
4. TRA.\\SFQR.'dED 1l10lOGIC.-\L SYSTEMS

Th: tr.msfonnalioa 01. No""".1 oysUmI ........_ bJ !be aatioa 01. .....
ervoir is profouod _ u~iruric:at~. Th: mai:rl _ ia otmouo: ImJn.
dal:ioa wipes OIIt ten'alrW prorluctIan _ ~ it willi oquark production.
Solar eot1"IY b uapped. tro,. rooted aquatic: p!arlts _ pIlytopIaDt;.t.Oa,. ralher than
"'" aras&. sbruba, _ trcet. _ is ..-tuatly CQIl=trd hug • potcatial crop 01.
lI.b ratbor than • crop 01. taTalrial btnls _ mommol< Th: detalled ~ltP' ;"
!be tnnsl"onnal:ioa ..... Delther simple ...... ob\'ioa<».. A veal maDY _ 01. orpOI .
..... iI:n'oI>"CII. ill !be morN Ii' 01. bioilo.· ')lr'D<luc-. eitlxr ... !aDd CO";" IeI".
A~ __ 01. Ian4 may CQIltaia ....., than 1500 kiDds of _olsms An oqua.I
lWD>ber ofltiDds IDllY occur ID • tQuate meter ... the botlDeD 01. • lUll. __t

01. tbtm ~ dilfo=t Itin4I 01. orpoi.m. than occur no laDe!. ID botb a"iroltmau.
!be same basic """"JSt..... flltlClioas...., pnt"ClnD<d. but b)' quite dilf<ftOt perf~

T'IDH the ~tiorI from producLion no land 10 productioa III .....t... Is a
<:omple:< 01. d>anaes cnmpanblc to !be most prnfOUDd .od.f uphca\-.ll ,,-e .....
Im'lIne In U'" lint pllaoeo 01. llnod1na lIten: Is mua mortality and mlaratlon of
IaItd fO<IO<. and • ,irtual e_tpJosion of aquatic orpnisml in lite _ land fttlsr&lnl
late. Only aft", -.-......1 )-esn or dta<Its II • """. llability ""rtt.:oi>S ~t.bli"""". In
tlte period of I ...,,,itlon thete an: I ......lenl bursts in both the quanlily and kindl
of o:pnisml prod<oced. Tbc t.....llliooal Itepl d<pend in La,.,. pIort On the dU'ra<:I.r
of lbe pankular «$<""<Ilr snd lhe phYlics! .nvironment it , ..atel.

In brief. the bioloakal impl." of a new re..,,·o;, I, a hiJhly compl•• m.",mor·
ph.,.l. from terr.otri.l to squatlc: production. Som~ of the features of thl. chanae
sre beeotnini lrno"" from c.tper;.nc~ and on: di ..uosed ;n ,he _lion tlUIl follows.

Und<nlaD<llnl oflhc Inl"'hnked pnxeun (FiiW"e 4.1) tbst 110 be,ween pbyslcal
ea:>dltions no the one "",rente and fi.naJ produc'ion on the other is" em,ral c."um
of aquatic CCOSyStom .,lId.... If "" IlItdcntood fuUy ,'''' mcdwIles 01. procluc'ioa
of undisttlt"bed na'ural ot:OIysIC1tII, "" ,,"OU1d be better abl~ III prNi<'l ,be eflcc.
of perturbations tauI<'<I bl- man, <W !be ctr:cct of <=ann,; an • ilIStanc Isb. by
bu.ildina:" <lam. AI it Is..... ba,.. ;",pnt"cc:' knnoo.WlI'O 01. ~tic ecosrs,..... <I)........
los, and u a .-..q........, "'-e ..., ;",pnt"cct In our il:l...-pretatiaDI of the tl'Sft$ieltc
initial txlDdi...... ia ruen'Olr$ aDd of the n:lath.., .abili.,. they ,.....,tually usume.

1bcr-e is • 1t'O".... body 01. obsenatlons lIIat etlSblcs .. It> ...~ _ 01
!be t,· .... 01 fcatura 01 raervoIJ'a. Foe """mplr, ....., -.-' qw.!itahYdy tbst ftood.
me of,~ ....ycontribuC. III ....,..... deficits as the pIaDt ....lUial dec:a)'S

.....sa- ,,7-.... duri"I tbe lint)..... oe.-; that"nn,; aquatic: ~,;o"...,._
aft anay of iD<:uo•• " .......... aDd tbat ... initial~, 01 product;.i.,. may
be foIIav."CII. bJ b:aJriouf ...... ....., ...1>1< CXX'/lmgnities. But tbe __ 01.
~ aDd other eff is ddI\eull 10 predict =' il:l the ......t~ ....y. They
are e>"etlts about .."hldo "'-e ..... ha'-e """""'l"tI no the basis 01 _ ~e. rather-
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than C>-enls 'hal W. can pmlkt with confuknct: is l;QIlscqurnct! of panicular
projects. oc ....-en~ for "hich _ .... p<ncribe solutions before thqr lICCUr.

The kvd of scinltlfM: uncknl.andinJ; of resct'\-oir biolotlY Is ...Jall,,,ly primilh"
because or tbc muqbers or~ mul.i<!imms......al &>pCCu 1n"oh"UI. Ea.
S)..tcm mo<l<:~ or blcllofkal prodI.o;: In ~-oir ..""'I ....... may ....'tTtbcku
be ..,ilbill lbe _p of <:oXltcmponuy racarc:h. "',thin lbe """• ..,. ....""-'
mo<l<:ls wiII ha,'. been <:oXls."",..d foe lakes (n,,,,uraI IltId. ..............s). "rams.
paniIlm; of tbc .......lch~, bayll. atuaria. ''''S''''''''. forcsu. IltId. tunclta$.

With rcprd to hi> p<Oduc....... In = ,oil .. cmpiriciom ill """" """'"' <be p~
,.uU... 1.,,::1 of <be 0!CiaI00. Foe om", op<cX< I"'l"'htions In rirtuaIIy ally ..mn­
""""t. 5I<lC~ "Ma t~ of~ dqroes of oopbistolioa an radlly
a'~k. _ <:lID be applied 10 ...............1 of the mbny. But In lito D;>IcIIy
c:ttancli... CODdltions follo\oinf 6I1lna of a teKn..xr. tuniitmcnl ...... IfOW'h an
Ill>t .table...... an tbc Int~ .......moml<iM, The catdt of hi> is~
opponunio<ic """ It il potmtially mbln·"', !>do« or d~riq <be "abilId1lI pro­
=0 of a marH<tade !aU to ........' lito ..... of owtamable: yidd:I.~ ootIdhions
an: ......., otabk. -...... I......a1 tedutiqun of .toeIr.~l may be: Ulriul ape.
ciaIly if the fi.5II oommunlt)· -....lnI f"'" Sp<ci.. oe is dominated by f_·. For
tropicaJ. aDd arid oi .... IMloo auumpt....... may be a. dubious at ther .,..,
foe Iarvc ,ropicaJ. laic and the bMt od'i/:e for tit. ntanq<'o>m' of Ii"""""" is
..ill 10 docwnmt "hat IS lOina OIl In hope< of pininJ; ttpcriCl'l<'e thaI ,,'ill Ind
10 Mw II>OdeI .ystems OIl which to base pl'Cdiclion. ODd han'al;n, practlcel.

MlXlem fub<'ry' ~...e manl..,m<nl in<reuinJl)' co."ld..... lbe ....ial and
economic f.eton ;o,-oh'O'<1 In m.ny ....pe<:.. the principle "'a.cimum $ustd;n.d )·;.14
i•• myth, beeau"" h <&" be ~neconomle. Mo......len"t to hum.n Iff.i.. ;1 ",,,-,.
imum uonomic yi.ld. Ind mOft rd""ln' i. >orne >or! of manl..,m"nl that 01'11.
mi••• social be".flu for 'pc<:llied lOal•. Thi•. of cou.... brinll' in • multitude of
consideration. thaI tran""nd ,he nlrrow eonfin.. of " .....:I·..ole or a "':"enhed.
In facl, ,....,..,..,in may pf"(wid•• <!e«p'i,..Jy tidy focus for anllysl. of economic
and oocial impl!ealions. and ma... ideally••}'Il.m. modellina ~d ptlXC!ed from
pen:cption of IO<ial and oconomic JO'Il< thnJuib """'idc"'lion of option. to
acl1icvcmm. _ op,iont lmon, "'hkh InCrVOir "'bema are only one 01 many
possible a>IItribultll'S.

