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1 INTRODUCTION

Twoan is the heant of Guany's orisn iodusay. The number of snariss vissang Coam
hs growen expoenensially Trom wround JUK0NNEY per vear in the mud 19710 1o mare than 700LER10
per year n the eacdy 1990 fgure |1 Parallehing the ancicase 10 visitons has been the
exponenial prowih n hosel capacuty, oo groand 20680 roomme 30 the mud P70 o arownd £ 01
roams an the emly 1458

The vast mapaniy of Ooan’s hotels are locased 0 the Tumon Bay area, and this 15 where
st vintors sy during their visid w0 Guoame Tounists staying in Tuman can take wlvantupr of
the variety of water-related entertanment and recrcatiunal opportumities provided by the marniane
envitomnent. soorkeling, windl-sorfing, sunbuthing, swimming, cunoceng., amd cong for a dinner
LTUISE

Tumon 15 also wn importane recreational acea for esidents of Goam. 1t is a pupular
Mishing arca i which a variety of fishog meihods are used, inclsting ook -and-lwe, spoars, and
severil rypes of nets (Davis e al., vodwed). Pishing activay e Tuown Buy Bas flucieated fiom
year 1o year {Figure 1-23. bt duoring the mid-1980x, annual fish catches averaped mote than
P2y kg (25000 Ibsi.  Aonnal fishing eftoen during thut penod averaged more than 2] (th)
persan s, of nearly ) pu[nnu-hnur:-; of fislinyg per day.

Becuuse of ity mportance for visitors and residents alike, the quality of the marine
environiment in Tumon Bay and the status of the marine communlbites living withio the bay ace
of voncern K

In 1977 and 1YTH. manine sutveys were camicd oot in Tumen Bay which documented the
sbundance of the conspicoous groups of mmurine orpanisms (manne plams. corals and viber
miacrpinvertebrates, and fishes) along three vunsects ronning from the beach 1o the outer ieef
margin [Randall, 1978l Amesbury, 1978}

Five reck zones, aligned parullel to the shoeling, were identified 1 Tumon dunng the
1977 study. These, in order of increasmg distance trom the beach, are |} sand zone, 3) scatteeed
voral rone, 3) coral zone, 4) povement and poal zone, and 5) pavernent zone,

Muning plant specics nichness and percenr cover increased with distance from the brach,
refleciing the prener availability of hard substrate tor the anachmem of algae (Tsuda e ad,
1978). Spevies ocrurring within sand hahituts were those with creeping thizomes or holdfaas
which anchor them in this subsiraie,

Coral species diversity and voral pervent cover were, penerally, highest in the caril zone
in Tumon (Randall, 1978a). Coral desaibution 15 principally influenved by substrare siabilicy and
exposure during low fides

Sea cucumbeis (Holaunans) were the demipane group of macteinvertebrates found in
Tumen Bay {Bukeland, 197K). There was an increase in specics richness with increasing



distance from the beach. Cucumber density was greatest in the scattered coral zane. and was also
bigh in the coral and pavoment zones,

The 1977-T% fish surveys in Tumon indicated thar fish species exhibited sigaifican
paateris af onation in their distribution on the reef (Ameshury, 14781 Fish sbundance ingreased
with inyreasing disance from the beach and was greaest m the outer reef flat zones

These same three mansects (Figure [-3) were resurveved in December of 941, Moss of
the invesiigaiors involved in the 1Y49] surveys were the sume as those who camied ot the earlien
surveys: R T, Tsuda, marine plants: B H. Randall, corals: and 5. 8, Amesbury, {ishes, I'he
inveriehrates were swveyed in 199 by A M. Kerr and DL D, South: ihe eurlier invenebrate
surveys were pedonned by (. Birkeland.

The mesulty of the surveys of cach of the principal bivlogical groups are pre<ented an
uklividual chapiers belpw, and a final chapter discusses overall chanpes that bave oucurred in ihe
baslugical communinies of Temon Day over the fourteen year penicd berween The mwo surveys,

This project was funded by the Guan Deparunent of Parks and Receeation,
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GROWTH OF GUAM'S TOURISM INDUSTRY
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CATCH (KG) & EFFORT (PERSON-HRS)

FISHING IN TUMON BAY
1983 - 1987
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IL MARINE PLANTS

Roy T. Tamda
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INTRUDLUCTION

Purime Muy/June and November/Leceimber 1977, e toatiene Denthic alpae of Tumon Bay
were Juandified during the dry and wel seasons alony three transects Jocaied off the Oaan Reel
Iotel [Transect Th the Fujoa Beach Howel {Transect 2 and the east end of Ypao Beach Pak
{"l'ransect 31 ‘The three transeets o Tumon Bay were pat of an overall spevies dhversiy stly
Crae., marme plands, invertebrates, mcloding corals, and fishes) conducted alonp 12 ansects
(e different bays (e, Tuman, East Agang, Agat, Fouha and Yligh around the ishind of Guam
Ly Eaculty and praduate Students of the University of Guam Maring Laboarsiory, The resolls of
ther sioidies were published as technical repares and includedd sections an corals {Ranclall, [478),
imveriebrates (Birkeland, 1478), marine plams (Tsuda e al., [Y74) und o separie repon on (he
mtring fishes by Amesbury [ LY75)

The present study, conducied on 16-18 Devember 1941, attempls to guantify the matine
(lants along the same transect roules in Tumon Bay 14 years later. The primary objeclive was
wr pravide a comparison of the species diversity, including the number of species and percem
cover, sl niome plams e, marme bembic algae and seagrasses) o Tumon Doy belween
November/Thecember 1977 and December 1991, Tumon Bay has developed considerably over
e past 14 years, 1e., more holels, condominmams and cormmwrcial retnl stores,

The valy algal monnonng program al repeated stations on the voral seefs of Guam was
comducted by the Guam Environmental Prolection Apency {Howley, 191, [943; Bowley-
Hultiude, PigdE the studies, however, did not include any transects im Tumaon Bay. The preen
abpa, Cnterothorplu clatheala, which 1§ vicwed a8 @ nmisance by mony on Guonm was the foces
of a detalled ccological study by FozGierald (1974 in Tumon Day froom Oomober (Y73 1)
December 1974, FitzGerald {197K} fownd thae the sunding crop of the gieen alpa at any piven
perind was dependam an antecedent events, e, woave heipln, wind-peneraed sorpe, and prazing
I herbivares. The size of the sohstratum partcle, ep., corad rubble amd shells, was abse o
vhibical Facter i the dismibiion of Fneromorpho within the ineoidal cone alnp Tomoo Pay
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METHODS

The guantitative sampling method wsed an the 199 study was wdentical o that used in
1977, exeept tlin the gpualrat was pliced ar 2-mcter wntervals inatead of Lmeter intervals. Thas,
the sunipling technirjue obtasned hall the numbes of data paints than was ullained 10 1977, One
addiional diticience was the shonet wamect lopgth of Trameor 2 thisy amegt was 51 mesers
shoner than lbe S(Khneicrs paversed in 1977 The lenghs of Transect | {500 ineters long ) and
Transect 3 (570 meters, g remuined the same Al ransects were run perpendicular from be
high waier lme on shure and extended o the omer reef far

The benthic plant assembluges were unplyred by placang a pridded guadiat (25 em x 25
cnib at 2-meter iplervals along the lenpth of the mapsccl  The Quadial trame onsisted of 25
srjusres and, thus, provided 16 isevive posns where the grid line micrsected.  Esch spevwes of
nanne plunt was revorded at every poimt @t whch w oecurred. If mo alpa o seagrass was found
under the puims, whulever was present, e sand, dead cosl, live coral or ather murine fauna,
wias recoghed.

Percent cover was abtgined by dividing the numnber of poims ar which the species was
recorded a5 a percent of the wial number of points per Whneter segment. Frve quadrats {z |6
poimis) yvickdod 3 voral of 8 pownls, e, ) X X)) = peacesd cover. The cocfficien of
commundty (Dostimg, |956) was used 10 compare she species diversity snong the mansecrs and
between the 1977 wd '] samplings, 1e., number of species comumon W ol sites divided by
the 1otal number of species al both sites & 1IN, Frequency valwes {percentiles) were derived by
dividing the number of 1U-m segments o particular species or item ovcarred by the el numbur
of I-m segnwents slong the transevt, e, Tramseet | (50 W-m segments), Transect 2 (45 10-n
segments, Trunsect 3 (57 10-m segments)

The author's ability to distinguish different species of red algat wurf hay improved over
the past 14 years, and, thus, the present Sludy <loes not whihee the general calepary of “turl
which was used extensively (e, 27% coverpan 14977 for Transect L 1o e 1977 stody (Tswda
el al, |978), the term "wrl” was used o deseribe less than 19 cover ol the abpae slong Transec
2 und abowt 1'% cuver of the algae alung Trunsecr 3.

The crustose coralline algac was pooled in 1977 undder the poperal calegory “crusiose
cofalhines”. Tn the recemt study, an anesnpt was made 1o sepaate the cncnsting coralline algae
at the species level based on descripuions tymshaed by Gordon e 2l ¢ 1476).

RESLILTS AND 1MSCUSSION

Suhsiraig

Figures 11, 11-2 and [[-4 peesent the percemt cover of the sand, dead voral or reef
pavement. und live coral which were yuantified (Table 11.1) along cuch of the Uiree vansets,



The quantification of these substra wypes by the ponnt-yuadral method ineant that the substrat
uncer the points weie late and (rec of any manone plants or investehbrines e, s cacembers).
The low percent cover of sand, dead corel or reef paverent along a given secter of the mansecs
meant thar i gieaer percent cover of marime plants inhabit the sector. Onoihe other hand, e
shwence or low percent cover of live corals along a seciar of the transect meam thi fow or o
conitly imluwbin the aiea maring beothic aipgae and scagrasses do not use live corals ay subsmaa,

Sancly substraturn was doimnant (preater than 50 cover from the high wiier [ine foa
clistamee 0 2K 0 240k meters seawand, e, Transect 1 (MK me seaward), Teoosegy X (240 m
sewwardl aml Transect 3 (230 m oseaward). Live corals (e, greater thinm 25% coverh were menst
conspicions ar the M- 1o 370-m secior of Transeot 2, amd mothe 260- 10 280-m sector of
Transect 3. Live corls were present on Transecr |) hoowever, the percent cover never oxcected
1Y% within any of the 10 m long sepments and live corals were enconnietsd only within 8 of
the 501 10-t sepments {i.e., percenl freguency of 16485

The prinvary substrae type for the muajority of wlpal growth are pieces of dead coral and
rect puvemnent. Seagrasses and benthic algae which e gbapted o the sand environment are fow
i mamber aned characterized by large holilfasas {Le, Halimeda macraloba), creeping rhizomes
{1.e., Halopbila manodk, or Mad mucows shees tie, Schizothrix ealcicok).

Species Fhversily

A comparison of the number of marine plams species, excloding the ciastuse coralline
ulgae, guatitied doong 1977 and 1995 aleng all teee mansects in Tumon Bay reveals that the
I species recorded in YY1 compare favorably swath the 14 species teudded e 1977 (Table 11-2).
The species composition recorded i 1977, however, was quine different than thal Tound in Lthe
recent 9% stady. Cnly 20 of the $1 species (excluding crustose coralline algac) were identival,
Le, o coefficient of community valoe of 3%, The low number could be stributed to the use
of the peneralieed lerm "wef” for species of Cilamentons like red alpae {Rhodophyta) in 1977
As o cwans ol ytilizme more relible numbers in the comparisens, a cocfficient of community
vidlue was Galenlated Yor only species of Chlorephyta (preen alpae) and Phaeophyta (hrown olgae)
yuantified aleng the ransects, These species dare moch susten o recognize i the field and, thos,
serve 35 4 more reliable Basds fon compatison, Oaoly 12 ol the 28 species of green sod browa
alpoe were wlentical, thus, yielding a swwlarly low coellicemt ob commmnity valoe of 43%.

When the species composition of both green and brawn algac observed doring 1977 and
|%H were compared along cach transect, the coefficient of community were, likewise, low -
Transect | (5¢1% = 26%.), Transect 2 (5017 = 2%%:5, and Transecr 3 (8720 =A%), Only five
specics were present along all three transects during both the 1977 and 1991 sampling periods -
Mivownleus [ynpghyaceps, Enleromorpha clathnna, Habimeda opuntia, Padma boryana (= P
tenis) and Gielidiopsis iricata.

In the 1977 study. only six species were considered douminant, Le , species with 3% cover
or preater on any ong taosect. The dwininant hl!t‘i.:iﬂ.‘i inchaddes] fwo hlpe-geeen algae (e,



Micrucoleus lynghyaceus snd Schizathmy caicw ola), two green algae (EEntcromorpha clathiags amd

Haulipeda vpuntia), and 1wo species of hrown algee {Padina boryana and Twbinana oroglai
Only two species, 1e., 8. waluwada and [P haryana, were considered 2% domunant s both 1977

and 1991 (Tuble M 35 Sex other species. thiee of whch were oot recorded i 1977, were
vonsidered donunam oo at keast one mansect,  The three species reported previously, but not

vonsidered doniodin o 1977, were Boodley composita, Jania capillaces, and Polysiphenia spp.
The three olber damunant spegivs, reporcd For the fies ome, along the dansects were

Cludopharopsts sumdaoensis, Gelidie[l seerost and Laonreacia sp

The three species of voustose corallme abgae encoumered alang the theee mansculs wére
identified as Neogonwiibon [uigscens, Porolithan onkodes and Pyroluhon sp. A lourth
encrusting calvareous alpa, Poyssannelia rulwa, was presont along the three transects and is here
considered as 2 “crustuse caralling”, The percent cover af “crundose eoralling™ alpse obscrved
in 1977 glong Transects ) and 3 scein we be cumpanable W that ohserved in the recenr 149
sudy. Less "crustose coralline” slgue (e, 6% cuver) were ubserved along Trumea 2 duning
the recent 19991 study than duripg the 1977 study (e, 6% coverh

Zonation

Figuses -4, 1-5 and 11 & provide connparsons of the number of species and percent cuver
of the marine plants {Table [1-4) within Vb merer sepmenes along the three mansects quantified
in 1977 anal 1991, The pairs of values within J-meter segments, olwiously, do now represent
the wlentival siues. Therefore, e general zonational end showkld he examined, mstead of
focusing on the contperpan of cach paur of numbers, ic. number ol species amd percems cover.

