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WAR-IN-TIfE.- PACIFIC NATIONAL. HI.STORICAL. l'AKK 
MARINE BIOLOGICAL. SURVEY 

INTRODUcnON 

Tho Wor-in-the-Paciic Not;."aJ a;Slcri.cal Pork (W APA) eo"';,u cf 1,%0 ""CO (95S lond, 1002 
wato<) ill 5e>'tn IisoontillUo,,, Unitl. The: purpasc of the: pri; is '"to comnerroo'ate the bravery 
UId IaCrificc oflbo .. participating in the cornpaigr. of the: ~acific Theater of World War II and to 
oorucrve and inwpret OUIstaJ>din, natural, oceni.:. and hi5lonc valu!s OIl d.e island of Guam.H 

Two o(!be rart·. seven uni .. comaln Ilgr1ne,,,, GMSIIl water re""",ccs, in::luding both corll 
reef ..... d <eJ /bto (Map 1). 

The AJ.a.1 U.it consi!tl of 1 091and aacs ond 445 offshore ICres .... d is the site of the ,>0:1hem 
onmon beach. Tbe COI!tlirw wrtmn this ~nit IS aw<o,;imately 1.3 wlcs lOr@; and is chlllCl~ 
by a frirWns reef pta\fom O><".<:n&ns &-om 300 fC<:! to 1000 fC<:! in widt~. The ABal Unit 00";010 
of lS lu.d acres IIId S51 offshore acres and is the: lite of the southem invasion beach. The 
eoa51lirw within this unit is Iwroxima:ely 2.2 mile. lo~ with a frin,ing reef platrorn e><tending 
liom 1000 III 1500 feet in width. In bOlh 'Jnit ...... iMcr red'Oat ocrurnlOlt8 roo>! oflhe: 
.horcword .ide oI'tll< nirgi"8 red: Impounded water in this '''''filii v";e.ltom 1 to"!'eeI in 
dcptlo d"rina low t i<ic .. when oection. ofthe .>.n .... <eefllot may be expow. 

In o,deno I.UCS> the marine re50Jrccs within the 'Nu.in_t:-.c-Pacitk Pork, • m.orinc biologicol 
survey was (esijpled III ,",ovide a quaJitalive and qLWl1itatrIC asoessmcm oft"" fioh, co.-..l, and 
marino Flanl> lhr<>usJooulthe marine ~.bit ... ~f'h< p ... k ; • te» co.mplctc uxurnent of ~ 
macroi,wert.b'lleS '"as also mad.. Four fioh Iran=ts surveyed in 1974 (Gawel 1917) w~r~ alS<l 
,~surveyed to de:ermi ...e whelher ."y .ignifiCl.1t danaes in lhe fioh corrmurjtie. had oc<:urred 
over the inttrvenil18 yean. 

METUODS 

Wilhin hruh tho Agat lin;' ..,1 11-.< Aun Uni' thore .,.~ two "",j ,.. ,uri"" lu.>,;, ... _ , .... ,,,,,r~ .. 
(the shdow region between the .. "'rdine and the reef edge) ~ the .eer sk>pe (the region boyorrl 
the edg~ of the reef). The muinc bioDgical survC!' wos de~gr.ed 10 provide. stratiSod random 
sam;>le of tile habitau .... d gcogra?hlcll until or ,he Park. EacIl o(,he two llabi"" ...... sur'eyed 
in two .0 ..... ; Ih. iMor rte/'lbl (whie~ i. se ...... lty deep ....... g~ 10 toe e""",ed by w&te< .. low 
tide) &oC the OUlo< ,eeffill (",hic~ i. IhI.Il0wc; ar.d usually exposed at low tide). ar.o the .cer 
slope at)O' MId the reef~ope at ~O'. ThcAsan Uai, ... as livid.d into a western and an USlcm 
sector, and the Agat Unit wI> di\l1dcd inlO non .... m, central, ard soothem "",or,. Two trar.s«t 