The initial bioloakal e..ploaiorl in m=-ma<lc Isla b duo bolh 10 ,be
spalial ""pano.ion of lbe aquatic mrl 1 and 10 lbe reIeasc 01 ....uknt "'..
tcrials from the bol,am oolls ...... JUb....,..ed plan. and animal I'CmIias. Tltc Ja.Iu:
II<l<ma1Iy nvI>"" r:apidly rrom s.ni6riaIJy bicb pn><!orti,ily 10 lito e..poclCd phase
01 nebD.,,1y o<abIc: bul .........~ty. llnleq complicated 111 clIanaa In ...
qualily as. for cumplc. from polIut..... <be lutu... ..-ohltioo wiD be: bly
prcdi<.ublc """~ slow. with the ..,ual ra", <!<pend"" 00 dims'" (lalit"),
The directioa of tI<iJ Jooa.<enn cvoIutbl Is ",ud> the JIIDe as for' ....,ur:al Iaka _
ultima'" li.IliDc and .......... 10 terfttllrial polXlor:tiaa.

In <10-_ .....:tIcs, ..1Udt .... n,,"'Ie" from cIcuikd ""'"tmcnt here. lbe
d1ec11 of dam ......tnoetloa in cb~'I& the rqimcn of walerCttl Dor:tUllicow may
Ito JmF. .E%tntok'c ....... adJ " 10 CIt III _ pIai:fts. like <!>oK III the mIddJe

and ""'''' """'""" and , bI$inI, would he likely 10 pooeeed froat pool ......
prallie landscape '-"ani s,..amp coadilioas.

E,'&Iua.t...... of the <11«,. of I "'".....,_ Isle 00 po<erltiaI prodor:lIoo '" ,Ito Jand

"



and water biolollkal .)'>te= is ba>ed la'iCly on predictions or on compari;ono with
natural or other man-made lake., Althoullh techoique, for makinll predictions or
comparisono are rou;h. they are impro"inll- The ",quioite p"'dictions can be pooed
a. qU<.tiooJ;:

Il What is tlte actual and pot."tial terreUrial production (c"'l"'. forest resources.
and li,-cstock prod""lion) that i, lost by inundation? What an: the .hort-tenn
int....ctions of th. modified production in the biolotlical oyotem with other
components. <sp.cially with tlte """in-cultura! sj-.tem?

2) What io the actual and potential aquatic prodoction (Ii>h and Oilier useful aquatic
ani,""l, and planl.) that io 100t from tlle n\'er, at tlle lake sit., upotn:am, down­
..n:am. estua,;..... and adjacent sea? Gained in the rescl"\"Oir, upstream. down­
stn:am? \\'I\.at are tlte ri.k.s from chanllCS in abundance and dist,;butlon of
aquatic ,'ectots of di....... and nuisance animal. and plant. that rna)' be fa,"OrC<!
by quiet waten? What rare or endonacred plant and animal ,peeies and coro­
munities may be lost?

3) What an: ,he allricul'ural and U,..'tock production pios that may be deri"ed
io the newly creal.d habitat of the drawdown ron<' and adjnininll lake-inOueoced
land?

Biological 5,'own Inl"ocli"",

For simplicit}· 10 pre""'taHon and 'n emphasize tlte dynamic chancter nf the
bio!ollical ohaniC> we hue chnseo tn dll'lde the lif. history of a new man--m.de
I.ke into the four .t.ll'"' presented e.rli.r (fill' 1.4): Stall" 1, the detennination of
the ecol"llical. economic. """i.l. and politic.1 fe••ibility <>f the project; Stalle 11. if
tlte project is determined to be feasible. tlte actual planninll of con.truction and
",I..cd ;ocial mo,-os, and conduct of neces..ry studic<; SlaaelIl, the period durinll
which the l'eSCl"\uir is fillinll for tbe first lime and Clltendinll throu;h the period
dutina "'hich the lake is biolotically ,-.:ry WlStable; Staae IV. the period durinll
which the lal<c can be considered stabiliMd and unde'lloini' ito J"OO1"e nr Ie.. Ionll'
t.rm ."olutioo,

W. can identify within tach stallt lhe different analytical, in,'cslillaliooai. and
operational priorities which should be lli,'.n to the discipline. imulved in deci.ion­
makinll_ Wt apply t"", appru.che. at each .tallt· l) identifyinll and delininll the
compo""nt. of tach of the .)'sttmS im'oh-ed, and IJ determininll the interrelation­
ohil'" .nd tbe mechani..... of all of the compontrlts (or at least of the key com­
ponents) both within tach iJ'stem and bttwtcn and amonll all of the SyStems that
m.ke up the lak. ecoOy.tCnt_ In the biolOllical .)-.tem, for e=pl., component. to
be con.idered include not only the .peei.. and communities of livinll "'lIani,ms
but al00 the particular lift hi.,o')' .I"",S (ecophao..) of n"h oped..,

It i. beyond the st.t. of our present un<ltrstandinll to diocuss the total compl.x
of re.«",. behind many of the ch~ that t.ke place io """l"\"Oir de,-.:Iopment.
Ahhouih ;n'..,still"tion of the loterhoked proo:tSSCS (Fill. U) io • ""ntra! theme
of aquotic ecosystem studies. there is as yet fac from adequat. insiiht into the
factors that inn""""" production and numbers ot ",,';ou. kinds of o'llanioms ..'en
in n.tu".1 .",'ironments. In conseq........ much of nur prescot basio for prediction
of ell'ects ;n rcStn"Oin; is ba>ed on Cllperieoce ".ther than understandinll.



fortunately, In m01it cc(}logiCilI IJ~teIrni a large pmpl:Inion of tile eneTiJ' flow
tak•• place bet"""n a relati,,,,ly .mall proponk>n of the to'al number of .pecies
of plants and animals. "'""",,,'er, these ecolosieally dominant forms are ll"'uped
ln'o fairly ~para.'. communities. Thu., while ,he complexity of """,}.tem. I. ,'ery
veat, the main featu",," such as producti"ity and "andlna c,-ops a' dillereot tro­
phic It,.1s can be assessed fairly ";mply once 'he)' are in ""i ..enee. When all&lDC-Oled
by .tudies of the d)"Nmi.. of the dominan' .pecl.s, rela'ively superficial .......m.nl.
can ai'" a llOOd guide to broad m""&iement prac'ice. These technique., of course,
!l.a,·e been bes' d.,,,,loped for 'emperate aquatic ewoystern•. The vea' diversity of
.p<c;" in tropical en"ironments and paucity of sei.,llific worl:en COIltioue '0 ha....
per un<lerstandina of ,roplcal """"YSlemo,

At the feasibili'y anal}"si••lall< (I, Fia. 1.4), ,he ehallenll< is '0 an,icipat. the
ell""ts of the proposed .n,·lronmental mmipola'ion on ,·alioo. kind of terreStrial
and aqua'ie orpni""" those of .ho" life term and frequen' population turnover
(..... nu'rlent eyelina bac'eria and many a!pe); those o!intermediate llf••pan and
turnover (•. $-, <:enal crop plants. SOJne .mall fish.., and .uch iMCCt. as """'lui'.,.):
those of lona life span and 'low population tumover (e.i-. perennial plants ,uch
a, forest trees, and latllC "ild aquatic or lerrestrial animal. or dome'lie Ih'estockl;
and peopl•.

To p=!iet 'hese ell""t> it i. imPO"ant '0 know the .pecies and community
composition of tile terrestrial and aquaHc en,'ironments arr""ted. The plant. and
aoimal. <-ao then b<' aoal)=<! for their U>C!I, aclual and po'ential.

Those orpni"", which aT'< or may become nuisances or threat> to the health
of man or his animals and crops can be appraised especially •• to wbelher their
numbers or di'lribu'km will he ahe=!, Where the lake .i'e includes all or part
of the ..nil< of a '"'" or endangered O"iani,m or community, co... for offsetlina
possible los. may C01<r fea,ibility de<;isions.