The dominant alga in the sunily arca slong the shorelins 15 Entcromorpha clatbwata which
varied 1n pervent cover alunyg the three vunsects  Transeo | {2Z8% vover berween the high waner
line and 2t meters, Transeut 2 411% cover betwern the hagh waier line and 70 meters, and
Trnwewt 3 (485 cover bevween 10 and 30 meterst. FugGerald (1978 discussed the comrelation
ol stnding vrop of the preen alps with wave height preater (han 6 feet. The iransect data
between the 1977 und 1M sampling pensl do mot provide sufticieot infunmaton o show einbier
an inurease or decrease of the percent cover of Emergmorpha over the |4-yem pericd. The blue.
preen alga, Schizothrix caleivola, wis w comsplecuons alga in the sandy arew between 40 and 120
meters in the o2t recf along Tronsedt 3 und covered 28% of the sandy subsmmatum; it was absem
wlong Tramsects | and 2.

Three other dommman algae i Tumon Bay during the December 1991 sempling were the
foliose biown alga Padina boryana. the vrunchy green algs Hoondlea composita aad the rigid red
alga Gelidielia acerosa, Pading bocypng was present on all eee transeuts, however, it was most
ubundant [ 1%% cover) berween 250 and 360 meters slong Transect 1. Pading boryana covered
4% af the aren hetween 140 and 270 meters along Transevt 2, and coverad less than 1% of the
arca [rom 00 e 320 meters alonp Transece 3, Tsuda {1977 reported sinular findings in Pago
Bay and repurted the zomation of Pading on both the inner ceed Mat and outer reef Tat. Boodlea
compoyity was absent along Transet 2 ond covered less than U.1% of the ares along Tiansey



3. Doodlea. however, covered 149 of the ares herween the 2600 and 4Xkmeter secior of
Transect 1. Cielidietl geerosa,  rigid wpright red alga abos % ain high, foomed a thick mat an
the coral pavement on the suter reef flat alonp Transects | and 3 anly. Gelidiella covered 0%
it e reel paverrent between MK and SI6) misters alonp Transect 1, il cavered 295 of the reet
pavenient between 310 and 540 meters slong Transect 1.

CONCLUSIHING

The compansen ol the smarine plants gquamified in 1977 and 1991 indicates that the
s|pes g cannpasalion ahidl cliange alonp all three imsecis. The chanpe is nol surprising since rare
sjres e e species with Cover of less than 5§ can sippificantly change the species conposition
ab wn g len ol the 30 species (excluding crusiose coralline alpac) or 26% of the species
sarpled in W were Joond along only ane al the three transects and comprised less thao 19%
LIMVETR.

It is net possable o make o clear sugeasent whether or not the stwadiog crop of
Eontcrammpha amd other alpae m the area i5 mcreasing: or deoreasing. The green alpa
Enteromorpha has always been abundant off Y pao Beach, even prior to the presence of the Lrpe
scule develapment i the sred. The foliose browss alpe, Pading boryana, has inhabited boil (he
inmee and ower reel Mats of Tumaon Ray, since the author’s fiest obse rvation in 1968, The large
brown alpgs, Sarpassum polycystum, which altains iis geeaiest beight doring December e
Febraary Clsuda, 1%72) was rarely encountered during both the 1977 and 1991 studies. Althougl
iy seareity during 197 canmot be explained, ahe foree of Typhoan Yari on 28 November 14391
was sthviously the favtor wlich cuused the ko tlalli of Sargassum polycystum o be densched
from its subsiratum. ' :
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Tabe [T 2. Comparison ab marine plant specicy guantified aloag three simibar
transecls  duling MNovemberfDeceinber 1977 amd  December  199)

EE— it " ——

Spevies 1977 1]

o m——— . e — A —— i T—

CYANGPUYTA 13 spevies)

M icrovolews lyngbyaceus (huete Crowan X A
Schizothrix caloivoly 13 ) Comaont X X
Schizothna meswana Lol X X
CHLOROPHYTA (I8 specics)
Acelabulana la Sulps-Luubuch
[= A mgehii Sobmy: Laohach|
Brergesenia farbesiy (Hav s Fellmann
Boodica compasita (Harv ) Brand
Lryopsis peonas Lams
Cyulerpa cupressoides MWest) O Ap.
Coulerpa avernons (Forsk § 1 Ap,
Canlerpa seuplaw (Forsk.p 1. Ap
Caulerpa serylpivides iCanel.) Howe
Cladophora fasciculans (Mertens) Kueiz
Uludophoropsis membranaves (Ag | Bocrg,
Cladaphoropsis gundanensis Keinbw|d X
Dictyosphacria cavernosa (Forsk ) Boerp,
Dy ryosphaena verduysii Wy, Bosse X
Enteromorpha ¢lsthrata (Roth) I Ag.
Hallmeda macrolobi Lecaisie

Hulimeda apuntia ([..) Lama,
oimieTis anmlata Dickie

nbiculana venmicosa (). Ag )
iMsen & ) West
| Malunig venteicosy 1 Ag |
PHAEOPHYTA (10 species)
Dictyota barbayrgsin Lamx. X
Dictyoia friabilis Sewchedl
Feldmannia wagice tSonder)
Woamensley & Bailey
Lobophora variegaty (Lamx. ) Womersley
Padhina boryana Thivy
[= P. ienwys Boy]
Kilfsiy pangoensis Sewhell
Sarpatsmn cnstaefaliom O Ay
Satgassum polycysiun, - Ap.
Sphacelana nbylosles Meneph
Twrbwnaria orngty (Twm ) ). Ag
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Table I1-2. Continsed

Species

RHCUMIPHY TA (11 speciesi

Asgnbophions spicifcia (Vahli Boorg.
Acumnishis fragiby (Forsk } Boerg
Aumplipng Lagahissinig Lams.
Coanuum gracithmum Gnidf. & ilar
Chaayuha sp.
Gl lassisulata Kielhn
Ue Lty geersa (Forsk. ) Feldimann & Haned
Ciglldiupsis fotrivats 1€ Apd Vickers
Giellh i o [varivgium Mariens
Gl pusillng {(Swckhouse) Le Jolis

Copacilprly salicomiy (C. Ag.) Dawson
|= Q. grousty Zanard. seasu Tsuela,

1978
Hypoea mysaafomis (Wulfew) Lama
v. gpen LAg.
|= H espeni Bory|
lania yapulloces Vlarvey
VL aujengsy p-
Mysiophiong poses (O Ag) Seachell
Pulysiplionia spp
Rhodyinema divancata Dawson
Spytidey filsmeniota (Wulfen) Harvey

S -

Wrdesmania ninigng (Duby) Feldmann & Hamel

"Crustome Conlline”
Meogebolithon futescens (Foslie)
Sechell & Masun
Peypsaonmglia mulwa (Grevidie] 1. A
Vigaliibon ankodes {tieydrich) Fishie
Lusolithon sp

ANTEIKWIYTA (] speciesi

Halophily manne (Zoll.p den Horteg

Total, inchling cotallmes (35 spreses)
Toul, esclodimg comllmnes {51 specica)

-

2

A B > e O
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Table 113 Comparison of pescent cover af mar ine plunts yuaaufied along thwee nansects dering
1977 and IW91.

e —— = —— —
5Em Transec! | Transect 2 Transecy 3
1977 185 1877 T 1577 155
CYANDFHYTA
Mippolowy bogbyseus (Kucir) O vinom 4 <1 | ot 2 <l
Schuothie ekl (AR ) Casnom 1 . 1 1E ]
Suluvihrls  mossIEa Fhrnesinl . «1 = «1
CHLOREPITYTA (LK specics
Agiiabrbarin eyl Sealimse| bt i ' - w1
L A o bun Solin- Laubucl|
amigesensd  [ubean i Harv ) Feldmamm : . o
Boolia CoMmpuats i Hare ) Braad «l 4 1 - a1
Bryogss  RCORMD Lama : .l .
Couterps  cutnvasinles  {Wen) CAg. - : e : :
Lanlerpa CACIMOAS (Forsk ) ). Ag. 1 al <l
g wolae iForsk. b ). Ap. . %1 : wl
Camlops  scouknoadcs (Gl ) Bl <
apohon  lacocalans i Mencin) Kpste . .
Chadughoiups tedebosnegea 0. Ag ) Brerg, <l . 1
Clodophorups mpdician.  Fewbedd . 2 <t ! -
Dl traghass carmimcss (Fness ) Bocrg « « <l
Dectyosotien woolyysl W V. Binac o1 : <l :
Latpromeyd athaa \Reithi | Ag 3 1 1 2 <1 7
Lalinwdy  moactolubi Dreuisnie al . ; :
Halimdks LIS (| YRS 1 1 2 1 <t <1
Neomers  noulas Dichie : < ol . ‘ "
Yonubulass YLomoss . Ag) <l . v .
Qisen & 1 Wl
|= ¥ilopua yenususia ). Awl
FHAEDIHY TA [ U] yymuees)
Duairida Bariay sl | iame i ai <l s al
Pkt (oabils Seb el . : : : <1
kxidmanna  aalica {Soomler ) . «l : <1
Womericr & Bailgy
Lobopint mocgald ilama § Wisneyslcy . <1 «1
Fadios Easana Thivy <1 5 1 i iz &
I= E imhass Bopy] «1
Rallua SN PESA Sew hell <1 : -
Slbscus  cnuaciobug U Ag ' . =1 ot
Supuss slssaun  CoAj «f : ! <1 <1 1
Spluselacda tobgludes  Memgh, <1 . “l ! <) «
Lachuwns  uiuils {lurm il &g €1 «l wl ' 7 .




Table 11-3 (continued). Comparison of percemt cover of marine plants guantified slong three
transects durmg 1977 and 1991,

SPECISs Transcut | Transect 2 | Transecy 3
TR T A
1977 1991 18977 1981 147F 10491

ROCOPHYTA 1123 species)
Acanihophot inigiferm (Yaht] Boerg. <l <l 1 <1 . <1
Actinoncbe (gl (Fursik.] Buery. - <l . . :
Awvhiwa  [mghsama [ame i ' <1 . <1 -
Copatiuen - pracillimum ©olll & Hary, «l <1 . <l
O i . : z H i i =1
Cabisaurs  [sciculing Kjellm, : : 1 : : :
Cecliatee Ua LoCrsd IFarsk 1 Beldmann & sond - 17 . A - B
Creliduipsts  Unbcaka iC. Ag.l Vickers «1 ? <l <1 <1 <1
Gclishom  divadcatum  Mutens - 2 ; < : <1
celidiurn pusillan 5L hose ] Le Jolis «1 - <1 : <1
Orwiknd  slicormd i, Ag ) Dimsnn : <1 <1 1 - =1
Lypnga miascilomus W ullen) Lisma. 2 - <1 - |

¥, lspe F AR,

|= il cspen Borv
| ann vl Harvey : 5 . z : 2
[ FELT: T 10 I R L) (T, A b Setclwl - <t ‘ ; l :
Polysipleuia spp. <1 - = <l . <!
Hlwwlyhsenay (divarscaly T1xawscm - ? : . . cl
Apyiisdia Lilameniess Wl Demp Harvey - - . ; g <l
Wpremieny miniaea [Cukyt Felimann & [Tamel - <l - - - -
“Lrasbse ol i ™ 2 | G ') | a
ANTHOPHYTA 1] speciess
Falupluli  aoper (i) den Hartoy - A g 3 o1
TIIHE er | - 1
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Tabile

PP, Mupe: ol gpeneios (R and peroent cover () ot marifw
plants quand 1 bLed wsthin L meter antervalns (0. 25-mater wide)
alony Trautests 1, 2 wnd 3 in Tomen  Bay during
Hovemnes iiecember 1%77 amd December 1390 ‘second figure afze:
slash {r1]. Tooe puiroenT cover Ya_ues were extracted fror
istoazam (8¢0 Fagoren I2 2 o 3) 1n Tsudn ot a4l 119785 apd
tounded oIl 1o cte nearest LE,

Distance Trapnsec: 1 I'ransect 2 Transest 3
from Shore A A A F A B
u-10 1 £1 L2210 Gl DrlH ail 073
1-26 1] o P N kL il Ls1 IR
A0 39 o A 122 S/ aE 373 2054l
I0-40 2,0 y 2L 0s2 D46 L g 302
di-50 4/0 3usd 273 542 4,3 40741
HHE H 141 20,1 o e SFud E Ak oy
Bi0-T71) | L%/ i/4 10/l &/4 E0/52
0-a0 S A 4570 24 LGz Y 4482 Josdl
Hir-90 3/0 LT dd 1942 34 70431
QE-1:0 5/0 Lt 3l 5747 3r2 i5/31
Igp-114 240 1% 273 1074 12 2070
110-124 /2 bLr2 170 Lu/0 22 /6
124-130 174 PRI A Lo/ B 28710
130-140 271 T0/R a/1 2020 20 N0su
140-1%0 170 Thds L2 1021% 3zl TG
150-164 B/ TRA10 253 10/% 1s1 7551
16k-170 472, 5579 2/1 1571 10 7070
174-180 1140 )0 1/1 1024 24 45710
160-190 q12 S0/h 144 ib/la 204 205
190-200 4/% 10736 2/2 5/4 2] Tl
A00-210 3/5 T5/5 35 PR 541 242 40,31
210-220 /7 10/76 65 als2s <72 6079
220-2340 5 o - 1) 575 4S/19  2:G T0s0
230-240 5/6 c5/89 174 qis12 | 6 THS12
240- 280 A/8 75/74 44 5013 R TUsal
AE0-260 1/B Th/RE 45 in/16 456 55750
2e0=-2T0 T8 TL78% 475 48711 Hs3 45525
270-2840 hi/? 7791 6/ 4 =728 473 ADS25G
280-294 arll 55/94 474 49725 3:9 A L]
290 ApaQ T 85 /%A @il 25018 5% 30224
T00-3L0 4.7 A 100 il RDAIO 1in 07355
114-3120 177 Gu LRI 671 SC/H 3ra 20/2R
32a-33%0 1’8 Sy TiD kL1 LN 57 40526
130-340 LT Y4 92 f A5/2 1:-F 1574
40 384 278 95 /92 B 4540 4:3 53731
IS0-360 2/8 75,719 9/ SO/R 4:4 40734
igh-3740 14T Hide G 6/5 b 1 | S 40/1H
AT = 38D 31/5 EHETR | /2 85+/26 1/5 407345
AB0-390 2/6 L+78 541 TII29 276 35734
390-400 1/4 2197 1/1 15720 4,4 4G/28
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Table I1-4.

