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D
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er 
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decisionm
akers and scientists fam
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ith the N
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estern 
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aiian Islands region. A
lthough they represent the best avail-

able characterizations of the shallow
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aps should be considered draft

 versions. 
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as pur-
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olorado, or its affi

liates. The im
agery is printed w
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Introduction 
This draft

 A
tlas of the Shallow

-W
ater Benthic H

abitats of the 
N

orthw
estern H

aw
aiian Islands (N

W
H

I) has been developed 
to support research, m

anagem
ent, and conservation of critical 

resources found in the region. In this A
tlas, shallow

-w
ater 

refers to w
ater generally less than 30 m

 deep. O
ther eff orts and 

technologies w
ill be used to characterize the deeper w

aters 
(generally greater than 30 m

) of the N
W

H
I. This A

tlas also 
supports the U

.S. C
oral Reef Task Force’s m

andate to develop 
shallow

-w
ater coral reef ecosystem

 m
aps for all U

.S. w
aters 

by 2009. For m
ore inform

ation on the Task Force, please visit: 
htt p://coralreef.gov. 

The Region 

The diverse, expansive and pristine shallow
-w

ater coral reef 
ecosystem

s of the N
W

H
I are unm

atched anyw
here else on 

Earth. This ecosystem
 hosts a distinctive array of m

arine m
am

-
m

als, fish, sea turtles, birds, and invertebrates, including species 
that are endem

ic, rare, threatened, and endangered. Federally 
protected species include the endangered H

aw
aiian m

onk seal 
and the threatened green sea turtle. The shallow

-w
ater coral 

reefs and lands that support these species provide an am
azing 

geological record of the volcanic and erosive pow
ers that have 

Table 1. A
reas m

apped in the N
orthw

estern H
aw

aiian Islands 
are in square kilom

eters. 
H

abitat area 
Bank area 

m
apped 

m
apped

 
using 

using 
IK

O
N

O
S 

Landsat 
Bank E of N

ihoa Island 
– 

91 
N

ihoa Island 
74 

487 
Bank SW

 of N
ihoa Island 

– 
247 

N
ecker Island 

228 
1,314 

French Frigate Shoals 
418 

712 
Brooks Bank (m

ost SE of St. Rogatien) 
– 

11 
Brooks Bank (m

ore SE of St. Rogatien) 
– 

65 
Brooks Bank (just SE of St. Rogatien) 

– 
85 

St. Rogatien Bank 
– 

315 
G

ardner Pinnacles 
– 

1,934 
Raita Bank 

– 
503 

M
aro Reef 

519 
1,648 

Laysan Island 
127 

453 
N

orthham
pton Seam

ounts (2) 
– 

269 
Pioneer Bank 

– 
369 

Lisianski Island 
439 

972 
Pearl and H

erm
es A

toll 
392 

– 
G

am
bia Shoal (nautical chart 10 fathom

 isobath) 
– 

15 
M

idw
ay A

toll 
96 

– 
K

ure A
toll 

70 
– 

Total 
2,363 

10,045* 
* 

Total area includes 392 sq. km
 of m

apped area at Pearl and H
erm

es A
toll,  

96 sq. km
 of m

apped area at M
idw

ay A
toll, and 70 sq. km

 of m
apped  

area at K
ure A

toll. 

D
olphins at M

idw
ay A

toll. 

shaped this area. These diverse natural resources are com
ple-

m
ented by the area’s rich historic significance. N

um
erous arti-

facts found on N
ihoa and N

ecker Islands in the N
W

H
I estab-

lish a close relationship w
ith the H

aw
aiian culture in the m

ain 
H

aw
aiian Islands, as w

ell as to early Polynesian cultures. W
ith 

its diverse history and significant natural resources, this shallow
-

w
ater coral reef ecosystem

 also provides outstanding research 
opportunities for biologists, oceanographers, archaeologists and 
historians. 

Table 1 provides the best available estim
ates of the extent of 

shallow
-w

ater coral reef ecosystem
s in the N

W
H

I. W
ith the 

exception of G
am

bia Shoals for w
hich no satellite im

agery is 
available, IK

O
N

O
S high-resolution satellite im

agery or Landsat 
7 Enhanced Them

atic M
apper Plus (ETM

+) satellite im
agery w

as 
used to generate the m

aps depicted in this A
tlas. In m

ost cases, 
features in w

ater up to 30 m
eters deep can be seen in the 

IK
O

N
O

S or Landsat 7 ETM
+ im

agery. The IK
O

N
O

S satellite 
im

agery w
as used to generate the detailed benthic habitat 

m
aps, estim

ated depth, and aggregated habitat cover m
aps. 

The Landsat 7 ETM
+ satellite im

agery w
as used to characterize 

the extent of the shallow
-w

ater bank. N
o attem

pt w
as m

ade 
to derive any habitat m

aps from
 the Landsat 7 ETM

+ im
agery. 

Shallow
-w

ater bank m
aps w

ere not m
ade using IK

O
N

O
S 

im
agery prim

arily because the cost of purchasing such large 
am

ounts of im
agery w

as prohibitive. 

The detailed benthic habitat m
aps in the A

tlas are presented at 
1:40,000 scale (1 cm

 = 0.4 km
). The aggregated habitat cover 

m
aps and the estim

ated depth m
aps in the A

tlas are presented 
at 1:80,000 scale (1 cm

 = 0.8 km
). The bank areas are presented at 

scales ranging from
 1:80,000 to 1:200,000 scale. 

Form
ation and G

eology 

Beginning about 30 m
illion years ago, a series of volcanic land 

m
asses em

erged from
 a stationary geologic “hot spot” in the 

Pacific O
cean to form

 the H
aw

aiian A
rchipelago, w

hich stretches 
for 2,579 kilom

eters from
 South Point on the island of H

aw
ai̒i 

to the w
est-northw

est tip of K
ure A

toll. K
ure A

toll is the oldest 
island in the H

aw
aiian A

rchipelago (G
rigg and D

ollar, 1980). 
H

ow
ever, the Em

peror Seam
ounts, located north and w

est of 
K

ure A
toll, m

ark the w
estern extent of the chain of islands. A

s 
the Pacific Plate crosses over the “hot spot” at a rate of approxi-
m

ately 10 cm
. per year, a new

 shield volcano is created. The 
m

ost recent shield volcano—
subm

erged Lo̒ihi volcano—
is still 

form
ing (G

rigg, 1982; Rauzon, 2001). 

The N
W

H
I are very sm

all islands, m
ost less than 1.6 square kilo-

m
eters in area. A

t the southeastern end is N
ihoa Island, 210 km

. 
from

 N
i̒ihau, the w

estern m
ost of the m

ain H
aw

aiian Islands. 
M

oving northw
est, the 1,920-kilom

eter stretch of em
ergent lands 

are characterized as sm
all rocky islands, atolls, coral islands and 

reefs, w
hich becom

e progressively older and generally sm
aller 

(W
ells, 1988). 

K
ure A

toll lies at a latitude of approxim
ately 29 degrees N

orth. 
It is at this latitude that the so-called D

arw
in Point is reached. 

N
am

ed after C
harles D

arw
in, this position on the earth m

arks 
w

here the slow
 grow

th rate of shallow
-w

ater coral reef ecosys-
tem

s alm
ost perfectly m

atches the slow
 erosion and subsidence 

of the shield volcano on w
hich the reefs are grow

ing (G
rigg and 

D
ollar, 1980). Because of their active volcanism

, isolation, and 
linear progression, the N

W
H

I, together w
ith the m

ain H
aw

aiian 
Islands, represent an excellent exam

ple of the evolution of island 
biogeography (M

acA
rthur and W

ilson, 2001; G
ulko, 1998). 

D
iagram

 of a shield volcano. 

1 
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Laysan Finch at Laysan Island. 

The Shallow
-w

ater Coral Reef Ecosystem
 

Shallow
-w

ater coral reefs are centers of biological diversity 
and prim

ary productivity. They convert sunlight into food and 
provide habitats for a w

ide range of m
arine organism

s. A
ll of 

this depends on the sym
biotic relationship betw

een tw
o sim

ple 
organism

s—
a tiny, soft-bodied anim

al (a coral polyp) and a 
sm

aller single-celled plant-like organism
 that lives w

ithin it 
(zooxanthellae algae). 

The N
W

H
I reefs w

ere built by corals, w
hich are com

posed of 
tiny, bottom

-dw
elling, sessile, m

arine invertebrate anim
als (pol-

yps) that live in sym
biosis w

ith algae called zooxanthellae that 
exist w

ithin the polyp’s tissues. These polyp-zooxanthellae corals 
are the prim

ary reef builders. They build reefs in shallow
, tropi-

cal ocean w
ater because the zooxanthellae m

ust have sunlight to 
create energy and the polyps m

ust have w
arm

 w
ater in w

hich to 
fl ourish. 

A
t night, the colonies of polyps em

erge and extend their ten-
tacles to extract calcium

 from
 seaw

ater, w
hich they use to 

build their com
m

unal shallow
-w

ater coral reef structure, and 
to capture tiny zooplankton delivered by m

arine currents. The 
digestion of the zooplankton provides energy for the polyp and 
releases carbon dioxide (C

O
2). D

uring the day, the C
O

2 is used 
by the sym

biotic zooxanthellae to convert sunlight into energy 
(carbohydrates) through photosynthesis and release oxygen as a 
by-product. The oxygen and carbohydrates help the coral ani-
m

als to grow
, reproduce, and build the lim

estone reef structure, 
w

hich provides habitat for zooxanthellae algae, am
ong other 

anim
als. 

This codependent relationship betw
een coral polyps and 

sym
biotic zooxanthellae algae is critical for the survival and 

m
aintenance of shallow

-w
ater coral reef ecosystem

s. M
ajor 

changes in w
ater tem

perature, the presence of sedim
ent, and the 

introduction of pollutants in the w
ater can threaten this delicate 

sym
biotic relationship, thereby w

eakening or killing the polyps 
and algae, and eventually destroying the living shallow

-w
ater 

coral reef ecosystem
 itself (N

ational G
eographic Society, 2000). 

The healthy and extensive shallow
-w

ater coral reefs of the 
N

W
H

I encom
pass over 11,550 square kilom

eters of shallow
-

w
ater coral reef habitat, or about 65 percent of all shallow

-w
ater 

coral reefs in U
.S. w

aters (M
iller and C

rosby, 1998). Pearl and 
H

erm
es A

toll, French Frigate Shoals, M
aro Reef, and Lisianski 

Island have the m
ost extensive near-shore reefs. G

ardner Pin-
nacles, Lisianski Island, M

aro Reef, and N
ecker Island have the 

m
ost extensive shallow

-w
ater bank areas (see Table 1). 

D
ebris at Pearl and H

erm
es A

toll. 
W

reck at K
ure A

toll. 

The reefs support 47 species of hard coral and eight species of 
soft coral (M

aragos and G
ulko, 2002), a diversity and species 

richness that rivals that of the m
ain H

aw
aiian Islands. But com

-
pared to other regions, the diversity of coral species is low

 and 
is oft en attributed to the biogeographic isolation of this island 
chain (G

rigg, 1983; M
aragos, 1977). This low

 diversity is thought 
to account for the exceptionally high num

bers of endem
ic H

a-
w

aiian m
arine species. 

W
ithin the N

W
H

I, the reefs differ in coral cover and species 
organization. D

ifferences in the am
ount of coral cover w

ithin the 
N

W
H

I are the result of natural variations betw
een fringing reefs 

and atolls, and variations in latitude (G
rigg, 1983; M

aragos and 
G

ulko, 2002). In the past, m
ean coral cover w

as thought to range 
from

 8 percent to 69 percent am
ong the islands (G

reen, 1997). 
This vast, shallow

-w
ater coral reef ecosystem

 supports a dynam
-

ic system
 of m

arine species. M
aragos and G

ulko (2002) report 
that up to 25 percent of the shallow

-w
ater organism

s found 
in the H

aw
aiian Islands are endem

ic, or found now
here else 

on earth. The N
W

H
I act as stepping stones and reservoirs for 

organism
s found in the m

ain H
aw

ai̒i Islands. The shallow
-w

a-
ter coral reefs are the foundation of an expansive ecosystem

 that 
hosts an interdependent association of vertebrates (m

onk seals, 
reef and bott om

 fish, turtles, birds, sharks), invertebrates (cor-
als, anem

ones, jellyfishes, m
ollusks, shrim

ps, crabs, lobsters, sea 
urchins, sea stars, sea cucum

bers) and extensive areas of algae. 

C
oral species in the N

W
H

I generally are slow
er-grow

ing than in 
areas closer to the equator. C

lim
atic events, on an inter-annual 

scale, m
ay play an im

portant role in the ecosystem
 productivity 

of the northw
estern chain. D

eclines in the productivity of sea-

2 



Endangered H
aw

aiian m
onk seal at N

ecker Island. 

birds, m
onk seals, reef fishes, and chlorophyll have been docu-

m
ented from

 the early 1980s to the present, and have been att rib-
uted, in part, to these clim

atic events (Friedlander, 1996). W
hile 

severe tropical storm
s, or typhoons, are rare, w

inter storm
s are 

com
m

on and result in a noticeable increase in w
inds and high 

seas, w
hich im

pact the reef system
. 

M
arine M

am
m

als and Sea Turtles 

The N
W

H
I ecosystem

 also plays an im
portant role in supporting 

m
arine m

am
m

als. For exam
ple, the entire w

orld population of 
endangered H

aw
aiian m

onk seals is found in the H
aw

aiian A
r-

chipelago, w
ith areas in the N

W
H

I designated as critical habitat 
under the Endangered Species A

ct. The current population of 
m

onk seals is estim
ated at about 1,300–1,400 anim

als, and m
ean 

beach counts of about 375 adult seals, including pups m
ore than 

one year old, from
 the m

ain reproductive sites rem
ain essentially 

unchanged since 1993 (Johanos and Baker, 2000). C
ritical m

onk 
seal habitat includes all beach areas and land, lagoon w

aters, 
inner reef w

aters, and ocean w
aters out to a depth of about 40 

m
 around all em

ergent land. Recent research dem
onstrates that 

H
aw

aiian m
onk seals typically range w

ell outside of the cur-
rently designated critical habitat, foraging to depths of 500 m

 
on deep-w

ater fi shes often associated w
ith coral beds (W

estern 
Pacific Regional Fisheries M

anagem
ent C

ouncil, 2000; Parrish et 
al., 2002). 

The N
ational M

arine Fisheries Service–H
onolulu Laboratory has 

been conducting surveys and research related to the H
aw

aiian 
m

onk seal (M
onachus schauinslandi) in the N

orthw
estern H

aw
ai-

ian Islands. These studies provide inform
ation needed to evalu-

ate the status and trends in m
onk seal populations; survival, 

reproduction, grow
th, behavior, and feeding habitats; and the 

success of various activities aim
ed at supporting population 

grow
th. 

Since the m
id-1980s, adults have com

prised a grow
ing percent-

age of the total m
onk seal population, estim

ated to be about 375 
seals (excluding those at M

idw
ay A

toll). This trend has resulted 
in few

er young fem
ales reaching reproductive age and m

ore 
older fem

ales aging past reproductive age. The overall im
pact of 

this trend cannot be predicted reliably at this tim
e. H

igh m
ortal-

ity of im
m

ature seals appears to be a leading factor in this trend, 
especially at tw

o im
portant pupping locations, French Frigate 

Shoals and Laysan Island. 

Starting in 1997, N
M

FS’s m
arine m

am
m

al research program
 

initiated three m
anagem

ent activities in an attem
pt to increase 

the survival rate of im
m

ature seals. First, a program
 to rem

ove 
debris in w

hich seals could becom
e entangled w

as initiated in all 
N

M
FS study sites. W

hile conducting this debris rem
oval activity, 

13 seals w
ere disentangled. Second, debris w

as rem
oved from

 
several areas of fringing reef at French Frigate Shoals and Pearl 
and H

erm
es A

toll to assess the feasibility of conducting a m
ore 

extensive debris-rem
oval activity. Third, w

eaned m
onk seal pups 

w
ere redistributed at several suitable locations on French Frigate 

Shoals (Johanos and Ragen, 1999). 

