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Disturbance is an important factor structuring
assemblages of sessile marine organisms, but the responses
of mobile animals to disturbance is less known. I studied
the long-term effects of typhoons on assemblages of mobile
marine animals, holothuroids, that inhabit the fringing
coral reefs of Guam, Mariana Islands. Spec:ifically, I
sought TO corroborate the hypothesis tnhat tvphoon-generated
waves, which generally proragate westward, create

credictable local- and island-scale pztterns in the

ftlat (Pago;

and a west-facing (lesward) reei flat  Tumon) threough seven
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sites around Guam from 1992 to 1993 to find
related patterns in species richness due to
Typhoons caused massive mortalities of

windward reef flats at least three times in

possible depth-
typhoons.
holothuroids on

20 yr. The

three most severe typhoons, each with waves over 8 m,

drastically reduced abundances of holothuroids at Pago. Thne

remaining typhoons had smaller waves and caused no

significant mortality. The density, Simpson’s diversity and

species richness of holothuroids was similar on all windward
reef flats when reef-flat width was held constant,
suggesting that the typhoons affected the entire windward

foast. Though windward reef flats were devastated,

abundances of holothuroids to leeward at Tumon appear

stable throughout vey pericd of 1689 to 1993. Total

density, species richness and Simpson’s diversity was higher

on lesward than on flats. Holothurecids cn the

e aa

windwerd forereef slope appeared to De

1so, as was less cn shallow

windward reei slopes. Conversely,

rereef slopes and evenly distribuczed

nigher on leeward fo

not predict the of

egree
holothuroids.
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Russ and Yuri. Mortality to the exposed Actinopvga

echinites (81.4%) was intermediate between mortality of H.

leucospilota and combined cryptic species during Russ and

Yuri. Most of the cryptic habitat on reef flats consists of
gnconsolidated rubble that is easily shifted by storm waves
and may have contributed tc the high mortality of some
cryptic species.

Several populations repeatedly went locally extinct or
were severely reduced on the windward coast. Despite this
turnover, the windward community appeared resilient, having

returned in 1990 to its pretyphoon composition in 187

wm

as

measured by Simpson’s diversity &and species richness.
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INTRODUCTION

Wave disturbance from occasional intense steorms is an
important factor structuring shallow-water marine
communities and has been extensively studied in sessile
organisms. The composition of sessile communities is
influenced by the amount of space cleared for
recolonization, whether the space consists of a few large or
many small patches, and how often patches are formed
relative to the frequency of the organisms’ interspecific
interactions %nd rates of growth and recruitment (Paine and
Levin 1¢81, Abugov 1982). Patch characteristics in turn are
brimarily influenced by the frequency and intensity of
storms &and the ability of organisms toO resist, cr persist in
spite of, dislodgement (Sousa 1984). For example, sessile,
clonal tzxa zn hard substiraca ma3y escape significan:

mort lity, despite their often large size, tTnrouch

encrusting cr mounding ¢rowth Zorms (e.g., faviid ccrals:
Stoddart 1962, woodlievy eI zal. LSgL Uprighz, arporescent
species oiten rely cn Ilexipility e.g., kelg: Zennv et al

THe resclInses 9L mollis Srggnisms L0 wWave SlStuLXEDancs
- q - - 15N = - - T - . -
nave been studied much lsss coizsn, Tut are probally similar
Lo Some ZRiE TO LICBSs O EoESsLE zEenidEs L ke SE8ssilks
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rigidity, strength of attachment, as well as gregariousness
for survival in exposed locations (Denny et al. 1985).
Short generation times and rapid recruitment after a storm
also contribute to the quick recovery of some mobile and
sessile species (Sousa 1979, Moran and Resaka-Kudla 1991).

Among mobile species, persistence in an area with
occasional episodes of high wave energy is also enhanced by
the ability to move to shelter. For example, fishes may
survive storms by migrating to deep, calm water (Woodley et
al. 1981, wWalsh 1983). Small epibenthic invertebrates
survive strong surge by hiding :in crevices and depressions
(Kohn 1980), while infauﬁa burrow deeper intc the sediment
(Dobbs and Vozarik 1982). TFolleowing the storm, these
animals return to their fcrmer habitats or guickly spread to
other depopulated aresas. _nus, &s a consequsrnce of their
apid movement, mobile orgzanisms are atffected by and can
recover frcm disturbances in different wavs than sessile
organisms.

Models ©f communitcy, IrSsSTCnsSe IO disﬁurbance would,
therefore, benefit from tests of their generzlity using
mobile marine animals. Howsver, long-term If:-eld studies of

the effects oI extreme storms on mobile crganisms are

lacking. Stulies of severs wave Jisturbance Zo mobilse
marine animals to date document sifects at relativelyv small
spatial or tempcral scales Glynn et al. 19€<, Beecher 1973,

Saloman and Naughton 1977, =onn 1280, Woodle. =z al. 1681,

o



Tribble et al. 1982, Kaufman 1983, Walsh 1983, Dobbs and
Vozarik 1983, Williams 1984, Pfeffer and Tribble 1985, Burch
and Thorsson 1985, Kirby-Smith and Ustach 1986, Bokkin et
al. 1987, Fenner 1991, Moran and Reaka-Kudla 1991, Aronscn
1992, Kobluk and Lysenko 1993, Aronson 1993). 1In this
study, I report the local-reef and islandwide impacts over
20 yr of three major and five minor typhoons on
holothuroids, a diverse group of mobile organisms common on
tropical reefs. Specifically, I tested the following
hypotheses:

(1) Holothuroids ca windwarc reef flats suffer greater

mortality from storm-generated waves than holothuroids on

leeward reeZ flats. Cyclonic storms travel in a westerly

direction in the tropics, and z2s & result, windward (east-

facing) reeis on islands ars more

n
cr

rongly aiiscred by waves

than those on leeward (western) reefs (Goreau 125%, Emery

(2) wawve disturbance rsstrictis reei-slorps species to
deep water =t storm-Ifresguenced winlward locations Energy

margin and -n adjacen: sha..cw arsas of the Izrsresel slops
Young 198¢%, Young and Harly 2:9:Z Therefore, nclothuroids



slopes, abundant on deep windward reef slopes, and abundant
and uniformly distributed with depth on leeward reef slopes.

(3) Exposed species will suffer greater mortality than

forms living in crevices. Gastropods (Kohn 1980) and fishes

(Tribble et al. 1982) that seek shelter in rock crevices
suffer less mortality during severe storms than
corresponding taxa that do not. Habitat choice is expected
to be related in a similar way to holothuroid mortality.
Cryptic holothuroids inhabiting sheltered microhabitats such
as crevices are predicted to be more protected from storm-
generated waves than exposed species.

