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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 

~oral reefs of Guam, Mariana Islands. Specifically, I 

sought to corroborate the ~yp~thesis t~at typhoon-ge~erated 

waves, ~hich generally propagate west~ar~, create 

predictable local- and ~s:and-sca l e pa::erns ~n the 

communi:y cornpositition 0: ::lobile i:-,ver:ebra:es basej on 

reef exposure and microhabitat selectic~. 

Li~e-transect s~rve~'s of t~e abu~~ance5 of h2:::huroids 

~ere conducted at an east-:acing ( wind~a~d) reef f:at (Pago ) 

a~d a west-facing (lee~ar:i l reef flat ; Tumo~ ) thro~?h seven 

:yphoons fro~ 1989 :~ 1 992. 

:rom 19 7 5 to 1977 0:1 :he e::ects of ar, eigt~ t'j:phcc:--. at Pag~ 

~~am's ca. 20~ km of coas::ine ~ere s~rveye~ ~n 199~ after 

. . . 
2. S _ :S. =-_ ::-.. : l C-2 

:rends in species ric~ness. Si~pson's d~~ersi:y a~~ density. 

-=-~e forereef slope to 30 1 " ln depth \'Jas examined at ten 



sites around Guam from 1992 to 1993 to find possible depth-

related patterns in species richness due to typhoons. 

Typhoons caused massive mortalities of holothuroids on 

windward reef flats at least three times in 20 yr. The 

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

drastically reduced abundances of holothuroids at Pago. The 

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 

~oast. Though windward ~eef flats were devastated, 

abundances of holo:huroids to leeward at Tumon appeared 

stable throughout the survey perioj of 1989 to 1993. Total 

dens i cy, species rich:-.ess and S irnpsor.' s divers i ty was higher 

on leeward t~an on ~~~d~ard reef flats. Holo~huroids on the 

~ind~ard forereef s:ope appeared to be severely affec:ed, 

also. as spec~es ric~ness was less o~ shallow :han O~ deep 

windward ree~ slopes. Conversely, spec~es r~chness ~as 

higher on leeward forereef slopes and evenly distribu:ed 

'.';1 th dep:h. 

~icrohabitac use did not: predict the degree of relative 

d:::>rniEant cryptic spec~es Holothur~a leucosDi_oca was reducec 

. . 
corr"':::::-.~:1 c:;::-ypt~c spsc :' es 

_... .-. 
. ..... ::::- ----\ _ ..... _ 0 ~ ... .....4 

35.0%, respe:~ i veJ.y ) d'J.r:'ng ~'phoon Pamela, D'.lt ,,:as reduced 

relatively m~ch less (4C.6% versus 95.7%) during typhoons 



Russ and Yuri. Mortality to the exposed Actinooyga 

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 

unconsolidated 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 1975 as 

~easured by Simpson's diversity and species richness. 
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INTRODUCTION 

Wave disturbance from occasional intense storms is an 

important fac':.or s':ructuring shallo''"/-water marine 

communities and has been extensively studied in sessile 

organisms. The composition of sessile communities lS 

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 and rates of growth and recruitment (Paine and 

, Levin 1981, Abugov 1982). Patch characteristics in turn are 

~rimarily in~luenced by ~he frequency and intensity of 

storms and t~e ability of orga~is~s co resist, or persist 1n 

spite of, dislodgeDent (Sousa 1 984). For exa~ple, sessile, 

clonal :sxa =n hard subs:ra=a ~sy escape sig~i~~can: 

~ort lit~·, despite their ofcen l arge size, through 

encrust~~g cr mounding growch ~or~s (e.g., ~avi~j ccrals: 

Stoddarc ~962, ~oodiey e: al. :95: ; Uprigh:, arborescen: 

species of':.e~ rely en ~lexibi l ity ;e.g., ke l ;: :enny et a i . 

1985) or, if rigid, may persis: v ia vegetati v e l y propagating 

fragmen:s (e.g., ar~orescent AcrODora corals: Highsm~th e: 

a1. 1980, Do l lar 1982, Eogers ec a l . 1982). 

~ave bee~ st~jied ~uch less o~:e~, b~: are probab l y s~milar 

:':-. SO:::1e · .. :s·,·s :0 sess:.':"e ~ike sessi :!.. e 

organ1S:7'.s, very slo· .. :-mov:":·lg 1..ar:':-.e :axa depend ·..lpo:-" 

hydrodynamically s:able ~orpho':"ogies, small size, structura i 



rigidity, strength of attachment, as well as gregariousness 

for survival in exposed locations (Denny et al. 1985). 

Short generation times and rapid ~ecruitment after a storm 

also contribute to the quick recovery of some mobile and 

sessile species (Sousa 1979, Moran and Reaka-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, ~'lalsh 1983). Small epibenthic inve~tebrates 

survive strong surge by hiding in crevices ar.a depressions 

tKohn 1980), while in fauna burrow deeper into the Sediment 

(Dobbs and Vozarik 1983 ) . ~011o~ing the stor~, these 

animals retu~n to their fc~~er habitats o~ q~ickly spread to 

other depopulated areas. ~~us, as a conseque~ce of their 

rapid movement, mobile 8rga~ i s~s are affecte~ by and can 

~ecover frc~ disturbance i ~ di~fe~ent ways t~an sessi~e 

organisms. 

