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T
h

e C
lassifi cation

 S
ch

em
e U

sed
 

to M
ap

 th
e S

h
allow

-w
ater B

en
th

ic 
H

ab
itats of th

e N
orth

w
estern

 
H

aw
aiian

 Islan
d

s.

A
 hierarchical classifi cation schem

e w
as used

 to d
efi ne and

 d
e-

lineate the shallow
-w

ater (<
30 m

) benthic habitats in the N
W

H
I. 

T
he schem

e w
as d

eveloped
 w

ith extensive input from
 shallow

-
w

ater coral reef experts in H
aw

ai`i. T
he structure of the clas-

sifi cation schem
e w

as initially based
 on schem

es d
eveloped

 by 
N

O
A

A
’s O

ceans and
 C

oasts (N
O

S) for shallow
-w

ater coral reef 
ecosystem

s in the C
aribbean and

 m
ain H

aw
aiian Island

s. M
od

i-
fi cations w

ere required
 to ad

apt these schem
es to N

W
H

I habitats 
and

 to characterization m
ethod

s using satellite im
agery.

T
he IK

O
N

O
S satellite provid

ed
 the im

agery used
 for m

apping 
the aggregated

 cover and
 d

etailed
 benthic habitats. T

he L
and

sat 
satellite provid

ed
 the im

agery for m
apping the bank areas. D

igi-
tal processing of the im

agery to prod
uce m

aps m
ad

e it possible 
to establish a m

inim
um

 m
apping unit (M

M
U

) of approxim
ately 

100 sq. m
 (1/

40 acre). T
he spatial and

 spectral inform
ation from

 
the satellite im

agery w
as used

 to characterize d
etailed

 and
 

aggregated
 benthic habitats and

 estim
ated

 d
epth. C

om
bining 

d
igital 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-specifi c benthic feature characterization d
ata and

 tow
-board

 
d

ata collected
 in the N

W
H

I by the N
ational M

arine Fisheries 
Service’s C

oral R
eef E

cosystem
 Investigation and

 N
O

S w
ere 

used
 extensively to d

evelop and
 valid

ate the  d
igital im

age 
analysis proced

ures. T
hese d

ata also provid
ed

 inform
ation used

 
to better d

efi ne several of the categories of habitat found
 in the 

classifi cation schem
e, particularly the m

acroalgae subcategory. 
T

he classifi cation schem
e w

as review
ed

 by shallow
-w

ater coral 
reef experts d

uring a w
orkshop held

 in H
aw

ai`i and
 at several 

follow
-up m

eetings and
 d

iscussions.

T
he classifi cation schem

e is d
esigned

 to categorize benthic 
habitat by substrate category (unconsolid

ated
 and

 hard
bottom

), 
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, the m

aps found
 on these C

D
s focus only on grouping 

by substrate, structure and
 cover.

T
he habitat schem

e is hierarchical, d
escend

ing from
 the broad

 
substrate category (level 1), follow

ed
 by structure (level 2), cover 

(level 3) and
 cover m

od
ifi er (level 4). T

his form
at allow

s for fl exi-
ble classifi cations; characterization of levels can be valid

ated
 at a 

given tim
e, and

 upd
ated

 later as ad
d

itional inform
ation becom

es 
available. T

he structure of the classifi cation schem
e for N

W
H

I is 
presented

 in the table below
, w

ith the class num
bers d

esignat-
ing the classifi cation level (e.g., 1000 represents a fi rst-level class, 
1100 a second

, 1110 a third
, and

 1111 a fourth).

A
 total of 30 unique classes of benthic habitat w

ere includ
ed

 in 
the N

W
H

I classifi cation schem
e. O

f these ind
epend

ent classes, 
23 have been id

entifi ed
 and

 m
apped

 at one or m
ore atolls in the 

N
W

H
I. Includ

ing both unique and
 upper level classes, a total of 

45 separate habitat classes are id
entifi ed

 on the m
aps includ

ed
 

on these C
D

s. For m
ore inform

ation on the N
W

H
I m

apping ef-
fort, please visit: http:/

/
biogeo.nos.noaa.gov.

D
escriptions of the d

etailed
 benthic habitats m

apped
 in the 

N
W

H
I can be found

 starting on page 2. D
escriptions of the ag-

gregated
 benthic cover habitats m

apped
 in the N

W
H

I can be 
found

 starting on page 7.

T
h

e D
etailed

 B
en

th
ic H

ab
itat C

lassifi cation
 

S
ch

em
e of th

e N
orth

w
estern

 H
aw

aiian
 Islan

d
s. 