The fOT'<aoing ",,"urnes that biolo$i>l. ha"e prior Jrnowledll" of the organism,
that a,.., to he influenced by the lIooding. but unforrunately thI. i. seldom the
case. In ~ral terms, the ,-..rtcl>rales from fish to mammals. and the higher
itnupS of plan.., aT'< well kl>QWlt or, if not well known, rather readily sun'eyed,
Microorpnlsms. wlleth.r plants such as aillae. soil or mud O"ianl,ms ,uch ... pro­
towans or ""matodes, Or plankton orpnionu .uch as copepod', are neither as well
lrnol>"O nor .. easily ...ip>ed to speci......nk. Because these orpni'ms may pia}'
important roles in ewoystem drnaml.., a beuer knowledll< of their sy.tema'ic. and
bioloiY Is much needed. Meanwhile, they aT'< treated .. larll< p-nups tha, jointly
perform ecolnai02lly wondrnu. things whicb "'" hope they will COIltinue to perform,

rcrr..t,iol P,od"~tjO"- !Ain. and La.... by /llulldall"O"-

One of the peni'l""t shorrcomings in beDCfi'...,.' analy.is commonl}' applied
to d...-eJopment schem.. resulting in ecosystem rnodifi02tkm i. the actual and
potential beDCfit of not under'akitli ,he scheIne. This in,""I.... assessment of the
elements 01 biolOSicol productkm that a,-" lost If tb. scheme is undertaken.



The eliminOlion of tcrr..triol production front inundated land has often been
,)\'edooketl. Thi' production may be nalural. culminolin; in "ild plan.. o.nd animal.
(oome of them deemed uoclul). or it may be mono;ed production. yiddin; Ojri·
cullurat li'·estock. or f<>rest <TOP'- Vol"", for rurrcnt production may be estimated.
wilh relati,.. pr«isiolt. More diflicult 10 obtain are CUtTenl and potential values
of the unmanaged natural production. which may be used for natun: otudy. tour·
i'm. and """!'eOtion, and .. row material. for .ub,i"ence, conotructioo 01 dweliinirS.
or manufacture<! aTtic I.., E,'en mo... difli<:ult, and perhaps Ie.. preci.. wilen
obtained, ma~' be potential production deri"able lrom application of kn<nI1t
techniques "'" from theoretical application of _iMe technolotPes.

The potrotial a!'eO for • dill"erent kind ot aJri<;\Jlture than p""'tlc:ed In the
former ri"er bol1om Iood i, hi;hest in the drow"",,"1t %One and in the immedi.tely
adjacent land, For most tropical man-madc 10k.. to date the evaluation of this
polcntial ha. bc<:n inadequale (.... Chapler 2).

Like considerotioo••ppl~· 10 .quatlc produclion. Eliminalion of aclual and pu­
teotial ri,..rine prodoetiolt can he compared with anticipated pin. from production
in the ""'w lake, Aquolic prodoetion is moot ",idenlly fi,h but il 0100 inclo<l..
aqualic pion Is. shellfish (cru<toceo.ns .nd molluscs). amphibians, repliles (oIli;ato...
crocodiles), biro. (residenl and mi;r-uory watrnowl and shore birds). and mam·
ntol. (beIl,'er, oller, manatee). While man has learned 10 use lOme of e""h of lhe
foreJOin; kind, of o"i.nism•• many remain une.ploited_ It i, desirable thot our""""
of potential elf""...hould consider the full spe<:trum of human use of aquatic
biolOllicol resources.

Go"enuuentol "ati.ti"" often prm-idc • lood me"""" of the Cutn!Jlt worth
of ...""'m fishery prior to inundalion by lhe """,,n'oir, Whe otati"iCI are DOl
O\-ailable. a .ubslantial surny should be part of feasibilily oto<li A SU,fey is olIO
useful in pro,idin; data that has valoe for broad appro.imati"" of fishery yicld. In
the evemual resen'olr.

Althoup lhe ""Iual and potential valoes for production may be ..timalcd "ilh
...Iot;,'e e.... for many ri'"Oro. techniques for prediction of )1eld from Ja"i" .tab~

rile<! .....rvoi... a ... fac from perfect, As previously indicated. prediCliono arc bein;
made ,,'ith practical .ucc.... in lOme .""'s by t"'O rnelhods: a} compari""n wilh
kn<nIn catch In exiSlioll bodi.. of ...-atcc judie<! to be ,intil..- 10 the one lhal may
be created; b) application of morphoedaphic indie.. and multiplc re;r...lon
techniques based on combinations of selected phy.lcal Oltd chemlcol cbaracteristic.
of Ihe lalre and ilS basin. and p...limioary ..timales of primary and secondary
production o.nd biomass, The second of the.. two method. (b) hold. the ;rea1eS1
hope foe !he p"""lsion required II economic and social ,-alues of the fishery are to

be assessed properly.
A tidy, "ni;htforward index ad"anced by R}'der (l~) for use in ",limatin;

fish yields from ceMain NOMh Am<!rican nalunli iakes bas been .hown to be 'ppli·
cable to prediclion of u.s.A_ r<:sen'Qic fish crops and an;ler h.n'cslS (Jenkin., 1970),
The indu.. lOlal dissoh-ed oolid. divided by mean deplh. explained 62 ~ of lhe ,..,..
iability in .tanding crop in 37 h,-dropov.-.r .torage rcsen'Qin and 28,. of the "u-



iobility in .pon lhh ha,.,..st in 103 """',.,"i.... Regier ct at, It.1vc recently applied
.uch morpt>oed.phic iodices in eotimatiI<i potential commerdal fi.h ha,.,·..... in
Afric,m lak... and I'e"""""i,.. (unpubli.hed ""'rking pape.... FAO Dcpanment of
Fisheries).

AU.red land u"" in the d".inage .....11 ine"itably acrompanies creation of. m.n·
made lake. [n addition to gross elimioation of lerrestrial production from the
flooded ....... numher of hiolOllical intenctions bel"een uses of lhe land and
,,'at..- m.y dc\'CIOp. H)·drololkally. a rese""'oir i•••ink both for Ihe ""dimeolO
transponed by.•nd. to. smaller degree. the nutrients dis.sol,·ed in tributary "ate..._
Forestr}' and agricultural prache... in the "a,.rohed thus a/fect aquatic producti"".
Con,erody. if chemical. are used to m.nage parts of the .quatic producti"". for
example to control aquatic "ectors of di<ase or nui<aIlCe aqu.atic plants. the...
m.y he impacts J1Qt ""ly on fish but on domestic con,umption at the w.t.. and
on the plan.. re<:eiving down5tream ioTillation, C.rel.., land managem.nt in the
lake basin can accderate e,..,.ion and themy hasten fillinll of Ih. lake and other·
,Ii,. interfere with aquatic production throullh both .iltotion and turbidity_ These
kind. of .ffects should he anlicipated by att.mp" to predict pattern, of land and
"ater we before the dam i' constructed••nd should be monitored th....after.

In the planlting and con"ructi"" <laa< (II) the study and t'CSOUl'CC management
act;"it;e" center"" action he" taken bef"", inundati"" of the .u1>1t....te. Thu•. they
eoncent.... te on fa''Orina speci.. and enmmuniti.. considered useful or ....re Ot' en·
danllered. and on ,uppre..ing .pedes .nd communities not on considered. includina
one. that ltI-Oy become ObM,iow or nulsaneC1 in the modiflCd e<:Q$y>tern. The activo
ities in,"h'C manipulation of .pecies ""pula"""., rnultispecies commu.~iti... and
the .nvironment. and thu, e"">titute. tq;inning of productkm m.n.gement in the
binloaieal system. At this ..age, land in and adjacent 10 the drawdown zone can
he prepared fOt' avieullure. and. if necessary. e,pcriments may he conducted on
new agricultural u_ and pnctices.

Whil. the dam i. trndee eonstructkm i. the time to pr'<'J"lI" the future lake
bonom for aquatic production and it< ha"·cot. for ..fety and <oo,-enienee in na,·i·
ptlon. and for reduction of h.alth hazard< bj-' disease ,·ecto.... Installati"" of em-cr.
lheltee. or ,pawniI<i beds for fishn may he pr1l\ided, Similarly. "'here: tree and
bush clearance i' j"dged to f.,·oI' fi,hing and boatinll. it i. be" done in ad,-anee
of floodillll'. At Lake Kainj;' 40 ~m' (",me 10.000 acres) w.re cleared at hiah cost
but eariy eaperieoce in fishioi ,uw,to lhat lishin.il yields .... high..t per unit of
effort in the shallow. lhat ,,'Cre not cleared (El-larb. AGU, in p=o). E'perience
at Lake Kanba wu .imilar. For both I.ke, the tentoth'e conclusion is that lanes
foe /ishil1£ and boatiO£ are the most efficient forn" of deannll- Clearance may al",
he required to suppress the buildup at wee<lbeds oe ealmwater .re.. that encoucage
multiplication of di..ase ",,,:tor.. such a. mosquitoes and snails,

Marl<in£ the future shoreline prior to filling is ad"mtageous foe em·ironment.1
manipulati005 foe oqu.atic productIon. It is also require:d for sho...line cle.....nce and
site prepar:ation foe foreshore q:rieultutt, conSiructi"" of porl. dock. and other
shore facilities. and 'itinll of town, and intene<ling roads.