 

Alrveyl were run 1111IO'Idom Iocalio., ~hin eacIi oorobinal:ion of Wlil, sector. an;! zone u 
follows: 

"" ..,~ 

Nooh Central Soo<h ... W~ 
Inner rc<f 01, 2 2 1 2 2 
Ou'.r rwOOl 2 2 2 2 , 
R ... r.lor-, )i)' , 1 , , , 
Reef sloge. s0- l , 1 1 2 

~om latitudes and lon(!in>d<ll r .... CJdI orthe transect, were generl'''' with tile randoll 
IIUI!Ii>u "_,on or. SbarJ EL·S1IG!I Soientifl. C .. culat .... ond . Maidl .. PiocI_OPS WI> 

used 10 f.nd ~". loat;on ;n the field, Th. spot became lhe end·poi" ofa 5O-m transoct Ii.,. along 
which the biologio:al survey. wore conducted. F.:i" Ihe reef slope transect!, cnly I latitude (Ailt 
uaruccU) or , lorgituie (AWl trlnl\\ct') ,... uS«! 10 locate lhe swvey site, and this Latitude (or 
Ionjp'udc) w .. fo~lowod in ,oward >horc un'~ ,he appropria'e depth (30' 0.- SO') ..... encountered, 
Ind ,hi. poin' """"",,, the .<lI ning I',inl nf lho '~lint, Tran""''' _ .. lligMd rarllW ,n ,he 
beach (reef 0" ,ran ... ls) or llong lhe appropriale deplh comwr (~f slope UaJl5OCu). Fony 
tr.",ectl were rua in all, Scuba gear,... used fer the reef slope mnse<t swveyl and snorkeling 
gur ro.- ,I .. rooeI fial .. ,.,.e!., 

TrI""ectlna Methods 

Bemhic ooacroalpe were IUrvcyed Or .. invn'igiU .... who pl&ccd • o,~ m A o.~ on gtiddcd 
quadrat.t S_m interval. along1he length of taeh tr~",ect ine (oee Trud. 10n, Ameobury eI tI, 
199J). The ~uadrat frame was divided into Z5 """arcs (5 em') usin8 nylon ,hrea:! wtj"h provided 
16 illenor poinlS where ,he grid lines in:ers«:ted. IndividJal algae species observed under each 
of,t .. grid crossing points were recorded. If no alga or 1Cagr&1S WU obser.cd UIlder the &rid 
poinl. no da .. were recorded. Algoo in ,he gen .... Dicryo:;phau;tJ. DktyoltJ. HQ}imcda, ond 
PadllQ "ere r~rdod by lentil, CO,Istcse c:>nJline .~ were not Wf\'eyed, 

·"be peroen! oover of uch taxon was de:ermncd by (hidl'8 It .. nunber of points at wllidlt .... 
taxon w u rcoonkd b:- .be Iotal nu~r of poin" pet" 5(1..", "a...-. 1'.,.. e.><&mplc, 10 qu.drat> x 
16 POinu yielded. lotal of 160 pointl; tlUS lhe wOlber of pair.1I «o:orded.ll60 X 100 - tile 
pertent rover for Ihallaxoo. Because different algae species cften ovellie one another, some 
lranlOCl lines had 1011l percent cover vahe. yeater than [00, 

