
Nearshore Research





THE STRUCTURE OF REEF FISH COMMUNITIES IN

THE HAWAIIAN ARCHIPELAGO: INTERIM STATUS REPORT

Edmund S. Hobson

ABSTRACT

The structure of reef fish communities in the Hawaiian

Archipelago is being studied as part of a broad investigation
of marine resources in the Northwestern Hawaiian Islands. To

date, communities have been sampled at eight islands or island
groups: Kure, Midway, French Frigate Shoals, Necker, Nihoa,
Niihau, Oahu, and Hawaii. Other locations will be sampled
soon. The following generalizations are evident in the data
collected so far, but remain tentative until sampling has been
completed.  j.! Forces that determine the distribution patterns
involve either environmental factors  including biological
interactions! or fishing pressures. �! Northwestern communi-
ties show close ties with communities in both the warm temper-
ate and the tropical western Pacific, but southeastern corrrmuni-
ties show close ties only with communities in the tropical
western Pacific. �! The predominant members of the north-
western communities, as a group, are better attuned 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. �! Many species prominent in
shallow-water communities in the northwest occur only in
deeper water southeastward. �! The southeastward distributions
of species in the northwestern communities are limited by both
environmental factors and fishing pressures, but the north-
westward distributions of species in the southeastern communi-
ties are limited only by environmental factors.
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IN TRODU CT ION

Our knowledge of reef fishes in Hawaii is based almost entirely on
what is known of the inhabitants of reefs surrounding the high islands.
Me know little of the fishes that live on reefs around those low bits of
land and expansive shallows that stretch more than 1,500 km northwestward
from the high island of Kauai. These are the Northwestern Hawaiian
Islands, a vast region that constitutes less than IR of the land area in
the archipelago, but about 65X of the marine environment between shore
and 100 fathoms  Bryan, 1954!. Clearly the reef resources here, still
virtually untouched by humans, greatly exceed those of the long exploited
high islands.

Not only do the reefs of the Northwestern Hawaiian Islands encompass
greater area, they also include more varied habitats. Although each of
the high islands offers many distinct reefs, it is a mix that tends to be
repeated from island to island, Probably this is because each high island
presents a similar underwater setting. Being in essence one or more large
volcanic peaks that block the prevailing wind and seas, they support dis-
tinctive windward and leeward reefs. And the area available for shallow
reefs around these islands tends to be limited to relatively narrow
shelves, beyond which the seafloor drops sharply to great depths.

In comparison, shallow reefs exist in highly dissimilar circumstances
from one end of the Northwestern Hawaiian Islands to the other. In part,
this is because they cover almost three times the distance and more than
twice the latitude covered by the high islands. Probably more important,
however, their topographies are more varied. Nihoa and Necker are most
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 sub-
merged platforms that provide more suitable depths for shallow habitats
than do the comparatively narrow shelves that surround the high islands.
Northwestward from Necker, conditions progressively become even more dif-
ferent. At French Frigate Shoals exposed volcanic rock is limited to La
Perouse Pinnacle, an anomalous basaltic structure that juts from amid
expansive shallows and low sandy islets. This and Gardner Pinnacles--
two precipitous volcanic rocks surrounded by a broad submerged platform-�
are the last bits of exposed basalt to 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 atolls,
even though they lie at high latitudes.

This great diversity of reef habitats strongly influences how fishes
are distributed over the archipelago. Because a species is defined by a
combination of characteristics adapted to specific environmental conditions,
it should be most successful where those conditions are best approximated.
Thus, its distribution should reflect its environmental requirements, The
importance of this concept to those that would manage Hawaiian fishes is
obvious. If we know both the requirements of a species and the charac-
teristics of a habitat, we should be able to predict that species occur-
rence in that habitat. And where the occurrence fails to meet the
prediction, it should be possible to identify the root of the discrepancy.
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So, 1 believe that study of how Hawaiian reef fishes are distributed over
the archipelago will identify many of the forces that shape their commu-
nities,

Several other investigations, past and present, contribute to this
effort. The project is based on my earlier study of reef fishes at: Kona,
Hawaii  Hobson, 1972, 1974! and is closely tied to current studies of the
reef benthos  see paper by Grigg and Dollar! on the same reefs. And
because I believe that trophic relationships are the major forces shaping
the structure af reef fish communities, I expect valuable interaction
with the current studies of trophic relationships among fishes in the
'northwestern Hawaiian Islands  see paper by Parrish et al.!.

This is a preliminary report on the project's current status. Antici-
pated contributions to the scientific literature include the distribution
patterns of certain key species done in collaboration with Leighton Taylor,
and an analysis of ecological relations in distribution patterns done in
collaboration with Richard Grigg.

METHODS

This study is based on direct observations, using SCUBA, of reef
communities between shore and depths of 20 to 35 m. Work at each island
begins with a general reconnaissance where representative habitats are
identified and all species seen are listed. Having acquired a general
familiarity with the area and its fauna, 25 x 4 m transect lines are
established in the representative habitats. My experience with transect
counts to assess fish communities under varied conditions has shown this
to be an effective sample area. A longer line too often cannot be con-
tained within a single type of habitat. Cryptic forms escape notice when
more than about 2 m from the line. Also, the standard 72 cu. in. diving
tank provides just a bit more air than it takes to complete a count at
the deeper stations.

The counts are made as follows. The preliminary reconnaissance and
previous experience have established species likely to be present, their
relative numbers, and their general behavior. As I lay out the line  a
fiberglass metric measuring tape!, moving rapidly, I count those species
that tend to avoid humans. Then I return along the line, counting those
species that are attracted to humans, but moving fast enough to avoid
repeated counts of those individuals that follow. Finally, I move slowly
back along the line, carefully inspecting crevices for cryptic, sedentary
forms that readily go unnoticed. I spend 40 min. on each count so that
each habitat receives equal attention, and during this time note any fish
within the sampled area that I have reason to believe was not counted
earlier. The tally generally includes more individuals than are in the
area at one time. With the limited number of counts I am able to make,
this methodology has proven the most effective way to determine which
species frequent the sampled habitat. It does not, however, provide data
for projections of biomass.

To make the counts more accurately reflect community structure, it is
necessary to make an adjustment for certain species, generally grazing
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acanthurids or scarids, that roam over the reef in exceptionally large
aggregations. Typically these aggregations include several hundred indi-
viduals, and experience has shown that their chance entry- � or non-entry�
into the sample area will produce a distorted picture of community
structure. The problem is exaggerated in this study because there is
opportunity for just a relatively few transect counts in any one place.
I have concluded that it is best to record these schools  estimates of the
number of individuals! as footnotes, whether or not they enter the same
area, and not use them in calculating the index used to characterize corn-
munity structure. This procedure seems to be working out. Generally when
such schools are present there are enough conspecifics present apart from
these large schools to rank the species among the major components of the
community.

The counts are not without inherent bias. Generally, highly cryptic
forms like muraenid eel~ are grossly underrepresented. In some habitats
the same is true of certain nocturnal species, like holocentrids, that
spend the daytime under cover. And although the water was clear enough
at all stations to include the entire water column in the counts, certain
very small species like atherinids and engraulids that school just under
the surface were not included because their numbers, and sometimes their
identiLies, could not be determined consistently in observations made from
the seafloor. These problems, however, applied equally to all counts, so
do not weaken the comparisons.

Finally, I did not count small juveniles because their numbers vary
greatly with the season and from year to year for reasons unrelated to
conditions on the reef. Their inclusion ~ould, in fact, obscure, rather
than clarify, the adaptiveness of the established adult to the habitat
under study.

Following the transect count, I inspect the surrounding area for other
species, noting their relative abundance, and any indications that the
transect counts might have produced a misleading assessrrrent of the cornmu-
nity. These supplemental observations contribute to the interpretations
drawn from the transect data and are especially important as added support
when a species is noted to be absent.

Eight islands, or groups of islands, have been sampled to date
 Table 1!.

RESULTS

Tern oral variations in communit structure

The communities at different locations in the archipelago are being
sampled at different times--often one or more years apart, There would
be serious problems with the comparisons if the communities change much
from year to year. But their major components, at least, remain essen-
tially unchanged over the period of time involved here, as determined by
transect counts made at Kona over three years and at Midway over two
years, Because space is limited here, I present data from just one site
at each location  Tables 2 and 3!, but two other sites at Kona and
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'I'ABLE I. STATTONS WHERE THE FISH COMMUNITI ES HAVE BFEN SAMPLED WT'l'H
'I'RANSECT COUNTS AND OTHER OBSERVATIONS, JULY 1977 'l'0
SEPTEMBER l979

No. Transect No. Depth Depths of
Sites Transects  m! General Obs.

 m!
Island Dates

2-12 shore to 3536Hawaii

7-10 shore to 35Oahu

TABLE 2 MAJOR SPECIES ON ONE CORAL REEF AT KONA, HAWAII

Relative Abundance Index
I

1977

Rank Species 1977 1978 1979

Chromia ~allis 19. 1
Ctenochaetos ~stri osns 12.7
Zebras orna f 1 ave scens 12. 1

Chaetodon multicinctus 8.4

6.3

6.1

4.4

Chromia vanderbilti

Thalassoma ~deere
Acanthurus

Plectro 1 phidodon
3.3

3.1

2.4

3.0 �!
3. 3 �!
2. 8  8!

j ohns t onion s
~Centre gc potteri

1.8  8!
3-8 �!
1.8  8!

9

10 Chromis hanui

transects

x no. Sp. 33
x no. ind. 159

4 transects

x no. sp. 35
x no. ind. 191

4 transects

x no. sp. 34
x no. ind. 185

l
Relative Abundance Index is the percent of all individuals counted that
were of this species.

2
Numbers in parentheses indicate rank that year if in top 10.

Niihau

Nihoa
Necker

Fr. Frig.
Midway
Ku Ye

l

2

3 4 6 7
8

7/77; I.O/78;
9/79
7/77; 11/77;
10/78; 5/79;
9/79
11/78
ll/78
11/78

Sh. 11/78
8/77; 9/79
8/77; 9/79

4 4 2 8
16

14

7 � 10

8 � 10

l5

9 � 12

2 � 12

2 � 12

18.0 �!
15.8 �!
.16.6 �!
10.1 �!

