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ABSTRACT 

Fourteen biological stations, within the Guam Environmental 
Protection Agency Biological nonitoring Program, were surveyed 
using the point-quadrat method to determine the percent cover and 
frequency of occurrence of marine benthic algae, corals, 
macro invertebrates and substrate. Comparisons were made with the 
results presented in the First and Second Annual Reports (Rowley, 
1981 and 1983) to determine if changes occurred in the reef 
communities of Guam. Four monitoring stations had significant 
changes in the percent cover of the various benthic component 
groups. The Sewer Island station, which is inshore of the Agana 
Sewage Treatment Plant ocean outfall, and the Alupat station, 
which is close to a leaking sewage line along Dungca's beach, both 
had significant increases in algae cover when compared for the 
three surveys. The Sewer Island and Alupat stations had 
significantly higher algae cover in the moat zones than the 
control station at Adelup when analyzed for the present survey. 
While the determination of the exact cause for these differences 
was not in the scope of these surveys the possible influence of 
sewage effluents should be considered for further investigation. 
Double Reef had an significant increase in invertebrate cover and 
Jade Shoals had a significant decrease in substrate cover over 
time. Both stations are located in patch reefs with gradually 
increasing coral coverage. If determiniation of no significant 
changes in any of the four major benthic component groups over 
time is used as a evaluation criteria then the remaining eleven 
monitoring stations could be considered as being located in stable 
reef communities. 

It is recommended that intensive biological monitoring be 
conducted in designated priority areas. Additional stations 
should be established on reef flats close to point and non-point 
source pollution for comparisons with control areas to determine 
the impact of ubanization and development. The results of the 
biological monitoring program should then be correlated with the 
the chemical and physical analysis of water samples collected by 
the GEPA Water nonitoring Program. 
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INTRODUCTION 

Tropical islands such as Guam have many unique and 
resources associa~ed wi~h i~s coral reef environmen~s. 

valuable 
Inshore 

commerical and recreational fisheries , aquacul~uye, tourism, and 
recrea~ional skin and scuba diving are jus~ a few of ~he 

aci~ivi~ies ~ha~ are dependen~ on reefs ~ha~ are ecologically and 
aes~he~ically undamaged. Biological moni~oring programs designed 
~o de~ermine ~he impac~ of humans and pollu~ion on reef habi~a~s 
can provide useful informa~ion for planning, managemen~ and 
conserva~ion of ~hese priceless resources CDahl, 1981). 

The Guam Environmen~al Pro~ec~ion Agency Biological Moni~oring 

Program was implemented in 1980 ~o assess ~he baseline condi~ions 
of representa~ive coral reefs around Guam. Rowley C1981, 1983) 
presented results of the monitoring program from point-quadrat 
surveys for a variety of reef zones at nine and then eleven 
stations respeci~ively. The program was again expanded to 
fourteen stations to facilitate comparisons of pristene and sewage 
impacted reef flats. The purpose of this and subsequent reports 
is to document any significant changes in percent cover and 
frequency of occurrence of algae and coral. Tl1e5~ components of 
marine communities are considered important for the integrity and 
development of coral reefs. 

MATERIALS AND METHODS 

The locations of the fourteen biological monitoring stations are 
presented in Figure 1. More detailed maps are included in Rowley 
C1981, 1983). Stations are grouped into four regions. Region I 
includes the northwest coast stations from Double Reef to Apra 
Harbor. Region II includes the southwest coast stations from Agat 
Bay to Merizo Lagoon. Stations in region III were not sampled as 
the program emphasis was on gathering data in the more densely 
populated areas of Region I and II. There are no stations in 
Region IV because of the lack of urbanization and the limited 
accessibility of this exposed coastline. The North Gaan station 
was not sampled this past survey as no permanent marker was in 
situ. Two new stations were added in the inner and outer reef 
flat zones at the Adelup and Sewer Island areas. 

Information on the survey dates and s~ation and transect locations 
is presented in Table 1. The variable time intervals between 
sampling was often a result of unpredictable weather conditions. 
Stations at Fouha and Umatac had a depth range of several meters 
since a reef zonation boundary was traversed during the sampling. 

The point-quadrat method utilized in this survey was adapted from 
Randall et al., 1978 . Compass bearings CTable 1) were used to 
orient the 25 meter transect tape from the permanent concrete 
markers. Every five meters , to ~he right and left of the transect 
line, a one square-meter quadrat was placed at predesigna~ed 



loca~ions. The quadra~ frame was gridded off wi~h nylon line ~o 
form si~~een in~ernal cross-poin~s. The presence of subs~ra~e, 
algae, coral and macroinver~ebra~es was recorded as ~hey appeared 
under ~hese si~~een poin~s. Species names were used as presen~ed 
in checklis~s prepared by ~he Marine Labora~ory 5~aff and 
Associa~es (1981). A~ each biological moni~oring s~a~ion a ~o~al 

of 160 pieces of informa~ion were genera~ed for ~he ~en sampling 
quadra~s. Percen~ cover was ~hen calcula~ed by ~o~aling the 
number of poin~s a particular species was recorded (n) and 
dividing by ~he to~al number of poin~s (160) and then mul~iplying 
by one hundred, i.e., n/160 ~ 100 = percent cover. Frequency was 
determined by dividing ~he to~al number of quadra~s in which a 
species occurred (n) by the ~o~al number of qudara~s surveyed 
(10), i.e., n/10 = frequency. 

