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variability. w!iicl~ may be attributed t o  a combination of the immediately 
previous liistory of these bodies as well :is t o  the phpsiograpl~y of the atoll 
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Canton Atoll. 



Canton ,\toll ' 1s the largest of eight islands in the I'hoenir Islands of the 
South Pacific Ocean (Frontisp~ece) The atoll has been the subject of several 
surpeys, most of w111ch have dealt w ~ t h  aspects of the terrestrial biota. The 
pi<,ent I epolr. is. for the most p u t .  based on a marine environmental sulvey 
L O I I ~ ~  u L t e L i  111; k 4 L r ~  1 lrt ~ > I I I T ~ L ~ - I ~ J  ?A:t;~agei~i<lLt O f f i x  ( N a v J  111del >ea 
Ct.1:tc.r. il,iv,,i~r L : b o r ~ t ~ ~ y  j h ~ : ~ ~ : e n  27 Notembcr c t ~ ~ c l  I 1  December 1973, at  
ihi. i~;!IxsE or the kiSAE: EB-:nv!ronnxntA 1IeAth hborcllory (Kelly A n  Foi-cc 
B a h t .  l't:'it3sp S~ ien l i \ l \  partrc~patmg In the ckpetlirion ~ncfuc!ed I? Q' Evans l i i  
1 C; b lno~~ho~ ig .  .l:;cl Ht 5 I:eml:r~on ($lE:MQ), I '  L Jo'xirl Y I ~  E B. C i h ~ l i e r  
!f bawai~ I n ~ t i t t ~ i c  of V;1 me 13!ology. University of IIawaii): aiid S V h i i l l  
iillMB:T!4kMOg. Aiso prewnt wab 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 
ob~cr~dll0115 by J. k. Maragos (HIMB) In September 1973 and both hydrographic 
information and coral observations by P. L. Jokiel and R. M. Callahan (USAF) 
in June 1972. In addition, E. A. Kay (Department of General Science, UM) has 
analyzed and reported on  the micromollusks in sediment samples from Canton 
lagoon 

The primary justification for MEMO and HjIA/lB participating in this 
expedition was the opportunity to collect a broad variety of biological and 
physiochernical data for comparing Canton Atol! with other marine environ- 
nents .  the ultimate goal being the development of an environmental range for 
the objective inlercon~parisor: of geographically separated marine environ- 
ments. In keeping wit11 such a justification, the Canton data have been stored in 
the Hawaii Coastal Zorie Data Bank of the University of Hawaii. 

This survey of the Canton Atoll lagoon was undertaken to determine the 
distribution of abiotic environmental variables and biotic responses to these 
variables. In particular, there hai been an attempt to  find what effects, if any, 
human influence has had on the atoll. As is true for most surveys of remote sites, 
the available data are largely restricted to  a single instant in time. In view of the 
tremendous meteorological variations, this limited time frame of data is unfor- 
tunate. However, the relatively simple physical configuration of the lagoon, 
some ancillary data which were gathered before and after the major survey, and 

*The term "Canton Atoll" is officially sanctioned by the US Board on Geographic Names; the term 
"Canton IsIand" will be used throughout in reference to the main island of that atoll. 



t h c  interprc~at ion of physiographic feature\ in the lagoon :~llow far-rc'ach~ng 
inferences t o  be made from this survcy. 

< .  

I h e  Canton lagoon is almost landloclted, with 3 singlc pass on the western 
side of the atoll. Othcr  sllallowcr passes, a150 along thc western side ol the atoll 
and north of the present p ~ x s ,  were art~ficiallq closcd di l r~ng causeway construe- 
tlon ::bou~ 1'143. Thc a e s  of tirc lagoon i j  ,ibout 5 0  1,111~. . ~nd  1 1 1 ~  1rie;t11 C I I ~ ~ I I I  
<$ f ' i h?  I4gm11 I \  .lh:~:ll 0 1x1 

'The lagooi; physiography :tnd biota car; be :?escribed in terms of four 2 ~ : z ~ s .  
TIze first of these (the Pass Zone) is within 2 km of t he  pass and has wcll- 
~.!evelc~ped ; i t c h  reefs ;rnd corn! k n ~ ! ! ~ .  The scctsnd zone (I,ii:e Re<?' Zone) 
c'.itti_nds from 2 to X krn from the pass and is characterized by lineam- reefs with 
i.e!ver corals. 'Tile third zzne (Back Lagoon Zone) is il? tile most distant, soui,h- 
eastern corner of the  lagoon, has few reef structures and very few live corals. The 
fourth zone (Altered Zone)  has reef structures which are physiographically 
similar t o  the Pass Zone, but has a live coral distribution which looks more like 
that in the Line Reef Zone. The ocean reefs of the atoll undoubtedly also show 
zonation (at least into windward and leeward reefs). During t he  present investi- 
gation virtually all examination of the ocean reefs was confined t o  the leeward 
(western and so~athern) portion of the atoll. 

Water is exchanged between the ocean and lagoon by tidal flushing at the 
single pass. Flushing is most efficient near the  pass; t h r o u g h o ~ ~ t  t he  rest of t he  
lagoon, flushing is accomplislieti less rapidly by tidai and wind mixing. During 
t h e  time of this survzy, and apparently under most conditions at Canton, there 
is an cxczss of evaporation over rainl'all. Hence, sa!inity in the  back lagoon is ai- 
most 40 o /oo ,  o r  4 o /oo  ahove oceanic values. 

Water cnters the lagoon relatively nutrient rich (about 0.0 minole k /m3 ,  3.0 
mmoles N/m"). By the tiine the water reaches Lhe back lagoon, these nutrients 
have been depleted t o  near 0. Based on nutrient and C 0 2  budgets, the  net organic 
carbon prod~action was 6 g C i f 2  day-' , and C'aC'O, production was 1.4 y CaC03 
r f 2  day-'. All metabolic rates were highest near the pass. Most of the  CaC0, 
prod~aced in the lagoon remains there and contributes t o  lagoon in-filling. The 
high gross and low net organic carbon production indicate that  oyganic products 
are effectwely recycled by the  system. ~ o s t  of t he  net organic carbon produc- 
tion which does occur is lost from the' lagoon. 

The distrii;ution patterns of three major groups of organisms were examined : 
corals, fishes, and micromollusks. A total of 82 coral species from 38 genera were 
found at Canton. Corals on  the  slope of the leeward ocean reef appear t o  be 
controlled largely by  interactions among the various species. Both on  the  reef 
flats o f  the  ocean reefs and in the lagoon, the  coral distribution is apparently 
controlled by physical conditions. The number of species and the coral cover in 



the lagoon decrease with increasing distance 1.1-om the p~iss. Some aspect 01' circu- 
I;ition, perhaps water motion, is likely t o  bc  the major variable cont~~oll ing this 
distribution. ?'he n ~ ~ n l h e r  of coral genera observed at  ('anton is consistent with 
the generally held idea that coral diversity decreases f1.0111 west t o  cast across the  
Pacific. Ocean. Cornparim11 o f  the Canton corals with the biota of other  nearby 
reef areas demonstrate\ peculiar. and not  enlii-ely understood, discontinuities 
a n d  patterns of dornjn;incc t'~.onl one 3rea t o   nothe her 

The third group of organisms examined during this study was the niicro- 
mollusks. A total of 90 species was recorded. These could be divided into three 
assemblages: slope of' the seaward reef. outci- lagoon, and inner lagoon. The 
seaward rei-f sample has a low standing crop and high diversity, while bot11 lagoon 
~lsseinblages have higher standing crops and  lower diversities. Some aspect o f  
watzr composiiion, perhaps saiinity, is pustulated to be a major control in t!~es;? 
mollusc:111 dislributiun pattei-11s. Turbidity of  lagoon wat-cr ~ t n d  the  nature of 
available substrata  my ;)is0 I7c rnaior conl:rolling variables. 

There arc common cl~aracteristics t o  :ill 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 t o  be the dominant influence o n  compo- 
sition. The lagoon biota become progressively less diverse with distance from the  
pass. Various physical factors can be called upon t o  explain this diminishing 
diversity. 

Sampling of water bodies o n  the atoll reveals that  these features arc also 
related t o  the physiography of  the  atoll. Standing water occui-s in various low 
spots 011 the atoll, and ma-jor groups of ponded water bodies have salinities 
ranging f ~ - o m  well below t o  well above oceanic values. These patterns must 
record, in part, 'the degree of  connection between the ponds and the  ground- 
water system of the  atoll. Highest salinity values are found in the  largest water 
bodies, which probably have a relatively slow exchange with the  ground water. 
Nutrient and chloi.ophyl1 levels show 110 such common patterns from one water 
body t o  another.  It appears that  the  composition of each pond is sensitive t o  its 
immediately p~ev ious  environmental history. 



'Thus, the physiography of the atoll. and thercforc in large part tht: 
geological history of the atoll. exerlb major control on both the b ~ o t i c  and ablotic 
characteristics of the lagoon. Man's effect on  the aquatic aspects of the e.cosyslem 
can also be expressed in lesms ol'physiograpliy. Al tc ra t~on  of pass configusallon 
along the webtern side of the. atoll has clearly changed circulalion. watcr compo- 
cition, and biotic cornposition. On land. man has altered t l ~ c  topography ,lnci 
therefort: t11c c11,iraclcl isllcs ol'w'itel bodics. Lf111l1 loc,il euception5, t11t'sc 

t~ficl'ii effects have appd i~n l l )  l ~ e t ; ~ ~  snidl m rorlip,ir l \on  W I I ~  tlir: !LFLUI,!J 
~ > ~ - O L < \ \ C ' -  Of ! > I I Y \ ~ O ~ . ~ ~ ~ ~ I I I L  L ! I ~ ~ ~ L ~ L !  O \ L J  t b ~  !?'i\f - ~ ? v ~ E ~ I !  i i ~ O ~ : - ~ ~ : t d  ? ~ & i i \  
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OBSERVATIONS 

'h:1/1ll?in the  I',i\\ Lone ,  ext cniling 1 0  dpplo ~ t r n d i e l q  hm 1 1  om thc p.i$\.igc 
bc-iwcen t l i ?  o c e m  ' i ~ ~ i i  I,tgoon, t ~ d a l  Ilushlng I \  ohvlotdy t h e  Jomli1:1111 i'ilcto~ 111 

r ~ i a ~ r l t ~ ~ i n l n g  an env~roirme~it  that is rich in biota and Lh,11 has ~ i ra r ly  oceamc 
water quality. Patch reefs are the most common physiographic feature4 in this 
zone, especially i ~ n i ~ i e J ~ a t e l y  east and southeast of the pass. Ncarly half of Llre 
lagoon floor in this zone was dredged during the construction of seaplane run- 
ways and a ship-turning basin. Figwe 1 is an air photograph showing much of 
the Pass Zone and part of the Line Reef Zone. 

Figure 1. Oblique air photograph showing a portion 
of the northeastern lagoon fringing intertidal flats 
(foreground), linear reefs, and the apparently open- 
water area of the Pass Zone (background). 



'T!lc Back L>poon Zone it; !Iic :/one n!osi c!isiant from 1h1: i~i!l~~ci;i:e of thi. 
IL:~!IO;> P:!:<s ii:ig. 3 ) .  111 !-his ZO~!::, Z i l l ~  ~ e j - s  3i.e I;!i:king. 13ai.c.h ~-c<:fs ;iri: sp::i-se. 

. . 
rtrld ! n ~ i : l  i ) i ' lh i?  ! ) ; i d  s ~ ~ b ~ : t i - : i t ~ ~ ~ ~ i  !iiicliding 1ns1:h o j ' t l !~  i ivc  ix:r;ii) is c o v ~ i . ~ t i  
\ , ~ i t I j  ;I { I I ~ I I  l;i!jer <'f f i l > ~  !j~<iji;?t:tl~. Ticj;j! ~ ~ J ~ ~ - ~ I ~ ~ ~  ;irp {):ir~!\.; tfiscc,r:?ij.;]c. 

l-~gure 3. Obl~quc alr photograph from 
the $outllcast, showmg the Back Lagoon 
Zoncand the cdge of the Line Recf Zone. 



Bzfdrr liilnidn disturbance. t h e  Canton Atoll lagoon was connccied t o  t h e  
dpen ocean by four  entrances along t h e  western side of the atoll (Flg. 4, left) .  

1 0 1 2 

kilometers 

Figurc 4. Configuration of the western lagoon and 
passes in 1938 (jcft) and 1973 (right). 



The dredge prohahly was brought through Entrance I .  cutting the channel 
throi1g11 the sl~allow (exposed at low tide) Corql Garden area. This channel is 
approximately 5 m deep 2nd 100 m wide. Dredge spoils wers deposited along 
the channels. forming long. narrow, stcep-sided islands which rise t o  3 height of' 
over 5 m above sea level. The turning hasin was cleared and the deep cliani~el 
was probably dredged from the lagoon side. Later. the seaplane runways were 
clit.. L ~ I L ~  . , (%:ig. 4. right). 111 te!-rns of'altcred w:!ter circulation, i h c  II:OS: signii'i- 
cant m u l t  of the runway drcdgi r i~  appears t o  have been the bri.;~c!iing of rhc 
line reefs a t   he entl o f  the enst-west ~-a!l\.vay. 

Prior t o  dredging, much of the wal t r  entering Entrance 1 was cic.l'lected 
south by the Cora1 Gardens Rcef, and water velocity through Enrranze 1 
probably reached nearly 3.m/s. A smaller portion of the  water was deflected 
north. Lush coral growth typified the entire western portion of the  lagoon. The 
line reefs (called "cross reefs" in Bryan's 1934 notes) were characterized h y  
what Bryan described as "masses of forked, candelabra-like, brown, sharp-tipped 
coral, wliicli rises o u t  of the water." Undoubtedly he was describing 1I4illeporu. 
Me also noted the presence of "purple coral." This coral was probably hlonripom 
tuhe~~crllosa, which is quite eye-catching at Canton and is still t o  be found o n  the 
sllallow patch reefs near the pass. Bryan found the back lagoon to  be compara- 
tively free o f  corals, a condition which persists t o  present times. 

Although Entrances 2 , 3 ,  and 4 were shallow and probably did not provide 
as high a volume exchange as Entrance I , their  presence was obviously of great 
importance t o  the flushing and circulation of the northwestern lagoon. Without 
these nearby sources of oceanic water, t he  patch reefs have ceased normal 



I l e i i ' t e r iou~  ct'i'ccts 011 1 1 1 ~  marine. cnvironrnci!t, asidc f rom 111c pul-i.l>, 
~ucchan ica l  J cn io l i t i o~ l  ol ' rcef stl-uctures. ;lr? not ohvious  n w r  t h e  present passes. 
I~lo\vevcr, clrcclging of  reef s t ructures  williin t h e  lagoon has liaci lasting impact  o n  
the  c i rc~i la t ion  a n d  water  qual i ty  ol 'tllc inner lagoon zones.  F o r  example ,  in 
tllosc areas where  line reef s t ructures  were rcmovecl a t  tlie easlel-n por t ion  of  tlie 
seaplane runway.  tlie edges o f  the  remaining reef' are now suhjectecf t o  on ly  
relatively sluggisll tidal 1'lc)w t l iyougl~ the  c lwpened channels instcacl o f t h e  
strong, shoaling currents  tha t  previously crossecl thcse s t ructures .  ' l ' l~c t runcated  
reef edges esl i ihit  more  fine sediment  cover,  fewer fish, and fewer live corals 
than  ~rndreclged por t ions  of  line reefs. Thick algal mats  and huoyan t  stringers ot' 
algae arc c o m m o n  o n  much o f  tlie shallow substrata of  these local al tered areas. 

Aside f rom tlic t e m p o r x y  cle11vc1-y o f  wind-borne  crushccl Ilmestone 
powder  (and along with i t ,  possibly ammonia  and  o t h e r  t e~ res t r i a l  materials)  t o  
the  land ,ind lagoon SUI-facc o f  t h e  nor thern  edge o f  t h e  a to l l ,  n o  quanti tat ively 
significant input  o f  man-made p o l l u t a ~ i t  was noted a t  t h e  t i m e  o f  this  survey.  



sitcs (unlabellcd symbols), and tide gauge locations 
QG).  Ilashcd arrows from D C 4  rcprcscnt dyc tracks 
from bottom-placcd dyc packet. 



Surfaci,-watel- wind dril't was documented  a t  five lagoon locations by t h e  
relcase o f  drif't cards ( f la t  cai-tllmard milk-carton tops) .  The release sites are 
s l ~ o w n  in Fig. h .  Suc~h cards indi i~ate  how surface,  wind-driven pol lu tants  such as 
oil might ciispcrse; I i o w ~ ; ~ c r ,  t h e  cards reveal little o r  n o  information a b o ~ l t  t h c  
wintl-dl-iven c~~rre i i l . ;  iiiiincdiately below tlic water  s ~ ! ~ - f a c ~ .  Although the  cards 
teiicl t o  111ovc i l l  a gene~- :~l  do\vnwind direction.  their  pa t tern  o f  movcmi.iit is ilot 
simple.  The ma)- 1110ve .;ijlilt distance cii'i'tiic: wind track t o  onc- side and 
the11 griidually shift their  t i - ~ ~ j c c t o r y  t o  ano the r  pat tern  rclati\lc t o  t h c  w i i ~ d .  111 

soinc instances, tile cartis bccome ontraineci in smnll eddies. Piiri oi' i l ~ i : ;  bcllavior 
:I ncto~!k!eclly can  b e  explained hy classi~:al moc!els oi' wind clril'i i b:I; !nan c.l\i-ri'llis 1. 
T h e  ii:ti-r:ii.iion o f  llic tid:il c u r ~ e n i s  a ~ i d  ill? rci-f o b s i r ~ i c ~ i o n s  ;ippe;lrs io :i:i\.c 
i l lort  impor tan t  i n t l ~ i c n ~ e s  o n  wil!ti-drift pat t c i ~ ~ s .  !-:or c\ ; ;~inple,  cards rclcasecl 
o n  t h e  upwind sidc o f  a rcef,  bu t  downstream of t h c  rccl'witli 1-espect Lo tidal 
f low, were seen to remain "tr3pped" o n  t h e  upwind sidc ~ 1 '  t h e  rcef' even tliougll 
the  tc>p o f  t h e  reef was submerged by  scvci-a1 decimeters. Apparent ly  the  tidal 
c ~ ~ r r e n t s  actually break t h e  sui-face under  these circumstances,  with force 011 the  
sea s ~ l r f a c e  eclual t o  tha t  o f  the  wind dmg. 

Tlle ne t  tlirection of  surfacc drif t  is u l t i ~ n a t e l y  downwind.  As shown in 
Fig. 6 ,  dr i f t  cards f rom all locations except  DC-I were found  sevei-a1 days  af ter  
their  rcleasc along t h e  lagoon beaches sou th  o f  the  pass. Cards f rom tha t  single 
except ion (DC-I )  were found along t h e  western lagoon shore  n o r t h  o f  the  pass. 
During t h e  survey per iod,  t h e  wind direction I-anged f rom NE t o  E. 

Incidentally,  t h e  dr i f t  cards only  conf i rm t h c  pat tern  suggested by  o t h e r  
evidence. Specific recovery sites were sandy bcaches licavily littered by  flotsam 
and je tsam.  Points o r  areas clear o f  recent sand accumulation o r  debris  tended 
not  t o  collect drif t  cards.  
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Maximum water residence time in the lagoon is about 95 days. During that 
time, net evaporation raises the salinity nearly 4 0100 above oceanic values. 
Phosphorus utilizatio~i in the lagoon is 0.01-7 mmole mP2 d a y  - I  ; nitl-ogzn utili- 
zation is about 8 . 5  times this rate. Net excess organic carbon production is 
assumed to bz  100 t i~nes  the rate of pliosphorus utilization (that is, about  3 
mnio1c.s ni' d a y  ' . i)r 30 mg C' 111-' d a y  ) .  Gross prorluction, as infen-ecl f ron i  
eas er;c,hange between tllt air and water, is 0 g C' n i \ i l a y 1 .  C'aC.0, production 
&, 

is I4 n~n~o lc . ;  IIT' J a J ;  , or  I .4 g Ca('03 rY2  i i a v ' .  Most of the CaCO, 
produceti in the 1ilgc)on ri'mains there. h i t  ;: s~ihst-sntial p0iT10n o!'the organic 
carbon p r o d ~ ~ c e d  is lost I'rom thc la, ('0011. 

