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IR THE HAWAIIAN ARCHIPELAGO

Edmund S. Hobson

The great variety of reef habitats in the Hawaiian
Archipelago has a profound influence on how the species
of reef fishes are distributed. For some species, how-
ever, the pattern has been strongly modified by fishing
pressures. The fauna is basically derived from the
tropical western Pa.cific, a relationship that is gen-
erally most evident in communities at the southeastern
end of the archipelago, but is also particularly evi-
dent at French Frigate Shoals which is located at the
center of the archipelago. Although communities at the
northwestern end of the archipelago similarly show
close ties to the tropical Pacific, they also include
species from more temperate regions of the western
Pacific. These more temperate derivatives decrease in
numbers and/or occur in deeper water southeastward.
Conversely, some deep-water tropical forms that exist
only on deeper reefs in the southeast occur on shallow
reefs in the northwest. The predominant members of
the northwestern communities, as a group, are better
tuned to the overall Hawaiian environment than are the
predominant members of the southeastern communities.
They show this by being more evenly distributed over
the archipelago and by including proportionally more
endemics. The southeastward distributions of species
in the northwestern communities are limited by both
environmental and fishing pressures, but the northwest-
ward distributions of species in the southeastern
communities are limited only by environmental factors.

fishes

Hawaii
f i sh communities

zoogeography

101

Southwest Fisheries Center Tiburon Laboratory, National Marine
Fisheries Service, NOAA, 3150 Paradise Drive,

Tiburon, California 94920



INTRODUCTION

The distribution of reef fish species in Hawaii is strongly
influenced by the great diversity of reef habitats over the
ar chipelago. Because each species ' occurrence is def ined by a
combination of characteristics adapted to specific environmental
conditions, its greatest numbers should occur where these condi-
tions are best approximated. But patterns of occurrence na doubt
have been distorted by fishing pressures, which have been species
and area specif ic. These opinions remain largely conjectural
because the actual patterns of distribution for the various spe-
cies remain poor]y known. This study was undertaken ta improve
and expand our knowledge of these relationships for the purpose
of developing mare ef f ective management guidelines.
RBBP HAB ITATS

Reef habitats in the Hawaiian Archipelago range from those
that fringe the massive volcanic island of Hawaii, to those
located more than 1,500 km northwestward that are the major
structure of Kure Atoll. Each of the major high islands offers
many distinct habitats, but it is a mix that tends ta recur
because these islands have similar topographies. Being in
essence one or more large volcanic peaks that block the
prevailing wind and seas, the high islands support distinctive
windward and leeward reefs. Furthermore, sa abrupt is their rise
from great ocean depths that room for nearshore reefs is limited.

In contrast, highly dissimilar underwater settings exist
from one end of the Northwestern Hawaiian Islands ta the other.
In part, this is because they cover almost three times the dis-
tance and mare than twice the latitude of the high islands.
Probably mare important, however, is the fact. thai their tapogra-
phies are more varied. Nihoa and Necker are mast like the high
islands, being small volcanic peaks that rise abruptly from the
sea. But they offer no appreciable lee, and both rest on broad
submerged platforms that provide more suitable depths for shallow
habitats than do the comparatively narrow shelves that surround
the high islands. Northwestward from Necker, conditions progres-
sively become even more different. At French Frigate Shoals
exposed volcanic rock is limited to La Perouse Pinnacle, a basal-
tic structure that juts from amid expansive shallows and low
sandy islets. This and Gardner Pinnacles -- two precipitous vol-
canic rocks surrounded by a broad submerged platform -- are the
last bits of exposed basalt ta the northwest. Farther on, Maro
Reef is the almost totally submerged crest of an oval-shaped
seamount, whereas Laysan and Lisianski are low sandy islands
surrounded by wide shallows. Finally, pearl and Hermes, Midway,
and Kure are coral atalls, even though they lie at high lati-
tudes.
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METHODS

Between 1977 and 1982, reef fish communities between shore
and depths of 20 to 35 m were assessed throughout the archipelago
 Table 1!. Because the various stations were sampled at differ-
ent times during different seasons, often 1 or more years apart,
it was important to know how much the species composition of the
fish communities could be expected to vary over time. For this
reason, assessments were repeated over 2 or more years in selec-
ted locations at each end of the archipelago. A site off the
island of Hawaii was sampled throughout the 5 years of the study,
including all seasons, and a site off Midway was sampled over 2
years, including two seasons. Repeated counts and observations
also were made at several other sites during the study, but
because the results relevant to this question were the same as
for the stations off Hawaii and Midway, they are not presented in
this paper. In general, however, the limited number of opportu-
nities available to sample this vast area, with so many habitats,
precluded replicate assessments at specific stations.

TABLE 1. ASSESSMENT OF REEF FISH COMMUNITIES AT VARIOUS STA-
TIONS IN THE HAWAI IAN ARCHIPELAGO, JULY 1977 TO
OCTOBER 1982

Transect

Depths
 m!

No. of

Habitats
No. of

TransectsStation

'Including Neva Shoal

A standard procedure was used at all the islands in order to
obtain comparable data. First, a general reconnaissance was made
to obtain provide familiarity with the area and fauna, identify
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Hawaii
Oah u

Niihau

Nihoa
Necker Island

French Frigate Shoals
Gardner Pinnacles
Maro Reef

Laysan Island
Lisianski Island
Pearl and Hermes Atoll

Midway Islands
Kure Atoll

54

17

4

5 3

ll 3 4 5 2
16

14

2-12

5-12

7-10
8-10

10-15

9-15

10-12
2-12

3-16

7-10
7-12

2-12

2-12



representative habitats, and provide a list of the species pres-
ent. Then in each representative habitat the community was char-
acterized upon conducting two consecutive visual counts of the
fishes in 4 m x 25 m transects. The intent was to determine
which species frequented the sampled habitat and not to measure
the existing biomass. Forty minutes were spent tabulating spe-
cies on each transect. The final tally included many more indi-
viduals than were present in the sampled area at any one moment,
Other details of the procedures used in making the counts are
reported in Hobson �980!.

Counts were limited to individuals that appeared and behaved
as adults because the occurrences of many juveniles varied
greatly with season and from year to year for reasons unrelated
to conditions on the reef. Inclusion of juveniles would have, in
fact, obscured rather than clarified the zoogeographic questions
considered in this paper.

Owing to limitations in the visual sampling method, highly
cryptic forms such as muraenid eels are greatly underrepresented.
Also, in some habitats the same is true of certain nocturnal spe-
cies, such as holocentrids, that spend the daytime under cover.
However, because this bias was constant throughout the study, the
counts should illustrate any major differences in numbers af
individuals of these species between sites.

Non � reef species that occurred near the reefs were excluded
from the counts. These include certain small forms, such as
atherinids and engraulids, that occurred just under the water' s
surface and also small benthic forms, such as gobiids, that often
were abundant on the sand adjacent to the reef.

Following each count the surrounding area was inspected for
other species, noting their relative numbers and any indications
that the transect counts might have produced a misleading assess-
ment of the community, These supplemental observations contribu-
ted to the interpretations drawn from the transect data and are
especially important as added support when a species was noted as
absent. The comparisons are limited to observations made during
this study in order to reduce the bias that otherwise would stem
from including the many observations made during other studies in
previous years in the high islands, especially around Oahu and
Hawaii.