0.9

4.4 �!
1.7  9!

shore to 20

shore t n 35

shore to 20

shore to 20

shore- to 35

shore to 35

18. 5 �!
15.4 �!
13. 8 �!

8-3 �!
4. 7 �!
3 4 �!
1.0



TABLE 3. MAJOR SPECIES OUTSIDE WINDWARD REEF AT MIDWAY ATOLL
 ONE LOCATION!

Relative Abundance Index

1977

Rank
1977Species 1979

Acanthurus trios~to us
Chromia ovalis

Acanthurus

amaenus

~ite gates fascioiatus
~K hosus cinernscens
The lassoes ~du erre i
Acanthurus ~ni roris
Abudefduf abdominalis

Thalassoma ballieui

2 transects

x no. sp. 35
x no. ind. 223

transects

x no. sp. 33
x no. ind. 316

1
Relative Abundance Index is the percent of all individuals counted
that were of this species.

2
Numbers in parentheses indicate rank that year if in top 10

another at Midway produced similar results. Not only do the same species
predominate from year to year, but they do so in approximately the same
relative numbers. It is important that this condition exists at both ends
of the archipelago, because fish community structure can be more change-
able at higher latitudes  unpublished data!.

S atial variations in communit structure

I have yet to sample certain important locations in the archipelago,
e.g., Gardner Pinnacles, Maro Reef, Laysan, and Pearl and Hermes, so many
relationships remain unexamined. Nevertheless, data now in hand illustrate
certain patterns that probably are significant.

Because the reef habitats change progressively from one end of the
archipelago to the other, it is meaningful to compare conditions on the
island of Hawaii with those at Midway-Kure. It is striking that the
major species at Kona tend to lose dominance northwestward until they are
rare or absent at Midway-Kure  Table 4!, whereas the major species at
Midway-Kure, wh'le they tend to decline somewhat in relative numbers
southeastward, nevertheless are generally more evenly distributed over the
archipelago  Table 5!.
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2 3 5
6 7
8 9

10

16.3

14.2

12.3

7.0

6.3

5.4

4.9

4.7

2.7

1.9

11.7 �!
13.9 �!
12.8 �!

6.1 �!
8.5 �!
4.9  8!
8. 5 �!
0.4

7.6 �!
2.9  9!



TABLE 4. NORTHWESTWARD OCCURRENCES OF MAJOR SPECIES ON TRANSECT LINES

AT KONA, ISLAND OF HAWAII

French Midway-
Hawaii Oahu Nihoa Frigate S. KureSpecies

Chaetodon multicinctus

Plectro 1 hidodon

Chromia ~a ilia
C. vanderbilti

Acanthurus i

Zebrasoma flavescens

Ctenochaetus ~stri usus

1Listed are the species that represented 	0% of all individuals counted
on any one of the 36 Kona transect lines. Asterisks represent the largest
percent of all individuals counted that were of that species on any one
transect line at each location.

**

0 = not seen,

A*fcA = ! j 0% *** = $ 9%

~ = seen  but not on transect!
* mt <1%

TABLE $. SOUTHEASTWARD OCCURRENCES OF MAJOR SPECIESl ON TRANSECT LINES
AT KURE AND MIDWAY ATOLLS

Kure- French

Midway Frigate S. Nihoa Oahu HawaiiSpecies

Chromis ovalis

~Dasc llus alhisella
~Ate gates fasciolatus
Thalassoma ~duperre i
T. ball ieui

Scarus dubius

S. sordidus

Acanthurus

A. ~ni roris
A, ~trioste us

1Listed are the species that represented 	04 of all individuals countedo

on any one of the 30 Midway to Kure transect lines. See footnote I of
Table 4 for explanation of symbols.
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I be1ieve that the combination of exploratory reconnaissances,
general observations, and transect counts produced reasonable species
lists for most locations. If so, the patterns of occurrence of even the
relatively minor species in these lists can be meaningful. The data show
that 21 of the species seen more than once on transect lines at Kona were
not seen on transects or during other observations at Kure or Midway, and
12 of the species that recurred on the transect lines at Kure and Midway
were not seen on transects or during other observations at Kona  Table 6!.

Generally the comparisons drawn in this report are limited to obser-
vations made during this study. This is to reduce the bias that would
othert. ise stem from my many observations in the high islands, especially
Hawaii and Oahu, during previous years. It is significant, however, that
during all of my intensive work at Kona, I saw only one of the species
listed in part ll of Table 6 � an occasional Caranr ~i nobilis. Similarly,

Genicanthus personatus � seen repeatedly on reefs as shallow as 20 m at
Midway and Kure  though not on transect lines! have not been seen in the
high islands.

The shift in community structures from one end of the archipelago to
the other is not a smooth progression. The various islands, and certain
groups of is1ands, have distinct features that influence their fish commu-
nities. This was most evident at French Frigate Shoals. Two relatively
common species, Chaetodon trifascialis and Chaetodon citrine1.lus, were not
seen elsewhere in the archipelago during this study. Chaetodon trifascialis
invariably occurred with coral of the genus ~Acro ora whi,ch dominated some
reefs there, but is rare or absent elsewhere in the archipelago  see paper
by Grigg and Dollar!. An additional feature of fish cornrnunities in the
Northwestern Hawaiian Islands is the relatively high incidence in shallow
water of the large terminal male phase of many labrid species. Mos t
prominent are: godianus bilunulatus, Curie flavovittata, ~Anam ses cuvier,
Thalassoma ~ur ureum, and Thalassoma ballieui. These are especially
numerous at Midway and Kure.

DISCUSSION

It is premature to draw broad generalizations about the structure of
reef fish communities throughout the archipelago because too many critical
locations remain unsampled. Nevertheless, the data in hand suggest certain
patterns likely to be strengthened by future sampling.

Because conditions differ so from one end of the archipelago to the
other, it is not surprising that dominant species vary from place to place.
Forces likely to limit distribution of the various species fall broadly in
one of two categories: environmental factors  including biological inter-
actions! and fishing pressures.

Undoubtedly, a great variety of environmental pressures exist in the
wide range of reef habitats between the island of Hawaii and Kure Atoll.
These would be expected to influence both the northwestward distribution
of species more prominent in the southeast  such as those at Kona, Tables
4 and 6, part I!, and the southeastward distribution of species more
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TABLE

1
I. Species that recurred at Kona Most northwestward sighting

Niihau

French Frigate Shoals

Niihau

Nihoa
Kona

11

French Frigate Shoals

11
112

14.

15.

16.

17.

18.

Naso lituratus
N. brevirostris

Pl ' t Eosiinei

Cantherines sandwichiensis

Necker

French Frigate Shoals
Kona

11
19

20

~Purva or
Ostracion solorensis

French Frigate Shoalsamboinensis21.

Most southeastward sightingII. Species that recurred at Midway-Kure

Nihoa

Midway~Dstichth s Eilwaxii
E ' h 1 s Enemas
0 1 th s fasciatus

l.

2.

3.

4.

5.
6.

0. Eunctstus
Goniistius vittatus French Frigate Shoals

Necker

Midway
Caranx ~tnobilis
C. cheilio

C d f erdau

~E ibulus insidiator
Cheilinus bimaculatus

7.

8.

9.

10.

11.

French Frigate Shoals
Oahu

Cheilio inermis12.

1 Other than species listed in Table 4.

2 William
1978.
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l.

2.

3.
4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

6. SPECIES THAT RECURRED ON TRANSECT LINES AT ONE END OF THE
ARCHIPELAGO, BUT WERE NOT SEEN AT A5Y TIME AT THE OTHER END

Aphareus furcatus

~Peru ensue bifasciatus
Chaetodon ~ehi ium
C. reticulatus

lineolatus

Plectro lyphidodon sindonis
Curie Eaimard
Thalassoma fuscus

T. uin uevittata

S c grus rub rovio laceus

Ctenochaetus hawaiiensis

Walsh, University of Hawaii, personal communication, November



prominent in the northwest  such as those at Kure-Midway, Tables 5 and
6, part II!. Fishing pressure, too, would be expe< ted to have an impact.
But because, historically, fishing by humans has been concentrated in the
southeastern part of the archipelago, a measurably impact would be
expected only in the southeastward distributions of certain species more
prominent in the northwest.

Environmental factors that limit distribution northwestward

All of the species more prominent at Kona  Tables 4 and 6, part I!
demonstrate a close relationship with fishes in more southerly waters of
the tropical western Pacific. Even the one Hawaiian endemic among the
major forms � Chaetodon multicinctus � has a close Indo-West-Pacific analog,
C. unctatofasciatus  Gosline, 1956!. From this evidence alone one might
expect these species to be limited northward by l.ower water temperatures,
and undoubtedly many are. But at least over the southeastern half of the
archipelago � from the island of Hawaii to French Frigate Shoals � it seems
that other environmental factors are more powerful than water temperature
in determining the distribution patterns of at least some species.

p. 248! reported to be "...probably second in abundance among surgeon-
fishes in Hawaii only to the manini"  A. ~trieste us!. ttased on its

is dominant only where much of the seafloor is exposed basalt--a widespread
feature of high-island reefs. I.ts dependence on some factor related to
exposed basalt seems evident through the Northwestern Hawaiian Islands as
far as French Frigate Shoals, where its prominence is confined to La
percuss pinnacle, the only location there with exposed basalt. A. ~ni ro-
fuscus was not seen at Midway or Kure, where exposed basalt is absent.>
A similar dependence on some factor associated with exposed basalt, but
with an added feature associated with surge-swept shallows, is suggested
in the distribution patterns of the pomacentrids Plectro I hidodon

It would also appear that forces other than those associated with
water temperatures limit the distribution of Zebrasoma flavescens into
the Northwestern Hawaiian Islands. In this case, the limiting factor
seems related to the absence there of well-developed lee shores. On the
high islands--at least Oahu and Hawaii � this species is prominent only in
certain leeward habitats  Brock, 1954!.