. . , :LI 11iotiiiil is t h ~  pai-anieter e~ci-!iiig mqjor iiil'luence oil ihe m~iabolis!ii  
of the lagoon biotic c o m m u n i ~ y .  Artificial aileration of water ~ - ~ ~ o v e m e n t  paitrrns 
has climged part of tll:it coinmunity. Neither nitrogen nor phosphorus is iiki'iy 
t o  limit met;lbolism ol ' the biota. C'aCO, production in tllc lagoon has probabljr 
been sufficient t o  fill t l ~ e  lagoon with about 20 m of sediment over the past 
8 ,000  years. It is likely that  the  present episode o f  lagoon reef growth has been 
continuing for  that timespan and  that  the C'aCO, production rate has decreased 
substantially over that period. 





C"~lcium i.a!honCtit protlucilon by  201~11 ic 'ef '~ h,i\ been c>rlrnatcci by \c'verill 
~nve\tigators over the past ccn tury (Sol a recent review. see C h a w  cJr ill., 1972).  
The estimale\ have been made for ind iv idu~l  organisnis, f o ~  portions of  ieefs, and 
f o ~  entlli' rezl' \y\tems. Some rccent \tuclies have departed from tlic tidtlitlonal 
approach of e\tlinatlng! C'aC103 production from standing crop and t ~ l r n o l c r  rate. 
~ n t 1  h ~ v c '  turneel io a l k ~ l ~ n i t y  d e p l c t ~ o n  111 the w'itcr column d b  rnea\ui-i' , ~ f  
~orn111~1111ty C"IC'O, p ~ o i l u c t ~ o n  (foi  a revii'w, see S m ~ t h .  1074) .  

lnl'or~iiation at)out [lie organic carbon protluztiviiy of coral reefs is a more 
-.-, r i ~ i l l t  , ,. ilc'vc1opmi'-111. Fo!- the  most par l .  preseni i i i l i : ~  arc restricted to  1-c'i'l'i'lats. 
The  study by O d u m  a n d  Odum ( 1  (155) at  Enewetak Aloll"' remr~ins the most 
c ~ i i i p r c h c n s i ~ i '  dcsi.iiplion of rcci'-i'lai j i i .od~~i . t iv i i~ .  i5timares o f  or:;anic curbon 
p r o c l ~ i ~ i i ~ i l  1- in i-cei' comin~ini i ies  have rclicd pi-iinarii): o n  oxygen cliangcs as a 
lneusure oi'protiuciivity. Kinscy anJ  Domm (I07-F) .  Marsh (1"174), anti Smith 
( , I  0 7 4 )  have all reviewed thc literature dealing with oxygen-derived estimates 
of' organic carbon metabolism on  coral reefs. l i ~  addi t ion,  Smith cliscirssed 1-he 
usc of  carbon tlioxicie to  mcasure organic c:~rbon ~nctabol ism in reef systems. 

Other  metabolites can also provide information o n  the organic carbon 
inelabolism o f  aquatic communities.  Studiec of  oxygen, carbon dioxide, 
phosphorus,  and nitrogen flux across the  windward reef flats 01' Gnewetak Atoll 
demonstra te  that there is no  simple relationship between oxygen o r  carbon 
dioxide flux o f  coral reef communities and t h e  instantaneous flux of  o t h e r  
metabolites through these systems. Pilson and Betzer (1 973)  found no  relation- 
ship between instantaneous oxygen metabolic rates and the  uptake o r  release 

'This spelling of the atoll also known as "Eniwetok" has been officially sanctioned by the 
US Board of Geographic Names. 



In zontrast with rapidly flushed reef flats. atoll lagoons retain water L'or 
relatively long timcspans (von Arx. 1954). Thus lagoons c;111 provide long-tern), 
intcqaled records of community biogeochcniicul ac t iv i~y  (Smith and  Pesret, 
1974).  11 is the pul-pose of the present study t o  considel- an atoll lagoon in order 
to : ~ s c e r t a i ~ ~  thi. net l~iogcochemical acti~lity of a niajor, but largely unstudied. 
portion of i.oral rezfa, 3 1 7 ~ 1  to compare the net ratcs 01' uptake o r  release for- 
v a r i o ~ ~ s  biologically active materials with111 that lagoon. ('irculation oi' water 
in an entire lagoon is niol-c c~ompli-x than water flow across a i'ecl' flat, so 
consider:ible attent-ion is ?iirc.n in Illis, paper t o  t t ~ c  manner in which t h e  liig00!1 
system has been anillyzeti. t3utl~i.th of material flux through the lagi~oii p~-ovidl: 
quantiiative bases for ic;~nparil!y t h r  varibus malcri:tls cx:i!~lincti. 'The sp~itial 
distriliulion of biogi.oclle~i~ii;i t ' i~~xes  c:ln be comp:u-eii wi th  oie;;nol:saphic', 
biotic, and physiograpi~ii  pa t terns  in the lagoon. 

DESIGN OF SYSTEM ANALYSIS 

Expel lence at Fanning Atoll, ,111 atoll phys~ograpliically similar t o  C ~ n t o n .  
bu t  with ce r t a~n  proiiounced cliffel-ences, has been useful in designing the  
Canton study a n d  in intei-preting the result\ (see Smith and Pesrct, 1974). The 
lagoons of 11otli atolls are ncal-ly landlocked. Fanning lagoon exchanges water 
with the  open ocean through one large pass and two smaller ones. while Canton 
lagoon water exchanges at a single large pass with channels t o  either ride of a 
small, artificial islet. As a result, the lagoon circulation at C'anton is simpler than 
that  a t  Fanning. Fanning has tidal flows at each of three passes. with net 
advection f ~ o m  east to  west across the lagoon (Gallagher e t  a l . ,  1971). Tidal 
inflow and outflow at t he  single pass of Canton necessarily balance one  another,  
except for a slight net inflow t o  offset evaporative loss. 



Smith a n d  I'esret ( 1074) calculated salt a n d  water budgets for the Fmning  
lagoon to ascertain the relationship between thc residcnct. time (T)  of  water in 
thc lagoo11 and salinity: 

Canton is ordinarily a dry island (Taylor, 1973 ). Conseq~ient ly,  details of 
the Canton water-budget model differ from those of  Fanning. The  evaporation rate 
(c') can 110 longer be ignored, but groundwater apparently can be. 'There- is 
sllbstantial groundwater nt Chntoii (Guinther. this report). h ~ i t  there is no 
evide,iice of signil'icani seepage from the groundwater iilto the lagoon (samples 
g;ithei-cd by t-;. C .  Evan:: I 1 1  and E. B. G~iinthilrj .  I11 fact ,  evaporation is a 
donlinant term in the water budget at Crmton. :IS e::iciencec! by the elevatcd 
lagoon s a l i n i t ~ ~  first repoi-ti?(! by mil 2waluwenbu1-g (! 94! ). The appropriate 
equalion *ii; clzsci-ibr lagoonwater- i-~sicleiici~ 'ri1:;ic in this high-evaporaiioii regimi- 
becoinc-s: 

r 7 
z 

I (clays) = -- 
(Y-c>) 

Note that th is  general approach t o  calculating I-esidence time is appropriate 
only if there is :I salinity differential between the ocean and the lagoon. Without 
such a differentkil, the eq~la t ion  becomes indeterminant, because the  denomi- 
nator and nunlerator of the equations are then zero. 

I11 the  absence of a groundwater-induced low salinity rim around the  lagoon 
margin, Eq.  '2 also describes the relationship between local variations in salinity 
and the  age of water a t  that locality (if one  assumes constant water depth,  
rainfall, and evaporation throughout the  lagoon). In that  treatment of Eq. 2, Sl 
is t he  salinity at  that locality, and T is a local estimate of residence time. 

This salinity-residence time equation may be extended to calculate bio- 
geochemical flux of materials within the lagoon. That  is, for  any constituent of 



l..cluati~~n 5 anti t h e  appropriate regression equation l'or I' will he used t o  
calculutc the rate of '  change for  each of several materials in the lagoon in 
i.cspo11sc to  biogeocl~emical processes t'ol- the Canton I:~goon. 

This record o l ' J : / ' I '  provides a n  estimate of the nct rate of biogeochem- 
ical change in I' as integrated Srom the pass t o  the S/ value in q ~ ~ e s t i o n .  
Ecluation 5 could be dit'ferentiatcd t o  yield a n  estimate of the biogeochem- 
ical rate AYl'I' at any location (or  salinity). Heca~lse the simple polynomial 
equations imposc obviously simplified pat tcms of change on thc data (for 
ex:implt', a constant rate of change in ~ ~ p t a k e  or  release if the regression 
equation used is quadratic),  that detailed information has not been extracted. 
The solution oSEq.  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. 



Table 1. W:itcr m d  sediment par:~iilcters ~ileasurl'd in the 
Chnton lagoon during the 1972 :inti 1973 surveys. 

T c m p c r a l u r ~  
Salinity 
Nutr ients  

PI{ 
A l k i i i ~ ~ i t y  

0 2 
Conductivity 
Suspended ClaC03 
Suspended phy lopigments 
Secchi disc 
% light trnnsmission 
Sediment organic carbon 
Sediment mineralogy 
Sedimenl grain size 



At 13 s ta t ions ,  s i~i iu l taneons  mc;rsurcments were made  01' Secclii disc 
I-cactings and pcrcciit light ti.ansiiiission. and s a ~ n p l c ~  were t;ikcii for  phytopig-  
n ~ e n t s  and saspcndcd C'aC'O,. S e ~ c l l i  disc re;~diiigs followed conventioilal field 
~neasul-eiiieiit proccclures. I'crccnt light transn~issioll  was nlcasui-ed wi th  a 
1-iydro-Proclucts model  0 I 3  t ransmissonieter cq uippctl witli a I-in nictasurc- 
ment  cell. Samples l'or pliylopignicni analyses wcrc collected as  dcscribcd 
above ;  samples fo r  CaC03 analyses were l'ilterecl o n t o  O.Xp pore-size Millipore 
filters. rinsed witli deionized walel-, and [hen  a i r4 r i ed .  

l'llc laborntory used for salinity analyscs was :in ai!--conditioned r o o m  
mainlaiiied near 25°C. A Plessey model  0230N laboratory conduct iv i ty  
salinomcter was used fo r  t h e  analyses; it was  standardized against a Copen-  
hagen Water primary standard and working substaiiclards. T h e  laL>or;~tory used 
fo r  pH ancl alkalinity measurements  was n o t  air-conditioned b u t  was  used 
bccause o f  its ample  sink and working space.  Tlie r o o m  remained near 30°C 



Sed~men t  organic c ~ r b o n  pi~~-c.c'iit~~ges wele determined by weighing a \edi- 
men1 ciliquot J I I ~  then using an F & h4 modcl 185 C'HN anal>rcr  t o  mcdsulc the 
amount of ('(I2 icledsed ,it dl1 o x ~ t L ~ t ~ o n  temperature of 700°C, according t o  a 
\ligl~t m o c i ~ f ~ ~ d t ~ o n  of  the techurque tle\cr ibcd b y  Teleh nnd Ma1\h~i11 (1 074) 

Equation 2 is used t o  construct thc salt and water budgets of the lagoon. 

The  mean lagoon depth was detei-niined by gridding the Hydrographic 
Of'ice Chart of the Canton Island Lagoon (No. 83 105) into approximately 
2,200 squares and estimating the mean depth at each grid intersection. The mean 
lagoon depth was fouild to he 6 .2  m. 

Rainfall records luve  been maintained at one  o r  both of two weather 
stations at Canton Atoll since 1940, except for three interruptions (I  941-1 941, 
1945, 1967-1 97  1 ). Taylor (I 973)  reports the  available data from these two 
stations through 1973 (except for the  period from December 1971 through May 
1972;  records from that period, plus the  period from January 1973 through 
October 1974, were obtained from U. S. Air Force records). Table 2 surnnlarizes 
relevant aspects of the  rainfall data.  



.Ianu:~ry 88.9 
Fcblu:ir! 45.8 
March 58.5 
A pr 11 90.1 
May 76.1 
Junc 60.4 
July 61.2 
August 56.7 
September 33.0 
October 35.2 
November 5 1.7 
December 69.3 

NOTE: 
wettest 12-month period. April 1972-March 1973 
one of dricst 12-month periods: April 1973-March 1974 
driest 12-month period: January 1954-December 1954 



Figure Sdl~nlty isopleths (Oloo) In the Cdnton Idgoon. 



been combined into t h ~ s  single map. Figure 9 shows salinity as a f~inct ion of distance 
from the lagoon pas\. -4t the  time of the survcy. ~alii i i tv increased wit11 distance 
fro111 the  pass from an  oceanic value of 35.7 o / o o  t o  a back-lagoon value of about 
39.5 0100. The  trend is well approximated ( c o e f f ~ c ~ c n t  of determination = 06'%) 
by t llc following empiricsl c l~~adra t  ic regression equation. 

Dtstance From Pass (km) 

The various values established above may be substituted into Eq. 3 in order 
t o  calculate the residence time of lagoon water. The estimated nlean residence 
time is about 51, days; maximuin residence time is about  95  days, and there is 
about a 25-day residence time for each 1 0100 salinity increase over the  oceanic 
value of 35.7 0100. 

The above values are locally inapplicable on  the  intertidal flats along the  
lagoon rim. There, the  salinity may increase by as much as 1 0100 over a single 
tide cycle because the  water is temporarily held o n  these flats and heated during 
daytime falli~lg tides. On subsequent rising tides, this water is flushed off the  
flats and mixed with the bulk of the lagoon water. The  area of these intertidal 
flats is sufficiently small so that this local effect has been ignored in constructing 
lagoon-wide budgets. 



June  1972 S a l ~ n ~ t y  Excess (0100) November 1973  
I k c e m b e r  
January 1974  
I.'ebruary 
M:u.ch 
April 
May 
June 
July 
August 
September 
October 



f r o n ~  Noven~ber  ~ ~ n t i l  April 1974 and then decreased by about  1 0100. Rainfall 
from April t l irougl~ July was n~arkedly higher than  rainfall over the  previous 
months, so the salinity decrease is t o  be expected. From August througli 
Octoher.  rainfall dropped L I I I ~  salinity rose. 

The loci11 change in wllnliy with respect t o  time, (Fly.. equals the eddy 
diffu5ion coefficient ( I ) )  times the second derivative of salinity w ~ t h  :rspect t o  
dlst,ince f~c )m the pass ( X )  plu\ ilse net evaporation rate coefS~clent (a) !]me& 
the local \:ilin~ty ( S I )  Ht cdn  be assumed (;ind this assumption is generally 
supported by t he  d~;t,t in T'lbles 2 and 3 )  that  there w,is a steady-sta 
l i o ~ i  of  \alin!ty be low and ~t the time 01, thc 1073 survey (that is. ( 
I q u , i t ~ o n  8 can therefore be rc'irranged d n d  solved for  D at the mean 
Idgoon sallnlty (Sl = 37 7 0100). The  cvdp~~ra t i on  rate constant equals the daily 
net evapordion rate (0.007 m/day)  divided by t he  mean lagoon depth (6.2 n ~ ) ,  
o r  0 .00  1 13 day- ' The secc)nd cierivatlve of salinity with respect to  distance from 
the pass can be calculated from Eq. 7 :  

Substituting these v a l ~ ~ e s  into Eq. 8 yields L) = 1.054 km2/day ,  o r  1.2 x 10' cm2/s .  
This value corresponds closely t o  the value of 1.0 x 1 0 " d / s  calculated from 
Okubo's (1 97 1 )  equation relating L) t o  eddy size (using 12  km.  the distance from 
the pass t o  the  back lagoon a t  Canton, as the appropriate eddy size). It there- 
fore seems probable that  the net dispersion of  materials through the lagoon a t  
Canton can be accounted for in terms of  eddy diffusion. 



Nutr ient  Budgets 

Figurc 1 I is a mLlp ol p l~ospl ia tc  distribution througliout t h e  lagoon. and 
Fig. 12 i \  a plot o f t l i a t  nutricnt again5t salinity. T h e  PO, values decreased from 
a nican o f  ahou t  0.6 mmole/m\iear the  paas t o  a l ~ o u t  0.1 mrno le /~n"  in the 
bacl, lagoon. 'I'hic decreaw 15 empirically wellilcscrihcd (coefficient ol 'deter- 
minr~t ion = 89'4) hy thc  fo l low~ng  q u a d r a t ~ c  regrcision ~ y u a t i o i i :  

Figure 12. PhospIl;~te versus salinity, including 
quadratic rcgession line. 

Salinity (0100) 

,For convenience, all notation of nutrient concentrations is given here in terms of nirnole/m3, 
instead of the more conventional-but equivalent-notatio~~ of pg-atom/liter. 



l i  c:iii bc: :~ssurneii thiit  all of' this p11osph01-us ~ipi;rke went inio the 
production of  organic m~~tcr i :~ l s .  'The only other likely phosp1io1-us sink would 
hc inorganic phospliaic minerals, but  iliere is no evidcncc ll l i i i  they arc a 
significant compoilcilt oi' re?< sedinlemts. P ~ O S ~ ~ ~ O ~ L I S  t:~kcil illto tlii. ~ t d i i l i c ~ l l s  
in organic carbon compounds is obviously sub,jc'ct to recycling back into the 
water as these compounds arc oriciized:Such recycling is not o f  direct concel-11 
liere, hecause the budget represents net ~ t i l i za t ion .  One l'ui-ther complication 
in the phosphoi-us budget is the possibility of a significant phosphorus source 
other than dissolved reactive PO4 input a t  the lagoon pass. For  example, PO4 
derived from phosphatic rocks might seep into the lagoon; the  PO4 versus s a l i ~ ~ i t y  
diagram (Fig. 12) does not suggest such additional complexity. 

Two forms of dissolved nitrogen were measured in the lagoon waters: 
NO3 and NM,. Nitrite was not measiu-ed, because the level of NO2 in surface 
seaw:~ter is ordinarily very low. Maps of these parameters are presented as 
Fig. 13 and 14, and plots of  these materials versus salinity are presented as 
Fig. 15 and 10. The  NO3 distribution (Fig. 13 arid 15) was similar t o  t he  PO4 
pattern; values decreased from levels of about  2.5 mmoles NO3 /m3 near the 
pass t o  near S in the back lagoon. The  NM3 pattern was inore complex. Values 
were about  1.5 mmoles NH3 /in3 near the pass, followed by an abrupt decrease 
t o  about  0.4 mmole/in3 throughout much of the  lagoon. However, there were 



Sal in i ty  (Oleo) 

1,'igure 15. Nitrate versus salinity. 
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Sal ini ty (Oleo) 

Figure 16. A~nmoni;i versus salinity. 



35 36 37 38 39 

Salinity (Oioo) 

'Table 5.  To131 disso1v~'d ~ n o r ~ , ; i n i l :  nitrogen ~l l i l imlion in the  Canton lagoon, 
as calculated from Eq.  5 and 10. 

'Total dissolved nitrogen Nitrogen utilization 
Residence ,A ,'q (2) .Ti - .w Salinity Time,  T NI 'r .. A . p 

("/~)o) (days) (nimole/rn3) (nimole m-2day-1)  



Figure 18. Silica versus salinity. 

Salinity (0100) 



Figurc 19. Total <102 isopleths (mole/m3) i n  the 
Canton lasoon. 

13gurc 20. Total ;llknlini!y isopleths ( c q u i v / m ~ )  in 
the Can ton  l a ~ o o n .  

Total C 0 2  decreased regularly from about 3.2 moles/m" near the pass 
t o  about 1.9 moles/m3 in the back lagoon. The decrease with respect t o  
salinity i~ well-ap~-1roxi1iit1ted (coefficient o l  determination = 80%) by a linear 
regre~sion equ* '1 t '  1011' 

Higher-order regression equations d o  not improve this fit significantly. 
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Salinity (O!ooI 

Figure 21. T o l a l  <XI2  versus salinity, including 
linear regression linc. 

l . ' i~urc 22. Total alkalinity versus salinity, 
including quadr;~tic regression linc. 