RESULTS

Temporal Patterns

The major components of the reef fish communities remained
relatively unchanged at the sites on Hawaii and Nidway  Table 2!.
The 10 most numerous species at the time of the first counts at
each site continued  with a few exceptions among the lower-ranked
forms! to maintain similar proportions in the same communities in
later years.
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TABLE 2. TEMPORAL VARIATIONS IN FISH COMMUNITIES ON TWO HAWAIIAN
REEFS

Jul Oct Sep Apr Oct
1977 1978 1979 1980 1982LEEWARD HAWAI I

4 2 2
35 31 34

191 158 188

4
33

159

4

34
185

Number of Transects

X Species
Individuals

Relative Abundance Index'1977 Species Ranking

2.5

3.5
0.8

3.0

3 ' 3
2.8

1.8

3.8
1.8

2.5

3.5
1 ~ 9

3.3

3.1
2.4

Aug
1977

Sep
1979

WINDWARD MIDWAY

2

35

223

2
33

316

Number of Transects

R Species
Individuals

Relative Abundance Index1977 Species Ranking

~ghmm higi3Nm
~ dG"

Relative Abundance Index i s the percentage of all individuals
counted that were of this species.
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19.1

12.7

12.1

8.4
6.3
6.1

4.4

18.0

15.8
16.6

10.1
0.9
4.4

1.7

16. 3
14.2

12.3
7.0

6.3
5.4
4.9

4.7
2.7
1.9

18.5

15.4
13.8

8.3
4.7
3.4

1.0

11.7
13 ' 9

12.8
6.1
8.5

4.9
8.5

0.4
7.6
2.9

18.0

13. 2
17. 2

9.4
4.1
4.1

0

13.9

17.6
23.2

6.4

0

1 ~ 9

0.8



Spatial Patterns

The species constituting the reef fish communities varied
greatly from one reef habitat to another, but there were broad
similarities in certain basic features. Although there were 30
to 40 species in most of the communities, just three or four of
them included over 50 percent of the individuals present. Typi-
cally, one species included 15 to 20 percent of all individuals,
whereas the other two or three species included 10 to 15 percent
each. These major species, which differed from one habitat to
another, presumably are those best attuned to the prevailing
environment and thus probably can be considered characteristic of
that particular habitat. It is instructive, therefore, to
consider the distribution throughout the archipelago of species
that were major forms in any one of the many distinctive com-
munities examined  Table 3!. Species included in this list are
those that comprised at least 10 percent of the individuals
counted in two or more transects in any one habitat.

These major species generally were most prominent at one or
the other end of the archipelago. Significantly, those that
predominated in the northwestern communities tended to be more
evenly distributed over the archipelago than those that predomi-
nated in the southeastern communities. Thus, although the north-

Chh "I' ' ht CI
I ~ ghgghgl d % C.

hdhhh Idhdg II. ', I h.
declined somewhat in numbers southeastward, the trend was uneven,
and all were relatively numerous, if not dominant, throughout the

'!

.Ch ~I 2 ~n' ~y-
gh dl

dominance at some point northwestward and hence were few or
absent at Midway and Kure.

The numbers of some prominent members af the northwestern
communities declined sharply southeastward until at some point
they were absent from the shallow reefs. Consider those species
that occurred in two or more transects in any one habitat at Kure
or Midway, but which were not seen off the island of Hawaii

C
occurred southward only in sharply reduced numbers

the former to Maro Reef, the latter to Nihoa. Two � Qg~g-
C! II th F 'h I

numerous at French Frigate Shoals, but were not seen farther
h

2 CC I 2 2!
Nihoa, but were not seen in the major high islands during this
study period. Two other species seen repeatedly on reef s as
shallow as 20 m at Midway and Kure, but not in the transects,
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TABLE 4. OCCURRENCES OF SPECIES COUNTED IN TWO OR MORE TRANSECTS
IN ANY ONE HABITAT MOVING SOUTHEASTWARD IN THE HAWAIIAN

ARCHIPELAGO

TAx. at1 'n
Species

~ ~ ~ * * x

~ x x
x * * * ~

Note. * = occurring in two or more transects; x = occurring in one transect; 0 = -een. 11one
were seen off Niihau, Gahu, and Hawaii.

KA = Kure Atoll; TtII = midway Islands; PH = Pearl and Hermes Atoll; T,T = T,isianski Island; TA
" -Laysan Island; FIR = Naro Reef; GP = Gardner Pinnacles; FFS = French Frigate Shoal.�- NE =
Necker Island; NI = Nihoa; NU = Niihau; OA = Oahu; HT = Hawaii

Figure l.
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I
h ~ Iggglghllg, I I h h

where during this study period.

In comparison, consider the many more species that occurred
in two or more transects in any one habitat in the lee of the
island of Hawaii, but were not seen at Kure or Nidway  Table 5!.
Three -- I~~i RQJLLiki and

I ~ I ', ' I
1

lgiglghl ~
g � I ~ h I

hgllglgh and

1 e --Zhu ' ' ddl
d

French Frigate Shoals. The remaining 11 species in this group--
Ilgh ' d d ~ ~ C! I

1'~ ~ E~ ~ II ~
I
d ~

relatively numerous as far as French Frigate Shoals, or Gardner
Pinnacles, but declined sharply in numbers northward from there.

Perhaps the most striking departure from the general pat-
terns of distribution outlined above was the almost total absence
of small planktivorous fishes at Lisianski and adjoining Neva
Shoal  data from the tvo locations are combined in Table 3!. Not
only were there na planktivores in the transects at these loca-
tions, but the only ones seen in all the widespread observations
there were just a few scattered !~a~ ~~~~. At these same

h,hhdd
was unusually abundant. It may be significant that most of the
d. ~ I h I 11 gg g
much like those formed by the planktivorous ~~!i@ spp. else-
where, rather than scattered close to the reef as members of this
species usually are. These same circumstances were paired at
Kahe, on leeward Oahu, where in two transects conducted 4 months

P 1. ~ * d
and 5.6 percent of the fishes counted  compared with a mean af
0.5 percent; range 0 to 019 percent in transects elsewhere off
leeward Oahu!. Interestingly, the transects at Lisianski  and
Neva Shoal! and at Kahe were the only ones during the entire
study  in water more than 2 m deep! in which planktivores were
absent  where in fact at least one planktivorous species was not

I ! " " " "P. ~ P d h
percent of the fishes present.

In all of the widespread locations visited during this
study, only three species were seen that did not also occur
either off the island of Hawaii or at Nidway-Kure. Two of these

h
occurred only at French Frigate ShOalS, Whereaa the mOnaCanthid
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bl ' h h

genus ~~>~, which dominated some reefs at French Frigate
Shoals, but was not abundant elsewhere  see paper in this pro-
ceedings by Grigg! . It was present on all four transect reef s
rich in <<~i~, where it represented a mean of 2.1 percent

4 . 4.4 4 4 h 4' h
ll b

the windward reef flat, but no transects were established in that.
h b'

Laysan that was set on a large patch reef at a depth of 20 m, but
it represented 3.1 percent of the individuals there. At

4', l.. ' » 4 ' 1
represented a mean of 2.7 percent  range of 2.3 to 3.6 percent!
of the fishes in the five transects conducted there.

An additional feature of fish communities in the Northwest-
ern Hawaiian Islands was the relatively high incidence in shallow
water of the large terminal male phase of many labrid species.

I!4 ~ 4'
il '" .'' ' bbb
were especially numerous at Midway and Kure.

DISCUSSION

Temporal Stability

The question of whether reef fish communities are stable or
unstable over time has evoked much interest in recent years
 e.g., Sale, 1980b!. Probably it is significant that proponents
of the instability concept have based most of their arguments on
short-term studies of small isolated reefs. Most have been
experimental colonizations of isolated coral heads  e.g., Sale
and Dybdahl, 1975! or artificial reefs  e.g., Talbot et al.,
1978; Bohnsack and Talbot, 1980! over periods of less than 3
years. The proponents of the stability concept, on the other
hand, have drawn most of their evidence from long-term studies of
larger reefs. These have included studies of both natural  Brock
et al., 1979! and artificial  Ogden and Ebersole, 1981! reefs
that were examined more than 10 years after being defaunated and
recolonized. A persistent uncertainty in these studies stems
from not knowing how long it takes reef communities to fully
recover from defaunation. The uncertainty is increased when
artificial reefs are involved because no one knows whether these
will in fact ever support truly natural communities. Signifi-
cantly, however, Sale �980a! found that the structure of fish
communities on undisturbed natural, but small �0 m x 1 m x 1 m!,
patch reefs  which were controls for his defaunation xperiments!
changed continuously over time.

