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I. Inuroduction. ' : o o o T,
\ Amerzcan Samoaﬂs burgeunlng popul atlon end economlc growth o

g
havg g;ven rlse “to lncreased fmehlhg effort (Wass, %arpggss) and
.a multlpllcatlon of - shorellne development projects. Both havp a
jgenerally'adverse effect on the marine environment resultlhg in

decllnlng catches and reduced productlon pf fashery resources.

qlstorlcally, the Samoans were very much aware ofzthe need '.» ‘:ﬁﬁé
to conserve and protect thelr marine reaources._ ConseﬁVatlonf* - ” L
practlces 1ncluded reef tenure and a complex system of _taboos :-%' :glla:
reserving certain BDGCleS gnd sizes of fish for the chmefs and _ ;%?_ }fv !

restricting effort. to certaln geasons and locatlons. 'The acqulslq

tion of Western culture and its attendent legal sysuem, however,,

has caused the dlsappearence of many of "the tr§31tlona1 managemenﬂ?

methods in the more. populated ‘end developed agg;s. ™Modern fisheries
management requlres the resurrection and relnfém%ement pf selected
' traditlonal practlces and the blending of thesé wlth %ethods and gﬁ
regulations based on comprehenslve resource 1nventorles and sclenn»'{"‘
tlflc study. The present 1nvesblgation was des;gged tq aid these >
managenent efforts through definition of the ba91c iﬁ&hore habltats
around Tutuila Islend, Amerlcan BSamoa and . a detefﬁﬁ atlon of the o  ‘}
composition -and magnitude of the associated: flsh‘ﬁégiurces. C
Tutuila is located in bhe tropical South Paclflg at 140 south

iatitude and 1710 west longmtude at the midpoint oﬁ’the bamcan
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archipelago. It ls a high island with a rugged begaltlc terraln . é

and a land area of adout 140 kxme. ‘The temperatuniirange is, .

20w33° C. and amual 0*ec1p&tat10n averages aboub 4)0 cm. o -
The southern coast of Tutulla is bordered by ammoreror less -

contlnuovs fringing reef flat varying in width froggabout 50 to 900

SN

®. Much of this flat is exposed at, 1nw &1de ‘though there are natural
eepresslcns as deep as z few met@rs and dredged aveas as @bep as i

4
six meters.. An 1rregu1&rly gloping reef;terrigg averaglng about

40 m. in width ektends seaward of the reel crést on the outcr r - !

edge of.the reef flat. The reef front auotne suawa~d murgln of the
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, terracemslopes steeply and often vertically from four to ten meters

at the upper edge to a gently sloping sand and rgbble bottom at -
20 to 40 m.

The gouthepn coasﬁ is indented by four prominent bays offering
dissimilar habitétsq Pago Pago Bay‘is the laréest and is bordered
by the most populous and developed area of the island. Though |
most of the bay is over 60 m. deep, sewaﬁe outfalls,.eflluent from
tuna-cannerles, bilgewater and waste from fH¢g moored vessels and '

shoreline runoff contribute towsrd a decline in water quality

near.the back of the bay. Pala Lagoon is a shallow,mangrove~fringed }i

bay averaging about two meters in deﬁth. Tidal flow across a reef
flat and through a narrow channel accounts for its limited cireu-
lation. Larsen and Fagatele Bayé fog\a third type of bay habitat."
They have wide mouths and are expoged to wind and éurrent. Both
are volcanic craters with steeply sloping sides above and below
the ocean surface and are over -200 m. deep. There is little hudan
habitation or development along their shores and almost no fresh -
water runoff so water quality is g}#¢/ high. °

A submerged barrier reef compriseﬁ-of Taema and Nafanua Banks
and intervening reefs parallels much of{the séuthern coast. Itﬂis
éeparated from Tutuila by a distance of two to theee kilometers

. . 2 _ .
and a depth of 80 to 100 m. The reefs rise to within 15 to 20 m.

of the surface and slope off on either side to a sand and rupble

bottom at 30 to 40 m.

Reef flats are a.less conspicuous feature 'of the northern
coaétline of Tutuila, being ;imited'primafily to the inner margins
of nﬁmefous bays and coves. Bteeply sloping basaltic terrain
characterizes the exposed portions 6f shoreline. A.submerged reef
tefréce directly abuts the rocky shorelih most areas and extends

seaward for 10 to 50 m. before plunging to a sand and rubble bottom

at 20 to 40 m.

Existing studies of Samoan fishes consist largele of taxonomic

investigations and portions of environmental assessments. Jordan

and Seale (1906) conducted the first qomprehensive survey of Samoan
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ichthyofauna. Their Fishes of Samoa lists 475 species for the

archipelago. Schultz (1943) lists 441 Samoan fishes and includés
keys to aid in tqﬁy% identification. The taxonomy of these and
other ihvestigators is updated and 967 species are recorded in a
recent publication by.the author (Wass, MS). Spéci 5} nameé used
in the present study are derived from that paper.

Most of the literature concérned with the ecology and communlty

‘comp051t10n of Samoan fishes is contalned within env1ronmental

£88
asggents conducted prior to the constructlon of docks, sewage
outfalls, boat harbors,-shoreline protection revetments, etc.

For the most part the data are purely descriptive lacklng analysls “§

_and 1nterpretatlon._ These publications also have the dlsadvantage ~~§§

of unavallablllty in most libraries. Living Marine Resources, Inc. ,fﬁ

'(19743, 1974b) and Dames and Moore (1975) include descriptions

: nelghborlng iglands of XA Aunu'u, Ofu and Ylosega.

.obéervations-of fishes in various areas around Tutuila and the

of. fish communities within Pago Pago Bay. Randall and Devaney (1974),.
Helfrich and collaborators (1975), FHA  and Dept. of Public Works -
(1976) and Devaney and Suzumoto (1977) present data summarizing

The American Samoa Coral Reef Inventory (1981) describes
the habltats and associated blologlcal communities for most of the
1nshqre areas of American Samqa. It has much wider geographic
coverage than the other studies but, again, analysis is lacking °

beyond a subjective ranking of species abundanceland little attempt

is made to relate the.influence of ecological factors to the ob=-

served distribution. ,

Investigators in other areas of the tropical Pacific have ex-
amined these relationships in considerablé detail. The Hawaiian
fauna has probably received the most attentlon beglnnlng with a |
pioneering study by Brock (1954) who was the flrst to copbine thg
use of SCUBA and visual fish censuses. Gosline (1965) discussed
vertical zonation of Hawaiian fishes and related it prigarily to

wave action. Hobson (1974) characterized the fish communities
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aesociated with five habitats in Kona and related composition toi
enyironmental parameters as part of his detailed ‘study of feedingA
relationships. Fish community composition is characterized for
major habitat types and related to epvironmentel factors such as

water movement, bottom configuration, substrate composition, depth;

nutrient levels, predation, etc. for the Marshall +slands by Hiatt “
and Strasburg (1960), for the Great Ba?rier Reef by Talbot and
Go;dman (1972), for Fanning‘Island by ‘Chave and Eckert (1974)

and for a lagoon in Guam by Jones and Chase (1975).

