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I additon to the studies of the atoll Ligoon charactensties of the groundwater system
are poted, 1 adense from solated standing water bodies on the atoll demonstrates that these
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immediately previons hintory of these bodies as well as 1o the physiography of the atoll.
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SUMMARY

Canton Atoll has a single passage belween the ocean uand lagoon and has
conspicuous environmental grudients from that passage to the hback lagoon.
These gradients include the physiography of the lagoon floor, water quality,
and the diversity and abundance of corals, fishes, and mollusks. The gradi-
ents cun apparently be attributed either directly or indirectly to circulation
and water motion within the lagoon. Those oceunographic characteristics can,
in turn, be attributed to the geological history of the atoll, including some

human modification of the pass configurution.

In addition to the studies of the atoll lagoon, the charncteristios ol the
groundwater system are noted.  Evidence from isolated stunding water
boadies on the utoll demonstrates that these features show consideruble
variability . which may be attributed to 4 combination of the immediately
previous history of these bodies as well as to the physiography of the atoll.
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SYNOPSIS :

Canton Atoll™ is the lurgest of eight islands in the Phoenix Islunds of the '
South Pacific Ocean (Frontispiece). The atoll has been the subject of several ]
surveys, most of which have dealt with aspects of the terrestrial biota. The
present report is, for the most part, based on a marine environmental survey
conducted by the Murine Environmental Management Office (Naval Undersea
Center. Hawaii Laboratory) between 27 November and 11 December 1973, at
the request of the USAF Environmental Health Laboratory (Kelly Air Force
Base, Texas). Scienticts participating in the expedition included E. C. Evans 11,
J. G. Grovhoug, and R. S. Henderson (MEMO): P. L. Jokiel and £. B. Guinther
(Hawaii Institute of Marine Biology. University of Hawaii): and S. V. Smith
(HIMB/MEMO). Also present wus C, T. Peterson (NUC), who not only
provided photographic documentation but also assisted in the various scientific
tasks. Additional survey information incorporated into this report includes coral
observitions by J. E. Marugos (HIMB) in September 1973 und both hydrographic
information and coral observations by P, L. Jokiel and R. H, Callahan (USAF)
in June 1972, In addition, E. A. Kay (Department of General Science. UH) has

analyzed and reported on the micromollusks in sediment sumples from Canton
lagoon.
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The primary justification for MEMO and HIMB participating in this
expedition was the opportunity to collect a broud variety of biological and
physiochemical data for comparing Canton Atoll with other marine environ-
ments, the ultimate goal being the development ot an environmental runge tor
the objective intercomparison of geographically separated marine environ-
ments. In keeping with such a justification, the Cunton data have been stored in
the Hawait Coastal Zone Data Bank of the University of Hawaii.
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This survey of the Canton Atoll lugoon was undertaken to determine the
distribution of abiotic environmental variables and biotic responses to these
variables. In particular, there has been an attempt to find what eftects, ifany.
human influence has had on the atoll, As is true Tor most surveys of remotve sites,
the availuble data are largely restricted to a single instunt in time. In view of the
tremendous meteorological variations, this limited time frame of data is untor-
tunate. However, the relatively simple physical configuration of the lagoon,
$ some ancillury data which were gathered before und after the major survey. and

*The term “Canton Atoll" is officiully sinctioned by the US Board on Geographic Names; Lhe term
"Canton Istund™ will be used throughout in reference to the main bslund of that atoll,
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the interpretation of physiographic features in the lagoon allow far-reaching
inferences to be made from this survey,

The Canton lagoon is ulmost landlocked, with 4 single pass on the western
side of the atoll. Other shallower passes, also along the western side of the atoll
and north of the present pass, were artificially closed during causeway construc-
tion about 1943. The aren of the lagoon is about 50 km?2, and the mean depth
of the lagoon is about 6 m.

The lagoon physiography and biota can be described in terms of four zones,
The first of these (the Pass Zone) is within 2 km of the pass and has well-
developed patch reefs and coral knolls, The second zone (Line Reef Zone)
extends *rom 2 to 8 km from the pass and is characterized by linear reefs with
fewer corals. The third zone (Back Lagoon Zone) Is in the most distant, south-
eastern corner of the lagoon, has few reef structures and very few live corals. The
fourth zone (Altered Zone) hus reef structures which are physiographically
similat to the Pass Zone, but hus a live coral distribution which looks more like
that in the Line Reef Zone, The oceun reefs of the atoll undoubtedly also show
zonatlon (at least into windwuard and leeward reefs), During the present investi-
gation virtually all examination of the ocean reefs was confined to the leeward
(western and southern) portion of the atoll.

Water is exchanged betwee., (e ocean and lagoon by tidal flushing at the
single pass. Flushing is most efficient near the pass: throughout the rest of the
lagoon, flushing is accomplished less rapidly by tidal and wind mixing. During
the time of this survey. anu apparcently under most conditions at Canton, there
is an excess of evaporution over rainfall. Hence, salinity in the back lagoon is al-
most 40 9/o0, or 4 0/0oo ubove oceanic values.

Water enters the lagoon relatively nutrient rich (ubout 0.6 mmole P/m?, 3.6
mmolvs N/m?). By the time the water reaches the back lagoon, these nutrients
have been depleted to neur 0. Based on nutrient and CO, budgets, the net organic
carbon production wus 6 g C m™® day™!, und CaCO, production was 1.4 g CaCO,
m2 day™!', All metabolic rates were highest near the pass. Most of the CaCO,
produced in the lugoon remains there and contributes to lagoon in-filling. The
high gross and low net organic carbon production indicate that ofganic products
are effectively recycled by the system. Most of the net organic carbon produc-
tion which does occur is lost from the lugoon,

The distribution patterns oi three major groups of organisms were exumined:
corals, fishes, and micromollusks, A totul of 82 coral species from 38 genera were
found at Canton. Corals on the slope of the leeward ocean reef uppeur to be
controlled largely by interactions among the various specles, Both on the reef
flats of the oceun reefs und in the lagoon. the coral distribution is upparently
controlled by physical conditions. The number of species und the corul cover in
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the lagoon decrease with increasing distance from the pass. Some aspect of circu-
lation, perhaps water motion, is likely (o be the major variable controlling this
distribution. The number of coral genera observed at Canton is consistent with
the generally held idea that coral diversity decreases from west to east across the
Pacific Ocean. Comparison of the Canton corals with the biota of other nearby
reef areas demouastrates peculiar, and not entirelv understood, discontinuities
and putterns of dominance from one area to another,

Data from this survey expand the number of fish species reported trom
Canton Island to 264 species from S0 families, This number is consistent with
similarly conducted surveys elsewhere in the Central Pacitic Ocean. The fishes
also show a general pattern of decreasing numbers and species with distance
into the lagoon and away trom the pass. As with the corals, the richest {ish
populations are on the reef slope outside the lagoon. Availability of suitable
substrata, lurgely in the form of corals, is the major parameter controlling the
fish distribution, The distributions of selected fish species reveal several distine-
tive distribution patterns. Several species may be found at any location having
adequate substraty, Other groups show subtle variations but a general preference
tor arcas of good reef development.

The third group oi organisms exumined during this study was the micro-
mollusks. A total of 90 species was recorded. These could be divided into three
assemblages: slope of the seaward re=f, outer lagoon. and inner lugoon. The
seaward reef sumple has o low standing crop und high diversity, while both lagoon
assembluges have higher standing crops and lower diversitics. Some aspect of
water composition, perhaps salinity, is postulated to be a maior control in these
molluscan distribution patterns. Turbidity of lugoon water and the nature of
available substrata may also be major controlling variables

There are common characteristics to all three groups of organisms. The
outer reef slope on the leeward side of the atoll has a high species diversity,
and competitive pressures seem likely to be the dominant intluence on compo-
sition. The lagoon biota become progressively fess diverse with distance from the
puss. Various physicul tuctors can be catled upon to explain this diminishing
diversity,

Sampling of wuter bodies on the stoll roveals that these features are also
related to the physiography of the at-.dl. Standing water oceurs in various low
spots on the atoll, and myjor grour. of ponded water bodies have salinitics
ranging from well below to well bove oceanic values, These patterns niust
record, in part. the degre~ of conncction between the ponds and the ground-
water system of the atoll. Highest salinity values are found in the lirgest water
bodies, which probably have a relatively slow exchange with the groundwater.
Nutrient and chlorophyll leveis show no such common patterns from one water
body to another. It appeurs that the composition of each pond is sensitive to its
immediately previous environmental history.
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Thus, the physiography of the atoll, and therefore in lurge part the
geological history of the atoll, exerts major control on both the hiotic and abiotic
characteristics of the lagoon, Man's effect on the aquitic aspects of the ecosystem
can also be expressed in terms of physiography. Alteration of' pass configuration
along the western side of the atoll has clearly changed circulation, water compo-
sition, and biotic composition. On land. man has altered the topography and
therefore the characteristios of water bodivs, With local exceptions, these
artificial effects have apparently been small in comparison with the natucal
processes of physiographic change over the past several thousand years.
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ABSTRACT . i

The four major physiographic zones ot the Canton Atoll lugoon ure deflined ]

as the Puss Zone, the Line Reel' Zone. the Buck Lagoon Zone, and the Altered é
Zone. Each of these zones hus u charucteristic physiography, hiota, and water ]
quality, The Altered Zone is noteworthy. because it appears to huve originated

from the degradation of other zones brought about by dredge and Fill operations, 3

There does not appear to be uny other major artificial damage to the lagoon,
aside from direct mechanical destruction by deedging,

The predominam aspects of lagoon circulation are wind dritt and tidal
flow. Although lagoon tides show a pronounced lag with respect to the ocean

tides, there is no measurable amplitude attenuation from the occan to the back
lagoon.
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GENERAL OBSERVATIONS

The Canton Atoll lagoon may be divided into four imujor physiographic
zones: the Puss Zone, the Line Reel Zone, the Buck Lugoon Zone, and the
Altered Zone, Approximute boundarivs of the zones are shown in the Frontis-
piece, These lugoon zones, although shown as distinctly bounded, are broudly
transitional from one to another.

Within che Puss Zone, extending 10 approximutely 2 km from the pussage
between the ocean and lugoon, tidul flushing is obviously the dominunt tuctor in
maintaining an environment that is rich in biota und that has nearly oceanic
water quulity. Pateh reels are the most common physiogruphic features in this
zone, especially immediately east und southeast of the pass. Neurlv halt of the
lagoon floor in this zone was dredged during the construction of seaplane run-
wuys und a ship=turning busin. Figure 1 is un air photogruph showing much of
the Paxs Zone und part of the Line Reef Zone.

Figure 1. Oblique air photograph showing u portien
uf the northeastern lagoon feinging imertdal Nuts
troreground ), lineat rests, und the apparentdy upen-
water aren of the Pask Zone tbackprouml ),
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In the central lugoon, within a 2 to 8 km distunce from the pass, line reefs
extending in an upproximately north=south direction or interconnected into u
cellutar network (Fig. 23 are the predominant features, Along the intertidal fluts
fringing the lagoon in the Line Reef Zone, some reet patches protrude through
the sund-covered slope, The crests of these structures are kept free of sediment
by relutively high-velocity tidal currents,

The Back Lugoon Zone is the zone most distunt from the influence of the

lugoon pass (Fig. 3). In this zone, line reels are lucking, patch reets are spurse, ;
und most of the hard substratum (including much of' the live coral) is vovered i
with a thin layer of tine sediment, Tidal currents are barely discernible, {
i
]
:

Figure 2. Oblique utr photograph
from the northeast, aeross the ;
lugoun in the Line Reer Zone, R

E. Figure 3. Obligue e photopraph trom
the suuthenst, shuwing the Back Lagaon
Zone and the edpe ol the Line Reet Zone,




Some reets in the Canton Atoll lugoon show definite signs of degradation
which have apparently oceured recently (within the lust 100 years), These
chunges are most obvious in the Altered Zone, located in the northwestern
corner of the lagoon. Patch reels are common in this zone, and some line reef
structures oceur in the southeastern portion ot the ared. Yet live corul is spurse
on the reel” and is limited to a small number of hardy species: practicatly all hard
and sof't subeyaty are being covered with fine sediment, At present this corner of
the lugoon hay poor water circulation, relutively high salinity, low nutrients, and
very high turbidity. An explunution for the condition of this zone car *pparently
be found in human modificution of the atoll physiogruphy.
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A generil description ot the atoll prior to 1938 has been compiled from a :
number of sources (fivld notes of and personal discussion with E, H. Bryan, Jr.;
aetlul photographs: and a 1938 survey of the atoll by Henslee Towilh).

Before human disturbunce. the Canton Atoll lagoon was connected to the '
open oceian by four entrances along the western side of the atoll (Fig, 4, left).

entrance 4

antrance ? Causeway $ 3
entrance 2 -~ \
\ ’ ' " Coral C \
" Pinnaclus ' ) ship-turning :
untrance | \ ! basin

-
snennan ooty

-..-l..ll nw.v|
drocged seaplant .!-L: iyt

)
Semenea, Jr
N

1838 1873

kilometers

Foguee &0 Contprination ol the western lagoon and 4
passes i F9IR delt) and 1973 dright).




B e ARETTT

R AR e T

g g e

TR T T ——— i

T

R e A R

During the curly yeurs of World War 11, three of the entrances were closed by
cuusewnys, and an additions) 8-meter<deep ship chunnel was cut through the
atoll rim, leaving an isolated remnant of lund now known as Spam Islund, two
rows of dredge spoils near the pass, and a small dredged islund in mid-lagoon.
Entrance 1 still exists: it was deepened in 1943 when the ship chunnel was
dredged (Degener and Gillaspy, 1955). Spum [sland, the remaining (double) puss,
and the dredie spoils can be seen in Fig. 1 and 4 (right).

At the present time, Entrunce 1 at its nurrowest and shallowest point is
approximately 150 m wide and § m deep. In his original ticld notes,
E. H. Bryan. Jr. (notes of Whitney South Sea Expedition of the American
Museum of Natural History, March 1924: on tile at Bishop Museum, Honolulu)
described Entrance | as " 60-150 yards wide, deep. blocked on inside by corul
heads.” Entrance 2 was “about 200 yards wide, shallow, full of rocks and coral
citn be casily waded )™ He Tound Entrance 3 to be 1540 yvards wide in places
Knee deep, but with deeper pools.”™ Entrance 4 was 2050 yurds wide, very long
and winling, making two turns, deep in spots (up to 10«12 feet), other places
shatlow (knee deep).” Water seldom Nowed through this pass,

The dredge probably wis brought through Entrance 1. cutting the chunnel
through the shullow (exposed at low tide) Coryl Garden area. This channel s
approximately § m deep and 100 m wide, Dredge spolls were deposited along
the channels, forming long. nurrow, steepssided islunds which rise to o height ol
over § m above sea level, The turning basin was cleured and the deep channel
wis probubly dredged from the lagoon side, Later, the seaplane runwiays were
cleared (Fig. 4, right), In terms of altered water circulation, the most signifi-
vant result of the ranway dredging appears to have been the breaching of the
line reels at the end of the cast-west runway.,

Prior to dredging, much of the water entering Entranee 1 was deflected
south by the Coral Gardens Reef, and water velogity through Entrunee |
probably reached nearly 3 m/s, A smaller portion of the water was deflectad
north. Lush coral growth typitied the entire wostern portion of the lugoon, The
Jine reefs tealled “eross reels™ in Bryan's 19 24 notes) were charicterized by
what Bryan described as “masses of forked, candelabra-like, brown, sharp-tipped
voral, which rises out of the water.” Undoubtedly he was describing Millepara
Hu also noted the presence of purple coral.™ This coral was probably Montipaora
teherculosa, which is quite eye-catehing at Canton and is still 1o be found on the
shallow puteh reels near the pass, Bryan found the back lugoon to be compura. :
tively free of corals, o condition whicl peesists to present times. !

Although Entrances 2.3, and 4 were shallow and probably did not provide
as ligh o volume exchimge as Entrance Totheir presence was obiviously of' great i
importanee to the tushing and circulation ol the northwestern lagoon. Without :
these nearl v sources o oveanic water, the pateh reets have eeased normal
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growth; the general environment ol the Altered Zone is more nearly like that of
the back lagoon. Closing the northern passes apparently did not reduce the totul
valume of tidal exchange of the laroon, as evidenced by the tide-gauge data,
which show no attenuation ol tidal amplitude from the ocean to the back lgoon
(Fig. 5. However, this change did greatly atfect the circulation velocities und
patterns of the western lagoon, Most of the lagoon ¢nvironment located beyond
the Pass Zone and Altered Zone arcas was probably not appreciably aftfected by
the puss modifications, The distance of most of the ligoon to the nearest pass
remained unaltered because of the lugoon und pass geometry.

Lagoon Tide

Lag ~ t he 40 min

1.04 0
cean - Ouisicn of puss

0,8- Lagaon - 12 km lrom puss
i

0.6 4

0.4 1

Tudal hesght tm)

A

0.2 9 !
v G in low tide record oueutted when (ide chnpped
balow lavel of Lde gauge (ube bottom.

0.0+

1200 D000 1200 0000 1200 NOVO 1200 0000 1200 0000 1200 0000 1200 0000 1200 D000
28 Nov 74 30 Nov 1 Dec 2 Dec 3 Dec 4 Duc B Dec

ligure 8. Tide gauge reconds at oecun stution wixd lugooy stetion.

Deleterious effeets on the marme environment, aside from the purely
mechanical demolition of reet structures, are not obvious near the present passes,
However, dredging of reel structures within the lagoon has had lasting impaet on
the circubetion and water quality of the inner kigoon zones, For example, in
those areas where dine ree! struvtures were removed ot the castern portion of the
seapline runway. the edges of the remaining reet dre now subjected to only
relatively stugglsh tidal flow through the deepened channcds instead of the
strong, shoaling cureents that previously crossed these structures, The trancated
rect edges enhibit more fine sediment cover, fewer fish, and fewer hive corals
thi undreedged portions ot fine reets, Thick algal mats and buoyant stringers of
algae are common on mueh of the shadlow substrata of these local altered arcus.

Aside from the temporary delivery of wind-borne crushed limestone
sowder Gand wlong with i, possibly ammonia and other teeresteinl materials) 1o
the Mad and Ligoon surface of the northern edge of te atol), no quantitutively
significant input of man-made pollutant wis noted al the time ol this surwey,
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The intertidul and nearshore areas of’ the oceanic {ringing reef are generally
in good health and appear to be unaffected by water exiting the lagoon. Most of
the water exiting the lagoon is of approximutely oceanic composition because
of relatively limited horizontal mixing in the inner lagoon. This plume of water
from the lagoon is quickly diluted and dispersed by oceun currents,

Although the intertidal fringing rect flats may appear barren, these areus
are important to the atoll biota becuuse of the inconspicuous algul turf that
covers most of the surfuce. Many cryptic ongunisms (for example, Foraminifera
and mollusks) abound in this turf. The tuet is grazed by herbivorous organisms
and thus provides one of the major food sources in the food web of the reef
community. Because of its intertidal focution, the turf is vulnerabie to pollutants
Noating on the water surface. Some degree of alterution is presently being
imposed upon a small section of the reef tlat near the sewage outfall off the
northwestern shore of the istand,

Two Stevens type F well-level recording devices were installed to compare
tide heighis wnd phases at an ocean station immediately outside the pass with a
stution in the southeastern corner of the lagoon, The lovations are tubelled TG
and TG 2 on Fig. 6. Figure § shows portions of recorder tracings from the two

Figure 6, Drift card drop shies (1 Labels), recovery
wites tuntobelled symbuois), and tide gauge focations
(TG Dushed arrows from DC4 represent dye tracks
from batiompluced dye pucket.
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stations. There is a 100-minute time lag between the ocean and tidal extremes :
and those of the lagoon, but no measurable attenuation of tlal amplitude, i
Some detail may be iost in this tidal record, both because the lugoon gauge !

became exposed on some love tides and because there was a great deal of high-
frequency noise in the ocean record. Nevertheless, the records fail to show the
dramatic (about S0°7) attenuation which Gallagher et al. ¢1971) observed ot
Fanning Atoll.

Relatively high=speed tidal currents occur and could be sensed by divers at
most locations in the lugoon. Direction of Now is predominantly away from the
pass on a rising tide and towards the pass on g talling tide. Along the lugoon
shore, the Nlow is to or from the shoreline thut complicated there by wind dritt),
Tidul currents dre most pronounced as subsurtace currents. Dye packets anchored )
to the bottom or in midwater provided a qualitative impression of tlow patterns,

The high-speed currents at the pass are tidal, occasionally with an added wind-
induced component,

Surface-water wind drift was documented at five lugoon locations by the
release of drif't cards (Nat curdbourd milk-carton tops). The release sites are
shown in Fig, 6. Such cards indicate how suttaee, wind-driven pollutants such as
oil might disperse: however, the cards reveal little or no information about the
wind-driven currents immediately below the water surfuce. Although the cards
tend to move in a general downwind direction. their pattern of movement is not
simple, The cards may move smae distance off the wind track to one side und
then gradually shitt their trajectory to another pattern relative to the wind. In
sonie instances, the cards become entrained in small eddies. Purt of this behavior
undoubtedly can be explained by classical models of wind drift (Ekman currents),
The interaction of the tidal currents and the reel obstructions appears to have
more important influences on wind-drift patterns. For example, cards released
ou the upwind side of g reef, but doynstream of the reef with respect to tidul
flow, were seen to remain “trapped” on the upwind side of the reet even though
the top of tne reef was submuerged by several decimeters, Apparently the tidal
currents actually break the surface under these circumstances, with foree on the
seit surtace equal to that of the wind drag.

The net direction of surfuce drift is ultimuately downwind, As shown in
Fig. o, drift cards from all lovations except DC-1 were tound several days af'ter
their release along the lugoon buaches south of the pass. Cards from that single
exception (DC-1) were found along the western fagoon shore north of the pass.
During the sutvey period, the wind direction ranged from NE to E,

Incidentally, the drift curds only confirm the pattern suggested by other ;
evidence, Specific recovery sites were sundy beaches heavily littered by flotsam !
and jetsum, Points or arcas clear of recent sand acecumulation or debris tended
not to collect drift cards,
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ABSTRACT

Eudgets of water, sult, nutrivnts, carbon dioxide, suspended material, and
sediments cun be used to establish the dynamies of water exchonge, biogeo-
chemical reactions, and sedimentation in the Canton Atoll lagoon,

Muximum water residence time in the lagoon is aboug 97 days. During that
time, net evaporation raises the salinity nearly 4 9/00 above veeunic values,
Phosphorus utilization in the lagoon 's 0,027 mmole m™ * day =" nitrogen utili-
zation is abaut 8.5 times this rate. Net exeess organic carbon production is
assumad to be 100 times the rate ¢ phosphotrus utilization (that is, about 3
mmoles 1 2 day™ ' or 36 me C i ? day™ ). Gross production., as inteered from
{ i gas exchange between the aivand water,is 6 g C o ? day ' CaC0Q, production
is 1 mmoles 07 day 'oor L g CaCO,y v ? day ', Most of the CaCO,
produced in the lagoon remains there, but a substantial portion of the organic
carbon produced is lost 'rom the lagoon.

Water motion s the parameter exerting major influence on the metabolism
of the lagoon biotic community. Artificial alteration of water movement patterns
has changed part of that community. Neither nitrogen nor pliosphorus is lkely
to limit metabolism of the bioty, CaCO, production in the lagoon has probably
been sutticient to Fill the lagoon with about 20 m of sediment over the nust
8,000 years, It is likely that the present episode of lagoon reet growth has been
. continuing for that timespan and that the CaCOy production rate has decteased
substuntially over that period.
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Coral atolls have long been recognized for their variety, complexity, and
fertility in the midst of an oceanic “desert.” Most studies of reef systems have
primarily considered their composition, with little regard for the dynamic
balance of material production, utilization, and removal. Yet the ability of coral
reefs to grow and maintain themselves near sea level over millenia is surely their
most conspicuous attribute. This growth results from both CaCO, production ;
and associated organic carbon metabolism by countless organisms inhabiting the E
coral reefys, :

E Calcium carbonate production by coral reefs has been estimated by several

: investigators over the past century (for a recent review, see Chave et al., 1972),
The estimates have been made for individual organisms, for portions of reefs, and
for entire reef systems. Some recent studies have departed from the traditional
approach of estimating CaCO, production from standing crop and turnover rate.
and have turned to alkalinity depletion in the wuter column as a measure of
community CaCO; production (for a review, see Smith, 1974),

b il

Information about the organic carbon productivity of coral reefs is a more
recent development. For the most part, present duta are restricted to reef fluts,
The study by Odum and Odum (1955) at Enewetak Atoll* remains the most :
comprehensive description of reef-flat productivity. Estimates of organic carbon i
productivity in reef communities have relied primarily on oxygen changes as a !
measure of productivity. Kinsey and Domm (1974), Marsh (1974), and Smith
(1974) have all reviewed the literature dealing with oxygen-derived estimates .
of organic carbon metabolism on coral reefs. In addition, Smith discussed the :
use of carbon dioxide to measure organic carbon metabolism in reef systems,

Py

P o P LA

Other metabolites can ulso provide information on the organic carbon _
metabolism of aquatic communities. Studivs of oxygen, carbon dioxide, ; 1
' phosphorus. and nitrogen flux across the windward reef flats of Enewetak Atoll
; demonstrate that there is no simple relationship between oxygen or carbon
dioxide tlux of coral reef communities und the instantaneous flux of other
metubolites through these systerus. Pilson and Betzer (1973) found no relation- ‘ :
ship between instantaneous oxygen metabolic rates and the uptake or release :

s

*This spelling of the atoll also known as “Enjwetok" has been officially sanctioned by the
US Board of Geographic Names,
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of phosphate. In fuct, those authors could detect little or no instantaneous
phosphate uptake or release in the Enewetak communities studied. Webb and
his associutes (1975) tound nitrogen flux of the Enewetuak reef-flat community
to be even more complicated. The reef flat community exported all forms of
dissolved nitrogen und apparently balanced this export with massive fixation of
atmospheric nitrogen.

The ubove studies were undertaken in reef-flat environments where the
residence time of water is only a few minutes. Such short-term incubations may
not provide the most suitable conditions for quantifying and comparing the net
biogeochemicul fluxes of various materials, Advective flux may be so great that
it masks biogeochemical changes. Moreover, short-term depurtures of biogeo-
chemical fluxes from a mass balance among the materials in the system may
obscure relationships among components even though such imbalances cannot
be maintained indefinitely. The long-term net import, export, and storage nf
organic carbon must be proportional to the net flux and storage of nutriei..s.

In contrast with rapidly tlushed reef flats, atoll lugoons retain water for
relatively long timespans (von Arx, 1954). Thus lugoons can provide long-term,
inteprated records of community biogeochemical uctivity (Smith und Pesret,
197-4). 1t is the purpose ol the present study to consider an atoll lagoon in order
to ascertain the net biogeochemical activity of u major, but largely unstudied,
portion of coral reefs. and to compare the net rates o uptake or release for
various biologically active muterials within that lugoon. Circulation of water
in an entire lugoon is more complex than water tflow across u feet flat. so
cansiderable attention is given in this paper to the manner in which the lagoon
system hus been analyzed. Budgets ol muterial flux through the lagoon provide
quantitutive bases for comparing the various muterials examined, The spatial
distribution of biogeochemical fluxes can be compared with oceanographic,
biotic, and physiographic patterns in the lugoon.

DESIGN OF SYSTEM ANALYSIS

Experience at Fanning Atoll, an atoll physiographicully similar to Cuanton,
but with certain pronounced differences, has been usetul in designing the
Canton study and in interpreting the results (se¢ Smith and Pesret. 1974), The
lagoons of both atolls ure nearly landlocked. Funning lugoon exchanges water
with the open ocean through one large pass and two smaller ones, while Canton
lagoon water exchunges at a single large pass with channels to either side of' a
small artilicial islet. As a result, the kigoon circulation ut Canton is simpler than
that at Fannine. Fanning has tidal Bows ot cach of three passes, with net
advection from east to west across the lagoon (Gallugher es al., 1971). Tidal
inflow and outtlow ut the single pass of Canton necessarily balance one another,
except for a slight net inflow to offset evaporative loss.
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Smith und Pesret (1974) culculated salt and water budgets for the Fanning
lagoon to ascertuin the relutionship between the residence time (T) of water in
the lagoon und salinity:

Z |S)-8
T (days) =7 [41‘5_2)_/] o

where Z is the meun lagoon water depth: r is the mean daily raintull rate during
and immediately preceding the sulinity measurements; and S, and 87 are the mean
ocean and lagoon sulinities, respectively. Smith and Pesret concluded that during
the survey of Funning lugoon the lagoon-wide effects of evuporation and ground-
water seepage were small and approximately compensating processes in the water
budget, These processes could be ignored in interpreting the lugoon-wide water
budgets uat Funning, although there wus o distinet groundwater effect around the
lagoon margin.

Canton is ordinarily a dry istand (Taylor, 1973), Consequently, details of
the Cunton water-budget mode! differ from those of Fanning. ‘The evaporation rale
(¢) can no longer be ignored, but groundwuter appatently can be. There is
substantial groundwater at Canton (Guinther, this report). but there is no
evidenee of significunt seepage from the groundwater into the lugoon (sumples
gathered by E. C. Evans 1 and E. B. Guinther). In fact, evaporation is a
dominant term in the water budget at Canton, as evidenced by the elevated
lugoon salinity first reported by vun Zwaluwenburg (1941). The appropriate
equation to describe lagoon-wuter residence time in this high-evaporation regime
becomes:

o V4 Sy = 51
T (days) = fr=c) [ So ()

Note that this general approach to caleulating residence time is appropriute
only if there is a salinity difterential between the ocean und the lagoon. Without
such a differentiul, the equation becomes indeterminant, because the denomi-
nator and numerator ol the equations are then zero,

In the absence of a groundwater-induced low salinity rim around the lugoon
margin, Eq. 2 also describes the relationship between local variations in salinity
and the age of water at that locality (if one ussumes constant wuter depth,
rainfall, and evaporation throughout the lugoon). In that treatment ol Eq. 2.3
is the salinity at that locality. and T is 4 local estimate of residence time.

This salinity-residence time equation may be extended to caleulate bio-
geochemical tlux of materials within the lagoon. That is, for any constituent of’
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seawater, there is a concentration change which may be called conservative and
directly attributed to net evaporation or dilution (that is a “conservative
change™); and there may be a residual (“nonconservative”) change which results
from biogeochemical uptake or release within the lagoon. For any material Y,
the biogeochemical change with raspect to salinity (& Y/A §) may be stated:

H’ (molem™ 0Ojo0!) = [:( ‘-;-'f) S - Yl]/(Sz - So) 3)

The subscripts 0 and ! denote ocean and lagoon values, respectively. Both
Yo and Y; are calculated according to regression equations relating Y to §. A
positive value for & Y/A § denotes net uptake from the water; negative is release.
1t follows from Eq. 2 and 3 that the change in Y with respect to the residence
time of the water may also be calculated;

F- Y 4 -3 1yu (r=€)S0 Yo, .
T (mole m™® day™') 775)-Sg) [(SO)S{ Y{] (4)

Multiplying Eq. 4 by the mean water depth expresses the rate of change in Y per
unit map area:

AY -1 gav1) = (12l 50 Yoy ¢,
T (mole m™? day™!) ST~ 5o [(So)s’ Y| (5)

Equation § and the appropriate regression equation ror Y will be used to
calculate the rate of change for each of several materials in the lagoon in
response to biogeochemical processes for the Canton lagoon.