Continued,

Cistance
from Shore

4nd-41°C
410-427
440-441
430-449
datt 450
420=-460
150 470
arn 4R0
JHC-490
£93-500
S00-510
210-520
520-530
530-540
540-550
530-560
Lb0=570

Ner. Spp.*

Transect |

A ]
276 BS/74
N7 Bh/91
ik 80/ TH
2y 07}
2.4 l0/98
273 35/69
374 a5/ 78
A4 Boses
d/4 Lol 60
1E/28

i a—

Tranzect 2

A 3]

£ 54 T0SH
143 Lyt
B3 ans42
B4 40/ 25
Bs4 504131
i04- &40/ =
Bs- T3/
/- 65 /-
Ti- 55/ -
= 40/ -
Msle

* Excluding "crustosc corallines”®.
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Transectc i

A

hib
0
/95
9/5
Ti3
B/4
R/A
4,5
074
11/5
8s2
/4
a2
TR
1/8
9:7
9/2

24/2%

S0s41
Glsd4d
554319
BO/12
BO/46
60/8

60,32
BL/52
90734
B5 740
S0/742
640/29
b9 /29
s34
H0/68
BSS 08
D0/R1



L CORALS

Richard 11. Handall

INTRODUCTION

In [977 the Guam Coastal Management Program contracted the Universny of Guasm
Marine Laboratory ¢ vuaduct 3 baschne mmrme swrvey of the wvarme planas, corals, other
macroinverichrales. and fishes on the shallow frmging reef Mat platfornis associated with Tumon,
Agana, Agat, Fouha, and Ylig Bays. In 19971 the University of Guam was contracted by the
Ciuam Department of Parks and Revrestion 1o condugt o reassesament of the matme plants, coraly,
other macroinvenebrates. and lishes un the fringing reef flat platform along Twwon Bay, and
comgare the resulis with those of the {wst bascliue survey of the hay that was conductod Imwe
than [puricen and-2-hall years ago, Since the first baseline assessment was candedied the Lamd
along Tumon Bay has undergone eatensive conunergia]l developmeny, purticularly by the
consouction of farge wunst botely, Recreaional use of the adjacent shallow reef flat platform
along Tumon Bay has also greatly inuregsed 25 howel development progressed.

For a review of previous studies of the conmummumily souctare of the corals w Tumon Bay
sec pp. 2H-300 in Randall, 1978

Ficldwork tunsevt gssessments for the 1991 reassessment survey were conducted on
December 17, 1991, for Transecy |, on December §6, 1991, for Transect 2 from () 1w 450 mesers
and on January 20, 1992 from 450 1w SO0 meters; and on December 18, 19%] Tor Transecy 3,
Fieldwork mansect assessments for the 1977 baseline aurvey were conducied on June 20, 1977
for Transect 1) on Muay 27, 1977 Tor Transect 2 from O o 200 meters and an Tune 21, 1977 from
20 to SOH) ineters; and on Junc B, 1977 for Transect 3,

METE{MDS

The coral communites were anslyzed aloog the same three ansects that were surveyed
in 1977 {(Figure L1-17. Although permancnt oansec; markers were not established on the reef
fNat platform during the 1977 survey, the shoreline locations from winch the transects were
exiended from were stll intact and recognizeble. Transect 1, at the north end of the bay, was
tocared at the south end of Gopnga Beach whese some large blocks buttressed whe base of a
limestane scarp along the sharcling. Sanviteres Monumem and the Recf Howel Complex bie a
shont distance milznd along the scarp. The transect line was stiached 1o the most scowandly
silgated of the large blocks along the shareline and (hen faid cwm in 8 scaward directon nommal
10 the shoreling to the ovler margen of the reel Mat ploform, & distance of 500 meters.  Transe
2, al the middic af the buy, was locialed where o road dewd ends o the shoreline, The Fujita
Haoiel Comipleéx fics a shoit dislance wnland along the south side of the mad. The transect line
was attached 1o a mee af the end of the road and then laid oul in @ seaward direction pormal o
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the shoreline 10 the nuter margin of the reef flat platform, 2 distance of 50KF meters Transect 3,
at the south end of the bay, was located al the nonhern boundary of the Ypao Beach Purk. From

the shoreline ar 1he park baundacy the gansect line was Ind oul in a seaward direclion ool
It the shareling to the auter edpe of the reef flat pladfomm, a4 distance of 570 meters.

The coral cotutmninies were andly xéd mlong the three winsecis by using the poant-cencered
ar poiod-quaner lechnigue of Cotam el al, 1953, as described in the "Corals” section of 1the
Universily of Gumn Marine Labormory Technival Report Mo, 48, pp. 3031 (Randall, 1978).
This wat the same method used i the Y77 bascline survey. Quabilative and guantitative
uhsereaticns and transect daty were eallected within the sume framework of snbzone divisions
thit were discrirmmated along the three wansect areas during the 1477 bazeling survey.

The voral specics encountered dunng the point-guarter analysis indicate the predominate
and cormmen species within the transect areas, The presenue of uncommen and rare specics, nol
encountered ducing the point-guanter analysis, was delennined for zach transect by making len-
iningte snorkse] chservaliens along each silde of the vansect line for cach W0 meters of ransecl
length, A list of species 13 vompiled [or cach subzone discniminated aloag cach of the three
transects by combming those encountered duting the point-yuarter analysis with these observed
from snorkel observations in Table Hl-1. A revised specics list for the 1977 survey has been
ingludeed in Talle -1 which incorporates a aumber of @aonoiwic name chanpes that have
vecurred since the earlier survey, Table -1 also provides a list of species recorded frem each
of the subzones for the 1977 survey insi=ad af just a tally of the number of species and pencra
that wos gpiven in the curlice report (Table 1112, pp. 31 51 in Rundall! 197H).

Cluantitative point-guarter analysis duta of coral colony size distribulion, freyuency of
crounence, demsity, sl pecentage of substate coverage aoe compiled (o all the individual coral
species that cucumed within cach subzone as well as the mean volany size, densiy, and
pereenlape of substrate coverage values Tor the entice voral community of each subzone 1n Table
HI-2. Sumilar guanutative data an the 1977 survey repart (Tabte 1113, pp, 52-56. in Randall,
1978} his been revised and ancladed in this report as Table 161-3 because of an crror in
culculating the densiny anl pereentage of substame coverage values for the scattersd corgl subzaone
on the Tumon Bay Transect No. 3. The error oucurmed a5 o result of wsing only quadranes which
cantaangd vorals {a total of 52 guadrants) instead of the total number of guadrants sampled witkin
lhe subzone (3 lolyl of 148 guadrants), which tesalied inog considerable everestimation of the
density and subshale voverage values for the coral commmity in ihas subzone. The corrected
densiy and substrate coverape values for this subeone has been incarporated inlo Talile TH-3 of
this copor. .

Frequency distnibutiion of coral cotony dismeters for gach subzane is given in Table 1114
Par the 1991 resssessment survey and in Talle -5 for the 1977 buseline assessument seevey.
Freyuenwy distinbunion of coral colony growsh Forms for each sabzone is piven in Tuble 1116 Tor
the 19971 reasscssment survey and in Tahle 117 for the 1437 haseline assessment survey.
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Representative veriical praliules of the theee Tumon Bay transecis showing the reef zones
and subzones, water depth, and penetal distribution of corals across the reef platlorm are shown
i Figure [11.2

RESLIL.TS AND DISUUSSEON
Coral Disiribiglion and Zonation Patierns

{ue of the most nouccable aspects of the coral communnties along the Tumon Day
ransects 15 telr unequal distribution acress the fringing reef Aat platfurm from the shoreline o
the outer seaward margin. Although less noticeable along the transects, there is also consaderable
communily vanaton along the length of the fnnging reef fat platfuem of Tunon Bay as well
Al Transeuts | and 3, the outer thind «of the rect flal platform s shighily clevaied m respecr 10
the inper part and conscguenily at low tdes is citen parily ar ecampletely exposed, while the inner
two-thirds remains cavered by a shallow imoat of water, On this hasis, the reef flat plarform can
be divided intu an inger subtiilal moat zone and an owter imentidal platfirm zone. At Transect
2, the auter pan af e reel flat is woi elevaied and thus the eptire platform remains mostly
submerged during low tdes. At Transeol 2, the ianer four-fifths of the reef flat plaform is
similar o thar al Transects | and 3, bul the outer submerged fufth has an megular wpogsaphic
relief with hules, shallow toughs, and depressions up to two meters decp al places, This deeper
vuter part of the platform at Transect 2 has a more diverse coral communiry that containg muny
species normally found on the wave.-washed recl margin and deeper off-platform reef slope
rones, a5 well as species more of less resiricicd o shallow reel platforms.  In this report thas
subtidal outer pan of thé, platfarm &t Transect T is called she outer reel Ml zunc and was nol
further subdivided.

Large areas of the reef Ma platform kack corals, while other arcas support conununities
renging rom a low widely scattered colonies and specics to regions where the surlae i
domanated by a moaotypic cover of a single spetics o a relatively diverse assemblage of species,
Because of this vanalion in coral discribution i1 was necessary (o divide the recl platform ino
a number of subzones in urder to make o realistic quantitative assessment of the corals. The inner
recf flat platform at the thier ransect oeeps was divided imte a sand, scatered coml, and coral
suhzones. The sand sub2one occupees the inncr fourth the recf flnt pladformn which comsists of
a muncated reef rock pavement vencered by a thin sandy layer, gencrally kess than 10 cm thick,
where cordls are either absent or widely scattered.  The scatiered coral subzone gurupies a region
that exiends seaward of the sand subzone tv about the middle pan reef flat plutfonn where the
layer of sundy sediments becomes thinner, intemimixedd wih varisble amounts of pavel- and
rubble-sieed clasts, and 15 somewhat patchy in diswibstion among local exposures of bare reel
1ock. Corals arc genetally present in the subzone, but are widely scatered and mostly small in
size, except for a few microatell-shaped colonics which are commaonly only partly alive. The
coral subzoie oocupies u fegion of varlable widih beiween the intertidal ouwer reef fal plaform
angd the scatered coral subzone where coarse rubbly sediments are patchily distributed among
areas of living and dead voral culontes and cxposures of bare reef rock. Corals are penerally
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comumun 10 abundant within the subcone and oveur as scattered colimies amd variahle-sized
patches composed of amixed  species 0o moenotypic thickets of arborescent and [uliose species.
The intertidal ouler reef fal platfonn at Transecls 1 amd 3 were divided ima o paveinent and pool
and pavement subzoney. The pavemient and pool subzone octupics a shareward pan of ntectical
platdarm of variabie widih that consists ¢l an arregular el 1ock surfave which retains water in
shallow scaltered depressions and holes duning low tides.  Bowlder oabble commonly oocupies
parts of the subzone surface and corals are pencrally small in size. widely scattered, and restricied
o Bales and depressions that retain water during low tdes. The pavement subzone consisis of
a relatively flat and featareless reel rvck surface that compleicly exposes dunng low tlides.
Stoong wave surge generally keeps scdiments swept off the platform and corals are penerally
alent, bul 3 lew scaitered holes thal retain water during low Lides may gonbain some small
colonics, as well as minot amounts of sediments. The subtidal cuter reef Nal zoac at Transec
2 was described above.

Representative vertival profiles show the reef platform zones discrimipated along the tirze
iransest areas in Fipuee 18122

Speciex Ahundonce

Atpla] of Th coral species representing 28 penera were recorded Trom dhe three combined
transect areas during the 1977 survey, and from the smme ransecls 2 wial of 73 voral species
representing 25 gencra were recorded during the 1991 reassessment survey (Table -1} Species
that were recorded ducing the lirst baseling sur-ey but f01 duting the second reassessment survey
inciude: 1) Seriatopora hysiria, Monlipors acanthella, Pavona explanulatd. Goniasirea pectinata,
and Dipluastrea heliopora, cach from single observations in the subtidal outer recf Aar rone at
Transect 2. 23 Lobophyilia corymbosa from a4 single observation in the doral subzone at Transect
1: and 3} 4 single ahenmatypic Pulyeysthus fulvus corallite thoy was collected Tron the rool of
a small dark cavity in e coral subzone ot Teansecr 2. Cural species thal were reconded Juring
the secomd reassessmenl survey but nol during the Nest baseline survey inaclude: 1) three
pccurrences of Psammoeora (Encrusting sp. 1) and a single observation of Pocillopora verrucosa
in the subtidal outer reef Man zone at Transect 2. 2) Acroposa fornmosa that was commonly
cbserved and recorded in 17 point-quarter quadrands in the sand and scattered coral subzones at
Transect 3: and 1) a single otcurrence of Millepora dichotma o the paversent sabaone at
Transcet L. The presenve of Acropora fotmosa on the Tumon Bay fringing reel flut plutform
appears to be recent rectwit, since it wag nol revorded during the 1977 haseline gsxessment survey
ar during detailed surveys conduceed by Randall {1971 and 1973} in the late 1900V's and carly
ST s -

Orverall speciey angd genus abondance recorded For each transeor during the 1977 baseline
survey was 25 species and 12 genera at Transect | 67 species gnel 26 penera sl Transect 2, and
261 spevies and 12 genera m Transcos 3; and during the 1991 reasiessment survey was 23 species
and |0 generi a1 Transect 1, 71 species and 25 peners at Transeot 2, and 22 specics and 1
peneri af Transect 3 (Table [11-1)
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Species abundance within the vanous subzones disciminated along the twee Tansects is
given in Table IIT-1, Wuhin the 14 subzones discrimanated along the three wransect arcas, the
1991 reassesstient survey revealed that species abundance had increased by 1 specics in |
snbrone, 2 species in 3 subroncs, 3 4pecies in L subzones, § species in | subzone, 6 species in
I subzane, and 10 species i | subzone since die earlier 1977 bascline assessineni survey {Table
HT-13. The most noticeable incrcases in species abundance oucummed W the 1mmer reef flat sand
and scafered coral swbzones af Transecis 1 and 3, and in the subtidal outer reef My zone at
Transect 2. In the sand subgones there were seven- and thiee-fold increases in the number of
specics recorded at Transcots | and 3 respectively. Although there was an increase of 10 specics
recorded in the outer reef fla 2ouc al Transecr 2 during the 1991 icassessment survey, the effect
wais less nonteeable because of the inibal higher species abundance theee (549 specigs) than on the
inmer reef Mat where ipitial spevies abundance ranged from o 5 species in the sand subrones
and from 8 w11 species in the scatered coral subzones. It is suspecied thal Acanihager planci
predation vm corals tha occurred belween the 1977 and 1991 asscssinent surveys has beer o
major factor in reducing the number of specics recorded from the outer reef flat ut Transect 2.
During the 1991 resssesunend survey only 2 singlc A. plang starfish, 43 cin in diamcter, was
abserved feeding on Pavong decussata i the outer recl flat zone at Transect 1

There was little change recorded in species abundance berween the 1977 and 1991
asscssment surveys in the coral subzones m Trenseces 1-3, and an the outer reef flal subzones at
Transects | and 3 (Table 111-1).

