) A : Medium ; ; )
Relief Relief . High Relief Low Relief . High Relief Low Relief
Relief Relief

Stratum code CONT_HR CONT_LR CONT_MR ISOL_HR ISOL_LR ISOL_MR SPGR_HR SPGR_LR
Protected —
FKNMS TER' v v x v v v x x
Protected —
DTNP? v v v v v v v v
Unprotected v v x x x v x x

' Florida Keys National Marine Sanctuary — Tortugas Ecological Reserve
2Dry Tortugas National Park

Florida Keys National Marine Sanctuary
Tortugas Ecological Reserve (North)

2.5 miles

Habitat Strata (Dry Tortugas) |~ X
Relief: H M L J
B Contiguous Reef
| W Isolated Patch Reef

[ | M Spurand
Groove Reef

TABLE OF CONTENTS 6]
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. South Florida
Coral Reefs and Reef Fish

Coral reefs —Dry Tortugas Region (2016)

Benthic cover Regional

» Coral cover ranged from O in parts of the
Contiguous Reef Low Relief to 17.5% in the
unprotected Isolated Patch Reef Medium Relief.

Coral cover was highest in the unprotected

Isolated Patch Reef Medium Relief.

» Macroalgae cover ranged from 6.6% in
the Isolated Patch Reef Medium Relief in
the FKNMS TER to 53% in the unprotected
Contiguous Reef Low Relief.

Macroalgae cover was highest in the
unprotected Contiguous Reef Low Relief.

Coral disease prevalence was less than 2.5%
of colonies in all habitats.

» The region-wide average coral cover was
4.4% and macroalgae cover was 36.6%. Five species listed as Threatened under the
Coral 4.4£3.5% Endangered Species Act were observed on
Macroalgae 36.6+14.3% reefs in the Dry Tortugas in 2016. The greatest
number of different Threatened species was
observed in the Isolated Patch Reef High
Relief (4 species).

Contiguous Reef High Relief Contiguous Reef Low Relief C.R. Med Relief
FKNMS TER' DTNP? Unprotected FKNMS TER DTNP Unprotected DTNP
Coral 10.0£9.7 % Coral 17.0+13.0% Coral 6.0£4.2% Coral 0.0£0.0% Coral 3.8+£39% Coral 0.0£NA% Coral 5.6+4.0%
Macroalgae 389+16.3% Macroalgae 34.3+22.2% Macroalgae 43.0+21.2% Macroalgae 27.5+191% Macroalgae 32.5+11.8% Macroalgae 53.0+NA% Macroalgae 42.0+16.0%
Isolated Patch Reef High Relief  Isolated Patch Reef Low Relief Isolated Patch Reef Medium Relief
FKNMS TER DTNP FKNMS TER DTNP FKNMS TER DTNP Unprotected
Coral 13.3+13.5% Coral 111£6.3% Coral 21£1.3% Coral 1.2£1.1% Coral 11.5+4.9% Coral 10.7£8.0% Coral 17.5+7.8 %
Macroalgae 49.0+11.5% Macroalgae 19.1+17.2% Macroalgae 6.6+7.6% Macroalgae 22.4+26.0% Macroalgae 40.5+10.6% Macroalgae 31.5+19.6% Macroalgae 41.5+16.3%
! Florida Keys National Marine Sanctuary — Tortugas Ecological Reserve Spur and Groove Reef
2 Dry Tortugas National Park . . .
- High Relief Low Relief
Benthic cover [ Hard coral B Soft corals DTNP DTNP
[l Crustose coralline algae Sponges
[ Macroalgae B Ramicrusta spp.
Turf algae Other

| 4

Coral 11.3+8.7% Coral 3.3+3.1%
Macroalgae 36.6+11.0 % Macroalgae 27.7+5.8 %
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. South Florida
Coral Reefs and Reef Fish

Coral reefs —Dry Tortugas Region (2016)

Benthic commmunities

» Diadema (sea urchin) density ranged from absent in nine habitat strata to
0N/m? in the Isolated Patch Reef Low Relief in the DTNP.

» Coral density (unweighted) was highest (4.8/m?) in the unprotected Isolated
Patch Reef Medium Relief and lowest (0.6/m?) in the unprotected Contiguous
Reef Low Relief.

» Species richness (unweighted) was highest (9.7) in the Isolated Patch Reef High
Reliefin the FKNMS TER.

» Coral diversity was highest in the Contiguous Reef High Relief in the FKNMS TER.

» Disease prevalence ranged from O in eight of sixteen habitat strata to 2.8 % of
colonies in the Contiguous Reef High Relief in the FKNMS TER.

» Recent mortality (unweighted) was less than 1.5% in all habitat strata.

» Old mortality (unweighted) was highest (42.5%) in the Isolated Patch Reef Low
Relief in the FKNMS TER and lowest (8.2%) in the Isolated Patch Reef Medium
Relief in the FKNMS TER.

Benthic data collected in 2016 for the habitats of the Dry Tortugas. Transects (n) describes how sampling effort varied in 2016 among the habitats.
Habitat strata Diadema Coral . Coral Disease Recent Old
Transects . . Species . . . .
i density density -~ qlver5|ty prevaleqce mortality mortality

FKNMS TER 14 0004000 3304124  850+256 8.25 28 007+015  18.31+10.08
CoMIGUENS REST DTNP 3 000+000  326+0.83 7674115 8.06 00 0424041  10.00+5.05
High Relief
No 2 0024002 210014  850+354 592 0.0 068096  3108+6.83
FKNMS TER 2 0004000 140+028  650+07) 321 00 0004000  16:36+12.21
CEMIgUEUS REST DTNP n 0024005  163+084  655+234 745 12 1314236 N17+898
Low Relief
No 1 0.00 0.60 400 3.00 0.0 0.50 39.50
ConiigueLs Reet DTNP 19 0054010  292+134 7744191 722 22 053127  17.89+10.20
Medium Relief
olated Patch FKNMS TER 3 0004000 3004131  9.67+058 6.66 00 0004000  1855+10.29
Reef High Relief DTNP i 005+006  355+132  882+27] 6.82 08 016+027  1374%812
olated Patch FKNMS TER 2 000+000 1004127  450+495 488 0.0 0.00+0.00  42.50+60.0
Rt Lo Reller DTNP 9 011+£0.27 1274103 5.2242.49 701 10 0312065  16.54+8.38
FKNMS TER 2 0004000 3154148 7504071 463 00 0004000  824+406
Isolated Patch
Reef Medium DTNP 7 0084009  3.64+119 957+2.37 6.24 24 0214030  1451+677
Relief
No 2 0004000  475+148  9.00+0.00 653 00 004+006  1355+0.52
SN EIIENCl e DTNP 7 000+001 361119 8.86+2.54 5.64 21 0184032  1.35+717
Reef High Relief
SEUEIIE IS DTNP 3 0004000 1674125  600+3.00 558 20 0004000  1545+495

Reef Low Relief




. South Florida
Coral Reefs and Reef Fish

Coral reefs —Dry Tortugas Region (2016)
Endangered coral species

» Of the seven species listed as Threatened under the Endangered Species Act (ESA) that were surveyed in the Florida Reef
Tract, five were observed on reefs in the Dry Tortugas Region in 2016.

» Acropora palmata and Dendrogyra cylindrus were not observed in the Dry Tortugas during the 2016 surveys.

» Acropora cervicornis was observed in only two of the eight habitat strata, and Orbicella annularis was only observed in the
Contiguous Reef Medium Relief habitat. Orbicella franksi was observed in nearly all habitat strata during the 2016 surveys.
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Acropora Acropora Dendrogyra Mycetophyllia Orbicella Orbicella Orbicella
palmata cervicornis cylindrus ferox annularis faveolata franksi

Presence of coral species listed as Threatened under the Endangered Species Act (ESA).

No. ESA . . - .
Habitat Strata B — o Acropora Acrqporq Denq’rogyra Mycetophyllia Orblcel/.a Orbicella Orb/cel{a
species palmata | cervicornis cylindrus annularis faveolata franksi
FKNMS TER 3 @) @) @) o O o o
Contiguous Reef
High Relief DTNP 3 O @) @) o @) o o
No 2 O O O O O [ ) [ ]
FKNMS TER 1 O O O O O O o
Contiguous Reef
LowiRalier DTNP 3 @) o @) @) O o ®
No 0 O O O O O O O
Contiguous RF MR DTNP 4 O [ ) O @) [ ) [ ) ()
Isolated Patch Reef FKNMSTER 3 o o o ® © ® ®
High Relief DTNP 3 o o o o o °® ()
Isolated Patch Reef FKNMS TER 2 o o o o © ® o
Low Relief DTNP 2 o) o) o) o) o ® ()
FKNMS TER 2 ) @) @) o @) @) o
Isolated Patch Reef
Medium Relief DTNP & o © © O © ® ®
No 3 o) 0 @) o O o o
Spur & Groove Rf HR DTNP 3 (@) @) @) [ ) (@) () [ ]
Spur & Groove Rf LR DTNP 2 @) @) @) [ ) @) [ ) (@)




South Florida

Coral Reefs and Reef Fish

Coral Reef Fish — South Florida (2016)

Results are presented for ten species surveyed in South Florida in 2016. The diverse suite of species
selected represent seven families of varying trophic levels (herbivores and piscivores) and fishing
pressures (targeted and non-targeted), and together provide a perspective on the overall status of
coral reef fishes. Relative abundance (density) and length-based indices (size-class distribution) are
presented here to allow for comparison among sub-regions.

Family: Scaridae

Stoplight Parrotfish (Sparisoma viride) Targeted: No
S.E. Florida

Mean density (/177m?) was 0.62+0.01 (n = 304 surveys).
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Florida Keys

Mean density (/1777m?) was 2.22+0.02 (n = 405 surveys).
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Dry Tortugas

Mean density (/1777m?) was 1.54+0.04 (n = 286 surveys).
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Coral Reefs and Reef Fish

Family: Scaridae

Striped Parrotfish (Scarus iseri) Targeted: No
S.E. Florida

Mean density (/1777m?) was 2.17+0.05 (n = 304 surveys).
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Relative frequency (%)

Size-class distribution of
Scarus iseri in S.E. Florida.
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Mean density (/177m?) was 10.13+0.19 (n = 405 surveys).
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Mean density (/177m?) was 995+0.30 (n = 286 surveys).
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Coral Reefs and Reef Fish

Family: Acanthuridae

Blue Tang (Acanthurus coeruleus) Targeted: No
S.E. Florida

Mean density (/1777m?) was 1.38+0.01 (n = 304 surveys).
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Size-class distribution of
o Acanthurus coeruleusin s.E. Florida.

Florida Keys

Mean density (/177m?) was 4.30+0.14 (n = 405 surveys).
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Mean density (/177m?) was 2.24+0.02 (n = 286 surveys).
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Coral Reefs and Reef Fish

Family: Labridae

Yellowhead Wrasse (Halichoeres garnoti) Targeted: No
S.E. Florida

Mean density (/1777m?) was 4.16+0.14 (n = 304 surveys).
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Florida Keys

Mean density (/177m?) was 591+0.08 (n = 405 surveys).
80

- e o @ B SE(E(

a o
o O O
NS E

w
o
L1

Relative frequency (%)
N N
2 ?

Size-class distribution of
Halichoeres garnoti in the Florida Keys.

3
T

T
o 0 >

Size class (cm)
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Mean density (/177m?) was 6.19+0.18 (n = 286 surveys).
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Coral Reefs and Reef Fish

Family: Haemulidae

White Grunt (Haemulon plumierii) Targeted: No
S.E. Florida

Mean density (/1777m?) was 2.02+0.08 (n = 304 surveys).
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Mean density (/1777m?) was 10.07+1.29 (n = 405 surveys).
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Mean density (/1777m?) was 5.53+0.42 (n = 286 surveys).

- e o o S (I

_ <0

304

204 Size-class distribution of

Haemulon plumieriiin the Dry Tortugas.

Relative frequency (%)
)

o
|

< te] o [fe] (@] el
— — I o~

Size class (cm)

30
35
\4

TABLE OF CONTENTS 69




=
o
L
Y
()}
(0]
x
§e)
cC
@©
i
Q
(0]
o
@©
—
o
O

Coral Reefs and Reef Fish

Family: Labridae

Hogfish (Lachnolaimus maximus) Targeted: Yes

S.E. Florida

Mean density (/1777m?) was 0.39+0.00 (n = 304 surveys).
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Mean density (/1777m?) was 1.84+0.01 (n = 405 surveys).
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Dry Tortugas

Mean density (/177m?) was 0.50+0.01 (n = 286 surveys).

607

01
O
1

N
o
1

N
O
1

Relative frequency (%)
w
o

3
1

o
|

< 0

TABLE OF CONTENTS

- e o o S (I

Size-class distribution of
Lachnolaimus maximus in the Dry Tortugas.

o 0 o 'Y} o 0 o ‘9] @} X9} (@]
- - ~N N o ™ < ~ Lo 9] O

Size class (cm)

65
70
\4

\

£
-
. §

70



Coral Reefs and Reef Fish

Family: Serranidae

Red Grouper (Epinephelus morio) Targeted: Yes
S.E. Florida

Mean density (/1777m?) was 0.09+0.00 (n = 304 surveys).
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Mean density (/177m?) was 0.10+0.00 (n = 405 surveys).
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Dry Tortugas

Mean density (/1777m?) was 0.61+0.01 (n = 286 surveys).
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Coral Reefs and Reef Fish

Family: Serranidae

Black Grouper (Mycteroperca bonaci) Targeted: Yes
Florida Keys

Mean density (/1777m?) was 0.07+0.00 (n = 405 surveys).
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Mean density (/177m?) was 0.07+0.00 (n = 286 surveys).
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Gray Triggerfish (Balistes capriscus) Targeted: Yes
S.E. Florlda Mean density (/177m2) was 2.68+0.10 (n = 304 surveys).
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Coral Reefs and Reef Fish

Family: Lutjanidae

Yellowtail Snapper (Ocyurus chrysurus) Targeted: Yes
S.E. Florida

Mean density (/1777m?) was 0.65+0.01 (n = 304 surveys).
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Florida Keys

Mean density (/177m?) was 4.85+0.36 (n = 405 surveys).
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Mean density (/177m?) was 8.69+0.68 (n = 286 surveys).
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Coral Reefs and Reef Fish

Family: Lutjanidae

Mutton Snapper (Lutianus analis) Targeted: Yes
S.E. Florida

Mean density (/1777m?) was 0.59+0.01 (n = 304 surveys).
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Mean density (/177m?) was 0.30+0.00 (n = 405 surveys).
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Mean density (/177m?) was 0.39+0.00 (n = 286 surveys).
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Ocean Chemistry and Temperature
Chemistry (2014-2017) — South Florida

This section represents the first Florida NCRMP data report on Ocean Chemistry
and Temperature. The data and results presented were collected by staff working
with the NOAA Atlantic Oceanographic and Meteorological Laboratory and the

NOAA Coral Reef Watch program.

Diurnal CO, — Cheeca Rocks
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Processes driving local CO, concentration
and pH* vary throughout the day.
Photosynthesis drives down CO, during the
day as organisms calcify. Higher CO, (and
lower pH) conditions can return at night

as photosynthesis stops and respiration
continues to release CO, into the water
column. In addition to diurnal variability

in seawater CO, and pH, there is also
considerable seasonal variability. Seawater
CO, is considerably higher in April, at the
end of the cool season, than it is in October,
just after the warm season.

Highlights

South Florida

Aragonite saturation state was right at the Atlantic/Caribbean average in the
Florida Keys and Dry Tortugas but was well below the average in SE Florida.

Heat stress accumulation triggered Alert Level 2 throughout Florida in 2015
and extensive severe bleaching was observed that year.

Aragonite saturation state

419 — Atlantic/Caribbean Average (3.90)
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Q.4 values in the Dry Tortugas and the Florida Keys
were similar to the other US coral reef jurisdictions in
the Atlantic. In SE Florida Q. values were the lowest
measured in all US jurisdictions. Sites in Florida have
been sampled year round, providing information

on seasonal variability not available for the other US
jurisdictions. In the Florida Keys, there is a drawdown in
seawater CO, and large elevation in Q, ., values during
spring and summer at inshore sites coincident with
the seagrass growing season. This leads to an overall
higher average Q,,, values at inshore coral reefs — a
likely factor in the higher calcification rates found on
inshore reefs of this area. In SE Florida, inlets represent
a source of acidified waters that may exacerbate
ocean acidification impacts in localized areas. The
overall lower Q,; values in this region were also due
to cool temperatures during winter months. SE Florida
reefs had very low reef accretion rates and are highly
susceptible to sea-level rise. The low Q_  values of this
region suggest that it may also be highly susceptible
to ocean acidification.

o -5
5 5  359¢
< 5 St ¢
2 % 38%3
= =9q
4.8
44
4.0
3.6 1
. EE
mm 0
428 58
c c
o= z L

Mean (+ std. error of mean) aragonite
saturation Q, ., values of US jurisdictions
during summer months from 2013-2015.
Data from SE FL and Florida Keys
represent annual averages, including data
from other seasons. Red dashed line is
mean for Atlantic sites, excluding outlier
sites of inshore Florida Keys and inlet sites
of SE Florida Region. (A) Annual average
Q, ., Values for inshore and offshore coral
reef sites in Florida Keys, as well as spring
and summer values at inshore sites. (B)
Annual average Q. values of waters
exiting inlets versus those not directly
impacted by inlets in SE Florida.

*CO, concentration has been graphed due to an incomplete pH record at Cheeca Rocks. Inverse diurnal patterns of CO, and pH can be seen for Puerto Rico (p. 45).




South Florida

Ocean Chemistry and Temperature
Subsurface temperature

Subsurface temperature time series
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The coral reefs of southeast Florida (A) consist of an inner, middle, and outer reef, as well as nearshore ridge complex. As such, sites
adhering to the NCRMP 1, 5,15, and 25m depth strata do not occur. However, there was marked variability between the deepest
(17m, outer reef) and shallowest sites (8 m, nearshore ridge complex), indicating that there is cooling at the deepest, outer reefs. It is
unclear if this resulted in less bleaching with depth, but does illustrate that cooler temperatures do occur at depth at this site.

The Florida Keys (B) have experienced seven keys-wide mass coral bleaching events since 1987, with the two most recent taking
place in 2014 and 2015. At Molasses Reef, there was a near continuous record of sea temperatures at 1m depth since 1988. 2015 was
the hottest summer on record and 2014 was the 2nd hottest summer on record. At 25m depth, there was much higher variability
in sea temperatures and cooling in both of these summers. It is unclear if this resulted in less bleaching with depth, but does
illustrate that cooler temperatures do occur at depth at this site.

There was pronounced and repeated cooling at 25m depth in the Dry Tortugas (C) in the summer of 2016 that may be a result of
upwelling. Temperatures dropped > 6°C over the course of two weeks at the end of July 2016. There was considerable temperature
variability at depth in the summer of 2017 as well, but less so than 2016. Future research is necessary to understand if this magnitude
of temperature variability occurs regularly at depth in the Dry Tortugas and if this could create refugia from heat stress.
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South Florida

Ocean Chemistry and Temperature
Heat stress and coral bleaching

The NOAA Coral Reef Watch (CRW) program uses satellite data
to provide current reef environmental conditions to quickly
identify areas at risk for coral bleaching. Satellite temperature
analyzed shows that heat stress severe enough to cause coral
bleaching occurred in Southeast Florida in 2005 and 2014, and
in the Florida Keys in 1997, 2005, 2007, 2009, 2010, 2011, 2014, 2015,
2016, and 2017.

DHW (2015) Alert Level (2015)

Tampa

FLORIDA

Florida Keys

DHW (Annual maximum)

o I $2§IEE T
0123 456 7 8 91 11213141516 17 18 19 20

Bleaching Alert Level
No Stress Watch Warning Il Alertl1 1l Alert L2

Annual maximum Degree Heating Weeks (DHWSs) in 2015 (left
panel) were as high as 15 in parts of the Florida Keys when at
least nine DHWs accumulated at all reefs in the Keys.

Heat stress accumulation triggered Alert Level 2 throughout
the region in 2015 (right panel) and extensive severe bleaching
was observed that year.

Florida Keys

35
— — MaxMonthly Mean SST + Monthly Mean Climatology — — 4,8, DHWs 5km SST Range g
: : : z
0 10 A 3
% B 2
< P 'E
5 25 o
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= 7
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« 3
15— P i P : S A ‘ - o | = 2

JFMAMIJJASONDJIJFMAMIIJASONDIFMAMIJASONDIFMAMIIJIASOND
2014 2015 2016 2017
No Stress Bleaching Watch Bleaching Warning M Alert L1 M Alert L2

Degree Heating Week (DHW) accumulation from 2014-2017 in the Florida Keys. Alert Level 1 (lower dashed red line)

is triggered when at least four DHWs have accumulated; a level of heat stress associated with minor and moderate
bleaching. Alert Level 2 (upper dashed red line) is triggered when at least eight DHWs have accumulated, which can cause
severe bleaching. Alert Level 1 was triggered in 2014, 2015, 2016, and 2017. Alert Level 2 was triggered in 2014 and 2015 and

extensive coral bleaching occurred in those years.
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*1. Southeast Florida, 2. Florida Keys






Flower Garden Banks

Coral Reefs and Reef Fish
Coral reefs — Flower Garden Banks (2015)*

EFGB

WFGB

Benthic cover Region

Coral cover was 59 %, and macroalgae cover
was 22 %, in the Flower Garden Banks.

Coral disease was not observed in the 2015
surveys.

Recent mortality was 0.4% and old mortality
was 5.7% in the Flower Garden Banks.

Benthic cover

Three species listed as Threatened under the
Endangered Species Act were observed on

B Hard coral W Soft corals reefs in the Flower Garden Banks in 2015.
B Crustose coralline algae Sponges
I Macroalgae B Ramicrusta spp.
Coral 59.0+14.2 %
Turfalgae Other Macroalgae 22.0+10.7%
East Flower Garden Bank
(EFGB)
*Notes:

» Stetson Bank was not surveyed
» For 2016 reef rish survey data, see Fish Surveys Chapter (p. 73) in
Johnston et al. (2016).

Habitat Strata

(Flower Garden Banks)

Habitat strata

Coral reef zone

West Flower Garden Bank
(WFGB)

A

N

0.8 kilometers

0.5 miles



https://sanctuaries.noaa.gov/science/conservation/east-west-flower-garden-banks-long-term-monitoring-2016.html
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Flower Garden Banks

Coral Reefs and Reef Fish
Coral reefs — Flower Garden Banks* (2015)
Benthic communities

*Stetson Bank was not surveyed.

» Diadema (sea urchin) density was 0.01/m? in the Flower Garden Banks.
» Coral density (mean weighted) was 5.8/m2.

» Species richness was 59.

» Coral diversity was 5.31.

» Disease was not observed in the Flower Garden Banks in 2015.

» Recent mortality (unweighted) was 0.4 %; old mortality was 5.7 %.

Benthic data collected in 2015 for the habitats of the Flower Garden Banks. Transects (n) describes how sampling effort varied among the habitats.

Diadema Coral Species Coral DIESERE Recent old

. R 5 diversity prevalence i .
density density richness e %) mortality mortality

Habitat strata Transects (n)

Flower Garden Banks 30 0.01+0.01 572+178 590+2.43 531 0.00 0.44+0.43 5.67+3.21

Endangered coral species

Three species listed as Threatened under the Endangered Species Act were observed on reefs in the Flower Garden Banks in 2015,
Orbicella annularis, Orbicella faveolata, and Orbicella franksi.

Acropora Acropora Dendrogyra Mycetophyllia Orbicella Orbicella Orbicella
palmata cervicornis cylindrus ferox annularis faveolata franksi

Presence of coral species listed as Threatened under the Endangered Species Act (ESA).

No. ESA
Habitat strata coral
species

Acropora Acropora | Dendrogyra | Mycetophyllia | Orbicella Orbicella Orbicella

palmata cervicornis cylindrus annularis faveolata franksi

Flower Garden Banks 3 O O O (@) (] ( ] [ ]
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Flower Garden Banks

Ocean Chemistry and Temperature
Chemistry (2013-2015) — FGB

This section represents the first Flower Garden Banks NCRMP data report on Ocean
Chemistry and Temperature. The data and results presented were collected by staff
working with the NOAA Atlantic Oceanographic and Meteorological Laboratory
and the NOAA Coral Reef Watch program.

Highlights

» The Flower Garden Banks experiences the highest aragonite
saturation state values of all US coral reef areas during the
summer months.

» Heat stress accumulation triggered Alert Level 1 throughout the
Flower Garden Banks area in 2016 and bleaching was observed.

Aragonite saturation state

— Atlantic/Caribbean Average (390)

Aragonite Saturation (Qarag)

SE Florida
Dry
Tortugas

© X
@ x
L2ie) O
£ &

Mean (+ std. error of mean) aragonite saturation €, ., values of US jurisdictions during
summer months from 2013-2015. Data from SE FL and Florida Keys represent annual
averages. Blue line is mean for Atlantic sites, excluding outlier sites of inshore Florida Keys
and inlet sites of SE Florida Region.

The Flower Garden Banks (FGB) experienced the highest Q,_, values of all

US jurisdictions during the summer months. FGB does experi‘ence cooler
temperatures during winter months than all other sites except for Florida and
as a consequence, Q, ., values are likely lower in the winter months than the
other US jurisdictions.

Random photo transects are conducted annually to assess coral
cover at the East and West Flower Garden Banks.
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Flower Garden Banks

Ocean Chemistry and Temperature
Heat stress and coral bleaching

The NOAA Coral Reef Watch (CRW) program uses satellite
data to provide current reef environmental conditions to
quickly identify areas at risk for coral bleaching. Satellite

temperature analyzed shows that heat stress severe enough DHW (20]6) Alert Level (20] 6) Thermal
to cause coral bleaching occurred in the Flower Garden 95°W 94°W 93°W 95°W 94°W 93°W History
Banks in 1991, 1995, 2005, 2010, 2015, and 2016. ; FGB
o 1985
Galve! TX
/ - _ 1986
Jy'# : & 1987
|
Stetson Bank East Flower 1988
Garden Bank z 1989
{1990
West Flower
Garden Bank 1991
z 1992
A B
1993
DHW (Annual maximum) 1994
— BN e s 2 1995
01 23 4567 8 9101 1213141516 17 18 19 20
1996
Bleaching Alert Level 1997
No Stress Watch Warning Il Alertl1 1l Alert L2 1998
1999
Annual maximum Degree Heating Weeks (DHWSs) in 2016 (left 2000
panel) exceeded eight at East and West Flower Garden Banks,
while at least six DHWs accumulated at Stetson Bank. 2001
Heat stress accumulation triggered Alert Level 1 throughout 2002
the Flower Garden Banks area in 2016 (right panel) and coral 2003
bleaching was observed. 2004
2005

Flower Garden Banks 2006

o
—— Bleaching Threshold SST — — Max Monthly Mean SST + Monthly Mean Climatology — — 4,8,DHWs 5km SST Range

: o : z 2007

O gi_anly R =
9 O S S N S S 2008

[%2)

T v 2009

5 el
g g 2010
e Y R TR EE EE PR B BE RE ' e BE B S e 5 2011

i : 9
3 . < 2012
L A N 2 2013

15 111 I 1 I N 0 =
JFMAMIIJASONDIFMAMIIASONDIFMAMIIAS OND 2014

2015 2016 2017
. R 2015 [l
No Stress Bleaching Watch Bleaching Warning M Alert L1 M Alert L2
2016 1

Degree Heating Week (DHW) accumulation from 2015-2017 in the Flower Garden Banks. Alert Level 1 (lower dashed red 2017
line) is triggered when at least four DHWSs have accumulated; a level of heat stress associated with minor and moderate 2018

bleaching. Alert Level 2 (upper dashed red line) is triggered when at least eight DHWSs have accumulated, which can
cause severe bleaching. Alert Level 1 was triggered in 2015 and 2016. Alert Level 2 was triggered in 2016, and extensive coral I 8 DHWSs
bleaching occurred in that year. I 4 DHWs







Human Connections

Demographics, values, resource
use, and information sources

This Human Connections section presents findings from the Hawai‘i NCRMP
socioeconomic data collection and includes data never collected before in
Hawai‘i. These are baseline data on social indicators from household surveys
conducted in November 2014, and from secondary sources.

Race Educational attainment
- 4.6%
e 5 D Oy
24.8% 247 %
28.4%

Less than
9th grade

9th to 12th grade,
no diploma

White [l Black (1.6%) [ Asian
. o GED, or alternative
Other ethnic origin or race

5 Some college,or [l Bachelor’s [l Graduate or
M Pacific Islander

associate’s degree degree professional degree

The population of Hawai‘i was predominantly composed of Asian (39 %), Other (25 %)
and White (25 %) ethnicity. Over 90 % of the population had at least completed high
school, ~62% had completed at least some college or an associate’s degree, and ~30%
a bachelor’s degree or graduate degree.

Resource use

Fishing '

Swimming Beach
a recreation (J @
d > )
82% 81% W oaw%

PERCENT OF POPULATION PARTICIPATING IN EACH ACTIVITY

o ¢

100% | W Trust

Information sources

Nearly 60 % considered
newspapers to be a top
source for information on
the environment, including
status of coral reefs

and present and future
threats. Greater than 75%
of residents who claimed
newspapers, TV, and
internet were top sources
indicated these sources
were trustworthy.

75% | Neither/
not sure

50% -

25% -

Considered a top source

Internet

Newspaper TV
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High school graduate,

W Don't trust

Hawai'

Highlights

The great majority of residents agreed that coral
reefs provide protection from erosion and natural
disasters, attract tourists, and are culturally important.

The dominant perception of the status of water
quality, and diversity and size of fish, was that the
current status was good and future trend will make
these worse or there will be no change.

Of the potential threats to coral reefs, residents
were least familiar with ocean acidification.

Residents were generally very supportive of
marine management policies — more than 80 %
are supportive of designating marine managed
areas, increasing law enforcement for existing
rules and regulations, regulation of land use, and
better treatment of wastewater.