Coral' _re ,u","eyed by an in_tigator who haphazardly ,,,,«<I a o<o ..... lu.ped obj"" """Y S m 
llong the transect Ii"" and then recorded tbe spe<ics name. diamet(l", an:.! di!!&nCe frem t~e ce:I'er 
of t1e cro .. efth. coral e<:lony whioh was ,,10"'11 10 lhe cent'" in each of the four quadrants cf 
the eron OaIy ""ral coIo.'tl« wI,hIn 2 It or'he .;enl« In lIly quadrant Wffl rtoCOrded. from 
,,,- da .... all e .. """,. of,....,.... oo~ ... of cor" <peele. along lb. tr_ lint "u C41cuhted 
acccrdi".lIO tile 1I'Ieth:>d1 of Rtndal in Ame$but'")' et al, 1 ~3 . 
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Fish w," ",,,,eyed hy an invC$lig.1tor .wimming lbe lengh ohbe II'&II5CCl ine enun'lCral"g by 
.~ia fLO!> whKh w<re ><ell ";,bio 1 m of,itha- >ilk of the line (on areo ()( 100 m'), 1110 
cnumcrllirn1 was followed by .Iiwn.ll of idditionai.pecies obstrved neat t:-te trl1tSO:t line bul 
wlich ~.ad not been seen dunrg tlte enumcrWOlI, ne same technique was usod for the IU1VCYs of 

" 'ac .. oi.n .... 'eb,"' ... , 
M.nnc plants, cocaJs, aOO fishes ~e surveyt>d at uch ({the forty tr~. IJlVencl:>r.es were 
ouoveyed as opponulitic. w= avlilob:c, f<IT a IJJIaI 0(11 trUSC><.1l. 

Four ofttte fish lranlCCls ~ by Ga_1 (1977) arc Ioca!:d within tbe present bourodarieo of 
the: paR. TlIcsc were resarvcyal uing Ga ... e!", ""I"'ey method,to UlCS' changes t, ,he flsI! 
"".,mllni ..... th .. may lu. • ., 'a .... pia"" "" ... ..,,, .be Ii ..... or hi, """"lI' l1I<I nf tho .. "'porte<! 
ha, 

R£SULTS AND DISCUSS tON 

M lrin. Plan " 

The mult. oflhe qUlIItitltive algol SUrveyl from bo:h tile Agat ar.d kart study areas are 
PRstnl:d in TaBes I and 2. Additionolly, I ch.ddill oflbe t:Iocroalgu: otst",:d in the diff"«ent 
.... bit. t> ot .. eh location;' p"""ntod in Table. < and S, 

A ,ou] ofl • • ~i .. of raacroalgao ond scoguscs lila retorled in tIUJ 1tUdy. ";th 27 tpe<.:i .. 
from ,be Ajjot ud 2 i .~ie. from Ihe ~t .. ...Jy <&f<ti. '"t.,e.';"gly. ito"e .... , .poci ... ricl-., .... 
varied between Ubi"" and IocaliOlll. For eumple, in tbe AAAt Uni, there we~ • !'nI1« number 
ofllgalspecies observed "" II>e redfl .. habitat than on the reef ,lope (Figures 1 an;] 2). while in 
'he A>oo, Unit aJga1 "!"'Ci.,. wac , .... ," obuod .. " on lito: ,a::r ~0l'" ,,,,,,, or, d", ,,,,,r fl., (Fill~"" ) 
and 4). In Agat, species richneu ~f muine plu.ts wu noIiccK>]y ~gher On ,ile outer reef fll! th'" 
on tlte inner, and wu hig."er on ,ile upper(lO') dope tho., I I J.O'. whereas i, Asu1, tpe<.:ios 
richr.es> was co.,panble between the irmer IIId outer reorflill hlbitalt, but noIi;;eably higher on 
1M deeper (50') reef .lope tllon al )0' Cflblo 3). 

O\erall ma.r:roalgaJ and RogUS density (Iverag~ a:ross all tramectS) waJ () p:ants'W m (Tables 
1 ,tid 2). There ........ no do,.,. p"ttem. t~lt erud . , pI';. ,b • • buodll>O' of a18'1 .pecic. bet,,"'n 
hlbilll" It a,her Ille Agat or ..... n stucy areas (Figures 5 and 6). The percent COVCfIlIC of algal 
.~iesa"t.e Api Ue "as nearly lwice llut .. Asu (Tllrie J). likewise. in Apt &1gacwer= 
mo,. :oI>und .... on ,ho , .. f dope ,ilan i. , .. r 0.., IW>ila,o, ~. algal a>un<a1\Cf w ... "N'ly equal 
between rccf" Oat and rechlope zon ..... ilhin tho Awl $lie (Tobie 3). 