Y

Natural historv cf studv organisms

Trcpical holothurcids are primarily epibenthic, deposit
feeders from the ordsr Aspidochirotide (in contrast to the
dominance of dendrochirotid, suspension-fe=ading holothuroids
and are & predominant element of coral
reefs and adjacent scit potzoms. Twenty species coocurring

at a site are not uncommen (Rowe and Doty 1977, Hammond et

Some species occur &t dsnsities of cover 1 kg/m- (Cormand and
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Several aspects of a holothuroid’s naturzl history
probably influence its response to disturbance. Tropical
hulothuroids can live to five or more than 1% yr (Ebert
1978, Shelley 1985, Conand 1988, 1989, 1993) and, like other
tropical echinoderms, generally recruit slowly or
sporadically (Doty 1977). These traits suggest that their
population structure :is affected by even quite rare
disturbances. Several species reproduce asexually by
transverse binary fission (Harriot 1982, Conand 1590), and
thus may reccver more quickly from disturbance than
holothuroids that rely solely on annual broacdzast spawning
2nd recruitment from distant sources.

Many hclothuroids are infaunel or cryptic, coming ocut

of crevices at night or extending only their znterior ends

to feed and can rapicdly hide when disturbed. -ther speciles,
however, live permansntly on oren, exposed suonstrata.
Exposed aspidochirotid nolothuroids can weilgrn = kg (e.g.,
Thelenota scgo Conanc 2888, 1¢8¢ Exposed z250d1d speciles
veigh considerably less, but reach lengths cvsr 2 o {(i.s.,
Synaptidas: Bakus 1¢%8, Cutress &nd Rowe 198¢ Slow-



Study sites

Surveys were performed on Guam (540 km*; 13°00"N,
145°45"E), a small, volcanic and uplifted-limestone island
in the tropical western Pacific Ocean (Fig. 1). Guam is
surrounded by narrow fringing reefs and has a mean tidal
range of ca. 0.7 m.

A fringing reef consists of a shallow platform, the
reef flat, extending from shore and adjoining a moderately
to steeply inclined forereef slope. The reef-£flat study
sites are shallow (<2 m), 0.1 to 0.8 km wide, predominately
‘subtidal reef benches. The inner reef flats (the inner two-
thirds) at most sites aré sandy with scattered coral and,
occasional seagrass beds. Reef flats narrower than 200 m,
however, lack an inner reef zone. The entire areas of thess

-

narrow re=sfs and the cuter reef flats of wide resefs are

covered with rubble, small coral colonies and algal-turf-
covered pavement, anc extends to the seaward rzef-flat
margin. The outer rssf Iflat is subaerially exposed during
extreme low tides. The seawarc edges of the cuter reef

flats are largely ccvered by brown foliose anc encrusting

The studied forereef slopss are gently 2o moderately
inclined at least tc 20 m depth, the deepest zrea surveyed
in this study. From 7 to 4 m dzpth, reef slopes have a

dense covering cf lcw-growing & From 4 ctc
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Figure 1. Study sites and transect locations.

reef-flat margin; arrow denotes north.

Scalloped line indicates the seaward




encrusting and low-growing, corymbose corals in shallow
water and scattered large colonies of massive species as
well below about 15 m depth. Coral cover and diversity are
generally greater on leeward slopes than on windward slopes
at all depths. Descriptions of the reef-flat and reef-slope
study sites are given by Emery (1962), Randall and Eldredge

(1976), Marsh et al. (1981), and Kerr et al. (1993).

Tvphoons
Guam lies along a major cyclonic storm track in the

north Pacific. Twice & year, from August to November and

Y

again in April to May, z trcugh ¢f low pressure extends

eastward past Guam providing a favorable envirconment for thes

Ne]

4

w

Jam has

0}

formation of tropical cyclones. Since 1
received an average of one typhocn (sustailned wind velocity

>34 m/s or 75 mi/h) per year passing within 220 km of the

1y

island (the distance at wnich gals force winds usually
affect Guam) (USNOCC,/JTWC 19%le). Eight tycnoons occurred
during the survey periods of 197% te 1977 and 1989 to 1994

(Table 1, Fig. 2). Of these, Tvphoons Pamelz, Yuri and Russ

had estimated maximum wave heights over 8 m cn windwaxrd

shores. Based on maximum sustain=d wind spesds, these
tyrphoons are rated as the ztnird, Iourth and Zifth mos:
intense cvclones, respectively, o affect Guam this centur:
(USNOCC/JTWC 19Cia). The other zivchoons in ztnhe studyv pericc

produced less intense suri, desp.zes sometimes high sustainec



Table 1. Typhoons affecting Guam during the survey periods. Data from FWC/JTWe

(1976) and USNOCC/JTWC (1990, 1991a-b, 1992).

Maximum sus¢ained Mean sea-laval Maximum cinae herglt (m) Myomas wave heigh
Data Closaat winds as Sleomst  pooBise 1 Slupei SRSl

Name (Lmsyr) Wi toach (km) Wit el (n/a) WiEaah () o v p— e -
Pamela 21.05.76 0 62 930 49 ND ND 1o ND
Russ 20.12.90 93 62 942 42 2 0 10 3
Yuri 28.%1 .91 102 77 885 Sk 3 0 I8 £
Omar 28.08.92 0 54 940 23 ] ] 3 )
Brian 2%.1n 92 0 33 989 6 0 0 3 2
Elsie 02.11.92 102 46 ) 954 11 0 0 3 2
Hunt 18.11.92 37 33 976 7 0 0 37 2
Gay 23:11.92 0 44 971 24 2 2 3 2

"Winds greater than 16 m/s.
®*0gg and Koslow (1978).

“A. M. Kerr (personal observation).
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Figure 2. Typhoons affecting Guam during the study periods.
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winds (Omar) and closeness of approach to the island (the
centers of Omar, Brian and Gay passed directly over Guam)
(Table 1, Fig. 2).

Other events occurring before and between the survey
periods affected or may have affected holothuroid abundance.
During October 1972, an extremely low tide (monthly mean sea
level 44.2 cm below the previous 26-yr mean) lasting more
than 14 d decimated reef-flat organisms, including

holothuroids, on Guam’s eastern and northern coasts

(Yamaguchi 1975). 2nimals were less afiected on western
reef flats with deeper moats. Between 1977 &=4 1989, three

typhoons passed within 100 km of Guam. One oI these,

O
Hh

T™vphoon Roy in January 1988 wizh maximum susta-ned winds

52 m/s passed 45 km north cf Guamlbringin
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(3]

gale
force winds (USNOCC/JSTAWC 18%le,. Maximrum est.mated wave
neights during Typhccn Rov were about & m on —he eastern and
wastern cecasts (United Stacses laval (Cceancgracsn-c Command

Center/ Joint Typhoon Wa
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MATERIALS AND METHODS
Surveys
Reef-flat holothuroids were censused periodically and
during the day at Pago and Tumon from December 1889 to
December 1993 (Table 2). I counted the number of each
species in contiguous 30-m x 2-m guadrats placed lengthwise
along belt transects extending perpendicularly from shore to
the seaward edge of the reef flat (Fig. 1). To find cryptic
species, I overturned rocks and examined crevices and stands

of macroalgae. Because of its abundance, Holcthuria

(Halodeima) atra was sampled in 10-m x 2-m quadrats placed

lengthwise at 30-m intervals on the transect, then its

abundance was estimated for the entire 69 m- guadrat. This

method was used in central Pago for H. atra (:zransect C,

Fig. 1) only from 1692 =-o 1963 (surveys 7 to _1; Table 2).
Trom 1990 to 1993 (surveys 5 to 8, 11; Table I,, however, Z.
atra was also enumerateld in three adjacent 5-m <« 2-m
guadrats placed lengtnwise cn the shoreward ccri:on of

- —~ o~ ~~
~ransect (.