Values and awareness

M Agree M Disagree M Neither/not sure

10% 10% 99 9% 8%

Protect from Only important

. Healthy Important
erosion to fishermen, -
. reefs attract ~ to Hawaiian
and natural divers, and .
; tourists culture
disasters snorkelers

When asked about important services provided
by reef resources, most residents agreed that
coral reefs protect Hawai‘i from erosion and
natural disasters (81%), that coral reefs attract
tourists (83 %), and that coral reefs are important
to Hawaiian culture (94 %). The majority of
residents (76 %) disagreed with the statement
that coral reefs are only important to fishermen,
divers, and snorkelers.

2014 survey data (n=2,240)
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PERCEPTIONS OF

Trend

(PAST 10 YEARS)

Status

Perceptions of resource condition, threats, and severity
Threats

Hurricanes and Coastal/ Too much Climat | . R i | Damage from Coral
Pollution other natural urban fishing and imate nvaSJve ecre'a ‘|ona ships and ora.
change species activity boats bleaching

disasters development gathering

[~
At

84 % 78 % 75% 73% 69 % 66%

PERCENT OF THE POPULATION FAMILIAR WITH EACH THREAT
Threats not shown above: Ocean acidification (44 %).

62%

In general, residents were familiar with potential threats facing coral reefs in Hawaii, with at least half of residents stating they were
familiar or very familiar with each potential threat shown above. Of the potential threats mentioned, residents were least familiar with
ocean acidification (44 %) and coral bleaching (58 %). Respondents have likely become much more familiar with coral bleaching since
these surveys were conducted in early 2014. Bleaching events occurred in Hawai'i in 2014 and 2015 and had broad media coverage.

Ocean water Amount of
quality coral

DATA SHOWN ARE % OF RESPONDENTS

b o 4

¥ Good ¥ Bad B Neither bad nor good Not sure

Number of fish Diversity of fish Size of fish

[ Better [l Worse [l No change Not sure

Status and trend Severity of threats

More residents felt confident in their perception of the status of water quality, Not sure, 5%
the amount of corals, and the number, diversity, and size of fish (~20% not sure). None, 2%
For those confident in their perception, roughly 35-65% of residents felt the Minimal, 8 %
current status was good and roughly 20-40 % felt the current status was bad for

all status variables. A different pattern was evident in the perceptions of trend.

For those confident in their perception of the trend of water quality, the amount Extreme
of corals, and the number, diversity, and size of fish, ~40 % felt it had gotten 33%
worse, ~40% felt there had been no change and ~15% felt status had gotten
better. Overall, the dominant perception of the status and trends of water quality,
and diversity and size of fish, was that the current status was good, however

the dominant perception for trend was that the status had gotten worse or
remained the same over the last ten years.

Residents were generally concerned about threats
to coral reefs in Hawaii. Thirty-three percent of
residents stated that they thought threats were
extreme and 29 % thought threats were large. A
small percentage (10 %) stated that threats were
either minimal or believe there are no threats.
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Hawai'

Perceptions of reef management policies
Management policies

100% -
90% -
80% -
70% -
60% -
50% | B e e
40% -
30% -
20% |
10% | 6 8% 8%

0% -

90%

I Support
I Oppose

B Neither/not sure
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10% 1% 14%_14%

5%

Better regulation of
land use to prevent
sediment pollution

Per person limits for Seasonal openings/ Gear restrictions for Better treatment of
certain fish species closures of fisheries fishing wastewater

9% 8%

Improved law

Community ) Designating marine imi Establishment of a
enforcement for participation in Ocean zoning me?na eg areas mited e for No-take zones non-commercial
existing rules/ ’ 9 recreational activities e
. marine management fishing license
regulations

Residents were generally supportive of current marine management policies. There was extremely high support for better treatment of
wastewater (90 %), commmunity participation in marine management (89 %), per person limits for certain fish species (84 %), improved law
enforcement for existing rules (83 %), better regulation of land use to prevent sediment pollution (81%), and designating marine managed
areas (80%). There was less but still strong support for seasonal openings and closures of fisheries (79 %) and gear restrictions for fishing (72 %).




Coral Reefs and Reef Fish "

Coral reefs—Hawai‘i (2016)

19°33'N, 155°40'W
Land area: 10,430 km?

- Coral reef area: 168 km? (6/40 in the U.S. Pacific) Coral cover was highest in the West (15.4 %)
e Area (e 07000 16000" and lowest in the East (11.7 %).
'I"I"I"I"I' Population: 185,079 {2010) Acute coral disease and recent mortality

were <1.3% in all sectors. Chronic coral

The coral reefs of Hawai‘i were surveyed in July to September 2016. SRR WEe 1795 7 (e WEs, alne] BA%A T

the East.

Old mortality of corals was 21.8 % in the West
and 18.8% in the East.

Coral Reefs and Reef Fish

HAWCM (East) (13)

Adult 87417 HAWCM (East) (36)
Juvenile 4.5+1.1

Benthic cover and coral density
HAWCR (West) (18)

Pie charts for each sector show benthic cover of hard AQUIt12.741.0
corals, crustose coralline algae (CCA), macroalgae Juvenile 6.1+1.2
(>Icm in height), turf algae (<1cm in height), and other

as a percentage.

Adult (>5¢cm) and juvenile (<5cm) coral densities are HAWCR (West) (54)
shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number
of surveys) is shown within brackets after the name in
the sector areas around the island.

Adult density
e 2 Q
Adult coral density  jyvenile density

(outer ring) ]
™m O O Q

Juvenile coral

n

HAWCR (West) = Hawai‘i coral rich sector.

HAWCM (East) = Hawai‘i complex sectors combined. density (inner ring)
Benthic cover M Hard coral M CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)
Coral disease Disease (acute) Disease (chronic

The prevalence of acute and chronic coral diseases
among sectors (+SE).

East \ East
0.84+0.27 576+1.66

West

West

. + +
CO ral mortallty 1.08+0.43 1.70+0.43 /
Disease prevalence (%) Disease prevalence (%)
The average percentage of recent (last few months) | ] | | |
or old (months or years ago) mortality of coral tissue g 223 2332
in observed coral colonies.
Mortality (recent) Mortality (old

East \ East
1.3+NA 18.8+NA

West West
11403 21.8+1.8
Mortality (%) Mortality (%) //
O N O
2 g 3 SN
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Coral Reefs and Reef Fish
Coral reef fish — Hawai‘i (2010-2016)

19°33'N, 155°40'W

_ Reef fish biomass: 28.1+1.5g/m?

Coral reef fish surveys were conducted in 2016, 2013-15, and 2010-12.

100g/m?"

NCRMP surveys are randomly-located in all hard bottom habitats in <30m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass ®3-

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only), with data from sampling sites shown for the past
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to
the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.

Hamakua (33.1£3.2, 39, 53%)

Puna (28.1+3.0, 14, 45%)
Hawai‘i

Biomass (9/m?)

‘& NEEE
— SE (361431, 9, 58%) ©99233¢°

2016 28.1+1.5, 59, 45%
2013-15 26.8+1.7,155, 43%

2010-12 18.6+1.4, 43,30%

Sector (biomass+SE, sampling effort* % of baseline**)

*number of stationary point count surveys conducted
**model of anthropogenic depletion
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Reef fish biomass ranged from 25.2+2.0 g/m?
(41% of baseline) in Kona to 36.1+3.1 g/m?
(58 % of baseline) in the SE.

Reef fish biomass was 18.6+1.4 g/m? in 2010-
2012, 26.8+1.7 g/m? in 2013-2015, and 28.1+1.5
g/m? in 2016.

>50 % of the reef fish sampled were <30cm
in length during the 2010-2012, 2013-2015, and
2016 surveys.

Herbivores

2016 17.8+1.0
2013-15 18.7+1.0
2010-12 13.4+1.3

)@y

Parrotfish >30cm

2016  0.7+0.2
2013-15 2.0+0.2
2010-12 2.2+0.4

Biomass (g/m?)

o - <t o~ o
Targeted fish " o=
2006 10.4+12 ) A
2013-15 11.3+0.8

2010-12 9.0+1.0

Biomass (g/m?)
.
o o O O

- N oM <

Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.




Coral Reefs and Reef Fish "

Coral reefs —Maui (2016)

20°48’N, 156°20'W
Land area: 1,883 km?
0-100m depth: 763 km?

- Coral reef area: 11km? (8/40 in the U.S. Pacific)

Coral cover was highest in Kihei (29%) and
lowest in the NE (6.2%).

Area (km?) 0-1000 ' 10,000 '

o o o o o
wwln"n"nl Population: 154,834 (2015-16) Acute coral disease and recent mortality
were <15% in all sectors. Chronic coral

The coral reefs of Maui were surveyed in July to September 2016. disease ranged from 1.7% in the NE and Kihei
i to 2.3% in Lahaina.

Old mortality of corals ranged from 17.8 % in
the NE to 24.3% in Lahaina.

Coral Reefs and Reef Fish

NE (11)

NE (4)
Adult 6.6+2.1
Juvenile 71411

Benthic cover and coral density  adutsens

Juvenile 9.6+19
Pie charts for each sector show benthic cover of hard

corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

Lahaina (10)

Adult (>5cm) and juvenile (<5cm) coral densities are
shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number
of surveys) is shown within brackets after the name in
the sector areas around the island.

Kihei (22)
Adult density
Kihei (7)

Adult16.2+2.0
Juvenile 4.1+1.6

Benthic cover M Hard coral [l CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)

Coral disease Disease (acute) Disease (chronic)

The prevalence of acute and chronic coral diseases
among sectors (+SE).

0.19+0.19 1.69+0.64

0.0+£0.0 2.34+0.54

0.09+0.07 1.70+£0.74

Coral mortality

Disease prevalence (%) Disease prevalence (%)
The average percentage of recent (last few months) ] | | ] | ]
. . No n o n o No o O O O
or old (months or years ago) mortality of coral tissue pata S ~ = « Data — « o <
in observed coral colonies.
Mortality (recent) Mortality (old)

0.0+0.0

17.842.2
24.3+2.3 \

1.4+1.2 19.7£2.4
Mortality (%) Mortality (%)
I ] ]
No o o Q No © o © ¥
Data ~ & ™ Data - - A
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Coral Reefs and Reef Fish
Coral reef fish — Maui (2010-2016*)

20°48'N, 156°20'W

_ Reef fish biomass: 20.7+2.2g9/m?

Coral reef fish surveys were conducted in 2016, 2013-15, and 2010-12.

100g/m?"

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass ’&3-

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only), with data from sampling sites shown for the past
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to
the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.

Maui NW (21.6+£5.7, 9, 42%)
Kahului (25.5+4.7,15, 50%)

Lahaina -
(20.5+59, 6, 40%)

Kihei (16.4+2.2, 14, 32%) /

Maui

2016 20.74£2.2, 27, 41%
2013-15 219+2.3, 63, 42%
2010-12 18.6+19, 77, 36%

r Hana (16.1+6.5, 5, 32%)

Biomass (9/m?)

No OO 00000
Data — N M % 10 O =

Sector (biomass+SE, sampling effort* % of baseline**)

*number of stationary point count surveys conducted
**model of anthropogenic depletion
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*Sector-level data for Maui NW and Hana are from 2010-12 and for Kahului are from
2013-15. No data are available for Maui SE.
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Reef fish biomass ranged from 16.1£6.5 g/m?
(32% of baseline) in Hana to 25.5+4.7 g/m?
(50% of baseline) in Kahului.

Reef fish biomass was 18.6+1.9 g/m? in 2010-
2012, 21.9+2.3 g/m?, in 2013-2015, and 20.7+2.2
g/m? in 2016.

>50% of the reef fish sampled were <30cm
in length during the 2010-2012, 2013-2015, and
2016 surveys.

Herbivores
2016 15.8+3.2
2013-15 13.4+1.5
2010-12 11.8+1.6

)‘ $

Biomass (g/m?)

[Te}
™

8
5
10
15
20
25
30

Parrotfish >30cm

-
2016 22407 b4
2013-15 1.0+0.3
2010-12 14+0.5

Biomass (9/m?)

Targeted fish

2016  12.2£1.6
2013-15 8.0£15
2010-12 7.7£1.3

Biomass (g/m?)
.
No O © O O

Data — N ®™ <

Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.
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Coral Reefs and Reef Fish
Coral reefs — Kaho'olawe (2016) )

20°33'N, 156°36'W

- Land area: 115.5km?

0-100m depth: Data not available

I Coral reef area: 12.0km? (24/40 in the U.S. Pacific) Coral cover was highest in the North (33 %)
and lowest in the South (6.5 %).

Area (km?) 0-1000 ' 10,000 '
Uninhabited

Acute coral disease and recent mortality were

<1% in all sectors. Chronic coral disease was

The coral reefs of Kaho'olawe were surveyed in July to September 2016. . .
1.2% in the North and 3.7% in the South.

Old mortality of corals ranged from 20 % in the
North and 27% in the South.

Coral Reefs and Reef Fish

Kaho‘olawe North (15)

Kaho‘olawe North (6)
Adult12.3+1.3
Juvenile 4.0+1.3

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

Adult (>5¢cm) and juvenile (<5cm) coral densities are Kaho'olawe South (15)

shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number
i ithi i Adult densit
of surveys) is shown within b.rackets after the name in Kaho'olawe South (5) --Y-
the sector areas around the island. Adult 8.5+0.3 & 0 G
Juvenile 5.0+0.7 ~

Juvenile density

m*OO*Q

Benthic cover M Hard coral [l CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)
Coral disease Disease (acute) Disease (chronic)
The prevalence of acute and chronic coral diseases
0.27+0.14 1.22+0.82
among sectors (+SE).
CO l’a| mortahty 0.59+0.20 374+o 36
Disease prevalence (%) Disease prevalence (%)
The average percentage of recent (last few months) ---
or old (months or years ago) mortality of coral tissue 322 2339
in observed coral colonies.
Mortality (recent) Mortality (old)
0.2+0. 20.0+2.6
0.3+0.2 27.0+1.5
Mortality (%) Mortality (%)
]|
o o o O N © ¥
- & ™ - =
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Coral Reefs and Reef Fish "

Coral reef fish — Kaho'olawe (2016) )

20°33'N, 156°36'W

_ Reef fish biomass: 38.4+4.7g/m?

Coral reef fish surveys were conducted in 2016. 100g/m?”

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep Reef fish biomass was 34.4+5.4 g/m? (56 % of
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a baseline) in the South and 42.3+7.7 g/m?in
wide range of purposes, particularly where broad coverage of species’ distributions the North.

is useful, but does increase among site variability, as surveys include complex

coral-rich areas and more marginal habitats, such as low-relief pavement. Reef fish biomass was 38.4+4.7 g/m? in 2016

(island-wide).

>50 % of the reef fish sampled were <30cm
in length during the 2016 surveys.

Herbivores
201618.4+2.4

)@y

Reef fish biomass ’®s-

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within
sectors on maps — outer reef only), with data from sampling sites shown for the past NEEE

wowowWwouw
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to Parrotfish >30cm o afee
the right in the same format. Targeted fish are all large bodied species (max size ATBR6407 )@

Biomass (g/m?)

>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.

Kaho‘olawe North
(42.3+77,9, 69%)

Biomass (g/m?)

]
CLERER
- —mYToN~o O
. Targeted fish -
2016221431 )

Biomass (9/m?)

Kaho‘olawe South ....

(34.445.4,15, 56%) 0000000
Kaho‘olawe T NI O

2016 38.4+4.7, 24, 63% Sector (biomass+SE, sampling effort* % of baseline **) Biomass (9/m?)

*number of stationary point count surveys conducted ---
o O O

**model of anthropogenic depletion =] LB

= OE & S @ (I Size class distribution

2016 Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.

o
o
)

a1
(@)
|

N
o
|

Proportion of biomass (%)
w
(@]

T T T
<10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 >80
Size class (cm)
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Coral Reefs and Reef Fish o

Coral reefs—Lana‘i (2016)

20°49'N, 156°56'W

l Coral reef area: 30km? (17/40 in the U.S. Pacific) Coral cover was highest in the South (25.8 %)
and lowest in the North (19.2%).

Area (km?) 0-1000 ' 10,000 '

o o o
Population: 3,102 (2010, . .
'N"I' P ( ) Acute coral disease and recent mortality were

<1% in all sectors. Chronic coral disease was

The coral reefs of Lana‘i were surveyed in July to September 2016.
4 Yo >eP 2.4% in the South and 3.1% in the North.

Old mortality of corals was 21.8 % in the North
and 26.4% in the South.

Coral Reefs and Reef Fish

Lana‘i North (4) Lana‘i North (12)
Adult 8.4+4.4
Juvenile 3.4+0.8

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

Adult (>5cm) and juvenile (<5cm) coral densities are Lana‘i South (29)
shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number

of surveys) is shown within brackets after the name in Adult density

the sector areas around the island. il o-m-o-
= - &
Lana‘i South (11) Juvenile density
AdUIt 13917 | |

Juvenile 5.8+1.3 ™ ©° oo

Benthic cover M Hard coral [l CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)
Coral disease Disease (acute) Disease (chronic)
The prevalence of acute and chronic coral diseases 0.0£0.0 3.07+0.62
among sectors (+SE). ‘
Coral mortality
0.83+0.38 Disease prevalence (%) 2.40+117 Disease prevalence (%)
The average percentage of recent (last few months) | ]
or old (months or years ago) mortality of coral tissue 3223 2339
in observed coral colonies.
Mortality (recent) Mortality (old)
01+0.1 21.8+54
0.2+01 Mortality (%) 26.4+49 Mortality (%)
]
2 o 9 °© N @

— o~ ™
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Coral Reefs and Reef Fish "

Coral reef fish — Lana‘i (2010-2016)

20°49'N, 156°56'W

_ Reef fish biomass: 20.7+2.4 g/m?

Coral reef fish surveys were conducted in 2016, 2013-15, and 2010-12. 100g/rm?

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep Reef fish biomass was 12.3+2.8 g/m? (19 % of
waters. Choosing such a wide ‘domain” means that resulting data are useful for a baseline) in the North and 29.3+4.0 g/m?
wide range of purposes, particularly where broad coverage of species’ distributions (45% of baseline) in the South.

is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass was 21.1£2.9 g/m? in 2010-
2012, 20.2+2.8 g/m?in 2013-2015, and 20.7+2.4

g/m?in 2016.

>50 % of the reef fish sampled were <30cm
in length during the 2010-2012, 2013-2015, and
2016 surveys.

Herbivores

2016 149+25 )@y

2013-15 N.6+1.6
2010-12 12.3+2.0

Reef fish biomass ’es-

o S e

Biomass of reef fish (g/m?+SE, below) for the most recent survey year (within Biomass (9/m?)

sectors on maps — outer reef only), with data from sampling sites shown for the past 0o m.o..n.o..,,.
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to Parrotfish >30cm T a0
the right in the same format. Targeted fish are all large bodied species (max size 2016 0.8+0.2 >
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae, 2013-15 1.3+0.5

Acanthuridae, Holocentridae, Scombridae, and Mullidae. 2010-12 1.6+0.5

/ Lana‘i North (12.3+2.8, 8,19%)

Biomass (g/m?)

. EEEE
ELEREE
. ~H<¥INO O
Lana‘i South (29.3+4.0, 18, 45%) Targeted fish -
2006 M1+25 ) N

2013-15 10.4+19
2010-12 9.5%1.3

Biomass (9/m?)

Lana‘i

2016 20.7+2.4,26,32%

OI3-15 S0 242 6 a4 3108 Sector (biomass+SE, sampling effort* % of baseline**)
= 21+2.8, b 0

Biomass (g/m?)

*number of stationary point count surveys conducted ---

2010-12 21.142.9, 44, 32% **model of anthropogenic depletion 28 B

—_—T. 01"01 ’( L4 . . .

I I A R X Size class distribution
§ 601 2010-12 1 2013-15 2016 Distribution of reef fish biomass among nine 3|z§
”n T T T classes for the most recent and past survey periods.
g " ] ]
O 404 B E
%5 30- I 1 1
= J J |
S 207 1 .
= E I E g
8 10 - .
N | | FEre -
0!_- O T T T T T I T I T T T - -

iclcReNeNoNoNeoNoNploNoNoNoNoNoNeoRo MNP loNoNoNoNoNoNo No I
—ANM T W0 OMN~0 — AN M W0 OO — NN W0 0N o0
Size class (cm)
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Coral Reefs and Reef Fish

Coral Reefs and Reef Fish o

Coral reefs —Moloka‘i (2016)

21°09’N, 157°0T'W

- Coral reef area: 127km? (7/40 in the U.S. Pacific) Coral cover was highest in the South (37.7 %)
and lowest in Pali (2.4 %).

Area (km?) 0-1000 ' 10,000 '

o o o
'I"I"I' Population: 7345 (2010) Acute coral disease and recent mortality

were <1.6% in all sectors. Chronic coral
disease ranged from 0.2% in the South to
4.3% in the Northeast.

The coral reefs of Moloka‘i were surveyed in July to September 2016.

Old mortality of corals ranged from 17.5% in
Pali to 22.6% in the West.

MOLCM (Pali) (9)

MOLCM (Pali) (3)
Adult 43+29
MOLSI (West) (5) Juvenile 3717

Benthic cover and coral density Adut 60138

Juvenile 2.8+0.7
Pie charts for each sector show benthic cover of hard

corals, crustose coralline algae (CCA), macroalgae MOLSI (West) (15)
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

Adult (>5cm) and juvenile (<5cm) coral densities are
shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (hnumber
of surveys) is shown within brackets after the name in
the sector areas around the island.

MOLCR (South) (3)
Adult 24.3+9.6 Adult density

Juvenile 61+41] ] [ |
ow g

No 0

MOLCM (Pali) = Moloka‘i complex.
MOLCR (South) = Moloka'i coral rich. MOLCR (South) (10)
MOLSI (West) = Moloka‘i simple.

Benthic cover M Hard coral [l CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)

Coral disease Disease (acute) Disease (chronic)

The prevalence of acute and chronic coral diseases

0.0+0.0 0.39+0.39 18940.68
among sectors (+SE).

. 4.31£2.74

. 0.41+0.41 0.21+0.21
Coral mortality
Disease prevalence (%) Disease prevalence (%)
The average percentage of recent (last few months) L [ ] L | ]
or old (months or years ago) mortality of coral tissue o g 22 g b 2 X @9
in observed coral colonies.
Mortality (recent) Mortality (old)
1615 0.3+0.2 22.6+3.4 17.5%1.2
0.620.4 200431 ~
Mortality (%) Mortality (%)
] .
No o o o No © N ®© ¥
Data ~ & ™ Data - N
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Coral Reefs and Reef Fish "

Coral reef fish — Moloka'‘i (2010-2016%)

21°09'N, 157°01'W

_ Reef fish biomass: 25.2+8.5g9/m?

Coral reef fish surveys were conducted in 2016, 2013-15, and 2010-12. 100g/m?

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep Reef fish biomass ranged from 10.9+2.0 g/m?
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a (17% of baseline) in the West to 32.1+13.5 g/m?
wide range of purposes, particularly where broad coverage of species’ distributions (50% of baseline) in the South.

is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass was 16.2+1.6 g/m? in 2010~
2012, 23.5+2.2 g/m? in 2013-2015, and 25.2+8.5

g/m?in 2016.

>50 % of the reef fish sampled were <30cm
in length during the 2010-2012, 2013-2015, and
2016 surveys.

Herbivores

2016 141455 )@y

2013-15 15.6£1.6
2010-12 10915

o e

Reef fish biomass ’es-

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within Biomass (9/m?)
sectors on maps — outer reef only), with data from sampling sites shown for the past 0o o.m.o.m.
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to Parrotfish >30cm T a0
the right in the same format. Targeted fish are all large bodied species (max size S o0 C
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae, 2013-15 15+0.5

Acanthuridae, Holocentridae, Scombridae, and Mullidae. 2010-12 1.3+0.3

Moloka‘i NW (29.8+4.9,16, 46%)
Moloka‘i West

(109+2.0, 9,17%) \ Pali (21.3£5.3, 5, 33%)

Targeted fish .
2006 10.4:2.8 )N
2013-15 109+1.5
3 = 2010-12 6.7+1.3
. SOO Biomass (g/m?)
Moloka‘i South
(32113.5, 7, 50%) L o.o.o.o. - .
Moloka‘i ~A®T OO~
gg;g - ggéiggg 3:;2? Sector (biomass=SE, sampling effort* % of baseline **) Bioma;(sﬁw;
g %22, 87, ° *number of stationary point count surveys conducted
20ICST2RI02 210160 125% **model of anthropogenic depletion o 8 8 g
—_—T. U’.’ - ‘ L4 . . .
= K N R ¢ ¢ Size class distribution
60 201012 ] 2013415 7] 2016 Distribution of reef fish biomass among nine size

classes for the most recent and past survey periods.

a1
(@)
|
1
1

N
o
|
1
1

.
—
.
L

Proportion of biomass (%)
w
(@]

204 E E
10] I ] 1
* 1
i . L i
O T 1 T T T T T T - -
IieleNoNeNoNoNeoNolNploNoNoNoNoNoNeoNolNploNoNoNoNoNoNo No IS
—TN®MITOORO N ®MTOORN D —N®MIOOND
Size class (cm)

*Sector-level data for Moloka'i NW are from 2013-15.
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Coral Reefs and Reef Fish -
Coral reefs—O‘ahu (2016)

21°26'N, 158°00'W

Land area: 1,545 km?

0-100m depth: 763 km?

_ Coral reef area: 251km? (3/40 in the U.S. Pacific) Coral cover was highest in the East (17%) and
NE (16 %) and lowest in the North (2.9 %) and

Area (km?) 0-1000 ' 10,000 '

o o o 0 o o
TPPTIN Population: 976,372 (2012) South (3.3%).
Acute coral disease and recent mortality were

The coral reefs of O‘ahu were surveyed in July to September 2016. <1.4% in all sectors. Chronic coral disease
? z ranged from 1.7% in the North to 3.8 % in
Ka‘ena and the NE.

Old mortality of corals ranged from 14.5% in in
Ka‘ena to 24.9% in the North.

Coral Reefs and Reef Fish

1

North (13) pelizple) NE (16)

Adult 39+0.8
’ Juvenile 4.8+21
Ka‘ena (6)

Benthic cover and coral density AdUIt 73216

Juvenile 10.3+3.7

NE (5)
Adult14.2+£27

Pie charts for each sector show benthic cover of hard Juvenile 6.3+07

corals, crustose coralline algae (CCA), macroalgae Ka‘ena (6)
(>Icm in height), turf algae (<1cm in height), and other East (17)
as a percentage.

Adult (>5cm) and juvenile (<5cm) coral densities are
shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number

of surveys) is shown within brackets after the name in Adult density
the sector areas around the island. 7 O-m-o- .
- ~ East (6,
Juvenile density Agﬁﬁzhs@% 0 Adult 8.6+2.5
u ek N .
™ o-o-g- Juvenile 5.4+1.3 Juvenile 5.4+2.2

Benthic cover M Hard coral M CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)
Coral disease Disease (acute) Disease (chronic)
The prevalence of acute and chronic coral diseases 0.56+0.56 OD+012 173+1.08

3.78+0.47

among sectors (£SE). L
9 (#SE) 0.55+0.34 3.82+179
. 0.48+0.37 0.62£0.13 2.83+118 §,3911,52
Coral mortality
Disease prevalence (%) Disease prevalence (%)
The average percentage of recent (last few months) | ] | ]
. . n o n o o O o o
or old (months or years ago) mortality of coral tissue o -~ - d = & &
in observed coral colonies.
Mortality (recent) Mortality (old)
0.8NA 0.4+NA 249iNA/ 16.7NA
14+11 14.5+1.8 o«
0.5+0.2 0907 229426 yéﬂ'é
Mortality (%) Mortality (%)
N
(e} (e} o O N ©
— ~ = - =~
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Coral Reefs and Reef Fish
Coral reef fish — Oahu (2010-2016%)

1°26'N, 158°00'W

B reef fish biomass: 13.4x1.5g/m?

Coral reef fish surveys were conducted in 2016, 2013-15, and 2010-12.

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass @3-

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only), with data from sampling sites shown for the past
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to
the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.

O‘ahu North (6.1+3.1, 6, 16%)

Ka‘ena (9.1+0.6, 2, 24%)

___—0O‘huEast
(12.741.6, 11, 34%)
O‘ahu South . .
(121419, 25, 32%) Binias sl
Oahu
2016 13.4+1.5, 52, 35%
2013-15 9.5+0.7,98, 25%
2010-12 7.5+09, 73, 20%

Sector (biomass+SE, sampling effort* % of baseline**)

*number of stationary point count surveys conducted
**model of anthropogenic depletion

= S & S (I

o
o
)

] 2010-12 ] 2013-15 ] 2016

a1
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|
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N
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1 1

20 d d

Proportion of biomass (%)
w
(@]

A

10 1
204
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40
50+
604
707
80

o O
e R
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00000y <0000 OQO O
Ao NG [¢0) — NN W0 0N o0

)

o o
™ ~
e class (cm
*Sector-level data for Ka‘ena are from 2013-15.
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Reef fish biomass ranged from 6.1+3.1 g/m?
(16% of baseline) in the North to 17.3+4.0
ag/m? (46 % of baseline) in the NE.

Reef fish biomass was 7.5+0.9 g/m?in 2010-
2012,9.5+0.7 g/m? in 2013-2015, and 13.4+1.5

g/m?in 2016.

>50 % of the reef fish sampled were <30cm
in length during the 2010-2012, 2013-2015, and
2016 surveys.

Herbivores

2016 9.8+13
2013-15 59+0.8
2010-12 39+0.7

)‘ $

Parrotfish >30cm

-
20016 0.240] b4
2013-15 01+0.0
2010-12 0101

Biomass (g/m?)

Targeted fish

2016 5.5£1.0
2013-15 29+0.6
2010-12 1.3+£0.3

Biomass (g/m?)

o O O O
- N o <

Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.




Hawai'

Coral Reefs and Reef Fish
Coral reefs —Kaua'i (2016)

22°06'N,159°32°"W

Land area: 1,456 km?

0-100m depth: 484 km?

Coral reef area: 181km? (4/40 in the U.S. Pacific) Coral cover was highest in the East (3.2%) and

lowest in Na Pali (0.9 %).
o O o o
'N"Nl Population: 67,091 (2010)

Area (km?) 0-1000 ' 10,000 '

Acute coral disease and recent mortality were

<1.4% in all sectors. Chronic coral disease was

The coral reefs of Kaua'‘i were surveyed in July to September 2016. . . _ .
3.4% in the East and 1.0% in Na Pali.