Models of COhl~~nlC~· res;c~se :0 disturta~ce would, 

therefore, benefit from tes~s of ~heir general~ty usi~g 

mobile marine animals. Ho~ever, :ong-term f:eld st~dies of 

the effects of extreme sto~~s on ~8bile orga~:sms are 

lacking. St~~ies of severe ~ave jisturbance :0 mobile 

marine animals to date docu~e~t e~fects at relative l y small 

spatial or te~pcral scales G ly~~ ec a1. 1 9E~, Beecher 1973, 

Saloman and Na~ghton 197 ~ , .. ' . ~ 80 .:" .. O~.:1 _ ~ . , 



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 

a1. 1987, Fenner 1991, Moran and Reaka-Kudla 1991, Aronson 

1992, Kobluk and Lysenko 1993, Aronson 1993). In 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. Specifica l ly, I tested the following 

hypotheses: 

(1) Holothuroids c~ wind~ard reef flats suffer areater 

mortality from storm-aenerated waves than holothuroids on 

leeward ree~ flats. Cyclonic 3tor~s travel in a westerly 

direction in the tropics, and as a result, wi~d~ard (east-

facing) reefs on islan::is ars ::-.:::;re strongly a£:sctsd by wa v es 

than those en leeward (wescern ) rests ( Gorea~ :959, Emery 

1962, Rober:s 1974, HU!J!Jar::i e: al. 1991 ) . ~r_\..:s, 

~olothuroids are Dred~c:sd := a ~ s = be mas: d i s:~r~ej on 

,,·;indward coasts. 

(2) ~a~e disturbancs rEs:rlC:S resf-sloDE snec~es to 

jeen water ac storm-frs~ue~:sd wi ~::iward 12cat~cns. Energ-.i 

from breaki~g waves 1S greaces: along the seaward reef 

~argin and :~ adjace~~ - -:::--e!:"E:er 

,Young 1989, Young and Ear::i~- :~93 i . ThereforE, ho:othurolds 



slopes, abundant on deep windward reef slopes, and abundant 

and uniformly distributed with depth on leeward reef slopes. 

(3) EXDosed soecies 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 1S 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 tha~ exposed species. 

Natural ~istorv of study oraanis~s 

Trcpical holoth~roids are primarily epibe~chic, deposit 

feeders fro~ the oreer Aspidochiro c ida ( in co~:rast to the 

dominance of de~droc~:ro t:d, suspension-feedir.~ h01o:huroids 

in tempe~ate \vaters ! ar.:i are a predc:-:-.inant e __ e:-:--.ent 0: coral 

reefs and adjacent s_~: bot:orns. Twenty species coocurring 

at a site are r,ot u:-.:::n-:-:r.on (Em·:e and Doty 19 7";", Ham..rnond et 

a1. 1985, Kerr et a1 . :992, Kerr et a1. 1993 , ~err 1994) 

Some species occur a: de~si:ies of o~er 1 kg / ~: ( Co~ar.d ar.d 

Chardy 2.985, La' .. ,ren::e 2.980 ) , C8~S\..lme up to 40% of t::'e daily 

and cons i derab:y rec~=e abu~dar.=es c~ certain :n~au~al 

8rganis~s i Re~a~d-M:r~a~: a~d ~e: ! ~o~ et 1977 , ~or i ar:v ec 

a !. 198: ) . 



Several aspects of a holothuroid's natural historJ 

~robably influence its response to disturbance. Tropical 

hulothuroids can live to five or more than IS 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 1990), and 

thus may recover more quickly from disturbance than 

'holothuroids that rely solely on annual broad=ast spawning 

~nd recruitment from distant sources. 

Many holochuroids are infaunal or crypt::, comlng out 

of crevices at night or excending only their a~terior ends 

to feed a~d can rap:d l y hide when dis:urbed. :ther spec:es, 

however, :ive permanent l y on open , exposed s~jstrata. 

Exposed aspidochirot:d holothuroids can weigt ~ kg (e.g., 

Thelenota s~p.: Cona~d :988, 1989 ) . Exposed apodid spec~es 

~eigh considerably :ess, but reac~ lengchs c~er (i. e. , 

Synapcidae: Bakus 1968, Cutress a~j Rowe 198E ) . Slow-

moving, u~sheltered, a~d often large ~olochur:ids seem 

especially v~lnerab:e :0 being dis:odged by l arge ~aves, 

particularly when :~~abiting sha::ow reef ~:a:~or~s. 



Study sites 

Surveys were performed on Guam (540 km:; 1 3~00"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 are sandy with scattered coral and, 

occasional seagrass beds. Reef flats narrower than 200 m, 

however, lack an inner reef zone. The entire areas of these 

narrow reefs and the ~uter reef flats of wide reefs are 

covered ~ith rubble, s~all coral colonies and algal-turf

covered pavement, and extends to the seaward reef-flat 

margln. ~he outer ree: flat is subaerially exposed during 

extreme l ow tides. ~he seaward edges of the =~:er reef 

flats are largely cc~ered by brown foliose and encrusting 

red coralline algae. 

The st'...ldied forereef slopes are gently::::· moderately 

inclined at :east tc 30 ~ dept~, t~e deepest area surveyed 

in this s~udy. Fro~ C to 4 m depth, reef slopes have a 

dense cover~ng of ~c~-gro~ing tra~:hing species. From 4 tc 

15 m depth, windward slopes have a sparse coverlng of 

6 
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Figure 1. Study sites and transect locations. Scalloped line indicates the s e~wurd 
reef-flat margin; arrow denotes nort~~ 
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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). 

'IVohoons 

Guam lies along a major cyclonic storm track in the 

north Pacific. Twice a year, from August to November and 
, 
~gain in April to May, a trough o~ low pressu~e extends 

eastward past Guam providing a favorable en~~ronment for the 

formation of tropical cyclones. Since 1945 G~am has 

recei ved an a verage of one typhoc~ (s~staine~ ~ind velocity 

>34 re f s or 75 mi / h) per year pass~ng within 2JO km of the 

island (the d~stance at wh~ch ga l e fo~ce ~i~~s usually 

affect Guam) (USNOCC ,' JT:-iC 1991a). Eight t1';::-.~ons occurred 

during the survey pe~iods of 197~ to 1977 and 1989 to 1994 

(Table 1, Fig. 2). Of these, Typhoons Pame2.a, Yuri and Rus:= 

had estimated naximuD wave heigh:s over 8 rn :~ windwa~d 

shores. Based on maxinum s~stai~ed ~ind speeds, these 

typhoons are rated as ~ he :hirj, ~~u~ t h and ~~fth mos: 

intense cyclones, respectiv e_y, :~ a~fect G~a~ this centu~-

(USNOCC / JTI'iC 2.991a). ~he :,:he~ :~-ph~ons in :he study peric~ 

produced less in:ense sur~, deso~:e 50meti~e5 high sustained 

8 



Table 1. 1'yphoons affecting Guam during the survey periods. Da t a [rolll L.'WC'/J'l'\!-,,( ' 

(1976) and USNOCC/J1WC (1990, 1991a- b, 1992). 