H
aw

aiian spinner and bottlenose dolphins also are year-round 
resident species. N

um
erous other dolphin and w

hale species 
(e.g., spotted and striped dolphins, hum

pback, beaked, killer 
and false killer w

hales) occur seasonally w
ithin the N

W
H

I archi-
pelago. 

R
ed-footed boobies at Laysan Island. 

R
ock-boring urchins at M

idw
ay A

toll. 

This ecosystem
 also is im

portant nesting habitat for the threat-
ened green sea turtle. M

ajor nesting sites are found on French 
Frigate Shoals and, to a lesser extent, on Laysan Island, Lisianski 
Island, and Pearl and H

erm
es A

toll. The green sea turtle oc-
cupies three habitat types: open beaches, open sea, and feeding 
grounds in shallow

, protected w
aters. U

pon hatching, the young 
turtles gradually w

ork their w
ay from

 the beach, over shallow
 

reef areas and extensive shoal areas to the open ocean. W
hen 

their shells grow
 8 to 10 inches long, they m

ove to shallow
 feed-

ing grounds over shallow
-w

ater coral reefs and rocky bott om
s 

(U
.S. Fish and W

ildlife Service, 2000). Sexual m
aturity generally 

is reached betw
een ages 20 and 50. 

The green sea turtle w
as listed as threatened in 1978. A

lthough 
the population has increased significantly since the 1970s, the 
total num

ber of nesting fem
ales is still w

ell below
 the histori-

cal levels of the late 1800s (N
M

FS, 2000). Scatt ered, low
-level 

nesting occurs throughout the H
aw

aiian archipelago. H
ow

ever, 
m

ore than 90 percent occurs at French Frigate Shoals. The shal-
low

 w
aters w

ithin French Frigate Shoals have been identifi ed as 
inter-nesting habitat for adult fem

ales. A
dult m

ales also m
igrate 

to this area to breed (D
izon and Balazs, 1982). This am

ounts to 
approxim

ately 200 to 700 fem
ales nesting annually (FW

S, 2001). 
Research indicates that the range of adult green turtles using 
French Frigate Shoals is lim

ited to the 2,457-kilom
eter stretch of 

the H
aw

aiian A
rchipelago (Balazs, 1976; 1983) and to Johnston 

A
toll, w

hich lies south of the H
aw

aiian A
rchipelago (Balazs, 

1985). W
hile the green sea turtle is a resident species, the leath-

erback, olive ridley, and loggerhead sea turtles are considered 
transient species that occur seasonally in this expansive area. 
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Staghorn coral at French Frigate Shoals. 

Fishes 

The coral reef ecosystem
s in the N

W
H

I are am
ong the few

 
rem

aining large-scale, intact, predator-dom
inated reef 

ecosystem
s left in the w

orld. They offer scientists an opportunity 
to study how

 unaltered ecosystem
s are structured, how

 they 
function, and how

 they can m
ost effectively be protected 

(Friedlander and D
eM

artini, 2002). H
ealthy reef ecosystem

s 
also enhance fishing opportunities and reduce the possibility of 
fishery collapse because they provide sources of recruits and 
propagules to the m

ain H
aw

aiian Islands. 

A
 total of 266 species of fishes are found around M

idw
ay A

toll, 
of w

hich 258 are reef and shore fishes (Randall et al., 1993). This 
com

pares to 557 species know
n from

 the m
ain H

aw
aiian Islands. 

C
ooler w

ater tem
peratures, lack of certain habitat types, and 

m
ore diffi

culty in sam
pling m

ay be causes for the low
er num

ber 
of species relative to the m

ain H
aw

aiian Islands. 

Reef fish trophic structure in the N
W

H
I is strongly infl uenced by 

carnivores in num
erical abundance and biom

ass (Parrish et 
al., 1985). In 2000, fish standing stock in the N

W
H

I w
as m

ore 
than 260 percent greater than in the m

ain H
aw

aiian Islands 
(Friedlander and D

eM
artini, 2002). The m

ost striking diff erence 
w

as the abundance and size of large apex predators (prim
arily 

sharks and jacks). M
ore than 54 percent of the total fi sh biom

ass 
in the N

W
H

I consisted of apex predators. This trophic level 
accounted for less than three (3) percent of the fish biom

ass in 
the m

ain H
aw

aiian Islands. 

O
ne of the few

 large benthic predators found on H
aw

aiian coral 
reefs is the H

aw
aiian G

rouper. This species is rarely found at 
SC

U
BA

 depths in the m
ain H

aw
aiian Islands, but it is frequently 

observed on the forereef at K
ure and M

idw
ay A

tolls. M
any 

species, such as the endem
ic spectacled parrotfish, the endem

ic 
H

aw
aiian H

ogfish, and the bigeye em
peror, are quite abundant 

and can grow
 to a large size in the N

W
H

I. These species are 
heavily exploited for com

m
ercial, subsistence and recreational 

use in the m
ain H

aw
aiian Islands. Their reduced num

bers 
and size in the m

ain H
aw

aiian Islands likely is the result of 
overfishing (Friedlander and D

eM
artini, 2002). 

Several species that are rare in the m
ain H

aw
aiian Islands 

are com
m

only found in the N
W

H
I (Friedlander, 1996). The 

butt er
fl y

fish lives closely w
ith the coral A

cropora, w
hich is 

com
m

on at French Frigate Shoals and M
aro Reef, but rare or 

absent in the rem
ainder of the H

aw
aiian A

rchipelago. Tem
perate 

and subtropical species exist on the shallow
 reefs of the northern 

portion of the archipelago, but they occur at m
uch greater 

depths southw
ard. These include tw

o species of knifejaw
s, the 

spinyface soldierfish, the thicklipped jack, the H
aw

aiian 
M

orw
ong and the boarfish. A

ll of these species are found in both 
hem

ispheres but not in equatorial regions. They are thought 
to have established them

selves here w
hen surface w

aters w
ere 

cooler in the N
W

H
I (Randall, 1981). 

The m
asked angelfish is a highly prized species in the 

ornam
ental fish trade. It is extrem

ely rare in the m
ain H

aw
aiian 

Islands, and is usually encountered at depths greater than 70 
m

 (H
oover, 1993). This species is relatively com

m
on on reefs at 

M
idw

ay, K
ure, and Pearl and H

erm
es in the 20- to 30-m

 depth 
range (H

obson, 1984; Friedlander and D
eM

artini, 2002). 

Lobe coral at Laysan Island 

A
lgae at Laysan Island. 

Birds 

The N
W

H
I provide vital habitat for 14 m

illion nesting seabirds 
and breeding species, m

any of w
hich rely on the shallow

-w
ater 

coral reefs for food. N
inety-nine percent of the w

orld’s Laysan 
albatross and 98 percent of the w

orld’s black-footed albatross 
nest in these islands (M

idw
ay A

toll N
ational W

ildlife Refuge, 
2000). 

The Laysan finch is listed by the FW
S as an endangered species. 

The Laysan finch, com
m

on only on Laysan Island, is a highly 
inquisitive bird that constantly inspects and probes all types of 
item

s. It does not appear to be innately w
ary of hum

an-m
ade 

item
s. A

s a result, the FW
S has established special visitor restric-

tions on Laysan Island and Pearl and H
erm

es A
toll to elim

inate 
the chance of accidental drow

ning, entanglem
ent, and entrap-

m
ent of the birds. 

Sim
ilarly, m

ost N
W

H
I seabirds exhibit a lack of w

ariness to-
w

ard hum
an visitors. M

ost N
W

H
I seabirds nest either under the 

ground, on the surface, or in the low
 trees and shrubs. Petrels 

and shearw
aters nest in burrow

s that can be collapsed easily, 
trapping the adults, chicks or crushing the eggs. G

rey-backed 
terns and brow

n noddies nest on the ground and can be easily 
forced off their nests. Therm

al stress m
ay also affect the chick 

and eggs. A
ny disturbance of the nest m

ay cause the adults to 
leave the nest unattended, exposing the eggs or chicks to ex-
trem

e tem
peratures, or overly w

et conditions. 

Frigate birds w
ill take chicks and nest m

aterial from
 booby nests 

and other frigatebird nests w
hen the nests are unatt ended. A

lso, 4 



if a nest is left
 unatt ended and finches are present, the fi nches 

have been know
n to peck a hole in the unattended eggs and con-

sum
e the contents. Ruddy turnstones also display this behavior. 

Invertebrates 

The shallow
-w

ater coral reefs of the N
W

H
I support diverse com

-
m

unities of benthic m
acroinvertebrates. Sixty-three species of 

m
acroinvertebrates, largely m

ollusks, echinoderm
s, and crusta-

ceans, have been docum
ented. Spiny and slipper lobsters w

ere 
an im

portant com
m

ercial fishery, and a vital link in the trophic 
food w

eb of m
any other organism

s in the near-shore, shallow
-

w
ater coral reef ecosystem

 (Friedlander, 1996). The lobster fi sh-
ery has been closed since 2000. 

A
lgae 

A
lgae are im

portant to H
aw

ai̒i’s shallow
-w

ater coral reef eco-
system

s as w
ell. They serve as a food source for a num

ber of reef 
organism

s, and also serve as settling and attachm
ent sites for 

sm
all and cryptic reef species. A

lgae also are im
portant as reef 

cem
ent. A

bout 205 species of m
arine algae, including a num

ber 
of new

 deep-w
ater species that w

ere previously unknow
n in the 

area, have been identified in the N
W

H
I (A

bbott , 1989). 

Culture and H
istory 

The N
W

H
I are closely tied to the cultural heritage of H

aw
ai̒i 

and m
ore broadly to U

.S. history. N
um

erous artifacts found on 
N

ihoa Island establish a close relationship w
ith the H

aw
aiian 

culture in the m
ain H

aw
aiian Islands. A

s m
any as 175 peoples 

Jacks (U
lua) at French Frigate Shoals. 

G
alapagos shark at K

ure A
toll. 

are estim
ated to have lived there during prehistoric tim

es. Evi-
dence of habitation, religious cerem

onies, agriculture, and buri-
als at 88 archaeological sites on N

ihoa Island has been found. 
A

rtifacts on N
ecker Island suggest that the island w

as used in 
prehistoric tim

es, prim
arily for religious cerem

onies. O
f the 52 

know
n archaeological sites, 33 are religious shrines. M

any of the 
tem

ple sites closely resem
ble those of the M

arquesas Islands and 
Tahiti, establishing a possible link to early Polynesian cultures. 
O

ral history and identified artifacts dem
onstrate that these 

islands have also served as fishing grounds for the people of 
H

aw
ai̒i for centuries. Both N

ihoa and N
ecker Islands are on the 

N
ational Registry of H

istoric Places (Rauzon, 2001). 

The N
W

H
I played a significant role in U

.S. history during W
orld 

W
ar II. In June 1942, the fam

ous Battle of M
idw

ay took place in 
the seas to the north of M

idw
ay A

toll. M
idw

ay A
toll, now

 part 
of the FW

S N
ational W

ildlife Refuge System
, is the only rem

ote 
island N

ational W
ildlife Refuge open to the public (H

aw
ai̒i D

e-
partm

ent of Land and N
atural Resources, 2000). 

Preserving the Ecosystem
 

The N
W

H
I ecosystem

 rem
ains relatively pristine. M

uch of the 
N

W
H

I has been protected from
 hum

an visitation since 1909, 
w

hen President Theodore Roosevelt signed an Executive O
rder 

establishing the H
aw

aiian Islands Bird Reservation. In 1940, 
President Franklin D

. Roosevelt established the H
aw

aiian Is-
lands N

ational W
ildlife Refuge in the area. N

ine of the islands 
and bank areas in the N

W
H

I are m
anaged by the FW

S as part of 
the Refuge System

: N
ihoa Island, N

ecker Island, French Frigate 
Shoals, G

ardner Pinnacles, M
aro Reef, Laysan Island, Lisianski 

Island, Pearl and H
erm

es A
toll, and M

idw
ay A

toll. K
ure A

toll 
is m

anaged by the H
aw

ai̒i D
epartm

ent of Land and N
atural 

Resources. 

Several islands w
ithin the Refuge C

om
plex are especially pris-

tine and, as a result, are rich in rare and special plants and ani-
m

als. N
ihoa Island has 13 potential candidate endangered insect 

species, num
erous endangered plants and tw

o endangered 
birds. N

ecker Island has endangered plants and seven endem
ic 

insects that are candidates for inclusion on the Endangered Spe-
cies list. Endangered plants, five potential candidate endangered 
insect species, and the endangered Laysan finch and Laysan 
D

uck live on Laysan Island. 

O
ther islands in the Refuge C

om
plex, such as Lisianski Island, 

Pearl and H
erm

es A
toll, and French Frigate Shoals provide 

habitat for a variety of endem
ic or endangered species and re-

quire special protection from
 alien species of plants, insects and 

anim
als. In 1902, rabbits w

ere introduced on Laysan Island and 
caused the extinction of num

erous plants and insect species and 
three endem

ic land bird species. The introduction of rats to Lay-
san Island has caused the extirpation of m

any burrow
ing seabird 

colonies. The introduction of exotic grasses to Laysan Island has 
crow

ded out the native grasses and elim
inated nesting habitat 

for the endangered Laysan fi nch. 

M
arine D

ebris 

Surveys of the N
W

H
I from

 1979 to 1983 reported relatively 
pristine reefs, but by 1996 the reefs w

ere suff ering from
 

substantial anthropogenic dam
age, prim

arily due to the eff ects 

Leopard blenny at Laysan Island. 
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Sea cucum
ber at French Frigate Shoals. 

of derelict fishing gear. D
erelict gear caught in the N

orth 
Pacific O

cean gyre are deposited in the archipelago reefs, 
w

hich act like a com
b or straining filter. The N

orth Pacifi c 
Subtropical C

onvergence Zone provides a m
echanism

 for debris 
accum

ulation in this region. M
uch of this accum

ulated debris 
ultim

ately is deposited on the shallow
-w

ater coral reefs and 
beaches of the N

W
H

I. The m
ovem

ent of derelict fi shing gear 
across shallow

 atolls threatens the ecological balance of the 
reef com

m
unity. O

nce derelict fishing gear snags on the N
W

H
I 

shallow
-w

ater coral reefs, it begins a cycle of destructive activity. 
D

erelict fishing gear m
odifies the reef structure by dam

aging the 
coral substrate that m

akes up the physical habitat for reef biota. 
A
fter debris snags on shallow

-w
ater coral reefs, w

ave action 
causes the debris to break the coral heads on w

hich debris is 
fixed. This action continues until the nets are rem

oved or becom
e 

adequately w
eighted w

ith abraded coral to sink. D
erelict fi shing 

gear also poses a serious and lethal threat to m
acrofauna in 

m
arine and coastal environm

ents. Endangered H
aw

aiian m
onk 

seals, sea turtles, and birds becom
e entangled in m

arine debris, 
resulting in high m

ortality rates. 

C
oral Reef Ecosystem

 Investigation leads a m
ulti-agency m

arine 
debris m

itigation effort, funded by N
O

S and N
M

FS, to assess, 
m

onitor and m
itigate the effect of m

arine debris on shallow
-

w
ater coral reef ecosystem

s of the N
W

H
I and U

.S. Pacifi c 
Islands. This w

ork is conducted in partnership w
ith the U

SFW
S, 

State of H
aw

ai̒i, and other nongovernm
ental organizations. 