The da~a presented on percen~ cover and frequency of algae, coral, 
macroinver~ebra~es and substra~e were collected a~ ~he four~een 

monitoring s~a~ions from March ~o July 1983 predominately in the 
dry season (December ~o May). June is typically a ~ransi~ion 

mon~h. This particular year was e~tremely dry and numerous forest 
fires and erosion problems were reported. The we~ season on Guam 
usually runs from July ~o November. The in~er~idal and reef fla~ 
zones of Guam are subjec~ed to grea~er desicca~ion and ~hermal 
s~ress when ~he majori~y of extreme low spring ~ides occur during 
~he mid-day periods from May ~o Augus~ ~han when ~hey occur during 
~he nigh~ from October ~o March (Tsuda, 1974). 

Changes in abundance of several species of Phaeophy~a or brown 
algae were quan~ified by Tsuda (1974) and rela~ed ~o ~he seasonal 
varia~ions in rainfall, salini~y and desiccation on ~he reef 
fla~s. A~ ~he community level, however, no pronounced seasonal 
changes in ~he percen~ cover of ben~hic algae a~ five reef fla~ 
locations could be demonstra~ed (Tsuda et al., 1978). The da~a 
collected from each s~a~ion during ~he presen~ survey will 
therefore be compared wi~h an Analysis of Variance ~est with the 
resul~s of the first and second surveys regardless of sampling 
month or climatic season. 
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ble 1. LocaLion, survey daLes for Lhe firsL, second an~ Lhird annual reporLs, 
inLerval beLween sampling, LransecL compass bearings and depLh of Lhe 
fourLeen biological sLaLions along Lhe norLhwesL and souLhwesL coasLs 
of Guam. 

Survey Sampling DaLes InLerval Bearing DepLh 
caLion FirsL Second Third Cl1onLhs) CDegrees) Cl1eLers) 

-----------------------------------------------------------------------------
~I!!!,!~;2I 

Lch Reefs : 

ra Harbor-
de Shoals 10-24-80 9-18-81 1-26-83 16 270 1 .5 - 2. 1 
Y Dock 1-21-81 10-07-81 2-02-83 16 302 1 .0 - 3.0 

gua Point--
uble Reef 3-25-81 3-24-82 7-28-83 16 030 4.0 

sf FlaLs: 

ana-
upaL/Inner 12-01-80 3-17-82 6-01-83 15 225 .7 

.Jer IInner 6-08-83 .3 
1110at- 12-01-80 3-23-82 6-08-83 15 042 . 9 
IOuLer 6-138-83 .2 

an-
=lup/Inner 6-17-81 6-15-83 24 270 .:3 

1110aL 6-24-81 6-15-83 24 2713 .6 
IOuLer 6-17-81 6-15-83 24 270 .3 

n!!!,!~;2I 

.f l1argin: 

aL-
an PoinL 12-10-80 12-213-82 6-22-83 6 280 .9 

annel l1argin: 

aLac-
Jha Bay 10-28-80 3-19-82 3-23-83 12 345 .6 - 2.4 
aLac Bay 1-22-81 10-313-81 4-136-83 18 325 .6 6. 1 

:..ch Reef: 

~izo-

)e Island 2-11-81 8-134-82 4-27-83 6 1513 1 .7 

- 4 -



RESULTS 

Algae and coral species are considered ~he major developmen~al 
fea~ures of coral reefs. The pa~~erns of occupa~ion of space by 
~hese componen~s de~ermines ~he overall appearance and s~ruc~ure 
of specific reef communi~ies. 

The percen~ cover and frequency of occurrence of algae species are 
presen~ed in Table 2 for ~he nor~hwes~ coas~ s~a~ions and in Table 
3 for ~he sou~hwes~ coas~ s~a~ions. Tables 4 and 5 presen~ ~he 

~otal percent cover and frequency of occurrence of algae species 
found in ~he inner, moa~ and ou~er reef fla~ zones for Adelup and 
Sewer Island reef fla~s, respec~ively. The mul~itude of fac~ors 
~ha~ affec~ algae abundance on Guam (Tsuda, 1974) make i~ 

difficult ~o make defini~ive sta~emen~s abou~ changes in species 
composi~ion ~ha~ occur from year ~o year. 

The percen~ cover and frequency of occurrence of coral species 
recorded wi~hin ~he quadra~s surveyed a~ ~he nor~hwes~ coas~ 

s~a~ions are presen~ed in Table 6. The species recorded a~ the 
sou~hwes~ coas~ s~a~ions are in Table 7. Tables 8 and 9 presen~ 
~he ~o~al percen~ cover and frequency of occurrence of coral 
species found in ~he inner, moa~ and ou~er reef fla~ zones for 
Adelup and Sewer Island reef fla~s, respec~ively. 