This record of oY/ T provides an estimate of the net rate of blogeochem-
ical change in Y as integrated from the pass to the S; value in question,
Equation § could be differentiated to yield an estimate of the biogeochem-
ical rate Y /T at any location (or salinity). Because the simple polynomial
equations impose obviously simplified patterns of change on the data (for
example, 4 constant rate of change in uptake or release if the regression
equation used is quadratic), thut detalled information has not been extracted.
The solution of Eq. 5 along with each appropriate regression equation for the
Yo's at progressively higher salinities provides an estimate of the cumulative
history of water incubation between the pass and each salinity (or location) in :
question,
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ANALYTICAL METHODS

Water sampling locations during November-December 1973 are shown in
Fig. 7, and the parameters measured are listed in Table |, In addition to the
1973 measurements, data are available from a preliminary survey conducted
by Jokiel during June 1972. The 1972 data will be presented only in compar-
ison with the more extensive 1973 data. Not all of the parameters are
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Table 1. Water and sediment parametors measured in the
Canton lagoon during the 1972 and 1973 surveys.
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Parameter 1972 1973

Tempenture X
Salinity
Nuttients

[P————

pH

Alkalinity

Op X
Conductivity X
Suspended CsCO,

Suspended phy topigments

] Secchi disc X
% light tranamission

Sadiment organic carbon

Sediment minsralogy

Sediment prain slze
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considered in detail. For example, 0, meusurements made with tield polaro-
graphic cells yielded values consistently in neur equillbrium with the utmos-
phere, These data warrant no further discussion, The lugoon was neurly iso-
thermal, except for the marked phenomenon of murginal heating in the shallow
waters uround the lagoon rim, It is of interest to note that in 1972 the lugoon
temperature was uniformly about 29°C, and during the 1973 survey the temper-
ature was 27°C. Both values are within the range reported for monthly water
temperutures at Canton (U. S, Coust and Geodetic Survey Publicution 31-3,
revised ). Field values of water conductivity are of little vilue to this study
except to confirm the luck of vertical sulinity stratification in the lagoon,

Water sumples were collected from i sl skith or by wading from shore,
Midwater samples were pumped to the surtace with o sovdl bilge pump and
garden hose, Midwater sampling wis abandoned alfter the finst two days because
no paramieter showed significant vertical variation,

Surtice samples were collected directly either into 250-ml polyethylene
bottles for salinity, pH, and alkalinity measurements or into i gluss task tor
onesite Tiltration of the water through glass tiber filters, The filters were then
put into opague vials containing Y0°7 acetone and retained for phytopigment
analyses: filtered water was poured into 250-ml bottles for nutrient analyses,
Samples for salinity, pH. and alkalinity were maintained near collection tempes -
ature until they vould be returned to the kiboratory and analyzed. The average
time between sample collection and anatysis was about o hours, Nutrient
samples and the vials containing lilters tor phytopighent analyses were packed
in fee unth they could be frozen within about 4 hours ol collection, These
frozen sumples were returned to Hawaii for analysis,

At 13 stations, simultaneous measurements were made o Secchi dise
readings and percent Hight transnission, and simmples were taken for phytopig-
ments and suspended CaCO,. Seechi dise readings tollowed conventional ticld
muisurement procedures, Percent light transmission was meiasured with
Hydro-Products model 612 transmissometer equipped with o l-m measure-
ment cell. Samples for phytopigment analyses were collected as deseribad
above: samples tor CaC0O, analyses were filtered onto O.8u poressize Millipore
filters, rinsed with deionized water, and then giradricd.,

The luboratory used for salinity analyses was an airconditioned room
maintained near 25°C. A Plessey model 6230N laboratory conductivity
sulinometer was used for the anulyses; it was stundardized against a Copen-
hugen Water primury standard and working substandards. The aboratory used
for pH and alkalinity measurements wis not air-conditioned but was used
because ol its ample sink and working space. The room remained near 30°C
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during most of the measurement periods, A Corning model 101 pH meter and
a combination clectrode were used for all pH and alkalinity measurements, The
analytical procedure closely Tollowed that given by Smith and Pesret (1974),

A compuiter program for ¢alewlating CO5 parameters from pH. alkalinity,
salinity, and temperature has been developed by Smith and is on Tile with the
Huwaii Coastal Zone Data Bunk (University of Hawaii).

Nutrient samples were retuened to Hawaii andd anulyzed with o Technicon
autoanulyzer. Soluble reactive PO, NO, L and Siowere measured avcording to
slight moditications of the auwtomated nuteient analysis techniques desctibed
by Strickland and Parsons (1908), and NHy analyses were moditied from the
technique deseribed by Head (1971). A Beckman model DBG spectrophoto-
meter was used for phytopigment analyses, al'ter the technigque deseribed by
Stricklind and Parsons (19081, Suspended CaCOy analyses were performed by
dissolving the CaCOy on the Tilters in AN HCT and then measuaring Ca and My
with a Perkin Elmer atomic absorption spectrophotometer,

Sediment organic carbon percentages were determined by weighing o sedi-
ment abiquot and then using an 17 & M model 188 CHN amalyzer to measure the
wmount of CO released at an oxidation tenperature of 700°C. according to a
slight moditication of the technigque deseribed by Telek and Marshall {1974,

RESULTS

Salt and Water Budgets
Fyuation 2 is used to construct the salt and water budgets ot the Ligoon,

The mvan Ligoon depth was determined by gridding the Hydrographic
Office Chart ol the Canton Esland Lagoon (No. 831058) into approximately
2,200 scpuares and estimating the mean depthy at cach grid intersection. The mean

fagoan depth was found to be 0.2 m,

Raintall records have been maintained at one or both of two weather
stations at Canton Atoll since 1940, except for three interruptions (194 1-104 2,
1048, 1967=1971 1 Tavlor (19731 reports the available data from these two
stutions through 1972 (exeept tor the period from December 1971 through May
1972 records from that petiod, plus the period trom Junuary 1973 through
October 1974, were obtainad from U S Adr Foree records), Table 2 summuarizes
relevint aspects ol the raintull duta,
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Of particular interest to the present investigation is the period from April
1973 through March 1974, The rainfall averaged about 0.6 mm/day during that
period, with only the month of August differing significantly from that average.
This average is less than one-third the long-term mean daily rainfall. By contrast,
the average rainfall from April 1972 through March 1973 was about 8 mm/day,
or four times the long-term mean Thus over the course ~f 2 years, Canton
experienced the wettest and one of the driest periods in its recorded history.

Evaporation-rate data comparable to these extensive rainfall records are
not available, but it is poasible to estimate evaporation during and immediately
preceding this survey,

Evaporation was measured in plastic containers filled with seawater, then
shaded from the sun but exposed to the wind. Measurements were made both
in 1 2-cm<deep pans monitored hourly for periods of up to 9 hoursand ina
50-cm-deep container monitored twice daily for 9 days. The parameters
measured were initial water depth in the container and salinity ct each time
increment. Evaporation can be determined more precisely from a change in
salinity than from direct depth measwements. Evaporation-pan procedures are
generally open to question, largely because of differences between water tempera-
tures in the evaporation pan and the temperature of the water body of interest

Table 2. Canton Atoll rainfall,

1937-19%
Month mean 1971 1972 1973 1974

mm mm/day mm mm/day mm mm/day mm mm/dey mm mm/day

January 889 (29
February 438 (1.6)

178 (06) 8263 (17.0) 00 (0.0
135 (08) 2868 (10D) 23 (@1
March 585 (1.9 163 (08 2352 (76 168 (0.9
Aprll %1 3.0 1542 (81 M0 (L) 63 (@)
May %1 (28 - 848 (2.7 s (L) 536 (LD

| T S R |

June 6.4 (20) - 219 (0M 86 (03 587 (19
July 61.2 (20 - 1996 ( 64) 29 (o0 1008 (1))
August 6.7 (1.8)

- %2 (38 828 (27 1.9 (09)
- 14 (48) 01 (07 198 (0.
4285 (13.8) 51 (02 53 (0d)
3119 (i04) 03 (00 - -
$1

September 330 (1.1}
October 52 (L
November  $1.7 (1.7)

[ T S

Decomber 693 (22) 1 (0.1) 427.2  (13.8) (02) -

Total 7269 (2.0) - - 18893 ( 8&2) 12606 (39 - -

NOTE: mm mm/day
wettest 1 2-month period: April 1972=March 1973 %0 (1.9
one of drisst 12-month periods: Aprll 1973-Mazch 1974 2318  (06)
driest 12.month period: Junuary 1954-December 1934 196.1 (0.9
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(in this case, the lagoon). However, the ditference between the pan and lagoon
water temperatures never exceeded 1°C, except for elevated temperatures found
locally on the shallow intertidal flats friaging the lagoon. Three experiments in
the shallow pans and one in the deep container all yielded evaporation rates
between 8 and 9 mm/day.

Jacobs (1942) gives a formula for calculating evaporation rate (e) from wind

velocity (w) at some height, water vapor pressure at that height (v4), and the
vapor pressure at the sea surface (po):

e (mm/day) = 0.14 (pg ~ph) W (6)

The mean wind velocity during the survey, as averaged from U. S. Air Force
records, was 6 m/s; mean air temperature and water temperature were both 27°C;
mean relative humidity, as calculated from temperature and dew point, was 72%.
From Sverdrup et al. (1942), the vapor pressure at that temperature and humidity
can be calculated to be 25 mbar. At 100% humidity (the assumed sea-surface
value) the vapor pressure is about 35 mbar. The calculated evaporation rate is
8 mm/day, the same as the measured values. This lagoon evaporation rate is about
twice the longsterm mean value reported by Wyrtki (1966) for the open ocean in
the vicinity of Canton,

Figure 8 is a map of salinity distribution in the lagoon in December 1973.
There was no vertical stratification, so available surfuce and midwater data have

Figure 8. Salinity {sopleths (°/o0) in the Canton lagoon.
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| been combined into this single map. Figure 9 shows salinity as a function of distance
from the lugoon puss. At the time of the survey, salinity increased with distance
from the puss from an oceanic value of 35.7 /oo to u back-lugoon value of about
39.5 9/o0. The trend is well approximated (coetficient of determination = 96%)
by the following empirical quadratic regression equution:

St (©/ov) = 35.53 + 0.503X - 0.0202x2 (7 4
8¢ is the culeulated salinity ut any location X km tfrom the puss, Planimetry of the §

salinity map (Fig. 9) yields u mean lagoon sulinity of about 37.7 9/oo.

39+ s 0.
H
“ " . .' !
38 4 *
- L)
8 0-‘ i
e $ ' _
] £ 374 A ]
5 . ‘ﬁ L Flgure 9. Salinity versus distanee from

puss, including quadratic regression line,
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Distence From Pass (km)

The various values established above may be substituted into Eq. 2 in order
_ to calculate the residence time of lagoon water. The estimated mean residence
3 time is about 50 days: maximum residence time is ubout 98 days, and there is
about a 25-duy residence time tor cach 1 9/o0 salinity increase over the oceunic
vilue of 35.7 0/oo.

The above values are focally inapplicable on the intertidul fluts along the
lugoon rim. There, the salinity may increase by as much as | 0/oo over a single
tide eyele because the water is temporarily held on these flats and heated during )
daytime fulling tides. On subsequent rising tides, this water is flushed off the 9
fluts and mixed with the bulk of the lugoon water, The area of these intertidul
flats is sufticiently small so that this local effect has been ignored in construeting
lugoon-wide budgets,
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December 1973 Salinity Excess {C/oo}

Salinity data gathered by Jokiel during a trip to Canton in June 1972 and
sumples shipped to Hawaii by members of the U, S, Air Force after the 1973
survey establish temporal variations in the patterns described above. The 19
sumples gathered by Jokiel have been mutched with samples collected from
approximately the same locations during the present survey. Data are reported
as “sulinity excess” above oceuanic values, because Jokiel's salinity probe was
not udequately calibrated to establish absolute salinities, Figure 10 shows that
the 1972 salinity excesses were generally somewhat lower than the 1973 values
(which are also expressed here as sulinity excesses), This pattern is to be
expected. because raintfall during eurly 1972 wus somewhat higher than rainfall
during lute 1973 (Table 2). Samples collected trom the northern corner of the
lagoon and shipped to Hawaii from November 1973 until October 1974 also
showed a consistent pattern (Table 3). Salinity remained relatively constant

Figure 10. June 1972 versus Decembuer 1973
“salinity excess™ above ocecanie values,

Tuble 3. Sulinity und rainfull, northern portion ol
the Canton lagoon.
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Salinity Monthly rain

Month (V/ov) (mm)

June 19872 Salinity Excess {9/00) November 1973 37.8 0
December 78 5

Junuary 1974 179 0
Fobruary 3.8 2

Murch 38.1 17

April 3.7 69

May 37.0 54

June 6.4 59

July 36.5 1ot

August 36.8 28
September 370 20

October 3.5 §
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from November until April 1974 and then decreased by about 1 9/oo. Rainfall
from April through July was matkedly higher than rainfall over the previous
months, so the salinity decrease is to be expected. From August through
October, rainfall dropped and salinity rose,

This salinity differential between the ocean and lagoon is obviously
maintained by a combination of evaporative water loss, replacement by a net
inflow of ocean water, and dispersion of this ocean water through the lagoon,
The volume of water entering the lagoon on each rising tide averages about 11% -
of the total lagoon volume (0.7 m average tidal range divided by 6.2 m average !
lagoon depth), so apparently only a small fraction of each tidal prism actually
remains in the lagoon. Because the exchange of water between the ocean and
lagoon is restricted to a single pass, a one-dimensional eddy diffusion model may
be assumed to describe salt dispersion through the lagoon (A. Okubo, personal
communication):

e N i AN P i et L B A RS

(af)x (9/o0 day")-l—)a%%s + a5 @)

The local change in salinity with respect to time, (g—s) , equals the eddy
diffusion coefficient (D) times the second derivative of saﬁlrfity with respect to
distance from the pass (X) plus the net evaporation rate coefficient (=) times
the local salinity (7). It can be assumed (and this assumption is generally
supported by the data in Tables 2 and 3) that there was a steady-state distribu-
tion of salinity before and at the time of the 1973 survey (that is, Z = 0),
Equation 8 can therefore be rearranged and solved for D at the mean
lagoon salinity (S) = 37.7 ©/00). The evaporation rate constant equals the daily
net evaporation rate (0.007 m/day) divided by the mean lagoon depth (6.2 m),
or 0.00113 day™!. The second derivative of salinity with respect to distance from
the pass can be calculated from Eq. 7:

a’S - 0 -3
e 0.0404 0/o0 km

Substituting these values into Eq. 8 yields /3 = 1,054 km? /day, or 1.2 x 10 cm3/s.
This value corresponds closely to the value of 1.0 x 10® cm?/s calculated from
Okubo's (1971) equation relating D to eddy size (using 12 km, the distance from
the pass to the back lagoon at Canton, as the appropriate eddy size). It there-

fore seems probable that the net dispersion of materials through the lagoon at |
Canton can be accounted for in terms of eddy diffusion,

s e e gy
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[ % Nutrient Budgets | ]

; % Figure 11 is a map of phosphate distribution throughout the lagoon, and {3

; & Fig. 12 is a plot of that nutrient against salinity. The PO, values decreased from 8

) a mean of about 0.6 mmole/m? near the pass to about 0.1 mmole/m? in the )

4 v back lagoon.* This decrease is empirically well-described (coefficient of deter- .

] i mination = 89%) by the following quadratic regression equation: 1 ‘

: ; -,
PO, (mmole/m®) = 82,567 - 42895 + 0.0448S? 9) 4

; !

|

t Figure 11, Phosphate isopleths (mmole/m3) ;

; in the Canton lagoon, :1

| :

;
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: Figure 12, Phosphate versus salinity, including :

§ 0.1 - . ' - quadratic regression lins. !

5 a8 38 3 3w 3 :

Salinity (0/o0)

*For conveniencs, all notation of nutrient concentrations s given here in terms of mmole/m?,
instead of the more conventionsl-but equivalent—notation of ug-atom/liter.




Table 4 presents the rates ol hiogeochemical phosphorus fTuy as caleu-
lated from Fq. 8 and 9. The table presents the data tor pnosphorus change
during the first 0.1 /oo sulinity increase. as indicative of rutes near the pass.
The changes are then reported for cach unit salinity increase above oceanic (up
to 38.7 0/oo) and linalty at 39.5 /oo (mominally the maximum lgoon sulinity).
There was net phosphorus uptake throughout the lagoon, and the uptake rate
decreased with increasing salinity. Near the puss, the uptise rate was (0.074
mmole m™ 2 day™ ' in the back lagoon the uptake rute was 0.027 mmole m?
day™ !,

Table 4. Phosphorus stilization in the Canten Lapoon, as calvulated from 1. & and 9.

b et A - b S+t e em 4 e e SemtamA L A e % mem e e re s ons e b b et st e wsamans p———

Tolal dissolved phusphorus Phasphorus utillz ation,

Residence TN o

Sulinity time, ) ('.\T,T)'\/ " T

(o) ways) tmmole/md) mimole m-Cdayv 1)

387 [} 0.87 a7

ISR 28 0,87 0.54 0.074

36.7 28 0,88 0.1 0068

.7 Sil (Lo 01K 1.082

N7 18 tho 018 (.03

kDR 94 0.6} 2 0,027

1t can be assumed that all of this phosphorus uptake went into the
production of organic materials, The only other tikely phosphorus sink would
be inorganic phosphate minerals. buat there is no evidence that they area
signiticant component of reel sediments, Phosphorus taken into the sediments
in organic carbon compounds is obviously subject to reey ching bach into the
water as these compouands are onidized, Such recveling is not of direct voneern
hiere, beaiuse the budget pepresents net utilization, One turther complication
in the phosphorus budget is the possibility of a significant phosphoruas souree
other than dissolved reactive POy input at the lagoon pass. For example. POy
derived from phosphatic rocks might seep into the kigoon: the POy oversus salimty
Jigram (Fig, T2 does not stggest such additiond complexity,

Two forns ol dissolved nitrogen were measured in the lagoon waters.
NO, and NH; . Nitrite was not measured., because the level of NO G i surtuee
seawater is ordinarily very low. Maps of these parameters are presented as
Fig, Y2 and T4 and piots of these materials verse s salinity are presented as
g, 15 and Lo, The NOy distribution (Fig. 13 and 15) was similar to the POy
pattern: values decreased rrom levels of about 2.8 mmoles NO,/m? vear the
pass to near O in the back ligoon, The NH, pattern was more complex. Valuaes
were about 1S mmoles NH/m? near the pass, followed by an abrupt decrease
1o about 0.4 muwle/m? throughout much of the kigoon. However, the v were
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§ ) high values (near 1| mmole/m?) along the northeastern margin of the lagoon. ;
,~, : These high NH; values can be seen at intermediate salinities on Fig. 16. Figure | 3
E 17 is a plot of total inorganic nitrogen versus salinity; the regression equation ;
for this relationship is used to establish the dissolved inorganic nitrogen budget : :
3 for the lagoon. Again, a quadratic equation describes the data well (coefTicient { j
L of determination = 84%): ! :
E i -
. N (mmole/m?) = 535.14 « 27.6125 + 0.356452 (10) % E
! i 3
L The biogeochemical flux of N as calculated from Eq. 5 and 10 is sum- 3
marized in Table §. Nitrogen uptake also decreased with increasing distance !
from the pass. Near the pass, the uptake rate was 0.55 mmole m~? day™' ; the [
3 rate decreased to 0.23 mmole m~? day™! in the back lagoon. !
; ‘
! 3
8y ' i
A
; T o i
| g‘ : :
' o
| z 3 :
' o i
Figure 17, Total inorgunic nitrogen versus salinity, E 24 K
including quadratic regression line. g i
| :
5 - 19 {
:
b 0 S i
%‘ 36 36 37 28 39 40 ;
3: Sslinity {C/o0) ;
; Tuble 8. Total dissolved inorgunic nilrogen utitization in the Canton lugoon, ;
L s calculated from Eq, 5 and 10, §
] Total dissulved nitrogen Nitrogen utilization ?
Residence (/v S AN AN !
Salinity Time, T 'S,s,z ! N T AP 1
(/vo) (days) {mmole/m3) (mmole m-2day-1) ;
35.7 0 3.62 162 - -
35.8 25 363 241 0.55 7.4
16.7 28 an 181 047 7.2 :
317 50 3.82 0.72 0.38 1.3
38.7 15 3.92 0.33 0.30 7.9

39.5 95 4.01 0.54 0.23 8.5
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Unlike the phosphorus budget, the nitrogen budget must be regarded ay
incomplete. There may be at leust two additional sources of nitrogen in the lugoon.
An input of NH; other than thut at the lagoon pass is suggested by Fig. 14. The
high NH; values ut intermediate sulinities along the northeustern margin of
the lugoon probubly represent either such additiona] input or NH; regencration
along that portion of the lugoon. Wind may blow NH;-luden air trom bird
colonies along the northeustern portion of the island ucross the water where it
cun be rapidly dissolved. This mechanism muy have been enhanced during the
survey by heavy truck traftic: the ammonia may adsorb onto the resultant
dust which falls out ulong the northeastern portion of the island, Some ground-
water input of NH; tfrom this sume islind souree is also possible, although salinity
values do not indicate groundwater infjux into the lagoon. Because NH; is
highty labile. the sumpling and storage procedures may have also introduced
the high values as a saumpling urtifuct. Nevertheless, the coherent distribution
pattern argues against the likelihood of such an urtituct.

Webb ef ¢f. (1975) have demonstrated that blue-green algae on shallow
reet tTats can fix furge amounts of atmospheric nittogen. Such a mechanism
could supply a significant fraction of the total nitrogen utilized by the Canton
lagoon community, Drouet (in Degener and Degener, 1989) Dists several genera
of blue-green algae which are tound at Canton and which are known to tix
nitrogen,

Because ol these possible additional nitrogen sources, the nitrogen
utilization rate caleulated here and the ratio of NiP uptake (Table $)are
probably lower limits,

Figure 18 is a plot of salinity versus silicon in the lagoon. Unlike nitrogen
and phosphorous, silicon shows no functional relationship with salinity. This
luck of correlition is actuatly encouragement for the general interpretation of
biogeoehemical flux as presented heres Canton, or indead any coral atoll, hasa

34 . . e
Figure 18, Silicu versus salinity. . ,
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biotic community overwhelmingly dominated by calcification rather than
silicification as the major form of net skeletogenesis; hence, any caleulation
suggesting significant net silicon uptake in o reef environment would be viewed
with some surptise.

Carbon Dioxide Budget

Of the various budgets presented here, the carbon dioxide budget is 4
perhaps the most complex. In addition to evaporative change in the CO, }
content ot the seawater, there is also change due to organic carbon production

or consumption, CuCO, precipitation or solution, and gas exchange across the

airesea interface.

{ Figures 19 and 20 are maps of two €O, parameters: total CO, and total
i alkalinity. Figures 21 and 22 are plots of these COy parameters versus salinity,

E, Figure 19, 1otal CO5 isapleths (mole m3y e the Fipure 200 Total alkalinity isopleths tequiv/m Yy in
] Canton fagoon. the Catrton lagoon.

Total CO, decreased regularly trom abouat 2.2 moles/m® near the pass

3 toabout 1.9 moles/m® in the back tagoon, The decrease with respeet to
salinity is well-approximated (coetticient of determination = 80'7) by a lincar
regression cquiiion:

CO; (mole/m?) = 4,150 = 0.0568S (an

Higher-order regression equations do not improve this Uit signiticantly,
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Figure 21, Totat CO versus salinity, including Figure 22, ‘Total alkalinity versus silinity, '
linvar repression line, Including quadratic regression lne,

Total alkalinity decreased From about 2.55 equiv/m® near the pass to
about 2.4 equiv/im® near the back of the line reet zone, The quadratic regression
cquation tor total alkalinity (TA) versus salinity has a coetficient ol determis ,
nation ol 64977 f
TA (equivim® )y & 27,157 = 12798 + 0.01 06884 (12
This dexseriptive equation is less satistuctory than the nutrient equations
presented above, but higher-order polynomials do not improve the tit signifi-
cantly. The description is least satisfactory near the lagoon pass, where the
equation apparently underestimutes alkalinity somewhat. The alkalinity decrease
indicates that net precipitution ot CaC’O, was oceurring in the lagoon,

] One further COy-related parumeter considered here but not mapped is

: COy purtial pressure (Peg,). The Peg, of water entering the lagoon averaged
about 330 patm, and the mean of the lagoon samples was about 290 gatm, The
incoming water was very near the predicted atmospheric equilibrium value tor 4

; 1973 (about 3206 gatm, according to Ekdahl and Keeling, 1973). The mean

value for incoming water is in substantial agreement with Kecling's (1908)

world map of surfuce-wuter Pep, value in the vicinity of Canton.
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Table 6 summarizes the €O, budget for the lugoon. Only two of the ;
] : terms in the budget can be determined directly: the total €0, chunge and that :
_ ‘ change due to CuCOy reactions, The remuining terms (organic carbon flux and

gas exchunge) must be determined by inference from the nutrient budgets and * E
appropriate “bookkeeping.” |

] R}
Table 6. CO utilization in the Cunton lgoon. P

o i e i

1

5

P

1

s

CO; lux,
A Coy

Totl €O, Total ulkulinity

F
: Residence ( V,\ Y, Totul  CaCOy  Orgnic O Gas

: Sulinity  time. T (S,l,‘)"” ¥ (!‘f S Y prod flun*  exchunge*®
‘ (9/ov) (days) (mole/m3) (equiv/m3) (mmole m'2dyy+1)

387 0 2128 2128 2826 2.52 :
. 358 2.8 2034 2123 2533 28516 29 2
' 6.7 2 2188 2071 2597 2441 029 19
: a1t s 2247 2018 2667 230 09 17
4.7 78 2307 1958 2738 2.3 209 IS
. 39.5 98 2385 1912 2798 2381 29 14

AP . PE TSP TP RPN S

e B~
-

*The neteseess onunic carbon production term is 100 times the phosphorus uthlization. A positive value
for {lux indicutes net production,

**A pusitive value for exchunge indicates net evagion,

e A ey

The total CO, change wveraged 29 mmoles m=2 day™' depletion through-
ot the lugoon, as can be calculated tfrom Eq. S und 11, Such a constant
depletion rate throughout the lugoon is obviously an oversimplified view of' a
more complex pattern, but the high (80%4) coetTicient of determination on ;
Eq. 11 suggests that the simplification does not introduce serious errors. The §
molur €O, chunge due to the precipitation or solution of CaCO, equials halt the
f equivadents of alkalinity change (Smith and Key. 1975). Henee, the €O, chunge
' due to CuCO, precipitation in the lagoon can be caleutated using this relation-
ship along with Eqg. 5 and 12, The caleulated CO, utilization trom caleification
3 decreased from 21 mmoles n™? day™ near the puss to 14 mmoles m72 day™ in
{ the back lagoon. Inspection of the regression equation in Fig. 22 suggests that
i this caleitication relationship is a satistuctory description of the high-sulinity
1 tintegrated record) sumples, but that the equation underestimates calcification
4 neat the pass.

Organic carbon reactions utilizing or liberating O, cannot be directly
caleuluted from the CO, data, but they may be inferred from the nutrient
, data, Redficid ef al. (1963) give the ratio of carbon to nitrogen to phosphorus
1 utitizatlon or release by marine organisms to be about 106:16:1, If organic
curbon Plux at Canton s to be inferred from one of the nutrient budgets,

;
;
|
i
i
:
5
1
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phosphorus is the appropriate nutrient to consider: the nitrogen budget may

be too incomplete to be used. Let us assume that €O, utilization in the forma-
tion of organic carbon compounds is 100 times the phosphorus utilization

(that is, ubout the Redfield ratio). As summurized in Tuble 6, organic carbon
production estimates range from 7 mmoles m™? day' near the pass to 3 mmoles
m™2 duy™! in the back lagoon. These values represent community net excess
production, because such integrated records do not separate out either

duytime net production or nighttime respiration,

Unless the lugoon water is greatly enriched with phosphorus, this
100-fold conversion fuctor is likely to be within a tuctor or two ot the correct
value. According to Fuhs (1969), phosphorus deficlency is unlikely to occur
in any medium with measurable phosphorus. If' the lugoon community stores
excess phosphorus. the caleulation may overestimate the rate of orgunic
carbon production. The values, however, are remarkably low, making it unlikely
that the calculation overestimates net production.

The rate of CO, exchange avross the gir-seu interfuce may be caleulated
as the difference between the total CO; flux und the sum of cauleificution
plus organic carbon flux. It can be seen from Table 6 that there is apparently
net gas evasion (escape) (rom the water into the utmosphere. This evasion
runges from near O ut the pass to about 12 mmoles ™2 day™ in the back
lugoon, This net evasion provides a method for evaluating the magnitude of
gross organic carbon production in the lagoon.

Up to this point, the CO4 budget hus been treuted in terms of day-to-day
net changes, without direct regurd for diurnal CO; variations from duytim? net
production and nighttime net respiration, Yet there is undoubtedly u diurnal
varfation in totul CO, and Peg, . In response 1o the diurnal metabolic cycles
(Schmulz und Swanson, 1969: Smith 1973: Smith und Pesret, 1974). Although
the daytime Peo, averages 290 patm, the gas exchunge term of the budget
indicutes that the 24-hour mean Peg, must be something above 326 gatm in
order to effect net evasion. Smith and Pesret (1974) summarized availuble
duta and suggested that the most appropriate CO, gus exchange rate coefticient
for seawater is about 0.6 mmole m™? day™! for each yatm difference between the
air und water. To account for mean evasion rate of 12 mmoles m™? day™ . the
ubove coetficient demands that the 24-hour meun Peg, be upproximately
20 patm above the equilibrium value, or about 345 uaim. A nighttime mean
Pcg, of ubout 400 gatm, averuged with the duytime mean of 290 patm
yielc’ls the uppropriate 24-hour average. It can be calculated that this day-to-
night Peg, difference is equivalent to about 0.08 mu..ole/m3 total CO, ditter-
ence, or ut’out 0.5 mole/m? through a 6.2-m water column. This relutively
small diurnal runge is comparable to the runge observed by Smith and Pesret
(1974) during a 24-hour sumpling period it the lagoon ut Fanning.
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This mean day-to-night ditfeeence is the ditference between daytime net
arguniv carbon production and nighttime respirction, If daytime respiration
equals nighttime respiration (the assunmiption which is ulmost universally mude),
then the CO, difference between day and night equals gross organic carbon
production: 0.5 mole m™? day™ L or 6 gC m? day™' . Moreover, the near-zero
net exeess production rate (Table 6) indicates that the 24-hour respiration rate
isapprosinately the same as the gross production rat. That is, the gross
prodiciion=to-respiration ratio ol the tagoon community is near 1.0,

Analternative interpretation of the appurent CO4 evasion ugainst o sz
pradient is that an error in the organiv carbon term ot the €O, budget may
livve carried aver into the gas exchange term, That explanation is unlikely.

I no gas evasion oceurs, then net escess organic carbon production must be
low by u tuctor o § (Table o) In tuen that error would imply o C:P ratio of
over S00:) tor the organic materiad being produced in the lagoon. Such a ratio
would indicite extreme phosphoras imitation to production  tar beyond the
highest C:P ratios obtiined Tor algal cultures in phosphorus<deticient media
(Fubsg 1909 Ketehum and Redrield, 1949), Yet Fubs has said that any culture
medinm with measurible phosphorus is unlikely 1o be limited by that nutrient,
Moreover, the observed NoP ratio about 8.5 Tuble §) does not suggest any
siiwh phosphorus limitation,

Budget of Particulate Materinl Flux

1 also possible to ostimate the magnitude of suspendedstoad transter
hetween the open ocean and the lugoon. Water in the Canton lagoon is very
wirbid, This turbidity was documented by Seechi dise readings and by measure-
ments of pereent light transmission through a T-m water column (Fig, 23).