Since 1996, 239.4 tons of debris have been rem
oved from

 the 
reefs and beaches of the N

W
H

I. In a 1997 cleanup eff ort, nearly 
20 percent of the m

ass of m
arine debris rem

oved at a Pearl and 
H

erm
es A

toll site consisted of dead coral (N
M

FS, 2000). In FY 

2001, activities included m
arine debris survey and rem

oval w
ork 

at Pearl and H
erm

es A
toll and K

ure A
toll. In FY 2002, detailed 

reef surveys for derelict fishing gear have been conducted at 
five N

W
H

I sites: French Frigate Shoals, Pearl and H
erm

es A
toll, 

Lisianski Island, K
ure A

toll, and M
idw

ay A
toll. Satellite and 

aircraft rem
ote sensing technologies are being used to evaluate 

the feasibility of locating and effi
ciently rem

oving concentrations 
of m

arine debris before shallow
-w

ater coral reefs and protected 
species are adversely im

pacted.  

M
anagem

ent 
The N

W
H

I are m
anaged by several federal and state agencies. 

These are described briefl y below
. 

The Shallow
-w

ater Coral Reef Ecosystem
 Reserve 

O
n D

ecem
ber 4, 2000, the N

orthw
estern H

aw
aiian Islands 

C
oral Reef Ecosystem

 Reserve w
as created by Executive O

rder 
13178. The Reserve encom

passes an area of the m
arine w

aters 
and subm

erged lands of the N
W

H
I extending approxim

ately 
2,222 kilom

eters long and 185 kilom
eters w

ide. The Executive 
O

rder contains conservation m
easures that restrict som

e activi-
ties throughout the Reserve, and establishes Reserve Preserva-
tion A

reas around certain islands, atolls and banks w
here all 

consum
ptive or extractive uses are prohibited. A

 30-day public 
com

m
ent period w

as initiated to receive com
m

ents regarding 
w

hether to m
ake perm

anent the Reserve Preservation A
reas. 

C
om

m
ents also w

ere requested on the conservation m
easures for 

the Reserve. 

R
ice coral at M

idw
ay A

toll. 

Spectacled parrotfish at K
ure A

toll. 

O
n January 18, 2001, after the close of the 30-day com

m
ent 

period, the process and establishm
ent of the Reserve w

as fi nal-
ized by issuance of Executive O

rder 13196. This Executive O
rder 

m
odified Executive O

rder 13178 by revising certain conservation 
m

easures and m
aking perm

anent the Reserve Preservation A
r-

eas w
ith m

odifications. W
ith this action, the establishm

ent of the 
Reserve, including the conservation m

easures and perm
anent 

Reserve Preservation A
reas, w

as com
pleted. 

The Executive O
rders can be dow

nloaded at: 
htt p://haw

aiireef.noaa.gov/PD
Fs/EO

13178.pdf 
htt p://haw

aiireef.noaa.gov/PD
Fs/EO

13196.pdf 
htt p://haw

aiireef.noaa.gov/PD
Fs/A

m
endm

entSum
m

ary.pdf 

The Reserve Council 

In m
anaging the N

orthw
estern H

aw
aiian Islands C

oral Reef 
Ecosystem

 Reserve, the Secretary of C
om

m
erce w

as directed to 
establish a C

oral Reef Ecosystem
 Reserve C

ouncil, in accordance 
w

ith the N
ational M

arine Sanctuaries A
ct. The role of the C

oun-
cil is to provide advice and recom

m
endations to N

O
A

A
 on the 

Reserve O
perations Plan and the designation and m

anagem
ent 

of the sanctuary. 

The C
ouncil, w

hich w
as offi

cially established on D
ecem

ber 5, 
2000 plays an im

portant role in helping shape the initiatives that 
w

ill provide lasting protection to the m
arine resources of the 

Reserve and sanctuary. The C
ouncil operates under a charter 

developed by N
O

A
A

, w
hich prescribes the frequency of m

eet-
ings, objectives and roles, and operation of the C

ouncil. C
ouncil 

m
eetings are open to the public. 
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The voting m
em

bers of the C
ouncil (except for the State of 

H
aw

ai̒i representative) are chosen through an open, com
petitive 

process held during D
ecem

ber 2000 and January 2001. A
 call for 

applications is published in the Federal Register and posted on 
the Internet at http://haw

aiireef.noaa.gov. Forty-seven applica-
tions w

ere received, and 14 of these applicants w
ere chosen by 

N
O

A
A

, in consultation w
ith the State of H

aw
ai̒i and the D

epart-
m

ent of the Interior, to becom
e m

em
bers of the C

ouncil. N
on-

voting m
em

bers w
ere chosen by the organization they represent 

in a separate process. M
em

bers w
ere announced on January 29, 

2001. 

A
lternates w

ill be chosen for each seat to ensure adequate 
representation should a C

ouncil m
em

ber be unable to att end a 
m

eeting. A
 call for applications for alternates w

as published in 
the Federal Register in February 2001. A

pplications w
ere re-

ceived through M
arch 2, 2001. To increase the pool of applicants, 

another call for applications for alternates w
as published in the 

Federal Register on M
ay 4, 2001. A

pplications w
ere required by 

June 4, 2001. The alternates w
ere selected in the sam

e m
anner as 

voting representatives. 

To learn m
ore about N

O
A

A
’s Sanctuary D

esignation Process, 
please read the N

orthw
estern H

aw
aiian Islands C

oral Reef Eco-
system

 Reserve D
raft Reserve O

perations Plan. To obtain a copy 
of this docum

ent, please visit: htt p://w
w

w
.haw

aiireef.noaa.gov/ 
docum

ents/docum
ents.htm

l. 

D
epartm

ent of Land and N
atural Resources 

The H
aw

ai̒i D
epartm

ent of Land and N
atural Resources 

(D
LN

R) is responsible for preserving H
aw

ai̒i’s resources for 

C
onvict tang and butt er

fl y fish at Pearl and H
erm

es A
toll. 

the benefit of future generations. The D
LN

R is the state’s lead 
agency in protecting the natural and cultural resources of the 
islands. The D

LN
R strives to balance use of resources w

ith the 
long-term

 social, environm
ental and econom

ic w
ell-being of 

H
aw

ai̒i’s people. 

D
LN

R has aquatic resource trustee responsibility out to three 
nautical m

iles throughout the N
W

H
I, w

ith the exception of 
M

idw
ay A

toll. D
LN

R m
ay share these responsibilities w

ith 
other agencies. A

lso, D
LN

R supports pioneering research and 
program

s that enhance ocean resources. Inform
ation collected by 

D
LN

R is used in planning for the future. The D
LN

R w
orks w

ith 
agencies, civic and non-profit organizations, com

m
unity groups, 

residents and visitors to protect the resources of the N
W

H
I. 

The D
LN

R’s D
ivision of A

quatic Resources m
anages the 

State’s m
arine and freshw

ater resources through program
s 

in com
m

ercial fisheries and resource enhancem
ent; aquatic 

resources protection, enhancem
ent and education; and 

recreational fisheries. M
ajor program

 areas include m
anaging or 

enhancing fisheries for long-term
 sustainability of the resources, 

protecting and restoring the aquatic environm
ent, protecting 

native and resident aquatic species and their habitat, and 
providing facilities and opportunities for recreational fi shing 
consistent w

ith the interests of the state. 

Kure A
toll State W

ildlife Refuge 

K
ure A

toll State W
ildlife Refuge is m

anaged by the D
LN

R D
ivi-

sion of Forestry and W
ildlife. N

um
erous research and invasive 

species rem
oval activities are conducted at K

ure A
toll by D

LN
R 

in partnership w
ith N

M
FS, FW

S and N
O

S. The rem
oval of in-

vasive plants from
 K

ure A
toll is a high priority for D

LN
R. A

lso, 
D

LN
R has ongoing surveys to assess the extent of seabed habi-

tats along the back reef portion of the atoll (W
alsh et al., 2002). 

H
aw

aiian Islands N
ational W

ildlife Refuge

 The H
aw

aiian Islands N
ational W

ildlife Refuge (H
IN

W
R) w

as 
designated in 1909 by President Theodore Roosevelt. This refuge 
consists of the follow

ing rem
ote Pacific islands: N

ihoa Island, 
N

ecker Island, French Frigate Shoals, G
ardner Pinnacles, M

aro 
Reef, Laysan Island, Lisianski Island, and Pearl and H

erm
es 

A
toll. 

The H
IN

W
R consists of a chain of islands, reefs and atolls ex-

tending about 1,287 kilom
eters in a northw

esterly direction from
 

the m
ain H

aw
aiian Islands. This refuge has a total of 13.4 sq. km

 
of em

ergent lands, and 2,469.2 sq. km
 of subm

ergent lands. 
The H

IN
W

R is hom
e to m

illions of seabirds, such as sooty terns 
and albatrosses, and provides a rich habitat for m

arine life. 

Prehistoric rem
nants of early Polynesian cultures are found on 

N
ihoa and N

ecker Islands. 

Except for field stations on Tern and Laysan Islands, these 
rem

ote islands are uninhabited by hum
ans and are protected 

by the U
.S. Fish and W

ildlife Service. Even scientific research is 
lim

ited and closely scrutinized to m
inim

ize unnecessary distur-
bance. Entry to the refuge is perm

itted by Special U
se Perm

it 
only. 

For m
ore inform

ation: 
U

.S. Fish &
 W

ildlife Service 
Refuges D

ivision 
300 A

la M
oana Boulevard 

Room
 5-231, Box 50167 

H
onolulu, H

aw
ai̒i 96850 

(808) 541-1201 

H
aw

aiian Islands N
ational W

ildlife R
efuge A

dm
inistrative 

Boundaries 

The FW
S has established certain adm

inistrative boundaries 
w

ithin the H
IN

W
R. Recreational and com

m
ercial activities are 

not allow
ed in the H

IN
W

R. The area has been set aside by the 
director of the FW

S as a Research N
atural A

rea. A
uthority for 

prom
ulgation of Refuge Regulations is found in 16 U

.S.C
. 668dd, 

50 C
FR Parts 25–28. The boundaries are as follow

s: 

Pearl and H
erm

es A
toll—

the atoll and reef as defined by the 10 fathom
 isobath. 

Lisianski Island—
the island and shoal (N

eva) as defined by the 10 fathom
 

isobath. 

Laysan Island—
the island and atoll as defined by the 10 fathom

 isobath. 

Soft
 coral at Laysan Island. 
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Table coral at French Frigate Shoals. 

M
aro Reef—

the reef as defined by the 10 fathom
 isobath. 

G
ardner Pinnacles—

the island and appurtenant (contingent) reefs as defi ned 
by the 10 fathom

 isobath. 

French Frigate Shoals—
the atoll and reef as defined by the 10 fathom

 isobath, 
except that a straight line shall be draw

n from
 the w

estern-m
ost portions of  

the 10 fathom
 isobaths around D

isappearing Island, Le Perouse Pinnacle, and  
 

Shark Island. 

N
ecker Island—

the island and shoal as defined by the 20 fathom
 isobath. 

N
ihoa Island—

the island and reef as defined by the 10 fathom
 isobath. 

M
idw

ay A
toll N

ational W
ildlife Refuge 

Surrounded by thousands of m
iles of ocean, the islands of the 

northw
est H

aw
aiian archipelago have becom

e a peaceful oasis 
for seabirds, m

igrating shorebirds and m
arine life. Located 2,012 

km
 w

est-northw
est of H

onolulu, the atoll m
easures approxi-

m
ately eight km

 in diam
eter. Sand Island is the largest island, 

m
easuring 2.9 km

 long by 2.4 km
 w

ide or about 5 sq. km
; East-

ern Island is approxim
ately 1.4 sq. km

; and Spit Island is only 
0.02 sq. km

. 

M
idw

ay w
as discovered in 1859 by C

aptain N
.C

. Brooks. Brooks 
nam

ed the islands “M
iddlebrooks” because they are positioned 

alm
ost halfw

ay betw
een N

orth A
m

erica and A
sia. Brooks 

claim
ed these islands under the G

uano A
ct of 1856, and the U

.S. 
affi

rm
ed this claim

 by annexing and renam
ing the islands M

id-
w

ay in 1967. 

M
idw

ay A
toll N

ational W
ildlife Refuge w

as established in 1988 
as an “overlay” refuge, w

hich allow
ed the FW

S to help the 

U
.S. N

avy m
anage the atoll’s unique w

ildlife and resources. 
A
fter 93 years of U

.S. N
avy adm

inistration, M
idw

ay A
toll w

as 
transferred to the FW

S on O
ctober 31, 1996. A

s part of the base 
closure and realignm

ent process, the N
avy com

pleted its envi-
ronm

ental cleanup and pulled out of M
idw

ay in June 1997. W
ith 

the closure of M
idw

ay’s N
aval A

ir Facility, the FW
S is charged 

w
ith restoring its biological diversity, conserving its historic and 

natural resources, and providing opportunities for com
patible 

public education and enjoym
ent on the refuge. 

The FW
S is com

m
itted to m

aintaining the historic spirit of M
id


-
w

ay A
toll, and sharing its vital roles in the m

id-Pacific w
ith its 


visitors in a m
anner respectful of the past and as a rem

inder for 

the future. Rem

nants from
 M

idw
ay’s m

ilitary history tell of the 

atoll’s strategic significance to the U

nited States, including the 

supposedly “bom

bproof” Sand Island pow
er plant, w

hich w
as 


struck by a shell lobbed from
 a Japanese destroyer on D

ecem
ber 


7, 1941; am
m

unition storage huts; and gun em
placem

ents. Sever-

al historic m

onum
ents com

m
em

orating the courageous soldiers 

w

ho fought and died during W
orld W

ar II have been erected on 

Sand and Eastern Islands.


From
 N

ovem
ber though July, M

idw
ay is alive w

ith albatross, 

boasting the largest colony of Laysan albatross in the w

orld and 

the second largest colony of black-footed albatross. A

t other 

tim

es of the year, red-tailed tropicbirds m
ay perform

 their aerial 

acrobatics overhead, curious w

hite terns w
ill fl u

tter above, black 

and brow

n noddies m
ay nod their greetings, and w

edge-tailed 

shearw

aters and Bonin petrels m
ay serenade visitors to sleep. 


M
idw

ay’s only native m
am

m
al is the endangered H

aw
aiian 


m
onk seal. A

dults and im
m

ature m
onk seals are frequently seen 


basking on the beaches of all three islands in the atoll. M
idw

ay 

A

toll’s lagoon is an im
portant feeding area for threatened green 


sea turtles, and they are frequently spotted w
ithin the harbor 


area of Sand Island or basking on M
idw

ay’s beaches. H
aw

ai
-
ian spinner dolphins frequent M

idw
ay’s shallow

 lagoon w
aters 


during the day and forage outside the atoll at night. M
idw

ay’s 

lagoon and surrounding nearshore w

aters support m
ore than 


250 species of fishes, including m
any colorful reef fi shes.


For m
ore inform

ation contact: 

M

idw
ay A

toll N
ational W

ildlife Refuge

P.O

. Box 29460 
H

onolulu, H
aw

ai̒i 96820-1860 

The Fishery M
anagem

ent Council 

The W
estern Pacific Regional Fishery M

anagem
ent C

ouncil 
determ

ines the m
anagem

ent policies of fisheries in the exclu-
sive econom

ic zone (EEZ, generally 4.8 km
 to 320 km

 off shore) 

Staghorn coral at French Frigate Shoals. 

around the Territory of A
m

erican Sam
oa, Territory of G

uam
, 

State of H
aw

ai̒i, the C
om

m
onw

ealth of the N
orthern M

ariana 
Islands and U

S Pacific island possessions—
an area of nearly 

3,885,000 sq. km
. The C

ouncil is one of eight regional councils 
in the U

nited States that w
ere established under the M

agnuson 
Fishery C

onservation and M
anagem

ent A
ct of 1976. This act as 

am
ended is know

n as the M
agnuson-Stevens A

ct. 