Despite the low water temperature during the winter at French Frigate
Shoals, the reef habitats are more favorable to at least some Indo-West-
Pacific forms than are reef habitats in the high islands, such as corals
of the genus Acropora and the co-occurring butterflyfish Chaetodon trifas-
cialis. These species, common throughout most of the tropical Indo-Pacific

Hawaii is questioned by the widespread prominence oi A. ~elon atus�

less coral reefs of the Marshall Islands  Schultz and Woods, 1953! .
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region, are rare or absent from most of the Hawaiian Archipelago, in the
south as well as in the north.

The butterflyfish Chaetodon citrinellus is another species widespread
in the Indo-Pacific region and common at French Frigate Shoals, but was
unseen elsewhere during this study. Gosline and Brock �960! considered
it to be rare in Hawaii.

The element favorable to certain Indo-West-Pacific species in reef
habitats at French Frigate Shoals, but not around the high islands, is
unknown. Perhaps barrier reefs that enclose expansive shallows � a promi-
nent setting here and in the western Pacific, but limited around the high
islands � establish some required element. Barrier reefs are widespread
northwestward from French Frigate Shoals to Midway and Kure. I am anxious
to sample the intervening islands--Gardner Pinnacles, Maro Reef, Laysan,
Lisianski, and Pearl and Hermes � to determine where the various Indo-West-
Pacific forms prominent at French Frigate Shoals, but absent at Midway-
Kure, drop aut. Because Midway and Kure are coral atolls, they must
satisfy many of the environmental requirements of these species. But
water temperatures on shallow reefs there drop below 18'C  Mauck, 1975!,
which probably are intolerably for many. However, low water temperatures
have not limited ~E ibulus insidiator. This Tndo-West-Pacific labrid
apparently finds some needed environmental feature on reefs from French
Frigate Shoals to Kure Atoll that is lacking on the volcanic islands to
the southeast.

Environmental factors that limit distribution southeastward

The major species at Midway-Kure  Table 5!, like the major species at
Kona, discussed above, are closely related to fishes on the tropical
western Pacific. But considered together, they probably are more repre-
sentative of the Hawaiian fauna than is the Kana group. More evenly dis-
tributed over the archipelago, the Midway � Kure group includes four Hawaiian
endemics  Chromia ovalis, ~Duse llus albisella, Thalassoma ~du erre i, and
T. ballieui!, compared to only one  Chaetodon multicinctus! in the other
groups. Hence, the Midway-Kure group would seem generally more at tuned to
the Hawaiian environment.

A new element enters the di.scussion, however, when we consider those
species less numerous than the above which nevertheless occurred in
Midway-Kure transect counts, but absent at Kona  Table 6, part II!. Among
these are species that demonstrate close ties with more temperate regions

prominent in coastal waters of Japan, where they are popular game fishes
 Masuda et al., 1975!. Despite their common occurrences at Kure and Nid-

tatus has not been recorded in Hawaii until now and 0. fasciatus has been

recognized from just one specimen taken almost a century ago. Gosline and
Brock �960! considered it a dubious record.

Similar ties to warm temperate western Pacific habitats are suggested
by the frequent occurrences on shallow �0 to 20 m! reefs of Ostichth s
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were not counted on transect lines but were seen repeatedly elsewhere!.
Both 0. pitwaxii and H. typus occur in Japanese waters, as do close rela-
tives of G. vittatus  Masuda et al., 1975!, but here still another dimen-
sion enters the discussion: variations in depth of occurrence with
latitude. Although H. ~t us appears to be genuinely rare to the southeast
[Gosline and Brock �960! were aware of just two specimens], the popula-
tions of 0. Hilwaxti and G. vittatus seem limited to deeper water. based
on experience centered in the high islands, Gosline and Brock �960! made
no mention of 0. Hilwaxii fas 0. ~a onicus! being uncommon, but noted
 p. 143! that it "...is probably the deepest water species of all the
holocentrids." And they reported  p. 203! that G. vittatus  as Cheilodac-
~t lus vittata! is "...not uncommon in water about 100 feet deep."

It is a well recognized principle of zoogeography that fishes widely
distributed over latitude occur in deeper water toward the equator  e.g.,
Hubbs, 1948!. Furthermore, studies along the North American west coast,
where the pattern is reversed with local upwelling, have shown that the
phenomenon is based on water temperatures  Hubbs, 1948!. So we should
expect a straightforward relation between depth and water temperature to
account for the distributions of at least some of the species that inhabit
shallow reefs in the northwest, but only deeper reefs further south. This
may account for the distribution of the angelfish Genicanthus ersonatus,
for example, which is relatively common on reefs 20 to 30 m deep at Midway
and Kure, but which has been reported only from deep water around the high
islands  Randall, 1975!. And it may explain why the large terminal male
phase of the labrid Bodianus bilunulatus lives on reefs as shallow as 1 to
2 m at Midway and Kure, but at'. Kona rarely occurs in shallower depths than
20 m. It may even account for the similar distribution of the grouper

5 m at Kure and Midway, but which frequents fairly deep water southeastward
 Gosline and Brock, 1960!. In this last case, however, the situation is
clouded by yet another consideration � fishing pressures.

The im act of fishin ressures on distribution

the southeast might reflect increased fishing pressures. Certainly E.
Huernus is an easy mark for spear fis'herman, who without doubt have taken
a heavy toll of shallow � water reef fishes around the high islands. Similar
uncertainty surrounds the southeastward occurrences of Caranx cheilio.
This species was represented on transect lines at Midway that were in
depths of 5 m  Table 6, part II!, but it was not seen at French Frigate
Shoals or southward. Does this reflect fishing pressures or restriction
to deeper water in the south?

The marked decrease in numbers of some species southeastward cannot
be attributed to population shifts into deeper water, however, because
they inhabit shallow reefs throughout the archipelago. Certainly the

may find some environmental feature of high-island reefs unfavorable, as
they seem generally sparse there. Others, however, are known to thrive
on reefs of the high islands, and their current low numbers in the study
areas likely reflect fishing pressures. Considering just those listed in
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fishermen, and C. ~i nobilis is coveted by spear fishermen and shore fisher-
men alike. A similar appraisal of the species more prominent in the south
 Tables 4 and 6, part I! fails to suggest species likely to be subjected
to strong fishing pressures. Of the species listed, only the grouper
C h i h 1' ~ar us and the snapper ~A heraus yurcatus would seem likely

its range northward since it was introduced into the high islands from
Tahiti several decades ago, and A. furcatus, a relatively small, generally
solitary species, is not particularly sought after,
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PROGRESS REPORT ON THE NEARSHORE FISHERY RESOURCE ASSESSMENT

OF THE NORTHWESTERN HAWAIIAN ISLANDS: 1977 to 1979

Henry Okamoto and Paul Kawamoto

Division of Fish and Game, Department of Land and Natural Resources,
1151 Punchbowl Street, Honolulu, Hawaii 96813

ABSTRACT

The State Department of Land and Natural Resources, Division
of Fish and Game is currently engaged in a study to assess the
nearshore fisheries resources of the Northwestern Hawaiian
Islands  NWHI! pursuant to a Tripartite Cooperative Agreement
with the National Marine Fisheries Service and the U.S. Fish
and Wildlife Service. Preliminary results obtained by various
data collecting methods suggest that the fishery resources in
the nearshore area of the NWHI are basically similar to that
of the main Hawaiian Islands. Shallow shoreline areas along
certain islets were found to be densely populated with fishes.
Fish species rare or unknown to the main islands were noted in
the Northwestern Hawaiian Islands. Other species common to the
main islands appeared to diminish northwestwardly along the
NWHI chain. Large fish were common in the nearshore area.
Stomach content examinations indicated that the diets of
selected species of commercially valuable fishes varied
widely.

INTRODUCTION

The nearshore waters of the Northwestern Hawaiian Islands  NWHI! are
reputed to have excellent fishing potential that could enormously benefit
the fishermen of Hawaii. In recent years, increased attention given 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 Department of Land and Natural Resources  DLNR! of
the State of Hawaii formally entered into a five-year cooperative agree-
ment with the National Marine Fisheries Service  NMFS! of the U.S. Depart-
ment of Commerce, and the Fish and Wildlife Service  FWS! of the U.S.
Department of the Interior to intensively survey and assess the
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terrestrial and marine resources of the Northwestern Hawaiian Islands.
The DLNR's Division of Fish and Game was made responsible for the collec-
tion of baseline data on the nearshare living resources from the fast land
areas exposed to spray and wave action seaward to about 66 feet in depth.
Totally, the nearshore area comprises nearly 300,000 acres. With the
terrestrial and offshore resource assessment studies being conducted by
the FWS and NMFS, respectively, 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, this is our fourth
year of field research under this agreement. The nearshore surveys accom-
plished to date have been made possible through funding support provided
by the Dingell-Johnson Federal Aid in Fish Restoration Project, "Fishery
Resource Assessment of the Northwestern Hawaiian Islands."  Proj ect No.
F-l7-R, Study No. III, Job No. 3.!

Primary objectives of the nearshore fishery resource assessment study
are to determine fish species composition and diversity and to obtain
estimates of their densities. In addition, the size ranges, distribution,
annual and seasonal variation of abundances, diet, spawning periods,
growth, migration, behavioral characteristics, and ciguatoxin level of
certain fish species were investigated. Moreover, identification of
macro-algae and macro-invertebrates, density estimates of certain shell-
fish, and behavioral characteristics of certain wildlife were noted.

METHODS

The National Oceanic and Atmospheric Administration's research
vessel, Townsend Cromwe11., was utilized as the primary platform from which
smaller crafts were launched to carry field research parties to the near-
shore areas for the NWHI study. The U.S. Coast Guard also provided
logistical support to survey Kure Atoll in December 1979.

Data on fish species composition, density, and size distribution are
primarily obtained through underwater dive fish transecting techniques
that are modified as necessary to allow quantitative and qualitative
inventory of the biota and habitat. Generally, this involves the laying
down of a pre-measured transect line extending up to 250 yards along which
fish species on both sides of the line are counted and their sizes esti-
mated. Tabulation of fish species and their sizes are also accomplished
within a 100-foot diameter circular underwater area to diminish the risks
of encounters with sharks and to enable the surface support craft to
anchor in close proximity to the divers. Our diving activities were con-
ducted in depths ranging from 5 to 20 feet because of restrictions imposed
on the use of SCUBA equipment until diving standards are formally estab-
lished.