The ~o~al percen~ cover resul~s of ~he quadra~ surveys were 
summarized in~o ~he four major componen~ groups of substra~e, 

algae, coral and macroinver~ebra~es for each of ~he four~een 

s~ations (Table 10) for ~he ~hree survey periods. A~ some 
s~a~ions ~he change in percen~ cover of a componen~ was grea~er 
~han ~en percen~. To ~est ~he significance of ~hese changes over 
~ime a one-way Analysis of Variance (single classifica~ion ANOVA) 
~est was compu~ed. The number of poin~s occupied in each quadra~ 
(~en replica~es) was compared be~ween ~he ~hree survey periods for 
each componen~ group a~ every station. The results of ~hese 

comparisons are presen~ed in Table 11. 

Double Reef had a significan~ increase in ~he ~o~al percent cover 
of invertebra~es over ~he ~hree surveys. Jade Shoals had a 
significan~ decrease in substra~e. Al~hough no~ significant, ~he 
increases in coral coverage a~ bo~h s~a~ions may be rela~ed ~o 

these observed changes. 

Sewer Island and Alupa~ s~ations had a significant difference in 
percen~ cover of subs~ra~e and inver~ebra~es when compared wi~h 
~he ANOVA ~es~ over ~he ~hree surveys. The overall decrease in 
~he percen~ cover of ~he subs~ra~e is occupanied by a increase in 
percen~ cover of algae at both s~ations. 

The majority of s~ations sampled had no significant changes over 
time in percen~ cover for ~he four major benthic communi~y 

component groups. Regardless of the many variables ~ha~ can 
affec~ and al~er ben~hic habi~a~s ~hese communities remained 
s~a~istically ~he same. 



ble 2. Species of algae encouncered wich che pOint-quadrac method along 
cranseccs at four biological stacions along the northwest coast of 
Guam. Frequency daca precedes percenc cover data. 

