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EXECUTIVE SUMMARY

The marine biota of Johnston atoll was surveyed for nonindigenous species in June, 2000 with
observations and collections made by investigators using Scuba. Eleven stations were surveyed,
including sites at the Johnston Island pier, the north and south lagoon and the outer reef slope. A total of
668 taxa were determined, with 462 of these identified to species. This compares with 865 taxa reported
by the 21 previous studies that have been made at Johnston Atoll. Three hundred twenty five, or 49%, of
the taxa of the present study were new reports for the atoll. Most of the previous reports were for
macroalgae, corals and fishes, and the present study has the first reports that have been made for
organisms in the major groups Porifera, Hydroida, Sipunculida, Bryozoa and Ascidiacea, and of the reef
coral Montipora hoffmeisteri. Most of the species found in the present study (91%) are known form
Hawaii, similar to findings of previous studies.

Little difference was found among the 11 stations in terms of numbers of total taxa, taxa in major
taxonomic groups or Shannon’s H'yq diversity indices. Similarity analysis using the Sorensen’s Index of
the total taxa among stations showed no clusters grouping above 55% and indicated no unique clusters
of stations. The general result indicated by these analyses was of a well mixed system with little variation
among sites. However, on-site observations clearly showed that the station on the south side of Johnston
Island in the vicinity of the islands sewer outfall was highly eutrophicated, with a heavy bloom of the alga
Byopsis hypnoides over most of the reef surface and sand channels. However, this infestation appeared
to have only a limited impact on other reef organisms, since the site had an intermediate total number of
other taxa compared to the other ten stations, including seven species of reef corals, although in relatively
low abundance.

Only ten nonindigenous or cryptogenic species were found at Johnston Atoll, and these usually occurred
as single specimens at one or two stations. Compared with total reports for this study, nonindigenous or
cryptogenic species comprised only 1.5% of the total taxa, or 2% of those identified to species. These
introduced or potentially introduced organism were hydroids, polychaete, bryozoans and ascidians, all of
which are likely to have come as fouling on vessels arriving in the atoll over the last 60 years. This
proportion of introduced species to total biota is in good agreement with values that have been
determined for Midway Atoll and Kaho'olawe in the Hawaiian Islands, and for studies that have been
made in Guam and Australia. The proportion of introductions is much less than the approximate 20%
value that has been determined for Oahu harbors.
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INTRODUCTION

Johnston Atoll lies approximately 1325 km southwest of Honolulu Hawaii in the vicinity of 16° 45’ N, 169°
31' W in the north central Pacific Ocean (Figure 1). The nearest other landfalls are French Frigate
Shoals, over 800 km to the north-northeast, and the Line Islands, over 1500 km to the southeast.
Johnston Atoll is thus one of the most isolated landmasses in the world. It consists of two islands that
have been greatly enlarged by dredging and filling and two islands that were totally created by this
process. The total land area of the four islands at present is approximately 2.63 km? more than 10 times
the area of the original natural islands. Most of this was added in dredge and fill operations completed in
1963-64, which created Akau (North) Island and Hikina (East) Island and enlarged Sand Island from
about 0.04 to 0.16 km? and Johnston Island from about 0.85 to 2.30 km?. Johnston had previously been
enlarged in 1949-50 from its original size of 0.19 km? (Amerson 1973). No original shorelines therefore
exist at Johnston Atoll and the topography of the lagoon has been highly modified by dredging.

Become of its remote location and restriction from most public access for the last 50 years, relatively little
information has been available for most marine taxonomic groups at Johnston Atoll. The most
comprehensive sampling of invertebrates was done by the members of the Tanager Expedition in 1923
which concentrated on crustaceans and echinoderms, reported in Edmondson et al. (1925) and Clark
(1949). More is known about the reef fish and nearshore pelagic fishes of Johnston Island from
expeditions dating back as far as the 1880s (Smith and Swain 1882; Fowler and Ball 1925; Schultz and
Collaborators 1953; Halstead and Bunker 1954; Gosline 1955; Brock et al. 1965; Brock et al. 1966;
Randall et al. 1985; Kosaki et al. 1991; Chave and Mundy 1994), and reef corals are well known from
studies conducted since the late 1940s (Wells 1954; Grigg 1981; Cairns 1984; Maragos and Jokiel 1986;
Jokiel and Tyler 1992). Shallow reef macroalgae were comprehensively surveyed in 1964 (Buggeln and
Tsuda 1966) and deep algae surveyed using a submersible in 1983 (Agegian 1985). All information for
the environment and biota of Johnston Atoll prior to 1973 was assembled and synthesized in two reports
(Amerson 1973; Amerson and Shelton 1976) and information for deep-water invertebrates and fishes is
summarized in (Chave and Malahoff 1998). Other pertinent marine biota related studies or surveys
conducted at Johnston Atoll are (Moul 1964; Baker et al. 1997) for benthic algae; (Bailey-Brock 1976;
Ward 1981) for polychaetes; (Kay 1961; Brock 1973; Brock 1979) for mollusks and the spiny lobster;
(Jones 1967; Randall 1972; Randall 1977; Lobel 1984; Randall and Ralston 1984; Ralston, et al. 1985;
Anderson 1986; Irons 1989; Kosaki 1989; Irons 1990; Winterbottom and Burridge 1993; Dee and Parrish
1994; Lobel and Mann 1995; Mann and Lobel 1995; Kerr and Lobel 1997; Lobel 1997; McCosker and
Smith 1997; Sancho et al. 1997; Economakis and Lobel 1998; Randall 1999) for fishes and (Balazs 1986;
Balazs 1986; Ackman et al. 1992; Balazs 1994) for sea turtles.