M.l :' 1 mum ~IJ~ { '1 n ... ::1 M" ·l" SP .l - 1 ~V.~ I MUtlrn\ IIU :. ' 11'1'" ..... 10111 Im l H' .l, IPu ltII ..t ,lV "" 11-"19111 ~r. J 

n.ll" ("1t.>9P'lt Will.! I ,H • 1 " ":"'~' 1\ 1 ' -' ~' :HI" ,I ,- I " ..•. t l . : II·'· 11 " '11 

N.lrnp (".m·l.yrl I~'l t .).,,,-'h I knd "'I r .. ,o-h (11'/,11 '1 '1" " " -II (lui· , " 11 : ' llIh "l'J ' l ' lln " l l ,' ,-, - 1 ' 111 1-0 " 1 

Pamela 21.05.76 0 62 930 49 ND NO 10 " NO 

Russ 20.12.90 93 62 922 42 '") 0 10 3 

Yuri 28.11.91 102 77 885 31 3 0 1') '3 

Omar 28.08.92 0 54 91j0 7.) ' I 
J 

' ) , 

0\ 

Brian 21.1() Q2 0 33 989 G 0 0 ) 2' J 

Elsie 02.11.92 102 46 951} 11 (J 0 J' 2' 

Hunt 18.11.92 37 33 976 7 0 0 3' 2' 

Gay 23.11.92 0 44 9'/1 24 2 '") 3' 2' .6 

~Winds greater than 16 m/s. 

bOgg and Koslow (1978). 

rA. M. Kerr (personal observation) . 



Saipan (J 

Tinian ~ 
o 

Figure ') ~phoons af:ecc:'ng C;".lC:-:-t during [!1e s:udy periods" 
Typhoons track from east to ",':est. Data :~Or.L ?"/:C / JTVJC ( 1976 ) 
and USNOCC/JTdC (1990, 199 1a, 2.992). 

:0 



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). Animals were less affected on western 

~eef flats with deeper moats. Betwee~ :977 ~ 1989, three 

:.;tphoons passed within 100 km of Guarr,. One 0: c.hese, 

':"}'phoon Roy in Janua~:; 1988 ... .;:.:~ maxi::-.u:r. susta:'!1ed winds of 

52 m/s passed 45 km north of Guam,br i r:ging :? ~ of gale 

force winds (USNOCC/.7TtiC 1. 9910. : , ~!ax:':r.'...:.:r. eS::::-.ated wave 

:-.eights du~ing Typhoon Roy ' .. :e:::-e abou': 4 w on ::-:'e eastern and 

'::estern coasts (United Staces :~aval C::ear.og~a:;::-:':c Command 

:enter / Joint T".fphoo:"' .. :~:a~n:":-.. ; :- :.r, - Cor 
.... _ ........ -- I u:-.publis:-.e:i :lata) . 

, . 



MATERIALS AND METHODS 

Surveys 

Reef-flat holothuroids were censused periodically and 

during the day at Pago and Tumon from December 1989 to 

December 1993 (Table 2). I counted the number of each 

species in contiguous 30-m x 2-m quadrats placed lengthwise 

along belt transects extending perpendicularly from shore to 

the seaward edge of the reef flat (Fig. I). To find cryptic 

species, I overturned rocks and examined crevices and stands 

of macroalgae . Because of its abundance, Holothuria 

. (Halodeima) atra was sanpled in lO-m x 2-m quadrats placed 

lkngthwise at 30-m inte~vals on the transect, then its 

abundance was estimated for the e~cire 60 m: q~adrat. This 

i..ethod 'tlas used in cent~al Pago fo~ H. atra (:~ansect C, 

Fig. ~) only from 1992 :J ~993 (surveys 7 to Table 2) 

From 1990 to 1993 (surveys 5 to 8, ~ l; Table -
...:. I I however, _ 

also enumerated in three adjace~t 5-~ < 2-m 

q~adrats placed length~~se on the shoreward c:~:~on of 

:.ransect c. 

Abundance data for ?ago fro~ :975 to 1977 ~ere taken 

~rom Doty (1977); data ~or 7u~on :n July 197~ ~ere taken 

:rJ~ Birkeland (1978) (:'able 2). 3riefly, Do::! recorded 

abund:m::es of each SPe:::eS ,,.:::hl.:-. 25 m: ' no'v"e:-:-';:;er 1975 ane 

February 1976} and 2.0 8 :-:-.: (July 1? 7 6 and Febn.:.ary 1977) 

::~=cu:ar plots surveyed wit~ a ;=aj~ated cape extending frJ~ 

a centra! permanent sta~e and p:a::ed at 15-m :ntervals O~ 

12 



Table 2. Survey dates for Pago and Tumon reef flats. NO= 

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

Surveys and 

typhoons 

1 

2 

Pamela 

3 

4 

5 

Russ 

6 

Yuri 

7 

Omar 

8 

Brian 

Elsie 

Hunt 

9 

Gay 

10 

... 1 

Eastern Pago 

21.05.76 

19.12.89, 21.12.89 

20.12.90 

30.04.91, 14.05.91 

27.11.91 

:3. 0 ~.9 2 

28.08.92 

07.09.9 2 

21.10.92 

02.11.92 

18.11.92 

23.11.92 

7.12.92, 29.::.92 

Central Pago Tumon 

10.11.75 

ND.02.76 

21.05.76 21.05.76 

ND. 07.76 

ND.02.7 7 NO. 07.77 

06.07.9C 27.12.89 

20.12.90 20.12.90 

01.05.91 29.05.91 

27.11.91 27.11.91 

16.04.92 02.04.9 2 

28.08.92 28.08.92 

04.09.92 09.09.9 2 

21.10.92 21.10.92 

02.11.92 02.11.92 

18.11.92 18.11.92 

21.11. 9: 22.11.92 

23.11.92 23.11.92 

26.10. 9 :: 30.!:':. .?:: 



