
At the emr3nee to Port Phillip B.11 

he' .1 n1en.11:1ng 'rrctd1 of w.tt<'r 
kncm n ·" l'hc ltlp . 1-rom l'o1111 

:"'<cpc.111, 1hc wc,rern 1ip of Vicwria'\ 

,\loru ln!(IO II l'en•n,u l.i , The R1p can be 

li,·w,·d in all i1' fury, "rithi11g ~hCl\C a 

dcq> p.orp.c in rhe >C.I floor. 

lkl'cmd The '"" 'l>nd 1hc lighthm•'c' 
of l'mm lml\dJic and Quccn<chff, 
'cntincl1 ut the oppo~itc shore. When 
~en cm J tn.,p, thl\ t•ntn· tn the bJ\' "'CCill' 

oddh undel"\1/ed, ·" though a I'Cngcfill 
lunp.c of th< 'c3 rh" artcd nature'> plan 

fi•r ·' b~c l·or meN ''"'" onh 300 m of 
rhc cnrr.1ncc " nJ\'Igablc: a hazardm" 
\\ckomc rn .\klhmunc. 

~arclluc un.•g<·~ of the b.1y rcvc:~l .ut 
added I><' I'l l beyond r hi' n.uT0\1' garew.t}. 

lu>t in;idc the hc.llb i; the GrCJt S.1nds 
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rc!(ICIII, ,\ Jloc><ltrde ddt.l of C\ICIN\C \,UHI 

b.1r1 .u1d shJIIt>ws drssectc:d by dcc:pc:r 

d1.11t11ck I he 4000 or "' ,hip> erucriug 
rh,· h.n· c.ll·h \'c.tr hound fi>r •\lc lbou rnc 

m <.:cdong .trc guided through The Rip 
"'"I < .re.\1 S:111<h bv Inca I p i lo t '• 

c~pcticn~..-cd ,hip·tn.lMc.:~ '' j,l. tu 1hc h.1y', 
udc~. conwur~ and whims. 

'' \\CII J' go\crning 1hc pa,\.tgc nl 
,h1p,, the h.l\·\ un1quc bJth\'mctr\' gn·;uh 

rntnct' WJtcr ndunge "irh ll.IS\ "tr~ll . 

r,um.uc:~ of llushing. litncs \.lt\ trunt nc.tr 

/Cru .11 Thl.' Rip, w 260 tl.')' in the 

m1ddlc ol the b~y .md about 350 d.ll'\ in 

the l;eclung Jrm of Curio lh) ( 'cc 
<h.lgt.un ). Thi, mc.tr l\ ih:tt wh.1tc1cr llm" 
in I mm the catduncnt ha~ a l<,ng >t.ty. 

r\lorc th .111 lil!'cc mill ion people live 
.1nd wmk i11 t ile 1>.1)'\ ca t~hnllclll. The 

.I'IOCI.llcd annual input t>l nurugcn from 
river, . .:reek>, drain>, 'c" .11\c cillucnl Jtlll 

th\' atmo•piH,rc average' 700() tonne,, 
1\lu,t u( this t ntJ I cnrer' rhc b.l\ '" 
i1wrga1lic nitrogen, in the funn <11' 
umnumi.t and nitrate A m:\JUr 'oun:c of 
nurugcn 1~ the \Vcrnbcl.' \1.'\\~gc 1rc.u 
mcnt plam, another is the YJtTJ Rilc1. 

lktwccn 1992 and 1996, .m tnten'II'C 
\lu(h "·'S conducted ro dctcrmmc the 
cik"s of these inputs .. 1nd t<J prm idc J 

\.l.ICtltlfic h.I\IS fc)r ltl:llll~IUS lhl· b.n• JJlc.i 

'" ,.uchmcnt. The Port l'htlltp llJI 
l.nl'ironmcntll Stud)' , de~igt1cd Jltd 
lll.lll.tgnl hr CSI R< > .tnd funded by 

Mclbunmc Water, invulved more th.tn 47 
indi vidual research t .lsks. These were 

CI!I\11',\Cied I ll 29 SI31C, ll:IIIOII:tl nnd 
iulctn.uinn:tl agcnck-: .1nd 111\liltt l i on~ 



l 
I 
I 

A four-year ecological study of Melbourne's Port Phillip Bay has 
exposed a complex collection of mud-dwellers whose antics keep the 
water healthy and clean. Bryony Bennett reports. 