As the agency responsible for stewardship of the atoll, the U.S. Fish and Wildlife Service (USFWS) is
concerned with evaluation of the present status of atoll organism populations, including those which
inhabit the marine coral reef ecosystem. With the high degree of marine traffic that has frequented the
atoll in the last 60 years, there has been ample opportunity for introductions of nonindigenous marine
species to the area that may have developed resident populations that could compete or displace native
biota. Staff of the Bishop Museum have been conducting studies of nonindigenous marine species over
the past five years in harbors on Oahu (Coles et al. 1997; Coles et al, 1999a, 1999b), the island of



Kaho'olawe (Coles et al. 1998) and Midway Atoll (DeFelice et al. 1998) which have shown various levels
of nonindigenous species occurrence at these locations in the Hawaiian chain. In order to determine
whether such introductions have occurred at Johnston Atoll, and to develop a current baseline of
knowledge of the marine biotic community at Johnston, the present study was conducted in June 2000.

HISTORY OF USE

There are no reports of discovery or habitation of Johnston Atoll by Polynesians and, although the atoll
may have been sighted by Spanish sailors (Amerson and Shelton 1976), its first recorded discovery was
by the American brigg Sally on September 2, 1796. First landing was by Captain J. Johnston of the HMS
Cornwallis, for whom the atoll was later named, on December 14, 1807 (Amerson 1973; Amerson and
Shelton 1976). The first habitation and use of the atoll was for mining of bird guano in 1858-60.
Following the end of this enterprise, visits were few until the first scientific expedition, that of the Tanager-
Whippoorwill in 1923. Much of the focus of this expedition was on birds, which led to the atoll being
made a federal bird refuge by executive order on July 29, 1926. Responsibility for stewardship of the atoll
was originally placed with U. S. Department of Agriculture and passed to the Department of Interior in
1940. However, “ownership” from 1934 to 1973 was designated by executive orders to be with the
Department of Navy, while operational control was at various times with the U. S. Navy, the U. S. Air
Force, Joint Task Forces (JTC) 7 and 8, the Atomic Energy Commission (AEC) and the Defense Nuclear
Agency (DNA) (Amerson and Shelton 1976).

Development at Johnston Atoll began shortly after a contract was awarded in 1939 for construction of a
small navy base, initially composed of a lagoon seaplane landing area and headquarters on Sand Island.
The naval air station was commissioned in August 1941 and was shelled briefly by the Japanese in
December 1941, causing extensive damage to the facilities. These were reconstructed and substantial
dredging was conducted during WW Il of channel approaches and a seaplane runway, and the atoll was
also used as refueling base for Pacific submarines. By the end of the war Johnston was one of the
busiest air terminals in the Pacific (Amerson 1973; Amerson and Shelton 1976).

Following WW I, activity decreased and Sand Island was abandoned in 1946. Operational control was
transferred to the U. S. Air Force in 1948, and activity resumed in 1951-52 during the Korean War when
the Johnston airstrip was enlarged and new buildings were built on Johnston Island. A LORAN
transmitting station and a weather station were established on Johnston Island in 1957. The LORAN
station and Coast Guard facility were transferred to Sand Island in 1959 and 1961, respectively. A U. S.
Air Force tracking station was established on Sand Island in 1964.

In 1958 a new era of operations began with assumption of operational control by the commander of Joint
Task Force 7 to conduct stratospheric testing of thermonuclear devices. Two >1 megaton bombs were
exploded in 1958, the first on August 1 at an altitude of 76 km and the second on August 12 at
approximately 33 km. Two more devices were planned for testing in 1962, and one 1.5 bomb was
exploded at 200 km altitude on July 9, while the other planned for July 25 was aborted when the test
missile was destroyed. Subsequently Johnston Atoll came under the joint operational control of JTF 8
and the AEC as a headquarters and base of operations in the Pacific in case the Nuclear Test Ban Treaty



were nullified, and the island supported personnel of the AIR Defense Command and pacific Missile
Range. In 1973 operational control passed to the Defense Nuclear Agency (DNS). In 1976 the USFWS
and the DNS completed a Memorandum of Agreement granting USFWS juridiction and responsibillity
over the atoll’s natural resources, including all waters and coral reefs within three nautical miles of the
atoll's land areas.

In 1985 a permit was issued under the Resource Conservation and Recovery Act (RCRA) to build and
operate the Johnston Atoll Chemical Disposal System (JACADS) facility to incinerate the U. S. Army’s
stocks of chemical agents and munitions that were stored on Johnston Island. The JACADS facility is
located at the west end of the island, downwind from the prevailing trade winds. It has entered the final
stages of agent destruction and is preparing to undergo closure activities in the next two years, and the
population on the atoll will decrease dramatically from its present number of over 1000 personnel. The
atoll will thereupon revert to its former status of a remote natural wildlife preserve with usage directed
toward maintaining undisturbed populations of resident organisms, with a yet to be determined level of
human visitors.

This brief history indicates that although remote, Johnston Atoll has been highly utilized for various
military and civilian activities over much of the past century, and this usage has provided ample
opportunity for introduction of nonindigenous species by supply and transport vessels. At present a
supply barge visits Johnston Atoll monthly that moves between Honolulu, Johnston Atoll and Kwajelein
Atoll. The two small islands that originally were at the atoll have been greatly enlarged and altered, and
the highly modified shorelines of the four islands now present consist primarily of concrete structures that
are highly suitable for settlement of fouling organisms that could be transported by ship traffic.

PHYSICAL ENVIRONMENT AND SITE DESCRIPTION

Johnston Atoll consists of a shallow coral reef platform approximately 130 km? in area (Figure 1)
composed of alternating sand, loose coral and large formations of live coral, especially of the genus
Acropora. Unlike most coral atolls, the lagoon at Johnston is not enclosed by a ring of reef and islands
but only has a protective reef along its northwest margin. This is on a broad shallow ridge that extends
from the west end of the marginal reef eastward about 14 km and protects a shallow lagoon about 11 km
X 3 km from the predominant waves from the northwest. Depths in the lagoon vary about from about 3 to
10 m. The atoll is not enclosed because the platform on which it sits has subsided and is tilting to the
southeast. Most of the reef platform lies outside of the lagoon, extending about 19 km east-southeast
and 8 km south of Johnston Island. The platform slopes gently to about 7 to 18 m depth then much more
steeply to 180 m (Emery 1956; Amerson and Shelton 1976; Anderson 1986; Jokiel and Tyler 1992).