Each of these studies implies tﬁat presence or absence of a , f;
'speciee can be predicted if its ecological requirements are known, -
’Smith'(l977, 1978) hes reachee the same conslusion from his inveéti— 
gaffohs of'Carribean fish commuhities. A different viewpoint is7e
expressed by Sale (1975, 19?7, 1978a, l978b) and Sale and Dybdahl

(1975) who have found that: the presence. or absence of one or more

of a group of damselfishes or certalp other small reef fishes with
, lsimilar ecological requirements is the result of random faeﬁors
includiﬁg chance colonization. Brock, et. al.(1979) conclude that
the "lottery hypothesis“qméy account for species distributions on
a qmall areal scale and 6ver a short timespan! but thet a relativ%ly ;ﬁi
deterministic pattern emerges if a largeryuongh area is considered 
and that the fishes are é persistent.and predictable entity within
a speéific habitat, J ” ‘ |

| _Cop.

1I. Methods@ LA 2

A, Doty )

Study locatlons were chosen to represent all of the common
inshore habitats around Tutuila. At'eachqu 5? sites, the flshes.
were enumerated by a technique patterned after that of Jones and i
Chase (1975). A weighted transect line 100 m. long and divided
into five equal sections was laid on the bottom in a more or less
:tralght line. When transecting reef flat hebitats which are
subject to varying degrees of wave actlon depending: upon depth

and distance from the reef crest, the line was laid perpendicular

to the shoreline with the seaward end as near the reef crest as
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surf .conditions allowed. The two—year study periocd enabled a cholce c
of days when wave action was least for conducting surveys. For i
most reef flat stations it was, therefore,poss;ble to p031tiod'tge'
seaward end of tpe transect at the reef crest where wave action is?.:
normally high. Reef flat width was one of the primary factors -
ggverndng the selection of transect sites. " Relatively narrow

reefs'were generally chosen to enable the transect to span most

or all of the distance betWeen the reef crest and the shoreline.
For 81tes where the reef was much wider than 100 m., the transect
"was 81tuated across the. sllghtly deeper mld-reef zone where flsh o 'ﬁi
;blomass and diversity are greatest because.of the sheléér afforded

by copal and reef rock.

At study sites beyond the breakers and in deeper water, the
transect liﬁe was éenerally 1aid.parailel to the depth contour
at 4 to 15 m. where the gently slaping reef terrace derges with
the steeply sloping reef front; This interface harbors the richest t,
coral gfowth, has.the greatest structural complexity and borde?s
deep'watef. These factors all serve to increase fish diversity
and biomass. A few transects were also sited along shallow basalt .ii$
sherelines and along fhe'deep base of reef frohts as well as across :
and around coral pinnacles in Pago Pago Bay.

.Transects were positioned near nabtural or man-made landmarks .
such as large rocks, channels or concrete structures. Eiact lo-
cations and depth were carefully noted to facilitate relocation
because no permanent markers were used. KpPSXEAIdALEY S

Appfoximately 15 minutes after the line was laid, a single
observer equipped with SCUBA swam the transect. All.fishes ob-
gerved within one meter on either side of the line and two meters
above it were identified to-species, ccunted and their total lengths
estimated to the nearest inch. If the transect was on a reef flat,
the data were kept separate for each 20-meter section to distinguish
species preferences for different amounts of wave action, depths

and types of substrate. At tire deeper stations where environmental.

conditions were relatively uniform, the data were not sectioned.



Holes and cracks in the reef within the transect corridor
were inspected for nocturnal and secretive flshes and the sub-
strate was examined for cryptlc species Phrere—Ty 16 ‘Hf*ﬁf"“ﬁbw
everT-the# many of these flshes were undegzzred resulting in an :f'ﬂ

underestlmate of thelr abundance. Being wary of divers, larger S

?

a.and more transient fishes tend to depart the transect corrldor
at the approach of the observer so they, too, are ugder-censused
.by thls procedure. Even clearly v131b1e fishes that have no ten-

‘:’dency to hide or flee the approach of a diver are subject to

ffinaccurate counts because of their dlver51ty dnd numbers and

because of thelr constant motion in and out of the transect }TU
corn}dor. | |
‘ In spite of these shortcomings, the visual census technique
is considered a valuable tool for studying reef fish populations
and is widely used. It is of greatest value for making relative
comparisonsg between fish communities at different times or loca-
tiens rather than as a quantitative method for ass e331ng the
precise composition of a particular communrty.l All censuses were
conducted by the author to reduce varlablllty due .to observer blas.‘ggw
. Twenty to thirty minutes were required to enumerate the

fishes on the transect. Data were recorded on a tape recorder

in an underwater housing with the picrophone inserted within the;

mouthpiece of a regulator. The tape was transcribed by the ob- " S

server on the same day it was recorded. 3
“About an hour after the transect was censused, the observer

returned to the area wirh an underwater slate and peht spent 20

mlnutes seeking out and listing species that were not recorded '

during the census. The search was conducted w1th1n 20 m. of the

transect line and within the same depth range., Depth and bottom

characteristics under each sectlon of the line were also noted at

this time. -Mh&%e ro quantitative information resulted from this

species search, it facilitated a more complete descrlptlon of the



fish community by providing information on the presence of wary,‘. ..
uncommon, cryptic and secretive speciés not observed during the . ;;E
census. -The listing increased the spéciés’richness data for the, ffgﬂﬁ
study sites by 22-67%. Add/{n¢IMddd/udrs Af.fﬂﬁwummﬁﬁmﬂﬂzk
'dﬂﬁidﬁ//lé%fidﬁ{/¢ﬁf/fi#ﬂé#/ﬁél¢dﬂ

] Observatlons were conducted durlng daylight hours under

:,.\

optimal condltlons of underwater visibility. Reef flat statlons |
were. transected at high tide when species diversity and biomass
- are maxlmlzed (Hlatt and Strasburg, 1960)
CFQHAQHmP of—the anetyeesy-—clyphic, tnans&ent*"etn**speoteﬁmow
‘ ﬁhese—rtcnrdﬁd—Unty*&urxngu%be—epee&eﬂ-eeefeh—we¥e~ne%-uaeﬁ9~ \f

S

‘iﬂ///ﬂéﬁﬁ/ﬁﬁél#ﬁis/ B. Data Analy51s .
‘1, "Dendrographs. . '

No attempt was made to discriminate fish' communities or to”de;
fine habitat types before the surveys wére initiated. Upon their
completlon, a dendrograph analysis (McCammon, 1968; McCammon and A

'VWennlger, 1970) was used to objectively group stations w1th sxmllar'

fish communities. Environmental characteristics common to the
stations Within'a group could then be used to define the habitat.
The dendrograph is a tree 11ke dlagram deplctlng mutual rela-n

'tlonshlps between and w1th1n groups of staticns. The dlstance be-,

*'tween any two adjacent stations on the vertical axis is proportion—
al to their dissimilarity. The spacing betwpen the left margxn
of the dendrograph and the vertical llnes cird stations or

‘ groups of stations is inversely proportlonal to the degree of sim-

- ilarity within the grouping. Close spacing andn 11nes

near the left margin are, thus, indicative of a closely related . ;g

-group of stations. !