The major components of the Hawaiian fish communities
described in this paper were stable over the duration of the
study, and probably it is significant that these communities were
established on extensive, natural reefs that had not been dis-
turbed. Based on these circumstances and the variable results
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noted above, the stability-instability controversy may stem from
�! differences in the size and complexity of the reef systems
studied by the various investigators; �! time passed since the
communities had been disturbed; and �! the extent to which the
physical conditions of the reef s approximate those of natural,
undisturbed reefs in the area. Also, it is important that the
stability reported here refers to the adult populations. As
mentioned in the "Methods" section, the numbers of juveniles
varied with season and from year-to-year for reasons that seemed
unrelated to circumstances on the reef, but this variability had
no observable impact on the established adults during this study.

Spatial Distribution: General

Most Hawaiian reef fishes are widely distributed on the
islands of the Pacific plate, which occupies most of the Pacific
basin, and has been defined by Springer �982! as a distinct
biogeographic unit. Apparently these species are adapted to
certain features held in common by the variety of high islands,
low islands, atolls, and submerged sea mounts, that characterize
this, the largest of the earth's lithospheric plates. It is not
surprising, therefore, that so many of them occur in diverse
habitats throughout the Hawaiian Archipelago. Despite these
widespread occurrences, however, the major species differ greatly
in their relative numbers from one habitat to another,

Because most of these major forms were most numerous at one
end of the archipelago or the other, it is convenient to focus on
the northwestward distribution of the southeastern dominants and
the southeastward distribution of the northwestern dominants.
Significantly, those species which dominated in the southeast
were more restricted in their distribution over the archipelago
than were those which dominated in the northwest. Apparently the

!J ' ' I
ikKJK9RH i ~ Cl

less attuned to the overall Hawaiian environment than are their
i ~ ' ', Et'�'"'

Ci 'i
2. 5' ll ", ~ 1 li

il
eastern dominants less numerous in more places throughout the
ar chipe 1 ago, but they also include f ewer endemics -- j ust one  g.

i!Ci. i ..~ Z.
and g. pi~~! among the northern groups. It is

recognized that some of the most abundant Hawaiian species are
endemics  Gosline and Brock, 1960!, but not all of the endemics
are abundant  e.g., the pomacentrid ~l>Jr. r
Table 5!.

Patterns of distribution northwestward are basically differ-
ent from patterns of distribution southeastward presumably
because of different selection pressures. In the discussion
below several of these selection pressures are distinguished.
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Environmental Selection Pressures That influence Distribution
Northwestward

The species in nearshore communities at the southeastern end
of the archipelago show close relationships with the fishes of
the more tropical regions of the Pacific. Even the one endemic

P
western Pacific analog in g. and a South

ldll P
species that occurred in transects in the lee of the island of

P

P
species that apparently find conditions more suitable here than
elsewhere in Hawaii. Gosline and Brock �960! reported that

"d " d
is "quite rare." They included Q. why,Mls  as Q.

a small specimen from Johnston Island, but Randall �972! subse-
quently noted its occurrence in the lee of Hawaii. F. Mngi-

d d. Pl
is recognized as a distinct species rare in the Hawaiian
Archipelago except on the leeward reef s of the island of Hawaii
 Randall and Caldwell, 1970!. ~<i~ pe'Lig is common and wide-
spread in the tropical western Pacific  Allen, 1975! but has a
limited distribution in Hawaii. Although it is the major species
on certain reefs in the lee of Hawaii where the coral P~~gs

small aggregations off windward Hawaii and leeward Oahu  on
reef in Hanauma Bay which is rich in Rgz~~ mmprw~s !. One
individual was seen at French Frigate Shoals.

One might assume that distribution of tropical Pacific
fishes northwestward in the Hawaiian Archipelago would be limited
by lower water temperature. This is probably true for some
species, but certain other forces are more limiting for other
species.

Reduced protection from prevailing wind and seas northwest-
ward probably limits distribution for some species.
fl " P d 'I"
ated with leeward reef s. This species is the major component of
communities on various reefs in the lee of Hawaii, the largest;
island, but is much less prominent in the lee of the smaller
island of Oahu. On the windward side of Hawaii, adults were seen
in numbers only south of Cape Kumukahi, where there is in essence
a lee shore. North of the cape along the Hamakua Coast just one
adult occurred in the transects, whereas juveniles were the most

P l ' P

sheltered bay near Hilo. Conditions suitable for adults were
clearly lacking along the Hamakua Coast, however, as only a few
were seen.
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~d! "" b
Oahu, except in Kaneohe Bay. This pattern is consistent with the
work of Brock �954!, who found this fish to be prominent only in

hb' 1
b yd '6 ' I h

Islands during this study, generally as a few individuals on the
more protected reefs. The only sightings at Midway, for example,
were a few scattered individuals on patch reefs in the lagoon

h * I also was most abundant. Appar-
ently this coral, which grows as closely spaced finger-like

b just
as it appears to be for adult <2lzo~ zLgi~R-

The decreased occurrence of exposed basalt northwestward
appeared to influence the distribution of several species, most

!~~,'1611'bd
I

abundance among surgeonfishes in Hawaii." This species was
numerous only where the reefs were largely exposed basalt, a
widespread habitat in the high islands. The dependence of p.

f I d b
cially evident at French Frigate Shoals, where its prominence was
confined ta La Perouse Pinnacle, the only basaltic structure
there. At Gardner Pinnacles, the last exposed basalt occurrence

I. was numerous on the basaltic face
of the pinnacles, but was not seen elsewhere. Only one indi-
vidual was seen at Maro Reef and another at Laysan, the latter in
a transect' None were seen northwestward from there. Despite

h ! I h. ~ h
that include exposed basalt, the occurrences of this species, on
Pacif ic atoll s  Randall, 1956!, which lack such habitats, indi-
cates that conspecifics elsewhere may have different require-
ments. The same is true of the pomacentrid t

's, which was found only among surge-swept basaltic
reef s during this study  it was not seen northwest of Gardner
Pinnacles!, but is widespread elsewhere in the Pacif ic on reef s
that lack exposed basalt  Allen, 1975! . Three other species with
distributions that coincided with exposed basalt were Hawaiian
end em i c s: th e poma cent r i d 'd ~Dd< gj s  which

b" I,h''I
dhdL

Certain species which are widespread in the central Pacific
seem to find conditions more suitable at French Frigate Shoals
than elsewhere in the Hawaiian Archipelago. Probably the most
striking example is the common occurrence of the chaetodontid

with corals of the genus g~~  Burgess, 1978! . Both the fish
and corals are common throughout most of the tropical Indo-
Pacific, but are rare or absent in the Hawaiian Archipelago
except at French Frigate Shoals. In noting the abundance of
M~<~ at French Frigate Shoals and its sharp decline both
southward  to Kauai! and northward  to Laysan!, Grigg et al.
�981! suggested that French Frigate Shoals is the site of active
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colonization of some Indo-Pacific forms from the west  by way of
the subtropical countercurrent!, and that this location is the
center of distribution of such forms to the other islands. This
pattern is consistent. with the distribution of some Indo-Pacific
fishes in Hawaii. Another widespread Indo-Pacific species that
was abundant at French Frigate Shoals, but which went unseen

h d ' g h' dg, h d

and Brock �960!, was among the species that colonized a newly
created harbor on the lee shore of Hawaii  Brock, 1981! .