Old mortality of corals was 22.3% in the East
and 29.3% in Na Pali.

Coral Reefs and Reef Fish

Kaua‘i East (32)

Benthic cover and coral density N Pali (6

Adult 5.6+31

Pie charts for each sector show benthic cover of hard Juvenile 78439 4 gl T

corals, crustose coralline algae (CCA), macroalgae .

(>Icm in height), turf algae (<1cm in height), and other

as a percentage. . Kaua‘i East (11)
Na Pali (15)

Adult 42+0.6
Adult (>5¢cm) and juvenile (<5cm) coral densities are Juvenile 4.2+1.2
shown within the sector areas, set as an inner and

outer ring around the island. Sampling effort (number
of surveys) is shown within brackets after the name in Adult density

the sector areas around the island. il o-m-o-
~

Juvenile density

m~oo~g

Benthic cover M Hard coral M CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)
Coral disease Disease (acute) Disease (chronic)
The prevalence of acute and chronic coral diseases

among sectors (+SE). 0.2640.26 097+0.71

1.41£0.82 3.40+0.81

Coral mortality

Disease prevalence (%) Disease prevalence (%)

The average percentage of recent (last few months) | ] | ]
or old (months or years ago) mortality of coral tissue g 223 2332

in observed coral colonies.

Mortality (recent) Mortality (old)

0.0£NA 29.3+NA

0.2£0. 22.3+2.0

Mortality (%) Mortality (%)

Q 9 <9 VO N ®© X
~ & ® - o
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Coral Reefs and Reef Fish

Coral reef fish — Kaua'‘i (2010-2016)

22°06'N,159°32'W

_ Reef fish biomass: 15.7+3.4g/m?

Coral reef fish surveys were conducted in 2016, 2013-15, and 2010-12. 100g/rm?

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep Reef fish biomass was 12.4+3.1 g/m? (27 % of
waters. Choosing such a wide ‘domain” means that resulting data are useful for a baseline) in the East and 21.4+7.7 9/m? (47 %
wide range of purposes, particularly where broad coverage of species’ distributions of baseline) in Na Pali.

is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass was 16.5+3.2 g/m? in 2010-
2012,16.1+£2.0 g/m? in 2013-2015, and 15.7+3.4

g/m?in 2016.

>50 % of the reef fish sampled were <30cm
in length during the 2010-2012, 2013-2015, and
2016 surveys.

Herbivores

2016  9.2+2.3 )@y

2013-15 99+2.0
2010-12 69+1.3

Reef fish biomass ’&3-

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within
sectors on maps — outer reef only), with data from sampling sites shown for the past .O.. ||

Biomass (g/m?)

0 o

25

o n
threg su ryey periods. Herbivore, Parrotﬁ.sh (>30cm), and Targeted ﬁsh are shO\{vn to Parrotfish >30cm

the right in the same format. Targeted fish are all large bodied species (max size 2016 04102 >
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae, 2013-15 17409

Acanthuridae, Holocentridae, Scombridae, and Mullidae. 2010-12 1.0£0.4

Na Pali
(21.4+7.7,9, 47%)

Biomass (g/m?)

B Kaua‘i East (12.4+3.1, 21, 27%)

o]
DOV QnoY
- —mnto~o 9
Targeted fish
2006 76416 ) N
2013-15 7.442.6
2010-12 81417
Biomass (9/m?)
ol
[eNeoNoNoNoNoNe)
Kaua‘i ~N®MT OO~

2016 15.7+3.4, 30, 35% Sector (biomass+SE, sampling effort* % of baseline **) Biomass (g/m?)
2013-15 16.1+2.0, 57, 35%

. f stat i -
2010-12 16.5+3.2, 25, 36% number of stationary point count surveys conducted 1l

**model of anthropogenic depletion 2 g 2 S

I & & (I Size class distribution

2010-12 201315 2016 Distribution of reef fish biomass among nine sizg
) ) 7 classes for the most recent and past survey periods.
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Coral Reefs and Reef Fish i o

Coral reefs —Ni‘ihau (2013/2016)
_ Land area: 180 km? |
I o 00 cepth: 443km?

- Coral reef area: 92.7km? (9/40 in the U.S. Pacific) Coral cover was highest in the East (3.1%) and
Area (km?) 0-1000 | 10,000 ' lowest in the West (0.9 %).

o o
'n"n' Population: 170 (2010)

Acute and chronic coral diseases and recent

The coral reefs of Ni‘ihau were surveyed in July to September 2016* mortality were all <1.4% in all sectors.

Old mortality of corals was 9.0% in Lehua
and 26.3% in the West.

Coral Reefs and Reef Fish

Lehua (6) el )

Adult 3.2+£1.0
Juvenile 99+2.8

Ni‘ihau West (5)
Adult 2.2+1.2

Benthic cover and coral density Niihauwest (s Juvenie5sizs - WA

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

Ni‘ihau East (19)
Adult (>5cm) and juvenile (<5cm) coral densitiesare @8 e d

shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number

of surveys) is shown within brackets after the name in Adult density Ni‘ihau East (6)
the sector areas around the island. o O-m-o- Adult 41+0.8
= - & Juvenile 6917

Juvenile density

m~oo~g

*Ni‘ihau West data are from 2016; other data from Jul to Oct 2013.

Benthic cover M Hard coral M CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)
Coral disease Disease (acute) Disease (chronic)
The prevalence of acute and chronic coral diseases . 0.0+£0.0 - 0.0+0.0

among sectors (+SE).

0.0£0.0 0.78+0.57
. 0.19+£0.19 1.43+1.25
Coral mortality
Disease prevalence (%) Disease prevalence (%)
The average percentage of recent (last few months) | ]

. . n o o o O o o
or old (months or years ago) mortality of coral tissue o - - & = & &
in observed coral colonies.

Mortality (recent) Mortality (old)

9.0£1.0

0.0+0.0 N.7£1.8

0.0+£0.0 26.3+49

Mortality (%) Mortality (%)

]

e <o Q9
= d ®
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Coral Reefs and Reef Fish
Coral reef fish — Ni‘ihau (2010-2016%)

°54’'N,160°09'W
B -+ o o

Coral reef fish surveys were conducted in 2016, 2013-15, and 2010-12.

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

100g/m?"

Reef fish biomass ’es-

o S e

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only), with data from sampling sites shown for the past
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to
the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.

Lehua (36.2+14.0, 2, 72%)

Ni‘ihau West

(37.8+8.3,10, 75%) __ — Ni‘jhauEast

(21.4+3.7, 25, 43%)
Biomass (9/m?)

Ni‘ihau
2016 37.6+£7.7,12, 75%

2013-15 359+3.3,75, 71%
2010-12 31.7£59,15, 63%

Sector (biomass+SE, sampling effort* % of baseline**)

*number of stationary point count surveys conducted
**model of anthropogenic depletion

& S S((E(

] 2010-12 ] 2013-15 ] 2016

o
o
)

a1
(@)
|
1
1

N
o
|
1
1

20t}[ ] ]
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*Sector-level data for Ni‘ihau East are from 2013-15.
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Reef fish biomass was 21.4+3.7 g/m? (43 % of
baseline) in the East and 37.8+8.3 g/m? (75 %
of baseline) in the West.

Reef fish biomass was 31.7+5.9 g/m?in 2010~
2012, 35.9+3.3 g/m?in 2013-2015, and 37.6+7.7

g/m?in 2016.

>50 % of the reef fish sampled were <30cm
in length during the 2010-2012, 2013-2015, and

2016 surveys.
! |

Herbivores
2016 27.3+4.8
2013-15 22.7+2.2
2010-12 18.1+3.1

)‘ $

Biomass (g/m?)

o [ ]
0228888
Parrotfish >30cm f
20016 29417 b4
2013-15 39+0.6

2010-12 31+0.8

Biomass (g/m?)

Targeted fish

2016  20.8+5.5
2013-15 271£2.3
2010-12 28.1+4.3

Biomass (g/m?)
-
o o o O

- N oM <

¢

Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.




Coral Reefs and Reef Fish

Coral Reefs and Reef Fish
Coral reefs—Nihoa Island (2011)

23°04’N, 161°55"W

‘ Land area: 0.7km?

Coral reef area: Data not available

Uninhabited

The coral reefs of Nihoa Island were surveyed in 2011-2012.

Area (km?) 0-1000 ' 10,000 '

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

Adult (>5cm) and juvenile (<5cm) coral densities are
shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number
of surveys) is shown within brackets after the name in
the sector areas around the island.

Benthic cover M Hard coral [l CCA [l Macroalgae

Coral disease

The prevalence of acute and chronic coral diseases
among sectors (+SE).

Coral mortality

The average percentage of recent (last few months)
or old (months or years ago) mortality of coral tissue
in observed coral colonies.

Nihoa Island (8)

Other (inc. turf algae)

Disease (acute)

0.26+0.26

Mortality (recent)

0.0+0.0

104

NWHI

Coral cover was 4.2% at Nihoa Island.

Acute coral disease and recent mortality
were <0.3%. Chronic coral disease was 1.9 %.

Old mortality of corals was 12.2 %.

Nihoa Island (3)
Adult 6.4+0.7

Survey Area Juvenile NA

Adult density

.
No n O v o
Data - - A
Juvenile density
.
No ™m O o o
Data

Sector (Sampling effort)

Disease (chronic)

194+1.25

Disease prevalence (%) Disease prevalence (%)

w o v o Qe 2 9 Q9
o -~ = o = & 0 <

Mortality (old)

12.2+2.3

Mortality (%)
o o o O N O
N I - TN

Mortality (%)
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Coral Reefs and Reef Fish

Coral reef fish — Nihoa Island (2010-2012)

23°04’N, 161°55'W

Reef fish biomass: 67.0+£58.

1
Coral reef fish surveys were conducted in 2010-12. 100g/m

NCRMP survey.s are randor.nly—‘locate'dym all hard bottom.habltats in <30m deep Reef fish biomass was 67.0+58.2 g/m? (117%
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a : . . .
of baseline) in Nihoa in 2010-2012.

wide range of purposes, particularly where broad coverage of species’ distributions

is useful, but does increase among site variability, as surveys include complex :

coral-rich areas and more mar in?al habitats sug/h as Iovv—Br/eIief pavementp ~50% of the reefiflsh sampled were >40em
9 : ‘ in length during the 2010-2012 surveys.

Herbivores
2010-12 29.0+21.7

). g

Reef fish biomass ®3-

Biomass of reef fish (g/m? + SE, below) for the most recent survey year (within 0wow o.m.o.m.
sectors on maps — outer reef only), with data from sampling sites shown for the past
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to
the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.

Biomass (g/m?)

Parrotfish >30cm
2010-12 4.4+4.0

Biomass (g/m?) ”
SEEN 0

Targeted fish

2010-12 44.1£409

Nihoa Island
=

Biomass (9/m?)

©Q00QQQ0 i 2
Nihoa Island S N®TO0N Bloma;(san)-
2R 032, 8, e Sector (biomass+SE, sampling effort* % of baseline**) °© 9 g 2

*number of stationary point count surveys conducted
**model of anthropogenic depletion

O o & S @ (I Size class distribution

2010-12 Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.

1001

(0]
(@]
1

o
(@]
1

40-
204

O = T I T T T I T T T I T I
<10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 >80
Size class (cm)

Proportion of biomass (%
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Coral Reefs and Reef Fish

Coral reefs—Necker Island (2011-2012)

18°32'N, 64°22'W

‘ Land area: 0.2km?

0-100m depth: 763k

Coral reef area: Data not available Coral cover was 11.1% at Necker Island.

Area (km?) 0-1000 | 10,000 '

Uninhabited Acute and chronic coral diseases and recent
mortality were all absent (<0.01%).

The coral reefs of Necker Island were surveyed in 2011-2012.
Old mortality of corals was 10.1%.

Coral Reefs and Reef Fish

Necker Island (8)

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard I:l ...................
corals, crustose coralline algae (CCA), macroalgae

(>Icm in height), turf algae (<1cm in height), and other

as a percentage.

Adult (>5cm) and juvenile (<5cm) coral densities are Necker Island (3)
shown within the sector areas, set as an inner and ﬁjtlgn?gﬁj
outer ring around the island. Sampling effort (number
of surveys) is shown within brackets after the name in Adult density
the sector areas around the island. oD o-m-o-
Data - - o
Juvenile density
.
No ™m O O ]
Data
Benthic cover M Hard coral [l CCA [l Macroalgae Other (inc. turf algae) Sector (Sampling effort)
Coral disease Disease (acute) Disease (chronic)
The prevalence of acute and chronic coral diseases
among sectors (SE). 0.0+0.0 0.0+0.0
Coral mortality
Disease prevalence (%) Disease prevalence (%)
The average percentage of recent (last few months) ] | ] | ]
or old (months or years ago) mortality of coral tissue 3223 2333
in observed coral colonies.
Mortality (recent) Mortality (old)
0.0+0.0 10.1+2.3
Mortality (%) Mortality (%)
I
e 9 Q9 ° N @© ¥
- o~ (2]
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Coral Reefs and Reef Fish

NWHI

Coral reef fish — Necker Island (2010-2012)

18°32'N, 64°22'W

Coral reef fish surveys were conducted in 2010-12.

100g/m?"

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

o e

Reef fish biomass ’es-

o S e

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only), with data from sampling sites shown for the past
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to
the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.

Biomass (9/m?)

Necker Island

2010-12 45.6+221, 8, 86% Sector (biomass+SE, sampling effort* % of baseline **)

*number of stationary point count surveys conducted
*model of anthropogenic depletion

= S & S (I

1001

(01]
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o
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|

40
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| I
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Size class (cm)

Proportion of biomass (%
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Reef fish biomass was 45.6+22.1 g/m? (86 % of
baseline) in Necker Island in 2010-2012.

>50 % of the reef fish sampled were >40cm
in length during the 2010-2012 surveys.

Herbivores
2010-12 1714£1.6

)‘ $

Biomass (g/m?)

0 oW o o n
- - ™

25

Parrotfish >30cm -
2010-12 0.4+0.4 >

Targeted fish

2010-12 36.5+15.8

Biomass (g/m?)
[
o o o o

- N ™ <

Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.
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Coral Reefs and Reef Fish

Coral reefs — French Frigate Shoals (2016)

23°45'N, 166°09'W

‘ Land area: 0.2km?

0-100m depth: 942 km?

- Coral reef area: 169 km? (5/40 in the U.S. Pacific) Coral cover was 23.3% at French Frigate Shoals.

Area (km?) 0-1000 | 10,000 '

Uninhabited Acute and chronic coral diseases and recent
mortality were all <1.7 %.

The coral reefs of French Frigate Shoals were surveyed in July to September 2016*
Old mortality of corals was 13.7 %.

French Frigate Shoals (18)
Adult 1.6+2.0
Juvenile 17.4+5.2

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

French Frigate Shoals (27)
Adult (>5cm) and juvenile (<5cm) coral densities are
shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number
of surveys) is shown within brackets after the name in
the sector areas around the island.

Adult density

)
SR

Juvenile density

MOO‘Q

n

*Benthic cover data are from 2017 fish surveys.

Benthic cover M Hard coral [l CCA [l Macroalgae Other (inc. turf algae) Sector (Sampling effort)

Coral disease Disease (acute) Disease (chronic)

The prevalence of acute and chronic coral diseases

1.62+0.40
among sectors (+SE).

1.66+0.54

Coral mortality

Disease prevalence (%) Disease prevalence (%)

The average percentage of recent (last few months) ] | ]
. . n o un o o O O o
or old (months or years ago) mortality of coral tissue o = = & = & 6 F
in observed coral colonies.
Mortality (recent) Mortality (old)
0.4+0.2 137417
Mortality (%) Mortality (%)
N
o o o O N O
— ~ = - =~
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Coral Reefs and Reef Fish

Coral reef fish — French Frigate Shoals (2010-2017)

23°45'N, 166°09'W

_ Reef fish biomass: 31.4+3.69/m?

Coral reef fish surveys were conducted in 2016-17, 2013-15, and 2010-12. 100g/m?

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep Reef fish biomass was 38.8+5.0 g/m? in 2010-
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a 2012, 38.6+13.7 g/m? in 2013-2015, and 31.4+3.6
wide range of purposes, particularly where broad coverage of species’ distributions g/m? in 2016-2017.

is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

>50% of the reef fish sampled were >60cm
in length during the 2010-2012, 2013-2015, and
2016-2017 surveys.

Herbivores
2016-17 13.7+1.6 - B &
2013-15 12.2421] Qo
2010-12 12.7+15 °9, ‘®
o
[ &
o o 2
3 9 - o » -
F\)eef ﬁSh b|O asSSs )'..’_;)of Biomass (9/m?) . 0"
. . : - NEEN ‘&’ o
Biomass of reef fish (g/m? + SE, below) for the most recent survey year (within wowQowr QW ° oo
sectors on maps — outer reef only#), with data from sampling sites shown for the
past three survey periods. Herbivore, Parrotfish (>30cm), and Targeted fish are shown Parrotfish >30cm
to the right in the same format. Targeted fish are all large bodied species (max size T T3 P )\/.
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae, 2013-15 1.6+0.7 & -
Acanthuridae, Holocentridae, Scombridae, and Mullidae. 2010-12 1.6+0.5 0% o "o
[
Q . ;.f’ s
06 p Biomass (9/m?) e .
% EEEE RO
O.D S yQuQuQon g 50
® O o O %% —M <Y ON oo
0© Targeted fish
© . 2016-17 57.4+10.7
c@ O ° 2013-15 157.6+68.0
°5 o 2010-12 659+13.3
S ®
® g’ o) o Biomass (g/m?)
o T ocoo o.o.o.o.
1 2'
French Frigate Shoals S CTNHI MO Bloma;(g‘n)-
2016-17 31.4+3.6, 68, 59% Sector (biomass+SE, sampling effort* % of baseline **) o o o o
2013-15 38.6+137, 31,75% - 8 o 3

*number of stationary point count surveys conducted

2010-12 38.8+5.0, 35, 72% **model of anthropogenic depletion

E G T R Size class distribution

2010-12 1 2013-15 1 2016-17 Distribution of reef fish biomass among nine size
E classes for the most recent and past survey periods.
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 Backreef and lagoon data were removed prior to calculating the sector level values.
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Coral Reefs and Reef Fish

Coral reefs —Gardner Pinnacles (2011-2012)

25°00’N, 168°00°'W
‘ Land area: 0.02km?

0-100m depth: 2448 km?

Coral reef area: Data not available Coral cover was 5.0 % at Gardner Pinnacles.

Area (km?) 0-1000 | 10,000 '

Uninhabited Acute and chronic coral diseases and recent
mortality were all <0.25%.

The coral reefs of Gardner Pinnacles were surveyed in 2011-2012.

Old mortality of corals was 5.2 %.

£
-
L
Y
()}
(0]
x
§e)
cC
@©
i
Q
(0]
o
'©
—
o
O

Gardner Pinnacles (12)

Benthic cover and coraldensity & Q.S

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

) ) - Gardner Pinnacles (5)
Adult (>5cm) and juvenile (<5cm) coral densities are Adult 127+1.6

shown within the sector areas, set as an inner and Juvenile NA
outer ring around the island. Sampling effort (number

of surveys) is shown within brackets after the name in

the sector areas around the island.

Adult density

Benthic cover M Hard coral [l CCA [l Macroalgae Other (inc. turf algae) Sector (Sampling effort)

Coral disease Disease (acute) Disease (chronic)

The prevalence of acute and chronic coral diseases
among sectors (+SE).

0.0+0.0 0.22+0.1
Coral mortality
Disease prevalence (%) Disease prevalence (%)
The average percentage of recent (last few months) |
. . n O un o o O O o
or old (months or years ago) mortality of coral tissue o = = & = & 6 F
in observed coral colonies.
Mortality (recent) Mortality (old)
0.0+0.0 5.2+0.8
Mortality (%) Mortality (%)
N
o o o O N O
— ~ = - =~
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Coral Reefs and Reef Fish

Coral reef fish — Gardner Pinnacles (2010-2012)

25°00'N, 168°00'W

- Reef fish biomass: 14.6+3.4g/m?

Coral reef fish surveys were conducted in 2010-12. 100g/m?

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep Reef fish biomass was 14.6+3.4 g/m? in

waters. Choosing such a wide ‘domain” means that resulting data are useful for a 2010-2012 e

wide range of purposes, particularly where broad coverage of species’ distributions !

is useful, but does increase among site variability, as surveys include complex . .
>609 >

coral-rich areas and more marginal habitats, such as low-relief pavement. 60% of the reef fish sampled were >80cm in

length during the 2010-2012 surveys.

Herbivores
2010-12 3.8+07 )@y

Reef fish biomass @3- : A Biomass (g/rm?)

EEEE
Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

DSIISEYSES
sectors on maps — outer reef only), with data from sampling sites shown for the past
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to Parrotfish >30cm
the right in the same format. Targeted fish are all large bodied species (max size TG 0240 )@
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.
T Doog,
Gardner 0 Biomass (9/m?)
Pinnacles L1l o.m.c!n.
o o é ’ 2333RE3
. Targeted fish
. 2010-12 23.5+15] ) N
g
€
% Biomass (9/m?)
O O O 0.0.0.0. H 21
Gardner Pinnacles ISR RGN Bloma;(%n)-
2010-12 14.6+3.4,12, 30% Sector (biomass+SE, sampling effort* % of baseline **) °© g9 g9
*number of stationary point count surveys conducted

**model of anthropogenic depletion

- -

S O PR ¢ ¢ Size class distribution

gmo- 2010-12 Distribution of reef fish biomass among nine sizg
P b classes for the most recent and past survey periods.
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Coral Reefs and Reef Fish

Coral reefs —Maro Reef (2014-2015)

25°25'N,170°35'W

‘ Land area: 0.004 km?

0-100m depth: 2080 km?

_ Coral reef area: 256km? (2/40 in the U.S. Pacific) Coral cover was 21.5% at Maro Reef.

Area (km?) 0-1000 10000 .
Uninhabited Acute coral disease prevalence was 3.2% and

chronic coral disease prevalence was 15.9 %.

The coral reefs of Maro Reef were surveyed in 2014-2015 .
Recent mortality prevalence was 4.4 % and old

mortality was 3.6 %.

Coral Reefs and Reef Fish

Maro Reef (10)
Adult 10.6+0.6
Juvenile 3.0£0.6

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

. . L. Maro Reef (17)
Adult (>5cm) and juvenile (<5cm) coral densities are

shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number
of surveys) is shown within brackets after the name in
the sector areas around the island.

Adult density

.
SR

Juvenile density

MOO‘Q

n

Benthic cover M Hard coral [l CCA [l Macroalgae Other (inc. turf algae) Sector (Sampling effort)

Coral disease Disease (acute) Disease (chronic)

The prevalence of acute and chronic coral diseases
among sectors (+SE).

3.16+0.82 159451

Coral mortality

Disease prevalence (%) Disease prevalence (%)

The average percentage of recent (last few months) |
or old (months or years ago) mortality of coral tissue 3223 2333
in observed coral colonies.
Mortality (recent) Mortality (old)
4.4%12 3.6+0.8

Mortality (%) Mortality (%)

.
o o o O N © ¥
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Coral Reefs and Reef Fish
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Coral reef fish — Maro Reef (2010-2015)

25°25'N,170°35'W

Coral reef fish surveys were conducted in 2013-15 and 2010-12.

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

S '’S.
- &

e e

Reef fish biomass

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only#), with data from sampling sites shown for the
past three survey periods. Herbivore, Parrotfish (>30cm), and Targeted fish are shown
to the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.

Maro Reef

Biomass (9/m?)

Maro Reef

2013-15 46.1+9.4,17,80%

el Sector (biomass+SE, sampling effort* % of baseline**)
-12 42.4+75,21, 71%

*number of stationary point count surveys conducted
**model of anthropogenic depletion

= S & S (I

woe 2013-15

(01]
o
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o
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1

N
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1
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o
1

1
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o1 .1
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Proportion of biomass (%)

o

40
50

Size class (cm)

* Backreef and lagoon data were removed prior to calculating the sector level values.

TABLE OF CONTENTS

13

100g/m?"

Reef fish biomass was 42.4+7.5 g/m? in 2010-
2012 and 46.1£9.4 g/m? in 2013-2015.

>50 % of the reef fish sampled were >60cm
in length during the 2010-2012 and 2013-2015
surveys.

Herbivores

2013-15 261+3.2
2010-12 217+4.0

)‘ $

Biomass (g/m?)

Parrotfish >30cm

2013-15 6.2+1.2
2010-12 4.1+1.2

Biomass (g/m?)

Targeted fish

2013-15 409471
2010-12 56.2+19.6

Biomass (g/m?)
.
© o o o

- N o <

Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.




Coral Reefs and Reef Fish

Coral Reefs and Reef Fish
Coral reefs — Laysan Island (2016)

25°46'N, 171°44'' W

| Land area: 4.1km?

. Coral reef area: 34.0km? (15/40 in the U.S. Pacific)

Uninhabited

The coral reefs of Laysan Island were surveyed in July to September 2016*

Area (km?) 0-1000 ' 10,000 '

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

Adult (>5cm) and juvenile (<5cm) coral densities are
shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number
of surveys) is shown within brackets after the name in
the sector areas around the island.

*Benthic cover data are from 2017 fish surveys.

Benthic cover M Hard coral [l CCA [l Macroalgae

Coral disease

The prevalence of acute and chronic coral diseases
among sectors (+SE).

Coral mortality

The average percentage of recent (last few months)
or old (months or years ago) mortality of coral tissue
in observed coral colonies.

Laysan Island (8)

Other (inc. turf algae)

Disease (acute)

Mortality (recent)

14

NWHI

Coral cover was 9.3% at Laysan Island.

Acute coral disease prevalence was 1.5% and

chronic coral disease prevalence was 4.3 %.

Recent mortality prevalence was 2.9 % and old
mortality was 2.2 %.

Laysan Island (5)
Adult 5.8415
Juvenile 3.4+£0.4

10m

Adult density

.
o v O
e 0 g
Juvenile density

m*OO‘Q

n

Sector (Sampling effort)

Disease (chronic)

1.52+0.84 4.29+1.65

Disease prevalence (%) Disease prevalence (%)

]
v 9 v 9o 2 9 9 9
o — — « — N ™M <

Mortality (old)

2.2+NA
[ /
Mortality (%) Mortality (%)
]|

o o o O N © ¥
-~ & & - =
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Coral Reefs and Reef Fish

Coral reef fish — Laysan Island (2010-2017)

25°46'N, 171° 44’ W

- Reef fish biomass: 8.7+1.5g9/m?

Coral reef fish surveys were conducted in 2016-17, 2013-15, and 2010-12. 100g/m?

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep Reef fish biomass was 35.6+6.9 g/m? in 2010-
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a 2012, 34.2+13.1 g/m? in 2013-2015, and 8.7+1.5
wide range of purposes, particularly where broad coverage of species’ distributions g/m? in 2016-2017.

is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

>50% of the reef fish sampled were >60cm
in length during the 2010-2012, 2013-2015, and
2016-2017 surveys.

Herbivores

2016-17 7.3+2.5 )@y
2013-15 14.6+6.5
2010-12 14.8+3.6

Reef fish biomass '3 [
Biomass of reef fish (g/m?+SE, below) for the most recent survey year (within Bi°m355.(9= ";).
sectors on maps~ — outer rgefonly), With data from sampling sites shown for the past ©owg Qg8
threg su ryey periods. Herbivore, Parrotﬁ§h (>30cm), and Targeted ﬁsh are shown to Parrotfish >30cm
the right in the same format. Targeted fish are all large bodied species (max size AT O )@
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae, 2013-15 1.8+1.4
Acanthuridae, Holocentridae, Scombridae, and Mullidae. 2010-12 2.3+0.8
700 aoggz °
™ o,
005 Biomass (g/m?)
NEEN
Laysan Island 199909y
o - () o
o  _© Targeted fish -
° o 2016-17 231+8.3 )
® 2013-15 34.2+8.3
5 o 2010-12 54.8+99

Biomass (9/m?)

NEEn
Laysan Island 2R8I 38R
gg;g'g 247;“1]53 1]1:53;/% Sector (biomass=SE, sampling effort* % of baseline **) Bioma;(%’n;
= 211311, 8, 0 o . .
2010-12 35.6+69, 23, 90% number of stationary point count surveys conducted el

**model of anthropogenic depletion =] LB

I C U R L T Size class distribution
5100- 2010-12 1 2013415 1 2016-17 Distribution of reef fish biomass among nine sizg
”n b b b classes for the most recent and past survey periods.
© 80 1 .
g 1 ] ]
‘5 604 1 T
e | i |
(e}
c 404 E E
o j
=
O 204 d i
BRI TIEET TR .
0!_- O :I T T |I|I| T T - -
JeleNoNoNoNoNeNeo N IoNeoNoNeoNoNoNoNo NP loNoNoNoNoNoNo No IS
—ANM T W0 OMN~0 — AN M W0 OO — NN W0 0N o0
Size class (cm)
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Coral Reefs and Reef Fish

Coral Reefs and Reef Fish

Coral reefs — Lisianski Island (2016)

26°04'N, 173°58' W

‘ Land area: 1.6km?

0-100m depth: 1319 km?
_ Coral reef area: 310km? (1/40 in the U.S. Pacific)

Uninhabited

Area (km?) 0-1000 ' 10,000 '

The coral reefs of Lisianski Island were surveyed in July to September 2016.*

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

Adult (>5cm) and juvenile (<5cm) coral densities are
shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number
of surveys) is shown within brackets after the name in
the sector areas around the island.

*Benthic cover data are from 2017 fish surveys.

Benthic cover M Hard coral [l CCA [l Macroalgae

Coral disease

The prevalence of acute and chronic coral diseases
among sectors (+SE).

Coral mortality

The average percentage of recent (last few months)
or old (months or years ago) mortality of coral tissue
in observed coral colonies.