2. Similarity Coefficients.

The dendrograph requires ‘a similarity measure between all pairs
of stations as the basic unit of datg@ Two coefficients of simil-

arity were computed for each pair in the ﬁresent study. Jaccard's
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cdefficient of similarity (Jaccard 190, 1908) is based on the‘l.
presence or absence of specxes at one or both stations of the palr.
It can be deflned as the percentage of species common to both
statlons and is forgulated as: '

[
SJ =-é-;-;m-x100'
tt?

’ G epcés
. Where a is the number of Species unique to station A, b is the.

~ number of species unique to station B and ¢ is the nuwber of
sﬁécies common to boith stations,.

The Bray-Curtis coafficient of similarity (Bray and Curtis,.vt.
.‘_1957) 1nc1udes lnformatlon on the number of 1nd1v1duals of each g
b_specles. It is derlved from the quantltatlve modlflcatlon of :

Sorensen s coefficient (Sorensen, 1948) as first applied by Motyka,,

Sy = ~ . x 100
A+ B '

where A is the number of individualé-of all species at station A, 'i?
B 1s the number of individuals of all sp601es at station B and w | 3
 18 the sum of the lesser of the counts for station A or B for those
species occurring at both stations. Bray;and Curtis adjusted the oy

valugs of A and B to 100 and computed percent Yalues for each

species count. The above formula, thus, reduces to:
2w
Spe = e~————— X% 100 = W
100 + 100
where w is the sum of the lesser of the percent'vaIUes for station ;j

A or B for those species occurring at both stations.

3, Data Sets.
The survey data were arranged into three ﬂif[%#éﬁﬁ data sets

for each station. Similarity coefficients were computed foxr each
set for all station pairs and subjected to dendrograph analysis.
J . .S . : .
One set consistéé of the transect specles plus the speciles
.. , L

1izt from the subsequent random search. This set contained the
most information relative to species presence and absence but only
Jaccard coefficients could be computed since there is no information

on' numerical abundance for the random~search species.
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The second set consisted of the transect census data for each "
station. Both Jaccard and Bray-Curtis coefficients were £AYZUY

cpmputed for all station palrs. . ;

TSN
The third set- con31stad of census data for Jjust the common

and highly visible transect species. Cryptic, tiny, secretive or '
.noctupnal species wg?%'éxcluded 8s ﬁzéﬁ thosé that are rarely seen,
and those not positively identified on a repeatable basis. The

species érbitfarily chosen for exclusion are those most subject ' .';f
to census error due to"observational difficulties and those which .

are too uncommon to have regular dlstrlbutlon within a communlty..

Approx1mately one- flfth of the species observed during the study .
wgggvexcluded from this set. Their numbers comprise a much smallerhiiﬂ
propoftion of the total number of individuals observed, Jaccard ’
and Bray-Curtis coefficients were computed from thls data set.

 The above analyses resulted in flve dendrographs which could
be examined singly and in combination for patterns of station

grouping.

4, Community Characterization.

The following numerlcal characteristics were examined for the-
communities distinguished through dendrog?aph analysis:
a; .Density. Density is defined as number of ,individuals per
hectare and wps computed for each habi?aﬁ as: 3

total count for a species on all transects . 10,000 m.2

density = -
number of %ransects x 200 m.2 ha.

Species can be ranked according. to their density as one measure of
their iﬁportance within a fish community.
Relative densities were computed as:
dénsity for a species

relative dehsity = x 100.
‘ total density for all species

b, Biomass. The weight of a fish can be estimated by the relation-
ship:

.

weight = (length)3 x conversion factor. .

Conversion_facfors vary for each species depending upon body form
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-and were derived from lists provided by the Hawaii Coastal Zone

Data Bank and the Division of Aquatic and Wildlife Resources,
Government of Guam. No conversion factors were available for

Samoan species which are uncommon or do not occuﬁin Hawaii or

Guam. In these cases, conversion factors for closely related
species with similar‘shapes and size ranges were used. The-errof
afising from this procedure is thought tdbe o{ no greater magﬂifudé
than that incurred by underwater enumeration‘and length esﬁimation; f&
WBightawas.computed fbr each transect iﬂdividual using its esti-

" pated length. Weights were summed for each species and converted v

. 4Mu':'

1

m‘:tdlﬁiQEQSS (kg./ha.) for each habitat‘by the formula:

total weight .for a species on all transects "l0,000m;e
X

“* ‘biomass =

number of transects x 200 m.2 ‘ ha.

Again, species can be ranked according to their biomass as a mea-
sure of their importance within a community.
"Relative biomass was computed as: _ ' fh

biomass for a species
: x 100.

" relative biomass = : :
total biomass for all species S

c, Dominance lMeasure. A ranking of the significance of a species
to a comﬁunity by a density measure is obviouély weighted in faﬁqr.;.

of smaller species which é;e far more numerous than larger species

in tropical inshore habitats. A ranking based on biomass is pro-
bably a better indicatibn_of importance but it suffers from not
taking numbers into account. Moét:ecoiogists would argue that

100 dsmselfishes with a total 'weight of one kilogram play a greater
rble in the community than a single parrbtfish of the same'weighf. '}
The best measure is a combination of density and biomass vélues.

A dominance measure was computed for each. species as:
’ .. 3 . v ) 03 (]
dominance measure = relative density + relative biomass.

d. Constancy. The three measures of'species importance listed
above are derived gAfirgXy from the transectdalone. A fourth
measure is termed constancy. It utilizes bdth the trangect data

and the list of speciés obrained during the subsequent 20-minate
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ségrchqf—fb is computed as:
Y e A

t

"

no. of surveys on which a species was observed
constancy = '

x 100,

total no. of surveys

Species highly ranked by thls measure may not be partlcularly large

or abundant but are an 1mportant component of the community because

;,Eﬁé&/é&é/élﬁééﬁ/éﬁééééﬁ// of thelr con81stent occurrence.




gi&ﬁjs murity structure occurring over time. A site at Cape Larsen was
‘ {
i
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III. RESULTS.

Sixty~threé fish community qurveys were conducted at 57 sites

around the island of Tutuila. Site locations are shown in Figure

*

1. TFour of the sites were resurveyed one or more times to deter-

" mine the degree of data variability reéulting from imprecision of

/ the survey methods and to assess the magnitude of changes in com-
resurveyed at intervals of four days, ten weeks and 82 weeks. /l

Sites at Nafanua Bank, Taema Bank and Whale Rock were resurveyed ./

at interQals of 10 weeks, 24 weeks and 63 weeks respectively.
T A total of 356 species of fishes were observed during the

transects and subsequent 20 minute searches.  The average number

per survey was 86.2 (range = 44 $o 122). The averége number of
. species observed on the transects alone was 44.9 (range = 18 g;'

76) so the 20 minute seérch approximately doubled the number of

species recorded for a particular site. The average number of in-

g3z, ¢ "
dividual flshes counted during the transects wa5'455¢2 (range =
2.0%

57 wo 738).