These two widely separated and very different settings--
French Frigate Shoals and leeward Hawaii � may have characteris-
tics that. make them more suitable than other Hawaiian habitats
for certain Indo-Pacific species. Leeward Hawaii is noted for
its warm, sediment-free water and rich coral growth -- all of
which are likely to be associated with environments favored by
fishes adapted to more tropical Pacific habitats. French Frigate
Shoals may be favorable to some because it is in essence a
barrier reef that encloses expansive shallows � a setting which
is widespread in the more tropical areas of the central and
western Pacific, but limited in those islands to the southeast of
French Frigate Shoals.

Barrier reefs that enclose expansive shallows are prominent
to the northwest, of French Frigate Shoals, especially at Pearl
and Hermes, Midway, and Kure � which are atolls. But during the
winter water temperatures fall below 18 C at these locations
 Mauck, 1975! which presumably would be a problem for many
Indo-Pacific species. Water temperature, however, has not lim-

dhgh~ ~» g " g g.
is common from French Frigate Shoals northwestward to Kore, but
which has not been reported southeastward to Hawaii.

Environmental Selection Pressures that Influence Distribution
Southeastward

Although the major species in the northwestern communities
are more distinctively Hawaiian than their southeastern counter-
parts, they too are closely related to fishes of the tropical
western Pacific. But some of the less prominent. species in the
northwest are closely related to, or conspecific with, fishes of
the more temperate regions in the western Pacific. Furthermore,
in contrast with the major species in these communities, which
are widely distributed in shallow water, these more temperate
species have limited distributions on shallow reefs .outheast-

"d d
in coastal waters of Japan, where they are popular game fishes
 Masuda et al., 1975!. But despite the common occurrences of
both species at Kure and Midway, they are uncommon elsewhere in

h
h' d ! . 8 !. g.

was recognized from just one specimen taken almost a century ago
 Gosline and Brock, 1960!.
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Similar relationships to fishes of more temperate regions in
!» f ~~,!''!

L
all of which also occur in Japanese waters  Masuda et

al., 1975; Springer 1982!. But here another dimension of distri-
bution must be considered -- variations in depth of occurrence
with latitude. All four species are common inhabitants of
shallow reefs at Kure and Nidway, but occur at greater depths
southeastward. Gosline and Brock �960! noted that although g.

!P ! . R.
i~g are not uncommon in deeper water. g. j~I~  as

'g!, according to Gosline and Brock, is "not now common
around the high islands, but is abundant from French Frigate
Shoals to Nidway," and Noffitt �980! reported it to be a major
target of offshore bottom fishermen in the Northwestern Hawaiian
Islands.

Nany fishes which have wide latitude distribution inhabit
deeper water toward the equator  Hubbs, 1948!. The distribution
of such fishes often relates to water temperatures, as shown by
studies along the western coast of North America where the pat-
tern reverses at points of local upwelling  Hubbs 1948!. Thus,
at least some of the fishes that inhabit progressively deeper
habitats southeastward in Hawaii may be responding to features
related to water temperature. In addition to the species
mentioned above, an affinity to lower water temperatures may

which is
relatively common on reefs 20 to 30 m deep at Midway and Kure,
but which has been reported only from deeper water around the
high islands  Randall, 1975!. The same pattern may hold true for

!
at Nidway and Kure, but is only found in deeper water southeast-
ward. This species constitutes a large part of the catch of the
offshore hand-line fishery at depths below 60 m around the high
islands  Ralston, 1980! . The same pattern may hold true for the

P " !'
which is another form that commonly frequents reefs as shallow as
1 m at the northwestern end of the archipelago, but rarely occurs
shallower than 20 m at the southeastern end.

2 '!'~" C ! !ted~ "!
!i ~ I!

! Pl » » d
butions that are thought to have been established when surface
water s were cooler than at present  Randall, 1981! . Springer
�982!, however, cited evidence that equatorial sea-surface tem-
peratures have been relatively stable since these antitropical
distributions are thought to have been established. He suggested
that these distributions have an ecological basis related to the
antitropical distribution of the high islands, but this possibil-
ity is inconsistent with the fact that most of the species
involved are more numerous around the Hawaiian atolls than around
the high islands.
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I 1 Udd UI I 1U!

The possibility of a connection between an absence of plank-
d I ' " U III " Iby the fact that at the only locations where either circumstanceoccurred � Lisianski  and Neva Shoal! and Eahe, Oahu -- they

occurred together' The basis for the apparent relationshipbetween these species, or between these species and the two loca-tions, remains unclear. Perhaps it is significant that the waterat Lisianski was noted to have a milky quality and that a finesediment coated much of the seafloor, especially at Neva Shoal.This condition can mean that the water is not circulating, which
would in turn mean a reduced supply of zooplankton. On the otherhand, it is conceivable that certain materials in suspensioncould adversely affect small planktivores. There is no measureof the zooplankton at these locations, but it was striking thatin the absence of planktivores at Lisianski, the normally bottom-

I " I ~

d I " I I IUIPIUUfeeding, however, and a diet of zooplankters certainly would havebeen a radical departure from the usual diet of this species.Under more typical circumstances at the island of Hawaii, P.
I " " P P1974! . On the other hand, it is conceivable that under appro-priate circumstances, features adapted to pluck coral polyps

could also be effective in feeding on zooplankters.
Fishing Pressures

Because fishing pressures have been concentrated on just
certain places, they seem likely to have distorted patterns ofdistribution for at least some species. Fishing pressures seemto account for the reduced numbers in the southeast of certain ofthe species prominent in the northwest  Tables 3 and 4!. Perhapsthis was predictable, because fishing pressures should have beenexpected to increase toward the fishing ports on the major highislands. Nevertheless, it is difficult to hold fishing pressuresaccountable for the southeastward decline of some species.
* " "'!" ~ 1 Uhdddd d '~'targets of fishermen in the area southeast of Midway, the fishingeffort is in deeper water offshore. There has been virtually nofishing on the shallow reefs of the Northwestern Hawaiian Islandsfrom Pearl and Hermes Atoll southeastward; hence, the absence ofg. ~i~~~e and g. pi~i~~ from these reefs cannot be at. tributed tofishing pressures. Probably both species are simply betteradapted to deeper water in southeastern areas.

Population shifts into deeper water cannOt account for thesoutheastward decline in numbers of some shallow-water potentialtarget species. This is because they inhabit shallow reef areasthroughout the archipelago. Some of those which are abundantthroughout the Northwestern Hawaiian Islands, but generally
sparse throughout the major high islands, such as the shark



1
tures of major high island reef s unfavorable. On the other hand,
shark populations are known to be particularly vulnerable to
fishing pressures, and there have been concerted and apparently
successful efforts to reduce the populations of these fishes
around the high islands.

The most likely victims of fishing pressures are those
species known to be well adapted to shallow-water reef areas in
the high islands, but which were faund anly in law numbers during
this study. Examples among the species listed in the tables are

I " ' ~ ' ' " "" " Yi'
II ' " " ll. 1'' ll.

g~d.i~, are prime targets af fishermen and are especially vul-
nerable owing to their habit af concentrating in reef caves
during the day. [5. ~~a was considered a major species in the
preliminary report on this study  Hobson, 1980! based on its num-

I 11.92 Y.
is coveted by both spearfishermen and shore fishermen and is
especially vulnerable to the former owing ta its boldness. Fish-
ing would seem to have had a major influence on the observed

I"
nence from Nihoa northwestward to Kure, it was never observed in
the major high islands during this study. On other occasions in
the high islands, sightings have been infrequent and usually
involved solitary individuals.
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PRELIMINARY REPORT ON THE NEARSHORE FISHERY RESOURCE ASSESSMENT

OF THE NORTHWESTERN HAWAIIAN ISLANDS, l977-82

Henry Okamoto and Brian Kanenaka

Division of Aquatic Resources, Department of Land and Natural
Resources, ll51 Punchbowl Street, Honolulu, Hawaii 96813

The Division of Aquatic Resources of the Hawaii Depart-
ment of Land and Natural Resources has gathered data
from the Northwestern Hawaiian Islands  NWHI! for the
past 6 years to assess the nearshore fishery resources.
In addition to surveys of the splash zones that are
exposed to wave action and shallow-water habitat around
the emerged lands, 574 underwater fish count transects
were conducted in depths ranging from 3 to 70 feet to
record the fish species composition and to estimate
their densities in an area roughly representing 400,000
acres. Fish specimens were collected for food studies
and for ciguatera fish toxicity analysis by the Univer-
sity of Hawaii. Trapping was conducted to determine
the presence of spiny lobsters and to derive some mea-
sure of their densities. Ulua  jack crevally! were
tagged and released in an effort to gather information
on their growth rate, movement, and relative densities.