Other methods to determine fish species composition and sizes include
the collection of samples with hook-and-line, thrownet, and spear. These
collections provided the specimens for determining identification, size,
stomach content, sex, and gonad development. Fish samples were collected
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for other researchers to study age through otalith examination and cigua-
toxicity through tissue analysis. Additionally, samples of macro-
invertebrates and macro-algae were hand-collected and brought back for
identification and other scientific research purposes.

Specimens of ulua were obtained by handline fishing for tagging.
The tags, numbered plastic discs strung on a 100-pound break-strength
monofilament line, were passed through and tied below the dorsal fin of
the fish while length measurements were being taken.

RESULTS AND DISCUSSION

To date we have surveyed about 50/ of the nearshore area in the
Northwestern Hawaiian Islands. The data collected thus far tend to indi-
cate that the fishery resources in the NWHI are by and large similar in
composition to that of the main Hawaiian Islands with a few different
fish species.

Surveys were conducted at the splash zone on all of the island areas
in the NtttHI except for Maro Reef where no emerged land was observed. Sub-
strate types were predominantly lava rocks, limestone, and sand. Lava
rock substrate dominated the splash zone at Nihoa and Necker Islands, La
Perouse Pinnacle in French Frigate Shoals, and Gardner Pinnacles whereas
limestone foundations were common to Laysan, Lisianski, and Midway Islands,
Kure Atoll, and Pearl and Hermes Reef. Permanent sand beaches occurred
at all islands except Necker Island and Gardner Pinnacles.

The 'ohiki or ghost crab  Ocyoode spp.! were the only organisms
observed on the permanent sand beach habitat. In contrast, a variety of
macro-invertebrates and macro-algae species were recorded on lava rock
and limestone habitats. Invertebrates that were common to the lava rock
habitat were the 'opihi  family Patellidae!, ha'uke'uke  Colobocentrotus
atratus!, pipipi  family Nerftidae!, periwinkle  family Littorinidae! and
a'arne crab  ~Gra sus !Lraysus!. Macro-invertebrates on limestone substrates
included periwinkles and a'ama crabs, but there were noticeably less on
lava substrates. Exceptions were noted at Laysan Island and Kure Atoll
where large quantities of periwinkles and a'ama crabs, respectively, were
observed. Macro-algae species common to rocky limestone and lava sub-
strates in the splash zone were the green algae, ~Cooler a racemose, and
the red algae, Gelidiella sp.

Inner nearshore zone

Surveys in the inner nearshore zone revealed large concentrations of
o

 ~Mu il ~ce halus! and iao  Pranesus insularum! throughout most of the
island areas in the Northwestern Hawaiian Islands.

The largest concentration of shoaling fishes in the inner nearshore
zone was observed in 1977, when an estimated 16,000 pounds of one-half
pound size aholehole, 12,000 pounds of one to five-pound size moi, 1,000
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pounds of three to five-pound size 'ama'ama, and 100 pounds of one-pound
size akule  ~Trachuro s crumeno hthaimus! were recorded from Southeast,
Grass, and Seal-Kittery Islands of Pearl and Hermes Reef. These same
locations, when resurveyed in 1978, provided an estimated 15,000 pounds
of aholehole, 5,000 pounds of moi, 4,000 pounds of 'ama'ama, and 30 pounds
of akule, all of similar sizes as that of the previous year. In addition,
North Island of Pearl and Hermes Reef was also surveyed in 1978 when an
estimated 10,000 pounds of three to five-pound size 'ama'ama were observed.

Outer nearshore zone

A total of 184 underwater fish counts have been conducted at all

island areas in the NWHI during the past three years and the numbers for
each island area are summarized in Table l. Of the 184 fish counts, 33
are repetitive counts from 25 fish transect stations which, although
varying in fish densities and composition to some degree, do not' indicate
significant annual variation in the fish population. Further, some pre-
liminary data on winter surveys conducted at Kure Atoll suggest that piha
 S ratelioides deiicatulus! and kawakawa  ~Euth nnus at finis! are not
nearly as abundant during the winter as compared to the summer months.
Also, the gray reef shark  Carcharhinus ambi rh chos! appeared to be more
abundant in the nearshore waters during the early rather than the latter
part of the summer season.

TABLE 1. NUMBER OF FISH COUNTS CONDUCTED BY LOCATION IN THE

NORTHWESTERN HAWAIIAN ISLANDS DURING 1977-79

Number of Fish Counts
Location

Initial Survey Resurvey Total

Nihoa

Necker Island

French Frigate Shoals

Gardner Pinnacles

Maro Reef

Laysan Island

Lisianski Island

Pearl and Hermes Reef

Midway Islands

Kure Atoll

28 39

13 16

15 18

16 18

4639

26 28

184151 33Total
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While 176 fish species have been recorded through the fish tran-
secting, general observation and specimen col.lecting activities have
accounted for nine additional species, bringing the total number of fish
species observed to 185. The tiger shark  Galeocerdo cuvier!, for exam-
ple, was recorded through observation surveys conducted from skiffs and
appeared to be abundant at certain locations such as off Maro and Pearl
and Hermes Reefs and Laysan and Lisianski Islands. At Lisianski Island,
six 12 to 14-foot tiger sharks were recorded from an area of about one-
half square mile during a single morning's observation.

TABLE 2. NUMBER OF FISH SPECIES RECORDED BY LOCATION FROM

THE NORTHWESTERN HAWAIIAN ISLANDS DURING 1977-79

Number of Fish Species Recorded

Other

Survey
Methods

Location Underwater

Fish Counts
Total

80 88Nihoa

Necker Island

French Frigate Shoals

Gardner Pinnacles

Maro Reef

Laysan Island

Lisianski Island

Pearl and Hermes Reef

Midway Islands

Kure Atoll

60 68

115 18 133

30 10 40

72 80

97 104

81 90

112 14 126

71 80

16 10084

Of the 185 fish species noted, 17 were common to all islands and
13 species have been enumerated from 9 of the 10 island areas in the
NWHI. Fish species recorded from all islands were the gray reef shark,
piha, cornetfish  Fistularia commersoni!, white ulua  Carson ~i nobilis!,
moana  Faru ensue multifascistus!, nenue  ~K hosus cinerascens!, the
butterflyfishes  Chaetodon fremblii and Chaetodon miliaris!, a'awa
 Bodianus bilunulatus!, saddleback wrasse  Thalassoma ~du erre i!, ho'u
 Tha!.assume ~ur ureum!, hinalea lauhine  Thalassoma ballieui!, manini

 Acanthurus ~ni roris!, kala  Naso unicorni.s!, and kihikihi  Zanclus
cornutus!. Table 2 below reflects the number of fish species recorded by
the individual island areas of the NWHI group.



Generally, the number of acanthurid species appears to diminish in a
northvesterly direction along the NWHI chain. For example, species common
to nearshore areas throughout the main Hawaiian Islands, such as the nae'
nae  Acanthurus olivaceus!, were not observed beyond Maro Reef, and the

were not seen beyond Laysan Island. Further, the achilles tang  Acanthu-
rus achilles! dropped out of our fish counts after Lisianski Island.

The number of triggerfish species also exhibited a diminishing trend
in a northwesterly direction. Although commonly observed in the nearshore
areas of the main Hawaiian Islands, the two humuhumunukunukuapuaa species,

beyond Necker Island. The triggerfishes Sufflamen bursa and Sufflamen
frenatus were only observed at Nihoa on the southeastern end of the NWHI
chain.

On the other hand, the butaguchi ulua  Caranx cheilio!, which is rela-
tively rare in the main Hawaiian Islands and found only in deeper waters
of over 30 fathoms, was observed in very shallow waters � feet! and in
occasional large groups of 200 to 300 individuals at Kure Atoll.

With regard to species missing from or rare to the main Hawaiian
Islands nearshore habitat, the butterflyfish Chaetodon trifascialis, pre-
viously known only from a juvenile caught in Kaneohe Bay, Oahu, was
observed off La Perouse Pinnacle in French Frigate Shoals. This butter-
flyfish is believed to be almost exclusively dependent upon polyps of the
~Acro ora coral for food, which is present in the tfwhf hut very rare in the
main Hawaiian Islands. Another species relatively common in the NWHI
group but rarely seen off the main Hawaiian Islands is the sling-jaw
wrasse  ~E ibulus insidiator!.

The family Oplegnathidae was represented by two species in the NWHI

in the Northwestern Hawaiian Islands, these fishes were not abundant in
the nearshore area.

occur, but not documented, in waters off the main Hawaiian Islands, was
recorded in the fish counts at the NWHI.

Depending on the selection of locations for the underwater fish
counts, considerable variation in fish densities were noted. Generally,
fish densities were low in flat-bottom areas and ranged from zero to a
few pounds of fish per acre. Conversely, higher standing fish crops were
recorded where the bottom profile was irregular. The highest standing
crop of l0,867 pounds of fish per acre represented by 36 fish species was
recorded at such a habitat off Kure Atoll, with the weke  Nulloidichth s vani-
colensis!, nenue, and the butaguchi contributing significantly to this
density.

The nenue appears to contribute most to the biomass of the fisheries
in the outer nearshore zone of the Northwestern Hawaiian Islands.
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In terms of numbers, the baitfish piha far outnumbered other species
of fishes in the outer nearshore zone, but their small size � to 2
inches! did not contribute much in terms of weight.

Many species of fish in the nearshore area of the NWHI appeared to
be larger than those in the main Hawaiian Islands. For example, large
wrasses such as the hilu  Coris flavovittata! and ho'u  Thalassoma
pur~ureum! ranging from 14 to 18 inches in length were commonly observed
in the NWHI, but such large sizes are rarely seen in the main Hawaiian
Islands. The white ulua appeared to be an exception. Although 60 to 80-
pound size white ulua were abundant in the NWHI, the larger sizes of over
100 pounds, which are occasionally caught off the main Hawaiian Is?ands,
were rarely observed.

White ulua at Pearl and Hermes Reef and Lisianski Island exhibited
extremely aggressive behavior by nipping at the diving personnel during
the fish counts. The spinning propellers of outboard motors operating
at slaw idling speed were also frequently attacked by the larger size
ulua.