Lisianski Island (40)

Other (inc. turf algae)
Disease (acute)

2.26x091

Disease prevalence (%)

9 @ o

] d
[} ~

Mortality (recent)

0.6+0.0

Mortality (%)

NWHI

Coral cover was 25.2% at Lisianski Island.

Acute coral disease prevalence was 2.3% and

chronic coral disease prevalence was 3.1%.

Recent mortality prevalence was 0.6 % and old
mortality was 15.9 %.

Lisianski Island (16)
Adult 9.6+1.5
Juvenile 5.6+1.3

10m

Adult density

)
SR

Juvenile density

m~oo~g

n

Sector (Sampling effort)

Disease (chronic)

3.09+0.66

Disease prevalence (%)

]
9 9 9 Q
— N o <

Mortality (old)

159+1.2

Mortality (%)

]
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Coral Reefs and Reef Fish

Coral reef fish — Lisianski Island (2010-2017)

26°04’'N, 173°58' W

_ Reef fish biomass: 24.3+2.8 g/m?

Coral reef fish surveys were conducted in 2016-17, 2013-15, and 2010-12. 100g/m?

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep Reef fish biomass was 41.4+4.4 g/m? in 2010-
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a 2012, 28.3+3.1 g/m?in 2013-2015, and 24.3+2.8
wide range of purposes, particularly where broad coverage of species’ distributions g/m? in 2016-2017.

is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

>50% of the reef fish sampled were >60cm
in length during the 2010-2012, 2013-2015, and
2016-2017 surveys.

Herbivores

201617 16142.2 )@y

2013-15 18.8+2.1
2010-12 19919

F\)eef ﬁSh blomaSS ):..:))::' Biomass (9/m?) & UD.% 0@
NEN ok

Biomass of reef fish (g/m? + SE, below) for the most recent survey year (within wowowouw
sectors on maps — outer reef only), with data from sampling sites shown for the past

three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to Parrotfish >30cm

the right in the same format. Targeted fish are all large bodied species (max size 201617 2.6+0.6 )\/.
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae, 2013-15 2.4+0.5
Acanthuridae, Holocentridae, Scombridae, and Mullidae. 2010-12 4.8+0.8 :
00% “Oftf
. Y
0070« Biomass (g/m?) 000;0% ?
Lisianski Island ey NEEE o

@] .
D O% @ Targeted fish
g o 5 2016-17 91.0£13.8
& 2013-15 137.2+23.0

O 2010-12 142.6+22.0

o) o)
o @ Biomass (9/m?)
coo o.o.o.o.
1 2'
Lisianski Island RO T OOR Bloma;(g‘n)-
gg;g'g ggg%?fg 22:/4’ Sector (biomass+SE, sampling effort* % of baseline **) °© 9 g 9
. sl aie) o *number of stationary point count surveys conducted
2010-12 41.4+4.4, 59, 93% **model of anthropogenic depletion
s L - &( i i i |
g I T P . ¢ Size class distribution
E>\2100- 2010-12 1 201345 1 2016-17 Distribution of reef fish biomass among nine S|z§
P b b E classes for the most recent and past survey periods.
2 8o ] ]
g 1 ] ]
a 60+ g E
W | | i
o
c 404 E E
Qo i i
=
O 204 E E
g ] ]
iy _
QL— O T T T = T = T - T T T - -
IieleNoNeNoNoNeoNolNploNoNoNoNoNoNeoNolNploNoNoNoNoNoNo No IS
—ANM T W0 OMN~0 — AN T W00~ — NN W0 0N o0
Size class (cm)
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Coral Reefs and Reef Fish

Coral reefs —Pearl and Hermes Atoll (2016)

27°50’'N, 175°50'W

‘ Land area: 0.3km?

0-100m depth: 781km?

- Coral reef area: 85km? (10/40 in the U.S. Pacific) Coral cover was 2.7% at Pearl and Hermes Atoll.

Area (km?) 0-1000 10000 .
Uninhabited Acute coral disease prevalence was 3.5% and

chronic coral disease prevalence was 2.2 %.

The coral reefs of Pearl and Hermes Atoll were surveyed in July to September 2016. .
' . Recent mortality prevalence was 1.9% and old

mortality was 15.5%.

Coral Reefs and Reef Fish

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard Pearl and Hermes Atoll (20)

Adult 31+0.6

corals, crustose coralline algae (CCA), macroalgae Juvenile 52409

(>Icm in height), turf algae (<1cm in height), and other

Pearl and Hermes
as a percentage. Atoll (20)

Adult (>5cm) and juvenile (<5cm) coral densities are
shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number
of surveys) is shown within brackets after the name in
the sector areas around the island.

Adult density

)
SR

Juvenile density

MOO‘Q

n

*Benthic cover data are from 2017 fish surveys.

Benthic cover M Hard coral [l CCA [l Macroalgae Other (inc. turf algae) Sector (Sampling effort)

Coral disease Disease (acute) Disease (chronic)

The prevalence of acute and chronic coral diseases
among sectors (+SE). 3.46+1.22

215+0.87

Coral mortality

Disease prevalence (%) Disease prevalence (%)
The average percentage of recent (last few months) | ]
. . n o o o O o o
or old (months or years ago) mortality of coral tissue c = = & = & &«
in observed coral colonies.
Mortality (recent) Mortality (old)

19409 15.5+2.4

Mortality (%) Mortality (%)
o o o O N O
RS - -«
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Coral Reefs and Reef Fish

NWHI

Coral reef fish — Pearl and Hermes Atoll (2010-2017)

27°50’N, 175°50'W

_ Reef fish biomass: 31.4+3.0g9/m?

Coral reef fish surveys were conducted in 2016-17, 2013-15, and 2010-12.

NCRMP surveys are randomly-located in all hard bottom habitats in <30m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass ®3-

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only#), with data from sampling sites shown for the
past three survey periods. Herbivore, Parrotfish (>30cm), and Targeted fish are shown
to the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.

Biomass (9/m?)
L]
c00o00QO
Pearl and Hermes Atoll TGRS BB
2016-17 31.4+3.0,71, 67%
2013-15 549+9.4, 21, 117%
2010-12 30.5+29, 48, 65%

Sector (biomass+SE, sampling effort* % of baseline**)

*number of stationary point count surveys conducted
**model of anthropogenic depletion

= O S S (I

X007 201012 2013-15 2016-17

=~ ] i i

2 50- ] ]

g - j i

‘5 604 . 1

- | i i

6

c 404 E E

o i i

p=

o 20- . g

S 1. 18 ]

QL— O-I |=|=|=|-|I|| - -
iclcRoNeoNoNoNeNo NP leoNoNoNoNoNoNeNolNlploNoNoNoNoNoNo NolN
—ANM T W0 OMN~0 — AN T W00~ — NN WO OMN~0

Size class (cm)

 Backreef and lagoon data were removed prior to calculating the sector level values.
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100g/m?"

Reef fish biomass was 30.5+2.9 g/m? in 2010~
2012, 54.949.4 g/m? in 2013-2015, and 31.4+3.0
g/m?in 2016-2017.

>50% of the reef fish sampled were >60cm
in length during the 2010-2012, 2013-2015, and
2016-2017 surveys.

Herbivores

2016-17 12.5+1.3

2013-15 26.6+5.7

2010-12 14.6+1.5 ‘)o

). g

Q. #

Biomass (g/m?)

Illl
DO QRGIST3
Parrotfish >30cm
>
2016-17 21+0.4 ~
2013-15 2.5+0.7 oo"° °,
2010-12 3140.5 o®° 6
" &
[ 9
B o é@
@ o o ®
Qo .
Biomass (g/m?)
EEEn
LR
. —mYor~o O
Targeted fish -

2016-17 142.1+16.6
2013-15 186.7+41.3
2010-12 137.4£22.6

Biomass (g/m?)

Jem.

o o O
- N oM <

Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.




o NWHI
Coral Reefs and Reef Fish

Coral reefs —Midway Atoll (2014-2015)

J177°22°W

I Land area: 6.2km?

l Coral reef area: 32.9km? (16/40 in the U.S. Pacific) Coral cover was 2.9 % at Midway Atoll.

o Area (km?) 0-1000 ' 10,000 ' .
|n| Population: approx. 40 (2018) Acute coral disease prevalence was 5.0 % and

chronic coral disease prevalence was 8.8 %.

The coral reefs of Midway Atoll were surveyed in 2014-2015* .
. - Recent mortality prevalence was 1.8 % and old

mortality was 6.0 %.

Coral Reefs and Reef Fish

Midway Atoll (42)

Midway Atoll (16)
Adult 31+£0.2
Juvenile 3.8+0.5

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

Adult (>5cm) and juvenile (<5cm) coral densities are

shown within the sector areas, set as an inner and ;
outer ring around the island. Sampling effort (number ; :4
of surveys) is shown within brackets after the name in Adult density -
the sector areas around the island. 0 o-m-o-
Juvenile den;ty
]

m~oo~g

*Benthic cover data are from 2017 fish surveys.

Benthic cover M Hard coral [l CCA [l Macroalgae Other (inc. turf algae) Sector (Sampling effort)

Coral disease Disease (acute) Disease (chronic)

The prevalence of acute and chronic coral diseases
among sectors (+SE).

5.04+1.43 8.82+2.84

Coral mortality

Disease prevalence (%) Disease prevalence (%)
The average percentage of recent (last few months) | ]
or old (months or years ago) mortality of coral tissue 3223 2339
in observed coral colonies.
Mortality (recent) Mortality (old)
1.8+0.3 6.0+19
L2 e y S
Mortality (%) Mortality (%)
]
o o (e} O N © ¥
- & ™ - =
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Coral Reefs and Reef Fish

NWHI

Coral reef fish —Midway Atoll (2010-2017)

"N, 177°22'W

_ Reef fish biomass: 43.2+9.7g/m?

Coral reef fish surveys were conducted in 2016-17, 2013-15, and 2010-12.

100g/m?"

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

v

@)}

e

Reef fish biomass ®3-

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only#), with data from sampling sites shown for the
past three survey periods. Herbivore, Parrotfish (>30cm), and Targeted fish are shown
to the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.

Midway Atoll

{
<= 2 Biomass (g/m?)

[eNoNoNoNoNoNe]
—ANMT W00~

Midway Atoll
2016-17 43.2+9.7,10, 77%

2013-15 68.6+5.5, 42,125%
2010-12 60.3+9.3,17,109%

Sector (biomass+SE, sampling effort* % of baseline**)

*number of stationary point count surveys conducted
**model of anthropogenic depletion

= S & S (I

1007 5010412 1 2013-15 2016-17

=] 1 ]

% 80- . i

g 1 | ]

5 60 d d

i | ]

0

c 404 E E

S i |

5 2

o 204 I . .

a I I

g | 1 ]

o O -I T T T T T T T - -
c0O0000000s c0O0000O0O0s <0000 OQO O
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Size class (cm)

* Backreef and lagoon data were removed prior to calculating the sector level values.
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Reef fish biomass was 60.3+9.3 g/m? in 2010-
2012, 68.6+5.5 g/m? in 2013-2015, and 43.2+9.7
g/m?in 2016-2017.

>50% of the reef fish sampled were >60cm
in length during the 2010-2012, 2013-2015, and
2016-2017 surveys.

Herbivores

2016-17 26.8+6.7
2013-15 44.5+4.0
2010-12 39.5459

)@y

Biomass (g/m?)

Parrotfish >30cm

=
2016-17 51410 >
2013-15 10.2+1.0
2010-12 .3+17
o
®

Biomass (g/m?)

Targeted fish

2016-17 46.2+12.0
2013-15 80.0£139
2010-12 73.4+16.7

)

Biomass (g/m?)
[
© o o o

- N o <

Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.
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Coral Reefs and Reef Fish

Coral reefs —Kure Atoll (2016)

28°24'N,178°18' W

’ Land area: 0.9 km?

B o-0om deptn: 931km?

I Coral reef area: 24.4km? (19/40 in the U.S. Pacific) Coral cover was 7.8 % at Kure Atoll.

Area (km?) 0-1000 10000 .
Uninhabited Acute coral disease prevalence was 1.3% and

chronic coral disease prevalence was 2.7 %.

The coral reefs of Kure Atoll were surveyed in July to September 2016*
~ A A

Recent mortality prevalence was 1.0 % and old
mortality was 10.1%.

Coral Reefs and Reef Fish

Kure Atoll (19)
Adult 43+0.6
Juvenile 4.0+0.6

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

. . . Kure Atoll (6)
Adult (>5cm) and juvenile (<5cm) coral densities are

shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (hnumber

of surveys) is shown within brackets after the name in Adult density
the sector areas around the island. il o-m-o-
= - «
Juvenile density

m O O g
*Benthic cover data are from 2017 fish surveys.

Benthic cover M Hard coral [l CCA [l Macroalgae Other (inc. turf algae) Sector (Sampling effort)

Coral disease Disease (acute) Disease (chronic)

The prevalence of acute and chronic coral diseases 1.28+0.42
among sectors (+SE).

271098

Coral mortality

Disease prevalence (%) Disease prevalence (%)
The average percentage of recent (last few months) | ]

. . n o o o O o o
or old (months or years ago) mortality of coral tissue o - - & = & &
in observed coral colonies.

Mortality (recent) Mortality (old)
1.0£0.6 10.1£19
A S
Mortality (%) Mortality (%)
]
o o (e} O N © ¥
~ & ™ - =~
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Coral Reefs and Reef Fish

Coral reef fish — Kure Atoll (2010-2017)

28°24'N,178°18' W

_ Reef fish biomass: 29.7+3.1g/m?

Coral reef fish surveys were conducted in 2016-17, 2013-15, and 2010-12.

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass ®3-

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only#), with data from sampling sites shown for the
past three survey periods. Herbivore, Parrotfish (>30cm), and Targeted fish are shown
to the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.
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Kure Atoll
2016-17 29.7£3.1, 45, 65%
2013-15 60.4+7.5, 8,134%
2010-12 39.7+4.8, 30, 87%

Sector (biomass+SE, sampling effort* % of baseline**)

*number of stationary point count surveys conducted
**model of anthropogenic depletion
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* Backreef and lagoon data were removed prior to calculating the sector level values.
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NWHI

Reef fish biomass was 39.7+4.8 g/m? in 2010-
2012, 60.4+7.5 g/m? in 2013-2015, and 29.7+3.1
g/m?in 2016-2017.

>50% of the reef fish sampled were >60cm
in length during the 2010-2012, 2013-2015, and
2016-2017 surveys.

Herbivores

2016-17 21.3+2.5
2013-15 441£5.0
2010-12 21.4+2.8

)@y

Biomass (g/m?)

Illl
LowgRgy
Parrotfish >30cm -
2016-17 5.6+09 >
2013-15 8.2+1.4
201012 7.0+1.0 o© (X ¥
(9
.4

ﬁb%i.a,ogfi

Targeted fish

2016-17 46.3+14.3
2013-15 21.3+5.8
2010-12 499+12.4

Biomass (g/m?)

Biomass (g/m?)

Jem.

o o O
- N oM <

Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.




A rainbow frames the NOAA
Ship Hi‘ialakai as a small boat is
- hoisted aboard.




MHI

Ocean Chemistry and Temperature
Chemistry (2012-2016)

This section represents the first Main Hawaiian Islands (MHI) NCRMP data report on
Ocean Chemistry and Temperature. The data and results presented were collected
by staff working with the Ecosystem Sciences Division of the NOAA Pacific Islands
Fisheries Science Center and the NOAA Coral Reef Watch program.

Highlights

Aragonite saturation state Calcium carbonate

accretion Calcium carbonate accretion in the MHI was
4.2- 0.25+ below the US Pacific average at all islands.
- _ *
|| 20l 201 | | 20132016 Bias-corrected subsurface temperature data
40 == il AveiEge (E4) | bRl g G0 reveals that depths >20 m did not provide a
' — Pacific Average (3.55) 28 — PaclficAv.(0.058) refuge for corals from heat stress during the
0.20 2015 bleaching event.
3.8 |

J Coral Reef Watch Bleaching Alert Level 2

1 was triggered throughout the region in 2015.

1 Extensive severe bleaching was observed in
0.15+ 2015 and extensive mortality due to bleaching
was observed during surveys in 2016.

Aragonite Saturation (Qar)
Calcification Accretion (g/cm?/yr)

0.104
o ]
3.0
0.05-
| @ L
... I ------------ S -
2.8+ i
O_

2.6 T T T T T T T 1 T T T T |
=5 O o O3 = 3 = = == =} >
=2 © © © = =) ©
22552538 s 8 ¢ 5 ¢
8~ oJd50x5 o o O Z

o = =
c
(¢
A2

Aragonite saturation state measures carbonate ion concentration; the greater the
concentration of carbonate ions is, the easier it is for organisms like stony corals to
calcify. Aragonite saturation state was below the Pacific average throughout the
MHI. Aragonite saturation state can be seen as an exposure term — i.e., exposure of
calcifying organisms to the conditions that drive calcification.

Calcification Accretion Units measure the response of calcifying organisms to
those conditions as the net accretion of calcium carbonate produced over the
deployment period (see photos to right). Calcium carbonate accretion was lower
than the Pacific average throughout the MHI.

Calcification accretion unit (CAU) deployed on the reef.

*O‘ahu calcium carbonate accretion data are from 2012-2016

Rates of net calcium carbonate accretion are monitored with calcification accretion units (CAUS),
which allow for recruitment and colonization of crustose coralline algae and hard corals. Photos
show a CAU newly deployed (left) and two years after deployment (right).
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MHI

Ocean Chemistry and Temperature
Subsurface temperature

Subsurface temperature time series
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Subsurface temperature time series for 4-10m for 2013-2016 comparing Hawai'i 297
Island (in MHI) and Lisianski Island (in the Northwestern Hawaiian Islands — NWHI). O ]
Warm season months at these islands (May to August) at this depth were very similar. E 277
Cool season months (December to March) were much cooler in 2013-14, 2014-15, I} ]
and 2015-16 at Lisianski Island than Hawai‘i Island (see inset graph, right). Cool season <+ 254
temperatures provided much less of a reprieve from warm season temperatures at o
Hawai‘i Island than at Lisianski Island. % 23
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Uncorrected Degree Heating Weeks In-situ temperature bias relative to satellite  Depth-corrected Degree Heating Weeks
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Sea temperature data can be used to calculate Degree Heating Weeks; a metric of the accumulation of heat stress.
Remotely sensed sea surface temperature data from satellites are used to calculate Degree Heating Weeks for the surface
of the ocean. The difference between temperatures at the surface recorded by satellites and temperatures at depth can
be calculated (‘the bias’). The resultant bias-correction can be applied to temperatures at depth, enabling more accurate
calculations of heat stress at depth. The 10-year time series of sub-surface temperature from O'ahu shows that depths
below 20 m did not always provide a refuge from heat stress. Heat stress that may have caused bleaching at depths
greater than 20 m accumulated in 2015.




MHI

Ocean Chemistry and Temperature
Heat stress and coral bleaching

The NOAA Coral Reef Watch (CRW) program uses satellite
data to provide current reef environmental conditions to

quickly identify areas at risk for coral bleaching. Satellite DHW (20] 5) Alert Level (20] 5) Thermal
temperature analyzed shows that heat stress severe enough 159°W 157°W 155°W 159°W 157°W 155°W History
to cause coral bleaching occurred in the Main Hawaiian ; : ; : et s fr MHI
. o~
slands (MHD in 2014 and 2005 . ST . 1985
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No Stress Watch Warning [l Alert L1 [l Alert L2 1997
1998
Annual maximum Degree Heating Weeks (DHWs) in 2015 (left 1999
panel) were as high as 15 in parts of the MHI when at least five 2000
DHWSs accumulated at all islands in the region. 2001
Heat stress accumulation triggered Alert Level 2 throughout
the region in 2015 (right panel) and extensive severe bleaching 2002
was observed that year and extensive mortality due to 2003
bleaching was observed during surveys in 2016. 2004
Coral bleaching, west Hawai'i
2005
35 Main Hawaiian Islands o 2006
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No Stress Bleaching Watch Bleaching Warning M Alert L1 Ml Alert L2 2015 -
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Degree Heating Week (DHW) accumulation from 2014-2017 in the MHI. Alert Level 1 (lower dashed red line) is triggered 2017
when at least four DHWs have accumulated; a level of heat stress associated with minor and moderate bleaching. 2018

Alert Level 2 (upper dashed red line) is triggered when at least eight DHWs have accumulated, which can cause severe
bleaching. Alert Level 1 was triggered in 2014 and 2015 and Alert Level 2 was triggered in 2015 and extensive coral I 8 DHWSs
bleaching occurred in 2015. I 4 DHWs







Ocean Chemistry and Temperature
Chemistry (2010-2016)

This section represents the first Northwestern Hawaiian Islands (NWHI) NCRMP

data report on Ocean Chemistry and Temperature. The data and results presented
were collected by staff working with the Ecosystem Sciences Division of the NOAA
Pacific Islands Fisheries Science Center and the NOAA Coral Reef Watch program.

Aragonite saturation state Calcium carbonate

accretion
4.2+ 0.257
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Aragonite saturation state measures carbonate ion concentration; the greater
the concentration of carbonate ions is, the easier it is for organisms like stony
corals to calcify. Aragonite saturation state was below the Pacific average for

all locations in the NWHI except the French Frigate Shoals. Aragonite saturation
state can be seen as an exposure term — i.e., exposure of calcifying organisms to
the conditions that drive calcification.

Calcification Accretion Units measure the response of calcifying organisms to
those conditions as the net accretion of calcium carbonate produced over the
deployment period (see photos to right). Calcium carbonate accretion was lower
than the Pacific average throughout the NWHI.

Rates of net calcium carbonate accretion are monitored with calcification accretion units (CAUS),
which allow for recruitment and colonization of crustose coralline algae and hard corals. Photos
show a CAU newly deployed (left) and two years after deployment (right).
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NWHI

Highlights

Calcium carbonate accretion in the NWHI was
below the US Pacific average at all islands.

Bias-corrected subsurface temperature data
reveals that depths >20 m did not provide a
refuge for corals from heat stress during the
2015 bleaching event.

Coral Reef Watch Bleaching Alert Level 2 was
triggered throughout the region in 2014, and Alert
Level 1 was triggered in 2015. Extensive severe
bleaching was observed in 2014.

Diurnal pH — Lisianski Island
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Processes driving local pH vary throughout the
day. Photosynthesis drives up the pH during the
day as organisms calcify. pH declines again at
night as photosynthesis stops and respiration
continues to release CO, into the water column.
Data are from bottle samples only.




NWHI

Ocean Chemistry and Temperature
Subsurface temperature

Subsurface temperature time series
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Subsurface temperature time series for 4-10m for 2013-2016 comparing Hawai'i 297
Island (in MHI) and Lisianski Island (in the Northwestern Hawaiian Islands — NWHI). O ]
Warm season months at these islands (May to August) at this depth were very similar. ‘g 277
Cool season months (December to March) were much cooler in 2013-14, 2014-15, o ]
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Sea temperature data can be used to calculate Degree Heating Weeks; a metric of the accumulation of heat stress.
Remotely sensed sea surface temperature data from satellites are used to calculate Degree Heating Weeks for the surface
of the ocean. The difference between temperatures at the surface recorded by satellites and temperatures at depth can
be calculated (‘the bias’). The resultant bias-correction can be applied to temperatures at depth, enabling more accurate
calculations of heat stress at depth. The 10-year time series of sub-surface temperature from Pearl and Hermes Atoll shows
that depths below 20 m did not always provide a refuge from heat stress. Heat stress that may have caused bleaching at
depths greater than 20 m accumulated in 2015, and at depths greater than 40 m in 2008, 2010, 2011, and 2015.




Ocean Chemistry and Temperature A

Heat stress and coral bleaching

The NOAA Coral Reef Watch (CRW) program uses satellite
data to provide current reef environmental conditions to

quickly identify areas at risk for coral bleaching. Satellite DHW (20]4) A|ert Le\/e| (20]4) Thermal

temperature analyzed shows that heat stress severe enough
to cause coral bleaching occurred in the Northwestern
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panel) were as high as 20 in parts of the NWHI when at least 2000
nine DHWSs accumulated at all islands in the region. 2001
Heat stress accumulation triggered Alert Level 2 throughout
the region in 2014 (right panel) and extensive bleaching was 2002
observed. Alert Level 1 was triggered throughout the region in 2003
2015 and extensive bleaching was observed again that year. 2004
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Human Connections

Demographics, values, resource
use, and information sources

This Human Connections section presents findings from the first American Samoa
NCRMP socioeconomic data collection and includes data never collected before
in American Samoa. These are baseline data on social indicators from household
surveys conducted in January and February, 2014, and from secondary sources.

e
&

Educational attainment

35% i i 69%
OV R
11.1%
48.3%
| Samoan Other Pacific Islander (3.7%) Less than 9th to 12th grade, High school graduate,
9th grade no diploma GED, or alternative

I Asian (3.6%)

Other ethnic origin or race (3.8 %)

Some college, or [ Bachelor’s [l Graduate or
associate’s degree degree professional degree

American Samoa’s population was predominantly composed of Pacific Islander ethnicity,
with the majority identifying as Native Samoan or part Samoan (89 %). The next largest ethnic
category was Asian (3.6%). 82% of the population had at least completed high school, a
third had completed at least some college or an associates degree, and ~10% a bachelor’s or
graduate degree. 18 % of Samoans 25 years or older had not completed high school.

Fishing '

Resource use

Swimming Beach
a recreation () Q&
d > /)
76% 59% M 5%

PERCENT OF POPULATION PARTICIPATING IN EACH ACTIVITY

The great majority (77.4%) Information sources
of residents considered the

American Samoa or Federal
Government to be their top
source for information on
the environment, including
status of coral reefs and

[0]
present and future threats. g 100% | [ Trust
Greater than 90% of residents 9 o u Don't trust
who claimed government g 7% Eg{tshfrz
was a top source indicate et 50% 4
that this information source 3
was trusworthy. A far lower O 25%-
percentage (16.3%) named 2
TV as a top source and fewer é 0% -

of these residents (75 %) American Sdmoa Federal v
indicated trust for this source. Government  Government
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American Samoa

Highlights

The great majority of residents agreed that
coral reefs provide protection from erosion
and natural disasters, attract tourists, and are
culturally important.

There was no dominant perception of the status
or trends of water quality or the amount of
corals, fish, and animals for gleaning.

Of the potential threats to coral reefs, residents
were least familiar with climate change, coral
bleaching, and invasive species.

Residents were generally very supportive

of marine management policies — over

80 % agreed with establishing more marine
protected areas if evidence shows current ones
are effective.

Values and awareness

M Agree M Disagree M Neither/not sure

Protect AS  Only important
from erosion to fishermen,
and natural divers, and

disasters snorkelers

Healthy Important
reefs attract  to American
tourists ~ S&moa culture

When asked about important services provided
by reef resources, most residents agreed that
coral reefs protect American Samoa from erosion
and natural disasters (75 %), that coral reefs attract
tourists (75%), and that coral reefs are important
to American Samoan culture (89 %). The majority
of residents disagreed with the statement that
coral reefs are only important to fishermen,
divers, and snorkelers.

2014 survey data (n=448)




American Samoa

Perceptions of resource condition, threats, and severity

Hurricanesand Damage from Too much Coastal/ Climat Crown-of- Coral | .
Pollution other natural ships and fishing and urban Imate thorns starfish ora. nvas]ve
change outbreaks bleaching species

disasters boats gathering development

A

82 % 72% 71% 66%

PERCENT OF THE POPULATION FAMILIAR WITH EACH THREAT
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In general, residents were familiar with potential threats facing coral reefs in American Samoa, with well over half of residents stating
they were familiar or very familiar with each potential threat shown above. Of the potential threats mentioned, residents were least
familiar with climate change, coral bleaching, invasive species, and crown of thorn starfish outbreaks. Residents exhibited highest levels
of familiarity with threats from pollution and hurricanes or other natural disasters.

Number of animals
for gleaning

Ocean water quality

Amount of coral Amount of fish
(clean and clear)

DATA SHOWN ARE % OF RESPONDENTS
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[ Better [l Worse [l No change Not sure

Status and trend Severity of threats

More residents felt confident in their perception of the status of ocean water Not sure, 9.8% None, 4.2%

quality (<15% not sure) than for the amounts of coral, fish, and animals for Minimal, 5.4 %
gleaning (30 %+ percent not sure). For those confident in their perceptions,
roughly 35-50 % felt the current status was good and roughly 35-50 % felt
the current status was bad for all status variables. The same pattern was
found in the perceptions of trend. For those confident in their perception
of the trend of ocean water quality and amount of corals, fish and animals
for gleaning, roughly 35-45% felt it had gotten better and roughly 35-45% 26.3%
felt it had gotten worse. Overall, there was no consensus among the general
population regarding the current status or past and future trends of coral

Extreme

reef resources in American Samoa.

Residents were generally concerned about threats
to coral reefs in American Samoa. Twenty-six
percent of residents stated that they thought threats
were extreme and 32 % thought threats were large.
A small percentage (9 %) stated that threats were
either minimal or believe there are no threats.
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American Samoa

Perceptions of reef management policies
Management policies

100%
90% - 82%
80% - 78% M Support .
70% - I Oppose
60% - B Neither/not sure
50% pmrm e e B

Human Connections

40%
30%
20% -
10% -
0% - £
2012 Expansion of Establishing Establishing Establishing areas Fagamal© village

Ban on fishing 3

. o " ; ; \ f
species of big fish’ Fagatele National community-based permanent no-take with temporary Sy ”L AL

Marine Sanctuary village MPAs MPAs fishing closures

Residents were generally supportive of current marine management policies. There was extremely high
support for coommunity-based village MPAs (82 %) and temporary fishing closures (78 %). The village of
Fagamalo, for example, had established two marine protected sites, an MPA with temporary take and a
no-take MPA as part of the Community-based Fisheries Management Program (see photos, right). The
ban on fishing “big fish” species (humphead wrasse, bumphead parrotfish, and giant grouper) was the only

management measure not supported by a majority of residents — 50 % agreed with that policy.
MPA sign

Marine Protected Areas (MPAS)

100% | 930,
90% -
80% -
70% -
60% -
50% Q- e o R 8% R (R
40%
30% -
20% -
10% - 4% 4%

0% -

[ Agree [ Disagree [ Neither/not sure
92%

90%

86%

Fishermen’s .
. There should be There has been - MPAs help increase | would support
e IS fewer MPAS in economic benefit to bl Slise tourism in American  adding new MPAs in

reefs number of fish American Samoa AS from MPAS begn negatively
impacted

Samoa American Samoa
Respondents mostly agreed that MPAs provide benefits. Ninety percent or more of residents agreed or strongly agreed that MPAs protect
coral reefs, increase number of fish, attract tourists, and provide economic benefits to residents of American Samoa. The vast majority of
residents also supported adding new MPAs in American Samoa if evidence shows current ones are effective (89 %). Only 24 % of residents
stated that there should be fewer MPAs in American Samoa. There was less certainty regarding whether or not fishermen'’s livelihoods have
been negatively impacted by MPAs, with 48 % disagreeing with this statement, and 39 % agreeing.