The W
estern Pacific C

ouncil consists of 13 voting and three non-
voting m

em
bers. H

alf of the m
em

bers are appointed by the U
S 

Secretary of C
om

m
erce to represent fishing and related com

-
m

unity interests in the region. The others are designated state, 
territorial and federal offi  cials w

ith fishery m
anagem

ent respon-
sibilities. 

The m
ain task of the C

ouncil is to protect fi shery resources 
w

hile m
aintaining opportunities for dom

estic fishing at sustain-
able levels of effort and yield. To accom

plish this, the C
ouncil 

m
onitors fisheries w

ithin its region and prepares and m
odifi es 

fishery m
anagem

ent plans as needed. The regulations are en-
forced jointly by the N

M
FS, the U

S C
oast G

uard and deputized 
state and territorial agents. The C

ouncil encourages cooperative 
fishery m

anagem
ent am

ong the island and distant-w
ater fi shing 

nations throughout the the Pacifi c. 

The W
estern Pacific Regional Fishery M

anagem
ent C

ouncil has 
developed several m

anagem
ent plans relevant to the N

W
H

I. To 
obtain these docum

ents, please visit: htt p://w
w

w
.w

pcouncil.org/ 
about.htm

. 
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Coral Reef Ecosystem
 Investigation 

The m
ission of the C

oral Reef Ecosystem
 Investigation (C

REI), 
established in 2001 at the N

ational M
arine Fisheries Service—

 
H

onolulu Lab (N
M

FS–H
L), is to conduct research necessary 

to ensure long-term
 viability of shallow

-w
ater coral reef 

ecosystem
s in the H

aw
aiian A

rchipelago and other U
S-related 

islands in the Pacific O
cean. The objectives of the investigation 

are to conduct an ecosystem
-based research program

 required 
for scientific support of the follow

ing groups and initiatives: the 
C

oral Reef Ecosystem
 Fishery M

anagem
ent Plan of the W

estern 
Pacific Regional Fisheries M

anagem
ent C

ouncil; N
ational 

A
ction Plan to C

onserve C
oral Reefs; C

oral Reef C
onservation 

A
ct; executive orders related to coral reef protection, M

arine 
Protected A

reas, and the N
orthw

estern H
aw

aiian Islands C
oral 

Reef Ecosystem
 Reserve; and recovery of critically endangered 

H
aw

aiian m
onk seals and threatened green sea turtles. 

C
REI uses com

prehensive, m
ultidisciplinary research 

approaches to address shallow
-w

ater coral reef ecological 
assessm

ent and m
onitoring, habitat m

apping and 
characterization, oceanographic processes aff ecting shallow

-
w

ater coral reef ecosystem
s, and shallow

-w
ater coral reef 

restoration through m
arine debris m

itigation. In addition, 
several applied research activities are conducted including 
exam

ining ocean circulation patterns, evaluating the potential 
effectiveness of m

arine protected areas, ecosystem
 m

odeling 
of trophic linkages, spatially structured population m

odeling, 
evaluating the im

pacts of lobster trapping on habitat, and 
developing techniques to assess exploitable bott om

fi sh 
populations. 

C
hubs at G

ardner Pinnacles. 

Sponge at French Frigate Shoals. 

C
REI conducts Rapid Ecological A

ssessm
ents and tow

ed diver 
surveys in w

ater depths of 0-30 m
 in the N

W
H

I and other Pacifi c 
islands. The results of these activities are used to groundtruth 
aerial and rem

ote sensing data for benthic habitat m
apping; 

create a species inventory: provide a baseline assessm
ent of 

species abundance and distribution; and evaluate reef health, 
including coral bleaching, predation, algal overgrow

th and 
breakage. H

abitat m
apping and characterization research in 

w
ater depths of 20–400 m

 em
ploys single- and m

ultibeam
 

acoustic technologies, bott om
 classification research, tow

ed 
cam

era system
s, and tow

ed-diver surveys. C
REI coordinates 

m
arine debris m

itigation on shallow
-w

ater coral reefs and 
em

ploys divers on m
ultiple ships in m

ulti-agency cam
paigns. 

A
n array of tools and m

ethods is used to determ
ine the 

oceanographic processes that influence shallow
-w

ater coral 
reef ecosystem

s. These include the use of instrum
ented 

oceanographic m
oorings and buoys, oceanographic research 

vessels, and satellite rem
ote sensing technologies. The 

oceanographic inform
ation collected in the N

W
H

I provides 
tim

e series of high resolution sea surface tem
perature, salinity, 

photosynthetically available radiance, ultraviolet-B, air 
tem

perature, barom
etric pressure, and w

ind direction and 
speed. These data help us better understand the infl uences of 
local environm

ental conditions on the health of the surrounding 
shallow

-w
ater coral reef. D

ata telem
etry helps m

onitor the 
im

m
inent or occurring shallow

-w
ater coral reef bleaching or 

other natural events (e.g., hurricanes, storm
 dam

age, heating/ 
cooling) so that additional field observation and data collection 
efforts can be initiated. To learn m

ore about C
REI, please visit: 

htt p://crei.nm
fs.haw

aii.edu. 

M
ap D

evelopm
ent 

The m
aps found in this A

tlas w
ere derived from

 satellite im
-

agery. IK
O

N
O

S high-resolution satellite im
agery w

as used to 
derive the draft benthic (seabed) habitat m

aps, estim
ated depth, 

and the color im
ages. Landsat m

oderate-resolution satellite im
-

agery w
as used to derive the m

aps of banks. 

G
enerally, features (habitats) on the seabed to a depth of approx-

im
ately 30 m

 can be seen in the satellite im
agery. In som

e areas, 
such as portions of the southeastern part of Pearl and H

erm
es 

A
toll, turbidity in the w

ater lim
ited visibility to 12 m

 into the 
w

ater colum
n. In other areas, such as the southern part of Lay-

san, seabed features could be clearly identified in w
ater 25–30 m

 
deep. 

Satellite Technologies 

The IK
O

N
O

S satellite provides com
m

ercially available panchro-
m

atic (black and w
hite) and m

ultispectral (blue/green/red/near-
infrared) im

agery. The panchrom
atic im

agery has a 1-m
 pixel 

dim
ension (m

eaning features as sm
all as 1 m

 square can be 
seen in the im

agery). The m
ultispectral im

agery has a 4-m
 pixel 

dim
ension (m

eaning features as sm
all as 16 sq. m

 can be seen in 
the im

agery). IK
O

N
O

S im
agery is purchased under strict licens-

ing agreem
ent. O

nly licensed users can have access to the im
ag-

ery. D
erived products, such as the habitat m

aps presented in this 
A

tlas, can be openly distributed. 

The Landsat 7 Enhanced Them
atic M

apper Plus (ETM
+) satel-

lite im
agery has a 28.5 m

 m
ultispectral pixel dim

ension (m
ean-

Linckia starfish at Pearl and H
erm

es A
toll. 
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IK
O

N
O

S m
ultispectral im

age of a portion of M
idw

ay A
toll. 

ing features w
ith an area of about 812 sq. m

 can be seen). The 
Landsat satellite has six color and near-infrared bands, including 
a red, a green, and a blue band. The spectral characteristics of 
the IK

O
N

O
S and Landsat satellites are sim

ilar, w
hich allow

s for 
easier analysis of the im

agery to generate m
aps. There are no 

redistribution restrictions on Landsat 7 ETM
+ im

agery. 

The IK
O

N
O

S im
agery is purchased in 11-km

-w
ide sw

aths that 
are m

osaicked together to produce com
plete im

ages of locales. 
In total, the follow

ing areas of IK
O

N
O

S im
agery w

ere pur-
chased. For tw

o areas, K
ure A

toll and French Frigate Shoals, tw
o 

im
age purchases w

ere m
ade. These tw

o im
ages w

ere m
erged to 

reduce the am
ount of area obscured by cloud and cloud shadow

. 

Table 2. IK
O

N
O

S im
agery purchased to m

ap the N
W

H
I (sq. km

). 

N
ihoa Island 

120 
N

ecker Island 
317 

French Frigate Shoals (1st purchase) 
682 

French Frigate Shoals (2nd purchase) 
818 

G
ardner Pinnacles 

87 
Laysan Island 

172 
Lisianski Island 

593 
M

aro Reef 
680 

Pearl and H
erm

es A
toll 

563 
K

ure A
toll (1st purchase) 

200 
K

ure A
toll (2nd purchase) 

205 
M

idw
ay A

toll 
172 

Total 
4,609 

Im
agery Positioning 

A
ll of the IK

O
N

O
S im

agery w
as purchased in N

ational Im
agery 

Transm
ission Form

at w
ith the associated Rational Polynom

ial 
C

oeffi
cients (RPC

s or satellite ephem
eris data). W

hen using im
-

age analysis softw
are capable of reading N

ITF files w
ith associ-

ated RPC
s, the horizontal positioning error never exceeded 15 

m
 (for locations w

here there is little or no vertical relief to aff ect 
im

age pixel displacem
ent). 

N
O

S m
osaicked the IK

O
N

O
S im

agery sw
aths, both panchrom

at-
ic and m

ultispectral, to w
ithin one pixel. In the case of the 1-m

 
panchrom

atic im
agery, the sw

aths overlap to w
ithin 1 m

. For the 
4-m

eter m
ultispectral im

agery, the sw
aths overlap to w

ithin 4 m
. 

N
O

A
A

’s N
ational G

eodetic Survey (N
G

S) recently gathered very 
accurate ground control data (horizontally accurate to w

ithin 15 
cm

 of its location on the earth) on nine locales in the N
W

H
I. The 

only locale that w
as not successfully “occupied” w

as M
aro Reef, 

w
here no perm

anent site could be found above sea level. W
here 

available, N
O

S used these ground control data in its eff orts to 
im

prove the geopositioning of IK
O

N
O

S im
agery. 

W
orking w

ith N
G

S, N
O

A
A

’s O
ffi

ce of the C
oast Survey w

ill be 
publishing revised nautical charts for the N

W
H

I. The revision of 
these charts included obtaining satellite im

agery from
 sources 

not available to the public. N
G

S com
piled vector shoreline for all 

but one N
W

H
I locale (M

aro Reef) using a com
bination of 

IK
O

N
O

S and restricted-access im
agery. W

here available, N
O

S 
used this vector shoreline in its efforts to im

prove the geoposi-
tioning of IK

O
N

O
S im

agery. H
ow

ever, because the restricted-ac-
cess im

agery used to com
pile vector shoreline for som

e areas has 
a different resolution and w

as acquired at different tim
es from

 
IK

O
N

O
S panchrom

atic im
age of a portion of M

idw
ay A

toll. 

Landsat ETM
+ m

ultispectral im
age of a portion of M

idw
ay A

toll. 

the IK
O

N
O

S im
agery, com

plete superim
position is not possible. 

For K
ure A

toll, M
idw

ay A
toll, Pearl and H

erm
es A

toll, Laysan 
Island, Lisianski Island, and French Frigate Shoals, N

O
S used a 

com
bination of ground control data and vector shoreline data to 

further geoposition the IK
O

N
O

S panchrom
atic and m

ultispec-
tral im

agery. A
s a result, the m

ean horizontal positioning error at 
sea level of this im

agery is less than 4 m
 (one pixel). 

N
G

S successfully gathered ground control data and com
piled 

vector shoreline for N
ecker Island, N

ihoa Island and G
ardner 

Pinnacles. H
ow

ever, the islands have considerable vertical relief. 
A

s a result, both the restricted access im
agery and IK

O
N

O
S im

-
agery for these islands are affected by parallax (the displacem

ent 
of an object as seen from

 tw
o different points not on a straight 

line from
 the object). This parallax results in less accurate posi-

tioning of the im
agery. N

O
S used a com

bination of ground con-
trol data and vector shoreline data to im

prove the geoposition-
ing of IK

O
N

O
S panchrom

atic and m
ultispectral im

agery. N
O

S 
believes the IK

O
N

O
S im

agery of N
ecker Island, N

ihoa Island, 
and G

ardner Pinnacles to be w
ithin 15 m

 of their actual locations 
at sea level. 
For M

aro Reef, neither supplem
ental ground control data nor 

vector shoreline data are available. H
ow

ever, trackline bathym
-

etry w
ith accurate G

PS data w
as recently gathered at M

aro Reef. 
These data w

ere used to correct the position of the im
agery. U

s-
ing these data, the m

ean horizontal error at sea level for M
aro 

Reef w
as 11 m

. 
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C
row

n of Thorns starfish at Pearl and H
erm

es A
toll. 

The IK
O

N
O

S satellite is capable of collecting im
agery of features 

on the earth’s surface at angles as m
uch as 45 degrees from

 nadir 
(w

hen the feature is directly below
 the satellite). A

ll of the 
IK

O
N

O
S im

ages of the N
W

H
I w

ere collected w
ith collection 

angles of less than 20 degrees from
 nadir. C

onstraining the col-
lection angle is im

portant because positioning features on the 
seabed using satellite im

agery is affected by refraction of light 
through the w

ater colum
n. W

hen the collection angle is lim
ited 

to less than 20 degrees, the m
axim

um
 offset of seabed features 

w
ould be less than 4 m

 (one IK
O

N
O

S m
ultispectral pixel) in 

w
ater less than 15 m

 deep and less than 8 m
 in w

ater less than 
30 m

 deep. The com
bination of horizontal positioning error and 

light refraction error adds up to a m
axim

um
 positioning error of 

approxim
ately 12 m

 in w
ater 30 m

 deep. 

Tw
o procedures w

ere used to georeference the Landsat satel-
lite im

agery used to derive the m
aps in this A

tlas. For Landsat 
im

agery w
here contem

porary IK
O

N
O

S im
agery w

as available, 
the Landsat im

agery w
as positioned using the IK

O
N

O
S im

agery. 
A

s a result, these Landsat data are positioned to w
ithin 28.5 m

 
(one Landsat pixel) of the IK

O
N

O
S im

agery. For Landsat im
ag-

ery w
here contem

porary IK
O

N
O

S im
agery w

as not available, 
several contem

porary Landsat im
ages w

ere used to com
pute a 

least-squares fit of tw
o or m

ore im
ages. A

s a result, these Land-
sat data are positioned to w

ithin 57 m
 (tw

o Landsat pixels). 

Im
age A

nalysis 

Several interm
ediate, derived products w

ere produced as the 
satellite im

agery w
as processed to generate the benthic habitat 

m
aps. First, the raw

 satellite im
ages w

ere converted from
 D

igital 
N

um
bers (D

N
s) to norm

alized reflectance. N
orm

alized refl ec-

tance (or at-satellite reflectance) converts D
N

s into standardized, 
satellite-independent, com

parable values. First developed for 
Landsat satellite im

agery, the algorithm
 used to perform

 this 
conversion w

as m
odified for IK

O
N

O
S im

age processing. A
s part 

of the conversion from
 D

N
s to at-satellite reflectance, the follow

-
ing equation is used (G

reen et al., 2000): 

R = pi * L/ (Eo cos(theta0) 1/r^2)
 L 

= radiance (from
 calibration provided by Space 

Im
aging). 

theta0 
= the solar zenith angle.

 r 

= earth-sun distance in A
stronom

ical U
nits.

 Eo 
= the m

ean solar exo-atm
ospheric irradiance in each 

band. (A
 convolution of the spectral response and  

solar radiation from
 N

eckel and Labs (1984) w
as  

used to get Eo.) 

The acquisition angles (ephem
eris data) of the satellite relative 

to the ground at the tim
e of im

age acquisition w
ere also used. 

C
alibration coeffi

cients for the satellite, provided by Space Im
ag-

ing, w
ere used to calculate at-satellite radiance, w

hich w
as then 

transform
ed to refl ectance. 