The oceanographic environment at Johnston is typical of coral reef conditions, with a small and moderate
annual temperature range of about 25-27°C, clear oceanic water and surface salinity of 34.6-34.8 °l00
(Wennekens 1969; Amerson 1973). Johnston Atoll lies near the southern edge of the North Pacific gyre
and is in the zone of the North Pacific Equatorial Current which moves water past the southern Hawaiian
Islands to the atoll (Amerson and Shelton 1976; Maragos and Jokiel 1986). The atoll is also probably



affected by the eastwardly flowing North Equatorial Countercurrent, which brings water from more tropical
regions (Grigg 1981).

Although the Johnston Atoll reef faces northwest and would therefore normally be on the leeward side of
waves generated by the prevailing northeast tradewinds, these waves are influenced by shoaling on
shallow areas east of Johnston Island, which refracts them around the platform to break on the northwest
side of the reef. The prevailing currents, influenced by both tradewinds and North Pacific equatorial
circulation have net flow to the west both inside and outside of the lagoon, stronger during winter months
than in summer. Breaking of waves over the reef and entering the lagoon creates a “pumping action”
(Jokiel and Tyler 1992) that augments prevailing oceanic currents to generate a westward flowing current.
Tides are mixed and semi-diurnal, with strong daily inequalities and maximum amplitudes for highest tides
of about 1m. The effect of tides on circulation is to deflect currents to the left on rising tides and to the
right on falling tides, and falling tides can reverse the usual westerly flow during weaker circulation in
summer months. Ship channels to the southeast and southwest also influence current flow by providing
for movement of water out of the lagoon (Wennekens 1969; Amerson and Shelton 1976; Anderson 1986;
Jokiel and Tyler 1992).

METHODS

Samples were collected from 11 sites at Johnston Atoll (Figure 1) using methods previously
employed on nonindigenous species surveys in Hawaii and Midway (Coles et al. 1997; Coles et
al.1998; Coles et al. 1999a; Coles et al. 1999b; DeFelice et al. 1998). Some of the sampling
stations were located to be near sites previously sampled by (Brock et al. 1965; Brock et al. 1966)
and (Jokiel and Tyler 1992), others were located in important sites such as in the harbor, along
dredge channels or near the Johnston Island sewage outfall. Sampling station locations, dates
coordinates and depths are summarized in Table 1.

Collections and observations were made by three experienced investigators sampling as large a
variety of habitats as possible at each station while using Scuba. Two divers sampled organisms
growing on hard surfaces and in sediments from the intertidal zone to the base of the reef. The
third diver recorded the identities of fishes swimming in the area, noted the presence of abundant
invertebrate macrofauna and macroalgae, and photographed and collected corals for
identification of both the corals and their commensal organisms. Macro-organisms were collected
by hand, hard surfaces were scraped with a chisel, and several liters of coral rubble were placed
in an 80 um mesh bag and transported back to the laboratory for later inspection and removal of
cryptic organisms. Where sediments were present at a station, 500 cc of sand was collected in
plastic bags and later air-dried prior to hand sorting for micromollusks under a dissecting
microscope. A subsample of 20 cc was sorted from each sample. When present at a survey
site, whole macroalgae plants were collected and preserved in 70% ethanol, and epiphytic
organisms were later rinsed from the algae and preserved in ethanol for future processing.
Collected organisms, which range 4-8 liters in total volume for each station were inspected on
site, and selected
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Figure 1. Map of Johnston Atoll showing locations of sampling Stations 1 to 11.

Table 1 Sampling station information

Station Location Date  Latitude N Longitude W Depth (m)
1 Pier 16-Jun-00 16°44'7.0” 169°31'42.3" 0-12
2 Lagoon ( Nr. Brock Sta. 3) 16-Jun-00 16°44'15.5" 169°31'32.5" 3-5.5
3  Lagoon ( Nr. Brock Sta. 1) 17-Jun-00 16°45'53.3" 169°31'2.4" 2-3.5
4  Slope, Donovans Reef 17-Jun-00 16°47°'10.0" 169°27'58" 8.5-31.5
5 Lagoon (Range Finder) 18-Jun-00 16°44'52.3" 169°31'3.5" 2-9.5
6 NE of Sand Island 18-Jun-00 16°44’51.6" 169°30'28.9” 1.5
7  E of Johnston island 18-Jun-00 16°44'18.0" 169°31'0" 0.5-9
8  Reef Slope 19-Jun-00 16°46'47.2" 169°29'28.7" 3-20
9  Lagoon (Nr.Brock Sta. 2) 19-Jun-00 16°45'29.5" 169°31'29.3" 1-5
10  South Channel 20-Jun-00 16°42'43.7" 169°31'2.4" 2-9.5
11  Sewage Outfall 20-Jun-00 16°43'18.0" 169°31'58" 3-10.0




hydroids, anemones and tunicates were removed and relaxed in a solution of Epsom salts and
seawater before preserving in 5% formalin. The remaining organisms were preserved on site in
70% alcohol before returning the samples to the laboratory for sorting and identification of
organisms.

Specimens collected were sorted and identified to species or the lowest practicable taxa, using
dissecting or compound microscope magnification when necessary. ldentifications were made
using descriptions available in Reef and Shore Fauna of Hawai'i Sections 1 to 4 (published), 5
and 6 (unpublished), various taxonomic references, and voucher specimens in the Bishop
Museum collections. Specimens from various groups were sent to taxonomic experts for final
identifications (see Acknowledgments).