The"" ~h. oflbe ,\got study arca . rO siroilar '0 fiodinp by Toud. (1977) in Ioi •• lUdy ~f tho 
be.,1tic algae of Aga, B.~. Tsuda (1977) showed. however, thai oIgahpccies riehnen il greatest 
On ,he 00,« ree:' slope; ,iis is in conlrut 10 dIU prC$CllI~ in lhis study. which showed the ""ter 
...,.f slope to Nt,·, lho I"...,st algal div<ni,y (Table 3). A> po:nted ou' by T..,d. (Aooe>bury et aI 
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1(91), one or rr""" ~ of alga< often dom"''' v." "'l"n ... "f,"-' ."hante A, hoth ,ho 
!\all am AWllludf areu. Amphiroa, Hal:lMJa. Neollt""", &nd Pat/i"" were lho moll ccrttrOOn 
~gaI opccie:s present; in some CQe$ ,bey covered more lhan 75 % "flho aVlilable .. rf.,., aru 
(Tobl .. I and l), 

The cuttlUl"ive species curves (Figura I Ihrough ~) indic.ole IU\ f:w addHonai marine plant 
speciel WOI.4d likely be eooouniered in lhe lIudy areas wilh ;"",eased IlIttWt of survey Irul$CCIS. 

ConJ. 

Thirty-six species of coralJ ~ retarded on I~e IIVl$CCIJ and &n Idditiorlll 21 species Were seen 
tn adjacenl u cao, giving a 100ai of,1 species o~xrved wilt.in 1'Ie 5!Ud)o arcu, An auti..
qud.OI;...., otud~ of Agal reof (Eldr<dg< .1 ai, 1911) reoorded , loW of 1601 .poeie< of coral •. 
SecauSt the poinl <Jlatler llleth:)d ~SC<I in lite InseRl Iud)' i, one .... lIkh i .... oIV(!. mor. inlensive 
""wv.:ioru within relativdy sll1.lll aren. rewer coral species were ena>UfIlered 

Reetn." ...... r. ~. div ...... and had to ....... coni eovtr08" ,:,on did ,,,,,folope !ubi .... (T.h~. 6 
lluwgh 9). Coral cOVer onlhe Ag11 ,..,.,fflal was wnlistelllly low, rar.g:in, frern Ius than 0 ,01 % 
to ne&rIy 10 %, w"le 1I Man, cor~ rover on reef flail was quile variable. rangin8 trom ,bool 
0,0 1 % 10 rtIOI'e.1la.1 80 %. The IMer reefnalS ofOOlh Agat L"ld AS&n ate. fOflhemoll pm, 
unf'rvorable en"';.-onrne.IO f~r <:,ral_~ement .... d VC' .... h, primarily bee.- 0{ 11>0 intl""""e of 
fresh wiler inno"'. Alt:1OSl all <>flle As&n inntr r«f fbll "'1\It)' sites lhal were in close pr<>J<itily 
1<> stream rn:)I.Ilbl yielded per=1 cor~ wver ofless IIwI 0.0\, 

At rolh ASu and As..., IOOe were 1>0 de .. differ ... ce. in ,toe coni COYt1" arod o..e...ity bet"' .... 
lhe Ih..1:0W (30') and deeper (51Y) reef !lope h.a;'ila" . H<>\vtver, the wraI c:over 1x1WW1 Ag., and 
A5a., smW<d I .igrificanl differera (Tables 6 and I). This nuy be be:&u!e or,he more lurbid 
WI1<<$ In Agl' 0$ • rewl. or lht ~Im(.u, wming tom the PlUmS. Although ,he perlOert"8el or 
coral cover .......... di<fe ... "" ,he div",",ili .. _e aboul .I.e ........ 