This descriptive equation is less satisfactory than the nutrient equations 
presented above, but  higher-order polynomials d o  not improve the fit signifi- 
cantly. The description is least satisfactory ileal- the lagoon pass, where t he  
equation apparently underestimates alkalinity somewliat. The alkalinity decrease 
i~ldicates that net precipitation of C'aC'03 was occurring in the  lagoon. 

One further C02-related parameter considered here but not mapped is 
CO, partial pressure (Pco,). Thc Pco2 of water entering the lagoon averaged 
about 330  patm, and the  mean of the lagoon samples was about 290  patm. The 
incoming water was very near the  predicted atmospheric equilibrium value for 
1973 (about 3 2 6  patm, according t o  Ekdahl and Keeling, 1973). The mean 
value for incoming Nater is in substantial agreement with Keeling's (1968) 
world map of surface-water Pco2 value in the vicinity of Canton. 



Table h cummarires the CO, b~1dgc.t for the lagoon Only two of thc 
1c.1 ni\ tn the b ~ ~ d y e t  can be cictcrminc.rl directly thc t o t d  ('0, ch,~nge ant1 th ,~ t  
c l ~ ~ n g c  d ~ i e  to  C';1C'03 reaction\ The remaining tci 111\ (ory,~nic c,~i boil ~ I L I - ,  ,~ncl 
ga\ c\chclngc) must he dctcrniinccl hy inference floni thc nutrient burlgct\ .~ncl 
;~ppropri,lte "boohkeeping " 

> ! hc total C'02 changc averaged 2'1 m~nolcs  m-' clay-' depletion through- 
out the !agoon, as a n  be c;ilcl~latc.c! t'rolu I;(]. 5 ~tncl 1 1 .  Such a constant 
cleplc.tion rate throughout the lagoon is obviously a n  oversiniplii'iccl view o f  a 
more complex pattern, but the high (SO',.; cocf'l'iciei~t o f  tietcl-mination on 
Ec]. I 1 sugges;~ that thz simplific;~tion docs not intl-ocluce serious errors. 'The 
molar CO, change d ~ ~ c  to the  precipitntion 01- s o l ~ ~ t i o n  01'CilC03 equals half the 
equivalents of alkalinity change (Smith a n d  Key, 1975). Hence, the  CO, change 
due t o  CaCO, precipitation in the lagoon can be calculated i~sing this relation- 
ship along with Eq. 5 and 12. The calculated C 0 2  utilization from calcification 
decreased from 31 mmoles 111-' ciay-' near the  pass t o  14 mmoles nl-, clay-' in 
the back lagoon. Inspection of the  regression equation in Fig. 23  suggests that 
this calcification I-elationship is a satisfactory description of the  high-salinity 
(integrated record) samples, but that the equation ~~nderes t imales  calcification 
near the pass. 

Organic carbon reaclions ~~ t i l i z i ng  o r  liberating CO, cannot be directly 
c,alculated from the CO, data,  but they may be inferred from the nutrient 
data.  Redfield et ul. (1 963)  give Llie ratio of carbon t o  nitrogen t o  phosphorus 
utilization o r  release by marine organisms t o  be about 106:  16: 1. If organic 
carbon flux at Canton is t o  be inferred from one of the  nutrient budgets, 



U p  t o  this point,  the C 0 2  buclget has 13ci'n (~-c;~ti.il in tci-ms of day - today  
1 x 1  clia~igcs, without direct rcgarci for ciiurn:11 CO? val-i;itionh from claytime ne t  
production and nighttime net respiration. Yet tlicl-e is unclou1)tcclly a diurnal 
variation in total CO, and PCo;, in response t o  rhc diurnal nictabolic cycles 
(Sclimalz and Swanson. 1969; $mitli 1973;  Smith and Pcsret, 1074). Although 
the daytime Pro, averages 290 pa tm ,  thc gas cxcliange term of tlic budget 
indicates tliat the 24-11ou1- mean Pro, ~ n u s t  be something above 326  patm in 
order to  effect net evasion. Smith and Pesret (I  974)  summarized available 
data and suggested that the most appropriate C 0 2  gas exchange rate coefficient 
for seawater is about  0.0 :nmole l f 2  day-' for each patm difference between the  
air and water. T o  account for mean evasion rate of 12 liinioles m2 day-' , the 
above coefficient demands tliat the 24-hour mean Pco2 be approximately 
2 0  patm above the equilibrium value, or  about  345 patm. A nighttime mean 
PCo2 of about 400 pa tm,  averaged with the daytiliie mean of 290  patm 
yields tlie appropriate 24-hour average. It can be calculated that  this day-to- 
night Pco2 difference is equivalent t o  about 0.08 nunole/m3 total CO, differ- 
ence, or  about  0.5 mole/m2 through u 6.2-m water column. This relatively 
small diurnal range is comparable t o  the  range observed by Smith and Pesret 
(1 974)  during a 24-hour sampling period in the  lagoon at Fanning. 



ariictmlate Material Flux 

it  I \  a l ~  po\\il)le to  c \ t ~ r n , ~ t e  the n ~ ~ ~ g n i t u c i c  of \~~spentletl-Io,i~l t i~n. te l  
b c i w e ~ c  the :jpe~l occ,in ':nil 1112 Ic!goon MiL~ te~  HI t l ic  C J , I I ~ O I ?  lC!;a(~~~ 1s vely 
turhld. Th1< turh~ciity w,~i, docun~en~ec l  h> Secihl di\c li'.~dlngs , ~ n d  by me,isme- 
iI1cnts of percent I~ght  trdnsmrssion thloug11 '1 1-111 w,ltel column ( F g .  13).  
It can be wen t h ~ t  the Sccchi dls i  rcdcling clecleawl by ,]bout I 5 m fol e,lch 
10% reduction in light t ransmis~ion.  The co~nbined data from 1972 and 1073 
ylelded a mean Secchi disc reading (Fig. 24)  of about  5 m ,  corresponding t o  
33% light transmission through a 1 -m water column. The maximum turbidity 
in thc lagoon corresponded t o  10% light transmission, and the clearest water 
(ncar t he  pass) had 58% light transmission. 

In order t o  determine the  major contributors t o  the  turbidity, the  
suspended CaCO, content and chlorophyll a content of 13 water samples 
were compared with the light transmission data.  Figure 25  shows an apparent 
negative exponential relationship between CaCO, and light transmission but 
no relatioi~ship between chlorophyll and transmission. Thus,  suspended CaCO, 
appears t o  be the  major contributor t o  the  lagoon turbidity. The  mean CaCO, 
content of the water was about  5 0 0  mg/m\ while the  mean chlorophyll a 
contcnt of the  water (including a number of samples not  illustrated here) was 
0.8 mg/m3.  It is assumed t o  a first approximation that  both of these para- 
meters are near 0 in the ocean water. 
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it 15 useful t o  cornpall: tlies? 1,lte5 ot p,rrt~cul.lle-ii~dIter t'lu4ling w ~ t h  
the  procluct~on rates of inolganic and organic cal-lmn. The  budget In TLil)le h 
eslabl~sl~eci that the lagoon-wide ~ ~ t ~ l i z a t ~ o n  of CO,  for  net p r e c i p ~ l ~ t r o n  of 
CaCO is 14 mrnoles nl-' day-' ( 1.4:: CaCO, r f '  cia:'' ) I i  appear, ih:lt only 
about 4% of the total ClaCO, p~oducei l  In tlle lagoon c5capes ,I:, suspended 
inatel-ial. Net ekccss organic carbon pi-oductmn 15 about  3 ni1nolc5 In-, c l a y '  
Mul t~pl ica t~on  by  11- convc~  t s  t l i ~ s  v,i111e to  mg o ~ g n r c  c ~ l h o n  3 h  mg m-' il~iy ' 
'fllt.1 2i'ol e 17% t o  56' i of the ncr olganlc ~ x b o n  plc)Juit 1011 ,lppe,ir\ t o  h e  
i ' l u~h~c l  i rom the 5y\tem 

? - I h c  organlc c ~ ~ h o n  contznt 01' 10 secl~nlenl samples aver.1ged,0.8% by 
weight (stand:lril cleviation = 0.45;). 'l'he budgzts of suspended mater~als  can be 
L I ~ C ~  w ~ t h  these organic carbon analyses t o  calculate ihe  flux of organic inateriais 
into Lhc seclnnents and from the 1:rgoon. 

To  a first approximation, no CaCO, is lost from the lagoon; it is all 
deposited there. From the  CO, budget (Tabie 6), the mean CaC03 deposition 
rate in tlie lagoon is therefore about  1.4 g In-, day-' . The organic carbon 
deposition is about  0.8% of this fig:~re, o r  1 1 mg dall-I . This figure is about 
30% of tlie net excess organic carbon production, suggesting that 70% of this 
production must be lost from the  lagoon. This loss estimate is only slightly 
higher than the  upper figure for the  flushing of organic carbon as given by  t he  
suspended-load data. The two values both demonstrate that  most of the  net 
excess organic carbon produced in  the lagoon does not accumulate there. 



There ai-e clues that watei- motion is. of all the parametel-s acting on the 
system, the major one.  St i~nding crops of fishes and corals are greatr.;: near tlic 
pass: where tidally induced water flow is the greatest (I-Iendersoli and Grovhoug, 
this report: Jokiel and Maragos, this report).  Tlic richi'st rccf's can be visited 
saf'cly only  clilrin: slack tides. 13! contriisi, rwfs  of the /2tc1-i.d Zone (Fronris- 
piece) arc low in licjtlt i'ish a n d  coral sianding crops, ~incl experience little wati,r 
111ot ion .  'These recf's have o l~vio i~s ly  been ~ - e c c n t l ~ ~  clarnagc.ii, p robabl~ .  175: altei-i.c! 
ci~.i.ul:~tioii. Fxrensive dl-zdging operariolis :!bout 1043 closcc! several .;!iiall 
passages along the ~~~~~~~~~~~~~n  id;. of the lagoon. altertd the ~~oiii 'iguration of 
+ 1. IL 3 c ~ ~ l l  : p3SS. 2 lld CLit S C ~ ~ ~ ~ I I P  I~lli~~~,i;:~y'S t ! l~3~1gl l  p 2 ~ ~ 1 1  ;I 11~1 !ill? l-c'ef~ i l C l S  t!!C 

1112in pass (!ii 'xierson P I  ui . .  t l l i : ,  !-;port ) .  T i m r  operations a;7pari1iitly did no? 
iiltei ihe roiiil water flow t o  anti i'rom the lagoon; 111e present lagoon tid;il range 
is a h o i ~ t  the same as that ot'rlli. acljacent oC2;iil. I~fowevlr, thi: patterns of viiatcr- 
flow, 2nd ~ i ~ r h a p s  the net excliange rate betweeil the ocean and thi. lagoon, have 
b c c ~ i  altered. Alniost certainly, the Altcrccl Zone h;ls experienced thc  greatest 
change in circulatio~i. 

V3rious aspects of water and sediment composition might be implicatzcl 
in the limitation of  lagoon reef development a t  Canton. The  most conspicuous 
candidates for limiting reef development are salinity, ni~tr ients ,  turbidity, light, 
and deposition of calcareous mud 011 substrata which might ot.herwise be 
avai1:lble for reef development. All of the above properties progressively deviate 
from ocean-reef values with increasing distance into the lagoon from the single 
pass. Howe.ver, there is evidence that water   notion exerts a more direct 
jnfluence 011 the  reef biota than do  any  of the above variables. Indeedl decreasing 
water rnotion may be viewed as the'majos cause for the  gradients observed in 
the above parameters. 



T h e  lagoon salinity rangei fronl a b o u t  3 0  t o  40 o / o o ,  outs ide  the  34-36 0100 
range considered by Wells ( 1 9 5 7 )  t o  be opt imal  fo r  cor,ll g rowth .  Ye t ,  luxuriant  
reefs in tlie Red Sea ,it \alinitie\ LIP t o  42 o / o o  have been repor ted  b y  Loya and  
Sloboclki~l  ( 107  1 ). 

. - ~  
I irrhidii-y. l ight ,  i ~ i l r !  t h e  dc:pobi!io~i 01' !'in? sctdimt.nls rzprcsen! a c o i ~ p l c x  

~ E ~ L ~ r . . s , ~ L ; L ~  L L L t : '  I ; < > f  f L i c t  o r5  ..;I,;,.!% ,:,I J , I ~  h v i -  l i ~ ~ i i  ~i~egc.; i i-d !iriiii ?ti':' d i . \ i ' i ~ ~ i ~ i i ~ ~ l i  in 
o t h e r  21-tax. An:ilogy with the  reefs in ti]? lagoon oi' Fanning Atoll suggests t h a t  
s ~ i c h  l imitat ion is no t  t h e  cast  a t  Can ton .  R o y  and Sril i t l  ( 1 9 7  1 )  repor t  that  t h e  
Fanning lagoo11 reefs arc mucli richer than those  a t  Can ton :  ye t  t h e  water  is 
a c t ~ ~ a l l y  more  turbid  a t  F a n ~ l i n g .  Calcium carbonate  product ion rates in t h e  
t w o  sys tems (Smith  a n d  Pesret. 1 9 7 4 ;  this  paper)  suggest t h a t  t h e  sediment 
p r o d ~ ~ i ~ i o n  rate.  and h y  implication tlie deposi t ion  ra te ,  is perhaps  twice a s  fast 
a t  Fanning as a t  Cantoll .  

Water mot ion  has 11ec.n s~~ggesl-eci b y  Mulik atid Sal-geni ( 1 0 5 4 ) ,  Wells 
( 1  054).  and  mLln!: o t h c ~  a u t l ~ o r s  i i i  be a n  i ~ n p o r t ; ~ n t  variable in t h e  c l t . v~ lopmsn t  
o f  coi-:ii rcei's. Riccil ( 1 9 7  1 ) argues tha t  V J ; I ~ C ~  mot ion  is not  a n  envil-onmental 
para iuet t r  in its o w n  r ig l l~  b ~ l t  is a transpol-tat ion med ium !'or o t l ~ e r  rn:iteriais. 
A variet). of ' s i~ggesi ions  bas hcen oi'i'cl-cttl t o  explain tllc roles o i 'wa tc r  n?otion 
in t'avoring t h e  $rowtli o f  coral reefs. Perhaps  t h e  most recurrent of' these  
suggested roles I i ~ ~ v e  heen t h a t  t h e  f low o f  water  supplics f o o d ,  aids in thc  
dii'fusion of' dissoiveti materials, dissip;ltes heat ,  t r ~ n s p o r t s  larvae, removes  
waste products .  and alleviates smother ing by sediments.  All of' these sugges- 
t ions  are  ~ ~ n d o u l ~ t e d l y  valid, and  t h e  list could be expanded. 

Water m o t i o n  a l io  provides a substantial  subsidy of  energy t o  a n  ecosystem 
in addi t ion  t o  t h a t  provided b y  solar radi ;~t ion.  The tidal energy t o  change t h e  
wa te r  level in the  C a n t o n  lagoon m a y  b e  calculated t o  b e  a b o u t  t e n  t imes  t h e  
caloric input  f rom net organic carbon product ion, ' !  and  energy i n p ~ l t  i n to  t h e  

*The input of tidal cncrgy may be approsirnatcd by the forniula for kinetic energy (K): K equals 
the Inass of water raised or lowercd tirncs the acceleration of gravity times thc hcight thc water is raised or 
lowered. The  mass of the tidal head per square meter is 700 kg, and the water is raised and lowered twice 
the mean tidal range (0.7 m) daily. So K is 19  x lo4  joules m-'day - '  , or about 5 Kcal m-'day -' . The 
energy associated with a net organic carbon production of 4 0  n ~ g  C nl -' day -' is about 1 0  Kcal per gram 
of carbon, or 0.4 Kcal m-'day -' (Whittaker and Likcns, 1973). 



?'he budget o f  organic calhon productmn doe5 not  1ndlc:ltc wha t  compo- 
ncnt  of tlic con imun~r  y 15 p r ~ n ~ l p l i )  r eqmnublc  for ihe p ~ o c ! i ~ ~ t ~ o n .  I t  scenic 
IllLely that w e n  111 the lagoon prim:li-y ploduci lon 1s domiilated by. Ill< hentho\ .  
I11 summariring pl:~nkton p r o d u c t ~ o n  rat?\ lor  reef lagoons, Gordon i2t ill ( 1  97 1 ) 
reported no value h~ghei- t h m  about  1 g C' nC2 ci:iy-' . I t  a gross procluction-to- 
re \p~ra t lon  ratio of  2 1s :issumed for plankton communltics,  then this net pro- 
ductlon 1s equivalent t o  a gross p r o d u c t ~ o n  of  about  2 g C i f 2  day-'. This  
figure is substantially below the  gross production rate calculated for Canton 
( 0  g C mPZ day-' ). It thercfore seems l ~ k e l y  that the  plankton Are not the  major 
producers o f  t l ~ t  lagoon community .  

Canton and indeed several o ther  atolls tlrroughout the  equatorial Pacific 
Ocean are exposed t o  some of  the  highest nlajor inorganic nutrient levels t o  b e  
found in open ocean surl'ace n a t e r s  (compare the  phosphate map o f  Reid, 1961, 
with the  coral-reel'distribution map  of  Wells, 1957).  Under such circumstances 
it is reasonable t o  suppose that neither phosphorus nor nitrogen would limit 
reef metabolism. Alternative micronutrients are demonstrably important t o  the  
productivity o f  phytoplankton in the  open ocean (for example,  iron; Menzel 
and Ryther,  1961) ,  and  have been suggested t o  be important in the  distribution 
of some reef algae ( for  example, Sargassu~n; Doty,  1954: DeWreede, 1973).  



'I'liesc mic i -onut r icn  might not  corrclatc well with nitlogen a n d  pIio4plior~14, 
hcc~u4e  flie ~ n i c r o n u t r i ~ n h  ;ire lr~rg?Iy 4~lpplicd froni 1oc;il wui-ccs, juc11 ;IS the 
t ~ . ~ c c  inet,ll\ i'ound in tlie rocks of high volcanic i41~nds. 

1 h~ ~~t\v.)l;cd m o r y i ) ] ~  n ~ t r o g t n  ~ n d  p l i c ~ ~ p h ( ~ r u ~  l ~ ~ ~ i i g c t - ,  01 thc <'Liiltc>i~ 
i ,~goo~l  both \hov4 ih,li thc community L I ~ I I I / ~ \  the\z n1,iri.l ~ , i i \  I l e n ~ e  ili,it the 
coinmunlty autotropl?ic T h e  \iow\ine44 o l ' the  net ~ ~ p t : ~ k e  1:1te\ In comparlwn 
lo the Iligh gi-o\j production rate demoii\ti-ate\ that the margin of coinmunlty 
:~utotrophy 1s remarkably slender. In  tact. the low net excess production 
observed for the  total lagoon (ahout 40 mg (' K2 day-' ) is soinewhat below 
the frequently quoted net production rate for the open ocean ( I  00 mg nr2 
d a f 1  : Rythcr. 1969) Because of  the lirgh octanic  nutrient lcvels near Canton. 
the net excess pi-oductlon of the ocean pllinktonic community thelc may well 
exczccl t I114 value hq .I considc.rahle m,llgln. 

I l c sp~ tc  the very low net exce\ j  p r o d ~ c t i o n  01'the ('Linton Icigoon coninltl- 
nlty, thel-i. .~pp~t ren t ly  1s net export of 01-g,iiilc c;1rI>on f1-on1 the n toll to  thc  
0 1 ~ 1 7  oce'111 Th14 wiiClu41on i \  \uppoi ted 130th I-Is' thc c ~ ~ i i p o ~ ~ t i o n  of 171;1'cr121\ 
\u\pcndecl 111 [hi. w d i c ~  ~ o i u r n n  . ~ n d  by i l i ~  wcfiment cc)nipo\ltlon. 1 1  rlic'rc W C ~ L  

not such cxpolt ,  the seclimcnts shoultl have dbout 1 5$4 by wclglnt organic 
c'ilbon. ~ns t ead ,  they average about 0 8 Y .  In  constructing a carbon budget for 
tllc B'ihnma Banks, 13roecl<el- and T d l < ' ~ l ~ l ~ h l  ( I  966) noicd ,In nppLil-~vt cliscscp- 
ancy between the budgetary impllcatlonr o f  net org~inlc carbon p roduc t~on  and 
the observed sediment composl t~on.  They concluded that Ilne~r budget was not 
properly balanced. This does not seem t o  be tlie case at  C'anton, and it may not 
have been t rue for the Bahamas budget either. The  suspended-load data discussed 
here suggest that  there may be substantial removal of organic niaterlal from the 
l 'goon, with relatively little CaC03 loss. A variety of explanaiions m g h t  be 
offered for this phenomenon; those given below seem tlie most reasonable. 