Community-based fisheries management area in the villages
of Faganeanea and Matu'u.
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American Samoa

Coral Reefs and Reef Fish
Coral reefs —Tutuila (2015)

14°20’S,170°44"W
- Land area: 142 km?

. Coral reef area: 40.8km? (13/40 in the U.S. Pacific)

Coral cover was highest in Fagatele (37.5%)

. oo Area (km?) 01000 10,000 and lowest in the Aunu‘u Management Area
TTPR Population: 54,359 (2010) (5.6.%).

The coral reefs of Tutuila were surveyed in February and March of 2015. Acute and chronic coral diseases were <1% in
7 ; all sectors, as was recent mortality.

Old mortality of corals ranged from 8.8 % in the
NE to 17.5% in the Aunu‘u Management Area.

Coral Reefs and Reef Fish

Adult coral density
(outer ring)

Juvenile coral Aunu‘u MPA (10)

density (inner ring)

Benthic cover and coral density Adult

Pie charts for each sector show benthic cover of hard Juvenile

corals, crustose coralline algae (CCA), macroalgae

(>Icm in height), turf algae (<1cm in height), and other Aunu

as a percentage.

Adult (>5cm) and juvenile (<5cm) coral densities are
shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number
of surveys) is shown within brackets after the name in
the sector areas around the island.

Adult density

EEE .
29

0 o

Juvenile density
Fagatele MPA (13)

||
™m O O g
Tutuila (89)
Adult 1.4+09 Adult
Juvenile 3.2+0.3 Fagatele
Benthic cover M Hard coral M CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)
Coral disease Disease (acute) Disease (chronic)
. . 0.59+0.18 0.21+0.09

The prevalence of acute and chronic coral diseases
among sectors (+SE). 0.26+0.16 0.54+0.25

-
0.25+0.07
0.26+0.14

-~
0.17+0.17
0.68+0.26

Coral mortality 0.66:022 L— 0.44:021 L—=
0.48+0.19 Disease prevalence (%) 0.29+0.28 Disease prevalence (%)
The average percentage of recent (last few months)
or old (months or years ago) mortality of coral tissue 3223 2333
in observed coral colonies.
Mortality (recent) Mortality (old)
0.3+0.1 8.8+0.7

09+0.2 13.6+2.5

0.1+0. 17.5+19
129+1.4

0.5+£01 99+1.5 ;—
0.2+0.2 Mortality (%) 9.0£19 Mortality (%)
" - . -
= o o
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Coral Reefs and Reef Fish
Coral reef fish — Tutuila (2010-2016)

14°20’S,170° 44" W

_ Reef fish biomass: 23.0+1.29/m?

Coral reef fish surveys were conducted in 2015-16, 2012, and 2010.

100g/m?"

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass ’&3-

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only), with data from sampling sites shown for the past
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to
the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.

il NE (24.4+2.5, 39, 429%) 2
2015-16 23.0+1.2, 238, 40% 3
2012 30.3+27, 85, 53% ° %
2010 203413127, 35% 0,

NW (23+2.7, 50, 40%)

&
L

Aunu‘u MPA
(23.8+5.5, 27, 41%)

Biomass (9/m?)

SW (24.5+2.3, 41, 43%)
Sector (biomass+SE, effort* % of baseline**)

*number of stationary point count surveys conducted
*model of anthropogenic depletion

Fagatele MPA (24.2+21, 31, 42%)
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American Samoa

Reef fish biomass ranged from 20.9+2 g/m?
(36% of baseline) in the SE to 24.5+2.3, (43 % of
baseline) in the SW.

Reef fish biomass was 20.3+1.3 g/m? in 2010,
30.3+2.7 g/m?in 2012, and 23.0+1.2 g/m?in

2015-2016.

50% of the reef fish ssmpled were 10-30cm
in length during the 2010, 2012, and 2015-2016
surveys.

Herbivores

2015-1615.7+0.7
201219.3+1.2
201016.2+0.8

)‘ $

NE (16.6£1.6)

NW (15.0+1.5)

SW(166414) o atele (17.621.4)

Parrotfish >30cm

P
2015-162.20.3 NE (3.2£0.7) =
20124.2+0.5 NW (2005) [©
2010210.3 »
G mO o ﬂ Aunu‘u
o (4.8+15)

SE (1.3£0.3)

Biomass (g/m?)

SW (16+0.4) Fagatele (1.0+0.3)

Targeted fish
2015-16 8.3+0.7 NE (11.2£1.6) ) N
201213.041.3 NW (10019) @
20107.5+0.7 -
®
Aunu‘u
. 17.8+4.6
3 SE (49+0.8) ( )
Biomass (9/m?)
SW (6.3+11)

Fagatele (3.8+0.5)

.
o O O

o
- N oM <

Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.




American Samoa

Coral Reefs and Reef Fish
Coral reefs—Ofu and Olosega (2015)

14°11°S,169° 37" W

I Land area: 12.0 km?
B o-100m depth: 32.8km?
I Coral reef area: 79km? (27/40 in the U.S. Pacific)

» Coral cover was 30.7% in Ofu and Olosega.

. o Area (km?) 0-1000 | 10,000 '
'N' Population: 353 (2010) — Ofu (176), Olosega (177) » Acute and chronic coral diseases were <1%.

The coral reefs of Ofu and Olosega were surveyed in February and March of 2015. » Old mortality of corals was 1.4 %

Coral Reefs and Reef Fish

Ofu and Olosega (31)
Adult 21.4+1.5
Juvenile 6.3£09

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard

corals, crustose coralline algae (CCA), macroalgae

(>Icm in height), turf algae (<1cm in height), and other

as a percentage. Ofu and Olosega (82)

Adult (>5cm) and juvenile (<5cm) coral densities are
shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number

Adult density

of surveys) is shown within b.rackets after the name in TEm
the sector areas around the island. © o w9
Juvenile density
||
™m O O g
Benthic cover M Hard coral M CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)
Coral disease Disease (acute) Disease (chronic)

The prevalence of acute and chronic coral diseases

among sectors (+SE).
\', \V ‘

CO ral morta | |ty 0.26+010 0.29+0.10
Disease prevalence (%) Disease prevalence (%)
The average percentage of recent (last few months) | ]
or old (months or years ago) mortality of coral tissue 3223 2339
in observed coral colonies.
Mortality (recent) Mortality (old)
) V D V
0.3+£0.1 1.4+0.6
Mortality (%) Mortality (%)
]
o o (e} O N © ¥
- & ™ - =
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Coral Reefs and Reef Fish

American Samoa

Coral reef fish —Ofu and Olosega (2010-2016)

14°11°S,169° 37" W

_ Reef fish biomass: 34.9+2.8g/m?

Coral reef fish surveys were conducted in 2015-16, 2012, and 2010. 100g/m?

NCRMP surveys are randomly-located in all hard bottom habitats in <30m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass ®3-

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only), with data from sampling sites shown for the past
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to
the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.

Ofu and Olosega (349+2.8, 63, 61%)

Biomass (9/m?)

[eNoNoNoNoNoNe]
—ANMT W00~

Ofu and Olosega

2015-16 349+2.8, 63, 61% Sector (biomass+SE, sampling effort* % of baseline **)
2012 60.7+£6.0, 30, 106%

*number of stationary point count surveys conducted
2010 25.8+2.3, 30, 45% *model of anthropogenic depletion
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Reef fish biomass was 25.8+2.3 g/m?in 2010,
60.7+6.0 g/m?in 2012, and 34.9+2.8 g/m?in
2015-2016.

50 % of the reef fish sampled were 10-30cm
in length during the 2010, 2012, and 2015-2016
surveys. There were fish observed >80cm in
length during all survey years.

Herbivores
2015-16 25.1+2.2
2012 399+3.2
2010 19.8+1.6

)@y

Parrotfish >30cm

2015-16 7.3%1.4
2012 11.3£2.2
2010  2.8+0.8

Targeted fish
201516 187+2.7 )

2012 38.5+59
2010 M.1£31

Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.




Coral Reefs and Reef Fish

American Samoa

Coral Reefs and Reef Fish
Coral reefs—Ta‘'d (2015)

14°14’S,169°26'W

. Land area: 44.3km?
| o-100m depth: 163k

I Coral reef area: 9.0km? (25/40 in the U.S. Pacific) s Coral cover was 31.7% in Ta‘d
. 0 .

Area (km?) 0-1000 ' 10,000 '

o o
'N' Population: 356 (2010) » Acute and chronic coral diseases were <1%.

The coral reefs of Ta'l were surveyed in February and March of 2015.

» Old mortality of corals was 12.3%.

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard Ta‘a (21)

. Adult19.0+2.1
corals, .crust‘ose coralline algae (CCT‘A), macroalgae enlasoks
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

Adult (>5cm) and juvenile (<5cm) coral densities are
shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number
of surveys) is shown within brackets after the name in
the sector areas around the island.

Adult density
Juvenile density
i

m O O o
Benthic cover M Hard coral [l CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)

Coral disease Disease (acute) Disease (chronic)

The prevalence of acute and chronic coral diseases
among sectors (+SE).

0.40+0.12

Coral mortality

Disease prevalence (%) Disease prevalence (%)
The average percentage of recent (last few months) ---
. . n o v o O o o
or old (months or years ago) mortality of coral tissue c = = RN
in observed coral colonies.
Mortality (recent) Mortality (old)
Mortallty (% | Mortality (%)
---
o O O
S = &
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Coral Reefs and Reef Fish
Coral reef fish —Ta'l (2010-2016)

14°14’S,169°26'W

_ Reef fish biomass: 24.1+1.3g/m?

Coral reef fish surveys were conducted in 2015-16, 2012, and 2010.

100g/m?"

NCRMP surveys are randomly-located in all hard bottom habitats in <30m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass ®3-

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only), with data from sampling sites shown for the past
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to
the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.

oo Ta‘l (24.1+1.3, 96, 45%)

Biomass (9/m?)
L]
© 0000000
Taxcl OO —ANMIT 0O~
-
2015-16 24.1+1.3, 96, 45% ce®
2012 37.5+4.5, 22, 69%
2010 23.4+2.5,24, 43%

Sector (biomass+SE, sampling effort* % of baseline**)

*number of stationary point count surveys conducted
**model of anthropogenic depletion
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American Samoa

Reef fish biomass was 23.4+2.5 g/m? in 2010,
37.5+4.5 g/m?in 2012, and 24.1+1.3 g/m?in
2015-2016.

50 % of the reef fish sampled were 10-30cm
in length during the 2010, 2012, and 2015-2016
surveys. There were fish observed >80cm in
length during all survey years.

Herbivores

2015-16 20.7+1.5
2012 27.4+3.8
2010 181x2.0

)@y

Biomass (g/m?)

0o Wwowo
— T NANm

35

Parrotfish >30cm
2015-16 6.8+09

202 92422
2010 5.6+14

. —m < o0 o O
Targeted fish
201516 171416 ) A
2012 191+4]
20010 14.3+2]

<]

Biomass (g/m?)
.

o o O O

- N oM <

Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.




American Samoa

Coral Reefs and Reef Fish

Coral reefs—Swains Island (2015)

11°03’S, 171°05'W
‘ Land area: 1.5km?

| 0-100m depth: 2.8km?

| Coral reef area: 2.8km? (33/40 in the U.S. Pacific) Coral cover was 37.4% in Swains Island.

2" - ! ! . .
Area (k) 071000 10000 Acute coral disease was 1.4 %; chronic coral

]
'ﬂ' Population: 17 (2010) s

The coral reefs of Swains Island were surveyed in February and March of 2015. .
Recent mortality of corals was 0.3 %; old

mortality was 9.8 %.

Coral Reefs and Reef Fish

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard Swains Island (18)
corals, crustose coralline algae (CCA), macroalgae Adult14.7+1.7

(>1cm in height), turf algae (<1cm in height), and other Juvenile 2.9+0.6
as a percentage.

. . . Swains Island (50)
Adult (>5cm) and juvenile (<5cm) coral densities are

shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number
of surveys) is shown within brackets after the name in
the sector areas around the island.

Adult density

n O v o
2 2 K

Juvenile density

m~oo~g

Benthic cover M Hard coral [l CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)

Coral disease Disease (acute) Disease (chronic)

The prevalence of acute and chronic coral diseases
among sectors (+SE). 0
Coral mortality ,

Disease prevalence (%) Disease prevalence (%)
The average percentage of recent (last few months)

0.22+0.08

or old (months or years ago) mortality of coral tissue 3 9 “—’ 3 2339
in observed coral colonies.
Mortality (recent) Mortality (old)
Mortality (%) Mortality (%)
]
g 9 9 © o @
- ~N o™
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Coral Reefs and Reef Fish

American Samoa

Coral reef fish — Swains Island (2010-2016)

11°03’S,171°05'W

_ Reef fish biomass: 24.8+2.9 g/m?

Coral reef fish surveys were conducted in 2015-16, 2012, and 2010.

100g/m?"

NCRMP surveys are randomly-located in all hard bottom habitats in <30m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass ®3-

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only), with data from sampling sites shown for the past
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to
the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.

(0} o 2
5 (] Oooo

@ o
o) O ,))oé
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O o) %
o Swains Sanctuary
o a (27.6+4.6,23, 81%)
© Swains Island °
/

Swains Open o
(20.7+2.5,9, 61%)

Q

Swains Sanctuary —— Biomass (9/m?)

o Swains Open ....
0000000
Swains Island S RO T OOR
2015-16 24.8+29,32,73%
2012 29.5+19, 38, 87%
2010 20.7459, 24, 61%

Sector (biomass+SE, sampling effort* % of baseline**)

*number of stationary point count surveys conducted
**model of anthropogenic depletion
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Reef fish biomass was 20.7+5.9 g/m? in 2010,
29.5+1.9 g/m?in 2012, and 24.8+2.9 g/m?in
2015-2016.

>50% of the reef fish sampled were >30cm
in length during the 2012 and 2015-2016
surveys. There were fish observed >80cm in
length during the 2012 and 2015-2016 surveys.

Herbivores

2015-16 8.2+1.4
2012 99+1.2
2010  6.3%1.8

Open (10.5+3.2)
Sanctuary (6.6+09)

Parrotfish >30cm

o © o o >~
2015-16 1.0+£0.5 P ® e ~_—
2012 1.6+0.6
2010 0.3+0.
%0
Open (0.8+0.8) °

Sanctuary (1.2+0.6) K .
® Biomass (9/m?)

Targeted fish

2015-16 11.8+19 . e ° ‘%
2012 209438
2010 7815

Open (8.0+2.7)

Sanctuary (14.4+2.5) .
Biomass (g/m?)

.
o O O O

- N oM <

Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.




American Samoa

Coral Reefs and Reef Fish

Coral reefs—Rose Atoll (2015)

14°33'S, 168°09'W
’ Land area: 0.2km?
| 0-100m depth: 8.9k

‘ Coral reef area: 1.2km? (40/40 in the U.S. Pacific)

Mes (0000 10,000 Coral cover was highest in Rose Sanctuary
Uninhabited ' (18.51%) and lowest in Rose Open (7.1%).

i [0) i [0)
The coral reefs of Rose Atoll were surveyed in February and March of 2015. Acute disease was <1% and chronic was 1.1%.

Old mortality of corals ranged from 10.7% in
Rose Sanctuary to 19.6 % in Rose Refuge.

Coral Reefs and Reef Fish

Rose Sanctuary (11)
Adult14.0+1.7

Juvenile 35+0.5 Rose Sanctuary (48)

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard

R )
Rose Refuge

corals, crustose coralline algae (CCA), macroalgae R":gjf;‘;f‘;gg)
(>5cm in height), turf algae (<5cm in height), and other Juvenile 27405

as a percentage of total cover.
Adult  Juvenile .
For Rose Sanctuary, adult and juvenile coral density is

shown as an inner and outer ring around the sanctuary
boundary* For Rose Refuge, density is shown in the
split circle within this sector. Sampling effort (number of
surveys) is shown within brackets after the sector name.

Rose Refuge (28)

Adult density
--O-
~

n o

Juvenile density
*The inner sanctuary boundary is adjacent to the seaward boundary ]
of the Rose Atoll National Wildlife Refuge. Hence, the sanctuary does m o oo
not include the land or Iagoon waters that make up the refuge

Benth|c COV@I’ . Hard coral . CCA . Macroalgae Turf algae Other Sector (Sampling effort)
Coral disease Disease (acute) Disease (chronic)
The prevalence of acute and chronic coral diseases
among sectors (+SE). > 0.45+0.18 > 112+0.72
0.18+£0.13 » 0.39+0.21 >
Coral mortality
Disease prevalence (%) Disease prevalence (%)
The average percentage of recent (last few months) ---
or old (months or years ago) mortality of coral tissue 322 2339
in observed coral colonies.
Mortality (recent) Mortality (old)

O 0.4+0.2 ? 10.7+1.3

1.0+£0.4 19.6+£2.5

o

Mortality (%) Mortality (%)
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= d ® - o

']44 TABLE OF CONTENTS




Coral Reefs and Reef Fish

American Samoa

Coral reef fish — Rose Atoll (2010-2016)

14°33’S,168°09'W

_ Reef fish biomass: 29.1+1.3g/m?

Coral reef fish surveys were conducted in 2015-16, 2012, and 2010.

100g/m?"

NCRMP surveys are randomly-located in all hard bottom habitats in <30m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass ®3-

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only#), with data from sampling sites shown for the
past three survey periods. Herbivore, Parrotfish (>30cm), and Targeted fish are shown
to the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.
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Rose Atoll OO —N®mS 0O N
2015-16 29.1+1.3, 84, 65% ooo Sector (biomass+SE, sampling effort* % of baseline **)

2012 36.3+2.3, 33, 82%

5010 0416, 24 47% *number of stationary point count surveys conducted
.0Ox1.0, b (]

**model of anthropogenic depletion
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 Backreef and lagoon data were removed prior to calculating the sector level values.
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Reef fish biomass was 21.0+1.6 g/m? in 2010,
36.3+2.3 g/m?in 2012, and 29.1+1.3 g/m?in
2015-2016.

50 % of the reef fish sampled were 10-30cm
in length during the 2010, 2012, and 2015-2016
surveys. There were fish observed >80cm in
length during the 2012 and 2015-2016 surveys.

Herbivores
2015-16 15.5:09 4 )@y
2012 21.3%18 ©
2010 126213 g
§ s
&
% o
&9
%Qb ‘ — Biomass (g/m?)
«? L]
©werRla8
Parrotfish >30cm -
2015-16 19+0.4 .9 >
2012 3.3+07 ® Q
2010  0.7+0.4 o w0 &P S
& B @o
@ %
% . Q,@i
R N = Biomass (9/m?)
NP EEEn
1oV Qo VQow
o —mYor~o O
Targeted fish =
201516 16.641.6 £ ) A
2012 274434 %
2010 14.8+33 5 %
]
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e
¥ p
E’% pe o Biomass (9/m?)
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Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.




NOAA diver monitoring coral
reef condition in Tutuila,
American Samoa.

i




Ocean Chemistry and Temperature
Chemistry (2010-2015)

This section represents the first American Samoa NCRMP data report on Ocean
Chemistry and Temperature. The data and results presented were collected by staff
working with the Ecosystem Sciences Division of the NOAA Pacific Island Fisheries
Science Center and the NOAA Coral Reef Watch program.

Aragonite saturation state Calcium carbonate
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Aragonite saturation state measures carbonate ion concentration; the greater the
concentration of carbonate ions is, the easier it is for organisms like stony corals to
calcify. American Samoa had the most favorable environment for calcification in the
US Pacific. Within the region, Swains Island and Rose Atoll had the highest aragonite
saturation state. Rose Atoll gets its name from the pink colors of the crustose
coralline algae (CCA) there. CCA is sensitive to aragonite saturation state and thrives
at Rose Atoll. Aragonite saturation state can be seen as an exposure term — i.e,,
exposure of calcifying organisms to the conditions that drive calcification.

Calcification Accretion Units measure the response of calcifying organisms to

those conditions as the net accretion of calcium carbonate produced over the
deployment period (see photos to right). The American Sd&moa region showed high
levels of accretion with Rose Atoll having the highest rates. The differences within
an island between years were subtle, while differences among islands were stable
across years, and therefore likely robust.

Rates of net calcium carbonate accretion are monitored with calcification accretion units (CAUS),
which allow for recruitment and colonization of crustose coralline algae and hard corals. Photos
show a CAU newly deployed (left) and two years after deployment (right).
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American Samoa

Highlights

American Samoa has the most favorable
environment for calcification in the US Pacific.

Bias-corrected subsurface temperature data
reveals that depths >20 m did not provide a
refuge for corals from heat stress during the
bleaching events of 2010 and 2014/2015.

Coral Reef Watch Bleaching Alert Levels were
triggered for nearly all of American Samoa
during all years between 2014 and 2017 —
extensive bleaching and bleaching-induced
mortality were observed during this period.

Diurnal pH — Fagatele

8.04+
8.02+
8.004
7.98+
796

7.944
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o
o

3

12:00 1
18:00 -
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Processes driving local pH vary throughout the
day. Photosynthesis drives up the pH during the
day as organisms calcify. Lower pH conditions
can return at night as photosynthesis stops and
respiration continues to release CO, into the
water column. Red lines on the plot are the bottle
samples used to validate the 24-hour pH time
series from the sensors.




American Samoa

Ocean Chemistry and Temperature
Subsurface temperature

Subsurface temperature time series
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Subsurface temperature time series for 4-10 m for 2012-2015 comparing Tutuila
and Swains Island. Summer months at these locations (December to March) at G 307
this depth were indistinguishable. However, winter months (June to September) ‘g
were 1-2°C cooler in Swains Island than in Tutuila (see inset graph, right). Winter o
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Sea temperature data can be used to calculate Degree Heating Weeks; a metric of the accumulation of heat stress.
Remotely sensed sea surface temperature data from satellites are used to calculate Degree Heating Weeks for the surface
of the ocean. The difference between temperatures at the surface recorded by satellites and temperatures at depth can
be calculated (the ‘bias’). The resultant bias-correction can be applied to temperatures at depth, enabling more accurate
calculations of heat stress at depth. The 10-year time series of sub-surface temperature from Tutuila shows that depths
below 20 m did not provide a refuge from heat stress. Heat stress that may have caused bleaching at depths greater than
20m accumulated in 2005, 2010, and 2014.




American Samoa

Ocean Chemistry and Temperature
Heat stress and coral bleaching

The NOAA Coral Reef Watch (CCRW) program uses satellite
data to provide current reef environmental conditions to

quickly identify areas at risk for coral bleaching. Satellite 20] 5 20]7
Thermal
temperature analyzed shows that heat stress severe enough 171°W 169°W 171°W 169°W .
to cause coral bleaching occurred in American Samoa in 1994, [ - L ¢ History
2002, 2003, 2007, 2010, 2014, 2015, 2016, and 2017. B Am Sam
¢ 1985
, 1986
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¢ 1988
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|~ 1990
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: | 1992
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and mortality due to bleaching in the following year. 2017 was Ofu & Olosega : &» 2000
also anomalously warm though not as warm as 2015. More - Rose Atoll ., 2001
than eight DHWs accumulated in much of the southern area - _ S -
of the region in 2017, including at Tutuila, Ofu and Olosega, Tau Samoa / " 2002
and Rose Atoll. Alert Level 2 was triggered at these locations in TR o 2003 -
2017 and more severe bleaching was observed. 2004
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Degree Heating Week (DHW) accumulation from 2014-2017 in the Samoas. Alert Level 1 (lower dashed red line) is 2018
triggered when at least four DHWSs have accumulated; a level of heat stress associated with minor and moderate
bleaching. Alert Level 2 (upper dashed red line) is triggered when at least eight DHWSs have accumulated, which can I 8 DHWs
cause severe bleaching. Alert Level 1 was triggered in all four of these years and Alert Level 2 was triggered in 2014, 2015, I 4 DHWs

and 2017, and extensive coral bleaching occurred during those years.







Human Connections

Demographics, values, resource
use, and information sources

This Human Connections section presents findings from the Guam NCRMP
socioeconomic data collection and includes data never collected before in Guam.
These are baseline data on social indicators from household surveys conducted in
February to July 2016 and from secondary sources.

= e

Educational attainment
5.2% 7.8 %
12.8%
33.8%

Less than
9th grade

9th to 12th grade,
no diploma

W Pacific Islander
I Asian M Black (1.0%)

Other ethnic origin or race (10.4 %)

. GED, or alternative

White (71%)

[ Some college, or [ Bachelor’s [l Graduate or
associate’s degree degree professional degree

The population of Guam was predominantly composed of Pacific Islander (50 %) and
Asian ethnicity (32%). Nearly 80% of the population had at least completed high school,
~46% had completed at least some college or an associate’s degree, and ~20% a
bachelor's degree or graduate degree.

Resource use

Fishing '
s N\

Beach Swimming
recreation '. ‘
T

PERCENT OF POPULATION PARTICIPATING IN EACH ACTIVITY

o9

Information sources

The majority (72 %) of
residents considered
newspapers to be the top
source for information

on the environment, g 100% | M Trust

including status of coral 2 I Don't trust
o 75% Neither/

reefs and present and 9 not sure

future threats. Greater © 509

than 75% of residents who B

claimed newspapers, TV g 2%

and radio are top sources é’ 0%

indicated these sources O

Newspaper TV Radio

were trustworthy.
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Highlights

The great majority of residents agreed that
coral reefs provide protection from erosion
and natural disasters, attract tourists, and are
culturally important.

The dominant perception of the status of
water quality and the amount of corals, fish
and turtles was that the current status was
good; however the dominant perception for

trend was that the condition had worsened or
remained the same over the past ten years.

Of the potential threats to coral reefs,
residents were least familiar with damage from
small watercraft.

Residents were generally very supportive of
marine management policies.

Values and awareness

M Agree M Disagree M Neither/not sure

0,
92% 80%

4% 4% 6% 6%

1% 2%

Protect Guam Only important

. Healthy Important
from erosion  to fishermen, |
. reefs attract ~ to Guam's
and natural divers, and .
) tourists culture
disasters snorkelers

When asked about important services provided
by reef resources, most residents agreed that
coral reefs protect Guam from erosion and
natural disasters (92 %), that healthy coral reefs
attract tourists (89 %), and that coral reefs are
important to Guam'’s culture (97 %). The majority
of residents (82 %) disagreed with the statement
that coral reefs are only important to fishermen,
divers, and snorkelers.

2016 survey data (n=712)
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PERCEPTIONS OF

Trend

(PAST 10 YEARS)

Status

Perceptions of resource condition, threats, and severity
Threats

Pollution from

Typhoons and Too much Coastal/ Sediment Damage from

Trash/littering stormwater, other natural fishing and Cleate urban runoff into ships and bl Cor:.l
sewage, etc. disasters gathering change development the ocean eaching

boats

64 %

60 %

PERCENT OF THE POPULATION FAMILIAR WITH EACH THREAT
Threats not shown above: Invasive species (47 %), and Damage from small watercraft (44 %).

77% 59% 52%

~90% 76%

54 %

In general, residents were familiar with potential threats facing coral reefs in Guam, with at least 47 % of residents stating they were
familiar or very familiar with each potential threat shown above. Of the potential threats mentioned, residents were least familiar with
damage from small watercraft (44 %) and invasive species (47 %). Residents exhibited highest levels of familiarity with threats from trash
and littering.

Ocean water
quality

Amount of N TEr G Number of
coral turtles

DATA SHOWN ARE % OF RESPONDENTS

OIVIO

¥ Good ¥ Bad B Neither bad nor good

099 )

[ Better [l Worse [l No change

Beach quality

Not sure

Not sure

Status and trend

More residents felt confident in their perception of the status of ocean water
quality and beach quality (<10% not sure) than for the amounts of coral, fish,
and turtles (>15% not sure). For those confident in their perception, roughly
30-60% of residents felt the current status was good, and roughly 20-60 %
felt the current status was bad for all status variables. A different pattern was
shown in the perceptions of trend. For those confident in their perception

of the trend of ocean water quality and amount of corals, fish, and turtles,
roughly 35-50 % felt it had gotten worse, roughly a quarter felt there had been
no change and roughly 25-45% felt the status had gotten better. Overall,

the dominant perception of the status of marine resources was that the
current status was good (except for number of turtles); however there was no
dominant perception concerning trend in status over the last ten years.

152

Severity of threats

Not sure, 6%
None, 1%

Minimal, 10%
Extreme

22%

Residents were generally concerned about threats to
coral reefs in Guam. Twenty two percent of residents
stated that they thought threats were extreme and
31% thought threats were large. A small percentage
(M%) stated that threats were either minimal or
believe there are no threats.
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Perceptions of reef management policies
Management policies

100%
90% - 88% 89%
80% M support .
70% - I Oppose

60%
B50% e R e B e e
40% |
30% -
20% -
10% -

0% -

B Neither/not sure

Human Connections

Restrictions on Size limits for Lower the number Limits on tourism Permit and certification
SCUBA spear certain fish of sea cucumbers operators and activity requirements for water
fishing species allowed per person  within marine preserves sports tour operators

Residents were generally supportive of current marine management policies. There was high support for
size limits for certain fish species (88 %), and permit and certification requirements (89 %). There was less but
still strong support for limiting tourism operators and activity within marine preserves (78 %) and lowering the
number of sea cucumbers allowed per person (76 %), and restricting SCUBA spear fishing (70 %).