The norm
alized reflectance im

agery w
as then transform

ed into 
w

ater reflectance (or the signal < 10 cm
 above the w

ater surface). 
W

ater reflectance uses the near-infrared band to rem
ove radi-

ance attributable to atm
ospheric and surface effects (Stum

pf et 
al., in press). W

ater reflectance estim
ates how

 the signal (pho-
tons) received by the satellite is dim

inished as it passes through 
the atm

osphere on the w
ay dow

n to the w
ater-atm

osphere 
boundary and on the w

ay back up to the satellite after the signal 
leaves the w

ater-atm
osphere boundary. W

ater refl ectance also 
estim

ates how
 the signal at the satellite is dim

inished by w
ater 

vapor, clouds, specular effects at the w
ater surface (w

ave surface 
glint), and other signal-absorbing and diffusing m

aterials in the 
air and at the w

ater surface (G
reen et al., 2000). 

Estim
ating D

epth 

W
ater depth, in the form

 of estim
ated depth, is derived from

 the 
satellite im

agery follow
ing the procedure of Stum

pf et al. (in 
press). K

now
ing the depth of the w

ater is im
portant because 

w
ater attenuates (absorbs) light. A

s the w
ater depth increases, 

less and less light reaches the bottom
 and even less light is re-

fl ected off the bottom
 back up through the w

ater colum
n. M

ap-
ping relies on identifying and characterizing seabed features 
based on their spectral and m

orphologic characteristics. D
ue to 

w
ater attenuation, the spectral characteristics of a seabed feature 

in 2 m
 of w

ater is different than that sam
e seabed feature in 10 m

 
or 15 m

 of w
ater. The estim

ated depth is used to com
pensate for 

the attenuation of light by the w
ater colum

n during analysis of 
satellite im

agery. It also is used in the analysis to help determ
ine 

seabed features such as patch reefs, linear reefs, and m
icro-atolls. 

Bathym
etry provides valuable inform

ation for organism
 habitat 

use, w
here both structure and w

ater depth aff ect distribution 
patterns. Estim

ated depth is being exam
ined for use in vessel 

navigation, and this A
tlas includes estim

ated depth for m
any 

areas in the N
W

H
I. Estim

ated depth can be determ
ined in clear 

w
ater to betw

een 20 m
 and 35 m

, depending on the bott om
 type 

and absolute w
ater clarity. The absolute accuracy of estim

ated 
depth varies w

ith w
ater depth. The error is generally 0.3 m

 for 
w

ater less than 1 m
 deep. In w

ater up to 15 m
, deep the error is 

plus or m
inus 15 percent. In w

ater 15 or m
ore m

eters deep, the 
error is plus or m

inus 30 percent. The estim
ated depth m

aps in 
this A

tlas depict structural features larger than 8 m
 in diam

eter. 

U
sing the estim

ated depth and w
ater refl ectance, bott om

 albedo 
(bott om

 reflectance) is com
puted. The im

age analysis to identify 
and characterize seabed features (i.e., m

ap) is perform
ed on the 

bott om
 refl ectance. Bott om

 reflectance is the approxim
ate re-

flectance of bottom
 features w

hen the w
ater colum

n is rem
oved. 

A
pproxim

ations of light attenuation are com
puted, based on real 

or estim
ated w

ater depth, and “added” to the actual refl ectance 
signal received from

 the bottom
. The result is a “norm

alized” 
bottom

 feature refl ectance. 

The seabed habitat m
aps are generated using digital im

age 
analysis of the color and depth inform

ation. The analysis 
uses m

ethods originally developed for land classifi cation. 
The com

puter-based im
age identifies seabed features in the 

im
agery based on spectral and spatial characteristics of seabed 

C
hubs at M

idw
ay A

toll. 
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Laysan ducks dabbling in hypersaline lake at Laysan Island. 

features that are of sim
ilar type, but in different w

ater depths. 
For exam

ple, sand has a m
uch brighter appearance in w

ater 
5 m

 deep than in w
ater 20 m

 deep. The analysis starts by 
incorporating num

erous exam
ples of the spectral and spatial 

characteristics of various habitats. In total, 1,130 of these site-
specific exam

ples w
ere available for m

apping the N
W

H
I. These 

and other data (e.g., the estim
ated depth) are used to analyze 

the spectral and spatial characteristics of the im
age. The habitat 

m
aps have a m

inim
um

 m
apping unit of about 100 sq. m

 (six 
IK

O
N

O
S pixels). Through a series of iterative steps, a fi nal draft

 
m

ap is generated that depicts as m
any as 25 separate seabed 

habitats. The analysis also requires that a habitat classifi cation 
schem

e be developed. 

Classifi cation Schem
e 

The habitat classification schem
e, developed w

ith extensive 
input from

 locally-know
ledgeable, shallow

-w
ater coral reef ex-

perts, describes the characteristics of each seabed habitat identi-
fied in the im

agery. The schem
e is designed to separate structure 

(e.g., unconsolidated or hard bottom
) from

 cover (e.g., coral or 
m

acroalgae). The classification schem
e for m

apping the N
W

H
I is 

presented on page 14. The classification schem
e separates habitat 

on the basis of substrate, structure and cover. A
 total of 23 habi-

tat types have been m
apped in the N

W
H

I. Indeterm
inate cover 

is identified on the m
aps, but is not considered a unique class. 

The draft N
W

H
I classification schem

e also can be dow
nloaded 

at the follow
ing W

eb site: htt p://biogeo.nos.noaa.gov. 

In addition to the 1,130 site-specific characterizations used, 
several other sources of inform

ation w
ere used as part of the 

m
apping activity. Inform

ation gathered during several research 
cruises, including videotapes and Rapid Ecological A

ssessm
ents 

by the N
M

FS C
oral Reef Ecosystem

 Investigation program
, the 

2000 N
O

W
-RA

M
P cruise, and inform

ation collected from
 per

-
sonal com

m
unication also w

ere used to support the m
apping 

eff ort. 

M
ap Validation 

O
nce generated, the draft benthic habitat m

aps w
ere evaluated 

for accuracy. Tw
o types of validation w

ere em
ployed to vali-

date the m
aps in this A

tlas. First, tw
o w

orkshops w
ere held in 

H
aw

ai̒i to enable locally-know
ledgeable, shallow

-w
ater coral 

reef experts to review
 the draft m

aps and provide com
m

ents. 
The com

m
ents from

 these w
orkshops w

ere incorporated into the 
draft benthic habitat m

aps in this A
tlas. 

Participants in the draft habitat m
ap review

 w
orkshops include: 

A
lan Friedlander, O

ceanic Institute 
Ed C

arlson, N
O

S, N
G

S 
Rusty Brainard, N

M
FS, C

REI 
Jean K

enyon, N
M

FS, C
REI 

Joyce M
iller, N

M
FS, C

REI 
Stephanie H

olzw
arth, N

M
FS, C

REI 
Frank Parrish, N

M
FS-H

onolulu Laboratory 
Ray Boland, N

M
FS-H

onolulu Laboratory 
M

ichael Parke, N
M

FS-H
onolulu Laboratory 

D
ave Foley, N

M
FS-H

onolulu Laboratory 
Jim

 M
aragos, FW

S 
Ron Salz, FW

S 
M

iles A
nderson, A

nalytical Laboratories of H
aw

ai̒i 
D

ave G
ulko, D

LN
R 

D
ave Sm

ith, D
LN

R 
W

ill Sm
ith, U

niversity of H
aw

ai̒i 
Paul Jokiel, U

niversity of H
aw

ai̒i 
Eric Brow

n, U
niversity of H

aw
ai̒i 

Isabelle A
bbott, U

niversity of H
aw

ai̒i 
Fenny C

ox, U
niversity of H

aw
ai̒i 

C
elia Sm

ith, U
niversity of H

aw
ai̒i 

Jennifer Sm
ith, U

niversity of H
aw

ai̒i 
Eric H

ochberg, U
niversity of H

aw
ai̒i 

Second, statistical analysis to com
pute a “user” and “producer” 

error w
as perform

ed using a subset of the 1,100 site-specifi c hab-
itat characterization data available for the N

W
H

I. This analysis 
quantified the differences, i.e., the error, betw

een w
hat a habitat 

w
as in reality and w

hat it w
as interpreted to be using rule-based 

im
age analysis. “U

ser” accuracy is the probability that a habi-
tat polygon interpreted from

 the im
age actually represents that 

habitat in the field. “Producer” accuracy is the probability that 

Seajelly and jack at M
aro R

eef. 

any polygon of a particular habitat is correctly classifi ed (G
reen 

et al., 2000). The m
ajor habitat categories depicted on the draft

 
m

aps w
ill be evaluated for both “U

ser” and “Producer” error. 
A

 K
appa Statistic is com

puted as part of the accuracy assess-
m

ent. A
 K

appa Statistic of 0.59 (59 percent) im
plies that the 

classification process is avoiding 59 percent of the errors that a 
com

pletely random
 classification w

ould generate (C
ongalton, 

1991; G
reen et al., 2000). 

In addition, a Tau C
oeffi

cient is com
puted. The Tau C

oeffi cient 

m
easures the accuracy of the entire m

ap across all m
ajor cat-

egories. The Tau C
oeffi

cient is valuable because it indicates how
 

m
any m

ore habitat polygons (groups of pixels) w
ere correctly 

classified than w
ould be expected by chance alone (M

a and Red-
m

ond, 1995). 
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U
nit C

onversion Table 
1 square kilom

eter 
= 

247.1 acres
 

= 
100 hectares 

= 
0.29 square nautical m

iles 

= 
0.39 square statute m

iles 

1 kilom
eter 

= 
3,281 feet

 
= 

1,094 yards 
= 

0.54 nautical m
iles 

= 
0.62 statute m

iles 

The C
lassification Schem

e U
sed to 

M
ap the N

W
H

I 
A

 hierarchical benthic habitat classification schem
e w

as used 
to define and delineate habitats in the N

W
H

I. The schem
e w

as 
developed w

ith extensive input from
 shallow

-w
ater coral reef 

experts in H
aw

ai̒i. The structure of the classifi cation schem
e 

w
as initially based on schem

es developed by N
O

S for shallow
-

w
ater coral reef ecosystem

s in the C
aribbean (K

endall et al, 2001) 
and m

ain H
aw

aiian Islands (C
oyne et al, 2001). M

odifi cations 
w

ere required to adapt these schem
es to N

W
H

I habitats and to 
characterization m

ethods using satellite im
agery. 

The IK
O

N
O

S satellite provided the im
agery used for m

apping 
the aggregated cover and detailed benthic habitats. The Land-
sat satellite provided the im

agery for m
apping the bank areas. 

D
igital processing of the im

agery to produce m
aps m

ade it pos-
sible to establish a m

inim
um

 m
apping unit (M

M
U

) of approxi-
m

ately 100 sq. m
 (1/40 acre). The spatial and spectral inform

ation 
from

 the satellite im
agery w

as used to characterize detailed and 
aggregated benthic habitats and estim

ated depth. C
om

bining 
digital im

age processing and establishing a sm
all M

M
U

 enabled 
benthic features to be characterized that w

ould not otherw
ise 

have been m
apped. 

Site-specific benthic feature characterization data and tow
-

board data collected in the N
W

H
I by C

REI and N
O

S w
ere used 

extensively to develop and validate the  digital im
age analysis 

procedures. These data also provided inform
ation used to bett er 

define several of the categories of habitat found in the classi-
fication schem

e, particularly the m
acroalgae subcategory. The 

classification schem
e w

as review
ed by shallow

-w
ater coral reef 

experts during a w
orkshop held in H

aw
ai̒i and at several fol-

low
-up m

eetings and discussions. 

The classification schem
e is designed to categorize benthic 

habitat by substrate category (unconsolidated and hardbott om
), 

structure (e.g., linear reef or pavem
ent) and cover (e.g., coral or 

m
acroalgae). Shallow

-w
ater coral reef ecosystem

s also can be 
grouped into larger geom

orphological system
s such as atoll and 

bank, and geographic zones such as lagoon and back reef. H
ow

-
ever, this A

tlas focuses only on grouping by substrate, structure 
and cover. 

The habitat schem
e is hierarchical, descending from

 the broad 
substrate category (level 1), follow

ed by structure (level 2), cover 
(level 3) and cover m

odifier (level 4). This form
at allow

s for fl ex-
ible classifications; characterization of levels can be validated at a 
given tim

e, and updated later as additional inform
ation becom

es 
available (see D

iagram
 1). The structure of the classifi cation 

schem
e for N

W
H

I is presented in the table below
, w

ith the class 
num

bers designating the classification level (e.g., 1000 represents 
a first-level class, 1100 a second, 1110 a third, and 1111 a fourth). 

A
 total of 30 unique classes of benthic habitat w

ere included in 
the N

W
H

I classification schem
e. O

f these independent classes, 
23 have been identified and m

apped at one or m
ore atolls in the 

N
W

H
I. Including both unique and upper level classes, a total of 

45 separate habitat classes are identified on the m
aps included 

in the A
tlas. For m

ore inform
ation on the N

W
H

I m
apping eff ort, 

please visit: htt p://biogeo.nos.noaa.gov. 

D
escriptions of the detailed benthic habitats m

apped in the 
N

W
H

I can be found starting on page 16. D
escriptions of the 

aggregated benthic cover habitats m
apped in the N

W
H

I can be 
found starting on page 21. 

D
iagram

 1. H
ierarchical classifi cation schem

e. 
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The D
etailed Benthic H

abitat C
lassifi cation 

Schem
e of the N

orthw
estern H

aw
aiian Islands. 

The num
bers in parentheses are hierarchical, 4-

digit codes assigned to each habitat type. 

U
nconsolidated sedim

ent* (1000)

 
Sand* (1100)


Sand w
ith seagrass (1110)


Sand w
ith m

acroalgae (1120)

Sand w

ith patchy (10–50%
 cover) m

acroalgae* (1121) 
Sand w

ith dense (>50%
 cover) m

acroalgae* (1122) 

C
alcareous M

ud (1200) 

U
nconsolidated Rubble* (1300) 

U
nconsolidated Rubble w

ith sparse (10–50%
 cover) algae*  

(1301) 

U
nconsolidated Rubble w

ith dense (>50%
 cover) algae*  

(1302) 

Sand and Rubble* (1400)

 
G

roove* (1500)

 
H

ardbott om
* (2000)

 
H

ardbo

ttom
 w

ith sparse (10–50%
 cover) algae* (2001)

 
H

ardbo
ttom

 w
ith live coral (>10%

 cover)* (2010)
 

H
ardbo

ttom
, uncolonized* (2020)

 
H

ardbo
ttom

 w
ith crustose coralline algae (>10%

 cover)* (2030) 

Linear Reef* (2100)

Linear Reef w

ith live coral (>10%
 cover)* (2110)


Linear Reef, uncolonized* (2120)

Linear Reef, uncolonized w

ith sparse (10–50%
 cover) algae*

 
(2121) 

Linear Reef w
ith crustose coralline algae (>10%

 cover)* (2130) 

A
ggregated C

oral H
eads* (2200) 

A
ggregated C

oral H
eads w

ith live coral (>10%
 cover)* (2210) 

Spur and G
roove* (2300) 

Individual Patch Reef* (2400)

Patch Reef w

ith live coral (>10%
 cover)* (2410)


Patch Reef, uncolonized* (2420)

Patch Reef, uncolonized w

ith sparse (10–50%
 cover) algae*

 
(2421) 

Patch Reef w
ith crustose coralline algae (>10%

 cover) (2430) 

A
ggregated Patch Reef* (2500) 

A
ggregated Patch Reef w

ith live coral (>10%
 cover)* (2510)

 
Scattered C

oral/Rock in sand w
ith live coral (2600)

 
Sca

ttered C
oral/Rock in sand w

ith live coral (>10%
 cover)*

 
(2610)

 
Pavem

ent* (2700)

Pavem

ent w
ith sparse (10–50%

 cover) algae* (2701)

Pavem

ent w
ith dense (>50%

 cover) algae* (2702)

Pavem

ent w
ith live coral (>10%

 cover)* (2710) 
Pavem

ent w
ith live coral (>10%

 cover) and dense (>50%
 

 
 

 
cover) algae* (2712) 

Pavem
ent, uncolonized* (2720) 

Pavem
ent, uncolonized w

ith dense (>50%
 cover) algae*

 
(2722) 

Pavem
ent w

ith crustose coralline algae (>10%
 cover)* (2730) 

Pavem
ent w

ith Sand C
hannels* (2800) 

Pavem
ent w

ith sand channels and live coral (>10%
 cover)* (2810) 

Pavem
ent w

ith sand channels, uncolonized* (2820) 

Volcanic Rock* (2900) 
Volcanic Rock w

ith dense (>50%
 cover) algae* (2902) 

Volcanic Rock w
ith live coral (>10%

 cover)* (2910) 
Volcanic Rock, uncolonized* (2920) 

O
ther D

elineations* (3000) 

D
eep w

ater* (3010)

Reef crest* (3020)

D

redged channel* (3030)


 
Land* (3100)


A
rtifi cial* (3110)


 
Flags* (3200)


C
loud cover* (3210)


 
 

Shadow
* (3220)


 
 

Surf* (3230)

M

issing D
ata* (3240)


 
U

nclassifi ed* (3300) 

N
o D

ata* (4000) 

The A
ggregated C

over Benthic H
abitat of the 

N
orthw

estern H
aw

aiian Islands. This classifi ca-
tion schem

e com
bines num

erous detailed habitat 
categories into m

ore general cover habitat catego-
ries. 