Abundance data for Pagc from 1875 to 1877 were taken

Irom Doty (1977); date Ior Tumon 1n July 1977 wesre taken
Zrom Birkeland (1978) !Table 2). 3Z2rieflyv, Dozv recorded
zbundances of each species within 25 m- (Noverber 1975 and
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Table 2. Survey dates for Pago and Tumon reef flats. ND=

day not recorded by Doty (1977) and Birkeland (1978).

Surveys and

typhoons Eastern Pago Central Pago Tumon
1 = 10.11.75 -

2 - ND.02.76 -
Pamela 21.05.76 21.05.76 21.05.76
3 = ND.Q7.76 —

4 - ND.02.77 ND.07.77
"5 19.12.89, 2l.£2.89 06.07.9C 27.12.8¢
Russ 20.12.90 20.12.90 20.12.90
6 30.04.91, 14.05.%1 01.05.%1 29.05.91
Yuxi 27.11.91 27.11.81 27.11.91
7 23.04.92 16 .04.82 02.04.862
Omar 28.08.92 28.08.92 28.08.92
8 07.0%.82 04.02.¢Sz 09.09.¢2
Brian 21.10.92 21.10.892 21.10.92
Elsie 02.11.92 02.11.92 02.11.92
Hunt 18.11.92 ig.11.92 18.11.892
9 - 21.11.8%2 22,11 .92
Gay 23.11.892 23.11.592 23.11 .92
10 07.12.82, 2&8.12.82 = =
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one of the same transects (transect C, Fig. 1) at Pago that
I used in the 1989 to 1993 surveys. Birkeland (1978)
recorded abundances of each species in contiguous 5-m x 2-pm
quadrats laid lengthwise along a belt transect (transect E,
Fig. 1) extending perpendicularly from shore to the seaward
reef-flat margin and placed ca. 400 m north of transect D
used in the 1989 to 1993 surveys. He presented the data as
sample sizes, means and standard deviations for five
sections of the transect. Using these data, I computed the
weighted means and standard deviations (Sokal and Rohlf
.1981) of abundances for the entire transect.

\ Several features, iﬁ addition to its windward location,
may contribute to greater nholothuroid morteali:ty at Pago than
at Tumon. The reef flat at Pago is shallower than at Tumorn

and, therefore, a larger area of Pago is subzsri

[e1)
f—
}__J
S
®
%
'O
O
n
(l)
)

for longer time pericds during low tides. Sublaerial

exposure during low tides is an Impcertant sourze of seasonzl

A

3

at echinoderms (Hendler _277).

—

=
»

mortality Ior reef-f

[\]}
cr

eddition, water is transported on and off :tns reef fl
guickly at Pago because of a large, deep rivsr channel
bisecting the reef. 1In contrast, the rate oI water exchancs

at Tumon is lower, occurring primarily through two small

breacnes in the reef-flat margin (Marsh et a.. 1981).

o
mn

Typhoon-generated waves and surge SeC up Strcag currents

th

Fh

storm-driven wacer flows oII a ree lat. Hydirodynamic

transport of holothuroids to inhospitable nzritat in deep

1=
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water, therefore, could be a more important cause of
mortality at Pago than at Tumon.

Thus, to determine whether the difference in post-
typhoon holothuroid abundance and species composition
between Pago and Tumon was typical for windward and leeward
reef flats islandwide, I counted the number of each species
seen during the day orn 2-m wide belt transects at 11
windward (Achang, Acho Point, Agfayan, Asanite, Fadian
Point, Taogam Point, Ipan, Tagachan, Tangon Rock, Togcha,
Y1lig) and 11 leeward (Amantes Point, Anigua, Apaca Point,
Asan Bay, Asan Point, Bangi, Elvis lives, Faiifai, Piti,
Tanguisson, Togcha Beach; Toguan Bay) re=2f flats in February
to May 1994. Names of sites mentioned in this study were
taken from United Stetes CGeoclogical Survey topographic maps.
I also searchsd outsicds the transectis for less abundanc
total oi

species so that .5 to 1 h was spent at each resf

m

flat.

1

O examine how tne distribucion ci reef-slcpe spec-es

varied with depth islandwids, I recorcdsd the cresence cr

absence of each of the eign: most common, permanently

exposed hclothuroids cc zhe foreresf slope

0
| %
K
K
po
&)
Q
O
3

Zclothur:a (Ealodeima atre, H Zzlodeina) sdulis, E
(Microzhele) nokilis, Sticnoous chloronotus, and Thelenotsz
ananas!) durirg ca. 0.2-n Zdiurnal znd nocturnal surveys Irex

May 1992 to August 1983, in shallow (0 tc 15 m depth) and

5



deep (15 to 30 m) water at five windward (Iates Point, Pago,
Tagachan, Ipan and the eastern forereef slope of Cocos
Island ("Cocos Dropoff"]) and five leeward [Faifai ("Gun
Beach"), Agana Channel, Calalan Bank, Toguan Bay, and the

western forereef slope of Cocos Lagoon] locations.

S-atistical analyses

Holothuroid mortality was defined as a positi§e
difference in the abundance of a population between surveys
done before and after a typhoon. While small juveniles werse
occasionally observed, recruitment between pre- and post-
typhoon surveys was probébly minimal compared to the
magnitude of typhoon-induced mortality. Recruictment in
tropical holothuroids 1s usually slow (Doty 1¢77). Seasonal

large-scale migrations ¢f holot

¥

wroids are on.y reported Zor

»>-

temperace species (Musca: 1%8Z,. Moreover, immigration and
emigracion of most holothurcids to end from ths reei-flacs
at Pago and Tumon prozadly dces not occur as zne study aresas

are bounded by rockyvy nezdlands and dsep water not inhabited

by reef-flat species. Some holothuroids (e.g., Holothuria

nobilis) inhabiting pbsth the reef flat and rezi slope may

migrate Zrom shallow o cdeep water as they mature (sensu Da
Silva ez al. 1986, Bu_ceel er al. 1892, Conanz 1%923), but



small-scale foraging patches or preferred microhabitats
(Hammond 1982, Conand 1991). Hence, I assumed there was no

net movement in or out of the transects.

Hypothesis 1.-Changes in a species’ abundance through
time on the reef flats of windward (Pago) and leeward
(Tumon) sites were analyzed separately for central Pago,
eastern Pago and Tumon via two-way anovas without
replication or Friedman’'s method of randomized blocks (Soka
and Rohlf 1981) with cuadrats and dates as factors. Most

cryptic holothuroids {Afrocucumis africana, Bohadschia

marmorata, Euapta agodoffrovi, Holothuria (Thvmiosycia)

arenicola, H. (Sempercthuria) cinerascens, H. (Cystipus)

[§1]

rigida, H. (Platvperonsa) difficilis, H. (T.) nilla, H. (T.)

impatiens, Labidodemzs semperianum, 2Opheodesora arisea and

Szichorus horrzsns] in thess analvses were poc.ed because

they were rar

1]

1

I separately ccmpared species richness, S:impson’s
diversity, as well as zhe total density of holczhnuroids,
cetween windward and lesward reef flats via cne-way anovas,
using these measures znd coasts as factors ani sites as

replicates. I also rsgressed species richness, Simpson‘s

1]

~
~

diversity and total cZensity against reei-fliat width for e

ccast with simple linszr regressions.
Hvpothesis 2.-Islandwide differences in Zspth
disctributions of resi-s_ops speciss Letween windward and

leeward coasts were zxzmined with & Iwo-way anova with

1

-

<1
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replication, using coastlines and depth as fixed factors and
sites as replicates.