The Study found that dc,pitc thc<c 
high input\ w the bay, mt mgcn levels in 
the bay w.ucr. .trc much lcmcr thon in 
comparable h~)'' and cstuaric> .lt'Ollltd the 
world. Ploytopllnkmn level' m<·asurcd 
vb chloroph)'ll rr p ignu:nt ~ l so nrc 
rdanvcl1• lo\\ Chlorophyll n commonly 
c~i't' in Pun l'lullip 1\J)' .11 one to t\1 o 
mocrogrJms per litre, ucc;""'nally rising 
to I 0. Simil.11· water bod ic;, cbcwhcrc 

conta.in up eo 50 nllcrognun' or rnure. 

This t> good ne"' fur the bay·, 
hcJith . ,\lc>'t 'hallow water bodio "ith 
high nitrogt·n onputs .mtl low flnsh111g 
r.ttCS lfC .11 l' t<k of eu l rop hic:tri011 : 
l'\CC'\sivc.· g.r<H\ lh of .1 few c.lom i u:un 

phytopiJn~wn <pccic< When th" 
h3ppc::n>. the \\ Jtcr become' green .tnd 
cloudy and scagrassc> dot· from lack of 
lo ghr. OX)'!;.Cil con<umcd during tlu: 
p lant'> dc,.l)' .tnd the rc<pirarion of 
.tnimal> then e~cccd, the \ttpply of 
o~ygcn from the atmo<phcre. Onh 
bJctcriJ th.u )1\c nn dead urg.tnll' mam:r 
'urvivc. f'hcsc: ~anac.:rohi~o.· , h;~crcria u!'e 
carbon, Mtl lur and nitrogen compoumb 
instcJd of''" gcn to produte energy Th~ 
by product> .tre mctlunc ( marsh ga, ), 
lwdrog.cn 'ullidc ( rotten cj,:g. !,IJS ) Jnd 
ammoni.1: .tll toxic ro hi);her hie t<m11s. 

Eurrnphkation is .1 >I.He ro be 

,1\'nidcd. And "' fotr it l1.1s been, thank> 1<> 

the ba\ ·, ulig01 ropic ( )o\\ nutrocnt ) 

'IJI u<. An npl.m.nion for the apparcm 
vantsbinf. of llllrngcn tn the ba)' wa tco·, 

h•d been •ought in e:u·licr "udics. But it 

'"""'t tlltttl the Port l' lu lltp ll.1y En 
'irunmentJI Study that the phenomenon 
w,1< undcl'\lood . 

A t'C>c.ordt 1a'k completed earl)' in the 
'' udy u<cd pttr·posc ·hu ilt .:h.1mbcrs to 

mca,ure chcnnc.t l' rcle,~;cd from the b.w 
;cdimcnt>. The chamber\ \\Crt' lowcre,i 
nntu the bay Jloor, dlcoi\d} \CJhng oO' J 

t)uanmy ol "at er and <cdimc111. Oxygen 
probe, tltc.IM trcd <>X)'gen c<ut<umption 
mer time, .utd WJtcr ,,unpk' from the 

More than ~00 megalitres • doy of created 
sewage efnuent e nters the bay from the 

W estern Treatment Plant at Werribee. The 

Port Phllllp Bay Environmental Study 
recommended finding cosr.effective ways of 

reduc-ing ammonia loads from this source. 

ch:u11bcr\ were Jnalys.:d for dungc• in 
thcor chcrm<tl'}' ~itrog.cn "'·''found to be 
released .11 lc\Ch much lower than 
expected, prov odtng t·hc lir" due tl1.1t 
pmccs.·~~ o~emring in the >cd imcnt> must 
be taking up the nitrogen , thcrebv 
protect in<- the b.l)' from cutmphi,.uion. 

Another rc,carcb tl'k revealed the 

enormous magnit udc .tnd "" rrsit) ul' 
bcmhic ( botrom d"'cllillg) 1:111na in the 
hl)' · l t promptnl a 'ug~c,tion thJt 
hcmhic Jaun.1 mi[\ht pi,, " ke) role 111 
nutrient turncl\'er Testing thi' thenq 
rc4uircd ,, deeper kno" lc.Jse uf the 
p:.rti ci p.lnl"' .111d procc~-.c~ in the: b~ly'S 

nmricnt cydc. 
Nutrient' cmenng the bav .Ire utili,cd 

h1 phytopl.ulkton and ut her pl.mr~ \\'hteh 
:trc in turn ~..·un,untcd hy /ot~planktun . 