White ulua ta in

In 1978 and 1979, some 343 white ulua ranging in size from 2 to 100
pounds were caught and tagged from French Frigate Shoals, Maro Reef,
Laysan and Lisianski Islands, Pearl and Hermes Reef, and Kure Atoll to
determine growth and movement of the species. Most of the fishes tagged
ranged in the 5 to 10-pound classes. In terms of catchability and the
rate at which it was possible to tag the white ulua, we found that for a
school of fish containing about 200 individuals, up to 40 fish weighing
between 2 and 10 pounds could be caught with two handlines and tagged
within the first half-hour of fishing at Maro Reef and Lisianski Island.
The catch rate then gradually declined beyond the first half-hour of
f.ishing effort. Of 155 fish tagged in 1978, one white ulua was recovered
at Lisianski Island in 1979 which is the only recovery we have to date.
Unfortunately, without the identifying plastic disc tag, it was not pos-
sible to extract meaningful data from the fish. There is a need to con-
sider alternative tagging methods, however.

informarion derived from fish seam les

A total of 921 fish specimens representing 66 species were collected
by various methods. In addition to providing length and weight data, the
specimens were used to evaluate dietary items, sex, gonad conditions,
ciguatoxin levels, and age analysis of select fish species by appropriate
research investigators.

Some 833 samples representing 64 fish species were examined for
stomach contents, The 15 fish species contributing significantly to the
fish biomass in the nearshore area and their primary diet items are as
follows  the numbers enclosed by parentheses reflect the number of indi-
vidual fishes examined!:
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Nenue �8! . Brown algae comprised the major diet of this
species although red and green algae were also consumed. In
addition, fish and crustacean remains were present. Based
on the condition of food found in the stomach, the nenue
apparently feeds during both day and night hours.

Nanini �6! and Maiko �!. Selected types of green and red
algae were favored over brown algae for these diurnal feeders.

Ama'ama �9!. Diatoms are the primary food of this species
which appeared to ingest a considerable amount of fine sand
particles during its day feeding activities.

Uhu �! Gut contents of the diurnal feeder Scarus

ers i ill t s were similar to those of the mullet with finely
crushed sand coral particles, and what appeared to be green
algae.

A'awa �2!, Hinalea lauhine  8!, and Hou �7!. Sea urchins,
brittle stars, gastropods, crabs, lobster appendages, fishes,
algae, and corals appear to be the primary diet items of
these day-feeding species.

Aholehole �5!. Diet items were primarily juvenile crusta-
ceans that included crabs, shrimps, spiny  Panulirus spp.!
and slipper  family Scyllaridae! lobsters, and stomatopods.
Other items, including polychaete worms and small fishes
such as piha, were also a part of the diet of this nocturnal
feeder.

Weke-a'a  Mulloidichth s flavolineatus! �7!. This species
is primarily a nocturnal feeder; its stomach contents showed
crabs, shrimps, and polychaete worms which occur in sandy
substrates to be the major food items.

Noi �8! . Food items recovered f rom stomachs examined indi-
cated shrimps including the penaeids, crabs, stornatopods,
juvenile lobsters, octopus, and small fishes such as piha
and the filefish f~Perva or ~s ilosoma! to be the primary food
items of this nocturnal feeder.

White Ulua �04! and Omilu �7!. Stomach contents of the
white ulua, which appeared to be primarily a night feeder,
included spiny and slipper lobsters, shrimps, portunid crabs,
octopuses f~Octo us ~canes and ~Octo us ornatus!, eels, cornet�
fish, squirrelfishes  family Holocentridae!, and surgeon-
fishes. The omilu, on the other hand, was primarily a diurnal
fish feeder with piha comprising the bulk of its diet.
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island areas such as off Laysan Island and Pearl and Hermes
Reef primarily contained albatrosses and boobies in their
stomachs. On the other hand, a 10-foot tiger shark caught
at Maro Reef showed that in the absence of seabirds, spiny
lobsters  Panulirus ~mar inatus! which were abundant in the
area comprised a major part of its diet.

Gonad condition was determined from the fish samples used in the
stomach content study. As with the main Hawaiian Island areas, the data

'arne'arne, a'awa, and humu  ~Pare ensue Nonrh raus! spawn during winter.
Further, two pregnant gray reef sharks were noted from Maro Reef, one in
July 1977 and the other in July 1979.

A total af 624 individual fish samples from the nearshore area repre-
senting 59 species were tested for ciguatoxin levels. Results of the test
are included in the ciguatera study by NMFS, Also, 42 fish head samples
represented by six species have been forwarded to NMFS for their age
determination study through examination of otoliths.

Other information collected

species were collected from the nearshore
common to all island areas were the green

h ' ~verein sii and the red algae
and Porolithon onkodes.

A total of 101 macro � algae
area of the NtgtHI. Five species
algae ~Cauler a racemose and Di
Jania spot Porolithon gardneri

There were 22 stony and two soft coral species recorded from the
nearshore area of the NWNl which included two species of ~Acro ora corals,
rare or absent in the main Hawaiian Islands. Macro-invertebrate species
noted from the nearshore area included various species of mollusks,
echinoderms, and crustaceans totalling 63 species.

Nearshore lobster trapping was conducted on a limited scale to pro-
vide information complementary to the NMFS offshore lobster study.
Observations also were made during the underwater fish counts. Six traps
set at Laysan in 1977 resulted with no catch. The 33 traps set at Maro
Reef during the past three years resulted in an average catch of nearly
six lobsters per trap per night. At Lisianski Island, six traps set over-
night in 1977 caught only two lobsters. Finally, 14 traps set overnight
at Pearl and Hermes Reef in 1977 averaged slightly more than one lobster
per trap. The catch rate of lobsters in the nearshore area appears to
correlate with data obtained by NMFS in the offshore areas at these
1ocations.

Green sea turtle sightings were recorded in all nearshore waters of
the NtgtHI chain. Concentrations of over 10 turtles in an estimated one-
half square mile surface area were observed at Lisianski and Midway
Islands.

Spinner porpoises were observed within the lagoons of Pearl and
Hermes Reef and Kure Atoll.
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Whereas adult monk seals appear to be cautious and kept their dis-
tance fram snorkel divers conducting the fish transects, juveniles
throughout most of the island areas in the NWHI reacted curiously by
following divers at a distance of about 10 feet.

FUTURE RESEARCH NEEDS

As indicated earlier, we have completed three years of a five-year
investigation on the living resources that occur in the NWHI. As such,
the data and discussions presented in this report of the nearshore areas
should be regarded as preliminary, at least until the study can be com-
pleted after 198l. Further, mention was made on our inability to use
SCUBA to conduct fish count and observation dives beyond 20 feet in depth.
During the remaining two-year study period, research efforts in the near-
shore area of the NWHI will especially concentrate on obtaining fish count
data fram the 20 to 66-foot depth range using SCUBA, for which equipment
use has been cleared though appropriate governmental authorities.

To date, our survey efforts have covered representative nearshore
areas from about 50X af the Northwestern Hawaiian Islands chain. In

order to insure completion af the study by 1981, a request for $50,000
has been submitted for supplemental budget consideration by the State
legislature to charter a vessel in p1ace of the Townsend Cromwell, whose
services may not be available for the nearshore surveys during FY 1980-81.
Additionally, we intend to coordinate efforts with the U.S. Navy and
Coast Guard to secure logistical support for land-based research opportu-
nities at Kure Atoll and Nidway Islands.

Beyond the nearshore area studies, our department, subject to fund-
ing approval, will be implementing various research projects which will
complement the ongoing research efforts of the tripartite agreement.
Among these are projects which will assess the commercial feasibility of
the bottomfishes, shrimp, and Kona crab in the deeper waters of the NWHI
areas, the availability of baitfish and aku resources in the YMHI, and the
longline tuna resources in the 200-mile Fishery Conservation Zone of the
Hawaiian Islands which includes the Northwestern Hawaiian Islands.
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RESULTS OF CIGUATERA ANALYSES OF FISHES

IN THE NORTHWESTERN HAWAIIAN ISLANDS

Bernard M. Ito and Richard N. Uchida

Southwest Fisheries Center Honolulu Laboratory, National Marine Fisheries
Service, NOAA, P.O. Box 3830, Honolulu, Hawaii 96812

ABSTRACT

Ciguatera is a form of fish poisoning caused by ingestion of
certain species of fish. This study deals with the distribu-
tion of ciguatoxic fishes in waters of the Northwestern
Hawaiian Islands  NWHI! and with a market sampling program
to detect and remove ciguatoxic amberjack or kahala, Seriola
dumerili, prior to its sale to the public. The results showed
that ciguatoxic fish occurred throughout the entire NWHI from
Nihoa to Kure Island. There were no detectable trends in

rejection rate of the NWHI fishes with respect to area of cap-
ture; however, the analysis of data col1.ected on kahala indi-
cated a higher incidence of toxic fishes in the Nihoa-Raita
Bank region. Of the 47 NWHI species tested between 1977 and
1979, the rate of rejection, based on a recently developed
radioimmunoassay, was higher among fishes in the snapper-
grouper complex. These included Caranx ~i nobilis, C. cheilio,

~Lut'anus kasmira, and Pristi omoides iilamentosus. Among
inshore species sampled by the National Marine Fisheries Ser-
vice and the Hawaii Division of Fish and Game, particularly high
in rejection was Kuhlia sandvicensis and Cheilinus rhodochrous,

926 kahala sampled between April and December 1979, 116 fish or
13K were rejected. The rate of rejection, high in April-May,
declined steadily to December. The results also showed a low
positive but significant correlation between fish size and
toxicity.