Combiming bath the 1977 and 1991 surveys together yiclded & total of K1 species
representing 28 genery that were recorded from the overall fringing reef flat platform ai Tumon
Hiy.

Cotuny Sice, Density, and Substrate Coverage

Coral colomy size disitnbution data {n =yumber of deta, x = mean coteny dameter, 5 =
standard deviation, w = colony size range}, densily, and percentage of substrale coverage for the
virious subzanes discrinnmated along Transects 1-3 are given in Table -2 for the TY9L
reassessment sirvey and in Table HI1-3 for the 1977 baseline survey. Beotween the 1977 baseline
survey and the 199 reassessment survey, the point-yuarier assessmend dat indicaies iyt within
the 14 subzones discriminated along the three ransect aseas, mean corsl colony diameter
mereased al 9 subzoncs, devreased at 4 subzones, and remaned unchanged at 1 subzone: cural
density increased ot 10 subrones, decicased @ 3 subzones, and remained unghamged at | subzonc,
and the percentage of substrale coveruge by cotuls wcressed at 11 subzones, decreased an 1
subzone, and remained unchanged at 2 subzenes (Tables -2 and 111-3)

Although there way an ingrease in corul colony size between the firs and second
nssessment surveys in mast of the subzone communitics, there was a geoeral resnd for the meun
colony size to be smallest in the xand subzones (no corals encountered dunng the 1977 survey),
imtetmediate in the ouer reel flal subzones, and largest jo (he seatered coral and coryl subzones
during both assessment surveys. A compatison of the frequency disimbution of coral colony
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diameters in Tables 111-4 and HI-3 shows tha abthough 208 more corals were encountered in the
point-guarier transect quadrants during the 1991 assessment survey than duting the 1977 baseline
survey, the relative percentage of corals in each size class has remained nearly the same for both
assessments 1o both assessment surveys over $) pepcent of the corals encouniered on the

munsects were i the [R5 omosize class and over 201 percem of 1he corals encountered were
samillese dhan 200 e i ddiameter,

The anas) sigrmficant changes i the community siructare of cotals on the Iringing resl o
pltfonm 2t Tumion Hay was an morease in coral densily and perventage of substrate coverage
recorded i orpust of the [ subzone communilics beiween the 1977 baseline assessmem snrvey
and the 1YY reassessment survey (Tables HI 2 and 11-3). Some of the most noniceable, b
penerally nmot the largest, increases oceumed in the inner reef Nat sand suhzanes where po coruls
were encountered 4t all in the point-yuarter ransect quadrants during 1he 1977 assessment survey,
Al Transet 1. over 22 percent of the 112 quadeants that occurred within the saml subrone
containetl corals within the search radios, and a8 Transect 2 over 66 percem of the 1200 guadranls
within the sand subzone also contained corals.

During each of the 1977 and 1991 poun-guarter sucveys, a wolal of 30 wansect points
were established along Transects 1-3 (%8 points cach alenp Trensects 1 and 2 and HI5 points
along Transect 33, resulting in a total of 1204 sampling quadrants (4 a1 each point). Corals were
revordsd in 37,0 percent (446) of [he quadranis dunng the |97 7 baseline assessmen survey and
i 544 percent (635) of the quadrants during the 1991 reassessiment survey. During ihe |97
baseline assessmenl sucvey corals were not encountered ip any of the point-guarter wansel
quadrants withip the three inner reel flal sand subzones (324 quadrants), and in the outer reel flal
nravemend sulrrane at Transect | {Bd guedrants), whereas during the [99)] rcasscssment survey
the only subzone where corals were nol enconniered was in the inner feef flal sund subzone at
Transect 2 (Y2 yuadrants).

Coral (arowth Form Disinbelion

[or the wveral]l bay the most conspicuous changes e calony growth form has been o
reduction in the nomber of cespiose colonies from 305 (6H% of the (tolal communily) 1o 16H]
(X4 5% of the total community), and increases in the anmber of massive colonics from 35 (7. 8%
of the total community) o 109 (16.6% of the wal communiy), encmsine colomes from 15
(3 4% of the tofal communuy) o | BG (2R 4% of the ol conmmay), and Toliose colooics from
44 (Y.9% of the towl communitg) 1o 127 colonies {19.4% of the total comimmnity From the 1977
aned 1991 surveys respectively (Tables I 6 and 11-7). The chanpe in the relative perwentape of
grapruse colony fooms 15 a primarily the resale of the large increase m the number of eograstng
culmies of Leptaspréa purpurca that were recached m the saend and scatlered coral subzones al
Transects | and 3 where corals were absenl duting the 977 survey, and from the increase in
number of foliose Pavona species regorded from the cotal subzone at Transect 2 during the 1991
survey (Tables HI-2, 3, 6 and 7). There wias alse an increase in the number massive colony
forms of Pontes spevies recorded along the rransects, particularly at Transects | and 3, dunng
the 19%] sorvey.
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Ihstributivn Patterns of Coral Species an
ihe Heef Flat Plaiform

Stylpcoeielia armad 1s an ineonspivuous specics that fonns small encrusting patches a few
continelers across in cryplc habitars. N was occasionally abserved w the outer reef Mot zone
at Transeat 2 dunng both asscysment suiveys

The genus Psamimocora s abundastly represented on the reel fat plattuom by P. contigya,
P sicllata, and P. phiusanpula  These dues species form ramease clusiers with closely-set
branches, which may dominate local weas of the mmer reefl flar pladform and outer reef fim
platform a1 Transea 2. Dunng th surveys Psammocors contigus, P osiellaw, and P
obiusanguls  wereé most aburdant in the coral subzore and outer reef flat pladorm zone at
Trunsect 2, scaltered o locally abundant in the svuttered coral swhoone a1 Transect 2, waticresd
to rare in the remaining inmer reel fla subzones, and rare on the ower recf flar
platinrm, A companson of the guantitgtive ansect data belween the Two surveys indicaie o
ieduction in the number of Prsainmoepr species in the coral subeone of Transect 2 during the
1991 survey, panicularly of P. obtasangyla, primarily becaose of the conspicuous indresse o that
subzone by pavond specics since the 1977 survey. Thess mmose Pranyiogora species fragment
easily duning storms, and the broken pieces are commanty iransperied shoreward by wive action,
Because of thelt wmuch larger initia] slze than newly seited plapulse, these tragments have
greater chance of survival, which accounts panly for the colomes observed on the unconsolidated
substrales in the sand and scanersd corl subzones. Many of the colonics mansporicd w inner
parts of the reel flat platform lawr die, but imomediately aller sionnmy, sbundance of living
fragments may be temporanily high, Psammociry digitara was represenied by a single colony
in the corzl subzone at Transect 1 duning the 1977 survey. and during the 1991 survey was again
observed at the same Tramsect | location, and in the cuer reef flat zone ot Transect 2 where a
scatiered community of simall columnar colonics was obsetved. The pink-colored encrusting
volomies of Fsammocora (nodulose sp, [) were observed in the outer reef far plutform zone al
Transect 2 durwng both surveys, but dunng the 1M1 survey il appoared 10 be more abundant.
Cween-colosed encrushng colonies of Peapmucors (encrusimp 5p. 1} were only observed during
the 1941 survey in the omter rect flat platfenn gone at Transect 2, where three colonies were
recorded,

in the family Focilluporidae. o smgle coluny of Seqpiopora hysinx was observed in the
outer reel flat plaform zone at Transevt 2 dueing the 1977 survey, bul during the 1991 survey
it was not ohserved. The gbundance und disribution of Pecillopota dumicorms has remainel
about the same ol Transects | and 2 dunng both surveys, but was Jess abundant in the scattered
coral subzone al Transecy 3 duning the 1991 suivey. Pocillopora danac and P, scichelly were only
observed in the coral subzone and outer reel Ma platfarm zone at Transevt 2 during both surveys,
Abundance and disribution of P danae has ievmained abowi the same duiing hoth surveys, but
the abundsnce of P. sewchelli appearcd (0 be slighily loss in the coral subzome dunng the |991
swrvey. Pocillopora damicornis 15 farly svccessiul @l volonizing unconsolidsted subsoates by
planulac sctilement on larger pieces of stable rabble that are imermixed with the finer sand-sized
schiments.
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Althouph the family Acroponidae was the most diverse family of corals an the reef Ml
placfoom ¢ 1Y spevies duning the both surveys), the only species that were observed as comman
or ubundant were Avropora aspera, A, acominota, and A formosa. A Transeer |, Actopura
gspera was found 1 e more widely disinboled during the P survey, but substrate coverape
was slighty lower than during the 1977 survey. At Transeor 2, AuTopors aspera was not
vhserved in any of the four subzanes and zones during the 1977 survey, hul was observed inoall
four during the 159 survey.  There was 3 very noticeable increase in the abundance and
sulmfrale covendpe by Acropord gspeta al Transet 3 m afl the mner reef Qi subzones during the
941 survey, parucularly in the scatlered coral subzone. Acropora scuminply was relatively
wiccanamon duning both survey periods. bat had 3 preater range of distibution during the 1977
SUrvey,  ACTupord acymnioak i3 mow st sbundant in the shallow channel that cuts across the
vimer el dlac platfonn between Transects | and 2. where it oocurs gs scaticred clumps.
Aciopoia formosa was not recorded during the 1977 survey, bt during the 1990 survey it was
Fwnel 1o 1 quite common in the scaltered cotal subzons ol Transect 3 amd more widely scantered
in the sanel spleane al Trangect 3 and oo teel fag platform zone at Transedl 20 Either
Acioprra formosa has been recruiied onio the Tumon Bay reef (Ll platlorm since the 1977
survey, of 1L was relatively rare then and not observed. In 1972 a senies of exceplionally low
ndes killed many of the atborescent Acropom thickels on shallower parts of the reef al plafonm.
Avropora acumingfa wai particularly seosieve 10 prvlonged exposuce during the low tides.
Befure the series of low tides, Randall {1971 and 1973) reporied A. acuminata as a common and
mnte widespread species on the reef flat platform at Tuomon Bay. Possibly A formosa was
mostly killed off dunng the 1972 low tides, but 3 few surviving clumps, that was unnoliced
during the 1977 servey, have recolonized the inner recf Aat subzones at Transect 3 and the ouler
reef flat platform zone at Transect 2. Arborescent Acropora species are Toundd i grealest
ahundupce m the inmer reef Mal corel subzone, Dut simce they Tragnwent gasily darng storms (amd
from peapls walking oo the reef and From wind serfing boards and! boat wafficy, siems are
transpurted shoreward (0 the scattered coral and sand subzones by wave ransport where they can
become established. Such transported colonics may survive and grow for & time, but because of
periodic exmreme low tides, waler temperaiure elevation to sublethat or lethal levels, and storm
wave surge from typhanns, all bu the mast talerand species are killed a1 unprediceable inervals--u
nrocess that keeps coral density, substrate coverape, anit species abundance low in subdidal mioats
af the sand and scattereed voral subzaney alonp the length of Tumen Bay. Montipira lobulata was
revurdad al e saow Nive subzones during both surveys, amd Monupors scanthells, which was
vepindetd from g smgle occumence during the 177 survey was ol observed durmp the 1941
sulvey. The cermaimng ¥ specics of Acropora and 6 specics of Monbpora that were recorded
durifg Bath surveys were resincied 1o the decper parts of the cuter reef Mat platform &t Transecl
2 and the caral subzone at Transecl 3, where they are cither rare of uncommon, sometimes
represcnied by a single observation. Astreopora myriophthalma was anly observed in the nuier
el lan pluiformn zone ar Transect 2 during both surveys.

D0 1he six pavonid species observed on the reel (L plaform, Pavony decussida is the
st abundant and has 1he widest distrilbution, as well as a higher value of submirate coverayes
tham any ather cotal on the overall 7eef Qo placterm (B.0% in the auter reef (lal platfoom zone
e Tramsect 2 during the 199 suvey and 4.0% in the corul sulwone at Transect 2 during the

di



P77 survey). 1"avona devussats loims Jarge monoypic beds of maay locations on the reef ftat
plaiform, purticulacly m the vicmity of the shillow charne| that cuts through the ower platform
between Trunsects | and 2, and at the presewt Ume it probably covers more substraic on the
overall plafform than any other spoctes. Lavept in the conal subzone ;1 Transecr 3. Pavong
decusssty was consderahly more abumdant and had a2 wide! saupe of distribupon during |99
survey than duning the 1977 survey  The abanclance of Pavony divancata, P venosa, P, varians.,
and Favony (encrustng sp 1) have remained aboul the same duning the two surveys, but except
for Pavons (encrusting 5p. | ) the remagnder of the species bad o wider distcibution range during
the |9%] survey. Pavona explanolaa was only recorded during the 1977 sarvey from a single
occumencs in i large bole on the outer reef Tl platform 2ane at Tramsect 2.