ecies Name 

ANOPHVTA 
id. yellow-brown 
id. red slime 

LOROPHYTA 
~1§!:I2~ §§n:~1~~~ 
li!!)§Q~ Q12~!lH~ 

AEOPHYTA 
=~YQ~~ 12~~§!l§ 
;!i!l~ ~§!lYi§ 
!:!2.!Ds!:is Q.r!!§Se~ 

JDOPHVTA 
ls~§Y~s f§E£i£yls~g 
~~~~~r~ !!)~rgi!l~~~ 
as;i1sri~ §Q~1i§ 
]i~ S;~12i11~s;§~ 
[Qli~hQ!l Q!ltQQ§§ 
.nching cruscose 

.F COMPONENT (UNID.) 
< turf 
own curf 
i curf 
-f on coral/rubble 
-f on pavemenc 
... f on sand 

"i'lL PERCENT COVER 

Pugua 
Double Reef 

.2 ( 1.3%) 

• 1 ( .6%) 

.2 ( 1.3%) 

. 1 ( .6%) 

.4 ( 4.4%) 

.3 ( 2.5%) 

.7 (10.6% ) 

.2 ( 1.3%) 

.2 ( 1.9%) 

24.5% 

Agana 
Alupat Reef 

• 1 ( .6%) 

· 1 ( .6%) 

.6 (38.8%) 

.4 (27.5%) 

· 1 ( 5.0%) 

72.5% 

- 6 -

Apra Harbor 
Jade Shoals Dry Dock 

.2 ( 2.5%) 

· 1 ( .6%) 

· 1 ( .6%) 

.5 ( 7.5%) 

· 1 ( .6%) 

01 · . ( 2.5%) 

· 1 ( .6%) 

.2 ( 5.0 %) 

.3 ( 6.3%) 

.5 ( 11 .3%) 

37.5% 

• 1 ( .6%) 

• 1 ( .6%) 
.4 ( 3.1%) 

.2 ( 1.3%) 

• 1 ( .6%) 

• 1 ( .6%) 

.3 ( 3.8%) 

.2 ( 1.9%) 

.3 ( 1.9%) 

• 1 ( .6%) 

.5 (18.6%) 

.8 <15.6%) 

49.4% 



ble 3. Species of algae encountered with the point-quadrat method along 
transects at four biological stations along the southwest coast of 
Guam . Frequency data precedes percent cover data. 

ecies Name 

ANOPHYTA 
id. slimy blue-green 

LOROPHYTA 
ldl§rl2;! r;!~§!!!Q§;! 
ldl§rl2;! §§rrldl;!~2 
lQr29§§!!!i§ f;!§~i9i;!~;! 

Agat 
Gaan Point 

li!!!§92 9i§~2i9§g .1 ( .6Y.) 
li!!!§9;! 9i92§ 
li!!!§9;! i!!£l:~§~s~s 
li!!!§9;! QQY!!i1s 
2~§;! ;!r9§ll~§;! 
=~YQ§I2!H!§ri;! S2~~r:!!Q§~ 
2!!!~r:i§ ;!ll llld 1 g!;, 2 

~EOPHYTA 

=!;,YQ!;,;! Q;!r~;!Yr§§ii 
=~YQ!;,;! 12;!~§ll§ 
2QQh2r;! ~;!ri§9;!~;! 
Ell;! !;'§llldi§ 
:!2i!ls!:is Q!:n~1s 

)OOPHTYA 
<illQ!;,ri~h2 fr;!9ili§ 
t;!~;!ldr;! !!!;!r9ill2~;! 
t;!~;!ldr;! QQ1Q!l9;!!;,;! 
li2i§11;! 2~§r~Q§;! 
~gQr:2 §:Q~ 

,i;! ~;!Qill;!~§;! 
~E§Q!!~lis !:YfU:s 
!s:il;!ri;! §2ldli§ 
!!l~h212hQr;! §12is:if§r;! 

!F conpONENT (UNIO.) 
: turf 
,wn turf 
I turf 
of on coral/rubble 
of on pavement 
of with sediment 

'AL PERCENT COVER 

.6 ( 6.8%) 

.2 ( 1 . 9Y.) 

.2 ( 1 .3%) 

• 1 ( .6:0 

• 1 ( .6Y.) 

.2 ( 1 . 3Y.) 

.5 ( 4.4%) 

.2 ( 1 .3%) 

.6 ( 3.8%) 

.7 ( 7.5Y.) 

.2 ( 1.3%) 

75.8Y. 

Umat..o.c 
Fouha Bay Umatac Bay 

.2 ( 1.9Y.) 

.1 ( .6%) 

.1 ( .6};) 

.3 ( 2.5Y.) 

· 1 ( .S%) 

.1 ( .6%) 

.3 ( 2.5%) 

• 1 ( .S%) 
.4 ( 2.5%) 

.2 ( 2.5%) 

• 1 ( 1 . 3Y.) 
.3 ( 1 .9%) 

.4 ( 4.4%) 

.4 (13.8%) 

.1 ( .6:0 

.3 (16 . 6%) 

61 .3% 

- 7 -

.2 ( 1.3%) 

• 1 ( .6%) 

.8 ( 8 . 1%) 

.4 ( 2.5%) 

• 1 ( .6%) 

.2 ( 1 .9%) 

.2 ( 2.5~) 

.3 ( 6.3%) 

• 1 ( .6~) 

• 1 ( .6%) 
.6 (15.6%) 

.7 (21.9%) 

68.8% 

nerizo 
Babe Island 

.1 ( .6%) 

.1 ( .6%) 

.1 ( .6%) 

• 1 ( • 6Y.) 

.3 ( 3.4%) 

• 1 ( .6:0 

.9 (26.9:;) 
• 1 < .6%) 

34.5% 



ble 4. Species of algae encountered with the point-quadrat method along 
transects at three biological stations located at Adelup reef flat 
on Guam. Frequency data precedes percent cover data. 

ecies Name 

ANOPHYTA 
~~QSQ1~YE lYng£yg~~y~ 
id. blue-green 

l.OROPHYTA 
!.i!!!~gl! QQlmHl! 

~EOPHYTA 

2QQUQ~l! Ys~i~gl!~2 
Hnl! ~§nlliE 
~g~§§~m s~i§~2~fgliYm 
id. brown algae 

)OOPHYTA 
ligi§lls ~S;;~!Q§~ 
:Q1HuQn Qn~Qg§§ 
-d branching crustose 

~F COMPONENT (UNIO. ) 
< turf 
)wn turf 
of on coral/rubble 
'f and sediment 

'AL PERCENT COVER 

Adelup Reef Flat 
Inner Reef Moat Zone Outer Reef 

.6 ( 4.4%) 