The™eight of a fish can be estimated by thg/félationship:
/'/ \\‘ -

/ ™ we\fght -(ll.ength)3 ((rﬁyﬁ&;&éﬁf conversion factox}

/ éonversion factors vary\zfr each spe01es dependlng upon body form
/ and were derived from llstS\prQY1de by the Hawaii Coastal Zone

H r\\ .
|  Da%a Bank and the DlVlSlon»Of Aqugﬁlc and Wildlife Resourwes,

Government of Gnam. Conver31on factors for closaely related species

/

. with similar shapes and size ranges were used for Samoan species
/W‘\.»L‘-\ N

not appearlng on these lists. Estlmated lengtm of the transect
fishes were used to calculate transect blomass for each species. .

mhese va]ueu were summed to calculnte transect blomags fQ\\all

o
/»'

\ _species.
P ' . .09
Fish blomasq estimates for the 63 transects averaged 719 kg.
3522
(range = 1.04 - 22.?9 #k.) which is equlvalent to %55--6- kg./ha.

Fishes with estimated lengths of five inches or greater made up

to.Y
2% of the biomass while those w1th lengths less than five inches

9.6

comprised 8% of the biomass.

39.L
foy
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/ : The survey results are broken down by species in Table I

( which lists density (individuals/ha.) by species for all-63 loca-

tions,in the first column. Only those species which were observed
on ten or more surveys are 1isted.‘ They total ___;. Their syno-
nyms and a complete listing of the.fishes of Bamoa are catalogued
by Wass (1981).

¥ fTable II ranks the top 20 species by each of the four measures
descr%ﬁed above_for all -survey locations. Surveys were conducted
in.é?% of the assumed or potential habitat types around Tutuila
and, while the survey locations were not consciously proportioned
relative to the areal coverage of the various habitats around
Tutuila, the relation is a roﬁgh approximation of the actual situ-
ation. The listings in Table II are, therefore, more or less ap;

plicable to the F&sh fauna of Tutuila as a whole and worthy of

- study.

The surgeonfish, Ctenochaetus ptriatus, fans first in all
four lists and is‘clearly the most impoptant specieé in the fauna;
Members of the damselfish faﬁily'(Pomacentridae) dominate the
- density ranking and comprise 13 of the top 20 speciés. All are
small, the lérgest (8tegastes nigricans) not exceeding 12 cm. in
total lepth and most smaller than 8 cm. vFour‘speeieSwo£'surgeon—
fishes (Pawmity Acanthuridae), two species—of wrasses (Fami&y—Léb-
ridae) and juvenile parrotfishes (Famity Sc;ridae) comprise the
remainder of the list. Some of these species attain.lengths of
20 cm. but the jJ4 majority of individuals are much smaller.

The biomass ranking is dominated by parrotfishes (Scaridae) which
constitute nine of the top twenty species. All attain lengths of at
least 25 cm. and‘most of the listed species can exceed 40 cm. Thé
remaining species are mostly surgeonfishes (Acanthufidae) and Pamsel-~
fishes (Pomacentridae).

Examination of the dominance measure rank&ng,which combines
relative density and relative biomass, shows damselfishes (pomacen-
tridae) to be most important as they conmprise ll‘specigs. Surgeon-

fish (Acanthuridae) and parrotfishes (Scaridae) each comprise four

species.
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The top twenty species in the coﬁstancy of occurrence ranking

32ty

" include six surgeonfishes (Acanfhuridae), four damselfisjes (Poma-
centridae), three wrasses (Labgidae), three goatfishes (Mullidae),
two butterflyfiskes (Chaetodontidae), one parrotfish (Scaridae) and 4
one angelfish (Pomqqanthidae). This ranking shows a greater diversity.}
of families than the other three which are so clearly dominated by
damselfishes or parrotfishes. Half of the speéies do not occur in

the otﬁer rankings. Though not large or numepoﬁé, these species apé

important components of the Samoan fauna because of their ubiquitous

distribution.



DENDROGRAPH&.

Flve dendrographs were constructed to edelne the relatlonshlij
between stations, two using Bray-Curtis 51mllar1ty coefflclents com-ﬂ,
puted for data sets IT and III and three uSLng Jaccard coeff1c1ents?
for sets I, II and III¢ Q%Zéraﬁ
‘stations and in comp051tlon of the clusters}%ﬁb—bbe~grcuptng& showedﬁ.ﬁ

feﬂgi somewhat&iz the ordering of

considerable resemblance.

The‘dendrograph conétructed from Jaccard coefficients computed
for -data set II_LEigafe—Qé-does.the hest job of clustering stations C
into coherent groups which can be reiated”to habitat types. Thé
1nclusmon of species observed duriné the randém search (data set I) ﬁk

AT

obscures the relatlonshlps, perhaps becauSe many are cryptic or;secreqm

txf@ and likely tﬁnge present, but unobserved at some statlons. 'The
‘wary and less commoa specles also account for a relatively large pro- y
portlon of the random search spe01es. They tend to, be larger and B
w1der-ranglng and, therefore, not so characteristic of a partlcular -1}

habitat. Apparently, the lesser amount of information contalned w1thlp

set III was 1nsuff101ent for adequate dlscrlmlnatlon of cqmmunlty,ﬁ'

relationships b o'»Q«, sty W/wm Ll s cotdon

Of ‘the Bray~Curtis dendrographs, the best results were obtained |
from data set III. The clusters showed logical relationships and
few stations were grouped irrationally. The 1ncluslon of enumeratlon
data for species more subject to census error (set II) due to their :

cryptic or secretive nature seemed to confuse the relationships.
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The dendrograph resulting from the computation of Jaccard
$imilarity coefficients for data set II is illustrated in Figure
2. It.is‘gratifying to note the close assoeiétion between surveys

repeatéd for the same site, The degree of this .association serves’’

both as a measure of, the precision of the census technique and as  -”

A
an indicatdon of the amount of variability in community size and

~gtructure arising from seasonal and other ecological factors.

%ﬁ " Surveys numbered 22, 23, 32 and 62 were oonducted at 1ntervala

off 4 days, 10 weeks and 82 weeks in .the same area at Cape Larsen.

‘Dissimilarity with the-initial survey incresses with time but all i

show a ¢loser relatlonsh .p amongst themselves than to any of the
uther surveys. This is also the case for surveys 39 and 54 conducted
at a 24-week interval in the same area at Tamma Bank. Surveys 40

and 63 conducted at Whale Rock w1th-an interval of 6% weeks do nof
show as close an association. This could be the result of the rel-'
atively long interval between surveys or a number of other factors.