It can be seen that the Secchi dise reading decreased by about 1,8 m for wach
PO reduction in tight transmission. The combined data From 1972 and 1973
yiddded o mean Secechidise reading (Fig, 24 of ubout § m, corresponding to

I3 light transmission through a T-m water cotumn, The maximum turbidity
in the logoon corresponded to T light transmission, and the clearest water

(near the pass) bad SR light transiission,

In order to determine the major contributors to the turbidity, the
suspentded CaC'0Oy content und chiorophyll a content of 13 water samples
were compuired with the tight transmission data, Figure 28 shows an apparent
negative exponential retationship between CaCOy and light transmission but
no relationship between chlorophyll and transmission. Thus, suspended CaCQ,
appuirs to be the major contributor to the lagoon turbidity. The mean CaC0,
content of the water was about 500 mg/m*, while the mean chlorophyll o
conlent ol the water (neluding a number of simmples not illustrated here) was
0.8 mg/m?*, Itis assumed to a first approxinmation that both of these para-
meters are neur O in the ocean water,
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Previous caleulations huave given the mean residence time of water in the
lagoon to be about 50 days. If the suspended load coneentration remains
constant and is [Tushed proportionally to the water, then daily removal rates of
these materinls will be their concentration through the 6,2-m water column
divided by the residence time of the water: CaCO, = 60 mg m™? duy™':
chlorophylla = 0.1 mg m™? duy™ . Duatu given by Strickland (1965) suggest that
the particulate organic curbon content of ocean water is up to 60 times the
chlorophyll a content. This conversion should underestimate the totul particu-
lute orguniv carbon Joad. because it does not account for chlorophyh-free
detrital material. Comparison of the Fanning lugoon organic carbon and chloro-
phyll a dutu (Gordon, 1971, and Krasnick, 1973, respectively) suggests that
the appropriute conversion tactor for lugoon systems muy be as high us 200,
Thus, something in exvess of 6 and perhaps as much as 20 mg organic ¢/m?
may be flushed from the lagoon each day.

It is useful to compare these rates of particulute-matter flushing with
the production rutes of inorganic and organic carbon. The budget in Tuble 6
established that the lagoon-wide utilization of CO, for net precipitation of
CaCOy is 14 mmoles m™ day™ (1.4g CaCO, m™2 day™ ). It uppears thut only
ubout 4% of the total CaCO4 produced in the lagoon escapes as suspended
material. Net excess organie carbon production is about 3 mmoles ni? day™' .
Multiplication by 12 converts this value to mp organic carbon: 36 mg m~2 duy ™',
Therefore 17% to 56% of the net organic carbon production appears to be
flushed from the system,

Organic Material in Lagoon Sediments

The organic curbon content of 16 sediment samples averuged -0.8% by
weight (stundard deviation = 0.4%), The budgets of suspended materials can be
used with these organic carbon analyses to calculate the flux of orgiunic materials
into the sediments and trom the lagoon.

To a first approximation, no CaCO; is lost rom the lagoon. it is all
deposited there, From the (05 budget (Tuble 6), the mean CaCO; deposition
rute in the lagoon is theretfore about 1.4 g m™2 day™ . The organic carbon
deposition is about 0.8%. of this figure, or 11 mg m™3day™" . This figure is about
30% of the net excess orgunic carbon production, suggesting that 70% of this
production must be lost trom the lagoon, This loss estimate is only slightly
higher than the upper figure tfor the flushing of organic carbon as given by the
suspended-load duta, The two values both demonstrate that most of the net
excess organic carbon produced in the lagoon does not gccumulate there.
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DISCUSSION

Organic Carbon Metabolism

With respect to all biogeochemical flux parameters either measured ot
inferred, the Canton lagoon community shows distinct grudients of decreasing
rites with increasing distance from the lugoon pass, These biogeochemical
gradients provide a record of the events which occwrred in the lagoon during and
immediately preceding this survey. The patterns observed are {n general accord
with both the present distribution of biota in the lagoon and the past distribu-
tion as Inferred from the distribution of reef structures. A variety of explanations
might be offered for the maintenance of these putterns over some period of
time. We suspect, however, that the puttern is general confirmation of the notion
that water movement favors the growth of corul reefs.

There are clues that water motion is, of all the parumeters acting on the
system, the major one. Standing crops of fishes und coruls ure greatest neur the
pass, where tidally induced water flow is the greatest (Henderson and Grovhoug,
this report: Jokiel und Maragos. this report). The richest reefs can be visited
safely only duting slack tides. By contrast, reefs of the Altered Zone (Frontis-
piece) are low in both fish and coral standing crops, and experience little water
motion, These reefs have obviously-been recently damaged, probably by altered
circulation. Extensive dredging operations about 1943 closed several small
passages along the northwestern side of the lagoon, altered the contiguration of
the main puss, and cut seaplane runways through patch and line reefs near the
muin pass (Henderson ¢t al., this report). These operutions apparently did not
alter the total water flow to and from the lugoon; the present lagoon tidal range
is about the sume as that of the adjucent oceun. However, the patterns of water
flow, and perhaps the net exchange rate between the ocean and the lagoon, have
been altered, Almost certainly, the Altered Zone has experienced the greatest
change in circulation.

Various aspects of water and sediment composition might be implicated
in the limitation of lugoon reef development ut Canton. The most conspicuous
candidates for limiting reef development are salinity, nutrie nts, turbidity, light,
and deposition of calcureous mud on substrata which might otherwise be
available for reef development. All of the above properties progressively deviate
from ocean-reel values with increasing distance into the lagoon from the single
pass. However, there is evidence that water motion exerts a more direct
influence on the reef biota than do any of the above varlables. Indeed, decreasing
water motion may be viewed us the major cuuse for the gradients observed in
the ubove parameters.
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The lugoon sulinity ranges from aboul 36 to 40 9/oo, outside the 34=36 ©/oo
range considered by Wells (1957) to be optimal for coral growth, Yet, luxuriant
reefs in the Red Sca at sulinities up to 42 0/oo huave been reported by Loya and
Slobodkin (1971).

Both nitrogen and phosphorus are often considered to be materials which
muy liit metabolic activity of biologicul systems. The duta presented here
suggest that the net uptake ratio of dissolved inorganic nitrogen und phosphorus
from the lagoon water (8.5:1) is slightly above the relative ratios of those
materials in the water entering the lugoon (about 6.4:1); that is, it this uptake
rate were maintained., nitrogen would be exhausted slightly betore phosphorus,
We suspect that peither of these materials alone limits metabolism in the Canton
lagoon, nor perhaps in most other coral reef ecosystens.

Turbidity, light, and the deposition ol fine sedimuents represent a comples
interaction of Tactors which have been suggested to limit rect development in
other arcas, Analogy with the reel’s in the lagoon ol Fanning Atoll suggests thit
such limitation is not the case at Canton, Roy amd Smith (1971) report that the
Fanning lagoon reet’s are much richer than those at Canton: yet the water is
actually more turbid at Fanning. Caleium carbomate production rates in the
two systemis (Smith and Pestet, 1974 this puper) suggest that the sediment
production rate, and by implication the deposition rate, is perbaps twice as tast
at Funning as at Canton,

Water motion has been suggested by Munk and Sargent (1954), Wells
(1954), and many other authors to be an important variable In the development
of vorul reet’s, Ried! (1971 ) argues that wuter motion s not an cavirommental
parameter in its own right but is o transportation medium for other materiuls,
A variety of suggestions has been offered to explain the roles ol water motion
in fuvoring the growth of corul reefs, Perhups the most recurrent ol these
suggested roles have been that the flow of wuter supplivs food., aids in the
diffusion of dissolved materials, dissipates heat, transports larvae, removes
wilste products, and alleviates smothering by sediments, All of these suggess
tions are undoubtedly vadid, and the Tist could be expanded,

Water motion also provides a substa. . Ual subsidy of energy to an ecosystem
inaddition to that provided by solar radiation. The tidal energy to change the
water level in the Canton lagoon may be calewlated (o be about ten times the
culorie input from net organic curbon production,™ sid energy input into (he

*The nput of tdal energy may be approstmated by the formh for Kinetic energy (K): K equals
the mass of water taixed or fowered tmes the aecelerution of gruvity times the hefght the water i rised or
lowered, The muss of the tidal head per squure meter s 700 kg, and the water Is raised wnd Towered iwiee
the mean tidud rnge (0.7 m) duily, So K 819 % 104 joules m P day ', orabout § Keal mfduy ', The
energy assochited with o net organie curbon production of 40 mge Cm -Pday s about 1O Real per gran
af carbon, or 0.4 Keabm Pday P (Whittaker und Likens, 1973).
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lugoon by wind stirring is not even numerically considered here, Even it only

a small percentuge of this mechunical energy can be utilized by organisms
which would otherwise ¢ither move water or move through it in order to serve
the roles enumerated above, this subsidy is substuntial. In the absence of
adequate evidence to demonstrute which aspects of water motion might be the
most important, its function may be viewed as that of a generalized trunsier
coetfivient. In uny water mass. increased motion will enhance the transter of
materiils used or discarded by the biotu. This transter may be considered a
subsidy to input of solur radintion, The input of mechanicul energy is not
evenly distributed throughout the lugoon, Clearly, tidal energy decrenses with
distunce from the puss, and wind energy decreases with water depth, Thus,
shallow reet’s neur the pass are favored by this energy subsily, Local depres-
stong in the shullow reets most effectively “chamael™ the flow ol water and
support vigorous reel” communities, In some portions of the seawurd reefs,
witer motion (energy) may be so great that orgunisms ure excluded or destroywd
by mechanicul damage. For example, Munk and Sargent (1954) report u mean ‘
annual dischurge of 8 hp/ltof reef front against the northenst (windward) fuce '
of Bikini Atoll. If this power is dissipated over a depth of 20 m on u 30-degree
slope (that is. to approximately the 10-futhom terrace ), then it is equivalent to
an energy input ot about 10* Keul m™2 day™ against thut fuce about 2,000 ‘
times the mean encigy Input we postulute for the Canton lagoon. Examination :
of u windward fore-reel spur at Enewetak Atoll demonstrates these spur und

groove structures to be largely the product ol vrosion (Buddemeier ¢t ¢l 1978), -
at least (o water depths ol ubout § m. |

The budget of orguniv carbon production dovs not indicate what compo-
nent of the community is principally responsible for the production. It seems
likely that even in the lugoon primary production is dominated by the benthos,
Iy summurizing plunkton production vates for reef lugoons, Gordon ef af, (1971)
reported no value higher than about | g C n™? day™ . 1 u gross productionsto-
respiration ratio of 2 is ussumed for plankton communities, then this net pro-
duction is equivalent to o gross production of about 22 Cm? duy™" . This
figare is substintintly below the gross produetion rate cileuluted for Cunton
(6 Car? day™ ) 1 theretore seems tikely that the plankton are not the major
producers of that lagoon community.

Cinton and fndeed several other utolls throughout the equatorinl Pacific
Ocean are exposed to some ol the highest major inorganie nutrient levels to he
fownd In open oceun surface watees tcompare the phosphate map ol Reld, 1901,
with the coralsreef distribution map off Wells, 1987). Under such cireumstanves
it is reasonuble to suppose that neither phosphorus nor nitrogen would Himit
reel" metabolism. Alternative micronutrients are demonstrably important to (he
productivity of phyto, wukton in the oven ocean (for exumple, fron: Menzel
and Ryther, 190 1), and have be o suggested to be important in the distribution
of some reel algae or example, Swrgassim; Doty, 1984, DeWreede, 1973,
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These micronutrients might not correlute well with nitrogen and phosphorus,
because the micronutrients are lurgely supplied from locul sources. such as the
trace metals found in the rocks of high volcanic islands.

Availuble data suggest that the productivity of atohls is probaubly similus
to that of high-island reefs (compae the data in Marsh, 1974, and Kohn and
Helfrich, 1957, with the summary data in Smith und Marsh, 1973). Critical
materials may be ¢ycling more rapidly within atoll systems than high-island
reefs. Grazing activity (for example, by fishes; bakus, 1969) is of consideruble
importance in this recycling—perhaps fur beyond the energetic importance of
the organiams in question,

The dissolved inorgunic nitrogen and phosphorus budgets of the Canton
lagoon both show that the community utilizes these materials, hence that the
community is autotrophic. The slowness of the net uptake rates in comparison
to the high gross production rate demonstrates that the margin of community
autotrophy is remurkably slender. In fact, the low net excess production
observed for the total lagoon (about 40 mg ¢ m™? day™ ) is somewhut below
the frequently quoted net production rate for the open ocean (100 mg m™?
day™'; Ryther, 1969). Because of the high oceanic nutrient levels near Canton,
the net excess production of the ocean plunktonic community there may well
exceed this value by a considerable margin,

Despite the very low net excess production of the Canton lagoun commu-
nity, there appurently is net export of orgunic carbon from the atoll to the
open ocean, This conclusion is supported both by the composition of materials
suspended in the water column and by the sediment composition. It there were
not such export. the sediments should have about 2.5% by weight organic
carbon; instead, they averuge about 0.8%. In constructing u curbon budget for
the Buhami Bunks, Broecker und Takahushi (1966) noted an appurent diserep-
ancy between the budgetary implications of net organiv carbon production und
the observe { sediment composition, They concluded that their budget was not
properly balanced. This does not seem to be the case at Canton, and it may not
have veen trae tor the Bahamas budget either. The suspended-load data discussed
here suggest that there may be substantial removal ol organic material from the
lugoon. with relutively little CaCOy loss. A variety ol explanations might be
offered for this phenomenon: those given below seem the most reasonable,

In the first place, CaCOQ; precipitated by the benthos in the lagoon Is Tess
likely than organic carbon to be dislodged from the lagoon oor by either
mechanical or biological activity and then to hecome suspended in the water
column. Organic material, once suspended. is less dense than the CaCOy and
will stay in suspension longer. Hence, particulate orgunie carbon is more suscep-
tible to tTushing from the system than is inorganic carbon, Moreover, one major :
camponent of the organic carbon inventory in the lagoon has not even been
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evaluated in these budgets -dissolved organic carbon. This muterial would also
be eusily flushed from the system, Indeed, it would be surprising it there were
not more organic carbon lost than inorganic carbon,

The suggested export of up to 709 of the excess organic carbon produced
in the lugoon makes the narrow autotrophic margin of the lagoon community
ull the more remarkable. Most of the excess production which does occur does
not accumulate but leaks from the system. The gross organic carbon production
of the Cunton lagoon is almost 10* tons/yr. The net excess organic carbon
production of the lagoon umounts to approximately 550 metric tons/yr. Of
that net production, about 400 tons is lost to the oceun, and the remainder
(0.2% of the gross production) accumulates with sediments on the lugoon foor.

Deponitional History

The CaCOy production rate in the lagoon is about 500 g ™2 yr! (Tuble 6).
This rute is about 10 to 15% ot the rutes which have been reported by the same
alkatinity-depletion technique for reef fluts (Smith, 1973; Kinsey, 1972), about
half the rate found in the Fanning, Atoll lugoon (Smith and Pesret, 1974), and
the sume as the rate reported by Broecker and Takahushi (1966) tor the Bahama
Bunks. I it is ussumed that the sedimentary muterials being produced have o
dry-weight density of about 1.4 g/em* (that is. about 50% porosity), and that
none of the material being produced is lost from the lugoon, then this produe-
tion rute at Canton is equivalent to 4 meun vertical deposition rate of ubout
0.3 mm/yr. World-wide meun sea level is presently chunging little, it at all (Curray
et al., 1970); there is no reason to suspect that lurge vertical tectonic movements
have occurred at Canton.* Therefore, the lagoon floor at Canton is probably not
shouling by more than this small increment, There probubly is g balunce between
“too much® production on the reefs und “too little" production on the lugoon
floor. Erosion (largely biological) allows redistribution of materials throughout
the lugoon.

Prior to ubout 8,000 years ago. sea level was rising at a rate approuching
2 em/yr (Curray ¢t al., 1970} Under such conditions, it s inconceivable that
reefs resembling those presently found in the Cunton lugoon could have
produced sufficient sediment to maintain the lugoon floor at a constant depth

*There are morphologival features which suggest that there muy have been as much as o 2meter
high-stand (possibly tocal) of seu level at Canton within the lust several thousand yeats. This uncertainty
is within the range of present debate about custatic chunges und s of no direct coneern here,
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relative to the rising sea level. In fuct, even if such reefs were not being eroded,
they probably still could not have maintained themselves at sea level. Yet the
reef structurncs prohably do not greatly antedate the present general island
morphology. The shupe of the reefs uppeurs reluted to water flow to and from
the lagoon,

The entire reef configuration in the lugoon today theretfore appeurs to be
less thun 8,000 years old. and these reefs have probably, grown up from a base
approximated by the present maximum depth found in the lugoon (about 25 m).
Topographic details of the base cannot be inferred from the present topogruphy.
This aumounts to a lagoon infilling of ubout 20 m in 8,000 years, or an average
of 2.5 mm/yr.

If this interpretation is substantially correct, then the growth of the reefs
in the lugoon has slowed considerably us the lagoon has become clogged with
reef structures. One or more passages have existed along the southeuast rim of
the atoll unti: relutively recently und huve been blocked by the formution of
beach ridges or uy slight oscillations in relutive seu level or by both. The
maximum initial rate of reef growth making this model feasible is ubout § mm/yr
il the slowdown from thuat maximum rate has been constant with time, This
maximum rate is consistent with the rates which Smith (1973) and Kinsey (1972)
have reported tor shatlow reef environments elsewhere,

Mechanisms governing CaC’O, production rate in the Canton lugoon ure
probably similur to those which limit organic carbon production. Corals are the
most conspicuous caleitying organisms in the lugoon, if not the major ones.
The distribution of coruls obviously is sensitive to location (Jokiel and Maragos,
this report). The growth rutes of a few individual coral heads from Canton have
been determined by means of x-radiography (R. Buddemeier, personal commu-
pication), and these rates do not appear to be directly sensitive to the location
from which the coral was collected. Hence, the CaCO; production rate ot the
lugoon seems more nearly related to the stunding crop of caleitying organisms
than to variations in the calcification rates of individual taxa.

The Canton lagoon (O, system bears one major contrust with that of
Fanning lagoon. Fanning lugoon water was found to be approximately saturated
with aragonite, and that saturation state was suggested as a possible tuctor
limiting the CaCO, production rate there (Smith and Pesret, 1974). At Canton.
the caleuluted saturation state of the water with arugonite remains relutively
constant throughout the tugoan, neur 20077 saturated (CaCQ, ion activity
product = 1077Y), It thusappears that the rate at which CaCOy is precipitated
in thut lagoon approximately matches the increase in CaCQy ionh activity
product from evaporation,




SUMMARY AND CONCLUSIONS

Much of the budgetary analysis presented here is highly speculutive, and
this speculation is offered without apology. The budgets provide a rapid over-
view ol a poorly known environment which constitutes a major portion ol
coral atolls. Such an overview gives little attention to biological detail; thit
detuil cun follow. using the overview as a lrumework on which to build.

This investigation was undertaken as part of an environmental survey of
the Canton lagoon. The budgets provide bases tor environmental assessment.
The major environmental characteristics suggested by the budget are summirized
below.

Evaporatin, rainfall, and salinity provide the basis for estimating the
residence time of water in the lagoon. Salinity increases lrom net evaporation as
water ages in the lagoon, The mean residence time of water in the lagoon is
about SO days, while the oldest water remains in the lagoon about 98 days.

The productivity of the Cinton lagoon community is probably not limited
by the major inorganic plant nutrients (nitrogen and phosphorus), Both of
these malerials are present at high concentrations in water entering the lagoon,
and neither is exhausted while the water ages in the lagoon, The not utilization
of nutrivnts demaonstrates that the ligoon community is autotrophic, and the
slow rate of utilization demonstrates that the margin ol autotrophy is nurrow,
Lagoon-wide phosphous utilizution is about 0.027 mmole m? day ' and
nitrogen atilization is about 8.8 times this rute.

Net organiv carbon production ¢an be inferred trom the phosphorus budget
to be about 3 mmoles ™ dav™'. or about 36 mg C n™? day™' . This rate is
probably near the net organic carbon production ol the open ocean adjacent to
the atoll. Gross organic carbon production is about 6 gCni? day ', comparable
1o rates which have been estimated for coral reet flats elsewhere and over 100
times the net production, Thus., the lagoon maintains o remarkably close balanee
between the production and consumption of organic compounds, Both the
suspended load wnd the sediments suggest that most of this small excess off
otrganic carbon which is produced is flushed trom the kigoon rather than being
incorporated into the sediments, Yet the amount of flushed material is o trivial
fraction of the gross production.

The rate at which the lagoon community produces culvarcous material is
much slower than CaCGO, production rates reported for other portions ol coral
atolls, I appears likely that the lagoon reets have developed within the last
8.000 years and have filled the lugoon with up to 20 m of sedimentary nuterials,
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The standing crop of organisms in the lagoon is obviously related to local
variations in water motion within the lugoon. Net and gross organic carbon
production and the production of CaCO 3 are ulso apparently related to this
motion. Aside from purely mechanical destruction, the only extensive human
damage to the lagoon community appears to be associated with local reduction
of water motion within the lagoon. Such artificinl damuge is minor in compurison

with the pervasive geologicul history of progressive lagoon infilling, enclosure,
and restriction of circulation,

Perhaps the most conspicuous attribute of the Canton lugoon material
balance is the efficiency with which the system retains materials once formed.
In the case of orgaunic materials, this retention is accomplished by virtually
complete recycling of materials, with almost no loss of these materials buck to
the open ocean or to the sediments on the lagoon tloor. The small loss which
does occur is balanced by the continued uptake of materials from ocean water
which flows into the lagoon. Inorganic materials are precipituted and deposited,
leading to a gradual infilling of the lagoon with culcureous sediments,
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ABSTRACT

Over 75 species and 36 genera und subgenera ol reef corals were reported
during recent surveys ut Canton Atoll. When combined with the new records
reported ut MeKean Atoll, these records nearly double the number of species
and genera previously reported for the Phoenix Islunds. Although the Phoenix
Island coral fauna is considerably more diverse than previously estimated and
more diverse thun reported for islund groups to the eust, island groups to the
west show much higher coral diversities. These findings ure consistent with the
overall trend, previously noted by Wells (1954) und others, of u decreasing
number of corul species und genera from west to east across the tropical Pucilic.

Investigations also reveal that signiticant dissimilarities exist between the
species und generic lists of Canton and adjacent islands and island groups in the

. Central Pacific. Although some of the appuarent discontinuities in the distribu-

tion of certain corals may be artifacts resulting from variable or incomplete
sampling, some are apparently real. The causes for the local suppression of
curtain genera and species from some islands and their abundunce on others
nearby are unknown but are probably related to geographic isolation or varig-
tions in the local rates of immigration and ¢xtinction of coral species.

Comparison of the Phoenix data with previousty reported coral distribue

tions in the Indian Qcean seems 1o support the theory that the Indo-Pacific reet
coral fauna shows a homoguenous distribution.
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INTRODUCTION

-
.

5 . This paper deseribes the hermatypic und ahermatypic coruls collected at
Canton Atoll during visits by the authors in 19723 and 1973, An uttempt is ulso
made to compare the Canton reef coral fauna with those of other atolls and
island groups in the Centrat Pacific. A companion paper (Jokiel and Maragos,
this report) tocuses on the abundance and distribution of corals in different _
environments at Canton and describes the probable Factors controlling corul 1
distribution on the atoll,

3 The results of this study are based upon corals collected during three ) y
( separate visits to Canton, Jokiel visited Canton and Hull Atolls for one week
during the summer of 1972 and acquired a collection of corals trom lagoon :?
and ovean reel environments. Maragos visited Canton for four weeks in

September 1973 and also collected corals from kigoon and ocean reets,

Jokiel visited Canton and obtained additional coral specimens primarily from |
lagoon environments during a survey by the Nuval Undersea Center and the
Hawaii Institute of Biology for two weeks in November=December 1973,

; Previous information on corals trom the Phoenix Islands was obtained 1

4 from John Wells (personal communication), who collected 20 genes and X
b sttbgeneri of reet corals from Cunton lugoon. Inaddition, Dana {1978) mude ! i
] an extensive collection of corals from McKeun Atoll, also in the Phoenix {
4 : group, to the west of Canton (Frontispiece) 1 |

|

!

1 METHODS

: Nearly 100 reef sites were surveyed during the three visits, Coruls were

4 collected by seuba divers operating from small skitTs or swimming out from

: shore. Informution on locution, water depth, reef morphology, and other

: environmental duta was recorded for each site. Comprehensive water chemistry,

1 biologicul, and physical data were also collected at some of the sites during the

b third visit (see other papers in this report), Locations of the colieceting sites are
found in the companion paper Uokiel and Marugos, this report), Additional
descriptive material on Canton s found in Henderson et al. (this report).

Coral identiticution wus cartied out at Canton and luter in Hawall,
Collected coral sumples were immersed in o dilute sodium hypochiorite (Clorox)
sotution for 24 hours und then cleaned und dried. Tags showing the date, location, 1




depth of collection, and other information were attached to cach coral skeleton
sample. Some of the specimens were tdentified using published reference reports
on corul systematics. Others were identified using the reference collections of
Muragos, the Bishop Muscum, und the Hawail Institute ol Marine Biology.
Approximately 40 of the tuxonomicully ditficult specimens were sent to

Dr. John W, Wells (Cornell University), who Kindly made the identitications,

Fortunately. it was possible to compire Dana's collections rom MeKean
with ours from Canton and Hull before this puper was written. The comparisons
provided o reliable basis for compuring the coral Maunas of the respective
localities und determining which of the differences in the species lists were real
or urtificiul. Because of the problems associated with growth torm variation in
corals, systemutic deseriptions are frequently unteliable at the species fevel
(Wells, 1954), Some of the discrepancies in the speeies assignments made for the
two collections ure probubly the result of differences in source material, refor.
ence muterial, experience, and procedures ot the different tuxonomists making
the identifications. In particulur, there were Inconsistent assignments for corals
of the genera Montipora, Pocillopora, and Porites.

RESULTS

Cunton is an oblong, roughly triangular atoll having a northeast=southwes(
axis about 17 km long. The width of the lugoon perpendicular to the long axis
averages about 4 km (Henderson ef af.. this report). The single deep pussage
through the atoll is locuted on the eeward (westernd side of the atoll, Reets in
the lagoon were well sumpled tor corals, Ocean reefs within 2 km of the pussag.
were also Investigated. Time and logistic constraints did not permit surveys on
oceun reefs farther from the pussuge.

A list of the corals collected at Cianton Atoll ts presented In Tuable 7.
Only a few specimens were colleeted from the lagoon at Hull Atoll. and none of’
the species was unique to Hull, The coral Hist includes 82 species, of which &
are ahermuatypes und 77 are hermatypes (reet coruls), OF the 40 genera und
subgenery of coruls collected, 36 are hermatypie. Only one hermuty pie spevies
and genus collected by Wells during an carlier visit was not collected during our
later visits to Canton (Podabacia criustacea ), The new records now ridse the
total number of reported reet corul genera and subgeneru from 20 to 36, In
addition, Duna (1978) has reported 24 genera and subgenera und §1 specivs of
reef corals from MeKean Atoll, also within the Phoenix Istunds, O the MeKein
corals, the genera Plesiastrea and Portres (Syaaraca) were not reported at Canton,
Thus, the total generic diversity (that Is, number of geners and subgenera per islund
group) of reef corvls from the Phoenix Islunds has been inereased to at lenst 38,
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i Table 7. Spectes Hst of reel corals collected from Cunton Atoll by Jokiel und Maragos,

An UMY follows the naimes of species also reported ut MeRean by Duna (1978,

Acropora cunigera (Danu)

Acropora sp, ¢t A, corvinbosa (Lany,)

Acropora evtherea (Dan) or A, hyaciths var. cytherca (Dana)

Acropora Jormosg (Dun)

Acropora wp, e A, hyvacinthus (Duna) - M

Acropora ondlis (Dana) - M

dAcropora sp, o, 4, nasita (Duny)

Acropora palifera (Lum,) 3

cleropora sp. ¢f, 4, polymorpia (Brook)

Acropora retiewlata [Brook)

Acrapora sp. cf. 4, rotumana (Gardiner)

] Acropora sp. el A, surendose (Dunw)

' Acropora srringodes (Bruok)

: Agariciclla .

Agarictella pondorose Wardiner)
Astreopora mypriophthalma (Lum.)
Cuscinarava columma (Dunn) ]

+'eCelivia . o, Corhentn (Quoy und Galimurd) j
Cyphastrea seraflia (1Forskuul)

' Distichopor viedacea (Pullun)
Kehinopora lamellosa (Raper) - M
Fchinophyitia aspera Fllis & Sulander
Favia pallida (Dany) - M
Favia sp. of, #. rotumiaiu (CGardiner)

e- Favia speciose (Duw)

Favia stelligera (Dun) - M ]

Favites ahditg (Ellin & Solunder) - M !

Favites prattagona (Esper) - M 1

Fungla (Danafingia) valida Verelll ;

_ Fungla (i) fangtees (Linn)

}' Fungia (Plevmaetls) paumotensis Stutehbury

/ Fungla (Plewractis) scutaria Lay, - M

i Fungla (Verriliofungia) concting Verrlll - M

tonldstrea pectingta (ihrenberg)

1 Helomitre philippinensis Studer M

. Herpolitha linax (lixper) .

- Hydnophora microconos (Lum,) - M H

{ Mydiophora rigida (Duna) M !

. Leptastrea purpitred (Dunny = M

Leptastrea tonsvorse (Klunzinger) M

3 Leptoria phirvgia Ellis & Solunder

Leproseris mycotuseroidos Wells - M

Leptaserss seahra Vaughan

Lubophyllia costata (Dung) - M
+Millepora platyphylla Hemprich and Ehrenberg -- M
Montipur soclalis Bermard - M

Montipura tubercilosa (Lum,)

Mamipora verrilll Vaughan - M

Montipora verrycosg (Lum,)

Pachyseris speciosa (Dung)
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Table 7. (Contd)

Parahalomitra robusia (Quelch) - M
Pavona clavis thana) - M
Pavona gigantea Vertll - M
Pavona practorta (Duna)
Pavona varians Verrdll - M
Pavona (Pseudocolumnastraca) polifcata Wells
Pavona sp. - M
Platygyra lamelling Ehrenberg var, rustica (Duha) - M
Platygyra sinensis (MilnosEdwards und Haime)
Plerogyra sinnosa (LDany)
Pociliopora damicoris (Linn.) - M
Poctllopora spoof. P clegans M
Pacttiopora eydonxi Milne-Edwurds und Haime - M
Pocitlopora meandring Duna - M7
Pocilinpora molokensis Vaughan
Poctllopora verrucosa (Llixand Solander) M
Pedabacie crustacea (Pullus)
Puorttes briehanti Vaughan
Porites sp, ¢t P, eevion Bernord or ubnormul P lichen (Dang)
Porites lichen Dung - M
Puarites lohata Dune - M
Porites futeg Milne-Bdwards und Haime M
Porites pukoensis Yaughan
Porites superfinsa Gurdiner M
Psanmocora (Plesioseris) profundacelly Gurdiner
Psaimmocora contigia (Fsper)
Peammecora nierstraszi Van det Horst M
Psammoacora (Stephanaria) stellara Vereill

U Stvlaster sp. ol S, edegans Vertill

S lhastraca cocena Lesson

Tiehastraca ciphans (Dana)
Turbingria sp. .1 feregularis Rernard - M

1T Abermaty pes
+Hiydrosvan conle

Among the most frequently encountered or common species observed it
Canton are Acropora formasa, Ecltinopora famettosa, Favia stetlivera, 1 pallida,
Goniwstrea pectingta, Halowitea phitippinensis, Heepolitha limax, Hydnwophora
rigida, Mittepora platyplivita, * Montipora vervilli, Pavona veactorta, Pocitlopore
meaiidring, Podamicornis, and Porites hetea. Detailed information on the abun-
dance and distribution of these and other corals at Canton may be found in
Jokiel and Maragos (this report),

—— s e 0

*Phesre appears to be g complete growth-torm series within the yenus Mitleporg, between tati
which could b deseribed as M. platvphethe and S renere, T gradation is recopmized at Canton, but a4l
of the specktiens ot this gens e here inchided under the single name AL plutvphy e



DISCUSSION

Comparison of the Canton and McKean Coral Faunas

Dunu’s (1975) species list of reet coruls from McKean includes 19 species
which ure absent from the Cuanton list (Table 8). This discrepancy principally
appears to represent taxonomic vagaries rather than real dittferences, Compari-
sons of the actual specimens collected from both locations revealed that only
cight of the McKuean species were probably not reported from Canton (see
footnotes, Tuble 8). In contrast, 41 of the 77 Canton reef coral specics were
not reported at MeKean (Tuble 7). Tuble 9 Lists 38 generaund subgenera trom
Cunton and McKuean: 2 of those genera are restricted to MeKeun, 15 are restricted to

Table 8. Reef coral species from McKean Atoll which were not reported from Canton or Hull Atolls,
Dutu From Duna (1978).