.6 (10.0%) 

.6 (8.1%) 

.1 ( 1.3%) 

.2 ( 1.3%) 

. 1 ( 1.3%) 

26.4% 

- 8 -

• 1 ( .6%) 

.2 ( 1.3%) 

• 1 ( .6%) 

• 1 ( .6%) 
.8 (10.6%) 
.5 ( 8.1%) 

.2 ( 1.3%) 

• 1 ( 1.3%) 

• 1 ( .6%) 

25.0% 

.:5 ( 6. 3~;) 

.7 ( 5.0%) 

.9 (16.9%) 

.5 ( 3.8%) 

.7 ( 8.8%) 

• 1 ( .6%) 

41.4% 



ble S. Species of algae encountered with the point-quadrat method along 
transects at three biological stations located at Sewer Island 
,-eef flat in Agana, Guam. Frequency precedes percent cover data. 

:cies Name 

'1110PHYTH 
[llQ1b§llUi2U ~U1§rQllQrQhQi9§§ 
i~Q~Q15~§ lYngeY2~~~E 
id. slimy blue-green 

.OROPHYTA 
~l~l:!2s 1:.2g~!!!QES 
!1§D22 §§rr~1§1§ 
l i!!!§9§ QQYUH§ 
191§§ !:Qll!2!2§H§ 
:~YQ§2hs~~is ~s~~rnQE~ 

IEOPHYTA 
~QebQr~ ~~~i~gs~~ 
liDs £§!Hti§ 
:g2§§~m g~iE~s~fQliYID 
:!2iusri§ Qru§1§ 

lDOPHYTA 
.i9i§1l§ §!:§r!2§§ 
!i§ !:§Bill§!:§§ 
:!21Hh!2U QU!sQ9~§ 
'ple encrusting coralline 

F COMPONENT (UNID.) 
turf 

wn turf 
f on coral/rubble 
f on pavement 

AL PERCENT COVER 

Sewer Island Reef Flat 
Inner Reef Moat Zone Outer Reef 

.3 ( 4.4%) 
1.0 (24.4%) 

.:2 ( 1. 9:~) 

.8 (14.4:0 
• 1 ( .6%) 

• 1 ( 1.3%) 

47.0% 

- 9 -

.3 ( 2.5:0 

• 1 ( .6:0 
.4 ( 2.5:0 

• 1 ( . 6%) 

.6 C 4.4~;) 

.3 ( 1.9%) 

.2 ( 1.3%) 

.2 ( 2 . 5%) 

.9 (41.3%) 

.1 ( 3.1%) 

60.7% 

.4 ( 2.5%) 
• 1 ( .6%) 

.1 ( .6%) 

.6 (16.3%) 

.5 ( 4.4%) 

.4 ( 3.1%) 

.8 (13.1%) 

.2 ( 1.9%) 

• 1 ( .6~) 

. 7 ( 7.5~) 

.7 <10.0%) 

.2 ( 1.9%) 

.4 ( 4.4%) 

.2 ( 1 • 3~;) 

68.2% 



,ble 6. Species of coyal encoun~eyed wi~h ~he point-quadya~ me~hod along 
~yansec~s a~ fouy biological sta~ions along the noy~hwes~ coast of 
Guam. Fyequency data pyecedes peycent covey da~a. 

)eCiS5 Harne 
Pugua Poin~ 
Double Reef 

.AS5- ANTHOZOA ORDER- SCLERACTINIA 
SUBORDER- ASTROCOENIIHA 

FAnILY- THAnNASTERIIDAE 
~mmQ~Q~~ £9n£!gys 

FAMILY- POCILLOPORIDAE 
:ylS212!:!S2U! !!lS2l:s!~<:; 
!!:l!lQ!2Q!:s g~misQr:niE 
!S;illS212S2!:~ !lD::s!S2Y<:;i 

FAnILY- ACROPORIDAE 
,l:S212S2U! !:!!d!!l!dli§ 
:l:S212S2n il:l:~!aYh!:i§ 
,!:Q12Q!:~ !!~§Y:!:.!a 
:!:QQQn 122lif.~n 
:!:2I2Q!:2 ~!:!!:!iY!Q§~ 
!!!~i12S2l:~ §!:!!:~!!2~!:gii 
,!!:!:.i12S2!:!a Pago Bay gyey 
' !!~iSQ!:~ sp. ~an & blue 
!!:!:.iSQ!:§ sp. encrus~ing 

SUBORDER- FUNGI INA 
FAMILY- AGRICIIDAE 

Y9Ds g5!£YE§~£~ 
ygns gi!!sr:i£~~s 
~Q!!§ sp. :2 
' FAnILY- FUNGIIDAE 
£H2i~ !ig!:!~g!:i~ 

FAMILY- PORITIDAE 
!:i~§§ SyliD9!:iSs 
!:H§ll! lY:!<~§ 
!:i~§§ i~y!!~!:§§§l !:Yll! 

SUBORDER- FAVIINA 
FAMILY- FAVIIDAE 

~i§ !!l§Hl:!§i 
~H§ll! !:Yll!§§lli 
ni~§£r:~g r:~~ifQr:miE 

FAMILY- MUSSIDAE 
2S2Q!:!ylli2 n§!!lQ!:is!:!ii 

.5 ( 6.9~) 

· 1 ( 1 . 3~) 

.3 ( 1 . 9~) 

.4 (15.0~) 

.4 ( 2.5~) 

· 1 ( .6%) 
. 8 ( 8.8~) 

.3 ( 3.8~) 

· 1 ( 3. 1~) 
. 5 ( 4.4~) 

· 1 ( 1 . 3~) 

.3 ( 3.PO 

· 1 ( .6~) 

.2 ( 1 . 9~) 
· 1 ( .6~ ) 

. 3 ( 3.1~) 

.2 ( 1.3~) 

• 1 ( • 6~) 

.2 ( 1. 3~) 

ASS- HYDROZOA ORDER- MILLEPORINA 
FAMILY- MILLEPORIDAE 

11§12S2!:§ 121§~Y12!:!Yll§ 

f~ coral 
a anemone 

TAL PERCENT COVER 

.1 < .6~ ) 

• 1 ( • 6~) 

6 3 .9~ 

Agana 
Alupa~ Reef 

.4 ( 3.1~ ) 

3 .1 % 
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Apya Hayboy 
Jade Shoals Dyy Dock 

... ( 7.5::0 

.2 ( 2.5~) .4 ( 5.11l~) 

... ( 2.5~ ) .6 ( 8. 1~) 
.6 (HI .6~ ) 

.5 ( 5.0~) 

.4 ( 3. 1~ ) .7 ( 6.3~ ) 

.9 (47.5~) .5 ( 8. 1~ ) 

.1 ( 1.3~) .1 ( 3.1~) 

61.9% 48. 7~; 



• 