ConSl!UCllon operation. can be ecologically de,'aslalinll al and in Ih. ,"cmlly
of a dam .il•. Blodi"ll anadromou. fish millralion dori"ll c""slrucllon lrequ""lly
~ an .If<<1 Ihal persisl> fo. many years,

Hypolho:Iically, ....." a fi"" fi<hway would be 10 no a,,,il If obslrucllon durinll
Ihe conslnJctlon pe.iod pre'..nled .pawninll by a suffici.nt number 01 year classes
For c.>;ampl., lho: tillC'fish (Hid'ocynus) of lho: PooiOla Ri,·.r In Soulh Africa did
nol mo,'. up<l ..am into ,he PonllOla Reservoir, The Pacific salmons a", portiCIJ.
Iarly nlln.....bl. 10 "",,"rueliofl .ffecls because Iheir 'P'''T1inll populations so IT.,.
Quenlly comprn.. one or tw" all" i"'Ups. n-.c.. a.. many i!l$Iancn In lhe Pacific
N"rth".... of North Am.rica of l<>nIla"inll .ffect from .bon-term " ..am obstruc­
tion. Mthouil' di.ruption of flow durioll oonslruclion may be <>nly I.mporary, denu­
dation of lhe landscape. cr.alion "f e"",ion "".... and local d«Iruction "f wildlile
can .1", r'Quire l""alhy periods for reco,'.ry.

When lh. reservoir bellin. 10 fill f"r lho: firsl lime (carly part of Slall" Ill) the
lerreslrial and ri,..rine (IOlie) '''''ironments proll'"C"il'ely di.appear and the iacu..
lrin. (Ienitie) e""ironment "rlllina... and cxpands.

In lhe lak. basin. lhe.. Is a SC<jucnlial .hill [rom dominance by Onwlna wal.r
."",ies and e<>mmuniti.. to those of more QUi.l wate., Soil moi"u.. and mierocl~

matie e<>ndilions are modified around lhe oulward mo'-ina and [""alheninll shore­
line. Siream condilions bel",,' the dam a.. draslically m<><!ified, particularly because
of lhe crouclion in flow durinll ",se,",'oi. fillina.

This I, the timc when it is ad<'anlalleous 10 bellin "etiflCalion and adjU-itmenl
of pl'Cdktlons made durinll tbe feaslbilily ..all" (I) and of the .ub'l.ale and other
preparalions made durinll lhe planninll and conslruell"" Slall" (II) In order 10
"ffset unw>.nled etl"ecls. In '" doinl. unanlicipated responses nf the 0'llonism< arc
discerned and possibly redirected,

It i. at ,hi••laae that the >.d'icc "I bi"lolli'ts >.nd ecol"lllsts has commonl}',
and often belatedly. been souaht. In one inSlance. dh'erslon of water to enabie
dam coDStrueli"" ><> increased Ihe hazard of ri,..r blindness by c..at;on of an
Impro,-.d st..am habital lor lhe blackny (Simulium) ,-eclor. lhal coslly and cO>'i­
ronm.nlaUy problemaHc conlrol "". required. This i. represcotati,.., of the kind
"f error of omi..i<>n in fea.ibility uudy or p1annina that resuha in a ""'ai" <)pC"

alien, In another in.lance (the Peace Ri"cr, Canada), il "'I' lKIt anlicipated lhal
reduction of flO\\'S would inUurnce w>.tcffowl and mu,krat marshes ......ral hundred
mites d",,·nSlrelm.

If seleclion of the lime of closure of lhe dam i. based <old)' on h}'drol<>llical
con.iderati"n. (usually who:n lhc ri"cr is lowest just before a seasonal rise), chane..
a.. "aain'l the cboicc beina bioInllically :ad~ant>.~. Unforlunalely. lhe.. is only
skC1chy c:<pcrie-ncc wilh this ",-ernll problem of liminl.

\IIhil. the l.ke fill. lhere a.. npportuoities 10 encoucaae or .upp.....pedes
0. communi lies deemed ellher desirahle or unwanted. and to implement meuures
for tbe protection nf r...-e "r enda:nllcred .ped.., .."",laily In tbe aqu.aHc habitll.
In some instancn, this is "'hen. rescue. operatimu ha"e beoco conducled for
"rgani,ml threatened by drov.T1inll' Such aclhill.. a.. biol<>llieally unw>.rrallted ....



,ardless of however else 'he~ lI1;Iy ap\Xaf to be justified - Wilh lhe ~ible excep­
lion of no.,.,,,,,bde rare .pee;"".

Cosily rese"" and 'ran~loc""ion of animal. th~a'ened by lloodiDl at Lake Ka­
riba were jndied to be a failure from a biolOllical point al view (C"""..rolt, 1%0)
bul may"'".. had social benefits in loeuslnll attention On a problem of land......,
conflict. The same i. troe of the expcrien« at Lake Af<>b.>h (Brokopon<lo). Surinam
(Walm an<! Gordon, 1910; Bardach an<! Du'<arl, AGU, in 1'''''''). Little i. known
about the lmpac. of the outwan:! movement of I...nd animals .... tbe ",...tee ri..,..
of their caml"'tition "'ith "",ident populations. ar <>l their eventual falC: (except
ft>t" th<>se th...1 "'ent la """,,).

Mt»1 strikiDll in first filJinl is lhe ~udden beiinniol and rapid de,'e1npmcn' nf
,he lacu.<trine .y...m. The O)'CIe of biol<>ilical producti"" u fueled initially. at Ie....
by a microbiolOllical populati"" e~plt>Si<:o:> in lhe new s..ndiltll-walC:r habit.t. This
e~plt>tioo ",1.0...,. nutrient< from ,he submeried a"ianic mailer whicb is quickly
cycled (in days) inta primary prod""tian _ tbe initial h.messinll of sol.r ."e'1!Y
by plankt""Jc a!£ae. With dilferentlal rapidily, dependina, amana other 'h1DjS, ""
latitude and "" the lood "'eb invol'·ed. this up'U"ll" in primal)' producti"" U '}'p~

cally t"",.ferred lhl'O<lllh lbe food chain. 'a a rapid (in mon'hs) rise in filb pro­
ducll"". nft." with a COTlocquen'ial """,-e'llCIlcc of fishermen. In deep rese"'airs.
,his accelcra'ed and differential blolollic.l production may be accompanied b}' sea_
sonal den.i'y and chemical st"'ifi.allon of the ,,·ater (sec Chapter 3).•ha....eri:red
by "'iDati"" and deficiency of dlS50l"ed Ml'iCn in the deepo. A5 a result. recycllnl
af houom nutrien .. may be slower. and 'here may he a eorrespondinjl; decrease In
producti"", In addition, ,he dc-cper parts of ,he lake may become uninhabi'able for
fi.h and o,her orpni.m._ In some i,..tanen ,he deeper water areas become .,. laden
with hl-d"Ollen sulfide as '0 become tMi. to a"i.nism, and com>si,'c 'a enJineerinl
In.....llation. (for example. L.ke Al-arne. h-ory Coast, and Lake Voila). S,qnation
can be a"en:ame by artifidally Ind""inll dn:ula.ion... ",ith acra,ion pum]»,
a1'~ Ihis ,echnlque i. DOl ~.., feasible for l."ll" resc,,"';".

Bec.use of iml"'rfcct understandilll of the dyn.mic. of producti"" In =,,·oirs.
.."",i.lly in the tropie., there Is still .ubstanlial need for studies of 'he procCS>e5
and intern:latlon.hlps durinl fi". fillinl_

S,udies of .u<:cessh-e dominance and C\"'lull"" ex,end from phytopl.nkton at
one ex'reme, thraup. intermediate food webs, to fishes a' the o'her. A ma)t>t" re­
quirement hen: i3 elementary kno....ledllC of the biolOllY of the dominant specie>
and of ,he facto" rel"latinll their abundanc•.