Northwestern Hawaiian Islands

ciguatera
amberjack
snapper-grouper complex
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INTRODUCTION

Ciguatera, a disease with certain characteristic neurotoxic and
gastroenteritic symptoms produced by ingestion of a wide variety of
fish belonging to groups such as the snappers, groupers, jacks, barra-
cudas, surgeonfishes, and wrasses from toxic areas, appears to be wide-
spread throughout the oceanic islands of the Pacific between the 30'
parallels of latitude  Helfrich et al., 1968!. The occurrence of
ciguatera in some valuable food species found in the central Pacific
affects not only the population by causing illness but also, as is
often the case, deprives them of a major source of much needed protein.
In areas that are seriously affected, it has restricted full development
af fisheries and utilization of the available fish stocks,

At the outset of the Northwestern Hawaiian Islands  NWHI! survey
and assessment investigation, provisions were made to conduct sampling
for ciguatoxic fishes based on documented outbreaks of ciguatera occur-
ring not only among the civi.lian population in the major Hawaiian
Islands but also among U.S. naval and civilian personnel stationed at
Midway Islands. It occurred ta us that ciguatoxic fishes may also be
found elsewhere in the archipelago and that the successful marketing of
fishes caught in the NtlHI would depend to a large extent on the whole-
someness of fishes from this area.

Together with the Hawaii Division af Fish and Game  HDFG!, the
Honolulu Laboratory of the Southwest Fisheries Center, National Marine
Fisheries Service  NMFS!, initiated an extensive sampling program to
study the occurrence and distribution of ciguatoxic fishes in the near-
shore and offshore waters of the %JHI.

In the spring of 1979, following a sudden outbreak of ciguatera
among the local populace, the Honolulu laboratory, together with other
state agencies and the fishing industry, also began a project of rou-
tinely sampling and pretesting amberjack or kahala, Seriola dumerili,
which had been implicated in most of the outbreaks. By mid-April 1979,
information supplied by various governmental agencies and fish retailers
indicated that about 30 to 35 recent outbreaks could be documented and
that perhaps another 50 to 100 individuals were affected but had not
reported it to the health authorities.

Prior to 1977, ciguatera research throughout the Pacific relied on
relatively crude bioassays to detect the presence of toxin in fish tis-
sues  Banner et al., 1960, 1961!. lt was not until 1977, when two sig-
nificant breakthroughs were announced, did researchers see any way to
solve some of the pressing problems dealing with ciguatera. One was the

sp., but subsequently identified as a new species, Gambierdiscus toxicus,
as the likely causative agent in ciguatera outbreaks  Yasumoto et al.,
1977! and the other was the development of the radioimmunoassay  RIA!
method of detecting ciguatoxin by scientists at the University of Hawaii
John A. Burns School of Medicine, Department of Pathology  Hokama et al.,
1977!,
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METHODS

Initially, our sampling effort was concentrated on commercially
important species; however, if time and circumstances permitted, we also
sampled other less valuable species. From each fish, we obtained tissue
samples from the dorsal musculature  A!, ventral abdominal musculature
 B!, gonads  C!, and liver  D!. Subsequently, liver collection was dis-
continued and additional muscle tissue were collected from the anal

region  E!.

At sea as well as at the United Fishing Agency auction market where
only kahala are sampled, each tissue collected is placed in a plastic
vial, labeled, and either frozen  while at sea! or kept in the fresh
state until processed. Data collected on the fish include date, catch
location, water depth, sex, length, weight, and vessel name. When it
was not possible to obtain exact catch locality, particularly for many of
the kahala sampled at the fish auction market, broad geographical areas
were substituted. Obtaining data on catch locality for the kahala is
very difficult or impossible in some cases because fishermen who land
their catches to be auctioned may have fished several islands and banks
during the course of a trip and cannot provide exact information on
where a particular fish was caught.

The samples are processed by the University of Hawaii Department of
Pathology to determine toxicity levels of the fish tissues from radio-
active counts per minute per gram of tissue  c/m/g!. Based on studies of
fish involved in clinically evaluated cases of ciguatera, and on mouse
and mongoose toxicity tests, levels of toxicity were established as fol-
lows  Y. Hokama, University of Hawaii, John A. Burns School of Nedicine,
Pathology Department, Honolulu, personal communication!:

Toxicit levels

�50,000
350,000 to 399,999

�99,999

Negative
Borderline

Positive

RESULTS

About 16/ of all the fish sampled by NNFS and HDFG showed either
a positive or borderline rejection level when tested by the RIA method.
Of the 1,494 fish sampled, 1,250 were negative, 148 were borderline,
and 96 were positive.

Table 1 shows the results of the RIA for fishes sampled by the
HDFG in the nearshore areas of the NWHI. Because the list of species
sampled is lengthy �24 fish; 60 species! and many of the species had
few samples, the table includes only those species for which 10 or more
samples were available for the 3 years--1977 through 1979--combined.
Among the species tested, Cheilinus rhodochrous had a rejection rate of

with 458, M. ~murd'an and ~Nu 1.1 ~ce balue, both with 18/, Caranx melam ua

of these are commercially valuable on the Hawaiian fresh fish market.
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TABLE 1. THE NUMBER OF NEGATIVE  n!, BORDERLINE  b!, AND POSITIVE  p!
REACTIONS  n-b-p! OBTAINED WITH THE RADIOIMMUNOASSAY CON-
DUCTED ON FISHES CAUGHT DURING NEARSHORE SURVEYS CONDUCTED

BY HAWAII DIVISION OF FISH AND GAME. ONLY SPECIES WHERE 10

OR MORE SAMPLES WERE COLLECTED IN 1977-79 ARE INCLUDED.

1979 Rejection
 X!

19781977Species

Carcharhinus menisorrah
m~urd 'an

M, amaenus

Kuhlia sandvicensis
24 � 5-2Caranx ~i nobilis

C. me 1am~~us
Mulloid~ichth s flavolineatus
~K hosus cinerescens
M~uil c~ehalus
Bodianus bilunulatus

2 � 2 � 10Cheilinus rhodochrous

Thelassoma d~u erre i
Acanthurus ~triosee us

Data from Henry Okamoto, Aquatic Biologist, Hawaii Division of Fish and
Game.

Whereas the HDFG concentrated their sampling effort on nearshore
fishes, the NMFS sampling included many of the offshore species,
a1.though some inshore species were included as a result of recreational
fishing conducted during the Cromwell's refueling and rest stops at
Midway  870 fish; 47 species!. From Table 2, it can be seen that among
the members of the carangids where 10 or more samples were collected,
Cargos ~i nobilis had the highest rate of rejection, reaching 32K from
19 f ish sampled. This was f ollowed by C, cheilio with 11/ rej ection
and Eeriola dumerili with lOT. The only species of serranid, ~E ine h-
elus quernus, sampled during our survey had a relatively high rejection
rate of 18/. Among the snappers, 3 of the 10 Etelis carbunculus or 33/
showed hazardous levels of ciguatoxin followed by a 23X rej ection rate
among ~Lut'anus kasmira. Pristi omoides filamentosus also showed a
relatively high rate of rejection, reaching 15X in our samples. Table 2
shows that most of the rejected fish were sampled at Necker and French
Frigate Shoals.

Among the inshore fishes caught and sampled, only Kuhlia sandvicen-
sis showed alarmingly high levels of ciguatoxin. Of the 47 fish sampled,
27, or 57X, were positive or borderline according to the RIAL This rate
of rejection is considerably higher than that obtained from the HDFG
nearshore samples collected from 1977 through 1979.

Most of the other fishes sampled were few in total numbers; there-
fore, it is difficult to draw definite conclusions about whether cigua-
toxin occurs in any significant amounts in their tissues, None showed
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16-3-1

3-0-2

1-0-1

2 � 1 � 0

4-3-1

3-0-5

2-0-0

0-1-1

0-2 � 0

3-0-0

4 � 0-0

2 � 1 � 0

27-3-1

47-2-0
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9-0-0
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exceptionally high rejection rates, although mention should be made of
some members of the families Muraenidae and Acanthuridae that showed

presence of ciguatoxin in varying degrees. These would include ~G nno-
thorax flavinar inatus, G. ~ha aticus, Acanthurus ~trieste us, and A.
~ni roris.

In the kahala testing program, which began in April 1979, the
number of fish tested until the end of December 1979 reached 926. Of

these, 78 were borderline and 38 were positive in the RIA for a total
rejection of 116 fish, or 13/. The rejection rate was relatively high in
April 1979 when 63/ of the kahala sampled were rejected but decreased in
May to 24/, in June to 16/, then fluctuated between 3 and 6/ until
December when the rejection rate rose slightly to 10/  Table 3!.

TABLE 3. THE NUMBER OF KAHALA SAMPLED WITH RIA, BY MONTH, THE NUMBER
AND PERCENTAGE OF NEGATIVE, BORDERLINE, AND POSITIVE REACTIONS
OBTAINED WITH THE RIA, AND THK TOTAL NUMBER AND PERCENTAGE OF
FISH REJECTED PRIOR TO SALE

Total Border- Tota 1
1979 S 1 d N g t ' li ' P iti ' T iSampled line Toxic

38 11678810Total 926

According to information provided by the fishing vessels, the area
of capture of these kahala varied from as far south as the island of
Hawaii northwestward to Raita Bank, a distance that spans 1,723 km. By
geographical area, then, it appears that rejection was higher among
kahala caught in the NWHI, principally from the area between Necker and
Raita Rank, with the rejection level reaching 32/  Table 4!. This was
followed by a rejection rate of 29/ among fish caught off the south
coast of Oahu, and a rate of 24/ among fish caught off Maui. Fishes
caught at Penguin Bank also were rejected at a fairly high rate of 17/

Of particular interest is the relationship between fish size and
toxicity. Prior to the start of the kahala sampling program, sale of
fish weighing 9 kg �0 lb! or more was usually discouraged, because
ciguatera outbreaks in the past allegedly implicated fish that were
9 kg or morc in weight. Examination of our data showed that the size
of kahala sampled between April and December 1979 varied from 0.57 to
45.4 kg �.25 to 100.25 lb!. Fish that were rejected fell in a range
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Apr.

May
June

July
Aug.
Sept.
Oct.

Nov.

Dec.