I bl~ 7. Species of coral encounter~d with the pOint-quadrat method along 
transects at four biological stations along the southwest coast 
o f Guam. Frequency data precedes percent cover data. 

lecies Name 
Agat 

Gaan Point 

,ASS- ANTHOZOA ORDER- SCLERACTINIA 
BORDER- ASTROCOERIINA 
AMILY- ASTROCOENIIDAE 
Y1Q£Q~ni§11~ Q~n~~~ 

AMILY- THAMNASTERIIDAE 
smmQSQ~~ ~Qn~ig~~ 
2mmQ~Q~s ~n~~Y§~ing 

AMILY- POCILLOPORIDAE 
Y1Ql2hQr~ !!lQrs!~~ 
£i!!QQQ~g 92misQrni§ 
£illQ2Qr~ sp. robust 

AMILY- ACROPORIDAE 
!:Q.eQr~ ~§Q§!.r:2 

rQQQr~ formosa -------
!l1iQQJ:2 sp.l brown 
n~i!2QJ:2 sp.3 purple 
nH!2QJ:2 sp." br. 
nHQQr~ sp.5 tan 

BORDER- FUNGI INA 
A11ILY- PORITIDAE 
ri1~§ £Ylins!ri£~ 
rH§§ lY1§~ 

green 

ri1§§ 19Y!l~r~§~1 ry§ 

BORDER- FAUIINA 
AMILY- FAIIIIDAE 
~is fs~Y§ 
~i~ sp.l tan 
!::!is unid. 
~i1§§ sp.l tan, pali 
~i1§§ encrusting 
~i1~§ unid. 
Q1Qri~ Ql:!n:gi~ 
hinQI2Qr~ l~!!l§llQ§~ 

~MILY- OCULINIDAE 
!.!HS§~ sp. 

~MILY- MUSSIDAE 
~n~h~§1r§~ §£hin~~~ 
ft coral 
:a anenome 

rAL PERCENT COliER 

.1 ( .6:0 

.2 ( 1.9:0 

.2 ( 1.3") 
• 2 ( 1.3:-;) 
.1 ( .6~;) 

.3 ( 2.5") 

.2 ( 3.1") 

.3 ( 2.5") 
· 1 ( 1.3%) 

.2 ( 1.3") 

.2 ( 1 • 3") 

· 1 ( 1 • 3%) 

• 1 ( .6%) 

.d coral/rubble w/o algae 
19.6:; 
3.1% 

Umatac 
Fouha Bay Umatac Bay 

.1 ( .6") 

.2 ( 1.3") 

· 1 < .6") 
.2 ( 1 .9") 

.3 (11.3") 

.3 ( 5.13") 

• 1 ( .6%) 

· 1 ( 1 . 3") 

• 1 ( .6") 
.3 ( 1.9") 
.3 ( 3.1") 
.2 ( 6.9%) 

35. 1 " 
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.1 ( .6") 

. 1 ( .6") 

.3 ( 1.9") 

• I C .6%) 

.8 (H1.0") 

.4 ( 5.0") 

.4 ( 2.5") 

.1 ( .6") 

.1 ( .6") 

.1 C .6") 

.1 ( .6") 

23.6% 

l1erizo 
Babe Island 

. 1 ( . 6") 

.7 (16.3") ... ( 6.3") 

.3 ( 8.1") 

.1 ( .6") 

.1 ( .6") 

32.5% 



.ble 6. Species of coral encoun~ered wi~h ~he poin~-quadra~ me~hod along 
~ransec~s a~ ~hree biological s~a~ions loca~ed a~ Adelup reef fla~ 
on Guam. Frequency da~a precedes percen~ cover da~a. 

ecies Ilame 

ASS- ANTHOZOA 
DER- SCLERACTINIA 
UBORDER- ASTROCOENIINA 

FAMILY- POCILLOPORIDAE 
SillQ2Q~§ Q~~i£Q~ni§ 

FAMILY- ACROPORIDAE 
!:QQSn:s 2§12~!:~ 

UBORDER- FUNGI INA 
FAMILY- AGRICIIDAE 
~Qn~ Q§£Y§§~~~ 
YQ!!~ gi!::!2:ris:~!::~ 

FAMILY- PORITIDAE 
~H§§ lQl:!~~~ 

UBORDER- FAVIINA 
FAMILY- FAVIIDAE 
~i~§§ sp.1 pali 
~i~§§ sp.2 

TAL PERCEIlT COVER 
ad coral/rubble w/o algae 

Adelup Reef Fla~ 
Inner Reef Moa~ Zone Ou~er Reef 

.5 (13.1~J 

.2 ( 1. 3~ J 

l4.4~ 

- 12 -

.2 ( 1.3~J 

• 1 ( • 6~ J 

.4 <10. 6~J 

.3 ( 3.8~J 

. 1 ( . 6~ J 

.4 (3.1~) 

20. 0~ 
.5 <16. 9~J 



ble 9. Species of coral encoun~ered wi~h ~he poin~-quadra~ me~hod along 
~ransec~s a~ ~hree biological s~a~ions a~ Sewer Island reef fla~ 
on Guam. Frequency da~a precedes percen~ cover da~a. 

ecies Name 

ASS- ANTHOZOA 
DER- SCLERACTINIA 
UBORDER- ASTROCOENIINA 

FAMILY- THAMNASTERIIDAE 
~mmQ~Qr~ ~Qn~igy~ 

FAMILY- POCILLOPORIDAE 
~illQ2Qr~ gsmi~Qrni§ 

FAMILY- ACROPORIDAE 
r5H2Q!:~ ~E!2~!:~ 

TAL PERCENT COVER 

Inner Reef 
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Sewer Island Reef Fla~ 
Moa~ Zone Ou~er Reef 

. 1 ( .6%) .2 ( 1.3%) 

.4 ( 4.4%) 

.4 ( 9.4%) 

14.4% 1.3% 



Table 10. Tot~! percent surfac: cover of the major companents of the benthic ccmmLtnity 
as determined with the point-qLladrat method at the f OLlrteen biologicol :tations 
for the ! irst, second and third survey periods. 

::;tatlons 