T
h

e n
u

m
b

ers in
 p

aren
th

eses are h
ierarch

ical, 4-
d

igit cod
es assign

ed
 to each

 h
ab

itat typ
e.

 U
nconsolid

ated
 sed

im
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 d

ense (>
50%

 cover) m
acroalgae* (1122)

 
C

alcareous M
ud

 (1200)

 
U

nconsolid
ated

 R
ubble* (1300)

 
 

 
U

nconsolid
ated

 R
ubble w

ith sparse (10–50%
 cover) algae*  

 
 

 
 

(1301)
 

 
 

U
nconsolid

ated
 R

ubble w
ith d

ense (>
50%

 cover) algae*  
 

 
 

 
(1302)

 
Sand

 and
 R

ubble* (1400)

 
G

roove* (1500)

 
H

ard
bottom

* (2000)
 

 
 

H
ard

bottom
 w

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

 
 

H
ard

bottom
 w

ith live coral (>
10%

 cover)* (2010)
 

 
H

ard
bottom

, uncolonized
* (2020)

 
 

H
ard

bottom
 w

ith crustose coralline algae (>
10%

 cover)* (2030)

 
L

inear R
eef* (2100)

 
 

L
inear R

eef w
ith live coral (>

10%
 cover)* (2110)

 
 

L
inear R

eef, uncolonized
* (2120)

 
 

 
L

inear R
eef, uncolonized

 w
ith sparse (10–50%

 cover) algae*
 

 
 

 
(2121)

 
 

L
inear R

eef w
ith crustose coralline algae (>

10%
 cover)* (2130)

 
A

ggregated
 C

oral H
ead

s* (2200)
 

 
A

ggregated
 C

oral H
ead

s w
ith live coral (>

10%
 cover)* (2210)

 
Spur and

 G
roove* (2300)

 
Ind

ivid
ual Patch R

eef* (2400)
 

 
Patch R

eef w
ith live coral (>

10%
 cover)* (2410)

 
 

Patch R
eef, uncolonized

* (2420)
 

 
 

Patch R
eef, uncolonized

 w
ith sparse (10–50%

 cover) algae*
 

 
 

 
(2421)

 
 

Patch R
eef w

ith crustose coralline algae (>
10%

 cover) (2430)

 
A

ggregated
 Patch R

eef* (2500)
 

 
A

ggregated
 Patch R

eef w
ith live coral (>

10%
 cover)* (2510)

 
Scattered

 C
oral/

R
ock in sand

 w
ith live coral (2600)

D
iagram

 1. H
ierarchical classifi cation schem

e.



 
 

Scattered
 C

oral/
R

ock 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 d

ense (>
50%

 cover) algae* (2702)
 

 
Pavem

ent w
ith live coral (>

10%
 cover)* (2710)

 
 

 
Pavem

ent w
ith live coral (>

10%
 cover) and

 d
ense (>

50%
 

 
 

 
cover) algae* (2712)

 
 

Pavem
ent, uncolonized

* (2720)
 

 
 

Pavem
ent, uncolonized

 w
ith d

ense (>
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)

 
V

olcanic R
ock* (2900)

 
 

 
V

olcanic R
ock w

ith d
ense (>

50%
 cover) algae* (2902)

 
 

V
olcanic R

ock w
ith live coral (>

10%
 cover)* (2910)

 
 

V
olcanic R

ock, uncolonized
* (2920)

O
ther D

elineations* (3000)

 
 

D
eep w

ater* (3010)
 

 
R

eef crest* (3020)
 

 
D

red
ged

 channel* (3030)

 
L

and
* (3100)

 
 

A
rtifi cial* (3110)

 
Flags* (3200)

 
 

C
loud

 cover* (3210)
 

 
Shad

ow
* (3220)

 
 

Surf* (3230)
 

 
M

issing D
ata* (3240)

 
U

nclassifi ed
* (3300)

N
o D

ata* (4000)

T
h

e A
ggregated

 C
over B

en
th

ic H
ab

itat of 
th

e N
orth

w
estern

 H
aw

aiian
 Islan

d
s. T

h
is 

classifi cation
 sch

em
e com

b
in

es n
u

m
erou

s 
d

etailed
 h

ab
itat categories in

to m
ore gen

eral 
cover h

ab
itat categories.