Surveys of the splash zones revealed an estimated
l2,000 pounds of opihi  limpet! on the high basalt
islands. Surveys conducted in the shallow waters
around the emerged lands revealed the presence of large
concentrations of shoaling fishes. Approximately 240
different fish species and numerous invertebrates and
limu  seaweed! species were identified in the nearshore
environments The species composition of fishes was
found to be basically similar to that of the main
Hawaiian islands. However, several species rare or
unknown to the main islands were found in NWHI waters,
and some species common to the main islands were not
found or were observed in diminished numbers to the

northwest, suggesting a geographical basis for species
distribution. The densely populated nearshore waters

123



are indicative of the lack of fishing pressure on these
resources. Most nearshore fishes were of the non-
migratory type. Preliminary evaluation of the fish
counts revealed densities ranging from 0 to 24,000
pounds per acre, with an average of nearly 400 pounds
per acre. Calculations suggest a conservative 150
million pounds of finfish present in the nearshore
waters of the NWHI. Analysis of the gut contents of
the more common species suggest that approximately 60
percent of the biomass are herbivores and 40 percent
carnivores. Fish tissue assays indicate that many
species contain ciguatoxin with toxicity levels varying
among species and locations. Spiny lobster trapping
results from several islands corresponded with diving
observations, except at Pearl and Hermes Atoll where
trap catches were lower than expected. To date, tagged
ulua have been sighted during surveys, but no recov-
eries have been reported by commercial fishermen.

INTRODUCTION

The nearshore waters of the Northwestern Hawaiian Islands
are reputed to have excellent fishing potential that could
enormously benefit the fishermen of Hawaii. In recent years,
increasing attention given to the marine and terrestrial
resources of this remote area has resulted in the need for devel-
oping a plan to rationally manage these resources.

In May 1978, the Hawaii Department of Land and Natural
Resources  DLNR! formally entered into a 5-year cooperative
agreement with the National Marine Fisheries Service  NMFS! of
the U.S. Department of Commerce, and the Fish and Wildlife
Service  FWS! of the U.S. Department of the Interior to inten-
sively survey and assess the terrestrial and marine resources of
the NWHI. The DLNR's Division of Aquatic Resources  formerly
Division of Fish and Game! was made responsible for the collec-
tion of baseline data on the nearshore living resources from the
fast land areas exposed to spray and wave action seaward to about
10 fathoms in depth. In total, the nearshore study area com-
prises nearly 400,000 acres. FWS and NMFS were respectively made
responsible for the terrestrial and offshore resources assessment
studies. The survey data gathering efforts and results will form
the basis for future federal-state management decisions on long-
range uses and preservation of the living resources in the NWHI.
Since the initiation of field work under this study actually
preceded the formal execution of the agreement by about a year,
an additional year of field research was involved under this
agreement; therefore, this report includes 6 years of research.
The nearshore surveys were accomplished through funding provided
by the Dingell-Johnson Federal Aid in Fish Restoration Project,
"Fishery Resource Assessment of the Northwestern Hawaiian
Islands"  Project No. F-l7-R, Study No. III, Job No. 3!.
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The primary objectives of the nearshore fishery resource
assessment study were to determine fish species composition and
diversity and to obtain estimates of their densities. In addi-
tion, the size ranges, distribution, annual and seasonal vari-
ation of abundances, diet, spawning periods, growth, migration,
behavioral characteristics, and ciguatoxin level of certain
species were to be investigated. Noreover, habitat descriptionf
identification of seaweed and macro � invertebrates, density esti-
mates of certain shellfish, and behavioral characteristics of
certain wildlife were to be recorded.

METHODS

During 1977-80, the National Oceanic and Atmospheric Admin-
istration' s research vessel ~Tgg~gi~ig i~i~imLa~ was utilized as the
primary platform from which smaller boats were launched to carry
field research parties to the nearshore areas for the NWHI study.
During subsequent surveys in 1981-82, the commercial fishing
vessels ~ p~~ �981! and ~~i-I~ gati~ �982! were chartered
to function as support vessels. The U.S. Coast Guard provided
logistic support to survey Kure Atoll in December 1979 and again
in August 1980. In addition, the UPS. Navy provided land-based
support during the survey of Nidway Islands in September 1980.

Due to the different types of topographical features in the
nearshore area, the study area was divided into three zones: �!
splash zone which is defined as exposed land under the influence
of wave and spray action; �! inner nearshore zone which is
defined as a narrow band of shallow water adjacent to land and
usually less than 2 feet in depth; and �! outer nearshore zone
which is defined as the nearshore shallow reefs and submerged
lands to the 10-fathom depth.

Resource information obtained from the splash zone included
s,ecies observed and their densities  characterized as sparse,
moderate, or dense!, However, since these semi-quantitative
values are arbitrary interpretations of densities, more precise
estimates were made by direct sampling at selected splash-zone
sites for species of special recreational/commercial interest,
such as opihi or limpets  Patellidae!. Sampling involved the
removal of opihi from randomly selected 1-yard squares. Indi-
viduals sampled were then measured to determine size and weight
ranges.

The study data for the inner nearshore zone included only
records of shoaling species observed adjacent to land in 1 to 2
feet of water. Use of the underwater fish count method was not
feasible due to the shallowness of this zone. The information
recorded included the species name and their approximate indi-
vidual sizes  weight! and the estimated total biomass of fish
schools.

In the outer nearshore zone, data on fish species compo-
sition, density, and size distribution were primarily obtained
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through underwater fish transecting techniques modified to allow
quantitative and qualitative inventory of the biota and habitat.
Generally, this involved the laying down of a pre-measured tran-
sect line extending up to 250 yards along which fish species on
both sides of the line were counted and their sizes estimated.
Tabulation of fish species and documentation of their sizes were
also accomplished within 100-foot diameter underwater areas to
diminish the risks of encounters with sharks and to enable the
surface support skiff to anchor in close proximity to the divers.
Diving activities were conducted at depths ranging from 3 to 70
feet using either snorkel or scuba gear, depending on the depth.

Since underwater fish counts were conducted at sites where
ocean conditions such as underwater visibility, current, wave
action, and shark numbers were considered safe for diving, selec-
tion of survey sites tended to be biased. Also, there was a
tendency to conduct surveys at sites where fish were more abun-
dant. It was anticipated that these sampling biases would need
to be adjusted.

In adjusting the fish count data, the outer nearshore zone
for each island was first divided into smooth, moderate, and
rough bottom habitat areas. Each fish count site was then cate-
gorized according to one of these habitat areas. Fish counts for
each habitat area were then pooled to provide average estimates
of fish for each respective type of bottom habitat.

In addition to underwater fish counts, other methods to
determine species composition and sizes were used, including
recording of surface observations and collection of samples with
hook-and-line, throw-net, and spear. The collections provided
specimens for determining identification, length-weight relation-
ships, stomach contents, sex, and gonad development. Fish sam-
ples were also provided to other researchers to study age through
otolith examination and ciguatoxicity through tissue analysis.
Additionally, certain macro-algae and macro-invertebrates were
hand collected and brought back for identification and other
scientific purposes. Trapping was also conducted to determine
the presence of spiny lobsters and to derive some measure of
their density.