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-~ 

quadrats laid lengthwise along a belt transecc (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, in addition to its winj~ard locatio~. 

may contribute to greater holothuroid mortali:y at Pago th~~ 

at Tumon. The reef flat at Pago is shallowe~ chan at Tumo~ 

and, therefore, a larger area of Pago is sub~erially expose~ 

for longer time periods during low tides . S~~aerial 

exposure during low t~des is an ~~portant so~~se of seaso~~~ 

mortality for ~eef-flat echinoderms (Hendle~ ~:77). :~ 

addition, wate~ is transported on and off ~te ~eef flat 

quickly at Pago because of a large. deep rive= channel 

bisecting the reef. In contrast, the rate 0: ~ater excha~;e 

at Tumon is lower, occurring primarily throug~ two small 

breaches ln the reef-flat ~argin (Marsh et ~:. 1981). 

Typhoon-generated waves and surge set up st=c~g currents __ 

storm-d~iven ' ...... ·acer flmvs of: a reer :lat. ::~':::=odynamic 

~ransport of holothuroids to inhospitable tac:tat :n deep 

14 



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 o~ 2-m wide belt transects at 11 

windward (Achang, Acho Point, Agfayan, Asanite, Fadian 

Point, Taogam Point, : pan, Tagachan, Tangon Rock, Togcha, 

Ylig) and 11 leeward (,;::".mantes Point, lmigua, .~.paca Poine, 

.Asan Bay, Asan Point, Sang i , Elvis lives, Faifal, piti, 

T?nguisson, Togcha Bea:-h, Toguan Bay) reef flats in FebruaD' 

to May 1994. Names of sites mentioned in this study were 

taken from U~ited Sta:es Geological Survey topographic Qaps. 

I also searched outside the :ranse:-~s fo~ less abundan: 

species so that a tota: of C.S to : h was spent at each reef 

f l at. 

varied with depth is:a~j~lde. I ~ecorded the presence 

absence of each of the eigh: most comraon, permanently 

exposed holothuroids ~ccu~r:~g on the :orereef slope 

[ActinoDvaa ~auritiana. A. 2~esa. 20hadschia arcus. 

:-:cloth1.lr:a (::a l odeima . atra. ;{. (:-:a l odei::-:1al ed'ol li s, H. 

( ~i:-ro:hele) nobilis. Stichoous chloro~otus, a~d Thelenota 

ananas~ dur:~g ca. O.~-h d i ~r~a l a~d noc:urna l surveys ~r:-~ 

May 1992 to August 1 0:; 
~.,' - -' I :~ shal l ow (0 to 15 ~ depth) and 

1 5 



deep (15 to 30 m) water at five windward (lates 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 positive 

difference in the abundance of a population between surveys 

done before and afte~ a typhoon. While small j uveniles were 

. occasionally observed, recruitment between pre- and post-

typhoon surveys was p!:'"8bably minimal compared to the 

magnitude of typhoon-~nduced Do!:'"tality. Recruicment in 

tropical holothuroids is usual ly slow (Doty 1~ 7 7) . Seasona l 

large-scale migratio~s of to l othuroids are on:¥ reported ~o~ 

tempe~ace species (
v . . ___ ~ 
....... -:::::: -::::.- Mcreove~, i ::-.r:ugrat ion an::: 

emigra~io~ of most ho lo thu~cid3 to and froD t~e reef-f l at5 

at Pago and Turnon pro tably does ~Ot occur as study areas 

are bou~ded by rocky ~eadlands and deep ~ate~ ~ot inhabi:ed 

by reef-flat species. Some holothuroids (e.g., Holothur'a 

nobilis i i~habiting b~th the reef flat a~d "'-c.=.-J.. __ _ slope may 

migrate ~rom shallow :0 deep water as they mac~re (sensu Da 

Silva e: a1. 1 986, 2~ ::ee l et a l . :992, Cona~::i i 993 ) , bu: 

:arge-scale increases of such species en the ~eef s l ope 

after a ty;hoon we~e ~:: cbse~~ed. ~osc crop::a l 

holothuroids appear ~estri:ced as adults co ac:ivity within 

15 



small-scale foraging patches or preferred microhabitats 

(Hammond 1982, Conand 1991). Hence, r 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 (Sokal 

and Rohlf 1981) with quadrats and dates as factors. Most 

cryptic holothuroids [.".frocucumis africana, Bohadschia 

~armorata, Euaota aodoffrovi, Holothuria ( Thv~iosycia) 

arenicola, H. (Semoerothuria) cinerascens, n. (Cvstipus) 

riaida, H. (Platvoero:--.a) difficilis, H. (T.) :-tilla, H. ( '=". ) 

imoatiens, Labidoderras serr.oerianum, 0oheodesor:-.a arisea ane. 

S:ichocus horrens] .- :hese analyses were poo i ed because 

they were rare. 

r separacely cC~9ared species r~chness, S~~pson's 

diversity, as ~ell as :he ~ocal dens~ty of ho: o :huroids, 

between windward and :eeward reef f l ats via c~e-way anovas, 

using these measures a~d coasts as factors and sites as 

replicates. ~ also re~ressed species rlchness, Simpson's 

diversity and total de~sity against ree~-flac ~idth for eac:-t 

coast with simple l~:--.ear regress:"ons. 

Hvoothesis 2.-:s l a~dwide di~ferences In depth 

discributions of ree:-s_ope spec~es te:ween ~:~jward and 

leeward coasts were exaxined with a :wo-way anov a with 



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 ActinoDvaa 

echinites, the cryptic H. leucosDilota, 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 replication using microhabitat and quadrats 

as factors. To permit comparisons independent of population 

,means, the abundance of each species or species group in 

8'?lch quadrat was converted to a coefficient of variation 

corrected :or small sample size (Sokal and Rohlf 1981): 

where sand ~ are t~e standard deviation and mean, 

respectlvely, of the surveys :or a species ~l:hin a quadrat. 

and n is e~e nurr~er of su~veys. 