In  the  first place, CaC03 precipitated by the benthos in the lagoon is less 
likely than organic carbon t o  be dislodged from the lagoon floor by either 
mechanical o r  biological activity and then t o  become suspended in the water 
column. Organic material, once suspended, is less dense than the  CaCO, and 
will stay in suspension longer. Hence, particulate organic carbon is more suscep- 
tible t o  flushing from the system than is inorganic carbon. Moreover, one major 
component of the organic carbon inventory in the lagoon has not even been 



evalu,ltcd 111 these budgets d~ssolvecl org:inic c,lrbon. This  material woultl also 
be e'lsily Ilusliecl fro111 tlic system. Inciced, ~t woilld bc su rpr i s~ng  if thcrc  were 
not more organic c,~rl>on lost than Inorgclnlc carbon 

Depositional History 

Tlie CaCO, production ]-ate in the  lagoon is about  5 0 0  g ni-2 y F 1  (Table 6). 
This  rate is abou t  10  t o  1 5 7  of the  r:ltes which have heen reported by t h e  same 
:~lkalinity-depletion technique for reef flats (Smith? 1973: Kinsey; 19721, abou t  
h l f  tlie ]-ate found in the  FanningAtol l  lagoon (Smith and Pesret, 19743, ;lnd 
tl~c, same as tlie r ~ t t e  reported hy HI-oecker and Ttlkaliaslii ( 1966) fo r  the  Bahama 
Banks. 11' i t  is ~ ~ s s u m e i i  iha t  the  ser1imc.ntary mati,rials being p r o d u ~ x l  have a 
dl-ji-wciglii tii'nsity of ahout  ! ..-I g j i ~ ~ l "  ( t h a t  is. about  .5(1'1; porosity).  ~ ~ n t i  tha t  
none ot'tlic material heing produced is lost fl-om thc.  lagoonl then this p l -odi~i-  
!ion I-ntc L I T  <':infon is c 'q i~iv~i l i~nt  t(.) a ~!ic.an vcrtiiai deposit ion I-atc o f  abou t  
0 . 3  mm/yr .  World-wide meail s?.a icvel is prcsciitly changing little. if at a11 (Currali 
c > r  d . ,  1070) :  tlicrc is no reason to  suspect that large vertical tec tonic  movements 
hav? occun-rcl a t  C'anton.": Therefoi-c. t h e  lagoon floor a t  Clanton is probably no t  
shoaling by more than this sm:lll increment.  TIiere probably is a balance between 
" too  much" product ion o n  the  reefs and " too little" production o n  the  lagoon 
floor.  Erosion ilargely biologicalj allows redistribution o f  materials tllroilghout 
the  lagoon. 

Prior t o  abou t  8 , 0 0 0  years ago. sea levcl was rising a t  a ra te  approaching 
2 cni/yr (C'urray cl ill., 1970) .  Under such conditions,  it is inconceivable that 
reefs resembling those presently found in the  Canton lagoon could have 
produced sufficient seclimcnt t o  m a ~ n t a i n  tlie lagoon floor a t  a constant  dep th  

"There arc ~norphological features which suggest that there may have bccn as much as a '--meter 
hiph-stand (possibly local) o f  sea level at Canton within the Illst scveral thousand years. This uncertainty 
is within tlie range o f  present debate about custatic changes and is of no direct concern 11ere. 



The Canton lagoon C 0 2  system bears one major contrast with that  of 
Fanning lagoon. Fanning lagoon water was found t o  be approximately saturated 
with aragonite, and that sr-ttulation state was suggested as a possible factor 
limiting the  CaC0,  production rate there (Smith and Pesret, 1974). At Canton, 
the calculated sa tura t~on  state of the water with aragonite: remains relatively 
c o n s t b t  throughout the  lagoon, near 200% saturated (CaCO, ion activity 
product 1 0-7.9 ). It thus appears that the I-ate a t  which CaCO, is precipitated 
in that lagoon approximately matches the increase in CaCO, ion activity 
product from evaporation. 



SUMMSRY AN11 CONCLUSIONS 

Evaporation, rainfall, r~ncl salinity provide tile basis i'or estimating t h e  
resiclence t ime o f  water in 111e l agoo~i .  Saliliity increases f rom net t'vapol-ation as 
water 8ges ic th< lagoon. Tlic IncLln residence time o f  w;rter in the  lagoon is 
nbout 50 d r ~ y s ,  wllilc t h e  oldest water. remains in the  lagoon ahout  95  clays. 

Nel o ~ g : l n ! ~  c ,~rbon production can bc ~nfe r rcd  t'rom t h e  p l l o s p h o r u ~  brrdget 
t o  h e  abou t  3 m~nolcts nr2 day- ' ,  o r  about  36 111g 4' n1i2 day-' . 'L'h~s ratc is 
probably near t h e  net organic carbon production o l ' the  open ocean adjacent t o  
the  atoll. Cross  organic carbon product ion is abou t  6 gC' n~-' d;l\r1 , comparable 
t o  rates which have been esti~nateti  for  coral reef flats elsewhere and over 100 
times the net production. Thus,  t h e  1:rgoon maintains a remarltably close balance 
between the  product ion and c o n s u m p t ~ o n  of organic compounds.  Both the  
suspended load and the  sediments suggest tha t  most of this small excess o f  
organic carbon which is produced is flushed f rom t h e  lagoon ra ther  than  being 
incorporated into t h e  se t l~ments  Yet t h e  ,imount o f  flushed n ~ a t e r ~ a l  is a 11- vial 
fraction of the  gross production. 

T h e  r r~te  a t  which t h e  lagoon community  produces calcareous material is 
much slower than CaC03 production rates reported fo r  o the r  portions o f  coral 
atolls. It appears likely that  the  lagoon reefs have dcveloped within the last 
8 , 0 0 0  years and have filled t h e  lagoon with up t o  2 0  n~ o f  sedimentary materials. 



~ ' c ~ ~ ~ ; i ! > h  ( j i c  i;-~<jsi ~ ( ~ ) i ~ ~ ~ 3 ~ L ~ i t ~ ; ~ ; <  ; ! ~ ~ ~ ~ ~ ~ ~ l ~ <  ()!- i!jc1 <~ ; i j i l ( j ! l  ~ ; l ;~c ) ( j [ l  F>-ia[(:i.i;;] 

b ; j l ; ~ ; ~ ~ < !  j> ~ j ' i ~ j < i < ~ ! ~ ~ ~ ~ . ,  ~ v ~ ~ j t l ~  l > / ! j j L ~ j j  i ! ? ~  s\~st~:lll I-<[;Ljjis l : j : i ~ ~ ~ ~ ~ ; ~ ! s  < j i l ~ - < ;  ! ' O ~ . ! > ~ C ( I .  
, . the c ~ i ~ i .  of ()~>g;kj~ic !n;iic~.i:~Ih. ?!I!> rt>[cniit)n is i!~~~,c>i-fll)!isjl~;ci by,, ~ ' r i r ~ t ~ : ~ l l ) g  . . . . 

~~1.11,11!)1L'tp rccyCii11g < > f  l T l ; i l ~ ~ i - i ~ ~ ! ~ ,  Y . V ~ I \ >  ;iIi~lc)Si I-IL-! ]c)ss oi ~ ~ I C S C  n!:i[t?]-i;~l>, [>:i(k 
ihi. open oce:in 0:- t o  tht: sedin!t.:l!s 011 the ]tigoon t'!ooi-. 'l'h:, small loss wliiz!~ 
~ O C S  of:c1~$- j:; h:l!2!>c:,d 11~; l ~ h e  C ( > I > [ ~ I ~ ~ I C L !  ~ ! p l - ; ] k ?  c) j .  ?]1;1[cyj;1]~ !*]-<)m (.jcC:!Il l?<;!te[- 
which i'lows into rhc  1; t~oon.  Inorp,anic inatcrials are  precipitated and deposited, 
leading t o  a gradual infilling oi ' the lasoon with calcareous sediments. 
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( 'i>i~ip;~i-isoil oi ' t l ie  I'hoeiii:< ciaill Lvitli pi-eviously repor ted  coml dislr-iba- 
tioil5 i i i  t ! i ~  Ij~ciiail o ~ ~ i ~ i i  S C C ~ I ) ~  t o  si1pp01.1 ilie tlicory tli:~t t h e  111~io-hcii.ic rtcf 
coral l'alrna .;llows a homogei ious  ct isrribl~tion.  



b /c  W O L ! ~ ~  I i l i ~  i o  t i i ~ i ~ ~ k  j t i h ~ o ! :  fo!. : I S ~ ~ : ~ I I C ?  i ! ~  t~-;!t,?i i jnd  divi11: 
.: ,-,-.2 .- . . 
s:j i ~ I ! , ; : ~ ~ > ; < ~ : j t : : :  ~>;~:~: ; !>L~?~ :>!' ~ 1 1 ~  (';;:?{<>i: ]~>j~,,j::;g C~L:[> i'~:. c{:%j;z>g : ! ~ ~ i ~ ~ ; ~ ~ ~ c ~ : :  
Dr. john I\'. iJi '~lis, i:;ho madc available pl-i.viou:, inf'orrnation on  ( 'antcili  Atoll 
c-orals ;in~l v,illc> generously identified inany of' oui- speciinci;~: D r .  Torn Dana for 
providing acc~css t o  his spczimens anti unp~~blishci l  data  on  McKean corals: 
Dl-. E. C. Evan:: III for providing economic support and laboratory spaci. in 
Hawaii; and the I-Iawaii Institule of Marine Biology for clerical assistance. 3. G .  
(;I-ovhoug, R. S.  I~lendcrson, and 131.. Stephen V.  Smith also provided assist~ince, 
iind Dr. David R .  Stoilil:trt oi'i'i.rc:d lisef~il iill'orrnation o n  coral ilistsibiltioris. 



- I he r ~ s u l t s  o f  this study arc based upon corals collected during ihrec 
separate visits to Canton. Jokiel visited Canton and Hull Atolls for one week 
during the summer of 1'172 :inJ acquired ;t collection of corals f r o n ~  lagoon 
and occan I-wi' environments. Maragos visi{i.d Canton for four wee!<s in 
September 1073 and also collecrcd corals from lagoon and ocean reefs. 
.loki:l visitec! C;l!iton and oht:iinecl adtlition:~! ~ m a l  spcc~jmens prim;~rilg; f r o m  
lagoon c n \ ~ i ~ u ~ i ~ n ~ c i i t s  d ~ ~ r i i ~ g  ;i survi:y I)!; the N:lv:ll d'ncli.~-sc;i C'enti.1- and the 
iinwnii Inhtitiite of Biology for rxo  wciiks in N~\~i. i i>i~i .~--Il~i~il! i ibi . i-  1073. 

Nearly 100 reef sites were surveyed cluring thc. three visits. Corals were 
collected by scuba divers operating from small skiffs or  swimining out  from 
shore. I i~formation o n  location, water depth, reef inol-pliology, and other 
cnvi ro~~menta l  data was recorded for each site. Clompreliensive water chemistry, 
biological, and physical data were also collected at some of the sites during the 
thil-d visit (see oiher papers in this report). Locations of the collecting sites are 
found in the  con~panion  paper (Joltiel and Maragos, this report). Addition-a1 
descriptive material on Canton is found in Henderson e t  01. (this report). 

Coral identification was carried ou t  a t  Canton and later in Hawaii. 
Collected coral sainples'were imniersed in a dilute sodium hypochlorite (Clorox) 
solution for 24 hours and then cleaned and dried. Tags showing the  date, location, 



RESULTS 

A list of the corals collected a t  ( 'anton Atoll is presented in Table 7 .  
Only 3 few spcci~nens were collected l'rom the lagoon at Hull Atoll. ;ind nolle of 
the species was unique to  IHL~I!. The coral list includes $1- species, of which 5 
are aliesmalypcs and 77 arc hermatypes (reef corals). Of the 40 genera a n d  
subgenera of corals collcctetl, 30 are hernlatypic. Only one hermatypic species 
and genus collected by Wells during a n  earlier visit was not collected during our  
Iater visits to  Canton (I'ot/uhac~irr c~w. s t~ i cc~~) .  Tlic new I-ecorcls now raise the 
total number o f  reported I-ecf coral genera a n d  subgenera from ?O to  36 .  I n  
addition, Dana i 1075) h;ls reported 1-4 genera and  subgenel-a and 5 1 species of 
reef corals from McKean Atoll, also within the Phoenix Islands. Of the McKci~n 
corals, the genera Plesiustrcu and Porites (Synuruerr) were not reported :11 Canton. 
Thus, the total generic diversity ( that  is, number ol'genc.1-a and  subgenera per island 
group) of reef corals from the Phoenix Islands has been increased t o  at least 38. 





*There appears t o  be a complete growth-form series wi th in  the genusMiIlepora, between forms 
which could be described as M. platyphylla and M. tenera. This gradation is recognized at Canton, but all 
of thc specimens of this genus arc here included undcr the single name M. platyphylla. 



Table 8. Iiccf coral species fl-om hlcKean Atoll which m i - c  not reported from Canton or Hull Atolls 
h t a  TI-om Dana (1975). 

l ive identified this form from C:rnton as a ramosc variety of nil, platj~phj~lla. 
2We identified all tnbcrculate i2.k)rltipora from Canton as /If. verrilli and thus this form may exist at 

a n t o n .  
3We identified this form of Pavorla from Canton as P. clavus. 
4 W ~  identified this form of Pavorla from Canton as Pavot~a sp. 
"Ve identified this form of Platygj~rn from Canton as P. larncllirza. 
6 W ~  identified similar forms from Canton as P. meandrina 01- P. eydouxi. 
7We identified all robust eespitose Pocillopora from Canton as P. darnicortzis, and thns this form may 

exist at Canton. 
identified this form of Poriies from Canton a s  P. lobata. 



The most likely causcs o f  tlic lower diversity at  hlcKean Atoll 21-c 
geograpliic isolation and liiiiitation botll in amount  and  diva-sity of habitat .  
McKean is isolated from other  islands o f  the  Phoenix group. I11 addition, McKean 
is smaller than Canton and lacks a lagoon. Thus,  p o t c ~ ~ t i a l  coral colonizers may 
reach McKean in fewer numbers from nearby islands and would l'ind propor- 
tionally f'ewer habitats in wl~icli  t o  reside. Of the  abundant  species of Canton 
which arc  also present on McKeaii, only about  half arc also abundant  a t  McKcan. 
This fur ther  indicates potentially clivergeiit colonization, extinctionl and 
developmental patterns for coral communities o n  the two  atolls. Dana (personal 
coniniunicatioii) also indicated that  the  sampling effort a t  McKean was only 
about  one-third that  of Canton. This  may have, in part ,  contributed t o  t h e  
smaller number  o f  recorded species from McKean. 



Coniparison of' the Coral F ~ I I I I B S  o f  tlie Phoenix and 
Other Central Pacific Is1and G ~ O I I ~ S  

Generic coral divclsities arc generally lower for ~slantl group\ t o  the cast 
of t he  Phocnix Islands. For  example, only 14 genera a l ~ d  subgenera are present 
in Hawaii (Maragos, in press), and 35 have been reported in tlie Line Islands 
(Maragos, 1974). Generic diversities are still lower for island groups in tlie 
eastern Pacific (Stchli and Wells, 1971 ; Glynn e t  ul . ,  1972). These findings are 
consistent with the generally recognized trend, as  discussed by Wells ( 1954) and 
others, of  decreasing generic diversity from west t o  east across tropical oceans. 



Although the  t o t l~ l  number of genera and subgenera generally dcci-cases 
from west t o  east. the geographic distr-ibutions of particular genera are commonly 
discontinuous. Previous disrributional discontinuities of reef corals \ver.e I-eportt'ci 
for certain coral genera among atolls of the  Line Islands by Mar:igos ( Ic174i. 

The Phoenix and Linu Islands arc relatively dose  to  one another allci 
exhibit similar gcncric divc3rsitirs for ~ ~ o r a l s ,  but the simil:\rities are obscured 
beca~ise 3 nuinl>cr of the gcncr:~ arc not cornnlon t o  both regions. Future inten- 
sifii'cl i'iclcl surveys mav result in tlic c1iscove1-y of some of the missing 01- rare 
geilti-ti b11t \ v i l I  ni;t c:cpI:;il~ \\:l~y some gciiti-a appro~ich doiiliillincc a t  i ; i l L L  

!oculity, yet are insignific311: at the other .  FGI- example, the  genera Sfj,lol)lli,r.ir, 
t'lcsiustwo, a n d  :llcli.!!li~!tr :i~-e v ~ I - ! ~  c.onmon 31 Fanning Atoll (Line islrinds) 
bu t  ari. ]lot reported a t  Canton. Also, 3 dominant genus, Astr-eopora. at Fanning 
w s  only rarely observed rlt Canton.  Conversely, the genera Gotliastrrcr. Hrrfo~~lirra, 
a n d  I;'ctllirlopoln are abundant o n  Canton but absent ii-om Fanning. 

It is of interest t o  note that some of thcsc genera from one locahty occupy 
habitats similar t o  those genera Iare or  absent at the other locality. Encrust- 
ing patches of i2.lcmlifm were commonly noted growing in the shade under 
ledges in Fanning lagoon, while Got~iastr-cu assumed a similar form in similar 
environments at Canton. Ramose colonies of Styloptzor-a commonly occupy 
shallow lagoon reef flat habitats at Fanning, while finely ramose ,'lldlcporu 
colonies dominate similar environments at Canton. 

It is also interesting to  note that an an:~logous form, ramose Por-itcs 
(P. conzpressu), is generally the dominant form found in similai- envii-oninents 
in Hawaii, a low diversity area; yet no species of ramose Porites has been 
reported from Canton or  Fanning, which have much higher generic diversities. 
However, a ramose species of Porites (P. undrcwsi) occurs commonly in Samoa, 
which lies adjacent t o  the  Phoenix Islands t o  the south. Dr. David Stoddart 



Gt:ographic isolation L~ari-ii.~-~. including larg~, Jistances bi'twec:n atljtjccnt 
islands. may  inhibit the effccti\:c dispel-sal of many corals. Thus the sequence 
of species and gcnci-a that are successfully established over given time intervals 
may be determined by chance. If colonization rates are slow and incomplete 
for corals at certain isolated islands. then the process may be reflected as 
distribl~tional discontini~ities hctwc.cn these islands. If it is assumed that the 
colonilation process has occ~lrrecl continuously during the long tenure o f  
sclei~~ct inian reel' COI~ ; I~S  on 111~10-hcific reefs. tllen it ~vould  seem sw-prising 
that 'the discontinllitics sliolilci still persist. Pel-haps colonization and e l imina t io~~ 
of coi.al species and  genera at specific islands are occurring simultaneously and 
ar  a sul'i'ii~ien~ly rapid rate t o  esplain the ohserveti distributional tliscontinuities.::' 
I'c>rha!is i l l? col~i i iza?ion process cannot b [ ~  uss~lmec! t o  have occuri-cd \vitl lc]~~t 
i~ l te r r i~pl ion  over long geological tii~lt:' in.lie~-val.; :inc! iliril j~criotiic events, such 
as t l i ?  i c ~  ages: may have climin;~teci forms. ri'cluiring a rene\val of' the develop- 
mental colonizstion of coral c o ~ ~ ~ i ~ i u n i t i e s  : ~ t  specific islanclh. 

Sea 1cveI. tempel-uturc, and other f;ictors associated wit11 the late 
Pleistoceiie ice age may have resulted in the extinction of many coral genera 
anti species at Canton so that  recolonizalion may still be incon~plete due t o  
insufficienl t ime. It is relevant t o  note that Smith and Jokiel (this report) 
postulate that the prcsent Canton lagoon community reefs became established 
since the last glaci:~l I-ecession. Similarly, Ladd ( 1  973)  co~icluded that reefs 
above a 70-m deplli on atolls in the  Marshall Islands have developed since tlie 
last glacial recession. Newel1 (1 972)  also believed that some reefs have evolved 
since tlie last glacial recession. Thurber el id. (1 965) remarked that "A hiatus 
in the developinent of coral between 6000 and 120,000 years ago 011 tlie Pacific 

"MacArthur and Wilson (1967) have proposed in an elaborate theory that colonization and 
extinction of island organism species are innate processes of insular biogeography. 