The moll comrDOn 00 .. .1 willin lhe fludy &lea ...a$ Upasrr,a P"lJ'!'lJl 11 was pro:3ml at 
olmosl alille siles. even in extreme habilan, AI several sile$ the OOCUITert<e aIId di~etlity of 
oonJ. ",os bw ~ue '0 ,oe luge oolony oiu.I of speciu ouclI os pm,urw and Porites gf.'nr:Hql 

At Qlher silOS averfoRe coral siu "'U small: however, l kil does 1101 indl::ale lhat lhere wu I recenl 
rr;.;rJilmenl evenl beeause mo51 of lhe wrall Ibl wete measured tad reacbed their I1l&'<irrnrm sm.. 
The cumulative .pe.;:ies curves (fig.u-es 7 Ibrough (0) iodicale lilal the nu .. bet of wral species 
,,,,,,,rde..l from the .ud~ ....... ","ould ftOllikely ;""'«3< ';8>'ifi<&n11y with oddili<>".] SUl'Vey 
1r&nse<;IS. 

Inv."ebn,e.! 

One b..todre.,l ni.tely Ont species of :nact<>inverteb"leJ (Ol"-'r lOan wrtIsl were recorded from.he 
.,udy areu. 121 on Ihe IfllIlsec:5 (lable HI) am 69 olt~rl ""serve:! in the vicirlily (T.,le I I) . 
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C~mu'.tive IlIlCroinvettebrlte dvenity ....., tairl)' «Ita! UlOII3 rM s1cpe tnd rocf flat 
""vir..-uncnIS 1I butb ";In ."vO)'<'d (Tab'" 10). Hu_""". bulb red' >k>pc ~tc. wibilw hiJlrcr 
densities of in,enebratt$ t/un tlose 1I tle ..... fflat ,itt$. 

E<:h1noderms ~ the most W1I$plcuWI rornpor.en\ of !be mog"O:n~«>rlle fir.UIII in this m>d)'. 

Holothuriarut were corronoct in reef flat environment .. wbtru.o ""lillOi'" were rtoOre .btmdUt 011 
the reef slopes, HoMhinaatra waI lhe most <1OflIItlOI1 sea cucumber enc<l.UltcrM (Nt both AWl 
and ~t reef3l! tites, ~ alo"S "ith other boIotllurian lpecies oblttV~""1 play an unponllll 
role in sed.ment bioturtotiott Eclol"""".,phou 'P, _ the mot! abundU'JI IIId conlpicuoul 
echincid presenl 011 the reef slope. However, EdJi_tra spp., whid! were ':so observed bUI in 
lesser IlUni>en lhan Echinostnp/lus s.pp, &r~ ~ important ecobgieally as they const.'\ICt 
burTo ....... hiob, over ti .... , un waken the .. """"ra! imcp;ty of '~e «<:C. ErlCWrasingly, o .. y 
two individual. of the =a1:ivorou, CfOWlKIf-thoms IWf.sh AlXl/'IIlrasltr pIand W«"c recofd~ 
one /Tom nch oftbe reef sklpe "tes Other mJ.O"oin\eriei)r&ttS tl"el were <OntJIIOn included lhe 
3J>O"ac ~ granuro-. which fonnala conop;euo«. vay. """",01;"8 m.t.' II both f<cf olop<: 
"tell. The ~nnetid g&!l.opo<i lJtndroponw spp, was found al a1m:>51 all sitel surveyed. It was 
especillly lbur.daru in reefflat ewironments where, 1\ one tr.,sea site in Asan, it reached 
DUm\lcr. ofr;wer 100 in~ividual., High r.umbc .. of D."drop.,.,t> ""p. ""'y be inrJicuive uf.""" 
with an eitvaled sedimelllioad. which would be detrimenlal \() corals: lIowever, 1\0 exp«"imental 
II'..diel haw: addressed this relations.iip to dare. 