Acropora cymbicvathus (Brook)
A. variahilis (Klunzinger)
Cyphastrea microphthalma {Lumarek)
Millepora nirrayi Quelch)
Montipore acqui  tuberculata Bermard2
M. granulate Bernard 2
M. infornis Bernard
M. venose (Ehrenberg) E
Pavona clivosa Verrill3
P. mintita Wells
P, (Polvastra) sp.8
9 Plesiastrea versipora (Lumurck)
; Platygyra dacdaley (Elis & Sulunden)®
Pocillopora elegans Dana® 3
P setchelli Holrmeister? 4
Porites australionsis Vuughan @ 3
P, pragosa Dunn®
P solide (Forskual)®
. (Synaracal hawaiicnsis Vaughan

IWe identified thix Form from Canton as s ramose varicty of M, platyphylia.

2We tdentitied all tuberculute Montipora trom Canton us AL verrith and thus this form may exist gt
Canton,

IWe identified this furm of Pevona from Canton os P clavay.

AWe tdentitied this form of Pavona from Canton as Pavona sp.

SWe iduntitied this form of Platvgyrae ttom Canton as £ amelling.

We fdentified similar formys from Canton us £. meandring or P. vvdouxi

W identitied ull robust cespitose Pocillupera tram Canton as P damicoenis, und thus this form may g
unist ut Cunton. l

BWe identitied thix form ot Porites from Cantan ax P lobata. A

H3
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: Canton, and 21 are found at both locations. 11 it is assumed that both atolls ]
: were equally sumpied tor coruls, then these duta indicate the MeKean fauna to ;
: be considerubly less diverse than those ut Canton, The differenees seem sur- !
¢ prising, us McKean is locuted only 350 ki to the west of Cunton, ;
E
; Table 9. Existing und new generic tecords of reef corals from Canton und MeKoun, Phoenix 1sunds, )
'; (Subgencra ure In purentheses). F
L
Lxisting New 1
; 4
[\ Acropora +Agariciclla b
b +streopora +Coscinaraca
b 4, 0
: Cyphastrea Favia
' +(Danafungia) Favites
; kehinupora +fFungia)
L +ichinuphyllia (Pleuractts)
! +oniastrea (Verrttlofungia)
i Halomitra +leptoria ¥
i +Herpuititha Leptoseris {
; Hydnophara +Pachyseriy i
{ Lepiastrea Parahalomitra :
Lahuphyvilia ++Plostastrou i
: Millepora +{Psetdocolumnastraca) }
!ﬂ_ Moutipora +Plerogyvra 1
{ Pavona +(Plostoserls) 1
: Platygvra +Stophanaria} 4
i Pocillopore ++(8ynuraca) :
! +Pouahacia Turhinarie \
Porftes i
Psamnocord i
!
+ Recurded from MeRean only (Duna, 1975). i
+Recurded from Cunton only (Wells, unpublished; this repor), 4
; The most likely causes o the Jower diversity at MeKean Atoll are :
_ geographiv isolation and lmitation both in amount and diversity of habitat, ‘
1 MuKean is isolated from ather islands of the Phoenis group. In addition, McKein 1
] s smaller than Canton and Licks o lagoon, Thus, potential coral colonizers may ,
» . N " . . i
reiich MeKean in fower numbers from nearby islinds and would Find propor- ¢
n . N . ¥ n . 1 . Ky 1
‘ tionally fewer habituts in which to reside. OF the abundant species of Canton !

which are also present on Mekean, only about half are also abundant at Mekeun, ‘
This further indicittes potentially divergent colonization, extinction, and

F, developmental putterns for coral communitivs on the two atolls, Duana (personal
communivation ) also indicated that the sampling etffort at Mekean was only
about one<third that of Canton, This may have, in part, contributed (o the

3 sitadler number of recorded species from MeRean,
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Comparison of the Coral Faunuas of the Phoenix and '
Other Central Pacific Island Groups b,

3 The Phoenix Islunds are relatively isoluted from other islund groups in the
Centrul Pacific, several of which have been well samipled for reet coruls, Cunton
Atoll is the northernmost of the eight Phoenix Islunds: the islund group covers
4 300 x 500 km section in the central equutoriul Pacific (Frontispiece).
Enderbury. the nearest atoll to Canton, is located about 73 km to the south-
west, Howlund and Buker atolls are outliers northwest of' the Phoenix Islunds.
The Phoenix Islunds lie approximutely 1000 km southwest of the Line Istunds.
3500 km southwest of Hawalil, 2500 km nerthwest of the Cook Islunds und
French Polynesia, 600 km north of the Tokeluus, 1200 km north of' Samou.
1000 km northeast of the Ellice Islunds, 1200 km cast-xoutheast of the Gillerts
and 2200 km southeast of the Marshull Islunds, There are also a number of
isoluted istunds within 1500 km of Cunton. including Swalns, Nussau. Jarvis,
and Danger Islunds,

T T I AT NG M R Ty T R 2

At leust 85 species und 38 generu and subgenery of reel corals have now
been reported from the Phoenix Islunds, i our list is combined with those of
Dana (1975) and Wells (unpublished). Recent studies in reet coral zoogeography
are usually bused on the distribution of genera and subgenera (Wells, 1954
Rosen, 1971 und other studies), becuuse species may be inconsistently assigned.

I . g——— T

Despite the augmented generic diversities for the Phoenix coral fuuna,
adequately sampled island groups to the northwest, west, and southwest show
even higher generic diversitivs. For example, well nver 50 generu and subgenery k
are now reported from the Marshall, Sumou, Fijl, and other groups (Wells,

1984: Stehliand W lls, 1971 und others), Although the Ellice Islunds (neluding
Funafuti Atoll und Rotuma stund) have only been superficiully examined for
caorals (Gurediner, 1898; Whitelegge, 1898 und Finckh, 1904), ut jeust six
importunt genery (Heltopora, Stylophora, Euplivitia, Sympholia, Acanihastred,
and Ovypora) present in that atoll group are apparently absent from the Phoenis
Islunds. OF special signiticance is the peological und ecological importance of the
blue coral Heliopora at Funatuti (Finckh, 1904) and its absence from reef’s in
the Phoenix Islands,

P N IO T T S Y T S T T

Generic corul diversities are generully lower for islkind groups to the cast
of the Phoenix Islunds. For exumple, only 14 genery and subgenera are present
: in Hawail (Maragos, in press), and 38 have been reported in the Line Islunds
(Murugos, 1974), Generle diversitios ure still lower for island groups in the
castern Puctfic (Stehli und Wells, 1971 Glynn et al.. 19720 These findings are
consistent with the generally recognized trend, us discussed by Wells (1984) und
3 others, of decreasing generic diversity from west to eust across tropledl oveans,
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The studies of Stehli und Wells (1971) und Rosen (1971) provide
convineing evidence for u positive corretution between seawater tempreratures
and generie diversities of corals, It seems safe to conclude that temperature
conditions pluy an important role in controlling generic diversities on a broud
oceanic seale, but may be less important at smaller distunces, where differences
in temperature conditions between adjucent islund groups may not be signifi-
cunt, Other fuctors which may explain the greater diversities in the Western
naeific are the greater concentration of island groups (with u corresponding
{nerease in the amount und diversity of habitat) and the predominunt pattern of
tropical oceun currents flowing from east to west (which would retain lurvae
in the western tropical Pacitic or carry them westward).

Distributional Discontinuities of Some Genera

Although the total number of genera and subgenera generally decreases
from west to cust, the geographic distributions of particular genera are commaonly
discontinuous. Previous distributional discontinuities of reel coruls were reported
for certain coral genera among atolls of the Line Islands by Muragos (1974),

The Phoenix und Line Islands are relatively close to one unother and
exhibit similar generle diversitios for corals, but the similarities are obscured
because a number of the genera ure not common to both reglons, Future inten-
siffed field surveys may result in the discovery of some of the missing or rare
generi but will not explain why some genery approanch dominanee at one
locality, vet are insignificant at the other, For exumple, the genera Stydophor,
Plesiastrea, and Merrding gre very common at Fanning Atoll (Line Islunds)
but are not reported at Canton. Also, a dominunt genus, Astreopura, at Funning
was only rarely observed at Canton, Conversely, the genera Gondastrea, Halomita,
and Echiinopora wre abundant on Canton but absent from Fanning.

1t is of interest to note that some of these genera from one lovality occupy
habitats similar to those genera rare or absent at the other locality. Encrust-
g putehes of Mertding were commonly noted growing in the shade under
ledges iy Fanning lagoon, while Gaondasteea assumed a similar torm in similar
environments at Canton, Ramose colonies of Stylophaora commonly occupy
shallow Jugoon reet flut habitats at Fanning, while finely rumaose Mitlepora
colonies dominate similar enviconments at Canton,

It ds also interesting to note that an analogous foray, rumose Porftes
(P conpressa ), s generally the dominnt form found in similur environments
i Hawadl a Jow diveesity areas yet to speeles of ramose Porites has been
reported Trom Canton or Panning, which have much higher generic diversitios,
However, a ramose species of Porfres (1 andrewsf) occurs commonly in Sumou.
which ties adjacent to the Phoenis Islonds to the south, Dr. Duvid Stoddurt
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{personal communication) has also observed similur appurent distributional
discontinuities of certain corals in his Pucific coral studivs, Hv also remurked
on the presence of the commonly distributed coral Manicing areolatu in
Honduras and Florida and its absence or searcity nearby at Grand Caymaun In
the Atluntiv. Stoddurt has also pointed out that the unonymous review (later
attributed to Henry Hollund) of Darwin's (1842) book on coral reets dealt in

part with the problem ot (he presence or tbsence of coral reef’s in certain oveun
provinces.

The observed distributional discontinuities do not appear to be confined
to coruls of certain forms or taxonomic types. Otherwise, it could be
concluded that these corals might show reduced larval dispersal potential und
have colonized only some of the islunds within specitic coral ocean provinees,

Guographic isolation barriers, including large distances between adjucent
islinds, may inhibit the effective dispersal of miany corals, Thus the sequenee
of species and genera that are successtully estublished over given time intervals
may be determined by chanee. 15 colonization rites are slow and ingomplete
for carals at certain isolated islands. then the process miy be reflected as
distributional discontinuitivs between these isiinds, 16t is assumed that the
colonization provess has occurred vontinuously during the long tenure of
seleruetinian reef corals on Indo<Pacitic reels, then it would seem surprising
that the discontinuitios should still persist, Perhaps colonization and elimination
of corul species and genera at specifiv islands are oceurring simultancously and
at a sulticiently rapid rite to explain the observed distributionul discontinuities, *
Perhaps the colonization process cinnot be assumed to have oceurred without
interruption over long geological time intervils and that periodic events, such
as the jee ages, may have eliminated forms, requiring o renewal of the develop-
mental colonizition of corul communities ut specitic islands,

Sewlevel, temperature, and other factors associated with the late
Pleistocene fee age may have resadted in the extinetion ol many coral genvra
and species at Canton so that recolonization may still be incomplee due to
insufficient time. 3N relevant to note that Smith und Jokiel (this report)
postulate that the present Canton lagoon community reets became establishd
siney the last glaciul recession, Similarly, Ladd (19735 concluded that reels
above ¢ 70-m depth on atolls in the Marshall Islands have developed sinee the
fust glavial recession. Newel (1972 also believed That some reets have evolved
sinee the last glacial recession, Thurber e af. (1968) remarked that A hiatus
in the development of coral between 6000 and 20,000 years ago on the Pactfic

CMucArthur and Wibson C1207) have proposed i an elaborate theory it ealonization and
e Lnction of istand orguiism speeies are innale processes ol insulur hiogeogiaphy.
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Atoll of Eniwetok implies thut conditions did not permit corul growth duting
this period.” Furthermore, Goreau (1969) speculated that **Although the
geologic record indicates reefs are among the oldest continually existing commu-
nities on carth, there is considerable evidenee thut the modern reels are not
stable and mature communities, but are undergoing suceessional changes typical
of youthtul assembluges.” These studics may support the contention that
environmuental conditions during glacial epochs may be disruptive enough to
ciuse (he locat extinetion of eertain genera which may not reestablish them:
selves until Tavorable conditions return and persist Jlong enough for corul
planulae to reach and colonize the island reels. Analysis of the palcontologicul
histories of eertain specivs of corals on specilic reels may help resolve the causes
Far the discontinuous distribution ol corals,

Homogeneity of the Indian and Pacific Ocean Coral Founas

Rosen t1971) recently classitivd Tndo-Pacific reet coral generi and sub-
generi on the bisis of the frequeney of which they have been reported on
iskinds in the Indian Ocean, Class I genera ure those oveureing in more than S0
of the observed Tocalitios; Class T genera are tound at 25=50%7 of the localities:
Cliss TH geners e found at Tess than 257 of the localities, The Phoenis Iskinds
are e removed From the Indian Ocean but are well within the Indo-Pacific
Biogeographic Provinee, so it is ol interest 1o apply this scheme to the gener
reported in the Phoenix Islands in order to estimate the level of homogeneity
betwen the two regions within the Provinee,

OF the 1.2 Cluss | genera listed by Rosen Cleropora, Pocillopora, Porites,
Favia, Favites, Montipora, Pavona, Galaxea, Plavgyra, Fungla, Cveloseris, und
Stvtophora), at least nine (785 ) have been eeported in the Phoenix Istands, Of
the 28 Class T geners Listed by Rosen, at least 20 (80097 have now been observad
in the Phoenix Istands: Class T genera not reported are Gomiopora, Serlatopor,
Alveapora, Acanthastrea, and Svmphvtlic:. OF the 40 class H genera listed by
Rosen, ondy nine €230 hiave been reported In the Phoenis Islinds, The genera
reported aee Plecogvra, WSviaraca ) (Stephanaria), Podabacia, Echinophyilia,
Hatomitea, Parahalomitra, Agariciella, andAlseudocolimmnasraed ). The discovery
of the stinging bublble coral, Plerogvra, at Canton s particuturly significant,
becitise ity known geographic distribution has now been extended 100U km
northeastwared, Thus, twe mgdority of the genera found i the Phoends Islands
may be considered common (Class T while the “missing' genera are predomi-
mantly rare types (Cliss HHDL U is of interest 1o note that severul of the Class |
and 1 genera not reported in the Phoenis Islinds are present on adjacent istund
proups in the Centeal Pacitic: some may eventually be reported alter more
extensive surveys in deep water are conducted at Canton and elsewhere.
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These compurisons tend to substantiate Wells' (1984 and Rosen™> (1971
chiims thut the reet coral Tuuna of the Indo-Pacitic is relutively homogenous.
Most of the widespread Indian Ocean generu were also reported at Canton,
while most of the rarer Indian Ovean genera were absent, ‘Thus the observed
reduction of generic diversity of the Phoenix Islands compared to more western
Jocalitios is principully the result of the suppression of genera with relatively
restricted distributions, These generia may be prevented Irom ¢olonizing areas
further castwird because of temperature limitations, short duration of larval
stages relative to dispersal times established by ocedan currents, or other faetors,
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Although undoubtedly of great importance as reef-formers, corals occupy
only a few percent of the total bottom area at Canton Atoll. Distribution and
abundance of the 77 reported species of reef corals at Canton uppeur to be .
controlled largely by blologicul interactions (that is, competition for spuce) at K
intermediate depths on the ocean reef slope and lurgely by physical fuctors k
(increased sulinity, sedimentation, and turbldity; decreased water motlon; and
possibly available nutrients) in the lagoon, Coral coverage and number of
species present in the lagoon decrease with increasing distunce from the single
pussuge where ingoon water exchanges with the open ocean.

R bt S

Cuanton Is geogruphicully isolated tfrom atolls huving extensive lugoon
systems, Furthermore, exchunge of lagoon water with the open ocean is
confined to one pussuge along the atoll rim. Conscquently, the lagoon fauna , J
lucks “exclusively lagoon” species of corals, Appurently the lagoon reefs have :

|
]

e Tt

! been colonized by a few of the abundant ocean-reef species.

Widespread Indo-Pacific species belonging to the genera Pocillopora,
Acropora, Montipora, and Millenora account for much of the coral coverage In ;
udditlon, severul species uncommon elsewhere (including Hydnophora rigida i
und Halomitra philippinensts) account for an unusually large portion of the 3
total coverage in some habitats. An abundance of fungiid specles (elght genery ]
and subgenera) is one of the most striking and unususl features of the coral :
fauny, along with an extensive lagoon line reef system dominated by Millepora, 1
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INTRODUCTION

The physiography of Canton Atoll, with its lorge enclosed ligoon water

mass connected to the ocean by only one passage (Henderson et al, this
: report), results in the formation of n strong environmentul gradient ranging from

1 : the clear, turbulent open oceun to the calm, high-salinity, siit-laden waters of the
J buck lugoon, The observed biogeochemicul gradients in the water column (Simith
3 ' und Jokiel, this report), gradients in fish fuuna (Grovhoug and Henderson, this
report), grudients in micromollusk distribution (Kay, this report), as well us
other biologlcal gradients, are reflected (and to a large extent determined) by
the coral fuunu, The reet corals are very conspicuous members ol this ecosystom,
und they have pluyed an important structural role it the formation und mainte-
nance ol the utoll as u persistent geologicul feature, The interuction of the corul
species present ut Canton (Maragos and Jokiel, this report) with the strong
gradients of physical und chamicul fuctors has resulted in g unique und previs
ously undescribed coral community, The purpose of this study wus to deseribe
the diversity and ubundance of living reef corals in various environments ut
Canton Atoll and to tdentity, insofur us possible, the factors controlling these
distributions,

METHODS

4 The extensive area of the atoll (upproximately 50 kim?) made it
necessary to employ qualitative sampling techniques to assess the overull

i distribution of coruls, followed by detuiled quantitative unalysis of representative
b ureas. Study locutions are shown in Fig, 20,

Figure 36, Cond survey statlons, Qualitgtive
inventory and spechnen cotlectons: June 1972 (@),
Sept 1973 (), Dee 1973 ¢ 0 Franweet lovations;
Sept, = ke, 1973 0,
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Approximately 200 man-hours of field observations were devoted to the
qualitutive appralsul, This portion of the survey included making intensive
sceuba and shorkel dives throughout the lagoon and leeward ocean reefs, making
observations ftom a glass-bottom boat, viewing the reefs with look-boxes from
skiffs, making aerial observations from u low-flying helicopter, examining uesriul
photographs (recent to pre-World War 1, on file ut Bishop Museum), und
consulting with members of the local Canton Diving Club. During the qualitative
survey, notes were tuken on the condition of' the reefs. Also, sumples of the
various corul species encountered were collected for later tuxonomic Identifl-
cation (Maragos and Jokiel, this report).

The quuntitative survey was divided Into two discrete studies: (1) an atoll-
wide survey covering ull types of reef envisonments and (2) u detulled study of
structurally simitur pateh reefs In tine with the main chunnel at various distunces
from the lugoon entrunce, The atoll-wide survey waus designed to include ult the
various reel environments; the more detuiled study of puteh reefs was Intended
to examine relationships between coral distribntion and physical fuctors,
exclusive of the complicuting eftects of differing reef morphology.

The utoll-wide survey wus curried out by contiguous quadrat transects
ucross representative reefs throughout the region. A 1-m? quudrat frame
divided into 100 equal squares was laid on the bottom und used to estimate
ureal coveruge by euch species of cotul to the nearest squure decimeter (one-
hundredth of u frame). The fower limit of meusurement for the quadrat so used
is 1 dm?, or one subdivision of the frame. Corals uecupying less thun halt of o
Brid square were not counted, but individual colonies were generally sulficiently
furge so thut such a procedure uppurently did not underestimute the aren off
significant spectes, I individua) coral heads had been simalter, the technique
vowld have been adapted to atlow extimates ol fractions of square decimeters,
In general, each transect extended from the deeper imit of coral coverage on a
reef structure to shatlow water. The transeet dutn were grouped into 1 38
sumples, each consisting o five contiguous quadrats, (or a total of 67,500 bits
of information lor funter analysls,

Only subtidul areas of hard substrata (including rubble) suftable for corul
volonbzution were sumpled. Reglons of sund uind mud were practically devold of
corals and were not sumpled. Estimates of percent coverage of lagoon bottom
consisting of hard versus sot't substratum were made using survey data, churts,
and acrinl photographs,

Field identification to spevies level for the common corals was not ditficult
except for members of the protean genus Pacillopora. As an operational
necessity, the myrind species and varietios of Pacillopora were subdivided into
two readily discernible groups: thely branched varietios (Pocilluper a damicaorniy
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and homesmorphs) and coursely branched varicties (Pocillopora meandring und

homeomorphs), Septal structure cannot be discerned underwater. placing i
Pocillopora evdouxi into the P nreandring eroup, 3
Many of the spevies and their intergrading »rowth forms in this genus seem J

to be present at Canton, Large arcas of Pocillopora could not be jdentified

underwater in a reasonable time and (even i suceesstul) probably would have

little biological meaning due to the present taxonomic confusion of the group, ;
As pointed out by Vaughan (1907, 1918) and Crossland (1952), specimens of
numerous species ol this genus can be found forming an unbroken intergrading
series which might represent growth Torms of one or only o few true biologicul
species. T was iheretore ditficult to Justity any other field identification
procedure, Only o few readily discernible spevies ol deropora. Porites, and
Mantipora were common at Canton, thus eliminuting the potential tuxonomic
prablems presented by these diverse genera and simplif'ving sampling problems,

During the course of the lagoon survey, it became gpparent that o strong
gradient in coral cover (from about 3077 to 07 in 3 knv) exists along the muain
ship chunnel, This ared wis theretore chosen Tor a more detailed study, Two
ship navigation riange markers were chosen Tor the alipnment of ¢ight transect
stations that constituted the “range trunsect™ (Fig. 27), Station 1 was located
at the edge of the shallow reet lat on the northeastern lagoon side ot the
atoll rim. The other seven stations were located on pateh reet’s selected to be us
similur to one unother as possible in size and morpheolegy, thus minimizing
biologleal differences due to specific reet morphologv. Most of these pateh reefl
structures exhibit the basic shape ol a truncated cone: steep sides wd Aat
dircalar tows whivh are 10-20 m across and which reach to within 0.8 to 1.0m 1
of thae surface at low tide.
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Sediment quantity and quality varied along the transect und appeared to
be Important environmental parumeters, At each station, divers collected
sediment sumples From varlous depths for later unulysis. Muximum depth of
living coral coverage, coral genera present on the putch reef, und muximum
depth of the surrounding urea were ulso recorded, The patch reefs selected
were small enough to allow sampling across virtually the entire extent of living
coral (hard substrata) by u point=-line method, Coral coverage wus estimated
by pointssampling ulong u 21-m line murked with lead weights ut 0.5-m
intervals, The lines were luid ucross the reef top and down the slope to the
edge of the living coral zone. This process was repented at leust six times at each
station (252 points), giving good sputial sampling of the entire patch reet,

Size anuly ies of the sediment were curried oul secording to standard settling
techniques (Folk, 1974), Percent uragonite and percent magnesium in culeite
were determined by x-ruy difiraction by means of' callbrution curves from
Smith (1970),

QUALITATIVE ANALYSIS

During quulitative appraisal of the atoll (Henderson e ul | this report), tour
mujor intergrading lugoon biotic provinees were recognized; the present unulysis
includes a fifth provinee, the leeward ocean reel in the vicinity of the puss
(Frondispivee). This zomation schenie is bused on the variety of information
available, including assessiment of the macrobjotic and physiochemical data,

Our subjective impression of these zones with respect to corals is as fullows:

Leeward Ocean Reef Zone
(Western and Southwestern Margin of Atoll)

The leeward and windward ocean reet ats are duvoid ot voral, exeept tor
a fow stunted colonies of Millepora, Porites, Favia, ard Pocillopora, mostly near
the reel margin. Arcal coral coverage was judged to be less than 0.1 on the reef
Nuts. By contrast, coverage along the reet slope is high tapproximately 507) to
a depth of 30 m, below which depth the cover decreiases. A large number ol coril
species were encountered wlong the slope: Acropora formuosa, Millepory
plhacyphsdla, Poritlopora spp., Porires spp., Favia stelligeea, Halomira philip
pinensiscand Aontiporg spp. accounted for nost ol the cover, The physical
environment i the region is apparently favorable for the development of a rich
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coral fauna., Water clarity Is high, water motion and ci;culatlon strong, sedi-
mentation rate low: and suitable hard substratum is available for coral settlement.

Pass Zone

This zone consists of the lagoon area within 2 km of the inlet and is
churacterized by corul knolls, pinnacles, and patch reef’s which rise from the
relutively shallow (5-15 m) lagoon floor. Except during slack tide, the reefs
near the pass are subjected to strong and reversing currents of up to several
meters per second; the currents are generated by tidal exchunge between the
ocean and the enclosed lagoon. The floor of the main chunnel consists of
current-scoured cobble und little living coral. Farther inside the puss, water
motion prevents the bulldup of fine sediments on available hard substrata, but
not the accumulation of shifting sund on the lagoon floor, Many coral species
are present: Acropora formosa, Pocillopora spp.. Hydnophora riglda, und
Millepora platyphylla account for most of the coral cover. One of the most
striking aspects for the cornl community Is the abundance of Funglidae, includ-
ing four species of Fuigla (mostly Fngia (Verrillofungia) concinna),
Herpolitha limax, and Halomitra philippinensis. A specimen of the coral
Podabacta has also been collected in this region of the lugoon (Wells. personal
communication). Areas near the puss dredged 35 years before this survey
(for example, the turning busin) have become recolonized by corals (mostly
Pocillupora). By contrust, lugoon areas farther from the pass (the dredged seu-
pline runways) do not show signs of recovery. The Puss Zone includes the
two most beautiful and diverse lugoon reefs, known locully us Corul Gardens
und Thornet Reet (Frontispieee),

Altered Zone

The northwest portion of the lugoon s an enigma. Although cluttered
with reef structures, the urea has little lving coral, The demise of the coral s
probubly related to the relutively vecent closing ol the three northern pusses
approximately 35 vears before this investigution (Henderson vt al., this report),
Presently, water exchange in the region (s sluggish. Deposits ol fine caleareous
sediment are upparently being generated but not removed, resulting in very
turbid water and accumulutions of calcarcous mud on all surtuces. On shallow
pateh reets, water motion induced by wind chop keeps sume areas clear off
sediment, In depths shatlower than 1-2 m, there is u mixed community of
sediment-tolerunt species, including Maontipord verrucosa, Montipora tuber-
ctilosa, Acropory furmaosa, Pocillopora damicomis, Gontasts o pectinata, Favia
speciosd, and Porires lutea. Ingeneral, however, the areu ne: longer appears
sultable for coral reef development,
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Line Reel Zone

Most of the centrul lugoon s churacterized by lnear reel formations
dominuated by highly branched Mitlepora platyphytla. On the line reels, the
Millepara fits Morton'’s (1974) growth foran clussilicution “Millepora 1. Coruls
are present only on the shillow crests of the reefs, Little or no coral is found
below depthy of' 2=3 m, In the deeper water between the Hne reet’s. the luck
of water motion und the constunt deposition of sediments apparently prevent
cory) colonization and growth. On the shallow reel Muts, wuter motion is
enhanced by small wind-driven wuves and tidesinduced currents which ow
over the dume-like line reefs. This water motion probubly promotes the develop-
ment of tuirly high coral coverage loculized on the line reet shatlows,

Back Lagoon Zone

The southeast portion of the lagoon and the intertidal fluts slong the north
and south murgins of the lagoon are typified by extensive deposits of curbonate
mud und by o general lack of reef structures. Living corals ure present but are
quite rare: coverage Is fow Uess thun O0.197), The coral Faung consists ot heads off
Favia spectosa, Goniustrea pectinata, Porttes dea, Favia stelligera, Poctltopora
damicornis, und Millepora platy phictia,

One of the most conspivious features of the lagoon corul community s
that the muximum depth where Living coraly are Found decreases with lnereusing
distunce from the pass. Near the pass, Hyving coral can be found to the muximum
depth of the lagoon. In the Line Reet, Altered, and Buvk Lugoon Zones voral
growth is generally restricted to depths of less thun 2=3 m,

QUANTITATIVE ANALYSIS

Atoll-Wide Survey

Similarity indices o) were computed Yor all sample pairs by using o quanti-
tative modification (Motyka et al, 1950) of the Sdrensen Similarity Indes
(Sédrensen, 1948); this modification is deseribed by the formulu:
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where Mg is the sum of the smuller abundunce values of each species encountered
in the sumple pair A8: M 4 is the sum of the abundunce values of cach species in
sumple 4 und My is the sum of the ubundunce values of euch species in sumple 8.

The resulting similurity matrix Is reduced (after the technique of
McCummon, 1968; McCammon und Wenninger, 1970) to the dendrograph
shown us Fig, 28, The distunce between any two adjucent sumples on the horl
zontul uxis of the dendrograph Is proportionul to their dissimilurity. Similarity
within groups or clusters s represented us distunee ulong the verticul seule,
Mujor clusters corresponding o four of the zones previously described are
uppurent and.are ihdlcated on the figure,
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The number of coral species encountered por sumple und the coveruge by
living corul ure plotted in Fig. 29 and 30, respectively, against distance from the
lagoon puss. Sumples tuken outside ol the lugoon on the leewurd oceun reef ure
asslgned a distance of O, because they represent an environment free from uny
lugoon etfect and serve us the baseline for compurison with the lagoon,

e 360 Relationship between
nunthet ot corul specivs per wimple
and distanee from pass for gl
Ol e Bgoon sampies.,

Oistance fram Lagoan Pams (km)

BOO 1= : _ e

Coral Crvemvage Per Sample fgm )

400

Fitiee b Refatiomadig etween
ot voverage and disbae Toan
pass o all ovean and koo

sattirhes 1]

s 2 8

0 \ 2 ] 4 ) é ? L]
Iistance ram Lagoon Pass (k)

Results o the similarity analysis support the validity of the previously
estublished qualitative zonation (Erontispicce Yand justity the discussion of
coral abundance according to zone, Percent cover anmd frequeney of oceurreney
ineach Samd sample rom cach 2one are presented in Tables 10=<14. Based on

D s it

I PO

N piti .