All available sources of information for the marine environment of Johnston Atoll were
investigated for previous reports of marine organisms collected or sighted at the atoll. Literature
consulted included published papers in the open scientific literature, taxonomy-based
monographs and reports and unpublished reports for environmental studies. Resources that
were consulted in this search were the libraries of Bishop Museum and the University of Hawaii,
and literature search engines such as the Zoological Record, Biological and Oceanic Abstracts
and the Aquatic Sciences and Fisheries Abstracts (ASFA) available on the University of Hawaii
Library web site. The Bishop Museum invertebrate collection database was reviewed for all
marine or estuarine organisms indicated to have been collected at Johnston Atoll. The retrieved
data were assembled into a combined database containing taxa identity, taxonomic authority, and
collection date, when available. Species identified from the present study were compared with
listings of known introductions for Hawaii (Carlton and Eldredge in prep.) and the Pacific
(Eldredge, 1987) and results of other field studies of nonindigenous species [Coles et al. 1997;
Coles et al. 1998; 1999a, 1999b; DeFelice et al. 1998].

The Sorenson’s Index of percent similarity, based on presence-absence of species at station
pairs, was used to measure the degree of association between stations. By this index, the more
species two stations share relative to their total species complements, the greater their ecological
similarity. Based on a matrix of Sorensen Index values, cluster analysis was used to arrange
stations into groups or clusters. Intercluster distances were calculated using an unweighted pair
group average (UPGMA) method. In this analysis, similar stations will form clusters distinct from
other stations. These clusters are arranged in a hierarchical, treelike structure called a
dendrogram based upon the station pairs similarities. Calculation of the similarity measures and
cluster analysis were performed using the Multi Variate Statistical Package (MVSP), Version 3.0
(Kovach 1998).



RESULTS

Station Descriptions

Collections and observations were made at 11 stations, with one of these at the Johnston Island
pier, nine on lagoon and outer slope reefs, and one near the sewer outfall on the south side of
Johnston Island (Figure 1). Dates of sampling and geographic coordinates for these stations are
shown in Table 1. Descriptions of the environment at each station are as follows:

Station 1 (Johnston Island Pier). Near the east end of the north side of Johnston Island, the pier is
the docking site for all ships and barges that supply the atoll. The pier is made of
interlocked vertical metal sheet piling rising out a depth of about 12 m depth, and the
pier surfaces is quite clean of fouling organisms, with few of the barnacles, sponges,
bryozoans and tunicates that usually cover pier surfaces in Hawaiian harbors. The
substratum outside of the pier is coral rubble and coarse sand, with abundant coral
interspersed among the sand patches mostly composed of Montipora capitata. Mollusks
found at this site include 36 common taxa which inhabit rubble/algae areas. High
numbers of cerithids, limpets such as Diodora granifera, chitons, and nudibranchs were
found, all characteristic of this habitat type. This was one of two sites (the other being
site 7) with the vermetid Dendropoma platypus, which seems to favor the flat surfaces
associated with man-made structures. This site also had two species of littorinid,
Litoraria pintado and Littoraria scabra, due to the site’s close proximity to the shore.
Fishes were quite abundant, especially in the coral offshore of the pier, with 25 species
recorded.

Station 2 (Near Brock et al. 1965 Sta. 3). In the lagoon seaward of Johnston Island near inner
reef edge. The substratum is primarily live linear Montipora capitata reefs and Acropora
cythera tables divided by sand channels 3 to 6 m deep. A single A cythera table was
observed to have an number of aberrant skeletal growths on its surface that may
indicate hyperplasia and possible tumor formation (Plate 1). This site contained 69
mollusk species, the highest of any area surveyed, which can probably be attributed to
the diversity of habitat types at this location. This diverse community contained common
Indo-Pacific reef flat species like Vasum turbinelles and V. ceramicum, which are among
the most common reef flat mollusks in the Pacific, numerous micromollusks and a high
diversity of common Pacific reef flat bivalves. These coincided with the extensive
patches of coral sand found at this site, a feature uncommon at most of the other survey
sites. By contrast with the diverse mollusk community, 32 fish species occurred, one of
the lowest values found at the reef stations.

Station 3 (Near Brock et al. 1965 Sta. 1). Another lagoon station, located north of Akau (North)
Island in 2-3 m depth. The area had virtually 100% coral cover, almost entirely
composed of tabular Acropora cythera showing annular growth bands (Plate 2) and
growing in a variety of beautiful formations (Plate 3). Almost no sand channels were



present. Probably as a result, mollusk diversity was intermediate among the reef
stations, with only 35 species found. Of these species, several unusual micro-bivalves
were noted, particularly Crenella sp. and Cratis sp. (kanekoi?), two species that have
been found in submarine caves off Okinawa. These cave bivalves, among others, are
often found in deepwater sediments off Oahu (Swartz et al. 2000, but are not reported
from shallow water sediments. These bivalves were collected from a single, small sand
patch that was located underneath extensive Acropora cover (almost 100% cover). This
“cave-like” environment may explain their presence at his site and no other. Fish
diversity was also intermediate among the reef stations, with 36 species sighted.

Station 4 (Donovan’s Reef). This area, approximately 8 km northeast of Johnston Island, is a
popular dive site with residents and the most remote from usual activity on the atoll. The
station was located seaward of the isolated reef which is about 1 km east of the main
Johnston Atoll reef. The relief of the upper part of the outer reef slope is very gradual
from 8.5 to 21 m depth, at which the slope becomes almost vertical to the reef abase at
about 32 m. Observations were made throughout the entire depth range. The
substratum is consolidated limestone with moderate coral cover and little relief, with
coarse sand at the reef base. Coral diversity was among the highest found in the study,
with 11 species found. Diversity of mollusks was moderate with 39 species. Cone
shells, particularly Conus lividus, C. rattus, and C. miles, were common on the current-
swept pavement regions. All three of these species are common cones on Indo-Pacific
reef flats, and they tend to favor areas with exposed/bare substrate. Fish diversity was
the highest of any site, with 52 species found. These included the only sighting for the
study of the Johnston Atoll endemic rainbow angelfish Centropyge nahackyi (Plate 4),
which was observed and photographed under a ledge near the bottom of the outer reef
slope, and of the whaleshark Rhincodon typus, which was observed near the surface
above the reef edge.