:>ome nutnc tll' .uc o·ecyckd. bu t most f.1 ll 
1<1 the h.ty lloor ,1\ J:Occ.ll rc,iduc< m dc.ld 
.1lgal cells. There the\' .trc ukcn up I" 
Ill\ enchr.lte\ or <ingk·.:cllcd Jlg.lc 
( mi.:ropll\'tohemhos). or dct·ompc,.cd hy 

h:ocrcria. Eithco· "'·')', the h.t,oc ckmcn" 
arc con\'ertcd b.tck ro their origin.ol 
in<1rgani' fornl\ of ~uhcon dtoxidc. 
ammonia. nirr.uc, pho~ph.ue .md >tlicate. 

In many \\JI<r bodies. thc\C inorgani< 
form; wuuld diffuse upw.mh onro the 

warcr and be rCc)•ckd. 11' thi' recydin~;> of 
.1mmoniJ and uttratc were to h.tppcn ha\' 
wide, the e<OW\tcm \\Uuld raptdly 

bct:omc c.:utruphu:. \V.ucr cxdungc "ith 

the oet·an "·' Bass Strait """lti be too 
~low t() prc:\cnt nitru~cn .u:~umu1auon. 

In l'on l'hilhp lhy, howel'et·, nutricoll 
rc~yding j, lirniLcd by a ~ci' IC' of processes 
occurring. in the ~cllimcnt' wbid1 
ulunuteh retnO\'C ammonil lnd nitrate 
ti-um rht.· \\.1tcr column J' nuro~t·n g.l\0. 

Porr l'hillip lhy is ntmtl)' clear and 
'hallow - tht· :twr.tgc depth i\ 13 m - '" 
light pcnetr.ttc' rhrough w the 'Cl tloor. 
\u.:h .:ondtti<>n> promntc the proltl 
cr.uion of mocrophytObentho>. mosth 
di.nom,;, wlu<h !(lean inor~.1nie nu trient\ 
rrom the ~..:d i Ill~ lli'J. 

The 'cdimcnt> al\o hou'e >c,·cr.ll 
hundred ')lCliC\ of bcnthic tll\encbr.ltc~. 
01 dcpu~u ICcdcr~~ which hurru\\ 'onu· 
50 ccnrimet re' in 'cardt of food . Tht< 
expands the :11·e:1 of imcrf:1.:e betwc<.:tl I he 
w:ucr ~olumn and th~ 'rdnncnrs. 
enabling oxygen 10 pcrmc.uc the murk\' 
depth>. A' \\CII ;~s 'trrtg.Jting.' the 
>cdimcnt' \\11 h oxygen, lite dcp<t'll 
l<:edcrs help to mix amo1 ouni.1 .tnd nitrate 
imo usunllv .uo.tcrobk ~cdimco\l;, .111d 
their f.1c.:.1l pellet\ crKOUI J~e t h<· prc•ctKe 
t>f bactcril. fhesc .ICt i\IIIC\ .II'C kilO\\ ll 

,·olkni,cll J\ hoowrbanon. 
A1nrnoni,, , upon n·ach111~ ;lll uxy 

I;(Cil.trcd 7one, b oxidisc<i b) h.tncria to 

tmr.uc (nitriti,.noon). J'hc nttr.lle diflu.c' 

lnt<> zone~ uf In'' O\~gt"n ''here orhcr 
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bJo:tcri.l .:un\ crt it tu in.l(th c nitro~cn ~-h 
(tknnnli<.lllun ) The nnrog.cn S'JS d1tfu,e< 

up mtn 1 he ".uer .tnd e\·cnrually bo1ck to 

the .ummphcrc. Dcnitrilicoltion ae<uunh 
t<>r NO ')()'\. of 1 he nu rc>!;Cil rcmm·cd from 

the 'cdanH.·nt' .tnd 111 ~o doing control~ 
th<' dC):I'<'C of cutmphi..:.uion in the b.ty. 
The b.w·, 1 utro~en cycle ;, .tl ono~t entirely 

h.tl.on.:cd by 1 hb prcKt'"'· 

ll\ ,\ '\'M\"Ill c.k,·oid of biotu rba tinll, 
.u 1.tcrohn: pro..:c:,,~.:., wuuld dominaH·~ 

hccau'e dtt' .tt•roh" /one would cxrcnd 

ullll' ,\ IC\\ mollimetre• into th<.: •edimcnt. 