For tagging, specimens of ulua  Carangidae! were obtained by
handline fishing. The tags, numbered plastic discs strung on a
l00-pound break-strength monofilament line, were passed through
and tied below the dorsal fin of the fish while length measure-
ments were taken. The tag was slightly modified in l979 when the
monofilament line was replaced with a lock-knot line to expedite
the pr ocedur e.

RESULTS AND DISCUSSION

The following are preliminary findings based on conservative
calculations of data collected during the 6 years of research.
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Survey Period

Nearshore f ishery resource assessment surveys were conducted
dur ing the summer and f all months, except for a December survey
conducted at Kure Atoll in 1979. Limiting nearshore surveys to
the summer and fall months was due primarily to weather and sea
conditions being unfavorable during other times of the year.
During the December trip to Kure Atoll in 1979, winds of 30 to 60
knots, high surf, and strong ocean current conditions made it
necessary to cancel field activities during 7 of 16 scheduled
days of surveys. In comparison, field activities during the sum-
mer and fall months were cancelled less than 10 percent of the
time.

A preliminary survey conducted in Nay-June 1976 to inspect
the nearshore waters of the NWHI suggested seasonal abundance of
sharks in the nearshore waters during that period. To minimize
shark hazard to divers, survey periods were usually scheduled
during the latter part of summer.

The modes of transportation to the NWHI were by ship or air-
craft, with the latter used to survey Kure Atoll in 1979 and 1980
and Midway Islands in 1980. Annual ship cruises to the NWHI
ranged from 24 to 45 days each. Land-based surveys at Kure Atoll
and Midway Islands were conducted in 14 to 16-day periods.

Splash Zone Survey

Splash zone surveys were conducted on all of the islands in
the NWHI, except at Maro Reef where no emerged land was observed.
Splash zone substrate types were composed of lava rocks, lime-
stone, or sand. Lava substrate dominated the splash zone habitat
at Nihoa, Necker Island, La Perouse Pinnacles in French Frigate
Shoals, and Gardner Pinnacles. Limestone beach was common to
Laysan Island, Lisianski Island, and Pearl and Hermes Atoll.
Although limestone habitat was also found at Midway Islands and
Kure Atoll, it was restricted to outcroppings along the periphery
of the fringing reef and was not part. of the islands proper.
Permanent sand beaches occurred at all islands except Nihoa,
Necker Island, and Gardner Pinnacles.

The ohiki or ghost crab  ~~>rri+ spp.! was found on all the
permanent sand beaches. Based on the number of sand burrows,
density estimates suggest that their abundance is sparse to mod-
erate in comparison with the higher densities on Oahu beaches.

In contrast with sand beach habitat, a variety of macro-
invertebrates and seaweed species was recorded from the lava rock
and limestone habitats. Shellfish that were common to lava rock
areas included the opihi, haukeuke or sea urchin  
~~!, pipipi or sea snail  Neritidae!, periwinkle  Littori-
nidae!, and aama or rock crab  g~~~ ~~>~! . Shellfish on
limestone substrate included the periwinkle and aama crab. Both
were generally less abundant on limestone substrate than on lava
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subStrate. ExCeptianS oCCured at I.aySan ISland and Kure AtOll
where large quantities af periwinkle and aama crabs, respectively
were found. However, the aama crab noticed on exposed reefs at
Kure Atoll appeared to be a different variety from the common
darker aama crab found on rocky shores from Nihoa to Pearl and
Hermes Atoll. Seaweed species common to rocky limestone and lava
substrates in the splash zone were the green algae,

I .~p.

Because of recreational and commercial interest in the opihi
resources, more detailed information was collected on these
resources than any other splash zone organisms. At least two

C ~
d

present at La Perouse Pinnacles or at Gardner Pinnacles.

Samples or counts taken f rom various parts of the lava
splash zone habitat at different islands showed that opihi den-
sities ranged f rom an average of about one per square yard  La
Perouse Pinnacles! to about 50 per square yard  Nihoa! . Although
tabulation of all data related to opihi has not been completed,
preliminary calculations suggest a total density of approximately
12,000 pounds for all four islands.

Inner Nearshore Zone Survey

Surveys conducted in the inner nearshore zone revealed large

!'~l
Bh~! " 12

most of the island areas in the NWHI.

The largest concentration of shaaling fishes in the inner
nearshore zone was observed in 1977 at Pearl and Hermes Atoll,
where an estimated 16,000 pounds of one-half pound size ahole-
hale, 12,000 pounds of 1 to 5 pound size moi, l,000 pounds of 3
to 5 pound size amaama, and 100 pounds of 1 pound size akule or
big-eye scad  <~~ c m ! were recorded from South-
east, Grass, and Seal-Kittery Islands. These same locations,
when resurveyed in l978, provided an estimated l5,000 pounds of
aholehole, 5,000 pounds of mai, 4,000 pounds of amaama, and 30
pounds of akule, all of similar sizes as that of the previous
year. In addition, North Island was surveyed in 1978 when an
estimated 10,000 pounds of 3 to 5 pound size amaama were
observed.

The abave density estimates of shoaling shallow-water
species recorded from Pearl and Hermes Atoll represented only
partial densities of larger populations. The exact population
magnitudes of each species are not known. However, it is specu-
lated that the density cauld be three times greater for amaama
�4,000 x 3 = 42,000 pounds! and mai �2,000 x 3 = 36,000 pounds!
and possibly 20 times larger for aholehole �6<000 x 20 = 360 000
pounds! .
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The iao, a baitfish which reaches approximately 5 inches in
length, was not abundant at Pearl and Hermes Atoll. Rather, the
largest concentration of iao occured at Kisianski Island in 198l
when an estimated 200 buckets  one bucket equals approximately ll
pounds! were recorded. The iao was also observed in significant
quantities at Tern Island in French Frigate Shoals when a 1977
survey revealed a school estimated to contain 30 to 40 buckets.

4
fish species that attains a maximum of about 2.5 inches in
length, was observed in fairly large quantities along the shore-
line throughout the NWHI. Since this species also occurred in
the outer nearshore zone, no special effort was made to record
its abundance during inner nearshore surveys.

Quantities of shoaling species varied from island to island.
Generally aholehole was very abundant throughout the NWHI chain,
especially at coral atolls. Although moi and amaama were abun-
dant at Pearl and Hermes Atoll, they were not nearly as numerous
at the other islands. Analysis of habitat types suggests that
the disparity in densities may be due to availability of habitats
for recruitment.

Evaluation of data also suggests that shoaling species were
generally transitory in behavior. Noi was recorded in greater
abundance along the shoreline during early rather than late sum-
mer. Variation in the densities of aholehole was also noted; the
fish was more abundant during summer than fall.

Outer Nearshore Zone Survey

In all, 574 underwater fish counts were conducted at the
various island areas in the NWHI. The transects conducted at
each island area are summarized in Table l. The underwater
counts included 58 resurveys at select stations for monitoring
annual variation. A winter survey was also conducted at Kure
Atoll to determine seasonal variation in species composition and
abundance.

Seasonal and Annual Variation

Although preliminary analysis of data from resurvey counts
suggest variation in species composition and densities to some
degree, except for a few species, the information does not indi-
cate significant variation in fish populations, Among the excep-
tions, piha abundance varied from year to year, with the greatest
abundance recorded in l977. Although the kawakawa or little

 MtllY 'fl' ! dd ' d
fish counts, surface observations suggested a direct relationship
in the abundance of kawakawa with the abundance of piha.
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TABLE 1 ~ NUNBER AND LOCATION OF FISH COUNTS CONDUCTED IN
THE NORTHWESTERN HAWAIIAN ISLANDS FROM 1977

THROUGH 1982

Number of Fish Counts
Location

Initial Resurvey Total

57458516TOTAL

The survey conducted in December at Kure Atoll also sug-
gested a lesser number of piha in winter than summer. The gray

f h  ~~! pp
dant in nearshore waters during the early rather than latter part
of summer.