Surveys 49 and 56 were'conducted ten weeks apaft at the same site on

L

Nafanua Bank. Though the survey interval was relatively short, they
show. greater dissimilarity than the other réplicated surveys. This l
vie probably due to an invasion of the Crown-of-Thorns Starfish

(Acanthaster planci) during the ten-week interval and the resultant

death of an estimated 75% of the hard coral JP (primarily Acropora
spp.) in the area. GMJLva . r
The highest order groupings in Figure 2 consist of the 44

surveys conducted on reef fronts and deeper reefs seaward of the
eeef flets (branch I in the figure) and the 19 surveys conducted on
the reef flat and in the shallows adjacent‘to the shoreline (branch
II in the figure). The two major groups are broken down into sub-
groups and finally to groups associdted with particular habitats

as faunal similarity increases. Some physical and bioiogical factors
which may account for the higher order bifurcations of the dendro-~
graph in Figure 2 are listed in'Table III. Chief among them are
probably depth, water movement, salinity and temperature ranges,'

avaiiability of shelter, adjacent physiography and substrate char-

acteristics.




Figure 2. A dendrograph grouping the 63 surveys through use of "

Jaccard Slmllarlty Coefficients computed for all transect palrs from )
species presence/absence data. The vertical’ dlstance between addacent
horigzontal lines representing individual transects is proportlonal
- to the degree of dlssigilarity between transects. The horizontal
distance between the vertical lines linking transects and groups .of

transects and the column of transect numbers is.inversely proportlonal

to the degree of 81mllar1ty within the group of transects llnked by

the*llne.. Table III refers to the 1abels on the branches of the .“_ L

hlgher ordér blfurcatlons. . ST,
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f;_ 4&0*&endrograph—resu&tang«fnom~$heMcomputatlon of. Jaooapduetm~
ala@iﬁy*coeff1c1entg~for“datawset*II~1S*&1&ustaated-1n~h45ume.£h7, Y
E%evea—e&usters*can“be*assocrated“wmth~hab1 fZTes—us-d }tnea%ed i
tat :
}? »{1 wtihi b fwi’ Wt u./.',(t._“q,... Tiges 2.
%ﬁ—¢h0~£&8u£63 Only three 2Surveys are i grouped, Nﬁ/ﬁﬁll o
Regt/¥r Alofau Reef Front (No. 19) is clustered amongst the Inner

Bay Fronts though located on the South Shore. Faga'alu Reef Froht<»444

(No. 4&) doesn't fall clearly within any cluster though located in

the Outer Bay. Nu'ulli Reef Front (Ho. 55) is clustered with the -

North Shore Fronts though located on the South Shore. In the analy31si

which follows, these surveys aré included améngst the habitats with .

whlch they are Leographlcally assoc1ated rather than as grouped by

the dendrograph. : C .Lﬁ
Tpla_Reef Fron§ (No. 45) is a special case. It is located on 'J

the eastern tip of Tutuila and, therefore, not within any of the'.

delineated habitats. The dendrograph clusters it witﬁ*the Offshore
bl ,
Banks surveys but for tnes analysis it is 1nc1uded Maxh-the Miscel-
iyl
laneous grouping along w1th four other apees (wurveyr Nos. 1, 34,
ko
37 and 43) whlch aca_noz_clasely.ne&a#ed geographical¥y and/or
Thcimieellartor gratps
phy51ograph1cu%&y to the dellneated habitats. These~areasaalso

lacks faunal similarity with other areas as shown by Figure 2,
Summary data from surveys comprising the eleven clusters of

the dendrograph in Fig. 2 are averaged for each habitat in Table
IV. Dominant species are ranked for the eleven habltats in T bles

Vo= XV,

Habitat Descriptions and Fish Community Characterizations

1. North Shore Fronts. Surveys#ws. 22, 23, 24, 28, 29, 31, 32,
35, and 62.
Six locations fall within the North Shore Fronts habitat,
All occur along the north coast which is generally the leeward
side of the island and are, thus, éubject to less violent wave
action. The shoreline consists of ruéged élopes or rocks along
“which there is little or no‘reef flat &evelopment interspersed with
53311 bays with well-developed but relatively small 'reef flats.
In the most ppotécted portions of bays, north shore fronts tend to
be nekply verticle and relatively shallow (¥ upper edge at 2-5 m.
'dropping to a depth of 8-15 m.). Ip thg most exposed nreas,lthey

tend to slope steeply and irregularly from 5-10 m. at the upper
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edge to 25-35 m. at the bottom. The tragsects were conducted '
Just below the upper edges of the fronts at depths of 2—iO m,. i
Coral growth in these areas is lush and diverse providing lats of
shelter for fishes. ,Léve coral coverage was generelly-estimated
at 60--70:%f Acropora epp. exhibitihg tabu;ar growth forms weie .

dominant. Branching Acropora, staghorn Acropora, Yorites and

~Pocillopora were also abundant. The reef front at Vatia (No. 35)
had less coral coverage (estimated at 40%) and a somewhat different
species composition of corals. Ltkewrsew the dendrograph 1n Flg.

é shows that its fish comuunity is the most dissimilar of the
group comprising the K North Shore Fronts.

During the 72—week period between surveys 32 and 62, the Cape
Larsen sifte was invaded by Acanthaster.: Most of the Acropora
was killed and live coral coverage was reduced to an estimated

Py 2
10-20%. ~9he—ccr£;ﬂmﬂ& however, @esu}%e&~tn only 8 small increase

in fish eominmrity d1351mllar1ty ee—shewa-b¥~21g*_2~ Thls in con~ -
tpast to the considerably greater dissimilarity apparently resulting
from a coral kill by Acanthaster on Nafanua Bank s mentioned

above.

Table IV shows that the average numbter of species censused
during the transects (50.3) and the average total number of speeies
(96.8) observed during the entire survey for each station fall
near the midpoints for all seven of the reef frent and deeper reef
habitats. Jlikewise, aver:ge total transect biomass (7.85 kg.),
average diversity (2.9077) and average eveness (.3634) are close to

the averages for the seven deeper habitats. /s % _

Urg
Dominant fishes im—this—habTted are ranked in Table V. qDame

selfishes are withouh guesticw the most abundant members of the
dor? .
Fiedr communitz. Light of the‘nine most—uvundand species belong %o

this famlly“ Plectroglyphidodon dickii e the nost abundant, spesies
hay aLcm

Allen (1975) has recorded 68 333001a€{on with Acropora corals

which comprise -a large portlon of the substrate w1th1n the North

Shore Fronts habitat. Ctenochaetus striatus ranks first in the

biomass column accounting for almost twace the biomass oE‘P. i
dickii whieh—ranks—sevond. A4 number of families' make significant

contributions to the fish biomass including Scaridae, Acanthuridae

and Pomacentridae. When relative density and relative biomass are
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summed; the pomacentrids are again seen to be the dominant family witﬁ
P. dickii the dominant species. Thirty species were observed during al:
nine of the surveys. '

Space limitations preclude a more detalled dlscu331on of the
contents of the table ranking domlnant fishes for the North Shore
Fronts habitat. Even cursory study by the reader will Jleld much
additional information relative -to the numerical, biomass and trophic

structure of the fish community.