Station 5 (Near Brock et al. 1965 Sta. 7). The station was near a range finder marking the main
channel thorough the lagoon. Substratum over 2 to 9.5 m depth consisted of the
concrete surface of range finder pilings, high coverage of coral dominated by Acropora
cythera, Montipora capitata and M. patula, and coarse sand in the channel and among
the coral formations. This site had the second highest diversity of mollusks, composed
of 52 species with a large number of bivalves and several sand dwelling species
including two species of tellinid and two species of mesodesmatids. Also present at this
site was a cave species, Barbatia decorata. This species was described from
submarine caves off Okinawa, but may also occur in deep water sediments off Hawaii.
Fish diversity was relatively high, with 39 species.

Station 6 (Shallow area NE of Sand island). An area of sparse coral cover on a flat limestone
bottom only about 1.5 m deep, with a few concrete structures and interspersed areas of
sand. Despite the low coral coverage, diversity was among the highest of any station,
with 11 species found. Diversity of mollusks was relatively low (25 species) and



composed of common Indo-Pacific species. Sand dwellers such as nassarids were
common. Cerithids, especially Cerithium nesioticum, were common in the rubble and
the on the pavement. Fish diversity was the lowest of any station, with only 20 species
observed.

Station 7_(Near Brock et al. 1965 Sta. 8). Along the eastern side of the dredged channel east of
Johnston Island and adjacent to a shallow reef area with numerous, repeating linear
reefs mostly composed of Montipora and Acropora species divided by narrow sand
channels. Depth ranged 0.5 m on top of the linear reefs to around 10 m at the edge of
the dredged channel, with a maximum depth of 12 m. Coral diversity was high with 11
species, but mollusk diversity low with only 19 species, the second lowest station. Thirty
eight species of fish were observed, the fourth highest of all the stations.

Station 8 (Outer Reef Slope). The station was located in a break between the main reef and a
smaller reef to the northeast, on the outer reef slope. Like Station 4 at Donovan’s Reef,
the outer slope is gradual from down to about 20 m depth then breaks to a nearly
vertical face extending to the reef base. Observations were made from about 3 m depth
to the slope break. This area has low relief and mostly dead coral rubble and
consolidated limestone until near the slope break where coral becomes more abundant.
An exception to this condition occurred in the shallow area near the start of the transect
made down the slope, where a prolific growth of Acropora cythera provides extensive
relief that supports an abundant population of the yellow tang Zebrasoma flavescens
(Plate 5). This was the area of highest diversity for corals, with 12 species found, but
with only 27 species of mollusks. This modest mollusk diversity probably does not typify
the area because collection time was restricted and nearly every species collected was
a small sand dweller. Large common reef mollusks were present however, including
Cypraea tigris, and several common thaidids (Drupella ochrostoma and Morula uva).

Station 9 (Cucumber Flats). Another popular dive site for Johnston Island residents, this site gets
its name from the abundant holothurians that occur in the coarse sand among the reefs.
Coral is also abundant and diverse (Plate 6), with 11 species found, including Montipora
hoffmeisteri (Wells, 1956), the first report of this species from Johnston Atoll. Thirty-two
species of mollusks were found, including the holothurian parasite Balcis, numerous sand
dwellers including Conus pulicaris, various nassarids, and tellinid bivalves. The large
number of bivalve species (7 species) is attributable to the extensive sand patches at this
site. With the exception of Isognomon perna, all of the bivalves were infaunal species.
Fish diversity was second lowest of any reef station, with only 25 species observed.

Station 10 (South Channel). The most southerly located station of the study, this site is at the
east edge of the channel dredged in 1963-64 for fill material used in increasing the size of
Johnston Island. The substratum is mostly rubble cobbles next to a reef with high
coverage of Acropora cythera (Plates 7 and 8) and coarse sand in the sand channel.
Depths range from 2 m on top of the reef to 9.5 m in the sand channel at the edge of the



reef. The A. cythera tables can be very large, e.g. one the upper surface of one colony
was approximately 6 m in longest diameter. This station had the lowest diversity of both
corals (6 species) and mollusks (16 species), but fish diversity was intermediate for the
reef stations, with 37 species observed.

Station 11 (Sewage Outfall). The site is along the sewage discharge pipe that extends from the
treatment facility on the south jetty of Johnston Island to the point of effluent discharge
about 500 m south of the jetty shore. The pipe is approximate 0.5 m in diameter and
passes through and over numerous sand patches and reef areas along its route. Unlike
all the other stations that had high water clarity and virtually no large macroalgae, algal
blooms dominated the benthos at this site. By far the dominant species was the
chlorophyte Bryopsis hypnoides, which overgrew most hard surfaces on the reefs and
collected in mass deposits in sand channels. Another common and obvious species was
Caulerpa racemosa, large growths of which occurred near the shoreline. The area is
therefore under obvious stress from nutrients released from the sewage outfall, which is
causing eutrophication in the lagoon south of Johnston Island. The impact of this
eutrophication extends as far east and south as Station 10, where Bryopsis hypnoides
was also observed, although in low abundance.