P



S T R T T R

|
: , I
t‘ ' ;
0 b Tuble 10. Ocean toof slope samples (20 stations), 3
Percent l‘raquency of !
Specivs LT ULCMITENcy :
Pociliopora meandrina and homeumorphs s8 0.BS :
: Montipora verrili 4.4 0.70
Miltepora platyphylla 4.2 0.28
Halumitra philippinensis 4.1 0.60
Favia stelligera 4.1 0,89
Kchinapora lamellosa kN 0.80
Pavona varians 3.0 0.90
Leptastrea purpureq [} 0.74
Arropon Jorinex 2.6 0.60
Parites lobata 1.6 0,48
Hydnophuora rigida 1,2 (.40
Pavona clavus 1.2 0,80
Platvgyra xinensis 0.8 0.88
Fungia (Fungia) fungites 0¥ 0.40
Hydnaphor iicraconos 1.6 (.40
Platygyra lamelling 0.6 0.40
Favia pallide 0.6 uss
Fungia (Danafungia) valida 0.8 0.25
Montipora socialls 0.8 .38
Psamtmocora contigua 0.4 U.40
Leptosens myeetoserofdes 0.4 .38
Montipore tubercidoss 04 (.18
Fungia (Plewnctis) paumotensts 0.1 0.40
Gomtastrea pectinal 0.2 080
Paralwlonitra robusta 0.2 nis
Herpolitha lima 0.2 1.38
Acrapura humiln 1.2 0t
Acropurg reticuldta .2 (18
Pavona gigantea 0.4 .20
Favites ahdite 1 nis
Cvphasired serailia 0 0
Pavond (Pseudocolummastraca] pollicate 0. n.4u
Portes when 0. 008
; Agariciclly ponderosy 0.4 s
i Fsammacora (Plesioseris projundacells 0.1 0.18
F
| Lubophvitiv vostate 0.4 018
Psgnintocorg (Ntephanara) stillate (TATN IR]Y
N Nevlaster clegans 0. (.08
? Favites pentegong 0.0 .08
; 5 Favid speciig 0.2 008
i Porites pakogisis 0.02 0.08
. Porites brighaim (Lt 0.08
i Astreopard myvriophvtialng (oo .08
Aeropord palifend noog 0.08
E Echinophyvtig asperd AN | 0.08
! Porttes viperfuse [RL1T] 0.08
? O PR VU
)l
[



Lable 11 Pase Zone samples (52 wiationy).

IWreem b regueney ol
Sphveles vovenge o oeaunenee
% Losoporg forinow dd 0,18
i P ttprora mtedndring and homeomot pha R 056
Hvdvopdiora rigede 2.4 0.27
; Vhltepora platvphvlla 11 0.
Phedownitea pedypincnes (IR)] 40
Fungnr o Verrdlofiomewd concimm 0n7 thdd
! Powcdtiopara danticorids and homeamorphs th 046
Fohompwrg linicellose thiy (LY}
Mhitipena vonith s 0.4
- Wi praciorta n.s 0.2
] é Mowtipona tabwrcuhona thd 0.7
B tronnesined podtinele ([} 0.9
- Pavie speios TN 0.2
{ o plestica pea prirat thl wil
Vot Voo i 0,16
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. Speche

Millepora platyphta
Porites luteg

(FOnSred pectinadie
Favig speciow

Commen Abundant

Favig stellugera
) Pammneom (Stephanaria) stethute
r Pocitopora danticornn und homeasmor phy
Meintipora tibercilos
Cephastred serdlin
Mantipra verrugeong
Eehiioporg ameliosa

Rarc

I uantitetive samplos, g

4 Leropora isiela

i Lernporg podvinio pha
) Vorapord surcidos

§ Lerapena dvae inbin

borophant oy thivtca
Lorapong 1o o i
Lkt ity sp.
Cronettibetod collemng
Thatn ’Ill[lnld thrhicoad
§avid vt

Foengar o Plewnec i sendarae
boptastrcg brainsarwg
Laptonid pheven
§optoserts saahia
Pachvowrs speciow
oo vrg g
Pty condon

PN e OFd PN
Frabastrand cocc iy
Lurbinar i e

Table 13, Line Reet Zone samples (30 sttions),
Pervemt
Lluvenage

10,1
1.4

0.0
0.04
[1X1)]
nay
AN
LO0G
0.006

Fuble 14 Very rare spweeies,
(Cullevted at Canton Aol but so fouml

I regiviny of

ween f_l\‘l\ e

(UYR}
n.ad
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o7

IKIR
nao?
o7
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nod
b
TXIR

i pereent coverage of available hard substratis condds e classihed hy
posers ol tenas abundant™ Gereater than Feocoverage ), “common
O 1o Lo covetaged o trare T Hess than 001 coverape)

SNy rare”

specios Chable Bare detmed as species collected at Canton bt not
OUCUTTIE T any (uianhitative sanple.
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Extimutes of area and percent corul cover are summaurized In Table 1§,
Areal estimates of the zones were caleulated from mups and aerlal photographs,
Estimuted percent coral covernge represents the mean of all samples tuken in
cuch purticular zone. The stundard errors of the meuns suggest that percent
coveruge on hurd substeatu has probably been estimated to well within 0% of
its true value, The areal estimates for each zone were derived from the hydro-
graphie churt of Canton wnd ure probably more veliable than the percent
cover estimate,

For e ovean reel's, most ol the Uving reet coral was ussumed 1o ovcupy
a bund 100 m wide, or extending from the edge of the reet fut to u depth of
40 ., Estimates given In Table 18 are probably well within u fuctor or two of
the lsted value,

Living coral coverage aecounts for only 1 to 2% ol the totul ligoon Noor,
Less thun 84 of the total battom coverage Uagoon plus all oecan reels to g
depth of 40 m is living coral. Although the ocean reel slopes oevupy less than
one-tenth o the fugoon arei, they apparently aceount for 8O of the living
vorgl on e atolle This Figure may be somewhant biised by ocean reel sipling
bebing Himited to the leeward shde ol the atoll,

Vabie P& 1 stinuted coral coverupe on Caston Atoll

I abimated pereent

vatal voverage 1 stitsated
Lotad sibsstrata e plus or s total vorgd
lune aten thine) standand errary voverape (kin?)
Oevun
Reet tuee (IR K clroum: 9 47.0 (3580 1.80
terenve 1o depthy ul 4l m,
sloping band 100t wide)
Rewt 1l 1.2 (N} _(_i.!‘l!._lj_
Folal cedan 1.1 TR0 . uL_ .
Laporon
Reo! it (] 1N} 0.0
Altered Zong
Harnd subntiata 10 bd (122 1 Uihd
St and mwd 40 u 0
Line Revt Zone
Hurd sibsirita o HE g2 [URRE)
Sind and mud Moo 1l i
Huoh apoun Zone
Hursd substuta 1N ol WM
Sand and mad s 0 0
Puss Zone
Hurd sstbairata 2 1681220 0.3}
Sutnd amd mud bR n 1]
Lol koo 4.0 i.2 Nl
Total vcean + lagoon oLt 1 2

[P
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: Estimates of totul ureal coverage for vach of the most importunt lugoon
species are listed in Tuble 16, In the lugoon, Acrnpora formosa, Millepora Lo
platyphylla, Pocillupora spp., und Hydnophora rigida aceount for over 60%. i
of the living corul cover; ull ure highly branched specles which have a tissue ;
surtuce many times thelr areal coveruge. Another 20% s uttributable to
Halomitra philippinensis, Fungta ( Verrtllofingia) concinna, Echinopora
lmellosa, Porites lutea, snd Gontastrea pectinald,

Table 16. Totul caveruge by dominunt lugoon corals.

Total esthmnted

Zone Species arenl covernge (km?) :
Pusa Acropora formosa 0.09
Pocillopora meandring and hamovmot phs 0.07
Hydnophora rigida o.us
Millepora platyphyila 0.02
Halomitra philippinensis 0.02
Fungia ( Verrillofungla) concinna 0.01
Pocillopora damicornis uhd homeomorphns .01
Lchinopara tamelluse 0.01
All ather speuiex 0.06
Altered Montipora verrcos 0,04
Acropara fornios 0.1
Gonfastred pectinala 0.04
All other spevies 0.0} ;
Line Reet Millepora platyphylly 0.10 ‘]
Porites lutea n.al
Al uther spevies 0.01
Buck None - ‘
NOTL: i

Domimant is detined ax cotals voveriing at least .01 ki?,
Lagouts grey bs appronimately 80 km3,

The Shannon-Weaver diversity index (Shannon und Weaver, 1948) was
culeuluted rom coverage data for each sumple by using the formula

P

y
i, = le, In P
[:

whiere £y is the proportion ol total arva coverage of species i (=1, 2, .. . s
Diversity s plotted against distance from the puss in Fig, 31,
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; Distannce From Lagoon Pats (kin}
[ Flgure 3. Relutionship between Shannon\Veuver
diverdity indes and distatee from the pass,
]
‘ Range Transect $
:
! The range transeet demonstrates along u single, well-detined axis the
generul trends observed in the utollwide survey. Duta on coral coverage, ;
substrutum type, und wuter chemistry e presented in Tubles 17 through 19
! and Fig. 32, The condition of the corul reels deteriorutes with distunce from

the lugoon puss. Coral coveruge on suftable hurd substratum (living voral zone),
as well us number of caral genera present, diminishes with distunce from the
puss {Tuble 177 This decreuse in totul coral coveruge with distunce is even
mote pronounced than is immediutely suggested by Fig, 32, becuuse the
amount of avaltuble hard substratum sultable tor corul growth ulso diminishes
with distunce from the puss, All water chemistry parameters undergo obvious
chunges, und these may indicate increasingly unfuvoruble conditions for

corul growth (Tuble 19), lnorgunic plant nutriemts (especially nitrate and
phosphate ) und specilic ulkalinity decrease, while salinity increuses,

[ - st s

e e

Sediments beconme progressively finer with both distunce from the puss
and water depth (Fig, 32 and Table 18) Two mechanisms of sediment dispersal
control this pattern: tidal currents und wind-induced wuves, Sediment
suspension and removali is eftfected by tidal currents that are greatest near the :
puss and diminish with increasing distunce from this reglon, Wind-induced 4
wives exert their maximum intfluence at the sea surface, sweeping fine sedi- ‘
ments from the shallow areas into deeper water,

L e



Anulysis of the chemical composition of the sediments (Tubles 18 and 19)
demonstrates that 80=-90% of the sedimentury materla! is urugonite; most of
this probubly derived from corul skeletons, because other common arugonitic
orgunisms (for exumply, mollusks and green algue) did not appear sufTiciently 5
common to unecount for a significant amount of this material, ’

Tuble 17, Coral und substrata ulong range transect,

% Cowcrage vimg cosal
on hasd substrata
Maxissmum depth (m)
Lower Emit of Bving

Lagoos Pass (km)
~N e = O {coral (m)

Station
Distance froms
Acropors
Cyplaxstres
Favix )
Fungis
Halowsitrs
H
Mllcpors
Favons
Platygyrs
Porites

1 47 0 0 § T -
i 2 43 3 1 s - X - X - « = = - - - - - X -
; 3 38 8 o $ X - X X X X - - R - X X
; 4 36 13 96 8 XXX - X X XX - : X X X X X
; $ 33 9 297 8 X XX - XXX+ -« - - X - XX
6 29 12 432 38 X X X - X X X X - - - XX - X XX ]
7 32 13 M4 10 10 XX X - X X XX X - - X X X XX 3
8 1.9 19 4846 10O 10 X X X XX XXX XXX XXX XXX XX
f Tuble 18, Sedimenl componition ulong range transeet,
!
v %Mu
: Distanee from Sediment substHution for
; Luguon Puss mudian grain Cain
b Stativn (ki) slze (M) % Atugonite caleite ltuetion
f depth (m)
! LA 1 | 3-8 10 1 -5 10
f | 4.1 0111 0,037 1 10 - K 12 -
‘ 2 4.3 0.146  0.070 88 16 . 13 13 . ]
3} kY| 0.1%2 0.1 - 1] 89 - 16 16
4 34 b 0.162 - . B4 - . 18 - :
! 5 33 i D.164 - * 83 . * 1o
} 6 2.9 . 0.283 . 4 93 * 16
; 7 2.2 . 0.278 0322 * R8s 61 * 13 9
8 1.5 » » * A 76 m” . 13 11

*Tiurd substrata (rubble und comentod reet rock),
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Tuble {9, Warer quality ulung runge transeet,
(Fvom smoothed water quulity distribution
wtaps in Simitl and Joklel, this report)

Distunee from Specilic
Statiun Luguon Pax Sulinity Alkullnity NO;-N NHy=N POy-P
: (km) 1%9ue) _gadilior) Qg atflier) g atflier)
1 41 11 0116 0.8 0.7 o2
2 41 man 0116 0.7 oov 013
k) B J17 O118 0.8 0.44 014
; 4 AR 1.2 0.1y 09 0.36 018
: L] A\l R YAV 0,120 1o (K1) (\]}
6 29 1.0 0420 1 0 0.23
‘ 7 2.2 .8 0123 1.3 0.40 0.8
- L] 1.8 0.0 0,124 Aan 0,80 0,44
| _. R -
3
g
: DISCUSSION
}
4 Shnailurity Analysls and Dendrograph

and high diversity,

Cluster H consists almost entirely of swmples from the Altered Zone
These samples are churucterized by low coverage with various species of
sediment-resistunt corals, none ot which is elearly dominant,

The dendrograph produced Trom Sgrensen Simitlarity Indices (Fig, 28)
has tour clusters which correspond to the zones identified durong the qualita-
tive survey (Frontispiece). Cluster | consists mainly of sumples Crom the Line
: Reof Zone, slong with o few samples from shullow locations in other zoney,

Samples n this eluster wre charavterized by gh coverage ot Miflepinrg
. and represent physicully hiarsh environments with high wator motion
] and extreme fevels of solur radintion, Many o the samples ape Trom areus
expased during fow Ude und subjected (o altered sidinity or elevated tempetu-
ture ar both, Cluster 1 may be subdivided into two subclusters: the srmaller
; subcluster cepresents a aixed Millepora=Porites gssocition found in the Line
Reel Zone, hear the buck lagoon: the lurger cluster consists ol samples domi-
nated by Millepore nlone. Most of the shallow samoles (depth tess than 0 m)
from the Leewnrd Ocean Reef Zone are in Cluster 1,

Cluster T consists almost entlrely of samples from the | eeward Ocean
Reet Zone, but the cluster also includes o few of the vichest Puse Zone samples
com Coral Gardens, AlL samiples in this group are chivacterized by high coveraye
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Cluster 1V consists of Pass Zone samples, along with a few of the Leeward
Ocean Reef Zone samples with low coverage and a few of the Altered Zone and
Line Reef Zone samples with unusually high coverage. This cluster is clearly
divided into two smaller subclusters: one consists of samples generally near the
puss und dominated by Pocillopora meandring, and the second contains samples
collected farther from the pass and dominated by Acropara formosa,

The coarsest subdivision of the dendrograph separates Clusters Tand 1l
from Il and IV. This division can be viewed us reflecting two classes of
processes controlling community structure: what Sanders (1968) has termed
physical control and biological accommodation. Samples from the deeper part
of the Leeward Ocean Reef Zone and the Pass Zone (Clusters 111 and 1V) repre-
sent a benign environment where biological interactions influence community
structure more strongly than physical conditions, Clusters | and Il consist of’
samples from ihe physiologically rigorous high-salinity, high-sediment areas
(Line Reef Zone, Altered Zone, Back Lugoon Zone) or from the shallow Leeward
Qcean Reef Zone, which is subjected to high wave energy. Physical control
exerts a mujor influence on coral community structure in these areas of the atoll.

Relationship Between Coral Coverage, Number of Species,
and Distance From Pass

Number of species per sample shows a negative correlation with distance
from pass (Fig. 29), as does coral coverage per sample (Fig. 30). The lugoon
water exchanges with open ocean water at a single location on the atoi! rim,
and thern are strong chemical gradients in water composition away from the
optimal conditions for coral growth tound on the oceun reefs (Smith and
Jokiel, this report).

The range transect (Fig. 32, Tables 17-19) also shows this refationship.
The amount of sediment increases with the distance from the pass, while
nutrient concentrations (totul nitrogen and phosphate) decrease. Water motion
decreases, as reflected by diminished grain size in the surface sediments
(Heezen and Hollister, 1964).

The decrease in the number of species present and in the total coverage
could be due to isolation from the major corul biomass of the ocean reefs. The
majority of coral planula larvae apparently spend only a few days in the
plankton before settling (reviewed in Connell, 1973). The residence time of
water in the back lagoon is neurly 100 days (Smith and Jokiel, this report).
Therefore, planuiae produced in the rich ocean reefs probably are not able to
colonize the back lagoon directly.
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Isolation by itself, however, does not fully explain the observed decrease
in coveruge and number of species. Planulae produced in the Pass Zone and
Oceun Reef Zone are carried several hundred meters into the lagoon on an
incoming tide, where they can settle and grow into new colonies. Within
several generations all species could colonize the entire lagoon if the environ-
ment there were suitable. Planulae produced by colonles so established would
be retained In the lagoon rather than being swept away as on ocean reefs.
The biomass of plankton in the lagoon of Bikini Atoll is several times higher
than on ocean reefs, at least partially because of such retention (Johnson, 1954).
Significant retention probably also occurs in the Canton lagoon, because much -
of the organic carbon production remains in the lagoon (Smith and Jokiel,
this report). Retention of planula larvae in the lagoon should enhance the
recruitment of corals and lead to a high stunding crop of all species if conditions
in the lagoon were otherwise suitable. Finally, it is implicit in the isolation
argument that the production rate of planulae decreases with distance from
the pass. Reduced reproductive potential would itselt be an indication of
an unsuitable environment, and that reduction is a factor in addition to simple S
simple isolation, '

T R TN T T LI TP ST,

Y T e

On the leeward ocean reef, the number of species per sample correlates
positively with total coverage (r=+0.64, signilicant at P<0.01). No signifi-
cant correction occurs between the number of species and coverage for samples
from more rigorous lagoon environments. A basic difference must therefore
exist between factors controlling the two communities. As previously discussed,
the major influences upon the lagoon coral community appear to be physical,
manifested as a negative correlation between distunce from the pass and both
coverage and number of species, The logical interpretation for the pusitive
correlution between coverage and number of species per sample on the ocean
reefs is that such ocean reef communities are biologically accommodated. If
this interpretation is correct, the correlation should be improved by deleting
the shallow (less than 6 m) samples from the analysis, because the similarity
dendrograph suggests that these samples are physically controlled (scouring

T R e

prr

! by intensive wave activity). Indeed, when these samples are deleted, the correla- 3

tion is somewhat improved (from r=+0,64 to r=+0.82): however, this improve- ;
3 ment is not statistically significant.
; A significant positive correlation between coverage and number of species ]

probably reflects the benign nature of the deeper ocean reef environment, in
turn leading to the development of 4 diverse faunu. Biological interactions such
as competition, predation, and parasitism shape community structure and

! promote the coexistence of several species. The ultimate limiting factor

' probably is the lack of suitable substrata. The primary physicul factor control-
ling substrata (und hence coveruge and species diversity) appears to be the
breaking of large waves, especially the infrequent storm waves, against the reef,
Local residents informed us that such storms generally approach the atoll from




the west. Large dikes have been built along the western shoreline to prevent
wave damage to the western (populated) portion of the atoll. Large storm
waves can remove living corals and redistribute unconsolidated material on the ;
reef, thereby producing the observed community structure, Maragos (19744,b)
reached similar conclusions about wave control of coral communities at
Fanning Atoll.

[N

Outcrops of well-lithified reef rock are more stable with respect to wave
activity than is lcose debris. These outcrops thus develop a high-diversity, )
high-coverage “climax’ community. Generally, areas of reef rock outcrops have
a much steeper slope than adjacent rubble areas. Unconsolidated rubble is unable
to hold an angle of repose steeper than about 30 degrees in calm water and
probably a much lower angle under storm conditions Undoubtedly material. g
shifts downslope during periods of high waves. Although nearly all substrata on !
the ocean reef appear suitable for coral colonization, the materials differ widely |
in degree of stability and frequency of disruption. f

The dendrograph further suggests thut the Leeward Ocean Reef Zone and : ]
Pass Zone could be combined on the basis of the major factor controlling :
community structure (that is, biological accommodation). while the Line Reef
Zone and Altered Zone could be combined on the basis of physical control. ; ]
Combining a'l samples from the Leeward Ocean Reel Zone with all samples :
taken in the Pass Zone produces 4 positive correlation (r = +0.65, P<0.001)
between the number of species present per sample and the distance from the
pass. These correlations suggest that both biological and physical controls on
the community are operating in the Leeward Ocean Reef and Pass Zones, By
contrast, combining all stations from the Line Reef Zone with those from the
Altered Zone produces no significant correlation between coverage and number
of species present per sample. but does produce a negative correlation (r= 0.48,
P<0.001) between coverage and distunce from pass. This pattern of correlations k
probubly indicates physical control of the coral communities in these provincees. ) :
Species unsuited to the increasingly harsh conditions are eliminated.,

Coral Coverage, Shannon-Weaver Diversity Index,
and Distance From Pass

The Shannon-Weaver diversity index for all ocean stations correlates ' 3
positively with total coverage (r = +0.46, significant at P<0.05), as does ’
diversity of the 14 deep (greater thun 6 m) ocean stations (r = +0.50, P<0.05). i
Lagoon stutions show no correlation between diversity und coverage (r = +0.05, P :
not significant). but show a negative correlation (r = -0.43, significant at P<0.001)
between diversity und distance from the pass, As mentioned previously, the
dendrograph of similarity indices suggests that Leeward Ocean Reef Zone
stations and Pass Zone stations clusier together (biological accommodation) and
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that Altered Zone and Line Reef Zone stations from a second cluster (physical
control). Diversity for all Leeward Ocean Reef Zone stations combined with all
Puss Zone stations correlates positively with total coverage (r = +0.35, significant
at P<0.001). This relationship does not hold for the remaining Line Reef and
Altered Zone stations (r = +0.14, P not significant). For these stations, diversity
correlates negatively with distance from pass (r = -0.41, P<0.001) and probably
reflects physical control with increasingly harsh environmentul conditions.

Crigin of the Lagoon Fauna

The windward ocean reefs were not sampled, but the data in Table 10 are
representative of at least the leeward reefs. The most important lagoon species
(Table 16) also are among the most important leeward ocean reef corals; the
differences apparently result from the decrease in the number of species with
the increased distance from the pass. The faunal similarity between oceuan and
lagoon presents a striking contrast to-the Marshall and Line Islands, where
dominant lagoon species differ from the dominant ocean reef species; some
species are even considered to be exclusive lagoon types (Wells, 1954; Maragos,
1974b). Possibly this difference occurs because several atolls of these island
groups have relatively large, open lagoons which favor the recruitment and
development of distinctive lagoon coral populations. Atolls in the Phoenix
Island group generally lack lagoons or have restricted exchange with the open
ocean. Consequently, the Canion lagoon coral fauna probably has been derived
almost entirely from the available ocean reef species.

CONCLUSIONS

The various biogeochemical gradients and processes controlling community
function and structure at Canton are described by Smith and Jokiel (this report).
It is apparent that poor circulation results in an increasingly isolated and
physically hursh environment in the lagoon with increasing distance from the
pass. As pointed out by Wells (1954), local coral distribution has long been
known to be controlled primarily by light and water motion. On the ocean reefs
breaking waves limit coral development in the shallows. At intermediate depths,
good light penetration and vigor of circulation due to wave action result in a
diverse, high-coverage coral reef community. The maximum depth to which good
coral reefs can exist along the ocean margin is ultimately limited by the penetra-
tion of light and by the depth to which wave action produces sufficient water
circulation.

95

andLA,

Sl 2 ety




In the shallow lagoon at Canton, light probably does not severely limit the
maximum depth of coral development. The strongest environmental gradients
(salinity, nutrients, tidal current, sediment) exist in the horizontal plane, and
result in differences in biotic composition between the pass and back lagoon.
Wind chop produces a strong vertical water motion gradient which enhances the
growth of corals in the shallows. Throughot:t most of the lagoon (Line Reef
Zone, Altered Zone, Back Lagoon Zone) living coral is rare below a depth of
2 m, even though water chemistry is uniform with depth.
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4 ABSTRACT

Ay

Inshore tishes at Canton were surveyed by visual sampling during a 2-week
period in November and December 1973. Data from this survey expand the
F cumulative chiecklist for Canton Atoll fish species to 264 species from 50
familics. ‘The distribution ot inshore tishes wus analyzed tfrom transect datu,
and 20 species were selected for representative distributional display. Several
representative patterns of fish distribution emerge. Fish abundance (both
individuals and species) is highest immediately outside and in the pass region.
In the lagoon, abundance decreases with increasing distance from the pass,
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INTRODUCTION

There have been few studies describing the fish fauna ot the Phoenix
Islands. Schultz (1943) collected 208 species of fishes belonging to 45 families
from Canton, Hull, and Enderbury Atolls during the 1939 expedition of the
USS Bushnell. Most of that sampling was accomplished by seining and
rotenone poisoning; consequently those collections were heuvily weighted with
species which are members of bottom-dwelling, inconspicuous (cryptic or
nocturnal) groups, such as gobies, blennies, and ophichthid eels. Halstead and
Bunker (1954) conducted toxieity tests on more than 93 species of fishes
(identifications for scarids and labrids were incomplete) from Canton, Ender-
bury, Hull, und Sydney Atolls from December 1950 through April 1951, Fishes
were collected for that study by hook and line, beach seine, spear, throw net,
dip net, and rotenone poisoning.

The ubove studies provide usetul general background intformation; how-
ever, these studies do not present quantitative distributional data. Distributional
data for other coral atolls have recently been gathered by various visual transect
methods. Fishes are often collected for identification and unalyzed for specific
food preferences when possible. Chave und Eckert (1974) conducted such a
study at Fanning Atoll und discuss fish distributions in terms of seven general
habitat types. Losey (1973) undertook a similar study at Kwajalein Atoll.

Jones and Larson (1972) have conducted transecting studies around Guam and
other Micronesian islands.

The purposes of this study are to expand the species list from Canton
Atoll and to examine fish distribution within and immediately outside the

atoll lagoon, Some explanations for observed distributional patterns are included,

METHODS

During the inshore fish survey, two visuul methods of assessing fish species
distribution and abundance were used. In areas having high fish diversity and
abundance, a weighted 30-m transect line was laid across the bottom: for
locations having varied relief and substrata (such as patch reels or along an
outer reef shelf’), the trunsect line was oriented so that it crossed a represen-
tative variety of habitats. Biologists with scubu geur swam ulong either side
of the transect line. recorded numbers of individuals, and estimated average
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lengths (standard lengths, in centimeters) for all observable species. Figure 33
illustrates this transecting procedure. Each biologist counted fishes within an
approximately 2-m-wide by 3-m-high corridor adjacent to his side of the

line. Counts by the two divers were combined (see the Appendix). The area
sampled along each transect was approximately 120 m?; water volume was about
360 m?. Use of such a small corridor minimized the effects of reduced

visibility, which could invalidate inter-area comparison. The nine stations
inventorjed in this manner' were designated “fish transect stations' and are
marked with an “FT"" prefix in the Appendix.

Fig ire 33, Biologlst conducting
o fish transect ut ocean station,

In areas of low tish abundance (typically intertidal ocean reef shelf and
nearshore shallow lagoon sand flats), scuba gear und transect line were not
used. Two biologists with snorkeling gear swam along a path of predetermined
length and orientation, recording species present (with notes on abundance und
length). At three nearshore shallow-water stations, observations were made by
wading along the shore. Fifteen such snorkeling und wading stations (**fish
observation stutions™) are labelled “FO" or “FO (w)" in the Appendix.
Locations of sampling stations are shown in Fig. 34,

For most trunsects and observations, a "“horizontal identifiable visibility"
(HIV) was estimated. The HIV is defined as "“the maximum distance thtough
the water (in a horizontal plane) at which a stutionary or slow-moving fish
(10 cm or longer) can be readily seen and identified by a competent diving
biologist, that is, one familiar with the fish fauna of the areua under study.”
Evans (1973). Such HIV values, although subjective, provide data useful for
survey intercomparisons und are therefore included in the Appendix. Bottom
profiles und composition, dominant coral types and coverage, current
characteristics, and other incidentul observations are also included in the
stution descriptions.
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Most species encountered could be identified in the fieid, or described
sufficiently weli for subsequent identification. Specimens of some species
were speared to enuble later positive jdentification. One acanthurid
(surgeonfish) could not be identified with existing keys. That specimen was
given to Dr. John E. Randall (Bernice P. Bishop Museum, Honolulu). Randail
has other specimens of this same species from Washington Island (Line Island
Group). He is presentiy describing these as a new species. The specimen
from Canton will be used as a paratype. Two specimens of Dascyllus trimacu-
latus (three-spot damselfish) were also given to Randall. These will probably
be described as Phoenix and Line Island color variants of that species.

Fipure 34, Fish survey stutions, FT = tish transect:
= fish abservation (snorkeling): 1O (w) = Hsh
observation (wading).