Hypothesis 3.-To check how microhabitat use affects

susceptibility to disturbance, I compared the mortality of

the exposed species Holothuria atra and Actinopvaa

echinites, the cryptic H. leucospilota, and combined

remaining cryptic species from the reef flat in central Pago
separately for 1975 to 1977 and 1989 to 1993 via two-way
anovas without repliceation using microhabitat and guadrats
as factors. To permit comparisons independent of population
means, the abundance of each species or species group in
egach quadrat was converted to a coeificient of variation

corrected for small sample size (Sckal and Renlf 1981):
ves(2) (1+ =)
X

where s and re the standarc devietion anc mean,

™

o

respectively, of the surveys Ior a species within & quadrat,

Lo

(1]

and n Is the number of surveys.
Befores using parametric tssts, counts and densities of
holothuroids were transformed when necessary. Then the dat=z

sets were checked with Bartlect’s tests to ernsure

were used. 2 pCSterior: CCMPariscns Of MEeans in rarametr:ic

1 3 8 s 1 3 - 1 P
analyses were made with Tuksy'’'s nonestly significant



difference tests (Sokal and Rohlf 1981). tatistical
procedures were performed on STATISTIX 4.0 package

(Analytical Software, St. Paul, Minnesota, US2).

=
‘0
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Hypothesis 1.

Typhoon effects on resf

RESULTS

flats

Density.-The density of all holothuroids combined was

severely reduced in central and eastern Pago during typhoons

pamela, Russ and Yuri (Fig. 3). No species was
significantly reduced during typhoons Omar, Brian, Hunt,
Elsie and Gay (Table 3). Holothuria leucospiiota, however,

was not significantly reduced in central Pago following

typhoon Russ,

4, Table 4).

central Pago £

nor during any typhoon in eastern Pago (Fig.

Similarly, Svnapta maculata was not reduced

ollowing typhoon Russ (Fig. 5, Table 4).

A 2 5 . . »
Bohadschia araus and Orcheodssoma crisea occurred 1n central

Pago from 1975 to 12977, but were not recorded from 19¢0 tc
1993.

In Tumon overall holothurcid density was relatively
unchanged from 1989 to 189> and was comparabls to overall
density in 1577 (Fig. 2} Sohadschia argus, nowever, was
much less abundant in 1989 o 19¢: than in 1277 (Fig. 5).
Conversely, E. atra, Stichoous chloronotus, Z. leucospilota
and Actinopyga echinites were much more abundant from 198¢
to 1993 than in 1977 (Figs. 4, S). The abundances of the
remaining species appeared stadble petween ths survey
periods Islardwide, zhe log densitv of holcznuroids was
positively asscciated with log resi-flat wid:inh on windwarc
{F=17.26, B=.4020, £ =..6334), buc aot on leswsrd coasts

to
o

-
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Table 3. Tukey’'s a posteriori comparison of means of the abundance of
holothuroids surveyed from 1989 to 1993. For each species at each site
letters differing among surveys denote significantly different

abundances. Survey numbering follocws Table 1.

Survey
Site Species 5 8 7 8 5 10 11
Eastern Pago
Holethuria atra a & b b - b =
H. leucospilota a a a a - a -
H. cinerascens a a a & - a -
Central Pago '
H. atra a & b b B b -
H. leucospilota ab a € akzc akcc = bc
H. pervicax a £ j s o = b
Actinopvga echinites a &p bec z folol - be
Svnapta maculatz a a b o b = b
Other cryptic scp. a ¥l g z ce - c
Tamen
H. &atra abc &D B¢ 2 z ~ abc
H. leucospileta a = bc £2 2B = fole}
A. ezhinites ab EL ab &z oo - c
Bohadschia argus a a a £ 2 - a
H. pervicax ab a ap = ab = b
Stiererus chlercrioTtiis &b ‘e 5 o < - a
S narce maculacts & Z & = 2 — ar




Table 4. Summary table of two-way anovas without replication and
Friedman’s tests on the abundance of holcthuroids surveyed from 1989 to
1563. Factors are surveys (East Pago=%5, Central Pago {H. atra]=4,

Central Pago [other species]=6, Tumon=5) and quadrats (Eastern Pago=1:

&S,

Central Pago [H. atral=3, Central Pago [other species]=14, Tumon=17).

Site Species % Change? Statistic P

Eastern Pago Holothuria atra - 96.5 E=52.63 .0000
H. leucospilota - §7.7 E= 2.26 .0765
‘Central Pago H. atra - 92.1 E= 8.38 .0145
. E. leucospilcota - 40.6 F=5.62 .0002
| E. pervicax -100.¢ =27 .78 .0000
Actinopvga echinites - 81.4 N-=19.14 .0018
Swnanta maculata - 92.3 £5=30.02 .0000
Ozher crwyptic spp. -100.C 5237 .92 .0000
Tumon E. atra + 7.0 E= 1.89 0823
- €4.53 T= Z.48 .0377
+123.¢ EE 5.70 .0047
+ 80.0 Bz Baid2 264¢
+150.C Ee= 3.07 1835
Stichopus chlecronotus + 37.5 Xr=1l.84 .0370
S¥napts maculata -100.° = 8L U3 k328
Czher crypzic sop +2.20.0 2= 565 4f s

*Trom 1982 (Tumon) or 1%:0 (eastern znd central Pagc) to 1993
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(E=0.48, P=.5028, r*=0.0461) (Fig. 6). Log density was
signficantly higher on leeward reef flats (F=6.46, P-.0186).

Species richness.-Differences in species richness also

occurred between windward and leeward reef flats islandwide.
Twenty-two species of holothuroids were recorded from the
reef-flat surveys in 1994. Seventeen species were found on
the windward reef flats, 7 (41%) of which were sightings of
single individuals and 9 (53%) of which were only found on
the widest reef flat at Achang. Conversely, 22 species were
recorded on leeward reef flats, conly 3 (14%) of which were
.single sightings. Log species richness was correlated with
1bg reef-IZlat width on béth coasts (windward: F=10.46,
P=.0090, z°=0.5112; lesward: EF=15.05, P=.0031, z°=0.6008),

and was lcocwer on windward than on leeward reef Zlats

{F=9.44, =z=.0055%) (Fig. 5).
Simcson’s diversitv.-Diversity was nigher in eascern
and central Pago than in Tumon (Fig. 7). Diversity

increased in eastearn Fago, Tut not in Tumon, afiter both

cyphoons =Zuss and Yuri. Because Eolothuria s1rz was

surveyed differently in 1680 and 1991, community diversity

Simpson’s diversity was correlated with log reesf-flat widtn

cn the windward {(F=8.S5i, P=.0116, z-=0.4872), but not the
eaward (T=0,8%, P=.3782, z=-0.0781} cozst, &nd was
significantly higher on the leewsrd coast {E=2.46, 2=,70E%S
Fig. 6)
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Hypothesis 2.