Before using parametric tests, counts a~d densities of 

holothuroids ,'Jere transformed ':J1':e:1 necessar./. Then the dat.s. 

sets were =hecked with Bartlere's tests to e~sure 

homoscedasticity, Ra:1kit plots to confirm normality and, 

when approp~late, T~~ey's tes:s :o~ nonaddit:vity (Sokal an= 

Rohlf 1 98 1 ) ; otherw:se, ana l ogous ~o:1paramet~ic procedures 

\~lere used. ~ Dcste--~ 0:-': cc.:-npa:-is::::.s of rnear!s in b=ararr.et::.-:"-: 

ana_yses we~e made ~i:~ ~u~ey's ~onestly significa~t 

:8 



difference tests (Sokal and Rohlf 1981). Statistical 

procedures were performed on STATISTIX 4.0 package 

(Analytical Software, St. Paul, Minnesota, USA) . 
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RESULTS 

Hypothesis 1. Typh00n eff~cts on ree: 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). Eolothuria leucosoilota, however, 

was not significantly reduced in central Pago following 

typhoon Russ, nor during any typhoon in eastern Pago (Fig. 

4, Table 4). Similarly, Svnapta r.taculata was not reduced :.n 

'central Pago following typhoon Russ (Fig. 5, Table 4). 

B\ohadschia arous and ODheodesoma crisea occurred in centra l 

Pago from 1975 to 1977, but were n0t recorded from 1990 tc 

1993. 

In Tumo~ overall tolot~uroid density was ~elatively 

unchanged fro:., 1989 to :993 and \-;as comparabl e to overall 

density in 1; ~7 (Fig. ~ ) . 30had5c~ia araus, ~owever, was 

much less abu~dant in :989 :0 1993 than in ~~~7 (Fig. 5 ) . 

Conversely, E. atra, s: :'ch0':)us c:-.::)ronotus, ::. l eucosoilo1:=. 

and Actinoovaa echinites were muc~ more abundant from 1989 

to 1993 than in 1977 (figs. 4, 5 ) . The abund5~ces of the 

remaining species appe=.red stable between the survey 

periods. Is:a~dwide, :~e ! :)g je~5:':y of hol::huroids was 

positively associated ~ith :0g ree:-flat wid:~ on windward 

(F=17.26, ?=.:C20, ~:=: .632: : , b~: ~ot on l ee~=.~d coasts 

20 
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Table 3. Tukey's ~ posteriori comparison of means of the abundance of 

holothuroids surveyed from 1989 to 1993. For each specles at each site, 

letters differing among surveys denote significantly different 

abundances. Survey numbering follo~s Table 1. 

Survey 

Site Species 5 6 7 8 10 11 

Eastern Pago 

Holothuria ~ a a b b b 

n· leucosoilota a a a a a 

H. cinerascens a a a a a 

C~ntral Pago 

H. at:::-a a 0. b b b 

1:i. leucosoilota ab a c ac= ace bc 

H. oervicax a j:; b - b b 

.!..ct i!"' .. :HY,/ca e::hi:-.:tes a ab bc :: oe bc 

Svnaota maculata a a b i:- b b 

Other c!."'~' pt: ic s:;::p. a a :: C :Cc c 

:-·...:.:i1Cn 

Ji. ~ abc 6.C ~ ~ - abc - ~ -' -

1i le'..lc()soilo:a a l:-:: c:: ab be 

.;; . ecr:'lni tes ab - ab c..,:: .:J:: e 

Bohadsehia ~ a ~ a - - a 

:-I. cer".r icc.x ab - ab - ::.':: b 

S':lC~.<:':'us c:-!lO!:":::-.2~ 1..!S a.D - .., - ~ a 

S .... ·na~~c.. I':1acula':c. a 0- C\ ~ ai: - -
') ~ ~e:- :- :··.I'o: i c 2;- ;- _. : o· - "" a 



Table 4. Summary table of t'No-way anovas without replication and 

Friedman's tests on the abundance of holothuroids surveyed from 1989 to 

1993. Factors are surveys (East Pago=5, Central Pago [li. ~1=4, 

central Pago [other speciesJ=6, Tumon=5) and quadrats (Eastern Pago=l}, 

Central Pago [li. ~1=3, Central Pago (other speciesl=14, Tumon=17). 

Site Species % Changea Statistic .E 

Eastern Pago Holothuria atra - 96.5 F=52.63 .0000 

.!:i. leucosoi l ota - 57.7 .E= 2.26 .0765 

Central ?ago ii· atra 92.1 .E = 8.38 .0145 

E. leucosoi lo'ta - 40.6 F = 5.62 .0002 

,. oervica;.: -100.0 :-:"=27 . / 8 .0000 

;'.ct inoovaa echinites - 81. 4 1.:=19.14 .0018 

~ ·.·na':)ta r..ac'Jlata - 92.3 ~:=30.() 2 .0000 

O:her c=-:"p~ :'c spp. -100. 0 ~: =37. ~2 .0000 

T-':"'-:lon t..: atra + 7 0 - = 1 99 or,...."" 0" ' --' 

leucosci::'ota Sci =- ~ 

~9 0377 'T" -' -=- = ~ · -
~ echinites +123 c = - [I 0047 r. . -' · -
30hadschia araus ... 80 0 - 5 :2 .29~~ -

pep:lca;.: +150. C ' -- 3 "'- lC;:~ :;) '.,) I -
St ichoous chlcro:1ot1J.s + 37 c;: ~~ =1 1 24 0370 ...J · 
S'::1aota :-:-.a:::'..:lata ... 100 - .., 

~ 1=2 ~ ~ - -' - -' -
C:~er r.,....... · -.-~r . • J .~ r" , - - - .4:~-S spp ~ . -

--::~- .... - -_-v V ., - '-' -' 

2 ~ 
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(F=0.48, E=·5028, £2=0.0461) (Fig. 6). Log density was 

signficantly higher on leeward reef flats (F=6.46, E=.0186) 

Species richness.-Differences in species richness also 

.. '~.r.."" 