Other nearshore resources with indications of undergoing
seasonal variation in abundance included the tiger shark

p NL'~l'
Although tiger sharks were recorded only during observation
surveys conducted f rom the skif f, the data indicate that mare
were observed during the early rather than the latter part. of
summer at Laysan Island, Lisianski Island, and Pearl and Hermes
Atoll. Day octopus were more abundant during fall than summer,
suggesting a similar pattern of seasonal abundance with the main
Hawaiian islands.

Fish species recorded through fish transecting, general
observation, and specimen collecting activities accounted for
about 240 different species from the nearshore waters of the
NWHI. In Table 2, fish species recorded from the underwater fish
counts are summarized for each island. Taxonomic names for the
fishes are based on Gosline and Brock �960! and Nasuda et al.
�975! .
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Nihoa
Necker Island

French Frigate Shoals
Gardner Pinnacles

garo Reef

Laysan Island
Lisianski Island

Pearl and Hermes Atoll
Nidway Islands
Kure Atoll

Species Composition and Densities

12
8

107
4

59

33

42
134

51

66

4 5
19

5 3 2
13 1

6

16

13

126

4

64

36
44

147
52

72



TABLE 2. FISH SPECIES RECORDED DURING UNDERWATER PISH COUNTS
CONDUCTED IN THE NORTHWESTERN HAWAIIAN ISLANDS,
1977-82

Species

X X X
X X X X

X X

X X X X X

X X
X X

X X X X X

X X X X

X X X X

X X X X

X X

X X

X X X X

X X X X
X X X X

X X X X

X

Albuli dae

Album a~m

~gonidae
S9

LORDRBRKR5
Unidentified apogonid

X X X

X X

X X X

X X X X X X

X X X
X X

Ather inidae

ZKQILCRkk iGQllliKUlD X X X X X X

Aulostornidae

ZMasiamua Wireaaia

Bali stidae

~hWVa mar.
5. >idea

' l~
E.

X X X X
X X X

X X X X X
X X X X X

X X X
X X X X
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Acan thur idae

ihaanhhuruv a@hi;LLea
6 $4$2RHLCD.

8; guM@ua

A. mala
II lOSCIS
h,- aiqxmia
h. 911YiRQHPG
A ~mgmoi
h. tria:Mama

H. lii~ahm
H. ~~@>xaa

gjQQI~ ggi~~g
lch>mme flmmcens
Z. mlifar~
Unidentif ied acanthurid

Location

NI NE FFS GP NR LA LI PH NI KA

X X X X
X X X X

X
X

X X X X X

X X X X

X X X X X

X X X X X

X X X X X
X

X X X X X

X X
X X X X X

X X X X

X X X
X X X X X

X X X X X

X X X X X

X X X

X X X

X X X X X X X X X X



TABLE 2. FISH SPECIES RECORDED DURING UNDERWATER FISH COUNTS
CONDUCTED IN THE NORTHWESTERN HAWAIIAN ISLANDS,
1977-82  continued!

Species

Sufflamau harm
S. frenahm

Belonidae

GMixe glahnm
t

Unidentified belonid

Blenniidae
'I

C. mzialaaua

g. ~~

X X

X X X

X X X X X

X X X X X X

X

E- zaNrk
X X X

X X

X X X

X

X X X
Z.
Unidentified b1enniid

Bothidae

~bus, mmes

Canthigaster idae

6- QQQzli~
C
C- ~z~

X X

X X X

X

X X
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Carangidae
f" I

C C. iauahiJM
C. tuzubris
G. malamggua

C Keaapti~ua gianula~

K Seri!Da 4xoerili

Location

NI IK FFS GP NR IA LI PH NI KA

X X X X X X X X

X

X X X
X X X X

X X X X X X X Z X X

X X

X X X X X X X X X X

X X X X X X X

X X X X X

X X X X X X X X X X
X

X X X X X X X X X X

X







TABLE 2. FISH SPECIES RECORDED DURING UNDERWATER FISH COUNTS
CONDUCTED IN THE NORTHWESTERN HAWAIIAN ISLANDS,
l977-82  continued!

Location
Species

C. Gaia'
C. arne~
4Pib~ insid'
GQIIEkK%@R YihKilkk

H. ~aiauma
H. sp.
La" I" X X X X X

X X X X X X X X

X X X X

X X X X X X X X

X X X X X X X X

X X X X X X X X
X X X

X X X

X X X X X X X X

X X X X X X

T. 4QgM~
~RcCQ

 ~!

XMKQUxtJ K8
Unidentified labrid

Lethrinidae

5 X X X

Lut j anidae
%bemud. furm~
p~Q QF~QQQak
I ~anma hmma

X

X X

X X X
X X X

X

Nalacanthidae

It X

Mobulidae

Hanks alfred@.

X X
X X X X X X X X X
X X X X
X X X X X X X X X X
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Nona canthidae

hl~xa ~~La.
d

C
ZCXML90X. 5QllQSXL

X X X X

X X

X X X X X

X X
X X

X X

X

X

X X X X X

X X X
X X X X X

X X X X

X X X X X

X X X

X X X

X X X X

X X
X X X X X



TABLE 2. FISH SPECIES RECORDED DURING UNDERWATER FISH COUNTS
CONDUCTED IN THE NORTHWESTERN HAWAIIAN ISLANDS,
l977-82  continued!

Location
Species

Nugilidae
5u~ail mkalua
Mzzgzus la@~:m

X X

X X

Nullidae

5.
g. gQgggzj

P.

E
2
g. y~r~Kkg

X X

X

X X X

X X

X X X

X X

X X X X

Nyliobatidae
Bet.AM~ zariouri X X X X X X X X

Ophichthidae
5xcichthgs. mneme X X X

Ophidiidae: brotulidae
8

Oplegnathidae
~f "'t
Q amaMhua

X X
X X

Ostraciontidae

Q~acian m~~:xi'
Q. Mbitlaxi
L~xxa Xuxmvmi
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Nu raenidae

Eahiiha aaMLaaa
E. sp.
G b

G.
G. maleagria
G. undulahm
H~aa gardalis
Unidentified rmraenid

NI hE FFS GP NR LA LI PH NI KA

X X X X X X X X X

X X X X X X X X X X
X

X X X X X X X X

X X X X X X X X X X

X X X X X X X X X X

X X X X X X X X X X
X X X X X X X X X X

X X

X X X X
X

X X X X X X X X X X

X X
X X X X X X





TABLE 2 ~ FISH SPECIES RECORDED DURING UNDERWATER FISH COUNTS
CONDUCTED IN THE NORTHWESTERN HAWAIIAN ISLANDS,
1977-82  continued!

Location

Species

X X

X X X
X

Ser ran idae
X X

Sphyraenidae
~+RGB &xxkQRkL
S. halleri

Synodontidae
Unidentif ied synodontid X X X X X X

Tetr aodontidae

AruMroa hiaaidus
h. velar.ia

X X

X

Notes: NI = Nihoa; NE = Necker Island; FFS = French Frigate Shoals; GP =
Garbler Pinnacles; MR = Naro Reef; LA = Laysan Island; LI = Lisianski
Island; PH = Pearl and Hermes Atoll; MI = Midway Islands; KA = Kure
Atoll; x = species was found at the location
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Scorpaenidae
I

Zt!K9ik BERRx

3. ~~i~
Unidentif ied scorpaenid

NI IK FFS GP NR LA LI PH NI KA



In addition to fish species, numerous macro-invertebrates
and seaweed species were recorded. The data collected indicated
that fish species in the NWHI are similar in composition to that
of the main Hawaiian islands, with a few exceptions.