Marine Protected Areas (MPAS)

100% | 94% 93%

90% - s 87%
80%
70%
60% -
50% -
40%
30%
20% -
10% -

0% -

[ Agree [ Disagree [ Neither/not sure

Marine Preserves Marine Preserves There should There .has been ) F|§hermens Marine Preserves | would support
protect coral reefs increase the be fewer Marine ~ &conomic benefitto  livelinoodshave  hel increase tourism adding new Marine
number of fish Preservesin Guam ~©uam from Marine  been negatively in Guam Preserves in Guam

Preserves impacted
Respondents mostly agreed that MPAs provide benefits. Eighty-four percent or more of residents agreed or strongly agreed that MPAs
protect coral reefs, increase number of fish, and attract tourists. The vast majority of residents also supported adding new MPAs in Guam
if evidence was provided that current ones are effective (87%). Only 17% of residents stated that there should be fewer MPAs in Guam.
There was less certainty regarding whether fishermen'’s livelinoods have been negatively impacted by MPAs, with 38 % disagreeing with this
statement, and 42 % agreeing.

Tumon Bay Marine Preserve, Guam.
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Coral Reefs and Reef Fish

Coral Reefs and Reef Fish

Coral reefs—Gua

13°27'N, 144°48'E

B o 00m depth: 152km?

. Coral reef area: 51.1km? (12/40 in the U.S. Pacific)

(2017)
_ Land area: 544 km?

e 0o 0 0 o
PEPPR Population: 159358 (2010)

Area (km?) 0-1000 ' 10,000 '

The coral reefs of Guam were surveyed in May and June of 2017.*

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

Adult (>5cm) and juvenile (<5cm) coral densities are
shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number
of surveys) is shown within brackets after the name in
the sector areas around the island.

*Benthic cover data are from March to May 2014.

Benthic cover M Hard coral [l CCA M Macroalgae

Coral disease

The prevalence of acute and chronic coral diseases
among sectors (+SE).

Coral mortality

The average percentage of recent (last few months)
or old (months or years ago) mortality of coral tissue
in observed coral colonies.

Guam West All (11)
Adult 111+1.8
Juvenile 6.6+2.0

Guam West Open, 2014 (45)

Turf algae Other

Disease (acute)

1.78+0.72

Mortality (recent)

0.6£0.3
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Guam

Coral cover was highest in Guam MPA All
(14.5%) and lowest in Guam East Open (10.4 %).

Acute and chronic coral diseases were
between 1and 2% in all sectors.

Old mortality of corals was 15.4+1.1% in Guam
East and 16.8+1.1% in Guam West.

Guam MPA All, 2014 (30)

Guam East Open,
2014 (33)

Guam East All (19)
Adult12.0+1.6
Juvenile 8.3+1.2

Adult density

)
SR

Juvenile density

m~oo~g

n

Sector (Sampling effort)

Disease (chronic)

1.66+0.65

1.05+0.38 1.40+0.35

Disease prevalence (%)

g v 9

~— o

Disease prevalence (%)

9 9 9 9
— N ™
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[e] ~

Mortality (old)

16.8#11

0.6£0.1 154411
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Coral Reefs and Reef Fish
Coral reef fish — Guam (2011-2017)

13°27'N, 144°48’E
- Reef fish biomass: 9.6+1.3g9/m?

Coral reef fish surveys were conducted in 2017, 2014, and 2011.

100g/m?"

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

o e

Reef fish biomass ’&3-

e e

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only), with data from sampling sites shown for the past
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to
the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae,
and Mullidae.

MPA (Pati Point)
Qe /
Guam West Open (8.8+1.1, 26, 17%) — ®

MPA (Tumon Bay)
Guam MPA (13.1+4.7, 21, 25%)
MPA (Piti Bomb Holes)

MPA (sasa Bay) Guam East Open

(9.142.4,19,17%)

Biomass (9/m?)

Guam

2017 9.6%1.3,66,18%
2014 10.8+09,105, 20%
2011 20.0+1.3,133, 38%

Sector (biomass+SE, effort* % of baseline**)

*number of stationary point count surveys conducted

MPA (Achang Reef Flat) *model of anthropogenic depletion
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Reef fish biomass ranged from 8.8+1.1 g/m?
(17% of baseline) in Guam West to 13.1+4.7
g/m? (25% of baseline) in Guam MPA.

Reef fish biomass was 20.0+1.3 g/m?in 20T,
10.8+0.9 g/m?in 2014, and 9.6+1.3 g/m?in 2017.

50 % of the reef fish sampled were >20cm in
length during the 2011, and 2014 surveys, and
>50% of the reef fish sampled were >30cm
in 2017.

Herbivores

2017 53408 )@y
2014 82410

2011 143410

West (5.1+0.8)

East (3.7+09)
MPA (99+4.3) Biomass (g/m?)
ol ] ] ]
. LTy
Parrotfish >30cm
>
2017 0.3+0.2 ——
2014 0.2+0.1
201 1.7£0.3
West (0.1+0.1)
East (0.1+0.1)
MPA (1.4+1.2) Biomass (g/m?)
o ] ] ]
QR mQ
. ~—Mt IO~ o
Targeted fish
2017 32410 |
204 47410
201 7741
West (1.5+0.5)
East (3.3+17)
MPA (7.8+4.4) Biomass (g/m?)
[
o o o o
— N O <

Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.




NOAA Ship Hi‘ialakai in the
Marianas Archipelago.
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Ocean Chemistry and Temperature
Chemistry (2011-2014)

This section represents the first Guam NCRMP data report on Ocean Chemistry
and Temperature. The data and results presented were collected by staff working
with the Ecosystem Sciences Division of the NOAA Pacific Islands Fisheries Science
Center and the NOAA Coral Reef Watch program.

Aragonite saturation state Calcium carbonate
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Aragonite saturation state measures carbonate ion concentration; the greater the
concentration of carbonate ions is, the easier it is for organisms like stony corals to
calcify. Aragonite saturation state was slightly above the Pacific average in Guam
and was nearly the same at Saipan and Guam. Aragonite saturation state can be
seen as an exposure term — i.e., exposure of calcifying organisms to the conditions
that drive calcification.

Calcification Accretion Units measure the response of calcifying organisms to
those conditions as the net accretion of calcium carbonate produced over the
deployment period (see photos to right). Calcium carbonate accretion was lower
than the Pacific average in Guam.

Rates of net calcium carbonate accretion are monitored with calcification accretion units (CAUS),
which allow for recruitment and colonization of crustose coralline algae and hard corals. Photos
show a CAU newly deployed (left) and two years after deployment (right).
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Highlights

Calcium carbonate accretion in Guam was
below the US Pacific average.

Bias-corrected subsurface temperature data
reveals that depths >20 m did not provide a
refuge for corals from heat stress during the
2015 bleaching event.

Coral Reef Watch Bleaching Alert Level 2

was triggered throughout the region in 2017.
Extensive severe bleaching was observed in
2017 and extensive mortality due to bleaching
was observed in 2018.

A range of calcifying organisms (coral species and crustose
coralline algae) that contribute to reef building.




Chemistry & Temperature

Guam

Ocean Chemistry and Temperature
Subsurface temperature

Subsurface temperature time series
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Sea temperature data can be used to calculate Degree Heating Weeks; a metric of the accumulation of heat stress.
Remotely sensed sea surface temperature data from satellites are used to calculate Degree Heating Weeks for the surface
of the ocean. The difference between temperatures at the surface recorded by satellites and temperatures at depth can
be calculated (‘the bias’). The resultant bias-correction can be applied to temperatures at depth, enabling more accurate
calculations of heat stress at depth. The 10-year time series of sub-surface temperature fromm Guam shows that depths

below 20 m did not always provide a refuge from heat stress. Heat stress that may have caused bleaching at depths
greater than 20 m accumulated in 2015.




Ocean Chemistry and Temperature
Heat stress and coral bleaching

The NOAA Coral Reef Watch (CRW) program uses satellite

data to provide current reef environmental conditions to

quickly identify areas at risk for coral bleaching. Satellite D HW (20]7) Alert Le\/el (20]7)
temperature analyzed shows that heat stress severe enough 144°E 145°E 144°E 145°E

to cause coral bleaching occurred in Guam in 2006, 2013,
2014, 2016, and 2017. Rota (CNMI)

14°N

13°N

DHW (Annual maximum)

o I 2§l T
01 23 4567 8 91 1121314151617 18 19 20

Bleaching Alert Level
No Stress Watch Warning [l Alert L1 [l Alert L2

Annual maximum Degree Heating Weeks (DHWSs) in 2017 (left
panel) were as high as 10 in parts of Guam when at least nine
DHWSs accumulated at reefs surrounding Guam.

Heat stress accumulation triggered Alert Level 2 throughout
the region in 2017 (right panel) and extensive severe bleaching
was observed that year and extensive mortality due to
bleaching was observed in 2018.

Coral bleaching in Guam during a mass bleaching event in 2013

Guam
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No Stress Bleaching Watch Bleaching Warning M Alert L1 M Alert L2

Degree Heating Week (DHW) accumulation from 2013-2017 in CNMI. Alert Level 1 (lower dashed red line) is triggered
when at least four DHWs have accumulated; a level of heat stress associated with minor and moderate bleaching.
Alert Level 2 (upper dashed red line) is triggered when at least eight DHWs have accumulated, which can cause severe
bleaching. Alert Level 1 was triggered in 2013, 2014, 2016, and 2017 and Alert Level 2 was triggered in 2017, and extensive
coral bleaching occurred in 2017.
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Human Connections

Demographics, values, resource
use, and information sources

This Human Connections section presents findings from the CNMI NCRMP
socioeconomic data collection and includes data never collected before in CNMI.
These are baseline data on social indicators from household surveys conducted in
August 2016 to April 2017, and from secondary sources.

Educational attainment
3.7 %

7.8%
9.8%

37.0%

Less than
9th grade

9th to 12th grade,
no diploma

High school graduate,

I Asian [l Pacific Islander White (2.1%) GED, or alternative

Other ethnic origin or race [ Some college, or M Bachelor's [l Graduate or

associate’s degree degree professional degree

The population of CNMI was predominantly composed of Asian (50 %) and Pacific
Islander ethnicity (35%). Around 80% of the population had at least completed high
school, ~45% had completed at least some college or an associate’s degree, and ~20%
a bachelor’s degree or graduate degree.

Resource use

Beach Swimming Fishing ‘
o N\
)

recreation . 7
70%

76% W 3%
PERCENT OF POPULATION PARTICIPATING IN EACH ACTIVITY

Information sources

[ Trust M Don't trust

Neither/not sure

9

The great majority (>95%)

of residents considered
newspapers, TV, and the
radio to be a top source

for information on the
environment, including
status of coral reefs and
present and future threats.
Greater than 75% of residents
who claimed newspapers,
TV and radio are top sources
sources indicated these
sources were trustworthy.

100% |

75% |

50% -

25% -

Considered a top source

Q
X
|

Newspaper TV Radio
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Highlights

The great majority of residents agreed that
coral reefs provide protection from erosion
and natural disasters, attract tourists, and are
culturally important.

The dominant perception of the status and
trends of water quality and the amount of
corals, fish, and animals for gleaning was that
the current status was good, but condition had

declined over the last ten years.

Of the potential threats to coral reefs, residents
were |least familiar with invasive species.

Residents were generally very supportive of
marine management policies - nearly 90 %
agreed that they generally support marine
protected areas.

Values and awareness
M Agree M Disagree M Neither/not sure

| 90% 91%

Protect CNMI Only important Coral reefs Coral reefs

from erosion  to fishermen, in good are important
and natural divers,and condition  to my island’s
disasters snorkelers  provide food culture

When asked about important services provided
by reef resources, most residents agreed that
coral reefs protect CNMI from erosion and natural
disasters (90 %), that coral reefs in good condition
provide food (91%), and that coral reefs are
important to CNMI culture (91%). The majority of
residents (80 %) disagreed with the statement that
coral reefs are only important to fishermen, divers,
and snorkelers.

2016-17 survey data (n=722)




Commonwealth of the Northern Mariana Islands
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PERCEPTIONS OF

Trend

(PAST 10 YEARS)

Status

Perceptions of resource condition, threats, and severity
Threats

Typhoons and Open Over Erosion/ Damage from Climat Coastal/ Coral
othernatural  Pollution dumping/  harvestingof  sediment ships and h'ma € urban . °r:.
resources runoff boats change development eaching

disasters littering

hou \\H

N%  88% 73% 0% 69 % 69 %

PERCENT OF THE POPULATION FAMILIAR WITH EACH THREAT
Threats not shown above: Invasive species (49 %).

In general, residents were familiar with potential threats facing coral reefs in CNMI, with at least half of residents stating they were
familiar or very familiar with each potential threat mentioned except coral bleaching and invasive species (each 49 %). Residents
exhibited highest levels of familiarity with threats from pollution and hurricanes.

Ocean water Amount of . Number of Number of sea
: Number of fish L. .
quality coral trochus (aliling) cucumber (balati)

DATA SHOWN ARE % OF RESPONDENTS

OJV I

¥ Good ¥ Bad B Neither bad nor good Not sure

VeI

[ Better [l Worse [l No change Not sure

" & r e - 2

Status and trend Severity of threats

More residents felt confident in their perception of the status of ocean water Not sure, 6%
quality (<3% not sure) than for the amounts of coral, fish, and animals for None, 1%
gleaning (>13% not sure). For those confident in their perception, roughly

50-65% of residents felt the current status was good, and roughly 25% felt the Extreme
current status was bad for all status variables. A different pattern was shown in Minimal 19%
the perceptions of trend. For those confident in their perception of the trend

of ocean water quality and amount of corals, fish and animals for gleaning, 19%
roughly half felt trend was worse, roughly a quarter felt there had been no

change and roughly a quarter felt status had improved. Overall, the dominant

perception of the status and trends of water quality or the amount of corals, 26%
fish, and animals for gleaning was that the current status was good but that
the status of these marine resources had gotten worse over the last ten years.

|

¢l

Large

Residents were generally concerned about threats
to coral reefs in CNMI. Nineteen percent of residents
stated that they thought threats were extreme and
26 % thought threats were large. Aimost one fifth
stated that threats were either minimal or believe
there are no threats.
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Perceptions of reef management policies
Management policies

100%
93%

90% | o - 90% 0
80% - 1 Support _g
70% - I Oppose 8
. c
60% - B Neither/not sure c
O

QNN R D U U
50% O
40% - c
©
30% £
20% - :I::’

% 0
10% - 5% 5% 9% 9%
0% - o— -
Size limits for Impose a small fee for Increased Limits on the number More restrictions
certain fish non-residents visiting a enforcement of of tourism boat on construction
species locally managed MPA wastewater and operators within locally  practices to prevent
P to fund conservation  stormwater regulations managed MPAs sediment pollution

Residents were generally supportive of current marine management policies. There was extremely high
support for size limits for certain fish species (90 %), increased enforcement of wastewater and stormwater
regulations (93 %), and more restrictions on construction practices to prevent sediment pollution (90 %). There
was less but still strong support for imposing fees on non-residents that visit locally managed MPAs (76 %) and
limiting the number of tourism boat operators within locally managed MPAs (82 %).

Marine Protected Areas (MPAS)

100% | 96%
90% -
80% -
70% -
60% -
SRR 2 SRS 0 BRGS0 CEEEEEEEEECERSR VTSR EESESEEESEEN
40%
30%
20% -
10% -

0% -

[ Agree [ Disagree [ Neither/not sure

90%

86%

10%

9%

. There should be There has been Fishermen's )
MPAs protect coral MPAs increase fower MPAS in economic benefitto  livelihoods have  MPAs help increase I'would support
reefs number of fish been negatively tourism in CNMI

adding new MPAs in

CNMI CNMI from MPAs CNMI

impacted
Respondents mostly agreed that MPAs provide benefits. Seventy-four percent or more of residents agreed or strongly agreed that MPAs
protect coral reefs, increase number of fish, attract tourists, and provide economic benefits to residents of CNMI. The vast majority of
residents also supported adding new MPAs in CNMI if evidence was shown current ones are effective (86%). Only 15% of residents stated that
there should be fewer MPAs in CNMI. There was less certainty regarding whether fishermen’s livelihoods have been negatively impacted by
MPAS, with 44 % disagreeing with this statement, and 34 % agreeing.

Coral Gardens, Rota, the first MPA in CNMI.
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Coral Reefs and Reef Fish

CNMI

Coral Reefs and Reef Fish
Coral reefs —Saipan (2017)

1591 N, 145°45'E
- Land area: 115 km?
B o-0om deptn: n2kn?

. Coral reef area: 35.4km? (14/40 in the U.S. Pacific) Coral cover was 15.9% in Saipan.

e o o o Area (kn?) 0-1000 | 10,000 '

'n"n“n"n‘ Population: 48,220 (2010) Acute and chronic coral diseases were <1% in
all sectors, as was recent mortality.

The coral reefs of Saipan were surveyed in May and June of 2017.*

Old mortality of corals was 12.2 %.

Saipan (22)
Adult19.0+2.4
Juvenile 14.6+1.6

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other

as a percentage.
Saipan, 2014 (70)

Adult (>5cm) and juvenile (<5cm) coral densities are
shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number
of surveys) is shown within brackets after the name in
the sector areas around the island.

Adult density

)
SR

Juvenile density

m*OO*Q

n

*Benthic cover data are from March to May 2014.

Benthic cover M Hard coral [l CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)

Coral disease Disease (ac

ute) Disease (chronic)
The prevalence of acute and chronic coral diseases
among sectors (+SE). ‘
0.67+0.14 0.89+0.29
Coral mortality
Disease prevalence (%)
The average percentage of recent (last few months) | ]
o 9 Q9

or old (months or years ago) mortality of coral tissue BN

Disease prevalence (%)

1.0

e Q Q
NI I

Mortality (recent) Mortality (old)
0.3+0.0 12.240.5
Mortality (%) Mortality (%)
|| L] ] ]
23 3 ° Ry
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Coral Reefs and Reef Fish
Coral reef fish — Saipan (2011-2017)

15°11'N, 145°45’E

- Reef fish biomass: 10.9+1.0 g/m?

Coral reef fish surveys were conducted in 2017, 2014, and 2011.

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a

wide range of purposes, particularly where broad coverage of species’ distributions

is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass ’es-

o S e

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only#), with data from sampling sites shown for the
past three survey periods. Herbivore, Parrotfish (>30cm), and Targeted fish are shown
to the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae,
Scombridae, and Mullidae.

N
X
&

$
S

Biomass (9/m?)

Saipan
2017 10.9+1.0, 37, 31%
2014 1.4+1.0, 48, 32%
201 10.7+1.4, 30, 30%

Sector (biomass+SE, sampling effort* % of baseline**)

*number of stationary point count surveys conducted
*model of anthropogenic depletion
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* Backreef and lagoon data were removed prior to calculating the sector level values.
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CNMI

» Reef fish biomass was 10.7+1.4 g/m? in 2011,
11.4+1.0 g/m? in 2014, and 10.9£1.0 g/m?in 2017.

» >50% of the reef fish sampled were <20cm in
length during the 2011, 2014, and 2017 surveys.

Herbivores

2017 6.8+08 )@y
2014 79408

2011 66412

6° Biomass (g/m?)
o]
0owowOow
. —ANNmMmM
Parrotfish >30cm
>
2017 0.2+0.] -
2014 0101
2011 0502
@y Biomass (g/m?)
NN
DOV QnoY
- —mnto~o 9
Targeted fish
2017 22406 ) N
2014 43410
2011 3.4+14

Biomass (g/m?)
.
o o o O

- N oM <

Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.




Coral Reefs and Reef Fish -

Coral reefs—Tinian (2017)

15°00’N, 145°38’E

- Land area: 101km?

B o-100m depth: 424k

I Coral reef area: 14.1km? (22/40 in the U.S. Pacific) Coral cover was 12.6 % in Tinian.

. o o Area (kn?) 0-1000 | 10,000 '

'n"n“n' Population: 3,136 (2010) Acute and chronic coral diseases were 1.0%
or less, as was recent mortality.

The coral reefs of Tinian were surveyed in May and June of 2017.*

Old mortality of corals was 17.2 %.

Coral Reefs and Reef Fish

Tinian (14)
Adult 14131
Juvenile 161+2.8

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

. . . Tinian, 2014 (26)
Adult (>5cm) and juvenile (<5cm) coral densities are

shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number

of surveys) is shown within brackets after the name in Adult density
the sector areas around the island. il o-m-o-
= - «
Juvenile density

m O O g
*Benthic cover data are from March to May 2014.

Benthic cover M Hard coral [l CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)

Coral disease Disease (acute)

The prevalence of acute and chronic coral diseases
among sectors (+SE).

Disease (chronic)

1.04+0.35 0.78+0.27

/

Coral mortality

Disease prevalence (%) Disease prevalence (%)

The average percentage of recent (last few months) | ] | | |

. . n O 1 O o o O o
or old (months or years ago) mortality of coral tissue c - - « = & &
in observed coral colonies.

Mortality (recent) Mortality (old)

0.8+0.3 17.2+2.0

/

Mortality (%) Mortality (%)

]
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Coral Reefs and Reef Fish -

Coral reef fish — Tinian (2011-2017)

15°00’N, 145°38’E

- Reef fish biomass: 11.7+£1.59/m?

Coral reef fish surveys were conducted in 2017, 2014, and 2011. 100g/m?’

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep Reef fish biomass was 14.8+1.7 g/m?in 20T,
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a 10.8+1.1 g/m?in 2014, and 11.7+1.5 g/m? in 2017.
wide range of purposes, particularly where broad coverage of species’ distributions

is useful, but does increase among site variability, as surveys include complex >50% of the reef fish sampled were <20cm
coral-rich areas and more marginal habitats, such as low-relief pavement. in length during the 2011, 2014, and 2017

surveys.

Herbivores

2017 69412 )@y
2014 67410

201 8114

Reef fish biomass ’es-

o ® e

Biomass of reef fish (g/m?+SE, below) for the most recent survey year (within Biomass (9/m?)

sectors on maps — outer reef only), with data from sampling sites shown for the past oIS .o..,,.o .,,.
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to Parrotfish >30cm Coaner
the right in the same format. Targeted fish are all large bodied species (max size SO G )O
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae, 2014  0.2+01

Acanthuridae, Holocentridae, Scombridae, and Mullidae. 2011 0.4+0.2

<)
g Biomass (g/m?)
E N
o 1910 Q10on
5 . “H YO~ O
Targeted fish
2007 36414 )
2014 21+0.5
201 6.1£1.7
Biomass (9/m?)
o]
c00o00QO
Tinian DAACKS
ggz }167{;—“1 -15{ %g 52;4 Sector (biomass+SE, sampling effort* % of baseline **) Bioma;(gﬁw;
AL 119 ° *number of stationary point count surveys conducted
201 14.8+1.7,19, 36% **model of anthropogenic depletion 28 B
e e - 0 0 5 g
o I A R ¢t ¢ Size class distribution
éOj 201 7 2014 - 2017 Distribution of reef fish biomass among nine size

classes for the most recent and past survey periods.
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Coral Reefs and Reef Fish -

Coral reefs — Aguuan (2017)

°51'N, 145°34’'E

I Land area: 7.1km?

0-100m depth: Data not available

| Coral reef area: 4.1km? (28/40 in the U.S. Pacific) Coral cover was 13.2% in Aguijan

Area (km?) 0-1000 ' 10,000 '
Uninhabited Acute and chronic coral diseases were <1%,
as was recent mortality.
The coral reefs of Aguijan were surveyed in May and June of 2017.*

Old mortality of corals was 18.3 %.

Coral Reefs and Reef Fish

Aguijan (10)
Adult15.2+1.6
Juvenile 7.6+1.5

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

Aguijan, 2014 (16)
Adult (>5cm) and juvenile (<5cm) coral densities are

shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number
of surveys) is shown within brackets after the name in
the sector areas around the island.

Adult density

n O v o
2 2 K

Juvenile density

(V)\OO*Q

*Benthic cover data are from March to May 2014.

Benthic cover M Hard coral [l CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)

Coral disease Disease (acute) Disease (chronic)

The prevalence of acute and chronic coral diseases
among sectors (+SE). 0.84+0. 4’ 0.21+0.11 '

Coral mortality

Disease prevalence (%) Disease prevalence (%)
The average percentage of recent (last few months) ---
. . n e} o O O O
or old (months or years ago) mortality of coral tissue IS = = & &
in Observed COFa| CO|Oni63. ..................................................................................................................................
Mortality (recent) Mortality (old)
02400 ' 18. @
Mortality (%) Mortality (%)
]
e o 9 © o o@ ¥

— o~ ™

]68 TABLE OF CONTENTS




Coral Reefs and Reef Fish
Coral reef fish — Aguuan (201-2017)

14°51'N, 145°34'E

- Reef fish biomass: 12.7+1.6 g/m?

Coral reef fish surveys were conducted in 2017, 2014, and 2011, 100g/m?

NCRMP surveys are randomly-located in all hard bottom habitats in <30m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a

wide range of purposes, particularly where broad coverage of species’ distributions

is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass ®3-

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only), with data from sampling sites shown for the past
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to
the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.

Biomass (9/m?)
NEER
- 2R82988R
2017 12.7%1.6,17,24%
2014 149+3.0,10,30%
2011 18.3£2.5,13,37%

Sector (biomass+SE, sampling effort* % of baseline**)

*number of stationary point count surveys conducted
**model of anthropogenic depletion
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» Reef fish biomass was 18.3+2.5 g/m?in 2071,
14.9+£3.0 g/m? in 2014, and 12.7+1.6 g/m? in 2017.

» >50% of the reef fish sampled were <20cm in
length during the 2011, 2014, and 2017 surveys.

Herbivores
2017 7.5+0.8
2014 10.5+£3.2
201 N9+2.0

Parrotfish >30cm

2017  0.3+0.2
2014 0.4£0.3
201 0.7+0.3

Targeted fish
2017 41+1.3
2014 3.6+1.8
201 6.1+1.7

)@y

Biomass (g/m?)
IIII
483

lOOﬁOlO

)

Biomass (g/m?)

Biomass (g/m?)

Jem.

o o O
- N oM <

Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.
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Coral Reefs and Reef Fish

Coral reefs—Rota (2017)

14°09'N, 145°13'E
- Land area: 85.4 km?

B o-100m depth: 39.6km?

I Coral reef area: 13.3km? (23/40 in the U.S. Pacific)

Coral cover was 6.6% in Rota.

'i"i' |i| Population: 2,477 (2010)

Coral Reefs and Reef Fish

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

Adult (>5cm) and juvenile (<5cm) coral densities are
shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number
of surveys) is shown within brackets after the name in
the sector areas around the island.

*Benthic cover data are from March to May 2014

Benth|c COV@I’ . Hard coral [l CCA . Macroalgae

Coral disease

The prevalence of acute and chronic coral diseases
among sectors (+SE).

Coral mortality

The average percentage of recent (last few months)
or old (months or years ago) mortality of coral tissue
in observed coral colonies.

The coral reefs of Rota were surveyed in May and June of 2017.*

Area (km?) 0-1000 ' 10,000 '

Acute and chronic coral diseases were 1.3%

or less, as was recent mortality.

Old mortality of corals was 16.7%.

Rota (13)
Adult10.4+2.7
Juvenile 5.8+1.0

Rota, 2014 (38)

Adult density
.

Juvenile density

M\OO*Q

Turf algae Other Sector (Sampling effort)

Disease (acute) Disease (chronic)

1.30+£0.47 0.88+0.51

Disease prevalence (%)

Q v

Disease prevalence (%)

9 9 9 9
— N ™

0 )
[e] ~

Mortality (recent) Mortality (old)

0.2+0.1 16.7+1.2

Mortallty (%) Mortallty (%)
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Coral Reefs and Reef Fish
Coral reef fish — Rota (2011-2017)

14°09’'N, 145°13'E
- Reef fish biomass: 10.6+1.3g9/m?

Coral reef fish surveys were conducted in 2017, 2014, and 2011.

100g/m?"

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass ’es-

o ® e

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only), with data from sampling sites shown for the past
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to
the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.

Biomass (9/m?)

Rota A ®mF0ORN
2017 10.6%1.3, 28, 24%
2014 11.2+1.2, 28, 26%

2011 12.7+2.4,24,29%

Sector (biomass+SE, sampling effort* % of baseline**)

*number of stationary point count surveys conducted
**model of anthropogenic depletion
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CNMI

Reef fish biomass was 12.7+2.4 g/m? in 2011,
11.2£1.2 g/m?in 2014, and 10.6+1.3 g/m? in 2017.

>50% of the reef fish sampled were <20cm
in length during the 2011, 2014, and 2017
surveys.

Herbivores
2017 72410 )@y
2014  9.0+.0

20mn 10.2+2.0

Biomass (g/m?)

o [ ]
womg®R o
Parrotfish >30cm
2017 11£0.6 >
2014 05+02 .
2011 09+03

Biomass (g/m?)

Targeted fish -
2017 39+09 )
2014 46411

201 5.8%1.6

Biomass (g/m?)
-
o o o O

- N oM <

Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.




Coral Reefs and Reef Fish

Coral Reefs and Reef Fish

Coral reefs —Sarigan (2017)

16°42'N, 145°47'E
| Land area: 4.5km?
| 0-100m depth: 49km?

| Coral reef area: 2.0km? (37/40 in the U.S. Pacific)

Uninhabited

Area (km?) 0-1000 ' 10,000 '

The coral reefs of Sarigan were surveyed in May and June of 2017.*

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

Adult (>5cm) and juvenile (<5cm) coral densities are
shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (hnumber
of surveys) is shown within brackets after the name in
the sector areas around the island.

*Benthic cover data are from March to May 2014

Benth|c COV@I’ . Hard coral [l CCA . Macroalgae

Coral disease

The prevalence of acute and chronic coral diseases
among sectors (+SE).

Coral mortality

The average percentage of recent (last few months)
or old (months or years ago) mortality of coral tissue
in observed coral colonies.

Sarigan, 2014 (16)

Turf algae Other

Disease (acute)

072+0.38 ‘ 6.49+4.88

Mortality (recent)

0.1+0.] ‘
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Coral cover was 7.0 % in Sarigan.

Acute coral disease and recent mortality

were <1%. Chronic coral disease was 6.5 %.

Old mortality of corals was 14.3%.