Hoiuogeneity of the Indian and Pacific Ocean Coral Faunas 

O f  the 13- Class I grnc1;l Iistc'd LXJ Koser? ( , l c ~ o l ) o ~ u ,  I'oclllopola, Porzic,, 
FUVIU.  F m t o \ ,  M O I T ~ ~ ~ O I ~ U ,  PO I O I I U .  Gu/u Y W ,  Plut 1 gjxr(!, J'zt11glu. ('I c lo w1.1 \ ,  m r l  
Stylopl ioru) .  at least nine (75'1;) have been rcportecl 111 the I'hoenix Islands. 01 
the  3-5 Class I 1  genera listed by Kosen, at least 20  (80%) have now been observed 
in  the Phoenix Islands, Class I 1  genera not reported are Co~l ioporn ,  S c n u t o p o ~ n .  
A11~~opor11, A ~ u ~ z t l ~ u s t r e ~ ~ .  and S j ~ ~ l p / l ) ~ l l i u .  Of the 4 0  class 111  genera listed by 
Rosen, only nine ( 1 3 ' ; )  luve bcen reported 111 the  Phoenix Idancis. The genera 
reported 'ire P / i > r o g ) * ~ ~ ~ ,  ( S ' I ~ I I U I I I ~ J ( L ) ,  (S t i>pizu~~uriu) ,  I'oduhuczu, L ( ~ l ~ i ~ ~ o ~ ~ l ~ i ~ l l ~ ~ ~ ,  
I lu lo~~z i t ru .  Puruhulo~~l i tru ,  Agurrcicllu, and (Z'scrtdoc o l ~ t ~ ~ i ~ z u s t r u e u ) .  The discovei y 
of the s tulg~ng bubble coral, P l ~ r o g ~ v ~ ,  at Canton is particularly significant, 
because ~ t s  known geographic distribution has now been extended 1000 kin 
northeastward. Thus, the m:i.jority of Ihe genera found in the Phoen~x  Islands 
may be considered common (Class I ,  1 1 )  while the "missing" genera are predo11-11- 
nantly rare types (Class 1 1 1 ) .  It is of inlerest t o  note that several of the Class I 
and I1  genera not reported in the Phoenix Islands are present on  adjacent ~sland 
groups in the Central Pacific; some may eventually be reported after more 
extensive surveys in deep water are conducted a t  Canton and ekewhere. 
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and 

J .  E. Mar~gos 



C'anton is geographically isolated f rom atol ls  having extensive l:~goon 
systems. F l ~ r t h e r m o r e .  exchange o f  lilg0011 wa te r  wi th  t h e  open  ocean is 
confinecl t o  o n e  passage along t h e  atoll rill!. Consequent ly .  t h e  Iagoon f;lunil 
lacks " i - s c l u s i v ~ l ~ ~  lagoon" spe~- i e s  o I' corals. Apparent ly  t l i ?  i;lgi)i)l~ rec'l's h;~'i'c 
becn c o l o i ~ i ~ ~ d  13)' ;i i'cw o f  t h e  ~ ~ b ~ l n d a n t  occan-reef species. 

Wicli.~pl-~.ad l i l d i i - P ~ c i f i ~  species belonging to t i i ~ ,  gcne1.a f'iic:illojic~iii, 
:tc.i-o/~ow, ~ l l o i l t i p ) ; ~ ,  ;\ntl .Ilill~,/)cii.ii acc-aunt fo r  much  of'thc. coral cover:igci. In 
;dc!i?ion. scvcr::! species \1!?commoli c~!~e~v!iei-e ( inc!~~(! ing !fi'di?Ol:!!O!.~ ri<qidi/ 
anci iiciloiilitrci oililij~pi;ri~rr.si,s) account  fo~. a n  unusually large poi-ti011 of' the  
1~) t a i  coverag? in some  h a b i t a t s .  An abundance o f  fungiid speci ts  fc ight  genera 
and s u b g e n m )  is o n e  01' t h e  most striking a n d  ~1nus11al features o f  t h e  coral 
fauna,  3101lg wi th  2111 ~ ' x t ~ n s i v ~  l:190011 l in t  reel' sys tcm dominated L>l f  :llillcporrr. 



\':c v,l41 io el~,,nl\ I >  I O l<,:in ioi ~ o ~ i ~ p u t e i  ,ind w d m i n l  , i n L i l \ x . \  

S V Smith \iipplri.cl ~nv,ilu,ibli. ,id\ice 'ind ~ ~ \ \ ~ \ t , i n c e  111 the i~i ' ld  , ~ n d  d u ~ l n g  the  
w i ~ t c - u p  7111\ worl, \v,I> f ~ c ~ l l t d t e d  by convdci-dblc coopel-~11011 1'10111 the IOL,II 
lc>ident\  , ~ t  C'lnton. c\pcci,lll\ Col R Ilmec, Leo Jolin\on, ,ind m e m b e ~ s  ol tllc 
C' ,~nton IIi\ing C'lub The \u i \ ey  would no t  1 1 ~ \ i .  bccn po5htblc withoiit the 
coopel,itlon of thi. ot1li.r i n c n l b c l ~  o r  the c lpcdl t lon.  



The  extensive area of the  atoll (appi.oxi~nalely 50 km' ) made it 
necessary t o  employ qualitative sampling tecliniques t o  assess the overall 
distribution of  c,orals, followed by detailed quantitative analysis of  representative 
areas. Study locations are shown in Fig. 26. 

N 

Figure 26. Coral survey stations. Qualitative 
inventory and specimen collections: June 1972 (@), 

, Dec. 1973 (0). Transect locations: 
Sept. - Dec. 1973 (U). 

meters 
RnEa4-I 

5000 1 W O  



The atoll-wide sui-vey was carried ou t  11y cont ig~ious quadrat transects 
across rcpreselltative reefs t hrougl~out  the I-egion. A 1-m' quadr3t fr:~me 
diviticd into 100 equal squares was laid on the hottoni and ~ ~ s e d  t o  estimate 
areal coverage hji each species of coral t o  the  nearesl square decimeter (one- 
I~uncirecti!~ o f  ;! fr;li??i.'). The  !owel- lilnit o f  mi.ns~rrt~menz !'or I!iil cj~~adr;it  so L ~ C I  
is 1 d m 2 .  or on< sui)di\~ision of the frame. Corals occupyi~ig less th:lll Ii;~li 'ofi! 
grid squ;!rc: were ]lot co~~ i i t e t i .  l ~ u i  inci iviciuai colonies were gcneraliy sui'ficientiy 
large so rhar such a procetI~1re ;~[ )parc~i t ly  did not un~ic'1~e~tin1:1le the area 01' 
~ignii'icant species. 1i'individu;ll coral lieads had been smaller. the technique 
could ilavc bcen adapted t o  allow estimates of' fr;!ctions of square decimeters. 
In general, eacli transect rs tended from the deeper limit of coral covmrge on a 
reef structure to  shallow water. The transect data were grouped into 135 
samples, each consisting of five contiguous quadrats. for a total of 67,500 bits 
of information for later analysis. 

Only subtidal areas of hard substrata (including rubble) suitable for coral 
colonization were sampled. Regions of sanci and mud were pruct~cally devoid of 
corals and were not sampled. Estimates of percent coverage of lagoon bottom 
consisting of hard versus soft substratum werc made using survey data ,  charts. 
and aerial photograplzs. 

Field identification t o  species level for the common corals was not difficult 
except for  members of the  protean genus Pocillopom. As a11 operational 
necessity, the  myriad species and varieties of Pocillopora were subdivided into 
two readily discernible groups: finely branched varieties (Pocilloporu durl~icorrlis 



During the course of the l a g ~ j o i ~  survey, it became apparent that  a strong 
gradient in coral cover (from about 50%. to O!': in 3 k m )  exists along the  main 
ship channel. This area was t11erefo1-c chosen for a more detailed study. Two 
ship navigation range markers were' cl?osen for the alignment of eight tr:lnsect 
slations that constituttxi tlle "~-;il:gc traiisect" (Fig. 27).  Station 1 w:ls located 
at the  sdge of the shallow reef flat on the northeastern I a ~ o o n  side of the  
atoll rim. The ot11c.1- seven statioris were located on patch rcefs selected t o  be as 
similar t o  one  ariotl~er as possible i11 size and morpholog~; ,  thus minimizing 
biological difi'erences due t o  specific recf inorpl~oiogy. Most of tllese patch rsi'i' 
s t r ~ ~ c t i i s t ~ s  esliihit the  basic shape of a tr~.~nc:!t~il cone: steep sides arid f l a t  
cil-cular icips which arc 19-20 ni :lc.ross aiicl wl~icli r6ac.h to within 0.5 ici 1.0 m 
of tlie S L I S ~ ; ~ C C  ;it low tide. 

Figure 27. Coral, water chemistry and substr;itum 
stations along the range transcct. 



During qualitative ~lppraisal of t h t  atoll (Ilenclerson ( ' r  a!. . this rcpol-t j. ~ .C,LI~.  
in;!ioi- intergr;~ding lagoon biotic provinces were rccognizecl: thc present analysis 
i ~ i c l ~ l c l ~ . ~  ii i'ii'ih provi~icc. the ieewarcl octxn ieef in the vicinity of thc pass 
(Frontispiece). T1:is i..oii;ltioii scheme is b a w l  011 the l~arietp of' inihr- nation 
available, including assessment of the macrobiotic and physiochennical dilta. 
Our s~1l7jective i~nprrssioii of these zones with respec1 to corals is as i'ollouis: 

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

The leeward and windward ocean reef flats arc deivoicl of  coral, except for 
a fcw stunted colonies of  Millepora, Porites, Fuviu, and Pocilloporu, inostly near 
the  reef margin. Areal coral coverage was judged t o  be less than 0.1? o n  the reef 
flals. By contrast, coverage along the reef slope is high (approximately 50::) t o  
a depth of  3 0  in, below which depth the  cover decreases. A large numbcr of coral 
species were encountered along the slope; A c ~ v p o r a  jbl.nzosu, Milleporu 
y lu t j)p/l  ~ l l lu ,  Poci l lopo~a spp.,  Porites spp., Fa via stelllgeru, Iiulomitra p/zili/~- 
pirle~lsis, and i l lo~l t iporu spp. accounted for most of the cover. The  physical 
environment in the region is apparently favorable for the  development of  a rich 



coral i'aun,l W'itt'r claiity I \  hlgll. water motion and circulation \trong, sedi- 
iiicntatmn rate low. and suitablc hard s u b ~ t r a t u m  lr a<ailablc i'oi- coral \cttlcmcnt 

ass Zone 

Altered Zone 

The  northwest portion of the lagoon is a11 e~iigma. Although cluttered 
with reef structures, the  area has little living coral. The demise of the coral is 
probably related t o  the  relatively recent closing ot ' the three northern passes 
approximately 3 5 years before this investigation (Henderson cJt ul. , this report). 
Presently, water exchange in the region is s l~~ggish.~Deposi ts  of fine calcareous 
sediment ;ire apparently being generated but  not relnoved, resulting in very 
turbid water and accurnulatioas of calcareous mud on  all surfaces. 011 shallow 
patch reefs? water motion induced by wind chop keeps some areas clear of 
sediment. In depths shallower than 1-2 m,  there is a mixed community of 
sediment-tolerant species, including Montiporu vernmxu, Motztipora tuber- 
culosu, Acropora formosa, Pocilloporu clunzicornis, Gotriustreu pcctitratu, Fuviu 
sl~eciosa, and Porites lutra. In  general, however, the area no  longer appears 
suitable for coral reef development. 



Line Reef Zone 

QUANTITATIVE ANALYSIS 

Atoll-Wide Survey 

Similarity indices (1) were computed for all sample pairs by using a quanti- 
tative modification (Motyka c 7 t  ul . ,  1950) of the SSrensen Similarity Index 
(SQrensen, 1948); this modification is described by the formula: 



Cluster I -:+.Cluster I I  A ~ l u s t e r  Ill+-Cluster ( V  , Between-group d~stance 
I I 

~umb;!s o f  samples I" each clusu?'r f rom each ~ o n c  1 
Ocean (deep1 

Pass 

Altered 

L ~ n e  

Ocean (shallowl 

Dominant 2 
specles 

S - 
m - Phvs~callv controlled B ~ o l o g i c ~ l l y  accommodated Malor " 

influence ? 

1:iplre 28. Dendrograph bascd on  S$rcnson's Similarity 
Indices computed for all s:impIc pairs. 



Distance !I-om Lagoon Pass !km) 
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D~stance from Lagoon Pass (km)  

Results o f  the sim~larity analysis support the validity of the  previously 
established qualitative zonation (Frontispiece) and justify the  discussion of 
coral abundance according t o  zone. Percent cover and frequency of occurrence 
in each 5-m2 sample from each zone are presented in Tables 10-1 4. Based on 



'I'abli: 10. Ocean reef slope samples (20 sLilions). 

L o b o p h y  ilia cos fa  fa 
Psor?lr~~orora (Stc~phar~ariaj .srellam 
Stylaster elegar7s 
Favi fes  peiztagoila 
Favia spcciosa 
Pori /rs  pukorrlsis 
Porircs brighami 
Astrropora r ~ ~ y r i o p h f l ~ a l r ~ z a  
Arropora palifera 
Lchiuophyllia aspera 
Porites superfusa 



0.OM 
0.04 
0.02 
0.0 2 
0 i l l  

11.il2 

Spccics 



mcan percent covcl'lge ot dv,l~lable hard wb \ t r ,~ t a ,  corals are c lass~f~ed  by 
powers of tcn as " a b i ~ n d ~ ~ n t "  (greater t l lm 1 %  covcrage), "common" 
(0  1 to I 0% covcrage), o r  "rare" (less than 0.1% coverage). "Very rare" 
speclei ( T ~ b l e  14) are dcflned as species collected at Canton but not 
occunng In any quantltative sCimple. 



Estimates o f  area and percent coral cover are ~urnmarized In T,ible 1 5. 
A r e d  estimates of  the  zones were calculated from maps and acrlal photographs. 
Estimated percent coral coverage represents the  mean of all samples taken in 
each particular 7011~.  The  stand;lrcl errors of  the  me:lns cuggcst that  per-cent 
coverage on h:~rd substrata has probably been estimated to well within 504 o f  
its true value T h e  areal estiiiiates for  each zone were derived from tlic h).dro- 
gs,iplii~ ~ h , i r t  o f  ( ' ,~nton ~ r i c l  .ire p r o b ~ b l y  Inor e 1cl~i1)lc. r h m  tlic.  per cent 
L ( > \ L I  ~ \ t l i l i ' l t ~  

!,lvlIlg L O I , : ~  cQ\c~,lgi' dCCollll!\ 101 Oilly 1 ic, 25, oi ihc  ~ O t d i  idgoo11 i i ~ < , i  

Less than 5'( c l t  t he  total  h o t t o m  co\~erage (lagoon plus all ocean reef\ t o  a 
depth o f 4 0  m )  1s living coral. Although thc  ocean r-cef slopes occupy less lhaii 
one-tenth of  the  l'igoon area,  they apparently account for 80% of  the  living 
coral on  the  toll ?his  figure m i !  1x sorilewhat bia\sd by ocean reci' \a~nplli ig 
being limit cd to the lecw,:rd side ol thc atoll. 

Tablc 15. ISsliliia~ed coral covcrage on Canton Atoll 

Zone 

Ocean 
Reef face (38.5 kni circunl- 
Eerencc to d e p ~ h  of 40 ni, 
sloping'band iO0 m wide) 
Reef flat 

Tolnl ocean 

coverage (krn2) 
- 

Lagoon 
Reef flat 5.9 0.1 0.006 
Altered Zonc 

IIard substrata 1 0  6.4 (f2.5) 0.064 
Sand and mud 4.6 0 0 

Line Reef Zonc 
Hard substrata 1.0 1 1.9 (f 2.0) 0.1 19 
Sand and nlud 24.6 0 0 

Sack Lagoon Zone 
Hard substrata 0.1 0.1 0.000 1 
Sand and niud 5.1 0 0 

Pass Zone 
Hard substrata 2.0 16.8 (22.3) 0.336 
Sand and mud 5.3 0 0 

Total lagoon 49.6 1.2 0.53 

T o i d  occan + lagoon 60.7 3.9 2.3 



None 

NOTE: 
Dornirmrrt is tlciinctl as corals covcring 31 least 0.01 km? 
Lagoon arca is a p p r o s i ~ n a ~ c l y  5 0  k d .  

Tlie Sl~annon-Weaver diversity index (Shannon and Weaver, 1948) was 
calculated from coverage data for each sample by using the formula 

where Pi is the proportion of total area coverage of species i (i= 1, 2 ,  . . . s). 
Diversity is plotted against distance fro111 the pass in Fig. 3 1. 



- 0 1 2 3 5 6 7 8 

Distance F r o m  Lagoon Pass (Itrn) 

'I hi. I'rnpc' trmscct clc"inonstr,ites .ilo~iy J single. well-dellneci J.:I\ the 
 gent‘^ '11 t ~ c n d s  ohsztvcd 111 the 'it oll-wldc. s ~ u v z y  D ~ t , l  o n  col'il c o ~ ~ l ~ g c ,  
- , \ ~ l ; s t ~ , i t ~ ~ ! ~  typc , ~ n t l  s i ' ~ ! ~ r  chc.in~st;y $ 1 ~  p e s e i i i ~ d  iil I'dblts 17 t1:10ugh 19 
,111d kig 32. 1 he c .o~id!t!o~~ of  the L ' o ! ~ ~  leeis  de?eriol,ilcq with ~!~si,inc.c' from 
ih i  Idgoon piqs C'or'il c.over,igc' on s u i t ~ b l c  hard suhsti ,Iturn (Ilving coi d l  zone.), 
,is well (is nurnbe~ ol c ' o l ~ l   gene^^ plesent. d ~ m ~ n ~ s h e s  with distdnce 11o111 the 
p,iss (Table 17) This decle'ise ~n total cola1 covel'ige with tllst,ince is even 
mole p i o ~ ~ o u i ~ c e i l  th'i11 is immediately suggested by Flg. 3 2 ,  because the  
amount  of avdilable hard s u b s t r a i ~ ~ m  suitable for coral growth also diminishes 
with dlstance from the  p ~ s .  All w'iter chemistry parameters ~lndergo obvious 
changes, and these may indicate increasingly unfavorable conditions for 
coral glowth (Table 19) I n o ~ g ~ n i c .  pIant nutr ie i~ts  (especially nitrate and 
phosphate) ,111d specific alkalinity decrease, while salinity increases. 

Sediments beco~ile  progressiveIy finer with both distance from the  pass 
antl water depth (Fig. 32 and Table 18). Two mechanisins of sediment dispersal 
control this pattern: tidal currents and wind-induced waves. Sediment 
suspension antl removal is effected by tidal currents that are greatest near the  
pass and diminish with increasing distance from this region. Wind-induced 
waves exert their maximuin influence at t he  sea surface, sweeping fine sedi- 
ments from the shallow areas into deeper water. 
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, . I able 18. Sediment composition along railge transcct. 

Station 

Distancc from 
Ligoon Pass 

Ocnl) 

Sediment 
median grain 

sizc (mm) '4 Aragonite 
depth (m)  

1 3-5 10 

% hlg 
substitution for 

C:i in 
calcite fraction 

"Hard substrata (rubble and cemented reef rock). 



DISCUSSION 

'l'lle c leldropaph produced from S@rensen Siiniiarity Indices (Fig. 3 8 )  
iiac I'cj~ir c i ~ 1 ~ t ~ 1 . s  \i:ilicil correspond to t lit' ZOIICS ideutii'ied during tile q ~ ~ a i i t a -  
I;.; 1 ; ~  , sui-\,,cy (Frcntisjiii.zt't. Cl!~ister I consists mainly oi' sa111pli.s From t h e  Line 
R e ~ f  Z O ~ I C .  ::long with s i'cit. : ;ri i?lpl~~ froin shallow !ocatio~:s in o'clic!. ~ I - L C S .  