RESULTS

General Distributional Patterns

From the 24 fish transect and fish ohservation stations, 146 species were
observed (see checklist, Table 20): 61 species were new reports for the

Phoenix Islands. These records, with the data from Schultz (1943) and Halstead

and Bunker (1954), bring the new total to 264 species from 50 families. These
numbers are comparable with inshore fish tauna data gathered in other Central
Pacific Island groups. The Phoenix Islunds are 1 major component of the
Central Pacific faunal **subregion,” which inciudes the Marshall, Gilbert,

Line, und Hawauiian Island groups. This subregion is the northeastern compo-
nent (described by Gosline, 1971) of the extensive Indo-West Pacific faunal
region. Strasburg (1953) reported 250 species belonging to 51 families trom
the southern Marshalls at Arno Island. Randall (1985) recorded 396 species

of inshore marine and pelagic fishes trom the Gilbert Islands. Gosline (1971)
reported 235 species belonging to 40 tumilies from the Line Islands; Chave and
Eckert (1974) reported 217 species belonging to 37 tumities from Fanning
Atoll alone. Brock et al. (1965) reported 184 species belonging to 46 tamilies
from Johnston Islund. Gosline and Brock (1980) listed 448 species of inshore
or surface-living species from the Hawaiian Islands.
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Table 20. Checklist of fishes observed during the 1973 Canton Atoll survey. I §
Hawali Coastal Zone ;%
Group/Specius® Data Bank No,** 3
3
Chiordata/Vertebrata 1‘
Chondrichthyes iy
Lamnida 3
Curcharinidae E
: Carcharhinus melanopterus (Quoy and Gaimard) 8516120501 . i
] Hypotremata g"
1 Dusyatidoe 8517090000 )
1 Mobulidae g
Manita sp. 8517110200 i
Osteichthyes p
) Flopiformes ¥
i Albulidae ]
r Albula vulpes (Linnacus) 8521060101 ]
' Anguillilormes i
Muraenidae j
3 Gymnothorax pictus (Ahl) 8522050603 :
"v Gymnothorax flavimarginatus (Riippell) 8522050608
; Gymnothorax meleagris (Shaw and Nodder) 8522050606 ; i
‘- Salmoniformes )
- Synodontidae 8531470000 l
: Gonorynchiformes !
‘ Chanidue ;
?,- Chanos chanos (Forsskil) 8533060101 ]
§ Atherinitormes
3 Exocoetidae b
' Cypselurus spilonopterus (Blecker) B 544010603 f
‘; Hemitamphid sp. 8 544015000
; Beryleitormes
§ Holocentridae
; Adioryx spinffer (Forsskal) 8846180101 .
1 Adiorvy lacteoguttatus (Cuvier) 8546180103 i
] Adtoryx caudimacula (Ruppell 8546180111 j
) Adioryy violaceous Bleeketr 8546180116 1
Myripristis murdjan (Forsskal) B 546180402 ;
E Myripristis amacnus {Castelnau) B546180404 €
% Mywvipristis kuntee (Cuvier and Valenciennes) 8546180405 !
Flammeo sammara (Gorsskal) 854618050)
Gusterosteiformes
Aulostomidae
Aulostomas chinensts (Linnacus) 8549060101 :
Fistulariidae 2
§ Fistularia sp. 8549070100
, Syngnathidav 8549120000
Scorpugniformes ]
Scorpaenidae
Prerois antennata (Bloch) 8552010202 E
i
y (Contd)

N
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. Hawail Constal Zone k
E Group/Species* ) Data Bank No.** :
3 7 Perciformes 4
. i serranidae 4
E-’ r Serrunid sp. 8554020000 ]
3 i Epinephelus merra Block 8554020306 ] g’
£ ) Epinephelus microdon (Bleeker) 8554020314 ]
: j Cephalopholis argus Bloch and Schneider 8554020801 ‘3
k Cephalopholis urodelus (Bloch and Schneider) 8554020802 ]
v M Gracila clbomarginatus (Fowler : nd Bean) 855402101 |3
i s Anyper don leucogrammicus (Valenciennes) 8554022001 k "
i ¥ Kuhliioae 4
E\ v Kuhlia sp. 8554140100 ;
i ; Apogonidue ;
F . Chetladipterus quinquelineata Cuvier und Valenciennes 8554180501 ;
[ Curangidae ]
{ Scomberoides sancti-petri (Cuvier) 8554290101 i
E v Elegatis bipinnulatus (Quoy and Ge'mard) 8554290201 q
b Gnathanodon speciosus (Forsskal} 8554290801 H
; . Caranx melampygus Cuvier und ¥ alencienncs 8554291204 1
4 : Carany sp. B554291200 ;
% ¢ Lutjunidae i
: ! Lutjunid sp. 8554380000 3
E L Aprion virescens Valenciennes 8554380401 ;
i : Lutjanuz bohar (Forsskhl) 8554380701
i : Lutjanus monostigma (Cuvier und Valenciennes) 8554380703
% . Lutfanus fulvus (Bloch and Schneider) 8554380704
4 Lutjanus kasmira (Forsskil) 8554380705
| Lethrinus sp. 8554380800 B
;{ Sparidae 3
5 Monotaxis grandoculis (Forsskal) 8554450101 3
b Grathodentex aureolineatus (Lucépide) 8554450201
L Mullidae
B Mulloidichthys samouensis (Glnther) 8554470201 {
) Mulloidichthys auriflamma (Forsskal) 8554470202 _
} Parupencus bifasciatus (Lacdpdde) 8554470306 ! 5
Parupeneus barberinus (Lacépdde) 8554470307 Py
! Parupeneus trifasciatus (Lacépdde) 8554470309 i
! Parupeneus sp. 8554470300 ] §
2 Kyphosidae N
i Kyphosus cincrascens (Forsskil) 8554530101 ] 3
H Chaetodontidae )
{ Forcipiger longirostris (Broussonet) 8554570402 [
£ Heniochus acuminatus (Linnacus) 8554570502 1
Heniochus pernutatus Cuvier 8554570503 3
Heniochus varius (Cuvier) 8554570504 % i
] Chaetodon kivini Blnch 8554570703 ’ :
3 :
4 . (Contd)
X .
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Table 20. (Contd)

Group/Species*

i

Huwaii Coastal Zone
Data Bank No.**

Chaetodontidae (continued)
Chaetodon ephippium Cuviee
Chaetodon auriga Forsskil
Chaetoda.y unimaculatus Bloch
: Chuctodon ltnula (Lacépide)
b . Chaetodon ¢rifasciatus Mungo Purk
Chaetodon ornatissimus Solander
Chaetodon quadrimaculatus Gray
Chaetodon ulietensis Cuvier und Valenciennes
Chaetodon semelon Bleeker
Chaetodon meyeri Bloch and Schneider
Chaetodon bennett! Cuvier
Megaprotodon striganguius (Gmelin)
Centropyge loricults (GUnther)
Centropyge flavissinus (Cuvier)
1 Centropyge bhicolor (Rloch)
Pygoplites diacantiius (Boddaert)
Pomacentridae
Dascyllus aruanus (Linngeus)
Dascyllus trimaculatus (Riippell)
Abudefduf sordidus (FForsskal)
Abudefduf imparipennis (Suuvage)
Abudefduf phoenixensts Schultz
Abudefduf glaucus (Cuvier and Vaulenciennes)
Abudcefduf septemfaseiatus (Cuvier and Vulenciennes)
1 Abudefduf amabilis (De Vis)
E Plectroglyphidodon dickif (Lienard)
: Pomacentrus albofasciatus Schlegel and Muller
9 Pomacentrus coelestls Jordan and Starks
1 Pomacentrus nigricans (Lucdpdde)
] Pomacentrus sp.
Chromis margaritifer Fowler
Chromis caeruleus (Cuvier und Valenciennes)
Chromis sp.
Amphiprion chrysopterus Cuvier
Amphiprion sp.
Cirrhitidue
Cirrhitid sp.
Paracirrhites arcatus (Cuvier and Valenciennes)
Paracirritites forsteri (Bloch and Schneider)
Paracirrhites xanthys Randalt
: Clrrhitichthys aprinus Cuvier and Valenciennes
. Mugilidae
: Chelon vaigivnsis (Quoy and Galmurd)
i Crenimugil crenilabis (Forsskil)

8534570708
8554570706
8554570707
8554570708
8554570710
8554570711
8554570712
8554570717
8554570718
8554570719
8554570720
8554570801
8554575304
8554575208
8554575308
8554575401

8554640102
8554640104
8554640201
8554640203
8554640208
8554640208
8554640209
8554640210
8554640302
8554640402
8554640403
8554540405
8554640400
8554640507
8554640512
8554640500
8554640607
8554640600

8554660000
8554660101
8554660102
8354660105
8554660603

8555010301
8555010401

(Contd)
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. 1
1 Hawali Coastal Zone :
' Group/Species* Duta Bank No, ** )
; : Sphyruenidue .
; ! Sphymena sp. 8555030100
E i Lubridae :
; ‘ Labroldes hicolor Fowler and Beun 8555070402

5 Labroldes dimidiatus (Cuvier and Valenciennes) . 8555070403

; % Labroldes rubrolabiatus Randall 8555070404
; F Epibulus insidiator (Pullas) 8585070501
3 : Cheilinus undulatus Riippeti $555070703
. Pseudochellinus hexataenta (Bleeker) 8555070804

! . Thalassoma lunare (Linnacus) 8555071403

] ’ Thalassoma amblycephalus (Bleeker) 8555071410

N Thalassoma hardwicke! (Bennett) 8555071411

3 Gomphosus varius Lacépide 8555071501
Coris gaimardi (Quoy and Gaimard) 8555071604
Strethofulis balteata (Quoy and Gaimard) 8555071801
. Anampses caeruleopunciatus Rippell 8555072103
Halichoeres centriquadrus (Lucépbde) 8555072202
: Halichoeres trimactdatus (Quoy und Gaimard) 8555072205
; : Hemigymnus melapterus (Bloch) 8555072302
) Scuridae
Calotomus sp. 8555090100
Scarus sordidus 'otsskal 8555090304
-_; Scarus forsteri Cuvier und Vulenciennes 8555090308
{ Scarus frenatus Lacpide 8555090306
’ Scarus ghobban Forsskil 8555090308
Scarus jonvsi (Streets) 8555090311
3 - Scarus pectoralis Cuvier and Valenciennes 8555090313
8 Scarus sp. (uvenile) 8555090320
Chlorurus gibbus (RUppell) 8555090601
3 Gobildue
4 Gobiid sp. 8555600000
f Bathygohius fuscus (Ruppoll) 8555600802
Amblygobius phalagna (Vulenciennes) 8555601802
; Acanthuridae
d Acanthurus triostegus (Linnaeus) 8555690101
] Acvanthurus guttatus Bloch and Schneider 8555690102
Acanthurus achilles Shaw 8555690103
Acanthurus glaucopareius Cuvier 8555690104
Acanthurus olfraceus (Block und Schneider) 8555690109
Acunthurus xanthopterus (Cuvier und Valenciennes) 8555690111
Acanthurus lincatus (Linnaeus) 8555690114
Acanthurus sp. 8555690100
Crenochdetus strigosus (Beanett) 8555690201 :
! Cenochaetus striatus (Quoy und Guimard) 8555690203 !
[ Zebrasoma veliferum (Bloch) 8555690302
: Zebrasoma scopas (Cuvier) 8555690304 g
(Contdy
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Tuble 20. (Contd)

Hawali Coastal Zone

Group/Specics® Duta Bank No,**
Acanthutidae (continued)
Naso lituratus (Bloch and Schneider) 8555650401
Nago brevirosiris (Cuvier-and Valenciennes) BS 55690403
Zanclus canescens (Linnaeus) BS55698101
Tetradontiformes
Balistidae
Rhinecanthus rectangulus (Bloch and Schneider) 8558020301
Rhinecanthus aculeatus (Linnacus) 8558020302
Melichthys vidua (Solander) 8558020402
Sufflamen chrysoptera (Bloch and Schneider) 8558020508
Balistapus undulatus (Mungo Park) 8558020601
Balistoldes viridescens (Bloch und Schnelder) 8558020701
Balistoides flavimarginatus (Riippell) 8558020703
Tetravdontidae
Arothron hispidus (Linnaeus) 8558060302
Canthigaster solandri (Richurdson) 8558065107

*(roup/Species—taxonomic list follows the phylogenetic order proposed by Greenwood ot al, (1966).
**HZCDB No.--u numerical computer listing maintained by University of Hawail/Howaii Institute of Geo-
physies: all fish duta from this report are stored in this bank.

Figure 35 shows the number of species recorded at each station (as dots
with areas proportional to the number of species observed). The number of
specivs is plotted against distance frotn the lagoon pass (Fig. 36). A pronounced
decline in the number of species is seen with increusing distance from the
pass. These data are consistent with the well<documented preference of most
reef species for habitats with substrata of varied reliet and generally high live
corul coverage (Key, 1973). These habitat types provide protective cover and
food for fishes and a large varicty »f other reel organisms, as seen in the photo-
graphs tuken adjncent to Spam Islund in the pass region (Fig. 37). Regions of
abundunt and diverse coral coverage are also normally “heglthy™ areas with
good circulation and near-oceanic physicochemical conditions capable of
sustaining most reef-associated biota (Smith und Jokiel, this report; Jokiel and
Muragos. this report: Kay, this report). Accordingly, the areas with sparse live
coral voverage und low relief (see substrata key in Fig. 36) ure uniformly low
in fish diversity and abundance. In such environments, availuble habituts
uppeur to overshadow the effects of circulation und overall water quality.
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Figure 35. Numbais of inshore fish species observed
at 24 locations, Dashed circle indicates the one
station where two transccts were conducted.
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Figure 36. Numbors of fish species veraus distunce o
from lagoon puss over four general substraty types at :
i Canton Atoll.
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i
:; () Depth,!s to | m;coral predominantly Millepora ; (b) Depth, 1 to 1%4 m; coral predominuntly Acropora q
L obvious fish species scen (top to bottom): Chromis and Poclllopora: obyvious fish species (top to bottom): :
{ raeruleus. Amphiprion chrysopterus, und Pomacentrus Acanthurus xanthopterus, Acanthurus sp., Scarus ;
; nigricans. ghobban, Scarus oviceps, Chaetdon ulletensis. and
‘ Chaerodon bennetti,
|: o ’_'l_.“-. T ey «"\‘ih"‘?"‘:':"‘i w
b :
b
:
§
]
t
;"
b (¢) Depth. 1 to 2 micor) predominantly Millepora (d) Depth, 1 to 3 m; coral predominantly Acropora
i und Pocillopora: vbvious fish species shown: Chromis und Millepora; obvious fish species shown {tap to
E vaerufeus and Cephalopholis wrodelis. bottom): Chromis sp., Acanthurus triostegus, und
Chactodon bennetti.,
Figure 37, Shallow reel top environment, lagoonside ot Spam Islund. . :
%
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Within the lugoon the nwiber of fish species generally decreases radically
beyond a 2-km radius from - puss to ubout 8~23 species per location for
most shoreline and lagoon reef areas. Some mid-lugoon regions along certain
: i line reefs possess luxuriant corul growth (primarily Acropora and Millepora).
with un accompanying diverse and abundant fish fuuna, One station (Fig. 38),
where over 41 fish species were observed, is typical of such locutions. Along
the crests and shallower slopes of the line reef structures, tidal currents are E
increased in speed. This intensified tlow appears to enhance biotic diversity, '

i 8 e e e et

fadei ..

W TGO T T

] g

%

E

¥ Figure 38. Line reef crest environment, mid-lagoon

: station; depth, 1%-2 m: coral predominantly Acro:

" pora ; obvious Fish species shown (top to bottom):

B Chromis caeruleus, Lutjanus fulvus, Lutjanus kas-

i mira, Acanthurus sp., und Gnathodentex aureo-

1 lineatus.

!

] Fish diversity is gencrully high outside the lugoon, with the excaption of i
the shallow wave-swept outer reef flats, Immedintely beyond the flats und !

? algul ridge, the groove and spur region of the outer reef supports 4 fish fuuna

A ! that becomes increasingly diverse with depth. Observations at two locutions

E_ \ along the forereef (water depth, 3-20 m) revealed the presence of un outer

1 reef terruce (shown disgrammatically und by inset photograph in Fig. 39).

This terrace supports a diverse coral and fish fauna,
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i Mean tide level

Figure 39. Schematic cross-section of Canton Atoll
reof structure (western side). Inset photo was taken
: st 1S m depth along scaward edge of outer reef
( torruce.

Distribution of Selected Species

. Dato on the distribution of fishes were recorded at the 24 transect and
observation stations und were also examined tor meaningful patterns or trends
by taxa. Twenty fish species have been selected (see Table 21) to illustrate the
- observed patterns in fish distribution at Canton Atoll. Nineteen of these

? selected species were recorded at 257 or more of the sampling stations, The

: remaining species, Arotivon hisptdus, was recorded at 20% of the stations: its
oceurrence is also considered significant to the distributional discussion.
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Six species show a nearly ubiquitous distribution at Canton Island:
Chaetodon auriga, Pomacentrus nigricans, Acanthurus xanthopterus, Epinephelus
merra, Scarus sordidus, and Cheilodipterus quinquelineata (Fig. 40a=40f),
These species appear well-adapted to inhabit nearly any available habitat with
sufficient bottom relief.

Another group of species is confined to the pass region and at the outside
ocean stations. The five species in this group are Chromis margaritifer, Centro-
pyge flavissimus, Zebrasoma scopas, Cephalopholis argus, and Gomphosus
varius (Fig. 40g-40k).

One species, Dascvilus aruanus, is restricted to the pass and clear
lagoon regions (Fig. 401). Possible factors which might limit the distribution
of this and other selected species are presented in the last column of Table 21.

Three species occur at ocean, puss, and lagoon stations, but are not
ubiquitous: Thalassoma amblycephalus, Pomacentrus coelestis, and Chaetodon
lunula (Fig. 40m-400). The distribution observed for these species suggests
a mild preference for clear-water, moderate live-coral-coverage environments,
As seen by the distribution for P. coelestis, a possible remnant population at a
lagoon station north of the present pass is suggested: this station is near ocean
passes closed about 30 years before this survey (see Henderson et al., this
volume).

Rittnecanthus aculeatus and Monotaxis grandoctlls occur primarily at
lagoon patch reef stations (Fig. 40p and 40q). Both species exhibit solitary
behavior patterns (see Table 21).

Two other species which have been recorded s 1bundant in turbid lagoon
environments are Lutfanus fulvus and Arothron hispidus (Fig. 40r and 40s).
A. hispidus was observed almost exclusively at shallow, turbid-water stations.

One remaining species, Acanthurus triostegus, shows a curious distribu-
tional pattern at Canton (Fig. 40t). Hiatt and Strasburg (1960) consider the
species as being ubiquitous in the Marshall Islands: Chave and Eckert (1974)
found a similar distribution at Fanning Atoll. However, at Canton A, triostegus
was recorded only from the pass, ocean, outside reef shelf, and southern lagoon
stations. Possibly some specific food or habitat preference is reflected in the
limited lagoon distribution of this species,

Juveniles and young adults of certain selected species were observed
predominantly inside the lagoon, while adult forms were seen at outside
stations, Scarus sordidus, Monotaxis grandoculis, and Lutfanus fulvus are
representative species which exhibit this pattern.




Threadfin butterflyfish

Chastodon auriga

Damaseltish
Pomacentrus nigricans

Surgeontish; Pualu
Acanthurus xanthopterus

@-6i-00%
@ - 41-80%
® ~ 21-40%
.= 1-20%

tize of the '"dots’’ indicates
trequency of occurrence of a
piven species as a percentage
of ali individuals of that
species reported during

the survey; excludes
individuals of that specias
too numerous to count (iee
below)

Honeycomb grouper
Epinsphelus merra

B = individuals too numerous to count or ade-
quately ettimate (greater than 1000)

O = species likely included in data recordad to
family level only (based upon subsequent
identifications from photos and later taxo-
nomic analysis)

Figure 40, Distribution puttern of 20 representative reef fish speviey.
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Parrottish: Uhy
Scarus sordidus
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Chromis margaritifer
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Ralnbow wrasse
Thalassoma amblycephalus

Blue damsslfish
Pomacentrus coslastis
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Raccoon butterflyfish
Chaetodon lunula

,m 81-80%
« 41-680%
® = 21-40%
¢ = 1-20%
Figure 40, (vcontd)
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Triggerfish
Rhinecanthus aculeatus
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frequency of occurrence of &
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of all individuals of that
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Initially several other species were considered for distribution maps but
were subsequently excluded from the presentation for the following reasons:
Transect data for the black-tip shark (Carcharhtinus melanopterus) and the
black jack (Caranx melampygus), two fast-swimming species, were considered
incomplete and therefore unreliable. Recorded distributions for three
nocturnally active specles--the moray eel (Gymuaothorax pictus) and two
squirrelfishes (Adioryx spinifer and Flamnico sammara)--were also considered
unrepresentative, because all transects and observations during this study were
conducted during daylight hours and at slack tides.

For one station (FT 023038, Thornet Reef’; see the Appendix) transects
were conducted on two different sampling days at similar mid-morning times
and tidal conditions. The second transect was aligned perpendicular to the
first, and each transect line began on the patch reef and extended into deeper
water (4.5-m depth). The data reported were similyr in magnitude for both
number of species and number of individuals; however, somewhut more species
were recorded during the second transect than the first, possibiy because
observer fumiliarity with the fishes imvroved as the survey progressed.

DISCUSSION AND CONCLUSIONS

The most obvious puttern to emerge from the fish distribution data
concerns the abundance and diversity of fishes, Both the number of individuals
and the number of species decrease with distance away from the pass into the
lagoon.

This pottern is undoubtediy a response to a variety of factors. including
availubility of food and shelter. As with the coral distribution (Jokiel and
Maragos, this report) and the distribution of water composition parameters
(Smith and Jokiel, this report), wiater motion obviously plays a major role:
the one central lagoon station with abundant and diverse fish fauna is also a
site of locally accelerated water flow.

A second and more subtle pattern also emerges from the data when the
fish species are examined indivicually. There is the suggestion that remnant
populations of fishes commonty found to inhabit more oceanic conditions may
still exist in the lagoon, particularly along the western side of the lagoon north
of the present pass. Pusses in this area have been closed for about 30 yeurs
(Henderson et al., this report), a timespan tar beyond the life expectancy of
the fishes observed during this survey.
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: There are several apparent anomalies which appear in the case of

E particular species. The observed distribution of the convict tang, Acanthurus

’ triostegus, was quite unexpected. Possible explanations for this anomaly are
food availability and competition with another species. Lutjarnus fulvus, the
black-tailed snapper, was another species for which the recorded distributional
pattern indicates competition for food or hubitat with other species (probably
other lutjanids). The Canton Atoll fish fauna appear to be similar to those

recorded from the Line Island group, especially Fanning Atoll (Chave and
Eckert, 1974).
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Fish Observation, north of pass, ocean: FO 007033

: Surveyed: 9 Dec 73, 1330-1400 hours. Tide: incoming from high=low (15 cm)
! at 1133 hours. HIV: 21 m, Observation track length: 60 m.

Observation area general description: 1600 m north of lagoon pass, immediately
offshore of intertidal reef shelf. Depth 6 to 25 m. Bottom fairly irregular

; with greater than 50% live coral coverage. Coral types very numerous; most

3 predominant: Pocillopora, Montipora, Porites, Pavona, Halomiira, Hernolitha,

q‘
shore

reef rock

observation
(60 m)

steep slope ;
to desp :
East extensive coral coverage water
Total Species: 81+ Waest
[i
Species Number of individuais Estimated average length (cm)
- Acanthurus achilles s 28
4 mvanthurus glaucopareius 4 23
Acanthurus lineatus 10 Pk}
4 Acanthurus triostegus > 80 18
Acanthurus spp. (2) > 300 18
Acanthurus santhopterus 10 28
p Adioryx spinifer [ 28
4 Anyperodon leucogrammicus 3 30
Aprion virescens 6 36
L Aulustomus chinensts 1 46
Balistapus undulatus 8 23 ;
E Caranx melampyrus 6 16 i
Carcharinus melanopterus 1 183 i
Centropyge bicolor 2 10
Centropyge flavissimus 10 10
Centropyge loriculus 10 10
Cephalopholis argus 6 46
Cephalopholis urodelus 4 23
Chaetodon aurige ] 20
: Chaetodon bennettt 4 18
Chactodon ephippium k] 18
Chaetodon kleinl > 2 18




b i ;
[ ]
f
1
J |
y Chaetodon lunula > 30 20 i
: Chaetodon meyeri 6 20 4
3 g Chaetodon trifasciatus > 1 20 ?
5 Chaetodon ulietensis 10 18 '_4
3 3 Chetlodipterus quinquelineata 8 8 i
3 : Chellinus undulatus 3 76 M
A Chromis caeruleus > 200 6 |
¥ Chromis margaritifer > 2000 s d
b 3 Chromis sp. > 3000 9 i
! . Ctenochaetus striatus 1 15 :j
) N Clenochaetus strigosus > % 18 )
X Dascyllus trimaculatus 5 10 ;
; £ lagatiz bipunnulatus > 3 30 ;
5 : Epinephelus merra 10 23 .
b Epinephelus microdon 5 61 i
: Forcipiger longlrostris 3 18 i
' . Gomphosug varius 6 18 )
' : Gracila albomarginatus 1 28 i
f ) Gymunothorax flavimarginatus 2 102 3
: : Hentochur acuminatus 10 18 |
: Heniochut permutatus > 12 18 i
i Henlochus varius K] 15
; Kyphosus cinerascens > 2 46 i
‘ : Labridae ipp. (3) > 1000 10 !
2 . Labroides dimidiatus 3 10 j
a : Labrokles rubrolabiatus 2 10 ]
§ - Lethreinus sp. 5 36 i
’ Lutjanus bohar > 2 51 ]
i . Lutfanus fulvus > 2 46
: Lutfanus monostigma > 2 46 ! ]
L Megaprotodon strigangulus s 18 3
: Monotax s grandoculls > 30 20 1
’; Myripristis spp. (3) > 100 23 ]
3 Naso brevirostris > 50 30
Faracirrhites arcatus 10 1
{ Paracirrhites forsteri 10 15 i
Parupeneus spp. > s 23 !
Pomacentrus covlestis > 100 8 .
Pomacentrus nigricans 20 10 !
: Scarus frenatus s 41 )
b Scarus ghobban 18 36 “
F Scarus pectoralis 10 41
g_ Scarus sordidus > 100 20
; Scaridue spp. (3) > 300 41 i
L Scomberoides sancti-petri 4 3o . i
: Serraniduc spp. > 1 36 ! i
! Sphyruenidue wp. > 0 61 : ;
L Sufflamen chrysopterus 6 18 :
3 | Thalassoma amblycephalus > 1000 8
! Thalassoma lunare 12 20 }
Zanelus canescons $ 18 b
Zvhrasoma scopas k} ts
N E
s 1
]
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Fish Observation, small boat marina, lagoon: FO(w) 014039

Shoreside observations, in marina (under and around floating docks)

on intertidal reef flats nearby.

6 Dec 73, 0900-0905 hours. Tide:‘ slack at low=low (27 ¢cm). HIV: 2.5 m.

Total Species: 11+

Species Number of individuals Estimated average length (¢m)
Acanthurus triostegus 1 13
Acanthurus xanthopterus > 10 23
Balistidae sp. ] 76
Caranx melampygus > 30 25
Chaetodon auriga 2 1
Chaetodon lunula 1 13
Gymnothorax pictus > 12 64
Labridae spp. (2) > 100 6
Mullotdichthys samoensts 8 28
Rhinecanthus aculeatus | 18
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Fish Transect, south of Taylor wreck, ocean: FT 013049 f

‘ Surveyed: 4 Dec 73, 1355-1435 hours. Tide: slack, high=high (1 m) at 1415
! hours. HIV: 21 m. Transect length: 30 m,

Transect general description: Approximately 60 m south of President Taylor 3
wreck (at pass). Depth shoreward 5 to 6 m, increasing seaward to 8-9 m, 3
Bottom mostly boulder and irregular formations of dead coral and rubble. Live 3
coral covering approximately 5-10% of bottom; predominant coral types ’
Pocillopora and Porites.

transect —

7419 m

g
coarse coral ru
bble and bouiders Wwith some live coral
y East Waest
i Tota!l Species: 43+
Specics Number of individuals Lstimuted uverage length (cm) |
: Acanthurus lineatus > 100 2 :
1 Acanthurus olivaceus 2 20
Acanthurus spp. (2) > 150 18
Carcharinus nielanopterus 1 183
3 Centropyge flavissimus 7 10
Cephalopholis argus 3 25
: Cephalopholis urodelis 8 20
L Chaetodon auriga 2 13
Chactodon ephippium i 20 ]
Chactodon lunula i 15
Chaetodon meyert 2 18 ;
Chaetodan ornatissimus 3 i8 3
Chaetodon quadrimaculatus 5 15
{ Chaetodon ultetensis 2 18 k.
Chromis caeruleus 46 8
. Chromis margaritifer > 1000 5 4
3 Coris gaimardi 2 10
Ctettochaetus strigosus > 500 18 4
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Specles Number of individuals Estimated average lenath (cm)

Eptbolus insidiator 3 18
Epinephelus microdon 3 61
Forcipiger longirostris 1 13
Labridae spp. (2) > 100 10
Lutjanus bohar 13 61
Lutjanus fulvus 20 46
Melichthys vidua 1 18
Paracirrhites xanthus 3 10
Parupeneus barberinus 3 41
Parupeneus trifatclatus 1 25
Plectrogyphidodon dickii 40 8
Pomacentrus sp. (yellow) > 10 8
Pomacentrus nigricans > 100 10
Scarus spp. (2) > % 23
Thalassoma amblycephalus > 1000 6
Zanclus canescens 5 18
Zebrasoma scopas 8 15
Species observed off trunsect:

Chetlinus undulatus 4 76
Chlorurus gtbbus 1 91
Lutfanus monostigma 20 46
Scarus spp. (2) > 200 36
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L Fish Observation, northwest corner, lagoon: FO 017010 % 3
: 1 -
r ' . | :
b } Surveyed: 6 Dec 73, 1015-1035 hours. Tide: incoming from high-low 28 ¢m at ! 3
; i 0907 hours. HIV: 1.2 m. Observation track length: 30 m. 3
l Observation area general description: Patch reef area approximately 600 m off ; ‘,_
: ‘, of cantonment area. Patch reef about 10 m in diameter, Gentle-slope sand and 5 1
' i coral rubble apron around leeward (southwest) base of reef, Steeper apron | 4
1 around windward side, Reef mostly dead coral, approximately 10% coverage ; (
j of live coral, Predominant cotals: Acropora, Porttes, Pocillopora, und Favia. : 3
’
- Observation ;
i [
dead coral with sparse |ive coral [ '
|
i
Wast East
Totsl Species: 12+
Species Number of individuals Lstimuted uverage length (¢m) 4
Chaetodon auriga 2 18
. Chaetudon trifasclatus | 13 ' b
! Chaetodon ulietensis 2 10 -
] Chromis caerulous > 3 4 ' ]
Ctenuchaetus striatus 8 13
Epinephelus merra | 13
. Flammeo sammara 10 13
[ Labridae spp. (2) > 30 ] 4
i Lutfanus kasimira 2 15
: Pomacentrus nigricans > 50 10
Scarus sordidus 4 15

- e
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Fish Trunsect, main wharf, lagoon: FT 017041

Surveyed: | Dec 73, 1330-1342 hours. Tide: outgoing to high-low (.5 m) at

1720 hours, HIV: |l m, Transect length: 30 m,

Transect general description: Transect line extended from swilt bout pler in
oftshore (eust) direction. Bottom predominantly of sand and coral rubble. Most
fish on und uround a pile of discarded auto tires und a mound of deud coral,
During the trunsect observation a tidal current of approximately 1 knot was
present. No abundant live coral.

swift bost pisr

Waest

Total Species: 17

transect

0m

tire pile

depth

hottom Ve

Spocies

East

M
formation sand and coral rubble

Numbuer of indlviduals

Patinuted uverage length (em)

Arathron hispidus
Acanthirus xanthopterus
Carany melampygus
Centroprge flavissins
Cephalopholis urodeles
Chactodon avria
Chaviodon honila

Chromis caeruleus
Cleromils margaritifer
Goblidae sp.

Hendochus aewminatuy
Lubridue sp.

Ritvinecanthus actideatus
Rivinceanthus rectangulatus
Sufflamen chrysopterus
Thalassoma amblyeephalus
Thalassoma hore

kk]
23
41
8
20
15
13
8
5
4
13
6
9
15
13
8
13

i
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Fish Transect, off swimming pool, lagoon: FT 018020

Surveyed: 1 Dec 73, 1155-1220 hours. Tide; outgoing to high-low (.5 m) at
1720 hours. HIV: 2.3 m. Trunsect length: 30 m.

Transect general description: About 175 m oftshore (east of salt wuler swim-
ming pool site). Many putch reefs, mostly of 10 to 70 m maximum dimension,
Coral coverage less than 10% on solid surfaces. Most reel areas showing thin
layers of silt. Holothurians ut base of reet edge on sund. Dominant corul
types: predominantly “lobate.” rounded coral forms~Porires, Leptastrea (1),
Pocillopora.

Waest Eant

transect

dead
coral 3m

dead coral

dead coral

holothurians
/ mounds 4

live caral sperse
fina sand

Total Spucies: 17

Species Number of individuals Estimated average length (em)
Acanthurus xanthopterus 18 25
Cephalopholis argus § s
Chactodon auriga 3 13
Chedlodiplerus quinguelineata S L
Chromis cacrideus 3 6
Ctenvehacties striatus 40 13
Dascylius aruanus 16 8
Epinephelus morra 3 20
Gobildae sp. > s 5
Lubridae sp. 8 10
Monoraxis grandocidis M 13
Pomeentrus alhofusciatus as 10
Pomacentrus covlestis 60 8
Porigcentrus nigricans 20 10
Rhinecanthus aculeatus § 13
Scarus sordidus s 10
Scarus sp. 10 13
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Fish Observation, Spam Island, lagoon: FO 018045

Surveyed: 9 Dec 73, 1430-1450 hours. Tide: incoming to high=high (1.3 m) at
1821 hours. HIV: 20 m. Observation track length: 40 m.