H
ardbottom

 w
ith >10%

 live coral
 

H
ardbottom

 w
ith live coral (>10%

 cover)* (2010) 
Linear Reef w

ith live coral (>10%
 cover)* (2110) 

A
ggregated C

oral H
eads w

ith live coral (>10%
 cover)* (2210) 

Patch Reef w
ith live coral (>10%

 cover)* (2410) 
A

ggregated Patch Reef w
ith live coral (>10%

 cover)* (2510)
 

Scattered C
oral/Rock in sand w

ith live coral (>10%
 cover)* (2610) 

Pavem
ent w

ith live coral (>10%
 cover)* (2710)


Pavem
ent w

ith live coral (>10%
 cover) and dense (>50%

 cover)

 

 
algae* (2712) 

Pavem
ent w

ith sand channels and live coral (>10%
 cover)* (2810) 

Volcanic Rock w
ith live coral (>10%

 cover)* (2910) 

H
ardbottom

 w
ith >10%

 crustose coralline algae
 

H
ardbottom

 w
ith crustose coralline algae (>10%

 cover)* (2030) 
Linear Reef w

ith crustose coralline algae (>10%
 cover)* (2130) 

Patch Reef w
ith crustose coralline algae (>10%

 cover)* (2430) 
Pavem

ent w
ith crustose coralline algae (>10%

 cover)* (2730) 

H
ardbott om

 (uncolonized)
 

H
ardbottom

, uncolonized* (2020) 
Linear Reef, uncolonized* (2120) 
Patch Reef, uncolonized* (2420) 
Pavem

ent, uncolonized* (2720) 
Pavem

ent w
ith sand channels, uncolonized* (2820) 

Volcanic Rock, uncolonized* (2920) 

H
ardbottom

 w
ith >10%

 m
acroalgae

 
H

ardbottom
 w

ith sparse (10–50%
 cover) algae* (2001) 

Linear Reef, uncolonized w
ith sparse (10–50%

 cover) algae* (2121) 
Patch Reef, uncolonized w

ith sparse (10–50%
 cover) algae* (2421) 

Pavem
ent w

ith sparse (10–50%
 cover) algae* (2701) 

Pavem
ent w

ith dense (>50%
 cover) algae* (2702) 

Pavem
ent w

ith live coral (>10%
 cover) and dense (>50%

 cover)
 

 
algae* (2712) 

Pavem
ent, uncolonized w

ith dense (>50%
 cover) algae* (2722) 

H
ardbottom

 w
ith indeterm

inate cover
 

H
ardbott om

* (2000) 
Linear Reef* (2100) 
Spur and G

roove* (2300) 
Individual Patch Reef* (2400) 
A

ggregated Patch Reef* (2500)
 

Pavem
ent* (2700) 

Pavem
ent w

ith Sand C
hannels* (2800) 

Volcanic Rock* (2900) 

U
nconsolidated w

ith 10%
 or less m

acroalgae or seagrass 
U

nconsolidated sedim
ent* (1000)

 
Sand* (1100) 
U

nconsolidated rubble* (1300) 
Sand and rubble* (1400)

 
G

roove* (1500) 

U
nconsolidated w

ith >10%
 m

acroalgae or seagrass 
Sand w

ith m
acroalgae (1120) 

Sand w
ith patchy (10–50%

 cover) m
acroalgae* (1121) 

Sand w
ith dense (>50%

 cover) m
acroalgae* (1122) 

U
nconsolidated Rubble w

ith sparse (10–50%
 cover) algae* (1301) 

U
nconsolidated Rubble w

ith dense (>50%
 cover) algae* (1302) 

(* - This habitat category or other delineation w
as identified on a m

ap.) 
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D
etailed habitat classifi cation 

descriptions 
The detailed benthic habitat classification schem

e w
as designed 

to categorize benthic habitat by substrate category (unconsoli-
dated and hardbottom

), structure (e.g., linear reef or pavem
ent) 

and cover (e.g., coral or m
acroalgae). The schem

e is hierarchical, 
descending from

 the broad substrate category (level 1), follow
ed 

by structure (level 2), cover (level 3) and cover m
odifier (level 4). 

This enables researchers, m
anagers, and others to use the m

aps 
to answ

er questions at varying levels of detail. For m
ore infor-

m
ation on how

 benthic habitat m
aps are used for research and 

m
anagem

ent activities, please visit: htt p://biogeo.nos.noaa.gov. 

U
nconsolidated sedim

ents, H
ardbott om

 and “O
ther D

elin-
eations” represent the first level of habitat categories. U

ncon-
solidated sedim

ents w
ere further divided into sand, m

ud and 
rubble at the structure level, into presence of vegetation at the 
cover level, and into percent cover at the cover m

odifi er level. 

H
ardbott om

 w
as divided into nine categories of coral or rock 

form
ations at the structure level, into three categories of coral/ 

coralline algal cover at the cover level, and into percent m
acroal-

gal cover at the cover m
odifier level. Because low

 m
acroalgal 

and/or turf algal cover w
as frequently found on hardbott om

 sub-
strate in N

W
H

I, algal cover w
as considered on a separate level 

for hardbottom
, in order to better distinguish, w

here possible, 
com

binations of m
acroalgae w

ith live coral or coralline algal 
cover. N

ote that distinction w
as m

ade betw
een the m

acroalgal 
beds (e.g., H

alim
eda spp.) on sand substrate (class 1120), and low

 

Figure 1. Sand at M
idw

ay A
toll. 

m
acroalgae (e.g., M

icrodictyon spp.) found on hardbott om
 sub-

strates (level 4 classes). 

Turf algae is com
m

only found on both unconsolidated rubble 
and hardbott om

 substrates. H
abitat features that cover areas 

sm
aller than the M

M
U

 w
ere not m

apped as separate features, 
but described as a class that aggregates them

 into larger areas 
(e.g., Scattered C

oral/R
ock in Sand). Sim

ilarly, som
e habitat 

classes w
ere included that com

bine substrate types, w
here the 

com
bination has particular biological and/or structural signifi -

cance (e.g., Pavem
ent w

ith Sand C
hannels). 

O
ther D

elineations includes features identified in the im
agery, 

but are not benthic habitat, such as deep w
ater, intertidal reef 

crest, dredged channels, and land, as w
ell as areas that are ob-

scured by cloud, shadow
 or surf. A

reas of im
agery that w

ere not 
obscured, but w

hich w
ere not conclusively classifi ed (typically 

deep areas w
here the bottom

 w
as m

arginally visible) are listed 
as “unclassifi ed.” 

The D
etailed Benthic H

abitat C
lassification Schem

e of the 
N

orthw
estern H

aw
aiian Islands. 

U
nconsolidated sedim

ent* (1000): M
obile substrate that varies in 

coarseness (from
 m

ud to sand to rubble), and w
hich is character-

ized by som
e degree of instability in response to w

ater m
otions. 

Five habitat subcategories exist w
ithin the U

nconsolidated 
sedim

ent habitat category. These Level 2 subcategories in-
clude: 

Sand* (1100): C
oarse sedim

ent typically found in areas ex-
Figure 2. U

nconsolidated rubble at M
idw

ay A
toll. 

posed to currents or w
ave energy. See Figures 1, 15 and 16. 

C
alcareous M

ud (1200): Fine sedim
ent associated w

ith 
buildup of organic m

aterial in areas sheltered from
 high-en-

ergy w
aves and currents. This habitat category is not found in 

the N
W

H
I. 

U
nconsolidated R

ubble* (1300): D
ead, unstable coral rubble 

that appears predom
inantly pebble- and cobble-sized. This 

habitat often occurs landw
ard of w

ell-developed reef crest 
form

ations or in the back reef, as w
ell as at the base of patch 

reef and linear reef form
ations. See Figures 2 and 15. 

Sand and R
ubble* (1400): Sedim

ent com
posed of approxi-

m
ately even am

ounts of sand and rubble that cannot be sepa-
rately distinguished in the im

agery for the given area. 
G

roove* (1500): N
arrow

, linear sand feature that alternates 
w

ith coral form
ations in spur and groove habitat (see Figure 

6), and w
hich is oriented perpendicular to the shore or bank/ 

shelf escarpm
ent. G

roove is delineated as an individual cat-
egory w

hen the channel is clearly larger than the M
M

U
. 

A
 Level 3 subcategory describes the type of algae found 

on the U
nconsolidated sedim

ent substrate. Tw
o Level 3 

subcategories have been defi ned: 

Sand w
ith seagrass* (1110): Sand w

ith 10 percent or great-
er cover of seagrass, w

here percent cover refers to coverage 
of the substrate by the bed, rather than shoot density. N

ote 
that this habitat is very uncom

m
on in N

W
H

I. Representa-
tive species: H

alophila sp. 

Figure 3. Sand w
ith m

acroalgae at M
idw

ay A
toll. 
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Sand w
ith m

acroalgae* (1120): A
n area w

ith 10–100 per-
cent coverage of any com

bination of num
erous species of 

red, green or brow
n m

acroalgae. Typically occurs at the 
base of patch and linear reef structures and can be a tran-
sient feature. N

ote that this habitat is m
uch less com

m
on 

in N
W

H
I than is m

acroalgal cover on rubble or hardbot-
tom

 substrate. Representative species: D
ictyosphaeria spp.; 

H
alim

eda spp. See Figure 3. 

Finally, Level 4 subcategory describes the percentage of 
algae found on the U

nconsolidated sedim
ent substrate. 

Six Level 4 subcategories have been defi ned. 

Patchy seagrass (1111): D
iscontinuous seagrass (10–50 

percent cover), w
ith breaks in coverage that are too dif-

fuse or irregular, or result in isolated patches of seagrass 
that are too sm

all (less than the M
M

U
) to be m

apped as 
dense beds. This category of habitat is found at M

idw
ay 

A
toll, and, possibly, at Pearl and H

erm
es A

toll. 

D
ense seagrass (1112): Seagrass beds covering greater 

than 50 percent of the substrate. This habitat m
ay 

include blow
outs (no coverage) of less than 10%

 of the 
total area that are too sm

all (less than the M
M

U
) to be 

m
apped independently. This category of habitat is not 

found in the N
W

H
I. 

Sand w
ith patchy (10–50 percent cover) m

acroalgae* 
(1121): D

iscontinuous m
acroalgae (10-50 percent cover), 

w
ith breaks in coverage that are too diffuse or irregular, 

Figure 4. Linear reef at M
idw

ay A
toll. 

or result in isolated patches of m
acroalgae that are too 

sm
all (sm

aller than the M
M

U
) to be m

apped individu-
ally as dense beds. 

Sand w
ith dense (>50 percent cover) m

acroalgae* 
(1122): M

acroalgae covering 50–100 percent of the sand 
substrate. M

ay include blow
outs (no coverage) of less 

than 10 percent of the total area that are too sm
all (less 

than the M
M

U
) to be m

apped independently. 

U
nconsolidated R

ubble w
ith sparse (10–50 percent 

cover) algae* (1301): Rubble w
ith 10–50 percent cover of 

m
acroalgae or turf algae. Turf algae is the m

ost frequent 
cover type. 

U
nconsolidated R

ubble w
ith dense (>50 percent cover) 

algae* (1302): Rubble w
ith greater than 50%

 cover of 
m

acroalgae or turf algae. See Figure 15. 

H
ardbott om

* (2000): H
ardened substrate of unspecifi ed relief 

form
ed by the deposition of calcium

 carbonate by reef build-
ing corals and other organism

s (relict or ongoing) or existing as 
exposed bedrock or volcanic rock. H

abitats w
ithin this category 

typically have som
e colonization by live coral. If no coral coloni-

zation is present, habitats w
ould be categorized as U

ncolonized. 

N
ine habitat subcategories exist w

ithin the H
ardbott om

 
habitat category. The Level 2 subcategories generally describe 
structural features found w

ithin shallow
-w

ater coral reef eco-
system

s. These nine Level 2 subcategories include: 

Linear R
eef* (2100): Linear coral form

ations that oft en are 

Figure 5. A
ggregated coral heads at K

ure A
toll. 

oriented parallel to shore or the shelf edge, but w
hich are also 

found w
ithin N

W
H

I atolls, w
ithout a particular axis relative 

to the shore/shelf edge. This category includes habitat struc-
tures that are com

m
only referred to as fore reef, fringing reef, 

and shelf edge reef. See Figures 4 and 15. 

A
ggregated C

oral H
eads* (2200): C

oral form
ations that are 

com
posed of relatively m

onotypic coral colonies, typically 
isolated from

 other shallow
-w

ater coral reef form
ations by 

unconsolidated sedim
ent, w

here the hardened substrate is 
larger than the M

M
U

. This habitat can include large indi-
vidual coral heads and clusters of coral heads that are too 
sm

all (less than the M
M

U
) or too close together to be m

apped 
separately. Sm

all, individual coral heads that are isolated 
from

 each other by larger areas of sedim
ent norm

ally w
ill 

be classed as scattered coral/rock (see below
), rather than as 

aggregated coral heads. Representative species: Porites spp.; 
M

ontipora spp.; A
cropora spp. See Figures 5 and 15. 

Spur and G
roove* (2300): H

abitat having alternating sand 
and coral form

ations that are oriented perpendicular to the 
shore or bank/shelf escarpm

ent. The coral form
ations (spurs) 

of this feature typically have a high vertical relief relative 
to pavem

ent w
ith sand channels (see below

) and are sepa-
rated from

 each other by 1–5 m
 of sand or bare hard bott om

 
(grooves). The height and w

idth of the spurs and grooves 
m

ay vary considerably. This habitat type typically occurs in 
the fore reef or bank/shelf escarpm

ent region and is frequent-
ly found seaw

ard of breaks in the barrier reef. The spur and 
groove habitat is im

portant for dissipating w
ave energy. See 

Figures 6, 15 and 16. 

Figure 6. Spur and groove at M
idw

ay A
toll. 
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Individual Patch R
eef* (2400): Shallow

-w
ater coral reef for-

m
ations that are isolated from

 other shallow
-w

ater coral reef 
form

ations by unconsolidated sedim
ents and that have no 

organized structural axis relative to the contours of the shore 
or shelf edge. U

nlike aggregated coral heads, patch reefs typi-
cally consist of a diverse assem

blage of coral and algal spe-
cies. D

istinctive single patch reefs are larger than or equal to 
100 sq. m

. See Figures 7, 15 and 16. 