Most of lbe rapid ecolOlli.al cbanllCs ..arted by fillinll con,in"" ....hile ,he new

lake i3 "abiJilinl. Durtnll ,he ...bilizalion procc... lake e'-oluti"" i. irn:lu!ar In
.l>"'"d and dlrtttion "itb wide O",,'ualion. in numbers of '''ri<>us orpnisms. Pro­
ll'="-.ly, a new and more stable communily I. e"abllshed,

In lhe stabilizjnl period. the perm"""nt pattern af benefit> in fishcri.. and agr;­
cultun: bellins to .me"ll". Fixatian of the hiib,,-..Ier shoreline: and ,be extent and
timilll of lhe d ...."'dov..., ..,.,. a1abl. new aa:rJeul'uraI and aquacullural d"'elap­
men ... Establuhmen. 01 fa,w;tble and predictable ooil moist"'" and mit:roclima.ic
condi'ion••djacent to .h. fare,~.•lso <mIbl.... mon: stable ogri.ullural ""'elop­
menl,



It i. in ,he carly part of ,he proc..... leadini '0 "abilizalion, tha, lIfea,est
produc,ion per uni' area QCcurs in 'ermJI of usdul aqualle 0l1lani.m.s. especially fim.
for e><ample. fish ca'eh. as a partial indicator of production. in ,he sec,1oo of the
Voila Rker la'er <x,vered by Lake Vola, rb.ao~ within S years from 4.000 to some
60.000 me,ne Ion> per year in ,he new lake. Also. in :-":am P<mi .--n"Oir of ,he
Mekong ba.in. the fish catch ooared in tbe third j..,ar after fiU~ to some 1)00
metric ,on. 10 conSli'u'. a r"renue of S 500.000 which was two-trurds of the annual
income from tbe prnd""'ioo of h)'droelec'rieity (Bardaclt and 0...""'. AGU. in
pres.).

A, this 'ime. explosi,·c de\'elopment of nuisance weeds has aIso occurred which.
in ,he tropies, include: tbc .....er hya<in'h. "''''er lem. and water che>,nu,. One of
,he more slriking cha....c'eriSlic. of a lake in the proceoo of "abili>.ini is ,he change
in the area CO'o'ered by emerllC'lt aqua'ic weeds and oc<:Urrem:e of <!em<: phy,oplank­
,on Noom•. In Lake A!ooaka. lhree years of .pread of emerwent aquatic. co,'ered
$Omc 53 per cen' of the surface .rea of ,he lake (l.eenIl'Ur. AGU. in press).

To ,he presen" !here ha,'c been no valid predlction> of the nte of increase
and p"ak of early aquatic production in res<n"Oin. This has made il difficull to
manage fisheries in the early stallt'" of exploitalion. and difficull to control entric.
Into 'he fisheI')', 'he kind of !rCar '0 be used, and im'es'm""t in gear. Th. common
response '0 ,be early upsurwe in lishini i. like a IlOld",.b wi'h all of ilJ cottained
social and economic probkms.

During tbe SlabHWni p"riod, ..lection of en"ironmental and popuIalion pa....
me'e", for measurement O\'cr tbe long ltrm I. critical if el'entual understanding
and man3.llemen, ;" '0 be sophiSli..'ed. A cent....1 problem of monilonni i. ,bat
tbe ,amplini processes be represen,atil'e and rellable. Waler coml"O'i'ion mea.ured
a, only one Slation in a lake i. usually nol represen'alh'e of the whole l.h. Res­
er...,in, like some na'u",I lak.., .!>en<' depre..k>n and basin individuality as ",..,11
as loc.al innueoces from tributarY ..rum<. This is par,icularly the ease for ,..,..,..
,'oirs in loni narrow ,·alley. in whielt dralla'iorl may be • series of eddie. willt
complex mechanillms of interchaniC. Depresoiorl indi"iduality ill ""iden' at lakes
Kariba and Volta, and has bttn carefully described for _e",I resen·oirs in the
Uni'ed S'a'e•. The consequcn~ of the.. pauem. of drallation i. that there are
difference. in wa,er quali'y lhat are rdlcc,ed in differences in .peeies composi'iotl
and KTO\'1h ""es, dilference< in ,he dep,h noll" of "ari0u5 .peci.., and, in effcc',
differenocs "ithin part. of a men"';r ... vea, a. differences bet"""n mervoln.

While "abmution occurs, ,he eJfcclS upon bioloQ:ioal production 01 the typ;cal
reiime of "'a,er leI'e] nuetualion become evidenl. On the ba.is of tha' new
experience, ,be .ystcm of I"CiUIati~ ,,"ater ootllow m.;- lhen be revi"'" and inl..
i"Oted foc optimal return., lIi,';ng full <:DII.ide....tion to the mullipl.........peelS
of ,he reservoir.

With e<tabii;shment of llte """rvoir shoreline. hum"" se,llemenl alooll II ""'0
lakes place _ planned or haphaza'" ~ and many new kind. of protllems may he

orea'ed. The human populatioo now i. expooed to difforen' hUll"" 'b.ao formerly
from ",..t«borne Or aqua.li..."imal",,",ore<! di....... As ,ua:aeSled in Chap,er 2•
•uppre",ion of disease vec,ors lltroua:h bioJo&:ical, physical. oc ohemical means and
intc",ified eduealiorl in pubUo heallb is f~uef"]l' n=sary. Altbou&h tbc best



health-hazard .uppression mcaru; il 00'101111)' lhal which is mOSI ew\ogica\h' wm­
patible. the hi, tory of man-made lal<c. sJlo"" conspicuous failurn in thi, repro.

Early SIl.ies of sellltment rnay also include schemes for anifioial culture 01
aquatic piants or anim.ls. Experience indic.tes that it is ecoIOtlie.Uy wi.. lbat .ueh
.ction not iny,,],'e exotic spock. and Ihat the initial e.periments be made with
indiaeoous form, be tlx)' plant Or /ish or other animoL Exotk form. frequently
pro"" to be nuisances ratl>er than ....,s. Eseapes of io,roduec:d .pecies from CI.it"
or small adjacent ponds ioto the nse,Yoir are to be expectcd- Usually thoe exterm~

nation of unw.nted introductions is impos,ible. Accordinil)·. "'ery prec.ution should
be tallen to a,'oid the early introduction of exotiCS, ,he .afest policy be.inz not to
brini them into the ,·idni'y. Th;, prec.u'ion pertains most stroniJy to the '<lua'ie
e]",ironment siDe<: specie""'I"""i"" and ocoiollicall}' compatible mans of control
of inlrodt>e<:d plants or anim.ls are SO little de'-eloped In thi, conn""'tion. man',
illOOrat>Ce of the cultinbiiity of moo, a<lna';': orpni.ms i. a banier '0 proares•.
For e"amplc, of the ""me 20,(0) ,pecies of fishes in tbe world. only a '-cry few
b"'e been expiored for tbeir aquacultural suit.bility. Similady. opportunities to
~lop strain. by ..Iec';"e breedina an: I'ra<-Iy unexplored.

The etreetS of a dam on miara,ory 6sh stocks firs' become ...·ident early while
the new late Is stabUizina. The elfeeto are in part genera'ed by the purely physical
banier which 'be dam cre.tes, .nd in part by tbe eIf"", of ,he SIOra.ile reservoir
on tile p.ttem of dis<h'l'ie .nd w.ter qu.1i'v downstre.m.

For tnQIit species of miantory lishes it is com-enicnt to comirlcr the ell""''' of
d.ms .nd rese,...·oi... as comprtsina a sel of etrects on adults ;nina upstre.m and
a kt of eIf""'t. on youna mill"lIlts l"inll d<no.n<tream. In ""me instances. a ",servoir
m.y inund.te ••pa"·nina llround for millroto')' Ii,he. (for e••mple. stUl'iOOO on
t~e Voill' .nd ""me salmon streams) but, in llencral, the problems of mo"ement
of ma,ure adults and oo"nSl",am juveniles a", much more serious.