H
ard

bottom
 w

ith >
10%

 live coral
 

H
ard

bottom
 w

ith live coral (>
10%

 cover)* (2010)
 

L
inear R

eef w
ith live coral (>

10%
 cover)* (2110)

 
A

ggregated
 C

oral H
ead

s w
ith live coral (>

10%
 cover)* (2210)

 
Patch R

eef w
ith live coral (>

10%
 cover)* (2410)

 
A

ggregated
 Patch R

eef w
ith live coral (>

10%
 cover)* (2510)

 
Scattered

 C
oral/

R
ock 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

 d
ense (>

50%
 cover)

 
 

algae* (2712)
 

Pavem
ent w

ith sand
 channels and

 live coral (>
10%

 cover)* (2810)
 

V
olcanic R

ock w
ith live coral (>

10%
 cover)* (2910)

H
ard

bottom
 w

ith >
10%

 crustose coralline algae
 

H
ard

bottom
 w

ith crustose coralline algae (>
10%

 cover)* (2030)
 

L
inear R

eef w
ith crustose coralline algae (>

10%
 cover)* (2130)

 
Patch R

eef w
ith crustose coralline algae (>

10%
 cover)* (2430)

 
Pavem

ent w
ith crustose coralline algae (>

10%
 cover)* (2730)

H
ard

bottom
 (uncolonized

)
 

H
ard

bottom
, uncolonized

* (2020)
 

L
inear R

eef, uncolonized
* (2120)

 
Patch R

eef, uncolonized
* (2420)

 
Pavem

ent, uncolonized
* (2720)

 
Pavem

ent w
ith sand

 channels, uncolonized
* (2820)

 
V

olcanic R
ock, uncolonized

* (2920)

H
ard

bottom
 w

ith >
10%

 m
acroalgae

 
H

ard
bottom

 w
ith sparse (10–50%

 cover) algae* (2001)
 

L
inear R

eef, uncolonized
 w

ith sparse (10–50%
 cover) algae* (2121)

 
Patch R

eef, uncolonized
 w

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

 
Pavem

ent w
ith sparse (10–50%

 cover) algae* (2701)
 

Pavem
ent w

ith d
ense (>

50%
 cover) algae* (2702)

 
Pavem

ent w
ith live coral (>

10%
 cover) and

 d
ense (>

50%
 cover)

 
 

algae* (2712)
 

Pavem
ent, uncolonized

 w
ith d

ense (>
50%

 cover) algae* (2722)

H
ard

bottom
 w

ith ind
eterm

inate cover
 

H
ard

bottom
* (2000)

 
L

inear R
eef* (2100)

 
Spur and

 G
roove* (2300)

 
Ind

ivid
ual Patch R

eef* (2400)
 

A
ggregated

 Patch R
eef* (2500)

 
Pavem

ent* (2700)
 

Pavem
ent w

ith Sand
 C

hannels* (2800)
 

V
olcanic R

ock* (2900)

U
nconsolid

ated
 w

ith 10%
 or less m

acroalgae or seagrass
 

U
nconsolid

ated
 sed

im
ent* (1000)

 
Sand

* (1100)
 

U
nconsolid

ated
 rubble* (1300)

 
Sand

 and
 rubble* (1400)

 
G

roove* (1500)

U
nconsolid

ated
 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 d
ense (>

50%
 cover) m

acroalgae* (1122)
 

U
nconsolid

ated
 R

ubble w
ith sparse (10–50%

 cover) algae* (1301)
 

U
nconsolid

ated
 R

ubble w
ith d

ense (>
50%

 cover) algae* (1302)

(* - T
his habitat category or other d

elineation w
as id

entifi ed
 on a m

ap.)

D
etailed

 h
ab

itat classifi cation
 

d
escrip

tion
s

T
he d

etailed
 benthic habitat classifi cation schem

e w
as d

esigned
 

to categorize benthic habitat by substrate category (unconsoli-
d

ated
 and

 hard
bottom

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

and
 cover (e.g., coral or m

acroalgae). T
he schem

e is hierarchical, 
d

escend
ing from

 the broad
 substrate category (level 1), follow

ed
 

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

od
ifi er (level 4). 

T
his enables researchers, m

anagers, and
 others to use the m

aps 
to answ

er questions at varying levels of d
etail. For m

ore infor-
m

ation on how
 benthic habitat m

aps are used
 for research and

 
m

anagem
ent activities, please visit: http:/

/
biogeo.nos.noaa.gov.

U
n

con
solid

ated
 sed

im
en

ts, H
ard

b
ottom

 and
 “O

th
er D

elin
-

eation
s” represent the fi rst level of habitat categories. U

n
con

-
solid

ated
 sed

im
en

ts w
ere further d

ivid
ed

 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
od

ifi er level.