A
ggregated Patch R

eef* (2500): C
lustered patch reefs that are 

individually too sm
all (less than the M

M
U

) or are too close 
together to m

ap as individual patch reefs. 

Figure 8. H
ardbott

om
 w

ith live coral at Pearl and H
erm

es A
toll. 

Scattered C
oral/R

ock in sand w
ith live coral* (2600): Sand or 

rubble substrate w
ith scattered rocks, or sm

all, isolated coral-
heads that are too sm

all to be delineated individually (i.e., too 
sm

all to be identified as individual patch reef or aggregated 
coral heads). 

Pavem
ent* (2700): Flat, low

-relief, solid carbonate rock. See 
Figures 9, 15 and 16. 

Pavem
ent w

ith Sand C
hannels* (2800): H

abitat w
ith alternat-

ing sand and pavem
ent substrates that are oriented perpen-

Figure 10. Volcanic rock at N
ihoa Island. 

dicular to the shore, fringing reef or bank/shelf escarpm
ent. 

The sand channels of this feature have low
 vertical relief 

relative to spur and groove form
ations. This habitat type 

occurs in areas exposed to m
oderate w

ave surge such as the 
bank/shelf zone or areas just landw

ard of breaks in the barrier 
reef. See Figure 16. 

Volcanic R
ock* (2900): Substrate of exposed basalt rock, 

w
hich frequently includes large boulders and blocks. This 

habitat is typically found in nearshore environm
ents around 

sm
all basalt islands. See Figure 10. 

A
 Level 3 subcategory describes the type and percentage of 

coral and/or crustose coralline algae found on the H
ard-

bott om
 substrate. Three Level 3 subcategories have been 

defined. These second-level subcategories m
ay apply to 

m
ore than one Level 2 subcategory. 

H
ardbottom

 w
ith live coral (>10 percent cover)* (2x10): 

Substrates form
ed by the deposition of calcium

 carbon-
ate by reef-building corals and other organism

s. H
abitats 

w
ithin this category have greater than 10 percent coloniza-

tion by live coral. Representative species: Porites com
pressa, 

Porites lobata, M
ontipora spp., Pocillopora m

eandrina. See 
Figure 8. 

H
ardbott om

, uncolonized* (2x20): H
ard substrate com

-
posed of relict deposits of calcium

 carbonate or exposed 
volcanic rock. H

abitats w
ithin this category have 10 per-

cent or less coverage of hard coral or crustose coralline 
algae, but total coverage from

 both cover types m
ay exceed 

10 percent. See Figure 11. 

Figure 11. U
ncolonized hardbott

om
 at M

idw
ay A

toll. 

Figure 7. Individual patch reef at M
idw

ay A
toll. 

Figure 9. Pavem
ent w

ith m
acroalgae at K

ure A
toll. 
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H
ardbottom

 w
ith crustose coralline algae (>10 percent 

cover)* (2x30): A
n area w

ith 10 percent or greater coverage 
of any com

bination of num
erous species of encrusting or 

coralline algae. This habitat is typically found on reef crest 
and in shallow

 back reef and fore reef areas. Representa-
tive species: Porolithon gardineri. See Figure 12. 

Finally, a Level 4 subcategory describes the percentage 
of algae found on the H

ardbott om
 substrate. Tw

o Level 
4 subcategories are defined. These Level 4 subcategories 
m

ay apply to m
ore than one Level 3 subcategory. 

Sparse (10–50 percent cover) algae* (2xx1): D
iscon-

tinuous m
acroalgae and/or turf algae, covering 10–50 

percent of the hardbott om
 substrate. 

D
ense (>50 percent cover) algae* (2xx2): D

iscontinuous 
to continuous m

acroalgae and/or turf algae, covering 
greater than 50 percent of the hardbottom

 substrate. See 
Figure 13. 

O
ther D

elineations* (3000): D
escribes several types of features 

found in the im
agery that are not representative of shallow

-w
a-

ter coral reef ecosystem
. This specific category also is used to 

identify the saline lake found on Laysan Island. 

D
eep w

ater* (3010): A
reas w

here the bottom
 cannot be de-

tected (identified) in the im
agery. In m

ost cases, this occurs 
in w

ater m
ore than 30 m

 deep. H
ow

ever, turbidity in the 
w

ater colum
n can obscure the bottom

 in w
ater as litt le as 

five m
 deep. A

reas affected by turbidity and w
here fi eld-

Figure 12. H
ardbott

om
 w

ith crustose coralline algae at 
 

Lisianski Island. 

based supplem
ental inform

ation w
as lacking w

ere labeled 
“unclassifi ed.” 

R
eef crest* (3020): The fl a

ttened, em
ergent or nearly 

em
ergent segm

ent of a reef. This feature typically is found 
along barrier reef lines in N

W
H

I and is frequently cov-
ered w

ith dense m
acroalgae. Breaking w

aves are typically 
found at or just seaw

ard of the reef crest and are delineat-
ed as surf (see below

) if present in the im
agery. See Figures 

14, 15 and 16. 

D
redged channel* (3030): A

rea w
here excavation or 

dredging has occurred. 

Land* (3100): A
reas determ

ined to be above the w
ater line in 

the im
agery at the tim

e the im
agery w

as acquired. See Figure 
16. A

rtifi cial* (3110): H
um

an-m
ade habitats such as dredged 

channels, large piers, subm
erged w

recks, subm
erged por-

tions of rip-rap jetties, and the shoreline of islands created 
from

 dredge spoil. 

Flags* (3200): A
reas w

here the w
ater or land surface in the 

im
agery is obscured. The types of fl ags include:

C

loud cover (3210)

Shadow

 (3220)

R

eef crest or Surf (3020; 3230) See Figures 15 and 16.

M

issing data (3240; data dropouts in the im
agery)


U
nclassifi ed

* (3300): A
reas w

here the bottom
 type is unclas-

sified because of turbidity in the w
ater, surface glint, or other 

Figure 13. H
ardbott

om
 w

ith dense m
acroalgae at K

ure A
toll. 

types of interference. This category also includes areas w
here 

the seabed cannot be classified due to a lack of supplem
ental 

field-based inform
ation, or for other reasons. 

N
o data* (4000): Refers to areas w

ithin the geographic bounds of 
the habitat m

ap that lie outside the bounds of the acquired im
ag-

ery. This is not a habitat category in the classifi cation schem
e. 

(* – This habitat category or other delineation w
as identified on a 

m
ap w

ithin this A
tlas.) 

Figure 14. R
eef crest at K

ure A
toll. 
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A
ggregated habitat cover 

classifi cation descriptions 
The aggregated habitat cover classification schem

e w
as 

designed to provide inform
ation on substrate (hardbott om

 or 
unconsolidated) and habitat cover (coral, crustose coralline 
algae, m

acroalgae/seagrass, or uncolonized) found in the N
W

H
I. 

By aggregating the detailed habitats into aggregated cover, 
analyses can be perform

ed to assess, for exam
ple, the overall 

distribution of live coral cover, rather than w
hether it lies on a 

patch reef, pavem
ent or volcanic rock structure. A

reas that w
ere 

classified only to the first or second level—
m

eaning that specifi c 
cover w

as not identified—
w

ere com
bined into the aggregate 

class of indeterm
inate cover. 

A
 brief description of each aggregate class is provided, along 

w
ith an exam

ple of a class that is included in each category. 
The four-digit detailed habitat class num

bers can be used to 
determ

ine hardbottom
 cover groups, since the num

bering is 
consistent w

ith respect to cover. For exam
ple, a “1” in the third 

position (e.g., 2110) alw
ays indicates live coral cover, a “2” 

alw
ays indicates uncolonized bottom

, a “3” alw
ays indicates 

crustose coralline algal cover and a “0” alw
ays indicates 

indeterm
inate cover. M

acroalgal cover is found in the fourth 
position (e.g. 2722), w

ith a “1” indicating sparse (10–50 percent) 
coverage and a “2” indicating dense (>50 percent) coverage. 

The A
ggregated H

abitat C
over C

lassification Schem
e of the 

N
orthw

estern H
aw

aiian Islands. 

H
ardbottom

 w
ith >10 percent live coral: Included all classes 

in the hardbottom
 substrate category (linear reef, patch reef, 

pavem
ent, etc.) that had m

ore than 10 percent live coral cover. 
H

ardbottom
 that w

as not classified w
ith respect to structure 

(class 2020), but w
hich had live coral, w

as also included in 
this category. Bottom

 habitat consisting of m
ixtures of live 

coral, crustose coralline algae and m
acroalgae also fell into this 

category as long as there w
as enough live coral to m

eet the 10 
percent threshold. Exam

ple detailed class: Pavem
ent w

ith live 
coral (>10 percent cover) and dense (>50 percent cover) algae 
(2712). 

H
ardbottom

 w
ith >10 percent crustose coralline algae: Included 

all classes in the hardbottom
 substrate category that had m

ore 
than 10 percent live crustose coralline algal cover, but not m

ore 
than ten percent live coral cover. Bottom

 habitats w
ith a m

ixture 
of crustose coralline algae, live coral (not m

ore than 10 percent) 
and m

acroalgae fell in this category if there w
as enough crustose 

coralline algae to m
eet the 10 percent threshold. 

Exam
ple detailed class: Linear Reef w

ith crustose coralline algae 
(>10 percent cover) (2130). 

H
ardbott om

 (uncolonized): Included all classes in the 
hardbottom

 substrate category that had less than 10 percent 
live coral cover, crustose coralline algal cover or m

acroalgal 
cover. Exam

ple detailed class: Pavem
ent w

ith sand channels, 
uncolonized (2820). 

H
ardbottom

 w
ith >10 percent m

acroalgae: Included all classes 
in the hardbottom

 substrate category that had m
ore than 10 

percent m
acroalgae, but not m

ore than 10 percent live coral 
cover or 10 percent crustose coralline algal cover. Typically, these 
habitats also had a high percentage of turf algal cover. Exam

ple 
detailed class: H

ardbottom
 w

ith sparse (10–50 percent cover) 
algae (2001). 

H
ardbottom

 w
ith indeterm

inate cover: Included all classes in 
the hardbottom

 substrate category for w
hich a specifi c bott om

 
cover w

as not identified. Included w
ere all areas classifi ed only 

to the first or second level of the detailed classifi cation schem
e. 

Exam
ple detailed class: A

ggregated Patch Reef (2500). 

U
nconsolidated w

ith 10 percent or less m
acroalgae or 

seagrass: Included all classes in the unconsolidated substrate 
category w

ith not m
ore than 10 percent cover of live subm

erged 
vegetation (m

acroalgae/seagrass). Exam
ple detailed class: Sand 

(1100). 

U
nconsolidated w

ith >10 percent m
acroalgae or seagrass: 

Included all classes in the unconsolidated substrate category 
w

ith m
ore than 10 percent cover of live subm

erged vegetation 
(m

acroalgae/seagrass). Seagrass w
as very uncom

m
on in N

W
H

I 
(only a sm

all area w
as found at M

idw
ay during the fi eld 

survey) and w
as not identified on any of the habitat m

aps. 
Exam

ple detailed class: Sand w
ith patchy (10–50 percent cover) 

m
acroalgae (1121). 
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Figure 15. A
n im

age of a portion of K
ure A

toll show
ing typical benthic habitats. 

These benthic habitats are described in the classifi cation schem
e. 

Pavem
ent w

ith sparse 
(10–50%

 cover) algae (2701) 
Spur and G

roove (2300) 

A
ggregated coral heads w

ith 
live coral (>10%

 cover) (2210) 

Sand (1100) 

Reef crest w
ith Surf (3020; 3230) 

Pavem
ent, uncolonized (2720) 

U
nconsolidated Rubble (1300) 

Linear Reef w
ith live 

coral (>10%
 cover) (2110) 

U
nconsolidated Rubble w

ith 
dense (>50%

 cover) algae (1302) 

Individual Patch Reef (2400) 
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Figure 16. A
n im

age of a portion of Pearl and H
erm

es A
toll show

ing typical benthic 
habitats. These benthic habitats are described in the classifi cation schem

e. 

Individual Patch Reef (2400) 

Spur and 
G

roove (2300) 

Sand (1100) 
Pavem

ent w
ith sand channels 

Land (3100) 
Reef crest w

ith Surf (3020; 3230) 
and live coral (>10%

 cover) (2810) 
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Table 3. A
rea M

apped by A
ggregated H

abitat C
over Type and G

eographic Locale (sq. km
)


K
ure 

A
toll

    M
iA

toll 
dw

ay 
Pearl &

 
H

erm
es 

A
toll

Lisianski 
Island

Laysan 
Island

M
aro 

Reef

French 
Frigate 
Shoals

N
ecker 

Island
N

ihoa 
Island

TO
TA

L

H
ardbottom

 w
ith >10%

 live coral 
1.8 

1.4

 
20.3

 
16.4

 
5.8

 
14.8

 
48.3

 
0.0

 
<0.1

 
108.8

H
ardbottom

 w
ith >10%

 crustose coralline algae 
0.7 

0.1

 
0.0

 
0.0

 
0.5

 
1.3

 
4.7

 
0.0

 
0.0

 
7.3

H
ardbott om

 (uncolonized) 
11.6 

14.9
 

13.7
 

0.9
 

2.9
 

6.8
 

49.9
 

0.0
 

0.7
 

101.4
H

ardbottom
 w

ith >10%
 m

acroalgae 
5.8 

22.4
 

62.2
 

6.1
 

0.1
 

0.4
 

3.7
 

0.0
 

4.5
 

105.2
H

ardbottom
 w

ith indeterm
inate cover 

8.4 

6.7

 
49.3

 
183.5

 
81.7

 
180.1

 
46.1

 
208.1

 
58.9

 
822.8

U
nconsolidated w

ith 10%
 or less m

acroalgae or seagrass 
38.8 

49.9
 

226.2
 

231.8
 

36.2
 

295.7
 

241.5
 

19.5
 

10.0
 1149.6

U
nconsolidated w

ith >10%
 m

acroalgae or seagrass 
2.7 

0.2

 
19.9

 
0.0

 
0.0

 
19.6

 
23.4

 
0.0

 
0.0

 
65.8

Total H
abitat A

rea C
lassifi ed 

69.8 
95.5 

 
391.6 

438.7 
127.2 

518.7 
417.6 

227.6 
74.1 

2360.8 

N
o aggregated habitat cover m

aps w
ere generated for G

ardner Pinnacles and the bank areas found in the N
W

H
I. 

Table 4. A
nalysis of M

apped A
reas, O

ctober 2002 
This table presents a com

pilation of the best available inform
ation on area m

apped w
ithin the N

orthw
estern H

aw
aiian Islands 

C
oral Reef Ecosystem

 Reserve. The values presented in the table are estim
ates derived from

 N
O

A
A

 nautical charts and rem
otely 

sensed im
agery. 