52

122

174

153

92

73

90

65

105

19

93
147

149

88

71

87

61

95

37 10 19

76 21 17

84 24 ] 4

97 4 3

96 4 4

97 2 3

97 3 3

94 1 1

90 9 9

23 44

8 7

3 2

0 0

0 0

0 0

0 0

3 5

1 1

33 63

29 24

27 16

3
4 4

2 3

3 3

4 6

10 10



TABLE 4. THE NUMBER OF KAHALA SAMPLED BY AREA AND THE NUMBER AND

PERCENTAGE REJECTED BASED ON RESULTS OF RADIOIMMUNOASSAY

0/

Rej ected
Number

Sampled
Number

Rejected
Area of Capture

Gardner Pinnacles

Necker-Raita Bank

Nihoa

Kauai

Oahu

Southeast Coast

South Coast

North Coast

Molokai

Penguin Bank
Maui

Hawaii

East Coast

South Coast

Unknown

153

132

1

1

10

42

0 0

6

32

0

0

34

77

32

5

151

17

8

29

12

0

17
24

3

22

0

26

4

192

12

119

12
0

9

6
0

from 0.79 to 26.88 kg �.75 to 59.25 lb!. Preliminary analysis showed
that there is a low positive but significant correlation between toxi-
city level  tissue E! and fish size  r = 0.101; df = 1,202; p < 0,01!.

DISCUSSION AND CONCLUSIONS

The preliminary results obtained from our NWHI samples show some
agreement with those given by Sylvester et al, �977!. In the snapper-
grouper complex of fishes in the Virgin Islands  includes snappers,
groupers, grunts, jacks, porgies, triggerfishes, filefishes, and
wrasses!, the family Carangidae contains the most species prone to be
ciguatoxic, followed by snappers and groupers. All are carnivores
that attain relatively large sizes.

It is interesting to note that Pristi omoides filamentosus, con-
sidered to be a top-quality food fish and highly prized on the local
fresh fish market, had a rejection rate of 15X. Yet, this species
has never been implicated in any outbreaks among local citizens  Kubota,
1972! .
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According to Hokama et al. �977!, the RIA may produce "false
positives." The binding of the anti-ciguatoxin-human serum albumin
to non-toxic fish could be due to sensitivity of the test, to cross-
reacting antigenic determinants, or to non-specific binding. There is
also the possibility that most, if not all, marine fishes already con-
tain law undetectable levels of ciguatera-like compounds. It should be
emphasized, however, that although some "false positives" may occur as
a result of the binding of anti-ciguatoxin � human serum albumin to non-
toxic fish tissues, this should not detract from the value of the test.
As demonstrated by Hokama et al. �977!, < linically documented toxic fishes



 fishes that have been actually implicated in ciguatera outbreaks! have
given signif icantly higher c/m/g tissue than non-toxic f ishes.

FUTURE RESEARCH NEEDS

Although NMFS field sampling included 47 species, most of which
came from our offshore stations, it appears now that effort will need
to be redirected to gather more data and,samples from members of the
families belonging to the snapper-grouper complex, all of which are
commercially valuable in the Hawaiian Islands. With few exceptions
members of this complex showed varying rates of rejection with the RIA.

Processing of biological samples will continue so that the data
base may be strengthened with respect to diet and sexual maturity and
relationships of these variables to toxicity may be examined. Addi-
tional areal and seasonal coverage is also needed so that the distri-
bution and seasonal occurrence of ciguatoxic fishes can be more clearly
understood. Also planned are in � depth statistical analysis of the data
collected from the NWHI fishes and of the data collected in the kahala
testing program.

SU%9&Y

From 1977 through 1979, NMFS and HDFG sampled 1,494 fish in the near-
shore and offshore waters of the NWHI for ciguatera analysis. Of these,
244, or 16X, were rejected because the detected levels of ciguatoxin with
RIA were considered hazardous to humans. Ciguatoxic fishes occurred
throughout the NWHI and no apparent trend could be seen in their distri-
bution, In the kabala sampling program, the data indicated a higher rate
of rejection among fish caught between Nihoa and Raita Bank than among
those caught in waters around the major islands. Of 926 kahala sampled
between April and December 1979, 116 fish or 13! were rejected. Pre-
liminary analysis suggests that there exists a low but statistically
significant positive correlation between kahala size and toxicity.

Among the offshore species sampled by NMFS, those that belong to
the snapper-grouper co~i plex showed a relatively high degree of rejec-
tion. Nearshore species that showed high rejection rates included
Kuhlia sandvicensis and Cheilinus rhodochrous.
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PRELIMINARY NOTES ON GROWTH AND TOXICITY OF THE

DINOFLAGELLATE GAMBIERDISCUS TOXICUS FROM HAWAIIAN WATERS

N.W. Withers, R.H. York, and A,H. Banner

Hawaii Institute of Marine Biology, P.O. Box 1346, Kaneohe, Hawaii 96744

ABSTRACT

An investigation of the physical and chemical parameters which
affect growth rates and toxin production in laboratory cul-
tures of the Kaneohe Bay isolate of the toxigenic dinoflagel-
late Gambierdiscus toxicus Adachi and Fukuyo revealed that the
organism is photoautotrophic. An optimum growth rate �.2
divisions/day! occurred in f medium with 100K seawater. Media
supplemented with aqueous extracts of a mixture of macroalgae
 common substrates for G. toxicus! enhanced yields  cells/ml!
20-fold that of control cultures at peak population density.
A th h r ~sicif era  Vahl! goergesen and ~Sar assnm ~ol
phhiiom J. Agardh gave greatest enhancement of t' he ten species
tested.

Mouse intraperitoneal injections of G. toxicus extracts revealed
three toxins, tentatively identified as ciguatoxin, maitotoxin,
and unidentified "acetone-soluble" toxin, based on molecular
polarity and characteristic symptomology. The levels of these
toxins varied greatly in the seven cultures tested.

ciguatera
toxin dinoflagellate
nutrition

INTRODUCTION

Recently the dinoflagellate Gambierdiscus toxicus Adachi and Fukuyo
has been implicated as the source of ciguatoxin in the coral reef eco-
systems  Yasumoto et al., 1977a, 1979a!. This microscopic unicellular alga
 to 83 u in diameter! grows primarily as an epiphyte on certain brown and
red seaweeds on the reef flats, with population densities varying greatly
within short distances  Yasumoto et al., 1979b!. In 1975, detritus samples
collected from a ciguatera � endemic area of the Gambier Islands had
toxicities proportional to the number of G. toxicus cells. Compounds

90



identical ta ciguataxin and maitotaxin  faund in tropical surgeonf ishes!
in their known chemical and pharmacological characteristics were extracted
from semipurified samples of the alga  Yasumato et al., 1977a, 1979a,
1979b!. However, when this species was cultured in the laboratory, maito-
toxin was produced in quantity but "meager amounts of ciguatoxin, if any"
were found  Yasumato et al., 1979a!.

The same species  G. toxicus! was found in 1978 in the water tables
af the Hawaii Institute of Marine Biology  HIMB!, Kaneahe Bay, and sub-
sequently in scattered locations on a few reefs around Oahu. A small
bloom occurred at Pokai Bay in August 1978, coincident with an outbreak
of cigrratera in fish from that area. Garnbierdiscus toxicus has alsa been
identified in the Caribbean  Taylor, 1979!.

The factors controlling toxin production, growth rate, and yields of
laboratory cultures af G. toxicus, HIMB isolate, were investigated in
order to determine factors triggering massive toxic blooms of the dino-
flagellate in the wild.

METHODS

Growth studies were performed on clones of G. toxicus from a Kaneohe
Bay population originally isolated in August 1978 and which were rou-
tinely cultured at 25' to 27'C in polystyrene petri dishes  Falcon 1007!
with 8 rnl media under Vita-lite fluorescent irradiance of 1,500 gW/crn2
for 16 hrs/day. Since mucilage exudation and clumping precluded elec-
tronic particle counting, growth rates and cell yields were determined
by direct counting of all cells in each dish in replicates of eight or
more per variable. Additionally, for investigating conditions which
would provide the greatest yields of toxin, cultures were grown in 3.5
and 12-gallon Pyrex carboys containing 10 to 40 R of media, at irradi-
ance levels of 1,700 uW/crn2 from 40 W Vita-li.te fluorescent lights 16
hrs/day at 25 to 28'C and with air bubbling at a rate not greater than
1 R/min.

Culture media included f  Guillard and Ryther, 1962! and ESM
 Provasoli, 1964!. Media were sterilized by autoclaving and/or by fil-
tration with 0.22 pMillipore and 0.2 rrNuclepore filters. A range of 70,
80, 90, and 100! seawater was prepared by addition of distilled water
to Kaneohe Bay seawater with the salinity of about 35 '/« . NaH~POr,
and sodium beta glycerophasphate were compared as phosphate sources,
and NHp and NaN03 as nitrogen sources.

Seaweed extract su lements

Fresh macroalgae were macerated in a blender, autoclaved for 15
minutes, and filtered through 0.22 pMillipore GS filters Extracts were.
added to experimental cultures in f media at 0.1/ by volume. First, a

to cultures of different clones of the Kaneohe Bay population of G.
taxicus. Next, the experiment was repeated using clone 17, the fastest
growing control. clone  Figure 1!, In a third experiment, separate extracts
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of 10 species of macroalgae  Table 1! were added to cultures of the
same clone. In subsequent experiments, media were routinely supple-
mented with a mixture of the most stimulating extracts  those from

This media supplement �,1% by volume! was designated "S." Soil
extract  Pringsheim, 1946! was compared with "S"  seaweed extract!
for enhancement of peak cell density. Heterotrophic growth was
tested for using 5% seaweed extract and sodium beta glycerophosphate
in f medium in the dark for 3 months.



TABLE l. THE EFFECTS OF EXTRACTS OF VARIOUS MACROALGAE ON YIELDS OF

G. TOXICUS CULTURES

Peak Population Density
Ratio of

Extract : ControL

Alga extracted and used as
media supplement  f medium!

Bacterial populations in unialgal cultures were depressed by addi-
tion of a mixture of sodium benzylpenicillin �.095 pM! and streptomycin
sulfate �.137 uM! to f medium. In 10 P, cultures, the medium and anti-
biotics were exchanged at regular intervals � to 10 days!.