For .dults. the centrol problem is ,he disturb.".., of ,he timini and eoem
bu4e' for their upstream miaratlon. Changed patterns of seasonal disch'ra<- m.y
modify the .peed of pa....ae. in ""me c.... cr..at!ni obstructio". to ml.ilra'ion and
in other in..anee. rendennll mliP'Otion upstream easier. Modifie<! temperature re­
llimes may al"" ha"e eithee beneficial or detriment.1 elf"",to. Where a dam ma}'
be prm;ded with orifices 'ha' wiil discharge " ..ter fTOm dillerent depth>. there
.re opportunities for manipula'inll ttmperatu'" "'aimes to ...honce the ease of
mlan'ion. II particular problem, however. m.y be c",ate<! by discharae of " ..ter
from a",al depth. in a """"-oir. Concentration. of dis""l""d i m.y reoch
supcroatura'ion IO\'CI. and r.use ps embolisms and death of lish for 1 miles
do"'OSlream.

Assuminll that tbe adult fi'h con adequately ne;ntiate the ri,= up 10 the dam­
site. lhe}' are lhen confronted "'ith tbe problem of findini ,he entrance 10 a lish
pass. if one ha' been plmlded, T~e most common mistake in tbe desian of fish­

""Y", fi.hladde.... or olhee .uch de,·ices. i. '0 ...ume ,hat the fish wlll know that
a device has been pul there for their benefit. In f.ct. it i. a ralher simple matler
to arnIIlle for the mechanical transp:>rl of mill""o')' fist< o,'Cr a dam. The m.jor
problem is to ie! lhe fish in'o lhe device. withou' delay. These problem, increase
,,;th the size of ,he discharge. Ihe ",nability in diocbarie, and with the number of
fi.h to be passed, In aene,...!. if a dam i. O"ce II)) fcet in heilht, i' i. usually no'



po••ible to eonslruct facilities thaI will """'e lhe ad"l,. "p"...am paM the dam
withoul dela}'inll their millration ,,,bstan'ially (say by a week or len day.).

The consequen<e of thi. kind of delay io milP""olion i. lhat fi.h may reach the
.pa,,'ninll llrounds a' an inappropri.te time .nd 'hat l~' may ha,'e exhausted
'heir coc'i}' rncrw. and dic "ithout sp.""'inll, Thi. problem may be a '-ery ~al
concem if lhe size and the phl-.ical >!ruC'u", of lhe IT.."."ir also cause delays In
pa''''ZC. It i. oommonly obse"'ed thaI adull fish do nol mo"e upst'eam 'hroullh
rese,,'oi.... quickly.s they would 'hroullh a nalural ,i,'or system. There are many
recorded in""""e. in which millrato')' fish. ha"inll pa,sed upStream o,-.r a dam
are subse<juentl}· ,"'cpl downstrcam o"er lhe spill",.y so th., the whole Passallc
must he reoellotia'cd,

For lhe rouna fi.h in their ward milP""olion a rese"."ir may cre.te short·
term del.l" in P.....llC downst m and, for some 'p«;i... may acl .. a lrap in
which d<M."stre.m miaran.. remain lhroullhou' their lifespan as • residuals •. It
has also been the eXp"rience lhat ...-..,,,-olr conditioo. f.."Or U,e developmenl of
popula'ions of predaton. Naturnl 1""", to Pr-eda'o,," are lhu. increased because at
the ch.naed eondilion,.

At the dam, lhe eff"," on dowmt....m millconlS depend upon ,he route. If l~'
80 ""er ,he d.m, lhere are mechanical injuries from abrasion on lhe spillw.y. and
at 'he impa.. of the .pill wi'h 'he w"er helow lhe dam_ These iosses may he
amelior;Ued bj-' speci.1 <lesillO at ,he spillway and ,he lail......, bul, in llCnera1.
lbel' are difflcull 10 ..."id, npeci.lly on dams 0'-" 100 f..., hiilL If lhe misranlJ
pass lhrou.ah underwater orilke. and throuih ,,,rni,,... lhey .re ...bj"'" '0 i1tjury
from ca"i'alion eff"",. .t ,he lurbines .nd sudden p.....ure eh.naes a. l~' are
relcase<l inlO lhe lail",atcr. Mortali,ies of 20 to 3(} per Cent are common. A. a rou,ah
.pproximation, I"". i. abou' 10 per cenl per hundRd f..., of head. The$< losses
.....100 difficult '0 .void and. in eonse<jucnce. foe m"", 1."1" dams il i. desirable
10 dcsillD facilities thaI will di"e" do"",,",,,am miaranl. inlO a safe bypa.. channel.
Thi. u.u.olll· in"oh'" "<J}' .ub<tanli.l eJlpenditu"C bec• ...., lhe lechnique. Of ll"id.
iOjC downstream miliranlJ by lilhl. sound. and 50 00. arc imperfec, and mechanical
5C1"ccninll oe u'" of lou,'", .y'tem. i. often at prohiblli" eJlpen...nd only partial
elfecli,·enes•.

ff 'he down<l ....m O1illranlJ h."c successfully p.....d lhe dam, lhey may still be

.lfeclCd by ll"'-"O'" ."p",.,.,"....tioo in lhe lallwater and a "ariely of dowoSlream
chanaes In "'.'er qualit),.

Because of lhe nulOY elf"".. on miualory fishes at damsiles and in .-r"oir<.
1."llC"""'lc collection and lransport.tion facililies m.)· be 'U""Sled as de\-keo for
O1""ioa adullJ andloe ju'-eniles .round lhe dam .od/or resen'Oir. For .mao popu­
lalion. of m;,ralory fi...... confronted by hiih dam,. lhese tran.port.,ion schemes
may he fea5ible. hut for 1."1" popul.tion. and JUlie resen'oir<, lhen! are many
,..hole.1 problem. and a prohibili"e pri~ tall.

Special problem. are C""led when. ri,-er system i. <Ie"eloped witb a ...ries
of dam•. The etrec" of delay, on bo'h adullJ and ju'-eniies .re accumulaled. Addi-
lionally, a. lhe fi<b pa•• ei'her upstream or <!ovonst m, lhere i•• pl'OllfCssive del..
fioriallon of their ability to cope "i'h addi'ional st M.ny of lhese elfec.. are
as )'et oot ",,,11 undenlood. hut lhere i....bUonli.l ..idence !hal !he toW elf"""
of .....ie. of dam. i. mo"C than ,he .um of lheir individual elf"",$.

"



Il is thus apparenl that whtrc a \'Cry large dam is to be built, Or where a scrics
of .mall darn. i. con<tnJ<tod, OIlO cannot be opllrnl,llc abou' the ccOIlomic con­
sen'ation of mii""ory fishes, In consequence, it i. «,ntmon prnctice t" e:umi""
the p<>sslbi~tics of mitiptina los.... try, the U$C "f hatcheries, aTlmclal <pa""in:
channel., "r Gther fish cultu....1 de'ices.

In .some dn:umiuonccs, fi.h cullural practices ha,-e bceu notably succc..fu! in
lncre""irIi production of miirato')' fi.M., In "'''1:0 me",,,,o, bowC"er, tMse sue.
c...... h>se been arrh'e<! at empirically _ at ,he expense of a much 1'''I:er numhe'
"f failures, F"" most species Gf mi£",tory fishes there il far from ad¢quale expc-­
~ ,...;th artificial methods of mltu", to en<<>Unlie the belief tha' they could
...tistactGrily ..,I><,i'ute fGr natural producti<>n. FGr this ren.son, where miarat<>ry
fisl'les .rc concerned, It i. more likely t<> be a que"ion <>f "'sen1>ir 0' mJan,tory
fish, rather than rese"'1>i, and mi:....'"ry fish. Subst.ntlal lite....ture "n these prt:Jt>.
lem. is a,'ailable for Pacific salmon. <>n ,he West Coast 01 ,he Uni'ed Stat.. and
C;tIUt"', and this li'era'ure ii str-on;ly indica'ke of the complexities "I recont:ilin:
miaratory fish consen.. tion wi,h d3mmil1J; IGr major power del'dopmen' and O<x>d
mntro! OIl la'lle ri"er ,)·steml.