Generally, the number of balistid species appeared to dimi-
nish in a northwesterly direction along the NWHI chain. The

I' ~ Ihdhh h V " h I  , h
in the nearshore waters of the main Hawaiian islands, were not
observed beyond French Frigate Shoals. Similarly, the lavender

h"
main Hawaiian ielands, became progressively scarce further up the
NWHI chain and were extremely rare beyond Laysan Island. The

 h ~  ~ " h * " "h " h
main Hawaiian islands which generally occurs in deeper water than
most other acanthurid species, was not recorded beyond Maro Reef.
With regard to species missing in or rare to the main Hawaiian

  ~  hh ~ ~
h.

observed in the NWHI.

Species known to occur mainly in the deeper waters of the
main Hawaiian islands were observed in shallow depths at the
upper end of the NWHI chain. The hapuupuu or grouper  g~
~s ~am rLua!, which is known only to occur in depths ranging
from about 50 to 120 fathoms in the main Hawaiian islands, were
observed at shallow depths  less than 10 fathoms! at Kure Atoll
and Nidway Islands. The butaguchi ulua  <~~ r~~~!, a
carangid which is somewhat rare in the main Hawaiian islands but
occasionally caught at depths over 30 fathoms, was also observed
at shallow depths in the NWHI. Other species known to occur in
deeper waters of the main Hawaiian islands but were found in
waters of less than 10 fathoms in the NWHI, were the uu or squir-

h!G
 ' h

'! ~

Evaluation of survey data suggests that geographical differ-
ences rather than fishing pressure is the cause of the species
distribution patterns noted. However, the presence of larger
size fishes and their greater abundance in the NWHI do indicate a
lack of fishing pressure.

Depending on the selection of locations for the underwater
fish counts, considerable variation in fish densities were noted.
Generally, fish densities were low in smooth bottom areas,
Higher standing fish crops were recorded where bottom profiles
were irregular.

Although a detailed analysis of fish count data has not been
completed, fish density estimates obtained from surveys in smooth
bottom habitats ranged from 0 to 1,300 pounds per acre and aver-
aged about 40 pounds per acre. Fish density estimates from sur-
veys in moderate bottom habitats ranged from 15 to 5,200 pounds
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per acre and averaged about 340 pounds per acre. Estimates f rom
surveys in rough bottom habitats ranged f rom about 100 to 24,000
pounds per acre and averaged about 1,000 to 2,000 pounds per
acre. Rough bottom habitats comprised about 20 percent of the
nearshore environment; moderate bottom habitats about 30 percent;
and smooth bottom habitats the remaining 50 percent.

Based on preliminary calculations, it is estimated that the
shallow waters within the 10-fathom isobath of the NWHI support
approximately 400 pounds of f inf ish per acre and about 150 mil-
lion pounds of fish for the 10 islands surveyed. In terms of
numbers, the baitfish piha far outnumbered other species of
fishes, but their small size � to 2.5 inches! did not contribute
much in terms of weight. The nenue  rudderfish! appeared to con-
tribute most significantly to the biomass of the fishes in the
outer nearshore zone. Nenue reaches a size of up to 6 pounds,
but those recorded were mostly between 1 and 4 pounds.

Other fishery resources contributing significantly to the
estimated biomass were the parrotfishes or uhu  Q<~~ spp.!,

'I II ~

Wmm~ and 5. >~Mao!-

Evaluation of fish counts shows that differences in species
biomass do occur between islands. The most abundant single spe-
cies  e.g., nenue! did not consistently have the highest biomass
at every island. Therefore, species abundance in the nearshore
waters of the NWHI needs to be characterized island by island;
this information will be included in a final report.

Information Derived From Pish Samp3.es

Approximately 3,000 fish specimens, representing about 100
species, were collected by various methods. In addition to pro-
viding length and weight data, the specimens were used by appro-
priate research investigators to evaluate dietary items, sex,
gonad conditions, and ciguatoxin levels, as well as to conduct
analysis of select fish species.

Examination of the gut contents of the more common and
abundant species suggests that approximately 60 percent by weight
are herbivores and 40 percent carnivores. However, it should be
kept in mind that many of the fishes seem to be at least facul-
tative omnivores. Evaluation of the stomach contents of nenue,
for example, suggests that this species feeds both day and night.
In addition, although primarily herbivorous, fish and crustacean
remains found in nenue guts suggest there is some degree of
opportunism.

Because much of the gut content data has not been processed,
the information will be provided later in a final report. Other
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related information on dietary items of other species, has been
reported by Okamoto and Kawamoto �980! and Parrish et al.
�980!; also see paper in this proceedings by Parrish et al.

Approximately 2,500 individual fish samples from the near-
shore area of the NWHI were tested for ciguatera. Tests of
tissue samples were conducted by the University of Hawaii, John
A. Burns School of Medicine, Department of Pathology, using RIA
 Hokama et al., 1977! and EIA  Hokama et al., in press! methods.
Results of the test are provided in Okamoto �981!; also see
papers in this proceedings by Kimura et al. and Ito et al.

Ciguatera test results show that fishes were more toxic dur-
ing 1977-78 as compared with 1979-82. This finding may have some

th
reported from Laysan Island during 1978 by Johnson and Johnson

h
h d h

Its gut contents suggest a diet comprised primarily of small reef
f ishes.

Lobster Trapping

Underwater fish counts also included records of spiny lob-

trapping was also conducted in the nearshore area. Preliminary
evaluation shows that their densities vary from island to island,
with estimates ranging from less than one lobster per acre to six
lobsters per acre. Analysis of count data and trapping effort
data suggests that the trap catch rates correspond with the
observed densities except at Pearl and Hermes Atoll. The
observed density estimate obtained from this area was about four
lobsters per acre, the second highest recorded among the ten
different islands. However, the trap catch-per-unit-effort
results from Pearl and Hermes Atoll was about one-fourth that of

Mara Reef whereas it should have been closer to two-thirds. Type
of bait, moon-phase or trapping site were discounted for the
catch discrepancy. Rather, it is suspected that the higher den-

h fh
and Hermes Atoll than at Maro Reef  with about half as much white
ulua!, may be responsible for the lower catch rates at Pearl and
Hermes Atoll.

Ulua Tagging

Approximately 500 white ulua ranging in size from 2 to 100
pounds were caught and tagged from French Frigate Shoals, Naro
Reef, Laysan Island, Lisianski Island, Pearl and Hermes Atoll,
and Kure Atoll to determine growth, movement, and density
estimates.

Most of the white ulua tagged ranged from 5 to 20 pounds.
In terms of catchability and the rate at which it was possible to
tag the white ulua, up to 40 fish from a school containing about
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200 individuals could be caught with two handlines and tagged
within the first half-hour of fishing. After that the catch rate
gradually declined.

To date, only one tagged white ulua has been recovered  at
Lisianski Island in 1979!. Unfortunately, without the identi-
fying numbered disc, it was not possible to extract meaningful
data from this fish. In the summer of 1980, two tagged fishes
were sighted at Maro Reef. Although effort was made to recapture
these fishes, they were not among some 67 fishes caught from a
school estimated to contain 200 individuals. However, examina-
tion of tagging records suggest that both fish were tagged in the
summer of 1978 at the same location. It is estimated that these
fishes doubled in weight from 8 to l6 pounds during the 2-year
periods

CONCLUSIONS

The purpose of the tripartite cooperative agreement was to
collect biological information of various resources for future
federal/state resource management plans that could adequately
address the concomitant concern for judicious utilization of
renewable resources while providing protection to the unique
wild1ife values of the NWHI.

Insofar as information concerning the nearshore fishery
resources, much of the data co11ected by the DAR are still in the
process of being tabulated and analyzed. A final report is
forthcoming.

The nearshore fishery resource assessment study identified
each island in the NWHI to be unique from the others' The dis-
parities among islands in species distribution and densities
could be useful as a source of information to estimate potential
impact on the ecosystem should development of a certain fishery
resource be proposed.

RRCOHMENDATIONS

In view of the present status of this study, and especially
since resource managers have not had the opportunity to review
the information collected from the nearshore waters of the NWH1,
any fishery resource management proposal for this area appears
premature at this time.
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