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, only 3 ( 14%) of which were 

.single sightings. Log spec~es richness was correlated with 

lbg reef-~lat width on both coases (wind~ard: E=10.46, 

£.=.0090, :-~=0.5112; leeward: F=15.05, P=.0031, ..;::=0.6008), 

and was lower on wind~ard chan on leeward ree~ flats 

: F=9.44, ::=.0056) (Fig. 6). 

Simcson's diversitv.-~iversity was ~igher in easter~ 

and central Fago than in Tu~o~ (F~g. 7). Z)iversity 

:ncreased in eastern ?ago, Gut ~ot :n T~~8r., ~~ter both 

typhoons ?uss and Yur i . Beca 1J.se Eoloth1..l:-ia ~::-a l,vas 

surveyed jif~erently ~ n 1 99 0 and :'991, c8mmu~:ty diversity 

:~ centra: Page was r.c t ~easured during :hose years. 

Simpson's diversity ' . .;as cor:-elaeed wieh ~og reef-flat · .. :idt:-. 

cn the wi:-.dv:ard 1"-' a =. ::> .~ 1 1 r ,..-.: - "\ ,''''' - 2 ) -- . , - ~ -\.£..=_ . _..!.., .!;....=. U _0, ..:- _ I ...... ,,::C I I JJ ' .. '- .L.&.OL. 

. d . - n p - p ~ - " '"' .".. . "C - ;:;' ) ~,..., - s ~ - n"':; . la s _ee" .. var- ~=l.. • _::, ..:..,.= • .; . jL, ~- =- v . I '>J_ -v:::' '-, c. ~ If'. 

. Fig. 6). 
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Hypothesis 2. Typhoon effects on the for~~~ef slope 

Log species richness was significantly less on the 

windward reef slope (n=9, ~±l SD=2.11+1.0S) than on the 

leeward slope (n=9, 3.89±1.0S) (Figure 8, Tab l e 5). Though 

depth was not a significant factor overall (shallow: n=lO, 

2.90±1.79; deep: n=8, 3.13±O.64), ehe interac:ion term 

CoastxDepth in Table 4 indicates that species :-.umbers were 

significantly lower on windward reef slopes in shallow water 

(windward: n=S, 1.40±0.SS; leeward: n=S, 4.40=1.14), bue noe 

in deep water (windward: n=4, 3.1S±2.4S; lee~arj: n=4, 

·3.1S±O.9S) (Figure 8). 

Species composieion also varied between jepths and 

coasts. ActinODVQ3 maur;::ana occurred o~ly :..~ shallow 

':later and was the only holothuroid corrur.only ::·...::-,d on the 

·dindward reef slope. H:> 1 othuria ac ra cccurrej =-_ear ly ahlays 

in shallow \·:ater, Thele::ota ananas nearly al· .. :a~-s :n deep 

~ater, while H. edulis ~as found o~ly on lee~arj slopes. ! 

-... 'as able to conduct nocturnal surveys a t or.l~· :::.. -Ie reef-

slope sites (Eile, Calalan, Faifai, Fago and ~a;achang), bu: 

nocturnal holo:huroids appeared to be distrit~:ed similarly 

to exposed species. I saw the nocturnal Sti=~:=us horrens 

and H. (Theelothuria) curriscelsa at shallow a~~ aeep 

:"ee'.vard sites (Faifs:, Calalan ) , tuc - -
~ .. il n ::.· .. :a r:: 

s 2.ope ( Pago ; . 
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Table 5. Surrmary table of two-way anova of depth 

distributions of forereef-slope holothuroids on windward and 

leeward coastlines. 

Source of 

variation 

Coast 

Depth 

CoastxDepth 

'CoastxSite 

Degrees of 

freedom 

1 

1 

1 

8 

cbastxDepthxSite 6 

Sum of 

squares 

11.250 

0.313 

11.250 

7.050 

2.750 

31 

F 

12.770 .007 

0.680 .441 

24.550 .003 



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. leucosoilota (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 Actinopyaa echinites 

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

leucospilota (40.6%) and cornbi~ej cryptic species (95.7%) 

'(Table 6). 



Table 6. Effect of microhabitat use all ltuLothuroicl 1ll0rLuJily jll n'lltl,d l'dUU. ('u('Ll l t 'ic'nL ul 

variatioll WllS adjusted for small s<1l11ple ::;i::c. 'l'Uk0Y':-; IinIl~~;L ly ~;iql\i[i('tlIIL c.llt I( ' fell( ' " I c: ; L Wc')[j 

used to compare means . .E values represent the betw('el1 - ::;p(>cj (~ [; 10nn trolll t'NO - vl')), ,'lII0'/ .! :; wjt~ hollt 

rf?pl icat ion; within- species compar i sons of quadrat: s are nu t ::; i911 i l i c ant' 01111 !l(d :,;IIOvlll , 

Survey period Perc'ent MO.:l1I COlO' t I i ( , i ,> II t CUIIII"11 i ~: C "l ()[ lJ· ''1 I p P ~ ~ () l 

Species mortality of variati o n o t IIleclll S F r f l ' F:pclom 

1975 t.o 1977 

HoLothuria atra 6 '/ . 0 O.7tlJ \ , I 1,1 H , ::~i',() '" 1 () 
(') 

l!.. leucospilota 26.2 0.92'/6 l1 
('1 

Other cryptic spp. 35.0 0.9490 ,I 
1990 to 1993 

Actino~ echinites 81.4 1.4390 FIb 4.06 • (J 1 J lj '1 , 11 

H. leucosQilotu. 40.6 0.~~89 d 

Other cryptic spp. 95.7 1.':)281 \) 



DISCUSSION 

HVDothesis 1. TYphoon 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 holothuroids, when the effect of 

reef-flat width is considered (Fig. 7), suggesting that 

·holothuroids en the entlre windward coast were also reduced. 

Species richness was similarly de~ressed by the typhoons on 

windward reef flats. Excluding the widest reef f_at (864 m) 

at Achang, only nine spec~es, three as single sightings, 

contrast, RO~e and Doty (1977 ) fe~nd 17 species on :he 

',·;:"nd'.·lard coas::., excluding ~.::ha:-_g, ,- 197::, pr::.or to -=-'1'phoo:1 

Pamela. 