1st 

Double Reef 5.7 
Jade Shoals 8.8 
Dry Dock Reef .6 
:ocos Lagoon 42.5 

=aar. P':lint 
=ouha Bay 
Jmatac 8ay 

'lEEF FLATS: 

innEt: El.~~§ 
~del up 
5ewer Island 

jQ~~ bQD.~a 
;dei up 
3ewer Island 
;lupat 

~\,!j;gt: El~j;§ 
;del up 
5ewer Island 

2.5 
1.9 
0.0 

46.9 
74.4 

Substrate 

2nd 

3.1 
26.3 
9.4 

26.9 

.6 

.6 
2.5 

62.6 

39.5 
33.8 
49.4 

60.6 

3rd 

1.3 
0 . 0 

.6 
30 . 7 

3.1 
0.0 
4.4 

57.6 
48.2 

51. 9 
21.9 
24.4 

57.5 
30.0 

1st 

38.3 
50. 0 
48.2 
29.4 

97.6 
74.5 
55.4 

39.5 
21.6 

Algae 

2nd 3rd 

38.9 24.5 
19.4 37.5 
35.7 49.4 
35.5 34.5 

84.9 
58.8 
69.4 

33.1 

36.9 
51.4 
46.5 

38.8 

75.3 
61. 3 
68.8 

26.4 
47.0 

25.0 
60.7 
72.5 

41.4 
68.2 
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1st 

52.6 
40. 0 
51.3 
26.9 

1(1. ! 
23 . 0 
42.6 

11. 3 
2.5 

Coral 

2nd 

55.8 
52.6 
55.1 
37 .6 

,- Q 
- .) .. 
38.9 
26.9 

.., = _ .... 

24.0 
13 .1 
4.4 

.6 

::;rd 

63.9 
61.9 
48.7 
32.5 

19.6 
35.1 
23.6 

14.4 
0 . 0 

20.0 
14.4 
3.1 

0 . 0 
1. 3 

Invertebrates 

1st 

3.1 
1. 3 
tJ. O 
1.3 

(1. (1 

.6 
2.5 

1.8 
0.0 

2nd 

2.5 
1.9 
0 . 0 
0.0 

.6 
1. 9 
1.2 

1.8 

0.0 
1.9 
0.0 

0 . 0 

:3rd 

10.6 
.6 

1.2 
1.9 

1.9 
3.7 
3.0 

1.9 
5.0 

-.., .,;, ..... 
3.1 
0.0 

1.2 
. 6 



b 1e 11. One-Way Analysis of Variance (Single Classification ANOVA) test reslJ1t 
for the total number of points occupied in each of the major component 
groups of the benthic community compared over time for the three surve­
The abbrievia~ion "ns" means not significant and " p < II means the F ~ 

probability significance level. 

ation Substrate Algae Coral Invertebrates 

-------------------------------------------------------------------------------
tch Reefs: 

ub1e Reef ns ns ns Fs = 4.34 P <.025 
de Shoals Fs = 3.63 P <.05 ns ns ns 
y Docl<: Reef ns ns ns ns 
cos Lagoon ns ns ns ns 

ef Margins: 

an Point ns ns ns ns 
uha Bay ns ns ns ns 
atac Bay ns ns ns ns 

ef Flats: 

ner F1ats-
e1up ns ns ns ns 
.. er Island 

at Zones-
elup ns ns ns ns 
.. er Island Fs = 9.18 P <.001 Fs = 3.56 P <.05 ns ns 
.. pat Fs = 7.34 P <.005 Fs = 20.59 P <.001 ns ns 

~er F1ats-
a1up no; ns ns ns 
.. er Island 
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DISCUSSION 

The Sewer Island and che Alupac scacions were incencionally 
locaced in 1977 close co pocencial sources of sewage effluencs. 
The Sewer Island scacion is inshore from che Agana Primary Sewage 
Treacmenc Planc Ocean Oucfall and is ofcen in che lee of 
prevailing wind and currencs. The Alupac scacion is in che 
vicinicy of leaking sewage lines ac Dungca's Beach. Ic is 
possible chac over cime che influence from che oucfall and leaking 
sewage lines could be affeccing che benchic communicies on che 
reef flacs in chese cwo areas. This inpuc in che form of 
dissolved nucriencs or crace elemencs may noc be large enough co 
dececc wich monchly wacer sampling, however ic may be enough co 
supplemenc algal growch. Boch scacions may also be influenced by 
nearby scorm drains and river mouchs which are nonpoinc sources of 
freshwacer and land derived macerials. 

To cesc che hypochesis chac sewage may be affeccing che ben~hic 
communi~ies in che moa~ zones of ~he Sewer Island and Alupa~ reef 
fla~s a new s~a~ion was sampled on ~he sou~h side of Adelup Poin~. 