H
ard

b
ottom

 w
as d

ivid
ed

 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
od

ifi er level. B
ecause low

 m
acroalgal 

and
/

or turf algal cover w
as frequently found

 on hard
bottom

 
substrate in N

W
H

I, algal cover w
as consid

ered
 on a separate 

level for hard
bottom

, in ord
er to better d

istinguish, w
here possi-

ble, com
binations of m

acroalgae w
ith live coral or coralline algal 

cover. N
ote that d

istinction w
as m

ad
e betw

een the m
acroalgal 

bed
s (e.g., H

alim
eda spp.) on sand

 substrate (class 1120), and
 low

 
m

acroalgae (e.g., M
icrodictyon spp.) found

 on h
ard

b
ottom

 sub-
strates (level 4 classes).

Turf algae is com
m

only found
 on both u

n
con

solid
ated

 ru
b

b
le 

and
 h

ard
b

ottom
 substrates. H

abitat features that cover areas 
sm

aller than the M
M

U
 w

ere not m
apped

 as separate features, 
but d

escribed
 as a class that aggregates them

 into larger areas 
(e.g., S

cattered
 C

oral/R
ock

 in
 S

an
d

). Sim
ilarly, som

e habitat 
classes w

ere includ
ed

 that com
bine substrate types, w

here the 
com

bination has particular biological and
/

or structural signifi -
cance (e.g., P

avem
en

t w
ith

 S
an

d
 C

h
an

n
els).

O
th

er D
elin

eation
s includ

es features id
entifi ed

 in the im
agery, 

but are not benthic habitat, such as d
eep w

ater, intertid
al reef 

crest, d
red

ged
 channels, and

 land
, as w

ell as areas that are ob-
scured

 by cloud
, shad

ow
 or surf. A

reas of im
agery that w

ere not 
obscured

, but w
hich w

ere not conclusively classifi ed
 (typically 

d
eep areas w

here the bottom
 w

as m
arginally visible) are listed

 
as “unclassifi ed

.”
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Figure 2. U
nconsolidated rubble at M

idw
ay A

toll.
Figure 1. Sand at M

idw
ay A

toll.
Figure 3. Sand w

ith m
acroalgae at M

idw
ay A

toll.

T
h

e D
etailed

 B
en

th
ic H

ab
itat C

lassifi cation
 S

ch
em

e of th
e 

N
orth

w
estern

 H
aw

aiian
 Islan

d
s.

U
n

con
solid

ated
 sed

im
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 d
egree of instability in response to w

ater m
otions.

Five habitat subcategories exist w
ithin the U

nconsolid
ated

 
sed

im
ent habitat category. T

hese L
evel 2 subcategories in-

clud
e:

S
an

d
* (1100): C

oarse sed
im

ent typically found
 in areas ex-

posed
 to currents or w

ave energy. See Figures 1, 15 and
 16.

C
alcareou

s M
u

d
 (1200): Fine sed

im
ent associated

 w
ith 

build
up of organic m

aterial in areas sheltered
 from

 high-en-
ergy w

aves and
 currents. T

his habitat category is not found
 in 

the N
W

H
I.

U
n

con
solid

ated
 R

u
b

b
le* (1300): D

ead
, unstable coral rubble 

that appears pred
om

inantly pebble- and
 cobble-sized

. T
his 

habitat often occurs land
w

ard
 of w

ell-d
eveloped

 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.

S
an

d
 an

d
 R

u
b

b
le* (1400): Sed

im
ent com

posed
 of approxi-

m
ately even am

ounts of sand
 and

 rubble that cannot be sepa-
rately d

istinguished
 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
 perpend

icular to the shore or bank/
shelf escarpm

ent. G
roove is d

elineated
 as an ind

ivid
ual cat-

egory w
hen the channel is clearly larger than the M

M
U

.

A
 L

evel 3 subcategory d
escribes the type of algae found

 
on the U

n
con

solid
ated

 sed
im

ent substrate. Tw
o L

evel 3 
subcategories have been d

efi ned
:

S
an

d
 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 d

ensity. N
ote 

that this habitat is very uncom
m

on in N
W

H
I. R

epresenta-
tive species: H

alophila sp.

S
an

d
 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 hard
bot-

tom
 substrate. R

epresentative species: D
ictyosphaeria spp.; 

H
alim

eda spp. See Figure 3.

Finally, L
evel 4 subcategory d

escribes the percentage of 
algae found

 on the U
n

con
solid

ated
 sed

im
ent substrate. 