Despite this eutrophication impact, 7 species of corals occurred at Station 11 in moderate
abundance. This site had 36 mollusk species, but these had an unusual composition.
Few macro-mollusks were observed at this site; the fauna was almost exclusive
micromollusks. The site also had a high number of pyramidellid species, a feature
common to high nutrient locations around Hawaii (Swartz et al. 2000), supporting a
conclusion of an impact related to the outfall. This conclusion is also sustained by the
number of mollusk individuals collected at this site, which had at least four times as many
individuals as any other station. Only 30 species of fishes were observed at this station,
suggesting that the outfall's impact was reducing the diversity of the fish community, but
this effect may also be in part due to the reduced visibility at this station compared the
other sites.

Previous Species Reports

A total of 865 taxa were reported by 21 previous surveys and studies at Johnston Atoll or are in
the Bishop Museum collections (Appendix Table A), with an additional 24 papers or unpublished
reports listing one or two species. The species listed in Appendix A are summarized in Table 2
as follows: 91 macroalgae, 57 cnidarian, 1 aschelminth, 20 polychaetes, 112 crustaceans, 221
molluscs, 56 echinoderms, 306 fishes and 1 reptile. The greatest number of species for each of
the previous 21 studies or surveys were 148 for Brock et al. (1965); 149 each for Amerson (1973)
and Amerson and Shelton (1976), and 195 by Kay (Unpublished). One hundred sixty-five
voucher specimens for these and other studies are in the Bishop Museum collections. As
indicated above, the previous reports are highly dominated by fishes, which were the main focus
of many of the investigations (Smith and Swain 1982; Fowler and Ball 1925;Schultz and
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collaborators 1953; Halsted and Bunker; Brock et al. 1965, 1966; Randall et al. 1985; Kosaki et
al. 1991). The second most frequently reported group was the Cnidaria, primarily corals (Wells,
1954; Brock et al. 1965, 1966; Amerson 1973; Amerson and Shelton 1976; Grigg 1981; Cairns
1984; Agegian 1985; Maragos and Jokiel 1986; Jokiel 1992; Cohen 1997).

Table 2. Total numbers of taxa of marine organisms reported by 21 previous studies at Johnston
Atoll and by present study, numbers of new reports, identified species and proportion of
Hawaiian species component.

Taxa Previous Present 1%J.A. % New Identified Hawaiian %
Reports Study Report  Reports Species Species Hawaiian

Macroalgae 91 100 69 69 73 73 100
Porifera 0 16 16 100 1 1 100
Cnidaria 57 28 5 18 23 16 70
Aschelminthes 1 0 - - - - -
Polychaeta 20 59 48 81 20 18 90
Sipunculida 0 4 4 100 4 4 100
Crustacea 112 135 96 71 79 69 87
Mollusca 221 178 55 31 126 115 91
Bryozoa 0 12 12 100 11 7 63
Echinodermata 56 30 7 23 26 24 92
Ascidiacea 0 13 13 100 7 4 57
Fish 306 93 0 0 92 90 97
Reptilia 1 0 - - - - -
Total Taxa 865 668 325 49 462 421 91
Current Study

A total of 668 taxa of macroalgae, invertebrates and fishes were observed or collected at the 11
stations in this survey, (Appendix C), or equal to about 77% of the total number of taxa that had
been reported by all previous surveys and studies at Johnston Atoll since 1882 (Table 2). For
many taxonomic groups i.e. sponges (16 taxa), sipunculids (4 taxa) bryozoans (30 taxa) and
ascidians (13 taxa) the present study provides the first reports and records for the atoll. No new
fish taxa were found in the present study, and only five new cnidarians were found. These were
the reef coral Montipora hoffmeisteri, previously not reported north of Fanning Island (Coles, in
press) and four hydroids, one of them the nonindigenous Pennaria disticha. For the remaining
groups of macroalgae, polychaetes, crustaceans, molluscs, and echinoderms, the number of taxa
newly reported taxa range from 13 (echinoderms) to 96 (crustaceans). Alternatively, new reports
expressed as a percentage of total taxa range from 23% (echinoderms) to 81% (polychaetes),
with nearly half (48%) of the total taxa being previously unreported for the atoll. Within the
crustacea, in which new reports were 71 % of the total, some groups such as amphipods,
cumaceans and tanaids had no previously reported specimens (Appendix A).

Of the 668 total taxa found in the present study 462 (69%) were identified to species (Appendix

B), and 421of these identified species (91%) are known to occur in Hawaii (Table 2), indicating
that the majority of the Johnston Atoll marine flora and fauna is composed of Hawaiian species.
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This was particularly the case for macroalgae, Porifera, Polychaeta, Sipunculida Mollusca,
Echinodermata and fish, where Hawaiian species made up 90% or more of the identified
organisms (Table 2). Only bryozoans (Ectoprocta) and ascidian had a substantial proportion of
their identified species which were not previous known from Hawaii, suggesting that these two
groups, which are susceptible to transport as fouling organisms, include organisms that may have
been humanly introduced from areas outside of Hawaii.

Introduced organisms made up only a small fraction of the total Johnston Atoll biota. Only ten of
the 668 taxa (1.5%) were species designated as introduced or cryptogenic in Carlton and
Eldredge (in prep.) or by taxonomists familiar with the respective groups (Table 3). Alternatively,
nonindigenous or cryptogenic species composed only 2% of the 462 taxa identified to species.
These introduced or potentially introduced species included the a nonindigenous hydrozoan and
polychaete found in Hawaii, a one nonindigenous bryozoan found in Hawaii, three previously
unreported cryptogenic bryozoans, and three nonindigenous ascidians. Only one of these, the
bryozoan Didymozoum triseriale (Philipps, 1899), has a previously known distribution restricted to
the Indo-Pacific, while the others were tropical worldwide or undetermined (Table 3).