During ~his ~hird sampling survey all ~hree s~a~ions were sampled 
wi~hin a week of each o~her during June 1963. When ~hese s~a~ions 
were compared wi~h a one-way ANOVA a highly significan~ difference 
CFs = 26.65, P < .001 [2.27J = 9.02) for algae coverage was 
demons~ra~ed. 

To fur~her ~es~ where ~he significance occurred ano~her ANOVA ces~ 

was calcula~ed wi~h Sewer Island and Alupa~ da~a combined and 
compared agains~ ~he concrol s~a~ion ac Adelup. This also yielded 
a significanc difference CFs = 50.2209, P < .001 [1,28J = 13.5). 
Varia~ions in general condi~ions be~ween areas such as geoloical 
formacions, wa~er circula~ion and cidal levels all affec~ overall 
wacer quali~y and ul~ima~ely che ben~hic communi~ies. Human 
ac~ivi~ies on ~he reef fla~s such as nec fishing and reef walking 
also have accompanying dis~urbances. Herbivorous inshore fish 
popula~ions could also be playing a role in modifying ~he reef 
fla~ habi~a~. AI~hough many fac~ors could have caused ~hese 

significan~ differences becween ~he ~hree s~a~ions ~he influence 
of sewage can no~ be ruled ou~. 

I~ should be no~ed ~ha~ Gaan Poin~ con~inues ~o have ~he highes~ 
percen~ cover of algae of any s~acion sampled. This par~icular 
s~acion is loca~ed approxima~ely 300 me~ers away from ~he Aga~ 

Primary Sewage Trea~men~ Plan~. During ~imes of heavy rain and 
s~orm IJacer runoff ~his plan~ is bypassed and raw sewage overflows 
in~o ~he ocean and dillu~es i~self on ~he reef margin. This 
phenomena has been occurring since 1976 which makes ic difficul~ 
~o de~ermine if ~he ben~hic communi~y in che vicini~y has 
na~urally high algae cover or if algal growch is enhanced by ~he 
sewage effluen~. 



The percen~ cover and frequency of 
species of algae and coral (Tables 
sta~is~ically for ~he three surveys. 
~he data may show some tendencies 
distribu~ion of species a~ the fourteen 

occurrence of individual 
2 - 9) were not compared 

Future compu~erization of 
for patchy or clumped 

monitoring stations. 

It is recommended that data analysis which statistically shows 
changes in percent cover of algae at a particular station over 
time should be surveyed more intensively to de~ermine the causes 
of these results. Stations loca~ed close to human activity such 
as sewage effluent or storm drains should be compared with 
stations in control areas ups~ream of the anticipated point and 
non-point sources ~o determine the causative factors. The 
approach utilized should incorpora~e biological community 
assessment, water quality analysis, current studies and geological 
comparisons. 

This series of biological monitoring annual reports was intended 
to establish some baseline data on percent cover of the major 
benthic componen~s and the overall condition of selec~ed reef 
areas around Guam. Now that some preliminary trends are emmerging 
it is necessary to follow through with some detailed analysis of 
priority areas. From the data presented it appears that the reef 
flats which are in close proximity to human impact are ~he areas 
most likely to change wi~h increased urbanization and development. 
It is important to develop ' a monitoring program that has specific 
objectives designed to establish the extent that man's activities 
are influencing coral reef communities. 
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