Six L
evel 4 subcategories have been d

efi ned
.

P
atch

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

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

if-
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 

d
ense bed

s. T
his category of habitat is found

 at M
id

w
ay 

A
toll, and

, possibly, at Pearl and
 H

erm
es A

toll.

D
en

se seagrass (1112): Seagrass bed
s covering greater 

than 50 percent of the substrate. T
his habitat m

ay 
includ

e 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

 ind
epend

ently. T
his category of habitat is not 

found
 in the N

W
H

I.

S
an

d
 w

ith
 p

atch
y (10–50 p

ercen
t cover) m

acroalgae* 
(1121): D

iscontinuous m
acroalgae (10-50 percent cover), 

w
ith breaks in coverage that are too d

iffuse or irregular, 
or result in isolated

 patches of m
acroalgae that are too 

sm
all (sm

aller than the M
M

U
) to be m

apped
 ind

ivid
u-

ally as d
ense bed

s.

S
an

d
 w

ith
 d

en
se (>

50 p
ercen

t cover) m
acroalgae* 

(1122): M
acroalgae covering 50–100 percent of the sand

 
substrate. M

ay includ
e 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

 ind
epend

ently.

U
n

con
solid

ated
 R

u
b

b
le w

ith
 sp

arse (10–50 p
ercen

t 
cover) algae* (1301): R

ubble w
ith 10–50 percent cover of 

m
acroalgae or turf algae. Turf algae is the m

ost frequent 
cover type.

U
n

con
solid

ated
 R

u
b

b
le w

ith
 d

en
se (>

50 p
ercen

t cov-
er) algae* (1302): R

ubble w
ith greater than 50%

 cover of 
m

acroalgae or turf algae. See Figure 15.
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Figure 8. H
ardbottom

 w
ith live coral at P

earl and H
erm

es A
toll.

H
ard

b
ottom

* (2000): H
ard

ened
 substrate of unspecifi ed

 relief 
form

ed
 by the d

eposition of calcium
 carbonate by reef build

-
ing corals and

 other organism
s (relict or ongoing) or existing as 

exposed
 bed

rock 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
n

colon
ized

.

N
ine habitat subcategories exist w

ithin the H
ard

b
ottom

 
habitat category. T

he L
evel 2 subcategories generally d

escribe 
structural features found

 w
ithin shallow

-w
ater coral reef eco-

system
s. T

hese nine L
evel 2 subcategories includ

e:

L
in

ear R
eef* (2100): L

inear coral form
ations that often are 

oriented
 parallel to shore or the shelf ed

ge, but w
hich are also 

found
 w

ithin N
W

H
I atolls, w

ithout a particular axis relative 
to the shore/

shelf ed
ge. T

his category includ
es habitat struc-

tures that are com
m

only referred
 to as fore reef, fringing reef, 

and
 shelf ed

ge reef. See Figures 4 and
 15.

A
ggregated

 C
oral H

ead
s* (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 

unconsolid
ated

 sed
im

ent, w
here the hard

ened
 substrate is 

larger than the M
M

U
. T

his habitat can includ
e large ind

i-
vid

ual coral head
s and

 clusters of coral head
s that are too 

sm
all (less than the M

M
U

) or too close together to be m
apped

 
separately. Sm

all, ind
ivid

ual coral head
s that are isolated

 
from

 each other by larger areas of sed
im

ent norm
ally w

ill 
be classed

 as scattered
 coral/

rock (see below
), rather than as 

aggregated
 coral head

s. R
epresentative species: P

orites spp.; 
M

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

 15.

S
p

u
r an

d
 G

roove* (2300): H
abitat having alternating sand

 
and

 coral form
ations that are oriented

 perpend
icular to the 

shore or bank/
shelf escarpm

ent. T
he 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

 bottom
 

(grooves). T
he height and

 w
id

th of the spurs and
 grooves 

m
ay vary consid

erably. T
his 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. T

he spur and
 

groove habitat is im
portant for d

issipating w
ave energy. See 

Figures 6, 15 and
 16.

Figure 7. Individual patch reef at M
idw

ay A
toll.

In
d

ivid
u

al P
atch

 R
eef* (2400): Shallow

-w
ater coral reef for-

m
ations that are isolated

 from
 other shallow

-w
ater coral reef 

form
ations by unconsolid

ated
 sed

im
ents and

 that have no 
organized

 structural axis relative to the contours of the shore 
or shelf ed

ge. U
nlike aggregated

 coral head
s, patch reefs typi-

cally consist of a d
iverse 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

 P
atch

 R
eef* (2500): C

lustered
 patch reefs that are 

ind
ivid

ually too sm
all (less than the M

M
U

) or are too close 
together to m

ap as ind
ivid

ual patch reefs.