2. Pago Bay Patches Surveys é' 11, 4b and. 63.
‘ The four surveys were conducted on the tops and upper edges of
three patch reefs or plnnacle reefs occurring in the outer portion of
Pago Pago Bay. The reefs are more or less flat on top averaglng
about 5 m. in depth with numerous channels and lrragularltles. The -
substrate is hard with few or no sand patches because of the Qonsider-
able surge. The sides slope almost vertically to the bottom at depths
of'BOﬁﬁO O. Grampus Rock (burvey 11) and Whale Rock (Surveys 40 and
63) are less than 50 m. in diameter and are complctely isolated by
very deep water. ihe reef off Faga alu (uurvey 2) is much larger and
is narrowly connected to the- frlnglng reef along the shore of the bay.
lee coral coverage on the tops of brampus and Whale Rocks was
estimated at fO -20%. Considerably more coral and shelter occurred on
the upper portions of the flanks with staghorn Acropora and Hontlpora'
the dominant species. Census transects for both these reefs were laid
across the top at depths of about 5 m. then over the edge and around
the shoulders atvabdut 10 m. “he transect at the Faga'alu reef was
entirely on the top at a depth averaging about ? m. +~ive coral cover=

age was about 70% with P001llcpora and hcropora the dominant sp-cies.

, Table IV shows the Papo Bay Patches habltat has fewer species’
end less diversity thanlthe other reef front and deeper reaf habitats.
This is probably the result of the relative unlformlty of the hablta’c°
The bottom is entirely hard, lacking the occasional patches of sand
found in most habitats and. the coral species lack diversity. ©The
patch reefs are also iselated fiom all other benthic hsbitats and
are, thus, closed to species which might'feed in one habitat and.

shelter in another or strayfrom the habitat of their preference.

The average eveness value is also the lowest of any of the deeper
S VN ll/,(_h_;.\ /éi
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habitats indicating that relatively few species acc¢ount for the bulk

of the population. ,

a

Table VI shows trese species to be Pomacentrus brachiaglis,

Ctenochaetus striatus and Abudefduf sexfasciatus. A. sexfasciatus i

which fecds on zooplanktoﬁ and benthic algae (Allen, 1975) was par-
ticylarly abundant on the upper slopeg of Grampus and Whaie Rocks
while C. striatus, a bénthic algae feeder'(Hiatt and Strasburg,

1960), was much more abundant on the reef off Faga'alu; P. braéhiélis
was particularly agundant bd aiong the reef edges where it feeds |

oh gzooplankton and benthiec algae (4dllen, 1975). C. stratus and A.
‘sexfasciatus account fer most of the biomass and are‘also ranked

first and second by the dominance measure in the third column of

Table VI. Thirty-eight species were observed on all four of the

transects.

5. South Shore and Outer Bay Fronts. Surveys 19, 21, 38, 44, 47,

48, 51 and 55. ' o

Eight of the survey sites fall within the geographicAbounds of

this habitat though dnly.five are groupéd by the dendrograph (Fig. 2).
Two ‘of the sites (Surveys 44'and 47) are locuted in the outer portion
of Pago Pago Bay and the remainder are scattered along the southern |
coast of the island from Alofau to A@ao villages., These fronts .
generally consist of a steep coraline slope sometimes cut by chan-
nels or ridges which abuts the fringing reef terrace on the shore~
ward side at a depth of 5-10 m. and drops to a sandy bottom at
20-3% m. on the seaward side. Sand patches may occur in the channels
and irregularities in the reef structure provide considerable shelter'v

for fishes and their prey. TLive corals are abundant covering

40-70% of the bottom and diverse with species of .icropora, Pocillo—
pora and Porites dominating. Soft corals (Alcyonaria?) are also
common. Transects were conducted at 7-1% m. near the upper edge of
the slope where corals and fishes are most abundant.

The fish commﬁnity in this habitat shows relationship.to thaf
of the previous habitat (Fig. 2) though considérably more speciose
and having a slightly higher average diversity (Table IV). Again,

Pomacentrus brachialis and Ctenochaetus striatus are the wmost com-

mon species (Table VII). Plectroglyphidodon dickii, however, ranks
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“third in this habitat while Abudefduf sexfasciatus does not even
occur among the top twenty. C. striatus again ranks first in bio-

mass but Scarus japanensis ranks second and nine species of scarids

occur among the top 20 fishes in thé'biomass column indicating -

their relatifely high dégree of dominance in the South Shore and

Cuter Bay Fronts hahitat. Only three pérrotfishes are listed among
the top twenty species in the biomass coiumn of Table VI. A further-'
ind?cation of their importahce'is found by Qxaming the lists of

fishés occurring on every survey conducted within each of the two
habitats. Seven members of the parrotfish family were observed

on all eight of the surveys within the South Shore and Outer Bay
“Fronts habitat while only two were observed on all four surveys

w1th1n the Pago Bay Patches habitat.

Pomacentrus brachlalls and Ctenochaetus striatus are seen to

occupy the first two pos1tlons in the dominance mea,ur?column of
Table VII. Thirty-eight species were found to be comron to all

éight surveys within this habitat.

4, Exposed Basalt Terraces. Surveys 4% end 8.

Only two sites within thés habitat were\ﬁurveyed; The habitat
is restricted to the vicinity of basaltic promentories and is char-
acterlzed by a narrow basaltic terrace directly abutting a rugged
shorellne of rocks and cliffs on the shorewurd side and a steep
"slope tp very deep water on the seaward side, 4he terrace itself
has little slope.but is- somewhat irfegular with low ledges and
large lava boulders scattered about. The depth varies from 5 to 16 m.
ot Corals are of mixed species and cover about 50% of the bpttom.

Pocillopora and Acropora peedominate . f{LH Yorites and Millipora are

alsd abundant. Because the habitat is continually subjected to
étréng surge and currents,'coral heads tend to be smalléagé en-
crusting, thus, providing less shelter than in most other areas.
There is also little sand on the bottoum. K
The fish community is characterized by a relatively large

number of species and the most individuals of any of the deeper
nabitats (Table IV). The biomass of fishes 14 #£4A gmaller than
five inches averages less than that for any of the deeper habitats

while the biomass of fishes larger then five inches is greater.

The species lar:.ely responsible for the high density are Chromis
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vanderblltl and C. acares (Table VIID, TWO AIA small planktlvorous

damselfishes whigdh commonly ag regate around coral heads or rubble

(Allen, 19?5). Ctenochaetus striatus and Plectroglyphidodon dickii
are also very abundant. An abundance of large C. striatus at both '
sites is responsible for the hlgh blomass offjishes greater than

flve inches in length. Its average blomass (140 kg. /ha.) within

this habitat is greater than that recorded for a 51ngle species in,
any of the other ten habitats. (. striatus also ranks first in the
dominance measure column. It is follpwed by C. vanderbilti and c.
acares. Because only two surveys were conducted within this habie
tat, an unusually large number of spe01es (10) occurred on all

surveys.