Observation urea general description: Area immediately to east of lugoon shore
of Spum Islund. Varied bottom; at shoreline a slope of coral shingle extending
down to 25 m depth where bottom is composed of sund, coral rubble, and
scattercd coral heads. Further north and east, Acropora und Millepora ave

very abundant, covering up to 30% of bottom. Further east Pucillopora,
Porites, Montipora, and Faria become dominant although covering less than
107 of bottom. Bottom grea without live coral is primarily of medium to

large size coral rubble. Herpolitha, Fungia, and Halomitra are also relatively
common on rubble bottom. Area subjected to tidal currents (primarily eddies)
of 1 to 3 knots,

Spam Island
\

\

obssrvation pass
2m 26m
coral
shinule
sand an1 rubble
Acropora and Millapora
Wast Pocillopors, Porites, East

and Montipora Oreg,
90,4,
bble

Total Species: 77+
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! Species Number of individuals Estimated uverage length (cm) ,-g
4 1 -
F‘ : Acanthurus glaucopareius 10 23
P : Acanthurus lineatus 2 23 :
F:* Acanthurus triostegus > 100 15 )
4 ! Acantirus xanthopterus > 100 28 4
E : Acanthurus spp. (2) > 200 18 ;
: ! Adioryx spinifer 5 20 1
{ f Amphiprion chrysopterus 10 10 )
-E " Anampses caeruleo punctatus 3 10
! X Anyperodon leucogrammicus 7 28
. : Aprion virescens 2 25 3
i Balistapus undulatus 6 20 3
i Balistoldes flavimarginatus (1) 3 76 '
p Canthigaster solandri 1 8
: Caranx melampygus > 30 36
f Carcharinus melanopterus 4 102
i Centropyge flavissimus 12 10
: Cephalopholis argus 15 30
Cephalopholis urodelus 8 25
Chactodon auriga 15 20
: Chaetodon bennetti a5 18
L Chaetodon ephipptum s 18
! Chuetodon lunula 10 20
! . Chaetodon meyeri 4 18 ; !
: ! Chavtodon semeion 2 18 i :
v : Chaetodon trifasciatus 6 18 1
Chaetodon wlictensts 12 18 ] -
Chetltnus undulatus 5 76 9
Chetlodipterus quinquelineata 6 8 3
. Chromis caerleus > 300 6 d
: Chromis margaritifer > 100 5 4 N
' Ctenochaetus strigosus > 100 18 E J
: Dascyllus aruanus > 50 6 3
! Dascyllus trimaculatus [ 10 )
; Epibolus insidlator 10 20 \
; Lpinephelus merra 12 28 ki :
d Epinephelus microdon 8 61 3
: Guathanodon speciosus 2 64 :
: ' Gomphosus varius 6 10 i
v Gymnothorax flavimargingtus 3 97 g
H Gymnothorax pictus 2 89 4 E
¢ Hemigymnus melapterus 3 18 i
{ Hemirumphidae sp. $0 30 4 ‘
§ Henlochus permutatus 10 18
: Henlochus varius 12 15 .
Lubridue spp. (3) > 15 13
! Labroides bicolor i 9
f Labroides dimidiatus ] 10 3
% Labroides rubrolabiatus 2 10 il
: ' b
b ! :
E; [
W
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! Species Number of individuals Estimuted average ler th (¢cm) }
; 3
L Letheinus spp. (2) 6 36
¢ Lutjanus bohar 8 41 4
F Lutjanus monostighta 12 36 E
; Megaprotodon strigangulus 8 18 :
Monotaxis grandoculls 15 23 i
Naso brevirostrls 20 28 ;
Paracirrhites arcatus 10 1] 3
Parupencus bifasctatus 3 20 i
Plectroglypidodon dickit > 2 8 5
Pomacentrus coelestis > 3 8 1
Pomacentrus nigricans > 100 10 )
Prerols antennata 8 18 i
Pygoplites diacanthus 1 20 i
Scarus ghobban 20 38 “
Scarus frenatus 15 23 }
Scarus pectoralis 30 36
Scarus sondidus P 25 15 i
Scaridue xpp.2) > 100 20 A
Sufflamen chrysopterus 8 13 i
Thalassoma amblycephalus > 300 8 1
Thallassoma hardwickei 10 20 !
Thalassoma lunare B 20 i
Zanelus caneseens 12 18 §
Zebrasoma scopas 6 15
i
g
B
!
1
o
1
i
1
, ;
: L
:
i
L 1
t k:
| 136
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Fish Observation, dredge channel, lagoon: FO 020044

Surveyed: 7 Dec 73, 1135=1150 hours. Tide: near sluck, high-low (21 ¢m) at
0955 hours. HIV: 10 m. Observation length: 30 m,

Observation urea general description: Dredged channel approximately 100 m
wide and 600 m long. Southwestern end 300 m from mouth of main lagoon
pass. Subjected to tidal currents in excess of § knots. Average depth 5~0 m,
Bottom primarily of dead coral rubble (to boulder size) with >10% live coral

coverage. Predominant coral types: Pocillopora, Montipora, Halomitra. Elongute
dredge spoil islund along both sides of channel. Observation track parallel with

western side of channel.

100 m

/

observation
parallel to

side of
dredge / channsl

spoils

Eant

Totsl Species: 21+

4-

»m

dradge
$poils

Waest

Spouies

Number of individuals

Lstimated average longth (cm)

Acanthurus sp.

Adiorvx spinifer

Balistes undulatus
Centropyge flavissimus
Chaetodon auriga
Chaetodon trifasciatis
Ctenochactus striatuy
Gymunothorax flavimarginatus
Lubridue spp. (3)
Myripristls murdjan
FPomacentrus nigricans
Scarus frenatus

Scarus ghobban

Scarus sordidus

Scarus spp. (2)

Thalassoma amblycephalus
Zanclus caneseens
Zebrasuma scopas

>

Vv

500
2
i

10
.

1
100
1
500
25
$0
25
30
40
200
150
4

2

15
20
20
9
20
18
13
114
13
18
10
18
25
13
20
L]
18
20
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Fish Observation, seaplane moorage, lagoon: FO 020056 :

Surveyed: 2 Dec 73, 1405~1418 hours. Tide: outgoing to high=low (0.5 m) at
1819 hours. HIV: 6.5 m. Observation track length: 50 m.

Observation area general description: Dredged bottom immediately offshore
between two artificial rock groins (abandoned sea-plane docks). Bottom

primarily of coral rubble and con=:rete block debris. Live coral sparse, ]
predominantly Pocillopora.

old pllings
West Gast A
’ b
- obesrvation — !
2m ! !
! :
Yong L
J L i :
rubble ;
Total Specles: 20+ E
Species Number of individuals Estimated average length (cm) f
Abudefduf glaucus 10 10 ,
Abudefduf phoenixensis 4 9 i
Abudefduf tordidus > 30 13 i
Acanthrus triostegus > 40 13
Acanthurus xanthopterus 12 23
Caranx melampygus 3 a8 ’ ;
Chaetodon auriga 2 15
3 Chaetodon lunula § 13
3 Chelon vaiglensis 2 23 ; 3
3 Epinephelus merra k| 15 t
Flammeo sammara 1 15 ;
Lutjanus fulvus 5 23
Mulloidichthys samocnsis > 40 25
Pomacentrus albofasciatus > 5 6
Pomacentrus nigricans > 10
Rhinecanthus aculeatus 10 14
Scarus wp. (3) > 2 13
Stethojulis balteat > 30 10
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Fish Transect, Coral Gardens, lagoon: FT 021046

Surveyed: 30 Nov 73, 1135-1158 hours. Tide: outgoing to high=low (0.5 m) at
1619 hours. HIV: 15 m, Transect length: 30 m,

[ S

. Transect general description: An areu of abundant and large patch reefs approxi-
| mately 500 m east of the south lagoon pass. From the edge of the patch reef

: urea toward the pass the bottom becomes more uniform in depth (approxi- ) )
, mately 3-4 m) and coral rubble bottom becomes more prevalent as the pass
3 ; is approached. The transect line follows the reef edge to coral rubble gradient
‘ ' und {s an urea subjected to tidal currents of >2 knots, Bottom generally of

3 lurge deud corul masses covered with approximately 30% live coral and 20%

' coral rubble. One lurge unemone, Dominant coral types: Pocillopora, Millepora, !
Halomitra, Porites, Herpolitha, Fungia, . .

East West
transact

corsl 3-4m

R

Chromis cacrulens
Ctenochaetus strigosus > 60 15

\'4
(33
=3
=
-3

coral i
# !
Ubg, " {
- Total Species: 82+, also sighted: 2 turties {78 cro and 100 cm carapace lengths) ; .
; 3
Species Number of individuuls Estimuted average length (cm) : 3
; Adloryx caudimaculate 2 20 g 3
Adloryx spinifer 2 18 i 4
; Acanthurus xanthopterus 6 20 : ;
. , Acanthurus sp. 40 15 i R
4 ' Antphiprion chrysoptorus & 10 .
Anypervdon leucogrammicus 3 23 '
Balistapues undulatus 3 ] :
Calotomus sp. 9 18 M
Carany melampygus 20 36 i 4
Centrapyge flavissimus 28 9 ! E
Cephalophulis argus 2 20 H
Chactodon auriga 2 15 : 3
3 Chaetodon bennettl s 13 !
4 Chaetodon trifasciatus 4 15 l 3
3 Chactodon ulivtensis 3 18 : 4
Chromis margaritifor > 100 6 l 3
|
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Specics

Number of individuals

Estimated average length (cm)

Gomphosus varius
Henlochus acuminatus
Lubridue spp. (>2 juv.)
Labroides dimidiatus
Labroides rubrolablatus
Lutfanus bohar
Megaprotodon strigangulus
Myripristis amaenus
Myripristis murdjan
Myripristis sp.

Naw brevirostris
Paraclrrhites forstert
Paracirrhites xanthus
Plectroglyphidodon dickif
Pomacentrus covlestis
Pomacentrus nigricans
Scarus sordidus

Scarus sp (Juv,)
Thallasoma amblyeephalus
Thallasoma hardwickei
Thallosoma spp. (2)
Zvbrasoma seopays

vv

Vv

E 3

— - -
MNANDNWLAO= DWW =

WG B =
(- Wl -

-
N W
O3

w»
~noc o

10
15
10
10

9
46
13
18
18
18
28
13
10

6

8
10
18
13

8
1]
10
10

Other species sighted in ureu adjucent w
transect area on 20 Nov 73 observation:

Acanthueus triostegus
Aprion virescens
Bullstidue sp. (50 cm)
Chactodon ephippium
Chavtodon lunula
Chacrodon meyeri
Chactodun unimaculatus
Chedlinus undulatus
Epibulus instdiator
Hemibramphidoe sp.
Hendvchus permutatus
Kyphosus cineraceons
Lotheinus sp.

Lutfanus fulvus
Lutjanus monostigma
Monataxis grandoluliy
Prgoplites diacanthus
Scarus spp. wdults)
Thalassoma hinare

Also sighted: 2 turtles (76 cm and 100 ¢ curupace lengths)
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Fish Transect, Thornet Reef, lagoon: FT 023038

Surveyed: 30 Nov 73, 1012-1050 hours, Tide: incoming to low=-high (0.9 m)
at 1044 hours. HIV: 15-18 m. Transect length: 30 m,

Transect general description: Patch reef area approximately 800 m east of
main wharf ares and 300 m from dredged turning basin. Depths in surrounding
area 4.5 to 9 m with coral pinnacles and putch reefs of 3 to 15 m diameter
rising to within a few feet of the surfuce. Bottom generally of sand or sand and
coral rubble. Dominant coral types: Acropora, Pocillopora, and Millepora.
This area wus subjected to tidal currents of approximately 1 knot during

incoming tides.
Thornet Reet

M

trannect

Acropora,
Millapora

East
* coral rubble  sand
Total Species: 30

isolated dead and live coral heads

West

Estimated uverage length (cm)

Species Number of individuuls
Acanthurus lineatus |
Acanthurus sp. (new specles-Rundull) > 12
Acanthurus xanthopterus 10
Centropyge bicalor 2
Centropyge flavissinus 6
Cephalopholis argus 2
Cephalopholis urodelus ]
Chellodipterus quinquelineata s
Chromis cacruleus > 100
Chromis margaritifer > 5
Dascyllus aruanus > 80
Epinephelus merra l
Gobiidue spp. (3) > 100
Gomphosus varius 4
Labridae spp. (3) 30
Mcgaprotodon strigangulus |
Maonotaxis grandoculis s
Paracirrhites forsteri 3
Parupeneus barberinus 1
Pomacentrus nigricans 45
Scarus frenatus > 40
Scarus ghobban 4
Scarus sordidus > 28
Scomberotdes sancti-petri 5
Sufflamen chrysopterus 3
Thallasoma anthiveephalus > 100

20
18
25

9
10
20
10

6
5
6
5
18
5
9

10
13
13
13
18
9
10
28
i3
25
b
B
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Fish Transect, Thornet Reef II, lagoon: FT 023038

Surveyed: 4 Dec 73, 0935-0950 hours. Tide: incoming to high=high (1 m) at
1415 hours. HIV: 10 m. Transect length: 30 m.

Transect general description: Same as 30 Nov 73, FT 023038, except this
transect aligned on a north-south orientation. Dominant coral types: Acropora,
Pocillopora, Montipora,

South North

'-i\‘ !
l

{

i

transact

48 m

Acroporas,

Millspora,
and

Pocillopora

R DU S SRR S AP TIOU RSE. K NOAMRERPE e SRR LN

Montiporas,
Poclliopora

PR BN

~—— !

coarse coral rubble pockets ' f
Total Species: 44 J
Species Number of individuals Estimated average length (cm) : 14
L]
Acanthurus glaucopareius 6 20 [ {
Acanthurus xanthopterus k] 20 | ;
Amphiprion chrysopterus 12 20 | i
Amphiprion sp. 2 6
Centropyge flavissimus 6 9 '2
Cephalopholis argus 1 20 : 3
Cephalopholis urodelus 2 20 ! %
Chaetodon bennett 2 15 . !{
Chaetodon kleini 2 13 : i
Chaetodon trifasciatis 3 13 :
Chaetodon ulietensis 4 13 ;
Cheilinus undulatus 1 76 1
Chromis caeruleus 50 6 f
Chromis margaritifer > 2 8 i
Chromis sp. > 50 5 !
Cirrhitidpe sp. 1 10 4
Ctenochaetys sp. 7 13
Dascyllus aruanus > 100 L P
Dascylluy trimaculatus 2 28

v rexra AL LMY Ashersdon siallav ke Al na FAS e :Jl.-J




§ Species Number of individuals Estimated avetage length (cm) i
: Epinephelus merra 1 15 -
Gobiidae spp. (2) > s 5
Gomphosus varius 2 10
3 Gymnothorax flavimarginatus | 122 4
3 lLabroides dimidiatus 5 11 s
' Labroides rubrolablatus 2 13 E:
Labridae sp. (Juv.) 3 10 ]
Monotaxis grandoculis 2 18 4
Paracirrhites forstert 4 14 5 4
Parupeneus barberinus 5 18 : 3
Plectroglyphidodon dickit 4 9 4
Pomacentrus coclestis 6 6 t y
Ponacentrus nigricans > 100 10
Scarus frenatus > 28 13 ,
Scarus sordidus > 2 13
Scarus spp. (2) > 2 20
Stethojulls balteata 2 8 :
Syngnathidae sp. | 9
Thalassoma amblycephalus > 100 8 ;
Thalassoma hardwickei s 18
Thalassor: lunare ? 15
. Zanclus canescens 4 15
3 Zebrasoma scopas 2 15
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Fish Observation, southwest lagoon: FO 024053

Surveyed: 6 Dec 73, 1445-1500 hours, Tide: incoming to high-high (1.2 m) at 4
1641 hours. HIV: 15 m, Observation track length: 30 m,
Observation area general description: 600 m east of shoreline point between f E
old Pan Am hotel and northernmost seaplane ramp. Water 3 to 8 m deep. ; 3
Bottom with large ravines (3-5 m deep and 25-30 m across) with lengths ,
running ecast-west. Extensive and diverse coral coverage (estimated >30% of : ;
bottom covered). Predominunt coral types: Pocillopora, Montipora, Porites, ;
Pavona, and Acropora, '
k S-fd m
i observation
' 8m
FI Total Specivs: 37+
E‘ Species Number of individuals Estimated averuge length (cm)
] Acanthurus spp. (2) > 50 15
! Centropyge flavissimus 20 10
t‘, Cephalopholis argus 10 36 y
§ Chacotodon auriga 10 18 k
. Chactodon kicind 2 15
E Chaetodon lunula k] 15
Chaetodon trifasciatus 4 18 3
i Chactodon ulietensis 12 15 3
E Chanos chanos > 4 64 4
H Cheflinus undulatus s 64 ’
3 Chromis cacruleus > 300 s b
; Chromis margaritifer > 50 5
L Ctenochactus strigosus > 100 13
} Dascyllus arvanus 30 ] i
f Epiholus insidiator 5 25 | 3
1 Epinephelus merra 10 20 . 3
] Epinephelus microdon 2 64 '
A Gomphosus varius 5 10
4 Gracilu alhomarginata 1 18 ' N
A Gymnothorex flavimarginatus 3 102 \ 4
] Heniochus acuminatus > 40 18 B ;
Labridue spp. (2) > 100 10 o
; Labrotdes dimidiatus 5 10
1 Labrotdes rubrolabiatus 4 10 Y
1 Lutjunidue spp. (2) 6 28
Megaprotodon strigangidus 2 18
A Mvripristis spp. (2) > 18 ]
4 Ploctroglyphidodon dickii 30 8 i
Pomacentrus nigricany > 80 10
1 Scarus spp. (2) > 50 20
¥ Thalassoma ambiyeephalus > 200 8
Zanclus canescens N 15
F 144
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3 ; Fish Observation, southwest ocean reef: FO 027067 o
Surveyed: 2 Dec 73, 1500-1510 hours. Tide: outgoing to high-low (0.5 m) at
1819 hours. HIV: 9 m, Observation track length: 60 m, _
t Observation area general description: Ocean reef intertidal shallows, approxi- :
?’ mately 0.3 m deep. Bottom of shallow gullied reef rock; coral sparse, pre- 5
: dominantly small, isolated Pocillipora heads. Observation track parallel to 1
} shoreline, about 12 m from shore. : |
} coral shinple beach : q
: : 3
\ / observation (parailsl to shore) 1
surf zone : 3
7 ]
\‘ 0.3m : {
1 . 3
reef rock :
! g
1
North South ;
- Total Species. 8
Species Number of individuals Estimated uverage langth (cm)
Abudefduf glaucus s 10 3
Acanthurus triostegus > 13
4 Carungidae sp. 2 23 ]
Carcharinus melanopterus 4 61 ;
Kuhlia p. > 50 18 4
Lutjanidue sp. > 100 8 ';'
Lutfanus bohar 2 28 {
Thalassoma hardwickel 3 134 ]
§
{
§
%
i
| g
-’?
4
}
i‘. . §
| .
|
i 145 -
: |

g o




, Fish Transect, east runway end, lagoon: FT 041014 ‘;

Surveyed: | Dec 73, 15051515 hours. Tide: outgoing to high-low (0.5 m) at ;
1720 hours, HIV: 2 m. Trunsect length: 30 m, 4

Transect general description: On sundy shelf approximately 200 m offshore
and 1500 m southeast of eust end of main runway. 30 m to the south the
bottom begins to drop off steeply to the deeper lagoon water (4.5 m). North
end of transect is in a shallow stand of Acropora formosa coral; the southern
250 m of the transect is over bottom of sand and shell and coral rubble, All
fish except gobies were sighted in the northern 10 m of transect.

et - VN

trangect -y

Acropora
Acropora

Acropora

sand snd rubble—""""

North South
Total Spacies: 17 ‘

; Spocies Number of individuals Estimated uvetage length (cm) :
] Acvanthurus xanthopterus 20 0 / ‘
Amblygobius phalavna 1 6 4
Chavtodon auriga 1 18 ;
Chromis cavridews 40 s b
Crenachaetus striatus 1 13
Epinephetux merra 1 10 3
Flammeo sammara 4 3
i Goblidue sp. 2 6 3
3 Labridue sp. 5 k] E,
3 Lutjanus fulvus > 150 23 )
Lutjanus kasmira 12 I8 1
4 Pomacentrus nigricans 3 Hy :
Other species sighted adjucent to arey ‘
i shareward of transect site on 2 Dec 73 4
3 ubssrvationa: 3
3 Albula vulpes 3
A Arataron hispidus
; Bullst!tue sp.
] Chelon vaigic 15is 3
k Crenimugi! crenilahis -
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Fish Observation, palm tree row intertidal pond: FO(w) 041063

Surveyed: 2 Dec 73, 1515-1530 hours. Tide: outgoing to high=low (0.5 m)
at 1819 hours. HIV: Not determined. Observation track length: 200 m (waded).

Observation area general description: An intertidal pond complex of approxi-
mately 300 m by 400 m. Average depth when surveyed was about 20-25 ¢m,
All bottom of sand with sparse coral rubble: no live corai. Located on south-
western shore of lagoon-side slightly to west of **fisherinan's shack.” Thin

layer of algae covering about 40% of pond bottoms.

\\cornl shingle

\ observation

[ “nd\ Ponch

South

Total Species: 8

lagoon

Species Number of individuuls Listimuted uverage length (em)

Abudefduy sordidus 2 13
Arothron hispidus > 40 15
Carcharinus melanopterus 7 66
Cheton valglensis > 300 18
Crenimugil crenilabis > 300 20
Epinephedis merra 1 5
Grmmnothorax pictus | 61
Lutjanus fulvus 2

Also sighted Calappa hepatica (box erubs),
about 6 individuals with a mean cacapuce
width o' 9 em.
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Fish Observation, palm tree row, ocean reef. FO 041065

Surveyed: 2 Dec 73, 1530-1540
All conditions similar to southwest ocean reef: FO 027067

Total spacies: 4+

Specles Number of individuals Estimated average length (¢m)
Curungidue sp. 4 69
Carcharinus melanopterus 3 25
Labridae spp. (2) > 50 8
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S Fish Transect, dredge spoil island, central lagoon: FT 044048
: Surveyed: 30 Nov 73, 1530-1600 hours. Tide: outgoing to high-low (0.5 m) )
: at 1619 hours. HIV: 2-4 m. Transect length: 30 m, :
3 | :
‘ Transect general description: Southern tip of a linear reef which terminates : i
at a dredge spoil island about 200 m to the south and extends approximately i

3000 m to the north. Live coral is very sparse (covering less than an estimated
5% of hard surface), and a brownish (blue-green?) algae covered substantial
aregs of the reef flat shallows. A major portion of the reef appeared to be
undergoing active siltation. Muny holothurians on base of reef slope and on
fine-sand bottom. 90% of fish limited to reef and rubble area. Transect on
leeward side of reef, and under most conditions this area is upwind of *he
dredge spoll island (which is heavily populated by birds). No obvious tidal
currents. Dominant coral types: Millepora, Porites, Pocillopora.

ORISR PPy SR

it ol ol i ettt i i o SR ot

!‘ live coral sparse ;
: \
{ transect
,[ 26m i
: dead !
i coral j
'§ §
1
E rubble fine sand L\ g
Eant : West i
Total Species: 23 |
i i
b :
1
Species Number of individuals Estimated nverage length (¢m) !
Acanthurus xanthopterus 2 15 !
Bulistidae sp. 3 46 :
Chaetodon epitippium i 8 a
Chetlodipterus quinguelineata 4 $ ;
Chromis caeruleus 6 6
E'pinephelus merra 6 15 E
Gablidae sp. > 2 5 X
Rhinecanihurus aculeatus 2 15
i
o
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Fish observed off transect on adjacent
reef Mats (1S apecies):

Species Numbae of individuals Estimated uverage length (cm)
Acanthuridae sp. > 30 20
Amblygobius phalaena 1 8
Arothron hispldus | 46
Balistoides viridescens (1) 2 20
Caranx melampygus | Sl
Chaetodoi auriga 3 18
Chaetodon lunula 2 18
Chellodipterus quinquelineats 2 s
Chramis cacruleus > s 5
Dascyllus aruanus 30 [
Kyphosus cinerascens 2 28
Myripristis sp. 5 15
Pomacentrus coelestis 25 6
Pomacentrus nigricans > 3 8
Rhinecanthus aculeatus 2 15
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Fish Observation, linear reef, central lagoon: FO 061041 i

Surveyed: 6 De¢ 73, 1234-1330 hours. Tide: incoming to high=high (1.1 m) at 1 E
1553 hours. HIV: 4,5-5,5 m. Observation track length: 30 m. k

Observation area general description: Portion of one of the main line reef
complexes. Area surveyed approximately 25 m wide by 20 m long. Millepora

and Acropora extremely abundant, covering more than 80% of the bottom, ]
down to approximately 3 m. Sand and coral rubble mound on deeper bottom, 1
Slight current (Y2 knot) heading east. ;
Waeit East
Millepora and Acropors 3
F
am
observation E
8, 4
- nu.nd '% ]
bly §
- 28 m
Total Species: 41+ 1
!
Species Number of individuuls Estimated averuge longth (cm) é
Acanthurus spp. (3) > 200 18 {
Acanthurus xenthopterus > 200 46 i
Adioryx spinifer 4 41 % {
Balistoldes viridescens 4 25 }
Caranx melampygus > n 61 '
Chactodon awriga 10 18 i 3
Chaetodon ephippium 2 18 {3
Chavtodon lunule 6 15 ! :
Chaetodon trifasclatus 4 1§ }
Chuetodon ulictensis 8 15 ]
Cheilinus undulatus 2 41 :
Chetlodipterus quinguelineate 6 8 i
Ctenochaetus strigosus > 150 13 K
kpibulus insidia tor 12 18 : B
Eptnephelus merra s 28 f 3
Epinephelus microdon 8 $1 : 4
Flammeo sammara 28 15 4
Grathodentex aureolineatus > 200 18 i :
Henlochus acuminatus > 4o 18 ‘ ]
Heniochus permulatus > 2 15 3
Heniochus varius > 1o 15 B
Lethrinus sp. 12 30 ! k
Lutjanus bohar > 50 36 3
Lutlanus fulvus > 300 23 b

151

i
1
‘




T i

ase

Spevies Number of individuuls Estimuted uveruge length (em)
Lutjanus kasmira > W 23 _
Lutjanus monostigme > 75 23 .
Megaprotodon striganguius 6 18 . ;
Monotaxis grandogulis 30 18 ! :
Mulloidichthys auriflamme > 200 30
Mulloidichthys samoensis > 20 30
Myripristis kuntee > 1o 18
Myripristis spp. (2) > 8 18
Pomacentrus coclestis 18 8
Pomacentrus nigricans > 1o 8
Scarus wpp, (2) > % 2
Zehrasoma veliferum 6 18
] Zanclus canescons s 18




Fish Observation, south central ocean reef: FO 004071

g Surveyed: 2 Dec 73, 1630-1645 hours. Tide: outgoing to high-low (0.5 m) at ;
¥ 1819 hours. HIV: 1§ m. Observation truck length: 15 m,
: 3
3 . 1 E
4 Observation urea general deseription: Seaward edge of 200-m-wide reef shell ‘ ]
1 (in surt zone). Depth increusing from intertidal zone (0.6 m) to about 1.5 m, : 5
q Bottom of gullied beach rock with sparsc live corul, mostly small, isolated i i
Pocillopora heads. Observation track perpendicular to shoreline. Numerous seu |
urchins (Echinometra sp.) in surl zone, i i
F I
[ 1 !
o
3 ol e observation !
b 200m zone ‘ g
: coral shingle beach : |
: % ]
. | i
; \ : '. !
/ ocean : ;
L' 0.8m :
! i
E """M 1.6m : =
t |
\ :
! :
; 1
f I‘..’ -'\
: North ‘o, South !
; Total Species: 16+
4 I
! !
~
}__ Spovies Nu nber of individuuls Estimated average length (¢m) i
'& Abudefduf imparipennts 10 5 ,‘
f Abudefduf phoenixensiy () 1 8 :
b Abudefiduf sordidus > 0 1§ i
v Acanthurus achilivs > 40 28 ;
. Acanthuris glavcopareius > 12 23 i
1 Avantherus lincatus > 2 2 %
] Acantlhurus triostegus > 30 13 (
Acanihtirus xanthoptorus > 20 23 b
v Acanthurus spp. (>2) > 40 23 ;
t Adiuryx lacteogutiaing ] 10 b
k Kyphosus cinerascens 18 46
¢ Fomacentrus sp. (yellow) 1 9 I
Rhinccanthus rectangubaings 10 10 4
Scarus spp. (2) > 30 30
E ——— -
3
3
i
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Fish Trunsect, south fisherman's shack, lagoon: FT 0660066

1 Surveyed: 3 Dec 73, 1345-1355 hours. Tide: outgoing from high<high (0.9 m)
3 at 1322 hours. HIV: 3 m, Transect length: 30 m. b
3 Transect general description: Patch of coral (about 30 m in diameter) on !
g shallow sand shelf approximately 300 m offshore. Millepora ¢overing estimated 1
3 30% of bottom; Porites (large rounded heads) covering estimated 10% of i : )
3 bottom. Sand bottom very shelly with some coral rubble. Average depth 0.6~ | ;
] 0.9 m. More than 20 Tridacna sp. along transect, mostly in Porites heads, ' ;
average size 15-20 ¢m, 1
i South North ';
: - transect d
0.6-09m
)
9
sand and coral rubble bottom betwaen coral heads
“ Total Species: 17 y
i Species Number of individuals Estimated uverugo longth (cm) 3
‘ Acanthtrus triostegus > 40 10 ?:‘
: Acanthurus xanthopterus > 15 30
Balistoides viridescens ! 1]
L Chaetodon aurige > 1 15
3 Chaetodon ephipplum 2 15
J Chetlodipterus quinquelineata 3 8
] Ctenochaetus striatus > 30 13
: Epinephelus merra 1 18
Flammeo sammara 1 10 4
Goblldue sp. 6 8 B
Labriduo sp. Guy.) 20 ] q
Lutfanus fulvus > 14 20
Lutjanus kasmira 6 20
Monotaxis grandoculls 1 18
b Pomacentrus nigricans 3 10
7 Pomacentrus sp. (yellow) 1 8
1 Rhinecanthut aculeatus 2 13
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" ; Fish Observation, east central lagoon: FO 085053
j Surveyed: 6 Dec 73, 1134-1150 hours. Tide: incoming to high-high (1.2 m)
: at 1553 hours, HIV: 0.9-1.2 m. Observation track length: 30 m,
Observation urea general description: 550 m southwest of shoreline point, half-
way betwecn north and south poles on southeast shore. Small patch reef
(about 15 m in diumeter) mostly of dead coral surrounded by sundy rubble.
_ : Live coral >5%. Predominant coral types: Porites and Favia; no Acropora.
;‘ ; Many lurge holothuriuns; more than 20 Tridacha maxima. i
' |
4 - oburvation - I K
E o
| L
mostly dead coral ;
4 1.2 } ;
" !
i Q ]

4?\

%
: :
: Total tipacies: 10 %
i ¥
Er —_ B e e e s e et s et et o e . i
i Spocios Numbet of individuuls Estimated uveruge length (cin) g ]
E Acanthurus xanthoptorus 28 20 ! ]
: Arothron hispldus 2 46 3 T
: Chactedon auriga 8 13 . ;
: Chactodon ephippium 2 18 ]
Chactodon ulietensis | 10 :
Chellodipterus quinquelincata | 10 !
Ctenochaetus strigosus ] 13 ‘
Kpinephelus merra 2 18 ' J
Gublidue sp. 6 8 b
Lutfanus fulvus 12 18 |
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Fish Observation, south tide flats, lagoon: FO(w) 104094

Surveyed: S Dec 73, 1500-1515 hours. Tide: slack at high-high (1.1 m) at
1434 hours. HIV: not estimated. Observation track length: about 30 m.