Figure 6. Spur and groove at M
idw

ay A
toll.

Figure 4. L
inear reef at M

idw
ay A

toll.

Figure 5. A
ggregated coral heads at K

ure A
toll.



Figure 11. U
ncolonized hardbottom

 at M
idw

ay A
toll.

Figure 10. Volcanic rock at N
ihoa Island.

Figure 9. P
avem

ent w
ith m

acroalgae at K
ure A

toll.

5

S
cattered

 C
oral/R

ock
 in

 san
d

 w
ith

 live coral* (2600): Sand
 or 

rubble substrate w
ith scattered

 rocks, or sm
all, isolated

 coral-
head

s that are too sm
all to be d

elineated
 ind

ivid
ually (i.e., too 

sm
all to be id

entifi ed
 as ind

ivid
ual patch reef or aggregated

 
coral head

s).

P
avem

en
t* (2700): Flat, low

-relief, solid
 carbonate rock. See 

Figures 9, 15 and
 16.

P
avem

en
t w

ith
 S

an
d

 C
h

an
n

els* (2800): H
abitat w

ith alternat-
ing sand

 and
 pavem

ent substrates that are oriented
 perpen-

d
icular to the shore, fringing reef or bank/

shelf escarpm
ent. 

T
he sand

 channels of this feature have low
 vertical relief rela-

tive to spur and
 groove form

ations. T
his habitat type occurs 

in areas exposed
 to m

od
erate w

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

w
ard

 of breaks in the barrier reef. 
See Figure 16.

V
olcan

ic R
ock

* (2900): Substrate of exposed
 basalt rock, 

w
hich frequently includ

es large bould
ers and

 blocks. T
his 

habitat is typically found
 in nearshore environm

ents around
 

sm
all basalt island

s. See Figure 10.

A
 L

evel 3 subcategory d
escribes the type and

 percentage of 
coral and

/
or crustose coralline algae found

 on the H
ard

-
b

ottom
 substrate. T

hree L
evel 3 subcategories have been 

d
efi ned

. T
hese second

-level subcategories m
ay apply to 

m
ore than one L

evel 2 subcategory.

H
ard

b
ottom

 w
ith

 live coral (>
10 p

ercen
t cover)* (2x10): 

Substrates form
ed

 by the d
eposition of calcium

 carbon-
ate by reef-build

ing corals and
 other organism

s. H
abitats 

w
ithin this category have greater than 10 percent coloniza-

tion by live coral. R
epresentative species: P

orites com
pressa, 

P
orites lobata, M

ontipora spp., P
ocillopora m

eandrina. See 
Figure 8.

H
ard

b
ottom

, u
n

colon
ized

* (2x20): H
ard

 substrate com
-

posed
 of relict d

eposits 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.

H
ard

b
ottom

 w
ith

 cru
stose corallin

e algae (>
10 p

ercen
t 

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. T
his habitat is typically found

 on reef crest 
and

 in shallow
 back reef and

 fore reef areas. R
epresenta-

tive species: P
orolithon gardineri. See Figure 12.

Finally, a L
evel 4 subcategory d

escribes the percentage 
of algae found

 on the H
ard

b
ottom

 substrate. Tw
o L

evel 
4 subcategories are d

efi ned
. T

hese L
evel 4 subcategories 

m
ay apply to m

ore than one L
evel 3 subcategory.

S
p

arse (10–50 p
ercen

t cover) algae* (2xx1): D
iscon-

tinuous m
acroalgae and

/
or turf algae, covering 10–50 

percent of the hard
bottom

 substrate.

D
en

se (>
50 p

ercen
t cover) algae* (2xx2): D

iscontinuous 
to continuous m

acroalgae and
/

or turf algae, covering 
greater than 50 percent of the hard

bottom
 substrate. See 

Figure 13.

O
th

er D
elin

eation
s* (3000): D

escribes several types of features 
found

 in the im
agery that are not representative of shallow

-w
a-

ter coral reef ecosystem
. T

his specifi c category also is used
 to 

id
entify the saline lake found

 on L
aysan Island

.