S;tnlplej in  this clusrcl. ;Ire clial-actcrizcii b ji high coi-?rage of ,Wille!ioia 
; ~ n d  rt'pri'scnt pliysic3lly hnrsh c.i-iviron~nenls will1 high water 1noiio11 
and cstrcme ievels o f  soliir radintioii. Many of' thc samplcs are fl-om arens 
exposed during low tide and subjected t o  altered salinity o r  elevated tempera- 
ture o r  both.  Cluster I may be subdivided into two subclusters: the smaller 
subcluster represents a mixed ~l . l i l l rpo~~a-Po~. i t~~.s  association found in the  Line 
Reef Zone, near the back lagoon; t he  larger cluster consists of samples domi- 
nated by ~ U i l l e p o ~ i r  alone. Most of the  shallow samples (depth less than 6 1.n) 
from the Leeward Ocean Reef Zone are in Cluster I .  

Cluster I1 consists almost entirely of samples from the Altered Zone. 
These samples are characterized by low coverage with various species of 
sediment-resistant corals, none of which is clearly dominant.  

Cluster 111 consists almost entirely of samples from the  Leeward Ocean 
Reef Zone, but the  cluster also includes a few of the  richest Pass Zone samples 
from Coral Gardens. All samples in this group are characterized by high coverage 
and high diversity. 



10 meter dep th  

A 3-5 meter d e p t h  

2 3 4 
D~s tnnce  FI-or11 Lagoon Pass krn)  

Distance From Lagoon Pass (km) 

1:igurc 32. lidationship belwccn various paramctcrs 
along rangc transcct. 



tween Coral Coverage, Niimber of Species, 

Number of species per sanip!i. shows 3 iiegativc col-rel3tion w i t h  i!istaricix 
i'rom pai;s(!Fig. 2 0 ) :  as docs cmi1 coverage per s:ilnpie (Fig. 3 0 ) .  'The 1:igocir 
waier esc1i;inges wi lh  open ocean water at a siiigle ioca'rioii on the :it011 riiii. 
and flier? are strong clieiiiical gradients in water coiiipositioii away Srom the 
optimal conditions Cor ccil-a1 growth I'o:ind 011 tile ocean reefs (Smitll a n d  
Jokiel. tliis report). 

The  range transect (Fig. 3 2 ,  Tables 17-1 9)  also shows this 1-elationsliip. 
 lie amount of sediment increases with tlie distance from the pass. while 
nutrient concentrations (total nitrogen and phosphate) decrease. Water motion 
decreases, as reflected by diniinished grain size in the surface sediments 
(Ileezen and IIollistei-, 1904). 

The decrease in the numbci- of hpecies present and 111 tlie total coverdge 
could he  due  t o  isolation from the major coral biomass of tlie ocean reefs. The  
majority of coral planula larvae apparently spend only a few days in tlie 
plankton before settling (reviewed in ConneH, 1973). The residence time of 
water in tlie back lagoon is nearly 100 days (Smitli and Jokiel, tliis report). 
Therefore, planulae produced in the rich ocean reefs probably are not  able t o  
colonize tlie back lagoon directly. 



O n  t h e  leew;~i-d ocean reel', the  nunibel- of species per sample cdrl-elates 
positi\vIy with total  coverage (1-=+0.03, sigiificant ; i t  P<0.01 ). signifi- 
cant wrrcct ion occ~ri-s bc'twecii the  numbel- of  species and coverage for sampli's 
i'rc~m more rigol-ous lagoon cnvironincnts. h hasic difference must thci-zfoi-c 
exist bet'wcfn i'actors conlrolling the t w o  c o r n m ~ ~ n i t i c s .  As  p~-c.vic~aslq i i i ~ ~ ~ 1 ~ s i . d .  
the m:gor inllucnces upon tlii' lagoon coral coinmunit!: appex-  l o  he physic;!l, 
rn;inif'esied a:, :! ncsative ~cirr i . la t ioi~ betwfcn tiist:~nce i'rc.,lii the psss a n d  b o t h  

. . 
~ ~ i ' i ' i ~ i g i .  ;i;ici 11~1iiIbe~ of' SpCCiCS. The‘ logical i1:lrrprctatioii for the  positive 
correlation hctwcen cowl-age and noln11e1- !,i' species per sample o n  the ocean 
reefs is that such ocean reef comiiiuiiilies are biologically a ~ ~ c o r n ~ n o d a i ~ ~ l . .  I f  
this interpretation is correct. thc  correlation s l~ould  he inlproved by d e l e t ~ n g  
the shallo\v (less rhan 0 111) samples fro111 the analysis, because t h e  similarity 
dendi-ograph suggests that  these samples arc physically controlled (scouring 
by intensive wave activity). Indeed. whzn thzse samples are deleted, the  correla- 
t ion is somewllat improved ( f rom r=+0.64 t o  r=+0.82);  however. this improve- 
ment is not  statistically significant. 

A significant positive correlation 1)etweeii coverage and number  o f  species 
probably reflccts the  benign nature o f  the  deeper ocean reef environment,  In 
turn leacling t o  the  development of a diverse fauna. Biological interactions such 
as competit ion, predation, and parasitism shape community  ~ t r u c t u r e  and 
promote the  coexistence of several species. T h e  ultimate limiting factor 
probably is the  lack of  suitable substrata. The primary physical factor control- 
ling substrata (and hence coverage and species diversity) appears t o  be the  
breaking of  large waves, especially the  infrequent s torm waves, against the reef. 
Local residents informcd us that such storms generally approach the atoll f rom 



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 retlistril)utc i~nconsolidated material on the 
rzef, thereby pi-otlucing the  observeti community structure. Maragos ( l ' )?4a,h) 
reached similar conclusions about wive conti-ol of corn1 communities at 
Fanninr. Atoll 

The  dendrograph further suggests that the Leeward Ocean Reef Zone and 
Pass Zone could be combined on  the basis o t ' 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 all samples i'rorn the Leeward Ocean Reef Zone with all samples 
taken in the I'ass Zone produces a positive correlation (r = +O.05, P<O.OOl ) 
between the number of  species present pel- sample and the dist;ince from the  
pass. These correlations suggest that both biological and physical controls on  
the community are operating in the Leeward Ocean Reel' and Pass Zones. By 
contrasi, combining all stations from the Line Reef Zonc with thosc from t l ~ e  
Altered Zone produces no significant correlation between coverage and number 
of species pl-csent per sample. but does produce :i negative coi.1-clation ( r =  0.48,  
1'<0.00 1 ) bet ween covi'r;igc and dislancc from pass. This pattcrn of iwrrc'lations 
probably indicates physical control of' the coral communilics in tliese provinces. 
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 
positivzly with total coverJge (r = +0.46, significant at P<0.05), as  does 
cliversity of the 14 deep (greater than 6 111) ocean stations (1- = +0.50, P<0.05 ).  

Lagoon stations show no correlation between diversity and coverage (r = +0.05, P 
not significant), but show a negative correlation (r = -0.43, significant a t  P<0.001) 
between diversity and distance from the pass. As mentioned previously, the 
dendrograph of similarity indices suggests that Leeward Ocean Reef Zone 
stations and Pass Zone stations dus te r  together (biological accommodation) and 



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 
Pass Zone stations correlates positively with total coverage (r = +0.35, significant 
a t  P<O.OOl). This relat~onsliip does not  hold for  the  reinain~ng Line Reef and 
Altered Zone stations (r  = +O.d4, I' no t  significant). Fo r  these stations, diversity 
con-elates liegat ively with distance froin pass ( r  = -0.3 1 .  P<O.OO I )  :ind probably 
rcflects physical control with iiici-casingly liars11 enikonnic'ntal conditions. 

Ihc. v , ~ n c i \ . ~ ~ ~ ~ d  o w a n  ieef\  wet? noi  wmpled.  but  tlic J<I~ , I  in l',iblc' 10 4 1 i  

~~ 'p resc 'n td t~xc '  of dt Ic'd\t l l i ~  l c ' e ~ ~ ~ r d  reef\ I l ie  mo\t 1n1port;int Idgoon spt.c~e\ 
f ?  abli? 10)  also ,Ire ,ilnong t he mo\t impor-tdnt lc.cw'irc1 ocbe,in reef' co i ,~ l \ ,  t h e  
diffe~enceb dppa~cn t l y  result f rom thc' decredse In tlie numbel of ~ e c l c s  with 
tlie ~ncreaseci distance from the  pass. The  faunal s imilar~ty between ocean and 
lagoon prehents a striking contrast t o  the  Marshall and Line Islands. where 
dominant  lagoon species d ~ f f e r  f rom the  doininant ocean reef species, some 
species are even considered t o  be ex~,luslve lagoon types (Wells, 1954; Maragos, 
1974b)  Poss~bly t l i ~ s  diffc.1-ence occurs because several atolls of these island 
group\ have rel~itively large, open lagoons wli~cli  favor- the  recruitmenl and 
dc.velopmenl o f  d~.stinzlivc 1,lgoon cola1 popul ;~l lons Atolls In tlie I'hoenix 
Island group gcncl'llly lack I'lgoons o r  1i,1ve lest]-~cted t>uchange w ~ t h  the  open 
ocean. Consequently,  tlie Canton 1'1goon cola1  faun,^ p ~ o b d b l y  lid\  been derlveci 
almost enti] c'lk I'] o m  tlic J V ~  i l ~ l ~ l i i  ocean reet spcc~c's. 

CONCLUSIONS 

The  various biogeocliemical gradients and processes co~ltrolling community 
function and structure a t  C'anton are described by S m ~ t l i  and Jokiel (this report).  
It is apparent that poor circulation results in an increasingly isolated and 
physically harsh environment in the  lagoon with increasing distance from tlie 
pass. As pointed ou t  by Wells ( 1  954) ,  local coral distribution has long been 
known t o  be controlled pri11ia1-ily by  light and  water motion. 011 the ocean reefs 
breaking waves lilnit coral development in the  shallows. At intermediate depths,  
good light penetration and vigor of circulation due t o  wave action I-esult in a 
diverse, high-coverage coral reef community.  The  maxiniurn depth to  which good 
coral reefs can exist along tlie ocean margin is ultimately l i~ni ted by t he  penetra- 
tion of light and by t he  depth t o  which wave action produces sufficient water 
circulation. 



I n  t h e  sll:~llow 1,lgoon :it ( ' an lon .  Iighl prohahly doc,\ nol  \everely l i m ~ l  the  
m , ~ \ i r n u m  ~ l c p t l i  o f  C O I  '11 cli.iclopmenl. ' fhc \tiongi.\t environmrnt.11 $1 aclii.nt\ 
( ~ ~ i l i n i t y .  n~~ t i i c . i i t s ,  t d a l  current ,  ~ c d i m r n t )  c\t~.;t in tlic 110si7orll:11 plane,  and  
i-c"c~~lt In diSi'erence\ In b ~ o t l ~  compo\ l l lon  bctwi.c.11 the  pa \ \  c~ncl back 1,igoon. 
Wind c h o p  J I I O I I U C C \  'I \1 I o n g  i ~ ~ ~ r t i ~ ~ i l  W J ~ C I  m o t ~ o n  gs ,~dient  \vhic11 enIi:111ci.\ f lle 
gl-owl11 ol 'cola l \  in rhc \li,rllowr, 'T111-ou~houl mob1 of t h e  lagoon ( I  1 1 1 ~  Kec i  
Zoiic. A l i c r i ~ J  Loni.. 1 3 ~ i . h  LLrgoon 1onc . j  li>111g i .o l ,~I  I \  1;11c l~clo\\l '1 d i 'pih oi' 
2 ill  L I Y L  Lli(u~\gI~ \ \ c ~ & L ' ~  L ~ ~ L ~ I I I ~ \ ~ I ~  I \  : I I J I ~ ! J I  111 ~ L I I  d ~ p i c 1  
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The above studies provide useful general background information; how- 
eve)-. these stuciies d o  not prtsent quantitative distributional clata. Distributional 
data for other coral atolls have rt:ccntly been gathercd by various visual transect 
methods. Fislics are ot'tcrl collcclcd t'or identification and analyzed for spccii'ic 
i'ooti pl-cifi'rcnces wllcn possible. (']lave a n d  I-'i.licrt ( 1  9 7 4 )  conii~~ctccl such a 
s t i~i iy  a t  1;anniiig Atoll : ~ n d  tiiscuss fish distributions in terms of seven general 
Iial~ilal type?;. Losey ( 107.3) undertook a simiiar studgg at Kwajalein Atoll. 
Jones 2nd Larson ( 1  9 7 2 j  I i i ~ i ' ~  conducted Iransecting studics around (;uam anti 
other Micronesian islands. 

The  purposes of' this study arc to  expand tlic specles list from Canton 
Atoll and t o  examme fish distribution within and immediately outside thc 
atoll lagoon. Some explanations for observed distributional patterns arc included 

METHODS 

During the inshore fish survey, two visual methods of assessing fish species 
distribution and abundance were used. In areas having high L'ish diversity and 
abundance, a weighted 30-m transect line was laid across the bo t tom;  for 
locations having varied relief and substrata (such as patch reefs o r  along an 
outer  reef shelf), the  transect line was oriented so that it crossed a represen- 
tative variety of habitats. Biologists with scuba gear swam along either side 
of the transect line, recorded numbers of individuals, and estimated average 



I n  ;ma.: ol' i'ish :!buiic!a~~cc. (typic:!lly inlertidt!I ocean rceS sI?t:li 'and 
nearsliore shallow lagoon sand flats). scuba gear a n d  transect line \\ere n o t  
1.1sed. Two biologists with s1io1-l<c.ling pear swam along a p:rtli of pretlete~minecl 
length ~ m d  orientation. I-rcording species pl-e.;ent ( w i t h  lioles on abundance and 
lcngth). At three nc'arsl~ore shallow-water stalions, observations were made by 
wading along the shore. Fifteen such snorkeling and wading stations ("fish 
observation stations") are labelled "FO" or  "FO (w)" in the Appendix. 
Locations of sampling stations are shown in Fig. -34. 

For  most transects and observations, 3 "horizontal identifiable visibility" 
(HIV) was estimated. The HIV is defined as "the maximum distance througli 
the water (in a horizontal plane) at wl~icli a stationary o r  slow-moving fish 
(10  cm o r  longer) can be readily seen and identified by a competent diving 
biologist, that is, one familiar with the fish fauna of the area under study," 
Evans ( 1973). Such HIV values, although subjective, provide data useful for 
survey in tercomparisons and are therefore included in the Appendix. Bottom 
profiles and composition, dominant coral types and coverage, current 
characteristics, and other  incidental observations are also included in the  
station descriptions. 



From t l i ~  74 i'ish ii-aiiscct a ~ i d  fish obsi'rv;iiion stations, 146 species ivcrt 
(j l>stl-~cd (scc ~ h ~ c l i l i ~ t .  Table 70): G I  speciiis wei-c new reporis for the 
I'lioenis Is1;inds. 'Shesc. I-eiords, wit11 the data from S c h u l t ~  (1 04.3) and I-lalstead 
~ ~ n d  Bunker (1 054), bring the  new total to  364 species from 50  i"~niilies. These 
numbei-s are comparable with insliorc f'isli fauna data g ~ t h e r e d  in other  Central 
Pacific Island groups. 'She Phoenix Islands are a major conlponent of the 
Central Pacific faunal "subregion," wl~ich includes tlie Marshall2 Gilbert, 
Line, and Hawaiian Island groups. This subregion is the northeastern compo- 
nent (described by Cosline, 197 1 ) of the extensive lndo-West Pacific faunal 
region. Strasburg (1053) reported 250 species belonging t o  5 I families from 
tlie southern Marshalls at Arno Island. Randall (1955) recorded 396  species 
of inshore marine and pelagic fishes from the Gilbert Islands. Gosline (1 07 1 ) 
reported 335 species helonging t o  4 0  families from the Line Islands: Chave and 
Ecltert ( 1974) reported 3 17 species belonging t o  37  families froin Fanning 
Atoll alone. Brock c J t  ul. ( 1965) reported 184 species belonging t o  4 6  families 
from Johnston Island. Gosline and Brock ( 1  960) listed 448  species of inshore 
or  surface-living species froin the Hawaiian Islands. 



Ilawaii Coastal Zone 
1);1t;1 I3ank No"-"  

(;,~1~111otl7orar rriclr(~gris (Sliaw a n d  Noddcr)  
SalIlloiliforIllcs 

Sy nodont idac  
GonorynchiSormes 

Clianidac 
C'harrox c,lraiios (1:orsskil) 

Aulostomidac 
A u l o s r o ~ l ~ ~ s  chitzcr~sis (Linnaeus) 

Fistulariidae 
Fisrrtlaria sp. 

S yngna tliidae 
Scorpacnifurnies 

Scorpaenidae 
1'rrroi.s arztcrrriafa ((Bloch) 





Arr~plripriori sp. 
Cirrhititlac 

Cirrhitid sp.  
IJu,ncirrlrires orcarus (Cuvier and Valenciennes) 
Parac~irrlrircs]brsreri (131ocll and Scllneidel-) 
Parac,irrlrites rarl/lr~r,s Randall 
Cirrhitic~l~tlr?~saprirr~is Cuvier and Valenciennes 

Mugilidae 
CIIPIOII r'aigicii~is (QUOY and Gainlard) 
Creilin~ugil cret~ilaAis (Forsskil) 

(Con t d) 



Acanlhu ridac 
ilcatirlrrrr.rt.s triostegus (Linnacus) 
Aca~rt/rrrr.rrs firlrtarrts Bloch and Schneidcr 
Acarzth~rrus ackillcs Shaw 
Aca~rrhurus glauroparcius Cuvier 
Ara~~tliunrs oli~~aceus (Block and Schneider) 
Aca~rrhurrrs xa~rthoptous (Cuvicr and Vdencicnnes) 
Aca~lrl~rrr~rs 1i1iraru.s (Linnaeus) 
Aca~lthurus sp. 
Crc~t~ocltaerus strigosus (Bennett) 
Crmochaerus srriatus (Quoy and Gaimard) 
Zebrasotna veliferum (Bloch) 
Zcbraso~na scopas (Cuvier) 

(Contd) 



Figure 35'shows the numbci- of species recorded a t  each station (as dots  
with ;Ireas proportional t o  the nuinher of species observed). 'l'he number 01' 
species is plotted against distance from the lagoon pass (Fig. 36).  A pronounced 
decline in the number of species is seen with increasing distance from the 
pass. These data at:e consistent with the  well-documenteii preference of most 
reef species for habitats with substrata of varied relief and generally high live 
coral coverage (Key, 1073). These habitat types provide protective cover and 
food for fishes and a largc varicty of othcr reef organisms, as seen in the photo- 
graphs taken adjacent t o  Spam Island in the pass region (Fig. 37). Regions of 
abundant and diverse coral coverage are also normally "healthy" areas with 
good circulation and near-oceanic physicochemical conditions capable of 
sustaining most reef-associated biota (Smith and Jokiel, this report;  Jokiel and 
Maragos, this report; Kay, this report). Accordingly, the  areas with sparse live 
coral coverage and low relief (see substrata key in Fig. 36)  are uniformly low 
in fish diversity and abundance. In such environments, available habitats 
appear t o  overshadow the  effects of  circulation and overall water quality. 



1:igure 35 .  Nurnbel-s o f  inshore IXi spccies observed 
at 24 locations. Dashed circlc indicates the one 
station where two transccts \\'ere conducted. 

Substrata Key 

@ On or directly adjacent to  natural coral substratum 
(parch reef,  hne reef, or >5% hve coral coveragl 

A Altered coral substratum 
[dredged bottom. < 10% lwe coral coverage) 

$ Reef rock substratum 
1<5% ltve coral coverage, lnrerradal shelf a n  
ocean-rtdel 

B Sdnd flats 
( < I %  hve c a m  coverage, jntertmdal flats a n  
lagoon-r8del 

1 0  

N o D i s t a n c e O  1 2 3 4 5 6 7 8 9 1 0  11  1 2  
Scale I Distance F r o m  Lagoon Pass ( k m )  

Ocean +Lagoon ------ I 9 

Figure 36. Numbers o f  fich species versus distance 
f r o m  lagoon pass over four general substrata typcs at 
Canton Atoll. 



1 12111-C. .i7. S11,1111~\\ r i \cI '  iop ciivllonlliciil, 1a:oonsidc o f  Spam Island. 