In the family Pantidac, the two Gomgpora species arc rare and were observed dunng
both sueveys in the oweer reel fat platform zone at Transect 3, Puoies is the most diverse {12
species recorded durimg [sth surveys) and widespeead genus on the overall reel flat platfaro.
Small colonies of Poyjies species occasiomally gan a refuge w size on the sandy-floored inner
rect flat subzoncs by plasuls sculement pa swaitered preces of more stabic rublie, or by wave
mansport of small colenics and siews duning sturms. Such ¢olonics sametimes grow and develop
intn Mar-wpped masses [microatolls) up 0 4 meter or more in dismeter, and are the gnly
conspicupus relief features found an the sand-foored inner réef fla subzones. Stunted nodular
volonies of Porlies lmes and P, ausmalicnsiy, growing m small holes tha retuin waier, are the
predeminant species found in the harsh ower recf flar zones that bevome exposed during low
ndes. Ramose stem fragments, clwmps of branches, and imtact Jarger masses of Pordes cvhindrica
are widely distuibuted, and al pleves arc the predominant coral specics an the inner reef Mat
subzones. Poores lutca, Poaystraliensis, ¥ yylindrica was found i more subzones at all three
wanzcot aress during the 199 survey, The abundance of P, |utea and P australicnsis was also
higher in must subzones ar all three cansect uress duting the |YW| survey.

The 1991 swvey showed tha 1he abundance of P. cylndricy wes higher in the corl
subzone a1 Transect 2 and luwer in the sand and scattered coral subzones at Trunsect ¥, at
Transccl | abundance was notceally higher in the sand subzone, about the sanme In the scattered
coral subzone, and lower in the corab subzone, Paries anpae, ' (5.) roy, and Porites (nodulor
sp. 1} were recorded in move subzones duning the 1991 survey, and 1he abundance of the tires
speics appewed w be grester o the mner recl far subzones a1 Transeor 2 as well, The
disiribution of Ponizs {messive sp. 1) was exiended into the coral suhzone a1 Transect 3, and
abundance was higher in the coral subzone at Transect 2 duning the 19941 survey. Porites iobata,
P. lueea, P. syperfusa, P mutayensis, and [ (N} vaughan are uncominon antl Fare species that
were for the most part only ohserved in the outer reef flal platfonn gone at Tronsect 2 duning
both surveys. Although the sinall, pea-szed Stylaraca punctaty colonics src difficult 10 otserve,
they are ¢ommon on pieces of rubble i the mmner reef Mat subzones.
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(GENERAL SUMMARY

The following summary 15 hased upon a comparison of the resulis of = 1977 bascline
sirvey of the coral comwnumities a1 the three wranscct arcas shown i Figare 101-1, and a
redssessinent survey condugied ol the same Ihree vansect areas fourteen-and-a-hall years laer 1
14991,

Rench 7one

Widih of the shureline beach deposits that lie berween the imienidal toe {backwash plunge
simed of the beach on the reef platform ond the vepeiation strand line were measured at the thise
nanseyl wicas durmg both survey perids Interondal and supratidal beuch widths for the 1wo
surveys we given in Table 1l K.

The above congrmisons mdicaie thal there have been no noticcable changes m beach
width a1 the three tansect locations. Althouph the temure of 1he beach deposiis were nol
analyzed. there appeared to be no gualitative change in either prain size o composition hetween
the two sorveys, or between the description of the samples collecied and unatyzed from the same
three general oansect areas by Ewery (1962},

Fringing Reel Flat Plaiform Fones and Sulvaones

A companson of coral species abundance, mean colony size, density, and pereentage of
suhsirme coverage are summanzed in Table 11-9 lor the vanous zones and subrunes thal were
discrutinated along the lengths of Transecis 1-3 on the Tumon Bay frikging reef Na platform.

CONCLLUSIONS

The fallowing statciments we based primarily upon o comparison of the %91 sarvey
resulis with those of the 1977 survey.

1} Within the 14 subzones discriminared along the three transect areas, coral species
alungdance has increassd v 10 and remained snchanped in 4, and the number of coral genera has
increased im 7. decreased i 3, and remained unchanged m 4.

2} Witin ihe 14 subzones, mean cotal enbeny digmeser has increased 9, decrcased in 4,
andd remained unchanged in I

1) Wuhin the 14 subzones, coral deasity has mcieased i 10, ibecreased in 3, and
e unchanged in 1.
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4) Within the 14 subxgnes, the pereentape of subsirare coverage by corals has increased
an 1], decreused in 1, and remained unchanged m 2,

3] Seventy s sprcies of corals representmy 28 peners were révorded from the three
sransect arcas duming the 1977 survey. and 73 species represennhing 25 genera were recorded from
the same three ransect arcus during the 1991 survey,

6) Seven cofal apecies were Tecorded from the thiee Waosect acas duning the 1977

survey that were not observed dinng the |94%] survey, and 4 species recorded during the (991
survey from the same wansecl areas that were mot obsesved dunng the |977 survey

7} Wuah regaid w the frequency distnbutien of coral colony size classes, the relative
pervent of cordls 1o each size class bas remimed neaily the same dunng holl assessuwnt sutveys
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Talle NI 1. Species dist of corals for Both the 1977 and 14949 surveys by subzones for Transees
1-3 locaied on the fringing ecef flat platform ot Tumon Bay. The list includes corals
recorded on the oanseces as well as those obseeved within g 10 meter band on cach side
ol the mansecis. A = Sand Subzene, B = Scanered Coral Saleone, C = Coral Subzone,
[} = Paverent and Pool Subzone at Transects | and 3 and the Outer Reel Flat Zone at
Transect 2, ancd B = Pavement Subzone. Ap s indicates the species was observed and an
or ihcures e species wis ot observed).

Trewnses:t 1
SpeCies Sub-zatuea A E r T E
Lurvey Year 77 4l 17T 191 TT A Toul T4l

Tlass-ANTHOZIL
OUrder-S0[EEALTIHTA
tatiily - THRMHBITERT TDAE

l'sammocora oonf pgua |[Esper, 1787 X X A 4 x oo o
Praoyiocuoes digitala Milne Edwards & Hagme, 1551 %o R
Poammocats abbtugangula | lamacck, THLE]| XX W g o
FoammocoLa slellata [YWazrill. 1366 oM
Fami ly POCILLOPORIGAE

Eoci]lopopa damicernia jLinnaeua, Ji75SE] i X R ¥ £ X
Family ACROPORTICAE
Avropora aciuminata Vervill, LBE4 i &
Arioeira aspeta [(Dapoa, L4} uox S o
Montipora acanthella Bernard, 1837 X o
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Fami [y -AGARITTIDAE
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3%



Tabile 1. woel.

Sy e LubScne s &
Baiwey Teai LSS H

Clase HVDEC ZOA

Crder MLTLEFHEIHL

Fami |y -WLLLEURTDAE
Hillgpota dochorisn Futskai, 1775
Talal- 2877 Spet Lot
Fejes s i
Totale 199 Lafrei dati 7
Geniera 4
fAperjas Subizenes &
ey Vaan i w1l
C s - ANTHOIGA
rfime - SCLERACTINLA
Family-ASTRICOEN L LLAE

i 1 ml.h (Flireubota, 1874:
am) by - THAMMASTER I TDAE

A P (Bupeaz, L7987 o X
%ﬁ Milhe Frsards B Haoowi, 168%1
%{%ﬂ it theer o °

Iverrill, LAEER)
oae sp. LI
ﬁ IEncrusting ap. 1:
1 Ly - POC TLLOPORIDAE

Dana, [kis

A (lanpseus, 1738 x O
cill, 186&
17i Holimeiwle:, 1925
Yyriucoss (Ellic & Salanger. 17EL]
P [ LAE

is .m%:'r:i.ll, IEE4
ﬁ: f &, L&k e K

r {Dann, LAAEI
i fUams, 1A44)
o ] IDana, 18796
= (Nana, TR4G)
15 GBroock, 18941
;1g;|i éron & Wa,lace, 1964
i [Studer, LETRI
ifana, 1846

a ([anas, LB4LH

DANjte
Acrogors {Ehrenherg, LB34)
ACTODOTS cule (Dans, 8460

iNama, LBIEd
- ma {(LaEsrck. JEIA;
1 el ls, 1994

ia Bernard, 1E&F

2:;:] i Vawghar., 1907
roaed, L[B9%T

I‘I'.‘I.Iblr'lll.-'ltt sp. 1

-l'mr,a. 8118
tﬂnpl ale smp, 20
Jb#rculate sp. £}

i

EmEm S amEmEE -

Transsct 2

i |

= =

{
-

[
21

oo

Tranasrr |

2

d

i

C
w)

i
I

- o

W

TF

@ - - |

i

ODH ML x

HE ENDOIXE OkiKmp

Mk whEpmENEN A

C
5.

2]
1

HEE N M MM pEmD oMW oMo oM 1

b o

MWWl M e MW W

E
s ) |
o X
1

Z

&

4



7, mn
- )
A 0
] X
[1 ]
K X
M L&
¥ b ]
L] "
x x
K x
n u
L] r
] L]
M x
L] »
X X
K X

E R A B B
E S B B

X by
¥ X
X x
¥ooW
oM
L
IR
XX
0
£
noox
- I
le I.L
i

oo
o u
n )
0o ox
i [u)
[u) i
X b
L] L]
5
1
i X
w x
X "
X A
X a
X 1
! »
= L
¥ X
X X
o u
[T
J
TSI

L

TFERL EBlauaIiyq) "."!'l]:."!']‘-.‘_fﬂil[ 17 [ ~dogs
VARl TWMEN]] WORWIUDE TAILCEQIELLY
ATT IS5 - 1oy
1Y 1AL ¥UHAMUrR- | | w1l ?quﬂup.‘.H
APOTHT TE =7 T 4
L5 17 ENAPINTL] B LAT[NILONR] CaRC [0
APAINIT.M] -A7 ey
19TA1 “M¥oavweT| TIDAT]u4y Paiasroldin
SLE1 'dnrreaann TOId wiAGA v 4
Pl PAepUR]og % ST1T[F) Wa[WpeEp PIABAICIL
IHLT TApRURTAS 3 STT13) W ERagl BI6 4]
" = X 2 19FH1 'wuw]) BFRINdIrnd CaIgde )l
VEBAL ANZTRR 4 SpTEsPd AUTTH] ARTacHl ©eETIE e g0
9 1B0 “HJATEE ] S1WHA0IT333 EIIQSello
LBl M1 eamD TRQRIRA[S TaIgs el
(GPET "wUE]} slkips SaATADRL =
VADRRT CWITE])] BFRSIHDT ] Soi0ald
(HPLT '3ZpUeTSs 9 STTT3) FAIRAF TRatArg
TappT Cwiew]) WAoLI[[§j=3n wlnwd
I4kHT ‘wUE| FR1J1eW Fiakd =
Flal "awybines W im0 WLAWJ
(Ll "LEYSI04) EHATI HEIAFR]
(REe] "TeYSAE]] WI[1viow waljwwgdd s
IWTTTANA - ATTUEA
x o ¥ o4 6.1 'azBuizunyy Towlarnd FREIA[ AL
75T 'PUPTESOIN 'LII?L]EH'E‘J". l'ﬁ_l 2237301
HERL ‘Yol S1GUsvURaTMI [PBWICUAL| S.830304 -
1oLl “TEYnIog| ¥OT (FRTICUAT) CoATI0,]
£ W i1 'dy Jwphpoel) BaaTang
X X a x o cds ealvseg) LaLLIO]
fiRAT esubpded) wso] e Sa3 030
ATET "uUeyOnes BIEUSACAING BFIT SO.[
X ok X 0 [LH] ‘AWIDY T EPATMPY JU[AW wagn] R« pCaiig
gppl 'eumd BIRGgol] SALT IO
QpRL “®IIRY Wyl ] B Dlu]
0561 'FrleM mislasoans 38717I04 =
% ATET 'UPYBNC, ToMASAPUT BRdlatad -
5 0w % ox P TS Farapmc A SEIT I
FI6T “usubnes TIiCUALFPLISNE CJ 3105,
%, wa YLk | 'HUW|[SSUL) SellE 5A 1T TH
[5A9T 'yoarang) Suopirmiir] EBIodoTOS
Bik] CoacIBauyp wroosrigte FThialartios -
EEED "IAY-HTTIaAWS TECITITALL BAOMSTWe0
ANLT.LINGS - A Twe
ir ds Firtamsnzmeg; Pliard
(T At FiouwlsdE) vdoawg
[9TET 'YoIvworl TIR{Mre[awa PUOART
[FERT 'Y3TeMa) EBIEENIOD ¢ -J| THonrd =
(%ERT ‘EIsquaiymg] weEal—n Wil i
BOgT 'TITAIAp SUELICA TUGAT
|9[H] 'Yolewwer]y TI0ILARATE woecAly
1T A= FEITT2L] FPUCAR] -

¥ oW i o SEET 'PUERT TIPESMASM Rloat|

AU IoIgyayg- AT TRy
21 cds oAqericde]) TItdlquo =
145 -de ERTER I TN LS CETEG ] iy

[& i Te I IEaX Amainsg
H L ARG catulg

T T ARy



Tatile 1 Tz el

Trapnsess 2

L TR “ribTonge & H r i}
Sugwey Tedl 7 o] EEA ] ER AR b
Family -CARYOPHYLLT IDAE
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Tabie UI-2 Cotul size draribution, freguency. densily. and percent of subsoate coverage for
Transeuts |3 locater] on the fringing recf flat platform at Tomon Ray, Data from the
199 regssessiuent survey.