D
eep

 w
ater* (3010): A

reas w
here the bottom

 cannot be d
e-

tected
 (id

entifi ed
) in the im

agery. In m
ost cases, this occurs 

in w
ater m

ore than 30 m
 d

eep. H
ow

ever, turbid
ity in the 

w
ater colum

n can obscure the bottom
 in w

ater as little as 

Figure 12. H
ardbottom

 w
ith crustose coralline algae at L

isianski 
Island.
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fi ve m
 d

eep. A
reas affected

 by turbid
ity and

 w
here fi eld

-
based

 supplem
ental inform

ation w
as lacking w

ere labeled
 

“unclassifi ed
.”

R
eef crest* (3020): T

he fl attened
, em

ergent or nearly 
em

ergent segm
ent of a reef. T

his feature typically is found
 

along barrier reef lines in N
W

H
I and

 is frequently cov-
ered

 w
ith d

ense m
acroalgae. B

reaking w
aves are typically 

found
 at or just seaw

ard
 of the reef crest and

 are d
elineated

 
as surf (see below

) if present in the im
agery. See Figures 14, 

15 and
 16.

Figure 13. H
ardbottom

 w
ith dense m

acroalgae at K
ure A

toll.

Figure 14. R
eef crest at K

ure A
toll.

D
red

ged
 ch

an
n

el* (3030): A
rea w

here excavation or d
red

g-
ing has occurred

.

L
an

d
* (3100): A

reas d
eterm

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
ad

e habitats such as d
red

ged
 

channels, large piers, subm
erged

 w
recks, subm

erged
 por-

tions of rip-rap jetties, and
 the shoreline of island

s created
 

from
 d

red
ge spoil.

Flags* (3200): A
reas w

here the w
ater or land

 surface in the 
im

agery is obscured
. T

he types of fl ags includ
e:

C
lou

d
 cover (3210)

S
h

ad
ow

 (3220)
R

eef crest or S
u

rf (3020; 3230) See Figures 15 and
 16.

M
issin

g d
ata (3240; d

ata d
ropouts in the im

agery)

U
n

classifi ed
* (3300): A

reas w
here the bottom

 type is un-
classifi ed

 because of turbid
ity in the w

ater, surface glint, or 
othertypes of interference. T

his category also includ
es areas 

w
here the seabed

 cannot be classifi ed
 d

ue to a lack of supple-
m

ental fi eld
-based

 inform
ation, or for other reasons.

N
o d

ata* (4000): R
efers to areas w

ithin the geographic bound
s of 

the habitat m
ap that lie outsid

e the bound
s of the acquired

 im
ag-

ery. T
his is not a habitat category in the classifi cation schem

e.

(* – T
his habitat category or other d

elineation w
as id

entifi ed
 on a 

m
ap found

 on these C
D

s.)
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A
ggregated

 h
ab

itat cover 
classifi cation

 d
escrip

tion
s

T
he aggregated

 habitat cover classifi cation schem
e w

as 
d

esigned
 to provid

e inform
ation on substrate (hard

bottom
 or 

unconsolid
ated

) and
 habitat cover (coral, crustose coralline 

algae, m
acroalgae/

seagrass, or uncolonized
) found

 in the 
N

W
H

I. B
y aggregating the d

etailed
 habitats into aggregated

 
cover, analyses can be perform

ed
 to assess, for exam

ple, the 
overall d

istribution 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 classifi ed
 only to the fi rst or second

 level—
m

eaning 
that specifi c cover w

as not id
entifi ed

—
w

ere com
bined

 into the 
aggregate class of ind

eterm
inate cover.

A
 brief d

escription of each aggregate class is provid
ed

, along 
w

ith an exam
ple of a class that is includ

ed
 in each category. 

T
he four-d

igit d
etailed

 habitat class num
bers can be used

 to 
d

eterm
ine hard

bottom
 cover groups, since the num

bering is 
consistent w

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

 
position (e.g., 211 0) alw

ays ind
icates live coral cover, a “2” 

alw
ays ind

icates uncolonized
 bottom

, a “3” alw
ays ind

icates 
crustose coralline algal cover and

 a “0” alw
ays ind

icates 
ind

eterm
inate cover. M

acroalgal cover is found
 in the fourth 

position (e.g. 2722 ), w
ith a “1” ind

icating sparse (10–50 percent) 
coverage and

 a “2” ind
icating d

ense (>
50 percent) coverage.

T
h

e A
ggregated

 H
ab

itat C
over C

lassifi cation
 S

ch
em

e of th
e 

N
orth

w
estern

 H
aw

aiian
 Islan

d
s.