Sarigan (5)
Adult 69+3.5
Juvenile 6.7+1.6

Adult density

n O v o
2 2 K

Juvenile density

M\OO*Q

Sector (Sampling effort)

Disease (chronic)

O

Disease prevalence (%) isease prevalence (%)

---
0 9 W e 9 Q Q
c = - — N ™ <
Mortality (old)
siss @
Mortality (%) Mortality (%)
] ---
o o o
= & o = I
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Coral Reefs and Reef Fish -

Coral reef fish — Sarigan (201-2017)

16°42'N, 145°47'E
_ Reef fish biomass: 24.8+3.0 g/m?

Coral reef fish surveys were conducted in 2017, 2014, and 2011. 100g/rm?

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep

waters. Choosing such a wide ‘domain’ means that resulting data are useful for a

wide range of purposes, particularly where broad coverage of species’ distributions

i ful, butd i it iabilit includ | : .

Coral-rich areas and more marginal habitats, such as low-relief pavernent. >30% of the reef fish sampled were >40cm in
J ’ ’ length during the 2014, and 2017 surveys.

Reef fish biomass was 37.0+4.1 g/m? in 2011,
40.3+4.0 g/m? in 2014, and 24.8+3.0 g/m? in 2017.

Herbivores
Alamagan- © W ¢
Guguan-Sarigan
2017 13.7£1.5
2014 24.8419

2011 19.6+31
Reef fish biomass &3~
Sarigan 2017 . "
Biomass of reef fish (g/m?+SE, below) for the most recent survey year (within (12.5+2.8) Biomass (g/m?)
sectors on maps — outer reef only), with data from sampling sites shown for the past D0 .O.m.o.m.
. . . . —T NNmMmM
threg su ryey periods. Herbivore, Parrotﬁ.sh (>30cm), and Targeted ﬁsh are shown to Parrotfish >30cm
the right in the same format. Targeted fish are all large bodied species (max size Alamagan- 0 )@
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae, Guguan-Sarigan
Acanthuridae, Holocentridae, Scombridae, and Mullidae. 2017 19406
2014  4.3+09
) 2011 51410
(@) 0
D
%65 Sarigan 2017
(19+1.4) Biomass (9/m?)
__— Sarigan 2017 (23.4£6.0, 9, 44%) ol mIolu':.Olm.
. —n <o o 9
Targeted fish
Alamagan- ).6

Guguan-Sarigan
2017 17.84+2.3
2014 29.2+2.5

Biomass (9/m?) 201 26.1+3.6
L |
Alamagan- . [eYeoNeXe) o.o.o.
Guguan-Sarigan yeer

Sarigan 2017

2017 24.8+3.0,27, 46‘? Sector (biomass=SE, sampling effort* % of baseline **) (175+5.3) Biomass (9/m?)
2014 40.3+4.0, 33, 7074’ *number of stationary point count surveys conducted ---
201 37.0+4.1, 24, 71% **model of anthropogenic depletion 28 B

- N oM <

I & & (I Size class distribution

o
o
)

)

201 2014 T 2017 Distribution of reef fish biomass among nine sizg
) 7 classes for the most recent and past survey periods.
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Note: Size class distribution is for Alamagan, Guguan, and Sarigan combined.
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Coral Reefs and Reef Fish
Coral reefs —Guguan (2017)

,145°50’E

| Land area: 3.9 km?

| o-100m depth: 6.2km?

| Coral reef area: 2.0km? (36/40 in the U.S. Pacific) Coral cover was 12.9% in Guguan.

Area (km?) 0-1000 ' 10,000 '

Uninhabited Acute coral disease and recent mortality was
<0.5%. Chronic coral disease was 2.0 %.

The coral reefs of Guguan were surveyed in May and June of 2017.*

Old mortality of corals was 13.6 %.

Coral Reefs and Reef Fish

Guguan (3)
Adult .0£1.8
Juvenile 8.0£2.3

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

. . . Guguan, 2014 (16)
Adult (>5cm) and juvenile (<5cm) coral densities are

shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number
of surveys) is shown within brackets after the name in
the sector areas around the island.

Adult density

)
SR

Juvenile density

m~oo~g

n

*Benthic cover data are from March to May 2014.

Benthic cover M Hard coral [l CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)
Coral disease Disease (acute) Disease (chronic)
The prevalence of acute and chronic coral diseases
among sectors (+SE). 0.30+0.30 196+1.53
Coral mortality
Disease prevalence (%) Disease prevalence (%)

The average percentage of recent (last few months) | ]
or old (months or years ago) mortality of coral tissue 3223 2339
in observed coral colonies.

Mortality (recent) Mortality (old)

0.1+0.1 13.6+£3.2

Mortality (%) Mortality (%)

O N
2 9 9 S
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Coral Reefs and Reef Fish

Coral reef fish — Guguan (2011-2017)

,145°50’E

_ Reef fish biomass: 24.8+3.0 g/m?

Coral reef fish surveys were conducted in 2017, 2014, and 2011.

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass ’&3-

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only), with data from sampling sites shown for the past
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to
the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.

Guguan 2017 (32.9+8.0, 9, 61%)

Biomass (9/m?)

Alamagan-
Guguan-Sarigan
2017 24.8+3.0,27,46%
2014 40.3+4.0, 33, 77%
201 37.0+4., 24, 71%

Sector (biomass+SE, sampling effort* % of baseline**)

*number of stationary point count surveys conducted
**model of anthropogenic depletion

= S & S (I
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)
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Note: Size class distribution is for Alamagan, Guguan, and Sarigan combined.
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Reef fish biomass was 37.0+4.1 g/m? in 2011,
40.3+4.0 g/m? in 2014, and 24.8+3.0 g/m? in 2017.

>30% of the reef fish sampled were >40cm in
length during the 2014, and 2017 surveys.

Herbivores
Alamagan-
Guguan-Sarigan

2017  13.7£15
2014 248419

)‘ $

201 19.6+3.1
Guguan 2017
(211+4.2) Biomass (g/m?)
IIIII
LOoOWwowo
—— NN m m

Parrotfish >30cm

o /—-
Alamagan- = o
Guguan-Sarigan
2017 19+0.6
2014 4.3+09
201 5.1+1.0
Guguan 2017
(3.5+1.4) Biomass (9/m?)
o ] ] ]
QR mQ
. ~—mmYoMN~o O
Targeted fish
Alamagan- ).6

Guguan-Sarigan
2017 17.84+2.3
2014 29.2+2.5
201 26.1+£3.6

Guguan 2017
(28.0+6.2)

Biomass (g/m?)

Jem.

o O O
- N oM <

Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.




Coral Reefs and Reef Fish

CNMI

Coral Reefs and Reef Fish
Coral reefs— Alamagan (2017)

17°36'N, 145°50’E
I Land area: 13.0km?

| 0-100m depth: 91k

| Coral reef area: 3.5km? (31/40 in the U.S. Pacific) Coral cover was 10.2% in Alamagan.

Area (km?) 0-1000 ' 10,000 '

Uninhabited Acute coral disease and recent mortality was
<0.5%. Chronic coral disease was 4.3 %.

The coral reefs of Alamagan were surveyed in May and June of 2017.*

-—

Old mortality of corals was 12.2 %.

Alamagan (4)
Adult 21.3+0.3
Juvenile 13.5£29

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

. . . Alamagan, 2014 (16)
Adult (>5cm) and juvenile (<5cm) coral densities are

shown within the sector areas, set as an inner and

outer ring around the island. Sampling effort (hnumber
of surveys) is shown within brackets after the name in
the sector areas around the island. 3=

Adult density

)
SR

Juvenile density

m O O g
*Benthic cover data are from March to May 2014.

Benthic cover M Hard coral [l CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)

Coral disease Disease (acute) Disease (chronic)

The prevalence of acute and chronic coral diseases 0214019
among sectors (+SE). o

Coral mortality y ence 5%

The average percentage of recent (last few months) | ]
or old (months or years ago) mortality of coral tissue 3 2 S 23 3

4.27+2.26

Disease prevalence (%)

—~ <

in observed coral colonies.

Mortality (recent) Mortality (old)

0.0+£0.0 19.6+0.5

Mortality (%)
o o o O N O
N I - TN

Mortality (%)
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Coral Reefs and Reef Fish -

Coral reef fish — Alamagan (2011-2017)

17°36'N, 145°50"E

_ Reef fish biomass: 24.8+3.0 g/m?

Coral reef fish surveys were conducted in 2017, 2014, and 2011, 100g/m?

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass was 37.0+4.1 g/m?in 2011,
40.3+4.0 g/m?in 2014, and 24.8+3.0 g/m?in 2017.

>30% of the reef fish sampled were >40cm in
length during the 2014, and 2017 surveys.

Herbivores

Alamagan-
Guguan-Sarigan
2017 13.7£1.5

)‘ $

R 2014 24.8+19
2011 19.6+31
9 . S
Reef fish biomass &3 Aamagan 2017
Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within OB Biomass (9/m?)
sectors on maps — outer reef only), with data from sampling sites shown for the past OIS o.m.o.m.
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to Parrotfish >30cm T aaee
the right in the same format. Targeted fish are all large bodied species (max size AT >
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae, Guguan-Sarigan
Acanthuridae, Holocentridae, Scombridae, and Mullidae. 2017 19+0.6
2014  4.3+09
2011 51410

Alamagan 2017 Alamagan 2017

(21.0+2.8, 9, 39%) /% 1.0+0.4) Biomass (g/m?)
C NEEE
2 23931283
Alamagan 5 Ta rgeted fish

Alamagan-
Guguan-Sarigan
2017 17.84+2.3

. 2014 292425
Biomass (9/m?) 201 26.1+3.6

[eNoNoNoNoNoNe]
—ANMT W00~

Alamagan-

Guguan-Sarigan Alamagan 2017

2017 24.843.0,27, 46‘? Sector (biomass+SE, sampling effort* % of baseline **) (12.2417) Biomass (g/m?)
2014 40.3+4.0, 33, 7074’ *number of stationary point count surveys conducted ---
201 37.0%41, 24, 71% **model of anthropogenic depletion e 2 o 2

- N oM <

I & & (I Size class distribution

201 2014 T 2017 Distribution of reef fish biomass among nine sizg
7 classes for the most recent and past survey periods.
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Note: Size class distribution is for Alamagan, Guguan, and Sarigan combined.
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Coral Reefs and Reef Fish
Coral reefs —Pagan (2017)

18°08'N, 145°47'E

. Land area: 47.2km?
B o-100m deptn: 32.0km?
I Coral reef area: 15.1km? (21/40 in the U.S. Pacific)

Coral cover was 10.8 % in Pagan.

o O
lN' Population: 120 (2010)

The coral reefs of Pagan were surveyed in May and June of 2017.*
-

Benthic cover and coral density Juvenile 150118

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

Adult (>5cm) and juvenile (<5cm) coral densities are
shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number
of surveys) is shown within brackets after the name in
the sector areas around the island.

*Benthic cover data are from March to May 2014.

Benthic cover M Hard coral [l CCA M Macroalgae

Coral disease

The prevalence of acute and chronic coral diseases
among sectors (+SE).

Coral mortality

The average percentage of recent (last few months)
or old (months or years ago) mortality of coral tissue
in observed coral colonies.

Area (km?) 0-1000 ' 10,000 '

Acute coral disease and recent mortality was

<1%. Chronic coral disease was 2.2 %.

Old mortality of corals was 16.0 %.

Pagan (18)
Adult13.6£1.0

Pagan, 2014 (62)

Adult density

)
SR

Juvenile density

m~oo~g

n

Turf algae Other Sector (Sampling effort)

Disease (acute) Disease (chronic)

0.70+0.45 2.20+0.73

Disease prevalence (%) Disease prevalence (%)

n O--O- o O O
Mortality (recent) Mortality (old)
0.1£0.0 16.0+£0.7

Mortality (%)

O N © ¥
- - N

Mortality (%)

e <o Q9
= d ®
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Coral Reefs and Reef Fish -

Coral reef fish —Pagan (2011-2017)

18°08'N, 145°47'E

_ Reef fish biomass: 30.4+3.09/m?

Coral reef fish surveys were conducted in 2017, 2014, and 2011. 1009/

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep Reef fish biomass was 29.5+3.2 g/m?in 2011,
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a 34.7+3.9 g/m?in 2014, and 30.4+3.0 g/m?in
wide range of purposes, particularly where broad coverage of species’ distributions 2017.

is useful, but does increase among site variability, as surveys include complex

coral-rich areas and more marginal habitats, such as low-relief pavement. >50% of the reef fish sampled were <30cm in

length during the 2011, 2014, and 2017 surveys.

Herbivores

2017 211418 )@y
2014 183+22

2011 167419

Reef fish biomass ®3-

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within Biomass (9/m?)
sectors on maps — outer reef only), with data from sampling sites shown for the past NEEE

DOWOoWwOoLw
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to Parrotfish >30cm T a0
the right in the same format. Targeted fish are all large bodied species (max size 2017 49408 >
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae, 2014  45+09
Acanthuridae, Holocentridae, Scombridae, and Mullidae. 201 3.8£1.0

Biomass (g/m?)

Targeted fish

2017  29.2429
2014 27.8+31
201 23.4+3.4

Biomass (9/m?)

[eNoNoNoNoNoNe]
—ANMT W00~

Pagan

2017 30.4+3.0, 40, 82%

o A 7e30 43 000, Sector (biomass+SE, sampling effort* % of baseline**)
/139,43, 0}

Biomass (g/m?)

A sy
SR PR X % ¢ C Size class distribution

o
o
)

)

201 2014 T 2017 Distribution of reef fish biomass among nine sizg
7 classes for the most recent and past survey periods.
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Coral Reefs and Reef Fish -

Coral reefs— Agrihan (2017)

18°46'N, 145°39'E

. Land area: 43.5km?
| o-100m deptn:18.3kme?

I Coral reef area: 8.5km? (26/40 in the U.S. Pacific)

» Acute and chronic coral diseases were <1%,
as was recent mortality.

Area (km?) 0-1000 ' 10,000 '
Uninhabited
The coral reefs of Agrihan were surveyed in May and June of 2017.* » Old mortality of corals was 17.1%.
. -

Coral Reefs and Reef Fish

Agrihan (7)
Adult 1.8+1.4
Juvenile 10.0£19

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

Adult (>5cm) and juvenile (<5cm) coral densities are
shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number

of surveys) is shown within brackets after the name in Adult density
the sector areas around the island. il o-m-o-
= - «

Juvenile density

(V)\OO*Q

*Benthic cover data are from March to May 2014.

Benthic cover M Hard coral [l CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)

Coral disease Disease (acute) Disease (chronic)

The prevalence of acute and chronic coral diseases
among sectors (SE). 0.39+0.30 013+0.06
Coral mortality
Disease prevalence (%) Disease prevalence (%)
.

The average percentage of recent (last few months)
or old (months or years ago) mortality of coral tissue 3 9 “—’ < 2 3 3 2

in observed coral colonies.

Mortality (recent) Mortality (old)

0.0+£0.0 17141.3
Mortallty (%) Mortallty (%)
-
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Coral Reefs and Reef Fish -

Coral reef fish — Agrihan (2011-2017)

18°46'N, 145°39'E
_ Reef fish biomass: 30.2+3.8g/m?

Coral reef fish surveys were conducted in 2017, and 2011. 100g/m?

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex .
coral-rich areas and more mar ingal habitats sué/h as Iow—?/elief pavementD ~50% of the reefiflsh sampled were >40em
J ’ ’ in length during the 2011 and 2017 surveys.

Reef fish biomass was 39.6+5.5 g/m? in 2011
and 30.2+3.8 g/m?in 2017.

Herbivores

2017 23.7+3.0
2011 221£35

)‘ $

Reef fish biomass ’es-

o ® e

Biomass of reef fish (g/m?+SE, below) for the most recent survey year (within Biomass (9/m?)

sectors on maps — outer reef only), with data from sampling sites shown for the past DI .o.m.o ,,,.
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to Parrotfish >30cm o afee
the right in the same format. Targeted fish are all large bodied species (max size ST EEa )@
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae, 2011 6.841.8
Acanthuridae, Holocentridae, Scombridae, and Mullidae.
Biomass (g/m?)
o ] ] ]
290930 on
Targeted fish mEeres
2017 341+49 )

20n 33.0+5.7

Biomass (g9/m?)

Agrihan
2017 30.2+3.8,19, 81%

o Toban 5 20, 109% Sector (biomass+SE, sampling effort* % of baseline**)
.6+5.5, 20, 0

Biomass (9/m?)
*number of stationary point count surveys conducted

**model of anthropogenic depletion 2 8 8 Qr

I & & (I Size class distribution

201 1 2017 Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.
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Coral Reefs and Reef Fish

Coral Reefs and Reef Fish
Coral reefs — Asuncion (2017)

19°41'N, 145°25'E
I Land area: 79 km?
| 0-100m depth: 5.2k
| Coral reef area: 2.5km? (35/40 in the U.S. Pacific)

Uninhabited

Area (km?) 0-1000 ' 10,000 '

The coral reefs of Asuncion were surveyed in May and June of 2017.*

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

Adult (>5cm) and juvenile (<5cm) coral densities are
shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (hnumber
of surveys) is shown within brackets after the name in
the sector areas around the island.

*Benthic cover data are from March to May 2014.

Benthic cover M Hard coral [l CCA M Macroalgae

Coral disease

The prevalence of acute and chronic coral diseases
among sectors (+SE).

Coral mortality

The average percentage of recent (last few months)
or old (months or years ago) mortality of coral tissue
in observed coral colonies.

Asuncion, 2014 (33)

Turf algae Other

Disease (acute)

Mortality (recent)

CNMI

Coral cover was 17.4 % in Asuncion.

Acute coral disease and recent mortality was
<0.5%. Chronic coral disease was 8.2 %.

Old mortality of corals was 16.9 %.

Asuncion (12)
Adult 81411
Juvenile 8.4+2.0

Adult density

n O v o
2 2 K

Juvenile density

m~oo~g

Sector (Sampling effort)

Disease (chronic)

0284016 . 8.23+4.55
Disease prevalence (%) Disease prevalence (%)

Ol-ﬂ OOO
- = - o ™

0 )
[e] ~

Mortality (old)

01£0.2 . 169+2.8
Mortallty (%) Mortallty (%)
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Coral Reefs and Reef Fish

Coral reef fish — Asuncion (2011-2017)

19°41'N, 145°25'E

Coral reef fish surveys were conducted in 2017, 2014, and 2011.

100g/m?"

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

o A= A‘_'"_'
el
o P
: ATnE
et m‘v— - s

Jlﬁ‘ln. YL *

My

Reef fish biomass ’&3-

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only), with data from sampling sites shown for the past
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to
the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.

3

Biomass (9/m?)

Asuncion
2017 451+59,19,109%
2014 44.2+6.1, 21,107%
201 36.2+6., 20, 88%

Sector (biomass+SE, sampling effort* % of baseline**)

*number of stationary point count surveys conducted
*model of anthropogenic depletion
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CNMI

Reef fish biomass was 36.2+6.1 g/m?in 2011,
442+6.1 g/m?in 2014, and 45.1£5.9 g/m?in 2017.

>50% of the reef fish sampled were >40cm in
length during the 2011, 2014, and 2017 surveys.

Herbivores

2017  19.8+29
2014 18.3+£2.7
201 19.6+29

)‘ $

Biomass (g/m?)

o]
LR2RRRIY
Parrotfish >30cm /_
2017 3.8+09 b4
2014 14206
2011 3909
Biomass (g/m?)
o]
. 2393883
Targeted fish

2017  38.3+6.3
2014 272434
201 30.6+5.8

Biomass (g/m?)
.
o o o O

- N oM <

Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.
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Coral Reefs and Reef Fish
Coral reefs—Maug (2017)

20°02'N, 145°13'E

| Land area: 2.1km?
| 0-100m depth: 5.2k

| Coral reef area: 3.1km? (32/40 in the U.S. Pacific) Coral cover was 25.2% in Maug.

Area (km?) 0-1000 ' 10,000 '
Uninhabited Acute and chronic coral diseases were <1%,
as was recent mortality.
The coral reefs of Maug were surveyed in May and June of 2017.*

Old mortality of corals was 24.0 %.

Coral Reefs and Reef Fish

Maug (27)
Adult 9.5+11
Juvenile 7.4+1.4

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

. . . Maug, 2014 (62)
Adult (>5cm) and juvenile (<5cm) coral densities are

shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (hnumber
of surveys) is shown within brackets after the name in
the sector areas around the island.

Adult density

)
SR

Juvenile density

MOO‘Q

n

*Benthic cover data are from March to May 2014.

Benthic cover M Hard coral M CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)
Coral disease Disease (acute) Disease (chronic)
The prevalence of acute and chronic coral diseases 0.8640.3] ‘ 0.5740.95

among sectors (+SE). . “ s

Coral mortality

Disease prevalence (%) Disease prevalence (%)
The average percentage of recent (last few months) | ]
. . n o o o O o o
or old (months or years ago) mortality of coral tissue c = = & = & &«
in observed coral colonies.
Mortality (recent) Mortality (old)

0.4+0.2 >~ 240418

)

Mortality (%) Mortality (%)

Q 9 <9 0 N B ¥
= d ® N
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Coral Reefs and Reef Fish
Coral reef fish —Maug (201-2017)

20°02'N, 145°13’E

_ Reef fish biomass: 34.3+3.49/m?

Coral reef fish surveys were conducted in 2017, 2014, and 2011.

100g/m?"

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass ®3-

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only), with data from sampling sites shown for the past
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to
the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.

o e
I

Biomass (9/m?)

[eNoNoNoNoNoNe]
—ANMT W00~

0 8 <
S
O o 5°
o \»
Sector (biomass+SE, sampling effort* % of baseline**)

*number of stationary point count surveys conducted
**model of anthropogenic depletion

Maug

2017 34.3+3.4,38,89%
2014 34.6+3.4, 40, 90%
20Mm 34141, 30, 88%
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CNMI

Reef fish biomass was 34.1+4.1 g/m? in 2011,
34.6+3.4 g/m?in 2014, and 34.3+3.4 g/m?in 2017.

>50% of the reef fish sampled were <30cm in
length during the 2011, 2014, and 2017 surveys.

Herbivores
2017 211415 )@y
2014 166414

201 18.9+1.8

Parrotfish >30cm

2017  3.8+0.6

2014 3.0£0.4
201 3.7+£0.6
Targeted fish

2017  26.2+3.2
2014 23.8+27
201 24.3£31

Biomass (g/m?)
.
o o O O

- N oM <

Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.




Coral Reefs and Reef Fish -

Coral reefs —Farallon de P3ajaros (2017)

20°33'N, 144°54’E

| Land area: 2.3km?
| 0-100m depth: 2.5km?

‘ Coral reef area: 1.4km? (39/40 in the U.S. Pacific) Coral cover was 5.8% in Faralldn de Pajaros.

Area (km?) 0-1000 ' 10,000 '

Uninhabited Acute coral disease and recent mortality was
<1%. Chronic coral disease was 2.4 %.

The coral reefs of Farallon de Pajaros were surveyed in May and June of 2017.*

Old mortality of corals was 21.8 %.

Coral Reefs and Reef Fish

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard Farallén de Pajaros (12)

corals, crustose coralline algae (CCA), macroalgae Adult 29+04
. . . . Juvenile 9.6£1.3

(>Icm in height), turf algae (<1cm in height), and other

as a percentage.

. . . Farallén de Pajaros, 2014 (18)
Adult (>5cm) and juvenile (<5cm) coral densities are

shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number
of surveys) is shown within brackets after the name in Adult density
the sector areas around the island. --O-

n o

Juvenile density

il O-O-ﬁ-
*Benthic cover data are from March to May 2014.

Benthic cover M Hard coral [l CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)

Coral disease Disease (acute) Disease (chronic)

The prevalence of acute and chronic coral diseases 0.8140.37
among sectors (+SE). R ‘
Coral mortality
Disease prevalence (%)

Disease prevalence (%)

2.38+0.62

The average percentage of recent (last few months)

or old (months or years ago) mortality of coral tissue 3 9 “—’ 3 2 3 3 3
in observed coral colonies.
Mortality (recent) Mortality (old)
014011 . 218+3.8 @
Mortallty (%) Mortallty (%)
— cxi m =
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Coral Reefs and Reef Fish

CNMI

Coral reef fish — Faralldn de Pajaros (2011-2017)

20°33'N, 144°54’E
_ Reef fish biomass: 35.2+4.8 g/m?

Coral reef fish surveys were conducted in 2017, 2014, and 2011.

100g/m?"

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass ’es-

o ® e

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only), with data from sampling sites shown for the past
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to
the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.

Farallon de

Yidap WOOL

Pajaros

Biomass (g9/m?)

Farallon de Pajaros
2017 35.2+4.8,16, 72%
2014 53.6+£79, 11, 106%
201 49.7+£7.2,12,99%

Sector (biomass+SE, sampling effort* % of baseline**)

*number of stationary point count surveys conducted
**model of anthropogenic depletion
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Reef fish biomass was 49.7+7.2 g/m?in 2011,
53.6+7.9 g/m?in 2014, and 35.2+4.8 g/m?in 2017.

>50% of the reef fish sampled were <30cm in
length during the 2011, 2014, and 2017 surveys.

Herbivores

2017  14.5+2.8
2014 21.6+4.5
201 18.1£3.2

)‘ $

Biomass (g/m?)

o [ ]
LR EYs
Parrotfish >30cm
2017 0.6+03 - >

2014 1.8+09
201 1.6+0.8

. - <t o~ o
Targeted fish " ’

2017  32.3%44
2014 347%52
201 371£39

Biomass (9/m?)
.
o o o o

- N M <

Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.
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Scientists prepare for their small boat
to berecovered by the Hi‘ialakai after
a day of diving and data collection

on the reefs of Agrihan.




Ocean Chemistry and Temperature
Chemistry (2011-2017)

This section represents the first CNMI NCRMP data report on Ocean Chemistry
and Temperature. The data and results presented were collected by staff working
with the Ecosystem Sciences Division of the NOAA Pacific Islands Fisheries Science
Center and the NOAA Coral Reef Watch program.

Aragonite saturation state Calcium carbonate

accretion
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Aragonite saturation state measures carbonate ion concentration; the greater the
concentration of carbonate ions is, the easier it is for organisms like stony corals
to calcify. Aragonite saturation state was slightly above the Pacific average at all
islands in CNMI, except Maug and Farallon de Pajaros and was nearly the same at
Saipan and Guam. Aragonite saturation state can be seen as an exposure term —
i.e., exposure of calcifying organisms to the conditions that drive calcification.

Calcification Accretion Units measure the response of calcifying organisms to
those conditions as the net accretion of calcium carbonate produced over the
deployment period (see photos to right). Calcium carbonate accretion was lower
than the Pacific average at all islands in CNMI where the data were available.

Rates of net calcium carbonate accretion are monitored with calcification accretion units (CAUs)
which allow for recruitment and colonization of crustose coralline algae and hard corals. Photos
show a CAU newly deployed (left) and two years after deployment (right).
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Highlights

Calcium carbonate accretion in CNMI was
below the US Pacific average at all islands.

Bias-corrected subsurface temperature data
reveals that depths >20 m did not provide a
refuge for corals from heat stress during the
2015 bleaching event.

Coral Reef Watch Bleaching Alert Level 2

was triggered throughout the region in 2017.
Extensive severe bleaching was observed in
2017 and extensive mortality due to bleaching
was observed during surveys in May 2018.

Diurnal pH — Maug
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Processes driving local pH vary throughout the
day. Photosynthesis drives up the pH during the
day as organisms calcify. pH declines again at
night as photosynthesis stops and respiration
continues to release CO, into the water column.
Red lines on the plot are the bottle samples
used to validate the 24-hour pH time series from
the sensors.




Chemistry & Temperature

Ocean Chemistry and Temperature -

Subsurface temperature

Subsurface temperature time series
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Subsurface temperature time series for 4-15m for 2014-2016 comparing Guam
and Pagan (in CNMI). Warm season months at these locations (May to August) O 291
at this depth were very similar between these islands, though slightly higher E i
in Pagan in 2014, and slightly higher in Guam in 2015. Cool season months I}
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Sea temperature data can be used to calculate Degree Heating Weeks; a metric of the accumulation of heat stress.
Remotely sensed sea surface temperature data from satellites are used to calculate Degree Heating Weeks for the surface
of the ocean. The difference between temperatures at the surface recorded by satellites and temperatures at depth can
be calculated (‘the bias’). The resultant bias-correction can be applied to temperatures at depth, enabling more accurate
calculations of heat stress at depth. The 10-year time series of sub-surface temperature from the Marianas shows that
depths below 20 m did not always provide a refuge from heat stress. Heat stress that may have caused bleaching at
depths greater than 20 m accumulated in 2015.




Ocean Chemistry and Temperature M

Heat stress and coral bleaching

The NOAA Coral Reef Watch (CRW) program uses satellite data
to provide current reef environmental conditions to quickly

identify areas at risk for coral bleaching. Satellite temperature D HW (20]7) Alert Le\/el (20]7) Thermal

analyzed shows that heat stress severe enough to cause coral 144°E 146°E 148°E 144°E 146°E 148°E History

Farallén m

bleaching occurred in CNMI in 1988, 1994, 2001, 2003, 2007, 2009,

CNMI

20°N

2013, 2014, 2016, and 2017. Maug

Asuncion 1985
Agrihan _ 1986
Pagan o 1987
Alamagan
Guguan 1988 -
Sarigan 220 1989
" 1990
Saipan
Tinian - 1991
Rota * 1992
. 1993
DHW (Annual maximum)
. BN e B 4 1994 -
0123 4567 8 9101 1213141516 17 18 19 20 1995
Bleaching Alert Level 1996
No Stress Watch Warning [l Alert L1 [l Alert L2 1997
1998
Annual maximum Degree Heating Weeks (DHWSs) in 2017 (left 1999
panel) were as high as 11 in parts of CNMI when at least six 2000
DHWSs accumulated at all islands in the region. Heat stress
accumulation triggered Alert Level 2 throughout the region 2001 -
in 2017 (right panel) and extensive severe bleaching was 2002
observed that year and extensive mortality due to bleaching 2003 -
: T was observed during surveys in May of 2018.
Coral reef, Saipan 2004
2005
Commonwealth of the Northern Mariana Islands 2006
35 o
—— Bleaching Threshold SST — — Max Monthly Mean SST + Monthly Mean Climatology — — 4,8,DHWs 5km SST Range T
- _ , _ . z 2007 |1
£ 30 g 2008
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2 s 2009 I
S 25 7 2 2010
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2013 2014 2015 2016 2017
No Stress Bleaching Watch Bleaching Warning M Alert L1 M Alert L2 2015
2016 |1
Degree Heating Week (DHW) accumulation from 2013-2017 in CNMI. Alert Level 1 (lower dashed red line) is triggered when 2017 -
at least four DHWs have accumulated; a level of heat stress associated with minor and moderate bleaching. Alert Level 2 2018

(upper dashed red line) is triggered when at least eight DHWSs have accumulated, which can cause severe bleaching. Alert
Level 1 was triggered in 2013, 2014, 2016, and 2017 and Alert Level 2 was triggered in 2013, 2014, and 2017, and extensive coral I 8 DHWSs
bleaching occurred during those years. I 4 DHWs
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Coral Reefs and Reef Fish

Coral reefs —Wake Atoll (2017)

19°17'N, 166°39°E
I Land area: 6.5km?
B o-100m depth: 20.4kme

| Coral reef area: 2.8 km? (34/40 in the U.S. Pacific) Coral cover was 20.5% at Wake Atoll.