.\nunuru.t \\CHild nu\ he mtnfi~d, Jnd ll' 

cunccntr.uaun "nu Id he ntuch higher in 
the" at a <Column. 

Re,c.•rdt durm~ the l'on l'lulltp ll.t~ 

"'" 1rnnmcnt.tl ~tt1dy found rhat bum)\" 
du); h1 ollc p.trtkul.to group of dcp<>>it 

lcetkr' .llnne, the Calhan>s<id<, or g.ho't 

shnmp,, •n.:rcJ,cd rhc w~Hc r-scd i mcnl 

illlcrt:tcc hy ,\1 lc.t" 1!%. Thi, add, up to 

an extr.o I! (• km2 nf imnf:lec bc lnw the 
sediment ,,u{tee hayw1dc . In dlcn, the 

dep<>>ll ti.:eder' build .tnd maintai1t 1 he 
h.n·', k1dne1·< .tnd lung<, kccpins thc 

'Y'lcm ck.tn , .tnd .tiJ\l" .1nll brctathing. 

Ckuh. protcnin): thn<.: hidden 

~urnt)(mt·nt' ut t hl" h;ar l"CO'~~tcm ~~ nul 
to m.untalnln~ \\Jt~r t]uollity. Gi,cn tlu!> 

nc~d •. 111 ,t\\uci.Hcd tindi1l!'- of the l'mt 

l'holhp lla)' 1-.o\\'irnnmcntal Study oncrs 

'""e for cw~<: crn ltcse.trch hy tht· 

M LI\cum ol Vietnri.t lca1nd t hat bcn thir 

im crtchr.ll c 1\l ll llbcrs ill the bJy J cdincd 

between I<J(ItJ 7~ and ll)\.16. In add ition, 

the prnpuniun ol tilte1· ~Ceder< iltcrca,ed 

( f'rum 2.V~. tu 33')(,) .\1 the c~p<.:n'" ut' 

depm1t1Cedcr' (down lr<>m 71% w 55%) 
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The pruhlcm with thi' trcml "th.tt 

lilt er lcc.kr> r~tdy burrO\\ .. \ ~hift 

Ill\\ ar<h lilt er fcnlcr< at the npcmc ol 

dcpo'll feeder!\ will result in .1 lu\\cr 

hurru\\ 'urt:1c\" .u.:a. and a con,cqucnt 

dccrc.hc in the mhins ofOX)!:f.Cll, b.H.tcdJ 
.toHI ,tmmmtoa through t he 'ediment~. 

Bc-.:.lu:-.c 1 hcsc procc\sc s proJHUll' 

11 11 ri tic:11ion .1nd dcn itrificat ion , .1 u y 

liorthcr ,, hifl tow.trds tihcr lt-l'<kl'' n1.1y b,· 

,lcrrimcm.tlto the b.l)' · 

I he'e tindmgc' cmph.l<i~c the need to 

munJtur bcnthic population~ on .tu 
uu~cung. ha'i" . Riuturb.uinn c:tlCct' JJHI 
r.uc:' \.'.lll tx· in\C~Ii~:lted 'ia cxpclimcnh. 

but 1f l'"rulJtwn densities Jrc nm 
,1\,tol.thle for .1 S\'stern, bayw•de 

t.:\trar~nl.uuHh cannur br made. \\ra1h nu 

\\,unin~ '~'tern in pl.tcc~ the ch.lnt.:~·, of 

t'<'pai rin)( the b.ty's l'ital Or):.U\S would he 

~I nu 

D efining the danger zone 

Re<nlt' o l the di,•crse licld sune\'' .1nd 

~\ru:rim~nt' conductcd tluring. the l,.urt 

l'lull1p ltl\' <llld)' haw been mtcgr.uetl m 

.1 m.Hhemancal nwdcl that 'imulatc' 

1'111 \il.ll .utd ecological prc><c"c' 

cu:~urran~ 1n th\· \\' ltc:r ~ohunn .uHI 
<e<hment<. !he Pon Phillip B.w mndcl, 
de1 eloped h) 'cicnt i,,, fr0111 CS I R()', 

Di\'i~ion of ~bri ne Rc.,can:h~ c.111 pr·c.·du-·t 

till' .;l'i t k~l llu tr icnr loading ,\1 whkh 

cu t roph rc:~uio n of the h~w is likclv to 

u..:t:ur. 