H
ard

b
ottom

 w
ith

 >
10 p

ercen
t live coral: Includ

ed
 all classes 

in the hard
bottom

 substrate category (linear reef, patch reef, 
pavem

ent, etc.) that had
 m

ore than 10 percent live coral cover. 
H

ard
bottom

 that w
as not classifi ed

 w
ith respect to structure 

(class 2020), but w
hich had

 live coral, w
as also includ

ed
 in 

this category. B
ottom

 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
. E

xam
ple d

etailed
 class: Pavem

ent w
ith live 

coral (>
10 percent cover) and

 d
ense (>

50 percent cover) algae 
(2712).

H
ard

b
ottom

 w
ith

 >
10 p

ercen
t cru

stose corallin
e algae: 

Includ
ed

 all classes in the hard
bottom

 substrate category that 
had

 m
ore than 10 percent live crustose coralline algal cover, 

but not m
ore than ten percent live coral cover. B

ottom
 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

. 

E
xam

ple d
etailed

 class: L
inear R

eef w
ith crustose coralline algae 

(>
10 percent cover) (2130).

H
ard

b
ottom

 (u
n

colon
ized

): Includ
ed

 all classes in the 
hard

bottom
 substrate category that had

 less than 10 percent 
live coral cover, crustose coralline algal cover or m

acroalgal 
cover. E

xam
ple d

etailed
 class: Pavem

ent w
ith sand

 channels, 
uncolonized

 (2820).

H
ard

b
ottom

 w
ith

 >
10 p

ercen
t m

acroalgae: Includ
ed

 all classes 
in the hard

bottom
 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. E
xam

ple 
d

etailed
 class: H

ard
bottom

 w
ith sparse (10–50 percent cover) 

algae (2001).

H
ard

b
ottom

 w
ith

 in
d

eterm
in

ate cover: Includ
ed

 all classes in 
the hard

bottom
 substrate category for w

hich a specifi c bottom
 

cover w
as not id

entifi ed
. Includ

ed
 w

ere all areas classifi ed
 only 

to the fi rst or second
 level of the d

etailed
 classifi cation schem

e. 
E

xam
ple d

etailed
 class: A

ggregated
 Patch R

eef (2500).

U
n

con
solid

ated
 w

ith
 10 p

ercen
t or less m

acroalgae or 
seagrass: Includ

ed
 all classes in the unconsolid

ated
 substrate 

category w
ith not m

ore than 10 percent cover of live subm
erged

 
vegetation (m

acroalgae/
seagrass). E

xam
ple d

etailed
 class: Sand

 
(1100).
 U

n
con

solid
ated

 w
ith

 >
10 p

ercen
t m

acroalgae or seagrass: 
Includ

ed
 all classes in the unconsolid

ated
 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

id
w

ay d
uring the 

fi eld
 survey) and

 w
as not id

entifi ed
 on any of the habitat m

aps. 
E

xam
ple d

etailed
 class: Sand

 w
ith patchy (10–50 percent cover) 

m
acroalgae (1121).



8

Figu
re 15. A

n
 im

age of a p
ortion

 of K
u

re A
toll sh

ow
in

g typ
ical b

en
th

ic h
ab

itats. 
T

h
ese b

en
th

ic h
ab

itats are d
escrib

ed
 in

 th
e classifi cation

 sch
em

e.

A
ggregated

 coral head
s w

ith
live coral (>

10%
 cover) (2210)

Pavem
ent w

ith sparse
(10–50%

 cover) algae (2701)
Spur and

 G
roove (2300)

Sand
 (1100)

R
eef crest w

ith Surf (3020; 3230)

Pavem
ent, uncolonized

 (2720)

U
nconsolid

ated
 R

ubble (1300)

L
inear R

eef w
ith live

coral (>
10%

 cover) (2110)

U
nconsolid

ated
 R

ubble w
ith

d
ense (>

50%
 cover) algae (1302)

Ind
ivid

ual Patch R
eef (2400)
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Pavem
ent w

ith sand
 channels

and
 live coral (>

10%
 cover) (2810)

Ind
ivid

ual Patch R
eef (2400)

Spur and
 

G
roove (2300)

Sand
 (1100)

R
eef crest w

ith Surf (3020; 3230)
L

and
 (3100)

Figu
re 16. A

n
 im

age of a p
ortion

 of P
earl an

d
 H

erm
es A

toll sh
ow

in
g typ

ical b
en

th
ic 

h
ab

itats. T
h

ese b
en

th
ic h

ab
itats are d

escrib
ed

 in
 th

e classifi cation
 sch

em
e.