Togal Taxw Colopy Hize Dislc botjon 160 Freg. en. Cover
r. b = - - |
Tumon Bay - Tistiewcl 1
Inner Rew! FlalL Zonw (Samd fubceme 8 P 147 merers i
Porites wylyndgacy® Zi .4 &£.1 1.0-14.9 0.1% 0,051 0.019
AApIATA 1 5.4 - n.3. 0.90) 0,002
%‘M ; L R e . 0.€1 D.408 0.001
Taetaln o' £.3 1.8 L.0=14.9 G.084 0.022
Inner Recf Flat done (Ararraiéed Surtae] Sabzone 147 KO 262 meTars)
Porates Llutca Lia 164 9.1 3.5-97.8 U7 b M 3,27
riteE B)iax 2 22.7 1wk 1L T30 G2 0.0) G.i%
ayptralignils | 14.% 13.9 &.0-24.7 obd 8,0 D08
e a i | 4.7 - g.01 O.03 .09
WM 5.7 F.3 2.0-12.4 .15 0,21 0.p7
5 8.9 £. 1.0=}4.5 o.085 O0.08 0.Dh
HIIHHI 17 1.8 =3 Z.0-%.% 0.8 G636 0.03
1 id.3 - .41 ©.0 9,02
wm 4 1.7 3.9 1.%.857 .04 0.0 0.01
Totals B L | 12.0 2.06-01.8 0.%5 1.76
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H 7.1 -4 6.3-70.% a.11 9.:% 1.3%
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1% 6.7 4.5 d.d 1P.% 0.8 ©oO.048 D.C23
1 d.9 - - 0.5 ©0.003 5.4R1
1 6.0 = - b.¢L ©.863 &.041
ToTala 5.5 §-a d.4=19,% o.0532 0.02%



Tebile [II-2. Comt.

Coral Taman Colony Size Distribution (cm)l Freg. len. Cowver
n x = L i L

Ty By = Tishgeet 2
Innec Meel Flat Tone (Sand SubZome 0 10 |27 metersd
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Coral Taxuwn Coloty Svee Nisrsylaifion (=) Frag. Dot.
& W g v [
Thidresry, RBaw - Tiansecl 3
Iniiwt Ruw! Tlatc Zone end Sabizone & v 1602 metersd
Aeigi BEEE S [ 1.4 5.0 $.5-21.4 G.05 0,07
Acropora Lormosa 2 T - T 0,32 0,02
Lapt pUFpLs e Ba é-%  1.E  X.0-10.% 8,58 Lollh
o 4 damicornin 2 b5, H b PR 1 .02 <.ug
| Lés ry.indrica® . 1.0 : Ul G.nl
Trrala ag i.1 L S 1.0 Z&_R 0. a7
Tnner Meel FlaL Ione iScartered Coral Bubzooe 162 5 367 rwlors:
Bavons decisssias £ 18.9 3.3 3.5 B4.4 604 &.03
ggggigit aspera 14 16.6 9.4 2.0-19_2 .01 €.59
rites cyliods jca” L dd-08 2¥.5 Foh-lEL9 £.04 0.09
ACLopoia [ormoea 15 11,5 W.1 1.4-31_86 a.19 .22
riFen lutes [ 1%, 2 12,68 3I.D-31.% n.td D.28
pUrpUrea Al a.n 1.% SR 5 D27 b.%w
iy cont dguas 2z w8 6.5 L= e & o.la 15.g3
vaAriCcatsa I T = - o.67
s damicagnis 2 7.6 &1 b .0-[H.9 . dld o 03
Tatala 112 2.2 4.5 L. a-78.49 L. 5%
Innat Reuf Flat Zone [Coral Sybzong 447 to 402 mebecs’
lutes 23 i2.4 I1.% JF.0-47.1 G.45 2.1%
oy !Eg§i:a? W i6.4 20.2 15.6-54L.p n.97 p.J33
fygstialiensys 4 1%.8 7.2 9.ad-26.7 6.C% O.44
Tma o T 3.8 2.8 i d-9.2 t.Ik a.77
Wi [y A ] 6.7 4.4 IR A ] 2.0% 0.33
iivﬁrlc:tn : B.0 - - .04 o©.12
AFERAC O conk igua L 1.0 - a.02 08,11
cusgata a 5.4 33 i.0-8.1 0,00 D.44
Totals g3 1B 12,4 1.0-5%.0 a.6]
thit@y Red] Viat fone (Favement and Poesl Sybrone 4532 e 440 pnerers
aa A a.n Y4 1.2-30.9 S.#9 0,20
auglraliengia s g8." i.D0 E. 0-9.4 g.07 6,08
puEBUras Z b e g 1. 422 g.2F D Ch
Tatale L T 5.4 1.4 20.2 .20
Outer Reel Flat Zone [(Faversni Suaboose 437 B3 570 meters)
|utea & 8.5 4.5 2. q-16_4& a,pa o,po7
L PUUYELITEA 2.0 - - a.nl 0,301
Totals ! AL E.D 2.0 164 0., nA

In Randall. 1%7R the follewing speuivy names ate sqiivalent

gylindrica - Poritey goposwnsia
¥ chfudatinula - i
PAVona vanosa = Pavona |P.| obErusats

r

45

fHAam e

£

L]

Coaver

TR
0.11
0.06
R
W

.34

L. 5o
1-a2
i.BE
n,%té
0,25
n,nG
0n.a}
n. gl
b.a1

4.8

4.81
4.12
1.01
0.12
Q.10
0,03
0.01
0,1%

16,31
!



Table -3, Corsl size distnbunon, requency, densdy, and percent of substrave coverge for
Transects 1-3 located on the fringing rezf flat plaform #t Tumon Bay. Data from the
1977 batelme survey.

Culal TEnon Colony Size Dletribution locm) Feeq. Uen. Cover
n x . - - L1

Tuman Hay  Transect 1
Twnar Rerl Flab Zonm {(Sand Submans 8 la (47 aeblen s}
iy roraln sncounterad)

Tt Rewl Flai Tonu (Scailtwied Coral Subzona 147 te 263 meécena)

Aupojpa pupega 19 L3.9 8.8 5.0-314.0 ®.21 0.129 0.303
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Table [11 3 Conl .
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Table -5, Freguency distribwion of coral colony dismeers by subzones at Transects 1-3 on
the fringing rewl flat platform at Tuman Bay during the 1977 survey.
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Table 11-6 Frequency distnbution of coral colony growth forms by sebrones at Transects 1-3
on the fringing reel fat pladform m Tumon Bay dunng the 1991 survey.

Transect | Tranasgf o Transuey 3 Toale
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Table N7, Frequency distribution of coral colony growth forms by subzones a1 Transects 1-3
on the fringing reef flat platform M Tumon Bay dusmp the 1977 sunvey
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Tahie 11 K. Suprabdal and imertidal beach widths (o the nearest meter) at Transects 1.3
mewsured durang the 1977 and B9 sceveys,
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APPENTIX

The coral density and percentage of substrate coverage valves piven an Table 3 p. 53, in
Randall, 147, for Tumon Pay, Tranzect 3, Scanered Coral Subzane (162 (o 347 meters), were
inceckectly calculated. The correcied values for the above part of Tahble 3 are piven below (xee
1eat for explanaoon).

Toman Bay - Tranze;r A

Inner Aeeb Flab Zone (Scatterad Coral Suhzone 182 ro 14 metars)

CToral Taxon Colany Size Disl ribulion lemb Fieg., Den. <Cover
ks ¥ Y W m' %
Tl 15wy COUUFENE LS 12 ia. B 35_.5 1_0-127.0 “ DR O0.94 D.4RK
Pocsllopora damicornia 23 1.8 2. B L.O-%_0 IR O.NH Dol
ACECDOEd ampsln 14 A i T 7 | 1,0-27.0 .08 o.04 0,07
Arropnra acinihatba 2 1.9 1.4 J.0-5.0 .01 w.poe 0Ny
Loptastyed purpurea F 2.7 g.1 d.0-3.0 g.01 0.007 0,003
Fsalohryrola conk 1q6a | .0 0,01 a,npo3 0.003
Tebals L2 g0 7.8 L.n0-127.0 0.1 0.%44
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IV. MACROINVERTEBRATES

Alerander M. Kerr and Barry [, Smith
Marine Laboratory
University of Guam

Mangilgy, G 96923

INTRODICTION

Shallow uopical reefs comain o doverse inveriebrate fauna. Uscluding coraly isee B H.
Raneall, this study), echinoderms aic the dominant members of mwat assemblapes in torms of
biomiass.  Ar Tumon the holothuroid Holgthona (Halodeimal aua forms dense neac-shore
ageregations. The response of these and other wnvericbrates 1 the developenent of Tuman as a
center (or swownsm 18 of inierest.  This paper scports 2 resurvey of the conspicuous
macroinverehrares, particularly holotheraids, of Temon Bay and compares the resulis wich those
of Birkeland ( 197TH)L

In 1977 1he invericbrares a0 Tumon were invenlonied as part of a larger survey
documenting the diversity of reef-fla orgamsius there.  Since that bme. Tumon's shareline bas
been considerably altercd by man through the construction of nurucrous hotels and has
expenenced a comesponding increase i the use of the reel flar by bathers. To document the
possible effecis of these changes o the inveriebraic fauna, the arca was resurveyed in 1991

[

The inverebraies could respond 1o development in several ways  There could be an
overall loss in diversily, cither in spevics richness or by shifts i the rehotive wbundances of
different species. In the labier case, for example, toureysed nimricnes from ranwater runoff maght
result in 3 concomitant increave in depasit feeders, such as hodothurowds, or suspension feeding
molluscs and cnidanians. No such changes were olmerved however,  We found that the
abundances of conspicuous invertebrutes were largely unchanged from the previous survey and.,
therefore, nay have been Nule affecied by the development vecarming mland.

MATERIALS AND METHODS

Each species was counted within one eter of both sides of the ransect hine and recorded
al 5 monervals (2-m X 5-m guedrat) on mansecl 1. Abundances on ranseyt 2 were recorded al
10-m intervals.  Abundances on munsect three were counted i 1.on X Hi-m guadests on both
sides of the gansect line, We examaned beneath rocks and looked m crevipes for cryplic and
noctiurnal specics. For cach vansec| we compared within-zone abundances with those recorded
by Birkeland (1978) with a vwo-sanple 1 st



RESILTS

The distribunons of the mogi abundant inverebrates ure shown in Figure IV-1. The
abundances for all species on cach ansect are whulated in Table IV-1. Only onc subazyne
showed a significant change in abundance from the inmsel survey in 1977 H atre increased
the scattered coral subzone on cansect 3 (Fig. 13 The gastropol Centhiwm nodulusam was less
numernus on all iransecis as were the divmally crypic holothuroids 1 pmpaticgy, 1. billa, and

Stichopus horrens,

IMSCIISSHON

The abundance of most of the species in this survey were lile changed from 1977, Nn
rend wat nbserved that might indicate the chanpes tking place along the shoreline were harmiful
o the invenehraes. In fact, several species were more common wnd oocumed subzones where
they were absent in 1977 (FRg. 1V-1). The hololherowds Actinopyga echinfies and Stichopus
chlorongtus wcreesed in wbundance und were found closer to shore than before, The echinoid
Echinometra mathacy, an herbivore, was abso much more conmmon than in 1977, Variable
rectuitment may account for the differences in abundance of some inveniebrates such as these
ihher causes of incresses i the densities of holothuroids are wesiudicd.  Increascd euhinoid
abundances, however, have been shown 1o be caused by overlishing of can ocour dunng recovery
from dizease (Birkelund 1 W89).

We noted that nearshore (250 m) abundunces of holmhuroids inercased wppreciably from
norih 1o south. The Ireshwater aguifer draining along the shorcline of northern Tumen can lower
the salinity of reef-flut waler to 2ikfoe al low nde (Quenga in Matson, 1991) and may prevenl
organisms from living in this asca,

Most of the mmveriebeates on coral reefs are small, infaunal or nociurmpl and were,
therefore, not included in the presemt or previous surveys of Tumon.  For example, 27 specics
of hotathuroids have beem found in the bay (A Kerr, unpubhshed data), compared with the 12
spracics found in this swrvey (Table 1V-1}. Many of these, however, are reporied from only one
or two specimens.  Since the functionally dominant \wxon in a connunily {the nws impotiant
ecalogically) is usually also dominant in terms of biomass. the arganisms reparted here, while
niot the necessarily the moslt seositive indicators of change, are probally those which would allect
the largest changes in the rest of the recl-Mal community if distwbance ook place. A
comprehensive monitoning of Tumon's mvencbrale launa for human-induced  distuplions,
howewver, woulil her!.u:'l'll from including counts of simall and nocturnal animals.

The datz may indicate that Tumon populations have been siable during the 14 yeurs
beiwoen surveys. Typhoons cause cataswophic reduciions in reef-flal abundances of heloihoroids
o windward exposures on Guam (Dody, 15977). However, because of the pevailmg wind
direction of most cyclonic storms, lceward shores, such as Tumon, are litke alfecied (Kerr, in
press). Therefore, any large reductions in populations waukld be probably due 1o elfects other
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than stormed-caused wave distuthance. Variable recuitment may accound for the diffcrences i
ubundance of some invencluales  The shorage of an enure ecolegcal group of wganisms, the
diumally cryptic holpthuroids, in this survey may mean that the present surveyors did not search
ay diligently i crevices as the previons investigator, of thal climatic condilions vaned between
the sampliog dates. Cryptic and infuunal holothurosds wre much mmome visible during overcast
cdays, we sampled mostly during sunny weaher.
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V. FISHES

Steven 5. Ameshury
Marine Laboratory

University of Guoam

INTRODUCTION

Surveys of fishes were carried out along two underwaler transects in Tumon Bay i 1977
ard 1978 as pan of a wider sindy of Guam's coastal manne communities (Amesbury, 1978;
Ramelall, 19781 In order that changes in the fish communilics in Tumon Bay durmng the time
singe Mhose carlier surveys could he documenied, the same transects (as well 28 an additional one)
were surveyed in December 1991,

MATERIALS AND METHODS

I'ish communitics were surveysd from December 16 10 18, 1991, along transcct lines
running from the shoreline out (o the reel miargin in locations ar the northeast, ceniral, and
southwest pans of Tumon Bay. The length of the transect equalled the width of the reel Mar a
euch location, cxcept at wransect 2 where the fish counts were terminated somewhal short of the
reef margin because of insufficient water depth 1o permit visual observalions,

Fish wers enumeraled by specics within a Z-m wude eorridor | n 1o eher side of the
transect line. Separate counts were made for each 10-m imterval along the ransect bnes. For
analytical purposes, reef zones were distingwished on the basis of physiography and subsiraic
{Randall, this volwme).