Observation area general description: Sundy neuar-shore shallows; dry at low

tide. No coral: many Cerithium shells (live and dead). Most distant station in
site lagoon from main puss.

- observation -
South North

“reet ro0R)

0.2-0.8 m high tide depth

sand v
tand sand
Tota! Species: 8
Spevies Number ol individuals Estinmted average length (cm)
Arothron hispidus 10 18
Carcharinus melanopterus L] 61
Chelon vaigionsis > 2 15
Crenimugl! erentlabls > 1S 18
Dusyutiduc sp. 1 76
Mullidae spp. (2) > % 28
Goblidue sp. > 80 5
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Fish Observation, alpha site, ocean tide flats: FO 108100

Surveyed: 2 Dec 73, 1720-1740 hours. Tide: outgoing to high-low (0.5 m) at
1819 hours. HIV: 15 m +, Observation track length: 100 m,

Observation area general description: A small embayment on the extreme
southeastern tip of the island. Bounded to the south by a 100 m+ wide band of
dead coral boulders and shingles, bounded to the north only by a slight seaward
turn of the coast. Open seuward (east) to the reefl shelf edge. Embayment area
approximately 100 m by 150 m. Bottomn of reef rock with shallow (15-20 cm)
ruvines, Approximately 10% of bottom covered with loose coral shingle.

Coral (small, isolated Pocillupora heads) spurse. Average depth 30-40 cm,

Eant

obsarvation wurf zone

[}
0.3-04m

reef rock

Total Species: 11+

Species Number of individuals Estimuted average lengih (em)
Abudefduf amabilis | s
A budefduf imparipennis 12 5
Acantinerus triostegus > 200 8
Acanthurus xanthopterus 3 41
Carcharinus melanopterus 1 61
Crenimugil crevidlabis > 1o 36
Gymnothorax plctus | 61
Labridue spp. (2) > 100 6
Rhinecanthus rectangulatus 10 13
Synodontidac sp. 2 10
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Preceding page blank

MOLLUSCAN DISTRIBUTION PATTERNS AT CANTON ATOLL
by
E. Alison Kay
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ABSTRACT

Micromollusks in sediment samples from Canton Atoll are described in
terms of three ussembluges: seaward reef: outer, clear water lagoon; and inner,
turbid water lagon. The seaward reef und outer lugoon assemblages are
characterized by low stunding crops, high species diversity, and a preponder-
ance of microherbivores, in contrast to the inner lagoon, where there are higher
standing crops, lower species diversity, and a strong tendency soward suspension
feeding, The dominant gastropods in the lagoon are members of the tamily
Diustomidae, including Diala flammea and specles of Obtortio and Scallula,
The dominant bivalves are cardiids. The assemblages ut Canon resemble those
from Fanning Atoll in generul aspects, such as standing crops, specics diversity,
und trophic structure, but differ noticeably in species composition. Difter-
ences in species composition are suggested to be ussociated with differences in
water chemistry.
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INTRODUCTION
Analysis of malluscan distribution patterns at Fanning Atoll showed :

cleur distinction in species composition, species diversity, and standing crops :
: between the seaward reefs and the lagoon (Kay, 1971 Kay and Switzer, 1974). :
' Within the lagnon, differences umong the mollusks of the lugoon reef flat, !
; patch reef’s, and lagoon floor were ulso detected, associated with substratum ;
" types, water choemistry, and turbidity (Kay and Switzer, 1974). Such patterns '
; are of interest because they provide documentation for present and past
: ecological parameters of atoll recfs and because they are u source of data for
A both biogeographical and fuunistic studies. In this report, patterns of distribu-
H tion ut Canton Atoll are described and are compared with observations from
L Fanning Atoll,
¥
:
';‘. METHODS
f\ Mollusks from Canton Atoll were obtained 'rom three series of sediment
k samples, One sample from the slopes of the seaward reef on the lee of th»
k atoll und six samples frem the outer lagoon were obtained by hand retrieval trom
}, depths between 0 and 35 m by Dr. ). K Muragos in September 1973 (M
! stations, Fig. 41), Nine sumples from the inner lugoon wure collected by Dr,
£ S. V. Smith from dredge lauls at depths of less than 10 m (CL stations, Fig.
§: 41) in December 1973, Two samples from the outer tagoon und ane from a
¢ “pond* were provided by Me. BB, Guinther (G stations, Fig, 41) in December

1973,
[.
!
i
i Flgure 41, Mlotle provinces and

micromollusk sample sites.
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Mollusks from the sediment samiples were obtained by picking shells
from standard 25 em? volumes under o binocular dissecting microscope. Most
of the mollusks retrieved were small, less than 10 mm in greatest diameter,
but cardiid bivalves larger thun 10 mm ulso formed a conspicuous component
of the ussemblages. Species diversity (#), culculated trom the function
H = = Z pilogapy. und stunding crops were obtained for ull sumples by the
methods deseribed in Kay and Switzer (1974), Relative abundance (i) values
refer to percentuge composition of the assemblages.

RESULTS

Ninety species of mollusks were recorded from the samples from Canton
Atoll. The samples were divisible into three assemblages, one characteristic off
the outer slope of the seaward reef, and two characteristic of the lugoon, One
of these was representative of the ouler ligoon, the other of the inner lagoon
(Fig. 41,

Twenty species were found in the single sample from the slope of the
seaward reef at o depth of 3§ m. Compuared with the sivaples from the lagoon,
this assemblage is characterized by low standing crop und high species diversity
(Table 22). Microherbivores predominate. but there is also a high proportion
of fuunal grazers, Gastropods constitute 9377 of the assembluge. The amilies
Cerithiidae, Rissoidae, and Triphoridae are the most abundant, forming 11 to
215 of the assemblige. The bivalves are represented by epifaunal species,

The lugoon is divisible into two sectors on the basis ol species composition,
standing crop, species diversity, and trophic structure, The outer Lkigoon
stations (M stations and G 1 and 2, Fig. 4 1) are characterized by lower standing
crop, hgher species diversity, and o propartionately greater number of faunal
grazees thin oceur in the inner Figoon Clables 22 and 23). Standing crop
averages 9.9 shells per emtcand the species diversity index ranges from 1.2 1o
38 Trophic structure is predominantly microherbivore, with a faunal grazer
component comparable to that ol the outer reel sample,

Forty-nine species were recorded trom the stations in the outer lagoon, of
which 24 were restricted to this secter of the lagoon, Gastropods constitute
DO 1o 997 of the assemblages, and bivalves average about 87 ot the
assemblages. Species conpasition and relative abundance of the various groups
are shown in Table 22 and Fig, 42 and 43, The domimant gastropods are the
Dinstomidace, represented by four specivs and comprising an average o 5ot of
the gastropods in each sample. Diata Haoonea, the most abundant diastomid,
is found in all the samples and averages Y37 ol the diastonnds, Obtartio
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Tuble 23, Trophic structure representing uveruges (in percent) from cuch urea,

Trophic structure® Seaward reef Outer lugoon Inner lagoon
Herbivores 65 66 $4
Fuunal grazers 25 23 +
Predators/scavengers - 1 k}
Parasites ~ - 2
Suspension feeders 10 10 40

Note: + significs lesa thun 1% of the ussemblages.

*Herbivores include urchacogastropods (Trivalla, Leptothyra), tissolds, cerithids, diastomids, ete.;
fuunal grazers include triphorids, cerithiopsids, und marginellids that feed on sponges, ete.; predutors/
scavengers are columbellidy, turrids, and others of the neogastropods, und some opisthobranchs; the
pyramidellids ure considered purasitic; und suspension or deposit leeders ure rapresented by bivalves.

IFigure 42, Relative ubundunce of bivalves and
gustropods,

Bivaives
100% IB QGastropods

100% li ather disstomids

Oiala variy

Flgure 43 Relative abundance of Digle varia und
other diustomids,
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prpoides, O suleifera, and Ohtortio sp. are less abundant and less frequent,
cach constituting 2 to 3%7 of the gustropods in the assemblages. Other promi-
nently represented gastropods are rissoids, ropresented largely by two species,
Parashicla beetsi and Parashicle sp.. and the cerithid Bittivm of. glareosum.
Turbinids of the genus Leptothyra, the opisthobraneh A cteocing sundwicens
siscand pyramidellids cach constitute ubout 647 of the gastropod species.
Ceritldopsis spp. and marginellids (Fig. 44y and triphorids age frequent,
oceurring in five to seven of the samples: but they are not abundant, The
bivalves are represented by cardiids and tellinids, with one species of Cordinm
representing 4007 of the bivalves and tellinids 424 of the bivalves,

Two stations are somewhal anomatous: at station M8 neir the pass and
stution M1 on g pateh reet, diastomids Form a conspicuously lesser propartion
of the assemblinges than they do elsewhere in the outer kigoon, and Bittinm
ahigher proportion, Station M1 also licked cardiids,

v the inner Tigoon, 43 species of mollusks were recorded, ot which 260
were also Tound in the outer kygaon, and 17 were resteicted to the v, Standing
crop averages 18,2 shells per em®and the species diversity indes tanges from
P10 300 Trophie structure show s i strong tendeney owiard saspension
feeding Clable 230 adthough microherbivores are still dominant. The relative
abundance of gastropods and bividves is shown in Table 22, and the disteibution
al relative abundanee of bivalves iond diastonyids is shown m g, 42 and 43,

Gastropods average 037 of the assembliges and Divilves average 3740 Five
species ol diastomid e present, with Dieka flanmnea, Obtortio suleifera, and
Scaliof spp. represented by almost equal proportions, Rissoids and cerithids
cachroceureed in Five of the nime stations but averaged only 2and 40 of the
gastropods in the samples, Leprothyrea, Aereocond, ad pyramidellids are Tonmd
inabout the sume proportions as n the outer kigoor Cardiids, represented
Brrgely by one species of Carditam,average 700 ol the bivalves in the samples.,

Three of the nine stations vary in species composition, At stations CL 2N
and CL20in the northwestern and sottheastern sectors, respectively, the
diastomids constitute only 177 wnd SO77 of tie gastropods, compared with an
average oF 817 i the other samples, and there is an apparent concomitant
inerease in the proportion of Acteocina . reprosented by 274 and 1747 of the
samples Clable 220 Seafioke, which constitutes a significant part ot the
assemblages ul the other stations, was absent ot stations CL 28 and €129
(g, 441 At station CL 20 in the southeasternmost seetor, gastropods
CONStItute 9777 af the assembligee, o Figuee similar to that of the assemibliges
i the auter igoon. Variations in standing crop do not Gl into o pattern amd
are asstimed to depend an the substsata sampled by the dredge.




Figure 44, Distribution of Sceliols,
Cerithiopsis, unid matainellids.
@ Scaliols
@ Cerithiopain
O Marginellidag

DISCUSSION

The oceurrence ol three distinetive assemblages of mollusks ut Canton
Atoll paraliels that reported tor Funning Atoll (Kay und Switzer, 1974).
Canton and Fanning Atolls lie in the same biogeogruphical reglon in the Centrul
Pacitic and have a rather similur physiography (Henderson er al. . this volume).
Canton, like Funning, is o roughly oval atoll with a single deep puss und, like
Fanning, the lagoon Is subdivided into two sectors by Hne and pateh reefs. At
Fanning the equivalent of the outer ligoon of Canton is un aren of ¢lear water
adjacent to the pass through which currents of more than § knots have been
revorded. The equivident of the inner lugoon at Funning is an areu of turbld
water (Smith ez al, 19710 Much of the inner lagoon at Canton s also turbid
(Smith and Jokiel, this reporty, wnd this tarbidity may be the water quality
parameter most dlosely associated with the similur micromollusean disteibution
partterns recorded at Canton and Fannlng.

At both Fanning and Canton the seaward reel slope assembluges are
characterized by high species diversity . low standing crops, and numerous
faunal grazers represented by triphorids, cerithiopsids, and marginellids, At
Fanning and Canton the lngoon assembluges are divisible into un outer
assemblage and an inper assemblage, the former characterized by Jower stunding
crop, higher species diversity, und o preponderance of epltuunal microherbivores,
the lutter by higher stunding crop., lower species diversity, and o high proportion
of suspension-feading mollusks, 1o both lagoons a dominant component of the
gastropod assembluge consists of the fumily Risstomidae, with Diela glammea
predominating in the outer lagoon (elearswuter area at Fanning) amd spevies
ol Obtordo charaeteriziog the inner tugoon (Curbld-water aren at Fanning).
Aniong the bivalves, tellinids predominate in the outer lngoon at Canton, us
they doin the clearswater ureas of the lagoon at Funning,
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Differences between the molluscan assemblages of Canton and Funning
are us striking as are the similarities, but the differences appear to be primarily
in species composition and dominance putterns. It is tempting to suggest that
water composition other than turbldity may account for the differences:
Funning s predominantly « low-salinity atoll (Smith and Pesret, 1974), while
Canton Is dominantly hypersaline (Smith and Jokiel, this report).

The distinguishing features of molluscan species composition in the
lugoon at Fanning are the inordinute numbers of the phasianellid Tricolly
vartabilis, which oceurs on the reef flats and extends onto the patch reefs of the
central lugoon, and the lesser but noticeuble numbers of Mereling sp. A..
Leptothyra sp., and Haplocochlius minutissimus (Kay and Switzer, 1974). All
four species oceur at Canton, but are neither abundant nor frequent: a total
ol 37 specimens of Tricolia was recorded at Canton, compared with several
thousund at Fanning. Al four species are presumably microherbivores, und at
Funning ure conspicuously absent or few in numbers on the lagoon floor,

Five species distinguish the species composition at Canton: Bitrinm of,
glaveosum, Scaliola spp.. Parashicla beetsi, Parashicla sp., und a cardiid, Béttium
Rlarcosum, Scalivda, und Parashicla sp. were not recorded at Fanning: Cardium
spand Parashicla boetsi were present, but not in the numbers recorded at
Canton, At Canton, Bittium and Parashicla sp. are almaost entirely restricted i
to the outer lagoon: Carditon sp. occurs in both the inner und outer lagoon, j
but is relatively more abundant in the inner lagoon; and Scalfola was found
only in the inner lagoon. OF the five species, the hubits of only the curdiid ure
sufficlently known to suggest a reason tor its predominance: cardlids are
infaunul suspension tfeeders, und their oceurrence may be associuted with
peculinrities of the substrata at Canton,

Within the lugoon at Canton anomalies in distribution patterns ogeur
most tieeably {n the inner lugoon, where Scaliola 1s conspleuously absent
from «wo stutions (CL 28 ad CL 29), and where there is a lower proportion §
of bivalves relative to gastropods ut o third station (CL 20). Explanations for
the anomalies ute not readily apparent, The two stations where Scaliola |s
absent are I disturbed sector of the lagoon near an old puss, Their presence
at stutions CL 12 wnd CL 20, which are ulso {0 the reglons of old pusses,
would prechude the explanation for their nonoceurrence at stations CL 28
and CL 29 as being due to oveanic water or outer lugoon conditions, The high
proportions of gastropods relitive to bivalves at stution CL 29 does suggest,
however, thot oceunic or outer lagoon conditions charucterize this area,
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ABSTRACT

Reconnalssance sumpling of isolated bodies of water on Canton Island*
revealed u pattern in salinities related to the physiography of the channels and
flats of the Islarid. Moderute salinities between 13 and 18 9/oo typified channel-
bed ponds, while lower salinities (less than 8 0/o0) typified potholes and water-
filled burrows on the surrounding flats. Highest salinities (greater than 24 ©/oo
and up to 152 0/o0) were encountered in two larger ponds, in lagoon tidal
channels, und in a saltern, A wide variation in concentration of nutrjents and
chlorophyll a suggests ecological dissimilurities stemming either from salinity
differences where such differences are great or from varlations in biological
community development owing to vagaries in colonization or previous
environmental histories or both,

*The term “Canton Idand” relers to the lurgest lund muss of Canton Atoll,
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f INTRODUCTION

Becuuse atoll soils are typically highly permeable, stunding bodies of water

are rare features of the atoll terrestrial environment. Large islets with

substantial inputs of freshwuter in the forn of precipitation will develop

groundwater bodies of the Ghyben-Herzberg type (Cox, 1951). The extent of ‘

fresh or brackish wuter in uquifiers of this type depends on complex relationships

between rainfall, evaporation, islet size. sediment permeability, and tidal ‘

range. Atol! islets are low in profile; topographicul depressions may expose j

portions of the water table, resulting in the formation of ponds or, under !

speciul vircumstances, even streams (Guinther, 1971), The chemicul compo- }
l
i

23 Ea T e

sition of wuter by such ponds may not always coincide with that of the

groundwater in the immediate vielnicy, becuuse surfuce water is subject to

different rutes from the groundwauter in input (rainfall, seepage, tidul Inflow),

output (evaporution and outflow), and bijogeochemical alteration. Nevertheless,

exposed bodies of wuter on atoll islets are evologically interesting und can

also be used to indicute uppermost groundwater conditions. Freshly dug wells ?
serve as the most simple meuns of sumpling groundwater directly.

METHODS

Sulinity observations on stunding bodies of water ut Cunton Islund were
muade between 4 and |1 December 1973, In addition, wuter samples trom
selected sites were analyzed for NOy  NHy POy, SiLand phytopigments. Sali-
nity meusurements were of two types, Sulinities were determined in the tield
by measuring the refractive index ot small quantities of wuter with an American
Optles hand-held refractometer. At some stations, water samples were collected
und the salinity determined In the tabd by comparing the sample conductivity
with thut ot a known stundard (Smith and Jokiel: this report), This latter
method yields more precise (hut, ut low salinities, not necessarlly more accurute)
rexults than does the refructivity method, The results ol both types of salinity
determinations are presented in Tuble 34, When both methods were used on
the same samples, the values derived by refractivity were about 1,5 9/oo lower
! thun the values derived From conductivity analyses., Although analytically
interesting, this difterence does not chnge the basic interpretutions of the
data,
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Tuble 24, Stution descriptions und salinities.

Cie o et L

Sulinity (9/oo)*

Station Dexcription Dute Time A B
1 Cementsined sump adjscent to lugoon beuch, 12/8 1630 6.5 ;
NASA slte (ubundoned) J
A Sump hole at crusher plunt (in use) 12/10 pm 26 :
28 Gravel pit behind shingle berm (oeeun) wt 12/10 pm 4.8
crusher plant ,
3 Old mansmade trench in flut, ubout 2km 8K of  12/10 pm 6 :
crusher plant :
4 Small ordnanco craters on flut 12/8 um 2.5-12.8
$A Shallow depression, seaward side of Mt 12/8 am 6.5
12/11 0900 3
B Cardisoma burrow und seepuge beneath 12/8 um 2
consolidated shingle rise adjacent o SA
6 Smuil ordnunce crators on {lat 12/8 um 0
1 Small ordnunce craters on flat 12/8 um 4.5
8 Moderutesized pond ih depression on flut 12/6 1830 17.82
{haturul channel) 12/8 0810 12.5.14 14.68
12/8 1410 14
12/8 1630 16.02
12/11 1000 13
9 Smull ordnunce craters 12/8 pm 08
10 Shullow depression, seaward side of flut 12/8 pm 2
1] Shallow depression on Mat (natural chunnel) 12/8 pm 13
12 Small vrdnunce cruters 12/8 pm 0.8:2
13 Small pond in depression on Nut (nutural 12/8 pm 14
chunnel)
14 Lurge ordnance cruter on Mt 12/8 pm 0.5 L4
1210 1100 222
18 Large ordnance crater on {lat 12/8 pm 0
13/10 K 202
16 Small potholes and Cardisuma burrows on flu 12/8 1618 1.2
17 Shullow pond in deprossion on Nt (natusal 12110 um 18.8
vhunnel)
18A Moderute-sized pond behind lagoon beueh in 12/8 1600 1.8
nutural channel leuding to fat
180 Cardisuma burrow udjucent 1o |BA 12/8 1600 [
19 Shullow hole dug Intv dry channel 12/8 lol& 3
20 Shullow depression (munemade?) in Nt adjucent  12/6 1240 17 1898
to CGireen Pond '
21 Seepuge (rom beneath beachrock rim beside 12/8 1018 812
Green Pand 13/ pm 10.31
22A Green Pond; lurgest “pond** on Cunton 12/8 1000 "
228 Chunnels in cyunuphyte mat extending outward — 12/8 1000 N2
trom shutre of Green Pond
22¢ Cardisoma burrow in dry chunnel leading NI 12/8 1O 108
from Green Pond buain
23 Clear Pond; second largest **pond” on Canton 12/ 1128 24
12/6 1220 26.84
12/8 0940 2792
12/10 1030 2907
(Contd)
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Tuble 24, (Contd)

Sulinity (®/av)*

Station Description Dute Time A B
4 Hole dug into conter of large salt pun (sultern) 12/8 1530 182
28 Cardisona burrow on Nyt just beyond edge of 12/8 1530 1
salt pun
26 Tidul ¢channel on tidul Nat 12/8 1130 43
27 Tidul chunnel at SE heud of tidal flat 12/8 1140 4143
12/8 150U 8.8
BA Cardisoma burrows at edge of flat 12/$ 1518 2

12/10 1000 0.5
8B Water on low part of flat periodically exposed 12/10 1000 14
29 Shullow trench (man-made) on flut udjucent ta  12/$ 1450 ]
roud crossing

30 Tidal channel In tidal Nut (west) 12/6 1048 42 43142

3 Tidal flat 12/6 1030 43,5

*Sulinity A meusuted in the feld using o relractometer; Salinity B measured in the lub from a bottled

sample on u conductivity meter,

UBSERVATIONS

Smull, exposed bodles of water on Cunton Islund are restricted largely to
the east and southeust portions of the island. Thix distribution appeurs to be
a consequence ol the fuctors which Initially built the istund above the reet
buse, ulthough construction of fortiticutions during World War 11 sufficiently
disrupted the ground surface along the northwest and northeast portions of the
island so thut the original topogruphy there iy obseured. The absence of
surfuce water on other parts of the islund does not. of course, rule out the
oceurrence of fresh or brackish groundwater there,

The sumpling sites established during this study are shown in Fig, 45 and
40, These statlons are deseribed brietly in Table 24, Although un appreciuble
range of sulinities was encountered (from 6 to 152 0/00), u pattern in the
distribution of surtuce waters does emerge. This puttern is related to the
physiogruphy of the tlats on which most surfuce w 'ter oceurs. Low ground
between the seawurd beach berm (noripally the highest part of the island) ind
the lugoon beach oecurs in the form ol extensive fats (ightly stippled arcas
i Fig. 40). The detailed origin of these fats Is unelear, but they are most
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Figure 45, Canton lsland, showinp
wuter sumple sites 1.3,

certainly the work of scawater flowing onto, ucross, or between ancient
islands. ‘The flats are morphologically similar to those described on Fanning
Atoli by Guinther (1971 and on Diego Gurein Atoll by Stoddart and Taylor
(1971, but the Canton fuats differ in not having a regular tidal flow of lugoon
water. Evidence for u higher stand of sea level at Canton (either eustatic or
tectonic) may be found in the extensive escarpment of detrital limestone
sirrounding the lagoon and bordering portions of the inland flats, The verticul
relief of the limestone exceeds 2 m in some places. A consequence of the
subsequent lowering of relutive sea level was to strand the Intertidally or sub-
tidally formed fluts ubove the present influence of tidal water.

The possibility of present-day seawater incursion onto the flats during the
seasonal higher tevel of the sea ut Canton seems unlikely, Our visit coincided
with the month of maximum average sea level (December). yet the flats were
above any tide level, Nonetheless, particularly large positive deviations in seu
level, associated with strong cquatorial countercurrent transport {Wy rtki,
1973, might allow occasionyd tidal ow across the flats, Therefore, formation
of these flats at present sed levels cannat be ruled out,

Active tidal fTats with well-delimited tidal channels are restricted to one
lvge infet at the extreme southeust end of the lagoon (stations 26, 27, 30, and
31 in Fig, 40) and to severyl smaller areas separated from the lugoon by sandbars,
The stranded inkind flats slope gently toward more or less central dry chunnels
whose courses are eventunlly higoonward, These channels apparently connect
the inland fTats to the fagoon, ulthough the present lagoon beuc's s not broken
where the channels contact the shore. De-pite the laek o direet evidence indi-
ciating tidul fTow. the channel beds of the inland fluts are clearly demarcated in
most places and appear to be infloenced by recent surface flow, Torrential
rains during the 1972=1973 period of high raintall may sccount tor these
featires,
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Figure 46, Derailed map of the southeastern portion
of Canton Island, showing water sample sitex 4<31,
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The surface of the inlund Pats is u continuous sheet of detritul limestone,
generally less than 1 em thick and apparenty formed i situ. In the chunnel
beds, this hardpan surfuce is overluin by thiu crumbly crusts (dried cyunophytes):
terrestriul macroscopic plants are rare, Over the remainder of the flats, excepting
areus oceupied by stunding water, plants are abundant und contrust sharply in
their growth and green coloration with the sume species occurring on higher
ground. The healthier condition of plants on the flats (where the grusses
Lepturus spp. domingte) Indicates the proximity of groundwater to the lund
surfitee in these areas, In tact, tidal fluctuations ol the groundwater cause it
to emerge periodicully in some locations: the water table cun be seen readily in
hurn])ws of the kind crab Cardisoma carnifex und in shullow depressions on
the tluts,

Most ol the exposed bodies of water associated with the flats tull into one
of two groups based on location relative to the chunnels crossing the Mats.
Those bodies of wuter locuted in the chunnel beds had sulinitios between 13
and 18 ©/oo. Bodies ol water not located in the channels, but tfound elsewhere
on the flats, had salinities ranging from 0 to 8 9/oo, Some exceptions may be
found. particulurly in arens associated with Green Pond (station 22), Clear
Pond (station 23), and the salt pan (station 24),

Differences in sulinitivs between ponds in the channe! beds and ponds
uway from the chunnels on the fluts may be reluted to surfuce tlow patterns.
Perhaps tidal water occasionally enters the chunnels during exceptionally high
tides that ure coincidentul with anomalously high sea levels, Groundwater fus
may also differ in the two types of ponds, Some evidence of fow-salinity
groundwater entering dhe pond at station 8 exists in the series of salinity
determinations made there, Salinities in this pond appear to fuctuate diurmally.
with sulinities of about 14 O/oo oceurring in the morning and salinities of
around 17 9/oo resulting in the evening after a daytime period when evapo-
rution apparently exceeds the intlux of groundwater,

During the period ol our stay. evaporation exceeded any groundwuter
flux to Clear Pond (station 23) so that this lurge pond increased In salinity at
arate of nearly 1 0/oo/day. This rate ol increase is probably short-term, Water
sumples collected rrom Clear Pond approximately once cach month between
Junuary and October 1974 revealed thut the salinity fTuctunted between 28
and 37 0/oo. In general, low salinities coincided with manths of high ruintall,
At one time the pond basin wis observed 1o contain no surtace water, a circum-
stance probably resulting from an exceptionally low tide rather than from
evaporative water loss. During our short stay on Canton, the water level in
Clear Pond could be seen to fluctuate dally, although these fluctuations were
considerably out ol phase with the lagoon tide.
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Salinity. nutrient content, and the suspended chlorophyll content of
cight selected ponds und one lagoon inlet stution are presented in Table 28,
The stations huve been arrunged in order of increasing salinity, The only pattern
relative to salinity which emerges is that the silicate concentration devreases
slightly with fnereasing sulinity up to approximately normal secawuter sulinities,
und then increases sharply with increasing hypersaiinity. ‘The highest levels
ol nitrate, ummoniy, phosphate, and silleute were found at station 24, 4
shullow well dug down to the water tuble at the bottom of o natural salt pan,
With scattered exceptions, nutrient levels in all the ponds sumpled were within
the range ol concentrations observed in the Canton Atoll lugoon (Smith and
Jokiel, this report). Chlorophyil a conventrutions varicd over o range from less
than 1 to over 3000 gg/liter, The highest values were in two samples obtained
from Green Pond (stution 22), and one sumple from the erater pond (station
15). Green Pond had o dense, deep green volor which obscured visibility
beyond a depth of 10 em,

Tuble 28, Sullntty, nutrienty, und chivrophyll a levels of soleeted ponds ot Canton.

Sulinity NO3 Niig LV 810, Chlurophyll u

Stution ¢ Yso) tagsatom NAer  @tsatonm N/Wwery @geatom PAiter) ageatom Siititerr  gag/liter)

18 202 0.02 .62 .30 12.6 9.0

14 .22 1.4) 009 0,03 12 0.8%

21 10.31 $.14 4.70 0.62 2,18

L) 17.52 (1R ]] 1.33 .87 2.3 249

20 18.98 0.3 123 221 2.2 4.82

23 9.7 6.68 0.83 0. 2 KK

kil] 4141 010 0.81 018 2.3 0.98

22 7.0 028 .97 .48 10.4 32702140

24 182.0 2.5 R{JPAY] 22.88 2306

Stations Id and 18 present a particularly curious situation. These two
separite bodies of water are located within & m of each other on the
Mat (Fig. 45). Euchis a small crater about 1 m across and 0.5 m deep: both
were upparently formed by ordnance explosions, Salinity ditfered only
stghtly between the ponds in December, but water at stution 14 was clear,
while that at stution 15 was bright green, A comparison of chlorophylia
concentrations (Tuble 25) reveuls the magnitude of the ditference in
phytoplankton abundances. The pond at station 14, with the lowest
chlorophyll a voncentration of all samples tuken, showed relatively low
fevels of ammonia and phosphate, but moderately high coneentrations of

IRi

e

PRCEA ST R

e it 31"

s aoBhin ittt sk b e, N e St e <m

R,




nitrate, The nutrient concentrations ut station 18 were reversed, with moder-
ate levels of both wnmonks and phosphate and low levels of nitrate, Silicate
coneentration was very high at station 1§ and consequently did not it the
sulindtysto-sdlivate relutionship apparent in the other samples,

The general distribution of chemical nutrients in the uquifer cannot be
determined from the data collected, Satmples for the analyses reported were
tuken from open bodies of water in ull but one ense (station 24), and
bivlogieal activity in the ponds certuinly alters the dissolved nutrient coneens
trations in the adjucent groundwater us this water enters the ponds, Seepuge
Into Green Pond fraom the base of w limestone escarpment (station 21
provides some Indication of chemicul nuteient levels In groundwater having o
sdinity of 10 9/oo, OF the dissolved substances measurad, only the coneen-
trution ol silicute Is increased by evaporation in the reeviving body, Howuever,
even in the case of sileate, additionnl mechanisms must be considered to
explain a Fourfold increase in silicate with a sevensold incrense T salinity.

The wide variation in nutrient and chloraphylt a concenteations from pod
1o pond suggests thil the ponds are ecologically dissimilur. To some extent chis
dissimilurity would Tollow rrom the wide range of sutinities encountered. On
the other hand. ponds with similar salinities differed appreciubly in properties
closely tivd to biological processes, In at least one comparison (stations 1< and
IS) differences in the chemistry of input waters ure unlikely, and random
ntroductions of specitiv phytoplankters or herblvores may serve to explain
ditterences In phytoplunkion standing crop us measured by chlorophyil
concentration. However, stinding budies of water appeuring to be chemicully
similur at the time of this survey may have recently been dissimilar random
colonizations would then be significant in determining biological community
composition. Insufficient time may have clapsed for all potential colonizers to
have reached ull hubjtable environments,
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