Fish diversity is generally high o t ~ t s i d e  the lagoon, with the esccpt ion of 
tlie shallow wave-swept o t~ le i -  reef flats. Immzdiately beyond l h e  flals and 
algal ridge, the  groove and spur region o i  tlie ou te r  reef siipporls a fish fauna 
that  becomesinci-easiilgly diverse with deptli .  Observations a t  two  locations 
along the forereef (water d e p t h ,  3-20 111) revealed the  presence o f  an ou te r  
reef terrace (shown diagrammatically a n d  by inset photograph in Fig. 39) .  
This terrace supports  a diverse coral and fish fauna. 



Distribution of Selected Species 

Data on  tlic distribution of' fishes were recorded at thc 24 transrct ; ~ n d  
observation stations and wesc also examined for meaniiigful pattesns or trcnds 
by  taxa. Twenty fish species have been selected (see Table 3 1 ) t o  illustrate the 
observed patterns in fish distribution at Canton Atoll. Nineteen of these 
selected species were recorded at 35%, or  more of the  sampling stations. The  
remaining species, A r o t l n o ~ ~  I l i ~ p i ~ 1 1 ~ ~ ,  was recbrded a t  30% of the stations; its 
occurrence is also considered significant t o  the distributional discussion. 



Table 21. Alpl~abetical listing (11' selcclcd fish spccics wiih rcnxirks on  behavior. !iabit;ri. :inti di\iriii~:i~!,~il 

Total n o .  li?Jiavioral ciiaracterisiics 
individuals Aggrepl ing 1:ceding Gcncr:;i I'o\\ih!c ! , I \ ' ! ( > J <  

Specics recorded" 1 ypc b lypcC h b i t a i "  limiting tli\iribution -- . 

Acarzthurus xanthopterus 
Arothrorz hispidus 
Cen tropyge flavissinzus 
Cephalopholis argus 
Chaetodon aurka 
Chaetodon lurucla 

Cheilodipterus quirzquelineata 
Chrornis rnargaritifer 
Dasqlllus aruanrcs 

Gonzplzosus ~ ~ a r i u s  
Lutjanus fulvus 

Monotaxis grarzdoculis 

Pomaceritrus coelestis 
Pomacerztrus nipicarzs 

Rlzinecarzthus aculeatus 

Scarus sordidus 
Thalassorm anzblyceplzalus 

sc1io~;ling 

schooling 
so1it;isy 
solitary-/[I- 
solil ary/tr 
grouping 
pairing 

gscoupu1g 
schooling 
schooling 

solitaiy/tr 

soli~ary 
schooling 

solitary/tr 

scliooling 
soliial-yltr 

soliiary/tr 

schooling 
schooling 

solitai-y/tr 

herbivore 

1icrl)ivorc 
carnivore (omni.) 
hcrbivorc 
carnivore 
carnivore (omni.) 
carnivore (omni.) 

carnivore 

carnivore 
c a ~  nivorc 

carnivore 

hcrbivore (omni.) 
licrbivore (o~nni . )  

omnivore 

licrbivore 
p1:inklivorc 

herbivore 

fooc! ;iva~l:iIiiliiy. 
sl':ls~ll~ll ~llovc~llc~lt '!  

:ilg~l sribclrat:l, vcrlical rclicf 
food :~vaiiallility 
clcan v%ti:r :11gal forms 
pre) :~!)und;!ncc. protcctivc cover 
[xo~ei': iv? cover 
food :iv:~il;iL~iIiiy (psosi~iiiiy to  live 

L,OI,III .  ] 3 i ~ ~ ~ c c t i v t  ~ m v w  
prolcciivc ic>Wicrr. \v:lter ~nc>iic?n 
c)cc;rnic pl;!nkion. protective cover 
:ibaniianw of plankton. competition 

v.;itk o t l ~ c r  l?oii~ni'cntrids 
pre!. abu:itl;~~ic:c, prolec~tiw covcr with 

high sclici 
l>i-cy n b u i l d ; ~ ~ ~ c c  
c o n ~ p ~ t i ~ i o n  u.ilh oriicr c;~rnivores. 

pi-c; al>~i~ic!:ince 
prc~lcct ivc cc>v?.s. cr>n~pet ition wilh 

!uti:i:iid~'.' 
~ I G l i l  i\':l!ci' :dga! forllls. pro1 eclive cover 
higli r.clic:i' u l)s i r ; i tu~i i ,  territorial 

c o ~ ~ i p c ~ ~ i i ~ ~ ~ ~ n  
l)~-otcci iv? coves, pro\-inlily l o  ssnd 

b~)i!011i 1i:ibitai 
food ::vailabilily 
prc\\iti~it\  to  l iw coral. abundance of 

pl:~nkton 
ci c : ~  n XI 11.;. algil forlns 

aTl~esc data are conservative because they represent niininiuni counts of individuals, that is, dala ~.ccordcd glmlci rh:111 (:>) were trcalcd as 
number listed only (scc Appendix); + indicates that numbers of individuals were recorded as TNTC (too numcrous to  count)  ai sonic stations. 

btr = territorial; grouping = occurring in small aggregations (3-1 0 individncils); solitary, pairing, and schoc~ling x c  sell'-c?,pl;~natory. 
Teed ing  typc infor~nat ion was obtained from Jliatt a n d  Strasburg (1960) and Ilobson (1974). 
d13abitat types: P=pass; Rs=outer rcef shelf; L.c=clzar lagoon: Ll=lurbid lagoon; O=ocean (along o~itc.1 rwi '  slope): I i ~ l ~ i i l ~ i i ~ o ~ ~ ~ . ( o b c c r v c ~ i  :it 

nearly all habitat types). 





Surgeonfish; Pualu 
Acanthurus xanthoprerus 

@=GI-80% s~ze of the "dots" indicates 

@ ; 41-60% frequency of occurrence of a 

@ = 21 -4094 given species as a percentage 
o i  all ind~viduals of that 

' = species reported during 
the survey; excludes 
individuals of that species 
too numerous to  count (see 
below) 

Honeycomb grouper 
Epinephelus rnerra 

= ~ndividuals too numerous to count or ade- 
quately estimate (greater than 1000) 

0 =species lhltely included in data recorded to  
family level only (based upon subsequent 
identifications from photos and later taxo- 
nomic analysis) 

1, ' igre 40. Dis t r ib~i t ion pattcrn of 7-0 r~prcscn ta t ive  r ~ t f  fish species. 



Parrotfish; Uhu 
Scarus sordidus 

Five-lined cardinalf~sh 
Cheilodiprerus quinquelineata 

Bicolor c h r o m ~ s  
Chrornis rnargaritifer 

I'igurc 40. (contd) 

Lemonpeel; angelfish 
Cen trop yge flavissirnus 

@ = 61-80% size of the "dots" indicates 

g = 41 -60% frequency of occurrenct: of a 
given species as a percentage 

@ = 21-40' of all individuals o f  that 
= 1-20' species reported during 

the survey; excludes 
individuals of that  species 
t o o  numerous t o  count  (see 
below) 



S u r g e o n f ~ s h ;  t a n g  
Zebrasoma scopas 

Beaked wrasse 
Gornphosus varius 

=- ~ n d ~ v ~ d u a l s  t o o  n u m e r o u s  t o  c o u n t  o r  ade 
q u a t e l y  es t imate  (greater t h a n  1000) 

0 = species l i k e l y  i n c l u d e d  I n  da ta  recorded t o  
f a m i l y  level o n l y  (based u p o n  subsequent 
i d e n t i f i c a t i o n s  f r o m  p h o t o s  a n d  later t a x o -  
n o m i c  analysis)  

B lack  grouper  
Cepha lopho l~~s  argus 

Whi te- ta i led  damse l f i sh  
Dascyllus aruanus 



R a ~ r i b o w  wrasse 
Thalassoma amblycephalus 

Raccoon bu t t e r f l y f i sh  
Chaetodon tunuta 

61uc damselfisti 
P o n ~ a c e n  t rus  coelestis 

T r~gge r f i sh  
Rhinecan thus aculearus 

@ = 61 -80% size o f  t he  "dots" indicates 

= 41 -60% f requency o f  occurrence o f  a 

@ = 21-4096 given species as a percentage 

-a = 
o f  al l  i nd i v~dua l s  o f  t ha t  

1-200/a species repor ted du r i ng  
t he  survey; excludes 
individuals o f  t ha t  species 
t o o  numerous t o  c o u n t  (see 
b e l o w )  



Big-cye sea bream; Mu 
Monotax is  grandoculis 

Soft puffer; Makimak~ 
Arothron hispidus 

if# = ~ndiv~duals too numcrous to count or ade- 
quately estimate (greater than 1000) 

0 = species likely included ~n data recorded to 
f am~ ly  level only (based upon subsequent 
identifications from photos and later taxo. 
nomic analys~s) 

Black-taled snapper, Toau 
Lutjanus fulvus 

Convict tang; Manini 
Acan ttiurus t riostegus 

I'igurc 40. (contd)  



i , ,I \ tc+t!~) : l  ( 1  1 O2;0:8 i l i 0 1 1 i ~ t  Rc?i > C L  A ~ ~ ? I I L ~ ~ \ )  t ~ ~ i ~ i \ > (  t~ 
A ~ I L  L ~ ) i ~ d ~ ~ k  tLt i  1 A O  J i l f L ~ i ~ s ~ l [  \cjli~piliig d c l \ \  JI \ I ~ I I ~ ~ I  I I I I ~ I - I I I O I  i - ~ n g  I I I I ~ L \  
dnil t~ti'll c o n u i t l ~ ) n \  1112 \ccolid t x ~ ~ i ~ c ?  u '15 c!iigi~cd p ~ ~ l p e ~ i d i c t ~ l ~ ~  to  t h e  
L I T \ [  ,111d e ~ ~ l i  tl,in\c>~-t iiiic lwg,ln 011 t h c  p,iicil r x i  ' ~ n d  L . \ i ~ ~ ~ ~ ~ l ~ ~ t i  11110 c i e , ~ z ~  
viater (1 5-11? d e p t h )  I he  dat,l reportc'ti wcic  5liii1ldr 111 in:lg~iitude for  b o t h  
n u m t ~ e r  of 5pecie.l ~ n d  I I L I I ~ ~ ~ C I -  of indivit1~1,~ls. however.  ~oi i iewh, l t  111o1 e 5pecle5 
we1 e rccorclcd dur ing t h e  second t 1 ~ n s e c t  than  t h e  1 i r j t ,  po5slbly becauw 
obseivel t~ rn l l i a l  ~ t )  wi th  t h e  flshe5 1111p1 ovcd '15 llie julvey pi ogle\secl 

r- , I he most obvious  pattcrii t o  crncrgc f rom t h e  fish c!istribution tl;:!:! 
colrcerns t h e  ::b~inclance :iiid, divcrsiry of i'islics. Botli tlie n ~ ~ r n b c r  oi' int l ivit lual~ 
and  t h e  numbel- of' species decrease with t l i s~ance  away Srom t h e  pass in to  the  
lagoon. 

'This pa t t e rn  is u n t l o ~ ~ l ~ t e d l y  a response t o  a variety o f  factors,  including 
availability ol' food  and  shelter .  As wi th  t h e  coral distr ibution (Jokiel  and  
Mu-agos, this  r epor t )  and  t h e  d is t r ibut ion of  water  composi t ion  parameters  
(Smith  and  Joliit.1, th is  repor t ) ,  water  mot ion  obviously plays a major role;  
t h e  o n e  central  lagoon s ta t ion  wi th  abundan t  and  diverse fish fauna is also a 
site o f  locally accelerated wa te r  f low. 

A second and  more  subt le  pa t t e rn  also emel-ges f rom t h e  da ta  when  t h e  
fish species are  examined individually. There  is t h e  suggestion tha t  remnant  
p o p ~ ~ l a t i o n s  o f  fishes c o r n ~ i i o i ~ l y  i b ~ ~ n d  t o  inllabit m o r e  oceanic  condi t ions  may  
still exist in t h e  lagoon, particularly along t h e  western side o f  t h e  lagoon nor th  
o f  t h e  present pass. Passes in th is  area have been closed fo r  a b o u t  30 years  
(I-Iendei-son el ul . ,  th is  repor t ) ,  a t imespan far beyond t h e  life expectancy o f  
t h e  fishes observed dur ing this survey.  
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East extensive cora l  cove 

To ta l  Species: 81-t- 
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Fish Ohwi-v:ltlon, sinall boat marina. lagoon 1 O( w ) 0 14030 



ITl\h 'I ~-,tn\ci.t ,  w u t h  of Taylor wreck. ocean 1T 01 3049 

E x 1  West 
Total S ~ e c ~ e s .  43  4 





Toial Spec~es:  1 >!-i 

Species Nunibcr oi' individuals I : s~ i~n :~ t e t l  average length  (cm) 



[:is11 Tranwct ,  main wharf ,  lagoon: 1:T 01 704 1 

Total Species:  1 7  

Labr~dac sp 
Klr~rrecar~th~is  actclcarris 
Kltir~ecar~thlrs r~~clarrglrlarui 
Stifflariterr c l ~ r ! ~ s o p r ( ~ r ~ t s  
Thalassonra arn /~ lyccpha l~ i s  



Tota l  Species:  1 7  

Species Nunlber oi' individu;lls l:srinl;~tcci ;Iver;lge Icnpth (cm) 
.. -......p--.--- - 



Fish Ol-,scrv:~t i o ~ i .  Spam Island, 1:igoon: FO 0 18045 

Surveyed: 9 l k c  7.3. 1430-1450 hour\ Titlc incoming to li~gh-Iirgh ( 1 ..3 n i )  a t  
182 1 I ~ o ~ i r \  IIIV. 2 0  rn Ob\crvat  ion triicli length.  40 m 

S p a n  Island 

West 

Total Species: 77t 
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Fish Observation.  dredge chnnncl. lagoon: I : 0  010044 

S~rrvcyet l .  7 Dee 73. 1 135-1 150 hours Title: near slack. hgh-low ( 3  1 an) at  
005.5 hour\.  111V. 10 m .  Ohsi.1-vation Icng t l~ .  30 m 

Ecisi West 







Also sishted: 2 turtles (76 cnl and 100 cm carapace Icngths) 



S u r \ ~ ' y i ' d .  3 0  No\, 73. 101 2-1 O S O  l -rou~s.  Tidt: incoming t o  low-high (0.0 ni) 
3t 1 0 4 4  I io i~rs .  I I I \ I .  15-1 H m l'r,lnsc'ct Ic'ngtli: 30 111. 

'1'r;insect gc'nc~-al tlcscription: f)atCl1 reef area nppros imate ly  8 0 0  m east 01' 
n1:iiii ivliari'al-ca and 300 i i i  f r o r i ~  ~ l r z ~ l g c i i  turning l); \>in.  Ilcprl-is in sul-l-ountiing 
an.2 4..5 t o  0 m wi th  i,o!'iil p i ~ i ~ i : ~ c I t s  ;111~1 patch I - C ~ ~ S  01' 3 to  15 111 d i a : n i ' t ~ ~ r  
s i s i i l ~  to tt:it?!iii a fe77,; fcer o f i h t .  ~ i i r f t ice .  i3orrom generally o f  s;iiid or sand :ind 
CCJI ' ; !~ !-~ih!)l2. l h ~ i - ~ i i h  I I ~  ~<)r; j l  iy 'pts:  .,f c i.o/?<j).ll, f'o~,i//oporu, ;itid . ; f i / /c , !~oj ,u .  
'1'11 is :!I-?:.I i w s  sul,iectcc? t o  t id:i! i~!r!-c!its oi' appl-o ui in:! i '!:: ! k n o ~  i!u:-ir~g 
inconling i ides.  
T! iurr iec Reef  --- 

'Oral rubb le  sand ~so la ted  dead a n d  I ~ v e  cot-a1 heads 
To ta l  Species: 30 

Dascyl11t.s aruarlirs 
E p i r ~ c ~ p l ~ ~ l u s  rrwrra 
Gob i i dae  spp. ( 3 )  
G o ~ ~ l p h a s ~ t s  ~~ariits 
Labi-idae spp. (3) 

Scor~iberoidcs sarlcti-perrl 
SuffZamet~ chrysoptcrus 
~ l ~ ~ l l a s o n ~ a  arn hlvcephalus 







Total Spec~es  3 7 i  

Hele,~ioc/rrrs ncir~iii~ral!rs 
Labridae spp. (2)  
L,abroiiies cii1!7iiiraiiis 
Lnhroidcs rtrhrolabinr~rs 
Lutjatiidae g p .  (2 )  



Fish Olxc.rvar io n, southwest ocean reel': 1-'0 077007 

Total S n u c ~ e s :  E 



Nol-iii South 

Total Suecics: i 7 



observat lon lagoon 

about 6 indi\kluals with a mean c;lrapace 
width  of 9 cm. 



S ~ ~ r v e ) ~ c i l .  3 I3cc 73. I53O-l 5-10 
All condition:, j i m ~ l a r  t o  s o ~ ~ t h w c s l  ocenri reef 1 . 0  077007 

Total ::pec~c?s 4 :  

(‘,, ~ ! ~ . ~ n g i d : ~ c  . $13. 4 6 9 

~ i V , , , ~ ? : ! ; ! ; j . ! t &  i i ~ ~ ~ ~ ~ l i ~ , , ; i l , ~ ~ : t !  , 7 5 
l , : l i j ~ ~ i ~ j : ! c '  <,))p. ( 2 ) , i C I >i 



l-t\li 'I I . ~ n s c ~ t ,  tlrctlgc spoil island, central 1:1goo11. 1-7 0440-IS 

l ive coral  sparse I 

dead 
COI iil 

E a ~ i  W e s i  

Total Species: 23 



~ --..........--,.--pp.-.. 

Species h 'u~nber  uf  inriividu:~ls I.ktirll;~ teti ,ivci;~ge Isngtlr (cnl) 



o b s e r v a t ~ o n  

-- 25 m 
To ta l  Species:  31 t- 
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I - id l  O b \ ~ l - v ~ ~ t  i o n ,  south central ocean r ee f  1:0 00307 1 

S i c  2 DCC 7.3\ 1030-1 035 hour\.  ride. outgoing to hlgli-low ( 0 . 5  111) a t  
I X 10 I i o u ~ \  111V 15 m Ob\~.rv, t t lo~i  ti-ach l e n g t h  I F  111 

coral s h ~ n g l e  h!?acii 

Spccics Nu~iiber ol' individu:ils 

A hrrd~fi lrq' it~rparip~trtri.s 10 
A hrrd~fdrrfphocnix~~t~sis ( ? )  I 
Ah~idc>,fdri f sordidrr~ > 20 
A c ~ a t i t l r ~ ~ r ~ ~ s  aclr i l l r ,~ > 40 
A carrrhrirlrs jihrrcoparci~rs > 12 
Acar~t l r~ t r~rs  litrcatr~s > 2 0  
Acatrtlr~rrrrs triostcprs > 30 
A catrtl~~trrr,s .uo~rrhopt~w.s > 20 
Acarltlz~rrrrs spp. (>2) > 40 
Adiorys 1ncic~opttatrr.s 1 
hj,l~lro.srrs citwrascors 15 
Porliaccarrtrrrs sp. (yellow) I 
Rhirrecantlrus rectat~prhrlrs 10 
Scarus spp. (2) > 30 





.- 
I oi; :~ Species:  i O 



Fish Observation.  sou th  t ide  flats, lagoon:  F O ( w )  1 0 4 0 9 4  

Surveyed:  5 13ec 73. 1500-1 5 15 hours .  T ide :  slack a t  liigli-high ( 1.1 ~ n )  s t  
1134 hours.  I I IV:  no t  es t imated.  Observation t l ~ c l i  length:  a b o u t  3 0  111. 



Fish O h ~ c . r \ ~ , ~ t i o ~ i ,  alplia site,  ocean tide flats: I:C> 108 100 

observat ion : surf zone 



b Y 

E. Alison Kay 







Figure 4 1. Biotic provinces and 
micromollusk sample sites. 