Typhoon effects on the forer

Log species richness was significantly

windward reef slope
leeward slope
depth was not a significant factor overall

2.90£1.79;

(n=9, 3.

deep: n=8,

89+1.05)

3.13x0.64),

the interaction

(Figure 8,

(n=9, X+l SD=2.11+1.05)

Table

(shallow:

cn the
5) . Though
n=10,

term

CoastxDepth in Table 4 indicates that species numbers were

significantly lower on windward reef slopes in shallow water

(windward:

in deep water

-

¥

coasts.

3:1520.95)

n=5, 1.40%0

(Figure 8).

(windward:

=~

.

5%

n=4,

leeward: n=5,

3.15+2.45;

4

leeward:

Species composition also varied betwesn

Actinopvga mauritiana occurred only

.40=1.14},

water and was the only helothuroid ccmmonly 2

windward resf slope. Holothuria atra occurrsl nearly alwavs
in shallow water, Thelenota ananas nearly &alwz.rs in deep
water, while H. edulis was found only on leewzri slopes I
was able to conduct nocturnal surveys at only Zive reetf-
slope sites (Bile, Calalan, Faifai, Faco and Tzgachang), bu-
nocturnal holothuroids appeared to be distrituzsd similarly
to exposed species. I saw the nocturnal £ticoccus horrens
and E. (Theelothuria) turriscelsa at shallow znd deep
_eaward sites (Faifai, Calalan), tut only on = Zssg windward

slope

(Fago,; .

but not

n=4,

ths and

le]

-~
~

shallow

z2nd on the




Number of species

Figure 8.

Windward
) 7] Leeward

MW\

7

Oto 15 >151
Depth (m)

N\\\\a

@)
w
o

Species richness of windward and lesward foreree:
slopes. Bars and vertical lines rspresent means
and single standard deviations, respectively;
Shallow: =5 on each coast, deep: =1 On each
coast.
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Table 5. Summary table of two-way anova of depth
distributions of forereef-slope holothuroids on windward ang

leeward coastlines.

Source of Degrees of Sum of
Variation freedom squares E P
Coast 1 11.250 12 . 778 .007
Depth 1 0.313 0.680 .441
CoastxDepth 1 11.250 24.550 .003
‘CoastxSite 8 7.050
CbastxDepthxSite 6 2.750
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Hypothesis 3. Effects of microhabitat

During typhoon Pamela, the exposed Holothuria atra in

central Pago did not suffer significantly greater mortality

(67.0%) than the cryptic H. leucospilota (26.2%) or combined

cryptic holothuroids (35.0%) (Table 6). The low number of
other exposed species during 1975 to 1977 precluded using
this group in the above analysis. From 1990 to 1993,

mortality to the exposed species Actinopyga echinites

(81.4%) in central Pago was intermediate between H.

leucospilota (40.6%) and combirned cryptic species (95.7%)

‘(Table 6).
Y

- -

- -



Table 6. Effect of microhabitat use on holothuroid mortality in central Pago. Coelticient of
variation was adjusted for small sample size. Tukey’s honestly signiflicant difference teost wags
used to compare means. F values represent the between-gspecics term from two-way anovas without

replication; within-species comparisons of quadrats are not =signiticant and not shown.

Survey period Percent Mecan coefficient Compar ison of Do ees ot

Species mortality of variation of means freecdom

I=
|~

1975 to 1977

Holothuria atra 67.0 0.7413% a [ 2 SR PR

)
H. leucospilota 26.2 0.9276 Q “
Other cryptic spp. 35.0 0.9490 a

1990 to 1993

Actinopyga echinites 81.4 1.4390 ab 4.06 L0315 711
H. leucospilota 40.6 0.9989 o
Other cryptic spp. 95.7 1.5281 b




DISCUSSION

Hvpothesis 1. Tvphoon effects on reef flats

Typhoons are an important source of mortality for
holothuroids inhabiting windward reef flats on Guam.
Typhoons caused massive reductions of holothuroid densities
at least three times at Pago in 20 yr. The generality of
this observation is supported by post-typhoon surveys of
other windward reef flats. Windward sites, including Pago,
had similar densities of hoclothuroids, when the effect of
reef-flat width is considered (Fig. 7), suggesting that

‘holothuroids con the entire windward coast were alsc reduced.

Shecies richness was similarly depressed by the typhoons on
windward reef flats. Excluding the widest reef flat (864 m)

contrast, Rows and Doty (1¢77) fcund 17 species on the
windward coaszt, excluding Achang, in 1978, pricr to Tvphoon
Pamelea.

In contrast to the great _osses of holcthuroids on
windward reef flats, opcpulaticns on the leswari reef flats

red relatively stacle over 20 vr cespite three

of Guam appe

8]

severe typhoons. ©On the reet

abundance from 1989 to 16¢3 was comparable o thact in 1877

{Birkeland 1¢78, Figc. 2 trnis sgzudv). Other regorts of hignh
densities further suprort Tne lcong-term stapilicy of
holothuroid eaoundancs at Tumon Zmery (196Z) =stimated tne



density of Holothuria atra to be 120/100 m in 1952. ©p.

Randall (unpublished data) recorded this species at xxx/100
m- in 1969. Birkeland (1978) recorded H. atra at nearly
200/100 m- in 1977. By comparison, this holothurcid
occurred at about 300/100 m- from 1989 to 19¢3 (Fig. S).
Much of the leeward coast also probably vrovides
protection to shallow-water holothuroids from typhoons. The
post-typhoon species richness, Simpson’s diversity and
density of holothuroids on leeward reef flats, including
Tumon, were significantly higher cn the leeward coast and,
‘for Simpson’s diversity and density, not correlated with
reef-flat width (Fig. 7). That is, narrow, more exposed
reef flats were as lixkely to be &s diverse and have high

densities cf holothuroids as wide reef flats.

Evoothesis 2. Tvrhcen effects on fcrerzzf slopes
Eclothurcids 1inhapiting shallow peorticns ¢ :tne

wave disturpance than thosse on windward reetf Zlzcts. Mos:z cf
“he energy irom breaking waves 1s sxpended con tne shallow

arnd Hardy 19¢3 Only three specizs, two ¢f wnich are
records of sinzle specimens, were ssen on tfhs windward siczs

at less than 1I m geep The remzining specliss, ACTIiNODVA:

> = a — Pl T ) - o~
mauritiana, 1S a specialist ¢if curzulent nhabitats  Birkelana
198%). In conzrast, D2sSC-TVDNOON Specles ricnansss on



leeward forereef slopes was uniform with depth and similar
to that on deep windward slopes (Fig. 8).

While the island probably shelters leeward reefs from
the waves of most westward-tracking typhoons, holothuroid
populations may occasionally experience significant storm-
associated mortality. Depending on a typhoon’s speed and
track, sufficient fetch and winds may exist to generate
large waves along Guam’s normally leeward western coast
(FWC/JTWC 1676, USNOCC/JTWC 199la). For example, Typhoon
Lynn in 1987 tracked to the north of Guam and krought waves
o0f 4 m to Guam’s wescern reefs (USNOCC/JTWC unpublished

dsta), possibly affeczing shallow-water holotnuroids.