Table 3. Cryptogenic and nonindigenous species found on June 2000 Johnston Atoll Surveys

Taxa Species Status Origin or Range
Hydrozoa Pennaria disticha Nonindigenous  Tropical Worldwide
Polychaeta  Branchiomma nigromaculata Cryptogenic Tropical Worldwide

Armandia intermedia Cryptogenic Undetermined
Bryozoa Bugula vectifera? Cryptogenic Undetermined
Caulibugula dendrograpta Nonindigenous  Undetermined
Didymozoum triseriale Cryptogenic Indo-Pacific
Halysis diaphana Cryptogenic Tropical Worldwide
Ascidiacea  Ascidia sydneiensis Nonindigenous  Undetermined
Diplosoma listerianum Nonindigenous  Tropical Worldwide
Microcosmus exasperatus Nonindigenous  Tropical Worldwide

Comparison of numbers of taxa among stations for various taxonomic groups and for all taxa
combined (Figure 2, Table 4) showed little variation among stations for any major group nor for
total taxa. Maximum numbers of taxa occurred at Station 4 (Donovan’s Reef) for combined taxa,
crustaceans and fish, but the differences from other stations were not substantial. For example,
the 215 total taxa occurring at this site were only 71 more than the 144 taxa occurring at Station 9
(Cucumber Flats), the site of fewest reports. Even lower variation among stations was indicated
by Shannon H’;4 diversity indices, which ranged only 2.16 at Stations 6 and 9 to 2.33 at Station 4.
The most species rich taxonomic groups by stations were the macroalgae (9-28 taxa),
polychaetes (14-27 taxa), crustaceans (26-49 taxa), mollusks (19-71 taxa) and fishes (20-52
taxa). The only spatial pattern suggested by these data are increased numbers of taxa and
diversity at Station 2 on the or at Stations 4 and 8 on the reef slope, which ranked 1 to 3 in total
taxa, respectively. However, Station 9 outer back reef flat ranked last of the 11 stations in total
taxa, 10" in macroalgae and 9" in fishes.
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Figure 2 Numbers of taxa in major taxonomic groups at Johnston Atoll stations

Table 4. Data for Figure 2 and Shannon’s H';, diversity indices.

Station

Taxa 1 2 3 4 5 6 7 8 9 10 11
Algae 9 28 24 25 19 16 11 17 10 21 13
Porifera 3 0 2 4 0 1 3 1 1 5 0
Cnidaria 7 9 7 12 11 11 13 13 11 7 7
Polychaeta 25 17 18 14 24 27 20 12 17 15 17
Sipunculida 3 2 1 2 1 1 0 0 0 0 1
Crustacea 32 37 40 49 26 37 39 45 43 42 40
Mollusca 37 71 36 37 53 29 19 27 32 19 40
Ectoprocta 5 1 1 3 1 0 1 0 0 1 0
Echinodermata 4 10 10 13 2 2 2 15 5 1 1
Ascidia 3 1 0 3 1 1 6 3 0 4 0
Fish 25 32 36 52 39 20 38 47 25 37 30
All Taxa 153 208 175 214 177 145 152 180 144 152 149
H'1o Diversity 218 232 224 233 225 216 217 226 2.16 2.17 218
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Figure 3. Dendrograph of Sorenson similarities among station for all taxa using UPGMA method
for calculating intercluster distances

Calculation of Sorensen similarity indices species presence-absence (Figure 3) for all taxa
indicates that similarities within clusters were not high in any case, with the highest similarity
about 55% occurring between stations 4 and 8. Nonetheless, the dendrograph suggests patterns
among station clusters that correspond to reef location and environment, despite the relatively
small differences among stations for species numbers and diversity. Stations 1 and 10 did not
group with any other, and these were in unique locations, Station 1 being on and near the
Johnston Island pier, and Station 10 along the channel in the south lagoon. The Station 4 and 8
cluster contains the two stations which were on the outer reef slope where overall taxa numbers
and diversity were high (Table 3), especially for crustaceans and fishes.

The cluster containing Stations 2, 3 and 9 corresponds to locations in the north lagoon that were
on the outer back reef flat. Running similar analysis for the individual taxonomic groups indicates
that this cluster results primarily from taxa within the polycheats, crustaceans, echinoderms and
fishes. Stations 2 and 3 grouped at about 60% similarity for the crustaceans and echinoderms.

14



Stations 2 and 9 grouped at about 77% similarity for the fishes, and Stations 3 and 9 at about
70% similarity for the polychaetes.

The largest cluster of four stations for total taxa is formed by Stations 5, 6 and 7, all along
dredged areas in the north lagoon, with Station 11, near the sewage outfall south of Johnston
Island. This cluster appears to result from a number of associations within the individual
taxonomic groups. Station 5 groups at about 75% similarity with Station 6 for the polychaetes, at
about 65% similarity with Station 7 for the fishes and at about 55% similarity with Station 11 for
the crustaceans. Station 6 clusters with Station 11 at about 72% similarity for the fishes, at 92%
similarity with Station 7 for the cnidarians; and with Station 7 at about 40% similarity for mollusks.
Station clusters at about 63% similarity with both Stations 5 and 6 for the polychaetes.

Station 11 was the most unusual of the reef sites surveyed, with the alga Bryopsis hypnoides
growing over the reef in high densities, apparently dominating the benthos in competition with
reef corals and other sessile forms. Despite this apparent dominance by a species indicating
eutrophication by the sewage outfall and discharge, the similarity analysis based on species
presence-absence did not separate this station from any other for total taxa or any major
taxonomic group. Nor were species diversity or numbers of taxa particularly low at this station
except for echinoderms, where it tied with Station 7 for least number of species. This indicates,
that despite the apparent dominance of Bryopsis hypnoides in this area, the site still supports a
large variety of biota typical for the Johnston Atoll lagoon.

Stations 1 and 10 did not group with any sites for total taxa (Figure 3) or in similarity
dendrographs for all invertebrates excluding algae and fishes, and for mollusks alone. Station 1
was unique in its location on and near the concrete Johnston Island Pier where most benthic
organisms had little three dimensional relief for settlement and growth, and many molluscs which
are usually found on flat manmade structures occurred only at this site. Also the fewest numbers
of algal found on the study were at this site, and fish species tied with second from last. Station
10, at the end of the south lagoon channel, had next to the lowest humber of total taxa and the
fewest taxa of molluscs and coral species found on the study.