_ 5 Coral Rlch Rronts. Surveys 3, 9, 10. 1%, 14, and 59.
The six surveys conducted w1th1n thls habitat do not form
a coherent group in the dendrograpn in Fig. 2. Rather, they appeeri":
as part of a larger group which also includes the Offshore Banks ‘A7f
Habitat. - Both habitats are characterized by low turbidity and uniform
high salinity associated with a lack of fresh water runoff, Bdth e
habitats also possess good'circuletion as tne‘result of their ex-
posure to current and strong swell. Physiographic characteristics'
. which distinguish the Coral Rlch Front habitat from that of the A
JOffshore Banks include the presence of adjacent frlnglngsng reefs e
(except g%?ﬁf&iblo) and a greater amount of shelter for flshes. |
* The habltat is also dlstlngulshed by a hlgh percentage of corel
coverage (averaglng about 70%). Staghorn Acropora domlnates the |
diverse assemblage of corals whlch also 1nc1udes other growth forms
of Acropora, as well as Pocillopora, Porites, Montlpora and deveral

¥ .
other genera. : . o

Station lO'fails geographically within the Opfshore Banks
habitat as it is located on the_sneliowest portion‘of Taema Bank,
However, it more closely resembles.the Coral Rich Front Habitet’
in terms of depth, coral dlver51ty and the abundance of shelter
provided by lapge blocks of coral _ ‘

Except at Statlon 10, the transects were lald a few meterS“‘

' below the upper edges of the fronts at depths of 10- 20 m. where'ﬁ
coral growth was must luxurient and fishes were most numerous. The
waemb Bank transect was 1:id ou uhe bottom and across the coral olocks o

on a compass heading.
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The average number of transect species and average number'of
total ‘species were the highest for any habitat as indicated in Table
IV as was species diversity. Average transect blomass, partlcularly

that for larger. species, was also greater than that for any of the

other habitats studied.

Table IX shows that Chromis acares, Ctenochaetus striatus!and

Plectroglyphidodon dickii are numerically dominant within the habitat

and that C. 8triatus and Scarus sordidus account for the greatest

biomass though closely follwed by three other species of Scarus and

Caranx melampygus. S¢ﬁ%id$/ﬁfé/¢lﬁﬁ'Biomassxestimates for 15 specieeﬁ
are'greater.fhan 10 kg./ha. Scarids-ere clearly the dominant familyo,
;n terms of biomass and are followed by acenthurids. C. striatus,
C. acares and P. dickii rank 1-2-3 when relative density and biomass
are combined. Thirty-nine species were observed at all six of the
stations within this habitat. |
6. Offshore Banks. Surveys 59, 41, 49, 54, 56, and 58.

 S8ix surveys fall within the Offshore Banks Habitat as delineated
in Figure 2. (Station 45 is included within the mlscellaneous cat- '
égory as noted above.) Two of the surveys were conducted .in ‘the same.
location along the seaward slope of Taenma Bank .and four surveys Were
made in three locations on the seaward slope of Nafanua Bank. The ‘Ei
trapsects were laid at depths of 18-26 m. which is deeper than,that .
of the other habitats. Coral coverage was about 30% at<ahe'Taema ‘
site and ‘70% at the Nafanua sites. Again, Acropora was' the doﬁinenth
genus of a diverse assemblage. The reef contours of this babitat'
tend to be smoother than in the previous habitat offerlng less shelter
‘and structural diversity. Thls is reflected by obsservation of fewer
fish species in this habitat when compared to the previous one though,
the total number of species observed and.species diversity remain
high (Table IV). Fish density and blomass, however, are lower thagmdj
that found for any of the reef front and deeper reef habitats. o-tvseyald

Numbeically dominant species are Plectroglyphidodon dickii,

Chrenis iomelas, Ctenochaetus stristus and Pomacentrus brachialis/

{Table X.). C. strletus, Scarus sordidus and Acanthurus glaucoparieus

are dominant when considering biomass. Fifty~-two species were

observed during all six surveys indicating a relatively high degree

of faunal uaiformity.

i . 1 cies oomag ifferconces between the
amongst the dominant species, tho wajor differences :
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fish populations of the Coral Rich F,onts and the Offshore Banke'

appgars to be the lower number of Chromis acares and Btenochaetus 11

striatus and the higher number of Acanthurus glaucoparieus on the

Offshore Banks.

7. Inner Bay Fronts. Surveys 7, 12, 18, 524{and 53.

.TheldenQrpgraph‘ln Figure 2 clusters five surveys w1th1n thls
{imornsithy o L

habltat.ﬂ (A sixth, statlon 19, has been grouped within the South

of o u»«!gc ,uul,q‘ 6 ay

- Shore and Outer Bay Front habitat ‘as noted above.) The lack of surge
and currentl, higher nutrient levels&and greater turbidity distinguisﬁ
this from the other reef front and‘deeper reef habitats. Theee .

factors accouht for decreased coral co?eragev(o% at Station 7 loceﬁe@;
farthest back in Pagd'Pago Bay Aﬂd/d%ﬁﬁfy to ‘about 40% at Stations |

12"and 18 located toward the entrance to the bay) and coral commun-

"~ ities dominated, by species of Montipora, Porites and Acropdra as

well as alcyonarian (?) corals adapted to conditions of reduced water
movement and increasgsed turbidity , siltation and pollution. Colon- - 
ial anemones and sponges also cover a significant portion of the suﬁ—'
strate. The transscts were laid at depths of 5-12 m. near the upper
edge of the steep and Sometimes‘veftical slopes rimming the bay. ,
These slopes generally extend from the reef flat af-abouﬁ 2 m, to

the floor of the bay at 40-60 m. Considerable shelter is provided
for fishes and their prey by deep cracks and caverns which are most
prevalent on the upper and steepest portion of the slopes. -

The Inner Bay Fronts temd to have fewer fish species than five
of the other six reef front and deeper habitats (Table IV). Fish
den31ty and biomass fall near the averages but a geeater proportlon
of the biomass appears to be comprised of small fishes than for the

other habitats.

' Ctenochaetus striatus and Pomacentrus brachialis, the two most

abundant species observed on the Inner Bay Fronts (Table XI), retain
the position of dominance they have shown among all the reef front

and deeper reef habitats. Meicanthus ditrema, ranked third in density

Awas not observed in any other habitat, however, nor were eight of the-
remaining 19 £¢¢¢ numerically dominant species. C. striatus again
ranks flrst 1n biomass but eight of the remaining 19 spec1es in the
blomass colupn do not occur within the top 20 of the other six deener

habitats. The fish community essociated with the Inner Bay Fronts
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appears to be characterized by a lack of pomacentrids, scerids—and
+ebrids and a plethora of chaetodontids. Only 18 species were obserwv:
at all stations. The number of species common to all stations jumpe"
to 35 when Station 7 is excluded. The dissimilarity of its fish
community is also evident from Figure 2 and is probably the resﬁlt

of its location which is much nearer the back of the bay than the

other stations.