In contrast to t~e great :osses of holcth~roids on 

windward reef flats, populatic~s on :he lee~ari reef flats 

of Guam appeared relatlvely scat:e over 20 yr despite three 

severe typhoo::.s. On the reef flat a: Tumon, o~erall 

abundance frc~ :989 to 19~3 was ::o~p~rable :0 that ::':1 
, c--,L I . 

(Birkeland 1978, Fig. 3 this s:~~y). Other reports of high 

" ., ... . . .. . " -
~enSltles [ur:ner sup~ort :~e _o~;-:er~ stacl_::.ty c: 

holothuroid a~undance at T~~o~: ;::-;-,ery (:962) -:scimated :ne 



density of Holothuria atra to be 120/100 m" l~ 1952. R. 

Randall (unpublished data) recorded this speCies at xxx/100 

m= in 1969. Birkeland (1978) recorded H. atra at ~early 

200/100 m~ in 1977. By comparison, this holothuroid 

occurred at about 300/100 m: from 1989 to 1993 (fig. 5) 

Much of the leeward coast also probably provides 

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 o~ the leeward coast and, 

'for Simpson's diversity and density, not cor~e1ated with 

rkef-flat width (Fig. ~). That is, narro~, ~ore exposed 

reef f_ats ~ere as li~ely to be as diverse anj have high 

densities of holothuroids as wide reef flats. 

E\TDothesls 2. '::vchcc:'"'_ effects on fcre~ee: sloDes 

Holothu~c~ds inhabiting sha::c~ portions 0: ~he 

. . -
-::1 r:.:t.i.oJo ~G. S I o;:.€: appee.~ 

- - ~ , 
eve~ ~o~e ar:ectea cy 

wave disturbance than :~ose on " . 
' .. ::.:: ::;" .. 10 r:J. !:"eer Mas: 

~he e:1er;r./ rrO:-:1 breakir.g -,·:a-;es is expended 0:'"'_ c::-.e shallo'_·; 

reef slope anj seaward reef-f l at ~argin tYou::g :?89, Young 

ar.d Hardy 2.993 i . Only three spec:es, two or ~n:cn are 

~ecords of si::g1e spec:.nens, ~e~e seen on ~he ~:.nj~ard s l c;e 

at less than :: ~ aeep. 

~a~rit~ana, ~s a s~ec:a l ist of :~~~~len: hab::a:s Eir~ela::j 

1989) . In co:'"',:.rast, p.:)st-typhoo;. species riC:1ness 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 fet~h and winds may exist to generate 

large waves along Guam's normally leeward western coast 

(FWC/JT'NC 1976, USNOCC / JTI'iC 1991a). For example, Typhoon 

Lynn in 1987 tracked co the north of Guam and brought waves 

.of 4 m to Guam's western reefs (USNOCC/J1WC unpublished 

d~ta), possibly affec::~g shallow-water holotr.~roids. 

HVDothesis ~. Effescs of microhabitat 

I expested that ~o l othuroids liv ing in crevices would 

be more protected fr~~ typhoon-generated waves. and th~s 

suffer less ~ortality. c~an unsheltered species. In this 

study, ho~ever, micr=~abicat use did not pred:c: the degree 

of rela t i Ole rr.ortal i ty be:'.·leen crypt ic and exp::-sed 

holothuroids . The dO:-:-.l.nant crypc:.c species, :-:olothuria 

l e '.!cos:Jilota · .. las red -..:. ::ec. 5.S r..uch as the combi~.ed remaining 

cryptic spe~ies duri::~ c::.'phoon Pamela, but r.,uc:-. less during 

typhoons Russ and Yur: . :-able 6). '?he morta:: :'v' of the 

exposed spe~ies Acti::==v~a echi~ices was inter~ediate 

Oet\'leen rr.:;rta l i ty t:; ~. :eucosD:"le>:a and co!.'l!: ::-.ed cryPt:"~ 

species (Tab:e 5) C:-.;·ptic species in this s:'.:dy live 
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mainly under unconsolidated coralline rubble on the outer 

reef flat (Kerr et al. 1993). Rubble was moved about during 

Typhoons Pamela (Randall and Eldredge 1977), as Vlell as 

during Russ and Yuri (A. Kerr, personal observation), and 

therefore, probably provided little protection to cryptic 

holothuroids. 

One cryptic species, Holothuria leucosoilota, however, 

increased slightly in central Pago after Typhoon Russ (Fig. 

4). This increase may be related to changes in habitat. 

Kobluk and Lysenko (1993) observed an increase in the 

'abundances of ':"oose r~bble and CD'ptic molluscs following a 

s'evere typhoon. These authors and others (Woodley 1981, 

Moran and Reaka-Kud~~ :?91, Aro~s~n 1993) propose that some 

rapid increases in pos:-typhoon a~undances 0: cr}'pcic coral-

reef invertebrates are attr:jutat:e to areal increases In 

habitat area and subse~~ent lncre~sed recruit~ent of 

invertebrates. Eut:::le '..!nde::::- ·,vhic:-. E. 1 eucosoi 1 ::lta hides f.",a::· 

have increase:i :..n ce:-.:ra':" ::ago af:er Typhoon 2uss. Ho·tleve::::-, 

a ccncoIT.itant increase in ::-::e aD1..,;:-.c:.a~ce of ether cr.lPtic 

holothuroids was not observed (F~g. 4 ) . 

Ot~e::::- effec~s 0: ~vchoons 

~uam's s~al_cw wind~a::::-~ ree:s is :~rnover, t~e recurren t 

several tolothuroids ~ave ::::-epeate~:y g::lne lecal l y extinct cr 
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become very rare. Bohadschia araus, stichoous chloronotus 

and Synaota maculata Here common in Pago prior- to an 

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

B. araus was again abundant, but: it: vias decimated by 'I"yphoon 

Pamela in 1976 (Fig. 5). This species was still very rare 

in 1989, but §... maculata was again common. Both were 

apparently eliminated from the ree: flat afte~ Typhoon Yuri 

in 1991, though §... maculata is recovering (Fig. 5) 

Stichopus chloronotus is still only rarely found. 