DISCUSSION

Compared with harbors which have been surveyed on Oahu, Hawaii (Coles et al. 1997, 1999a,
1999b) and found to have a introduced component of around 100 species or about 20% of their
total biota, cryptogenic or nonindigenous are only a minor portion of the Johnston Atoll marine
community. With only ten potentially introduced species comprising only 1-2% of the total
species or taxa, the nonindigenous component approximates that which has been found for
previous surveys of non harbor areas in the Hawaiian Islands such as Midway Atoll and
Kaho'olawe (Coles et al. 1998, DeFelice et al. 1998). Similarly, studies in Guam (Paulay et al. in
prep.) and Australia (Hewitt et al, 1998; Hoedt et al. 2000) which have found a nonindigenous
component of around 1-2% of the total biota identified (Table 5). Nonindigenous species
conspicuously absent from Johnston Atoll are the Caribbean intertidal barnacle Cthamalus
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proteus , which is extremely abundant in the intertidal zone in harbors and bays in Hawaii and
has spread as far westward as Guam (Southward et al. 1998), and invasive nonindigenous red
algae (Russell 1992) which cover reef flats in many areas of the main Hawaiian Islands. With
monthly visits by a supply barge from Honolulu plus previous military vessel movement during the
atoll’s occupation in the last 50 years, there has been ample opportunity for species introductions.
The relative lack of introduced species on the atoll is probably in large part due to the inability for
nonindigenous forms adapted to harbor conditions to establish themselves in the oligotrophic reef
environment where they must also compete with a diverse biota adapted to tropical conditions.
Higher diversity of the Australian native fauna has been proposed to account for the relatively low
nonindigenous component found in North Queensland ports and harbors (Hutchings et al. ms
submitted) although such areas are still susceptible to invasion by an foreign organism that is
adapted to tropical reef conditions (Pyne 1999; Willan et al. 2000).

Table 5. Numbers of marine nonindigenous, cryptogenic and total species determined on Hawaii,
Guam and Australian surveys. (Modified from Coles and Eldredge, ms submitted).

Nonindigenous  Cryptogenic Total Total %

Location (N) © N+C Species N+C
Hawaii

Oahu, Pearl Harbor 69 26 95 419 23.0

Oahu, S. & W. Shores 73 27 100 585 17.0

Midway 4 0 4 444 15

Kaho'olawe 3 0 3 298 1.0
Guam

Apra Harbor 27* 29* 46* 682 6.7

Island-wide 104 4635 2.2
Australia

Hay Point Port 8 2 10 506 2.0

Mourilyan Harbour 2 2 4 401 1.0

Abbot Point Port 0 5 5 593 0.8

As previously reported for the algal fish and reef coral assemblages at Johnston Atoll, the
invertebrates found in this study are highly dominated by organisms that occur in the Hawaiian
Islands. This would be expected given Johnston Atoll’s location in the North pacific gyre where it
receives water that has passed the Hawaiian Islands. However, under the influence of the North
Equatorial Countercurrent, the Johnston Atoll biota also has a number of tropical species not
found in the main Hawaiian Islands which probably originate from the central equatorial Pacific.
Some taxonomic groups such as reef corals, are highly dominated by tropical species which are
not found in most of the main Hawaiian Islands, and Johnston Atoll may be responsible for the
reintroduction of these organisms into the Northwest Hawaiian Islands (Grigg 1981).

The data and similarity analyses indicate that there are no large differences among the sites in

terms of their species presence-absence, although there is an overall pattern in the similarities
that corresponds to location and environmental conditions. Small differences among the biota of

16



the eleven sites would be expected in a well-mixed atoll lagoon where no outstanding differences
occur among sites in depth, water quality or sedimentation. The only area that was dramatically
different from the other areas observed on the survey was at Station 11 in the vicinity of the
Johnston Island sewer outfall. The bloom of Byopsis hypnoides and, to lesser extent, Caulerpa
racemosa in this area was conspicuous and unique for the atoll, and clearly indicated
eutrophication of the waters of the south lagoon by the sewage discharge. This is somewhat
surprising, given the openness of the receiving water to unrestricted flow of open ocean water,
depth of the discharge which should encourage mixing as effluent rises to the surface, and
assumed low volume of discharge.

The occurrence of a colony of Acropora cythera with aberrant growth on its surface at Station 2
(Plate 1) is interesting and may warrant further surveys for corals with such growths in the
Johnston Atoll lagoon, given the use of the atoll for aerial nuclear bomb testing 40-50 years ago.
These growths are reminiscent, but not the same as spherical calicoblastic tumors that have been
observed on Acropora corals in Oman (Coles and Seapy 1998) and elsewhere (Peters et al.
1986). The factor or factors that causes such aberrant coral growth is unknown, and the growth
form found on the Johnston Atoll coral has not previously been observed.

CONCLUSIONS

The Johnston Atoll marine community is a representative of a typical coral reef environment that
is composed primarily of organisms found in the Hawaiian Islands. However, its megafauna is
highly dominated by live reef corals of the genus Acropora, which is not found in any of the main
Hawaiian Islands except Kauai, where it occurs only rarely. The present study has substantially
increased the knowledge of taxonomic groups other than macroalgae, reef corals and fishes with
325 taxa newly reported, with about 90% of these composed of Hawaiian species ort higher taxa.

A very small component of the Johnston Atoll marine community is composed of introduced
species, with only ten cryptogenic or recognized nonindigenous species found among the 668
taxa or 452 identified species. None of these introduced organisms were abundant, and they
usually occurred as single specimens at one or two stations. Johnston Atoll is therefore
consiste