RESLILTS
Present Fish (Cnmmunilies

A total of 1215 hshes of 46 species were counted along the three irangects on the Tumon
Tay reel Nm {Table ¥-1). The uverall densiy of lishes was almost identical af imnsccis 2 and
3 (0474 and (L.476 fish per m’, respectively), while fish density at iransect | (0,245 per m’) was
abowt halfl that of the other Iwo wansects. Fish specics nchness was less ol ransect | (22
specics) than al cither transect 2 (30 species) or ranseot 3 (32 species).

Fiih were imegularly disinbuted along 1he transects, tending 1o be less abundant ai zither
eid of the Uansects {toward he beach and wward the recl margin} and more abuwaclant in the
middle zones of the reel Mat (Figuee V-1). This paltern was most accentiuaied along tramsect 3
but was also exlibited on the other two ransects. & samewhal sunilae patiern can be seen in
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the distribution of species nchness across the 1o seef flat along the theee transects {Figure
V.2)

When wiewed as comulative number of tish seen while progressimg trom the beach to the
recl margin along the transects, cach transect exhibits 2 somewhat different pattern (Figure ¥V 3
along transect |, Tish ocour m simall groups slong the wansect giving e cummlative curve a
“stairslep” appearance, along iransect 2, fish abundance is more evenly distdibued along the
transect aidl the cumulative curve exhibis & smouther profile, aloog trunsect 3, fish are
distributed w a few rather large clumps, and the comnulative curve agam looks like o set of staies
but with (ewer, higher sleps,

Figures V-4, 5, and 6 present similar anslyses of the dwstoilbution of fish species along the
transecis from the beach o the recl mangon.  In these Frgures, the curve of “specics alided”™
mndicatcs the cumulative number of fish specics scon for he farst time by the observer as he
progressed along the Iransect out from the beach; the "species "™ corve indicates die
curnulalive pumber of species seen fur the last time along the transect, and the "specics added
or lost" curve ie the sum of the other two curves and represens the compliive nomber of species
dhisiribution boundanes observed m each of the 10-m transeci inervals censused. The curves can
be used to elugidate patterns of 2onation m the distiibution of lish species across the reel flar
parts af the "species added or lost” curve which are relatively flat indicate zones where species
composition 15 relatively constant, pares of the curve which rise shaply indicale boundaries
helwesn tonecs where speries composition is changmg tather abruptly, and parts of the curve
which slupe up more-or-icss uniformly indicate regions where specics composition is changing.
but where cleariy-delingd zome bomndanes, affecting several species <imullancously, arc mot
appasent. '

Examning this paitern along transccl | (Figure V-4), it appears that few species of fish
occur between the beach and %) i, but between 90 and 100 m thers 1s an abrupl increase of
species.  Species composition remains more-on-less constant until, at 140-150 m, an abrupt
change pccurs as several species drop out and a few additional ones appear, Brom there until 340
m, Wthere 15 onby a modest e of change 0 specics composiion, bul between 340 and 404 m
several species drop outl and new ones appear. This new communily remuains constant unil 450
m after which species drop out une by one until the end of the transect at 500 m.

Along iransect 2 {Figure V-5) there is 3 sicpwise change in specics composition from the
beach cdge out to 250 m. From 2530 w 280 m there occurs an asbrupt change in species
composition with scveral specwes diopping out and beng replaced with new ones. Thas
assemhiage remains constant unhl 310 m alter which a gradual bt marked change in species
compasition occurs untid 390 m. “The commumily remains constant after this umil the remaining
species drop om at the end of the transect.

Transect 3 (Figure V-6) begins with the sicpwisc appearance uf seversl speoies until, at
19(k- 200, & mupor shiftin species compusifion occurs with the gain and loss ol several species,
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From that point nn, species composition changes gradually with no abrupt boundarics wntil, at
520 m, species begin 1o drop oul toward the end o the Iranseclt.

The changes in species composition indicated by these cunwlative plos comespond
twerard|y, b por exactly, to the reel habitm ronation patem identified by Randall {1997} based
v dlvninam substrate type and tupography, Randall's reef lat zones, extending foan the beacl
1t the reef margin are designated as follows;

a) sand zone,

b) sand and scaticred coral pone .

¢) coral 2one,

d) pavement and pool zone (nol present on fransect 1), and

) paveniend Zone.

Comparisen wilh Frevious Surveys

The distributions of fish species by zone for each uf the thiee tansecis are shown in
Tables V-2, 3, and 4. For ransecty | and 2, 1he tables also present the comesponding data from
the carller 19771978 surveys,

Mearly twice az many fish specics were seen along transect | in 1978 than were ohserved
slong thal tronsect during the 1991 survey {41 to 22 species, respectively, Table V-2). The
greatest difference in specits nchness appeared in the veicr pavement zone (Figure V-Th, but
nutehle dilferences occumed also in the coral zone and sand zone. Some of the specics scenin
the pavement zone tn 1978 which were not seen in 1951 were species which are characienstically
fuwnad on the recl slops beyond the reef margm but which iouve mio e pavenem zone al high
ide o feed on algas. Such species as the surgeonhishes Acanthurus lincatus, A, nigrofuscus, A
pyrufemis, and A. tnoslepus and the damsellishes Pleciroplyphidodon dickil, P leucozopa, and
Siggastes fasciolatus are in this category. The difference in the accurrence of these species
hetween the 1wo surveys may reflect somewlyat diferent ndal conditions on 1he days thal the
ilrvieys were camed ouf.

Fish shundance was considerably lower atong ransect | in 1949)] than i was in 1978 even
when othennids (small silvery schooling species) are eliminated T the 1978 1otals (Table V-2).
Fish ahundance is most strikingly dfferent i the outer reef 13l sones (Figure Vo8] and seems
primarily 1o be a resall of the lack of reel slope herbivores and the semmkably smaller numibers

ol the ternitonal damsellish Choysiptera lescopomal.

Along transect 2, overall fish species richness was almost identical between 1977 and
1991, and was identical {30 species) when rabbitfishes (Siganidac), which werc in the midst of
i recraiment T in 1977, are climinated from the data fTable V=33, Alihough the same number
of fish species were seen wlong the whole transect in the 1wo years, note species were seen in
cuch reef flat zone in 1977 than in 1991 (Figure ¥-95. This indicates thal the species seen in
1977 had broader distributions among concs than was the cose in 1991,



Owverall fish abmndance along iransect 2 way somewhat less in 1991 than in 1977 (Table
V-3 and was lexs o each reef zone (Figuee V- 10, even when rabhitfishes are excluded. The
kesser fish obusdance o 1991 reflects reductons m the abundance of scveral gmups including
battom-dwelling Idenmies and pobics, damselfishes, and juvenile pamotfish.

Fish were not surveyed alonp transect 3 durmg 1977/1974. The distnbution of fish
species by gone slong this transcct 1s presented an Table V-4, and abundance and species nchnesy
ate shown i Frgures V.11 and 12,

DISCLSSI0N

Companson of fish abundance and species nchness data from the 197778 and 1991
surveys sugpesis thal the recf flat fish commumitics have declined durmg the period between
surveys. Ihe cvidence is not completely uncguivocal, however, and it 15 not emirely clear tu
what factors the declme, il in fact W has occunedd, can be attribured,

Transect | shows the greatest indicanon of redvenon m hsh abendance and specics
richncss over the 1978 « 1991 perrod (Table ¥-3, Figures V-7 and 8). On this transery, the
preales) difference in fish abundance and species nchness occurt on the outer pavement and ponl
arcd pavemcnt zomes and may be aliributable w tide beighy differences between the two suudy
periods.  Alhough mosi of the fish species which are absent or in lesser abundance o these
habitats i 1991 are herhivores, Tsuda's sunvey {this volume) of these habitats indicated that the
percenl coves of manne planis is unchanged between the two survey peniods, suggesting that the
differcaces i lish Ii‘mmihnu: are nof aninbutable 1o differcnces in fowd availability.

The reduciion in fish abundance and species nchness from 1977 e 199] along transecl
2 is quite consisient: every reel zoue exlnbis fewer fish specics and fewer fish in 1991 tham in
1977 (Table V-4, Figures V-2 and 10). Howewer, overall specics nchoess has remained guite
constanl along this area, and fish abundance (escluding the rabhtfishes which were “rumnng”
duing the 1977 survey) s reduced overall by apjrosimately (W%,

Despite the sunewhat ambiguous interpretation of the comparative daa, it is clear that
there is no wndication thel fish are increasing on the Tumon reef Mat, and the most reasenable
conclesion is that fish are probably declinmg. 1t wowld be prudent, then, to continue 10 manilor
the condition of the Tish communities within Tumon Day to ensure that significant degradation
of these comunumitics does nol occul witheut warning,
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Table V-1. Fish species cnumerated along the three transects in Tumon Bay, December 199]

THANSECTS

i 4 3 TOTAL
ACANTHIRITAE Acanthurus linealus 1 1
ACANTHURIITAE A, rriciategus 2 18 21
ACANTHUHIDAE  Npso juveniles 6 1 7
APOGONIDAE Apogan novemfasCclatus 1 11 L 13
APOGONTDAE Cheilodipterus quinguelineatus 3 1 6
RALISTIDAE RhinecanLhus aculoatus k| E 3 12
BLENNIIDAE Salarias fasetlatus 1 4 5
BOTHIDAE Aathus pantherinus 2 2
CARANGIOAL Caranik melampygus l 1 1 3
CHAETODONTIDAE Chaetodon cltrinel lus 3 e g
CHAETUDONTIDAE C. ephippilum 1 1
CHAETODORTIDAE . bkrifasclalis 1 1
CHAETODONTTDAE O, trlfasciatus 1 1
FISTULARIIDAE Fistularia commerson:i 1 2 3
GUBILDAE Valecienneca sirigata 1 1 4
HOLOCERTRIDAE Neonlphon sammara 8 8
HOLOCENTRIDAE Sargooentron diademd 2 2
LADRIDAE tymolutes praetaoxbtalus 3 3
LABRTDAE Halichoeres margaritacecus 27 41 10 T8
LABHLDAE Il. Ltrimaculatus 63 113 A6 212
LABRIDKE Stethojulls bandanensis 20 18 & 44
LABHIDAE 8. sirlyiventor ] 1
LABRIDAE Thalassoma hardwickii 1 1
LABRTNAE juvenile 1 1
MUUILIDAE Liza vaigiensls 1 1
HMULLTNAE Parupencus barberinus 1 12 1 20
MULLIDAE juvenile 20 20
MURAENIDAE Echidna nebulusa 1 i
WEMIFTERIDMAE Scolopsis llnealus 3 3
OSTRA I 1DAE Ostracion meleagris 1 1
PUMACENTRIDAE Abudefduf septemfasciatus 1 1 2
FOMACENTRIDAE Chromis wviridis 11 68 81
POMACENTRTIDAE Chrysiptera bigoellata 23 20 11 54
POMACENTRIDAE €. glauca 3 29 25 64
POMACENTRIDAE C. loucopama 2 14 1 17
POMACENRTRIDAE DNarcyllus aruanus 6 16 155 177
POMACENTRIDIAE PoMacentIus pavo b 5
POMACENTHIDAE Stegasies alblifasclarus 5 5
PUMACENTRIDAE §. llividus b8 6
POMACENTRIDAE £. niqricans 36 102 59 197
SCARIDAE juvenllas B 5 22 39
SYNGHNATHIDAE  Corythelichthys intestinalis B 2 3 13
TETRAONPONTIUAE Arcthron hispidus 2 2
TETRADDONTIDAE Canthigascer benmetti 2 2
TETRAGDORTIDAE C. salandri i 1 4
ZANCLITDAE Tanclus cornubus 1 1
TOTAL FISH 245 §27 N4]1 121%
TOTAL SPECIES 22 an iz 45
TIRANSECT LENGTH (M) 500 450 570

FISH DENSITY [(NO/SQ M) 0.245 Q0.474 D.476



Table V-2.

A AR | UHIGAE
AAN VLI HILAE
AL ANTHIROAE
AU AMNTHIA JAE
ATIAR | HILHIDAR
BFOCOMINAE
AEOCCNTIAE

L | HERABIAE
HALISTIAF
BLEMIIICAF

51 1 MM VAR
CARAMGINAF

CHAFTONOMTI A
CHaE ] ODONTICA

b 1L B WAE
SOAIINAF

CATELIDAE

HEN OLEN 1 RIDAE
L QL EMN RIGAE

LAHRICIAE

| ARTAICMAF

| ABRIDAE

L AHHIRE

I Al aa

L HSILIDAE
AL L ILIAE

ML L AIBE
MILLLAE

W RAE® 1L IADAE

FORAACT W 1Tl we
FOMECENT RICAF
PR HTIILAE
POACERD I WAE
FORAL ENT LAF
17 meAmts NI - LAE

FEIMACEN THI A

POAACE W | HIDAE
PORACEN I AL
FOIMACENT RIDAE
PiRSAC ENTRTIAE
PORRCENTRIDAF
FOMAGEN 1 HIDAE

SCARIGAE
SIGAH IDAE
S NGNA T IDAE
SYHODCMTICAE

TETAACEONTIIA

ZAMCLINAE

TOTA. SPECIES
TO0AL TISH

Fish counts by teef zone along transect |, Zone A: sund rane; zone IV: scartered
coral zong; zone C: coral 2one; 2one D: puvemem and pool #one: zane [; pavement
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NUMBER OF FISH

TUMON BAY REEF FLAT
FISH ABUNDANCE — 1991

TRANSECT INTERVAL

— TRANSECT 1 - TRANSECT 2 --- TRANSECT3 |

Figure V-1, Number of fish counted s cach L-m iterval aloog rransects 1, 2, and 3 (atherinids
wrdl sigamds excluded as explained in ext), December [59]
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NUMBER OF SPECIES

TUMON BAY REEF FLAT
FISH SPECIES -- 1991

N
L]
"

Figure V-2, Mumber of fish species observed in cavh 10-m imerval alang vansects |, 2, and 3
(atherinids and siganids excinded as ¢xplained in tex1), December H941.
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CUMULATIVE NUMBER OF FISH

TUMON BAY REEF FLAT

FISH ABUNDANCE -- 1991
600
S0 ‘ﬁ‘_-______dffff;
400 ;,” ik f
f'
3{1}.