~ ""mull.i"" opec ... crtI'Ve< (Fig<r .. 11 'hough (4) indicate II." a<'diliMUJ """croi"",,,n.brlle 
species would li\;ely be encountered in t~e study ...... if aldi,ional sur.<q Ir&medS were N~, 

Fi,h .. 

One h.ndred nillely three speciu of lis!< were setn "';thin tile lIudy ItUS (Table. 12 'hrough 15). 
l1w _r oIop& habitat was more di_se in Ii","" than the reefflat (Table 16), one! ':ighdy more 
species Wffe observed in tbe Asan l lnit than in the ""1 Unil, despite the greater number of 
ImtSe • .-1s run i. th.laucr amt. The <:UttI,Ila,ivc species ....... n (Fisures 15 thmJgIt 18). indical. 
,ho, ooJy a few more fl,b .po<ic> ... "",Id likdy be ab .. rvcd ir rllOle ".,-.,;e,;t, w..-e rUl, Spco;i .... 
richne!.s was o;omp.u-ab~e betwem reefsi)pe habil.lts.lt 30" and at 50" (F,gu-es 19 ud 20) &lid 
between the inner and outer _fflat zooes 1\ Asan (Figuro 21): hOWC\Cf, II Agat ."eei .. riclu>ess 
...... ig:n.illcandy higher (p • ,O(l~, I-rest) in ,he ou,er red" nat zooe limn I" ,he inner (FIgure 22). 

OIIerail liS:, density (.verag~ ItrOSl a1llransedl) wils 101 fl.nrICO m'. F"tslt were more abundant 
in rtef $lope habitats Ihm on the reef fl., (fable (6) I.!1d were olig."1y mort abunda.lI 00 lhe M.U\ 

rm nIl ,I"" on ,ho rM nO' .r "vr ."b .""ncb""", ""'Ii rno<e-ot_ko. ~"iv.letlt hetv.een 30' 
and 50' on the reef slope at ASllI (figure 23), but was signifi<:.nti} higher (p . 0411, Mann-
.... hil~ IO$!) II 50' Ihan 1130' 1\ Ai.1 (figure 2~). Fish .lbu~dln~s between rhe i:'ll'lef and outet" 
roof 0", II botb "'"" and Agat (Figur .. 2S ond 26) ... e,. no. siW..ific.wuly diffe<ent 
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In • coll\jlr~hensiv~ lludy of tile reef o!'illliStlll within !lie Arldenen AU Fora: Base '-!arine 
Prewve (Amesb\Iry et.. 1995)"~ tbe !l()nhtm «>&II of'Ouam, nl species of filii in 40 
famities ... ere recordel. This is Q~ite ronopanble to III< dVCfllty oHshei obsmed 4ur1ag lho 
pre<enl SlUdy (I Ql op""i .. in 17 fomi',i ... ) 

ZoDllion of' fishes 00 the reef fI.1 w il most noticeable 11 Agll wJere tbe inner reef f.at had i:wt:r 
filh ud f<wa fWo op-xic. llun If .. "-to< red all (Fisu'" 2:2 on<! 26); at Asan If..,re w .... "., clOlU 
differences in fish .ocndance or divflsity bet_ tbe iNler and OIIte. red" tl«. (FiJlU"et 21 on<! 
25). ,,,", boch Aga1 ard Awl tbere _,e, Ilo" ever, differences in fish disrributionlllloOng lho two 

.oe(RlI ztlnel, II indk&led in Tot>le 16. ~rt.ouljh full obuoo ...... an.! di·, ,,,oily did"'" ""y 
noliceably between 3(1' ar.d 5<)' in reef slope habital" there Were diff .. tIICCI in Ih. frequerlCy wil~ 
"hiclt variOlll spKi~ Were observed in t:>ese two deplh .. ,II'" (Table ]6), 