Tlte Stabi/i:eil BiG/o:ica/ S}"tem

The: stabilized ..a:e (IV, Fill, 1.4) In the liIe history <>f a man-made lake is
roached when fluet.....'i<>n. In its bioiollical parameten of producliOIl exceed only
linle, if a, all, tbose in a natural lake of similar pbysical characteristic and liIr.e
latitude ""d el""..ion, As "" e:<otnple, stabilization i, char.tcterized by Itll.sonally
cydic balance in Ihe oxyitn bud~t of the lake, Stabilization is al"" shown by
emeTitnt aqua'ic plants whon either their rapid initial spr<:ad has eexsed, auained
an e:<lent from "'hich lhere is little annual chan~, or ""en ret",ated from an
initill maximum ""len" .. a' Lake Karilla, With more 'lable fi<l> production, the
popuIati<>n "I commerclal fishermen may al"" decline or level olf, allbouah tile
number of spo" fi,hini 'isi" rnay con'inue to rise,

In an idealized s)/Stem, biolOilical ..abilization may be thou&ht to occur "'hen
e<juilibriGm is reached betwcrn mortalilY and na,ality of the 0CianisIIli <>f the
.ystem and "'hen the spe<:ies and community composi'iOIl of the s)·stem becom..
relali....,ly fi:<<:<l Howe,'er, na'ural lake systems may show wide fluctualions in
abundance <>f oCianism. from j ....r tG y<:ar, "'-tot~ productil'i')' charaeteri.ti..
of the lake remain fairly constan'. The same is tnJe 01 reservoin e,'en when Ihey
ha'''' .mall and annually .imilar pattems 01 fluctua'ion, Where fluctuations art
1000c aod dilferent from )'eac 10 year, it is to be eXpe<:te<! that condition. for
hioloiieal production "ill al"" lie ,'ariable.• SlabiUly' is Ihu. a relath'e tnlI.lter,
Full stabilization n",'er is a..u..... , A. already "",ed, chani"S in water U$C c""
caU$C a complete revision in the schc:dulinll of water flue-tualions and render the
biosystem ,'cry un".hk aMain,

TIle concept of the stabilized condition i. OIle of " mean of "ariable short·
tena fluctuatiOn<, The ampli'ude of tile fluctuation. may he eltaueratod by unu.ual
",,,,,u. in the bydrok>iieal reiime (an extremely dry or hot year), in tbe bioiOlIieal
.ystem (an epidemic), or from hum"" interference (ol·....fi5hil1J; Gr drastic poll....
'i<>n),



With ..abilization 01 a ...se",-oic """'yUem thtre are impro\"C<I opportunities for
fishery stock asses.ment and for fi.hery manallement. The.., opponuniti•• ha,.., not
orten been finnly ar;osped, ""C1> thoUi/l lhey enable ralional ha""estlnll policie. on
a ~'ur to ~'eae basi. "ilhout comprehen.;"e understandini of the compla web ol
cin:umotances Ihat underlie production. Simply .tated. peo<\ueti"" i. the exce.. of
reproduction. iJ'OWth. and recruitment over natnral mortality. A oumhte of model
.~·ste"", are available Ihal cornbine estimotes of I..... par~ten and indicate tht
rale of bar",-slinll that i. «>n,i<tent witb mllllimum jield foe Iny stated .I.e of
first capture, oe con'.....,ly, a.iIo of first capture """sistent "ith a nUe of fishini.
The "an"", mod.1 sy<tem. a,-aiIabl. dill.. In Ilt<!ir data reqtli""ments and tlt<!lr ac·
curacy. and in aeneral it is 11«....ry first to approximate the properties cI. a fi.htry
by simple model sy<lCm. before p~inll to Ibe "'" of mo<e SOphi,,;cated. more
precise bu' mon data-bunarY models. There i. cenainly no lack 01 research or
e:cpe:rienec on "'hieb 10 base d~-namie proararm 01 li<hery maoaaemeol.

Foe all fi.berie', whelher ri"erin<. esluarin•• malin. oe fresh_ter It I. lhe U5...u
praclice to ma""iC .pecles sinaly. Thi. may seem unrealistic beeauoe of tho many
Interreiationohip, amona speci... S.,·...lh.l..s. it Kerns to work well. at 1....' as
a firs! and .hort_t..-m app"""'h, pcmap. becau« nf ,he dominance of a ""lati,·.ly
few speci.. in mool aqtLO'ic .YO"""', The absenc. of a 'heory of ham"st lor com_
pl.x usociations of .pecl.. !I"'I occue in many tropieal lake. and ......"'-01.. i.
tbu> of,en hen>oaoed unoe<:e»arily. "",..rlhel... ,hi. I. an area lha' i< In need of
much further 51t.tdy.

What..·.. model syStem is used ... a basi' lor rnaoa,z<menl of fish stock., il is
.'_tial '0 ha,.., a iO<>d "a,i"ical net,,-ork to provide data on quanlity of catch,
compooi'ion 01 catch by specie. and .i:te. and amoun, 01 fi.hinll et'Ior' (kind> and
quantltle. of &eae u.ed and mcasurt. of th<ir et'Iicitnoy!. With this basic Informa­
tion, .......menl. of lhe .tat. of fub $loch and their likely OucltLOtion. """pled
wilh knowlediC of eat.. of pt-oduC1ioJ1 can direct fuhery manaacmen, pracU....
a, ,.·ell .. contribu'. further to our a<:cumulatiIli .,;perieuce of ,..,..,..-oir biok>p-,

Fish production i. of COUl'W i=d to buman to<\SlImpllon and .port. and il
i. no'abl. ,hat Ih. pot.nllal f~ food prodUClion in a ...."',olr may not be realized
beea"'" of inadequacy of lit<! mechaoism. foc catehinll, handlina. di51tibutinll and
marxetina fuh. The anlicipation of the$e ph.... of fi.h utiliza'ion should subs,an­
tially precede re..,.".oi, fillinr.

Abo the rou'in. of "ati<lical a.....menl afl.r euablishment of fisheri...hould
perforce include data 0/1 the flte of the 6sh after tbey are caUi/lt '.

The manaacmenl of • stable ••"ed., compl.=. a. in larae lak.. or in the
.....rld'. 00<an', i> still laraely a m;llt.e of COfljec,ure and il seem. likely to nmain
so for ..,m. lime. It i. lIe'·.rlhel... cltaractcri"ic, Ihot ..-hen one oc a f.....· .pecie.
are as acceplabl. 10 human con,urner'$. Human>, thouah. are notoriou.ly <:<>n..rvl,
remain. relati,-.ly COfl>lanl. Thi' impli.. that if fishery manoa.ment faib in it>
objec'ives, il may be of little con_u.nee provide<l that. other speci... of fuh
are o,·erharwsted. lheir plac.. are 'ax.n by other .peeies and total producli""

, II i. an inteeeotina: Hid< that unreli>ble .tati.tict pique 1Uho., evaluallo.... 'lb<
Loc~ of reJiabili~ ....",. \(I 01.'" In>m <be de>ieeo 01 d.ata ptba-en to pleue • ruber
than '0 be hone>t., Thls is unde"'t>nd>ble, but it io DOtoble that fO<' oll of our ",Me.
10 people in hi;ll plaoes. our oebe".... may >tumble on iacx of u_"'tandinl at <be
Ira•• roo,. 1.....10 of tbe ott<! for reliable information.



th'e in their feedini (or anilini) bahilO. Rather aroitrarilI, tbC)' cbaracterislicall)'
a..'lll' to certain 'pe<:ies names sudl as • trash fish., ,.",en thouah th<s< fish m<>y
haxe equal nulrith'e "3luo< to • p...forrN fish", oc porhap, equal .portinK ,...lue, It
mu.t the...fo... be underlined that """ial CU!toms ..... " majoT f""toc inlluendnK
potential u~ of the aquatic prod""tion from "'$en'oin. Where complete fi..ibility
of the consumen ..i.,s, a • laissez fai ... " attitude to the fi.llctics would seem ap.
propriate until rates of han.." "" all species are Jti&her than pormiss.ible for max,
Imum sustained or maximum economic yield, Where consumec habit> a ... les. fi..·
lble or not eas.ill' manipulated, a more cin:urn'pe<:t manaKett>Cnt i' appropriate.

The immediate con.idecali"" for trrr"'trial pro<!uc'ion i, the l;md"..rd limit
of ..,il moisture and micnx:limate dirtttly infiuenced by the lake, Thi. set of lake
inR...nces i. la'1lely unexplored, The critical quenions a... ' to what ..tent i. the
hahitat modified? and what ..... th< O<'W adv:o.llt~ that lrul)' be ..tncted from
the modified habit" by "ariou, form. of in,'ostment and techno!oll::Y? Lillie can be
done on a "'tional basi' to rake advantatIC of imp",,'ed soil moi<tu... and micro­
climatic condition. in man}' parts of the world wirhout further study and e,peri­
mentarion followed by ..ten.i"" and in.titurlonalizatlon of the necessal)' monitorinK
sj"Sterus.