, -  1 lic. lagoon is clivisiblc in to  two  sectors o n  the  hasis ot' species c o m p o s i t i o ~ i ,  
s tanding c rop ,  species diversity. and tl-ophic S ~ I . L ~ ~ ~ L I I - C .  l'lie O L I ~ ~ I -  1;goon 
s ta t ions  i M  s ta t ions  and G 1 alicl 1. Fig. 41  j a re  charactel-izcd by  lowel- standing 
c rop ,  higlier specics diversi ty,  and a propor t ionate ly  greater num1~c.r o f  faunal 
grazers than OCCLII.  in t h e  inner lagoon ('T~rhles 1-3 a n d  33). Standing c r o p  
avel-:lgcs 9.0 shells per ci i iJ ,  and  the  spccies divei-sity index ranges f rom 1 .3  t o  
3.8. 'Ti-opliic structui-e is predominant ly  microherbivore.  wi th  a f a ~ i n a l  grazer 
compoi icnt  comparable t o  tha t  of t h e  ou te r  rcel 'samplc.  

For ty-nine  species were I-ecorcled f rom tlie s ta t ions  in tlie outel- lagoon, o f  
which 24  werc  I-~.stricted t o  this sector o f  t h e  lagoon. Gastl-opods c o ~ i s t i t ~ i t c  
90V t o  Otl'/i' ot' tlie assemlslages, a n d  b iwlves  averagc a b o u t  5:'; of' t h e  
assemblages. Species composit ion and  relative abundance  of  the  v:irious g roups  
are s h o w n  in Table 32 and  Fig. 4 1  a n d  43. T h e  dominan t  gas t ropods  a re  t h e  
Diilstomidar, represented h y  four  species and  comprising an  average of  5OY o f  
tlie gastroliods in each sample.  Diulu .j'lrriiirl~eu, tlie most  abundant-  d ias tomid.  
is found  in all the  samples a n d  averages 03Y. o f  the  diastomids.  Ohtorrio 



Table 22. Standing crop. spccics diversify.  and rckitivc abundance of the inost t~omillci!l ~ l ~ i c ~ . t , l l ? a l l ~ ~ s k \  a t  C'~nton At011. 
-. -- ............... ... ..... . ..-... - -.-..- . -. 

Station . . . . . . . . . . . .  M22 G1 G 2  MIS M24 V29 MI $411 h127 CL28 ('L.29 (:1,.3il ('I 32  ('1.16 ( - I  1.5 C1.18 ('L.12 ('L20 G25 

Specicsdiversity . . . . .  3.8 2.3 1.2 3.8 3.1 2.5 3.7 2.8 2.4 3.0 1.4 2.5 2.7 2.4 2. : ;  2.1 2.3 2.2 3.1 

Tricolia . . . . . . . . . . . .  10 - - 3 -- 3 I +  12 + 
Leptotlzyraspp . . . . . .  2 5 2 9 5 4 4 3 2 16 7 h h 1 1 - - I 4  
Rissoidai, . . . . . . . . . .  20 9 7 15 10 10 ! I  7 5 + - + : 2 1 -  4 
Bittiur?~ glareosrm . . .  21 - -- 15 8 2 25 7 8 - -  - . I-  I t i -  3 
Diastomidac . . . . . . . .  1 72 86 27 44  67 17 6 6  68 41 70 7ti 2 .  69 Oh 87 50 88 72 
Diala* . . . . . . . . . . . .  -1- 95 95 94 93 86 100 87 95 38 35 58 3h 2 i  71 21; 5(1 34 6 3  
Obrorrio sp. " . . . . . .  . . 2 3 3 3 6  3 1 14 8 I ? -4 1s -- 13 24 
00torl io p ~ r p o i d c s ~ ~  . - 2 3 -  2 ? 6 2 48 49 39 1 ' 1  i 40 33 39 3 
0b tor t io  s~rlcifera" . . -- + 1 . i 2 7  4 1 8 I 16 ! .? .. 2 9 
Scaliola spp." . . . . . .  - - - -I- 2.: h:i 5 . ;  1:; 17 12 

Triphoridae . . . . . . . .  1 1  - - - + 1- 5 t +  
Cerithiopsidae . . . . . .  2 - .-. + + I- +- + -. 

Marginellidae . . . . . . .  1 + - + -1- + 4 + 1 - 

Pyramidellidae . . . . . .  - 6 3 5 3 7 S 3 3 h 7 :i i 2 3 1; 2 
Acteocir~a . . . . . . . . . . - -  5 .. 1 1  14 4 2 6 4 27 1 4 1 5 17 + 

Fragzoni. . . . . . . . . . . .  - 9 17 44 39 60  78 36 93 93 9.5 09 ( ) ( I  90 90 10(1 100 2 
Tcllinidacf . . . . . . . . . .  - 89 - 28 50 3.3 25 - 17 5 2 ! 8 



I.igurc 4 2. Relative ; ihund;in~.c ol' b i u l w i  allti 

g;isii c~pocJi ,  



Three of the  nlne statlons vary In specles composition. At stations CL 28 
and C L  12,  in the  northwestern and southeastern sectors, respectively, the  
diastomlds constitute only 4 1 '%/ and 50% of t h e  gastropods. compared wltli an 
average of 8 1% in the  other samples, and there is an  apparent concomitant 
increase in the  proportion of Ac*fcocilu, represented by  27% and 17% of the  
samples (Table 32) .  S(diolu,  w111c11 constitutes a significant part o f  t h e  
assemblages at  t h e  other stations, was absent at  stations C L  28 and C'L 29 
(Fig. 44). At station C'L 20 in the  southeasternmost sector, gastropods 
constitute 97% of the  assemblage, a figure similar t o  that of the  assemblages 
in the  outer  lagoon. Variations in standing crop d o  not fall into a patteri; and 
are assumed t o  depend o n  t h e  substrata sampled by the  dredge. 



7 .  I he  occurrence  o f  three  distinctive assc.mblagc:s o t 'mol lus l ;~  ;it Can ton  
J2t011 purallels tha t  repoi-led l'or Fanning Atoll  ( K a y  and Switzer.  1074) .  
( ' an ton and Fanning Atolls  lie in the  same biogeograpllical region in t h e  Centrill 
Pacific anti have a ra ther  similar physiography ( f~lcnderson ct (11.. this  volume) .  
C a n t o n ,  like Fanning.  is a roughly oval atoll with a single d e e p  pass and .  like 
F;rnning. t h e  lag0011 is subtiivitied into t w o  sectors by line and  patch reefs. At 
I;uiining the  equivalent o f  t h e  ou te r  lagoon o f  ( 'anton is 311 area of' cle:~r w:iter 
adjacent t o  t h e  pass through which currents  o f  morc  lhun 5 k n o t s  have heen 
~ - t ~ c o ~ - t l e d .  'I'lie eqr~iv:ileiil o1't he inner lagoon at  I-:anni~i$ is a n  area o f  tui-hid 
watel- ( S n ~ ~ t l l  P I  ill., 1'17 1 ) .  h4~1cli of' t h e  innci- lasoon at  (':Inton is ~ l l s o  tui-bid 
( S m i t h  nnd Iokie l ,  this  r epor t ) .  and  this tui-bitlity may be t h e  w ~ i t e r  t1u;ility 
parameter  most closely associated wi th  tli? siniilar mizronlol1~1sc~;ln distribution 
pattel-ns recorded at  Can ton  :rntl Fanning.  

At b o t h  Fanning anti Can ton  t h e  seaward I-cef slope assemblages a re  
characterized b y  high species diversity, low standing crops,  and  numerous  
Ihunal grazers repi-ese~ited by  tr iphorids,  cerithiopsitls, and margincllids. At 
Fanning a n d  Can ton  t h e  lagoon assemblages a r e  divisible in to  a11 ou te r  
assemblage and a n  inner assemblage, t h e  former  characterized b y  lower standing 
c rop ,  higher species diversi ty,  and a prepondel-ance o f  epifaunal microherbivores,  
t h e  laltcl- by  higher standing crop,  lower species diversity, and a high propor t ion 
of  s~ispcnsioii-feeding mollusks. In  b o t h  lagoons a dominan t  componen t  of  t h e  
gas t ropod assemblage consists o f  t h e  family Diastomidae,  wi th  D i i r l r  l'klr~iiizcu 
predominat ing in t h e  o u t e r  lagoon (clear-water area a t  Fanning)  and  species 
of Obtorrio chai-acterizing t h e  inner lagoon (turbid-water area a t  Fanning).  
A m o n g  t h e  bivalves, tellinids predominate  in t h e  o u t e r  lagoon a t  Can ton ,  a s  
t h e y  d o  in t h e  c l tw-water  areas o f  t h e  lagoon a t  Fanning.  



h'itliin the  lagoon at ( 'anton anomalivs in d i s t s i h u t i o ~ ~  pat terns  occ11r 
most  noticeably in the  inner lagoon. w1lcl-e .Sc~crlioltr is conspicuously :~bsen t  
fro111 t w o  s ta l ions  (('L 28 and ('I., 2 0 ) ,  a n d  \vlii.re these is ;I I O W C I -  p r o p ~ r t i o n  
o f  bivalves I-elativc to gas t ropods  a t  :i tliiscl stat ion (CL 10). I lxplanations fo r  
tlic anomalies ;ire not ~- i ' ;~~l i l ) .  ;~pp:ireiit. T h e  t w o  statiolls W I I C I - c  Scirlioli~ is 
absent are in a distul-bed sector of' t h e  lagoon near ail old pass. Thei r  presence 
a t  s ta t ions  CL 12 and  C'L 30, which a re  also in tlic regions o f  old passes, 
would prccludc t h e  explanation f'ol- their  nonoccurrence  a t  s ta t ions  CL 28 
and  C L  29 as being clue t o  oceanic water  o r  o u t e r  lagoon cond i t io~ l s .  T h e  high 
propor t ions  o f  gastropocls rclative t o  bivalves a t  s tat ion C L  29  d o e s  suggest. 
however.  t ha t  oceanic o r  o u t e r  lagoon condi t ions  cli;~l-acterizc this u e a .  



f<:ry. 1.:. A .  107 1 .  ' l l ic  l i t toral  nl;~rini. niolluscs 01' I:al~iiing Is!ancl. l'ac. Sci. 38:  
247-255. 

I < : I > .  1;. A,. i ~ i i d  h j .  1 ' .  S\vit /cr .  l11-,'4. ? ~ I C ) I I L I S < : I ~ I  disti-ih~!tioli ]?;iIt<ril> i t )  I . , t l ~ j i i ~ ~ g  

I i l : ~ n c \  I:igc)o!l : t 1 1 ~ 1  :I  i (~~i i l i ; I i - i \o~!  01' t l lc  11ioI1~1ik\ o 1 ' 1 l i ~  lagc\c?ll ;!iid ;i':~\\,.!rJ 
.- ! c ~ i ' y .  , ->  P : I ~ , .  5c.i. 2%::-5-2()5. 
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"The term "Canton Island" refers to thc largest land mass qf Canton Atoll. 





'l ';~ble 24. Stalion descriptions anti  s:~linitics 

S ~ ~ i l u n  
- 

1 

2 1 
I: 

: 
i .  .I i 

5 LI 

6 
7 
8 

(I 
1 0 
11  
1 2  
13 

14 

l i  

16  
1 7  

18A 

IXB 
19 
2 0 

21 

22A 
27U 

22C' 

23 

Srnall ordnance cralcrs 
S11;illow dcprzssion, se:iwaid side of fll~i 
Sh;~llo\v dclircssion on fl:~i (n;itural channel) 
Small o r ~ l n a n ~ ~  craiers 
Small pond in depression on l1;il (natur:il 

channel) 
L a r ~ c  ordnance cr:iic! 011 11;1t 

Small potholes and Lbrdi,sor~io burrows on 11:11 
Sh;illow pond ill t ieprusion on Ilst (nalural 

channcl) 
Moderate-sized pond hehind lagoon beach in 

natural cliunncl leading to  flat 
Ca~i l i sor~!a  burrow adjacent to  18A 
Shallow hole dug into dry channel 
Shallow depression (man-made?) in flat adjacent 

to  Green Pond 
Seepage S r o r ~  beneath beachsock rim beside 

Grecn Pond 
Green Pond; largest "pond" o n  Canton 
Channels in cyanophytc mat extending outward 

Srom shore of Green Pond 
Lirdisor~la  burrow in dry channcl l e ~ d i n g  NE 

Srom Green Pond basin 
Clear Pond; second largest "pond" o n  Canton 

16 10 

pni 
1':1 

! i l l  

'8 Ill 

a I l l  

' ) O I V  

l ,I1 

.I 111 

'I I l l  

1830 
08 10  
1410  
1630 
I 0 0 0  
p I l l  

pm 
p m 
p rn 
pm 

11 m 
1 100 
I1 Ill 

1 100 
16 15  

'I I l l  

1600  

1 6 00 
1615 
1240 

1015 
PI11 
1000  
1000  

1000 

1125 
1220  
0940 
1 0 3 0  



"Salinity A measursd in t l ~ c  field uhing a refractometer: S a l i n i ~ y  B measured in the  lab rrom a b o ~ t l e d  
samplc: on  a conduc t iv i~y  nlcler. 

Small. c.rposc.d bodies o f  miatel- o n  (':~nton Island are  ~.estric~tetl largely to  
tlic east : ~ n d  southeast  por t ions  of' tlic island. 771is disti-ihulion appears t o  be 
a consequence ol' t he  factors which initially built t h e  island above Ilie rwl '  
base, a l t h o i ~ g h  co~ i s t ruc t ion  of  fort if ications during Wol-Id War 11 sufl'iciently 
C ~ ~ S I - L I ~ ~ C ~  tlie gro111id surf ;~ce  along t h e  nor thwest  and  nortlieast poi-tions of  t h e  
island so tliat t he  original topography there  is obscured.  T h e  absence o f  
surface walci- o n  o t h e r  parts  o f  t h e  isl:~nil d o e s  n o t ,  o f  course, l.ulc o u t  t h e  
occui-rence ot' fresh o r  bracltisli groundw:~ter  there.  

T h e  sampling sites establishccl (luring this s tudy  are  shown in Fig. 45 and 
4 0 .  These  s ta t ions  are described briefly in Table  24. Al though a n  appreciable 
range of  salinities was encountered ( f rom 0 t o  152 o / o o ) ,  a pa t tern  in t h e  
clisti-ibution o f  surface w a t t r s  d o c s  emerge. This  pat tern is related t o  t h e  
physiography of  t h e  flats o n  whicli most surface water  occurs.  Low ground 
between the  seaward beach be rm (no]-~pal ly  the  Iligliest par t  of  t h e  island) and 
t h e  lagoon beach oc&rs in t h e  fo rm ol'exteilsive flats (lightly stippled areas 
in Fig. 46 ) .  T h e  detailcd origin of  these f lats  is unclear, b u t  they  are  most  



Active tidal i'lats with well-clelimitrd tidal channels :ire restricted t o  o n e  
I:~rgt inlet a t  tlie ext reme s o i ~ t h e a s t  end of' t h e  lagoon (strltions 76 ,  77 ,  -30, and 
3 1 in Fig. 4 6 )  and  t o  several snialler areas separated f rom t h e  lagoon h y  sandbars. 
The s t randed inland flats  slope gently toward m o r e  o r  less central  d r y  channels  
whose courscs are e\ lcnti~ally lagoonward.  These  channels  apparent ly  connect  
the  inland flats  t o  t h e  lagoon, allliough t h e  present lagoon beach is no t  b roken  
w1ii.1-e llie ~ ~ l i a ~ i n e l s  contact  t h e  sliore. Despitc tile lack o f  direct  evidence indi- 
cating tidal f low,  the  channel beds  o l ' t he  inland flats  a re  clearly demarcated  in 
most places and appeal- lo be  inl'luenceti by recent surface flow. Torrent ia l  
rains iliiring the  1972-1 9 7 3  period o f  high rainfall may a c c o ~ u i t  fo r  these  
features. 





During the  period 01' o u r  s t ay ,  evapor:ltion escwcled a n y  gi-ounclwater 
influx t o  Clear Pond (s ta i ion  73) SO tha t  t h i s  large pond increased in salinity a t  
a ra te  ot' nearly I o / 'oo/day.  T h i s  ra te  o f  increase is probably  shor t - term.  Water 
samples collecteci f r o m  Cilcar Pond approximate ly  o n c c  each m o n t h  between 
Jan~iai-11 anti O c t o b e r  1 W 4  revealed tha t  t h c  salinity f luc tuated  be tween  75 
and  37 0100. In general ,  low srilinitics coincided wi th  m o n t h s  o f  high rainfall. 
A t  oiic' tiiiie t h e  pond basin was  obscrved t o  conta in  n o  surface water .  a circum- 
s tance  prol)ably resulling f rom a n  exceptionally low t ide  ra ther  t h a n  f r o m  
evaporative wa te r  loss. During o u r  shor t  stay o n  Can ton .  t h e  water  level in 
Clear Pond could b e  seen t o  f luc tuate  dai ly ,  a l though thesc  f luc tuat ions  were  
considerably o u t  o f  phase wi th  t h e  lagoon t ide.  



. . 1 able 25.  Salinity: nu t r imi s ,  and  chlorophyll^ Ic.vels of s e l e c ~ e d  ponds a t  Can ton  

Salinity NO3 NII, P04  SKI3 Chlorophyll u 
S ~ r i ~ i o n  ) ( ]~~- : I IOITI  N/ I i t c~  [/~:-:ITOIII N/ l i ter )  (&-;!IOIII P/111cr) Q ~ g - i ~ l o n i  S i / l i ~ c r )  (,&/Iitci) 

Stat  ions 14  a n d  15 prcscnt a particularly curious s i tua t ion.  These  t w o  
separate bodies o f  water  are located within 5 m of each o t h e r  011 t h e  
f lat  (Fig.  4 5 ) .  Each is a siiiall crater  abou t  1 m across a n d  0 .5  m d e e p ;  bo th  
were apparently formed by o rdnance  explosions. Salinity Lliffcred on ly  
slightly between the  ponds  in December ,  bu t  \\later at  s ta t ion  14  was  clear, 
~vli i lc t1i;lt a t  stat ion 15 was bright green.  A comparison o f  chlorophyll  a 
concentra t ions  (Table 7 5 )  reveals tlie magni tude  of the  difference in 
p l iy toplankton abuntiaiices. T h e  pond a t  s ta t ion  14 ,  with tlie lowest 
cliloropliyll a concentra t ion of '  all samples t a k e n ?  showed relatively low 
levels o f  ammonia  and pliospliate, b u t  moderate ly  high conccntl 'ations o f  



nl t ra te .  T h e  nutrient  concen t r~ r t  ions at  stat  ion 1 5 were reversed, with nioder-  
.it? Ievcls 01 bo th  a m m o n i : ~  L ~ n t l  plio\phatc~ ,inti low Ic\c.l\ o f  n~ t r - a t e .  S ~ l ~ c ~ i t c  
concentra t ion w a b  very high :it s ta t ion  15 :ind const .quently did no1 tit t h e  
halln~t]/-to-silic:lte re1,itionship apparent  In t h e  o t h e r  \:mples. 

T h e  wide variation in nutrient  and chlorophyll  a concentra t ions  f rom pond 
t o  pond suggests tha t  t h e  ponds  are  ecologicully dissiniilar. To some  ex ten t  this  
dissimilarity would follow f r o m  t h e  wide  range o f  salinities encountered.  On 
t h e  o t h e r  hand.  ponds  wi th  similril- s~l i i i i t ics  differed appreciably in properties 
closely tied t o  biological pi-occ.sscs. 111 at  lc~is t  one comparison (s ta t ions  14  2nd 
15)  J i f f c r c . n c ~ s  in t h e  c'11emist1.y o l ' i n p ~ i t  waters  arc  unlikely. ~lnci I-aiidonl 
in t ro t l i~c t  ions ol' spccii'ic phy top lank te r s  01- hcl-hivorcs may serve to ~ , r p l a i n  
tiiffel-encc's in pliyt-opl:~nkton s ~ ~ i n t l i n g  i r O l 3  a s  m e a s ~ ~ r e c l  b y  cliloi-ophyll 
concentra t ion,  However,  s tanding bodies o t 'wa te r  appearing t o  be chemically 
similar- a t  t hc  t ime o f  this  survey may Iiavc r-cccntly hee11 tlissimi1:ir: I-antlorn 
colonizations cvoulcl tlic.11 I ~ c  signific:iii! in cletcrinining biological communi ty  
c o m p o s i t i o ~ i .  Insufficieni timc. map have elapsecl l o r  all potential  colonizers t o  
hilve reached all hahitable envii-onmcnts. 
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