TRANSECT INTERVAL

— TRANSECT 1 - TRANSECT 2 ==-- TRANSECT 3

Figure V-3. Cumulaiive number of fish counted In each ti-m interval along mansects 1. 2. and

3 (atherinads und sipamids excluded ax explained in exi), December |91
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TUMON BAY SURVEY
DECEMBER 1991 - TRANSECT 1

A 3 = ~Hr
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=—— i CIES ADDED ----« BPECIES LOST = -- SPECILS BUWMDARIES

Frgure W-4, Ponerns of cumulanve species houndaries txee text for explanation) along transegt
1, Lecember 1941,
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TUMON BAY SURVEY

DECEMBER 1991 -- TRANSECT 2

Al B C r,_._f'
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CUMULATIVE SPECIES
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DISTANCE FROM BEACH (M)
— SPECIESADDED @ - SPECIES LOST = == BPECIES BOUNDARIES

Figure V-5 Pancns of cumulative specics botmbanies (vee ex for explanation) slong transet
2, December 194
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TUMON BAY SURVEY
DECEMBER 1921 - TRANSECT 3
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CISTANCE FROM BEACH (M)
— SPECIES ADDED -+ SPECIES LOST - - GPECIES BOUNDARES
Fipure Vo6, Patterms of comulanve species boundiries (see tex) for explanation) along transect

3, December 190E
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NUMBER OF FISH SPECIES

TUMON BAY REEF FLAT

TRANSECT 1
a0
1541
10d]
S T E e R
REEF ZONES

Figure V-7, Fish species iichness withm reef zones along manyect | an [Y78 ad 1991, A =
sand zonc; B — scaticred coral 2ene; C = coral zone; D = pavemnent and pool zone;
E = puvement zone.
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NUMBER OF FISH

g

L

3

TUMON BAY REEF FLAT
TRANSECT 1

-
[
ErriTy

g Se 3 1978

e 1991
REEF ZONES

Figare V-8. Fish abumdance within recl zones along wransect ! i [974 and 1991

A = sand
gone; B = scatlered coral rone; C = conal zone; I = pyvement and pocl zote,
L - pavement 2one,
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= FISH SPECIES

NUMBER C°

TUMON BAY REEF FLAT

TRANSECT 2
3}_ .......
= Y
20
15 /
ot
" / _ 'L
R | A <
REEF ZONES

Figwe V 9. Fish species nchnes within reefl soncs along ransect 2 m 1977 and 1994, A =
sand zone, @ = scaltered voral 2ane; C = coral zone, [ = paverment zonc.
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NUMBER OF FISH

TUMON BAY REEF FLAT
TRANSECT 2
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REEF ZONES

Figure Y-10, Fish abundance within reef zanes alang wansect 2 In 1977 and 19491 A = sl
rote; B o= seuttered coral zone, ¢ = coral mne; Y = pavement zone,
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NUMBER OF FISH SPECIES

TUMON BAY REEF FLAT

TRANSECT 3
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REEF ZONES

Figure V-11. Fish species richness within reel ranes wlung transect 3 in 1991, A - sand zone;
B = scanered coral zonc: C = voral zone: D = pavement and pool zonc; E =

paveinent zone
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NUMBER OF FISH

TUMON BAY REEF FLAT
TRANSECT 3
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Figore V=12 Fish abondance within reel zones along transect 3 lo 19491
scattered coral zone; C = coral zane: 1Y = paveinent amd poul zone; 15 5 pavemeni

2hne.
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VI CONCLUSIONS

FRESENT STATE OF BIOLOGICAL COMMIUNITIES

The teer flan habitits wdun Tumon Bay conwin g relatively neh assemiblage of manne
species. The surveys conducied 1o December 1991 revealed the presence of 38 species uf manne
planis, 73 species of corals. 19 species of echanwlerms and % species of conspicusus mallusks,
and b spevies of hish along the three Tensects studsed.

Five teef-Mat zones were identdied on the busis of depih, dominant substratom, and
iopopraphic characrensues. These sones are aligned parallel to the shoreline and are designated,
f1om (he beach par to the reef mau g, @y fullows:

ab sumd zune,

B scatipred corul 2one,

o) poral zoue,

i) povement and poul zone. amd
C} pavdatenl 200

Disuibutions of marioe animaly and  planty showed zonal piiterns relaed to tas
physiographic zonaion and also showed sirong vanadons associated with the |ocations of the
wansccts within the hay.  Pervent cover of manne plans, for wstance, varicd more among
transcots than it did amopy veefl zoncs (Figure VI-1), while species nichness of masine plants had
both zone-relaicd and wransect-relaed components to w6 varation (Figure Vi-2)

Cural percent cover (s moysually mgh m a few zones and winsects and relabvely low at
most locations (Figure VI-3). Coral species nchness, however seems o be soongly related w
tyncs, with vee very diverse arca at the owter poruon of wansect 2 (Figone VI-4).

Mucroinvertebrate densites peak in the coral zonc on apseets | and 3 and in the
scaltered coral zone an wansect 2 (Figure VI-5% there 15 & simily zunal pattern of invertcbrawe
diversity, with gencrally more species along mansect 3 tham the other wanscots (Figure V1-6).
Fish abundance and diversuy do mol show any clearly consistent paticrn anung ransects and
zones (Figures VI-7 and VI1-E),

Figures ¥1 % tirough ¥1. 14 show paileins of obundance and diversity of the four major
biological groups along esch of the three wamects. These pattern exhibit like consastency among
ETOUPS OF ranscoes.

Figures VI-15 10 YI1-20 shuw selmionships of abundance wnd diversiy amwong the four
biologival groups surveyed. Few clearvut telanonships emerge from these compudisuns, £avept
thau fish divessity appears (o be inversely related (v manne plant diversity (Figuwre VI-23), while
inverichrate diversity ms positively relsted 1o mas ine plam diversity (Fipure ¥1-22)
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COMPARESON WITH 197778 SURYEYS

The earier chapter of this teport pravide detaled compa tsons bepween the wesults of the
sutveys in 1Y77TH and those camed out in 1991 The sagor comelusiens uf these camparisons
are surtrngrized below,

11 The total number of marnine plam species observed (excluding coralline alpae which
weee lumped wnto 2 smpke category in BT changed linde betwesn the two survey
perinds, 34 species in V97T and 38 species in 1991,

1) Alpal species composiuon changed over the 14 year interval; of six spoeics
condidered “dommnant” in |97, only two (the Blue-green Schizothnx calcicola and
the hiown Pathing Iiryana) contineed w0 be considercd dominani in [941,
Howewver, sia other species, scarce in 1977, were among the dominant marine
plant species an L9 ]

Jy The green alga Epieromompha clathraw was observed during both the 1977 and the
1V9Y surveps, but has not becone significantky more or less abundant over the years,

4} Coral diversity has changed lutle aver the 1477 to 1491 peniod: 28 gener und 76
species of corals were observed during the 1977 surveys, while 15 genera and T3 specics
were abserved during the 1991 surveys.

51 Coral volony size has increased somewhat since 1977 i most arsds survey, as has
voral cetony densiny and percentage of subsoaie coverage by {'In-ruls.

f) There was little change in the abundance of inverebroe species betwesn the two
survey periods.  One species, the commoen black sca cocember Holothuna alra, was
xignificanily more abundant i the coral rone along transect 1 in 1991 than it had been
i 1977, Ukl mpvetebrate spevies shiowed inor incrcases or decreases i abundanee
awer the years, bul none of these variatins was signilicint

T4 Tish specics richness declined along the two transects censuscd duning both survey
mesiods, bue the total number of fish specics scen during the 1991 survey (46} was alimost
the siame as the nomber secn durmp the (Y7708 sumveys (dED

%1 Bdupng 1977 rabbitfish [Siganuy sponus and 3. argentews) juveniles weee abundant in
Turmon @ a resolt of an carbier strong seasonal “run” of these hsh,  Hlowever, even
e luding these fish (tom consideration, the 14991 swiveys  dnddicared owerall fish
abundances of sonwe HEE less than during the %7778 surveys

Uhvecall, comparison of the two Tumen Bay survews does not indicate that sigailivant

changas in the biclogical communities on the reef Nas have oocorred, with the posisible exeption
of the approxnnalely 305 decline in fish abundance, Such changes as have laken place caninog

44



cdearly be gunlsitable w nopaces of hoted consruction and 1ourism development, but may also
b and luenced by typhoons, the criown of tharps swartish, und enpredictable vanabons in larval
reCrgitment.

The conunued ecolupial vishitity of tecf communities within Tumon Bay is of
impuange 0 Gusm for mainwanng an oitcctive fovus of wurise sctwviues snd for the
preservation of an imponanl arca lor receeationad and subsistence acnvaoes of the local residents.
The presem study indivates that the magine biurta on the Tumon Hay reef flats has not changed
sigruficantly aver the past 19 pears devpie signifivant growh in warism and how! consuucuon
cemtering on the Tumen area Thes o8 Dol B iy, bowever, that Tumon Bay §s imenune trom
ecological degradation, and conunwing efforts shantd he made w maintain the beawy and
environmemal qualny of this mea in veder that it will remain an artraction for Guam's tourism
indusay. h would be valuable 1o cantinue the biological monsonng of the bay as 1he imcrcasing
rate al devclopment ol the Turnon arca (%ee Fizone 1-1) makes v possabie thist lavger impacis
vould voour over shurer pennds of time than bas previously been the case.
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PERCENT COVER

TUMON BAY 1991
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Fipure ¥1-1. Percent of substrate covered by anaring plants i reel-Flat Linbwals ulong theee
transects m Tounon Hay, 1991
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TUMON BAY 1991
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Figure V1-2. Mean nuober of maring plant specics per U= anterval an reef Mot hataes along
three anseots i Tomwn Bay, 1991
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Figure ¥W1-3, Percent of substrate covered by coral in reel Hat habapais along theee iransects in

Tunwier Pay, 1991
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Figure ¥i-4. Number of cosal specics recondest in recf-flat hahitars along three transeois

Tumon Bay, 1991
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Vigure ¥1-5, Macroanvencbrote density Inoreef-flat habiturs along theee trisects in

Tuman Bay, |91,
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NO. SPECIES IN ZONE

TUMON BAY 1991

INVERTEBRATES
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Figure ¥1-6. Number ol macroinvertehrare species recorded i reef-flut habiias slong three

transects in Lunwn Bay, 1991
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Fipure Vi-7. Fish density in seef-flan habitars along theer Bamscts in Twnon Bay, 1991,
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TUMON BAY 1991
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Figure V1 B MNumber of fish species recorded 1o aecf-flat habitats along three ransects m Tumon

Bay, 1991
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PERCENT COVER OR DENSITY

TUMON BAY 1991
TRANSECT 1

16071 "
140
R T
SAND S COR CORAL P&P PAVE
REEF ZONES

~=— PLANTS —— CORALS —*— FISHES -8- vaﬂTsJ

Figure V1% Percent cover of murine plonts and corale and density (oo, per 100 i) af
macroinverichrates und fishes in reef-Mu babarats alony Transect | in Twmon
Hay, 199,
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NO. SPECIES IN ZONE
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Figure V1. 1), Number of species of corals, macruinveriebeates, and fishes and meun number ol
specics per M-m mterval in rocf-tat halutais along Transcct 1 in Tumen Bay.,
L.
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Figwe ¥1-11. Percent coves of manne plamis and cotals ard densuy {no. per |4 mf) of
imacroinvenshrales and fishes i reed-Iha habitats along Transect 2 in Tumon
Bay, 199].
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Figure VI-12. Number of species of corals, macroinvericbrates, and fishes and mean number of
species per 10-m umierval an ceed Natl halntats along Transect 2 in Tumion Ray,

1991.
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TUMON BAY 1991
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Bigure Y111, Percent cover of marine plamts and corils and deosity (no, per LK) m?) af
macroinveiebrutes und NMahes im reel f1ar habyrots abmp Transegt ¥ i Vurnon
Ray. [99].
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Figure VI-14. Number of species of corals, macroinvertebrates, and fishes and mean number of
species per 10 moinerval in rocf-flat habstats along Transect 3 in Tumon Bay,
194
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TUMON BAY 1991
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Figure VI-1% Relaiionship between prreem cover of comaf and magine plands gowimg reef fat
hatstats in Tumom Day, 1991

(1.1




INVERT DENSITY

TUMON BAY 1991

PLANT AND INVERT DENSITY
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Figure VI 16 Relatonship between percent cover of marine plants and invertebrale density
amang recf-Nlat habits in Toroon Bay, 1991

Lol




FISH DENSITY

TUMON BAY 1991
PLANT AND FISH DENSITY
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Fipure VI-17. Relatonship Letween percent cover af manne plams ol fish density
amang reel-flat halinass i Tumon Hay, 199
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TUMON BAY 1991
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Figure V11K, Relationship between pervent cover of coral and invenehrute deosity among reck-
flal habitats in Tumaon Bay, 'R,
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TUMON BAY 1991
CORAL AND FISH DENSITY
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hahitats in Twmgn Bay, 1%
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FISH DENSITY

TUMON BAY 1991
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Figure VI-20. Relatiouship between invencbrale and fish density among reel-flat habatats in
Tuman Bay, 1991,
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TUMON BAY 1991

PLANT AND CORAL DIVERSITY
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Figme VI 21. Relatwnship between migan nmibier of plant speoies per Waan imberval and conal

species nichness i reed -flan balbwiats i Tunmn Ray, 1991
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Figwre ¥1-22. Relstronship beiween mean number of plani specics per Uh-m interval and
inveriehrate species richness an reel-flal habuats in Tumon Bay, 1991,
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Fipure VI-24 Relationship between mean nambier af plant species per [0 moanterval and fish
species nchmess in el Qal habitns in Tumon $lay, W91
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Figure VI-24, Relstonship between corel wml mverichrate species nchness i reef-Mat habstats

in Temon Bay. 1991
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FISH SPECIES IN ZONE
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Figure ¥1-25, Relationship between coval il fish species tichness in reef- flas hslsats m Tumon

Day, 1991
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Figure VI-26, Relationship between invertebrale wnd fish species cichness i reel-flat habitats
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