I expected that nclothuroids living in crevices would
be more protected frcm twvphoon-generated waves, and thus
suffer less mortality, than unsneltered species. In this
study, however, micrchabitat use did not predic:i the degres
of relative mortality between cryrptic and exposad

holothurcids. The dominant cryptic species, Holothuria

< ]
3
n

ora was red.csl as mucs the comcirnsd remaining

n

[

ieucosni

crvptic species during tvphoon Pamesla, but rmuch less during
tvphoons Russ and Yur: ,Table 6). The mortzl.ty cf the

exposed species Actincovga echinites was intermediate

h

»

(]

tween morcali uceseiloza and comcined cryptic

-
HEE

cr

v €2

species pecies in this s:tudy live

=)
W
o
b
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)
]
'a
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mainly under unconsolidated coralline rubble on the outer

reef flat

Typhoons Pamela

during Russ and Yuri

(Kerr et al.

(A,

L9932} .

Kerr,

Rubble was moved about during

personal observation),

(Randall and Eldredge 1977),

as well as

and

therefore, probably provided little protection to cryptic

holothuroids.

One cryptic species,

increased slightly in central Pago after Typhoon Russ

4) .

Kobluk and Lysenko
‘abundances of loose rubble and cryptic molluscs following

severe typhoon.

Moran and
rapid
reef

habitart

holothuroids

R e
extIiICLx

(Se}

invertebrates

Thecs

-¥udl

{1983)

Holothuria leucospilota,

authors and others

591,

however,

(Fig.

This increase mayv be related to changes in habitat.

observed an increase in the

(=3

(Woodley 1981,

prcpose

s

is

that som

()

in post-typhoon abundances ¢I crypcic coral-
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become very rare. Bohadschia argus, Stichoous chloronotus

and Synapta maculata were common in Pago prior to an

extremely low tide in 1972 (Yamaguchi 1975). By 1975, only

B. araus was again abundant, but it was decimated by Typhoon
Pamela in 1976 (Fig. 5). This species was still very rare
in 1989, but S. maculata was again common. Both were
apparently eliminated from the reef flat after Typhoon Yuri
in 1991, though S. maculata is recovering (Fig. 5).

Stichopus chloronotus is still only rarely found.

Opheodesoma grisea was common in Pago in 1876 (Fig. 4), but

presently only occurs on, leeward rsefs (Kerr et al. 1993).

Holothuria nobilis wzs recorded on the windward coast at

Ipan in 1975, but ne: at Pago (Rows and Doty 1¢77). It
occurred at Pago in _%20 (Kerr et z1. 1993), but 1is
presently {(1994) no: recorcded Ifrom anv windward reef flac.
The freguency o severe twphcons affecting Guam
(USNOCC/JTWC 1991a) =suggests tnat szhallow-water populations
of most holeothuroids cn windward rssis are significantly
reduced or eradicatsd about once svery 10 »r. This time

period is close to ¢r exceeded by :-he estimatad lifespans c:

some shallow-water hzl_othuroids. Zclcothuria atra can live
from 10 to 15 yr (Ekbexrt 1678). Zctinoovga schinites and 2.
mauritiana may live cwver 20 vr (Ccrmand 198¢1. Thelenota
ananas and Stichopus chlorconotus zre z2stimazsd o live to 14
and 6 yr, respectively (Conznd 1¢:z:2 Conssguently, the

chance of an individ:zl of these sgeciss axpariencing a

(9%
x



severe typhoon is high. Typhoon-irnduced mortality,
therefore, appears toc be a dominant force structuring
holothuroid assemblages on Guam’s windward coast.
Populations of holothuroids are apparently affected By
multiple disturbances differently than are populations of
sessile organisms reported from the literaturs. A coral
population that has been cleared of vulnerable members by &
storm experiences less mortality during a second, more
severe storm (Woodley 1989 in Rogers et al. 1¢¢1, Witman
1992). This suggests that the degree of mortality to a
coral population is not gniy a function of thrhe severity of a

isturbance, but also depends on

O,

re time elépsed since ths

-
1
IS
»

last severe perturbaction (witman 28%2).

intensity of holothurcid mortality &t Pago acrzezred to be

Typhoon Yuri, despite nignh morta.il:ty from Tvghzon Russ one

vear previous (rigs. = and I).
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than 2 m (Moran et al. 1985, Birkeland 1990). 2Another

asteroid, Linckia laevigata, occurs naturally on Guam only

on leeward reef flats (Yamaguchi 1975). Yamaguchi (1975)
postulated that the reduction of a populatiocrn of L.

laevigata transplanted to the windward coast <f Guam was

primarily due to wave action.

V]

Storm-generated waves are important at & _ocal to

islandwide scale in structuring assemblages c¢f shallow-water

mobile invertebrates, and may also be influer:z:ial over

larger geographical areas. In the tropical rncrthern Pacific

Ocean, typhoons normallyv,é occur be:iween 77 ancd 25° latituds
Y

and are considerably less freguent east of 1:.° longitude
(Fig. ¢). 1If typhoon freg:uency regulates holzthuroid

diversity at & geographic scals, islands lvinz cutside the

region ¢of freguent storms should nave assemc.zzes of
shallocw-wacer nholothurcicds on wWiniwzard reeis =zt least as
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(S°N, 1637E) Similarly, cn Tarawz, Gilbert Z:zlands (1°N,
173 E), the large expcsed nolothurcid Hclokbnuroia nobilis

cccurs on both the shallew and Zssz windwars Icrereef slop
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an island. Therefore, assessing possible typhoon-caused,
basin-wide patterns of diversity will require surveys of
many islands.

Summarizing, tropical cyclonic storms in the western
Pacific are of sufficient intensity and frequency to prevent
holothuroids from maintaining stable populations on shallow
windward reefs and contribute to the turnover of some
species. Microhabitat use was not a robust indicator of
mortality intensity. Mortality tc holothuroid populations
appeared simply related to typhcen intensity and not to the
‘recent history of disturbance as proposed for corals. These
résponses to wave disturbance may &lso characterize shallow-
water populations cf other largs mobile invertebrates.
Finally, I speculate that geographical patterns of typhoon

frequency influence the relative apundances cf mobile

h

invertebrates on windward and leeward reefs of Pacific

—

1slands.
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Appendix 1.

individuals per 100 m? and one standard deviation.

Reef-flat holothuroids at Pago and ‘'Tumon.