8. Protected and Inner Flats., Surveys 8 5, 6’and 15.

The dendrograph'in Figure 2 distinguishes four reef Ilat habitats
All are located shoreward of fhe.breakers zone at the reef crest
and are characterized by shallow water, considerable water move-
ment, and sizeable vafiations“in salinity, temperature, turbidity
end exposure to air and sunlight. The dendrograph LEYAL also sﬁows
a relationship between the Protected and Inner Flats habltaf and
. the De;ggssed Flats habitat. . The two are dlet;ngulshed primarily
by depth and related factors. All but the smallest fishes are foréeﬂd
off most of the Protected and Inner Flats habitat by the recedingi
tide. Periodic exposure to air, high temperature (on sunny days)
end low saliaity (during periods of heavy rainfall) also keep the
habitat relafively free of the corals, anemones and sponges which

cover much of the substrate in deeper areas. Corals (Porites, -

Pavona, Acropora) do cover ‘about 10% of the bottom but they are re-

strlcted to the deeper portlons of th= habltat.

Three of the survey stations fall within the Protected and
Tnner Reef Flat habitat. Utulei and Faga'alu Reefs are not located [
as far back in the bay as some of the reefs included within the
Genergl Reef Flat Habltat discussed below. They are "protected", .
however, in that they are not orlented toward the prevalllng swell.
The third station at Lauli'i is an exposed location. The transect,
however, was located on the inner half of a verywide reef flat.
Much of the waves' force is, thus, absorbed on the outer portlon of
the flat. It can also be argued that the fishes living on the sea-
ward edge ‘of Lauli'i reef, and hence containing the elements of the
population which are more characteristic of the exposed yabltats,
were isolated from the transect site by the distg ce involved.

The number of iish Specie= aund individuals was similar to the
other reef flatb habutdts ue shown in Table IV. The Protected and

Inner Flate habitat, however, appears to have a substantially. greater -
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biomass of fishes smaller than five inches and a lesssr biomass of
fishes larger than five inches than the other reef i'a% habitats.

Ctenochiaetus striatus is, again, the numerically < :.ninant

gspecies by a wide margln (Table XII). The damselflsh tegr teﬁ

alblfa501atus and Jjuvenj.le, parrotflshes also occur at 4igh dlens xtlese.

these same three qu01es also domimate the blomass stauvinfics for
the habitat. All feed predominately on algae. Twenty-.'lre species

were observed on all theee transects.

9. Dredged Flats. Surveys 16 and 27,

Surveys were conducted on two reéf flats that had beflq ¢ o ged

- e A Hlon
10-15 years previously. Depths ranged between.juo_and»elgmbﬁﬁ.

under the transects. ‘Lgve'coral was -abundant with species of ste

horn Acropora, Porites and Pavona covering 50-60% of the bottom.
The'reméindér was Ssand. |

This habitat has more fish species and greater diversity
(Table IV) than the other reef flat habitats. The most abundant

_speties are three damselfishes (Table XIII) including a benthic

algal feeder, Stegastes nigricans, (Allen, 1975) and two planktlvorés:

(Allen, 1975), Chromis caerulea and Dascyllus aruanus. A mullet,

Tiza vaigiensis, ranks first in the bioméss column. This species
typically occurs in wide ranging schools. By chance, eight relaf
tlvely large individuals happened to be observed on one of the

two transects. It was not even observed durlng the spe01es search
at the other stationt Thls observation resulted in a vast overes-
" timate of its actual importance within the habitat. It actuallty,
it probably does not even occur within the top twenty spec1es.

8. nigricans and Ctenochaetus strlatus are, therefore, dominant

in terms of biomass. Thirty-nine spe01es were observed at both

stations.

10; Exposed Basalt Shoreline. BSurveys 33 and 36.

Two surveys were conducted within the Expossd'Basalt’Shéreline
habitat. This habitat occurs along much of the northern coast of
Tutuila and consists of the basalt slope extendiné from the Z1g
high~tide level to the submerged reef terracelat a depth of 6-10
m. Tt is characteriged by constant surge and breaking waves at
the shapllower depths becaﬁse there is no fringing reef flat to

weaken the swell. The bottom consists of an irregular hard slope
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ccasionally bisected by deep channels of sand and rubble. Pocil-

oce

lopora, Millipora and encrusting species of Porites cover about

20% of the bottom. Coralllne algae is abundant.

Transects were laid parallel to the shoreline at depths of
1-5 m. Table IV spows that the Exposed Basalt Shoreline has the
highest fish density and theﬁlowest biomass of any habitat., It
also has ?he leaét diversity and the lowest eveness value. These
figgres indicate the ExposBd Basalt Shoreline habitat has a great
many very small individuals comprized of only a few species. The

species are seen to be the damselfish Glyphidodontops leucopomus

and’ the wrasse Thallassoma qulnquev1ttatum in Table XIV. T. ‘ln-

quev1ttatum accounts for the greatest biomass of any spec1es and

is followed by the surgeonfish Acanthurus lineatus. G. leucopomus o

and T. guinguevittatum have much higher dominance measures than -

————

any other specids in the community. Thirty-six speciesywere observed .

during both surveys.
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TABLE III. Some factors which may be responsible for fﬁg\bighar '
or@er bifurcations of Fheldendrograph ih Figure 2. The id%i}x
’cprrespond to those on the branches of the figure. ‘ %%K

N,‘

I. Richer coral growth; more :  She N
' temperature and salinity’ shelter for fishes; less veriavion in

. : ' _ﬂ&aﬂpaame . :
II, Shallower; freater water movement; greator exposure tc sunlight
v AHRRY PSS o U WY 4.1‘4 " ou.ytg'\ . S 3) E&M—Lw‘y . Do o )

I. A« Greater water movement; richer coral gfowth.

I. B. More nutrients and pollutants; highér turbidity.
v _ ] . ;

I. 4. 1. More fresh water runoff.

I. A. 2. Greater water.movement; higher water gquality.

I. 4. l. a. Greater salinity variation.

I. 4. 1. b, High swell; adjacent to basaltic shoreline rather than
coraline reef flats; hard bottom with little sand.

I. 4. 1. a. (1). Northern exposure to swell currents, etc.; adja-
cent to steeply sloping shoreline of basalt rocks
or relatigely small coral reef flats.

T. A. 1. a. (2). Southern exposure. o

I. A. 1. a. (2). (a). Surrounded by deep water with no adjacent

reef flats; no relatively shallow sandy areas
in vicinity. ,

I. 4. 1. a. (2). (b). Adjacent to coral reef flats inshore.

. . BRI
I. A. 2. 8. Richer and more diverse coral growth;.mere—shelteop—for
fishes ok ! ' :

I. Ae. 2. bo Surrounded by deep water with no adjacent reef flats or
shoreline. . :

II. A. Less water movement. .
II. B, Larger breakers; more exposure to air at low tide.

II. A. 1. Occupancy by fishes somewhat dependent upon tide; adja~
cent to large sandy patches. . '

IT. A. 2. Deeper; subject to continuous occupancy by fishes; more
coral and shelter. : :
II. B. l. Basaltic substgrate; continuous exposure to breakers and

swell; subject to continuous occupancy.

II. B. 2. Coraline substrate; cyclic expo%ure fo breakers and air;
most fishes forced off at low tide.
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