Toxin was tested for in either heat-dried �02 C for 24 hours! or
lyophilized cells of G. toxicus cultures. Cells were extracted by soni-
cation in acetone, followed by refluxing of the residue in methanol for
1 hour, twice. The methanol and acetone extracts were combined, and
solvent was evaporated. The residue was partitioned in ether/water
�.1, v/v!, and the ether and water fractions treated separately. The
ether fraction was evaporated to dryness and the residue re � dissolved in
hexane/80/ aqueous methanol �/1, v/v!. The methanol fraction was evapo-
rated, weighed, and prepared for mouse-toxicity tests. This was desig-
nated the "ciguatoxin fraction." The aqueous fraction from the ether/
water partitioning was extracted three times with water-saturated butanol,
and the aqueous phase discarded. The butanol fraction was evaporated,
and the residue dissolved in acetone  "acetone-soluble toxin"! and metha-
nol  acetone-insoluble toxin, or maitotoxin!. Solvents from the extracts
were evaporated under nitrogen, the samples weighed, and a portion dis-
solved in 30 pR methanol and 0.3 ml 1! aqueous Tween solution. The three
extracts were injected into mice �8 g or lighter! intraperitoneally,
and the toxicity of each sample was monitored by symptoms and time of
death.

The "ciguatoxin fraction" behaved like ciguatoxin in the extractive
procedure and elicited the symptomatology characteristic of ciguatoxin
when injected into mice; however, as the small amounts of this fraction
obtained precluded the use of the definitive test on the Na+ ion flux
in excitable membranes  Rayner, 1972!, its identification with cigua-
toxin must be regarded as tentative.
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l. Acanthophora spicifera  Vahl! Boergesen
2. Sargassum poiyphyllum J. Agardh
3. Turbinaria ornata  Turner! J. Agardh
4. Gracilaria sp.
5. Sphacelacia ~fucci eca Kutzing
6. Laurencia succisa Cribb

7, ~tyngh a ap.
8. Pseudobryopsis sp.

10. Wtangelia penicillata C. Agacdh
11. Control  no seaweed supplemen t!

1.96

1.96

1.48

1.30

1.22

1.09

1.04

0.91

0.87

0.39

1.00



RESULTS

Nutrition

In the mostly inorganic  except for vitamins and EDTA! f medium,
G. toxicus is still growing after one year and clone 17 divided at an
average rate of 0.1.2 divisions/day for 27 days, indicating that the
organism is photoautotrophic. Full-strength seawater  in f medium! gave
the best yields  cell/ml! vs. culture media with lower salinity levels.
Gambierdiscus toxicus was able to use either sodium beta glycerophosphate
or NaH~PO~ as a phosphate source, although bacterial growth was promoted
in the organic phosphate supplemented cultures. Cultures grew best with
NaN03 �,760 pM! as a nitrogen source. There was no growth in media
supplemented with greater than 200 pN NH~CL and less than three divisions
at levels below that which may be the result of utilization of intracellular
reserves of nitrogen. No heterotrophic growth was detected in the dark
cultures.

Treatment of large cultures with the synergistic mixture of peni-
cillin and streptomycin  Plotz and Davis, 1962! resulted in apparently
bacteria-free unialgal cultures of G. toxicus, but in 10 R cultures
fungal contamination occurred.

Seaweed extract

Cultures with 0.1/ mixed seaweed extract, designated "S," averaged
28 times the yield of control cultures at peak population density  cells/
ml!. Upon repeat with the fastest growing control clone, a yield of 20
times control values was obtained, whereas soil extract-supplemented cul-
tures reached populations only 0.2 as dense as control populations. In
addition, 10 macroalgal species were extracted and tested individually
for effect on growth of G. toxicus cultures  Table 1!. The addition of

the yield of experimental cultures 1.96 times over that of control cul-
tures; the Turbinaria ornata extract enhanced the yield of experimental
cultures 1.48 times that of the control  Table 1!. Current investigations
are focused on the chemical basis for the stimulatory effect.

The fastest growth rates recorded to date were at 25 to 27'C under
Vita-lites, in f medium, clone 16 at 1.2 divisions per day for 2 days,
and in f medium + "S," clone 29 at 0.55 division per day for 8 days.

Larger cultures � to 30 R! of G. toxicus gave yields ranging from
0.02 to 0.09 g dry weight/liter  Table 2!. The best yields were from
cultures grown in Fernbach flasks � k! using f medium + "S"  Figure 1!.

Table 2 shows that three types of toxins based on polarity and mice
symptomatology were detected in the seven large cultures of G. toxicus
tested to date. The levels of the three toxins � ciguatoxin, maitotoxin,
and an unidentified acetone-soluble toxin � varied widely among the cul-
tures, from undetectable to lethal at a low dose. Upon injection with
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extracts purified from cultures 1 and 2, the test mice displayed sluggish-
ness, diarrhea, hypersalivation, dyspnea  hard breathing and hyperventila-
tion!, then severe spasmic and violent convulsions followed by death at
doses of 55.6 to 407 pg/g. These symptoms were indistinguishable from
those reported for ciguatoxin from surgeonfish and turban shells  Yasumoto
et al., 1976; Yasurnoto and Kanno, 1976; Scheuer et al., 1967!. Mild
symptoms due to ciguatoxin, noted in culture 3 extracts, at 141.8 pg/g
included sluggishness, a mucous covering over the eyes, and mild paralysis
in the hind limbs. For maitotoxin  from cultures 1 and 7!, from doses of
102 and 2,504.4 rrg/g, death in the mice was preceded by rapid paralysis
which lasted for a long period, then less violent convulsions than those
caused by ciguatoxin. These symptoms were similar to those reported for
maitotoxin purified from surgeonfish, Ctenochaetus striatus  Yasumoto et
al., 1976!. Pronounced matitotoxin symptoms  in culture 6, at 2,390.4
pg/g! were paralysis of hind limbs, spasms, a rapid heart. beat, and loss
of balance  wobbly walking!. Mild symptoms of maitotoxin  in cultures 2
and 5, at 259 and 510.3 rrg/g! included swollen eyes and sluggishness. The
"acetone-soluble" toxin from aqueous extracts of cultures 2 and 3, at
75.8 and 103 rrg/g gave symptoms of mild convulsions with very rapid para-
lysis and death. Mild symptoms of this toxin, noted in culture 5, included
sluggishness and loss of aggressive behavior.

DISCUSSION

In these preliminary studies, we are identifying parameters affecting
growth rate and total biomass in cultures of G. toxicus, which will be
helpful in producing dense mass cultures for chemical and pharmacological
studies on ciguatoxin and other associated toxins involved in ciguatera
poisoning. Further, the factors underlying the sporadic distribution of
G. toxicus populations on macroalgae and coral rubble in coral reef sys-
tems may now be pursued more rapidly with the culture information available
from this study.

Relevant to such considerations are the effects of salinity, nutrient
concentrations, and seaweed extract-supplements on growth rates and yields
of G. toxicus in laboratory culture. Nordli �957! also found stimulation
of marine dinoflagellate cultures when algal extracts were added to the
growth medium. In the present study the spectacular stimulation  as high
as 28-fold! of yield of G. toxicus by supplementation of media with aqueous

 Figure 1 and Table 1! is of particular interest since these algae are
selected as substrates by the dinoflagellate. It has been reported that
G. toxicus cells are chemotactically attracted to several of these macro-
phytes  Yasumoto, 1979!. The chemical factors involved in this growth
stimulation by aqueous seaweed extracts are not known. One component,
humic acids, which act as effective chelating agents for trace metals
such as iron, has been shown to increase growth rate and yield of marine
dinoflagellates  Prakash and Rashid, 1968!, Experiments to determine
which fractions of the seaweed extract are nutritionally beneficial are
now in progress.

The culture studies in f medium indicate that G. toxicus is photo-
autotrophic. This result emphasizes the importance of measuring the



influence of environmental parameters on the photosynthetic capacities of
this dinoflagellate.

Production of axenic culture is important for verification of G.
toxicus as the source of ciguatoxin. The present study has demonstrated
that the alga can tolerate levels of antibiotics which will depress bac-
terial populations, but the contamination by fungi must now be eliminated
either chemically, using anti-fungal agents, or by washing the clones.

Toxin levels and yields of mass cultures of G. toxiCus indicate
that, while reasonable amounts of cells can be cultured, toxin levels
vary greatly apparently dependent upon culture conditions not yet defined,
so amounts and type of toxin produced in a given volume are still unpre-
dictable. The presence of a new toxin in addition to ciguatoxin and
maitotoxin in G. toxicus  Table 2! adds further complexity to the problem.
The "acetone-soluble" toxin found in G. toxicus cultures resembles an
"acetone-soluble" toxin which co-occurred with maitotoxin and ciguatoxin
in the gut contents of a parrottish, Scarus ~ibbus  Yasumoto et al., 1977b!,
and in coral rubble detritus  Yasumoto et al., 1979b! . Both the toxin
from the parrotf ish gut and that from the dinoflagellate produced strong
paralytic actions and rapid death in the test mice. Yasumoto et al.
�977b! assumed this "newly found toxin" to be a basic compound of small
molecular size, differing from scaritoxin which was not found in the
parrotfish gut but is dominant in the flesh of that organism. These find-
ings offer further support for the speculation that ciguatera poisoning
from fishes may be due to several toxins which are possibly related biosyn-
thetically  Banner, 1976; Scheuer et al., 1967!. The factors controlling
the biosynthesis of toxins in G. toxicus cultures are currently the focus
of research.

FUTURE RESEARCH NEEDS

Since this is a new project, our research has just begun. We plan
to characterize more completely the optimum conditions for G. toxicus, in
Aquil+ medium, Including factors such as pH, salinity, temperature, vita-
min and trace metal requirements, and the growth-stimulating effect of
aqueous seaweed extracts. The possibility that G. toxicus may be facul-
tatively heterotrophic  either saprophytic and phagocytic! will be inves-
tigated. Attempts to follow gamete fusion by nitrate depletion or reduced
salinity as in other dinoflagellates will be made. The parameters affecting
photosynthetic rates and pigments in G. toxicus will be studied. Factors
controlling ciguatoxin, maitotoxin, and acetone-soluble toxin production
will be investigated. For verification that this dinoflagellate is the
organism responsible for biosynthesis of these toxins, a clone of G.
toxicus  currently in culture! will be mass-cultured under axenic condi-
tions and tested for presence of all three toxins. Field studies will be
conducted on G. toxicus populations in the Northwestern Hawaiian Islands
in conjunction with monitoring of ciguateric outbreaks.
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