Data from surveys 1 to 4

Data presented as mean density of

in Pago f{rom

Doty (1977); data from survey 4 in Tumon from Birkeland (1978). Survey dates follow 'lable 2.
Turvey
Rpecies
Site 1 3 5 1" of H ' 1o 11
Aspidochirotida, Holothuritdae
Actinopyga =chinites
Tumon (LN I TR ) 451, 5.1 S.10, H. 5.5%, fin9Y% 4.41 1. Hy i, &, % o1, 94,
Eastern Fago 0.3J8, 0.73 0.6, 0.0 noaov, 0o 00 0.u0, 0,09 0.1, n 4
Central Fago 0.75, 18 .90, 3.10 0.44, 0.713 0.44, 0. A9 10 24, 0.1 4. ] Yodo, 212 "o 1 ol 1 onw o 04
Act INOEPYgY nvut 1t 13na
Tumon 0.00, 0.00 1.27. 4.4n L2065, 10 44 1.1, 4.8% Do4h. hohu Qi HE, ) 9% 0.39, 1.6
Easteru #agn 0.%1, 0.8% 0..64, .25 ¥l L W SO L TR 0 00, 9.0y a1, 0 4
Central Fag> 0.25, 1.09 .00, 0.00 0.06, 0.75 ©.00, 000 0. 00, v.00 0.6, 0.7 nona, o on 0. ne v 0o uonG. 0.0 uo00, a.on
Rchadachia argus
Tumon ve, 3.9 0.49, 1.064 ool 1.79 ((ERR L VRS DR I | 0.9%, 1.9 W, 055 0 RR 1.
Eastern Fago § V.00, V.00 000, 0 0 G.00, 9 00 0.un . 0 e 00N, 400
Central Fago 0.50. 37 25, 1.00 )% W 14 0,13, 0,34 0.00. n.00 0.00. 0 09 000, 0 0o 0.00, 0 00 (U D AT T uonn, H_on
B. marmorata
Tumon 2.00, 0.00 0 ju, 0.40 0% Ded™ 9.00, 9.00 0.47. 0./R H.uy, L.00 110, 1140
Eastern Fay> 0.00, 0.00 .00, 0.0 0,00, .00 0.00, 0,00 .09, 0,00
Cent:al Pagoe 0.09, 9.09 15, 2.18 n.19. 0.%4 n.00, n.00 0.00 0.90 .00, 0 90 0,00, noon 0.00. 0.6GN (L (R U D00, 0,00
Holothuria areni=ala
Tumon Ho00, 9 on 0o, 0,00 aonag nonn noon. o oao (O TT T {17} nog 0 oa0 v, 0 40
Faatern Fage .00, 0 00 0., v h 0. 00, n on 0 9 0 00 000, 0. 0u
Central Fage 0.00, V.02 .99, 9.00 0.00, 0.00 9.00, v.00 0.00, 0.00 N.00. 0.09 v.e0, 0.0 0.09, 9.00 0 G, 0 00 n.00, 0. .00
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Appendix 1 (continued). Central Pagol=Holothuria atra sampled along entire tiransect ;

Central Pago2= H. atra sampled in three adjacent 5-m x 2-m guadrats laid lengthwise

from shore.

Wz ey
Spoirex

ite 1 & ¥ 4 '. . H [0 1 a1t
Aapidochiratida, Helothuriidae
Holathuria atra

Tumen 1% 03, 11980 L2094, 99,74 1100, 100 0% doooah, 98,44 1110 LhL RS e 47 10 f u 1 0 49 114, R

Eastern Pago “1.28, 41.4) S 40, 15,054 1a385 ¥, 19 100, 2 [ JRCTSY A T Y

Central Fagel 45.5%0, 60.77 6V.00, 76.04 11 RR, 1n.R1L 1%.00, 16 IR oaon, t..u 4 MR 7 iR VLM, LTS U1 L 5,

Central Pageel She Vb, KV )G T I R A N ot b 0wt N i "
i SiRREARERRA

Tumen ¢o00 0 o9 (L1 I A | [LBE0 LSO | wohh, o) LTI U T ) WO oo a0 oo )

Faatern 1w WM, 0 ul h( My, BH N roa,onoan | B A ' " n o) Lt

Centril Pagn n.ou, 0.00 0.0, 0.00 n,an, D Na o, woan WL 0.A 0ol 0o o0 Y HET nogh [T TR TN LN PP N (0
H o odifficalis

Tumon n 00.. Q.90 n.0u, . un 0.0, 1, Yoo, a0y 0n.nn. 0.nn 0. un, 0 04 0o, noNn

Eastern tago N,.00, 0 00 0.9, 0 to NN, O no 000, 090 (L L B B 111

Central Pigo 0.00, 0.00 0.00, 0.00 0.06, D.25 0,00, 0,00 noun, a an 0 0e, d.vo T by Y, UK TR ) an wong, 000 Oty 0Ny
H. hilla

Tumon 1.44, R.»S n.na, 0,00 N 19, ¢ 40 090, WL N1y, vnoan [UNEETTI | P U1 L DL R RS Y

Eastern tygo .oy, o, no Gomy, uoan Wouly, N, O, M, o, m) mon e, 0y

Central Page 7. 505 1.7 V.00 V.00 D06, 00 aole, 0Ny N4, noul 0o, 0N oM noan O T BT IR "o ", 4% Fann g
Holnthuria ampatiens

Tumons a0, 0 g 109 gk i moas. a Jan "o o woin ¢ an LU I TR [ ' “ noh

Fastern Fauo w09, noan (IR E S T L L LI VR (T oo, ooan Hoan, 0,00

Central Fagn 0.00, 0.00 0 un 0.90 0.00, n.00 0 00, 0 0o 0.3, 0,11 0.0, Nt 1ong, nonn 0 o9t 0 ng (U PR T B 0o, 000




Appendix

1 (continued).

Survey
Species
f1te 1 2 1 4 s L) ! " ' 19,11
Aspdocharot by, Hoelothue dadae
H. lml--unl\ll-u.l
Tumon 118, . 3% H.00, 4 0N 1.7 Y%, T o 11 4/, 10,0y 10 49 hey ., 0ot D_ 1. .69
Eastern Fago h.67. 6.01 L IR LS L S L 4285 5: M L.A2. 4.05
Central Fag~ 10.50, 15.03 13.25. 17.26 J.50, 4.02 1.9, 317 <024, Il PaUCE | N4 476 1 1 19,48 | B 1d 63, o, 1,02 14,98
H. pobalie
Tumon [EON T BT 0.00, 0 00 G 00, U.un TP IR UL U lu 0 o4n EI I nos0, D40
Eastemn Pago 0. 00, vono noun, noan [ I TUN I [H] 0O v n oo nona, n,00
Central Pago 0.00, 0.00 0.00, 0.00 0.n0, 0.00 0,90, v, 00 V.00, v.v0O 0,00, noa N, Ly 00U, U0 0woay, U 000, U.00
N pervicax
Tumon [0 B B T 039, 0 1 [P I R T A nond | IR B & 4 1. o ' ot 0.4 ML |
Eastern Fayn 0.00, v un O, o now e Do0u, 0 un 0.00, V.00
Central Tago 1.2%. 241 2.50. 6.1R O 19, D515 L S L G B LS & WO R ) [} 108 PR e R [N DRI T 1) 0.0t 000 WMl 1.4 Hoho, u.on
Holothuria rigida .
Tumon 0 30, 2 ng 0.00, o 90 Uoun g, uo1n v, 40 0 Oy 0 e U oA, ot O oug, 0.00
Eaztern lago 0.00, 0.n0 0.00, 0.00 0.00. 0 00 0.0 0 00 0900, 0 00
Centzal Fago 0.00, 0.00 0.9, ¢ 00 0.00. 0.09 0,00, n.00 0.00, v.00 000, 0.0u 0.0u. ".00 0.00, 9.00 wono, 6 oun .00, 0,00
Stichopedidae
Stichopus chicronotus
Tumen )51, V.06 Vbl B4t 0 M Dt Ly Y0 (U L BN (LIS R | fly, 4,03
Fastern Pay> 0.00, 0.09 (L PV IRETV) .o 0,00 0. 00, 0.Y0 0.un, 0.00
Central Pago V.00, 0.09 0.00, 0.90 0,00 H 00 1,00, u.01 0,00, 0,00 0,00, 0.nu 0 00, 0_cao 0.0, u.hn L{ o) £ RN N E) 0n.00,. V.00




Appendix 1

(continued) .