A
rea W

ithin: 

Location in the N
W

H
I

100-fathom
 

isobath 
(digitized from

 
N

O
S chart) 

in sq. km
 

20-fathom
 

isobath 
(digitized from

 
N

O
S chart) 

in sq. km
 

10-fathom
 

isobath 
(digitized from

 
N

O
S chart) 

in sq. km
 

Landsat 
(visible 
bott om

) 
in sq. km

 

IK
O

N
O

S 
(m

apped 
habitat) 

in sq. km
 

K
ure A

toll 
341 

97
 –

 –

 
70

M
idw

ay Islands 
361 

133
 

99

 –

 
96

Ladd Seam
ount 

146 

–
 –

 –
 –

G
am

bia Shoal 
15 

–
 –

 –
 –

Salm
on Bank 

155 

–
 –

 –
 –

Pearl and H
erm

es A
toll 

744 
528

 
387

 –

 
392

U
nnam

ed Bank ESE of Pearl and H
erm

es A
toll 

5 

–
 –

 –
 –

U
nnam

ed Bank SSE of Pearl and H
erm

es A
toll 

5 

–
 –

 –
 –

U
nnam

ed Bank SW
 of Lisianski Island 

105 

–
 –

 –
 –

Lisianski Island 
1,225 

1,151
 

211
 

972
 

439
Pioneer Bank 

428 

–
 –

 
369

 –

N
orthham

pton Seam
ounts 

394 

–
 –

 
269

 –

Laysan Island 
578 

516
 

26
 

453
 

127
M

aro Reef 
1,900 

1,590
 

189
 

1,648
 

519
Raita Bank 

561 

–

 
16

 
503

 –

G
ardner Pinnacles 

2,398 
1,297

 1

 
1,934

 –

St. Rogatien Bank 
380 

–
 –

 
315

 –

Brooks Bank (N
W

 of St. Rogatien) 
67 

–
 –

 –
 –

Brooks Bank 1 (very sm
all bank E of St. Rogatien Bank) 

3 

–
 –

 –
 –

Brooks Bank 2 (just SE of St. Rogatien) 
70 

–
 –

 
85

 –

Brooks Bank 3 (m
ore SE of St. Rogatien) 

66 

–
 –

 
65

 –

Brooks Bank 4 (m
ost SE of St. Rogatien) 

6 

–
 2

 
11

 –

French Frigate Shoals 
933 

737
 

464
 

712
 

418
U

nnam
ed Bank N

E of French Frigate Shoals 
12 

–
 –

 –
 –

U
nnam

ed Bank N
 of N

ecker Island 
7 

–
 3

 –
 –

N
ecker Island 

1,541 
1,200

 9

 
1,314

 
228

Bank SW
 of N

ihoa Island 
342 

–
 3

 
247

 –

N
ihoa Island 

579 

8
 6

 
487

 
74

Bank E of N
ihoa Island 

–

 –
 –

 
91

 –

 
Total 

13,367 
7,257

 
1,416

 10,045
 

2,363
Percentage of Reserve A

rea represented 
3.9 

2.1

 
0.4

 
3.0

 
0.7 

N
O

TES: 

1. A
pproxim

iate area of entire Reserve (as currently defined) = 340,000 sq. km
 

2. A
ll areas digitized from

 charts include all polygons w
ithin the respective  

isobath contours, and so include sm
all am

ounts of land area. 
3. The 100-, 20-, and 10-fathom

 areas are based on digitized isobaths depicted 
on nautical charts and obtained from

 several sources. They should be  
considered approxim

ations of actual area. 
4. Landsat areas w

ere calculated using com
puterized im

age analysis of  
polygons draw

n around bottom
 habitat visible in the im

agery. 
5. A

reas show
n for IK

O
N

O
S reflect actual m

apped habitat, rather than the 
am

ount of visible bott om
. 

6. Total area includes 70 sq. km
 for K

ure A
toll, 96 sq. km

 for M
idw

ay A
toll,  

and 389 sq. km
 for Pearl and H

erm
es A

toll m
apped using IK

O
N

O
S; and 15  

sq. km
 for G

am
bia Shoal estim

ated from
 a nautical chart. 

24 



Table 5. O
verall A

ccuracy A
ssessm

ent of A
ggregated H

abitat C
over for all N

W
H

I Islands


M
apped H

abitat Type 

H
ardbottom

 w
ith >10%

 live coral 

H
ardbott om

 
w

ith >10%
 

live coral 

50 

H
ardbott om

 
w

ith >10%
 

crustose coral-
line algae 

3 

H
ardbott om

 
(uncolonized) 

5 

A
ctual H

abitat Type 

H
ardbott om

 
w

ith >10%
 

m
acroalgae 

U
nconsoli-

dated w
ith 

10%
 or less 

m
acroalgae 

or seagrass 

5 
0 

U
nconsoli-

dated w
ith 

>10%
 

m
acroalgae 

or seagrass 

0 

Row
 

Total 

63 

U
ser 

A
ccuracy 

79%
 

The accuracy assessm
ent w

as perform
ed on the aggregated cov-

er benthic habitat m
aps only. This w

as due to the relatively few
 

site-specific benthic characterization data (1,130 points) avail-
able for the N

W
H

I. The overall accuracy of the aggregated cover 
m

aps w
as 72 percent, and ranged from

 94 percent accuracy for 
unconsolidated sedim

ent w
ith little or no algae or seagrass to 

9%
 for unconsolidated sedim

ent w
ith seagrass present. [N

ote: A
 

subset of the 1,130 points (376) w
as used in the accuracy assess-

m
ent] 

H
ardbottom

 w
ith >10%

 
crustose coralline algae 

H
ardbott om

 (uncolonized) 

H
ardbottom

 w
ith >10%

 m
acroalgae 

U
nconsolidated w

ith 10%
 or less 

m
acroalgae or seagrass 

0 6 1 9 

11 

0 2 1 

0 

33 

11
 

18 

0 2 

16 

14 

1 3 3 

161 

0 0 6 6 

12 

44 

39 

209 

92%
 

75%
 

41%
 

77%
 

C
orrectly classifying benthic habitats that include algae and live 

coral w
as challenging. For exam

ple, it is diffi
cult to separate U

n-
consolidated Rubble w

ith dense (>50 percent cover) algae from
 

Pavem
ent w

ith dense (>50 percent cover) algae. A
lso, it is dif-

ficult to separate U
nconsolidated Rubble and Sand and Rubble 

from
 Pavem

ent habitats. These challenges also w
ere encountered 

w
hen differentiating betw

een the various habitats w
ith live coral 

cover. 

U
nconsolidated w

ith >10%
 

m
acroalgae or seagrass 

C
olum

n Total 

Producer A
ccuracy 

3 

69 

72%
 

0 

17 

65%
 

1 

68 

45%
 

1 

38 

42%
 

3 

171 

94%
 

1 

13 

9%
 

9 

376 

11%
 

The aggregated cover category H
ardbottom

 w
ith indeterm

inate 
cover w

as not included in the accuracy assessm
ent. The aggre-

gated H
ardbottom

 w
ith indeterm

inate cover includes those 
detailed habitat categories w

here a specific cover w
as not identi-

fied on the m
ap, and no com

parison to the fi eld-based benthic 
characterization inform

ation could be perform
ed. 

O
verall A

ccuracy 
K

appa Statistic 
Tau C

oeffi cient 

72%
 

0.59 
0.62 

A
n assessm

ent of the overall accuracy of the hardbott om
 and 

unconsolidated w
as perform

ed (see the bottom
 of Table 5). That 

analysis included habitat catgories w
ith indeterm

inate cover and 
their associated field-based benthic characterization data. That 
analysis revealed that these tw

o habitats w
ere correctly identi-

fied 82 percent and 90 percent of the tim
e, respectively. 

M
apped Structure Type 

hardbott om
 

unconsolidated 

C
olum

n Total 

A
ctual Structure Type 

hardbott om
 

unconsolidated 
Row

 Total 

221 
18 

239 

47 
171 

218 

268 
189 

457 

U
ser A

ccuracy 

92%
 

78%
 

The K
appa Statistic is a m

easure of m
ap accuracy relative to 

a m
ap w

ith classifications random
ly assigned, expressed as a 

percent. 

The Tau C
oeffi

cient m
easures the accuracy of the entire m

ap 
across all m

ajor categories. The Tau C
oeffi

cient is valuable be-
cause it indicates how

 m
any m

ore habitat polygons w
ere cor-

rectly classified than w
ould be expected by chance alone. 

Producer A
ccuracy 

82%
 

90%
 

Tau C
oeffi

cients w
ere not generated for the individual detailed 

habitat m
aps because only a sm

all num
ber of fi eld-based benthic 

characterizations w
ere available at each N

W
H

I locale. 
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Table 6. A
rea M

apped by D
etailed H

abitat C
over Type and G

eographic Locale (sq. km
)


K
ure 

A
toll 

M
idw

ay 
A

toll
Pearl &

 
H

erm
es A

toll
Lisianski 

Island
Laysan 
Island

M
aro 

Reef
French Frigate 

Shoals
N

ecker 
Island

N
ihoa 

Island
TO

TA
L

Unconsolidated (1000, refer to classification schem
e for habitat description) 

0.0 

0.0

 
141.9

 
75.4

 
0.0

 
245.4

 
0.0

 
0.0

 
7.2

 
469.9

Sand (1100) 
25.5 

49.2
 

60.4
 

72.3
 

35.0
 

43.4
 

98.4
 

19.5
 

2.8
 

406.5
Sand w

ith m
acroalgae (1120) 

0.0 

0.2

 
0.0

 
0.0

 
0.0

 
0.0

 
0.0

 
0.0

 
0.0

 
0.2

Sand w
ith patchy (10–50%

 cover) m
acroalgae (1121) 

0.0 

0.0

 
0.0

 
0.0

 
0.0

 
0.0

 
22.3

 
0.0

 
0.0

 
22.3

Dense (>50%
) m

acroalgae on sand (1122) 
0.0 

0.0

 
0.0

 
0.0

 
0.0

 
0.0

 
1.0

 
0.0

 
0.0

 
1.0

Unconsolidated Rubble (1300) 
12.6 

0.0

 
14.5

 
16.9

 
1.1

 
6.9

 
0.3

 
0.0

 
0.0

 
52.3

Unconsolidated Rubble w
ith sparse (10–50%

 cover) algae (1301) 
0.0 

0.0

 
14.2

 
0.0

 
0.0

 
19.6

 
0.0

 
0.0

 
0.0

 
33.8

Unconsolidated Rubble w
ith dense (>50%

 cover) algae (1302) 
2.7 

0.0

 
5.6

 
0.0

 
0.0

 
0.0

 
0.0

 
0.0

 
0.0

 
8.3

Sand and Rubble (1400) 
0.0 

0.0

 
7.0

 
67.2

 
0.0

 
0.0

 
142.8

 
0.0

 
0.0

 
217

Groove (1500) 
0.7 

0.7

 
2.5

 
0.0

 
0.0

 
0.0

 
0.0

 
0.0

 
0.0

 
3.9

H
ardbott om

 (2000) 
0.0 

0.0

 
8.3

 
155.7

 
81.7

 
176.4

 
0.0

 
205.5

 
58.3

 
685.9

H
ardbottom

 w
ith sparse (10–50%

 cover) algae (2001) 
0.0 

0.0

 
52.3

 
6.0

 
0.0

 
0.0

 
0.0

 
0.0

 
0.0

 
58.3

H
ardbottom

 w
ith live coral (>10%

 cover) (2010) 
1.0 

0.6

 
0.0

 
7.1

 
0.0

 
1.0

 
0.0

 
0.0

 
0.0

 
9.7

H
ardbottom

, uncolonized (2020) 
9.5 

6.5

 
0.0

 
0.0

 
0.0

 
<0.1

 
0.0

 
0.0

 
0.0

 
16

H
ardbottom

 w
ith crustose coralline algae (>10%

 cover) (2030) 
0.0 

<0.1
 

0.0
 

0.0
 

0.5
 

<0.1
 

0.0
 

0.0
 

0.0
 

0.6
Linear Reef (2100) 

0.3 

0.2

 
2.9

 
0.0

 
0.0

 
0.1

 
3.9

 
0.0

 
0.0

 
7.4

Linear Reef w
ith live coral (>10%

 cover) (2110) 
0.2 

0.0

 
6.7

 
0.0

 
0.0

 
10.5

 
0.0

 
0.0

 
0.0

 
17.4

Linear Reef, uncolonized (2120) 
0.0 

0.0

 
0.0

 
0.0

 
0.0

 
1.6

 
5.3

 
0.0

 
0.0

 
6.9

Linear Reef, uncolonized w
ith sparse (10–50%

 cover) algae (2121) 
0.0 

0.0

 
0.0

 
0.0

 
0.0

 
0.2

 
3.4

 
0.0

 
0.0

 
3.6

Linear Reef w
ith crustose coralline algae (>10%

 cover) (2130) 
0.0 

0.0

 
0.0

 
0.0

 
0.0

 
0.2

 
1.3

 
0.0

 
0.0

 
1.5

Aggregated Coral H
eads w

ith live coral (>10%
 cover) (2210) 

0.5 

0.0

 
0.0

 
0.0

 
0.0

 
0.0

 
1.6

 
0.0

 
0.0

 
2.1

Spur and Groove (2300) 
5.1 

2.9

 
6.8

 
0.0

 
0.0

 
0.0

 
0.0

 
0.0

 
0.0

 
14.8

Patch Reef (2400) 
3.0 

2.4

 
11.0

 
0.0

 
0.0

 
3.4

 
8.5

 
0.0

 
0.0

 
28.3

Patch Reef w
ith live coral (>10%

 cover) (2410) 
0.0 

0.1

 
0.5

 
0.0

 
0.4

 
3.4

 
0.0

 
0.0

 
0.0

 
4.4

Patch Reef, uncolonized (2420) 
0.0 

0.0

 
0.0

 
0.0

 
0.0

 
5.2

 
0.0

 
0.0

 
0.0

 
5.2

Patch Reef, uncolonized w
ith sparse (10–50%

 cover) algae (2421) 
0.0 

0.0

 
0.0

 
0.0

 
0.0

 
0.2

 
0.0

 
0.0

 
0.0

 
0.2

Patch Reef w
ith crustose coralline algae (>10%

 cover) (2430) 
0.0 

0.0

 
0.0

 
0.0

 
0.0

 
0.1

 
0.3

 
0.0

 
0.0

 
0.4

Aggregated Patch Reef (2500) 
0.0 

0.0

 
6.2

 
18.4

 
0.0

 
0.0

 
0.0

 
0.0

 
0.0

 
24.6

Aggregated Patch Reef w
ith live coral (>10%

 cover) (2510) 
0.0 

0.0

 
0.0

 
8.7

 
0.0

 
0.0

 
0.0

 
0.0

 
0.0

 
8.7

Scattered Coral/Rock in Sand w
ith live coral (>10%

 cover) (2610) 
0.0 

0.0

 
0.0

 
0.0

 
0.0

 
0.0

 
2.0

 
0.0

 
0.0

 
2.0

Pavem
ent (2700) 

0.1 

0.9

 
13.8

 
9.4

 
0.0

 
0.2

 
21.2

 
0.0

 
0.5

 
46.1

Pavem
ent w

ith sparse (10–50%
 cover) algae (2701) 

2.9 

3.4

 
3.5

 
0.0

 
0.1

 
0.0

 
0.0

 
0.0

 
0.0

 
9.9

Pavem
ent w

ith dense (>50%
 cover) algae (2702) 

2.9 
19.0

 
1.3

 
<0.1

 
<0.1

 
0.0

 
0.3

 
0.0

 
0.0

 
23.5

Pavem
ent w

ith live coral (>10%
 cover) (2710) 

<0.1 

0.6

 
7.9

 
0.5

 
5.4

 
0.0

 
27.8

 
0.0

 
0.0

 
42.3

Pavem
ent w

ith live coral (>10%
 cover) and dense (>50%

 cover) algae (2712) 
0.0 

0.0
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0.0
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0.0

 
0.0

 
0.0

 
0.0

 
4.5
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0.0 
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0.0 
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0.0
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0.0
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0.0 
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0.0
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0.7

Other Delineations (3000) 
0.0 

0.0
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0.7

 
0.0
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0.0
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0.7
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57.8
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196.7
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Reef crest (3020) 
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0.0 
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0.4

Land (3100) 
0.9 
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0.5
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0.2
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13.4
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o im
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12.4
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7.6
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11.1
 

6.3
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Unclassifi ed (3300) 

0.0 

0.0

 
0.0

 
0.0

 
0.2

 
0.1
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0.0

 
113.3

 
226.9

Total H
abitat Area Classifi ed 

69.8 
95.5

 
391.6

 
438.7

 
127.2
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417.6

 
227.6

 
74.1

 2360.8
TOTAL Area in IKON

OS im
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205.0 
172.2 

562.9 
592.8 

172.2 
679.6 

818.3 
317.2 

120.2 
3640.4 
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