The 1llo' t 'cn~i t i\ c ind il';Hor ut' 1 he 
tmph1c 't.tte nf the b•y is the n.uurc ol 

n11ro~en release li'om the <cdiment,. In 

the m.un bol)' , dcnitrilicatuln " the 
dominant process. ru e~pl.uned c.~rher. 
t hi' i' the de<irabk <t.lte. In <ome piJcc~. 
however, s u ch as Hobson' 1\,\\ lt the 

mouth of the Yarra Ri,cr, nitro~:~cn " 

released on rl••· form of .tmmon1a. This i 
not de~ir.lble a nd is .1n indic.lt ion 1 h.ll t ht· 

>ed im<'lll >)'Stem has bec11 ovcrlo.tded . 

Den it rificarion effidcth: ies .trc 
m~~ llll iscd ar in rennl!djatc nitro~cn lo.1d,, 
The bioma» of ben t hi< ioll'ertchr.lle' 
II H:rca~c..- ao;; warcr co lumn production 
1ncrcJ,c..;, btn only up to ~t potnl Rcnthk 

conlnlunitics become dcp.lupc.:ralc , 
hurru\\ in!; <pcetc' tl1~appcar ~nLI 

h1murhauon Cl'ascs if the sediment ltori:Kc 

i' too h~a,ih ln3dctl \\ith dculntpCillllJI. 

or~Jill~ mncnal so that ano~1a rc~uhs. 

llntkr th\·.:;c circumMancc.:,., , JHtl'ugcn j, 

buried r.u hc r than dcni u ified .tml there " 

·' 'ignifican t release or ,\ll\1\\0ili.t (() t he 
w.Hc..·r cn lusnn . Also~ lhcrc .11 1.: ll1aJor 
e h .tnscs l<l t h e bactnial ll ur.l or I he 
,ctfuncnts. 

The model c<tlnt.lte' the <rllkal 

Coltdtment load at "hidt >cdimelllan 

.u1u\iJ \\'Uuld hcg1n J' 'omc\\ here 
between double and treble the prC\cnt 

l"adins~: 3bout 17 000 """"' of nn m 
gen J year. This IS the lrre~•cr;1blc potnt .11 

\\ hoch pcrmancm eu trophk.uwn ol the 

bJ)' would occur. 

C lc.trly i t i' dc,ir.tblc to on.oin t.llll 

dcni trific:mon enicicncy in t he b.ty. Th i> 

will clhll l'c the long · term hea lth .111tl 

s r.thil itv of the h .tv .tlt d provotk ""ne 

t'\l,hion ag:dnsr unfon·scc:n c:xtrc:mc 
evt•nt< rn :tchicw thl>, the Pnrt Phillip 

BJ)' >tuth• team rnomme1Hkd a 
prccauuon;~ry rcducuon 111 tm.tl nnrogen 

ln.1d< of .1hour I 000 tonne' per \'e.tr, 
po1rticularh• in th<.: load, lrmn the Y.trr.t 

Ri1er and major creek< .md <ir.un' in the 
urban Jn:.l. 

The po t en t ial benefit< of '"<h ,, 

'tra tegy were 1ll ustr.tted dunng the 1'.194 
tlrou!,(hr "hen intlmv' lrtllll t ile \'a 1 ra 
ltil•cr. c reek s a nd dr.tin, were ~:~rca ol v 

reduced. During th i' time the b.t)' lw.:ame 
more o ligntrophoc .tnd chlorophvll 

conccmr.llion> dropped to the lu"c't 

A research t~sk completed early in the study 

used purpose-built chambef's ro measure 

chemicals released lrom the bay sedlmenu. 

Nitrogen was found to be released at level1 

much lower than expected, providing the first 

clue thac processes occurring In the 

sedlments were protecting the bay lrom 

eutrophicatiom. 



conilitions similar to the surface 

in tiacte rial nu bers between die 



ic1·c ls lor years . T he ,1bundancc or a lgae 

u o und the m;1rgins of the bay a lso 

<lr<>pped. Re<lucc<l "'"m inflows a ut! 
urban runotl' clearly can have a marked 

dfcd <lll the primary produ.:tion and 
warcr qualm • of the hay. 