An ""~~"i"8 fe .. u", o f _f6,h wmm ...... 'i .. 00 G um i, .t ... OCCUI"T<'nCe of periodic ...... "." o f 
juvcnJe rabbilfi$hes of lhe sper::ier Si:a-< .<pinu. and S. <N"g<nI~ (JUmi &: Ilr.e.\ara, ]976), n.e 
you", of these spe<::ics an knoWiu IMrLliIaA: locall~ and they rc<:n.L~ 10 Ihe reers in lhe spmg .1 
lhe last qoarte< Il"0011 phlK. 111< strength of .hew: nons isvoriable fr.>m ,.....10 y ..... , bur in _Iy 

Aprilof' 1999lhere " IS' mOOeflle run of S. spi""s. and th...., ~ ~ inlhe ~ of reef 
all t ..... sects 22. B. "'" 24 in ""I. Beuuse lhe mmbm of these 6shes di'to"! tbe normal fi'" 
<>Jl1U1IUni:y .""<lUre un rhc: rwf. lhey art omiued ( although I\(Iled in Ih. f""'",-,Lr:) from th" 
ubi .. 

Fou- I (IO.m traruect. w .. e sunoeyed II lbe locatioltnnd usiog lbe methods employ<d II! Michael 
GIWel (Edredge eI al, 1997);n 1974. Tobie 17 exhi>ilS tberC$Ults ~r bolh lile ]9741..0 1999 
""""'Y' 0(1 ...... Iran..,.," (w.th ocic .. itk: name 0( t .... SJIo .pecic> brougt,t up to &." ",,",rding '0 
My<r~ 1m) AJ FiKUre 27 shOO{S. somewt.l f.wel SPtCicl of noh were recorded in 1m, 
e,pecially II 1r~ 3. This Ipparcrl declir.e in species richness n-..y not be biologically 
slgni~C&Illbr 11'10 felSOOl: ]) lho high species d~"ity It IfaILSCCI 3 in t9H may be sot:ll'1tl"gor 
., "",maly." lhi, t .... ..." w ... by fu tto: riche .. in 'peci" oral oro._I·, tron-". ond ,ho. 
large number of' ,;pecies ,"corded in 197~ may be fortuitous; IILd 2) Gawel rfCOrds rnan~ specic. 
or Cl)p1ic fist .... (e.8. apogorids. gobiids, bl~idJ. and .... runitls) tlrat wer, qute likely prO$ell. 
'" 1999 but """,,h were not ~boeNed d uring lhe 'ranl«:l ""'"""Y~ 

Transect OOWtU i.t 1m .. diC&led 8eoeral1y higher Ii'" ..... nd~ d"" 01 lho limc of Gawel·, 
owol> (l'igure 2S). The rea,.", f," lhi, i. roul <1"", ... .I il i, wr ..... 11 .. , Ib" """,I .bur.J.., rl 

,pod .. WI\i transec: 3 i~ 1m, ClrryslpJtra traotyi. wu ".,1 re::oUed at II! "" lhillr .... ed in 
1914, wljle Sitgo.sltS /(1JCio/aoo. abJndanl on transect 3 in 197~ (rOCQrded as PomilCt:mrw 
'"t/OloopitnlS) . ... a.! wt fOCOfdcd >1 !Ius Iraruox:t in 1999 """1))5 .. 1.U~ly rrur.o. dlHerences La 

the depth of the transec' line ,_hed in luge diff ...... ,,. .. in tn. oounto oflhou Iwo highly ZOIled 

'"0" 
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On the wt.~I". <t>mr.ari..,n of the 1974 and 1999 lat. for 1:_ four IrU<eCt. d"". not ouga<'Sl 
11ul lhere hove *" major ,honges in the fish wmmu,,;lit;S over the inttrVtGing years 
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