Survey
Species
Site 1 2 J L) ' U " : .11
Azpidochitat ida, “tachopodidae
£ horrena
Tumon L3N8 . ) n 0n.oan noun noan " nhn 9 oo oo n oo, u on " “ n o9 onn i o
Eastetn Fago V.00, 0.0Y G0, 0,00 0.00, 0 Qu 0.00, U.00 o 00, 000
Central Fago 0.00, 0.00 v.715. 2.19 0.00, 2.00 9 Vo, n_uon V.48, 1.02 o0, o oi U0, no0o 0.00, 0.0U o, B, 0n 0.0, vo00
Dendrochirotida. Fhyllophoridae
Alto~ucumis africana
Tumon "oy, nono o._0on, v.00 n o, 0 oan 0 00 0 oun o 00 0w oan "wone 0o v he) W 0o
Eastern Fago U.90, 0.0 nouh, 0w OH_ne, 0 _vo 0 0u, 0 0Ou W, nono
Central Fago 0.00, 0.00 0.n0, 0.00 0.00, 0.00 1,00, 0.00 0.00, 0.uvu L IS U | ) No0n, 0. 00 0.00, 1,00 wong, 0 tu 0w, nonn
Apcdida, Synaptidae
Euapta godnﬂrnxl
Tumon aoan, gy 0.9n, v 00 0,00, 0N 1o, 0,00 .00, boon n.9Y, b yu (RO TL LI T 11}
Eastern Fago 0.00, v.uo 000, 0,00 wonn, 000 0.00, u hu o, Ly
Central Fago 0.25. 1.00 1%, 5400 N.ng. 2un By, 000 090, 9.00 000, n.00 a.0u, 0,00 g.00, 9 ho T (= | e nouy, Yonn
Q‘haodefmma grisea
Tumon 1. 00, 0. 0u uv_0u D00 0, ug, o ng 9. 0u, 9, 00 v.0v a oo 0o, ous nooy, oo
East=in Faygo n.0o, J.uu "oun, u_no oo 0 0o 0.0%, 0 uo "ot oy
Centtal Fago 3.00. ».28 190, 4.26 n.13, 0.% VIR, 0,7, 0.00, 0.m0 n, oo, o9 _0g R T 0.0, 1 an "oAaG, 0 ou o, w00
Synapta maculata
Tumon n.30, 1,1% n.10, 0.40 grsh, .01 010, .40 0 oo, e . T s Do, ', 5%
Eastern Fago wote, .00 nonn. w0y Noun, oan 0. Uy, oo wonny, 9 0y
Central Fagn 0.00, 0.00 .00, 0.00 .90, 0.00 2,00, o ap LaO%: L34 9%, 1.nn noaw, 0 gn {1 1 noah LR 0.4 woly, .48

t
N



Appendix 2. Holothuroids on windward reef flats. P=

present outside transect.

Acnang Acho 2gfayan Asanite Fadian Tasgam Ipan Fago Tazainan Taag:n T>gcha Ylig

Actinoovga echinizes 19 1 £ i5 H Q P
A. mauritiana P ? 4 | 4 4 4 ? 1 4 P
Afrocusumis afrizana - 14
2onadschia arjus 2

8. xarrorata k]

Siapta zodaffrovi i

dolothuria atra 536 =11 e 1 3 = 54 57 F 45 es 126
H. cineras-ens i 1

4. difficailis <

4. edulis :

k] i L

3 _ircatiens 1

E. Leu~osclinta 33 S - : g z g 205 1 4 i2 AL 42

L. Eervizax .

_3ac1353:~a3 gancerta- .o

2% :hzgus snicraInen: -

“.1‘4\::: mas..a%a - F i

Fes{-flat width = 344 43) g o £2 4= 3 B << eSah LD 374 3%

SAT2 T RTVE L5maNE 54 B SR P T O e 2 el e d G2l Tt 19.88.%4
t3.30.58 S2a3438 TalTems 85T udd IR 1 38792 8

56



Appendix 3. Holothuroids on leeward reef flats. P= present

outside transect; AsanB= Asan Bay, AsanP= Asan Point.

Species Amantes Anigua Apaca AsanB  AsanP Bangi Fafa:r Piti Tanguisson Togcha Toguan  Tumon
Aztin pvga echinites 3 P 12 1 38 43 12 1 L3 5 [} 103
A. magritiana 1 : 5 H P - P 13 4
2. sbesa d

Afracucuris africana 14
Sohadschia argus = & =3 : 9
8. parnmorata z 1
Holothuria arenicola 1
H. azra E5 ¢ 2 i 80 =4 e 4 8355 4 12 5 3599
E. Zinerascens 4 13

M. daffacrl:s

E.ozdul:s e 1

flavsrasiiata

(NS
,m

Atrmirersa ¥

&, {illa < 3 :
E ifgactians 7 F s =
F. .eci85ilica H il : 3 a5 24
T R B )
“ar 3 = =
. Sapdali i <
garss ~AR 2 F =
FRLcAMN SR SiIT~NS , =
£ 2ateriniie.s - 2 - o i * o
Tonazca maT..a%a s 3 s - =
i¥e as =3tk e o < - 4 : 4 42 =F : B
= i ¢ < - $.7= wieot Ry iy 4 3 .2 X $.%3
CL U E) Al .. . T8 ] L
=~



Appendix 4.

slopes.

Holothuroids on windward and leeward forereef

X=present at site.

A. wWindward sites

Shallow Teep
Specires Tagachan Coces Pago Tangam Ipan Tagacnan 011 1 Pago Taogam
A:z1n2DYga mauri%iiana B4 X k4 kS
A. otesa A
Bohadschia argus X X 4 X
Holothuria atra X
——n c———
E. =a.iis
A. nocilis Ed X
Ftichopus chlorrn~tis X 4
Thejenota ananas x A X
Taze (d.mo.yrn) 3).28.93 $3.03.92 2€.56. 52 3 R 24.98.33 Y38 el 33.33 <3.08.3) 13.07.92
3% Leaward sives
Sha.l leap
fcecies Ajana sttt | Fafa. TERuan Talaian szanz Izcas aiay Zalalan
ATLASITYZA BAuTitiARa k4 k4 X X b4
A cresa X
«
v
He e.lis '
H#, nztilis k4 3 X
SlicRious cRidriaisde s B X
Thelensta ananas X X
—— ————
Zaze 'd.mo.ryr) 292 433 i.3%.23 23.95.32 SqETL R 28,30 R el i ER e | F454 52 L.GTJS

n