The Pun l'hillip Ba1• <tud r tcJill 
conciHdecl 1 h.11 .1 rcd11 CI ion 111 1 he totol 

niti'O.,.cll load w ><>me 6500 tOnnes a yc.u 
would r.1pidly show <ustained imprm•c · 
rncnt' 111 walcr qualit). At the very lca~r, 

prc<cm level< <hould II<H lw exceeded . 

Thq , (wuld cc11ainly IICI'Cr be oJiowcd to 

rc.lch double present lo.l<lings. 

l ~in~lly~ rhc ~tudy LC3111 rt.'COH11lll'IH.Icd 

1h.n 1hc bJ)' be >ccn J ' an integral pan of 

the em ire rcg•tlllal dc,·clopmc•H p la n f(n· 

1hc Melbourne. 1!1 the longer rcrm. the 

key ro dtc b3(~ suc~t.'$<iful 1nanagc.:mcm 

wou ld be w clcvdop models lin ki nt. the 

ba~ tn the: nrv .tnd it!-. c.ttt.:hmcnl.\. '"'rh1s 
would c11abk 1hc imp.tcl of" at er Mtppl)', 

~<:w.tg\.· and c.\ tduncnt ntanag.cnH.'n t 
option' to he ohJcC:tivch a!\~C~!->cJ , thu :, 
cn,ur i n~ that dub i uu~ \\Cicnnlt: tt• 

1Vh:lbour11c t.:nt.lil.\ uo ruorc 1 han .1 rnush 
ride lill'ough the f(~tc. 

More about the bay 

The.: [•m·r Phi/lip nn,, Fm,b·rwmturnl Srud\' Fiunl 

1\rpurt "·" J'ubh,l1<'d hy < ~IRO i11 1996 Tlw 
n:purl ~O\l' S60 ph1' $$ J"''t;.g.c .m"1 i" .w.libhlc: 
I rum C$1 KO l'u bh>lun~ (03 I 9(>62 7500. (3' 

( 03 ) 9662 7fi55. em;ul .... ,lc~.publi:-,h,..._!\1f(J.,HI. 

Mdhournc \\' .ttcr h.l\ .1 'umm:1ry ut th\' Port 
Plulllp Hnv bn' II'OilllH'IHal .'> rufl\' on rhc 
lntl'rnct at hup:/ ; ,,,,w _mt·llm atcr \ JLt,n\' .1u 

ab 
A four-year ecological study of 

Melbourne's Port Phillip Bay, managed 

by CSI RO, has id<!ntified the impo~ance 

or benthic nor"a and fauna in promoting 

nitrificat·ion and denitrification in the bay 

sediments. These processes facilitate the 

conversion of nitrogen to nitrogen gas, 

pre venting eutrophication, despite high 

sewage and stor"mwater inputs. A 

prediortlve model developed during the 

study will be used to he lp manage t he 

bay and its catchment. 

Keywords; Coasta l wate rs; Sea bed; 

Catchment ar eas; Nutrient cyclingi 

Nitrification: W ater quality; Benthic 

fa una; Environn1ental management; Port 

Phillip Bay 
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llow it's your turn! 
Lessons learned during the Port Phillip Bay Environm ental Study 

have contributed ro an 'ecological management game' on eo. 
RO M. The Boy challenges users to manage five ecological 

disasters over a I O·year period, randomly selected from 19 

bay·threatening adventur"es. They include freak stofms, algal 

blooms dying penguins, disappearing beaches and oil spills. 

Guidance is givt!:n by Alcx, a marine scientist:, and Diatom a, a 

computer rhat monitors ever"ything entering the bay system. 

By working through the scenarios in The Boy, users learn 

about interpreting data, the impact of humans on the 

environm ent, the significance of biodlvcrslty, and describe 

the effects of a change to one element in a food chain. The 

CD-ROM is intended for people aged about eight and older. it 

(OSts $69.95 plus $8 postage and Is available from CS IRO 

Publishing (contact details above). A teachers kit, containing background 

information and activitcs to complement the CD-ROM, can be added for $9.95 . 