. o Area (kn?) 0-1000 | 10,000 '

'n"n' Population: approx. 100 (2018) Acute and chronic coral diseases were <1%,
as was recent mortality.

The coral reefs of Wake Atoll were surveyed in April 2017.

s —= .

Old mortality of corals was 17.2 %.

Coral Reefs and Reef Fish

Wake Atoll (28)
Adult 8.7+0.5
Juvenile 1.3+0.2

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

) . . Wake Atoll, 2014-15 (65)
Adult (>5cm) and juvenile (<5cm) coral densities are

shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number
of surveys) is shown within brackets after the name in
the sector areas around the island.

Adult density

.
o v O
e 0 g
Juvenile density

m*OO*Q

n

*Benthic cover data are from 2014-2015.

Benthic cover M Hard coral [l CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)

Coral disease Disease (acute) Disease (chronic)

The prevalence of acute and chronic coral diseases

0.66+0.19 0.35+0.13
among sectors (+SE). \ \

Coral mortality

Disease prevalence (%) Disease prevalence (%)
The average percentage of recent (last few months) | ] | ]
. . n o 0 9 o o o Q9
or old (months or years ago) mortality of coral tissue c = = & N

in observed coral colonies.

Mortality (recent) Mortality (old)

01+£0.0 \ 17.2415 x

Mortality (%) Mortality (%)
o o Q9 © N ® ¥
= & o - N
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Coral reef fish — Wake Atoll (2011-2017)

19°17'N, 166°39'E

_ Reef fish biomass: 39.9+2.9g/m?

Coral reef fish surveys were conducted in 2017, 2014, and 2011.

100g/m?"

NCRMP surveys are randomly-located in all hard bottom habitats in <30m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass ®3-

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only#), with data from sampling sites shown for the
past three survey periods. Herbivore, Parrotfish (>30cm), and Targeted fish are shown
to the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.

Biomass (9/m?)

[eNoNoNoNoNoNe]
—ANMT W00~

Wake Island
2017 399+29,53,70%
2014 33.1+3.5, 45, 58%
2011 35.1£3.5, 30, 62%

Sector (biomass+SE, sampling effort* % of baseline**)

*number of stationary point count surveys conducted
**model of anthropogenic depletion
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* Backreef and lagoon data were removed prior to calculating the sector level values.
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Reef fish biomass was 35.1+3.5 g/m? in 2011,
33.1+3.5 g/m?in 2014, and 39.9+2.9 g/m? in 2017.

>50% of the reef fish sampled were <30cm in
length during the 2011, 2014, and 2017 surveys.

Herbivores

2017  289+2.7
2014 23.0+27
201 26.5£2.0

)@y

Parrotfish >30cm

=
2017 44407 e
2014  35+08
20 52408

O

Biomass (g/m?)

Targeted fish
2017 19.8+2.0
2014 16.2+1.8

201 18.2+2.0

Biomass (g/m?)

o O O O
- N o <

Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.
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Coral Reefs and Reef Fish

Coral reefs—Howland Island (2015)

0°48'N, 176°38' W
‘ Land area: 1.6km?
| 0-100m depth: 3.4km?

‘ Coral reef area: 1.7km? (38/40 in the U.S. Pacific) Coral cover was 23.7% at Howland Island.

Area (km?) 0-1000 ' 10,000 '
Uninhabited Acute and chronic coral diseases were <1%,
as was recent mortality.
The coral reefs of Howland Island were surveyed in January to April 2015.

Old mortality of corals was 10.0 %.
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Howland Island (21)
Adult 8.8+1.2
Juvenile 2.3+0.4

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

. . . Howland Island (56)
Adult (>5cm) and juvenile (<5cm) coral densities are

shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number

of surveys) is shown within brackets after the name in Adult density
the sector areas around the island. il o-m-o-
= - «
Juvenile density

m~oo~g

Benthic cover M Hard coral M CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)
Coral disease Disease (acute) Disease (chronic)

The prevalence of acute and chronic coral diseases

among sectors (+SE). 0.54+0.20 0.19+0.15

Coral mortality

Disease prevalence (%) Disease prevalence (%)
The average percentage of recent (last few months) | ] | ]
. . n o n o o O O o
or old (months or years ago) mortality of coral tissue o - - « = & &
in observed coral colonies.
Mortality (recent) Mortality (old)
0.3+0.1 10.0£1.5
Mortality (%) Mortality (%)
I
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Coral reef fish — Howland Island (2010-2015)

0°48'N, 176°38'W

Reef fish biomass: 67.1+5.9g/m?

Coral reef fish surveys were conducted in 2015, 2012, and 2010. 100g/m?

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass ’es-

o ® e

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only), with data from sampling sites shown for the past
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to
the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.

Howland
Island

Biomass (g9/m?)

Howland Island

2015 67159, 35,90%
2012 63.8+4.7, 39, 85%
2010 49.0411.2,16, 65%

Sector (biomass+SE, sampling effort* % of baseline**)

*number of stationary point count surveys conducted
**model of anthropogenic depletion
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Reef fish biomass was 49.0+11.2 g/m? in 2010,
63.8+4.7 g/m?in 2012, and 67.1+5.9 g/m? in 2015.

>50% of the reef fish sampled were >40cm in
length during the 2012, and 2015 surveys.

Herbivores

2015 18.5+£2.8
2012 21.6+29
2010 13.8#£13

)‘ $

Biomass (9/m?)
o ] ] ]
Yol Yo}

e}
2RRRBA

Parrotfish >30cm

8-

2015 09402 R e >
202 35+09
2010  29+07

Biomass (g/m?)

o ] ]

LR

—mYToN~o O
Targeted fish
2015 236425 ) N

2012 431+59
2010  31.8+4.]

Biomass (g/m?)
-
o 9 o

o
— N ™M <

Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.




Coral Reefs and Reef Fish A

Coral reefs —Baker Island (2015)

°12'N, 176°29'W

‘ Land area: 1.7km?
| 0-100m depth: 5.6k

| Coral reef area: 3.9km? (29/40 in the U.S. Pacific) Coral cover was 26 % at Baker Island.

Area (km?) 0-1000 ' 10,000 '
Uninhabited Acute and chronic coral diseases were <1%,
as was recent mortality.
The coral reefs of Baker Island were surveyed in January to April 2015.

Old mortality of corals was 8.1%.

Coral Reefs and Reef Fish

Baker Island (15)
Adult 6.8415
Juvenile 2.4£1.0

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

Baker Island (51)

Adult (>5cm) and juvenile (<5cm) coral densities are
shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number

of surveys) is shown within brackets after the name in Adult density
the sector areas around the island. il o-m-o-
= - «
Juvenile density

m~oo~g

Benthic cover M Hard coral [l CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)
Coral disease Disease (acute) Disease (chronic)
The prevalence of acute and chronic coral diseases 0.25£0.13 0.30£019
among sectors (+SE). I I
Coral mortality
Disease prevalence (%) Disease prevalence (%)
The average percentage of recent (last few months)

Q 1 2 9 9 9
Q9 23 2

~

. . Yo}
or old (months or years ago) mortality of coral tissue o
in observed coral colonies.

N

Mortality (recent) Mortality (old)
0.7+0.3 8.1+1.3

Mortality (%) Mortality (%)
]

23 3 ° Ry
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Coral Reefs and Reef Fish oA

Coral reef fish— Bz:aker Island (2010-2015)

,176°29'W

Reef fish biomass: 66.5+10.2 g/m?

Coral reef fish surveys were conducted in 2015, 2012, and 2010. 100g/m?

NCRMP surveys are randomly-located in all hard bottom habitats in <30m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass was 40.6+6.1 g/m? in 2010,
62.2+8.7 g/m?in 2012, and 66.5£10.2 g/m? in 2015.

>50% of the reef fish sampled were >40cm in
length during the 2012, and 2015 surveys.

Herbivores

2015  20.0£3.3
2012 262454
2010  139+24

)@y

Reef fish biomass ®3-

Biomass of reef fish (g/m?+SE, below) for the most recent survey year (within Biomass (9/m?)

sectors on maps — outer reef only), with data from sampling sites shown for the past EICE) o.m.o.m.
three survey periods. Herbivore, Parrotfish (>30cm), and Targeted fish are shown to Parrotfish >30cm Toonee
the right in the same format. Targeted fish are all large bodied species (max size TTE Ses0E >
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae, 2012 41412 . .

Acanthuridae, Holocentridae, Scombridae, and Mullidae. 2010 2.5+07 o

@ o
[ ] o
& 0o 9 o 5
Biomass (g/m?)
L] ]
2000 WVoW
. —mToN~o 9
Targeted fish
Baker Island 2015  29.8+46 )

2012 37.3+6.4
2010  30.8+4.7

Biomass (9/m?)

[eNoNoNoNoNoNe]
—ANMT W00~

Baker Island

2015  66.5£10.2, 36, 81%
2012 62.2+8.7,24,76%
2010 40.6£6.], 21, 49%

Sector (biomass+SE, sampling effort* % of baseline**) Biomass (9/m?)
*number of stationary point count surveys conducted ---
o O O

**model of anthropogenic depletion =] LB

I C U R L T Size class distribution
5100- 2010 1 2012 1 2015 Distribution of reef fish biomass among nine sizg
”n b b b classes for the most recent and past survey periods.
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Coral Reefs and Reef Fish ®
Coral reefs — Johnston Atoll (2015)

16°45'N, 169°31'W
| Land area: 2.8 km?

B o 00 oepth: 2nkn?

- Coral reef area: 65.7km? (11/40 in the U.S. Pacific) Coral cover was 5.2% at Johnston Atoll.
Area (km?) 0-1000 ' 10,000 '
Uninhabited Acute and chronic coral diseases were <1%,

as was recent mortality.

The coral reefs of Johnston Atoll were surveyed in January to April 2015.
Old mortality of corals was 6.8 %.

Coral Reefs and Reef Fish

Johnston Atoll (10)
Adult 7.3+1.4
Juvenile 6.7+1.3

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

Adult (>5cm) and juvenile (<5cm) coral densities are

shown within the sector areas, set as an inner and

outer ring around the island. Sampling effort (number

of surveys) is shown within brackets after the name in Adult density

the sector areas around the island. o-m-o-
- - «

Juvenile density

Johnston Atoll (33
. )

m~oo~g

'e)

Benthic cover M Hard coral [l CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)
Coral disease Disease (acute) Disease (chronic)
The prevalence of acute and chronic coral diseases
among sectors (+SE). 1.00+0.57 © 0.26+0.19
A o
Coral mortality
Disease prevalence (%) Disease prevalence (%)
The average percentage of recent (last few months) | ]
or old (months or years ago) mortality of coral tissue 3223 2339
in Observed COFa| CO|OnieS. ................................................................................................................................................
Mortality (recent) Mortality (old)
0.4%0.1 ° 6.8+11]
o )
Mortality (%) Mortality (%)
]
o 9 9 © o o@ ¥

— o~ ™
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Coral Reefs and Reef Fish

PRIA

Coral reef fish — Johnston Atoll (2010-2015)

16°45'N, 169°31'W
_ Reef fish biomass: 37.5+5.19/m?

Coral reef fish surveys were conducted in 2015, 2012, and 2010.

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

100g/m?"

Reef fish biomass

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only#), with data from sampling sites shown for the
past three survey periods. Herbivore, Parrotfish (>30cm), and Targeted fish are shown
to the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.

Johnston

Biomass (9/m?)

Johnston Atoll TGRS BB
2015 37.5+51, 31, 146%
2012 30.7+7.4, 35, 119%
2010 20.0£3.3, 37, 54%

Sector (biomass+SE, sampling effort* % of baseline**)

*number of stationary point count surveys conducted
**model of anthropogenic depletion
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* Backreef and lagoon data were removed prior to calculating the sector level values.
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Reef fish biomass was 20.0+£3.3 g/m? in 2010,
30.7+£7.4 g/m?in 2012, and 37.5+5.1 g/m?in 2015.

>50% of the reef fish sampled were >40cm in
length during the 2012, and 2015 surveys.

Herbivores
2015 25.7+3.0
2012 18.8+4.4
2010 159427

)‘ $

Biomass (g/m?)

o]
LR2RRRIY
Parrotfish >30cm f
2015 29410 b4
202 20510 o ®
200 1407 @
[ ) a o° ° D° o
5o ;o - ° o : o
o. ) o
o ® Biomass (g/m?)
o]
QW oK oY
- —mYToN~o O
Targeted fish

2015  21.3+4.5
2012 21458
2010  18.4+37

Biomass (g/m?)
-
o o o O

- N oM <

Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.




Coral Reefs and Reef Fish oA

Coral reefs —Kingman Reef (2015) ®

6°24'N,162°22'W

‘ Land area: 1.0km?

B o-00m depth: 83.2km?

I Coral reef area: 21.8 km? (20/40 in the U.S. Pacific) Coral cover was 40% at Kingman Reef.

Area (km?) 0-1000 | 10,000 '
Uninhabited Acute and chronic coral diseases were <1.5%,

as was recent mortality.

The coral reefs of Kingman Reef were surveyed in January to April 2015.
£20 W0 B o e « s , Old mortality of corals was 7.8 %.

Coral Reefs and Reef Fish

Kingman Reef (21)
Adult17.3£19
Juvenile 49+09

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

. . - Kingman Reef (54)
Adult (>5cm) and juvenile (<5cm) coral densities are

shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number
of surveys) is shown within brackets after the name in
the sector areas around the island.

Adult density

)
SR

Juvenile density

MOO‘Q

n

Benthic cover M Hard coral [l CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)

Coral disease Disease (acute) Disease (chronic)

The prevalence of acute and chronic coral diseases

among sectors (+SE). 1.28+0.63 0.68+0.19
Coral mortality

Disease prevalence (%) Disease prevalence (%)
The average percentage of recent (last few months) | ]

. . n o o o O o o
or old (months or years ago) mortality of coral tissue c = = & = & &«
in observed coral colonies.

Mortality (recent) Mortality (old)
0.4+0.2 7.841.0
Mortality (%) Mortality (%)
]
e o Q 0 N @ ¥

— o~ ™
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Coral Reefs and Reef Fish oA

Coral reef fish —Kingman Reef (2010-2015) ®

6°24'N,162°22'W

Reef fish biomass: 62.7+4.7g9/m?

Coral reef fish surveys were conducted in 2015, 2012, and 2010. 100g/m?

NCRMP surveys are randomly-located in all hard bottom habitats in <30m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass was 88.2+16.7 g/m? in 2010,
78.6+£6.2 g/m?in 2012, and 62.7+4.7 g/m?in 2015.

>50% of the reef fish sampled were >40cm in
length during the 2010, 2012, and 2015 surveys.

Herbivores
2015 174415 % '
2012 23.6+17 4 o
2010 24.0%39 ) ©
°® o
s 0@ [ ]
. . - S L %Y
) -8 % &
Reef fish biomass &3 P e co. 02
Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within Biomass (9/m?)
sectors on maps — outer reef only#), with data from sampling sites shown for the 0 oW o.u!).m
i H 5 2 —T NNmMmM
past thr.ee sgrvey periods. Herbivore, Parrqtﬁsh (>30cm), and Targeted flsh are shown Parrotfish >30cm
to the right in the same format. Targeted fish are all large bodied species (max size SOE el )C
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae, 2012 12412
Acanthuridae, Holocentridae, Scombridae, and Mullidae. 2010 10.5£1.6

Biomass (g/m?)

Targeted fish
2015  537:3.2 ) A\
2012 64.5+6.5
2010 62.3+6.1
Biomass (9/m?)
L]
Kingman Reef PR8IBIR
ggg %21272 ‘f@ 9]%"742/ Sector (biomass+SE, sampling effort* % of baseline **) Bioma;(gw;
(e 2, 25, N *number of stationary point count surveys conducted
2010 88.24167,32,149% **model of anthropogenic depletion 2 8 32 ¢

- N oM <

= OE & S @ (I Size class distribution

2010 1 201 1 2015 Distribution of reef fish biomass among nine sizg
E classes for the most recent and past survey periods.
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* Backreef and lagoon data were removed prior to calculating the sector level values.
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Coral Reefs and Reef Fish A

Coral reefs —Palmyra Atoll (2015) o

5°52'N, 162°04'W

| Land area: 2.7km?

B o-100m deptn: 55,8k

I Coral reef area: 27.9km? (18/40 in the U.S. Pacific) Coral cover was 28.4% at Palmyra Atoll.

. Area (kn?) 0-1000 | 10,000 '
'n' Population: 4-20 (2014) Acute and chronic coral diseases were <1%,
as was recent mortality.

The coral reefs of Palmyra Atoll were surveyed in January to April 2015.

Old mortality of corals was 9.8 %.

Coral Reefs and Reef Fish

Palmyra Atoll (39)
Adult15.2+1.0
Juvenile 2.8+0.3

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

. . - Palmyra Atoll (113)
Adult (>5cm) and juvenile (<5cm) coral densities are

shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number

of surveys) is shown within brackets after the name in Adult density
the sector areas around the island. il o-m-o-
= - «
Juvenile density

m~oo~g

Benthic cover M Hard coral [l CCA M Macroalgae Turfalgae  Other Sector (Sampling effort)
Coral disease Disease (acute) Disease (chronic)
The prevalence of acute and chronic coral diseases
among sectors (+SE). W*' g,
Sazd e NS
. 0.51+0.11 096+0.35
Coral mortality
Disease prevalence (%) Disease prevalence (%)
The average percentage of recent (last few months) | ]
. . n o o o O o o
or old (months or years ago) mortality of coral tissue o - - & = & &
in observed coral colonies.
Mortality (recent) Mortality (old)
PAFS-—N L S s amd G
07+0.4 9.8+0.8
Mortality (%) Mortality (%)
]
o o (e} O N © ¥
~ & ™ - =~
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PRIA

Coral reef fish —Palmyra Atoll (2010-2015) o

5°52'N, 162°04'W

Coral reef fish surveys were conducted in 2015, 2012, and 2010.

NCRMP surveys are randomly-located in all hard bottom habitats in <30 m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass ’®3-

Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within

sectors on maps — outer reef only#), with data from sampling sites shown for the
past three survey periods. Herbivore, Parrotfish (>30cm), and Targeted fish are shown
to the right in the same format. Targeted fish are all large bodied species (max size
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae,
Acanthuridae, Holocentridae, Scombridae, and Mullidae.

100m depth

Palmyra Atoll

Palmyra Atoll TGRS BB
2015 52.8+5.8,78, 63%
2012 104.0+10.7, 42, 125%
2010 75.0£99, 38, 91%

Sector (biomass+SE, sampling effort* % of baseline**)

*number of stationary point count surveys conducted
*model of anthropogenic depletion
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* Backreef and lagoon data were removed prior to calculating the sector level values.
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100g/m?"

Reef fish biomass was 75.0+9.9 g/m? in 2010,
104.0£10.7 g/m? in 2012, and 52.8+5.8 g/m?in
2015.

>50% of the reef fish sampled were >40cm in
length during the 2010, 2012, and 2015 surveys.

Herbivores
2015 179+1.5
2012 31.3+29
2010 28.7+3.1

)‘ $

Biomass (g/m?)

IIIII
020283y
Parrotfish >30cm
>
2015  3.3%0.6 ~
2012 94414
2010 57+13 IR
o o C .,_ nb
L8 o~ )
U g e &
Q & o o o
Biomass (g/m?)
NN
DOV QnoY
- —mnto~o 9
Targeted fish
2015 421443 ) N
2012 791:92

2010  42.3%7.2

Biomass (g/m?)

o O O
- N oM <

(o)

Size class distribution

Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.




Coral Reefs and Reef Fish

Coral Reefs and Reef Fish

Coral reefs—Jarvis Island (2017)

0°22'S, 160°01'W
| Land area: 4.5km?
| 0-100m depth: 5.4k

| Coral reef area: 3.7km? (30/40 in the U.S. Pacific)

Uninhabited

The coral reefs of Jarvis Island were surveyed in April 2017.*

Y

Benthic cover and coral density

Pie charts for each sector show benthic cover of hard
corals, crustose coralline algae (CCA), macroalgae
(>Icm in height), turf algae (<1cm in height), and other
as a percentage.

Adult (>5cm) and juvenile (<5cm) coral densities are
shown within the sector areas, set as an inner and
outer ring around the island. Sampling effort (number
of surveys) is shown within brackets after the name in
the sector areas around the island.

*Benthic cover data are from May 2016.

Benthic cover M Hard coral [l CCA M Macroalgae

Coral disease

The prevalence of acute and chronic coral diseases
among sectors (+SE).

Coral mortality

The average percentage of recent (last few months)
or old (months or years ago) mortality of coral tissue
in observed coral colonies.

Area (km?) 0-1000 ' 10,000 '

Jarvis Island, 2016 (60)

Other

Turf algae

Disease (acute)

0.27+0.18

Mortality (recent)

0.5+0.2 .

206

PRIA

Coral cover was 0.3% at Jarvis Island. Coral
cover was reduced by >98% as a result of the
2015-16 bleaching event.

Acute coral disease and recent mortality was
<1%. Chronic coral disease was 4.2 %.

Old mortality of corals was 27.8 %.

Jarvis Island (32)
Adult 0.3+0.1
Juvenile 0.4+0.2

Adult density

)
SR

Juvenile density

MOO‘Q

n

Sector (Sampling effort)

Disease (chronic)

4.2242.62

Disease prevalence (%)

]
o @ 9 o

~

Disease prevalence (%)

2.0

o Q
ael

0 )
[e] ~

Mortality (old)

27.8+39

Mortality (%) Mortality (%)
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Coral Reefs and Reef Fish oA

Coral reef fish — Jarvis Island (2015-2017)

0°22’S,160°01'W

Reef fish biomass: 73.6+5.5g9/ @

L
Coral reef fish surveys were conducted most recently in 2017, 2016, and 2015. 100g/m

NCRMP surveys are randomly-located in all hard bottom habitats in <30m deep
waters. Choosing such a wide ‘domain’ means that resulting data are useful for a
wide range of purposes, particularly where broad coverage of species’ distributions
is useful, but does increase among site variability, as surveys include complex
coral-rich areas and more marginal habitats, such as low-relief pavement.

Reef fish biomass was 74.9+5.1 g/m? in 2015,
55.8+4.2 g/m?in 2016, and 73.6+5.5 g/m? in 2017.

>50% of the reef fish sampled were >40cm in
length during the 2015, 2016, and 2017 surveys.

Herbivores
2007 290423 ¥ ' X
2016  309+29 :
2015 29.2+31
F\)eef ﬁSh blomaSS )'...);):? Biomass (g/m?)
. . . L ]
Biomass of reef fish (g/m?+ SE, below) for the most recent survey year (within wowgowow

sectors on maps — outer reef only), with data from sampling sites shown for the past
three survey periods. Herbivore, Parrotfish (>30 cm), and Targeted fish are shown to Parrotfish >30cm
the right in the same format. Targeted fish are all large bodied species (max size Sorr A
>40cm) in these families: Scaridae, Lutjanidae, Carangidae, Lethrinidae, Serranidae, 2016 101413
Acanthuridae, Holocentridae, Scombridae, and Mullidae. 2015  89+10

Jarvis Island Targeted fish

2017 61.4+89
2016  40.2+£3.6
2015  48.7+4.6

Biomass (9/m?)

NEEN
Jarvis Island 2R8I 38R Biomass (g/m?)
.
2017 73.6455,28, 74"/(‘)3 Sector (biomass+SE, sampling effort* % of baseline **) °© 9 g 9
gg;g ?jgf;]zfzoigsé *number of stationary point count surveys conducted
FE2., y 0

**model of anthropogenic depletion

E G T R Size class distribution

—~

1001

2015 2016 1 2017 Distribution of reef fish biomass among nine size
classes for the most recent and past survey periods.
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Ocean Chemistry and Temperature
Chemistry (2010-2016)

This section represents the first Pacific Remote Island Areas (PRIA) NCRMP data
report on Ocean Chemistry and Temperature. The data and results presented
were collected by staff working with the Ecosystem Sciences Division of the NOAA
Pacific Islands Fisheries Science Center and the NOAA Coral Reef Watch program.

Aragonite saturation state Calcium carbonate

accretion
4.2

B 2010-2012*
04l H 20122015

--- PRIA Average (0.060)

— Pacific Av. (0.058)
0.3
0.2

Aragonite Saturation (Qar)

Calcification Accretion (g/cm2/yr)

°
B 2015*

287 ... PRIA Average (3.51)

— Pacific Average (3.55) @
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Aragonite saturation state measures carbonate ion concentration; the greater the
concentration of carbonate ions is, the easier it is for organisms like stony corals to
calcify. Aragonite saturation state was below the Pacific average for PRIA locations
except Wake Atoll, Kingman Reef and Palmyra Atoll. Aragonite saturation state

can be seen as an exposure term - i.e., exposure of calcifying organisms to the
conditions that drive calcification.

Calcification Accretion Units measure the response of calcifying organisms to
those conditions as the net accretion of calcium carbonate produced over the
deployment period (see photos to right). Calcium carbonate accretion was greater
than the Pacific average for PRIA locations except Wake Atoll, Howland Island and
Johnston Atoll. The differences within an island between years were subtle, while
differences among islands were stable across years, and therefore likely robust.

* Wake Atoll data: aragonite saturation state (2014); calcium carbonate accretion (2011-2014).

Rates of net calcium carbonate accretion are monitored with calcification accretion units (CAUS),
which allow for recruitment and colonization of crustose coralline algae and hard corals. Photos
show a CAU newly deployed (left) and two years after deployment (right).
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Calcium carbonate accretion in the PRIA was
above the US Pacific average at all islands,
except Wake Atoll, Howland Island and
Johnston Atoll.

Bias-corrected subsurface temperature data
reveals that depths >20 m did not provide a
refuge for corals from heat stress in 2010.

At least 20 Degree Heating Weeks
accumulated at all reefs surrounding Jarvis
Island in 2015 and extensive severe bleaching
was observed there that year.

Diurnal pH — Jarvis Island

2016
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Processes driving local pH vary throughout the
day. Photosynthesis drives up the pH during the
day as organisms calcify. pH declines again at
night as photosynthesis stops and respiration
continues to release CO, into the water column.
Red lines on the plot are the bottle samples
used to validate the 24-hour pH time series from
the sensors.
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Sea temperature data can be used to calculate Degree Heating Weeks; a metric of the accumulation of heat stress.
Remotely sensed sea surface temperature data from satellites are used to calculate Degree Heating Weeks for the surface
of the ocean. The difference between temperatures at the surface recorded by satellites and temperatures at depth

can be calculated (‘the bias’). The resultant bias-correction can be applied to temperatures at depth, enabling more
accurate calculations of heat stress at depth. The 10-year time series of sub-surface temperature from Jarvis Island shows
that depths below 20 m did not always provide a refuge from heat stress. Heat stress that may have caused bleaching at
depths greater than 20 m accumulated in 2010.
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Heat stress and coral bleaching ®

The NOAA Coral Reef Watch (CRW) program uses satellite @ @

data to provide current reef environmental conditions to

quickly identify areas at risk for coral bleaching. During

the 33 year period between 1985 and 2018, satellite DHW (20] 5) Alert Level (20] 5) Thermal
temperature analyzed shows that heat stress severe HIStory*
enough to cause coral bleaching occurred three times at 12345
Wake Atoll, 17 times at Howland and Baker Islands, one time
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at Johnston Atoll, two times at Kingman-Palmyra, and 15
times at Jarvis Island.

DHW (Annual maximum)

Bleaching Alert Level 1997
No Stress Watch Warning 1l AlertL1 1l Alert L2 1998

1999
Annual maximum Degree Heating Weeks (DHWSs) in 2015 (left 2000
panel) exceeded 25 at Jarvis Island when at least 20 DHWSs
accumulated at all reefs surrounding Jarvis Island. 2001

A e : 3 Heat stress accumulation triggered Alert Level 2 throughout 2002
W Bl the Jarvis Island area in 2015 (right panel) and 98% of corals 2003
. o~ ' died due to bleaching. 2004
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Coral bleaching, Jarvis Island, November 2015
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No Stress Bleaching Watch Bleaching Warning M Alert L1 M Alert L2 2015
2016
Degree Heating Week (DHW) accumulation from 2014-2017 at Jarvis Island, one of the US Pacific Remote Island Areas 2017
(PRIA). Alert Level 1 (lower dashed red line) is triggered when at least four DHWSs have accumulated; a level of heat stress
associated with minor and moderate bleaching. Alert Level 2 (upper dashed red line) is triggered when at least eight DHWs 2018
have accumulated, which can cause severe bleaching. Alert Level 2 was triggered in 2015. I 8 DHWSs

I 4 oHws

*1. Wake Atoll, 2. Howland-Baker, 3. Johnston Atoll, 4. Kingman-Palmyra, 5. Jarvis Island
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Corals thrive_ and support
/ a wide diversity of reef
fish in the sunny, shallow

water at Baker reef.
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