Int.,....t in some I<rrtttrial potential may ha"e to be subservient to othec need.,
For example, since ,he lake may be .tt~ti'·e to m;my _Ie, the... i. ""I)' like­
lihood that its immedIate .ulTOUndinllS m<>y be in demand for park', marin.., and
other tcumtic use<, fm road<, dock., and other communication facilities, for sellJe.
ments, ,-ill..,.•• and industrial sites, and fO<" """sihle accCS$ to new resources, The
principal objective I.s to that muhiple u~ conRicts on the sh<>...land ... " ..II
a> between l;md and wator m<>l' be minimiud, or ~ .-..:coeiled on reasoned
_w.

In an e,'en wider """..,,, and in ,he lonKcc lerm it i. necessary to con,ider the
"'hole pallem of ba>ln tle>..lopmeot, i""ludi". th< impact. of upst....m l;md use
on the resen-oir and of the resen-oir on <lDwDm..am land use. II has not been
common to ,'iew a resen'oir In the broad....le penpeeth'c of watershed manallC­
ment and re:\lional ecol~', t~ thl. <hould be th< aim in ,I>< luture.

With the 'erro<trial part of the biolDKical sy...m as with the aquatic part,
51udy, ..periment-atlon, moni'<>rinK, baruS! ..ati.,[(;., and modellinK are reqUired a.
a hasis fO<" rational action.

Requ;.iu. for Modellin,

The ad"ent of computers particularly has m:>de pos.ible the Iarpscale numer·
ical simulation of compl.. entities such as re~n'oin and th< "'Kional ,)"t<'TO< of
which they are a pan, More traditi"""l rn.ath<matical t ...atment po.... intr-actable
analytical problem, and ma.. i"e problem. of calculation, In ",sence, the technique
requires a conceptuali%ation of quantities and the pnx:esse. which transform them
in a d)n.amic SJ"Stem. Gh'co such conceptualization, "ari""", projection. can be
made of likely consequences of particular counes of action. For natural biololl-i""l
SY"O=, th<re are cha.....teri$lically a la'1le number of quantities and th< proc.....
which link them are imperfectly known, As a ...sult, the ITt of modellinK CCO"y"em.
for p...dicti'·e pu'PO.... i. presently in an .arlj' SlaKe of de,..lopment. X""'ertheless,



,,",", lo pn>m"" 01 ..pid .den'iIic .,n~.panIculatly beause 01 the impe,,,, lIta'
bas been ~'"eD 10 suell .".dles ~' ,·.riout .....jor P"']<'Cts (for eumploo, aotIle 01
!baR CCIOduc'ed .......". ,be aorJif ol the Intft"natiCloal Bioloiical~l·

Srricus ."empts 10 _ alab&e. .oir _,,=, "';Ill Iftputs 01 .-rly
101) pIt~~ and biolopuJ~,~ 1>0\0' undenoo..,.. Amt:mc the d·
foru hi lhis diIecticJrI ~ 'hooe 01 ~kian ocirntial5. A ~"'"'''''''I

IItOdooI is beinll dnYloped for .....l!Du. C t. Ca1ifcruia. and the U. S. Depanmonl
01 In'crior, in .........'ation .. .,b tho Vnn 'Y of .sc."b Da~ is a'u:mptiac 10
moOd t' +,._:0.1 prnduc: In lI,aoo.botta.re l.eooio and Clark ute.

In:o. modd 01 aqu :: bi<>Io.' 01 prodI,>o.ion lin a ~"oir,. nwnba" 01 iIIil>ool
comp.-.>U can be \iauaIizIed. ".Iua for _ ollbese """p"""""ts.are 10 be lata!
from the cia'" d ,dued pb}-ueaJ ~'S_ 0l!Icn _~ be obUiJled from __

_ «<ina of pbysie.al and I+>tic facton (.."on.,rered "'~ I 1M). and .till
Oll>as~ parti<ul.ar ..-. Wbat optratiCloal, e-en ..illl ""trapIlIaled or _

oumcd '".&!ua ..''"'"' emplrkal cia,.. <10 "'" l-e, uis'. sucb a IItOdooI can bta:orle _
0I1ly the bam for ..ti<mal ~,.""" and .........",..., 01 ,be l"iDs aqu&,1o: ..
~ 01 the resen;oir In qua'ioa. bu' un ..bo "" of pnodIo:ti.'C: .-..1... hi the f.....
slbihly and plannillil elforu for man-made IaJ<a ye-t '0 come,

The follO"''inll .are ~Led fill" minimal automaled ..-itorin, ,,'illl .pedaI
."....'ion to use of phyW;al clata in modemn, of ..qualic biololic.al prod...llon on
ntan-m..de l.ak.. : " ....., '."'pc"'u,,,; ..,lar .-dialion .and li¥h' """,,I""'Ion; di••oh-ed
~1I.'1; condue'i'i'y and dluol.'.d ..,lIds: redox po.enti..l; and den$lly curnn1J.
All "f ,he f"",,,,ioll o«d 10'" "",asured and ...Ili..ered at appropriate depth. and
tim.. .and at diffe..o, "allon. ::o"..,.pondinll '0 a.... of m"",ho""'trlc and water
quali'y individuali'y.

........... no, o'her",i....lmHarly ob'alM<! and adequ..t•. the followlnll m.)· ...
added for ,he a,mo,pherio .)'.,om lUll above ,he ourla.. of the ..'....'.r: ",ind d~

re<"ion .and forc.; ..lath'. humidity: and precipilation. Selected inmU"'.I'" 10
obtain d..t.. on other factors dealinll "ilh aquatk bioloik..l produc'lon, or CO> ,or
oharttOkziotics related '0 o,her "'.. ,.. u...., may ... added to the Instru""", 1Qn

columo at ncb .....Iion as Jp«:ific need••nd cosIO "'-..rnn'.
The 'echnical and economic feaslbill'y of .an au'omated .-i'orit>& p"'l""m

of lhis lJ'''' remains 10 .....~ A pilot~I ..-ouId. ... desirable.
It ..ill ah<o-..~'S be importan. 10 bac:atop <ucb monitoriltll ..illl callbralion by

olasdcal metbods.and ..;Ill &elected qualitative """"""",,u d Interpret.a'r.",...rue
(e- ... the amoant d IUJtidi'l' lIta. " ..... 10 plaotton. and quali"'tin com~'''''

of <=pi 01 pb}"Ulplankton. mopl.ntton. and benthos). Aul.-ted pmpl'Df d
planI<toa fill" both _Ii",,,,,,,, _ qua!i",u...~ is !>epoina 10 ptOJ'e both
feasible and ,--.

In sp;" 01 the tboo_n," 01 publiabed Iludi<:s ... asp<cts 01 ten"eStNl and
_,10: produotlon ill __ Iat.e s-'StetM, both the ocie:ntilioo <a>ders.-a, at the

p" • and their moD', "'"" ....,-e "'..... '0 ... <lesired. The Oicllidb>« -.1 Is
for ...."ptd>tnsiiC iJt~li<>PaI~ - rile ""'"' pmet..ll.. than bas bua poa.
_ 1ft t!li> nrporI _ d iWl1IDf~: 10 ......_ ..-hal ill~ adoquately

for p",dietl"" _: and 10 lrutinte whal .tudia Ibould be praaed f"""",,,
willl JR1l'eaI vi.,... and wbioh tbeoria .are ripc for testiJt&. Suob a reriew would
be~te10 101clll16ed elf""l al -lIinf: of the Pi "" Involwd and~



~ part of interdisciplinary mie>l'S of the Olher rebte<! syslent$. Il sbould incll,lde
dia;noscs of the differences and slmilal'illes In the tneehanks of blolQlical produc·
tion in artificial lakes and in natural lakes, and between tropical and temperate
resel''"OI.... The ult woold be welcomed by schol:tJ"S and re""""" =10<.... and
areat pins in in, tiptional and manai¢rial etliciertC)" could be antkipated. Short
of the fore~o•• measuno to inc"' information now and retrie,..l woold sen..
I<> encouralO< In'·estlpto... to unde ke rele...nt studies.