Ooheodesoma arisea was common :'n Pago in 1976 (Fig. 4), but 

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

Aolothuria nobilis ~as recorded on the wind~a~d coast at 

Ipan in 1975, but no: at Pago (Ro'l;e and Doty 1977). It 

occurred at Pago in :?90 ( Ke~~ et al. 1993), but is 

presently (1994) no: ~ecorded f~o~ any winj~ar-d reef flat. 

the freque~cy c~ sever-e t:yphc:~s affec~:'~g Guam 

(USNOCC/JT>JC 1991a) s'..;ggests t:-:at :::ns.2.low-·,':3.:er popUlations 

of most holothuroids : n windward ~sefs are s:'gn:'ficantly 

reduced or eradics.ts~ about once s~s~r 10 yr, This time 

period is close to cr exceeded by :he esti~s.:ed lifespans c~ 

some shallo-.v-water :-.= :'othuroids . :-:olothur:'a at: ra can li..,-e 

from 10 to 15 yr (E!:srt 1978). '::'.c:inoovaa ec::inites and ;. .. 

~auritiana may live :~er 20 yr- ( C:~a~j 1989 1 , 7helenota 

ananas and S:ichoo~s =~lo~cn~t u s a~e esti~a:ej :0 :ive tc _. 

and 6 yr, rsspec':.:' "'s:'::' (Cor.a:1d :;. 9 ~: \ , Conse~'.le~t:'y, the 

chance of an individ~a l o~ chese s;ec:'es expe~:enclng a 
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sev~re typhoon is high. Typhoon-induced mortality, 

therefore, appears to be a dominant force structuring 

holothuroid assemblages on Guam's 'IJindward coast. 

Populations of holothuroids are apparently affected by 

multiple disturbances differently than are populations of 

sessile organisms reported from the literature. A coral 

popUlation that has been cleared of vulnerable members by a 

storm experiences less mortality during a second, more 

severe storm (Woodley 1989 in Rogers et al. 1991, Witman 

1992) . This suggests that the degree of mortality to a 

• coral population is not only a ~~nction of ~te severity of a 
~ 

disturbance, but also depends o~ cte time elapsed since the 

last severe perturbat:'on (~';itman :992). In c8~~rast, the 

intensity of holothurold mortality at Pago a~;eared to be 

primar:ly assoclated ~i th typhoo~ :'ntensity. ;opu':"ations --

the t~~ee most abundant holothuro:'ds ~cti~oc;"~~ echinites, 

~olotr. l..:.~:'a a:~a and :-:" 1 eucosDi2.c:s. ";lel"e de":as:s.ted during 

T'}:phoo:1 Yu~i I despi~e ~igh ::-.orta-,-: ::l from ~";:::--.:8n Russ one 

year previous i rigs" ..;, and - , 
:: i . 

~';ater turbulence has been :':-:-.;::":cated l~ ::-.e control c: 

the depth dis:~ibut:' o~s of o~her ':"a~ge mobi':"e ~arine 

invertebrates" The :e~pe~a:e eC~::1=ids St~=~~:locentrotu5 

~a~e action =~ exposed 

c oasts pre~en :s the ==~al-ea:ing as:e~oid ~ca~:haster c l a~=: 

from feeding on forereef slopes ~_ depths ge~e~ally less 
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than 2 m (Moran et al. 1985, Birkeland 1990). Another 

asteroid, Linckia laevigata, occurs naturally on Guam only 

on leeward reef flats (Yamaguchi 1975). Yamaguchi (1975) 

postulated that the reduction of a populatio~ ~f L. 

laevigata transplanted to the windward coast ~f Guam was 

primarily due to wave action. 

Storm-generated waves are irr.portant at a local to 

islandwide scale in structuring assemblages cf shallow-water 

mobile invertebrates, and may also be influe~:ia1 over 

larger geographical areas. In the tropical ~~~thern Pacific 

Ocean, typhoons normally. occur be:ween 7Q and 25~ latitude 
~ 

a'nd are considerably _ess freque:-.: east of 12: : longitude 

(Fig. 9). If typhoon ~req~ency ~egulates hol~:huroid 

diversity at a geograp~ic scale, ~s~ands lYl~~ outside the 

reglon of frequent st o ~ms 5hot.:':"d :-:a ~: e asser:Li:':":::.;;es of 

.. . 
on ~l~~~~~a ree:s :=.: ':"east as 

dense a~d diverse as :~ose on ':"ee~a~j reefs. !e~r (1994) 

found ~ore species at higter de~s~:les ~nhatl:lng windward 

than !ee~ard reef fla:s o~ Kosrae. ea5ter~ :~r:l~ne Isla~~s 

occurs on bo::-: t he s~allo~ and ~ee; ~indward f:rereef s100e 

~npublished data , . 0-''--_ ....... ' _ ... "::- :5::tors, . 1 h" :-.::a.o y aDl:a: 

abundance of ~obile ~~ver:ebrate~ ~e:~ee~ ad:s:ent reefs o~ 

, ,.. 
t: ' ... 
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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 1n 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. Morcality co holothuroid populations 

appeared simply related to typhoon intensity and not to the 

'recent history of disturbance as proposed for corals. These 
, 

responses to wave disturbance ~ay also characcerize shallow-

water populations cf other large mobile invertebrates. 

Finally, I speculate thac geographical patterns of typhoon 

frequency influence the relaci ve abundances cf mobile 

invertebrates on windward and ~eeward reefs of Pacific 

. 1 . ls_anas. 
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Appendix 1 (continued). 
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Appendix 1 (continued) 
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Appendix 2. Holothuroids on wind~ard reef flats. p= 

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

outside transect ; AsanB= Asan Bay, AsanP= Asan Point . 
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Appendix 4. Holothuroids on windward and leeward forereef 

slopes. X=present at site. 
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